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UNITED STATES DISTRICT COURT 7/ , &y .
FOR THE NORTHERN DISTRICT OF ILLINOIS “*/ ;,, D) gh
WESTERN DIVISION Us Fir
O, P
) I[“r'/é /}
PIONEER HI-BRED INTERNATIONAL, ) 7 Cy,
INC., ) Case No. 01050219 Tr
)
Plaintiff ) Hon.
)
V. ) Magistrate Judge
)
THE MONSANTO COMPANY, and DEKALB )
GENETICS CORPORATION, ) JURY TRIAL DEMANDED
)
Defendants. )
)
)

COMPLAINT FOR PATENT INFRINGEMENT
Plaintiff Pioneer Hi-Bréd International, Inc. (“Pioneer”), by and through its attorneys,
alleges as and for its complaint against Defendants The Monsanto Company (“Monsanto™), and
DeKalb Genetics Corporation (“DeKalb™), as follows:

Nature of the Action

1. This is an action for patent infringement under the Patent Laws of the United
States, Title 35 U.S.C., § 271 ef seg. In this action, Pioneer seeks monetary damages and
preliminary and permanent injunctive relief for Monsanto and DeKalb's infringement, or active

inducement or contributory infringement, of Pioneer’s United States Patent No. 6,258,999,
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Parties

2. Plaintiff Pioneer is a corporation organized and existing under the laws of the
State of Iowa. Pioneer’s principal place of business is located at 400 Locust Street, Des Moines,

Iowa 50306. Pioneer is the leading producer and seller of corn seed in the United States.

3. On information and belief, defendant Monsanto is a corporation organized and
existing under the laws of the State of Delaware, with its principal place of business at 800 North
Lindbergh Boulevard, St. Louis, Missouri. Monsanto, alone and in conjunction with its affiliates
and subsidiaries, produces and sells a diversified line of agricultural products, including seed
products, chemicals and pharmaceuticals throughout the world. Monsanto is also involved in

developing technology used in the genetic engineering of agricultural products, including corn.

4. On information and belief, defendant DeKalb was and/or is a corporation
organized and existing under the laws of the State of Delaware, DeKalb publicizes that it
maintains an ofﬁce at 3100 Sycamore Road, DeKalb, Illinois 60115. On information and belief,
DeKalb cuﬁently has no employees, no business operations, and is merely a brandname for
Monsanto. Since December of 1998, Monsanto has been the sole and complete owner of

Defendant DeKalb.

5. On information and belief, for all relevant times, DeKalb has been the alter-ego of, and
wholly controlled by, Defendant Monsanto. Monsanto, through DeKalb, manufactures and sells corn

seed throughout the United States including in this judicial district.

Jurisdiction and Venture

6. In this action for patent infringement, this Court has subject matter jurisdiction

pursuant to 28 U.S.C. § 1331 and 28 U.S.C. § 1338(a).
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7. This Court has personal jurisdiction over the Defendants because Monsanto and
DeKalb each have extensive contacts and substantial ongoing business activities in Illinois,

including in this judicial district.
8. Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391(c) and 1400(b).

Count I — Patent Infringement

9. Plaintiff Pioneer realleges and incorporates by reference Paragraphs 1-8 of this

Complaint as if fully set forth herein.

10.  Pioneer is the owner of United States Patent No. 6,258,999 (“the '999 patent”),
issued on July 10, 2001 to Tomes, ef al., entitled "Stable Transformation of Plant Cells." (A
copy of which is attached hereto as Exhibit A). Pioneer has the right to maintain this action.
The '999 patent claims, inter alia, fertile transgenic Zea mays plants comprised of stably
incorporated foreign DNA, wherein in one or more of the claims of the patent, that foreign DNA

imparts an agronomic trait,

11. On information and belief, defendants Monsanto and DeKalb, alone or in
conjunction with affiliates and/or subsidiaries, are making, using, selling or offering for sale one

or more corn product or corn hybrid which infringes one or more claims of the '999 patent.

12. On information and belief, defendants Monsanto and DeKalb, alone or in
conjunction with affiliates and/or subsidiaries, are making, using, selling or offering for sale one
or more corn product or corn hybrid which infringes one or more claims of the '999 patent,
directly or indirectly through as sales distribution network to farmers who plant those corn

products or corn hybrids to grow corn.
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13.  On information and belief, defendants Monsanto and DeKalb have directly or
indirectly infringed, and have or are contributorily infringing, or actively inducing others to

infringe, one or more claims of the '999 patent through the activities complained of herein.

14.  Pioneer has suffered and continues to suffer damages because of all of the above-

described acts of infringement of the '999 patent in an amount to be proven at a trial.

15. Unless enjoined, the Defendants will continue to infringe the '999 patent, causing
irreparable harm to Pioneer, and to its patent rights, for which there is no adequate remedy at

law.

Praver for Relief

WHEREFORE, Pioneer respectfully requests the following relief:
A. A preliminary injunction enjoining Defendants and all those affiliated, or in active
concert, with them from infringing, directly or indirectly, inducing others to infringe, and from

contributing to the infringement of the '999 patent during pendency of this action;

B. A judgment that Defendants have infringed the '999 patent;

C. A judgment that Defendants have willfully infringed, induced infringement, or

contributorily infringed the '999 patent;

D. A injunction permanently enjoining Defendants and all those affiliated, or in active
concert, with them from infringing, directly or indirectly, from inducing others to infringe, or

from contributing to the infringement of, the '999 patent;

E. An accounting to determine an award of damages, not less than a reasonable royalty,

adequate to compensate Pioneer for Defendants’ infringement of the '999 patent;

NYB 1261821.2
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F. A finding that this is an exceptional case under 35 U.S.C. § 285 and an award to
Pioneer of its attorneys' fees, costs and expenses in this action, together with such further relief

as allowed by the Patent Laws;

(. Any other relief the Court deems just and proper.

Jury Demand
Pursuant to Rule 38(b) of the Federal Rules of Civil Procedure, and the Local Rules of

this Court, Pioneer requests a trial by jury on all claims in this Complaint.

Respectfully submitted,
PIONEER HI-BRED INTERNATIONAL,
- INC.
Dated: July 10, 2001 B -
ated: July 10, Yo ) ae -
A W

Frank P. Maggio (01730312)

Of Counsel: Matthew M. Hevrin (0625608)
MAGGIO & FOX

Leora Ben-Ami 501 Seventh Street

Thomas F. Fleming Suite 501

CLIFFORD CHANCE Rockford, Illinois 61104

ROGERS & WELLS LLP (815) 968-5100

200 Park Avenue (815) 968-4417 (Fax)

New York, New York 10166
(212) 878-8000
(212) 878-8375 (Fax)

Sharon R. Barner (06192569)
Jeanne M. Gills (06225018)
FOLEY & LARDNER

One IBM Plaza

330 North Washington Avenue
Suite 3300

Chicago, Illinois, 60611-3608
(312) 755-7900

(312) 755-1925 (Fax)
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STABLE TRANSFORMATION OF PLANT
CELLS

This is a divisionat application of prior application Ser.
No. 08/319,352. fled Oct. 6, 1994, now U.S. Pal. No.
5,990,387, which is a continuation of prior application Ser.
No. 07/906,018, filed Jun, 26, 1992, now sbandoned, which
was & continuation of 2pplication Ser. No. 07/711,588, filed
Jun. 6, 1991, now abandoned, which wag 2 continuation of
application Ser. No. 07/581,154, filed Sep, 7, 1990, now
abandoncd, which was 1 contipualion of application Sor. No.
07/205,155, filed Jun, 10, 1988, now abandoned.

TECHNICAL 1TELD
This iavention relates 1o the vse of recombinant DNA
technology for the lrapsforroation of plents. More
apacifically, this invention concerns the techniques and

materials necessary for stable transformation of plant oolls
atd the regeneration of fertile whole plants therefrom.

BACKGROUND ART

Much rescarch in plant molecular bivlogy is now directed
to the improvement of plant varictics vis vse of recombinant
DINA techolques. Historically, plant breeders used classical
genotic lechnigues i identify, preserve and crossbreed var-
etal lines havieg desirable traits. Mote recently, new plant
varjeties were induced by chewiesls or by radiation treat-
ment to mutate plant colis which were then regenerated
neing lissue cultore wehniques. These random and vapre-
dictable appronches have vbvious drawbacks, By the use of
. recombinant TXNA fechoology, specific genes producing

specific proteipns, such as those imparting insect resistance,

may be introduced into a plent to produce a desired varicty
with a particular trait. 1t i (hus desivable to provide a method
for regencration of plant cells which have been transformed
with recombinant DINA.

DISCILOSURE OF THE INVENTION

This iovention provides metbods for the construction and
uec of cxpression veclors which include at least e genc
associated with the expression of a desired agronomit trait
or the production of a desired protein, It further provides
methods for the wansformation of plant cells with the
expreseion vector, and melhods for regeneration of whole,
fertile transformed plants from transformed cells in tissue
culture. Finally, this invention provides transformed plants
which heve been produced sccording to the foregoing meth-
ods.

DESCRIPTION OF THE DRAWINGS

K16, 1is 2 diagram of the vector CaMV],CN showing, the
the DNA fragments used in the plasmid’s construction.

FIG. 2 is a disgram of vecior pCaMVCN showing the -

DNA fragments used in the plasmid's constraction. T the
Figurcy the (ollowing symbols are uged;

BrowHl
Pell
Bpill
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HindIil
Xeal

g

DESCRIMIION OF THE PREFERRED
EMBODIMENTS

This invention provides a method for transforming plant
cells and regewcrating the transformed cells into 2 whole,
fertile plant, comprising the steps of

(>
L

45

s

of

2

inserting at least one stroctural gene coding for a desired

trait into an expression vector;
preparing host ﬁlant cells for transformation by subcuf-
furing the cells from a parent cutture of gorm line cells;

introducing the vecror containing the structural gene into
tie plant eells by one or teore microparticle borbard-
ments within a period of from abont 12 hours to about
1 week afler the subculivre;

cultwrivg the bombarded oells under conditions which
scleot for survival of transformed colls: apd

regercrating tho surviving transformed cells into & whole
plant from tissue culture,

By the term “vector” herein 35 meant a DNA scquence
which is able to replicate and cxpross a foreign gore in a bogt
cell. ‘Typieally, the vecior has one or more ¢ndonuciease
rocognition sites which may be cut in a predictable fashion
by wse of the appropriate enzyme. Such veclors ate prefer
tebly comstructed fo include structural gene scquences
imparting antibiotic or berbicide resistance, which then
serve as markers to identify and separate transformed eells.
Preferred markers/selection agents include kanamycim,
chiorosulfuron, hygromyein and methojrexate. A celf in
which the foreign genatic material in a vector is functionally
expressed has been “wansformed” by the vector and is
referred fo as 2 “transformant.”

A pattioularly preferred vector is a plasmid, by which is
meant a circular dovblestranded DNA molecule which is
not a part of the chromosomes of the cell.

Both genomic and cDINA encoding the gene of interest
may be vsed it this invention. The voctor of intercst may
glso be constructed partially from 4 cDNA clone and par.
tally from & genomie clone, When the gene of intersst hus
beep isolated, genetic constructs are made which contain the

necessary regulatory sequences to provide for efficient.

expression of the gene in the host cell. According to this
invention, the gesetic consimuct will contain (a) a first
genthic sequence coding for the profein or trait of interest
and (1) one or more regulatory scquences operably linked on
cither side of the structural genc of imerest, Typicaily, the
rogulatory sequences will be sefected from the gronp com-
prising of promoters end terminators, The regulatory
sequences may be from avtolegous or heterologous sources.

Promoters thst may be uscd in the genetic sequence
inclede nos, ocs and CaMV promoters,

An cfficiemt plant promoter that may be used as an

overproducing plant promoter. Overproduciog plant promot-
ers that may be used in this invention include the promoter
of the small sub-umit (ss) of the ribitlose-1,5-biphosphate
carhoxylese from soybean (Berry-Lowe et al, J, Molecular
and App. Gen., 1:483-198 (1982)), and the promoter of the
chlorophyll a-b binding protein. These two promoters ste
koown to be hight-induced, it euksryotic plant cells (sec, for
vxample, geretic enginecring af plams, an agricultwral
perspective, A. Cashrmore, Petham, NUY., 1983, pp. 29-38.
G. Coruzzi ct al,, J. Biol. Chem., 258:1399 (1983), and P
Punsmuir, ot al.,J. Molecular and App. Gen,, 2:285 (1983)).

The genctic sequence comprising the gene of intepest
operably lioked to (he desired control scquences can be
ligated intlo a suitable cloving vector. In general, plasmid or
viral (bacteriophage) vectors containing replication and con-
trof sequences derived from species corapatible with the host
ecll arc used. The cloning vector will typically carry a
replication origin, as well #s specific genes that ace capable
of providing phenotypic solection markers in transformed
host colls. Typically, genes conferring resistance {0 aatibi-
otics or sclocted herbicides are used. After the genetic
matetial is introduced nto (he target cells, as described

P. 85
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below, successfully transformed cells and/for colonies of
cells can bo isolsted by scloction on the basis of these
markers.

Typically, an intermediate host cell will be nsed in the
practice of this invention o iticrense the copy number of the
cloning vector. With an incr¢ased copy nmber, the vector
contzaining the genc of intercst ean be ixolated i significani
quantities for mtroduction into the desired plant cells, Host
cells that can be used in the practice of this invention include
prokaryotcs, inchuling bacterial hosts sweh as E Coff, §.
[yphimurium, and serratia marecscens, Evkaryotic hogts
such az yeast or filamentous fungi may also be used in this
inventioo.

The isolated cloning vector will then be introduced into
the phnt cell. A newly developed method of introducing
genctic material into plaot cells 3 particle gan technology,
alzo called ostcroprojectile or microparticle bombardment,
which jnvolves the use of high velacity accelerated parricies.
In this method, small, high-densily particles
(microprojectiles) are secclersted to high velocity in eop-
juntction with & larger, poweder-fired tmacroprojectile in 2
particle gun apparatus, The microprojoctiles have sufficieat
momentum to.penctrate plant cell walis and menbranes, and
can carry DNA or other substances into the interiors of
bombarded cells. Bt has beeo demonstrated thet such micro-
projectiles can enter plant ecfls withou! causing denth of the
cells, and that they can cffcctively deliver forcign genetic
material into intact epidermal tissnc of certzin plants (Kline
et al., Nature 327:70-73 (1987)). lowever, to date such
techniques have not successfully been extended from large-
celled model systems such zs allium (onion) species 1o
cconomicelly important specics which bave otlis of a more
typical size, ror have prior ant techniques yiclded fertile,
matore transformed plants capable of producing genctically
transformed progeny.

It hes now been determined tha! the time within the
subenitare interval js an important deternyinant of the effi-
cieney of stable transformation. The proferréd time for
micropatticle bomberdment is one day after subeulture.
When embryogenic type 1T callus caltures are used, severa)
modifications of conventional techuiques arc required prior
to their vsc for microparticle bombardment. During the
week preceding microparticle bombardment, the cultures ate
transferred to fresh maintenance medium three days prior to
bombardment. The callus is prepared for bomhardmesnt by
passing through a 700 micron sieve which breaks the langer
clumps ko ones which have a mtaximuen diameter of aboul
650 mictons. In a furthor modification of callus or particle
qun bombardment, sieved callus can be treated either on the
sarne day of sieving, or alteraatively from one Lo six days
following sicving, Preferably, the cells are bormbarded either
on the first or sccond day following sieving.

Tn addition, it has now been determinad that both sieved
calins and suspension cultures roquire a specific density of

celis per petri dish, and 2 specific svriaee area for treatment 5

with microbombardment, if suesessful iransformation of the
cells 35 to be schieved. The amount of cells for treatment by
microparticle bombardmoent will preferably raope from
ahout 2.5 me/em? to 10 mg/em? of petri plate area. Momy
preferably, fromy about S 1o 10 mg/em® will be usod, lower
densities being preferred where subsequent selection isto be
performed, and higher depsities being preferred for transicnl
travsforroation anelysis.

All tissues which can be eultered fo give whole repencr-
ated plants can be transformed by the present inventions so
that whole plants arc recovered which contain the foreign
gene. When maize or sunflower arc 10 be modified, it is

=~
N
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prefered to use the relatively organized tissve from the
immature embryo of the plast. In this method of the
invention, embryos of the stage of maturity such that the
apical meristem cells are readily aceessible to microprojoe-
file penetration are prepared in a mcthod similar to that
described for callus and suspension eells, In this method, the
cmbryos are dissected from the plant spproximately eight
days after pollination when the cmbryo is just beginning to
proceed from the liquid endozperm stage to the milicy stage.
At this stage, the embryo has an appanent eoleoptite notch
and only the apical meristers and perhaps the first primordia
are visible. Approximately 20 cmbryos are placed cither on
filter peper or on eulure meditim in 2 manner which allows
microprojectijes to penctrate the cells of the apical meristem.
The apical meristem containg cells which can later give tice
to either (be female reproductive organs or male reproduc-
tive organs in corn, or in the caso of sunflower, both rmale
sud female reproductive organs,

Some suitable plants include, for example, spacies {rom
the pemera Fragaria, Lotus, Meodicago., Onobrychis,
Trifoliuwm, Trigonclls, Vigns, Citrus, Linum, Goranium,
Manioot, Daucus, Arabidopsis, Brassics, Raphanvs, Sinspis,
Atropa, Capsicum, Datura, [yoscyamus, Eyecopersionn,
Niecotiana, Solanum, Petunia, Digitelis, Majorana,
Cichorium, Helianthus, Tactwca, Bromus, Asparagus,
Avlitthinvm, Hemerocallis, Nemesin, Pelargoninm,
Panicamn, Penniscturg, Ravonenlus, Screcjo, Salpiglossis,
Cucumis, Browsllia, Glycine, Lolium, Zea, Tritdcum,
Sorghun, and Datora.

Preferred plants that aro to be transformed according 1o
the methods of this invention are cereal crops, including
maize, tye, barley, whest, corghum, oats, millet, rice,
supflower, elfalfs, rapc secd and sovbean, The plant celis
may be transformed with their ccll walls intact, or proto.
plasts preparcd from plant cells by known techniques can
alro be transformed and regenerated in the method of thie
invention. .

Peeferably, germ Tine oclls will be used in the practioe of
this invention rather than somatic cclis. The torm “gern line
cells” refers 1o ceils in the plant organism which can trace
their cventual oell lincsge to cither the male or fomale
reproductive cell of the plant. Other cells, referred 1o us
“somatic cells™ arc cells which give rise to leaves, roots and
vasculor elements which, although impottant fo the plant, do
not directly give rise o gamete cclis. With regard 1o callus

and suspension cells which have somatic embryogentsis,

many or most of the cells in the culture have the potential
capacity lo give rise to an advlt plant. If the plant originates
from single colls or 2 small number of celis from the
embryogenic callus or sespension culmre, the cells in the
callus and suspension can therefore be referred to as germ
cells, This classtficarion is made becanse these individual
cells have the potential to form an entire plant, including the
gaorele eclls. Inn the case of immature cmbryos which arc
prepared for treatment by muicroparticle bombardment, cor-
{ain cclls in the apical meristom region of corg have been
shown to produce a ocll lincage which eventually gives rise
to the female and male reproductive organs, With many or
most species, the apical meristem is generally regarded as
giving rise to the lineage that eventially will pive tise o the
gamete cells, An oxample of 2 non-gamete ceR in an embryo
wonld be the first leaf primordia in com which is destined 1o
give rise only to the first Icaf and none af the reproductive
structures. Although both somatic apd germ lioe cells can be
cffectively transformed for bricf periods of time, up to 72
houes following mictoparticle bombardment, germ line colls
are proferred for stable trapsformation which in rura resulis
int transformed seed and their progeny.
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In the overall method of this invention, a suspension of
teansformed plaet cells containing the forcign gene js erc-
ated by microparticlk bombardment. Embryo {ormation is
then induced from the coll suspension, to the stage of

maturing snd germination info plante, Efficiont rogencration 5

depends ypon the tedinn, the genotype and the history of
the cultire. Regeneration is performed ax fotlows:

A two-cuitere meodium séquenice is wsed to germinate
somatic embryos ohserved on a callus maintenance medium.,
Calins it transferred first to a culiure mediom (maturation
medivm) which, instesd of 0.75 mg/L, 2.4-D has 5.0 mg/l.
indoleacetic acid (IAA}. The caltus culiure remains on this
modium for 10 to 14 days while callus proliferation contin-
ves af & slower rate. At this culture atage, it is important that
the amount of callus started on the culture medivm not be
100 large, or fewer plants will be recxvered per unit mass of
material, Bapecially proferred is an amount of 50 milligrams
of callus per plate,

Toward the end of this culture phate, observation vader a
dizeccting microscope often indicates somatic embryos that
have begun germinating although they are white in color
because this culiure phase is done in datkness,

Following this firet culture phase, coallus is teansferced
from “materation” medium 1o & scoond cultire medivm
which further promotes germination of the somatic embiyos
into a plantlet. This cultare medium has a reduced tovel of
idoleacetic acid versus the first culture medium, profersbly
a copeentration of 1.0 mg/L. At ihis point, the cultures are
placed into the hight. Germinating somstic embryos are

chamacterized by a green shoot which clongates, ofien with

a comnesting toot aXis. Plante are subcoltured at approxi-
mately 14-day fatervals until plantlet size necessitates the
teansfer into a cubture tube instead of a petr plaic, Although
plants are identificd rapidly, it ueually takes spproximatcly

six to eipht weeks to produce & plant of sufficlent size for

transfer to a growth chamber or greenhouse. Preferably, the
plantlets will be 2pproximately five centimeters tall with a
healthy root system at the point they are transferred 1o a
growth chamber,

Plants to be trapsferred to the growth chamber are
romoved from sterile comtainers and the solidified agar
medium is rigsed off the roots. The plantiets are placed ina
commercigl potiing wix fn 2 growth chamber equipped with
» misting device which maintains the relative humidity mear
100% withont excessively wetting the plant rools. Approsi-
mately thred to folr weeks are required in the misting
chambor before (he plants are robust enough for transplsn-
tation into pots or inte Kield conditions. At this point, many
plantlets, espocially Those regenerated from short-term cal-

Tus cultures will grow at a rale and o & sive similar 10 5

seed-derived plants. Plants regonorated from loog-term
callus, from suspension cultures, and from in vitro-selected
callus will cometimes show phemotypic abmormalities, such
2% veduced plant sizc, lcaf siriping und delayed matvration.
Care must be taken to assure controlled pelfination with
such plants. Ten to fourieen days afier pollination, the planis
are checked for sced set, If there is seed, the plants are then
placed in 2 holding ares in the grecohouse 1o mature and dry
down, Harvesting is typically performed six (o eipht weeks
after pollimation.

The eultwre medium for initiating callus consists of a
mineral salt base including major and micrenutrionts and
vitamins (CT base) with two important sdditions. The firstis
2.4-D ul about 2 mg/L and two specific amino acids, proline
a1 1400 mg/t. and aspsragine at 900 mg/L. The proferred
nuttient media cmployed in the regeneration of the mature
plant from the transformed plant celi are dexcribed m Table
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A Variations and omfssions of varions constituents, well
known to those of ardinary skill io the plant cell culture aris,
may he included or modified to zccommodate specics ofher
than corn,

TABLE A
Mrcronutricatx mM mg/l
RNO, 280 2,200
CaCl, - 20 20 200
MgSO, TH,0 10 2%0
KHPO, 22 200
(NHL )50 L) 520
FesQ, - THO 011 a3
Nay + EIFIA 0.40 778
Wicconutrients
K1 Q.00045 078
H,BO, 0.048 30
MnSQ, * H0 Q080 100
NS0,  TR,0 0.007 20
Na,MoO, - B0 4001 025
CuB0, ' TH40 1.0001 o028
CuCL, - 6HL,C .0001 D25
Vitamias
Nicotinie ncid 0.004 28
Pytidoxine HCI 0002 0s
Thiamine BCl 003 10
Glycine 0.027 20
Myo-ingsitol 1,000
Atuino acids
Protize 12 1,400
Asparagine 6 900
Sutrens 20,000
Qelrite 3900
24D 8038 075

Havitg now generally described this inveation, the same
will be better vnderstood by reference to specific examples,
which ate included berein for purposes of illustration only,
end are not inteaded to be limiting woless otherwise speoi.
ficd,

EXAMPLE 1

Plssmids were prepared having the stuctarcs iBustrated
in the drawings. pCaMVN was derived from pCaMVieo
obtgined socording 0 the method of Fromm ot al, by
replacement of the neomycin phosphotransferase coding
region with the CAT coding region, Addition of the Adhl
intron fragment (B to B) to the BamHI site ot the §' end of
the CAT coding region yielded pCaMVI,CN,

The plasmoid pCaMVECN copsists of the 35s promoter
from caulifiower mosaic vins, a fragment (Bc to B) from the
Adhkl intron 1, a CAT coding region, and the nopaline
synthase polyadenylstion rogion, This plasmid is identical to
pCaMVCN with the addition of the Adh1 intron fragment,

Sepurately, umbryogenic sispension cultures 3-86-17 and
13217 were derived from Type II embryogenic culture
according to the method of Green ¢t al, Molecwdar Genetics
of Plants and Animals, cds. Downey et al. (Acaderic Press,
Now York, N.Y)), 20, 147 (1983). The eaflus was initiated
from maize inbreds designated R21 (for 3-86-17) and BT3
(335 (for 13-217), Inbred R21 was derived from a regen-
erated plant from a jong-term callus culture of pnblic inbred
P73, and is very similar to B73, Both R2I &nd G35 are
proprictary inbred Jimes developed by Pioneor HisBred
Interpstional, Ine., Pes Moines, lowa, Suspension cultures
of the cultivar “Black Moxiten Sweer” (“BMS") were
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obtained from Stanford University. The cujturcs were main-
thined in Murashige and Skoog (“MS™} medium, as

-drseribed in Murashige, T. and Skoog, ¥, Physiol Plam.

15:453-497 (1962), supplemented with 2. 4-
dichlorophenoxyacetic ackd (2,4-D) a1 2 mg . and sucrose st
30 g/l.. The suspension cultures were passed through a 710
micron sieve 7 days prior to the cxperiment, and the filtrate
was maintsioed in MS medium, (Modified?) In prepuration
for microparticle bombardment, cclis were harvested from

the suspension aulture by vacuum filtration on a2 Buchner |

fonnel (Whatrman #614). The same cell batch from each
genotype was used within cach experiment,

Prior to micropatticle bombardment, 100 mg (fresh
weight) of cells were placed in 2 3.3 cm petri plate. The cclls
were dispersed in 0.5 mi. fresh culture meding to form a
thin layer of cells covered by a film of medium. The
uncoversd peiri plate was placed in the sample chamber of
5 particle gun device manufactured by Biolistics, Ine.

weneva, N.Y, A vacuum pump was used to reduce the
pressyre in the chamber to 0.1 aimosphere to reduce decel-
erslion of the mictoprojectiles by afr friction, The cells were
bombarded with ungsten particles having ac aversge diam-
cter of about 1.2 microne, obtained from GTE Sylvania,
Precision Materials Group, Towanda, Pa. In some trials, as
indicated below, celis were bombarded with microprojec-
tiler having an average diateler of 0.6 microns (GTR
Syivania) or 2.4 microns (General Electic Corp., Refrastory
Metals Division, Cleveland, Ohio). The micreparficles had a
DINA losding applied by adding 5 4L of a 0.1 g- % solution
of DNA in TE tuffer at pH 7.7 to 25 ul. of 2 sospension of
50 mig tungsten padicies per mL distifled wator in ¢ £.5 mL
Eppendorf tbe. In one tral, DNA from two plasmids
(pCaMVI,CN and pCaM Vi HygN) were combined for a
toral of 10ul. DNA in 25 ul. of tungsten particle suspension.
C3Ci, (25 ul of 4 2.5 M solution) and spermidite free base
(10 uk. of 2 0.1 M solution were thew added to (he suspen-
sion. Parlivles becwmre agglomeraied and seiiled to the
hottom: of the Eppendorf tube afier about 10 mimutes after
the addition of the CaCly and spermidine. Most of the
supcrmatant was removed and the particles were deagplom.
erated by briefly tonching the outside of 1he tube 1o the probe
of a sonicalor (Heat Systems-Ultrasontes, Ine.) Five micen-
liters of the resulting suspension were then placed on the
fromt surface of 8 eylindrieal polyethylene macroprojectile.
The macroprojectite was then placed into the barrel of the
padicle gun and a pawder charge (#1 gray extra light, Speed
Fasteners, Inc., 81, Lowis, Mo.) was Jorded into the barrel
behind the macoprojectile. A firing pin mechanism was
used fo cetomste the powder charge and accelerate the
macroprojectile down the barrel of the device to impact with
a stopping plate, Upon impact, the momentam of the miceo-
particles carried them f{tom the surface of the
macroprejectile, through a small apertuse in the stopping
platc and into the cclls, which wete positioned in the sampic
chamber 15 cm from the end of the barrel of the gun. After
bombandment. the potri dish was removed from the appa-
ratus and the cells were transforred to 5 mi fresh medivm in
3 15 mLpolypropylene tube. The eclls were then maintained
in the tube with agitation at 27° (T until harvested. Control
specimens were treated indentically exocpt that no DNA was
applied to the tungsten particles,

1 one series of trials, the plant colls were ireated cither
with & medivr of high osmotic potential or with 2 mixhe
of mineral oil and water. 100 mg of BMS colls were
dispersed in 0.5 ml, MS medivm supplemented with man-
nitol (01 M) 30 minutes prier to bombardmem. Afer
ticroparticle bombardment, the cells were left in {he
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mannitol-containing medium for an additional 30 minutes,
after which the cells were resuspended in § mL of standard
MS medium. Another sample of cells was dispersed in an
emulsion of either 0.1 rol. sterile mineral oil and 0.5 MS
medivm, 0.2 mL mincral oil and 0.4 mT. MS medium, or in
0.6 mL MS modinm lacking mineral oil. Alier borabardment.
the cells were suspended in 5 ol of MS modinm,

Analyses of CAT activily were perforesd 12 or 96 hours
Aftcr bombardnient. Significantly higher levels of activity
were taken to be svidence of plam cofl synthesis of this
foreign protein, and ths tw indicate transformation of the
cell. BMS, 3-86-17 and 13-217 suspenson cells were cal-
lectedt for the assay following growth against cither 10
mg/mL {BMS) or 25 mp/mL {3-86-17, 13-217) bygromycin.
Tissue extracts were preparcd by sedimenting the celis st
approximstely 13,000 xG for 10 mioutes in a4 1.5 ml,
microfuge tube. The supernatant was removed and 100 uL of
buffer (0.25 M Trix HCL, pH 7.8) were added to the peltet,
The sample was homogenized on ice for approx. 2 minates
with a disposable polypropyletie pestie driven at 300 rpm by
an clectric motor. After grinding, the sample was vortexed
bricy to complote the cxtraction of seluble protein. Cell
debris was removed by centrifugation at 13,000 xG in s
microfuge at 4° C. for 10 minutes. The supernstant was
decanted and nomalired to a volume of 200 ul. with Trig
HC buffer,

"The CAT activity ig the ¢l extraols was determined by
the procedure of Gormon et al., Mol Ceidl Biol, 2:1044-1051
{1982) with the exception that the swroples were heated at
60" C. for 12 minutes prior to the addition of subsirates. The
reaclion mixlure was incubated for 1.5 howrs at 37° .,
reaction products were extracted from the mixture with 300
uLl of cold cthyl acctate, were wir dried, and were resus-
pended in 20 ul. of ethyl avetate for spotting on TLC plates
(Bakerfiex). After TI.C resolution of chloramphenicol and
its acetylated denivetives with chloroforme:methaect (95:5),
autoradiograms of the TLC plates were made (60 hr., expo.
sure at 22° O, DuPort Cronex fitm).

Quantitative results were obtained by seintillation count-
ing of separated spots of chloremphenicol and its acctylated
derivatives, and the percent conversion to acstylsted prod-
ncts was calenlated. CAT activity was determined by com-
pacison with 2 standard corve of acctylstion conversions
obtained with purified bacrerial CAT, Protein in the cell
extracts was determined according to Bradford, M. Analyr.
Biochem., 72:248-234 (1976). CAT activity wss standand-
ived on the basis of units of CAT activity per gram of soluble
proteia. (1 unit of CAT catalyzes acetylation of 1 ng
chloramphenicol per minute at 37° ).

CAT activily measured was compared in cell cultures of
BMS following bombardment with naked microprojectiles
and microprojectiles loaded with pCaMVI,CN. As scen
from Table 1, increnses in CAT activily were consistently
observed in the treatments involving the plasmid vector, The
induced levels of CAT were typiesily 20- to 200-fold preater
thar. the CAT Jevels jn the controls. CAT activity in BMS
wak monitored over a 4-day period following bombardment.
Expression of the CAT gone was detectable 24 hours after
bomburdutent and was still high after 96 hours of incubation.
CAT activity was detcetable after 12 days in two embryo-
gonic maize cell lines (3-286-17, 13-217), but ot in BMS
cells (Table 2). CAT activity was also measured after 96
hours in BMS cells bombarded with pCaMVYCN (no intron).
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Expression in these cells was pot greater than background
levels in cells treated with uncoated microprojectiles.,
Consequently, all subsequent tials were perdormed with the
PCaMVEL CN plasmid.

10

TABLE 4

Effect of Multiple Bombardmentz oa BMS Using
1.2 Micton Patticies Losded with pOnMVI,CN

ot Nen-loaded
TARIE 1 MEAN CAT ACTIVITY.
Inbreduction of DNA inio BMS Maire Sunpension Ocjls flold
Using High Velocity Microprojectifer Bombasdments N Trestment N Comtrol Increass
MEAN CAT ACTIVITY
—— 10 1 L L i ) 1 m (0.2 1413
Potd 2 2 1o (5700 1 0 (07 2950
Experiment N Tremtment  Contrel  leerease F Tent A 7 135 (70.0) 1 00 (02) #5020
3 10 5T (361) 01 (38) 201 0.00 (0.00) '
2 4 1B(1%8 00O 214 017 (0.1}
3 343 (3% 00 lon) 1785 030 @06) 15 EXAMPLE 3
4 7 15071 00 8BS .10 (0.26) ) . o
The cffect of microprojectile diameter was also deter-
Treatment and comrol values represent units of crzyme activ;':.)’ per grom mined by monitoring CAT expression after bombardment
of protein, Figures in parentheses indicste % conversion of chlorampheni- 4 felbs Jy— H -
eol ¥ sralylnted dervntives. ¥ Fast vokuss indicate the probability thet the \("Z,IA‘E’ pnrtlwlles- of k?’mgd d‘a?ﬂ.ﬂs ) ?; gn;.?ca::ré?‘;cls ‘olf
differonce hetween treatment and contsal az duc only to chance vanntion. gy activity were found only in cells bom d wit
microparticlos having a mean diameter of 1.2 microns:
. however, some clumping has been observed in particles
FABLE 2 within successtully cells, 20 that Jarger particles or ¢clumps
Delivery of DNA iato Cetl Suspensions of Embryogenic may be used, up to about 20 microns.
(3217, 2%6417) and Non.embryogenic (BMS) Cell Tines 25
MBAN CAT ACLIVITY TABLE 5
Fold Effeat of Mictopartizle Dixmeter.on DNA Dofivery
Cell Line N Treatment N Control Incrense inte BME Celis, Comparing Londed and Unlosded Patticles
mrmremmcssenmmnn JABAN CALACTIVITY
BRMS 1 00 0.25) ! o0 (0.23) —
13217 1 02 %) — lost — 0 Size
18627 2 03 (2.4 3 0 (0a4) 55 (migronz)  Trestment Conteol Fold Inarease
0.6 00 ©.2) 0 (03 10
12 15 (17.0) 00 (0.2) 852
2.4 o ©.3) 07 (0.1 2.8
. a5
‘The post-bombardment CAT activity after 96 hours of
culture in embryogenic cell suspensions clearly judicated EXAMPLE 4

that functional DNA was bejog delivered jnto tbe oclls,
although at fower rates than observed in BMS (Table 3).
Expression after 12 days tizsue ounlture in the embryogoenic
cell lincs was as great ag at 96 hours,

TABLE 3

Beliviry of DA igto Cell Suspensions of Embryopenic
{13-217, 3-85-17) and Non-cmbryogenic {BMS) Cell Lines

Fold
Q:!! Line N Traatmenl n Control fncréqse
BMS 3 16 (0T 1 {08 154
13207 z 01 (.7} 1 o0 {0.3) 2.3
28617 b4 02N 1 80 (04 A3
"EXAMPLE 2

Some samples of BMS cells were subjected o repeated
bombardments with plasmid-loaded micropanicics, Mul-
tiple tombardments of the same cells clearly produced
higher levels of CAT activity then did single bombardments
{Tablc 4}, Triple bombardment was found to inctease CAT
activity in a gimilar manner in embryogenic line 3-86-17.

45
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Transfortmation of Regenerable Cell Line 3-86:17

An embryonic suspension culture capable of plant regen-
eration ws¢ oblained from the regenerative tissuc culture
inbred R21. Thissuspension was then tenosformed by micro-
particle borbardment according to the general method of
Exanple 1. The geners] technigues deseribed by Klein et al,
it Proc. Net. Acad, Sci. USA 85:4305-4309 (fune 198E)
were. employed. The celle were troated approximately ooc
day after subcultare. Chimps of uspension cultere eelia got
greater than 710 mictops were divided into 100 mg samples
for bormbardment. Two different vectors were used, One was
the pCaMVE N plasmid vector containing the strucrami
gene for chioramphenicol acety] trancferase. The second
voctor was a plasmoid having identical repulatary sequences
but containing the structural geae For bete glucuronidase,
Ezch sample was hombarded twice wih particles having a
dizmeler of 1.2 microns apd 4 DNA Joadiog of 5 ug/mL.

After the bombardments, cach sample was diluved with 5
ml. of liguid culture medium contaimng 2,4-D a1 3 concen-
tration of 2 mg/t.. Liquid medium containing the cells was
teansferred to 15 ml sterile centrifuge tubes where the cells
were allowed to setle. Excess cultnre modiom was romoved
to leave # fingl volume of 3 wL. Tubes with ceils were
incubated at 27" C. in Kght ox 8 shaker i approxmetcly 100
ipm. Cells were sampled for gone expression after 3 days.
Both CAT and beta glucuronidese cxpression were approxi-
malely twe onders of magnitede greater in the cclis treated
with ioaded microparticks versus nonsloaded controls.

.29
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EXAMPLE 5

1 xaves of sterile, in vitro propagated Nicotiana tabacun
Var. KY 17 having a length of 5 10 7 ¢m and 3 widik of 2 i
3 cm were removed under aseptic conditions and prepared
for microprojectile bombardment by cutting them inte thin
strips 1 cm long x1 mm wide in order to maximize surface
aren exposed to bombardment. Leaf steips were placed
dircctly onto a culture medium consisting of MS salts and 20
g/t naphthalencacetic acid (NAA) aod 0.5 mg/L benzy-

12

. anbred line was obtained by recovering plante capable of

laminopyrine (BAP). 200 mg/L kanamycin was sdded as the

selection agent, Microprojectiles wete prepared by precipi-
tating 10 ug of plasmid DNA oo about 1.25 mp of tungsten
particles having an average diameter of 1.2 microns. Pre«
cipitation was carried out using 0.89 M CaCl, and about
0.014 M spermidine, DNA coated particles were indorpo-
rated iolo cells by two cohscoutive bombardments in the
manner previously described herein, Each bombardment
delivered sbout 89 ug of microprojestiles.

Afler treatment, the strips were incubated in low light
(abrout 350 lux) for 7 days and then transfeered to frosh
cultnre medium. Leaf picces were transferred sveckly
regardicss whether they showed visible growth ot not. The
first two subcaitures wero to cultere medium which allowed
callusing (2.0 mg/L NAA plus 0.5 mg/L BAF) followed by
six succesgive transfers 10 sboot regencration medivm,
which consisted of the same composition without the NAA.

Strips which were placed on culture medium without
kanamyein showed rapid callus proliferation. Shoot regen-
cration was ohvious after S5 weeks in culture, Control loal
strips placed on kansmycin-contaiting medium showed
expansion during the first wock of culture and then lost color
and died over the next fow weeks. Strips which bad been
bombarded with loaded microparticles providing the gene
for kanamyein resistance at first showed symptoms of kaoa-
mycin infury. However, afier two weeks in eulture, very
smail areas of growth with differing morphology wete
observed. These first appeared as small protuberances st
sevorst different areas of leaf lissue, Some strips which
alrophied and died Jeft small surviviog preces of tissue.
Visible callug was cvident aficr & weeks® culture on medium
conlaining 200 mg kansmysia per liter. Plant regenetation,
hoth i the presence and absence of kanamyein, began to
accur after sbout 10 weeks in cultuee,

After visible shoot initiation, plantlets were transfesred to
a thoot clongation/rooting medium consisting of MS salte
with 4% sucrose and 50 mg/T. Xanamyein. About half of the
rlants from ome of the growing calli showed shoot
efongation, maintenance of green eolor and oot clongation
inte the culture medivm while the rematoder showed poor
growth characteristics, loss of greening and faiture to root in
the medium.

Analvsis of the green healthy growing shoots showed
both enzyme sctivity in the Jeaves and positive incarporation

of the foreign gene into the plant cell genome as determined -

by hoth glot blot and Southern blot analysis.

The plantlets were grown to maturity and self-poliinated.
Upon germination on cvlture medivm containing 50 mg
kanamycin per liter, Mendelisn inheritanes of the gene was
established,

EXAMPLE 6

Data on Inbred Com Line R21

The following example provides data on regeneration of
inbred corn Yipe R21, which was used in Example 4. This
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seed production from a long-term callus culture (vider than
12 months) of inbred B73.

TABLE 6

Tiseye Culture Responge--Percont Embryos Giving
Rize to Type I vnd Type 0 Embryogenie Callus from
TC2 Planls Regenorated from Inbrod B73

Pedigree 28-Dav Response
Identity w % Type 1 S Iype 1l
TIDNI)* L 42 0 214
50 9 280
B2 75 ¢ o
T Q o
**Progeniter of B2,
TABLE 7

Percent Embryos Giving Rise 1o Type 1 and Typs I
Embryogenic Colks nfier 14 nnd 28 Daye in Qutire fom
Seed Dcri\o:od BT73 and Scveral Tissve Cultre

v 7,
_14-Day Responze _2Ra[hry Responpe
Pedigroe - N Type b Iyps Il lypel lype U
BIETCOn-BIETC 711 18 4 1.8 257A
SIS
Bi3" Y 08 a 0.0 6D
“Progeaitor of RZ1.
***Phanits from secd derived B73,
TABILE 8

Porcent Embhryen Giving Rine to Type 1 aod Type I
Cmbeyogenic Onkug nfter 14 and 28 Dayn in Cuhture from
Tobred R21 Derived from 573 Callus and

frimn Seed Derived from B73,
14-Day Response _ 28-Dav Response

Pedigrecs N Typel Typell Typel  Typelf
R21* ¢ 38B 38D %0 63
BTATCT10#1-/BT3-

TOSESITX

B73 77 00R 00B 2.9 o9

TDinla xhowwn from same sarx tsed for per se and (op erow yield duts,

TABLE ¢

Flant Regeneration from R21 and B72
Embryogenic Culturss Approximetely
& afee Cuilture Enitint)

Genotype Numher Bmbryoa X Plnnta/Hmbryn
na 14 285
BTA 2 2,50
B73 Regenemta 1 1.00

What 35 claimed is:

1. A fortile transgenic Zen mays plant comprised of stably
Incorporated forcign DNA. wherein said foreign DNA con-
sists of DINA that 15 not from a corn plant and that is not
comprised of a T-DNA border.

2. A fertile transgenic Zea mays plant according to claim
1, wherein said forcign DINA imparts herbicide rosistance 10
said plant,

F.10
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3. Afertile transgemc Zea mays plant according to clajm
2, wherein said foreign DNA imparis resistance to chioro-
sulfuron. . \

4, A fextile transgenic Zea mays plant according to <laim
1, wherein said trmnsgenie Zea mays plant is made by a
metbod conoprisiag, the steps of:

() preparing a foreign HDNA comprising an expression

vedtor eamrying a pene encoding an agrononic feail;
®) plrcparing a muize embrvogeric callug or suspension
culture;

() ivtroducing said forcign DNA into said embryogenic
callus or suspension culture by one or moere micropar-
ticle bombardments; and

(d) regonerating suid fertile wransgonic Zea smays plant.

& Afentile rransgenic Zeq meys plam according o claim
1, wherein said transgenic Zog mays plant is made by 2
methed comprising the steps oft .

(2) prepating a forcign INA comprising an cxpression
woetor carrying 4 gene entoding an agromomic treit;

(h) preparing a mairc immature embryo;

{c) introducing =aid foreign DNA ioto said imrsature
“embryo by onc or mere microparticle bombardmcnts;
and

(d) regencrating said fentile transgenic Zew mays plant,

6. The fertile traosgenic Zea mays plant acconding to
claim 4, wheivin said muize embryogenic callus or suspen-
sion enlture of step (b) ie passed through = sieve prior to step

).

7. ‘Fhe fertile teansgenic Zeq mays plant according to
claim 6, whercin the sicve has an opening size of about 700
microns.

8. The fertile teanspenic Zea mays plant according to
claim 4, wherein, prior to step (c), said maize embryogenic
callus or suepension cultwre is plated fo a density of from
abour 2.5 mg (fresh weight)lem?® 1o sbout 10 mg (fresh
weight)em®,

9. The fertiie transgenic Zea mays plant according to
claim &, wherein said platéd maize crbryogenic callus or
suspension culture has a fresh woight of from abowt 50 mg
to about 200 mg,

10, The fertile transgemic Zea mays plant according to
claim 4, wherein step (b) further comprises providing said
maire embryogenic calluz or suspension culture on a solid
support.

11. The ferile transgenic Zea mays plan! according to
clnim 4, wherein step (b) further comprises providing said
maire embryogenic callus or suspension ¢utture on 4 liguid
medinm.

12, The fertile transgenic Zea mays plant according (o
chaim 1, wherein said forcign DNA jwyparts bygromycin
resistance to gaid plant,

13. A fertile transgenic Zea mays plant comptising a
forcign DINA that cocodes an agronomic teait, wherein the
pliot i& obtaimable by:

introducing forcign DNAjoto 4 maire embryogenic callus

cell by microptojectile bombardment to obtain a trans-
fomed callus ccll;

generating the fertile transgenic Zaa mays plant from the

transformed caling cell,

14. The fertile ensgenic Zee mays planl according to
chaim 13, wherein the agronomic trait is resistance o a
phytotoxic agent.

15. The fertile transgenic Zea mays plant gccording to
claim 14, wherein the phytotoxie agent 15 an antibiotic,

16. The ferdic transgenic Zea miays plant sccording 1o
claim 15, wherein the antibiotic is kanamycip,

17. The fortile transgenic Zea mays plant according to
claim 15, whercin the antibiotic ¢ hygromycin.

" 18, The ferdlc transgenic Zea mays plamt according to
claim 14, wherein the phytotoxic agent is an herbicide,

..
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1% The fertile (ransgenic Zea mays plant according to
¢lzim 13, wherein the foreiga DNA s opersbly linked 1o an
over-producing piant promoter.

290, The fortilo transgonic Zea mays plant according
claim 13, wherein the foreign DNA is operably hoked 1o a
NOS promoder.

21, The fertile transgenic Zea mays plant according 1o
claim 13, whercin the foreigs DNA s operably linked to an
0TS promoter,

22 The fenile transpenic Zea mays plant according to
claim 13, wherein the furcign DNA is operably Hnked to »
light-inducible proroter.

23. ‘The femslc iranspenic Jea mays plant according to
claim 13, wherein the light-inducible promoter is 1 promoter
for the gene cncoding 4 smafl sub-unil of rbulose-1,5-
hiphosphate earbexyinse.

24. The fertile transgenic Zea mays plant according 1o
claim 13, wherein he ight-inducible promoter is a promoter
for the genc cneoding & chiorophyl] a-b binding protein,

25, The fentile tremsgenic Zea plays piant according to
claim 13, whorein {he foreign DNA further comprizes &
polyadcaylstion region.

26. The femtile transgenic Zea mays plan! according to
claim 13, whercin the mairze embryogenic callug cell is i a
suspension culture, )

27. A foertile transpenic Zeq mays plant comprising a
forcign DNA that encodes an agronomic trait, whercin the
plant is obtainable by:

introducing foreign DNA it & maize immature embryo

by migroprojectile bombardment to obtainr a trans-
formex immature embryo;

geoersting the fertile transgenic Zea mays plant vsing the

transformed immature cmbrye.

28. The fertile transgerdc Zez mays plant acoording to
claim 27, wheroin the sgromotmic trait is wesistance 1o @
phytotoxic agent. '

29. The fertik transgenic Zea mayy plant according to
claim 28, wherein the phytotoxic sgent is an antibiotic.

30. The fortile transgenic Zea mays plant accorditig 1o
cleim 29, wherein the antibiotic is kanamycin.

31. The fenile tramsgenic Zea mays plant sccording to
claim. 29, wherein the antibiotic i hygromycin,

32, The fenile transgenic Zea mays plant according to
clrim 28, wherein the phytotoxis agent is an herbicide,

33, The fertile transgenie Zea mays plant sccording to
claim 28, wherein the foreipn DNA it operably linked to an
over-producing plant promoler. ’

34. The fertile transgenic Zeq mays plant according to
claim 27, wherein the forcign DNA is operably Jinked to a
NOS promoter.

35, 'The fertile trsnsgenic Zea mays plapt according to
claim 27, wherein the foreign DNA iz opersbly lipked to an
OCS prototer.

36. The fertile transgenic Zea mays plant according to
claim 27, wherein the foreign DNA is operably linked to &
Fght-inducible promoter. ,

37. The fertile transgenic Zed rmays plant sccording to
claim 36, wherein the light-inducible promoter is & promoier
for the gene encoding a small sub-unit of ribuiose-1.5-
biphosphate carboxyliase.

38. The fertile ttansgenic Zee meys plant according to
claim 36, wherein the lghl-inducible promoter is a promoter
for the genc encoding a chlorophyl a-b binding protein.

39 The fertile transgenic Zea mayy plant according o
claim 27, whorein the forcign TINA fitrther comprises a
palyadeaylation region.

40. ‘The fertile tragsgenic Zea mays plant according fo
claim 27, wherein the immature cmbryo comprises a2 mer.
istem cell,

P.11
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