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UNITED STATES DISTRICT COURT

SOUTHERN DISTRICT OF IOWA Fl L E D

SOUTHERN DIVISION APR 1 2003
CLERK .S, DISTRICT COURT
MONSANTO CO'M'PANY, ; SOUTHERN DIsTRICT OF IOWA
Plaintiff *
*x
VERSUS * Civil Ne.:
3
CURTIS DUKES * . ' - ¥. '
Defendant * 4063 CV‘?@IBQ
*
* % F K ¥ ¥ ¥ % & X L % * % *

COMPLAINT

COMES NOW the plaintiff, Monsanto Company (héreinafter “Monsanto™), by
and through its undersigned counsel, and for its Complaint at law against Curtis Dukes
(hereinafter referred to as “Dukes” or “defendant”), makes the following allegations:

PLAINTIFF |

1. Monsanto is a company organized and existing ﬁnder the laws of the State
of Délaware with its principal place of business in St. Louis, Missouri. It is authorized to
do and is doing business in Iowa and this judicial district.

DEFENDANT

2. The defendant, Curtis Dukes, is an individual who has obtained the agé of

majority and is a resident and domiciliary of Union County,.Iowa.

JURISDICTION AND VENUE

3. Subject matter jurisdiction is conferred upon this Court pursuant to 28

U.S.C. §§1331 and 1338, granting district courts original jurisdiction over any civil

action regarding patents. ' | . S
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4, Venue is proper in this judicial district pursuant to 28 U.S.C. §1400, in
that the defendant resides in this judicial district and a substantial part of the events
giving rise to this claim for patent infringement occurred in this judicial district.

GENERAL ALLEGATIONS

5. Monsanto 1s in the business of developing, manufacturing, licensing and
selling agricultural biotechnology, agricultural chemicals and other agrimﬂtﬁral products.
After the investment of substantial time, expense and expertise, Monsanto developed a
new plant biotechnology that involves the insertion into plants a gene that causes the
plant to be resistant to glyphosate based herbicides such as Roundup Ultra®'.

6. This new biotechnology has been utilized by Monsanto in soybea.ns.. The
genetically improved soybeans are marketed by Monsanto aé Roundup Ready®®
soybeaﬁs.

7. Roundup Ultra® is a non-selective herbicide which will cause severe
injury or death to soybeans that do not contain the Roundup Ready® technology.

8. Monsanto’s Roundup Ready® technology is protected by séveral U.s.
Patents, including Patent Number 5,352,605, which is attached hereto as Exhibit “A.”
This patent was issued and assigned to Monsanto prior to the events giving rise to this
action.

9. Monsanto placed the required statutory notice that its Roundup Ready®
technology was patented on the labeling ‘of all bags containing Roundup Ready® soybean
seed. In particular, each bag of Roundup Ready® soybean seed is marked with notice of

U.S. Patent Number 5,352,605.

! Roundup Ultra® is a registered trademark of Monsanto Company.
Roundup Ready® is a registered trademark of Monsanto Company.
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10. Monsanto licenses the use of Roundup Ready® seed technology to
soybean producers at the retail marketing level through a limited use license agreement,
commonly referred to as a Technology Agreement.

11.  Under the terms of the Monsanto Technology Agreement, a
purchaser/licensee is prohibited from saving, sclling, reselling or otherwise transferring
any seed produced from the purchased seed for use as a planting seed.

| 12.  Authorized purchasers of Roundup Ready® soybeans are also required to
paya licenée fee (otherwise known as a “technology fee”) for each commercial unit of
seed purchased.

13, Monsanto does not authorize the planting of saved (commonly referred to
as bin run and/or brown bag) Roundup Ready® soybeans.

14.  Defendant farms a significant acreage in and around Union and Adams
Counties in lowa.

15.  Upon information and belief, defendant planted several fields of soybeans
during the 2002 growing season with saved Roundup Ready soybean seed. |

16.  Monsanto requested information from defendant regarding his soybean
farming operations, and specifically requested whether defendant planted Roundup
Ready soybeans, but defendant refused to answer requests.

7. Monsanto also attempted to contact the defendant’s attorney, Richard L.
Wilson, prior to filing this lawsuit, but defendant’s counsel did not return phone calls to
Monsanto’s counsel.

18. Upon information and belief, defendant planted saved Roundup Ready®

soybean seed in contravention of Monsanto’s patent rights in the 2002 growing season.
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19.  Upon information and belief, Defendant knowingly, intentionally and
willfully planted saved Roundup Ready® soybean seed without authorization and in
violation of Monsanto’s patent rights in those soybeans.

COUNT ONE - PATENT INFRINGEMENT - PATENT NO. 5.352.605

20.  Each and every allegation set forth in the above numbered paragraphs is
hereby incorporated by reference just as if it were explicitly set forth hereunder.

21. On October 4, 1994, United States Patent No. 5,352,605 was duly and
legally issued to plaintiff for an invention in Chimeric Genes for Transforming Plant
Cells Using Viral Promoters; and since that date, plaintiff has been and still is the 6Wner
of that patent. This invention is in the field of genetic engineering and plant biology.

22.  Monsanto placed the required statutory notice that its Roundup Ready®
technology was protected by U.S. Patent No. 5,352,605 on the labeling of all bags
containing Roundup Ready® soybean seed in compliance with 35 U.S.C. §287

23 Defendant’s conduct, as set forth above, constitutes the unauthorized use
of a patented invention within the United States during the term of Patent No. 5,352,603,
all in violation of 35 U.8.C. §271, and Monsanto therefore has a right of civil action
against the defendants pursuant to 35 U.S.C. § 281.

24, The defendant has and may still be infringing that patent by making,
selling, offering for sale, using or otherwise transferring Roundup Ready® soybeans
embodying the patented invention without authorization from Monsanto and will

continue to do so unless enjoined by this Court.




Case 4:03-w=90182-RP Document1 Filed O4#1/03 Page 5 of 27

25.  Pursuant to 35 U.S.C. §283, Monsanto is entitled to injunctive relief in
accordance with the principles of equity to prevent the infringement of rights secured by
its patents. |

26.  Pursuant to 35 U.S.C. §284, Monsanto is entitled to damages adequate to
compensate for the infringement, although in no event less than a reasonable royalty,
together with such interest and cost to be taxed to the infringer. Monsanto requests that
these damages be trebled pursuant to 35 U.S.C.§284 in light of the defendant’s knowing,
willful, deliberate and conscious infringement of the patent right at issue.

27.  The infringing activities of defendant brings this case within the arﬁbit of
the exceptional case contemplated by 35 U.S.C. §285, thus Monsanto reqﬁests the award
of reasonable attorney’s fees.

WHEREFORE, Monsanto Company prays that process and due form of law issue
to Defendant herein, requiring him to appear and answer, all and singular, the allegations
of this Complaint, and that after due proceedings are had, there be judgment in favor of

Monsanto Company and against the defendant, providing the following remedies to

Monsanto:

1. Entry of judgment for damages, together with interest and costs, to
compensate Monsanto’s for the defendant’s patent infringement;

2. Trebling of damages awarded Monsanto for the infringement of its patent,
together with reasonable attorney’s fees;

3. Entry of an order prohibiting the defendant from planting, transferring or
selling the infringing articles to a third party;

4. Entry of a permanent injunction to prevent defendant from using, cleaning

or planting any of Monsanto’s proprietary seed biotechnology without
express written authorization from Monsanto; and

5. Such other relief as the Court may deem appropriaté.
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PLEASE SERVE:

Curtis Dukes
2435 Willow Avenue
Kent, IA 50851

Respectfully sabmitted,

RICHARD G. SANTI
COLIN J. WITT _
Ahlers & Cooney, P.C.

100 Court Avenue, Suite 600
Des Moines, Jowa 50309
Telephone: (515) 243-7611
Facsimile: (515)243-2149
E-mail: rsanti@ahlerslaw.com

S P. CLEMENTS, T.A. (La. #4184)
WAYNE K. Mc (La. #20956)
JOEL E. CAPE (La. #26001)
Frilot, Partridge, Kohnke
& Clements, L.C.
3600 Energy Centre, 1100 Poydras St.
New Orleans, LA 70163-3600
Telephone: (504) 599-8000
Facsimile: (504) 599-8100
E-mail: mpc@fpke.com
E-mail: wkm@fpkc.com-
E-mail: " jec@fpkc.com

ATTORNEYS FOR MONSANTO COMPANY
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CHIMERIC GENES POR TRANSFORMING PLANT
CELLS USING VIRAL PROMOTERS

RELATED APPLICATIONS

This is a File Wrapper continuation of application
Ser. No. 07/625,617, filed Dec. 7, 1990, now aban-
doned, which is & continuation of U.S. Ser. No.
06/931,492, filed Nov. 17, 1986, now abandoned, which
is a continuation-in-part of U.S. Ser. No. 06/485,568,
filed Apr. 15, 1983, now abandoned, which is a con-
tinuation-in-part of U.S. Ser. No. 06/458,414, filed Jan.
17, 1983, now abandoned.

TECHNICAL FIELS

This invention is in the fields of genetic engineering
and plant biclogy.

BACKGROUND ART

A virus is a microorganism comprising single or dou-
ble stranded nucleic acid (DNA or RMA) contained
within a protein (and possibly lipid) shell called a “cap-
sid” or “coat™. A virus is smaller than a cell, and it does
0ot contain most of the components and substances
necessary to conduct most biochemical processas. In-
stead, a virus infects a cell and uses the cellular pro-
cesses to reproduce itseif,

The following is a simplified description of how a
DNA-containing virus infects a cell; RNA viruses will
be disregarded in this introduction for the sake of clar-
ity. First, a virus attaches to or enters a celi, normelily
called a “host” cell. The DNA from the virus (and
possibly the entire viral particle) enters the host cell
where it usually operates as a plasmid (a loop of extra-
chromosomal DNA). The viral DNA is transcribed into
messenger RNA, which is translated into one or more
polypeptides. Some of these polypeptides are assembled
into new capsids, while others act as enzymes to cata-
lyze varous biochemical reactions. The viral DNA, is
also replicated and assembled with the capsid polypep-
tides to form new viral particles. These viral particles
may be released gradually by the host cell, or they may
cause the host cell to lyse and releass them. The re-
leased viral particles subsequently infact new host cells,
For more background information on viruses see, e.g.,
Stryer, 1981 and Matthews, 1570 (note: all references
cited herein, other than patents, are listed with citations
after the examples).

As used herein, the term “virus” includes phages and
viroids, as well as replicative intermediates. As used
herein, the phrases “viral nucleic acid” and DNA or
RNA derived from a virus” are construed broadly to
include any DNA or RNA that is obtained or derived
from the nucleic acid of a virus. For example, 2 DNA
strand created by using a viral RNA strand as & tem-
plate, or by chemical synthesis to create a known se-
quence of bases determined by analyzing viral DNA,
would be regarded as viral nucleic acid,

The host range of any virus (Le, the variety of cells
that a type of virus is capable of infecting) is Limited.
Some viruses are capable of efficient infection of only
certain types of bacteria; other viruses can infect only
plants, and may be limited to certain genera; some vi-
ruses can infect only mammalian cells. Viral infection of
2 cell requires more than mere entry of the viral DNA
or RNA into the host cell; viral particles must be repro-
duced within the cell. Through various assays, those
skilled in the art can readily determine whether any
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particular type of virus is capable of infecting any par-
ticular genus, speciet, or strain of cells. As used herein,
the term “plant vires™ is used to designate a virus which
is capable of infecting one or more types of plaat cells,
regardless of whether it can infect other types of cells,

With the possible exception of viroids (which are
poorly understood at present), every viral particle must
contain at least one pene which can be “expressed” in
infected host cells. The expression of a gene requires
that a segment of DNA or RNA must be transcribed
into or function as a strand of messenger RNA
{mRNA), and the mRNA must be translated into a
polypeptide. Most viruses have about § to 10 diffarent
genes, all of which are expressed in a suitable host cell.

In order to be expressed in a cell, a gene must have a
promoter which is recognized by certain enzymes in the
cell. Gene promoters are discussed in some detail in the
parent application Ser. No. 458,414 cited above, the
contents of which are incorporated herein by reference.
Those skilled in the art recognize that the expression of
a particular gene 10 yield a polypeptide is dependent
upon two distinct cellular processes. A region of the §'
end of the gene called the promoter, initiates transcrip-
tion of the gene to produce a mRNA transcript. The
mRNA, is then translated at the ribosomes of the cell to
yield an encoded polypeptide. Therefore, it is evident
that although the promoter may function propexly,
ultimate expression of the polypeptide depends at least
in part on post-transcriptional processing of the mRNA
transcript.

Promoters from viral genes have been utilized in 2
varicty of genetic engineering applications. For exam-
ple, chimeric genes have been constructed using various
structural sequences (also called coding sequences)
taken from bacterial genes, coupled to promoters taken
from viruses which can infect mammalian cell{the most
commonly used mammalian virusas are designated as
Simian Virus 40 {(SV40) and Herpes Simplex Virus
(HSYV)). These chimeric genes have been used to trans-
form mammaliap cells. See, e.g., Mulligan et al 1979;
Southern and Berg 1982. In addition, chimeric genes
using promoters taken from viruses which can infect
bacterial cells have been used to transform bacterial
cells; see, e.g., the phage lambda P promoter discussed
in Maniatis et al, 1982

Several researchers have theorized that it might be
possible to utilize plant viruses as vectors for transform-
ing plant cells. See, e.g., Hohn et al, 1982, In general, a
“vector” is 8 DNA molecule useful for transferring one
or more genes into a cell. Usually, a desived gene is
inserted into a vector, and the vector is then nsed to
infect the host cell

Several resecarchers have theorized that it might be
pussible to create chimeric genes which are capable of
being expressed in plant celly, by uwsing promoters de-
rived from plant virus genes. See, e.g., Hohn et al, 1982,
at page 216,

However, despite the efforts of numerous research
teams, prior to this invention no ooe had succeeded in
(1) creating a chimeric gene comprising a plant virns
promoter coupled to s heterologous structural sequence
and (2) demonstrating the expression of such a gene in
any type of plant cell.

CAULIFLOWER MOSAIC VIRUS (CaMV)
The entire DNA sequence of CaMV has been pub-

lished. Gardoer et al, 1931; Hohn et al, 1982, In its most
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common form, the CaMV genome is about 2000 bp
long. However, various naturally occurring infective
mutants which have deleted about 500 bp have been
discovered; see Howarth et al 1981. The entire CaMV
genome is transcribed into a single mRNA, termed the
*full-length transcript” having a sedimentation coeffici-
ent of about 358, The promoter for the full-length
mRNA (hereinafler referred to as “CaMV(355)) is
located in the large intergenic region about ! kb coun-
terclockwise from Gap 1 (see Guilley et al, 1982).

CaMV is believed to generate at least eight proteins;
the corresponding genes are designated as Genes 1
through VIIL Gene V1 is transcribed into mRNA with
a sedimentation coefficient of 198. 198 mRNA is
translated into a protein designated as P66, which is an
intlusion body protein. The 19S mRNA is promoted by
the 19S promoter, located about 2.5 kb counterclock-
wise from Gap 1.

SUMMARY OF THE INVENTION

In one aspect, the present invention relates to the use
of viral promoters in the expression of chimeric genes in
plant cells. In another aspect this invention relates to
chimeric genes which are capable of being expressed in
plant cefls, which utilize promoter regions derived from
viruses which are cepable of infecting plant cells. One
such virus comprises the cauliflower mosaic virus
(CaMV). Two different promoter regions have been
derived from the CaMV genome and ligated to beterol-
ogous coding sequences to form chimeric genes. These
chimeric genes have been proven to be cxpressed in
plant cells. This invention 2lso relates to plant cells,
plant tissue (including seeds and propagules), znd differ-
entiated plants which have been transformed to contain
viral promoters and express the chimeric genes of this
invention, and to polypeptides that are generated in
plant cells by the chimeric genes of this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The figures herein are schematic represeptations;
they have not been drawn to scale.

FIG. 1 represents the creation and structure of plas-
mid pMON93.

FIG. 2 represents the creation and structure of plas-
mid pMON156. _

FIG. 3 represents the creation and structure of plas-
mid pMONI110.

FIG. 4 represents the creation and structare of plas-
mid pMON132

FIG. 5 represents the creation and structure of plas-
mid pMONI155.

FIG. 6 represents the creation and structure of plas-
mid pMONSI1.

FIG. 7 represents the creation and structure of plas-
mid pMON12S.

FIG. 8 represents the creation and structure of plas-
mid pMON172.

FIG. 9 represents the creation and structure of phage
Mi2.

FIG. 10 represents the creation and structure of plas-
mids pMON183 and pMONI124.

DETAILED DESCRIPTION OF THE
INVENTION

In one preferred embodiment of this invention, a
chimeric gene was created which contained the follow-
ing elemeats:
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1. a promoter region and a §' non-translated region
derived from the CaMV (195) gene, which codes
for the P66 protein;

2. = partial coding sequence from the CaMV (198)
gene, including an ATG start codon and several
internal ATG sequences, all of which were in the
same frame as 2 TGA termination sequence imme-
diately inside the desired ATG start codon of the
NPTII gene;

3. a structural sequence derived from a ncomyein
phosphotransferase II (NPTII) gene; this seguence
was preceded by a spuricus ATG sequence, which
was in the same reading frame as a TGA sequence
within the NPTTI structural sequence; and,

4, a 3’ non-translated region, including 2 poly-adeny-
lation signal, derived from 2 nopaline synthase
(NOS) gene.

This chimeric gene, referred to herein as the
CaMV(198)-NPTII-NOS gene, was inserted into plas-
mid pMON120 (described in the parent application, Ser.
No. 458,414; ATCC accession number 39263} to create
a plasmid designated as pMON156. Plasmid pMON156
was inserted into an Agrobacterium tumefaciens cell,
where it formed a co-integrate Ti plasmid by means of
a single crossover event with a Ti plasmid in the A
tumefaciens cell, using a method described in the parent
application. The chimeric gene in the co-integrate plas-
mid was within a modified T-DNA region in the Ti
plasmid, surrounded by left and right T-DNA borders.

A. tumefaciens cells containing the co-integrate Ti
plasmids with the CaMV(198)-NPTII-NOS genes were
used to infect plant cells, using a method described in
the parent application. Some of the plant cells were
genetically transformed, causing them to become resis-
tant to an antibiotic (kamamycin} at concentrations
which are toxic to untransformed plant cells.

A similar chimeric gene was created and assembled in
a plasmid designated as pMON155. This chimeric gene
resembled the gene in pMON156, with two exceptions:

1. an oligonucleotide linker having stop codons in al]
three reading frames was inserted between the
CaMV(198) partial structural sequence and the
NPTH structural sequence; and,

2. the spurious ATG sequence on the ¥ side of the
NPT structural sequence was deleted.

The construction of this chimeric gene is described in
Example 2. This gene was inserted into A fumefaciens
cells and subsequently into plant cells. Its level of ex-
pression was apparently higher than the expression of
the similar gene in pMON156, as assayed by growth on
higher concentrations of kanamycin. ‘

CREATION OF PLASMIDS pMONI183 and 184;

CaMV(358)

In an alternate preferred embodiment of this inven-
tion, & chimeric gene was created comprising .

(1) a promoter region which causes transcription of
the 358 mRNA of cauliflower mosaic virus,
CaMV(358);

{2) a structural sequence which codes for NFTII; and

(3) a nopaline synthase (NOS) 3’ non-translated re-
gion. .

The assembly of this chimeric gene is described in

Example 3. This gene was inserted into plant cells and it .

caused them to become resistant to kanamycin.
Petunia plants cannot normally be infected by

CaMV. Those skilled in the art may dctcrm?nc through

routine experimentation whether any particular plant
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viral promoter (such as the CaMV promoter) will fune-
tion at satisfactory levels in any particniar type of plant
cell, including plant cells that are cutside of the normal
host range of the virus from which the promoter was
derived.

It is possible to regenerate genetically transformed
plant cells into differentiated plants. One method for
such regeneration was described in U.S. patent applica-
tion entited “Genetically Transformed Plants”, Ser. No.
458,402, now abandoned. That application was filed
simultaneously with, and incorporated by reference
into, the parent application of this invention. The meth-
ods of application Ser. No. 458,402, now abandoned,
may be used to create differentiated plants (and their
progeny) which contain and exp himeric genes
having plant virus promoters.

It is possible to extract polypeptides generated in
plant cells by chimeric genes of this invention from the
plant cells, and to purify such extracted polypeptides to
a useful degree of purity, using methods and substances
known to those skilled in the art.

Those skilled in the art will recognize, or may ascer-
tain using no more than routine experimentation, nu-
merous equivalents to the specific embodiments de-
scribed berein. Such equivalents are within the scope of
this invention, and are covered by the claims below.

EXAMPLES
Example I: Creation and Use of pMONI1356

Plasmids which contained CaMV DNA were a gift to
Monsanto Company from Dr. R. J. Shepherd, Univer-
sity of California, Davis. To the best of Applicants’
knowledge and belief, these plasmids (designated as
pOS1) were obtained by inserting the entire genome of
a CaMV strain designated as CM4-184 (Howarth et al,
1981} into the Sal [ restriction site of a pBR322 plasmid
(Bolivar et al, 1978). E coli cells transformed with pOS1
were resistant to ampicillin (AmpR) and sensitive to
tetracycline (Tet9).

Various straing of CaMV suitable for isolation of
CaMV DNA which can be used in this invention are
publicly available; see, e.g., ATCC Catalogue of Strains
I, p. 387 (3rd edition, 1981).

pOS1 DNA was cleaved with HindIFL. Three small
fragments were purified after electrophoresis on an
0.8% agarose gel using NA45 membrane (Schleicher
and Schuell, Keene NH). The smallest fragment, about
500 bp in size, contains the 198 promoter. This fragment
was further purified on a 6% acrylamide gel. After
various manipulations which did not change the se-
quence of this fragment (shown in FIG. 1), it was di-
gested with Mbol to created 455 bp HindHT-Mbol frag-
ment. This fragment was mixed with a 1250 bp fragment
obtained by digesting pMONT5 (described and shown
in FIG. 9 of the parent application Ser. No. 458,414,
now abandoned,} with BgliT and EcoRI This fragment
contains the NPTII structural sequence and the NOS 3'
non-transiated region. The two fragments were ligated
by their compatible Mbol and Bglll overhangs to cre-
ate a fragment containing the CaMV{19S5)}-NPTTI-NOS
chimeric gene. This fragment was inserted into
PMONI20 (described and shown in FIG. 10 of the
parent application, Ser. No. 458,414, now abandoned;
ATOCC accession number 39263) which had been
cleaved with HindIII and EcoRL The resulting plasmid
was designated as pMON156, &s shown in FIG. 2.

Plasmid pMON156 was inserted into E coli cells and
subsequently into £ rumefaciens cells where it formed a
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6
co-integrate Ti plasmid having the CAMV(19S)}-NPTII-
NOS chimeric gene surrounded by T-DNA borders. A
tumefaciens cells containing the co-integrate plasmids

were co-cultivated with petunia cells. The foregoing

methods are described in detail in a separate application,
¢ntitled “Plasmids for Transforming Plant Cells™ Ser.
No. 458,411, now abandoned, which was filed simulta.
necusly with and incorporated by reference into parent
application, Ser. No. 458,414, now abandoned.

The co-cultivated petunia cells were cultured on
media containing kanamycin, an antibiotic whiéh is
toxic to petunia cells. Kanamycin is inactivated by the
enzyme NPTII, which does not normally exist in plant
cells. Some of the co-cultivated petunia cells survived
and produced colonies on media containing wp to 50
ug/ml kanamycin, This indicated that the CaMV({19S)-
NPTII-NOS genes were expressed in petunia cells.
These results were confirmed by Scuthern blot analysis
of transformed plant cell DNA.

Example 2: Creation of pMON155

Plasmid pMON72 was obtained by inserting a 1.8 kb
HindIII-BamHI fragment from bacterial transposon
Tn35 (which contains an NPTII structural sequence)
into & PstI- pBR327 plasmid digested with HindIII and
BamHIL. This plasmid was digested with BglII and Pstl
to remave the NPTII structural sequence.

Plasmid pMON1001 (described and shown in FIG. 6
of the parent application) from dam- cells was digested
with BgITI and PstI to obtain a 218 bp fragment with a
partial NPTII structural sequence. This fragment was
digested with Mbol to obtain a 194 bp fragment.

A triple ligation was performed using (a) the large
Pstl-Bglll fragment of pMONT72; (b) PstI-Mbol frag-
ment from pMONI00E; and {c) a synthetic linker with

BglH and Mbol ends having stop codons in all three

reading frames. After transformation of E. cofi cells and
selection for ampicillin resistant colonies, plasnid DNA
from Amp R colonics was analyzed. A colony contain-
ing a plasmid with the desired structure was identified.
This plasmid was designated pMON110, as shown on
FIG. 3.

In order to add the 3' end of the NPTH structural
sequence to the 5’ portion in pMON110, pMON110 was
treated with Xhol. The resulting overhanging end was
filled in to create a blunt end by treatment with Klenow
polymerase and the four deoxy-nucleotide triphos-
phates (dNTP's), A, T, C, and G. The Klenow poly-
merase was inactivated by heat, the fragment was di-
gested with Pstl, and a 3.6 kb fragment was purified.
Plasmid pMON76 (described and shown in FIG. % of
the parent application) was digested with HindITI, filled
in to create a blunt end with Klerow polymerase and
the four dNTP’s, and digested with Pstl. An 1100 bp
fragment was purified, which contained part of the
NPT structural sequence, and a nopaline synthase
(NOS) 3’ non-translated region. This fragment was
ligated with the 3.6 kb fragment from pMONI110. The
mixture was used to transform E. coli cells; Amp R cells
were selected, and a colony having a plasmid with the
desired strocture was identified. This plasmid was des-
ignated pMON132, as shown on FIG. 4. Plzsmid
pMONS93 (shown on FIG. 1) was digested with Hin-

dHI, and a 476 bp fragment was isolated. This fragment

was digested with Mbol, and a 455 bp HindEH-Mbol
fragment was purified which contained the CaMV
{19S) promoter region, and 5° non-translated region.
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Plasmid pMON132 was digested with EcoRI and Bglil
to obtain a 1230 bp fragment with (1) the synthetic
linker equipped with stop codons in all three reading
frames; (2) the NPTII stryctural sequence; and (3) the
NOS 3’ non-translated region. These two fragments
were joined together through the compatible Mbol nd
BglII ends to create 2 CaMV (195)}-NPTII-NOS chime-
ric gene.

This gene was inserted into pMONI120, which was
digested with HindIIl and EcoRl, to create plasmid
pMQNI155, as shown in FIG. 8.

Plasmid pMONI155 was inserted into A. rumefaciens
GV3111 cells containing a Ti plasmid, pTiB6S3. The
pMONI155 plasmid formed a cointegrate plasmid with
the Ti plasmid by means of 2 single"&rossover event.
Cells which contain this co-integrate plasmid have been
deposited with the American Type Culture Center, and
have been assigned ATCC accession number 39336, A
fragment which contains the chimeric gene of this in-
vention ¢an be obtained by digesting the co-integrate
plasmid with HindIll and EcoRI, and purifying the 1.7
kb {ragment. These cells have been used to transform
petunia cells, allowing the petunia cells to grow on
mediza containing at least 100 ug/m! kanamyein.

Example 3: Creation of pMON183 and 184

Plasmid pOS1 {described in Example 1) was digested
with Bgl¥l, and a 1200 bp fragment was purified. This
fragment contained the 358 promoter region and part of

1 EcoR1

GAATTCCCGATCe TATCTGTCACTTCATCAAAAGGACAGTAGAAAAGGAAGGTGGCACT ACAAATGCCAT
71 . . - . . .

CATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCAC
141 . ) . . . .

CCACGAGGAGCAT CGTGGAAAAAGAAGACGTTCCAACCACGT CTTCAAAGCAAGTGGATTGATGTGATAT

211

CTCCACTGACGTAAGGGATGACGCACAAT CCACT AT ACCTTCGCAAGACCCT TCCTCTAT AT AAGGAAGT

5" A
281 TRN

351 E?nThmh&mﬂﬁmﬁw:
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TCATTTCAT%TGGAGAGGACACGCTGAAA&CACCAGTCTbTCTCTACAAATCTATCTCTCTCTATTTTCT
BamHI

site of plasmid pKC7 (Rao and Rogers, 1979) to give
plasmid pMON125, as shown in FIG. 7, The sequence
of bases adjacent to the two Mbol ends regenerates
BgII sites and allows the 725 bp fragment to be excised
with Bglll.

To generate 2 fragment carrying the 358 promoter,
the 723 bp Bglll fragment was purified from pMON123
and was subsequently digested with EcoRV and Alul to
yield a 190 bp fragment. Plasmid pMONS1 was digested
with BamHI, treated with Klenow polymerase and
digested with EcoRV. The 3.1 kb EcoRV-BamiHI(.
blunt) fragment was purified, mixed with the 190 bp
EcoRV-Alul fragment and treated with DNA ligase.
Following transformation and selection of ampicillin-
resistant cells, plasmid pMON172 was obtained which
carries the CaMV(355) promoter sequence on a 380 bp
BamHI-EcoR] fragment, as shown on FIG. 8. This
fragment does not carry the polyadenylation region for
the 358 RNA. Ligation of the Atul end to the filled-in
BamHI site regenerates the BamHI site. .

To rearrange the restriction endonuclease sites adja-
cent to the CaMV(358) promoter, the 380 bp BamH]-
EcoRl fragment was purified from pMON172, treated
with Klenow polymerase, and inserted into the unique
smal site of phage M13 mp8. One recombinant phage,
M12, carried the 380 bp fragment in the orientation
shown on FIG. 9. The replicative form DNA from this
phage carries the 358 promoter fragment on an EcoRI(-
3)-BamHI(3") fragment, illustrated below.,

0
140
210

TATA
®»0

350

. . . -4
CCATAAT AATGTGTGAGT AGTTCCCAGAT AAGGGAATTGOGGATCC

the 5' non-translated region. It was inserted into plasmid
PSHL72 which had been digested with BamHI and
Bglll (pSHL72 is functionally equivalent to pAGO60,
described in Colbere-Garapin et al, 1981). The resulting
plasmid was designated as pMONS0, as shown on FIG.
6.

The cloned BglI fragment contains a region of DNA
that acts as a polyadenylation site for the 355 RNA
transcript. This polyadenylation region was removed as
follows: pMONSG was digested with AvalT and an 1100
bp fragment was purified. This fragment was digested
with EcoRI* and EcoRV. The resulting 190 bp
EcoRV-EcoRI* fragment was purified and inserted
into plasmid pBR327, which had been digested with
EcoRI* and EcoRYV. The resulting plasmid, pMONEI,
contains the CaMV 358 promoter on a 190 bp EcoR V-
EcoRI* fragment, as shown in FIG. 6.

To make certain the entire promoter regiom of
CaMV(355) was present in pMONB2I, a region adjacent
to the 5 (EcoRV) end of the fragment was inserted into
PMONS1 in the following way. Plasmid pMONSO0 pre-
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pared from dam- cells was digested with EcoRI and 65

BglH and the resultant §550 bp fragment was purified
and digested with MboL The resulting 725 bp Mbol
fragment was purified and inserted into the unique BgliX

Plasmids carrying a chimeric gene CaMV(35S) pro-
moter region-NPTII structural sequence-NOS 3' non-
translated region) were assembled as follows. The 380
bp EcoRI-BamHI CaMV(358) promoter fragment was
purified from phage M12 RF DNA and mixed with the
1250 bp BglH-EcoRI NPTI-NOS fragment from
PMONT7S, Joining of these two fragments through their
corapatible BamHI and Bgill ends results in 2 1.6 kb
CaMV{358)NPTII-NOS chimeric gene. This gene was
inserted into pMON120 at the EcoRI site in both orien-
tations. The resultant plasmids, pMONI183 and 134,

appear in FIG. 10. These plasmids differ only in the .

direction of the chimeric gene orientation.

These plasmids were used to transform petunia cells,
as described in Example 1. The transformed cells are
capable of growth on media containing 100 ug/m] kana-
mycin.

COMPARISON OF CaMV(355) AND NOS
PROMOTERS
Chimeric genes carrying the nopaline synthase
(NOS) promoter or the cauliflower mosaic virus full-
length transcript promoter {CaMV(358)) were con-
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structed. In both cases, the promoters, which contain
their respective 5’ non-transiated regions were joined to

al, 1982). The CaMV(35S) promoter sequence de-
scribed above is listed below.

pMON27T3 CaMV 355 Promoter and 5* Leader

lEcoRI

ki

141

i . . . . . '
GAATTCCCOATCe TATCTOTCACTTCATCAAAAGGACAGT AGAAAAGGAAGOTGGCACTACAAATGCCAT

n

. . . . . . 140
CATTGCOATAAAGGAAAGGCTATCGTTCAAGATGCCTCT GCCGACAGT GGTCCCAAAGATGGACCCCCAC

“E 210

CCACGAGGAGCATCGTGGAAAAAGAAGACGT T CCAACCACGTCTTCAAAGCAAGT GOAT TGATGTGATAT

211

TATA

CTCCACTGACOTAAGGGAT GACGCACAATCCACTATACCTTCGCAAGACCCTTCCTCTATATAAGGAAGT

SmRNA
281

TCATTTCATTTGGAGAGGACACGCTGAAATCACCAGT CTCTCTCTACAAGATCT

a NPTII coding sequence in which the bacterial 5
leader had been modified so that a spurious ATG trans-
lational initiation signal (Southern and Berg, 1982) has
been removed.

Plasmid pMON200 is a derivative of praviously de.
scribed intermediate vector pMON120 (ATCC acces-
sion number 39263). pMON200 contains a modified
chimeric nopaline synthase-neomycin phosphotrans-
ferasenopaline synthase gene (NOS/NPTII/NOS)
which confers kanamycin (KmXR) resistance to the trans-
formed plant. The modified chimeric Km® gene Iacks
an upstream ATG codon present in the bacterial leader
sequence and a synthetic multilinker with unique Hin-
dill, Xhol, Bglll, Xbal, Clal and EcoRl restriction
sites.

Plasmid pMON273 is a derivative of pMON200 in
which the nopaline synthase promoter of the chimeric
NOS-NPTII-NOS gene has been replaced with the
CaMV{(35S) promoter.

The CaMV(355) promoter fragment was isolated
from plasmid pOS-1, a derivative of pBR322 carrying
the entire genome of CM4-184 as a Sall insert (Howarth
et al,, 1981). The CM4-184 strain is a naturally occur-
ring deletion mutant of strain CM1841. The nuclectide
sequence of the CM1841 (Gardner et al, 1981) and
Cabb-5 (Franck et al,, 1980) strains of CaMV have been
published as well as some partial sequence for 2 differ-
ent CM4-134 clone (Dudley et al., 1982). The nucles-
tide sequences of the 358 promoter regions of these
three isolates are essentially identical. In the following
the nuclectide numbers reflects the sequence of Gard-
ner et al. (1981). The 358 promoter was isolated as an
Alul (n 7143}-EcoRI* (n 7517) fragment which was
inserted first into pBR322 cleaved with BamHI, treated
with the Klenow fragment of DNA polymerase ¥ and
then cleaved with EcoRL The promoter fragment was
then excised from pBR322 with BamHI and EcoRI,
treated with Klenow polymerase and inserted into the
Smal site of M13 mp$ so that the EcoRlI site of the mp$
multilinker was at the 5* end of the promoter fragment.
Site directed mutagenesis (Zoller and Smith, 1932) was
then used to introduce & G at nucleotide 7464 to create
a Bglll site. The 35S promoter fragment was then ex-
cised from the M13 as a 330 bp EcoRI-Bglll site. The
358 promoter fragment was then excised from the M13
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as a 330 bp EcoRI-Bglll fragment which contains the

358 promoter, 30 nucleotides of the 3' non-translated
leader but does not contain any of the CaMV transls-
tional initiators nor the 358 transcript polyadenylation
signal that is located 180 nucleotides downstream from
the start of transcription (Covey et al., 1981; Guilley et

BgiH
¢ X

The 358 promoter fragment was joined to a 1.3 kb
Bglll-EcoRI fragment containing the Ta5 neomycin
phosphotransferase {1 coding sequence modified so that
the translational initiator signal in the bacterial leader
sequence had been removed and the NOS 3 non-tran-
slated region and inserted into pMONI20 to give
pMON273.

These plasmids were transferred in E coli strain
JM101 and then mated into Agrobacterium tumefaciens
strain GV3111 carrying the disarmed pTiB653-SE plas-
mid as described by Fraley et al. (1983).

Plant Transformation

Cocultivation of Petunia protoplasts with A. fumefa-
ciens, selection of kanamycin resistant transformed cal-
lus and regeneration of transgenic plants was carried
out as described in Fraley ot al, (1984),

Preparation of DNAs

Plant DNA was extracted by grinding the frozen
tissue in extraction buffer (50 mM TRIS-HCI pH 8.0, 50
oM EDTA, 50 mM NaCl, 400 ul/ml EtBr, 2% sarco-
syl). Following low speed centrifugation, cesium chlo-
ride was added to the supernatant (0.85 grm/ml). The
CsCl gradients were centrifuged at 150,000 g for 48
hours. The ethidium bromide was extracted with iso-
propanol, the DNA was dialyzed, and ethanol precipi-
tated.

Southern Hybridization Analysis

10 ug of each plant DNA was digested, with BamHI
for pMON200 plant DNAs and EcoRI for pMON273
plant DNAs. The fragments were separated by electro-
phoresis on a 0.8% agarose gel and transferred to nitro-
cellulose (Southemn, 1975). The blots were hybridized
{50% formamide, 3xSSC, 5X denhardt’s, 0.1% SDS and
20 ug/ml tRNA) with nick-translated pMON273 plas-
mid DNA for 4850 hours at 42° C.

Preparation of RNA from Plant Tissue

Plant leaves were frozen in liquid nitrogen and
ground to a fine powder with a mortar and pestle. The
frozen tissue was added to a1 1:1 mixture of grinding
buffer and PCE (1% Tri-iso-propylnaphtalenesulfonic
acid, 6% p-Aminosalicylic acid, 100 mM NzCl, 1%
SDS and 50 mM 2-mercaptoethanol; PCI [phenol: chlo-
roform: isoamyl alcohol (24:24:1)] and homogenized
immediately with a polytron. The crude homogenate

was mixed for 10 min and the phases separated by cen- "

trifagation. The aqueous phase then was re-extracted
with an equal volume of PCL The aqueous phase was

ethanol precipitated with one tenth volume of 3IM .

NaAcetate end 2.5 volumes of ethanol. The nucleic acid
pellet was resuspended in water. An equal volume of
4M lithinm chloride LiCl was added and the mix was
placed on ice for 1 hour or overnight. Following cen-
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trifugation, the pellet was resuspended in water the
LiCl precipitation repeated 3 times, The fipal LiCl pel-
let was resuspended in water and ethanol precipitated.

Poly (A) containing RNA was isolated by patsing
total RNA over an Oligo d(T) cellulose Type {1l {Col.
laborative Research) column. Quantitation of the poly
(A} containing RNA involved annealing an aliquot of
the RNA to radio-labeled poly U {(uridylate 5,6-3H)-
polyuridylic acid] (New England Nuclear), followed by
RNase A treatment (10 ug per mi for 30 minutes at 37°
C.). The reactioes mix was spotted on DE-81 filter pa.
per, washed 4X with 0.5M NaPhosphate (pH 7.5) and
counted. Globin poly (A) containing RNA (BRL) was
used as a standard. ~<

Nortbern Hybridization Analysis

5 ug of poly (A) RNA from each plant source was
treated with glyoxal and dimethysulfoxide (Maniatis,
1982). The RNAs were electrophoresed in 1.5% aga-
rose gels (0.01M NaH;HPOq, pH 6.5) for 7 hours at 60
volts. The glyoxylated RNAs were ¢lectro-blotted (25
mM NaH;PONaHPO,, pH 6.5) for 16 hours at 123
amps (rom the gel to GeneScreen® (Mew England
Nuclear). The filters were hybridized as per manufac-
turer’s instructions (50% formamide, 0.029% polyvinyl-
pyrrolidone, 0.02%% bovine serum albumin, 0.02% ficoll,
3X8S8CG, 1.0% SDS, 100 vw/ml tRMNA and probe) for
48-60 hours at 42° C. with constant shaking. The nick-
translated DNAs used as probes were the 1.3 kb
BglIl/EcoR1 NPTII fragment purified from the
pMON273 plasmid for detecting the NPTII transcript,
and the petunia smail subunit gene as an internal stan-
dard for comparing the amount of RNA per lane. The
membranes were washed 2 100 ml of 2XSSC at room
temperature for 5 minutes, 2 100 mi of 2X85C/1.0%
SDS at 65 C. for 30 minutes The membranes were
exposed to XAR-5 film with a DuPont intensifying
screen at —80° C,

Neomycin Phosphotransferase Assay

The gel overlay assay was used to determine the
steady state level of NPTII enzyme activity in cach
plant Several parameters were investigated for opti-
mizing the sensitivity of the assay in plant tissne. Early
observations showed that the level of NPTII activity
varied between leaves from different positions on the
same plant This variability was minimized when the
plant extract was made from pooled tissue. A paper bole
punch was used to collect 15 disks from both young and
old leaves. Grinding the plant tissue in the presence of
micro-beads (Ferro Corp) rather than glass beads in-
creased the plant protein yield 4-fold.

To optimize detection of low levels of NPT activity
a saturation curve was prepared with 1085 ug/lane of
plant protein. For the pMON200 (NOS) plants, NPT
activity was not detectable at less than 50 ng/lane of
total protein (2 hour exposure) while activity was de-
tectable at 20 ug/lane for the pMON273 plants. There
was a non-lincar increase im NPTH activity for
pMON200 NOS plants between 40 and 50 ug of protein
per lane. This supgested that the total amount of protein
may affect the stability of the NPTII enzyme. Supple-
menting plant cell extracts with 30-45 ug per lane of
bovine serum albumin (BSA), resulted in a Hnear re-
sponse; NPTII activity increased proportionately as
plant protein levels increased. The addition of BSA
appears to stabilize the enzyme, resulting in a 20-fold
increase in the sensitivity of the assay. Experiments
indicate that 25 ug/lane of pMON273 plant protein and
70 vg/lane of pMON200 plant protein was within the
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linear range of the assay in the preseace of BSA. Elimi-
nation of SDS from the extraction buffer resulted in a
2-fold increase in assay semsitivity. Leaf disks were
pooled from each plant for the assay. The tissue was
homogenized with a glass rod in a microfuge tube with
150-200 ul of extraction buffer (20% glycerol, 10%
B-mercaptoethanol, 125 mM Tris-HC1 pH 6.8, 100
ug/ml bromophenol blue and 0.2% SDS). Following
centrifugation in a microfuge for 20 minutes, total pro-
tein was determined using the Bradford assay. 2% ug of
pPMON273/311ISE plant protein or 70 ug of
pMON200/3111SE plant protein, supplemented with
BSA, was loaded on a native polyacrylamide gel as
previously described. ‘The polyacrylamide gel was
equilibrated for 30 minutes in water and then 30 minutes
in reaction buffer (67 mM TRIS-maleate pH 7.1, 43 mM
MgCly, 400 mM NH4CI), transferred onto 2 glass plate,
and overlaid with 2 1.5% agarose gel, The overlay gel
contained the neomycin phosphotransferase substrates:
450 uCi [y-32] ATP and 27 ug/ml aeomycin sulfate
(Sigma). After | hour at room temperature a sheet of
Whatman P81 paper, two sheets of Whatman 3MM
paper, a stack of paper towels and a weight were puton
top of the agarose gel. The phosphorylated neomycin is
positively charged and binds to the P81 phosphocellu-
lose ion exchange paper. After blotting overnight, the
P81 paper was washed 3 X in 80" C. water, followed by
7 room temperature washes. The paper was air dried
and exposed to XAR-5 film. Activity was quantitated
by counting the 32P-radicactivity in the NPTII spot.
The NPTII transcript levels and enzyme activities in
two sets of transgenic petunia plants were compared. In
one set of plants (pMON273) the NPTII coding se-
quence is preceded by the CaMV(355) promoter and
leader sequences, in the other set of plants (PMON200)
the NPTII coding region is preceded by the nopaline
synthase promoter and leader sequences. The data indi-
cates the pMON273 plants contain sbout a 30 fold
greater level of NPTII transcript than the pMON200
plants, see Table I below.

TABLE

QUANTITATION OF NPTII TRANSCRIPT
LEVELS AND NPTII ACTIVITY IN
MON273 AND pMON200 PLANTS

Relative Relative

Plart NPTH NPT
Number Transcript® Activity?
pMON2T3

un 632 13
L3127 319 1148
M9 547 “47
3350 3 650
3443 7 1539
Average 451 ™
pMON 200

2782 0 022
2508 0 53
F2.7.7) 0 o
2813 M 9
P2t 0 1.0
3612 435 0.33
plrc] &7 3
Avenge 19 17

~30-fold ~110-fcid
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TABLE I<continued

QUANTITATION OF NPTl TRANSCRIPT
LEVELS AND NFTH ACTIVITY IN
pMON73 AND pMON00 PLANTS

Relative Relative
Plant NPT NFTH
Number Transcript® Activity?

difTercoce difference

wa&mﬂmmmmaum‘mmam
fame wis determned by fer bybridization 10 & potuaia mnall mb it pese. The
amount of RMA, in ench lame
NmmwwﬁmﬁNnmy.Vdumwﬁndbym
tou coesting of 12-P-NFTH 5pcts on the PE-31 paper mied in the NFT stzay
previoasly describad. Valoes have bren adjusted for the different amounts of proteis
Wu:hgamwhpuommnqmwomm;

Consistent with this observation is the finding that the
PMON2T3 leaf extracts have higher NPTII enzyme
activity than the pMON200 leaf extracts. In several of
the transgenic plants, there is.a substantial variation in
both RNA and enzyme levels which cannot be ac-
counted for by the slight difference in gene copy num-

1

AAGAAATTCAGTATTTATCTAACTCCTGT TCATTTTCTGAT TAGGACAGAT AATACTCAT TTCAAGAGET
141 . . ) ) : .

TT GTTAACCTTAATTACMAGGAGATTCAAAACTTGGAAGA.AACATCAGATGGCAAGCATGGCTTAGC%
2it .

10

15

20

AAGCTTTAAAGCTGCAGAAAGGAAT TACCACAGCAAT GACAAAGAGACAT TGGCGET AATAAATACTATA
n

14
81, 1981). The CM4-184 strain is a naturally occurring
deletion mutant of strain CM 1841, The references to
nucleatide numbers in the following discussion are
those for the sequence of CM1841 (Gardner et al,
1981). A 476 bp fragment extending from the HindIII
site at bp 5372 to the HindIIH site at bp 5848 was cloned
into M13 mp3 for site directed mutagenesis (Zoller and
Smith, 1982) to insert an Xbal (5'-TCTAGA) site imme-
diately 5’ of the first ATG translational initiationsignal
in the 198 transeript (Dudley et al., 1982). The resulting
400 bp HindI11-Xbal fragment was isolated and joined
to the 1.3 kb Xbal-EcoRI fragment of pMON273 which
carries the neomycin phosphotransferase I (NPTT)

coding sequence modified so that the extra ATG trans. .

lational initiation signal in the bactariat leader had been
removed and the nopaline synthase 3' nontranslatad
region (NOS). The resulting 1.7 kb HindIII-EcoRl
fragment was inserted into pMONI120 between the
EcoRI and Hind!II sites to give pMON203. The com-

plete sequence of the 198 promoter-NPTII leader is
given below,

0
140
210

CTATTCGTTT GATGTTGM;:A.TATTAAAG&SAACCGACAA}JCACTTT GCG;}ACTTCCTTT;:MGAGAATTSCQ
281 . 3

TATA
s

{ NFTU Initistor Signal
TCTACACGATCGTTTCGC ATG

ber. Such “position effects” have been reported in trans-
genic mice and fruit flies and have not yet been ade-
quately explained at the molecular level Although,
there is not a clear correlation between insert copy
aumber and level of chimeric gene expression, the fact
that 4 of the 7 pMON200 transgenic plants contain 2
copies of the NOS-NPTII-NOS gene would suggest
that the differential expression of the CaMV(35S) pro-
moter is actually slightly underestimated in these stud-
ies.

The constructs described in this comparative example
have identical coding regions and 3’ non-translated
regions, indicating that the differences in the steady
state trapscript levels of these chimeric genes is a result
of the 5" sequences. -

COMPARISON OF CaMV19S AND CaMV(35S)
PROMOTERS

Chimeric genes were prepared comprising either the
CaMV13S or CaMV(35S) promoters. As in the above
example, the promoters contained their respective 5
non-translated regions and were joined to a NPTI
coding sequence in which the bacterial § leader had
been modified to remove a spurions ATG translational
initiation signal. The constructs tested were pMON203
and pMON204 containing the CaMV155/NPFTIL/NOS
gene and pMON273 containing the CaMV(35S)/N-
PTII/NOS gene. :

Construction of pMON203

The CaMV 198 promoter fragment was isolated from
plasmid pOS-1,a derivative of pBR322 carrying the
cutire genome of CM4-184 as 2 Safl insert (Howarth et

: . -
TACTACCTATATAAACACATCTCTGGAGACTGAGAAAAT CAGACCTCCAAGC
Xbal

43
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AATAAGGTTAATTCCTAAT:I‘GAA.ATCCGAAGATAAGATT-CCCACACACT:I'GT G-GCTGATL&TCAMMGGC
mRN,

s
402

Construction of pMON204

The 400 bp HindITl-Xbal fragment containing the
CaMV19S promoter was joined to a synthetic linker
with the sequance:

:i(m Bginl
S TCTAGACTCCITACAACAGATCT

to add = Bglll site to the 3’ end of the promoter frag-
ment. The HindIII-BgIII fragment was joined to the 1.3
kb Bglll-EcoRI fragment of pMONI28 that contains
the natural, unmodified NPTI coding sequence joined
to the NOS 3’ nontranslated signals and inserted into the
EcoRI and HindIII sites of pMON120. The resulting
plasmid is pMON204. The CaMV 198 promoter signals
in this plasmid are identical to those in pMON203. The
only difference is the sequence of the 5' nontranslated
leader sequence which in pMON204 contains the extra
ATG signal found in the bacterial leader of NPTH and
contains extra bases from the synthetic inker and bacte-
ria} leader sequence.

Petunia leaf discs were transformed and plants regen-
erated as described above. The gel overlay assay was
nsed to determine NPT levels in transformants.

Quantitation was done by scintillation counting of
3P.peomycin, the ead product of neomycin phospho-
transferase activity, The average NPT enzyme level
determined for CaMV(355) (pMON273) plants was 3.6
times higher than that determined for CaMV(198)
(PMON203 & 204) plants,
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QUANTITATION OF NPT ACTIVITY LEVELS
TN pMON203, pMON204, AND pMON273 PLANTS

Plant Relative
Coostroct  Number NPT Activity! Avenge
pMON203 4283 499,064 198,134
PMON20D 4248 297204
356,203
pMON04 42738 367,58 314,273
PMONI 4280 260,566
pMON1T3 1350 1,000,674 1,302,731
pMOMNITI nmn 1,604,788
% 1,302,721
s N R

Numbers reprosent quaatitatios of NPT asmay. Vilues were obtained by scistile-
tiom oounting of XP.NPTH spots o the PE-E} paper nsed in ¢t NPT smay m
previously describad.
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We claim:

1. A chimeric gene which is expressed in plant cells
comprising a promoter from a canliflower mosaic virus,
said promoter selected from the group consisting of a
CaMV (35S) promoter isolated from CaMV protein-
encoding DNA sequences and a CaMV (19S) promoter
isolated from CaMV protein-encoding DNA sequences,
and 2 structurzl sequence which is heterologous with
respect to the promoter.

2. A chimeric gene of claim 1 in which the promoter
is the CaMV(35S) promoter.

3. A chimeric gene of claim 1in which the promoter
is the CaMV/(195) promoter.

4. A plant cell which comprises & chimeric gene that
contsins 2 promoter from caulifiower mosaic virus, said
promoter selected from the group consisting of a CaMV
(358) promoter and a CaMV (1$5) promoter, wherein
said promoter is isolated from CaMV protein-encoding
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DNA sequences, and a structursl sequence which is
heterologous with respect to the promoter.

5. A plant cell of claim 4 in which the promoter is the
CaMV(358) promoter, '

6. A plant cell of claim 4 in which the promoter is the
CaMV(19S) promoter.

7. An intermediate plant transformation plasmid
which comprises a region of homology to an Agrobacte-
rium tumefaciens vector, a T-DNA border region fom
Agrobacterium tumefaciens and s chimerc gene,
wherein the chimeric gene is located between the
T-DNA border and the region of homology, said chi-
meric gene comprising & promoter from cauliflower
mosaic virus, said promoter selected from the group
consisting of a CaMV(35S) promoter and 2 CaMV{198)
promoter, and a structural sequence which is heterolo-
gous with respect to the promoter.

8. A plant transformation vector which comprises &
disarmed plant tumor inducing plasmid of Agrobacte-
ritm tumefaciens and & chimeric gene, wher¢in the chi-
meri¢ gene contains a promoter from cauliflower reo-
saic virus, said promoter selected from the group con-
sisting of a CaMV(35S) promoter and a CaMV(198)
promoter, and a structural sequence which is heterolo-
gous with respect to the promoter.

9. A plant transformation vector of claim 8§ in which
the promoter is the CaMV(35S) promoter.

10. A plant transformation vector of claim 8 in which
the promoter is the CaMV{19S) promoter.

11. The chimeric gene of claim 1 comprising in the §°
to 3" direction:

(1) the CaMV(35S5) promoter,

(2) a structural sequence encoding neomycin phos-

photransferase I, and

(3) & 3 non-translated polyadenylation sequence of
nopaline synthase.

12. The chimeric gene of claim 1 comprising in the 5°

to 3’ direction:

(1) the CaMV(195) promotes,

(2) & structural sequence encoding peomycin phos-
photransferase I, and .

(3) = 3 mon-translated polyadenylation sequence of
nopaline synthase.

13. A DNA construct comprising:

{A) a CaMV promoter selected from the group con-
sisting of (1) a CaMV 35S promoter isolated from
CaMV protein-encoding DNA sequences and (2) 2
CaMV 198 promoter isolated from CaMV protein-
encoding DNA sequences, and

(B) 2 DNA sequence of interest heterologous to (A),
wherein (B) is under the regulatory control of (A)
when said construct is transcribed in a plant cell.

14. A chimeric gene which is transcribed and trans-
lated in plant cells, said chimeric gene comprising a
promoter from cauliflower mosaic virus, said promoter
selected from the group consisting oft .

a) a CaMV 35S promoter region free of CaMV pro-

tein-encoding DNA sequences and

b} a CaMV 198 promoter region free of CaMV pro-
tein-encoding DNA sequences,

and 2 DNA sequence which is heterologous with re-
spect to the promoter.

15. A chimeric gene which is expressed in plants cells °

comprising a promoter from a caulifiower mosaic virus,
said promoter selected from the group consisting of a
CaMV(35S) promoter region free of CaMV protein-
encoding DNA sequences and & CaMV(198) promoter
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region free of CaMV protein-encoding DNA sequen-
ces, and 2 DNA sequence which is heterologous with
respect to the promotar,

16. A chimeric gene which is transcribed in plants
cells comprising & promoter from a cauliflower mosaic
virus, said promoter selected from the group consisting
of a CaMV(355) promoter free of CaMV protein-
encoding DNA sequences and a CaMV(19S) promoter
free of CaMV protein-encoding DNA sequences, &
DNA sequence which is heterologous with respect to
the promoter and a 3' non-translated polyadenylation

signal sequence. ~
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17. A plant cell which comprises a chimeric gene
where said chimeric gene comprises & promoter from
cauliflower mosaic virus, said promoter selected from
the group consisting of 4 CaMV(358) promoter and a
CaMV(195) promoter, wherein said promoter is free of
CaMV protein-encoding DNA sequences, and a DNA
sequence which is heterologous with respect to the
promoter and & 3’ non-translated polyadenylation signal
sequence.

18. An intermediate plasmid of claim 7 in which the
promoter is the CaMV{(19S) promoter.

19. An intermediate plasmid of claim 7 in whxch the
promoter is the CaMV(355) promoter.
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