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EFFICIENCY TRANSFORMATION AND REGENERATION OF PLANT
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Invention relates generally to genetic engineering of plants, and, more
particularly, to methods of Agrobacterium-mediated transformation.

BACKGROUND OF THE INVENTION Throughout this application, various

patents, publighed pafeRtaRRYEAIGRRERdRUblcRERM AR Kela@Nced.
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publications in their entireties are hereby incorporated by reference into

this application to more fully describe the state of the art to which this
FIEIDVeRtoeraing el bibliographic citations for the publications may be

found listed in the Bibliography immediately preceding the claims. Cotton
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While gene transformation of cotton has been possible since 1987
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process adds a further drag to the efficiency. Several methods have been
are ig{marRasT RArARpBERhdTsTRatsatadditshartharitions sadiwlisruenidn their
enﬁ%@éﬁ@é&mﬁé&?h@&ﬁ@@tl o k@d@,ﬁ@u 9 Pf&ém@a@b%dj?bgbatigagzl?miﬁ%n?%&ﬂbe the state
mbeck et al,, > U.S. Pat. 04, and 5,159,135; European
OF s R BT B R BTG5 755§ e DL P BB AR RRRGheatons iy be
fourOli#{£2 30 thd BéinthgrphyREGTiddiaeyWRO8MBES ) almproved methods for
cot lant regenerati nd iransformation have beep,reported using . .
Iy R A RS N g
billignelafl5S Matlando GiawarBirepaniclipRdcondmaral erstaraniaetes of cotton
 has QMDD PH4RE3INAIRNAYS0H0R 8XPIaRtS, GRD RelRRSINMBHD emain very

microprojectile bombardment, for'example, embryonic axes (WO

meffojan e cqpty B tpaa ey Infereims aTalinvieatnratiaroBey dhgransformed cells,
and SSRDINAGE NILIBHS IERIDBIAY itrastinepabedadyiigmel 98Q)iMesdfficiency.
T T L L M—
variatycb fetminatibnts [aahsfocmytidmo{Eomabialy et al., 1987), hypocotyls (Ummbeck et al.,
1987; U.S. Pat. No. 5,004,863 and 5,159,135; European patent pubiicaﬁon "EP" 0 270 353}, petiole
(PCT publication WO 00/77230 Al) and root (PCT Pub. WO 00/53783). Improved methods for .
cotton plant regeneration and transfonnaﬁbn have been reported using hypocotyl transition zones
(WO 98/15622), shoot apices (WO 89/12102 and U.S. Pat. No. 5,164,310} and apical or nodal
meristematic tissues (WO 97/43430). Altemnatively, cotton explants can be transformed by
microprojectile bombardment, for example, embryonic axes (WO 92/15675 and EP 0 531 506;
McCabe and Martinell, 1993) and embryogenic suspension cultures (Finer and Mc Mullen, 1990}.
Most methods cited above employ a regeneration path of somatic embryogenesis, which
requires a lengthy process of initiation, maturation and germination. Transformation of somatic
embryogenic callus fissues or embry‘o'genic suspension cultures, either via Agmbacterium—mediated
transformation (J.S. Patent No. 6,483,013; U.S. Patent No. 5,583.036) or particle bombardment .
(Finer and Mc Mulien, 1990}, has substantially shortened the regeneration process. Nevertheless,
transformation remains severely hampered by the unusually low conversion rate of somatic embryos

to normal rooted plantiets.



embryogenic callus tissues or embryogenic suspension cultures, either via
Agrobacteriurn-mediated transformation (U.S. Patent No. 6,483,013; U.S.

w%%ghl)\g97r5,583,036) or particle bombardment. (Finer a”dPMf/%%lﬁ%omm

1990), has substantially shortened the regeneration process.
Nevertheless, transformation remains severely hampered by the
unusually low conversion rate of somatic embryos to normal rooted
plantlets. WO 2005/103271 PCT/SG2004/000101 2 Apart from
regeneration, more efficient methods for delivering T-DNA into the host
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such as cotton. Extensive investigations_have been undertaken in the
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efficiency. (Hansen et al, 1994). Similarly, chemical compounds, such as
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(Veluthambi et al., 1989) and somatic embryogenic callus that was
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Despite the many past efforts and attempts to improve transformation methods, the
techniques used to date remain unproductive, time-consuming and costly. Consequently, some
plants, such as cotton, fall a Jong way behind other major crops in the understanding of molecuiar
" mechanisms of plant development and tissue differentiation. Clearly, the current transformation
techniques are inconsistent with the economic importance of cotion in particular, and a breakthrough
is long overdue.

In the majority of plants, including cotton, transformation methods primarily exploit
Agrobacteriym 1o deliver T-DNA into host cells that are confined to a small surface area, i.e., the
cut surface of explants or callus (U.S. Pat. No. 6,483,013). This greatly limits the incidence of gene

transformation as the majority of host cells are not in direct contact with the T-DNA donor. Asa



techniques used to date remain unproductive, time-consuming and costly.
Consequently, some plants, such as cotton, fall a long way behind other
major crops in the understanding of molecular mechanism§,8{g 4/000101
Wgezég 6%’%%% and tissue differentiation. Clearly, the current transformation
techniques are inconsistent with the economic importance of cotton in
particular, and a breakthrough is long overdue. In the majority of plants,
including cotton, transformation methgds primarily exploit Agrobacterium
to deliver T-DNA into host cells that are confined to a small surface area,
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transformed when co-culture is Eerformed on gprous membranes that

virglses (RielRup JEhiHBMRPMH hiththdd b EirtstiatizE fofle Groot et al., 1998).
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allowing efficient diffusion i inerals and signalin: u . .
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undifferentiated calli derived from cotyledon or hypocotyl explants. The embryogenic tissues were

then proliferated/maintained in similar liquid medivm with a higher auxin content (5 mg/l 2,4-D).
The suspension tissues thus prepared may develop into mature embryos in liquid medium if
-glutamine is present.

Rangan et al (U.S. Pat. Nos. 5,583,036 and 5,244,802) initiated somatic embryo formation
in high auxin sofid medium (1-10 mg/l) and maintained the embryogenic callus in high auxin (1-10
mg/l) liquid medium using differentiated callus derived from cotyledon, hypocotyl explants or
zygotic embryos produced on solid medium. The culture contained 4 mixture of embryogenic cell
clumps of various sizes and needed to be filtered regularly to remove larger clumps.

Trolinder and Goodin (1987) initiated embryogenesis in hormone-free liquid medium and

maintained the suspension cultures in the same medium. Cells in this fype of suspension culiure



liquid medium (MS salts, B5 Vitamins, 0.1 mg/l 2,4-D or 0.5 mg/I picloram,
2% sucrose) using undifferentiated calli derived from cotyledon or
hypocotyl explants. The embryogenic tissues were then
proliferated/maintained in similar liquiél medium with a higher auxin
content (5 mg/l 2,4-D). The suspension tissues thus prepared may
b .develop into m%tuarie e”,‘%% s in liquid gedium if glutamine is present.
VERENgarretEl (U5 PRREs. B7553 886 Aftd BPAH 882 drifafdureBmibe secrete
darkemhiyyerfermatioiiinhighmedndsolid medium (1-10 mg/l) and maintained
the embryogenj llus in high auxin (1-10 mg/1) liquid medium usin
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Levee. et al.. (1999). and U.S. Pat. Application Publication Not.
US2002/0100083 Al. US2002/0083495 Al. and US2002/0092037 Al refer
e, | g nembranes. in in,, co-culture of pinecells. There remains a
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embodiments of the present invention proyvide.. methads for. high efficiency
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plgy membranes or filters as solid support for co-culture of T-DNA
nor and recipient. According to a first aspect, there is provided a
methdgdoidprpdueifitsaateasgdaie is provided a method for producing a transgenic

plant, said method comprising: providing a proembryogenic plant cell, wherein the plant
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cell 1s from a plant selected from the group consisting of cotton, maize, soybean, wheat,
rice, and barley; culturing said cell in a lguid medium to produce a cell suspension
culture: providing a culture of Adgrobacterium 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 selectable marker to the
genome of a plant cell; mixing a portion of said cell suspension culture and a portion of
said Agrobacterium culture; co-culturing the mixture of said cell suspension culture and
said Agrobacterium culture on a porous solid support to produce a population of cells
some of which have been transformed with the exogenous gene and the selectabie
marker, wherein the solid support is soaked in a liguid medium or is laid atop a solid
medium or is a culture raft in a liquid medium; selecting a cell from the population that

expresses the exogenous gene; regenerating the selectable cell into a transgenic plant.



plant, said method comprising: providing a proembryogenic plant cell,
wherein the plant cell is from a plant selected from the group consisting of
cotton, maize, soybean, wheat, ricéaand barley; culturing said cell in a
liquid medium to produce a cell suspension culture; providing a culture of
Agrobacterium tumefaciens that harbors a vector comprising an
exogenous gene and a selectable marker, the Agrobacterium being
capablmeofreffettimy thbstableranster ofdioéXogprousigendransgenic plant,
whRSIECHANRIBHEIIRING, AERRFE.Rh R RigA! col.miing.apodiondf faidiqui
cell suspension culture and a portion of said Agrobacterium culture;
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transgenic plant, which comprises providing a proembryogenic plant cell

and culturing the cell in a liquid. medium to produce a cell.suspension . . . ..
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population of cells is thereby generated and those expressing the
I%gR0genous gene are selected and regenerated into transgenic plants. in
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cultured cells that maintain embrvogenie competence. Currently two
methods that have been disclosed relating to transformation of cotton
somatic embrvogenie materials via Agrobacteriurr-mediated T-DNA
conjugation are the subiect of U .:. Pat. 5 No. 5.583.036 and U.S. Pat.
No. 6,483.013. U.S. Pat. No. 5.583.036 refers to methods for the

. transformation of suspension gultures by ¢o-c ltivagti,n in liquid medium,
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_media, Both methods employed somatic emerpgensis,to regenerate ;
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whesldspeRsion call cilturesandaheirregensration inte-fertie plastsowhich on solid

__represent improvements over these methods. In particular, the use of a )
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Other embodiments include the use of various media compositions.

reg@RAtETDRESCIRIBT D/A0E PRIEIFFETERE SRIGOYEMeBRoRsS ifge methods. In
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borders. respectively. Plant selection marker gene (NPT11) is under ‘
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emeantiehefi38Hdpromaie banskide srielinnaipbskiguse 2 shows the structure
of pro-embryogenic calk (S4) propagated in suspension cultures. Figure 3
shows darkening of suspension cultures and solutions. (Al represents

e EHteied 166 culfured-constanty imddMVII: (B) shows culture S16 rotating

“in Tour different media (CMIT CM2, TMt3. and LM4). Figure 4 shows the

effEdmut SVIBRININEBh YSHATRIEMBRIOVIEId. -Approkimateyd 0t I eagreali the 1eft
and(r)?%? wagflated oneither Mg medium (basig:. 0tMS supplementedwithnrol of
CaMV 338 promoter and 3258 terminator and GFF is under control of 335 promoter and
Nos terminaior.

Figure 2 shows the structure of pre-embrvogenic calli (S4) propagated m
suspension culures.

Figure 3 shows darkening of suspension cultures and solunions. {A) represents
culture S16 cultured constantiv in LML (B) shows culture S16 rotaung in four different
media (LML LM2, LM3. and LM4).

Figure 4 shows the effects of cytokinins on somatc embryo vield. Approximately
(.1 mg calli mass was plated on either MS medium (basic), or MS supplemented with 0.0]
me/l NAA (NAA ) 1 mg/l 6BA (BA). 1 mg/l 2IP or T mg/1 zeaun riboside (ZR). S3 and
S16 are two suspension cultures. The number of somatic embrves wers scored after one
month. Results shown represent {he average of three replica piate sets.

Figure 3 depicts the effect of zeatin riboside on somaric embrvo production with

respect to S5 suspension cultures after two subculrures in Rl medium and one subcuiture



mg!l NAA (NAA). | mg!1l 6BA (BA). 1 mg/l 21P or ; ma/i zeatin riboside
(ZR). S5 and S16 are two suspension cultures. The number of somatic
embryos were scored after one month. Results shown represent the
average of three replica plate sets. Figure 5 depicts the effect of zeatin
riboside on somatic embryo production with respect to S5 suspension
cultures after two subcultures in Ri medium and one subculture in. R2

in HMedium, The bran is.are as follows: (&) No zeafin.iHhasids, imallihculiures; (B) 1
subcultures B) 1 mg/1, zeatin. riboside added during the first subculture
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zeaé}@%’b‘?ﬁ%ﬁ%‘%ﬁﬁ@@%%@%ﬁé%@i A kzeatiniboside. added guENgMEee riboside
subcultures. WO 2005/103271 PCT/SG2004/000101 6 Figure 6 shows

addgg LUl GETIDNA FEEpient cells and donor cells on a nylon membrane
(Hybond-N). Figure 7 (A) shows selection on solid Rl medium in sectors;
(B) selection on a culture raft in liquid medium; (C) depicts transformed,
GFP+ cells 5 days after co-culture. Figure 8 depicts.transformed GFP+
embryos (A) and embryonic tissues (B) one month after culture on
selective medium RI. Figure 9 shows germinated embryos (A) and
embryo-like tissues (B) 4 months after co- culture. Figure 10 shows
plantlets with multiple shoots derived from embryo-like tissue. Figure 11
shows potting ready plantlets derived from a germinated somatic embryo.
Figure 12 shows healthy flowering plants 7-8 months after co-culture.
Figure 13 shows GFP+ leaves from a transgenic adult leaf (left panel) and
background fluorescence from a non-transformed adult plant. Figure 14
shows callus sectors cultured in selective RI medium for one month. (A)
shows results from co-culture method described in U.S. patent No. 5;
583,036. (B) shows results obtained according to the present inventive
method. Figure 15 shows: (A) fresh pollens taken from wildtype (Coker
312) plants; (B) fresh pollen from transgenic plants derived from 516, (C)
an aborted boll (from the same plant) with some



fertilized ovules containing elongating fibers; (D) an enlarging boll 10 days
after pollinating the same plant with wildtype pollens. DETAILED
waEnSRIBTION OF THE INVENTION The present inventior},ife,lféfﬁmmom
generally to methods for production of transgenic plants, preferably
cotton, maize, soybean, wheat, rice, and barley, and most preferably
cotton, that express at least one gene of interest through integration of a
copy of the gene in the nuclear genoge. In particular, the invention
provides a method for producing a transgenic plant, the method
COIRigkisd®shpwe\daingrarpodarbdiogeipienp erilseal, dandr celtsicimg nfercel¢mbrane
in L@Lﬂd medium to produce a cell suspension culture. On a porous
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apa ecting the stable transfer of the exogenous gene and
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cult@eneraips AR /103271 PCT/SG2004/000101 7 population of cells.
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PRGN BERLANSL KRMRmeIARHS 12k Agrobacterium-mediated
transtormation. If desired, the resultant transgenic (transformed) plant can
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residR@a o Theur aniesl Rropieies inShepre SRNG S E308EIS(BRshdves fronlts obtained
any plant, without |limitation, s preferably a cotton, maize, soybean,

but
ac 19i{be PoTSBAHETHE %ﬁtgoﬁilost preferably cotton. Preferred cotton
spegigaintiiewsogsypistapbliesytekandin Gideppilivkbed biddmse (B)r&eﬂh pollen
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same plant with wildtype pollens.

DETAILED DESCRIPTION OF THE INYENTION

The present invention relates generally to methods for production of transgenic plants,
-preferably cotton, maize, soybean, wheat, rice, and barley, and most preferably cotton, that express
at least one gene of interest through integration of a copy of the gene in the nuclear genome. In
particular, the invention provides a method for produc'mg a transgenic plant, the method comprising
providing alproembryogenic plant cell, and culturing the cell in a liquid medivm to produce a cell
suspension culture. On a porous solid support, the cell suspension culture is co-cultured with 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 selectable marker to the genome of the cell. The co-culturing thereby generates a



for example, from about 0 to about 0.1 mg/l NAA). Unless otherwise
indicated, media used in the culturing steps of the methods described
wlg)q .:919 pe any media suitable and appropriate for the CHEW@GMWO]{”
such media are known and available in the art. Selection of cells Is by
chemical or genetic means, and can include the use of a reporter
construct as a selectable marker. Such methods of selection are known in
the art. In a preferred embodiment, the reporter construct constitutively
expresses green fluorescent protein. A particularly preferred reporter

popeRAch uftdisp RZRIL fodtt: Gipilativamheahndises i HroderRanRAEEMEselected
cell is obtained by sterilizin lant seed rminating the seed 1o ;
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and %‘%%W&ms&@%‘ graply.a %?:%518{?, ‘ﬁé%!&ékﬁ%h%['§§t§u?o%8,u&3§%s%%§x%h- Tn an

he seed can be germinated in MS medium, and such germination can _
embediesia e vEr BB 2 108 RS, T B A ZBIANETS Prateimiyia yobpdopeat. the solid
supSheatdin.Meshads g the Arasantisvantiomeandidithay coMprsSiNINGINg a Ti or

. callus formation and_initiating somatic embryogenesis in a solid medium, ‘
Ri Rl c AR caRE A 08 B0 B P S A O TR O &t RO G SR methods
of Adteexeiihadtatbbassandarher comprise inducing differentiation of the

WQ,2005/103271 PCT/SG2004/000101 llus to.generate .

ool B ettt ebed) St SaP IS et it o gormploom
of mmmgm@mme@mmmaapemmmmmwmme&m can
be @5%9599 Bﬂ&%%ﬂ%Eliﬁﬁt%%g%ﬁ%eppéﬁi%ﬁbycﬁﬂﬁﬂ%gﬁg’ DRIV, sice, or

and propagated in a liquid medium or series of liquid media with fow

barlgy el aadtpnst TEshipertiapnietitrdaotacmsrdca srabde e aiym raramm and
GoRipigsatly, shmsultureckregilasly idnaiseriemef fresiipedia Withatso suitable for
differences in auxin content and nitrogen, sources, and preferably at an
“@?M}O&‘E{%ﬁ?@t&?@% SHEPETHERBuid media used as above
prefanably-eentainhdds haltiqatichBaiiiantibe slpplamiertedentitheltiiin (in a range,
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culRFENBRYRGCHEaL ConRRsHAIoNS Al AROHD P Sl SPHCIO M emical or
media referred to above preferably has a pH value of about 5.8 to about -
gengis means, and can include the use of a reporter construct as a selectable marker. Such methods

of selection are known in the art. In a preferred embodiment, the reporter construct constitutively
expresses green fluorescent protein. A particularly preferred reporter construct is pPZP111-
35S:GFP.

In an embodiment, the proembryogenic- cell is obtained by sterilizing a plant seed,
. genminating the seed to generate plant tissue, obtaining an explant from the plant tissue, and
inducing callus formation from the explant. The seed may be sterilized in a bleach solution,
preferably a solution which comprises about 30% bleach. The seed can be germinated in MS
medium, and such germination can take place over about 4-14 days. The explant is preferably a root
or a shoot tip.

Methods of the present invention can further comprise mducing callus formation and
initiating somatic embryogenesis in a solid medium, which can take place over a period of about one

to about three months. Moreover, the methods can further comprise inducing differentiation of the



preferably about 6.0 to about 6.4. Suspension cultures can be maintained
on a rotating platform with a temperature in the range of about 26 to
W%bﬂ)ldg g&%?nd about a 16 hour lighting cycle. The co-culturg}g[ggﬁ%i‘p{%gm
herein can further comprise growing the Agrobacterium strains of interest
in a low phosphate liquid medium, preferably MinAB medium
supplemented with an appropriate concentration of virulence inducing
agents, to a preferred density of about,0.1-0.5 OD600 units, providing an
Agrobacterium with a pre-induced virulence. The culture may be

catliBCRNsLLRE HoruigyishBedium CORRUGIVE IRRRad iOVELLLIABMAY occur on a

recipient cells and enhanced expression of Agrobacterium virulence.
hormatr{zity SR} IapreraLfar A mPEr ARG inay HE G Bredio RaprbsKogenic tissues,
whithnsiipstively aciiyended, malamiseDyHinserngtitgeneud flBRNIE series of liquid

eA %’@T&%ﬂ% enome or Ti or Ri plasmid vectors within the
m {,Rgro acterium. eeghspension-cultured materials can be reconstituted in

a ligilid smpdigimtbdtisodptindbifer dosprisgiotood Agrobacietium villgealsgslarly
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acim,aﬁmramgﬂmfﬁ?mﬂsrd@malg@ey gﬁ@ﬁm@waﬁd@ RO AcHaRBs S ithout 0.1-5
lum, or soakKe 1 a Sult e ul eal ,te eqla preiera
o R R e o P e L ko fuabont 65,
prefamablylalsnt 6.8 Adibeug Iy d e Fbispsnsi cartdbnes oande rifdhesiaahad iorgreiferalbtform with
.. hav H value W 3271 P 2004/000 9 hetween
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preparation or one that is cryo-preserved, such as, for example, in the
APSPRERR MR BT (TSNS e dugiB PerDigofoghyRisiEer dersilyrbabput 0.1-0.5
- OImmbiigksOpRRiaRRRRkiInaHTN R fvith aNpAsRRRLJN§ INKeREOMTALSulture may be
rovides.me, o%s for.regeneration of com Iete§)£jants from. . :
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to 8&, ele%céggsékﬁ%ggf}%g&ﬁg%}yj %ﬂ@%&%@%ﬁé%g the gene in either the Agrobacterium

genome or Ti or Ri plasmid vectors within the Agrobacterium.

The suspension-cultured materials can be reconstituted in a liquid medium that is optimal
for expression of Agrobacterium vir genes and mixed with Agrobacterium culture prepared as
described, on a porous solid support, such as a membrane or filter. This mixture can be incubated
under constant lighting for about 1-5 days. In an embodiment, the cells or calli are transferred to
hormone-free medium supplemented with appropriate antibiotics to suppress growth of non-
transformed plant cells and Agrobacterium cells. The porous solid support can be a membrane, or
filter, as described, and can be laid upon a suitable salid medium or soaked in a suitable liguid
medium, the media preferably containing either MS salt or MinAB salt supplemented with B5

vitamins and glucose and/or glycerol as a carbon source. These media preferably have a pH value



or without prior co-culture with Agrobacterium, in a hormone-free
MS-based medium with reinforced KNOS3, and subculturing regularly,

Ww%}'ﬁﬁggﬁexample, about every 3-4 weeks, in a medium W@?/éﬁ%ﬁﬁ@@ﬂﬁm

composition for a period sufficient to produce pre-globular to globular
embryos. Further regular subculturing can be undertaken, again, for
example, about every 3-4 weeks, in a solid, preferably MS-based medium
supplemented with amino acids, prefgrably glutamine and asparagine at
a concentration of about 0.1-5 g/I, and reinforced KNO 3 for about 4-12

betwi¥BEkSIR 99t ARdHsues|s b ieraBtaR than sB6ubs THEY Gesl s 3Uitalle snadliation
and resultin%?glantlets transferred into soil pots to produce flowering
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cells when, co-culture is.emplaye subculturing can be performed.i .
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or anthemapproprinteniedium. These media preferably have a pH value of
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or other ptant cel s, somatic embryos and plantlets as referred to herein )
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washing. The invention_also provides a method, as an extension and
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omprising manual pollination of the .plants, including male sterile plants
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In the described methods, the regeneration of cells into plants ¢an be |
transfEscBPDSPA ROl BiPd laNTnEoPIEBon Lt JartieuIEF N SRkMiReY be
supisigrefesabhitn zppidprivderivbidieshereafibivigreatenimanembbdirdntlls and

elJESRIROE i Selis niser 0.8 S D SOIIARY B
mediken, eenivopageppoinl iqodmodaficelid piddmediunthermoprigamedim. These
mecqﬁupigeﬁ}%%e a pH value of about 5.7 to about 6.5, more preferably about 6.0 to about 6.4.
The cotion or other plant celis, somatic embryos and plantlets as referred to herein preferably are
cultured at a temperature of about 25°-32 °C with about 16 hour lighting cycles. Co-cultured
materials can be selected without prior washing,

"The invention also provides a method, as an extension and complementation to the methods
already described herein, for rescue of infertile plants and accelerated production of commercial
varieties comprising manual poliination of the plants, including male sterile plants, with pollens
derived from zygotic seeds of either the same variety or a specific germplasm of interest. Continued
backcrossing in the following generations can be performed as needed or desired.

In preferred methods, the Agrobacterium comprises a vird gene mutant. The vird gene

mutant can be incorporated into the genome of the Agrobacterium or incorporated into the vector.



Techniques for introducing exogenous genes into Agrobacterium such
that they will be transferred stably to a plant or plant tissue exposed to the
Wé%gp{?gﬁéum are well-known in the art. It is advantageousd@46864/000101
so-called "disarmed" strain of Agrobacterium or Ti plasmid, that is, a
strain or plasmid wherein the genes responsible for the formation of the
tumor characteristic of the crown gall disease caused by wild type
Agrobacterium are removed or deagfvated. Numerous examples of
disarmed Agrobacterium strains are found in the literature (e.g., pAL4404,
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allow selection of transformed plant cells. The exogenous gene ]
- allowiserengeisiiagdon 1B Aeoef fbe a1ATTE fraian HESF DaN Saihs e groduced mfo
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that the promoter drives eﬁtesg%go the I%%r&e in thée éﬁ%ﬁformgd plant.. the
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gene. The selection of the desired . 3 .
marker (for example a gene conferring resistance to an antibiotic such as kanamycin, cefotaxime or

ofa

streptomycin) linked to a promoter active in bacteria would permit selection of bacteria confaining
the marker (i.e., transformants). Another selectable marker linked to a plant-active promoter, such
as the CaMV 35S promoter or a T-DNA promoter such as the NPT II NOS promoter, would allow
selection of transformed plant cells. The exogenous gene that is desired to be introduced into the
plant cell should comprise 2 plant-active promoter in fanctional relation to the coding sequence, so
that the promoter drives expression of the gene in the transformed plant. Again, plant-active
promoters, such as the CaMV 358, the NPT I NOS promoter or any of a number of tissue-specific
promoters, are well-known in the art and selection of an appropriate promoter is well within the

ordinary skill in the.art.



exogenous gene depends on the goal of the researcher, and numerous
examples of desirable genes that could be used with the present

Wi[)]\ﬁg&l}i&gﬁ{e known in the art (e.g., the family of Bacillus t%@%ﬁﬁ'ﬂfﬁomm
nthase

toxin'genes, herbicide resistance genes such as shikimate sy

genes that confer glyphosate resistance, U.S. Patent No. 5,188,642, or a
2,4-D monooxygenase gene that confers resistance to
2,4-dichlorophenoxyacetic acid (2,4-D1)1(Bayley et at., 1992), male sterility
genes such as the antisense genes of U.S. Patent No. 5,741,684

(Fabijauski hesl :
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maintained at various st%ges of early embryogeenic development
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same medium W%S constantly used. However, an effective solution for this
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different cell lines. Further provided is a media compaosition for

P eSO o St B RPE SR TR &Rl W) concbusiibis g7 be maintained
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nitfBeBRHIREL WRIRIAAR SRS CRIBPI SR P  on cultures thus prepared have good
synchrony in development and have a uniformly yelloWish color. The embryogenic competence
varies among different cell lines.

Further provided is a media composition for accelerated regeneration of somatic embryos
from cell cultures via treatment with cytokinins that significantly iraprove early embryogenic
.development. Cytokinins have been found to play an important role in somatic embryogensis (Xing
et al., 1999; Sagare et al., 2000; Tokuji and Kuriyama, 2003). Their use in cotion regeneration,
however, has never been reported. It was discovered that cytokinins, particularly zeatin riboside,
significantly improved somatic embryo formation when used at the early stages of plant

regeneration. Proper use of the hormone leads to shorter duration to reproduce complete plantlets



WO 2005/103271 PCT/SG2004/000101 12 due to increased conversion
rate to globular stage embryos and accelerated development of leaves.

Previously, regeneration of suspension cells was achieved ' el
W((:)u%?\é%?#gj#ile cells in liquid medium or plating them out unifc?%rrlﬁ)g%ngég?gm

media (Finer, 1988; European Pat. 0317512B 1, US Pat. 5,583,036).
Both methods differ widely from the natural developing environment of
zygotic embryos. Furthermore, as the,materials need repeated
sub-culturing, the plated calli are tedious to work with and slower growing

duclAR{esma Rl AP R RS ARSI IR FRISRAIAUOR FHIWE QR of feaves.

thus simplifies the handling process of suspension-cultured cells/calli by
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plant cells, particularly cotton. Co-culture is performed at around 24C with
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oA (8 ALt ) S B e R A, o ol 1987
Fullneraly NMessirathosarithaha dadehryiotvb &eonsten etd adimitt maoycluayokdm different
inventign as set forth | laims which follow. A.reparter strugt, .
o SR PR B e ol R RSN Rt Bundoo
et ekplegsedetheoGreic- FIOBFb SocrrprmtefateGEmyRmpihwiplaseestls, particularty
oot S 2 RS ARG AP SR AN AN NG EHRGINE IR AL D emativaty.

procedures. As indicated, other suitable markers may also be used.

AgroRpaarpE staBh B RS PR ITSSHESH SHEFER Eibh roEs M e 8l E i4hts
Cottarisaeds aepstetiizedibisoakingds SOXblaachapkition 18t dRr9Ractice the

minutes, After thorough rinsing.in water, seeds are incubated_ in water at
r%ﬁ@r

invglgsic@ T’Bi-‘tﬁ. fa)éi;taﬁzm:% %Wﬁwles, therefore, are merely llustrative and should

not be consirued to Iimit in any way the invention as set forth in the claims which follow.

_ A reporter construct, pPZP111-35S:GFP (Xu et al., unpublished data) that constitutively
expresses the Green Fluorescent Protein (GEP) (Fig. 1) was used to illastrate the technical processes
and monitor the effectiveness of the procedures. As indicated, other suitable markers may also be

used.

EXAMPLE 1
Generation of Cotton Suspension Cell Cultures from Explants
Cotton seeds are sterilized by soaking in 30% bleach solution for 45-90 minutes. After
thorough rinsing in water, seeds.are imcubated in water at 28° C for 1 day and further incubated on
SGM medium at 28° C with 16 hours lghting for 4-14 days. Roots are cut into short (3-5 mum)
segments and allowed to develop calli on SM1 medium for approximately one month. Alternatively,

embryogenic shoot tips may be dissected out from the seeds and used for callus induction. The calii



SGM medium at 28 C with 16 hours lighting for 4-14 days. Roots are cut
into short (3-5 mm) segments and allowed to develop calli on SMI

w@%jo'%l/% 1‘2% approximately one month Alternatively, embry%ng%§&gﬁhe 101

tips maybe dissected out from the seeds and used for callus induction.
The calli WO 2005/103271 PCT/SG2004/000101 13 are separated from
the explants and further incubated on SM1 medium for approximately one
month. To induce somatic embryogenisis, the calli are transferred to SM2
medium, subcultured every 3-4 weeks on fresh medium until loosely

are Stpasiidedomllawishehceddish-aalliateuaRipiRedm Y mtaiRA0mR Gk R nately one

d callus are placed in 50, m| LMI medium in a suitable container, for
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s. The cells/callus tissues are subgcultyr typically. every 7-14 days
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culture with a culture of A_grobacterlum that harbors the gene of interest

LMZ a3 d9hhA i e ero r in an appropriate Ti or Ri plasmid

vector. The mixtures are co-spotted on a sheet of porous membrane or

filter paper laid atop a SIM1 or %%Igh@ﬁ%éor a time sufficient to produce
a desired number of transforme Is. Alternatively, 3-4 sheets of

filter paper that Hatredoeon sdakaehoviti irackent intmnEditsnCatiay be used in
pla th id medium. Ear.best results, pre-induced Agrobacterium, ...
& gén %fs%' %1 zg L&@iﬁ):er%g tf{og% c:g?&in eeheovia %%%grﬁce%%% rﬂ?é:la{yd T-DNA

culture” prepared as described for transformation o gl are
conypgagql thio cyRubidyaiian o bietblyurvbcaliitad cottely Bisnessid dul Gro vttt agyliure of
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_ Transformed Cells After co-cultivation, the cells are transferred to RI
T o BRI TUE Bt SR T S FOpiRatied SRAcRr STrBPath eI oF filter paper
laidasptiTsonsIveDint ¢alls nd hEiAgrobastaut aellsethali8Bdinransformed

cotton cells. Alternatively, 3-4 sheets of filter paper that have been soaked with a liguid medium
may be used in place of the solid medium. For best results, pre-induced 4grobacterium culture
prepared as described for fransformation of filamentous fungi are used although common bacterium

cultures may be used (de Groot et al., 1998).

EXAMPLE 3
Regpeneration into Transgenic Cotton Plants from Transformed Cells
After co-cultivation, the cells are transferred to R1 medium supplemented with appropriate
antibiotics for suppression of non-transformed cotton cells and the dgrobacterium cells that remain
attached. Selection of transformed plant cells may also be achieved by visual markers. The co-
cultured cotton cells need no wash and can be fransferred fo selective solid medium as callus
Asectors@ (normally 100-150 per co-culiure). Altemativeiy,-each co-culture may be transferred as
a whole onto a culture raft in the same medium lacking phytagel (Fig. 7). Culture in liquid medium
is normally limited to the imitial 3-4 weeks. After that, it preferably.is‘ transferred to solid R1i



attached. Selection of transformed plant cells may also be achieved by
visual markers. The co- cultured cotton cells need no wash and can be

to selective solid medium as callus Asectors@
w%éﬁn?‘{@%% Sl #0978e3N1 /000101

per co-culture). Alternatively, each co-culture may be transferred
as a whole onto a culture raft in the same medium lacking.phytagel (Fig.
7). Culture in liquid medium is normally limited to the initial 3-4 weeks.
After that, it preferably is transferred tggsolid RI WO 2005/103271
PCT/SG2004/000101 14 medium. A further 3-4 weeks in medium Rl is

mediom a’ll_furétqu Béda&ekm'mumcﬁﬁiqnl Rbmbﬁyﬁﬂlgaﬂqhﬁem htatme&xﬁip@aﬁbryns can be
obt%éﬁ.r%éﬁ 3 mgdivm g@&%@ g géseithefP efe“' J%O%W&f%é}e ot seen,

seen sequent e antl IOtI resistant g ar or a ers
Wg,mmhm@m gi@édl@nﬁrﬂ@wrsmmmmkmdep@emdmn for

3-0REHRQR H8s %@Q@t&fe HaGRMIHRG SRR RN SV ER 824 cutture on

medium. FuIIy developed embryos (no root, with Cotyledons) or green

R2 G476 et 4/ S e G 00 B RRiiedonee aF rrsre frabrver g tissues with
no M'Mc%ﬂédﬁéﬂ ﬁ’@ﬁél@l t&@fﬁdm&lt@fﬁﬁﬁia&ﬁlﬁﬁl PediBEbd &@Qﬁ%@ﬁ;& R4 mediun. -
antlets are plante 0il pots. EXAMPLE 4 Preparation o
IHV\%) 2' ‘g%ﬁe%eﬂlﬁﬁﬁ%lﬁetg Q??ﬁf%% %’ﬁgofﬁioker 312) were sterilized by

soaking in 30% bleach (Clorox) solution for 45 minutes and, after two
washes in water, incubated iWEZQE C for one day. The seeds

were further incubated on SGM medium at 28E C with 16 hours lighting
cycles for 4 days. WhRecpasidiauoi dutpepsre Celt ffubusport (3-5 mm)

SesE @B%&;{@hﬁilé%\@% %Fé‘%f@!ﬁﬁ&ﬂ!% 9&%&@%%%4&[ (@RRB%EB@E?JX for 45

one month. The calli were separated from the explants and incubated on

mipyies apd 2GR ARSE i asainRALA dy e PSRBT FricoeaNpeFbe seeds were
futRPRISHRLd TR Resivi L Subetitiied RN G @bél@é’ﬁfﬁ’ti%m—colomd

on fresh medium until loosely structured calli were obtained

rook BrsksHbtRIS $68 g srSsemethrtievedie frycke o S medium for
ap;fﬂﬁd!bkm:!ﬁ a2 Biddil. qosicdli flagksapddee M&Qeakgﬁx@s QREushBkiagon the same

tf 20 RP th16 h li | It
oA ST 1 AL Lo DA GHER R T, SV, bcultred
ap}éWeﬁyszmwﬂtam fresls sriedanstabifiz bd it sreptosbonili fresh obtained.
APRISLULID RORY of ﬁéa%m% allLgsley gﬂ ERSIARIIZed 85, 1 conicat

VIgorous growing yelowis cultures co SIStIng (0] I of various sizes

flaghrred therbeibéaliZie Gersqrbrong piéyol CEIN RPTELW e dotindistizngldytdss. The

suspension cultures were subcultured every 7-14 days by transferring a 15 ml of aliquot
(approximately 2 ml celi/calli mass in a stabilized culture) to 35 ml fresh medium in a new
container. Among 5 calli selected, three stabilized as vigorous growing yellowish cultures consisting
of calli of various sizes when the subculture was performed cyclically in four different media (LM,
1.M2, M3, and LM4). The calli showed no or limited embryogenic structure when examined under
a scanning electron microscope (Fig. 2). Severe browning or darkening could occur if a single
medium was constantly used (Fig. 3). Cultures S4 and 85 both successfully developed into somatic

embryos when they weze transferred to solid medivm R1.



LM2, LM3, and LM4). The calli showed no or limited embryogenic
structure when examined under a scanning electron microscope (Fig. 2).
waS éa?r ?lpwnlng or darkening could occur if a single medig@PWasSyoso00101
constantly used (Fig. 3). Cultures S4 and S5 both successfully developed
into somatic embryos when they were transferred to solid medium R1.
WO 2005/103271 PCT/SG2004/000101 15 EXAMPLE 5 Preparation of
Cell Suspension Cultures Cotton seggs were sterilized by soaking in 30%
bleach (Clorox) solution for 45 minutes and, after two washes in water,
incubated in water at 28E C for 24 Ayvawrz $he seeds were further
incubated on SGM medium_at 28(9}9% with 16 ho htmg cycles for 4
days. White-colored T&drea{ipa:et ﬁfgpseﬂgwlt Fﬁ) segments and
alloms&dnt@edﬁwedmeaukms Mhifrpdit60%dr ek (Ohintk) sThdoait wenenutes and,

separated from the e and cultu the e medjium for,
afton, 550 JYATETCR, HE 1 g‘ﬁg ROt The” ({:g%éjweer% ’;[r%?nrg erreddlt S were further
incuRReiwn Sd sibiuuier eRFeveryhsid Meekgfmngltestes ioedidmsuithiloasBiyed roots
structur er obtalned O m sol C
Werﬁ%‘&@dalﬁg%a(mgv Hediam éﬁﬁ %%gr?%gl éh |nc%u at(\ggrr zﬁl St
TheGalliveestsaparp doiiatiohs @@@@W;W@Mdﬁmm@evcf@sammmwm
mox%us P%H Si%% %W&g ere. sUbgEFed Ve ada dayS Y- trensiering@ekoon fresh

aliquot (approximately 2m1 cell/calli mass when the cultures were

me@mm@dlp@@wmoﬁ@% oG APiaimRy BB RS e dselaipd callus were

la&%l%ztﬁgn{m%éﬂﬁg %a@%@&%&l"%ﬂ@ﬂ@%&ﬁbﬁﬂ@ ¥BA C on a shaking
. subculture was performed cyclically in four different media (LM, H%ﬁﬁ. "
plaifys (HRER e Aoy Sa5tomey s Hisrreprss el fvfawsmg fpsed every

%ﬁ%nﬁ@iﬁﬁi@ﬁlﬁlhﬁ Ritheyt ppseotiansiBrreal telbolit medivmeRihe cultures were
EXAMPLE arat on of CeII Sus ension Cultu e
stabifizat) S kao{é#h T30 BIEach rox;‘}ml ga or ??lgﬁ%n%ttevgsoasr% fized as
vigireuatedrip W@ushtc%ﬁvﬁbﬁanmg Nsaaﬁerfm@ gynhngélm Howraddferent media
(Llﬁouéﬁfmgereé &m@@%%@&%@ﬁ%u@ﬁﬁﬁﬁ&ﬁ%&%m somatic

d cyc r4 days. White-colored roots were cut into short
embgyssmm@gmemgw&@%me%ra@%&am on SMI medium for
approximately one month. In addition, embryogenic shoot tips were
dissected from the sterilized

EXAMPLE 6
Preparation of Cell Suspension Cultures

Cotton seeds were sterilized by soaking in 30% bleach (Clorox) solution for 45 miinutes and
incubated in water at 28E C for 24 hours after rinsing twice with water. The seeds were further
incubated on SGM medium at 28E C with 16 hours lighting cycles for 4 days. White-colored roots
were cut into short (3-5 mm) segments and allowed to develop calli on 'SM1 medium for
approximately one month. In addiﬁon, embryogenic shoot tips were dissected from the sterilized
seeds and used for callus induction as with the root explants. A month later, yellowish calli at the
tips of both of kinds of explants were dissected out and incubated in the same medium for one more
month. The calli were transferred to SM2 medium, subcultured every 3;4 weeks on fresh medium
until loosely structured calii were obtained. Approximately 200 mg of the isolated callus were
placed in 50 ml LM medium in a 250m] conical flask and incubated at 28° C on 2 shaking platform
(120 RPM) with 16 hours lighting cycles. The suspension cultures were subcultured every 7 days

by transferring a 15 m! aliquot (approximately 2 ml celi/calli mass when cultures were stabilized)



seeds and used for callus induction as with the root explants. A month
later, yellowish calli at the tips of both of kinds of explants were dissected
out and incubated in the same medium for one more mont I
WRéRaRsferred to SM2 medium, subcultured every 3-4 We@eﬁgﬁgﬁdéys gorot
medium until loosely structured calli were obtained. Approximately 200
mg of the isolated callus were placed in 50 ml LMI medium in a 250m|
conical flask and incubated at 28 C on g shaking platform (120 RPM) with
16 hours lighting cycles. The suspension cultures were subcultured every

to 3548y by HansferinaavlGmlialionnt (anpsed amieue it cabgbisias srowing
when cultures were stabilized) WO 2005/103271 PCT/SG2004/000101

yeligigh$8Mh fresh medium in a new container. All? selected calli stabilized
as vigorously growing yellowish calli. EXAMPLE 7 Effects of Cytokinins

on Early Embryogenic Developm 5}%&&5 x}mately 0.1 g of the
suspension-cultured calli mass was platéd out in medium RI

supplementedBffittt=Co0CyediiniiAdn Siagp Brentarreitier dapigmbBA, 21P
or Z%%%g?ﬁ%ﬁgf OI ‘k?ofﬁi@‘é{&ﬁ&!sﬁ!&-‘é&!ﬁ?ﬁ Agitl? LA Q{é@&iy\fﬁ%ledium Rl

scor ter 5 weeks'incubation. In both cultures tested (S5 and Si6)

supplamenitsoRidtd aneik R dcsTp Rt R AauL GR Ana Wierpetin Hboside. The
nufPRNYOSTiG: D1EXAMP bEB3eEealsQltdyiakiningars Eay e Bitboth cultures

NPT E ARG AT SRR AN NEEHE RO 2O o) emboos

(Fighagide-containing Rl medium for 1-3 months. A significant increase in
the number and sizes of embryos was observed in plates treated with
zeatin riboside and the effect became more dramatic with continued
exposure to zeatin riboside (Fig. SZXAWAMBLE 9 Transformation of

Supension C”Eﬁ&t@%@&ﬂﬁ&&sé&%‘ﬁﬁ{%g@%lﬁ%&ﬂ}ﬂxn?@NA

vector, pPZPI 11-35S:GFP, was introduced into Agrobacterium

tumeticrsplyeeeain Rt cry Rieed b AtRsiuR With paigibouhd Ak Fuin riboside.
TIRIGIR was diltted & fald-with Addsinedinmmantifiuitheniagubaeahais Csignificant

for 6 hours until it reached roximately 0.3 OD600 unit. . N
increase in the number and s%;es o e@n Tyos was observe 11131 plates treated with zeatin riboside and

the effect became more dramatic with continued exposure to zeatin riboside (Fig. 5 ).

EXAMPLE 9
Transformation of Supension Culture with Induced Agrobacterium Culture

Binary T-DNA vector, pPZP111-355:GFP, was introduced into Agrobacterium tumefaciens
strain AGL1 by electroporation. A saturated culture of the strain was diluted 5-fold with IM
medium and further incubated at 28° C for 6 hours until it reached approximately 0.3 ODggg unit.
Approximately 0.5 ml of suspension cultures S5, and S5 that were cultured either in EM1, LM2,
- LM3 and LM4 was mixed with 0.2 ml Agrobacterium culture and co-spotted on a Hybbond N
membrane (Amersham Pharmac:ia)'that was laid atop R1 medium supplemented with 100 M
acetosyringon. After 3 days of co-culture at 24° C with constant lighting, the calli on nylon
membranes were rinsed with a suspc—znsidn medium (e.g, LM supplemented with 100 mg/l
kanamycin and 450 mg/l Cefotaxim). The whole membrane was transfe;r@d to R1 or RZ medinm
supplemented with 100 mg/I kanamyein and 300 mg/l1 Cefotaxime and cultured at 28° C with 16

hour lighting cycles. GFP positive calli were seen after one month. The remaining Agrobacterium



Approximately 0.5 ml of suspension cultures S5, and S5 that were
cultured either in LMI, LM2, LM3 and LM4 was mixed with 0.2 ml
Agrobacterium culture and co-spotted on a Hybbond N me

W %rﬁga/éﬁgﬂ% Pharmacia) that was laid atop R1 medium suprgg{nge%?g%wv)\ﬂ?ﬁm
100 M acetosyringon. After 3 days of co-culture at 24 C with constant
lighting, the calli on nylon membranes were rinsed with a suspension
medium (e.g., LM1 supplemented Witp] 100 mg/l kanamycin and 450 mg/1
Cefotaxim). The whole membrane was transferred to Rl or R2 medium

cult@épQL‘irH{%?éﬁéé&Viﬁéol@Q odkkananygB,and 3RGE A i aRteARGdded. The

cultured at 28 C with 16 hour lighting cycles. GFP positive calf, were seen
bactatten gteskheastorph &vern aiif g’ Agrsbbiegerium WO 2005/103271
PCT/SG2004/000101 17 culture was dispensed into 0.5 ml aliquots and
equal volume of 14% DMSO was added. The bacterium stock was stored
frozen at B8O C until use. EXAMPYEEHETAnsformation of Suspension

Cultures Just before wsgstnihedf dhewfigzenAGlikesiture was thawed
and the bacterial cejls were _collect entrifugation, Th llets were
SSRGS o T Do et were
" coliéeppioximattly:ioR. glegikhhassiandepespattad Snd CybetidsNHehThraimed with
ersham cia),or Whatman 4 fi i
0 o e oo drap L it o )RR MR TR (st
Phagiagle) erdifiistmae 4 Higer Gppafeéorcelduefbmiiaitells AMdaline redapenvistd gegulinres

AiaybyasinaLiemedin RlshRalrsptled with.L 00 mattkanacue/tait
© é\y\lnégﬁggg m%é/f%Cefotaxime and culured ;Q[ﬁ S?Wi_th {6 hours lighting L

trang{Fsred (i rRinge wedunRiceramisrennted i 108 msrk kaiopyoin and 200 mg/i
CeftRpiasenlingia-singtstardeicaihea smalxaveng. chaicsaaallie(kig dtAded into up
Alternatively, the whole co-cultyre was transferred to a culture raft on L M|
to 1G5 TS TORITEO R P IER AFRS HLA SO SPERIO AR TRl e 7A)
AldBtiRistitetfoskebgiden: fusresednnel werentisibleft o il eupiiiedeytetwith 100
lective.medi Fig,~7C). Afte ks.in.Rl medium, the kanamyci ..
e e i A0 Al A R DU I8 O R AR e it
frowuibplefhémted switiatitemadien RidbitiibsAfietdewearitindd, mrdivm, the kanamycin

restigiicscHltred calliwere fransferrad 1o Solf ReIGRNGMEHMRLdEAR the same

sector was examined under fluorescent microscope for green ‘ , ’
antipipiess B eanstiianio thy figvid-polftedmbl vercimreresipspid i Ssigdim RL.
Ea2 @R sataiediiR ArReAIR-ARes i OmerbIesHh £irigeeB) fluorescence at various time

points after co-culture. GFP positive somatic embryos started to appear in about one month (Fig. 8).
By 3 months afier co-culiure, up to 38 sectors were found to contain embryos positive for green
. fluorescence in a single co-culture. Sectors positive for GFP but not yef producing somatic embryos
are several folds higher. Both types of co-culture support gave satisfactory results, which are

summarized in Table 1.



By 3 months after co-culture, up to 38 sectors were found to contain

embryos positive for green fluorescence in a single co-culture. Sectors
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EXAMPLE 11 Transformation of Suspension Cultures with a
pPZP111-35S:GFP Construct. phthe frozen AGL culture harboring
pPZP 11 1-35S:GFP was thawed and the bacterial cells were collected

by c&iesiflieapiion T SuspersifiaGrémes et e pRLrdpéridSsRPCIqpimch).
SURENSIPME WIS (R4 Radldherkf prera ashedin {he lvwaesidMe bacterial

Approximately 0.5 ml cultures were mixed with 0.4m1 Agrobacterium
cellssspserriler sy RERUEEE DN RGIBRFIFeh BraRESs VaTD peeviengaisdicin L S 7-
SusfRisan dutiter ecultuig the)calianeiasmnstaered (witheut wasbinghtey 0.5 ml

cultur?e%%alrlél;g mixed with 0.4ml Agmbgzcten’um suspension and co-cultured on nylon membranes
atop CP1 medium (pH5.7). After co-culture, the calli were transferred (without washing) to medium
R1 supplemented with 100mg/l kanamycin and 200 mg/l Cefotaxime and incubated at 28° C with
16 hour lighting cycles. Each co-culture was divided into up to 160 sectors, each representing a
single large calli or a small clump of micro-calli. Altemnatively, the whole co-culture was transferred
to a culture raft on LM1 supplemented with 100 mg/l kanamycin and 200 mg/l cefotaxime. After
two months in selective R1 medium, the kanamycin resistant sectors were transferred to fresh R1
plates supplemented with lmg/l zeatin riboside with the same antibiotics and continued cultun'né
for 4.5 weeks. Kanamycin resistant calli were transferred to R2 medivm supplemented with 50 mg/l
kanamycin and 200 mg/l cefotaxime. This is repeated two more times in antibiotics-free R2 medium
and large, vigorously growing embryos or green calli, which may appear in the first R2 culture, were
selected and transferred to R3 medium. Embryos may germinate and develop roots and true leaves
(Fig. 9A). Interestingly, the zeatin treatment allowed many cotyiedon—leés abnormal embryo and
even green tissues, such as those shown in Fig. 9B, to develop into shoots. Often, muliiple shoots
were developed (Fig. 10). Plantlets that bad developed true leaves were plentiful in 3-4 weeks and
were cultured in R4 medinm for further leaf and root development (Fig. 11). Plantlets with 6-8
ieaves were potted in soil and by about 7-8 months after co-culture, tjhé plants started to flower (Fig.
12). Approximately 77% of the adult plants weré positivé for GFP fluorescence {(Fig. 13). Up {0 26
healthy plants could be produced from a single co-culture. Of the 18 putative transformants analyzed
by Southern blotting analysis, 17 were positive for the GFP transgene (95%) and 7 contained a

single transgene (39%). The detailed results of the transformation were shown in Table 2.



Ri supplemented with 100mg/l kanamycin and 200 mg/1 Cefotaxime and

incubated at 28 C with 16 hour lighting cycles. Each co-culture was

(EI)i\ﬁl{}o(I'eg ':E‘zt% up to 160 sectors, each representing a single '?»@ﬁs%,%e%ﬁmm

smalf'c ump of micro-calli. Alternatively, the whole co-culture was
transferred to a culture raft on LM1 supplemented with 100 mg/I
kanamycin and 200 mg/l cefotaxime. After two months in selective RI
medium, the kanamycin resista#® sectors were transferred to fresh RI
plates supplemented with Img/l zeatin riboside with the same antibiotics
and continued culturing for 4.5 weeks. Kanamycin resistant calli were
transferred to R2 medium supplemented with 50 mg/l kanamycin and 200
mg/I cefotaxime. This is repeated two more times in antibiotics-free R2
mediym and large, vigorously growing embryos oggreen calli, which may
appeﬁr in the first R2 culture, were selected and tPansferred to R3
medlﬁm Embryos may germinate and develop ro&s and true leaves (Fig.
9A). E\terestlngly, the zeatin treatmengaliswed mamy cotyledon-less
abnof¥mal embryo and even green tls§ue§ strch a% those shown in Fig.
9B, ta,develop into shoots. Often, multiple shoots g/vere developed (Fig.
10). Fgantlets that had developed true&eagesgveregplentlful in 3-4 weeks
and Were cultured in R4 medium for @rt@r Igaf afd root development
(Fig. £1) 3Plantlets with 6-8 leaves wéke ottad |n§0|l and by about 7-8
months after co-culture, the plants started to flowek (Fig. 12).
Apprékimately 77% of the adult plants were positive for GFP fluorescence
(Fig. £3). Up to 26 healthy plants could be producéd from a single
co-cugure. Of the 18 putative transformants analyzed by Southern

g blottmjg analysis, 17 were positive for the GFR&trariBgene (95%) and 7

w1 contained a single transgene (39%). The detailed-gesults of the
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EXAMPLE 12
Effects of pH in Co-culture Media

Frozen Agrobacterium stocks prepared previously were collected by centrifugation and
suspended in C1 with pH adjusted to 5.2, 5.7, 5.9 and 6.2. Approximately 0.2 mg suspension cell
mass 'was mixed with 0.4 ml Agrobacterium suspension and co-cultiwed on nylon membranes afop
the corresponding solid medium (CP1, pH 5.2-6.2). Three sets of co-cultures were performed under
each condition. The number of sectors showing GFP fluorescence was scored after 2 monihs culture
on selective R1 medium. Significantly better results were obtained with medium pH higher than 5.2.
On average, 71%, 81% and 83% of callus sectors were positive for GEP fluorescence in C1-pH5.2,
Cl-pH 5.7 and C1-pH6.2, respectively.

EXAMPLE 13
Comparison of Co-culture Methods

To determine factors that contributed fo the high transformation efficiency obtained with the
present methods, we performed transformation of our suspension cell cultures using the method
essentially as disclosed previously (U.S. Pat. No. 5,583,036). The T-DNA donor preparation, AGL1
strain harboring pPZP111-358:GFP, was made in LB medium. The bacterium cells were collected
by centrifugation and resuspended in MS medium supplemented with Img/l NAA to 0.5 QD600
unit. Approximately 0.2 g suspension cultures (S5 and S16) was mixed with 2 ml fresh
Agrobacterium culiore in a conical flask which was left at 28°C for two hours for the dgrobacterium
cells to attach to the suspension cells, After removing the liquid medium, 10 ml MS medinm
supplemented with 1 mg/l NAA Wés added to the flask. The cells were culiured on a shaking
platform (100 rpm) for 18 hours. The suspension cells were then washed (twice) with MS medium
and placed on selective R1 medium in sectors. In a parallel experiment, the same Agrobacterium
strain was prepared freshly with no freezing as described in Example 9. Cultures S5 and S16 were
co-cultured as described in Example 10. After 30'days of culture on selective R1 medium, the |
nurnber of somatic embryos was scored. While about 64% (S5) and 83% (S16) of the calii sector
were positive for GFP fluorescence when co-culture was performed using our method, the rates
dropped to only 1% (S5) and 13% (S16) respectively when co-culture was performed in liquid
medium in an agitating conical flask (Fig. 14). Itis also clear that the kenamycin resistant sector had
grown to significantly larger sizes with more embiyos developed using a co-culture procedure

according to the present invention.
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WBEYREY8b4/000101 21 EXAMPLE 12 Effects of PH in Co.culture Media
Frozen Agrobacterium stocks prepared previously were collected by
centrifugation and suspended in Cl with pH adjusted to 5.2, 5.7, 5.9 and
6.2. Approximately 0.2 mg suspensign cell mass was mixed with 0.4 ml
Agrobacterium suspension and co-cfiftured on nylon membranes atop the
corresponding solid medium (CP I, pH 5.2-6.2). Three sets of co-cultures
were performed under each condition. The number of sectors showing
GFP fluorescence was scored &¥¥MBhbBriths culture on selective RI

medium. Significariggsg%%’nrgfsﬁlgﬁmé%?%@ withnedium pH higher

than 5.2. On average, /1%, 81% and 83% of callus sectors were positive
for SsHEF=tlilo fastarite WeTh FIas, 20t ey thnencthysia disclpsep Betaiplplithough
somb SAME LG &R Gamparisan:eflosc wHyre JYethodg tandelermin s faatMsh may be

that contributed to the high transformation efficiency obtained wijth the
prefered PRI SER WP p BTG B B SR S AR At ST TT S S ERRPS st by pollens
of phiditInes vesingrihecmn@ihotk esaentialty as sisslesed-pieriousyifh)iScRatrequired

o py}gdgég%gﬁ%gg)ﬁy‘}gﬁ&gNA donor preparation, AGL1

Abbreviations and terms nsed herein:
MS salt (Murashige and Skoog, 1962):

332.02 mg/1 CaCly

170 mg/t KH,POy

1900 mg/l KNO;

180.54 mg/t MgSO;,
128.4 mg/i NaHzPOs
1650 mg/l NFLNO,
0.025 mg/t CoCl,.6H,0
0.025mg/1 CuS04.5H;0
36.7 mg/l FeNaBDTA
6.20 mg/ 1 HsBOy

0.83 mg/l KI

16.9 mg/l MnSOLH;O
0.25 mg/l N3.2M004.2H20
8.60 mg/l ZnSO4.7H,O

BS vitamins -

100 mg/l myo-inositol
1 mg/l nicotinic acid
1 mg/! pyridoxine HC],
10 mg/1 thiamine HCL
SGM: Half-strength MS salt and half strength B5 Vitamins, 0.02 mg/lNAA, 0.1 mg/l MET

(mulii-effect trizazole), 5 g/l glucose, 2 g/l phytogel, pH 6.0

SMI1: MS salt, B5 vitamins, 0.1 mg/l Kinetin, 0.05 mg/l 2,4-D, 30 g/l glucose, 2 g/l
~ phytogel, pH 6.2

SM2: MS salt, B5 Vitamins, 1.9 g/l KNOs, 30 g/l glucose; 2.5 g/l phytogel, pH 6.4



strain harboring pPZP1I 1-35S:GFP, was made in LB medium. The
bacterium cells were collected by centrifugation and resuspended in MS
medium supplemented with Img/l NAA to 0.5 OD600 unit. i
W&ﬁogséll?é%?e?nsion cultures (S5 and S16) was mixed with 2 ml re/sém}%%xm
Agrobacterium culture in a conical flask which was left at 28C for two

hours for theAgrobacterium cells to attach to the suspension cells. After
removing the liquid medium, 10 ml medium supplemented with 1 mg/I
NAA was added to the flask. The cells were cultured on a shaking
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(twice) with MS medium and placed on selective Rl mediumn sect

a pafate! SPeimaRl JOREGRS, ASSOPREIGHYM SURARMVES PBRPAIFINAA, 30 g

freshly with no freezing as described in Example 9. Cultures S5 and S16
we Ut I sbrtauinedt At naaeinitE 6t After 30 days of culture on

selective Rl medium, the number of somatic embryos was scored. While

abdt i8R S8 did 889H1% PP aredid i S8 &lbelvrere pthe for GFP
fl h -cult d_usi d.t t
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performed in liquid medium in an agitating conical flask (Fig. 14). It is also
clegxthat the kanamycin resistant sector had grown to significantly larger
sizes with more embryos developed using a co-culture procedure
according’888 brESeht invention. WO 2005/103271
PCT/SG26d38 Op2 EXAMPLE 14 Restoration of Fertility of
TransgenR: MK e transgenic plants were obtained with the
methods S Qi’n, although some defects in pollen development
were seer] bnsequently, manual pollination may be preferred
Ri}| L . .
to produc%%ﬁ ésc.ose majority of plants from Si 6 were fertile when
TRk
PE

pollinated jﬂa{gts derived from seed (Fig. 15). This can be an
advantag%,:% 2%is often required to produce a commercial

E9§§%j{'
variety. A t andterms used herein: MS salt (Murashige and
o 41505

Skoog, 1962}, 4348 MmgbCaCl2 170 mg/l KH2PO4
0.5 mg/t NaMbO4-2H,0
1 mg/l FeSOy
BS Vitamins
0.01 mg/l NAA
0.5 mg/l picloram
40 mM MES
0.5% glycerol
0-100 gM acetosyringone
pH 5.7-6.0 ;

CP1: Cl, plus 4 g/l phytogel.
R1: MS salt, BS Vitamins, 1.9 g/l KNOs, 30 g/L glucose, pH6.4, 2.8 g/l phytogel.

R2: MBS salt with no NHNOs, BS Vitamins, 1.9 g/l KINOs, 30 g/l, glucose, 1 g/l glutamine,
0.5 g/l asparagine, pH 6.4, 2.8 g/ phytogel

- R3: MS, BS vitamins, 30 g/ glucose, 0.01 mg/i NAA, 3 g/l phytogel, pH 6.4

Rd4: Half-strength MS, BS vitamins



1900 mg/l KNO3 180.54 mg/l MgSO4 128.4 mg/l NaH2PO4 1650 mg/1
NH4NO3 0.025 mg/i CoCI2.6H20 0.025mg/l CuSO4.5H20 36.7 mg/I

eN 6.20 mg/l H3B04 0.83 mg/I Kl 16.9 mg/l M11S
“f%g"?%&%%mmzo 8.60 mg/1 ZnSO4.7H20 B5 vitaminsp ﬁgan?%o%%m
myo-inositol 1 mg/I nicotinic acid 1 mg/1 pyridoxine HCi, 10 mg/I
thiamine HCI SGM: Half-strength MS salt and half strength B5 Vitamins,
0.02 mg/l NAA, 0.1 mg/l MET (multi-g{ffect trizazole), 5 g/1 glucose, 2 g/1
phytogel, pH 6.0 SM1: MS salt, BS V|2tamins, 0.1 mg/I Kinetin, 0.05 mg/I
2,48 gtl glucose, 2 g11 phytogel, pH 6.2 SM2: MS salt, B5 Vitamins,
1.9 gﬁ 03, 30 g/1 glucose; 2.5 gll phytogel, pH 6.4 WO 2005/103271
PCT/SG2bnaddttO03 LM1: MS salt, B5 Vitamins, 1.9 gll KNO3, 0.01
mg/l NAAL-S0%/Edfedse, pH 6.4 LM2: MS salt with no NH4NO3, B5
vitamins, (@ NeeEd/01 mg/l NAA, 30 g/l glucose, | g/l glutamine,
0.5911 a@ﬁ e, pH 6.4 LM3: MS salt, B5 Vitamins, 0.05 mg/l NAA, 30
gll glucos%sﬁﬂl : 4 MS salt, B5 Vitamins, 0.01 mg/1 NAA, 0.5 mg/1
piclorarn,g%); I e, pH 6.4

2 g/l slucose

0.5 mg/l ZnS0.-7H0
0.5 mg/i CuS0O,-5SHO
0.5 mg/l H;’,B’Og

0.5 mg/l MnSO,-H,0

0‘5 mgll Mb04-2H20,
1 mg/1 FeSOy,

pH 7.0

2.05 g/l K.HPO;

1.45 g/l KH,PO,

0.6 g/l MgSG,-TH;0

0.3 g/t NaCl

0.5 g/l (NEL4)2504

0.5 g/t NH4NOs

0.01 g/1 CaCly,

0.5 mg/l ZHSO4~7H20
0.5 mg/l CuS04-5H;0
0.5 mg/1 H3BO;

0.5 mg/l MnSO4-H,0
0.5 mg/l NaMbO4-2H,0,
1 mg/l F_GSOA,

0.5% glycerol

2 g/l glucose

100-200 yM acetosyringone
40 mM MES

pH 5.7
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comprising an exogenous gene and a selectable marker, the Agrobacierium being
capable of effecting the stable transfer of the exogenous gene and selectable
‘marker to the genome of a plant cell;
mixing a portion of said cell suspension culture and a portion of said
" Agrobacterium culture;
co-culturing the mixture of said cell suspension culture and said
Agrob‘acteriuné culture on a porous solid support to produce a population of cells
some of which have been transformed with the exogenous gene and the selectable
marker, wherein the solid support is soaked in a liquid medium or is laid atop a
solid medium or is a culture raft in a liguid medium;
selecting a cell from the population that éxpresses the exogenous gene;

regenerating the selected cell into a transgenic plant.

The method of claim 1. wherein the proembryogenic cell is derived from a callus.
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. Chih"3 PBIGREANSI 15 59762 57 & Mol fot prodiicifiy a transgenic

plant, said method comprising: providing a proembryogenic plant cell,

wherein the plant cell is from a plant selected from the group consisting of
cottbh; Mgize! Soyiean, whisat, e8I afGDEMHeY eliltlri %&ﬁiﬂﬁé&ﬁif‘n%&% vt 2
liquid mediumdo;praduce a cell suspension culture; providing a culture of
Agrobacterium tumefaciens that harbors a vector

The method of claim 1, wherein the plant cell is from a dicotyledon or a

monocotyledon.



comprising an exogenous gene and a selectable marker, the
Agrobacterium being capable of effecting the stable transfer of the
wFRIENaYs, gene and _selectable ma_rker to the genome of %Bﬁ@&?{%ﬂ%&ﬂmm

MixiNg a portion of said cell suspension culture and a portion of said
Agrobacterium culture; co-culturing the mixture of said cell suspension
culture and said Agrobacterium culture on a porous solid support to
produce a population of cells some.f which have been transformed with
the exogenous gene and the selectable marker, wherein the solid support

. 1S sheliemhihadaud Bedbenhdulall ARR & sglihmedium or is a culture
raft in a liquid medium; selecting a cell from the population that expresses
the exogenous gene; regenerating the selected cell into a transgenic

10. Plant 2<Hh8 spethedbolalaim hovbasin thedpreansilieaarit el dfoup consisting

derived from a callus. 3. The method of clams wherein said solid. support
is SRt ST /GrAE. COSHEIING B K Hi¥mbrane and a filter. 4. The

method of. claim 1 , wherein the vector is a plasmid. 5. The method of

claim 4, wherein.the plasmid is a.Ti plasmid. 6.- The method of claim

11 R TS o G Lo R oF A o
comprising backcrossing the transgenic plant with a germplasmn of

12. etesh b methedaba il Nse i hieraealialon a
dicoty egon or a monocotyledon. WO 2005/103271 PCT/SG2004/000101
28 9. The method of claim 8, wherein the dicotyledon is cotton. 10, The

13. Method, ofclaimRiwhersindheceiRprisdssomhensalested from the
group consisting of Gossypium hirsutum and Gossypium harbadense. 11.
The method of claim 1, wherein the liquid medium is a low auxin content

14. mepligMethod of claim 1, wherein the selectable marker is a reporter construct.

15.  The method of claim 14, wherein the reporter construct constitutively expresses green

fluorescent protein.
16.  The method of claim 14, wherein the reporter construct is pPZP111-355:GFP.
17.  The method of claim 2, wherein the proembryogenic plant cell is obtained by:
sterilizing a plant seed;
germinating the seed to generate plant tissue;
obtaining an explant from the plant tissue; and
inducing callus formation from the explant.
1i8. The method of claim 17, wherein the seed is sterilized in a bleach solution.
19.  The method of claim 17, wherein the sced is germinated in MS medium.

20.  The method of claim 17, wherein the explant is a root.

21.  ‘The method of claim 17, wherein the explant is a shoot tip.



12. The method of claim 1, wherein the selecting is by chemical means.
13. The method of claim 1, wherein the selecting is by genetic means. 14.
The method of claim 1, wherein the selectable marker is a reporter
construct. 15. The method of claim 14, wherein the reporter construct
constitutively expresses green fluorescent protein. 16. The method of
claim 14, wherein the reporter construct is pPZP111-35S:GFP. 17. The
method of claim 2, wherein the prggmbryogenic plant cell is obtained by:
sterilizing a plant seed; germinating the seed to generate plant tissue;
obtaining an explant from the plant tissue; and inducing callus formation
f 3. - of claim..1: rej 1Scic :

2 e S e
seed Is germinated in MS medium. 20. The method of claim 17, wherein
the explant is a root. 21. The method of claim 17, wherein the explant is a

23, Th%hﬁ@%h_%[a' (%%1512[1 y‘%ﬂﬂﬁ@%gn%ﬁ@@ iﬁguéﬂgmﬁfﬁ?@ﬁ%@oﬂﬂ@@@gus 10
genera?Q%&%@ﬁﬁf?Qﬁ)éﬂQq%%ﬁ@ in a solid médium. 23. The method of claim 17,
fur

er comprising inducing differentiation of the callus to generate

proembryogenic tissue. 24. The method of claim. 23, wherein the callus is

24, THiiEIRRNAIEC A @ solifdmedium. A, Thesurathod of Gaim,24. wherein the
solid medium is a hormone-free medium. 26. The method of claim 1,
wherein the Agrobacterium comprises a virA mutant gene. 27. The

25. THOGIPRAPELIANR20, WREISR dNeviid SeRRS 1RGHRANAIRIHDINIDG ym.
genome of the Agrobacterium. 28. The method of claim 26, wherein the
VirA gene is incorporated into the vector. 29. The method of claim 1.

26. THVRREGIDARE AFAUS SAUCLSHRROKLEOMPISRFALIGAFR0S P MKIA0m: gene.
nitrocellulose, cellulose, and. glass fibers. 30. Thé method of claim 1,
wherein the co-culturing occurs at a temperature of about 18

27. The method of claim 26, wherein the vir4 gene is incorporated into the genome of
the Agrobacterium.

28. The method of claim 26, wherein the vir4 gene is incorporated into the vector.

29, The method of ¢laim 1, wherein the porous solid support comprises at least one of
nylon, nitrocellulose, cellulose, and glags fibers.

30. The method of claim 1, wherein the co-culturing occurs at a temperature of about 18
degrees C to about 26 degrees C.

31. The method of claim 1, wherein the co-culturing occurs under continuous lighting.



degrees C to about 26 degrees C. 31. The method of claim 1, wherein the
co-culturing occurs under continuous lighting. 30 32. The method of claim
1, wherein the co-culturing media has a pH of between about 5.7 and
about 6.5. 33. The method of claim 1., wherein the media has a pH of
between about 6.0 and about 6.4. 34. The method of claim 1, wherein the
regenerating is enhanced by addition of a cytokinin. 35. The method of
claim 34, wherein the cytokinin is gyzeatin or derivative thereof. 36. The
method of claim 1, wherein the proembryogenic plant cell is initiated on a

32. ThEQHEHDE AU MRUSING PR CONREANAHONES Zad 2D BN GURKINNLS 4t

The method of claim 36, wherein the proémbryogenic cell is propagated in

5.7 ang ahevifrfoRe free liquid medium. 38. The method of claim 36, wherein the
proembryogenic cell is propagated in a low auxin liquid medium. 39. The
method of claim 1, wherein the Agrobacterium has a pre-induced

33. Thyjrorsed ol40aiThé mbeRSHE BRAREMAUNANAETEIR tRe BEERTR § Mhaeiuhast
modified MIinAB salt. 41. The method of claim 40, wherein the medium is
further supplemented with B5 vitamins. 42. The method of claim 40,
wherein the medium is further supplemented with about 0.5% glycerol

34. THRNHARWME 2 OlUCaRe:30R: 4 Formethod .l claim ¢Qquvhsreindhe

‘medium is further supplemented with about 10- 200 M acetosyringone. 44.
cytokifle method of claim 1, wherein the co-culturing medium is MS medium.

35. The method of claim 34, wherein the cytokinin is a zeatin or derivative thereof.

36. The method of claim 1, wherein the proembryogenic plant cell is initiated on a solid

medium comprising a low concentration of 2.4-D and cytokinin.

37. The method of claim 36, wherein the proembryogenic cell is propagated in a

hormone free liquid medium.

38. The method of claim 36, wherein the proembryogenic cell is propagated in a low

auxin liquid medivm.
39, The method of claim 1, wherein the Agrobacterium has a pre-induced virulence.
40. The method of claim 1, wherein the co-culturing medium is modified MinAB salt.

41. The method of claim 40, wherein the medium is further supplemented with BS

vitamins.

42. The method of claim 40, wherein the medium is further supplemented with about
0.5% glycerol and about 2 g/l glucose.
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43. The method of claim 40, wherein the medium is further supplemented with about 10-

200 uM acetosyringone.

44, The method of claim 1, wherein the co-culturing medium is MS medium.



