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to met hods of Agrohactenum nedi ated transformati on.

BACKGROUND OF THE | NVENTI ON Throughout this

ggg: | gg;mnyﬁékmgpﬁ E@@zz&ﬁ& N AND
Di scl osures ? these pate L‘%&fs elg paten
applications and publications in their entireties are
ere [ ?r ted by reference into this application
FIEL cribe the state of the art to which
LY HRERN L RRRP HAkY eneFa p 1o BB U PRI E bk Hidn)Sund, more
for t'he publications I|s I'nthe
particBidply] togneipidg of Agr@i}aatredﬂy npﬁdmtaﬂramgfotmmmi ains. Cotton
is an economcally inportant crop. Annual cotton fiber
production contributes billions of U S. dollars to the

BACKORORSD AN TEB IivENTION0Nony. Wi | e gene
transformati on of cotton has been £)033| bl e since 1987

( Fihrenghens sy application, vatiggspatentsh publishédqutentiapplicatiodsgnd publications

e LD BT NS GRS Gl i

entireties 48 herabyint@porbled bp keférende ihfottlis appliRaticdng inftyte fully describe the state
fthrecFJJeneratl on process adds a further drag to the
(o)

s “S’é(}fé‘?“aﬂ’e"%’tsh Euld bikliograplie eitatigns foi iegubligations may be
foundﬁ%é&ﬁ%e%ﬁ%%r idfediatdi %ﬁé 91?1'9%: a variety of

cotton expl an such as c oozabady et

alCottot 98 7) scdmyprmaﬂyyﬂnpox(tam‘w&mk Atmal cottohgﬁﬁ’er prbdiictidiatontributes
e L S R 0 T e ——
has b¥¥a WSEJY@Z\@&GN 9B7 G(Fﬂoéz%gidy( &Gl 5’9@7 O ROhRB R34 today remain. very

| nproved net hods for cotton pl ant regenerat| on and
ineffigienfrasf gpsitdue tp waweallydew riite‘p@?nl@rﬂ regshergfidn/fan dtqﬁransformed cells,

o PSS ARy 380 SRUSER AP g ertny

nGdadralnmethsdschdei et lassil48k {oMgQJHaé@Azﬁﬂ)medmted transformatlon of a
Al ternatively, cot ton expl ants can be transforned

varietiob ¢Qiion sxRlws, puchigs esdledens Kk roopahadie gt 987). dumacp i (&J¥nbeck etal,
1987:3%8: Pz{lg] \e@Q 9%6%%@{&&%3895@5 %ééﬂeaéﬂﬁemgg §1RR80 PP 0 270 355), petiole

"Mar t ryogeni ¢ suspension cul ture
(PCT (pEbheation D RB/7K230 Ah), aniGO6X)(PCVHAD. WD herd3783) tI&d»r@}@d\neathods for -
f ti c enbryogenesis,
cottorgﬁllaﬁgge%erratel egn%rtraatnlst%nngtlon age bc—':se(l)lr;gported usl:ggg y;?ocotyl 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). Alternatively, 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 tissues or embryhgenic suspension cultures, either via Agrobacterium-mediated
transformation (U.S. Patent No. 6,483,013; U.S. Patent No. 5,583,036) or particle bombardment .
(Finer and Mc Mullen, 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.
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is long overdue.

In the majority of plants, including cotton, transformation methods primarily exploit
Agrobacterium to 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
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zygotic embryos produced on solid medium. The culture contained a 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 type of suspension culture



Fi ner (1988; European Pat. 0317512 Bl) initiated
enbryogenesis in | ow auxin-containing liquid nmedi um

w@ k®ssed2ts, B5 Vitamins, 0.1 ng/1l 2,4-D or 0. 5Pemsd2004/000101
pi cloram 2% sucrose) using undifferentiated calli
derived from cotyl edon or hypocotyl explants. The
enbryogeni c tissues were then proliferated/ maintained
insimlar liquid nmediumw th a higher auxin content
(5 ng/1 2,4-D). The suspension tissues t hus prepared

have 'ﬁa%foq?ﬁo S ngei ! % gzﬁ %t%é%aegb é’lﬁf}/ %theéLF a.i bgggl cqggp d{%§ecrete darkening,

growﬁl ﬁﬁﬁmﬂig&oﬁjpdu@s244 802) initiated somatic errbryo
formation in high auxin solid medium (1-10 ng/1l) and

ek §Ye@ichak (tlﬂ%‘))emﬂr Usydat- Anpliraties Fublination I&w. 20924000083 Al,
oA e S50 B SE RS s ot

pine esiisr yos produced on solid nmedium The culture
cotainedameﬁture of _enbr cl unps

c cel| of
cBfemains & Boad if e SBeri PP BB AR PpREEEirisE gis ds 9f dggobacterium-

medibBIBYRfokRAHR and RS atiohoPhlad SiciPREo o2 Qﬂaﬁ‘ze( élvgggzgn wheat rice, and

initiated enbryogenesis ih hornone-free |1 quid nediu
barlesind mai nt ai ned the suspension cultures in the sane

medium Cells in this type of suspension culturehave

het er ol ogous devel opnental stages and are present as
SUMMARY OF THEINVIEATIOBCT et e dar keni ng, growt h-i nhi biting

conpounds. Levee, et alL, (1999), and U. S. Pat.

ApH ioveieome the arpklams gssqeiied Wt pmvipuslyooperted methods of plant

T S R —

&ansﬁnmatmm\emﬂmaaenaedmdmtédﬁ'é-mﬂx cbngngatnmrtowssi)eﬁﬁdl-amﬁﬁed cells or

AR Y T S

T-DIGR UbRR and Rt AHfont
e . ISBN{i/ﬁaEliﬂ'l &r\,l\/tﬁr%ﬁg%egf f Sﬁ“é“’?q’g"dg?% sifethod for producing

a tranggenanilant cvhioll comprisesproviding apeqeorbned; emeplmtj@lloihd pulamng the cell in

IarI cot t ransf the pr
« il Bl Binor B RendroRE SHBFE it anoron BBV B enptored,on
poroﬁsfsaﬁtﬁi\@f)é'fﬁﬁvlmfh cltare AP UORBEEEirdm) mn?mke% 8t Hobd\a vector comprising
conjugation to suspension-cultured cells or calli. The

an exQequRtTRenelas selseiabls apaghen t%ﬂme@aofm«m bairacapsble pf effeping the stable
transfe? of’t‘% E)gog%h'rﬁﬂ%;)ﬁe gﬁ se Qtaﬁfélr&é&& o ih %e Q?Px% ceft" S‘L population of -

reci pilent res e I nven
cells mrthembgfgen@atﬂﬁtrﬁ@%sé BXprfmmg teieR@genous gene are selected and regenerated into

transgenic plants.

In one aspect, using Green Florescent Protein (GFP) as a visual marker, it was discovered
that cotton cell cultures could be transformed at surprisingly high efficiency (up to 200 kanarﬁycin—
resistant callus forming units per 200 mg cell mass) and could be regenerated into fertile plants at
a much higher efficiency than previously reported.

In another aspect of the invention, previously unexplored tissues, such as cotton root or
shoot tips dissected from mature seeds, are used for initiation and maintenance of suspension-
cultured cells that maintain embryogenic competence.

Currently, two methods that have been disclosed relating to transformation of cotton somatic

embryogenic materials via Agrobacterium-mediated T-DNA conjugation are the subject of U.S. Pat.
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| Figure 5 depicts the effect of zeatin riboside on somatic embryo production with respect to
S5 suspension cultures after two subcultures in R1 medium and one subculture in R2 medium. The
panels are as follows: (A) No zeatin riboside in all subcultures; (B) 1 mg/l zeatin riboside added
during the first subculture (only 2 sectors shown); (C) 1 mg/l zeatin riboside added during the first
and second subcultures; (D) 1 mg/1 zeatin riboside added during three subcultures.
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DETAILED DESCRIPTION OF THE INVENTION

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 producing a transgenic plant, the method comprising
_providing a proembryogenic plant cell, and culturing the cell in a liquid medium 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



Figure 11 shows potting ready plantlets derived froma

germ nated sonmatic enbryo. Figure 12 shows healthy
w0 b@deei2ng pl ants 7-8 nonths after co-cul ture. PEI/§BEL084/000101

13 shows GFP+ | eaves froma transgenic adult |eaf

(left panel) and background fl uorescence froma

non-transforned adult plant. Figure 14 shows call us

sectors cultured in selectiv? R nmedi um for one nont h.

(A) shows results fromco-culture nethod described in
popubid oFEHE"h, oo 88 Bt fon(ih ROBB 304 BBt H6fbe selctea
and redeaprated (Y a frigénipplhhte Disad e’ixkhbﬂmﬁdh@ I‘md/]&rbéiﬁbtfkﬁgeﬁi@@&ﬁs derived from,

312) plants; (B) fresh pollen fromtransgenic plants
obtaipgd %{Prﬂ%m of perallpse) Theporoms seliduppnrt is pr erﬁwﬁ@leg%m@e or a filter,

Iohé! Opftth SetufeR!
and R Rbly npsBD Hoich ol of £ MRS QUPERE o glags fipers. T an
embqdghént,rtbe sabig suprerisia smakpd mnihqmd thediinhd irymmlg&niate&mﬁaodunent the solid
TALLED, DESCRI PTI ON | ON The present .
S“PP%E %Fe*?ﬂ“’iﬁ‘aﬁ‘]‘“i‘ &t %Rpé%l’f&‘é%gﬁﬂ infog, ﬁ%“t YF5HPS Ty be 6&%6’&4 sBrhasaTior
Ri pl&bfn:n& I BRSABIMbEs @tﬁé"ﬁr@senpﬁl%rﬁibﬁ ldpfeselanMpro¥Biné® over known methods
soybean, wheat, rice, and barley, and nDst preferably
Qﬂﬁf CWéﬁm"rﬁQ@a@dﬁﬁ@gémamoneast one gene of interest
h, .0t | h
S, g R bRl e R Binth pah SR Babrosp B i sormptasm
of mtﬁreﬁtﬁisiﬁg eheftods wemdnwmg tlge drt. TS RiARL &bllrbhﬁi[ﬁyed in'tBe pRédAOBethods can
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be fr@maﬂn plapt witheuiclimjtation, huq is gisferabls gication, anaize aepbeam wheat, rice, or
barle§ &1, af LB HNbLHBE Sp i&Ghdr
are? he ce(lyﬁlgﬁﬁjgpeny on cul trﬁ%e?g&%% ' a}rlegdéépsﬁﬁ%m hirsutum and
Gossppitin ub@rba&’enbgr &ﬂmtldamts;mltchnlafgawﬂmnsdwdtﬂbddmr er glsa suitable for
ect or exo nous . gene and a sel ectabl e

trans Q%yﬂot EP@%&@%SPFE BN apabl e of effecting

t g s Bt hEBOES Bie 1RidhQTIaY CAEROABWIRRE ARkt medium (in a range,
sel ectabl e marker to the genome of the cell. The

for expanple, oy 4bayt Q teeabew. hued Uidesp chatvvl%mdtcat@élm@la yyed in the
t exogenous.
cultuﬁlg% Lte ete xngtgpgsgc%e%%ﬂeﬁ {ee gcélﬁ gé 2{1281%3 s t%)l and arolgn%te for.the

cuItutb[ aminy shéh mpdie aixdciowRanihd atdilkeblp ﬁlD&lB’lifty sgrttich ofeklls ik By chemical or
derived from obtained from or art of a call us.

genetinfacageapt sasigpipde e praie r?pgrtﬁw@fl% sgleptablp ket opuch methods
of selfeétkc;nea&e lafveh % \f ﬁf af pr {I?f %ﬁﬁﬁhrﬁéntl tﬁ??@i} oﬂgtruct fonstitutively
cellu n

nylon, nitroce ose, ose ers.
EXPIreases egrmndﬂummtcpnu pretesiol iAdpatipdanty prdermdaﬂepd’ter n:oasthicq s gPZP111-
gﬁ@lunl In an alternate enbodi nent, the solid support
3386 P.5i't yated on an appropriate SO|Id medi um The vect or

By HeeRbeHiAeHl dhe PHehbRDgBidiceAlis 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. 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 inducing 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



Ri plasm d. The nethods of the present invention
represent an inprovenent over known nethods of
wo\grshexreri um e i & ed transformation. |f desPCESG2008800101
resultant transgenic (transfornmed) plant, can be
backcrossed with a gernplasm of interest using nethods
well known in the art. The plant cell enployed in the
present methods can be from gny plant, w thout
l[imtation, but is preferably a cotton, naize,
sqQybean, wheat, rice,.or barley cgll, and nost
call W ARGt P SRbrabecis UPn B0 b CaerEm PR Sap rerfirably oceur on a
hornfaR8-FB] doId hddRith 6P APSHITIHN HiThibiakRedensfe ggehﬁﬁy enic tissues,
hkg}ants i ncl udi ng other dicotyledons are also suitable
w

e nreigrablomapenilersh nsjnteined andtivopfgated irt hbquid eediutn or series of liquid

media%ﬁ@%iv%ﬂ in'égntteﬁfe present mnethods, the Iiquid nedium
éan be"a TOW BuxX n content medi um (in a range, for

eXEgHuspentiontuiblrod natéribl a8 B&UEibdY. aboe ake HoferabiibeGStured regularly
. otherw se indicated, nedia used in the culturing steps
in a ggfies ofdrosh pedavithedifferepess imaipan pontent apbniffagen fouicgs, and preferably at

. i r i at .Or- . ch .
o B RO A A B s
and Bevitaninssupplemiented with lov cgeastdtionnefansin, gafirabbaboma-01d eng/l NAA

th e of a.reporter construct as a sel ectable .
and el gl iR 0 e SRR e Hrogin SPECaRr S RiPoT Arferably amino-
acids3 Eiich ak BlvRarRing hE1/64pATHAL | B Bloferhhl§ oL &R AF LdtletARShS %%out 0.1-5

constitutively expresses green fluorescent protein.

/1. Thaselideon ligrjdmediateismed do aqye prafsratdy hasta pit valiisofzbz 3.8 to about 6.5,
: ' nbr. i Il i .
pror 58 . 08 G o R BBRE R R orm i

a tenfReArt & Ge ReIz8 bLaliubPb® thiabolt 32°© RaPAHILNY 1 R TighAIY cycle.
fromthe plant tissue, and inducing callus formation

f r Bip qorfalltasing daseribeg hercinecag firther prsmprisergrowing the dgrabacterium strains

. ' oRWLch comprises, .
oraEEAI S i AR Fohy sl AR it o
approyetiieulconcartcition ofi viyelendeniatincing agunts &k e ppdfaesl dunsity absdut 0.1-0.5
: f)l 14. days....The explant is preferably a root or a shoot

ODG() it B adEE G Askebsfesiar itk dshrindbnec Biulpaser ik culture may be
recorsRURA 1S § liMd Wekieh Silahdive &%3@%{8% ?"ﬂm ek@Lehp&ells and enhanced
I medi um | can

somati c enbryogenesis in a so
expressike opH grobacseréym girplendeo dhltsinativelyt Agmbadiarivabsitdinstrhasel® engineered
o o g S5 2 RSB0 e 5 45 RO B et
genofie Qe THéyRIGRMNNGd Wbas vitha e SiFdbatlefidiAr enti ati on can
preferably occur on a hornone-free, solid nediumfor a

peticsyspspsipn-fultused mipterials can be wyeonstititad ip adigmsrpedjenitist is optimal
for e&;gréé%%sof 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 solid inedium or soaked in a suitable liquid
medium, the media preferably containing either MS salt or MinAB salt supplemented with BS

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



whi ch are preferably suspended, nuintai ned and

propagated in a liquid nmediumor series of liquid
wore@sao3art h | ow auxi n content. The suspensi on-BCI/8G2004/000101

materials as descri bed above are preferably

sub-cultured regularly in a series of fresh nmedia with

differences in auxin content and nitrogen sources, and

preferably at an interval of,about 3 to about 30 days

The liquid nmedia used as ab&%e preferably contains M5

betwef bl KRG RES PO SFRYEER Anys) SIBabe g5y The co-cultivation
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uced vir I cult e may. b
embrfise A Trewtt Pibelfiifis o SedifiobiEnraetey S amplsogout every 34
week§)l @V Rokd, plefGfBlyr Ms'-w's@cﬂfmddﬁinb SuptMn @i RaR thmino acids, preferably
expreSS| on of Agrobacteriumvirulence. Al ternativel

glutaygie3d asnaraB i i3 Joarepiratien ofabout ik -h alrand reirforere KA for about 4-12
Weekg Oﬁ§5t’ aull ttr'u? ﬂﬁgﬁcﬁx %&é A ALE 1n%tém§ﬁquh gﬂd e %ﬂtmg plantlets
er t gro

In el acterium genome or
transf&h‘aé Mhid soficpals so prdduce flowerifg pddntect dhe unadial ﬁm:luded herein may be

suspensi on-cul tyred nmaterial s, can be recgnstitut
supplEme g Witk SBPTORTA ATUPETGH 1P AR OB P Sopgprmed cells and

AgrobSHiQRAC LK WiHh bblcuBGR§S erdpidydl. XBf stbdutuARs %ﬁféﬁe&foﬁﬁbd in liquid
culture prepared as described, on a porous solid

.medlmuppgnbxan%moasi liquidmiodiame sahid thédiune ot otliér apprepsiate medium. These

med%gvger %Ihﬁ a&% gahg %%ou‘% Sﬁs{t algqult g m‘gg%-[t{arglgy gc?ulf% O]tb 5bout 6.4.

The E6tRADr SfHcLplahiCell SOMME: dhgos @il la@feqsaﬁatt@ Heréintpreferably are
appropriate antibiotics to sup ressbgrovvth of

culturedrat raatn@p@awfmbam 2833 &C a\n@l Fhgnobnbewrlighting eydles. Co-cultured

of Ou upport .can be a menbrane, or filter,
matezazg 8%50%6%‘8%8 ﬁa tép }f%ﬁd upon a suitable solid
MertieWR eatiorb AR Evities a&naucbd, abhieexkdnGidh 8nd complementation to the methods

already described herein, for rescue of infertile plants and accelerated production of commercial

varieties comprising manual pollination of the plants, including malé 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 meth'ods, 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.



medi um the nedia preferably containing either M5 salt

or MnAB salt supplenented with B5 vitam ns and
w@bkwsonsr7and/ or gl ycerol as a carbon source. TPEBES8G2004/000101

medi a preferably have a pH val uebet ween about 5.7 and

about 6.5, preferably between about 5.7 and about 5.09.

The co-cultivation preferably takes place at about

18- 26C, and under const ant conti nuous lighting. The

Agrobacteriumculture can be a fresh preparation or
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crown%ﬂrﬂiée%se SRS byewad. Agrwsa%?nuni fte %erﬁ@slédd)r deh&fvafedb Numerous
based nedi um suppl enented with am no aci ds,

exampesaffdisatthgd Adrabaerdriver duaths amfawaynmbe va‘faﬂlr et 408, EHA 101
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vector SYSte@E sichrs St UedaliBed M E chilersort €:sdl], n9£mg 19953 NA Ity vector system
transferred into soil pots to produce flowerin

allowplonmesipulrtien darell e blawpidcareng thegyossaous aspe %rb@ﬁ%uiuced into
t
ool BRI M AL ok kBBl SR, 1

c Snmldrllym&tdr sorstrpcttmyﬂdcludilng ﬂmwkmsthmmn ofghieerickgenes comprising the

exogewgé Ifggz;ﬁ :gt(ylpg ezlas%,f%%t Pced{“ﬂ dhe ;gb tt ean | %EFIE Ad d i I éimgques well-
known'; ﬁQﬁ@arFB@l'nﬁwﬂé 8ng¢ ﬁﬁhﬁﬂ cBﬁi}’)ﬁse%r&Hoﬁéﬁ'th{ﬁ h&¥fe a@bﬂ%ﬁ m@wﬁmﬁﬁn which

about 6.5, nore preferably about 6.0 to about
expressontiodesied. on@mmpplant mgE bb sdvagiagenus to kayb nay@*sesm delectable markers

fs as r d t.o herei r r
for st pEieuaformed e aptive <58 Bl RS AR oy plectabe
marke# foh&lam gld DfHink Benfevifif RSistable 16 uh bbtiteeticvatiess lahsmgo) cbfofixime or
sel ected without prior washing. The invention also

streptqspysyn)dimkedtorparpraeter acive i bagiern gould perit e%%% rEbackaria gantaining
I'r
the m%rg?r é?? . t?%fs%?rg%}tg. Ar gﬂl\él‘ é%?efc&'i)let}ﬁﬁ k&%’lgécgtto a &)‘ri:z{nt fa@tﬁ%Lb?orﬁgter such

accel erated produ
as the CaVIREB £ pomoter 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 a plant-active promoter in functional 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 35S, 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.



varieties conprising manual pollination of the plants,
including male sterile plants, wth pollens derived
w0 e@siia3zgot i ¢ seeds of either the same vari et yPO¥/S@2004/000101
speci fic gernplasm of interest. Continued backcrossing
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needed or desired. Li preferred nethods, the
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v e a

&Velten, 1994))., It is further advantageous to us

switghpdcon ynon trnpigiripgte paronsyfieechigh JNGs-eantent selidimediuirh eShspension
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rotalf g °§f§@fﬁ B 13’_ a&%@%ﬁ% et ¥s eHiays HgRuItuet < ipdprgona brief coll
diffeiedgiaisdSroliferatibh ER1eaKRIkS HthO@Enbi§o d&%!dbﬁﬁnt-grﬁ’lﬁn&ﬂ%ﬂgé&ﬁy of reduced
ect abl e

.. It maybe advantageous _to have a series of se
-nitrogef} jouices Msvidents ard Hayniltgn, 1983n Jhe suspefisivalchifures thyspremusl have good

' r ' rocess. A sel ectabl e .
R DR R ——
vari®nhiohp diffeters velhli@s. kananyci n, cefotaxi ne or

stﬁﬁﬁgonycln).linked to a _pronoter active in bacteria
wolitdhep grayiqed 41 wedia sAmpesitipadpriqeglertd rageneragon of somatic embryos

from cell cultures via treatment with cytokinins that significantly improve 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 cotton 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



the marker (i.e., transformants). Another selectable

marker linked to a plant-active pronoter, such as the
wW@2a§/18R3A pronoter or a T-DNA pronoter such aspeTieG2®I/000101
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plant cells. The exogenous gene that is desired to be

i ntroduced into the plant cell should conprise a

pl ant -active pronoter in fungfional relation to the

codi ng sequence, so that theﬁ%ronnter drives
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liquid medium The cell cultures produced may undergo
darkening with extended culture if the sane medi um was
constantly used. However, an effective solution for

this probl emincl udes LE1

Generation of Cotton Suspension Cell Cultures from Explants

used

Cotton seeds are sterilized by soaking in 30% bleach solution for 45-90 minutes. After
thorough rinsing in water, seeds'are incubated in water at 28° C for 1 day and further incubated on
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 SM1 medium for approximately one month. Alternatively,

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



rotating the cultures in four variants of nedia. This

allows the cultures to undergo a brief cel
wa@lpdosaernt i ati on-proliferation cycle thanks toP€T8G2004/000101

enbryo devel opnent - enhanci ng property of reduced

ni trogen sources (Davidonis and Ham | ton, 1983). The
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themout uniformy on soEXAMRIH 2 (Fi ner, 1988;
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culturk8 8nhy bewkdd(@e Gasdl ef\Nel511998). 1996) . These factors have

been taken into account to devel op nmedi um di fferent
fromthat which has been used for high efficiency
transformati on of filan?gg@¥§L?%ngi (Bundock et al.
1995; de G oot et al., , 10 acconmmopdat e healt hy
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is, performed. at _around 24C wi th pre-induced cul tures.
Al I}ﬁqr ﬁgﬂl&gﬁ&pﬂ, the cells are fransferred o 1 medium supplemented with appropriate

antibiotics for suppression of non-transformed cotton cells and the Agrobacterium 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 transferred to selective solid medium as c;clllus
Asectors@ (normally 100-150 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 to solid R1



Agrobacterium strains maybe engi neered to express virA

mutants (McLean et al., 1994). In light of the
w@e@saai2ng descri ption, one of ordinary skill PeI/sGmo4/000101
- art can practice the invention to its fullest extent.
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In abbtit8-4 Grebios) plantlétgdit pragtell o sott pods. days. Roots are cut

into short (3-5 mm) segnents and all owed to devel op

calli on SM nedium for approximtely one nonth.
Alternatively, enbryog 5@'65@?@ t tips.may be di ssected
out fromthe seeds andﬁuse o? cal l us induction. The

cal I'i are separ at Bepdrattom dfiSespexgiba bl Cahare ur t her
i T T R
minktePRRE 8fiér@Fo RisilYin ﬁﬁt@il', HBubALPHU € Ig1€ &ef[)%/ ?r%\-/\(nﬂlgl\il\% g% Seeds were

on fresh mediumuntil l'oosely structured yello

furthepdittsatedoa IGM anedivabdt ABB €dlvith k6 HonrsAAtimgcyofes fof@ days. White-colored

I sol ated cal | re placed in 50 m_ LM nediumin_ a
roots, we eacm% ntg %h(trgf?ﬁgfr}m s&gmg%aﬁx&} gl?ovséedztg Gl.eyﬁlolb &¢#/ion SM1 medium for
apprbkinfikel bnEMbhildBhe dallPHE septrdtet RoaQRM éﬂpﬁgsoan%gﬁ%ub\z}&e? gn the same

incubated at 28C on a shaking platform
medipg f9p aippsoimgelyiong meyeohenth. Thi ealli wictestapsfbiradso SMSmetiuay sebcultured

: i,cal | very. 7-14. days, by transferring . .
sporbhten) Bhig o A NG Hoh Bl 5888ty a0 Bl Wef obiainea
Appxihadly L0eg of the isdfaet chifusIerdhladell @540 HECNVY RddnRin W0 ml conical

container. Four variants of liquid nedia (LM , LM,

flask apd ingidatedimt 287G o spkingailatfoam| (§20 RIMYMIiE 15 hour lighting cycles. The

L = e Ty
(appragirodtalyt 2 il et et 8iise dn & $0M¥Alized 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 (M1,
LM2,1M3, 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 S5 both successfully developed into somatic

embryos when they were transferred to solid medium R1.



conjugation by co-cultivation of freshly subcul tured
cotton suspension culture with a culture of
wa\groshexreri um t hat harbors the gene of i nter eBCT/8GZO&H000101
dom nant selection marker in an appropriate Ti or Ri
plasm d vector. The m xtures are co-spotted on a sheet
of porous nenbrane or filter paper laid atop a SIM or
SIM plate for a tine suffiqgent to produce a desired
nunber of transforned cotton“cells. Alternatively, 3-4

sheets of filter paper t been soaked with a
[iquid nmedium may be usW#%ce of the solid
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place?lqg'S%) 1 P Iﬁ&ﬁ%‘ﬂli{llyﬁb'mﬂ af’ ﬁgék\/%dy Pclﬁ)%%{a at 28° C on a shaking

~co-culture may be transferred as a whole onto a

platferid (120 RPMfutithi 16 Hohelighsing cyobai Tira dugsdasiog cilbuteagéert siticuliured every
7). Culture ilg liquid nediym ﬂwo{rlmlﬁ, limted to

7 daysyby trapsfpirag 23> mighigret (ngrpramateh4ml Gefl/cplligpass yiep theoultures were
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medium R 1s normally required so that nultiple
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el JaRE R Gl vl St S5B3RS o somaie
embrg!_Ss Widnfheysiée GrafiTitedas selidmédthh®ied on R2 nmedi um for

4 weeks and this is repeated one nore tine.
Antibiotics my be omtted fromthe 2nd culture on R2

medi um Ful ly devel opedm dno root, with
cotyl edons) or green enbryo-Tike tissues with no

obvi ous cotyl edPrpaatien 6f CellsSpemsibntCulfgesnmedi um and
full plantlets are transferred to R4 nedium_ |h about

3-Uottpa sreds _Wﬁ{ea?FPfﬂlié?dstéP@élgﬂ ig 30 %cblsach Kelorox) srlutionptedpminutes and
incaf RIS 2 10 HEREERLER. L ol Wi SR 0 AR e

incutated @h SGM el 21128E @ widlb16 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 calli were obtained. Approximately 200 mg of the isolated callus were
placed in 50 ml LM1 medium in a 250ml conical flask and incubated at 28° C on a shaking platform
(120 RPM) with 16 hours lighting cycles. The suspension cultures were subcultured every 7 days

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



m nutes and, after two washes in water, incubated hi
wat er at 28E C for one day. The seeds were further
w0 pshe2ed on SGM nedi um at 28E C with 16 hourBCT/SG2004/000101
lighting cycles for 4 days. Wite-colored roots were
cut into short (3-5 mm) segnents and allowed to

develop calli on SM nedium for approxi mately one
nmonth. The calli were separaj ?d fromthe explants and
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(Figar yogeni ¢ structure when exanlned under a scanni ng
el ectron m croscope (Fig. 2). Severe browning or
darkeni ng could occur if a single nedium was .
constantly used (Fig. 3) p@AlpEEsgS S4 and S5 both
successful ly devel oped into somatic enbryos when they
vve r e tr ansEffeatecf Cyolsoins dn Eedy Enﬂ»@togwwﬁoﬁnent
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cycles. The suspension cultures were subcultured every
Approximately 0.5 ml of suspension cultures S5, and S5 that were cultured either in LM1, LM2,

- LM3 and LM4 was mixed with 0.2 ml Agrobacterium culture and co-spotted on a Hybbond N
membrane (Amersham Pharmacia)'that was laid atop R1 medium supplemented with 100 pM
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 with 100 mg/l
kanamycin and 450 mg/l Cefotaxim). The whole membrane was transferrgd to R1 or R2 medium
supplemented with 100 mg/! kanamycin and 300 mg/l Cefotaxime and éultured at 28° C with 16

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



7 days by transferring a 15 m aliquot (approximtely
2m cell/calli mass when the cultures were stabilized)

W@ 20035303271 f resh nedi umin a new contai ner. AmTOPQUI/SG2004/000101
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ran rr g ium Rl EXAMPL P [
cultmt&\f \%ﬁé gpege %568 g&eugrsgzgldmloyplgtggg g&éﬁ&% %vtas %Hded. The
bacteah&rétackzv@a@sd%yedsmlehagagdb é&gal%@ach (G orox) solution

m nutes and incubated in water at 28E C for 24
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were subcul tured every days by transferring a
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| t
%Wﬂgélﬁ?’g rmg/;?? Oéfx d()giﬁ glg) Pmthct fgec[l gggrf?rt@\g)r%fgence were visible
from \th@I & @b biy s@Ectivt Mgediieh [(Pigh $0). ¢attdr i4- wEKAMPRE medifih® feScanamycin

of Cytokinins on Early Enbryogeni c Devel opnent

resistapfreeiersritre frpnsfertedgndividugly & sqlid Rl medivm supplesegtef|vith the same

w5 10 A 08 A, RSP e et .
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nbryos
: ﬂuorescence in a single co-culture. Sectors positive for GEFP but not yet producing somatic embryos

are several folds higher. Both types of co-culture support gave satisfactory results, which are

summarized in Table 1.



(Fig. 4). EXAWPLE 8 Effects of Cytokinins on Early

Enbr yogeni ¢ Devel opnent Pro-enbryogenic calli were
w@b@saa2rn Rl nediumwi th or without 1 ng/ 1l zekR€T/8G2004/000101
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conti nued exposure to zeatin riboside (Fig. 5).
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Pharmacia) or Whatman 4 filter paper atop CPl nedi um
(pH5.7). Multiple independent co-cultures (3-4) could
wheoopre20r red on a single nenbrane (Fig. 6). APCESG2004/000101
co-culture, the cells/calli were transferred (w thout
washi ng) to nmedium R suppl enented with 100 ng/|
kananycin and 200 ng/ 1 Cefotaxine and culured at 28C
with 16 hours lighting cycl (g? Each co-cul ture was
divided into up to 160 sectors, each representing a
single large calli or a_snall clun'p of mcro-calli
(Fig. 7A). Alternatlvel X%LW bl e co-culture was
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d1 %Sfb%l g&% SO gNeit: 1hpob1aé1ﬁn paat i®the Girst R chlfur
o &%e Gozog 13 vwﬂg%/rmn%me blate 132 2363 72 13 69 "¢

selecyd aghicoB O (01R3 wediuma Fobrys mqylgamnate @nd/devglopgoats aigl true leaves

(Fie. SR8 SRR gy R Lo ggiaf ubryo and

even Seibi§s024) bidB-as thibashowm id FiY. 9BafotdetelOp thi3shods. D3R, mdltiple shoots
were developed (Fig. 10). Plantlets that had developed true leaves were plentiful in 3-4 weeks and

were cultured in R4 medium for further leaf and root development (Fig. 11). Plantlets with 6-8
leaves were potted in soil and by about 7-8 months after co-culture, ’;hé plants started to flower (Fig.
12). Approximately 77% of the adult plants Weré positive for GFP fluorescence (Fig. 13). Up to 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.



S4@020503-4 Whatman 4 R -raft 135 58 7 08 1
S5@020503-11 HybondN R -plate 100 16 72 76 23 61 26

wG26820808- 12 HybonRIN R -plate 180 3 1 152 1HGI/262004/600101

Table 2. Summary of Transformation Done on 23/5/03

37 S5@020503-13 Whatman 4 Rl -plate 155 27 108 105 12
88 27 S5(020503-14 Whatman 4 R - rlate 160 47 135 108
16 97 34 S5Q020503-4 Whatman 4 R -raft 160 60 135 102
2 190 15 Note: 1. SolidOediumR wth 100 ng/1
kanamycin, 200 ng/1 Cefotaxime. 2. Liquid nmediumRl
with 100 ng/1 kanamycin, 200 ng/1 Cefotaxine. Cultured
in Gbco BRL liquid culture system EXAMPLE | |
Transformati on of Suspension Cultures with a pPZPI

11- 35S: GFP Construct. A tube of the fr;ozen AG. cul ture
har Bori ng pPZPl 11-35S: GFP was thawed&nd the

bac%eri al cells were collected by centfrl fugation. The
bacteri al pellets were resuspended ingQ0 (pH5. 7).
Susgensi on cul tures (S4, S5 gndo\SL\ﬁ) were washed in
thedd medi um Approxi mat el y20.3 i tures were

m xed with 0.4nml Agrobacterium suspeng on and

co- gultured on nylon nenbranes ato medi um

(pHZ. 7). After co-culture, tEe gali Vger e transferred
(wi hoyt washing) to medi um & I=s@pl nted with

| 0Ofg/& kananmycin and 200 ngRl KefSdt ad me and
incybated at 28 Cwith 16 hour |ighti cycl es. Each

co-@ulture was divided into up to 160 Sectors, each
repeesenting a single large calli or &small cl unp of
mc@a calli. Alternatively, the vvhole::Co cul ture was

trafissferred to a culture raft, ag LM &uppl enmented with
100%/1 kananmyci n and 200 ng/ 1°‘ce‘fot@u me. After two
nmontghs in selective RI medi um the kamanycin resistant
sectfors were transfegr@l to greghge | Pl at es
suppl emented with | /l\zeatan QI km)5| de with the sane
ant i &tics and cont¥nued cuft uRi ng fd 4.5 weeks.
Kanamycin resistant calli were transfdred to R2
medipm suppl emented with 50 po/l I@narﬁ/q; n and 200
ng/ P cefotaxinm» This i$ repé’at%d TWOST@% times in
ant|b| tics-free R2 nedium and | ar ge, 93/@ rously

o ng enbryos or green calli, which m@/éappear in
t\e"é‘lMst R2 culture, were selegted ar_ﬁjﬁ agsferred to
R3 sedkum Eibryos rrﬁy §er nmi Rat@ aAd gﬁo’@ roots and
true leaves (Fig. 9A). Interestingly, gzgatin
tregiment al | owed many cotyl edop-1ess @ﬁ’ngrﬁa enmbryo
and%ven greenrtti ssues, Ssuch@asst ese ‘%lﬂ)mgl n Fig.
9B, to devel op into shoot s. Oten, rrul.g %olgenshoots
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wer e devel oped (Fig. 10). Plantlets that had devel oped

true | eaves were plentiful in 3-4 weeks and were
w@eiosnexrdt i n R4 nedi um for further |eaf and roRPCT/SG2004/000101

devel opnent (Fig. 11). Plantlets with 6-8 | eaves were

potted in soil and by about 7-8 nonths after

co-culture, the plants started to flower (Fig. 12).

Approxi mately 77% of the ad%t pl ants were positive

for GFP fluorescence (Fig ). Up to 26 healthy

pl ants coul d be produce ingle co-culture. O
the 18 putative transf O%@EA% yzed by Sout hern

bl ot ting anal ysi sEffddis ¥R iPOSLilweMedia t he GFP
transgene (95% and 7 contained a single transgene

( 399g¢n Aprebaséaraim stacksawenares previppsly wWerneoiseiad bl oentidizgation and

susp R0 G T BHGARRRR $2,%7 PR o ClpobyABR68 €l spension ca

mass S&E biikedl 0.0 hil Agpstaderiufdstspedsidn dnlleo-clbired bishiylb@eh®tanes atop
Heal thy Fam |y FirstFl ower GEP+%pl ants Medi um Rl - KI QOC
the cweasmné@@ splid mrdjpe (RY 113b 2 R4 e sels @b apysgars V!Lemper@@ned under

o i ey TRSPR B s o LTP Bpgec

on seﬁﬁti%ﬂlﬁé(ﬁmﬁiﬁigmiﬁdz&@ BaE0Bs s R0 ditind@8viBOmediuGDH higher than 5.2.

22/ 9/ % S16G3230503-3 138 87
On a&%@gﬁ /ﬁérz ]Bélép%ﬂ Us)S§ °%We§f8@%%§8“§}’4‘9%®°%6m01?1{5 2,
Cl.pﬂ{3527§gigﬂ_3HgQ5reg€4cal,&§ 26 02/01/04 72% Note: All the

figures represent sector nunbers. Healthy famly
i ndi cates sectors that have devel oped at |east one
plant with normal flowe -KIOOC: R nedi um

with 100 ng/1 kananycin, n‘%/1 cef ot axi mre R1- K50C:
R mediumwi th 5@6@&5&%&1@&&1111{::&2[@&0&@/ 1 cefotaxine
R1- ZK50C; R1-K5QC nedi um wi t zeatin

r i Bodsteame Agre thebcoptriuted fo @F h’g&h{“?ﬁ*ﬁf@glaté%ﬂ ¢ifirienqyiaptaiped with the
prese't:lg ﬂé@ﬂds’/'\g&feg;%%hﬁéd HRsRASch dToRP leﬂfnec\éll(lﬂ Yiﬁ %the method

ect éd centrifugation and sug ended in
essenfiblyaa Jdu;sbmd previdsl, (US. Pat. No.$,83036). Ihe A@NA)donmmd:ppration, AGL1

. Q. S S| |1 mass. m.xed wiith 0.4
srainggP B P L oT i i NPT B SEgh Bk were collectad
by ceiRITREMBR SnPFeQikpended in MS medium supplemented with 1mg/l NAA to 0.5 OD600
unit. Approximately 0.2 g suspension cultures (S5 and S16) was mixed with 2 ml fresh

Agrobacterium culture in a conical flask which was left at 28°C for two hours for the Agrobacterium
cells to attach to the suspension cells. After removing the liquid medium, 10 ml MS medium
supplemented with 1 mg/l NAA Waé added to the flask. The cells were cultured 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 Examplé 10. After 30Adays of culture on selective R1 medium, the ‘
number of somatic embryos was scored. While about 64% (S5) and 83% (S16) of the calli sector
were positive for GFP fluorescence when co-culture was performed using our method, the rates
dropped to onlty 1% (S5) and 13% (S16) respectively when co-culture was performed in liquid
medium in an agitating conical flask (Fig. 14). It is also clear that the kanamycin resistant sector had
grown to significantly larger sizes with more embiyos developed using a co-culture procedure

according to the present invention.



t he corresponding solid nedium (CPl, pH 5.2-6.2).
Three sets of co-cultures were perfornmed under each
w@oemditeizon. The nunber of sectors show ng GFP PCT/SG2004/000101

fluorescence was scored after 2 nonths culture on
selectiveRl nedium Significantly better results were

obt ai ned wi th nedi um pH hi gher than 5.2. On average,

71% 81% and 83% of callus sectors were positive for

GFP fluorescence in C-pH5.22 O -pH 5.7 and C - pHe6. 2,
respectively. EXAMPLE 13 Conparison of Co-culture

Met hods To determ ne factors that contributed to the

hi gh transfornmation eff?s%w thai ned with the
or ne ra

present methods, we per

nsformati on of our

suspensi on cel Resedthtion FFetidityof Tiafsgegic Paiisessent i al |y
as_di scl osed previously (U . 5,583,036). -Th

T-

S. Pat. No 6
Sotdnfcis, brnsgenic pleatsi ke gbt@'@red g‘t%ﬂlatbﬁ methods dislgs in, although

someiefeat h ﬂ:[ en d Ewbid _s%el?\g(gfg:j %ﬁﬂgﬂ ds@?tg?ﬁ%}s%ﬁﬂ%@?o?lﬁlak% may be

were co

ected Dy centri

prefenratifopnoduupeedsndint ectjonity &f planty fiort8L6 tverederbileGDEA Pollmated by pollens

-of p1%

DS B 5 FSRR IS oGBS bR S e

to préditt & BdminbRfkviddeh was left at 28C for two hours for
I heAgrobacterium™cells to attach to the suspension’

cells. After renoving the liquid nedium 10 m M
nedi. um I .wWth 1 ng/1 NAA was added to the
AbbeY‘g%‘t?_s aﬁ(ﬁgpmg Fﬁ%ﬁ Bgr%m.

e cellTs"weré cultured on a shaking platform

( 148 shR iufaShi Q&M%.lgggﬁ suspension cells were then
i W th nmedi

washed (tw ce

um and pl aced on sel ective

R nedi3d202mgldéars. In a parallel experinent, the
sanme AJ70badtiSPON strain was prepared freshly with no
freezi n9o@megd &0 bed in Exanple 9. Cultures S5 and
S16 werigos9 INps@d as described in Exanple 10. After
30 dayso8f el i ecRn sel ective R medium the nunber

of so
and 83¢
GFP f | y¢

g
our ne
parti

[iquid®S

(S16)

,Was scored. Wil e about 64% (S5)
(9al i sector were positive for’
co-cul ture was perforned using
dropped to only 1% (S5) and 13%

b

m%b
‘5‘@’; en co-culture was perfornmed in
M5B 0an agitating conical flask (Fig. 14).

It is &8onglBhr that the kananycin resistant sector
had gr d? mgl Mo§kfhQant |y | arger sizes with nore
enbr yod.2beug/l NpMoQsIRE a co-cul ture procedure

accor digxp mgl ZhsOoresent i nventi on. EXAMPLE 14

BS5 vitamins -

100 mg/l myo-inositol
1 mg/l nicotinic acid
1 mg/1 pyridoxine HCI,
10 mg/1 thiamine HC1
SGM: Half-strength MS salt and half strength B5 Vitamins, 0.02 mg/l NAA, 0.1 mg/l MET

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

SM1: MS salt, BS 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, BS Vitamins, 1.9 g/l KNOs3, 30 g/l glucose; 2.5 g/l phytogel, pH 6.4



Restoration of Fertility of Transgenic Plants
Self-fertile transgenic plants were obtained with the
woreiokooR7di scl osed herein, although sonme def ecPGI/BG2004/000101

pol | en devel opnent were seen (Fig. 15). Consequently,
manual pollination may be preferred to produce seeds.

The majority of plants from S16 were fertil e when

pol l'i nated by pollens of pl gt s derived from seed

(Fig. 15). This can be an advantage, as backcrossing

A, RN PSS St o e oRat & e KL 852 sfudose, pei 6.
(Murashi ge and Skoog, 1962%: .332.02 ng/1 Cad 2 170
MK M alt T e NS tmeis, g o/] KENDS 0118mg/l NAA, 30 gl

o235t/ i, B A BB erTA 6 20 /1
A S alamigs s R Aborbe ! ahwcarn B 6#00 o/ 1

myo-inositol 1 nmg/1 nicotinic acid 1 ng/1 pyridoxine
Ha@M4: MS salt, B5 Vifamins, 0.01 mg/l NAA, 0.5 mg/I picloram, 30 g/l glucose, pH 6.4

C1

2.05 g/l K;HPO,

1.45 g/l KH,PO4

0.6 g/l MgSOs-7H,0

0.5 /1 (NH4)2SO4

0.5 g/l NH4NO;

0.01 g/l CaCl,

2 g/l glucose)

0.5 mg/l ZnSO+7H,0
0.5 mg/1 CuSO4-5H;0
0.5 mg/l H3BO;

0.5 mg/l MnSO4+-H,0

0.5 mg/l NaMbO,-2H,0
1 mg/l FeSO,

B5 Vitamins

0.01 mg/l NAA

0.5 mg/1 picloram

40 mM MES

0.5% glycerol

0-100 uM 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: MS salt with no NH,;NO3, B5 Vitamins, 1.9 g/l KNOs, 30 g/1, glucose, 1 g/l glutamine,
0.5 g/l asparagine, pH 6.4, 2.8 g/l phytogel

~ R3: MS, B5 vitamins, 30 g/l glucose, 0.01 mg/l NAA, 3 g/l phytogel, pH 6.4

R4: Half-strength MS, BS vitamins



10 ng/1 thiamne HO SGM Half-strength M5 salt and
hal f strength B5 Vitamns, 0.02 ng/1 NAA, 0.1 ng/1 MET
w@ paostio32ef f ect trizazole), 5 g/1 glucose, 2 g/BCT/SG2004/000101

phytogel, pH 6.0 SM: M salt, B5 vitamns, 0.1 ng/1l
Kinetin, 0.05 ng/1l 2,4-D, 30 g/1 glucose, 2 g/1

phyt ogel, pH 6.2 SM2: Ms salt, B5 Vitamns, 1.9 g/1

KNOG3, 30 g/1 glucose; 2.5 g[] phytogel, pH 6.4LM: M5
salt, B5 Vitamns, 1.9 g/1 , 0.01 ng/1 NAA, 30 g/1
gl.ucose, pH 6.4 LM2: MsS salt with no NHANG3, B5

viMinihs, 1.9 g/1 KNO3, 0.01 ng/1 NAA, 30 g/1 gl ucose,

19/1 gl t?ﬁk 0.5 g/1 asparagine, pH 6.4 LM3: M5
salt, Qsdé 1@%%%; 0.05 ng/1 NAA, 30 g/1 glucose, pH
6.4 LM { Vitamns, 0.01 ng/1 NAA, 0.5 ng/1l
pi cl o%@%&%’f&? cose, pH 6.4 O 2.05 g/1 K2HPOA
1.45 g 51\:5&1 0.6 g/| MySO 4-7H2q 0.5 g/ 1 (NaO 2SO4
0.5 g/ P18 $®B1 gzI Cad2 2 g/1 glucose) 0.5 g/ 1
ZnSO4- Pripgd BHENQy/ 1 CuSO4- 5H20 0.5 g/ 1 H3BOB 0.5 ny/ 1
MhSO4- 980 g8 GaGlly/ 1 NaMbO4- 2H20 1 g/ 1 FeSO 4 B5
Vi t ami 3/kel@dbserg/ 1 NAA

0.5 mg/1 ZnSO4-7H,0

0.5 mg/1 CuSO4-5H,0

0.5 mg/1 HsBO;

0.5 mg/l MnSO4-H,0

0.5 mg/l MbO4-2H20,

lmg/lFeSO4

pH7.0

2.05 g/l K;HPO,

1.45 g/l KH,PO,

0.6 g/l MgS04-7H,0

0.3 g/l NaCl

0.5 g/l (NH4)2S04

0.5 g/l NH4NO;

0.01 g/1 CaCl,,

0.5 mg/ 1 ZHSO4-7H20
0.5 mg/l CuSO45H;0
0.5 mg/1 H3BOs

0.5 mg/l MnSO4-H,0
0.5 mg/l NaMb0;-2H,0,
1 mg/l FeSO4

0.5% glycerol

2 g/l glucose

100-200 pM acetosyringone
40 mM MES

pH 5.7
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2. The method of claim 1, wherein the proembryogenic cell is derived from a callus.

3. The method of claim 1, wherein said solid support is selected from the group consisting of

a membrane 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 4, wherein the plasmid is a Ri plasmid.

7.  The method of claim 1, further comprising backcrossing the transgenic plant. with a

germplasm of interest.

8. -The method of claim 1, wherein the plart cell is from a dicotyledon or a monocotyledon.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Tokuji and Kuriyama (2003). L Plant Physiol.
160: 133-41. Trolinder, N L. and Goodin, J. E. (1987).

web@atoel | Reports 6: 231-4. Unbeck et at (198FQT/SG2004/000101

Bi o/ Technol ogy 5: 263-266. Vel uthanbi et al. (1989). J.
Bacteriol. 171:3696-3703. Vernade et al. (1988). J.
Bacteriol 170: 5822-5829. Wil kei peach, CR and Vel ten,
J. (1994). Plant Ml . Biol éthuaI Bl: 1-19. Xing, D.
et al. (1999). Chin. J. Bld%echnol 15:59-64. What is

clainme A et ho duC|n a transgenic
pﬂafhm?g*egpaclﬁ*& Rrotheed (w@e oarlse? tg a
pr oenbr yogeni ¢ pl ant ceII wherein the plant cell is

froma plant sel ected fron1thp group consi sting of )
c'th¢ mathodaf cleim %,owykm:]thewh@m 15 amhqpaher selettdsbirdre fhe group cousisting

urin ald ce n a.liguid. mediumto produce a
%H; oSSV érr%(‘fmcatﬁlfltqﬂs‘g’?m 6‘&5’?‘7 ng, on a porous
solid support, said cell suspension culture with a
culture of Agrobacterium tumefadens.that harbors a
v&be wethed epelainn hgvhaneip shedignis mediamds alw awde Ferden Hredium.
mar ker, the Agrobacterium bei ng capable of effecting
the stable transfer of the exogenous gene and
stheniethol of tilaink ¢ wlepeih kte: sgletiiris by chétricalahdans.t her eby
generating a popul ation of cells; selecting a cell
fromthe population that expresses the exogenous gene;
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The net hod of claim erein the
pr oerrbryogenl c cell is derived froma callus. 3. The

hod.,of 1 wh ' id [
CEhereagaef SRt ke i O M BieE b ket 3B cshirehy
f||ter 4. The rrethod of claim1, wherein the vector

is a plasmd. 5. The nethod of claim4, wherein the
plThe methddsofeclaim b, aherein tee rephEeTROMBENFt GPIituiviglysexpresses green

Wptelor%sgln{ N8ic ?Inasm dis a R plasnmd. 7. The nethod of
chrarmt™ R er conprising backcrossing the

transgeni c pI ant with a gernpl asm of interest 8. The

thod of cl h 1l _is f
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8, wherein the dicotyledon is cotton.

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.
The method of claim 17, wherein the seed is sterilized in a bleach solution.
The method of claim 17, wherein the seed is germinated in MS medium.

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

The method of claim 17, wherein the explant is a shoot tip.
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10. The nmethod of claim9, wherein the cotton is a
nmenber selected fromthe group consisting Gossypium

whreosaozm and Gossypi um bar badense. 11. The nep¢DEGLN4/000101

claiml wherein the liquid nediumis a | ow auxin
content nmedium 12. The nethod of claim1, wherein the
selecting is by chem cal neans. 13. The nethod of
claim1, wherein the selecting is by genetic neans.

14. The nethod of claim1, #herein the sel ectable
marker is a reporter construct. 15. The nethod of
claim 14, wherein the reporter construct

Bl Sl 0 RRE S PR RGBSl in s
ceafediunuct i s pPZPl 11-35S: GFP. 17. The nethod of claim

2, wherein the proenbryogenic plant cell is obtained
by: sterilizing a plant seed; germnating the seed to

969 hRIB4d BF Ain 17, BRMEr cd g@gg ifAdciRE dB %R AN onldf ﬁ{yctﬁl?\gs to generate

pl'ant tissue; and I nducl [Tus Tormation from
e ppleatbtyogdific tifdwe. net hod of claim 17, wherein the seed

.is sterilized in a bleach solution. 19. The nethod of

claim 11, wherein the seed is germnated in M5 medi um
2Ghe M¥hodRir BREN 08, WheRéill tHeoald e dfiFderitAfdNR AAH niediven.
root. 21. The nmethod of claim 17, wherein the expl ant
is a shoot tip.22. The nmethod of claim 17, further
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i nducing differentiation of the callus to generate
proenbryogenj ¢ tissue., 24. The nethod of claim 23,

P EetRadKi claiin [ yhereindfe A groBRSTRNREOTBRTISSS 3 S duutant gene.

medi um 25. The nethod of claim 24, wherein the solid
mediumis a hornone-free nedium 26. The nethod of

C IThi nmethodnbieel@inn24, véhetggm theawit4 génents dasoppdrated irdo wher genome of the
ng%a t %ene. 27. The nethod of claim 26, wherein the

Vi @é%@ 85 j ncorporated into the genone of the
Agrobacterium

o

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

The method of claim 1, wherein the porous solid support comprises at least one of nylon,

nitrocellulose, cellulose, and glass fibers.
The method of claim 1, wherein the solid support is soaked in a liquid medium.
The method of claim 1, wherein the solid support is situated on a solid medium.

The method of claim 1, wherein the co-culturing occurs at a temperature of about 18 degrees

C to about 26 degrees C.

The method of claim 1, wherein the co-culturing occurs under continuous lighting.
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28. The nmethod of claim 26, wherein the virA gene is
i ncorporated into the vector. 29. The nethod of claim

wazooahenei n t he porous solid support conpri sSesPE/SCEAE000101

one of nylon, nitrocellul ose, cellul ose, and gl ass

fibers. 30. The nmethod of claim1l, wherein the solid

support is soaked in a liquid nmedium 31. The nethod

of claim1l, wherein the soljd support is situated on a

solid nmedium 32. The nmethod” of claim 1, wherein the

co-culturing occurs at a tenperaturg of abou

da’gq’: wethodof glaignb ythepan the gpalturng media hag @%PMW about 5.7 and
@5 Wherein the co-culturing occurs under

contlnuous lighting.34. The nmethod of claim 1, wherein
the co-culturing nedia has a pH of betmeen about 5.7

apd abou 5. 35. The nethad, of aj ereipn t

whs Gefha Ogclalﬁl bR 216 0LV AoV EL-] andigbout 6.4
The nmet hod of claiml, mhereln t he regenerating IS
enhanced by addition of a cytokinin. 37. The nethod of

c [The meded ofiplaine L.nwhenein dhet rogénefating & eahanead byiadition of a cytokinin.
derivative thereof. 38. The nethod of claim1l, wherein

the proenbryogenic plant cell is initiated on a solid

MEHE Hidtho@ P Elaiih BEl whekiHeQYtoRitin Rtd RMi0ér Rridatiyeahéteof.
cytokinin. 39. The nethod of claim 38, wherein the

proenbryogenic cell is propagated in a hornone free
L aui . 4 I . .
A8l T e S, i

| copnprisimeaiowncondehtrafire ofd-ivghdodytokiram.m 1, wherein the
Agrobacterium has a pre-induced virul ence. 42. The
met hod of claim11, wherein the co-culturing nediumis

g it U 1 SelhiberchPihe B oiBRjdaeflo abl BIpRY AR in a hormone free

wherein the nmediumis further supplenented with
vliguidingesliung 4. The met hod of cl ai m 42, wherein the
mediumis further supplenented with about 0.5%

gl ycerol and about 2 g/L glucose. 45. The nethod of

CITak Mefdd oMtRAAI3B, WierelPle Yhddnbridgehid eIl $4ipiopsfuesdtiad low auxin
wi t h, about 10-200 mM acet osyri ngone. 46. The net hod of
c ligyighmedigfher ei n the co-cul turing nediumis MS nedi um

The method of claim 1, wherein the Agrobacterium has a pre-induced virulence.
The method of claim 1, wherein the co-culturing medium is modified MinAB salt.
The method of claim 42, wherein the medium is further supplemented with B5 vitamins.

The method of claim 42, wherein the medium is further supplemented with about 0.5%
glycerol and about 2 g/L glucose.

The méthod of claim 42, wherein the medium is further supplemented with about 10-200 pM

acetosyringone.

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



