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Abstract: A nmethod is disclosed for producing a transgenic cotton plant by
Agr obacteri um nedi ated transformati on of petiole tissue. Tinme nethod
conprises the steps of (a) obtaining cotton petiole explfgbs%%ég% gﬁgosing
the petiole explants to a culture of Agrobacteriumtune F 12

har bors a vector conprising an exogenous gene and a sel ectable marker, the
Agr obacteri um being capable of effecting the stable transfer of the
exogenous gene and sel ection agent resistance gene to the genone of the
cells of the petiole explant, (c) culturing the petiole explants to induce
callus formation, (d) selecting transforned callus that expresses the

- exoge- nous gene, (e) culturing the selected callus in suspension culture

td induce formation of enbryoids, (f) regenerating the enbryoids into
whol e transgenic cotton plants. 11 Decenber 2003 Hi gh-Efficiency
Agrobacterium nmedi ated Transformation of Cotton Using Petiole Explants
Technical Field 5 The present invention relates to the general field of
genetic engineering of plants, in particular to the introduction of
exogenous genetic material into cotton by Agrobactoriumtransformation of
cotton petiole explants foll owed by sonmatic enbryo regeneration. 10
Background Cotton is one of the nost val uable and widely grown cash crops

internationally. |tsHagnRuBEfiBieHyG! AetoPAtewide-neddk@eql00 million bales
val ued at US$45 billion. ApiankSorhgtRbaosst ce®ioy 15 production area,

with four out of five world @Qﬂngogggﬂolgrggﬁqghislocated in this region.
Cotton is not only the main supporter for the textile industry, but it

al so provides a huge and profitable nmarket for rmanufacturers of chem ¢als
for weed, dﬁEﬁ?ﬁﬁ&éﬂQﬁEﬁiﬂ 20 control - There are diverse opportunities for
cotton _nol ecular 1 nprovenent, including_inprovenent of yield and fiber
qual ity and creaflénPEPsfBly $AVFBEROD medEtes & dhisiannenal H&hidi des,
insects, nergd deRtied endifeaseng( SireWaEhtsl99h particular to the

introduction of exogenous genetic material into‘cotton

by Agrobact-rium transformation of cotton petiole

explants followed by somatic embryo regeneration.

10 ac u
Cotton is one of the most valuable and widely
grown cash crops internationally. Its annual
production worldwide is over 100 million bales valued
at US$45 billion. Asia is the biggest cotton
15 production area, with four out of five world top cotton
producers located in this region. Cotton is not only
- the main supporter for the textile industry, but it
also provides a huge and profitable market for
manufacturers of chemicals for weed, disease and pest
20 contrel. There are diverse opportunities for cotton
molecular improvement, including improvement of yield
and fiber quality and creation of new varieties that
are resistant to herbicides, insects, nematodes and
diseases (Steward, 1981).
25 Tissue Culture of Cotton: In 1935, Skovsted
reported the first embryo culture of cotton. Beasley



25 Tissue Culture of Cotton: In 1935, Skovsted reported the first enbryo
culture of cotton. Beasley 11 Decenber 2003 2 (1971) reported callus
formation in cotton as an outgrowh fromthe m cropyl ar nd of fertilized
ovul es on Murashige & Skoog (MS) medium Somatic enbrybb@ﬁ‘e%“i‘%e’\%&

achi eved from a. suspension culture of 5 # Kkiotzschianum (Price & Smth,
1979). In 1983, Davidonis &' Hamlton first succeeded in efficient and

repeatabl e re@&?dr)amemmr(thct@ﬂldme( Cﬁozifualts.uhumhLeg,ttghan safromcal lus
after two-ye were si-nce regenerated thr ough

a n t.0 ants
soi natic 10 ?r%o%é’tggletsﬁr%q} rom?ﬂ e°rp3’ reﬁﬁfiaﬁfsf?%&ﬁbz%ﬁ Fevigles 1992,
Zhang, 1994) qm@iumahg.g@ot&yISd&dmg ((e8)i chediiamet Somhtic. - 1987; Davidoni s &
Ham | t on, 3 0zab at al., 1987), hy ocotyl (Cousi ns
at al ., 199%:‘%“%? gan gji%a\afas %&’ d%%%ﬁ n2&SREPaREReR FR1135re 396
Trol i nd&r . &GeoddiotzsTdgsnuirt@u aet @lsmith9879791198%y séem (Al tman
"1084), shooP SaconiS| g panidEty nrfésgugtesé‘iiedéf?;fﬂ&%ﬁ%”&LZV @
Shani t na, 19%€peatiabivat aregeaeman:hro)n oBeasteyn 187 1hiStevas gr.é 820 & Hsu,

égt?);c ké?m) o8 %&%e g}: b ;Frﬁé}gisrggﬁﬁrh %%’%382% g‘l}\kgiéﬁmac k&ottﬁsmgl) r oot
(Chen & Xia, plaaos; wkue etinek. reb@9ratedl tHEohgh Ng6mNEMI | en,  1990;
o o etbryod A " A Ut e “fad ¢ kot on s
first reporta@9a;:debadg, aBB94 i h.hcb.)dﬂ@.ﬁgth!bt;?l\@d&@t M}T 'a”ts
(Firoozababya el 3bev, 1B8iaonT8°E" nihiTton, "1884; Ff:\{eeé,a 19uasse,
Firoozabady et al., 1987), hypocotyl (Cousins et al;,
1991; Rangan & Zavala, 1984; Rangan & Rajasekaran,
15 1996; Trolinder & Goodin, 1988;~ﬁmbeck et al., 1987,
1989), stem (Altman et al., 1990; Bajaj et al., 1989;
Chen, et al. 18%57; Finer & Smith, 1984), shoot apex
{Bajaj et al., 1885; Gould et al., 1991; Turaev &
Shamina 1986, immature embrve (Beasley, 1971; Stewart
20 & Hsu, 1977 1978), petiole (Finer & Smith, 1984; Gawel
et al., 1986; Gawel & Robacker, 1990), leaf (Finer &
Smith, 1984; Gawel & Robacker, 1586), root (Chen & Xia,
1991; Kuo et al., 1989), callus (Finer & McMullen,
1990; Trolinder et al., 1991) and protoplast (Chen et
25 al., 1989).
Transformation of cotton: Agrobacterium-mediated
eolton *vansfeormation was first reported a decade ago
with hypocotyl and cotyledon as explants (Firoozababy
et al., 1987; Umbeck et al., 1987). Several useful
30 genes have been introduced into cotton via

Agrobacterium-mediated transformation, including insect
and herbicide resisgtance genes (Perlak et al., 1990;
Trolinder et al., 1981; Chen et al., 1924). Explants



30 genes have been introduced into cotton via Agrobacterium nedi ated
transformation, including insect and herbicide resistance genes (Perlak et
al ., 1990; Trolinder at al., 1991; Chen et al., 1994). ﬁ? | ant s #é
Decenmber 2003 3 (such as hypocotyl, cotyl edon, callus ge %ﬁ%ﬂpq' o
hypocotyl and cotyl edon, as well as ingature enbryos) have been used for
Agr obact eri um nedi at ed transfornation d particle bonbardnment (de Franond

gl SR sS85,

Trol i nder eRYBPSO YégﬁndUﬁE§dReanala$ @By aéj&ﬁhatﬂ&Qkamh@mﬁgdltlon,
: nerlstenat|ﬁagésgggnobs%@pfggdagggggﬁg ‘5&§qﬁe{$§?%§q 10 been used for

cotton transformation b artic et al., 1995; John,

1996; John EFaméfPEWat}QQGanﬁtﬁabbleim@b¢mbﬁidmeﬂﬁnm@e Ehagienel el . (1983)
transfornmed, £0t t 99ghY i tin ﬁmﬁﬁ t enta qne day after
sel f - polllnatlon 15 Y 3£%Ert g r%ﬁ%?%%éﬁilﬁﬁ% é?@ﬁgﬁk grally |ow,
rangi ng iroh® @brt833®9$Mﬁ§nahypob%$9: Einganuxﬁﬂayasahqﬁamnt1@©5noozababy et

al ., 1987, gkpyssdRathnakt 21199 J sﬁﬁ; n_et

significantly™ hlgﬁerntrgng orn%??gﬁ IC cyftdﬁ‘ﬂ %3866 was 20

report ed- WW@WEEEt9Fe§8n-m&§3ﬁseh9&%vek%ﬂZ&u diml ddwdtdem, gene encodi ng

oct opi ne smﬂféeésauiedt%sa@eofe@;@é}.ﬁéd dd; 'foozabg‘&rc, h - 1987)
mar Ker

However, the validity of- octopine as © &5 is
quest:'r%nabllée%c‘éﬁgé SeFoﬁpﬁ§°ha§rWP#mmbn by geattdlcle25 plant species

certainly nedmidpdnéAtMBnRYn BEegi! oy Ih ﬁl t f.aci
(Wendt - Gal Iét el li and _Dobri kelét 9733%A"'Fmre’ lr"ll'rewégegr?'ilt Jl%g‘ﬁ‘oﬁ i ndi cat ed

eller, 1996; McCabe & Martinell, 1993). Zhou et al. '
(1983) transformed cotton by injecting DNA into the

axile placenta one day after self-pollination.

that the

15 Howevcr, the transformation rates were generally
low, ranging trom 20 to 30% when hypocotyl were used as
explant (Flroozababy et al., 1987; Cousins et al.,
1991; Raijasekaran et a;f, 1996). A significantly
higher transformztion efficiency, ur to B0%, was

20 reported when cotyledon wés'used as explant and the ocs
gene encoding octopine synthetase used as the reporter
gene (Firoozababy et al., 1987). However, the validity
of octopine as a marker for transformation is
questionable because octopine has been found in several

25 plant species certainly not transformed by infection

. with A. tumelaciens (Wendt-Gallitelli and Dobrigkeit,
1973). A more recent report indicated that the
transformation efficiency of cotyledon was about 20 to
30% (Cousins et al., 1921). The transformation

30 efficlency was even lower when particle bombardment
method was used (Keller et al., 1997). A difference in

the type of explants used for transformation could have
a significant effect on the efficiency of -



transformation efficiency of cotyledon was about 20 to 30% (Cousins et

al., 1991). The transformation .30 efficiency was even | ower when particle
bonmbar dnent method was used (Keller et,al.,' 1997). A d{ fference_in the
type of explants used for transformation could have silfAeqenen 203 f ect

on'the effici 200 transformation and regenerati on.
It has been" IF%%%%F ggmét%&nﬁtgnpﬁggnﬁrﬁili%r redB@enbery && ede

t ransf or mant $2Xc6EPPRdEn et Lartteducdngl Lrllsehposiltgyecot yl edon

" (Fi roozabady tetanslform2f8s) . cdr y3aidomn wtafsa'asi:@’t%%frl Qxpdlaf ithaly 9hly

dependent on r der 986 inder & Goodin, 1987,
19884, 1988bhyg’$?%}t¥ﬂgdg;{ .Pgéhln i‘ 119;53 th'a rew. cul tivars which

are regénerabl e aﬁ&ttPPaﬁﬁllﬁf(ﬁﬂﬂa@iosiu@HSQSL@mmlmwm @n  Coker
312 10 and Ggelmotypt:uWx}bmﬂdem&batstabellSB%POFTE%ﬂ&n@Le'H% TR Ci al

cul tivars, g,‘éla-,as 1@33Q' FSOE4HN D1 GRLER §4%§lﬁ ﬂﬁ?& 2' [) %‘tﬂ%gsgvrmt hods.

Zhorigman 1 ar.e not. ?enerat ablé " "and "t
The absence: §FOR 2hF§H- ERFHeTadifc Phdichnarer sggspezebde mochod has been 15

regarded as arﬁajsﬁbrﬁbslaphﬁzdlﬂ atsh@o%&@bi&&t =i unAdRQbaeheld Wiredi at ed

transf Qpmati ta c 198 | r oozab et al., 1987).
~ Summar ;!/Bof t%gdl %ve%?%gn | overdor’f‘gst h(?tBF5bS‘g‘F?\9 rhethce i‘g‘%‘& with 20

previ ousl y réﬁﬂﬂﬁéﬁiﬁ%tﬁ'&l‘éww-ewl @St G-t hdasfudnam tivon DEPoGaLE e usi ng
petiol e as aanaxpl apirshesnm hﬂﬂn 20R%maRed 123l @Re Wokh R geerdftapie

correspondln hIS ne |des several advantages
in conpari so%héot%ﬁygggpoc an& <6t 2‘8%525 $ency) of & ants are
easy to obt ahhghreffie %‘Fféh‘cﬂ éfﬁigghFlr@menclymﬁthO(dSbaAQMterl um

15 regarded as a major obstacle to the application of

Agrobacterium-mediated transformation to cotton (Gawel
et al., 19286; Firoozabady et al., 1987).

Summaxry of the Inventjop
' To overcome the problems associated with

20 previously reported methods, an efficient
transformation procedure using petiole as an explant
has been developed, along wich a set of correspondingly
improved media. This method provides'several
advantages in comparison to the hypocotyl and cotyledon

25 methods: (1) explants arc casy to obtain:; (2)
transformation efficiency i: ' jyher; (3) Agrobacterium
contamination is very rare: (4) efficiency in
regeneration is higher; and (5) the time from
‘transformation to regeneration of plantlets is reduced.

30  Iwo cvotton varieties, "i.e. Coker 312 and Si-Mian 3,
have been successfully transformed with this method,
and more than 30 indepcndent transgenic lines from



contam nation is very rare; (4) efficiency in regeneration is higher; and
(5) the tinme from ,transformation to regeneration of plantlets is reduced.
30 Two cotton varieties, 'i.e. Coker 312 and Si-Man 3, have been
successful Iy transformed with this method, and nore that 2eFenkesgedient
tr'ansgenic lines from 11 Decenber 2003 5 Coker 312 showi ng strong activity
of the marker transgene have been obt & ned. This nethod is applicable to
ot her cotton varicties such as Jin 7 and Ji 713 from China, Siokra 1-3
from Aust r al¢akerr 212 shoyikes sbronmdachbkeitPlOff the hekdyS. A 5r' e o the-
Ei gurp Fi gur 1 cont n|n GFP as the
reporter gentg:éé]nn theﬁﬁg?' ?%é‘?nn‘égtné)%%& phﬁg‘bﬁo‘f‘? efle 8se) gene as a

sel ect abl e RAdSCabIgeFo10ther %tbmweriumeadsatndahraﬁ!ﬁf gr @Rkl on of
cotton petigl eriacFg t h |nvent|on

Det ai | ed Deég}lggfon Aneg%ﬁ?0|gﬁ?2§%Pﬁo% ?%O% g%?%E% 1for §§net|c i 5

t ransf or mat iCokest 204t 54 Beler 319 nEromitlyeelliSeal i nes, using cotton
petiole as an explant. By using petiole explants, plus a set of inproved
medi a, transfornatlon eff|C|ency |s significantly enhanced and the tine
required fré& SRGLAEWIR-20 SR cRguRréon is 20 shortened in conparison

to preV|ousfy repq gg megﬂgq§ s of the present
i nvention, the vvhgjlhe process ﬁl-(;)@ ﬁo@%t%gﬁw%ns%%ﬁ?%ﬁm o the
regener at i oFESf 2y 2R8gERPRLER I AeNS saltdarthelldﬁ"nbbnt (AedmysRAt hs. The

reported hypsegbrbt®*8Hseetyd t requi red 7- 9 nmont hs or
| onger to cggn'gl gte t' he H YA 0D ooty ma#kex; used
Agrobacterium-mediated transformation of cotton

petiole according to the methods of the present
invention.

An efficient method is disclosed for genetic
15 transformation of cotton plants, including elite lines,
using cotton petiole as an explant. By using petlole
explants, plus ¢ set of improved media, transformation
efficiency is significantly enhanced and the time
required from transformation to regeneration is
20 shortened in comparison to bPreviously reported methods.
By using the methods of the present invention, the
whole process from Agrobacterium transformation to the
regeneration of transgenic plantlets can take about -7
months. The reported hypocotyl and cotyledon methods
25 usually required 7-9 months or longer to complete the
same process (Cousins et al., 1991; Chen et al.,
unreported observation). Another two months were
required for growing the small plantlets to a suitable
size for potting in soii.
30 Techniques for introducing exogenous genes into
Agrobacterium such that they will be transferred stably



sane proce

ss (Cousins et al., 1991; Chen et al., wunreported observation).

Anot her two nonths were required for growing the small plantlets to a

sui tabl e

genes into
Decenber 2
are wel | -k

size for potting in soi3; 30 Techniques for |ntrodu0|ng exogenous
Agrobact eri um such that they will be transfeflirideresmbenpgo3 1

003 6 to a plant or plant tissue exposed to the Agrobacterium

nown in the art and do not for@1part of the present invention.

It is advantageous to use a so- called "disarnmed" strain of Agrobacterium

or. Ti 5 pl
responsi bl

astbda phantlsx plahtaitd sduedlexpdsddWbs’ €hE AL %
the tunor @ characteris |c 0 e Crown

e for I Qn
gal | di sease®Equdé glb%g\?ﬁnl &% %& Rdto RS 8P bRt af eXm epawle o Hrthteact i vat ed.
Nurer ous exappkeentf idveatded . Agrebast aﬁwmagéaﬁg%@f@sé%f&ém in the

5 (\al kerpeac Vel t ern,

literature ( AL4404 HA101 .and pEH 1
g glPF 1555@5ﬁta§%63§nt8fu§€THb§6t€§+F@d°blﬁhry vect or

1994)). It
systems5s s
bi nary vec
carrying t
process of
constructi
exogenous

ucplasmhuattﬂascisbed snrsghlb@epgggﬁi@twﬁgrelﬂﬁﬁﬁé g5 A
mani pul atign 15 E coil of the pl asm d

tor alloms %
he 8§8é g Sqbhe thg EBrFﬁ rOBuPEdtheitemeR pl ant, making the

uharactenmstiucbeﬂh&ue&oﬁﬂsgﬁlltQl&éﬁéé’é&ﬁse53§9|af|y, VGCLOV
onpri sing the

on g gudln g gonstructlon of chineric genes
% YPﬁa IHRR2HLEF A ER FGelHFWBH%@e°$rﬁQﬁQ¢Kﬂqﬁedu can be

carried out nﬁmégoﬁecéﬁaﬁ Besvet! ghsawhebn Akl not_ form part
P e EOB?%Eerﬁ%j %&%F&% t hat

of thg%ggfiﬁf?UPaventlon Chi neric genes S

have

uld conpri se

Inethestiterahnes ﬁpgessP%M@;‘i.d@Hklﬂl Znd@EHEXxanpl e,

it is advantﬁ@EOUWaiﬁehﬁﬂscﬁ sevihetesh, 1894)}. It is further

15

20

25

30

advantageous to use a so-called binary vector system,
such as that descrlbed in Schilperoort et al., 1990,
1995. A binary vector system allows for manipulation
in E, coli of the plasmid‘carrying the exogenous gene
to be in?roduced into the plant, making the process of
vector construction much easier to carry out.
Similarly, vector construction, including the

construction of chimeric genes comprising the exogenous
gena that one desires to introduce into the plant, can
be carried out using techniqueé well-known in the art
and does nolL form part of the present invention.
Chimeric genes should comprise promoters that have
activity in the host in which expression is desired.
For example, it is advantageous to have a series of
-selectable markers for selection.of transformed cells
&t .wvarious stages in the transformation process. A
selectable marker (for example a gene conferring
resistance to an antibiotic such as kanamycin,
cefotaxime or streptomycin) linked to a promoter active
in bacteria would permit selection of bacteria
containing the marker (i.e., transformants). Another
selectable marker linked to a plant-active promoter,



'sel ectable markers for selection of transfornmed cells at-various stages
in the transformation process. A selectable narker (for exanple a gene
conferring resistance to an antibiotic such as kananycin, 30 cefotaxime or
streptonycin) linked to a pronpter active in. bacteria Wdeganher aP@3

sel ection of bacteria containing the mayker (i.e., transformants) Another
sel ectabl e marker linked to a plant-active pronoter, 11 Decenber 2003 7

such as the GyWf 33S HHDL BRIF 358fbiBﬂgﬂérpegngt%Lpggch as, the NPT |1 NOS
Tt

promoter, woul d al | ow sel ection of transforned p PTPPEeT THUCRy ogenous
gene that is?2%&de &FT 3 HdGhtnrsmated,i woulthelpbanseLettichosfd 5

conprise a phaRnsFormeR IR el fu i elation to the coding
sequence, so that the pr%ﬁqter é?ﬁ&%s'%g%pggg Féﬁ“ﬁfg?%% b@%% +% the
transforned FEgAredads be ginradnasd dnpookbeepiansuedl RsshdglL£aMW 355,
the' NPTsl | NoSmpra®e! & pllardBedfivd L of L0t : 10, specifjc
pronoters, are mell-ﬁagﬁﬁi in the_ar? an§E§g|%Et?§§g€¥°%$ﬁa%%f%iﬁ?%ue
pronoter is el ER% CRAANGhSSNeNGFar FoskhRE Ehet hromoter Theiwsesent net hod

can be used gpfppegdisd off ¥MRIYHre A2 Lhg.a number of
exogenous 15ﬂpenes, and is no?ﬂ%ini?égh%yﬁ?ﬁéggﬁ%wg% é#é%ﬁth a gene. The

sel ection of AFRéPdeBlREY-@F5davoRsPoterdepends an thécCasal3sg, t he
with t ggp coon i nvent Contaeneced T gRy| 8F. 8 HEBBE: SFeERMkeT " Y or 20
Baci | | t huPPRELERS| BTPBRERTSensTe Wetbrbnden iastbeamce gepes such as
o, 5, 186, S%gnggfﬁﬁ;‘23?%?&.%’5%‘5%32&32%9%3%%&?hé g dfenan e oM
rt.
The present method can be used to.produce
transgenic plants expressing any number of exogenous
15 genes, and is not limited by the choice of such a gene.
The selection of the desired exogenous genc depends on
the goal of the researcher, and numerous examples of
desirable genes that could be used with the present
invention are known in the art (e.g., the family of
20 Bacillius thuringiensis toxin genes, herbicide
resistance genes such as shikimate synthase genes that
confer glyphosate resistance, U.S. Patent No.
5,188,642, or a 2,4-D monooxygenase gene that confers
resistance to 2,4-dichloropheanoxyacetic acid {(2,4~D},
25  Bayley et al., Iheoxetical and Applied Genetics, vol.
82, pp. 645-49, male sterility genes such as the
antisense genes of U.S. Patent No. 5,741,684
(Fabijanski, et al.), or even the elaborate crop
Protection systems described in U.S. Patent No.
30 5,723,765 (Oliver et al.)).
Cotton regeneration is considered in the art to be
heavily variety-dependant. The Coker series of cotton
varieties have been shown to be relatively easy to



resi stance to 2, 4-dichl orophsnoxyacetic acid (2,4-D), 25 Bayley et al.,
Theggeti-cal and Appjigd CGenetics, vol. 82, pp. 645-49, male sterility
genes such as the antisense genes of U S. Patent No. 5,741,684

(Fabijanski, et al.), or even the el aborate crop protect’ Bacemker 283
described in U S_ Patent No_ 30 5, 723,%65 (Aiver et al.)). Cotton
regeneration is considered in the art .to he hegvily varjety-dependant. The
Coker serie ‘Eﬁ’-‘ﬁ’%_n _;I-\‘/‘HFF%H P A o @Hﬁ%“ llé B MY vel y easy to
8 11 DecenbejtriiOIariensbsr stitbweves difffdui4lids diee@iRivedlpiang many

other varieties still have gi fficulties assgciated th regeneration.
. The-si t uat i FFIPAREIOIe FBE ¥ tuaiian dehdde, fRus ;g&‘ &-pl oi d speci es.

Whi | e somat ijefhauiEnseogadestbe Andh p RORD @pid @ - Ofwhshel eddAnls is a

hi ghly geno% e- dependent gr ocess In cotton, su cessf ul  transformation and
regenefati o Yﬂé ngsdsi apd E%Q?W?%‘?'éiﬁ &hole plaphiseds® from U S A
and Si - M an highl9mMgehictgpelasp&edsn € GIRied JAtied detithth ! idmddiEp of 10

the present (invention, It this therefor believed that . the present

i nvention hdFARFEFHFEAPRABNE | TSIIRLEAHAT RN 3Tt INGTa GREEP! cot ton

lines. TrarggaRaierlegrali 0okép 31 HRHOTE Ria CQddBi-Maduced by the
met hods of. the. preésent invention was i5 confirnmed using standard Sout hern

hybri di zat i FFoR quB8s Been fenepshingtehusinditheaegdsudber of the

i nserged tranrgpiesenteadeht 289N € dHNE dHiea XYY fediad BatHY) - - The F
generation qf trans%enl ¢__cotfon can be tested fqr. the presence of Lhe

transgene, JC*aRFSSTREr ANXARE0Rhas widn anplicabidddie t% the F1
generation aamricamaltizadofoacostiéty dahiditoh Ahes.

Transgene integration in the genome of cotton

produced by the methods of the present invention was

15 confirmed using standard Southern hybridization
technigues, as can identification of the copy number of
the inserted transgene in each transgenic line (see
Example 6, below). The F1l generation of transgenic
cotton can be tested for the p#esence of Lhe transgene,

20 and inheritance pattern of the transgene in the F1
generation can be analyzed to confirm stability and
inheritability.

As compared with other reported protocols, the
cotton transformation system of the present invention
25 has higher transformation efficiency and survival rate. .
This is attributable to several factors. In the
‘present invention, petiole was used as an explant for
transformation. Different types of cotton explants can
have_significant effects on the efficiencies of plant
30 transformation and regeneration (Firoozabady et al.,
' 1987). Induction of somatic embryogenesis from petiole
was reported previously. But regeneration was either
unsuccessful or very poor {(Finer and Smith, 1984; Gawel



inheritability. As conpared with other reported protocols, the cotton
transformati on system of the present invention 25 has higher
transformation efficiency and survivalg rate. This is attributable to
several factors. In the present invention, petiole was Usleresbesg0@Xpl ant
for transformation. Di fferen& types of cotton explants can have
S|gnlflcante§ﬁ§¥xﬁ599ﬁ§1rheWéF E%énEF@§Fbt pnﬁﬁnt30nzrbhefornat|on and

t 9
éﬁ%??352@?@1‘%%%?6??‘?3*@%33???5 PG SIAELERRCTE PRBBBYRS i on was

either unRERIHYUILHG FBEPYE F‘e@Fﬁnéisﬁﬁﬁs%bﬁlOH904InGawel 9 11 |
Decenber 209%efdridd .eutifiihent! ! Ballle Brescgh qaxsgggoneréhe ef ficiency of

regeneratlon was s gqgglcantly [ roved by I fproved nedi a
di scus3ed HRRIG &F@idsfre éﬁ%auﬁeﬁh inapareochmnghcqw ity were 5

obt ai ned whgy peidary nfatsdma& buﬁblé“tﬂééﬁacwbéf@ gﬁﬂ;ur Eg vascul ar
el

bundl e tissue mere cultured:- t he medi um ( escrl wth | ow
concent r at iMfRL Rg %Pmlqg%%ﬁﬁlkﬁﬁePPﬁOWVVvhthhbowr@Qaﬂentnaémbmwn t he Line
for enbryC)oﬁih)qubugﬂdnxﬂd@tga§pen3|on cul ture can be shortened to 10 - 14
days, from a preyvjaqus reported 3 weeks (Cousins et al., 1991). It was

found that a sh&Pﬁ@héH%béFFﬁ&nt n§8§5éﬁ§roﬁh%uL%mﬁefpreamhﬁwp i s inportant

for high finfouacos Ilﬁﬂts@fsp@as%ne&mw%nééhsbe'&Hbé gheg {p lygportant for
reduci ng productjon of_ abnormal enbryos si.nce a ﬁ per cent age of

vitreous erbriofa¥a GHoR apBSFVFﬁ“F geﬁEPaFteﬁ areepkad&69§smmgh cotton
calli are e&®idiigi nebin suspeasi e8uAd! tHaE £05hbPRch@AJpYRERELs 2l |

unpublIsfmﬂgégﬁgﬂgggﬂtldhture treatment is important for high
frequency induction of embryogenesis. It is also

15 important fdr reducing production of abnormal embryos,
since a high percentage of vitreoﬁs embryos that are
poor in regenefation ére produced when cotton calli are
maintained in suspension culture for too long {Chen et
al, unpublished obse;vatioh).

20 Por maximum cell ~wowth at different stages except
at the young plant growing stage, glucose was used as
the sole carbon source. The amount of glucose in the
media can bc from about 10 to about 50 g/l, preferably
about 30 g/l. At the young plant j.cwing étage, .

25 glucose and sucrose at about 10 g/l respectively as
carbon sources are preferable for promotion of healthy
plantlets growth.

For growth of callus, embrycgenesis and callus
proliferation, pH range can be from 5.8 to 7.5,
30 preferably pH 6.2 — 7.0, most preferably at pH 6.5. A

medium of pH 7.0 is preferable for healthy root growth
of plantlets.



20 For maximunms cell growh at different stages except at the young plant
grow ng stage, glucose was used as the sole carbon source- The anount of
glucose in the nedia can be fromabout 10 to about 50 g/ preferably
about 30 g/1. At the young plant growing stage, 25 gl ucoddPessmnbenefeze at
‘abaut 10 g/ 1 respectively as carbon ¥®urces are preferable for pronotion
of heal t hy plantletsfgromﬁh For growth of callus, enbryogenesis and

cal lus prolifef&t §Freghivengaliun bélﬁléﬁi§n8aﬂ@ imdyeBiomraef er abl y pH

6.2 - 7.0, tlﬁésbo&rée,f:@r @,lfl Y g?@@eg_s g?ﬁb%?%l?grlgﬁpr ef erabl e for

heal thy roaqt gromﬁh pl ant 11 EEC fective callus
initiationZafd |ﬁ690¥#8ﬁtéﬂ 1Bh§hﬁoﬁéhé95oinéﬁﬁtyﬁgenui|s&lémmion '

concentratm@aguﬁfisziﬁ?grggqtk|nghbnahgu%ﬁeoga Igsbtgggqglqgran sel ection
om

medi um i s i nportant he anmount of can bé'fr t 0.5
my/ 1, Spr ef EPaBP§AbBaf BIS. nBFRLeYAblyanbont 65 0kimefln CErebe from 0..0

ng/l to abahhbu&tOofnﬂiﬂaetmheé:ﬁhaﬁéyfEQE!Ub 8 ?ag?ﬂ’ {:o d&ﬁig es,f(?' | us

dlfferentlatlgn stage and id germnatio age, result were
obt ai ned wWHgALnoPRE ﬁFaPBYnBHEURaQ 1@9é@dedInothaecmbﬂms. The anino acids

asparaglnedanﬂéﬁé ﬂiataahngra & RAk!ERbRLLE QY n.4 norganic
anmoni a ni ; speC|f|%aIIy su Y%?ﬁ Sgﬁggﬁégfs ge T Tati on and

root devel ﬁ nFESVﬁttﬂ@rEnﬁPyéiﬂeéew ﬁaﬂpoplﬁﬁﬂlhmwmQﬁktwmsanDunt of -

aspanegi neadaadbecabnRgt médPat 0 about 1000 ng/l, preferably about 500 ng/1.
The amount of ghutainine cga be "about 500 to about 2000 ng/1, preferably
about 1000 ny/ | T FH-FRe8EI BBt f#5PaEfgine and/or glutamine are .

better nitrogen sources than 1norganic ammonia nitrogen
for specifically supporting embryoids germination and
root development. In the embryoid germination medium,

15 the amount of asparagine can be about 200 to aboﬁt 1000
mg/l, preferably about 500 mg/l. The amount of
glutamine can be about 500 to about 2000 mg/1,
preferably about 1000 mag/l. _With these optimized
nitrogen sources, the growth oﬁ non—-embryocgenic calli

20 was inhibited while the germination, growth and root
development of embryoids were preferentially promoted.

At different stages of cotton transformation

cxcept co-culture with Agrobacterium, plant tissue and
callus are preferably maintained at 28°C but can be

25 varied from 25-35°C. For effective transformation,
.temperature in co-culture stage should not be higher
than 28°C. A light condition of 16 hrs. light (60-90,
NEm2s-!) and 8 hrs. dark per day is preferable for all
stages of cotton transformation and regeneration. |

30 Unlikc previously reported transformation énd

' regeneration protocols {Umbeck et al;, 1987;
Firoozabady et al., 1987, Cousins et al.), the media
used in the present invention are optimized in several



ni trogen sources, the growh of non-enbryogenic calli 20 was inhibited
while the germnation, growh and root devel opment of enbryoids were
preferentially pronoted. At different stages of cotton transformation
except co-culture with Agrobacteriuun,, plant tissue and.!! leegember 2p@3

p][ ?f e: ablyt mai nt ai nesl_ at 28(jE but catn lf"e1 25 vari efltfrom t25- 35C.h Flo(r:I -
effective ty pravgisect al ef i 0-C ure.:tags shou not be
hi gher than 28C. A Ifigjﬂtg c%n. |tio% %j%eecié%%s.s‘) PoRETP8H- gﬁ‘,‘“"ﬁEm 2S"1) and
8 hrs. dar Khpelidgmrlsugn adatizb| exdept aln thestmegdsmofisedt ton transfor mation
and regener®&iiitQfx i £ ,_cg,;fj ' or transfornation and '
regeneration pr(%;teoég?s )gr%g}?é \éédfa .‘%(ug;lg%ﬁ,ptl%gltF'BgzgﬁgdﬁneFﬁﬁl ., 1987,
Cousi ns et @eonhqiEe neldtia thes aee the gbjemtet tovhigher pHe optim zed in
sever & 11@1@%@@ 748303 (8sSPERISS (?g lLucose is _used as a sol e carbon
source in all culture ?gdi.a(ch_ceptéﬁn cﬁr%%?ﬁ%?édit’g'gcul ture young

pl ants previ®Psmd I &nd dgnakin n(@ He mgytldedsoused phlythe nedia is

adj ust ed t gIGHREr B 14 2D~ . | ower: _cancentration of 2,4-D
(0.05nmg/ 1) and Ki netin (0.1 G\r$g_/ 1 es'i Znéa)sheo onf-y At “?8§| FﬁsoﬁﬁFFi ation stage,
no hor none StR9eFd ) AMATa@mRand (Ghutasyineagirecuard gbut ani ne are used

Lo repl acedgieiaanidoriEm Al 04 Adde spedhumuaed, 10.Lor embryoi d
" germ_nation 'FJ'Ilhese modjfications are a e'{%tgtgg P'gfgh?ﬂgl%ﬁiﬁygﬁ BF6Yi cal
requitPementtodt STRGYSHC Gaiminat mvel Ghease medd fikattibes grewth. | L has
- been founddapled S TBhee PP SlEVEl 0 . | ant | e T owt h,.
especially-root system develﬁ?{)%grrient(?beiare I ar%té'rr%a%gp'a? rFBE-IFggI e to these
optim zed FEtpEY o Iigh dexedqRment and plantdetf grovtbhat Iaspasabear and
gl utam ne Wiid that healthy embryoid development and plantiet
growth, especially root system development, are largely
15 attributable to these optimized media. For example, it
has been found that asparagine and glutamine were
better nitrogen source than inorganic ammonia nitrogen
for support:’_.ng embryqid germination and root

development. In the preferred i.4$3 medium (described

M
)

below), which contains asparagi-@ and glutamine as the
nitrogen source, the growth of non-embryogenic calli
was inhibited while the germination, growth and root
development of embrycids were preferentially promoted.
Because of the healthy root development, the survival
25 rate of potted transgenic cotton plants obtained by the
methods of the present invention is almost 100%. With
the reported hypocotyl- and éotyledon proteocols (Umbeck
et al., 1987; Firoozabady et al., 1987), poor root
development has been regarded as the main reason
30 accounting for poor survival rate of potted transgenic
cotton plants.



better-nitrogen source than inorganic amonia nitrogen for supporting
enbryoi d germ nation and root developnent. In the preferred L S3 nedi um
(descri bed 20 bel ow), which contains asparagi na and glutanlne as the
nitrogen source, the growth of non-ernbryogenic cal-1i Wd2PAREHZEH while
the germination, growh and root de¥%&l opnent of enbryoids were
preferentially pronoted Because of the healthy root devel opnent, the
survival 25 ratEthfﬁei?QkPﬁrﬂ&ﬁé@éﬁ¢€r€69tﬁ%abtaﬁ%%S%%t%P%Eﬁrﬁy t he

net hods of nbheaphigeanini te Hrplies:al most 100% Wth the reported
hypocotyl - and cotyl edon protocols (Urbeck et al., 1987; Firoozabady et
al ., 1967), poor root developnent has been regarded as the mai n reason 30

accountingq ﬁ.grSE@Qﬂ.lﬁ ?rtd:&ngr el Rgbkeqilr:éarsgem_c cotton plants. 12
11 Decenber 2003 The ar e. preferred gnt tissue culture nedia
used in the ExaffpMést afaﬁ)s%ﬁg g? #1 (per liter); ' M basa
salt gnxture (Sognag N, 600 . P g NgG ,- 6H20 2' .0 g gellan gum

(Phyt agel 1M Si |oIe e culture nmedium (per liter):
M5 basal salt n&gﬁuﬁe ﬁfﬂ%ﬁ%)éf@LD t@ﬁ?é 2. §ig™3e| | an gum ( Phyt agel t m
Sigma) pH7.u pB)7C0-culture nmedium (per liter); M basal salt mxture 15.

10 ng Thiamne-HC1L 1 ng Pyri doxi ne- HC1
(2) Peticle pre-culture medium (per liter):
, MS basal salt mixture
10 0.9 g MgCl, 6H,0

2.0 g gellan gum. (Phytagel™, Sigma)
pH 7.v

(3) Co-culture medium (per liter):
- MS basal salt mixture

15 10 mg Thiamine-HC1

1 mg Pyridoxine-HCl

1 mg Nicotinic acid

100 mg Myo-inositoel

0.05 mg 2,4-dichlorophenoxyacetic acid (2, 4-D)
20 0.1 mg Kinetin

30 g Glucose

0.9 g MgCl, 6H,0

2.0 g gellan gum (Phytagel“ﬂ Sigma)

pH 6.5

25 (4 MMS1 - callus induction and selection medium (per
liter):
Co-culture medium
50 mg Kanamycin
500 mg Cefotaxime



1 ng Nicotinic acid 100 ng Myo-inositol 0.05 ng 2, 4-dichi orophenoxyacetic
acid (2,4-D) 20 0.1 ng Kinetin 30 g Gucose 0.9 g MyC 12 6H20 2.0 g
gel l an gum (Phytagell, Sigma) pH 6.5 25 (4) MM51 - callus induction and
sel ection nmedium (per liter) . Co-culture medium 50 ngiRgr@mper A00%00 ny
Cef ot axi me 11 Decenber 2003 13 (5) 2 - differentiation nmedium (per
litre): MS basal salt mxture 10 ng*Yhiam ne-HCL 1 ng Pyridoxine-HCL. 5

WOtz or2dS1o"B50 AEFaR HeA R P (REAYSTAN G, 5 (5) MBS - |
enbryoi d ger m nMEi basabdeéakbt (misturetre): 3.8 g KNGB 440 ng ' CaCl2 B20O 15
375 my MyS04 7Hg m&7OTHEa$iﬁgﬂﬁ%ll g Gutam ne 500 ng Asparagins -
' 1 mg Pyridoxine-HC!
5 1 mg Nicotinic acid
100 mg Myo-inositol
1.9 g KNO,
30 g Glucose
0.9 g MgCl,6H,0
10 2.0 g gellan gum (Phytagél™, Sigma)
pH 6.5 '

(5) MMS3 - embryoid'germination medium (per litrxe):
3.8 g KNOy
440 mg ' CaCl,'H,0
15 375 mg MgS0, TH,0
170 mg KH,PO,
1l g Glutamine
500 mg Asparagins
43 mg EDTA ferric-Na salt
20 MS micronutrients (Murashige and Skoog, 1962)
' iC mg Thiamine-HCl
1 mg Pyridoxine-HC1
1 mg Nicotinic acid
100 mg Myo-inositol
25 30 g Glucose
0.9 g MgCl,-6H,0 _
2.0 g gellan gum (Phytagel™, Sigma)
pPH 6.5

(7) Young plant growing medium
30 S&H medium Macro and Micro elements (Strewart and
Hsu, 1977)



43 mg EDTA ferric-Na salt 20 M5 micronutrients (Mirashige and Skoog, 1962)
10 ng Thiamne-HO 1 ng Pyridoxine-Hcl 1 ng Nicotinic acid 100 ny
Myo-inositol 25 30 g Qucose 0.9 g MgC12. 6H20 2.0 g gell an gum
(Phytagel s", Sigma) pH 6.5 30 (7) Young plant grow ng nEdPecaMRer 2082di um
Macro and Mcro el ements (Strewart and4 Hsu, 1977) 14 10 ng Thi ami ne- HC1
7. mg Pyridoxine-:HCI 1 nmg Nicotinic acid 100 ng Myo-inositol 5 10 g

d ucose 1.0 g - ADsethipmpne ek 7. 6H20 2.0 g gel | an gum ( Phyt agel Tm
Sigma) PH 7.0 1ﬂtﬂycq@xﬁdd¥¥ﬁngtﬂhe following Exanples are intended to
illustrate the present. invention, and not in any way to limt its scope,
~which is solely ﬁéﬂ?n RF4HE @Eds. Exanple 1: Agrobacterium strain and
plasm ds A tunel@®imds Mid-didbsiRp¥404 (pBl 121GFP) was 15 used for
transf.ormation cottqon petiole and young stem The physical map of
pE1121CFP i s sh 9r1¢;%é§§e whi ch contains GFP as a reporter gene and

NPTI | gene 10 g ' Sucrose
0.9 g MgCl, 6H,0
2.0 g gellan gum (Phytagel™, Sigma)
pPH 7.0 '

10 The iolldwing Exampies are intended to illustratc
the present invention, and not in any way to limit its
scope, which is solely defined by the claims.

Example ]: Agrobacterium strain and plasmids
A. tumefaciens strain LBA 4404 (pBI121GFP) was

15 used for traﬂsfoimation of cotton petiocle and young
stem. The'physical map of pBI121GFP is shown in Fig.l,
which contains GFP as a reporter gene and NPTII gene
{encoding neomycin phoéphotransferase} as a selectable
marker. The GFP and NPTTT genes are under the control

20 of CaMV 355 promoter and nos promoter respectively.
For construction of pBI121GFP, a 720 bp xbéI-SstI
fragment of GFP gene from the pGFP2 plasmid (ffom Dr.
N. H. Chua, Rockefélier University, New York) was
‘cloned into the same sites in plasmid vector pBI121

25  4Clontech) to replace the GUS gene. The pBI121GFP

| plasmid was introduced into A. tumefaciens LBA 4404 by
electroporation.

Example 2: Plant material



(encodi ng neonyci n phosphotransferase) as a selectable narker- The G-P and
NPTTT genes are under the control 20 of CaW 35S pronoter and nos pronoter
respectively. For construction of pBI121G-P, a 720 bp Xbal - Sstl fragnent
of GFP gene fromthe pGFP2 plasnmid (fromDr. N H Chuall Pecsoies 2003

Uni versity, New York) was cloned intgjthe sanme sites in plasmd vector

pBl 121 25 ~..Ciontechl to replace the S gene. The pBI 121G-P. plasm c was

i ntroduced into YpldndredAct S SrdBh WiOd l-8ct . 1.0 anpl e 2:
Plant material 11 Decenper 2003 15 Upl andgy‘f:olfton \%%lg{et%?‘es%@sk 312 from

the U S. A ahghdioMignn? 3E5em Rhenmk Caston Resaarohc Anstdtittet dni n Chi na

- were used ighidle wedaidd®Nid . tHe ef)_ﬁﬁé fs wer e coI | ected fromplants
8--12 S weeks old grown in a. greenhouse wth lowli conditions. The

petiol es were suh§Rdax R8k91e5 MP R tepllarted i Pf tla‘ Besl2seconds,
Fol | ousd byl bRaGroel 1 0 L 80 o150y 1 241 | abl o chlor i ne)
er,

for 20 mn. After rinsing five Tines In ster zed the 10 petioles
were pre- c HNFEINS W5 TheliRAR ke s weEs . Skt sterilized withi S

formtion /oy nalrel ot of foy SUBSAE o n.goﬁJ@Ld‘gyBéo‘i“%ea Bl rlélGFP )

was|noculated|nI|‘(I:&f|d1Rrred|umvmt f anpi crm,
kananyci n 1o 1 Gt i 1Y W%ﬂﬁt@m@qmegr(ﬁm @Per ni ght  at

28C in a skiker ;;ﬁté}_O(};j[rggm Thﬁ_‘@qg u Wi ng
l i quid MS %%d to COD600 - ng The %gf#;&lg%aé%j?%uir% g’taet%fv(eﬁte%cut into
c %&T

about1® R iRk §rerr&‘éﬂsfégmd1t§1voé‘i avedidite Fam X dayzo di | ut ed

bact erium suspension for 5 mn, then
Rxampl : Plant transformation
A single colony of A. tumefaciens strain LBA 4404

(pBI121GFP) was inoculated in liquid 7B medium with 50
mg/L Rifampicin, 50 mg/L kanamycin and 100 mg/L

15 streptomycin. The bacteria was grown overnight at 28°C
in a shaker of 200 rpm. The bécterium cultures were
diluted using liquid MS medium to OD600 = 0.3,

The peliole and young stem were cut into about 2

cm long segments. The segments were soaked in the

20 diluted bacterium suspension for 5 min, then
transferrced onto plastic plates (100 x 25 mm)
containing a filter pa?er soaked in 50 ml of co—-culture
medium. The plates were kept in an incubator of 24°C
under continuous -light for.ae'hrs. The co~cultured

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

30 the number ¢of calli were counted and the expression of
GFP gene was examined.



transferred onto plastic plates (100 x 25 nmm) containing a filter paper
soaked in 50 m of co-culture mnedium The plates were kept in an incubator
of 24C under continuous-light for 48 hrs. The co-cul tured pl aan wer e
transferred onto MV61l medi um and incubated at 28 C V\nth111%e‘fﬂ‘"§b

(60-90 , IEn725-1) arid 8 hrs dark peggday. After 2-4 weeks cal I| were
initiated at the cut ends of petiole segnents. After 4-6 weeks kanamycin
resistant calli haﬂda@penéeﬂlu@d‘&c'i@tdeh%ﬂ&%@% of ggl!i were counted and

t he expression of gg was exam.ned. 11 De%enber 2003 16 Under the

f I uor escenc M EPBELOHES r RP@easadr sed chin | osleppeared red in

col our, \Ahn&lﬁ.léethéaﬂﬁil@st’@dné‘cﬁ'dalﬂu%xl&&§§§b§9n9:&'§e§§ned' spl ayed’
di sti nct gre.nf utative transforned calli

u%gsgence A total
vvere exam n LRI e ﬁretel’i’eftlr“é’ﬁ@ﬁéﬁﬁﬁ@ronﬂft@mlbnmj dL3GFP gene

3% 8% (}_iatﬂe:..x’kée tﬂﬁmfmtecplmmr QRreokkaniNgd | ¥ cPb--Man 3 were
usedfor transfor t|0 1 cal were found GFP positive from26 calli

tested, trafgot¥h -fbn 90- %S r@ﬁ@}%@-‘@ﬂ“@%’)’ﬁ%l@‘&.gwanﬁaerrrat i on
frequenm es 3§ . gt (’DélebefI]O.m Whelnt pat ek es 'ﬁ‘égma@.gt&nl\@ﬁi:?z.ét S

Vari et i esNu(rg}ir of Nugber sffqg: gene cal | |E05| tive callltransformati on
testedfrequ ) ‘k%lfe A53§ransfopmakions 13k 2calligheres;
| nducti on offcﬂ.ﬁi’dittEEP P VoA Eriom 280 cBh 2Rt tes 88N SF AL QPormation

1o efficiency was 42.3%.

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

Varieties | Number of Number of GFP GFP gene
calli positive calli |transformation
| tested frequency (%)
Coker 312 {113 45 35.8
15 Si-Mian 3 |26 111 42.3

Example 4: Induction of somatic embryogenesis and plant
regeneration
The calli with vigorous growth and strong

expression of GFP were selected and trénsferred into

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

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



The calli with vigorous growh and strong expression of GFP were sel ected
and transferred into 20 liquid M52 nmedi um for suspension culture for 2

weeks. Friable creamcol ored granular calli were selected and transferred
to sem-solid differential medium MB2. After about 2 Hd/Roegbgr 2e0%e
nunber of enbryoids were produced. opl asm ¢ dense enbryogenic

structures 25 were gradual |y devel oped and | arge embryos were produced on
the medi unpwhi-BkBidn2oR0BER. gbnahehl Ehgskegfai¥§£e§§5() Lyldiue treatment
was very |ngortant,,not only for high frequentTi es of enbryogenesis

i nduct i on, GFBUPO&A&dVEor producti an of enbryoi ds of good quality. -11
Decenber 2003 1¥nEXRhBEFb98sOEnSFbmbe s | all were

GFP positive. The_eqbrygidssang enbrygegﬁﬁgécg%?fkeg%ﬁgg%gkﬁﬁyj GFP activity
wer e transEEPr 8gtaNAS Yt HermbEEapedearrdsonte ckhe - 1M mediunhe
pl antgets-jleab-ngre aaaﬁhsltﬁecmgh&ﬁ%ﬁgbﬁaw &ng’rl;%?&gﬁ.!f%es and good

root devel opnent were-transferred to the Young ow ng~ Medi um for

about one ¥BnhgighfoMithnd-RohrMe deaves godngopdianestwith 6-8 | eaves and

about” 10- 1§e¢81 bpmbRthakght tyane fadlleed b Al Lodhd PPYS: (& dfig §! asshouse.
Al'l .30 potted transgenic plants survived and were™foun expressi ng GFP

protein. THEAEBRAfOF] #ROPEGRPEeBORGh-obAlPHEL PARSHENTR Btteld ets using was
under 7 nogbliig paaats! ﬁ&th_essswa%%vre%a%agaﬁeﬁtps?blglﬁgﬁ,gtlﬁnI nthe 35
greenhouse. in Ebout 2 additional months (see Table 2). able 2: The tine
f ramt0f r onPetaREs Yerg: PORTER A8t Soid avdgmemestootpraglasshewssation.
(. Coker 31R)1TrenpbetedGekhkrsEabAirop148¢a8nshrFi0SEhAYGEL 0% ound
expressing GFP protein. The total time required to
cbtain transgenic plantlets using was under 7 months,

and plantlets were reading for potting out in the

15 greenhousc in about 2 additional months {see Table 2).

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

- : T
Transform- | Callus Embryos Regener~- Planis Flowaring
ation obtalned | appeared | ation planted
" to grgen
_ house
20 10/4/9% 26/5/9%8 28/7/98 1711/98 31/12/98 | 14/2/99

Example 5: Detection of GFP Protein Activity
' The expression of GFP protein activity was
detected using a Leica-M2 FLIIT Fluorescence stereo
microscope with a 480/40 nM excitation filter and a 510
25 nM barrier filter.

Green fluorescence of GFP gene can be easily
distinguished in the transformed callus, embryoids, and
young plantlets, with the untransformed control
appeared red in colour under the fluorescence Stereo

30 microscope. The exceptions were the untransformed



at i onobt ai nedappeared ati onplanted to groen house
10/ 4/ 9826/ 5/ 9329/ 7/ 981/ 11/ 9831/ 12/ 9814/ 2/ 99 Exanpl e 5: Detection of G-P

Protein Activity The expression of GFP protein activity s dete d using
a Leica-MZ FLIIT Fluorescence stereo microscope with a 14‘5@?%@1&9%/&583
excitation filter and a 519 25 iiMbarrier filter. Geen fluorescence of
GFP -gene can be easily distinguished 1% the transforned call us,

enbryoi ds, an u antlets, with the untransfornmed control appeared
red in col our‘gﬂﬁgg? q&h‘g&f | ARG EE, ddinspEpen BRdet ctlus chbeord@beenwsept i ons

were the untrmmsfuu¢ngh;tpﬂbﬁaﬁq@eaugoea 48mé 08k Som '5fbg@peared di m green
under the f|u8ﬂ§$9$%%§ m cr s%ppe“ probably due to sone CThronophorous
chemical s accunul= i%?qgﬂﬁi§.eﬂuﬁntHBOFﬁotSBV$t¢hQ§$bOG@twﬂtmyGEBuId
still be idemctiwitberale stli¢lgpeendsnt ) HOEESEEAGE P AdUCEd. b
GFP. protegin \/\f_ﬁ_‘g)’%l hter and aggegr ed rmre%ﬁi?%rm %n%gél %’fd%e%l ue |ight
produced by tThe FiU0r S EFOEUER: BY GFR RXeepin wasl Htightercmme s
clearly visi Hppéareadmoaes balifedng’ eoRdEF e thHSHES 4@%;-8‘” enriched
posT 11 REGPERR

with chl oropty lt su?gluas | eaf and 10 stem In G-P-p pl ant
ti ssues, yell N9 ForOresnencs) Shetpe MatrIcerheceats of biotéecenver | appi ng

of red and grieercYdariyesdistibee tbvﬁuefansf%é‘&% (i.ﬁf%&_r C%%P? eggfi nI t
i'n 0 pl ant .

Egt El( ﬁgfieagf{j%#a}%% g?%f?.rcﬁrgg'ngagﬁi ﬁ%ﬁ;{‘@%&mx daNAedf cangput at i vel y
transfaoned |dvers ade GEPRpbEABSHEr gRser 4R Aty Wase Pl Fied.
according  £1y5regcence also was detected because of the

overlapping of red and green fluorescence. However,

the expression of GFP gene in petal and anther was

poorer in comparison to that in other parts of plant.

15 Example 6: Analysis of Transgenic Plants
Genomic DNA from putatively transformed lines and
non—-trz..gformed contryl plants was purified according
to Paterson et al. (13523). After digestion with Ecokl,
which cuts inj-between left border of T-DNA and Nos=3"'
20 terminator of the chimerical GFP gene (Fig. 1), DNA was
separated on a 0.8% TAE agarose gel and transferred to
Hybond-N membrane according to manufacturer's
instructions. DNA was fixed to the nepbrane by UV
crossing linking before hybridizing to the DIG labeled
25 coding region of the GFP gene. Hybridized probe was
detected with anti-DIG-AP conjugate according to
manufacturer's instructions (BOENRINGER MANNHEIM) .
The genomic DNA samples from 11 randomly selected
transgenic lines and 1 untransformed control plant were
30 analyzed Southern hybridization, using the coding
region of GFP gene as the hybridization probe. The
data indicate thalt 7 out of 11 lines have a single



to Paterson et i_ (i 3). After digestion with EcoRI, which cuts

I nj-between | eft border of T-DNA and Nos-3' 20 term nator of the chinerical
GFP gene (Fig. 1), DNA was separated on a 0.8% TAE agarose gel an
transferred to fiyb.ond-N nenbrane accorgling to manuf actldPegerber 2003

i nstructions. DNA was fixed to the nenbrane by UV crossing |inking before

hybri di zi ng t ccoapye DI Gihaebehade28 copieg, rag an 1f DS ridized

probe was de ’%ﬁé&g’cﬁ/ﬁﬁ I_@ll_l(}ﬁf conj ugat e accrgér Hﬁnsg:étao na%%]l‘_%gturer"s

i nstructions ?1% r NHETT) P 1IN SarRisaetiom 11

randonl y sel edtises widhsgeninglé nesppnslt IT-4mia ansfai®y, %q_.{ggr%gtagl ant were
coding regiomro P gene as

30 analyzed S et hybridigation, using th

t he hybridiza?%%% %ﬁ&%e?g. g%ofﬂﬁgﬁ??mﬁ¥éhQFq &2s7 lams griskl 9f r@sndiave a
single 1% 11 Bddemodng280d uogysifablsemdwmach GRRiSH s and 1 line has 6
copies of T-DNA insertion. The high percentage of transgenic lines with a
singl e copy of T-DNA insertion suggests that this transformation protocol

has | ess ri skRefegenceS €itedci ng and undesirabl e insertion nutants.
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2003 25 W claim 1. A nethod-for pr28lucing a transgenic cotton plant
conprising the steps of: (a) obtaining tender petioles frompre-flowering
cotton plants for use as an explant, (b) exposing the petiole explants to
a cul turey@f yAgy-obacterium tunefaciens that harbors a vector conprising an
exogenous gene ‘and a sel ectable marker, the Agrobacterium being capabl e of
ef fecti ng't he Atnagthed fardnedusingas transgesizsgevplenyene and sel ection agent

resistance gengo,%ﬁri ‘ﬁ’bethg% f0f the cells of the petiole explant, (c)
I h . hi gh enb , (d
el ecting tra p(?air%i%m@ﬁef’ie%Qéf%%@'eéﬁﬁﬁﬁgeé@&w%ﬁger B Rbt BEHEE 1o

selecting trans
culturing the sel eesad explahiys i n suspension culture in differentiation

medi um cont ai ning no plant hornmone for no nore than twenty days to induce
formati on of enbryoids, (f) regenerating the enbryoids into whole

transgeni c cotfon Q}(?&l}ﬁrg; f tﬂ%?peﬁ’i@ﬁehggpl%tsC{oaiamchlu}?@e&e iA?;réb*%%teP:ﬁH ol e

explants are pre-cu _
tumefaciens that harbors a vector comprising an exogenous gene

and a selectable marker, the Agrobacterium being capable of
effecting the stable transfer of the exogencus gene and selection
agent resistance gene to the genome of the cells of the petiole

explant,
(c) culturing the petiole explants to induce high embryogenic potency,
(d) selecting transformed callus that expresses the exogenous gene,

(&) culturing the selected callus in suspension culture in differentiation
medium containing no plant hormone for no more than twenty
days to induce formation of embryoids,

(f)  regenerating the embryoids into whole transgenic cotton plants.

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

fumefaciens.

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

4. The method of claim 3 wherein the glucose is in an amount of about 10
g/l to about 50 g/l.



a period of tinme prior to exposure to the culture of Agrobacterium
tumefaciens. 3. The nethod of claim 1l wherein the culture nedia used in
steps (b)-(e) have glucose as the sole carbon source. 4. The net hod of
claim 3 wherein the glucose is in an amount of about 10 1gPecemPesgBed so
gil. 11 Decenber 2003 26 5. The nethod of claim4 wherein the glucose is in
an anount of about 30 gll. 6. The nethod of claim|l wherein the culture
media used in steps (c) and (e)-(f) do not contain hornones . 7. The

met hod of claim 1 wherein enbyroid germnation is carried out in a mnedium
having a source of nitrogen selected fsomthe group consisting of
asparagi ne, glutam ne or both asparagi ne and glutam ne, 8. The nethod of
claim7 wherein the source of nitrogen is in an anmount of about 700 ny/l
to about 5 g/lI. 9. The nmethod of claim@8 wherein the source of nitrogen is

Source-of it rogdy e tend? i S aMershl Sl lhARE 2l A Ak of REOTERr agi ne i <

in an anmount of d&flout 200 ng/l to about | gll and the glutamine is in an
anount of about 500 ny/l to about 2 g/l. 11. The nethod of claim 10
wherein the asparagine is in an anount of about 500 ng/l and the gl utam ne
is in an amfunt diheabrihed pf ghim 1 wherehméhenetithesimefliagisad in stephde)sind t he

suspensi on cul turg_of duration of |ess than about 20 days.
11 Decenber 2003 (%7®1%9Sﬁ($%8ﬁ%33 ﬁg@no S¢laim 1 wherein the suspensi on

culture of step (e) has a duration of about 10 days to about 20 days. 14.

the method ef cl andiddndder Ghifh § WhertiF BRBHoRIGdrHidtbR ilarilPBulif Nas 2
duration of about 14 days.
medium having a source of nitrogen selected from the group consisting

of asparagine, glutamine or both asparagine and glutamine.

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

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

10. The method of claim 7 wherein the source of nitrogen is both
asparagine and giutamine, and the asparagine is in an amount of about
200 mg/l to about 1 g/l and the glutamine is in an amount of about 500
mg/l to about 2 g/l.

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

12.  The method of claim 1 wherein the suspension culture of step (g) has a
duration of less than about 20 days.



15. The method of claim 1l wherein step (c) is carried out in the presence
of any one hornone at a concentration of fromO to about 1 ng/liter. 16.
The net hod of claim 15 wherein the concentration of any one hornone ranges
fromO to about 1 ng/l. 17. The method of clai m 15 wher eilPageapper €903 s
carried out in the presence of 2,4-dichlorophenoxyacetic acid in a
concentration ranging fromO to about 0.5 ng/l and kinetin in
concentration ranging fromO to about 1 ng/l. 18. The nmethod of claim 17
wherein the 2, 4-dichl orophenoxyaceti27 acid is in a concentration of about
0.05 ngll and the kinetinis in a concentration of about 0.1 ng/l. 11
Decenber 2003 28 19. A nethod for producing a transgenie cotton plant
conprising the steps of: (a) obtaining tender petioles frompre-flowering
cotton pl ants13.or Tse nmethanofelginahivherleln the>quepéntipri fatufedi gbe (@tasants to a

cul ture of Agrobac fach Lfhat har a vector conprising an
exogenous gone andég["lsaé&ééf g%?"@qhéjﬂ%h er‘}{er\‘ggéa%Soacteri uxx, being capable
of effecting the stable transfer of the exogenous gene and sel ecti on agent
resi stance ge t h eno of e cells of the.petiple explant, (o)
cul turing theﬁ%et ?Blfee%ggwpaﬁaa@oﬁq‘ﬁﬁﬂ@@ %ﬁtﬁ“ﬁ%ﬂgh&o CE@I”FLPE B fation, (d)

sel ecti ng transf orimsta crdtios of Badutedptagysses t he exogenous gene, (e)
culturing the selected callus ire-suspension culture to induce formation of
enbryolds, (f) regenerating the enbryoids into whole transgenie cotton

pl ants; wherei®h atThesmsthodmd clafim 4 tvdeseif slepgndis cajriedoupirthe bresgned ola pH: of
at least S.B. 20. i . r ui tto | ant
conprising the st e‘%‘é;%n%?'é’ R%Bféa?%%aﬂg%%d@rf%ﬁgi(%%ﬁg%uqﬁr%%[ﬂ&‘?ﬁe-f | oweri ng
cotton plants for use as an explant, (b) exposing the petiole explants to a

cul ture of Agrgbact ' facie , bor s vector conprising an
exogenous genfag?andli—i:z’ié gﬁ%té%téjgglc%ﬁ%?iﬁhg?%lﬂgﬁégcrogﬁ%@{a IP?Lﬂ%arHe?ltlll capabl e of
ef fecting the stabhemanansfigas fofm thhie abeoyenwds gene and sel ection agent
resi stance gene to the genone of the cells of the petiole explant, (c)

culturing the petiole explants in the presence of about 0.05 ng/liter 2,4-
di chl or ophenok&acethaemeathod dsthimdduvheein step (o) isscarkedetti in theopieaehnee

enbryogeni ¢ cal | usyd 25 RhiP8phenoxyacetic acid in a concentration ranging from 0 to
about 0.5 mg/l and Kkinetin in concentration ranging from 0 to about 1
mg/l.

18.  The method of claim 17 wherein the 2,4-dichlorophenoxyacetic acid is
in a concentration of about 0.05 mg/l and the Kinetin is in a

concentration of about 0.1 mg/l.



(d) selecting transformed cal l us that expresses the exogenous gone, (e)
culturing the selected callus in suspension culture in differentiation

medi um contai ning no plant hornone for no nore than twenty, days to_induce
formation of enbryoids, (f) regenerating the enbryoids i Hlge

transgenic cotton: plants. : .

28

19. A method for producing a transgende cotton plant comprising the steps of: |

(2) obtaining tender petioles from pre-flowering cotton plahis for use as an explant,

(b) exposing the petiole explants to a culture of Agrobacterium tumefaciens that harbors a
vector coriprising an exogenous gene and a selectable marker, the Agrobacteriu.
being capable of effecting the stable transfer of the exogenous gene and selection
agent reslstance gene to the genome of the cells of the petiole explant,

(c) culturing the petiole axplarits to induce embryo gahic cellus formation,

(d) selecting transformed callus that expresses the exogenous getie,

() culturing the selected callns in.suspension culture to induce formation of embryolds,

(@ regenerating the embryoids into whole transgenic cottcm. plants;

wherein at least one of steps (¢) and (2) is performed at a pI—Ifof at least 5.8.

20. A method for producing a h‘aﬁSgcnic cotton plant comprising the steps of:

(&) obtaining tender petioles from pre-flowering cotton plarits for use as an explant,

(b) exposing the petiole explants to a culture of Agrobacterium tumefaciens that h?rbmrs 1
vector comprising an exogenous gene and a selectable marker, the Agrobacteriun
being capable of effecting the stable transfer of the exagenous gene and selection

agent resistance peme to the genome of the cells of the petiols explant,

(c) culturing the petiole explants in the presence of ahout 0.05 mg/liter 24~
dichlorophenoxyacetic acid and about 0.1 mg/liter kinetin to induce

embryogenic callus formation.

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

(&) culturing the selected callus in suspension culture in differentifitlun medinm |
containing no plant hormons for no more than twenty days to induce formation of
embryoids,

) ' regenerating the embryoids into whole trans genic cotton plants.



