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TRANSFORMATI ON SYSTEM USI NG SOLI D MEDI A Technical Field The present

i nvention rajoaggﬁ) o the general field 5 of genetic enginequidigdhs Pl ants,
in particular to t t r ansf | S genetic material into t he
germline of plant I|nes by a pallen-based garobacterium transformation.
Background of the Invention ‘10 HMHMMN&IW&MMEn of cultured plant cells using
reconmbi nant Agrobacterium foll eration of the transforned
cells into whole plants, has becone*th®* standard neans for producing
transgeni c plants. Various nethods enpl oyi ng Acrrobacterium vectors have

" 15 been devel oped and are known in the art, including the binary plasmd
systemdi sclosed in U S. Patent No. 4,940,838 (Schil peroort, et al., July
10, 1990), and the so-called co asm d system di sclosed in

U S. Patent No 4,693,976 (Schllpe|wmﬂ mﬂmmmmm Sept 20 15, 1987). Most
current met hods enpl oy disarmed Agro} % clerium t hat is, Aarobacteriumthat
has had the tunor-inducing functions “del et ed or |nact|vated so that
transformati on does not cause tunorous grow h, but rather pernits growt h

of normal tissue callus capable 25 of being regenerated into a nornal

plant. WO 99103326 PCT/ USOBLENIS4ED2 TRANSFORMATION SYSTEM
USING SOLID MEDIA

hnical Field
The present invention relates to the general field
5 of genetic engineering of plants, in particular to the
transformation of exogenous genetic material into the

germ line_of plant lines by a pollen-based
'Agxghaghgxigm transformation.

Background of the Invention
10 B Transformatlon of cultured plant cells using
| _recomblnant Ag;gpag;g;;gm followed by regeneration of
the transformed cells into whole plants, has become the
“standard means for producing transgenic plants
Varlous methods employlng Agrobacterium vectors ‘have
15 been developed and are known in the art, including the
' blnary plasmld system disclosed in U.S. Patent No.
940 838 (Schilperoort, et al., July 10, 1990), and
the'so-called'co-integrate plasmid system disclosed in
_ U.S. Patent No 4,693,976 {(Schilperoort, et al., Sept.
20 - 15,-1987) . Most current methods employ disarmed
Agrobacterium, that is, Agrobacterium that has had the .
-tumor-inducing functions deleted or inactivated, so
.that transformation does'not cause tumorous growth, but
_father permits growth of norﬁal tissue callus capable

25  of being regenerated into a normal plant.



The use of Agrobacterium as with nost other transformation techniques,
has a drawback. In order to obtain a plant that is uniformy transforned
(that is, has the heterol ogous DNA present in every cell) it is 5
necessary twasas®béor mindividual cells and regenerate t RGTAISYMSBE sonatic
clone. The cells of sonme plant species are not easily maintained in tissue
culture, and are not easily regeneratesl into somatic clones. One

t echni que that has been investi gated to overconme 10 these obstacles is the

use of pollen as a vector. transform ng pollen, then using the
transgenic pollen to fert ze a recepti ve pI ant transgeni ¢ seed

contai ning the het@8lol’5§o8 § BEcELERTRRSY ¢ nic seed can be
ger m nat ed totm?zﬁrqxlfﬂaylonlse ,ahtalsaasgeawhathanltn ardHre tber s

"transgenic p&Ldaen&' 201 h&aaﬁéerfgedmﬁ%lrh@p téényéeﬂnéa“ Q{},] neqii On with the

present inv are Agrobacteriumtreated po

ger ni nat ed pgf nr}tehgtetegoéa%%‘bsf N0t PEECFOEr 1A TREY cZEﬂ'lalnéft"-héls within the
pol | en o gertRIRASSEYPSEPI enansfowg timidd vadualrobbls earidimedeakraseassoci at ed
with the pOlti}%’retﬂﬂaﬂ\ at eomel@\mranewnrhe a@hwefusf&gnet @1R&r bound by

t heory, there ahgagé Wo_ osst,nl‘_ﬂ’bln \+ey ich the treated

gerninated pol % ransg&Rre S%ﬂl? ﬁ’lsst ATSFGPTEd pol | en" as

the term is atfsded’l}?efléflna?%'ehﬁ Rﬁgeﬂ%apﬁésmﬁolmnmnlooelsd be

del i vering t meheteehal ggeushddNA a0 seba Ehﬁ@éti@ﬁﬁ@d @2 ovR@eshb! € mechani sm

i nvol vegat he f h ntothe |l en germ
B0 dr{étsr @BQE&QTeQ 1d N§e %E% §keﬁgg€| n 3% & VeSO oun P8

cell itself, the 30 heterol ogous Yhe pollen
tube to the FFFRICORYTH RAL o FOEBULSING e iHHRNSTRBAL PPiéﬁnon Anot her

possi bl e nechanifemtihipé v@Sreceptive plant, transgenic seed
containing the heterologous DNA can be produced.
The transgenic seed can be germinated to naturally
15 produce a transgenic plant '

The terms "transgenic pollen" or "transformed
pollen" as used in connection .with the present
1nvent10n are defined as Agrobacterium-treated pollen
or germlnated pollen that is capable of delivering DNA,

20 whether within the pollen or germinated pollen or
. wlthln an Agrobacterium that is associated with the

pollen tube, to the ovum. While not wishing to be
bound by theory, there are at.least two possible
mechanisms by which the treated germinated pollen (i.e.
25 "transgenlc pollen" or "transformed pollen" as the term
is used’ herelnafter) of the present invention could be
dellverlng the heterologous DNA to the plant ovum. One
“possrble mechanism involves the introduction of the
heterologous DNA into the pollen germ cell itself, the
:30 heterologous DNA then being carried down the pollen
tube to the ovum along with endogenous DNA during.
fertiliiation.' Another possible mechanism involves
- adhesion of Agrobacterium to the elongating pollen



adhesi on of

PCT/ US98/ 14504 3 t ube,
the tube, where transformati on of the ovum or

Agrobacter;umto the el ongating pollen WO 99/ 03326

wher eby the bacteriumis carried to the ovum by
devel opi ng zygote occurs.

The exi st eng,(a 3}‘0 3g‘gver al  possi bl e nmechani snms necessit at esdiliRopifed S€
GFPRE -t er - “transgenic pollen" and "transfornmed pollenr" as

set forth above. The use of pollen as a vector is not wthout its

definition

probl ens, however. In order to effectively and efficiently obtain

is necessary 10 first to germ nate the pollen grain.

transgenic pollen it
al l ow for

In an Agrobacterium based systemthis is required in order to
ei ther transfebepf wn@eeﬂaettereomgeg&m; rodR - e RAGHEN b

germcell or
pol I en tube.

%o the pollen

effective attachment of the bacterlun1o? the grow ng

Eg BERGUSHTF (HHENFF PEN QRO % Hike WaiEs Ot at es an i n

vitro

system for pdbhehOpgmgrnygnneoncamdspokrﬁﬁldxﬂyten@@Ow&hseqbpapult|vation of

ger m nating
grains ten

9 BOkLem: Anb e, | Hbesed Lol d i has, proved diffjeult, as

O rupture In- . ure

as the

r el ease “and BégF%ﬂaE?QWF(ﬂtrﬁhé9¢ntN#POHlﬁd ernslurtiraak fohasd been | ow, and

subsequent ppanient rANfeQr FBELRNSSd Ci ency poor .

called "dry"

or

Some pol |l en types,
(such as cotton pollen) are so

’&‘Jr eSt I glrtmgf’f@lrllf Eans[s@ IECERTails POF| BHCtk@ttiitat i on and

sensitive to nois

SO

sust ai ned poPFePlenfe hoyevarh hbverdaid ed. eTusriiely hasq proved difficult

to culture

(DeBonte et

15

20

antl elyraily robeaﬁow&‘rggl%%' 1 eBo?(&EgC&EVﬂyné itro for
a vect g f orcpr.a0ue] g, LEANSORN S L NAN 57 0. bar ent e
Agrobacterium

based system this is required in order to
allow for either transfer of the heterologous DNA from
the bacteria to the pollen germ cell or for effective
attachment of the bactérium of the growing pollen tube.
Because of the tlme factor this necessitates an in
vztro_system for pollenjgerm;nac1on-and pollen tube
growth. The cultivation of germinating pollen
and pollen tubes 1n vitro. has proved difficult, as the

gralns tend to rupture in- the culture medium, resultlng"
in the release and degradatlon of their DNA. Pollen

+ survival has been low, and subsequent plant

25

30

transformatlon eff1c1ency poor. Some pollen.types,-so—'
called "dry" or "dry stigma" pollens (such as cotton
pollen) are so sensitive to moisture that efforts to
obtaln pollen germination and sustained pellen tube
growth have failed. Thus, it has proved difficult to
culture and obtain transformed pollen effectively in

VltrO for use as a vector for producing transgenic

plants U.s. Patent No. 5 066,594 (DeBonte et al.
Nov.:19, 1991) contains a review of in vitro pollen

.germlnatlon methods and pollen based methods of plant

transformatlon, and difficulties encountered in thelr
nse. DeBonte et al. state that the consensus in the

use as

S& Y066, 594



30 Nov.:19, 1991) contains a review of in vitro pollen germnation nethods
and pol | en-based nethods of plant transformation, and difficulties
encountered in their wuse. DeBonte et al. state that the consensus in the
WO 99/ 03326wP@EIM13%H8/ 14504 4 art is that cal cium boron &EWUSE/@ASKDL I cum
(usually ,sucrose) are critical conmponents of a germnation nediumin

order to obtain pollen germnation. Colg 2, lines 10-22. DeBonte al so
notes that lysis of the 5 pollen wall has been found to occur in pollen
germ nation nediumthat does not contain agar. Col. 2, lines 44-49. A
nmedi um cont ai ni ng, cal.ci um_ boron, lysine, glutamc acid and sucrose was

found to gi ve?TFat$ YENCRAELWR roars® @pghapoPFeatitien hexhalden stored 10
for 12 hours sf¢ersentayesicsitberl tdwpaalehea efaér@errﬁlﬁrﬂm%tnr ated poor

stability andnd@ndednt @rluESto QUK. ' erm nation medium Col. 2,
i nes 50-63. ]lri shqtsén lge not%d thaal Begg%)% eévv%ggn %lcoussFr?g éxcl usi vel y
t|

germ nati on GrePpBPP s 2lgRdnPRes Ba'EISJeY%lfS afi dpleed or sermi-|i qU| d
germ nat?on melilen BeBdnhes prapoFetndntaqoeous istgilildnzati on sol ution,

por it il el 00 e A AER ot & R Bl e s 1 i ent

permt mai nt gnance ,of _g tin
.20 al l ow r}'r ans#grﬁat %nmads‘ gBBEﬁ%%%‘?%rﬁaJG”FC@ g&caPpat ed, the pollen
vvoul d be traﬂé‘fsé-lnreedgﬂ—bt@fhiec sﬁtcalgh Bhdasiucrpses okl |f(a:m1nando| ngat ed with the
Agr obact er i urfadec gekml fat 86 aGl okr @Bé}ﬁoﬁ%ﬁérpr&kﬂ %, en %O”te did
r t?fé‘ﬁ’é? i

not deygnst rf%trelgh% £$| JIEL hog actu rmng.
pol | en,” nor that P azfn S 5 ‘the pol len gralns
demonstra ed poor stablllty and tended to burst over

time on the germination medium. Col. 2, lines 50-63.
- It should be noted that DeBonte was discussing
exclusively germination of wet stigma pollen, and the
1s use of. liquid or semi-liquid germination media.

: DeBonte proposed an aqueous "stabilization
solutlon,ﬁ to be used in conjunction with .an aqueous
gelenatlon medlum, to permit maintenance of T
germlnatlng pollen in culture for a time sufficient to

20 allow transformatlon by Agrobacterium. Once germinated,
' 'the pollen would be transferred to the stabilization
solution and incubated with the Agrobacterium vector to

_effoo; transformation of the pollen. DeBonte did not

u'demonstrate_that this method actually worked for

25 . transforming pollen, nor that the pollen was capable of
fertlllzlng & receptive plant after being thus treated.
. Other methods proposed for transforming pollen
;1nclude microparticle bombardment (U.s. Patent No.
5, loo »792; U.s. Patent No. 5,120,657), microinjection
0 . (U.S. Patent No. 4,743,548) and electroporatlon (U.s.
- -Patent No.S5,629, 183) The first requires elaborate and
expensive equlpment while the second requires dellcate
manipulation of individual pollen grains. Neither

method has been shown to be effectlve in producing



fertilizing a receptive plant- after being thus treated. O her nethods
proposed for transform ng pollen include mcroparticle bonbardnment (U S
5 100, 792; U.S. Patent No.. 5,120,657), mcroinjection

Pat ent No.
Pat ent No.

first reunFE? é?gborate and expensive equipnent, while

requires delicate manipulation of individual pollen grains. Neither

743 548) and electroporatlon (U . S. Patent No éngggn}ﬁ,).
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nmet hod has been shown to be effective Bn produci ng WO 99/ 03326

PCT/ US99/ 14504 5 viabl e transgenic pollen capable of fertilizing a

0 (US
The

receptive plant. The third, although effective, again requires el aborate
and expensi vg; ggyk i.gh know edgeabl e and .trained. personnel and
t he pollen has 5 {0 :;fgbgeéx%%e%dﬁﬂgﬁg'c&ﬁdﬁFFﬁﬁélzénﬁefhal envi r onment
for dry stlgﬁﬁcﬁﬂﬁ}%ﬁlﬂiﬁﬁér nShepthizdr @ltdoagbesffAchied, regmins for a

si npl e, effetequermeaﬂsb@&atgeaﬂargﬁpéngragdegggghghe?f &Q%?enlc pollen in

vitro, 10 pﬁﬁ&wféegaéaéb\iedax

easy ferptilization of recep

i ve pl

of the Pnvent?dr® ﬁ?%ﬁéséﬁtawm!%ﬁ icndisiones aolathel hod for

geneti cal | y ereirdremitng§opl any Sstoieyimr ipeildgnt RAdseRSrmTf :
nedi um capabd £rafmdeagdeing and

with the

addi ti
placing a lawn o

S ma pal |l en | and permts
& b eac{rztpersopﬁ'efh‘hgndtf: fisgehien gwis en.

15 -
produci ng a
supporting pollen tube growth in vitro and

?p of .Aarobacteria al so enhances pollen tube growh;
¥ Sﬁsﬁ‘éﬂ?t“ AcFdPPaet haf oot Evhareanseifl en t ube

Sunmary

growt h on trﬂaeré'l}rﬂa&éegoﬁndh@btagtmngnahransgendtup@lpé;acn{lg,lgqlol en on the
germ neo i on particularly dry stigma pollen, that is efficient and

15
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permits easy fertilization of receptive plants with the

~transgenic pollen.

Summary of the Invention

The present invention relates to a method for
genetically transforming plants comprising the steps
of: producing a medium capable of inducing and
supporting pollen tube growth in vitro and with the

addition of. Ag;g;_g;g;;g also enhances pollen tube
growth placing a lawn of transgenic Ag grobacteria that
enhance pollen tube growth on the surface of the
germination medium; placing pollen on the germination
medium; incubating the pollen and Agrobacteria in a
controlled temperature and humidity -environment to
permit germination of the pollen, with subsequent
production of transgenic pollen; transferring the
transgenic pollen to the stigma of a receptive plant
preferably an emasculated plant, to effect
fertilization of the receptive plant; harvesting
transgenic seed from the fertilized plant; screening of
seedllngs from germinated transgenic seed with any

. standard selectlon agent system to confirm that

transformatlon has occurred; further growth of

seedllngs to produce a mature fertile transgenic plant.



medi um i ncubating the pollen and Aarobacteria in a controlled tenperature
and hum dity-environnent to permt germnation of the pollen, with
subsequent 25 production of transgenic pollen; transferring the transgenic
pollen to ttwem®hingern of a receptive plant, preferably anPpreraseosildsased
plant, to effect fertilization of the receptlve plant; harvesting B
transgeni c- seed fromthe fertilized pla@nt; screening of 30 seedlings from
germ nated transgenic seed with any standard sel ection agent systemto
confirmthat transformation has occurred; further growth of seedlings to

d t f l.e t |ant . WO 99/ 03326, PCT/ US98/ 14504 6
ng ﬁgfhgdgaoflghggg%éggﬁ?gqﬂvgE@FSﬁRB?SQY%Eﬁﬁgﬂuﬁﬁpv o ©5p8PPER8Er mi nat i on

and pl ant tramsfldemagroninaticmpadedlant prinyfamatienhedsconpdrede sinple
and econoni caleo pHierl ayemé%d@asaaapgwa@id@w drfa thengmrakpati on of 5

dry stigma poll.ens an ductlo t S enl dr mB_po | ens. The
o bsent U1 nventEh vEACH8E HAEE ens Srp L AP AT s e haBlBaPGE PO
cul tivati®n (ﬁdIYpﬁéhsmﬁlB@ikﬁﬁs ané Eé@dﬁ@ﬁ&9¢|9ﬁ;Qﬁﬂ$§ﬁ€ﬂaF|@nYof somatic

clones from CLdttltgﬁnedppiLams celghs. pi@s&hltfmﬁwyerﬁ'flddl%lﬁbgﬂégsthgl gure 1
depicts the pu%§gpg gb gggcqpa usgd as. ﬁ'v1§*o éﬂf% glogr %he pr esent
s R 1 i nvent

i nventi on. Det’ai e Cription-o nvention presefdt invention
rel ates to an pafahitctensued 5 aredt hod ﬁéa@imhgzlmetﬂeaﬁsgeﬁl eéfpl ants using a

pol | en baseds@g&gggcgfgﬁégngga%ngggggpéacghéagnégplsln contrast, to earlier

attenpts at using pollen as transformation - vector, the present i nvention
provides a way to
10 Summary of the Figures.

Figure 1 depicts the plasmid pBinloGmBar used as a

test plasmid for the present invention.

tai _ i Lo e Inventio
_ fi - The_present iniention relates to an efficient
15 - method of producing.transgenic plants using a pollen
Sésed Agrobacterium transformation system. In contrast
- to earller attempts at u51ng pollen as a- transformation
. vector, the present 1nventlon prov1des a way to
'; germlnate and malntaln pollen, especially dry stigma.

20 pollen, 1n vitro on a solid growth medium without lysis

of the pollen,.so.that upon co-cultivation with
Agrobacterxium transgenic pollen can be efficiently
produced Transgenic pollen provides an efficient
means of transforming plant germ lines without the
25 _'-necess1ty of using plant cell cultures and somatic
' regeneratlon of whole plants. The present method thus
provides a means of transforming a variety of plants
that are not otherwise easily transformed, or for which
_ efficient heans_of somatic regeneration are not
30 -presently'known or possible. .
The geroination media used with the present



germ nate and maintain pollen, especially dry stigma. 20 pollen, in vitro
on a solid growh nediumw thout lysis of the pollen so that upon
co-cultivation with Agrobacteriumtransgenic pollen can be efficiently

produced. Tw@ge_ﬁkc pol I en provides an efficient neans of H/ﬁ"f}%
pl ant .germlines wthout the -- 25 necessity of using plant ce tures

and somatic regeneration of whole plants. The present nmethod thus provides
a nmeans of transformng a variety of plants that are not otherw se easily
transforned, or for which efficient means of somatic regeneration are not
30 presently known or possible.. . The germ nation media used with the
present WO 99#033261%1?1{%%/1}415@@13 ¢ommarits iy @garoski dsnedose conpri si ng

agarose, SUCT €SO, Mﬁ!i@@ WROCP, Mgéb%l:ic&ﬁ%l\%m%z@ﬂl@ taleeee:{meh@&éﬁ lAlthough
pol | en germi Lhed. by, subs ons ose of glucose as
magﬁ)g L}%%?f’onw%spolfq’%or Litltt? ﬁnggﬁ??idO he presence

t he osnoticu Sust at ned
of sucrose fPBAFEFDRF tHACOS§ars Ele%tceqjmtﬂ@emperseeﬁalgedm:wammn was al so

enhancedsi n npdlhegonilsd Yoyt RUEEQSEr LY &hd Iﬁﬁteseabs_ewegu&égb mal t ose,
glucose or fr S&n nef C rlses rose, 2511
0. SaEpREe R ki %héggmf{%cﬁ]l P86 nﬁFﬁ@ TRt MySO4' 7TH20

SuUcCr ose,
and 1.0 uM %3S IR eahancedcin. nade FTGR inRagrsHETAse e et i n t he

range of 6.0 bbs&r@pneftdr abl yosdpuflubdse Bire friiedbaei Sa Fé@éﬂ@&’ pour ed
into petri di §bgsumi dovpdiiatel YOﬁfigea[roa%t ogl av ggroggve(g tor ed ina

nt | needed ese oft"t atlo_n and

15 f
grO\r/vtehrégeggltfe%éjf%mngovarlreq@"@fHp‘i’%nt@ 4%n‘ﬂ”aﬂ"$ (g0 and 1.0

uM A, glbberelllc acid. The pH of the medium should be
in the range_of 6.0 to 8.0 preferably about 7.6. The
media is preferably poured into petri dishes

o immediately after autoclaving, covered, and stored in a

15. refrlgerator until needed. !

' “. These media will support the germination and
growth of pollen from a varlety of plants and although
1t was de51gned especially for dry stigma plants . (i.e. ,

_ cotton), it will also support .the. germination and

20 pollen tube growth of wet stigma plants (tobacco and
_ soybean) The media was also developed to

act in a synergistic manner with Agrobacterium to
enhance pollen tube growth, the exact mechanism of
whlch has not been detexrmined.

25 Transgenlc pollen can be produced using any
Ag:gbag;g;;um based vector system,_lncludlng the binary
vector system of U.S. Patent No. 4,940,838 and the co-
1ntegrate vector system of U.S. Patent No. 4,693,976.

_ ) B The use of disarmed (non-tumorigenic)

30 - Ag;_bgg_e;;gm is preferred. A preferred vector system
is_ the blnary system of U.sS. Patent No. 4,940,838. The
selectlon of an appropriate vector system and
transformatlon method from among the numerous ones
disclosed in the prior art, and its use in the present

THIS SHEET HAS BEEN
REPLACED




It was designed especially for. dry stigma plants cotton)., it will. also
support . the germnation and 20 pollen tube growth of wet stigma plants

(tobacco and bean)., The nedira was al so devel oped to act in a
syner gi stlcwﬁ’e?ﬁ’ﬂéf‘ Swith Agroba ri umto enhance pollen. tpﬁﬁgjsﬁqﬂo‘v‘\?% .the
exact mechani smof which has not been determined. 25 Transgenic pollen can
be produced using any Agrobacterium ba8ed vector. system including the
binary vector systemof U S. Patent No. 4,940,838 and the co- integrate
vector systemof U S. Patent No. 4,693,976. The. use of disarned

(non-tunori geghg;ngpmﬁgrlcg)%tlgrwgmrib@f{eefsggi& $r ef eEred vector system

is the binary gstemo at ent Sel ection of an
appropri ate vee BY 13 (UthieAd TPF afRe cﬁmqboﬁnﬁiet“ﬁéétﬁﬁwgmﬁlg t he

numer ous onesaAgolsattEaeich iin VHerpriey WAIL-kakeni 18 URE d¥c ! hgypresent TH'S
SHEET HAS BEE REPLACED WO 89/ 03326 PCT/ US98/ 14504 8 invention, is well
within the skFPf YPFRHe O4r PrUiRpREVIEL HetHod8VEoROt FeP¥Rlsnt h and

mai nt enafce ofinding chddiableameéphedd rin athe wehhilkhdenlitedtdtart, and the

wor ker of or di nar yriskidto i wel th@?{@ r[&éf&%loﬁs &hedé@@éwet 3l g et hods ‘i n
the available;liter | ce of gﬁ ogous ene sequence to

be introduced Via lﬁ?%r 3f1 & ea % Wt AP li“ﬁ'f?) Y hEE D , inposes no
particul ar reBl3n%t |1(!ﬂ§’§5615 R epaxts flart hrespresemam nviertHeomset b€ -sel ecti on

of the gene behaprdbegeyvennest iyn ! hdechanactebhsoE ceid en!es b@%gf ed to be

|nparteg to t%ﬁ?é%res%ﬁnkﬁepéﬁggacterlwghgstggtt18 dgglred to %en S that can

be used vmth
1mparted to the transgenic plant. Examples of the

kinds of genes that can be used with the present
invention include genes that impart herbicide
~ resistance, insect resistance, disease resistance,
15.  modified starch production, modified protein
production, modified fatty acid production, modified
pfoductlon of amino acids, altered flower color,
altered flowering tlme, drought resistance, antisense
genes that suppress endogenous gene function, or genes
20 encodlng a product that is isolated from the plant in°
 purified form,- such as a drug or antibody. Any gene
construct expressible in a plant, capable of
introduction into an Agrobacterium and transferable
from the Agrcobacterium into a plant cell may be used
25 wi;h the present invention. A preferred construct
includes one or more selectable markers that enable
selection of transformants, be they Ag;ggag;exigm or
;:plant, and a plant-active promoter linked to the coding
sequence. Such constructs are abundantly known in the
) "art:ﬁ The manner of assembling such constructs and
introducing them into the Agrobacterium does not form a
part of the present invention, and is well within the
'skill in the art.
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invention include genes that inpart herbicide resistance, insect
resi stance,. disease resistance, 15.. nodified starch production, nodified

protein production, nodified fatty acid production, nodified production
of am no acj oshiered flower color, altered flowering tpcfRysediszdght
resi stance, antisense genes that suppress endogenous gene function, of
genes 20 encoding a product that is isolated fromthe plant ins purlfiéd
form-such as a drug or antibody. Any g8ne construct expressible in a

pl ant, capable of introduction into an Agrobacterium and transferable
fromthe Agrobacteriuminto a plant cell may be used 25 with the present

I nvention. A pref %f%l@@ngtl’ €inte i r | ect abl e markers
that enable sgLegti %rhs%f &aﬁsf%tr négfril $:be(g;'?ﬁleg Agr %a’&i?‘a%uﬂbl ant, and
Mkt & tfé"ﬁ’@dllﬁgUﬁquEﬁéént Qlesh. constructs are

a plant-active prono
abundantly kn® 3r15°t5he5 é\ﬁ? 645,Tie osanner , 0k, assenPs i 4w such constructs

and introducs ez vs.i nt o the Agr obacterium does not forma part of the
Wlth[hn the skill in the art. WD 99/03326

present nventlonm,gqgn|§or
PGT/ US987 14504 . 9 Exanpl es o‘fs%llzi‘nt 8hPﬁ€FFBtgéﬂ‘é§n‘éﬂfRPA§roba- ri,m vector
construction ca‘?]elefcét?ﬁ‘dfrﬁmlﬁlgh%,e@rerﬂasablﬁ Bﬁ&nﬁ%ﬂl}ad%&»s%ﬁt
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use. Ont® collected the pollen is placed on the surface of the
- solid germination media and allowed to germinate.
Preferably, a lawn of ‘Agrobacterium transformed with
the desired heterologous gene sequence is applied to
the surface of the media prior to the appllcatlon of
15 © the pollen, most preferably immediately prior to
g - application of the pollen. The presence of
Ag;gb__;gz;gm has been found to give improved pollen_
germination and growth. The pollen is preferably -
'spread uniformly over the surface of the medium in a
20 thin layer, such as by gently shaking the plate and
pouring off the excess pollen. Germination of the
pollen is preferably carried out in a controlled
temperature and humidity environment, with the
. temperature between about 20 and 32° C, most preferably
25 between about 24 and 28° C, and humidity
levels preferably between about 50% and 100%, most
preferably at 80%. A convenient means for controlling
| humldlty to the 80% level is to place the media plates
_above a layer of saturated ammonium sulfate for
germination. Germlnatlon and pollen. tube growth
normally occurs within about 3-4 hours, w1th little or
no lysis of pollen grains and pollen tubes. A
preferred embodiment is the use of this invention with
dry stigma pollen, most preferably with cotton pollen.



10 collected, the pollen is placed on the surface of the solid germnation
nmedia and allowed to germnate. Preferably, a |lawn of -Acrrobac i>>m
transfornmed with the desired heterol ogous gene sequence is applied to the
surface. of Wo9803%4i a prior to the application of 15 the [F6ITIUSA3/145¢fpst
preferably i mediately prior to application of the pollen. The presence of
Agr obact eri um has been found to give i qgroved pollen. germ nation and
growth. The pollen is preferably spread uniformy over the surface of the
mediumin a 20 thin layer, such as by gently shaking the plate and pouring
off the excess pollen. Germnation of the pollen is preferably carried out
in a control | ¥RFe tiPpBPALER et WhrE thaviediseyménetednmmhtheed t h t he
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and 28C, and tyyg.di f y,.bet ween abaout 50% and
preferably at, 800. fto)f$§§§%t|?rg@r{? i %p’efgr oht? ofT i Samedety to the 80%
level is to piréﬁ:ré“allﬁé’ ﬁeﬁll%°‘H5dt'e§hea5§9ét%1dImlelrerofca@amr ased agnoni um

sul fate $or gelliimateoa. r&Gespt et manandappiér&fhoﬁ yhe goguth normally-
occurs Wt hi rg@b,quét__., 3z I Ssi's Qf pol |l en grains
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can be used to
receptlve flower is male-sterile or emasculated. The

use of male sterile or emasculated flowers prevents
self- -pollination and reduces the likelihood of
.polllnatlon with non-transformed pollen from other
15 . plants. A_preferred method for emasculating cotton
. flowers is to fill newly- opened flowers with water such
that the anthers and stlgma are saturated. By allowing
the anthers and stlgma to remain saturated with water
-.for a perlod of time, preferably between 30 seconds and -
'>20 ., 30 minutes, pollen present in the flower, even
germinating'péllen,_ruptures and is destroyed.
Once pollen destruction is complete, the water is
drained from the flower and the flower is ready for
polllnatlon The stigma of the emasculated flower is
25 preferably capped by some means until ready for
polllnatlon, to prevent accidental cross- polllnatlon
fIt is most preferred to carry out this procedure prior
to mid- afternoon (about 2: 30), as flowers emasculated
.hefore this time. show no significant reduction in seed
set.: Emasculatlon of cotton flowers has been shown to
be between 95% and 100% effective using this technlque.
Once the receptlve plant is pollinated with the
treated pollen steps are preferably taken to
prevent further acc1denta1 cross-pollination of the



species, or a species capable of hybridizing with the pollen donor plant).

This may be acconplished by sinply contacting the surface of the
germnation plate to the stigma of the 10 receptive flower. In a preferred

enbodi ment, whedasgepti ve flower is nale-sterile. or errascg@bggmgme use
and ..

of male-sterile or emascul ated flowers prevents self-pollination
reduces the |ikelihood of .pollination with non-transforned pollen from

other 15 plants. A preferred nethod fan emascul ating cotton flowers is to
fill newy-opened flowers with water such that the anthers and stigma are

saturated. By allowing the anthers and stigma to remain saturated with
water for a fiewedd OfrhEkNBan bl, etween_30 seconds and 20 30
m nutes, pollgn prgfi,%(gré}_]l in }h?rﬁlg{ﬁd%r ,l)ég\%n_maeF nat? Mg didhems ruptures
and is destroyea. \Y} R3°pol | APRIESt Fhet Fbhghe conpbedeing hdewat er i s
drai ned from%¥érrl Sherennth tthevidnanentirs seagdyséd@r oPY;ljNaLion. The
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revent- fur
FF’,CT, US98/ 145putative [towmisgefibi Ssead winal Ude i siak at LAg ézhgw pjl_natr})t (such as
putative transgenic plants. The Present invention
can thus be seen to allow the production of putative
transgenic plants without the need to use Plant tissue
culture énd somatic clone regeneration. The population
: 15 of put;tiye transgenic plants. can be Screened as seeds. ..
- ??rminating Seeds, seedlings or as mature plants to N
1sola§e true transgenic individual plants using any '
stapdard seleCtable'énd;or screehablé mafkef, suéh aé
k;namy?ip'rgsistance:br'éﬁfindicaééé prbteih.(é;g.,
20 ~aequorin ?r‘luciferin[('or by the use of an herbicide'
an herbicide resistanée'gene.being used as the l
selectable marker iq the gene construct introduced via

. th . . _ N .
_ e Agrobacterjum-treated pollen. The screening for

: transgepic plants automatically selects for stable
25 transformants (plants having the'heterologous DNA
stably integrated into their éhromosomes), as onl
?;ably-transformed plants will have preserved they
introduced sequences such that they would survive the
screen. ' '

30 Deta%lgd Description of the Figures
R — e
| tgure 1 represents the plasmid pBinl9GmBar used:
- as a i ' ' ‘ e ;
test p;asm;dAfor-the'present method. The plasmid
w . .
_ gs constructed by inserting a chimeric 35S-bar gene



in a greenhouse), capping the stigma or covering the entire flower to
prevent entry of insect or w nd-born, non-transgenic pollen. The
pollinated plant can be 5 allowed to grow normally and set seed. The seed
thus produwedsexrs be termed putative transgenic seed, asPFT/USHIEE04pe
conprised of individual seeds within the total population that contain in
t heir genone the heterol ogous DNA i ntraduced into the pollen. The 10
putative transgenic seed will germnate and grow into putative transgenic
pl ants. The present invention can thus be seen to aI | ow t he production of

put ati ve tra h e _nee 0o_use ant tissue culture
and somatic ¢ %%gntlf}geggr%%n ackh DCI)JhL19t %&‘)’&F‘at lfgrﬁf Mt atisE Y ansgeni c.
pl ants can be EE?%%é@aé@ds@éd%epar@érlmnnmfl grseenl@ Tsesgildmgs or as mature

plants to i sohat®yidhseteraas gemMdrddiGng d‘ﬂablﬁbﬁﬂas &&;ﬂ;&any standard
sel ectabl e an [1$£68N r as resi stance or an
i ndi cat or pro?%?nl( .l% q%gaﬁau]glﬁcn 3§#§Q&CI f%gl b r?ldofcinr‘ré‘ BSe of an
herbici d&, ah® h%‘?"ﬂ'}ed’icﬁear"és?%’% dightgbpEdpei AGIUSREE as MBS  sel ect able

mar ker in thepgemeeoninkadt té o dweed vbamgheed\cerrr&batf%liu%%kf eat ed
pol | en. The sgyeﬁgmd@g tfe%l ;g&ns&_%g\}egcgl agtﬁ 2@t !?gatl cal sel ects for
eterolo

stable 25 trapnsformants ant S t he ous . stably
i ntegrated i mtPkekit® Eﬁ?o%%d?ﬁé%l)“g ggqgﬁpgfe, steblanad dyskoBABd plants wil |
have preservepblywienyiat dducstneegeenand sichlihal ddmeympauhd survive the

screen. 180 Dejdiid i9MdePR8aris dhe anllsbhge FgLtdffiqILe 1 represents_the

pl asm d pBi nl quB sed as z}otlest pl asm e present nmet hod. The

pl asmi d e marker lowed by a T-DNA left border

sequence.

Example 1: Pollen Germination Medium
] " A solid medium to support pollen germination was
15 . prepared containing 10% agarose, 25% sucrose, 0;52.mM'

' KNO;, 3.06 mM MnSO,, 1.66 mM H;BO;, 0.42 mM MgS0, 7H20 and
1. 0 UM A, glbberelllc ac1d The final pH was adjusted
to 7.6. Immedlately after autoclaving, the medium was -

"poured into 35 mm x 10 mm petri dishes, sealed with

20  parafilm, and stored in a refrigerator until use.

Exémple 2: Transgenic Agxgbgg;gzigm_;umgﬁggiggg
Agrobacterium tumefaciens strain EHA 101 was
transformed with a "tester plasmid".pBin19Gmbar (pBin
19 containing a bacterial gentamycin resistance

25 marker) that contains a chimeric 35S-bar gene. This
plasmid is shown in Figure 1. The chimeric 35S-bar
gene was constructed by the insertion of the.bar coding -

. region (encoding the enzyme phosphinothricin
‘ ' acetyltransferase) from pAHC2S5 (Christensen'et.al 1992)

30 ~into the multicloning site of pRTL2 (Gupta et al 1593)

ihmed;gtely downstream of a dual 35S promoter and



was constructed by inserting a chinmeric 35S-bar gene WD 99/ 03326

PCT/ US98/ 14504 12 into the plasmd pBinl9 (Bevan, A Binary Plant Vector
Strategy based on separation of Vir- and T-region of the Agrobacterium
t umef aci ens wio sgasseni d” Nature, 303:179-180 (1983); ATTC BéBeéds/143dae
plasm d contains 5 in sequence a T-DNA right border sequence, a NOS
pronoter |linked to the NPTII coding sequence, followed by a NOS ternmi nator'
sequence, a CaWw 35S pronoter |linked to the Bar codi ng sequence, foll owed
by a 35S pol yadenyl ati on sequence, and finally a gentamyacin 10 gene
inserted in the antisense direction as a selectable marker, followed by a
T-DNA | ef t boruRftred@gaéntke IB&sraihatPol Fequecer natgise Medi um A sol i d
medi um t 0 SuppRTL2pakl. enTg@réﬂlm@tﬂlgm S 5 Nig

109% agar ose, - 25% sucr ose, 0.52 nM % ba;' pﬁnf/lqﬁ/éh%%f%q%t%g nﬁgﬂSBO?, 0.42
M MySO4* 7H20 PRI&2PET025 M4 Aélfgiltiﬁerféagmenacmd dhmned iimalo pHewas adj ust ed

red into 35 nmx -

58 r77m6pe'|t n}mg:@tﬁggmaﬁisg ﬁgeogfaéhggpgwelg@dl gf’msgfv%’fee&hle génFef ri gerator
until us EX&TpFE Efasf"?’aﬁvsé’éﬁ“c 135mbBECt eTli‘erﬁQIlﬂmJa:CeénsBIngr obact eri um

tUnef aci ens stsainBaEHAs 4 Ok 4RSI cbEADSE Q" ﬂ! ﬂi{ﬂ%ﬁ'?tgelsﬁtneﬁr | asm d”

pBi nl 9Grbar (pBin. 19 containi rlllc ggg?eﬁ%l BE R 25
marker)that céftaP¥sa asedidamd @lsésrbawr@}erm mEtileod glWaskedpéscghown in
Figure 1.. Thendhivektéwr, 35S4har Trgﬁgﬁoi‘\@aﬁm@m%txreuge@gcmﬁdtgﬁ insertion of

t he-bar codi n ERI O £ e e hi not hr
acetyl transf ergg;e from %%%SQ?&% st ens -}Bﬁ é{l §|351§9§}'a1n4.ng 25
m gentamyc1n The presence of the pBIN 19Gmbar

, plasmid was further confirmed by PCR. The transformed
Agrobacterium were then grown in 1 ml of LB broth,
containing 25 ug/ml gentamycin and 50 uM. acetosyrlngone

_ . for 18 hours at 28°C. Following the 18 hour incubation,
. 15 200 ul of the bacterla culture were transferred to IL-
broth plates containing acetosyringone and gentamycin.
The inoculated L-broth plates were incubated at 28°C
overnlght _ . T
Twenty-four hours. later, pollen germination plates
20 'of Example 1 were inoculated with a lawn of transformed
Agrobacterjum by first pressing a 50 ml beaker covered
'w1th a sterile piece of:velvet onto the surface of the
1nocu1ated L-broth plates, then pressing the velvet to
the surface of a pollen germination plate.

25 Example 3 ‘Germination and Production of Transgenic
Pollen.
Pollen was obtained from newly opened cotton

flowers by shaking onto a piece of foil. The pollen

. thus obtalned was placed onto one of the inoculated

_30 pollen germlnatlon Plates of Example 2 and the plate

gently shaken to completely cover the surface of the
medium with pollen. Excess pollen was transferred to a



30 into the multicloning site of pRTL2 (Cupta et al 1993) immediately
downstream of a dual 35S pronoter and WO 99/ 03326 PCT/ US98114504 13
upstream of the 35S term nator. sequence to give pRTL2bar. The chineric
35S-bar genwo®Rs®326sol ated from pRTL2bar as a Hi ndl 11 fra8fENE984e0dc] gned
into the multicloning site of the pBin 19Gnto give the final 5 tester
plasm d, pBIN 19Grbar. The constructed @Bl N 19Grbar was introduced into
the A tunefaciens |line EHA 101 by a standard el ectroporati on net hod
(Wal kerpeach and Velten, 1994). Transformants were selected by growh on
LB agar (Mller, 1973) plates containing 25 10 /.cg/m gentamycin. The
presence of tRECYPH MOLIERLIPT ™A PAdsef apdhthe corddessed by PCR The
transformed dPepeaiact entuln severdlhep@iadiibl plate ofcdB O eh

cont ai ni ng- 2 t ' nd Syri ne. for 18 hours at
28C. Fol | owi ﬁthl{hég f%ggogqulrdn%u at iqu%, é%ggg%ef %fp%eesoé’&rgr itg-eEul ture
wer e transf erfF S YEENBRbt FP %R @bovsneal AYRY @k edfsiypsitegone and

gentamyckn. Fimeonimoc ghif ade lgibricigh aphaingdi wer tevdicWyat ed at 28C°
overni ght. TvwaigntdiQHEely hO3Y Sin Iaagggie?ollnlugpd%g; magion plates 20 of
r med ﬁgr

Example 1 were inocul.ated wth a [awn, of trans 2 8Bdct eri um by
first pressi nlglcélbg % abe%ﬁ\yé% QeavéPe'amm% theit @4 Fefpf etet dowmrsvel vet
onto the surfiec@ldPwt germinmcignabed prodottiqn aifes rahisganpeessi ng t he

velvet to thwlehf aceoDied iR € ' [ - Exanpl g 3: :
Tior T gegeﬁimc%Po{Irbe%ﬁé%F éﬁ wa eo%fai ned from

S:wmyng%%ggda)?gﬁ?gﬁgy #%\?\C/’e&? g%yogﬂ%g?ﬁ‘gb%rﬁyoﬁé piascOPseryedt . The pol | en
Humidity levgls of 100% resulted in pollen tube lysis, ' '
and humidity levels below 60% reduced pollen .
germination. _ _ ‘
..~ - The process has been repeated with pollen from
15 .. tobacco and soybeans with essentially the same pblieﬁ E
survival rates, germination frequency and tube growth :

kinetics. ..

- Example 4: Pollination and Production of Transgenic
20 Plants - .

«.. Cotton flowers were emasculated by filling the .
flqyer with enough water to cover the stigma and
anthers. After 30 seconds, the water was removed and
the stigmas were capped with a plastic bulb to -

25 prevent fertilization until desired. This procedure
was found to be 95% - 100% effective in emasculating
the cotton flower by causing the rupture of pollen, and
germinating pollen tubes, thereby preventing
self-fertilization. Flowers thus emasculated were
pqllina;e@ with the germinating, treated pollen of
Example 3 by simply uncapping the stigma, drying the
stigma. surface with a Kimwipe and’ contdcting the dry
stigma with the surface of the pollen germination
plapes.



t hus obtai ned was pl aced onto one of the inoculated 30 pollen germnation
pl ates of Exanple 2 and the plate gently shaken to conpletely cover the
surface of the mediumw th pollen. Excess pollen was transferred to a WO
99/ 03326 PCWO.i8@83264504 14 second pol | en germi nati on pl at BCPRUShstilisd4 pr ocess
repeated until several germnation plates covered with pollen were -
obt ai ned. The germ nation plates were then pl aced w t hout covers above a

| ayer of saturated 5 anmonium sulfate giving a humdity |evel of
approximately 80%in a sealed hum dity chanber and incubated at 28C for 30
m n and then 24C for 3-4 hours to allow germ nation and production of
transgenic pol | enThP@drinaised plamtedvdrad groger HnngtteAns@tes of 10 >75%

Little or no podéerhyduegdnysi aom,st%rl\ﬁeq.oc g:ldb% Iev | s of 100%
eve er ow

resulted in inig.J;]eé yhe Jysi hum 0% r educed
pollen germn Theée)ér Sgess h g’ﬁé‘éPéE} fren fp‘éﬂi'rften from 15

t obacco and s® %ﬁ1s}”e\?ﬁet H1@§§€nt¢%llllry:etdnen§ahetpwhteﬁ tBeHtdd/ & I at es,
ger mi nat Pon femhparerec geandntuben gr aweh seléaBeMeilé lgﬁé‘éﬁ)l & 4 Pollination

and Producti Ofonl RARSIER Pl ant ovvers wer.e emascul at ed by
filling the Q%I\ ow?enr p\%l th ehgﬁnﬁ& tsfii}lrns 6“80%% PhRect2} gieand  ant hers.

After 30 secdttfd NG Bigadgpn Horsvcdland, The. stcrag-rmﬁ)vye@&oc,apped with a’
pl astic bul b far ZSWpEBsemprimﬁy llieadt LenevDéhe AeSi{iHd ¢ TS Procedure was

found to be Wlba11kg0¥epLEROld VS mascul ati ng ~ the cotton flower by
causi ng, 4 he rl{%ture of poll end egﬁl?ngs were screened for _
nsformants by SPra}'lng with 1/2 to 3/4 the

recommended dosage of Liberty (glufosinate) herb1c1de
This method was found- to be 100% effective for -
identifying, transgenic-plants that express the

- introduced chimeric. gene ‘and indicated that the rate of

transformation was: approxlmately 1 transformant for
every 3,000 seeds analyzed. TR T e

15



germ nating pollen tubes, thereby preventing self-fertilization. Flowers
thus emascul ated were pollinated with the germnating, treated pollen of
.Exanple 3 b | y uncapping the stigma, drying the sti .. surface
with a Ki myges %ﬁﬁng‘ contacting the dry stigma; with the sﬁ&f’yé%—?“d?“f‘ t he
pollen germ nation plates. . W 99/03326 PCT/ US98/ 14504 15 The pol | i nated
pl ants were grown in greenhouses underléhydroponic conditions in rockwool
pads and allowed to set seed. The seed obtained fromthese plants were
gi nned, delinted and hot water treated to 5 enhance germ nation. The seeds
were planted iRedref@biONn pots containing Sunshine #3, special fine
potting mx (Sun G o Horticultre, Inc., Canada), grown for 2 weeks
(primary leaf is evident) prior to the seedling screening, Seedlings were
screened for Hrtseaséad MANES , DY¥hSRESYE DR vv'pIh Ja/na ohQi8/ 4pthe recomrended
dosage of Li ber %% (gluf05| atﬁé her bi ci de. t hod., was found to be
100% effectlv f ?’d%%tpqrri;)’“ W SRR FHIEE ﬁgﬁf‘tcgufﬁattléﬁﬂ?%]ss t he
i ntroduced chPaEElrbafeirn ofd ekpuesaienl arivhttHamscrape eplising arsf or mati on

Was=- apprsoxi Mpkemyter lactinaRy’ 06 0B idprtraeder %ooggoéﬁ?ﬂass@éﬂas yzed. WO
99/ 03326 PCTIQ§%§414§94 1% Rg{ereq? Chrlikeggg é Sharrock, R
A.,-and Quaill P ﬁ. Mai 28 o‘@ﬁ |t|h g ég structure, therwm
perturbatlon of expression and transcript splicing and 5 pronoter activity

followi ng tramsieert oy pr aopl. astgpdyiments in molecular bioiogy.
Cold Spring Harbor Laboratory, New York. .
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PCT/ US98/ 14504 1A méehodator plrodhciRyhadefonsfotliGing a transgenic plant -
conpri si ng: qu@g3@gggpg pollen froma first plant, 'b. applying a | awmn of
Agrobacteria to a solid 5 pollen culture nmedium the Agroba_t r;a
conprising at |east one heterol ogous gene sequence capable of being
transferred to a aplahtaieirng pollapptyomoa tferftoldiemet 0 the solid nmedium

10 d.'.. allowing the pollen to germnate and grow on the medium thereby
roduci ng transgepic |l en, e. applying the transgenic- pollen
P J 9ep. applying a aWnRngAgégbgg;gxig é% a sol?d

t ot he' stsi gma of

pollen culture medium, the Agrobacteria

comprising at least one heterologous gene

Sequence capable of being transferred to a
plant cell,

c¢. applying the pollen to the solid medium,
10 Lo ' o l o
d.. allowing the pollen to germinate and grow on
the medium, thereby produéing‘transgehic
pollen, :

+ -€. applying the transgenic’pollen tb'thé*stigmé;bf
1s o a second plant capable of béing'fertilized by
the pollen of the first plant, thereby
fertilizing the second plant,

f. obtaining transgenic seed from the seéond
plant,

g. germinating the transgenic seed to obtain a
- transgenic plant.

2;” .The mgthod of claim 1, wherein the first and
sgqpnd pPlants are selected from the group consisting of

,;pbquq plants, cotton plants and soybean plants.

3. ;- The method of claim 1, wherein the solid pollen




15 a second pl ant. capable of being fertilized by the pollen of the first
plant, thereby fertilizing the second plant, f. obtaining transgenic seed
fromthe second jpI ant, g. germnating the transgenic seed to obtain a
transgeni c POMO3326  The nethod of claim 1, wherein the fiBEUSEH504econd
plants are selected fromthe group consi stl ng of tobacco. plants, cotton
pl ants and soybean plants. 3. - The meth8d of claim1, wherein the solid
poll en WD 99/ 03326 PCT/ US98/ 14504 18 cul ture medi um conpri ses 10% agar ose,
25% sucrose, 0.52 M KNG3r 3.06 mM MhSO' 1.66 nmM H3B031 0.42 nM MgSOH4' 7H20

and 1.0 , uM Az gicher ﬁlle!i!LGma@én%rl%esﬂig"n'g%QPgsé’f $aifPdoswhepesn the
pl ants are dry ants e net od of claim4, when the

g, po | en
pl ants are cot%ﬁ& |a:?‘l‘t% 8 M%ﬁg“nét 58d ™t Het Ui 0542 W TP *t?’f? %econd
cotton plant and dn Oenﬁséulga-tbédrebliunaqﬂcant. 7. The nmethod of claim1,
conprising the additional step of emascul ating the second plant prior to
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5. The method of claim 4, when the plants are cotton
plants. '
6. The method of claim 5, wherein the second cotton

plant is an emasculated cotton plant.

7. The fnethod of claim 1, comprising the additional
step of emasculatlng the second plant prior to the:
appllcatlon of - the transgenic pollen thereto.

8. . A medium for pollen germination and pollen tube -
growth comprJ.s:Lng agarose, sucrose, KNO,, MnSO,, H,BO,,
MgSO“ and glbberelllc ac:Ld

THIS SHEET HAS BEEN
REPLACED




