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Bigh-Efficiency Agrobacterium-mediated
Transtormation of Cotton
Using Petiole Explants

Techni Fi

5 The present invention relates to the general field
of genetic engineering of plants, in particular to fhe
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



tissue. Tinme nethod conprises the steps of (a) obtaining cotton petiole
explants, (b) exposing the petiole explants to a culture of Agrobacterium
tumef aci ens that harbors a vector conprising an exogenou ene and a

sel ectabl e marker, the Agrobacterium being capable of e%f @E?E?'?ltbeftzﬂge‘st abl e
transfer of the exogenous gene and sel eciion agent resistance gene to the
genone of the cells of the petiole explant, (c) culturing the petiole
explants to ifidide asporteikocmdilivmn, forthatseheshi agt{-_g,ﬁn§§85ﬂred cal l us that

expresses th NG ) culturing the selected callus in
suspensi on c&t@re t%l in tﬁggﬁl&or’rﬁ}a‘%‘io@ﬁlﬁ ﬁﬁgr §bi fertitizedwelas i ng t he
- enbryoi ds i mno Mursishigearss §koioy oi)omedhiant S. SoadtDecenber 2003
Hi gh-Efficie ri i.ated .Transformation of Cotton Using
Peti ol e Expl %ﬁ#’s ; ig%&%lgcj:%l kﬂ%@eI@ OHSH SFQUeRt SPARERFioN Pelturs ab the
general 5fiel & dflogassiiiansyi(Prerdeng Shmiphanis7gjn pgﬁtj_gggAar to the
i ntroductionaf . nQu tic material into cotton by Agrobactorium
transfor mat i g(r% o glgtgt gnﬁpe irj'o':)é:L &dihncUcrBpiedeln vo L Sivaante andryo
regener ati onrep@aBabiigr segenCratidon ©0e6tebnt (€. NRELsyakyab!ye and widely
grown cash c lL.nterpati |l ly..Jts annual production worl'dwi de i's over
100 million Eg?ggb\,ﬁa@dkagﬁﬁaséﬁ:% E¥PoRcarsFRlt kvakion gdiatitarot t on 15
producti on apdantwsi werkosinaet refiyehicratenr td CoObHOFs ~ Producers | ocat ed
in thisgaregi ( ' t _only_ the nainrgﬁe?)(ﬁ%ﬂér Br the textile
i i gi - . . \
industfig, bug H‘be 78 nggs%soggﬁg‘sE&%ﬁ?&@nﬁnﬁxﬁ;‘-%&aﬂ@%r&&eﬁg}r .
manuf act ur er 3982 cBbangal $984) mmuddhge@@gygggmpeﬁga@fh&g&f regg - There are
di verse oppog?_uni E_'P§§,fgév‘§$ttgn ’ n?ll ecgl ar | ngrovenpnt, I ncl udi ng
i npr overrent 6f "yi &rd’ * an BBFSqFarPlPyafkr ce8di oRieeTnelP8Biri eti es t hat
~are resi stanFirookabsdyi desali psaeBy), NRYBLEEEFL AlCondisEanes | St eward,
1991) 25 Ti s§§§1(:uh5#§§no£ %%tgn: IIBB 935, Skovsted, reportedl t'he first
embryo cul turé”of cotton. ~BEESFef’ i Rangan & Rajasekaran, :
1996; Trolinder & Goodin, 1988; Umbeck et al., 1987,
1989), stem (Altman et al., 1990; Bajaj et al., 1989;
Chen, et al. 18%57; Finer & Smith, 1984), shoot apex
,{Baj;j et al., 1885; Gould et al., 1991; Turaev &
Shami,n;, 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, 1886), root (Chen & Xia,
1991; Kuo et al., 1989), callus (Finer & McMullen,
1920; 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 (Fi roozababy
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., 1991; Chen et al., 1994). Explants



11 Decenber 2003 2 (1971) reported callus formation in cotton as an
outgromh fromthe mcropylar -end of fertilized ovules on Mirashige &
Skoog (MS) nmedium Somatic enbryogenesis was achi eved f{l(;@] Skt%@ﬁ i on
culture of 5 G kiotzschianum (Price & Smth, 1979). ! geem nis &
" Ham lton first succeeded in efficient and repeat abI e regeneration-of
cotton (G hirsutumlL.) plants fromcdllus after two-year cultivationn.

Cotton plapts n ro 50| nati¢c 10 enbryogenesi s
from di ffergntc}etlg%?a?#g fﬁgg'? g’ﬁ%ﬁ‘g“m’lg S gee tafesh EXoMe | udi ng
cotyl edon (PERPESRYI étnd cgtyledon o8y : wmiwISermnaﬁcdﬂwnelrde@osW% Fi ner,

- 1988; Firopzebagdieat 8 at al . 1991; Rangan
&:Zaval a, 1984; Raﬁﬁar?%lnggagsééa?gﬁgeégi%éég&#ﬁoﬂsnder &Goodln 1988;

Unbeck et atranqﬁematmagpndspentiﬂe neemisa rdhent m,FrBajowd @t al ., 1989:

Chen, gt'aly) 198 l. N S 8 h aj, et al.

1985: CGoul daJét ai?agl 5t ?&rumaggu%l é?(@'%%‘z Oq%%;i)za)faai r,il"JlJr‘E‘Jlg"ent) r"r)

(Beasl ey, 10987/ sPew&aﬂc epoa. Hsl,ussqgmngmss) Rypjaiseagrahli 1®96% Snith,

1984; Gawelg 8 99 | eaf ner & Smth
%ﬁaé‘ékaréﬁ @t 15989%4;?{ 012 ‘algg 1352&0

1984; Gawel Robacker X et al., 1989)
cal | us (Fi népoeckc®tl Pénr 1? @0 1%%4 | FRR2) .et .’al .addi®9bn,and prot opl ast

(Chen el 2eslsted@BO) +15308! 6 Bhi Ak P eI . elgteru redi al ed
a e

cotton transformatiQn _was: first reporte ﬁﬂ'ﬁ(‘i’cotyl and
cot yldon ReXPpaftsLeF; FebEanabyansfommatioo gy palm:iieaje et al., 1987).

Several usedsthbBPi@eALS (BRYSnDEEN 1nt rpgigg:.ed o]
Agrobacteri nmedi gied trans?or rra?l on, inclu t{% |1(r?§té6£!t %°§Hd&herbi ci de

fesi st ance ( ¥eCabe &ﬂ@@gﬁinell, 1923). Zhou et al.
(1983) transformed cotton by injecting DNA into the
axile placenta one day after self-pollination.

15 However, 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; Raiasekaran st al., 1996). A significantly
higher transformztion efficiency, ur to B0%, was

20 reported when cotyledon was 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 -



Trolinder at al., 1991; Chen et al., 1994). Explants 11 Decenber 2003 3
(such as hypocotyl, cotyl edon, callus generated from hypocotyl and

cotyl edon, as well as immture errbryos)‘1 have been used for

Agrobacterium nmedi ated transformati on and particle bonba“oﬂ%‘?ﬂmtﬁﬂ@o% anond

et Sal., 1 o l.en, 1990; Firogzabady_ et al., 1987; Perlak
et al., 1990%%5‘358?%%"%%%% arreeﬁ?,nefggéfm'l?aj%sgﬁa“r bgresy rsporteshe;
Trol i nder et £8F £xe9ple, Uhbatk an iducit@8EalbeSPosi®d®e. | n addition,
‘neristemati Ctirasstfernabnex i sl 1eHIhY ¥AisC A% RS HpidntlQRgeN used for
cotton trans ' p | cl e. baonbar dnent i,an et al., 1995; John,
©1996; John &fh%gfgf’gﬁe%‘éa?ﬁﬁ%@ NGt g‘r?rel'l i&g%s?és). Zhou et al. (1983)

transf oPned cot t ofPbFOPnfERRS IRFrBNAoRNBd sphds hiiohd ypldapemiderane:day af ter
sel f-pol | i nagenbtype koweviaided,hagesanshiosent reB1ialkas WeERLRRErally |ow,
rangi ng iron to Whege V.0 GLAL r ed a pl ant (Firoozababy et
al .. 1987; C(:)Légi-yﬁslg_tg%%f .fﬂ_’%g%ﬁ’%ﬁeé}’&\s‘%kgr Chegy 30891500 g -
si gni fi cant | $¥ORi BhaP¥t FRheF Gt théshepRc Eegeperapleo a8 was 20 -
reported- whemrapefypkadble wasudlsad TosSipliat n3Rdulcha &S caes eicodi ng
oct opi syn tase, L e .reparter en Fi roozab et al., 1987).
| I—|0\/vevan",G t hesggl ?’% {I§§gg &?)p‘%ig’pi'{ﬁe%ggttaoﬁﬁlglfeﬁm%’SthPﬁn?ﬁg tionis

quest i onabl echBEaESaScEOI iR NTas Syebn afsoGhd hiigssdver aiv. DEEDISALS speci es
((:ertgi mG)altl lnqhnalr ansfmj;'saelmbycl:@_nfz@@,h' ; §.nWi1t2U Arel Wagf a-%ig%@%ratablde . |
Wendt - It | ' i 73). A nore_recent report_1indicate
that the tréﬁéf %F%%Fon el#% %%?f(l:‘ 6t “)(?H\?Fec‘don%s RC20% & 30%
(Cousi ns et high-effigiengy Rlanisreosneicran io30 metthiod diasy bsen even | ower
when pasbticl eebasbeddasnd miRihebstaz1esed kel bepi8latlion o997). A

difference 'ngobacteriumfmediateﬁ 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

3



[ i gni ficant

the type of explants used for transformation could have a sign
effec?pon the efficiency of 4 11 Decenber 2003 transfo;natlog apﬁ ol se
regeneration. It has been reported, for exanple, trat 'ﬁh%%%”ﬁ§%88%ﬁ se
positive transfornmants, gotﬁlgg?P maf a b?gﬁﬁ;tféﬁ grgo 'S i ohl v y

Fi roozabady et al., 1987). ! on trans _ _
gependent on genotype (Trolinder, 1983a, 1986; Trolinder & F??s;pé m%?gz’
1988a, 1988b; -Trolinder & Chen, 1989). Apart froma rewcu ol c
are regener dAkemil2 (SA@HRGr HEDPRY zutmasy?f;%negﬁ?g(@&ggﬁ?e?\éi N
312 10 and GrdidguHd!Rate"bden "Bt % r1apo h
cul tivars, such.ég'GL hi rsutum cv. %c %P éﬁﬁ%s ﬁﬁg pd HPrsuEunlcththOds
Zhorignian.EEP%%Q@Q%?:tPeQéhEFaﬁ@thn vadicthesf sngnbke Pﬁn hﬁggdbeen ds.
fogardad a5 3 o o CAthE) PERCER 2L, L0 RNEh 2 Pord8Per | um nadi ated
regarded as a maj qQr _
t f’gnsf o mat {(C&kaTo 209t #8A Pebar eP10 efrem. the 9865 . &i rooza_ba;:lydet . ?lh , 2(1)987) .
Summary of the Invention To overconme the problens associate mnd .
previ ously report%d_nethogs, an efflpjent t[azzfaggﬁt;ogefrgge u g
petiol e as R lLRe b ha dligege al o \ o al advant ages
- correspondi ngly - g4 E-gvgd.s 3h odB S sgx al ,

in conparison to_tﬁg hypocot y and%ﬁﬁ%ﬁ%ﬁkﬁ g%?%%?ﬁod&. Fi}n&?ﬁl?ﬂ%ﬁ are
o an nat| gh b A Auad e L S L oA R o oS! T b . and
ont am nat i | er¥nEaéea f i i ;
((:5) the ti %flrs%%b tmr.‘anstosr at] on Lo rege%er%'ﬁ‘%ﬂeo‘f‘aﬁkﬁﬁfl 3F§d| s reduced.
30 TwéOcot t 6RTy AoFebpeteriymmedisitad InmnatbSiation 8f cbarenbeen

successful | petgansl acaBeaimd td Rie TWIIWhs of the present

invention.

h.A (S

An efficient method is disclosed for genetic
15 transformation of cotton plants, including elite lines,
using cotton petiole as an explant. By using petiocie
explants, plus ¢ set of improved media, transformation
efficiency is significantly enhanced and the tinme
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



and nore than 30 | ndependent tr'ansgenic |lines from 11l Decenber 2003 5
Coker 312 showing strong activity of the marker transgene have been
obtained. This nmethod is applicable to other cotton varicties such as Jin
7 and Ji 713 from China, Siokra 1-3 from Australia, T251Beaesmksr 2093 and
Coker 310 fromthe U S. A 5r'e o the- Eigurp Figure 1 shows the plasmd
pBl 121G-P, containing GFP as the reportgr gene and the NPT 11 (neonycin
phosphot ransf erase) gene as a sel ectabl e marker, used 10 for-

Agrobact er i uremadipdtet brapdbatmitiiseteofexpeba8Nto PEhd O ' to the

met hods of tge puezgg%n L%ventiﬁn. D%;aiﬁgg Deschﬁ??déﬁﬁﬁﬁifﬁgéﬂg%t met hod

i s di scl osed®F8r "§enetie i's *Pr 5REr GFiradn6h dgr nebt form gpark sof it udi ng

elite lines, prasient dioveotipati ofe as &ﬂvaﬁﬁhﬁééuseﬂouééémﬁF§3i°|e '

explants,rplgg ; et og ingrgve media, transformation efficrency is

si gni fi cant | 2&AREnc SASARRSEhe SEEAETT 85uiATEaDRFERFL MM RE Fimt i on t o

regener Bt i onpllas@@dshohbeéngd, i a Geﬁﬁdhi%anlasﬁi&vﬁﬁ%ié?hréﬁg” égggnﬂ:hods_ .
i ol'e process from

By using the nethodi if %he E&es&nt i nyentign, the
Agr obact er i URFTPSREFBF iafPENCRE EREMaEAgBnef akhert@rox r ansgeni ¢ pl antl et s
can take abouhaﬁa&tenmaths.oIhehéeaQbhgdgaxpogpgggséuggﬁggadégkﬁlnethods 25

usual Iy requit -9 nths or |l gnger to conplete the sane ocess
(Cousins et %f f’,g'%ggﬁ;rg@ﬁ@%"@f'eﬁl". L agfr EpBPYed @bsdgactivatied.Anot her two

nont hs wer e NaRgrbesdekahples\bagal Ba riaal hop yitaple size
[ pchniques for int?gdhg?%ggéi%%gﬂ%ﬁgJﬁ%ﬁﬁfirno

At 0bak? or D PURRTE HERe( ETSTATRT e ey s BRHMADAL ABKALOL and pEN
;05 (Walkerpeach & Veltern, 1994)). It is further
advantageous to use a so-called binary vector system,
such as that described in Schilperoort et al., 1990,
1995. A binary vector system allows for manipulation

15 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

20 gena that one desires to introduce into the plant, can
be carried out using techniqueé well-known in the art
and does nol form part of the present invention.
Chimeric genes should comprise promoters that have
activity in the host in which expression is desired.

25 For example, it is advantageous to have a series of
-gele;table markers for selection‘of transformed cells
dt.various stages in the transformation process. A
selectable marker (for example a gene conferring
resistance to an antibiotic such as kanamycin,

30 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,



11 Decenber 2003 6 to a plant or plant tissue exposed to the Agrobacterium
are well-known in the art and do not formpart of the present invention.
It is advantageous to use a so- called "disarnmed" strain of Agrobacterium
or Ti 5 plasmd, that is, a strain or plasnid wherein tHd Prasader 2003
responsi ble for the formation of the tumpr characteristic of the crown
gal | disease caused by wld-type Agrobacterium are renoved or deacti vated.

Nunmer ous examReds & +3HeS BFRA rhumstrai ng,are 10 found jn the
literature (e.g.. pPALA404 EI—% an %SEHgl‘:l%S%( @Pk@%’@%ﬁr &SPt ern,

o P
1994)). It | &5f e dPT ddy HA% guesmotes, uveuddseldall sdlbtneoy yect or
system  such ransfedmede ¥ dlieddin Schid.pne et al., 1990,  1995. A
bi‘nary vect or.. systen1aIFgWs fofégﬁﬁigg%gt%gﬁg%gopﬁ geng othatbiisne pl asni d
carrying t he9883d&fofe fenhdntxpducachinsautbe pientt belpl stiduldaki ng t he
processsof  ¢emped s@0RS PIWGHH-HEHEN ' to.cC out..Simglarly, vector
construction includhgg%?he constru ti%heéf gﬂi%éﬁ¥51 ﬁ%sr%%%ﬁﬁ?%ing t he
exogenous 289gkRE CRILNGhSeMENGey B9 thatotheepramotéhedpiwes, can be

carried out 35@5@53@55”bq“Q%ém§éﬂé“rﬂmQhE”t%QﬁFgEEmﬁgﬂ? does not form part
ou conpr

of the present invention. Chinmeric genes s HFpronot er s t hat
have acti vi B§2i-R-t REBRGSRGEA YthiRsemekpras ssuchi asdelse reaMy 2f5$0r exanpl e,

it is advant ggeoN®T! QThRVE Premidtes ok anSeleclabl e markers, for sel ection
of tragﬁforned cells at-va?ious staggsan %gegtggﬁg?Br tFi Y ocess. A

sel ect 3Bl e nBPREFTEFOPTERQNSBIE - 3Fenweddnkaownngn theistanmedto an
antibiotic sgeheagibanafygnn : X4 teept Ci l]inked to a
pronnteractivg? in. b i&erLgpﬁggﬁg&gggn??aggﬁggt?gnw%ﬁyﬂﬁggﬁﬁ?Eghe
cont ai ni ng tA¥ ﬁﬁ?ﬁ@rsg'.é.}ntﬁgﬁsﬁEFﬁants) Anot her

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 tao be relatively easy to



sel ectable marker linked to a plant-active pronoter, 11 Decenber 2003 7
such as the CaMW 35S pronoter or a T-DNA pronoter such as the NPT Il NOCS
pronoter, would allow selection of transfornmed plant cells. The exogenous
gene that is desired to be introduced into the plant cellDasrsuhey 280
conprise a plant-active pronoter in fubctional relation to the codi ng
sequence, sq that_the pronoter drives . expressiqgn of the gene in the
transf or med iRICTRyai FOWEFSEhe -'%%tEPW'pF@WBﬁBP&,“ Jdc ANS MAY camv 355,
the' NPT || NEhey aatieties- 80§11 D navd iy ool t'ildss Séeoch tehke G it
pronoters, are well -known.gi'_ln the art - and s?'_ql ection of an appropriate

- pronoter is WRHAIPSEAERACH 1 hEhe oFHF IR PN 14T |the, SATe £9F Grhe present net hod
can be used Barhaduhisee antr 80BEE NG Lo 13 A pRRIES S IWMG 13N s duydaey  Of

exogenous 15,genes, and is.not limted by the choige of such a gene. The
sel ect i"on ofm’rbl%é"’(??gierséﬁ éﬁﬁgﬁﬁ%%eﬁﬁﬂé“ﬁé‘}fer‘lﬁ?c]& Eﬁﬂf\ets’gdaﬁ %f the

resear cher, paRthiyuFehogypexaspeide prinsddAle Gaiem,! jcsudsd;pe used .
with the present . invention gre known in the art (e.g., the famll.-Y of 20

Baci | | us t hdr5aRGitanErsippy R gesReneratinn iqfe twa Jist FQtEO uch as

shi ki mat e syidiasd egongs el Nobke £ 00 21y IGS2L L SRSil-anGH 3. S. Patent
No. 5,188, 642, aqr ."a - D nonooxygenase. gene that confers resistance to

2.4 ,
2, 4-di chl or GFEhERIRBet PES beEN (demongtrated maing the MethodeREti-cal and

Appj i 4@ Genadlicc present iB8enPPon 45T¥ XniB et dd IHat DAES as the
anti sense gene . Patent- No. 741,684 @ (Fabijanski, et al.), or even

s of US. , 2, 1 A
the el abor at'®% PHFSERLoLBRENBHOR TS FARPSRRBIE TS TPat ent No_ 30
5,723, 765 ( @rarRiforinaglioh) of@t&@ﬁi_éﬁgwrﬁﬂwhiﬁisti dered in the art to

be 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



heavily variety-dependant. The Coker series of cotton varieties have been
shown to be relatively easy to 8 11 Decenber 2003 transform However, . DP
5412, Zhongmain 12 and nmany other varjeties still have difficulties
associated with regeneration The-situation is the sanelflgecamberggepadense
and ot her diplojd species. | e somatic 5 onbryogenesis and regeneration
-of whol e fltards 4 SL3B6)h; gﬁl-"-frhgéhﬁt Qﬁésﬁé‘pehmntponce‘shel n cotton,

successful effpisdiyaif Qe B@rEQQSHe&éE'Qﬂ %{ §@¥§ é%o%%hthas been

varieties, i.-e. Coker-312 from.U A. and
dennnstratéﬂYLﬁﬁ#EPtﬁﬂ?|ﬁﬂﬂ¥8§§d0F3d}B @h§C9$§§@nbelQVentInna It this

-~ therefor bepiefeskddiadnbddiaeRtsSeal1iNEnh gh gadiiige,applicab ity fo

t ransf or mation of variety -of cotton I1nes: ransgene 1 ntegration in the
genone of dﬂ?"f‘"ﬁ'f‘e‘g &8ger: Retieiasdsieh . innpargnebpma Feldntion was i5

cenf i r med L@ﬁrﬁkfﬁ Eﬁébdﬁmﬁ&hﬁﬁﬂd@¥bﬁl§éﬁéthQEe gﬁf@ﬂkgHei hetan
|dent|f|cat|on of he: coEy nunber of he inserted transgene in Ceach

transgeni c ¥ dbgd B@FBK@ witheloy geneentiahiomstransgenic

cotton can&pgeslmcgr{d)rmhl&lar esence of Lhe transgene, 20 and inheritance
pattern. of the transqﬁge in the F1 . generation can-be analyzed to confirm
stability and iTHdti HQFFﬁntAénES #PRd Whehlimaeforepubrye protocol s,

the xnwtt onAdiehsion i isRRpeXSE B eh1tiPePLaAcht BRYFELROR +£°18As higher

transformatign efficiency ‘and survival rate I's attri butab
several fact ork.9a%7« F&FomAPERViPHFLN: FEROTHEd 3] Wepks dSomsdnsan expl ant

for transfesﬂrwlorlggmffementaabyaeﬁneftﬁattQnsﬁéﬂhéﬁaa ggio*aa\b%
significant_effects on the efficiencies of plant 30 tranSformation and

regener at | GIFSRST IS LNdy UEE SFeatment is important for high
frequency inductlon of embryogenesis. It is also

15 important for 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.



1987). Induction of somatic enbryogenesis frompetiole was reported
previously. But regeneration was either unsuccessful or very poor (Finer
and Smith, 1904; Gawel 9 11 Decenber 2003 et al., 1986). Wth the present
invention, the efficiency of regeneration was signifi caﬂtq’%qmﬁﬂrg @ by
usiing the inproved nmedia discussed bel@w. In. a preferred enbodinent,
calli of high quality were 5 obtained when tender petioles rich in
parenchyma cel | Farn effegaiyey g3dimar ipikiptionsane imduciisn wed in the

'MMBI medi uRahed @ %h%?dogebﬂﬂkyw?éﬂeLQE’CQBQGEBPQEhE%§F15Es -D and

Kinetin. Wth the présent i hvénfion, the Line I nduction in
suspensi on. cdrpuﬁédc§ﬁ38§l§héﬂtEh@dcﬁblgg inguchign, andcsnke¢t£wmously

reported 3meael Q§0gﬁb3§tghtal ThéggﬁbunktQfaﬁfggﬁ¥%ﬁrgu|€tho t ened

peri od of susEgnS|on culture treatnent 1s | equency
i nduc®i on &P 8RBFYo0f eﬁe@gflrlPrﬁgeapbbY1§bP#§oﬂtﬂhtmqbl-réﬂu£|ng producti on

of abnor mehmeliBtyes, kifieB§R azhi g8 Eggﬁeatggﬁgpi ybtfﬁﬁﬁQ £rpryos that are « -
ration are_ produced when cotton-cal are malhtained in

poor in rege
suspensi on EZEtUFEeﬁSFaPB pBRAYtVReA BE/lal , Innpbel éaklus obser vation). 20
For maxi Wﬁﬁfsékénﬁiawbnaktggfaf sﬁanémﬁiggﬁa @éﬁﬁg Lot £n f@a%(?ung _pl ant

0

gr owi ng stgg glucose was uséd as N SOur ce- - Ane anount of
gl ucose i nPPAE TREVLE ¥ERepebEriRedbhien 100t Blanbutostond lvamr.ef erabl y -

about 030 gAHdedt teéhehgomegigl ant growi ng stage, 25 glucose and sucrose at
about 10 g/1 r ﬁgectlvely ; carbon sources are preferable for pronotion
of healthy plahtfe?818Poff dsFBFPQFGG}EQd¥m6§ﬂ#ﬁ@“m§ﬁﬁﬁyogeneS|s and

cal | us proetterahibboglhl £8098e5PhER iﬁ89b§n§ct£hﬁbéaa 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



30 preferably pH 6.2 - 7.0, nost preferably at pH GS. A nediumof pH 7.0
is preferable for healthy root growth of plantlets. 11 Decenber 2003 10
For effective callus initiation and induction of the pot ency o

enbryogenesi s, | ow concentrations of .2 4-U and kinetinf rP?C}?@t{?é?PQ?s

I nduction and sel ection nmediumi s [ tant. ' The anmount of 2,4-D can be

fromO s ta Se4mo/ u 9 The _anount of
kinetin can frto% (4% glh?cfg %ec%baog ar’rﬁ'F% ré%E#’@PaBPVrﬁﬁout 0.1
ng/l: in tH& caall-"l l@l*d#fﬁf éﬁ“%ihltd aﬁ!#@ptst:age:mndteeuthmyusédgebm nati on. stage,

best resul toy¥anf S RFAAL add to the nedia.
The am no aCC| ds aés)par agl %l an /g&%ﬁ{%m nerﬁg?gl 55th é’P niPr ggﬁn sour ces
than i nor g&Heemaif/a Mt rﬁmrmedia ls.peidjfusd:abl yoshipneti pg enbryoi ds

germ nati oA (.05-Hee! o out ‘_%%U:e[ glﬁ% %%0? q”él on nmedium 15

t he anmobunt of asparagi ne can preferably
about 500 nﬁ?PsmE{é'-)arﬁﬂﬂwtkld’fetlgl tha-llnlmw‘ldansbeseuouhlgoatto about 2000

ng/ 1, pref@pally axautahQRP ggg‘ﬁ | Wd m&m%hil tim é&%tl 8!':["r ogen sources,

the growth of non-enbryogenic ca 20 'Was | beg fi€ gernination,
growt h and St&ses idekdd Wﬁgﬁn%rﬁ?@@h&mm pref esesdt ial | y promoted. At
di fferent stepliQeedliddidaid I’é‘ﬂ&;ﬁé’@t e ture Wt
' Agrobacterl uun, plant t1ssue and. I} ?égl g?lefc’giﬁaﬁﬁ? HE HPSFned at 28C
but d&h be I8 PRRTPYY aﬁrzé-r%*eorpor Tﬂfersgcmpdéfucansbnsrmreon

condl t1 on GrFE Ry T [EHe PRI ﬁﬂ%"l S o A A TR
pr ef er abl e SPHEYQYd d %”F and ciﬂ-fmtd@é:f grewthen andhmegbeenat i on.

found that healthy embryoid development and plantlet
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.



30 Unlike previously reported transformati on and regeneration protocols
(Unmbeck et al., 1987; Firoozabady et al., 1987, Cousins et al.), the nedia
used in the present invention are optimzed in several 11 11 Decenber 2003
respects: (a) glucose is used as a sol e carbon source il Ra%eMbEr 200% nedi a
except in the mediumused to culturé2young plants previous to planting out
i'n the greenhouse; (b) the nedia is adjusted to higher pH 5 val ue
6-5-7.0); (c) Fbwefod RS eFederred.plaph bhsgire)cdkbukenetin (0.1

mg/ 1) is ugedi@nhi¥edt inCothd Ekdnlldsat i on stage, no hornone is used at other
stages; (d) asparagine and glutamne are used to replace inorganic

amoni ac nitrogen in the nmediumused 10 for enbryoid germ nation. These

modi ficati gy geedldfapgesl iy mddiemphysiohogbeplt requirement of cotton
enbryoi d develo%gght and_ pl

ntlet growth. IL has_been found that healthy
enbryoi d devel o ﬁtbﬁﬁﬂlpﬁéhﬁlﬂﬁxt Wﬁﬁ?mésﬁég?g’ly root system

develgpnent, arg,paggeﬂgcﬂﬁen%;ributable-to these optim zed nedi a. For
exanple, it has heen found that aﬁfara ine and gl utam ne were

bett er-ni trogen?sBufcedt i oY agfdoni £8P ogen for supporting
enbryoi d germ nghi ppoand root developnent. In the preferred L S3 nedi um
(described 20 bel ow), which contains asparagi na and gl utam ne as the
nitrogen source, the growh of non-ernbryogenic cal-1i was inhibited while

t he germ ngRjopetgbdet prérchltnpie MRMAIMONBRR 19k cenhryoi ds were
preferentially Egogntegu ecause of the healthy root devel opnent, the
survival -25 rat & 0oP3pdtt PSR ¢ cotton plants obtained by the
met hpgls of the prosgntMybVe6ljoon is al nost 100% Wth the reported

hypocotyl - and gotyl edo rotoco Urbegk et al., 1987; Firoozabady et
al ., 1967), poo?‘bogtgeflgn gum-lﬁkétagéi., 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™, Sigma)

pH 6.5 )

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



devel opment has been regarded as the main reason 30 accounting for poor
survival rate of potted transgenic cotton plants. 12 11 Decenber 2003 The
following are. preferred plant tissue culture nmedia used in the Exanpl es:
('1) Seedling growing medium (per liter); ' M basal sal! Pgsemhes208} gna
Mb524) 5 0. Pg Md;.,- 6H20 2'.0 gel l an gum (Phytagel 1M Sigma) pH
T. 0 (2) Petiole pre-culture nediun1e er liter): M basal salt mxture 10

0.9 g MBC 2.6H .0 g Phytagel tm Sigme), pH 7.u (3) '
Cb-culture%égdﬁgﬁg(pegig?%%égﬁﬁgw%ébEéﬁﬁ%gaﬂpeﬁi;gﬁfé)IS 10 mg Thi ani ne- HC1
1 ng Pyridoxi neMBiCkasalngaN auiitire acid 100 ng Myo-inositol 0.05 ny

2, 4-di chi or ophep@xyacehi 1 d (A 4-D) 20 0.1 ng Kinetin 30 g Gucose 0.9
0.-MyC 12 6H20 2&@ ésge?*£%£§®%1 ytagell, Sigma) pH 6.5 25 (4) MVBL -
cal l us inducti ol mgd Betedoxiwe-Hedi um (per liter) . Co-culture nmedium 50

g Kagamycin 590000 LGk ey
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)



11 Decenber 2003 13 (5) MVB2 - differentiation nmedium (per litre): M

basal salt m xture
Ni cotinic acid 100

10 ng Thiamne-HC1 1 ng Pyri doxi ne- HC1. 5 1 ng
ng Myo-inositol 1.9 g KNG38 30 g 4 ucose 9 a2
TR 0081 o

6H20 10 2.0 g gellan gum (Phytagei , Sigma) pH 6.5 (5)

germ nation nedi um
MyS04 7H20 170
ferric-Na salt
Thiam ne-HO 1 ﬁgn

(per litre): 3.8 g¢4NOB 440 ny ' CaCl2 B20 15 375 ny
KH2P 1 g G utam ne 500 ng Asparagi ns 43 ng EDTA
IamimeHEL (Mirashi'ge and Skoog, 1962) 10 ny
g ng Nicotinic acid 100 ng Myo-inositol

idderrdc!y
25 30 g 4 ucosegPdNég NgClZ 6H20 2.0 g gell an gum (Phytagel s", Sigma) pH

6.5 30 (7) Youn
(Strewart and Hso0

ntNIFGHHE rﬁaﬁf‘r%m 5&14 medium Macro and Mcro el enents
WP 7 Myo-inositol

5 10 ¢ Glucose

10 g ' Sucrose

009
2.0

g MgCl?' 6[‘120
g gellan gum (Phytagel“ﬂ Slgma)

pH 7.0

10 The

following 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

1s used for

transformation of cotton peticle and young

stem. The phy51cal map of pBI121GFP is shown in Fig.l,
which contains GFP as a reporter gene and NPTII gene

{encoding neomycin phosphotransferase} 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 XbaI-SstI

fragment

of GFP gene from the pGFP2 plasmid (from Dr.

N. H. Chua, Rockefeller University, New York) was

‘cloned into the same sites in plasmid vector pBI121
25 1Clgntech\ to replace the GUS gene. The pBI121GFP
plasmid was introduced into A. tumefaciens LBA 4404 by

electroporation.

Example 2: Plant material



14 10 mg Thiam ne-HCL 7. ng Pyridoxine-HCI 1 ng Nicotinic acid 100 ny
Myo-inositol 5 10 g Qucose 1.0 g - Sucrose 0.9 g MgC17- 6H20 2.0 ¢
gel l an gum (Phytagel Tm Signa) PH 7.0 11 Decenber 2003 10 The foll ow ng
Exanpl es are intended to illustrate the present inventidnDecesbangdf0dn any
way to limt its scope, which is solgly defined by the clainms. Exanple 1:
Agrobacterium strain and plasm ds A tunefaciens strain LBA 4404

(pBl 121G-P) was yghantseshi t AL t f | nd young
stem The phyS| carlsL rr%% of ?Iil‘él(}:ﬂéms% 10|3:I'C"(|3tftr%?1 Q%\t‘/?/h%lc% %dnt ains GFP
as a repor t&9 gehd1ia NI gianxy érftfd'eﬁrthm Frsftospitet dansf er ase)

as a sel ect@biga mgqise&'hﬁ]%%gpg&wnes are under the control 20

of- CaMv 35S pronoter and nos pronoter respectively. For construction of

pBl 121GFP, a 72@%&%&?&9&1&9 frexpreerlgctgb frome pleomst 8e12GFP2 pl asmi d
(fromdr. Nekd ﬁwegrdagpkﬁ & 'ifeéf%dl(@éz%'&&’t& pic eéﬁ] was cloned into

the sane sites_in plasmd vector™ pBI o replace the GQJS
gene. The pEn@itdems o) Jhf Petelel Qﬁrmeﬁurfa@-ﬂstetm&ad erishl BA 4404 by

el ectropor afget P! o a éﬁtsé@gﬁ%é alfgﬂl%?%erzﬁogﬁré Upl and

cotton varieties Coker. 312 fromth an 3 hanX|
Cott on Res&ERIMFI9%t (G421 % (Ffo. USA, 1% available chlorine) for 20

min. After rinsing five times in sterilized water, the
10 petioles were pre-cultured in MS medium for 3 days.

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.



China were used in the' experinents. render petioles were collected from
plants 8-12 S weeks old grown in a. greenhouse with low light conditions.
The petioles were surface--sterilized with 700 ethanol { a few seconds,
foll owed by 20% bl each solution (Clorox Co. USA, It ava é enhen 2893 ne)
for 20 mn. After rinsing five times hi sterilized water, the 10 petioles
were pre-cultured in M5 nediumfor 3 days. ExaMe 3: Plant tra.ris

formation A S|nglenaekoeueofldbrégagﬁkgphﬁggoggaﬁé éﬁ@\4404 (pBI 121G-P.)
was inocul ated in |I8 R medi um_wi th 50 L'Rfanpicin, 50 nmy/L

kananyci n arRPUERNAGPINGE CORtrRlo BAdilns ?ﬁ@eﬁﬁéﬂe¥¢é.hﬂscgl@un,overnlght at

28C in a shameoﬁhaoﬂr&m‘aﬂtw Ragqhieys! lé%%ggﬁﬁez‘fﬁ:?ré?e%{ L\g? chm I

l'i quid M5 ng?Ju to %g? 0.3. The pelLia
about 2 J&éiexs 1stingt %?eﬁtlél%ﬁéeaeakedhmomb @b HiLBut ed

bact er isum syspeasioa £pinSfdinkd dagni h&%@séﬁ&ﬁfﬂe@“EQrpé?Ft'c plates (100
x 25 mm) caont,aini a fllter per soaked I n co-culture nedium

The pl ates ETE%EpY " | HPants H3Cior fzequangerof oRfP nuene-waght for 48

hrs. The co- 3auaaur e'varzﬁe equJ andhenvpee ibhags Eehhedo Pt dAPLe£pdi um and
i ncubat ed at_ .2 mn&h 16 hrs f%P 60-90 , IEm/25-1) arid hrs dark per
day. After > HkdRsd CAEFS V%?% nttpasdarmating, cli eabiti ovepetiol e

segments. Afﬁcﬁind%BPVW:BtiW”leﬂﬂbﬁl 26 @3t apbsEal ) 't?@ﬂ%; PRaLedn and 30

t he nﬂgber 0 q%ﬁljl wer e cqg%ted and the expressionh O gene was

exam 33nder the fluorescence m croscope, Lhe

unt r ansf or ned control callus appeared red in colour, while the transforned

cal | us expr P
P qs% 9 ZFF '1granbformatlon 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.



di spl ayed distinct green fluorescence. A total of 113 5 putative
transforned calli were examned for GFP activity, the transformation
frequency of GFP gene was 39.8% (Table 1). Wen petloles fromcotton
variety Si--Man 3 were used for transformation, 11 callliDegember 280hd Grp
positive from26 calli tested, transfeogmation 10 efficiency was 42.3%
Table 1: Transfornmation frequencies of petioles from cotton Coker 312 and

Si-Main 3 ﬁ akkebhes uabpr u r sltive

cal | 'transf gr ?r{at F%n te?t edfr eﬁ%gnggg( /fg%‘g gl%il%ﬁ(g%i%&%‘lﬁw an

3261142. 3 ERBnPESALiNRduction of somatic enbryogenesis and plant -

regeneration Th a % r r ession of GFP
g ehe b}nbr}?glﬁs kea Q%r%&ﬁ%fcaeglfé O S

were selected and transferred 1 nto suspensi on
culture fofEP ﬂé&%?ltﬁrW&BFetéﬁéaﬁﬁé5ﬁéreatgrbhﬁlﬁmséam¢dlwmwe sel ected and

transéerrez@ifi—.ersm- aahtﬁsdth&ebqawc Etﬁﬁgh&fiﬂw Zapott LRI, ghout 2 months
a 'l arge nunber ' s were produced toplasmc ense enbr yogeni c

structuresiEShﬁéB@tgPéébaﬂrg E§V§IéG@Heénéndaggeden©¢?os were produced on
the medi unisbbibbbn? Yepshtrénsiraiived §B cAL SUSAENPAQH: CUldlis, LT eat ment

was very inpartant, not onlé hi gh frequenC|es o} ryogen
i nduct i on, Megitma£o5 pBPLS, 8 GCFF%ﬁbe 8RBF{oPas Bentholatrd ity. 11

Decenber 2¢ Qﬁn$7pﬁéﬁt@5ﬁﬂ.ﬁﬁ etsﬁbaﬁ%n%nmﬁbsbectsdlﬁgézhr&n’e‘“d all were
GFP positive he enbryoi ds and enbryogenic calli-with strong

0 height were potted in soil and move to the glasshouse.
All 30 potted transgenic plants survived and were found
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)

Transform- Ca]_.lus Embryos Reganer« 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



GFP activity were transferred onto the MVS3-nmedium 5 After 1-2 nonths the
pl antl ets-that were about 1-2 cm in height with 1-2 true | eaves and good

root devel opnent were transferred to the Young Pl ant G .owin Meg' for
about one nonth. About one nonth later, young plants vvi1t1m%c-%§‘qeé b@ and
about 10-15 cmin 10 height were patted in soil and nove to the gl asshouse.
Al'l .30 potted transgenic plants survi vd and were found expressing GFP
protein. The }:8 uired to, obtain transgenic plantlets using was

o
under 7 nont hs,&g%\‘ha"5 ﬁ%?ﬂ%ﬁ?qﬁé’r gdif-g8pray wadepothe nfloatescenbe 35

greenhouse | matnoscépeaddirobatdly auet ks §686 dRPLRoordlds TaPI e 2: The tine
frame fromtrc?ﬁéao# tion of .petiole segnents to ant Fegeneration.
(. Coker 312) TIEARETHMAGTINERI6R 08 Zeghfer - Prhnthd| towts ngith GrPp
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fluorescence 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
;nstructions. DNA was fixed to the membrane 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



chemi cals accunulated in roots. But tho roots with GYP activity could
still be identified because the green 5 fluorescence produced by

GFP. protein was brighter and appeared nore uniform Under_the blue |ight
produced by the fluorescence stereo m cygscope, red f 1 udrRecesies 2093
clearly visible in untransfornmed green plant tissues that are enriched

wi th chl or oph)ddpysuah ldsekenbvand éfpséemand IGARNOS{dd \gfa Cg:h:efg 5 PLgnt
ti ssues, yellqwD S%§%eg§ @?Bag¥e$ detected because o overlapplng
of red and green ) GoreEEaRte. PEI¢RNAGH fsitdirrefge®i#T gene i n

petal and antHemewayltpoaremngheccoppf¢£xmkﬁuhtﬂﬁgefﬂldﬁrgﬂcggg % of plant.
nom ¢ DNA putatively
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the glutam pe is+ia h : : : : . .. .11. The
met hod of claim 10 \{ﬁ‘gré{ﬁpﬁﬁgp L?@E%?%Qﬁ%%}“ﬁﬁggﬁ%aﬁ”%? gé_te{ggut 500
my/ | and the gl utgsiyie hpwng g seyreemfuliirogsn sglssted frongithe grogp congistingt hod of

claiml wherein LhgssHSHREYIRBmM dr'Hoth Kpafddiie 4 gil@mire.

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.



duration of |ess than about 20 days. 11 Decenber 2003 27 13. The net hod of
claim1l wherein the suspension culture of step (e) has a duration of about
10 days to about 20 days. 14. The nmethod of claim 13 wherein the suspension
culture of step (e) has a duration of about 14 days. 15.1 O3femist RBEE of
claiml 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 nethod of claim
15 wherein the concentration of any one hornone ranges fromO to about 1
ng/l. 17. The nethod of claim 15 wheZin step (c) is carried out in the
presence of 2,4-dichlorophenoxyacetic acid in a concentration ranging from
O to -about 0.5 ng/l and kinetin in concentration ranging fromO to about 1
ng/1. 18. The nmethod of claim 17 wherein the 2, 4-dichl orophenoxyacetic acid
is in a concehtralhemetfodadfaldimOl Gherslr theandpéstorkéunetd of $tep (&) Has
concentration of a . 11 cenb 003 28 19. A nethod for
produci ng a transggﬁﬁ}?t'g%h%%L{sﬂgﬁ?ygg’n%ﬂugé%éa)ﬁe steps of: (a) obtaining
tender petioles frompre-flowering cotton plants for use as an explant, (b)
exposi ng the petiole expl ants,t cul ture of Agrobacterl|u nefaci that
har bors a veg ‘or atl—b%%'lg g Cé%'%e@o‘ﬂgﬁrglﬁlstﬁac?h@p%ﬁé?na Cé'gll'rscqméiﬁpe{%ﬁmr ker, the
Agr obact eri uxx, bmasa duggimbloé abbutefdfdaysi ng t he stable transfer of the
exogenous gene and sel ection agent resistance gene to the genone of the
cells of the petiole explant, (o) culturing the petiole explants to induce
enbryogeni o c#8.l usTHeometiptiaf clald ) verelrain stepgc) is @asfedraueth thablasentdat
expresses the exo 0 j. t | ect cal.l us
i re-suspensi on cu%qﬂr&eh%t@?%ﬁﬁ%égg Fg&%p%&ﬁ?’%‘ffpﬁnﬂgﬁ%gﬁﬁﬂ m§4|5er.r egenerating
the enbryoids into whole transgenie cotton plants; wherein at |east ono of

or oduct ng ot Fansg Dy are®d OF et 75 BBisfoin dhe g SPRr BB oy v8 obtai ni ng
t ender petiol es frbonpneréahgasdrammd) atbiooh! plgdint s for use as an expl ant, (b)

exposing the petiole explants to a culture of Agrobacttrfumt' unefaciens

that harbors a
17. The method of claim 15 wherein step (c) is carried out in the presence

of 2 4-dichlorophenoxyacetic 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.



vect or conprising an exogenous gene and a sel ectable marker, the
Agrohacterium being capable of effecting the stable transfer of the
exogenous gene and sel ection agent resistance gene to the genone of the
celI's of the petiole explant, (c) culturing the petiole ekpPesanabarg0pde
presence of about 0.05 ng/liter 2,4- dichlorophenoxyacetic acid and about
0.1 ng/liter kinetin to induce enbryogemgc callus formation. (d) selecting
transforned callus that expresses the exogenous gone, (e) culturing the

'sel ected callus in suspension culture in differentiation nedium containing
no pl ant hgy nonemksind fér piedweidgherantgriviopttoddss comprishofuibe sfps ofat i on of
“enbryoids, (f) regenerating the enbryoids iinto whole transgenic cotton:

plants. (2) obtaining tender peticles from pre-flowering cotton plahs 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 embiyolds,

(® regenerating the embryoids into whole transgenic cottor 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.





