; e3eHH : 6TmyOAD 001 33783 PCT/ SG9/ 00016 Agr obacteri um Medi at ed
Transformati on of Cotton Wth Novel Explants Tec nical Field The present
invention relates to the general field 5 of genetic engineering of plants,
in particular to the introduction of exogenous genetic material into cotton
by Agr obacw@p¥/s¥8x r ansf or mati on of novel explants fol | oweRETSG8400M6 1 C
enbryo regeneration. Background 10 Cotton is the nost extensively used
natural fiber in the textile industry. Its annual production worldw de is
over 100 million bales, valued at US$45 billion. Cotton lint or seed hair
is aternminally differentiated single epidermal cell from ﬁmwmmmuﬂﬂwu 15
the genus CGossypiumof the famly Ml vaceae. It is classifi ral,
cel lul osic, nonocellular and staple fiber. The cultivated cott emonarieties,
whi ch have been cultivated for nore than 5000 years, all cone fromtwo

di pl oi ds (2n=2x=26) (G hexbaceum and G 20 arboreum and two
allotetraploids (2n=4x=52) (G hirsutumL., Upland; and G barbadense L.,
Sea Island). In 1997 the top five world cotton producers were the United
States, China, India, Pakistan and Uzbekstan, producing about 63 mllion
bal es. WO 00J53783 2 PCT/ SG9J00016 I n the next century, nost crops,
including cereals, oil crops, fruits, vegetables and ot her_econom cally

i mportant crops, wi A9ARbaghestivEaMe léﬁg NEERRSE WP LR RE or nodi fi ed
traits ranging from5 inpr&P&ieRt WERNEYEL FXPIRRES ty, to herbici de

resi stance and pest resistance (Chappell, 1996; Fraley et al., 1986;

Herrera-Estrella et al,, 1983; Hoekema et al., 1983; Horsch et al., 1985;
Jef f er son, 1M, n 6). In cotton, the new technology will be used
to 10 increase yiHia, pregEryerdfvdmioguakilhyeandoctkat generalafield es whi ch

are respstant _to herbicides est | nepat .an iseases (John,
1096 38hn &°f<e?‘?’é?fflc19‘°d§l’5%‘%r%’§ §£§’/§%§stg§; 8%?%%‘99% 87 i gg3.
Raj asekar an i&ntabdyctlig®6;ofScheidenol@) fen8ténambtetbalofryo dottirssue

Cul ture of Coy 1 ohflc930un SNIAARSAGH 69 hBGeLi b3b1 5050 culture of

cotton. Beas report ormation 1n cotton as an outgrowth
fromthe n cfobldeed dryl sdmateira idnbrnd oegeneragion.Vs medi um Somatic
enbryogenesi s was achi eved froma suspension culture of G klotzschianum
(Prive & Smith, 1979). In 1983, Davidonis & Ham lton first succeeded in
ef ficient anBagkgeeurd| e regeneration of cotton (G hirsutumlL.) plants

fromcablus aftercotton is the most extensively used natural fiber

in the textile industry. Its annual production
worldwide is over 100 million bales, valued at US$45
billion. Cotton lint or seed hair is a terminally
differentiated single epidermal cell from 50 species of

i5 the genus Gossypium of the family Malvaceae. It is
classified as a natural, cellulosic, monocellular and
staple fiber. The cultivated cotton varieties, which
have been cultivated for more than 5000 years, all come
from two diploids (2n=2x=26) (G. herbaceum and G.

20 arboreum) and two allotetraploids (2n=4x=52) (G.
hirsutum L., Upland; and G. barbadense L., Sea Island).
In 1997 the top five world cotton producers were the
United States, China, India, Pakistan and Uzbekstan,

producing about 63 million bales.
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25 two-year cultivation. Cotton plants were since regenerated through
somat i ¢ enbryogenesis fromdifferent explants (Zhang & Feng, 1992; Zhang,

| 994) i ncl ugdj yl edon (Davinonis et al., 1987; Davi donj i|lton,
1983; Fi neﬁ%?ggﬁg Fi roozabady et al., 30 1987), hypocoty”‘%&%@gﬁ}wy et al.,
1991; Rangan & Zaval a, 1984; Rangan & Raj agekaran, 1996; Trolinder &

Goodi n, 1988; Unmbeck et al., 1987, 1989), stem (Al tman WO 001 53783 3

PCT/ S&39/ 00016 et al., 1990; Finer & Smith, 1984), shoot apex (Bajaj et

al ., 1985; CGould et al., 1991: Turaev & Sham na, 1986), imuature enbryo
(Beasl ey, 1971; Ei d eh 8he, nd®7 erfiieswg tmastHarops971incl8dBhg petiol e

(Finer &5 Smth, 1984; Gawel et al 1986; (Ca & _Raoback 1990), | eaf
(Finer & Smth, c‘f§§3, sGa%xe%Lr%%’ac g SIQQ’éa)(J,eVE%I(%FS( Eﬁgnogfl%a, 1991: Kuo
et al., 1989), eabhomiCElherilpditdit errorD86iillr blei ndvetécadly, 1991) and

pr ot opl ast (Che 1 . . T f LN ts (such
as hypocotyl, cgpgﬁgggﬁ?dc‘g??%sa%%%%roa@cﬁéi&&%oﬁ{}%ggggg%hgﬁ%lng)(;?%/ edon, as
wel | as i mat ur émprrbrgmeht hafeybeks anskdvadi tAyr dlvabesbiigideedi at ed
transformation : LEl o} i r h a 19831 ElL ner &
15 MMl l en, 19 %;glg?%gggagggﬁ%a - Sl%%’%é:ﬁeri g’%eg%'aP.g?siggg?l%ngan &
Raj asekaran, 199&; akay ad8Rar alerrera-Estuoggia Rtoldlnded 2887 aHoekemajet Unbeck

et al., 1987, 1889, 1983) ubPseHdetiLN,, MBJd ! EifetsbhsSU989! Ry&isSed
enbryoni c axes has al so_been used for cotton 20 transformation by particle

bonbar dnent (ChRER%et aln, c2HbsR. JEhf NeMHIRChAHRY Kélfefe 1998: tRcCabe &

Martinell ,101993)incréhge Qhiedl, {RSBsve tfahsd Cﬁ‘dﬁdt@mahancméatéj fELI ng DNA
into the axile plagenta one,day after self-pollination.. However, cotton
transformati on S‘ril§tf‘ne§th}lGEp%ﬁ%ieﬁ?s’U’?\téﬁb‘ﬁd:t%/ﬁ’&r%’h‘:&ﬂeﬁdeP?SE985a, 1985b,
1986; Trolinder ikseeadi, nneth38dded 986a, dilO8s Wi, floom;agbaw gul tivars

whi ch are regen abl e transforpable, s S ssypi um hi rsutum cv.
Coker 312 and G?Jeﬁitll%ﬂt El%agl’ nJ??nngs A :ﬁ%oﬁt ﬁr &PFS‘ 30 tomer ci al
cultivars, suchl®93G Rbhijrsekamanvet D&P. 541%0 @anddBellli,r 4@OIm Svewdhbngm an
12, are ngg regg@%rzélt abl e and transformabl e by these nethods. WO 001 53783
4 PCT/ S&9/0001 ased on previous reports and the inventor's own

experimental data, hilghTéskiei ntyuné ehlGastindudini di93060Skovanede
achi eved usi ngzglg%o*}xeacehg' £33 s RNeMEPYENE L 1 HMEVE o dtRonl.r 2B8EQI ABLI ON

rate was only _ _
(1971) reported callus formation in cotton as an

outgrowth from the micropylar end of fertilized ovules

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

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

30 1987), hypocotyl (Cousins et al., 1991; Rangan &
Zavala, 1984; Rangan & Rajasekaran, 1996; Trolinder &
Goodin, 1988; Umbeck et al., 1987, 1989), stem (Altman



5 (Firoozabady et al., 1987: Unbeck et al., 1987). Several factors can |ead
to breakt hrough of nontransformed calli, or to chimeric calli consisting of
predom nan ransfornmed cells: (1) |ow kanamycin levels (a high |evel
of kananycwld?dgﬁ?%xi c to 10 cotton explants and calli); (HCT/SG9/00016

experi ence-dependent selection in |ater stages of callus proliferation; and
(3) use of explants such as the hypocotyl which has only partial contact
with the selective nedia (Firoozabady et al., 1987). Wen the cotyl edon was
15 used as an explant, although the transformation rate was hi gher than
ghat Wi t hbt he hmogqt yl 19190 ; Wegnekt ens:dmgjhcwu)t,o £dd¥ rsaiee: A@tagbact erium
uring subsequent c Q|ao -L, an ers ,

comuni cation; Gt tl%g G?E%,ei%g)’ §£%120'1“fl?aa%sf&o l(ST‘ﬁ"rate of
meristem c tissuesenr, ougha}namtei embrponbpessbey, ST 5] FEDW do@al.ow
(0.02r0.22s) co redtotht o] gr te rren‘g nsformatlon
There thus remains a r%e?a'afr n&?ﬁbdggz‘f i%ﬁ@c’i é% sgerﬁc cotton

pl ant s t hat5 pr oBmdehhi gi98dat Gawefl Etaatforh%(iorﬁaw@hgﬁ v&q}:iradmeqh rates of
transformants ag@% e o] mb I

PCT/ SG99/ 00016 rm’e{ 91%% tﬁ(tgﬁgﬁgegﬁ%{gﬁtﬁ iy?ise%?‘ygﬁns&gn Ion rel'ates to a
met hod for prodddéfy .t rRedgdfhenc 6t K@h,plaﬂls Keongk iash ng 1989)st eps of (a)
obtal ni ng Colt Oyl RIOU o &%Bhﬁ@&% 51688 ; CHELANME [die .Y 4pq) 00t
expl ants to induce call $ Yor mat i on exposi ng root callus toa culture
of Agrobacteri urﬁﬁdjmmtt Hﬁheﬁaﬁboﬁé a %&%?br conpri sing an exogenous

gene and g el ect abl & Mykalon ThanlgbehRactsht unmﬁﬁmgt@amm Lf effecting
the stable 10 transfer of the exogenous gene and sel ection agent resistance

gene to the gendhiPIOHHe é‘@ltlyé-eﬁlf’ntrhéaé BFaﬁ?nefﬂSe‘éu"fNWquOr%Yéal lus in

the presence of dre sl yaEdow) %&e%luoaﬁhmﬂﬂatbﬁeséhl@ﬁﬁréﬂn rgRNtbdesi st ance
gene confers remsta&drso as to select for 15 transforned cells, (e)

i nduci ng somat i d%§fh Wc(’;ﬁrlﬁmfﬂéd%éFEGt’éﬁa’&%ljr:‘?{f%atb]tﬂri G and (f)
regener atl ng t hepd rithusled iRiridhenftbr(¥es FirAinondhet eal r ANBIE3Y FiGdrdt an

pl ant s. e pre rovides fo n ipprove 0 of

t r ansf or M%aﬁe"&q o fp F&W&&ég%e{aﬁgag- g%hp‘%%ﬁ/larﬁ&}:cot yl and

cot yl edon t| ssueal Thagm‘l hmimganbal Re\jadekerhayelabsle Rpjd seladridr tet to a

variety of cotto r e rie cr pt| f ~ i gur 2 ure 1
l&gﬁéc’osqm nﬁig % EL 299 eckdg&i % S.LEFEHJ

shows the pl asm “ulrt er agé gene used Tt o det

positive transfo&Qﬁﬂusﬂ992) In addition, meristematic tissue of
excised embryonic axes has also been used for cotton
20 transformation by particle bombardment (Chlan et al.,
1995; John, 1996; John & Keller, 1996; McCabe &
Martinell, 1993). * Zhou et al. (1983) transformed

cotton by injecting DNA into the axile placenta one day
after self-pollination. However, cotton transformation

25 is highly dependent on genotype (Trolinder, 1985a,
1985b, 1986; Trolinder & Goodin, 1987, 1988a, 1988b)}.
Apart from a few cultivars which are regeneratable and
transformable, such as Gossypium hirsutum cv. Coker 312
and G. hirsutum Jin 7, most other important elite

30 commercial cultivars, such as G. hirsutum cv. D&P 5415
and G. hirsutum cv. Zhongmian 12, are not regeneratable

and transformable by these methods.



obtai ned by the nmethods of the present invention. Figure 2 shows the

pl asmid pVI P96, the plasmid fromwhich pBK9 was derived by insertion of the
30 lucifer ) wo 00/s3~s3 6 PCT/ S@&9/ 00015 petail ion In
order to O\ﬁgﬁzﬁt he problens seen with prior art met hod?%g@?afﬁdgrﬁtease t he
efficiency of transformation, fibrous root, explants were used for 5

Agr obacteri um nedi ated transformati on of cotton. Although in Arabidopsis

hi gh efficiency of transformation was achi eved i n Agrobacteri um nedi at ed
transformation with fibrous root explants (Val vekens, et al., 1988), and
the differentiati on edsadwig freviious 18pbookSafid othe airiventan S awedi um

containing 2.0 [L 1 AA 0 0 /LIBA has benr orte Kua,
et al., 1989), %?re”ﬁ‘esﬂtﬁgl Cé&(?r‘t %lﬁ t RETFFE urg a ﬂo S ulsnl%rlfl(é:tfl’ nrous
roots as expl ant&0%)orcarotheoradhmvsﬁousahgonhelﬁyﬁommﬂs ars)catrs now have been

successful ly use)gpfsl}texplfgorue%for RAar g@g%ggw%{rgg Aled § @Q;hfl nRli on and

pl ant regeneratl R t he Process 1o see I ng culture, and
regener ation antFirdédzalemdy eﬁu @l .of 186firybgback e‘alﬂ me¥BlUsed. 20 Medi a

used to cul tureg é@@fij{ nigascgé)rtsotgqli lS%4PL3NL BBkELE }¥va§f designed to

m nimze browing 0 he r rownlngaversey cts the ability of
explants to growpnErangferredmilildr mozaltoushimarict eaplbrernsisfdng |

Vi gor ous 1001 _G68Y fleadil a8 GiottakS BEMRHI BENLS ME(L{ Mk | - ef f ect
triazole, a chemcal agent used in _agriculture to pronote root growth) and

NAA (a napht hal bdRanyets clexsty @ éu@%’e&eﬁ’ééef’ﬁe}‘a??\mi"l’kn seediaig df ture

medi um t oppeduceotHién pé%ﬁﬂaﬁ'hr@f daquned (Q@Oéﬁpéf\ﬂeh@@-l:@@s&ld‘éﬂd us
initiation rate. (S preferably use i ons, ran |n from

i\)/ET 30 2 oncent{) %
about 0.05 ng/ 158LeGHHRR ¥ 2L3HTL SHA%SS Sfefal Bpr‘éﬁ Hteprdiony #n is
preferably used(Bn goacenteadlaonts AWy B3¢ theohgpbsdtgB wh RET11EE910001G

only partial contact with the selective media
(Firoozabady et al., 1987). When the cotyledon was

15 used as an explant, although the transformation rate
was higher than that with the hypocotyl, it was often
difficult to eliminate Agrobacterium during subsequent
culture (Jiao G.-L and Chen, Z.-X., personal
communication; Umbeck et al., 1987, 1989). The

20 transformation rate of meristemic tissue through
particle bombardment was simply too low (0.02%-0.22%)
compared to that of Agrobacterium mediated
transformation.

There thus remains a need for methods of producing

25 transgenic cotton plants that provide high rates of

transformation along with high rates of transformants

among regenerated somatic embryos.



fromabout 0.01 ng/1 to about 0.2 ng/1l, nost preferably about 0.05 ng/1.
MET and NAA are also preferably used in the nediumused to root transgenic
seedl i ngs regenerat ed fromcallus, in amounts simlar to those 5 described
for the seeYP'"8UI ture nedium In a preferred enbodi ment PET/SEH00016
callus-form ng nediumvitamn B5, 2,4-D ((2,9-dichl orophenoxy)acetic acid,
MyC and gl ucose are used, preferably abouP 0.05 ng/1 to about 0.15 ng/1
2,4-D, about 0.4 ng/1l to about 1.2 10 ng/l MyC, and about 1$ to about 5~
gl ucose, nost preferably about 0.1 ng/lL 2,4-D, 0.8 ng/L MgCl and 3~

gl ucose. In an tecp e di rent of the callus-form ng nmedium
myo-inositol, vi ylal'lyl (am no) puri ne are used, a,
preferably 15 about Shengresepotabouentbonnggliatgm-tindsineihodafest 1 ng/l to
about 10 ng/1 vi 1 B i <0 0 he

di met hyl al | yl (arﬁ‘?c%“%&ﬁgng?gﬁ% 3 1?’%&?%’?2’5‘?;" %%B%{) St I%srlm{r%l/c?-i nosi tol ,
about 0.4 ng/1 AteRA 9B (aan@bsiBéDing APFLOR FRIRM R ISAY SHFHERSSri ne. 20
The same madi a uggd dQkusahlyUsneNduBELRE £86t 2591 Lt d15adl idiideg sel ection
with antibiotics -- for_ exanple with 300-400 rTg/L cefotaxinme or 15-30 ng/L
kanamyci n. The piaddaifc£OMakiigh: cdfit eREPEBIBASIPY F&rHb U FULEYE6 ny/ 1
to about 5700 nd,aqmdad¥ediiemakukeZBeibndSt B8O hdBidds of widuoat es

(preferably NaNO3) was .crucial for the observed effectiveness of the

di fferentiati on GRRERTHAING AR EHOILPBHREUECRBORRA R ISHIARLe A& Tah t he

rate of call us-igHlIAdObadelianebetAGPaaEEDYVE Lf hyPOesi Mg amd fapliedon, a
hi gher rate of 30 tratnsforma ion was achieved. T chnjrqéjes for_ introducing
exogenous Henes THA I&Fr Qfalter FEREENRHSt ARt FRY IFHFCHEPR AER% er r ed

stably WO 0015383 thridel oenot308he penampl afttloe EdBIE df Itee exposed to
t he Agrobacterium are wel|-kno in_the art d do not form part t he
present inventi oerfspa%atnti’s (59 % hﬁ%@?&&g ﬁgeugafguioﬁ%ll&% p’ﬁefssegi'cr?ec?%f strain
of Agrobacteriuntlor sklestilomsmigentt hat whdchatbérseheoriqn asyant wherein the
genes responsi b'PeJPJtatn*%ga Rt g 0k %@Si%’r!g{?éecé‘é‘ré‘gt%'ééﬂecc Of¢ fyhe
crown gal |l di sease cause l%/ W | 8—type grobacterur m are renoved or

deacti vat et® Nuneransfayathloed 1sf, desadnddchge opameei¢ vemistyai ns are 10

found in the lit : o p n (Mal ker peach &
Vel tern, 1994)) _P%z?ﬁﬁlﬁrﬂﬁtxﬂgrhegé\%;l%?ésfoEgﬁt}g;uggﬂgﬁ’g%',_ '(]:%F? ebc?%bi nary
vector system sSIRIEREFAHAY ddecdinsigetn SometipaeBRrYPRsinte ofp 1838 and
5,464,763 (Schil pespddni ele@lton d@nidaekema et 15 al., 1983. A binary
vector systemallows Tor manipulation in E. coli of the plasm d carrying
the exogenous gene t o e RERTBFuEEFNORt BrONeIBPafiPr FRKIPRFIRA prdcess of
vector cons¢r u_ct&ifm%mc&fcﬁaﬁteirori Whear bbmgfu&edzeospﬁ&bﬁélhy,mmcdqg _ )
construction, ingluding the construction of chinerigc,genes c risi.ng, the
exogenous gene thatt d Jdaeysil}yé)soc[o&yfimap dﬁ@éy?ﬁ 8”tﬁég§1‘%ht,ﬁ£%ﬁ“%@ rried
out using techni jsase Wdtedknowhave wWieleamppandadodstpotof arvapesty adf t he
present invention. 25 Chineri.c Jgenes shoul d conprise pronoters that have

g . %ot%on Varieties. : . : S
activity in the host in ich expression is desired. For exanple, it is
advant ageous to have a series of selectable markers for sel ection of
t ransf or ned cell§;:-EE q s £ the Fi -

25 Figure 1 shows the plasmid pBK9, containing a

luciferase gene used to detect positive transformants
obtained by the methods of the present invention.

Figure 2 shows the plasmid pVIP96, the plasmid
from which pBK9 was derived by insertion of the

30 luciferase gene.



at various stages in the transformation process. A 30 sel ectabl e nmarker
(for exanple a gene conferring resistance to an antibiotic such as

kananyci n, wefopks¥i e or streptonycin) linked to a pronote ive
00/ s3~s3 9 PCT/ SG9/ 00016 in bacteria would permt selecti %ﬂﬁ%}"g{?%f‘erl a

containing the marker (i.e., transformants). Another sel ectable marker
linked to a plant-active pronoter, such as the CaW 35S pronoter or a T-DNA
pronoter such 5 as the NPT Il NOS pronoter, would allow sel ection of
transforned plant cells. The exogenous gene that is desired to be

i ntroduced intopechaipkdnbegeklipghonl d conprise a plant--active pronoter in

functional relation to the c | n uenc SO fnet r e ves 10
expression of the gehé’ Pﬁ(é'?ﬁ f’rgﬂgf%?%dt ¥ an Obr'% T %%e g’%}l éflgélé
pronoters, suchaas tnl&ehedWaaaS;.ntheaNP'ltné é\KEquemqyt@rf or any of a nunber

of ti ssuespemf cr [%rs%m% ﬁf’“'r?h léPc%@Oé-rngt?ltJhecsarJez%I”%sﬁﬁl %gp on of an

appropriate pro o Ry nary skill inthe art.
present netshod olrgrctbaqmdutnempdmdueé trmi‘mmaﬁ:ipiramfs agtoBssi ng any

nunber of _exoge;m{éﬁlo%gﬂegh Q—gm% Qislﬁ e%%penzé}p%ﬁ%?oce of such a gene.

The selection o esire exoge ous ge t he goal of the
resear cher, and tramsforsa¢ianpkes athilesed abh cAgroiartariurcoeddabedused

wi th the present.jven g@l%ew%@w@%i)p%we 384 o fhntd N@3EEN SO

Baci | | us thurlnglen5|s oxin fesi'stance genes such as
shi ki mat e synt hate adened %88at, aBdcéhéedlgf?{ﬁM@qmﬁfsmé fibgoupat ent

No. 5, 186, £12, Qlodk 2 £ol) %r&g%yaﬁn%ema@mnté@atmrﬁ%% 2 fPrr eshst ance,
Bayl ey et a eoretl c~ ied Senetic~,, vol qu 695-49, nale

sterility genes 05~1964T°a§4t He/3ndB héé pesesrepories Eien(C. 86 5,791, 684
(Fabijanski, et al. ),19(@9)&\(/)%(3%61@' ﬂ@%%&@r’@rﬂp HOU B d 1Y uTES BB ¢

described in U S Patent . iver, et al.)). WO 00/ 53783 10
PCT/ S&09/ 00016 using fibrous roots’ as explants for cottdn
transformation.

15 Fibrous roots now have been successfully used as
explants for Agrobacterium-mediated transformation and
plant regeneration. In the process modified media for
seedling culture, and regeneration and differentiation
of embryogenic calli were used.

20 Media used to culture seedlings to obtain explant
material was designed to minimize browning of the roots
(browning adversely effects the ability of explants to
grow in culture and form callus), and to promote
overall vigorous root growth. In a preferred

25 embodiment MET (multi-effect triazole, a chemical agent
used in agriculture to promote root growth) and NAA («
naphthalene acetic acid) are used together in the
seedling culture medium to reduce the proportion of
browned roots and increase callus initiation rate. MET

30 is preferably used in concentrations ranging from about
0.05 mg/1l to about 0.2 mg/l, most preferably about 0.1

mg/l. NAA is preferably used in concentrations ranging



Agr obacterium nedi ated cotton transformation is considered in the art to be
heavil y' vari ety-dependant. The Coker series of cotton varieties have been

shown to be relatively easy to transform However, DP 541§ - Gﬁz&mn&i n 12
and nmany oWe/5¥83i eties still have difficulties associat §

transformation. The situation is the same_for G barbadease and ot her

di pl oi d species. Particle bonbardnent, DNA i nj ection and infection of
meristemtissue with Agrobacteriumare 10 sone alternative nethods, which
can be used to transform in theory, all the cotton varieties. The probl ens
associ ated with these methods gig91 kewasbhtcoencygot, tmests frorafetbadni Yand
unst abl e/ unrel i 5 FESUI ts. 1t i s belieyed that ;hg [EEENMp L has 15
broad appl i cabidbdyt t®. @5 avstlor ndEToA"Ef NGt BOF §af e$| es, as It overcones
or mnimzes seyeral. Qfed{ G RIs¥d &% ravtoeirahsdenithseedlinds work rel ating

to cotton transt'ormation (such as breakthrough of L Faps{ orgmskcal | us,
poor expl ant grosgénematedvi D (G3Hdor it 2 upg e,ggg%%g somat |l c

regeneratign) throughpdlierdsecd dddandusy rcmdtt ugepngAiym. ThENf®] | owi ng
abbreviations are used to designate Céljl ur e, _Bdis2 ruseiiHh m8dac@anection with
t he present inveneféﬁFGQSG‘ElBO%ﬁﬁrtﬁnct d:é‘eba& o-tryptone ™+ 5g bact o-yeast
extract + 10g NaChlmiBSelEdi,ump GarhardiehlakopheneBy) SFe s askd: No.

G 5768); M nedium (Miurashige et_al .. 1962:. Si bouhloo. 86 $524); SH
medi um ( St emrtM&C%anlg#‘?g°?ﬁ ata ‘i%af?' %’1?%1‘4127%%’;”%\/\0 00/ 5378%@1

PGT/ SG99100016 $B- abdut' 6.V6 mgrl BE, A4Dambeut @ {149/ INAR) abeRt 124~ Bs

medium; ~, B-2.1 (M5 ro_+.B5 micrpe + 0. 5o , 5e0. megkL kinetin +
3% gl lr?cosel% 2gPE(/&eP“g§ 'gamdsa‘(’ﬁ%%g%e‘f‘%x S gana%)2 gih%og;(p EE?{BQ#%Hzo,
pH5. 8) : CB2. 22 pzelfidatiyr abeut00rdy/ mg Ay o2 i HoRd t&f8 Mﬂnﬁ‘% Ffam'n BL +

gng/l' 2P (6 - X:%i?”%t.hyll%,l L it 9)19{:'@;??éfe@ré’@gédbd\d%tehﬂofgrtheose +
g/L gellan qum Vel PG ) + 10 A0 . 93nm/L MO 2= GH20, pHE |
8) ; OB3.13.1 (dEB1RSHEBBEngYMEdREROPHRT H#ROS Bohy/ T+ a1 g
dimethylallyl(amino)purine are used, a, preferably
15 about 50 mg/l to about 150 mg/l myo-inositol, about 1
mg/1 to about 10 mg/l vitamin B,, and about 0.1 mg/l to
about 7.5 mg/l dimethylallyl(amino)purine, most
preferably about 100 mg/l myo-inositol, about 0.4 mg/1l
vitamin B, and about 5 mg/l dimethylallyl (amino)purine.
20 The same media used for callus induction can also be
used during selection with antibiotics -- for example
with 300-400 mg/L cefotaxime or 15-30 mg/L kanamycin.
The presence of high concentrations (preferably about
1900 mg/l to about 5700 mg/l, most preferably about
25 3800 mg/L) of nitrates (preferably NaNO;) was crucial
for the observed effectiveness of the differentiation
medium. With the fibrous roots as explants, although
the rate of callus-induction was lower compared with
hypocotyl and cotyledon, a higher rate of
30 transformation was achieved.
Techniques for introducing exogenous genes into

Agrobacterium such that they will be transferred stably



CB~3.2 (CB-2.2 + 500ny/L cefotaxinme + 50ng/L kananycin); 15 CB-99 (Modified
CB-3.1 or CB-3.2 by adding doubl e anbunt of KNO3 and renoving NHANO3 with

250 nmg/ L cefpbemshgye and 20ng/ L kananycin); CB-55 (SH + 1. g’cﬁﬁ/@"ﬁf + 29/ L
gellan gum (PhytaCGel T*, Sigma) + 0.93g/L Myd z, pH7.0). 2 Sowi ng
Exanples are intended to illustrate the pgesent i nvention, and not in any
way to limt its scope, which is solely defined by the clainms. EXAVPLE 1:
Regeneration of Cotton Plants from Root Tissue Culture 25 Preparation of
Root Expl ants: Cotton seeds were sterilized in '70% ethanol for 10-15 mn.,
and then treat eob s toiango oz ®2ahor t 88sueOexpased Tre dthed Aggwda coverd umi nsed

in sterile wat 4 na a medi um
or CB-1.2 nedi ﬁam at(:?"r é% % Egogﬂ: g}qt ﬁﬂlé?rgg: g(r)br%k m%rf gﬁllﬁlé Seven
toten WO OO/mmtlznwewtsmglomclssd@c}%arstt@m@ deedsiengs sehus gr own
were used to pr We.mt -1l d..I L §nf8f'”ﬂ%£5@éctpé R{ fa wheal thy roots

(1 onger andthl |te co or were talined using CB-1.1 nedium
wher eas srﬁ)rterpleﬁﬂmtd)l Hhat oot 8 Btwpin gF eylawnis gileredinothgegeNEIt ai ned

using the CB-1.4 JRdium) THRreLAL: bt foMass CHAS &gy further work.

I nduction of calli: Fibrous roots were cut from seedlings and cultured on
CB- 2.1 medi um cthaggcterigddicupfathegerownogat brdigpase gapsedi by | i ght

(60-90 10 pE m2 1x4-¢ Tbﬁgz%@;falc%&rbifnzsré%exﬁ@@édeawlow“atc&lme‘ér7 mm A few
small calli initiate the cut sites of root segnments in as |little as 3

days. In gener é‘iuquf‘%ﬁsw&eﬁyBéCGf'?Pr’B?dC‘ﬁgWWW Htreissapred to

initiate g@l | useQthd nYHaN 1&%@&5%@& €E. d. dayzsmﬂcﬁq HPHRAEI01 RheVipBHS 10
the present invention, transfornmed root exE%ants were generally found to

initiate call ust®nl (akkezipepghqdy Yedternrt 1994) bn. Fhe < AWNST the r oot

expl ants was whidwant@u ek d @tsera S%bhl&é&ﬂblr\lﬁ‘ﬁ R Myigtakgd from
ot her parts of the root 20 se% he_ col or of the root expl %nts changed

to grey or everfHrbvit WAdth e €r‘f& Sfj 2“V\B€§S oRtRE N5t 1?0 §108
initiated fromér’ﬂ:e Sv8 & W@ot(semu@atrswad gtemwelalnd PodHemat W@ | nduci ng

rredia, 0|n ood u ile 25 CB-2.1 did
not . :']%% ‘oot %BF% té’eﬁggﬁ/ %f{: g%]gi?‘ﬁse ér,\ﬂﬁ]".crocal | us

initi at ed on thmmpu]attm dhn tEhe cmlpl afit thé\bpuasrhﬂy afrirgiotg eohiad ant s
initiated callu ther nd, while
CB-2.1 nedi um s%p@%érfguds {Hﬁ%e Btﬁ:ﬁﬁuggg mf g}b‘% (:tbejtql h(ql ere was
no callus initithe mma$@fcwcsptregpn$heuetimlmly &¥fs il Ingsqamcti on
with root explagis, on the CH 2.2 nmediumwas 10$, which was

20 Similarly, vector construction, including the
construction of chimeric genes comprising the exogenous
gene that one desires to introduce into the plant, can
be carried out using techniques well-known in the art
and does not form part of the present invention.

25 Chimeric genes should comprise promoters that have
activity in the host in which expression is desired.
For example, it is advantageous to have a series of
selectable markers for selection of transformed cells
at various stages in the transformation process. A

30 selectable marker (for example a gene conferring
resistance to an antibiotic such as kanamycin,

cefotaxime or streptomycin) linked to a promoter active



WO 00/ 53783 13 PCT/ SG9/ 00016 | ower than that with hypocotyl or cotyl edon
explants (20-30~). A summary of results show ng callus induction and

transf or mat | ciency appears in Table 1, below. 5 Regeneration of root
calli: Aftei‘v(z’ghrquﬂ{’)nth the calli were transferred to new REBSGH/G8IS
subcul ture on either CB-2.1 mediumor CB-2.2 nedium After 2 nonths of
subcul ture, the mature calli were transferfed to CB9 (wi thout antibiotic)
for induction of somatic 10 enbryos. d utam ne and L-asparagi ne were added
in amounts of 0.5 ng/L and 0.2 ny/L, respectively, to pronote

enbr yogenesi s - BL| Tk SANRLG1BTHOYGS L WBLECLOL SRt P hddi efipr yogeni ¢ cal |

after 2 nonths tivation cu tures Iin between on the sane 15
media. Primary Mamm@mwﬁ@rwbcm t uksansfo XM tHne AR e or

anot her nonth befor g,r a%:qﬁ’ég-; n%ghrxesawﬁwnén&a@ﬁvemﬁexthe

somati c enbryos evel ope t ets These snmal |l plantlets were
transferred to GRGh mslitha fC@MVr 36€ pHeBetrsnr Viheh DV tIeCH R 1B had

made roots ©on thes Qo Nediumyos g,r\éﬁ%%%)c uBQYdV\@:tEowmcaﬁr&d 40 soil
hi

and nmaintai ned in an i ncubator g 3-9 weeks at 28C,
16h light ( 60- geransfpomed Blanfaﬁﬁltlﬁen frF‘Sn§?‘39 %'au% 09¢08% dhqfotisS wi th-

soil in a green d@yisked 2% Ea}éWPthoaucéar Qh@@t eheUPLIRENSE DI rmtmplru and
Culture The plasm d pBK9 (35S: .Se ene{)at ed I_oni ng

LUC e
the luc codi ng SEMRIHRE f aréh]rat”rFe ®/ gtrﬁ’ OFF%gﬁﬁanB‘Ft ‘?%Jm FEMC
into the bl unt - enslegh&tebdiid sefudnde, plsas thdtphE9prémeee £ @rivés 2) . WO

00/ 53783 PCT/ S99/ 0001 G 14 ared conpet en cel croliter) in
Eppendorf tlibe fFORTEBHOR? % ETRG &8 tﬁ)'l Rﬁﬁ EPﬁéﬁgdp% Wwas added in
the cells. AfterAgeivw) eplandt +egtitviee prnoxztottlee:swasuchcabathel CaMV ce530r 45 5

m nutes. The Epp nd%thidJ.peqcf nrptal ing the m x%&;rg ﬁ@‘f‘ﬁ% Jfrnéo JQuid
War

nitrogen for nute an S in awa bat m nut es.
After the i ncuba$pem:,f:Bﬁ)(pmmtﬁnSt,erarlﬁBMele-lmp(vw thotheaartbamdi cs) was

added into the ”géigégigﬁdofrﬁhtégﬁiobriate promoter is well within the
15 ordinary skill in the art.

The present method can be used to produce
transgenic plants expressing any number of exogenous
genes, and is not limited by the choice of such a gene.
The selection of the desired exogenous gene depends on

20 the goal of the researcher, and numerous examples of
desirable genes that could be used with the present
invention are known in the art (e.g., the family of
Bacillus thuringiensis toxin genes, herbicide
resistance genes such as shikimate synthase genes that

25 confer glyphosate resistance, U.S. Patent No.
5,188,642, or a 2,4-D monooxygenase gene that confers
2,4-D resistance, Bayley et al., Theoretical and
Applied Genetics, vol. 82, pp. 645-49, male sterility
genes such as the antisense genes of U.S. Patent No.

30 5,741,684 (Fabijanski, et al.), or even the elaborate
crop protection systems described in U.S. Patent No.
5,123,765 (Oliver, et al.)).



10 with the m xture was incubated at 28C for 3 hours. After a brief
centrifugation at 12,000 rnp, 800 mcroliter supernatant was renbved. The
rest of theyggelkdsga Was mxed well with the cell pellet and the mxture was
pl ated onto LB plates containing 100 ng/L 15 kanamycin an}Cthﬁ?Wﬁ?oI‘_‘
streptonycin. Successful transformed LBA4404 cells fornmed col onies on the
pl ates in about 48 hours at 28C. Agrobacterium strain LBA4404 harboring the
pl asm d pBK9 (35S:LUC) was initiated on LB plate with kananycin (50 ng/L),
20 streptonycin (50 ng/L) and refanycin (50 ng/L). A single colony was

i nocul ated into LB higubécoediumriédiidd apititbnotirassdodmgt dom Hyver ni ght
for about 18 h _at 2BC on a gyratory shaker. The optical densit 00)

val ue was adj u§PBg?* 8"'?)31”-1 %t.‘%f ‘?‘ﬁélltioq?ﬂed hl_egvﬂrg&i 258 58?6?%5"51@'2.
EXAMPLE 3: TramakocokérosepieRonf dotyantvabiesiesahdvRebearr showm b
Transgeni ¢ Cotton_ Pl apts Root_expl ants e _obtain by ltjyating sterile
30 cotton seedéeageg%{g%‘(?g%de?w E%(%&b’ia V\S%l:ora 'ovgl,owgg'e{:B ﬁglg!rlr%%’i um Fi brous
roots wer & cut Zhpogmserdl?2 ngsd amahy WBeO0NV23 183 15 BELLEEOY€0016 cul tured

on G222 101 40 eaEy 61 LGl 90180 M A5k s The [ bppous oot

were then cut rnto small segne incubated wth the cell
suspensi on cul sdteadiongisbbie esanen famed.adianbadanss ang pBpa”n04 har bori ng

the plasm d pB 5. 1 £8600p 50 Iy D -k I . OF . n. After
dr ai nage of thggggéggr%ggééﬁbt io%arfplt%leé)r oot Qgﬁgﬁs%\ﬁér ggéﬁ%?h%d at 28C,
16h light ( 6020¢ d4BEfATEZEcn §f fmerbstediisssvawittho Agapbactreivpt apaim

concentr gty on gbmkhg1 £QrAgE PPCHEFAHE Stliaidh R4 ukel GOt expl ants was
| ower (A600=0.1-0.4) than that ftor hyﬁgcotyl and cotyl edon expl ants

(A600=03- 0. 6) . topPEfarmpatneknaPrroiehtthe it ol Fagdetirpect Thhe growth

of the root explaphemgndsthe;atoserienitiitld WethddeChiran. 14w Co-cul tured
explants were washed twice with sterile disti]led water, and_transferred to

CB- 3.1 medi um &FFEB818NSYnRAi hRFRSFCEWR A th Wstses/veRetighte ( 60-90 uE
m2s-' ) . Aftesuflesr weekss keDBEyed nehfsitHaprednti meehed2Rasel ect ed
and subcul ture on t he same midl a fortthe ecoq__d sel efctl gn. At the sane
time, some of PRE2EaPPPLaSRRIEEFECHRd ’f%’ﬁ%iré‘lﬁ 1We FUECEEBPessi on with the
l'uci ferase | unvaeseenes,i aaget syse ecorfaeobnmie 2&s Iselvewprl dhetpeocess of
i nduci ng cal | u rto%%méb%go%ﬁ@eg"m{ﬁ:q%hx%ho d 'w%r%”%l%‘?;if\ I {ys induction
fromroot explant was | ower conpared w that” from hypocotyl "and cotyl edon
expl ants. cotton transformation (such as breakthrough of non-
transformed callus, poor explant growth and low
20 transformation rate, poor somatic regeneration) through
the use of fibrous root explants.
The following abbreviations are used to designate
culture media useful in connection with the present
invention:
25 LB_medium (10g bacto-tryptone + 5g bacto-yeast
extract + 10g NaCl);
BS medium (Gamborg et al., 1968; Sigma, Cat. No.
G-5768) ;
MS medium (Murashige et al., 1962; Sigma, Cat. No.
30 M-5524) ;
SH medium (Stewart & Hsu, 1977. Planta 137,
113-117);



Kananmycin-resistant calli were transferred to CB-4 nmediumto induce
enbryogenic calli and somatic enbryos. 30 After 4-6 weeks of cultivation,

wi th one swiisetidsvize, mature somatic enbryos appeared on tgfc@%%/hoom
Pl antl ets devel oped afterwards from sonme of the wo o0o/s3~s it

PCT/ SG99/ 00016 enbryos. The green plantlets were then transferred to
rooting nmedium (CB-5) for root induction. Wien plantlets had made roots,
they were transferred to soil and naintained in an incubator under high
hum dity for 5 3-4 weeks at 28C, 16h light (60-90 uE n2 s'1), and then
transferred to | argeQpefls Iwi(¢nMSoi+| 3 RS aVitamin houselmETXANAAT ;4. Det ecti on

of Luciferase Activi ':%_Pal ?nt(%%e&%akamg'such as callus, leaf and whole 10

pl antl et) were spray a solutron containing 0.5 mM potassi um

luciferin and 0.01 (\@WBA2.io0lSxyechyl enBEorbErant ndrdbiedilat? 4-Rwden- 20) and
left for 30 mn. Theldsﬁ?d%.r iRk Ul peseepeacbsom iepe Uiftn kT als vas

vi sual i zed using an e-Intensifyrng”canera an g ot on-counti ng i mage
processors Hurchased (Ryrha@e€list Grigmast rrufedBagl hcMgC 8668 Quaktr-iidge

Road, Trenton, NJ 086l9. € B4+t ROl hodeo el €4 .10y /4, | mages
were converted to M 33%2@ (lg%\):\g'(ra%gi nt+ TIUEE&??I eg ando 20 print edﬂgjut froma
standard col or print eritagsn B gr Swody 8APséfect édYmedi um for one nonth was

selected to test Lm%maqq b nbBut-h e P+i TBfey AV LM + THe positive

transforned cal l us ha I t'e spots whereas untransfor callus did not.
Qut 25 of the 139 pi eflercase kaaffciosliad guBn{PRYFRFel 99 Piemak tere

positive wgh LUC actqg Vaing /TR ayegsst ghst gppsformation rate was therefor
350, which was nuch hi gher_ than that seen ?si ng coty| edon g%hylgocotyl as
explant (20%. WO 3CBr2rdif) @0, Mgy e FEEARARIYE of 9/%ys expl ant

for transformation  kanamycin):
CB-3.2 (CB-2.2 + 500mg/L cefotaxime + 50mg/L
kanamycin) ;

15 CB-4 (Modified CB-3.1 or CB-3.2 by adding double
amount of KNO; and removing NH,NO, with 250 mg/L
cefotaxime and 20mg/L kanamycin);

CB=-5 (SH + 1.5% Sucrose + 2g/L gellan gum
(PhytaGel™, Sigma) + 0.93g/L MgCl,, pH7.0).

20 The following Examples are intended to illustrate
the present invention, and not in any way to limit its

scope, which is solely defined by the claims.

EXAMPLE 1: Regeneration of Cotton Plants from Root
Tissue Culture
25 Preparation of Root Explants: Cotton seeds were
sterilized in 70% ethanol for 10-15 min., and then
treated with 10% H,0, for 30-120 mins. Treated seeds
were rinsed in sterile water for 24 hrs at 28°C and
germinated on either CB-1.1 medium or CB-1.2 medium at
30 28°C - 30°C, 16h light (60-90 pE m? s™!'). Seven to ten



PCT/ S&91 00016 Vari etyConstruct Conc. of Date of No. of No.
of No. No. Strai nsel ect edexpl ant cal | usof of medi unmLUCLUC+t est Coker 35S- LUCO. 1- 0. 2

9/ 10/ 97257 531235S- LUCO. 4323/ 10/ 971255708535S- LUCO /97569462
819358—LU(§'.%§)%%§/ 3/ 98520331511 References Altman, D. WPeﬁgégm?’@éQO.

Econom c Botany 40, 106. Bajaj, Y. P. S 85. Theor. Appl. Cenet. 70, 363.
Beasley, C. A 1971. In vitro culture of fertilized |0 cotton ovul es.
Bi osci. 21, 906-7. Chappell, J. 1996. Plant biotechnol ogy comes of age
again. Ml . Breeding 2, 1-6. Chen, Z. X, Li, S J., Yue, J. X, Jiao, G
][—- and Li ﬁbs' >&ayls9%£%erlillan_tsbeau?genemmignmdrr omner ais@dl &st preparsol at ed
rom an enbryogeni c suspension culture_of, c . i L tumL.).
Acta Botani ca S¥RIGRtEr, d66%8° BRd ?a&.%%wuaqo%%ﬁ.tﬂ%glb&%\cta :
got an: cadSI ni ca(13hged8.and0 tBikrer) Geitth, white Jolomarere Pbraingdd
eveland, T. E._1995_ A procedure f Lol List] r A Qs O
regeneration of*$¥'h er}i'g &6 BW’f‘Fg%r%ﬁagi és}t§<r(>a£r1%e't]itc t st_zglrulgﬁtelgl gr?télﬂﬁ/bl :
Bi ol . Rep.5 13, wdiltH .grdy Goudiresn ¥olor wgope, otajnedipinedwde ¢B-1p2 J.

1991, V0 001 5753, PCT1, 509100016519 T g5 ohsm b leurlishioi.an

cotton c_ultivar“.le ‘pects for Cotton inprovement through genetic
engi neering. Aust. JindichitorPiefsicelliig, FhBrogs reeks s cu& fHom ang

Ham | ton, R H 1083 ndd s Yyedgael ghi e8-br omhéaldwsod icpia 201 Cossypi um
irsutumL. Plan cl.” Lett. , 89-93. Davidonis H 0. and
Hanmilton, R HmgdBm ap&’S Fed0feditterdtissh d@fyséogéﬁnlﬁaggﬁpgg??%n tissue
culture. H§ Paﬁﬁﬂﬂwhbsqﬂa67¥h93@ptimum size for root explants was 5-7
mm. A few small calli initiated on the cut sites of
root segments in as little as 3 days. In general,
transformed hypocotyl or cotyledon explants started to
initiate callus on inducing medium after 3 days.
15 However, previous to the present invention, transformed
root explants were generally found to initiate callus
only after 10 days of cultivation. The color of the
root explants was white. One week later, small calli
were also initiated from other parts of the root
20 segments. The color of the root explants changed to
grey or even brown. At the end of 2 weeks of
cultivation, calli initiated from the whole root
explants and grew well. Of the two inducing media, CB-
2.2 was found to induce good callus formation, while
25 CB-2.1 did not. On CB-2.2 medium, root explants grew
well, and the microcallus initiated on the cut sites of
the explant. About 10% of root explants initiated
callus after only 3 days on the medium. On the other
hand, while CB-2.1 medium supported the growth of the
30 root explants well, there was no callus initiation on
the cut sites. The efficiency of callus-induction with

root explants on the CB-2.2 medium was 10%, which was
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engi neering. Biotechnology 1, 262-9. Finer, J. J. and Smth, R H 1984.
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1988. Pl ant regeneration from somatic enbrgogeni ¢ suspensi on cul tures of
cotton (GossypiumhirsutumL.). Plant Cell Rep. 7, 20 399-402. Finer, J. J.
and McMullen, M D. 1990. Transformation of cotton (Gossypium hirsutumlL.)
via particle bonbardnent. Plant Cell Reports 8, 586-9. Firoozabady, E.,
Deboer, D., Merloyweb. thihl kha€ witds ymoemyl lor, cRiyiedonKexphantiarray, E.

1987. Transfor mab,08,91 cp&tg5#$§¥§§gfnfggdﬂ SWHiRilhg) cBY14gr obact eri um

tumef aci ens and ‘fegeneration of transgenic plants. Plant Ml. Biol. 10,
105- 16. Fral ey, iRduTtiomrogedstrans Hrrafdl aprefdi ciRNCE, apPeers3dnCGeneti ¢
transformation ip3 higheryphgpts. CRC CGri. Rev. Plant Sci. 4, 1-46. Ganborg,
O, Mller, R ang i, K [968. Exp. Cell . WD 00/53783 19
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4 (without antibiotic) for induction of somatic

10 embryos. Glutamine and L-asparagine were added in
amounts of 0.5 mg/L and 0.2 mg/L, respectively, to
promote embryogenesis. Primary somatic embryos were
formed on the embryogenic calli after 2 months of
cultivation, with 2 subcultures in between on the same

15 media. Primary somatic embryos were subcultured on the
same media for another month before mature somatic
embryos were formed. Some of the somatic embryos
developed to plantlets. These small plantlets were
transferred to CB-5 medium for root induction. When

20 the plantlets had made roots on the CB-5 medium (4-6
weeks), they were transferred to soil and maintained in
an incubator under high humidity for 3-4 weeks at 28°C,
16h light (60-90 pE m™? s™'), and then transferred to

large pots with soil in a green house.

25 EXAMPLE 2: Agrobacterium Transformation and Culture
The plasmid pBK9 (35S:LUC) (see Fig. 1) was
generated by cloning the luc coding sequence from the
BamHI/Stul fragment of plasmid pGEMluc into the
blunt-ended Stul site of the plasmid pVIPS6 (see Fig.
30 2).



ZO cul tures. Euphytica 49, 249-53.~ Gould, J., Banister, S., Hasegawa, O,
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of the Agrobacteriumtunefaciens Ti-plasm d. Nature 303, 179-80. Horsch, R
B., Fry, J. E., HoffrP&mp,arI&d kompEtehhotékls D(qomamisc:mli&ez(ﬁ iand Fral ey,

R T. 1985. A2 S| e .and.gener.al S L.Lr sf LN 0o es into

pl ants. Sci. p%rf é'f)rsnon%lglq%l]c é’éﬁ/- %ssg |'rt1§ cﬁig‘?rerl C genes
in plants: the &J&sgmde Dmmmrs sydedminPthatcabls . Bllbﬁten?eg@ntge 387-405. 30
John, M E. 199 tHC A Lac 4 430/ 53783
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protein in %ransganitespl afihe @pp&nﬁpgén%bgeﬁ@ntﬂmg NBie “BlXGIUrGSGaS

297-306. John, MyE.ipnd lﬁﬂul@ynlg’roﬁggfsfo%ia@ﬂ%@e PR ViRt 1 wRRRisNERI i Ng
in cotton: Biosynthesis of poﬁ%ﬁ% droxybutyrate in fiber cells. Proc. Natl.

Acad. Sci. USA 98 waterpdhaty for B nighFesenwdfter thgeD, 1992, Genes

for jeans: bioteg{iiMaAgidral a@@vaﬁ%@%meegomofaedi@ﬂwtdfo& ot echnol . 10,
165070. Kuo, C. C, et , al., 1989. Proc. Beltwi de Cotton Prod. Res. Confs,

63B. McCabe, D. FtiRiPhigs)i wés adged)intgoshe Miyies ARG Jieofube (e

cotton culiovarsyMHt the mixture was incubated at 28°C for 3 hours.
After a brief centrifugation at 12,000 rmp, 800
microliter supernatant was removed. The rest of the
medium was mixed well with the cell pellet and the
mixture was plated onto LB plates containing 100 mg/L

15 kanamycin and 100 mg/L streptomycin. Successful
transformed LBA4404 cells formed colonies on the
plates in about 48 hours at 28°C. Agrobacterium strain
LBA4404 harboring the plasmid pBK9 (35S:LUC) was
initiated on LB plate with kanamycin (50 mg/L),

20 streptomycin (50 mg/L) and refamycin (50 mg/L). A
single colony was inoculated into LB liquid medium
without antibiotics and grown overnight for about 18 h
at 28°C on a gyratory shaker. The optical density (Ag)

value was adjusted to 0.1 - 0.4 in liquid LB medium

25 prior to use.
EXAMPLE 3: Transformation of Root Explant Tissue
and Regeneration of Transgenic Cotton
Plants

Root explants were obtained by cultivating sterile
30 cotton seeds as described in Example 1, above, on CB-

1.1 medium. Fibrous roots were cut from seedlings and



15 particle bonbardnment of neristens. Bio/technol. 11, 596-8. Murray, E
E., DeBoer, D. L. and Firoozabady, E. 1993. Transgenic cotton. In
"Transgeni ng%/gg Vol 2, 153-68. 20 Murashige et al., 1962. A revised
medi um for Tapla S’r owth and bi oassays W th tobacco ti ssue RGARGAO8016

Physi ol ogi a Pl antarium 15, 473-97. Perl ak]al Deaton, R W, Arnstrong,
T. A, Fuchs, T. A, Sins, S. R, Geenpl SE , T. and 25 Fi schoff, D. A
1990. Insect resistant cotton plants. Bio/technol. 8, 939-943. Price, H J.
and Smith, R H 1979. Somatic enbryogenesis in suspension cultures of

Cossypi um k| ot z5ghiaaumopndecasy Pbantao asys 3066R. 1 &hia s ShaiENn K.
Gula, J. W, Hudspeth R L., Pofelis, S and Ander son, 996.
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transforned w tdeghehtls wfs-QQHQumf?”aadl DEcibhead \fr:DtEtﬁthKé asat ohydr oxyaCI d
synt hase. Mbl. Breeding 2, 307-19 Zavala, T.

1984. Somatic SUSHRSAPIGENESIEYER Pﬁséggo{?ﬁﬁﬁfémﬁf A 1 rréd‘.tnum L.).
In Vitro 20, 23BadcougadarydriagdtBaj psekaianpsko m% LiRegemgp,ati on of

From Us Pat ent Uo-9 814 BoRxarbds andoToboomin: 1oFISE (GATTAGF Sfoge,
Agricul tural Bltﬂ-teeodmxﬂeng.)al %luﬂmbﬁcutaé Boeedexplant Hweke csditeired J.
doubi e t he. bendtt A r ' 18 L ERRRCLET ot bt Lichls iy, R gt eee 10
Cytol ogi cal st uthesdays .cotTthen opitinumAchubentirbel orent deypl um davi dsoni i
Kel I, and1§i Stégféggcgérf%ﬁﬂstra{n E%R3504390r3gg§9 explants was
lower (Rge=0.1-0.4) than that for hypocotyl and
cotyledon explants (Rg=0.3-0.6). Optimal bacterial
concentrations did not affect the growth of the root
explants and the subsequent callus induction.
15 Co~cultured explants were washed twice with
sterile distilled water and transferred to CB-3.1
medium or CB-3.2 medium for cultivation at 28°C, 16éh
light (60-90 pE m™2 s7).
After four weeks, kanamycin-resistant calli were
20 selected and subcultured on the same media for the
second selection. At the same time, some of the calli
were selected to detect the LUC expression with the
luciferase luminescence image system (see Example 4,
below). The process of inducing callus took about 2
25 months. The efficiency of callus induction from root
explant was lower compared with that from hypocotyl and
cotyledon explants.
Kanamycin-resistant calli were transferred to CB-4
medium to induce embryogenic calli and somatic embryos.
30 After 4-6 weeks of cultivation, with one subculture,
mature somatic embryos appeared on the calli.

Plantlets developed afterwards from some of the
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pl ant regeneratlon I'n” co iumhirsutum5 L.). A D'ssertation in
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Gossypi um hi r sudufnee ks saterd®iCiroA§PABSERECLSOTH? elffhd‘tl ohal » @@nd then
2550B- 2551B. Trolindesrrdl do 131EeCRREIsNwidh Boil98d . a Soredd thridy.yogenesi s

and plant regeneration in cotton 15 (Gossypium hirsutumL.). Plant Cell
Reports 6, 231-4. Trolinder, N L. and Goodin, J. E. 1988a. Somatic

eﬂgrﬁogenesi S amlAmpmncdlr ati omeiijlbdthhoaf ILucEiféeai;é Rét peige of expl ant
an or none regine 20 Plant Cel |. Tissu Organ u 4
Trolinder, N L. and*tRUiTAteriads 158§ agoﬁﬁ n%??%g%‘hcg l'§°%§nd
regeneratilon I NnpTaht Dt ) Iwerd?enrpnary@mmahf ar sembtyOndemettammrg el pl ant
regeneration. P nt CeII u 1 25 43-53. Trolinder, N
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plant materials was v1sua11zed using an

15 image-intensifying camera and photon-counting image
processors purchased from Prinston Instruments Inc.,
3660 Quakerbridge Road, Trenton, NJ 08619. The
exposure time was 6 min. The electronic images were
converted to Microsoft Powerpoint TIFF files and

20 printed out from a standard color printer.

Callus growing on selected medium for one month
was selected to test LUC expression with the wvideo
image system. The positive transformed callus had
white spots whereas untransformed callus did not. Out

25 of the 139 pieces of kanamycin reéistant calli, 49
pieces were positive with LUC activity. The successful
transformation rate was therefor 35%, which was much
higher than that seen using cotyledon or hypocotyl as
explant (20%).
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W claim PCT/SG9/00016 1. A nethod for producing a transgenic cotton
plant conprising the steps of: (a) obtaining cotton fibrous root"explants,
(b) culturiwgdodsysfi brous root explants to 5 induce callus formation, (c)
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6. The nethod of claim5 wherein the a naphthal ene acetic acid is in a
concentration of about 0.01 ng/1 to about 0.2 ng/1l. 7. The nmethod of claim
6 wherein t g gyseapht hal ene 10 acetic acid is in a concentration of about
0.05 ny/1. 8. The method of claim 1 wherein the step of re§ENEFIVIORY t he
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9. The nethod of claim8 wherein the nmulti-effect triazole is in a
concentration of about 0.05 ng/1 to about 0.2 ng/1l. 10. The method of claim
9 wherein the nulti-effect triazole is in a concentration of about 0.1
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somatic enbryo i nducing culture nedium conprises nyo-inositol in an anount

from50 to wO0wsmgl, vitamin Bl in an amount fromO0.2 to 5
di nrethyl al l yl (am no)purine in an anount from0.01 to 0.5 %/ng&k/g@%jrhe

met hod of claim 18 wherein the somatic enbgyo i nduci ng nedi um conpri ses 100
mg/ L nmyo-inositol, 0.4 ng/L vitamn Bl and 5 ng/L

di ret hyl al | yl (am no) purine. 20. The nethod of claim1l wherein the step of
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24. The method of claim 21 wherein the somatic enbryo inducing culture

medi um conprises vitamin BS in an amount fromO0.2 ng/L to 10 ng/L

(2, 4di chl onpphha9ssy) acetic acid in an amount from0.05 5 %ks 15 nmog/ L,
MyCl in an anount fromO0.4 ng/L to 1.2 ng/L and gl ucose i %?R’BQM? from
1~ to 5~. 25. The nethod of claim24 whergin the somatic enbryo inducing
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comprising the steps of:
(a) obtaining cotton fibrous root explants,
(b} culturing the fibrous root explants to
5 induce callus formation,
(c) exposing root callus to a culture of
Agrobacterium tumefaciens that harbors a
vector comprising an exogenous gene and a
selectable marker, the Agrobacterium being
10 capable of effecting the stable transfer of
the exogenous gene and selection agent
resistance gene to the genome of the cells of
the callus,
{d) culturing the callus in the presence of
15 the selection agent to which the selection
agent resistance gene confers resistance so
as to select for transformed cells,
(e} inducing somatic embryo formation in the
selected callus culture, and
20 (f) regenerating the induced somatic embryos

into whole transgenic cotton plants.

2. The method of claim 1 wherein the cotton fibrous
root explants are obtained by growing cotton
seedlings in the presence of multi-effect

25 triazole.

3. The method of claim 2 wherein the multi-effect
triazole is in a concentration of about 0.05 mg/l
to about 0.2 mg/l.
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5. The method of claim 2 wherein the cotton seedlings
are grown in the additional presence of o
5 naphthalene acetic acid.
6. The method of claim 5 wherein the o naphthalene

acetic acid is in a concentration of about 0.01
mg/l to about 0.2 mg/l.

7. The method of claim 6 wherein the o naphthalene
10 acetic acid is in a concentration of about 0.05
mg/l.
8. The method of claim 1 wherein the step of

regenerating the somatic embryos is carried out in

the presence of multi-effect triazole.

15 9. The method of claim 8 wherein the multi-effect
triazole is in a concentration of about 0.05 mg/l
to about 0.2 mg/l.

10. The method of claim 9 wherein the multi-effect

triazole is in a concentration of about 0.1 mg/l.

20 11. The method of claim 8 wherein the step of
regenerating the somatic embryos is carried out in

the additional presence of o naphthalene acetic

acid.
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16. The method of claim 14 wherein the callus inducing
culture medium comprises myo-inositol in an amount
from 50 mg/L to 150 mg/L, vitamin B, in an amount
from 0.2 to 10 mg/L and a

5 dimethylallyl (amino)purine in an amount from 0.1
to 7.5 mg/L. . ) ’

17. The method of claim 16 wherein the callus inducing
culture medium comprises 100 mg/L myo-inositol,
0.4 mg/L vitamin B, and 5 mg/L

dimethylallyl (amino)purine.
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20. The method of claim 1 wherein the step of inducing
callus formation is carried out in a callus
inducing culture medium comprising wvitamin B,,
(2,4-dichlorophenoxy)acetic acid, MgCl and

glucose.

21. The method of claim 1 wherein the step of inducing
somatic embryo formation is carried out in a
somatic embryo inducing culture medium comprising
vitamin B;, (2,4-dichlorophenoxy)acetic acid, MgCl

5 and glucose.

22. The method of claim 20 wherein the callus inducing
culture medium comprises vitamin B, in an amount
from 0.2 mg/L to 10 mg/L, (2,4-
dichlorophenoxy)acetic acid in an amount from 0.05
5 mg/L to 0.15 mg/L, MgCl in an amount from 0.4 mg/L
to 1.2 mg/L and glucose in an amount from 1% to
5%.
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MgCl and 3% glucose.

24. The method of claim 21 wherein the somatic embryo
inducing culture medium comprises vitamin Bg in an
amount from 0.2 mg/L to 10 mg/L, (2,4-

dichlorophenoxy)acetic acid in an amount from 0.05

5 mg/L to 0.15 mg/L, MgCIl in an amount from 0.4 mg/L
to 1.2 mg/L and glucose in an amount from 1% to
5%.

25. The method of claim 24 wherein the somatic embryo
inducing medium comprises 0.4 mg/L vitamin By, 0.1
mg/L (2,4-dichlorophenoxy)acetic acid, 0.8 mg/L
MgCl and 3% glucose.

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

the medium further comprises gellan gum.

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

28. The method of claim 1 wherein the step of inducing
somatic embryo culture is carried out in a somatic
embryo-inducing medium comprising a nitrate in an
amount from 1900 mg/L to 5700 mg/L.

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

inducing medium comprises 3800 mg/L nitrate.
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