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RECEIPT NUMBER
A -51903% -

UNITED STATES DISTRICT COURT 3 l m ?5

EASTERN DISTRICT OF MICHIGAN Q‘HCLC [’1

SOUTHERN DIVISION

JUDGE : Cohn, Avern

MONSANTO COMPANY ) DECK : S. Division Civil Deck

Plaintiff ) DATE : 12/30/2004 @ 14:24:50

) CASE NUMBER : 2:04CV75086

Y ) CMP MONSANIO CO VS MARTIN
; 3 LAPOINTE ET AL (LE)
MARTIN LaPOINTE and )
LaPOINTE FARMS )

Defendants )

- MAGISTRATE JUDGE CAPEL,
COMPI,AINT

COMES NOW the Plaintiff, Monsanto Company, through undcrsigned counsel, and for
its Complaint at law against Martin LaPointc and LaPointe Farms (hercinafter “LaPointe” or ‘
“Defendants”™) makes the following allegations:

THE PLAINTIFF

1. Monsanto is a company organized and cxisting under the laws of the State of
Dclawarc with its principal placc of business in St. Louis, Missouri. It is authorized to do and is
doing business in Michigan and this judicial district.

THE DEFENDANTS

2. Decfendant Martin LaPointe is an individual who has attained the age of majority and
is a resident and domiciliary of Monroe County, Michigan.
3. Upon information and belicf, LaPointe Farms is a business entity organized and

cxisting under the laws of the State of Michigan with its principal place of business in Monroc

County, Michigan.
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JURISDICTION AND VENUE

4, Subjeet matter jurisdiction is conferred upon this court pursuant to 28 U.S.C. §1331,
in that onc or morc of Monsanto’s claims arisc under the laws of the United States, as well as 28
U.S.C. §1338, granting district courts original jurisdiction over any civil action regarding
patents.

5. Venue is proper in this district pursuant to 28 U.S.C., §1400 as the dcfendants reside
in this judicial district and a substantial number of the cvents giving risc to Monsanto’s claims of
patent infringement occurred within this judicial district.

GENERAL ALLEGATIONS

6. Monsante is in the business of developing, manufacturing, licensing, and sclling
agricultural biotechnology, agricultural chemicals, and agricultural products. After the
investment of substantial time, expense, and expertise, Monsanto developed a plant
biotechnology that involves the transfer of a gene into crop sced that causcs the plant to be
resistant to glyphosate-based herbicides such as Roundup Ultra®', Roundup UltraMAX®?,
Roundup WeatherMAX®?, and Touchdown®”,

7. This new biotcchnology has been utilized by Monsanto in soybeans. The genetically
improved soybcans are marketed by Monsanto as Roundup Ready®’ soybeans.

8. Glyphosate-based herbicides will cause severe injury or death to soybean varicties
that do not contain the Roundup Ready® gene technology.

0. Monsanto’s Roundup Ready® technology is protected under United States Patent

' Roundup Ulira® is a registered trademark of Monsanto Company,

? Roundup UltraMAX® is a registered trademark of Monsanto Company.

* Roundup WeatherMAX® is a registered trademark of Monsanto Company,
* Touchdown® is a registered trademark of Syngenta,

* Roundup Ready® is a registered trademark of Monsanto Company.
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Number 5,352,605, which is attached hereto as Exhibit “A”. The 5,352,605 patent was issucd
and assigned to Monsanto prior to the cvents giving risc to this action,

10.  Since the Roundup Ready® technology was commercially introduced, Monsanto has
labeled all bags of Roundup Ready® soybeans sold in the United States with the required
statutory notice that its Roundup Ready® technology was patented. In particular, cach bag of
Roundup Ready® soybean sced sold in the United States and has been marked with notice of
United States Patent Number 5,352,605.

11, Monsanto licenscs the use of Roundup Ready® technology to soybean producers at
the retail marketing level through a limited use licensc commonly referred to as a Technology
Agreement, or a limited use invoice licensc,

12, Among other things, the express terms of the limited usc license prohibits licensces
from saving harvested Roundup Ready® soybeans for planting purposcs, or from sclling,
transferring or supplying saved Roundup Ready® soybeans to others for planting. The usc of the
sced is limited to the production of a single commercial crop.

13.  Monsanto docs not authorize the planting of saved (commonly referred 1o as bin run
and/or brown bag) Roundup Ready® soybeans.

14, Dcfendants farm land in Monroe County, Michigan, upon which they produced
soybeans in 2004,

15. Defendants planted Roundup Ready® soybeans in the 2004 growing scason.

16. A portion of the Roundup Ready® soybeans planted by defendants in the 2004
growing scason were saved sced and/or brown bag seed and were planted without authority in
contravention of Monsanto's patent rights.

17. In Scptember and October of 2004, Monsanto requested information about

defendants' 2004 soybcan farming operations, and in particular, requested information
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concerning defendants' use of Roundup Ready® soybeans. Monsanto also requested permission
to sample defendants' 2004 soybean crop.

18.  The purposc of asking defendants for this information was to dcterming the cxtent of
their usc of Roundup Ready® soybeans and to ascertain the quantity of saved Roundup Ready®
soybeans planted by defendants in 2004,

19, Defendant, Martin LaPointe, admitted that he planted saved Roundup Ready®
soybeans, however he refused to provide any additional information, and he also refused
Monsanto's request to inspect his 2004 soybean crop.

20.  The defendants have planted and uscd saved Roundup Ready® soybean sced during
2004 in contravention of Monsanto’s patent rights,

21, The defendants have knowingly, willfully and intentionally planted and used saved
Roundup Ready® soybeans without authorization from Monsanto in violation of Monsanto’s
patent rights.

COUNT ONE-PATENT INFRINGEMENT-Patcnt No. 5.352.605

22.  Each and cvery allegation set forth in the above-numbered paragraphs is hereby
incorporated by reference just as if it was explicitly sct forth hercunder.

23, On October 4, 1994, United States Patent Number 5,352,605 was duly and legally
issucd to Monsanto for an invention in Chimeric Genes for Transforming Plant Cells Using Viral
Promoters, and since that datc, Monsanto has been the owner of this patent. This invention is in
the ficlds of genctic engincering and plant biology.

24.  Monsanto placed the required statutory notice that its Roundup Ready® technology

was protected by United States Patent Number 5,352,605 on the labeling of all bags containing

Roundup Ready® soybean seed in compliance with 35 U.S.C. §287.
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25.  Defendants’ conduet, as sct forth above, constitutes the unauthorized usc of a
patented invention within the United States during the term of Patent Number 5,352,605, all in
violation of 35 U.S.C. § 271. Accordingly, Monsanto has a right of civil action against the
defendants pursuant to 35 U.S.C. §281.

26, Upon information and belicf, the defendants have and may be continuing to infringe
Monsanto’s patent by making, using, offering for sale, selling, or otherwise transferring Roundup
Ready® soybean sced embodying the patented invention without authorization from Monsanto,
and will continuc to do so unless cnjoincd by this court.

27.  Pursuant to 35 U.S.C, §283, Monsanto is cntitled to injunctive relicf in accordance
with the principles of cquity to prevent the infringement of rights sccured by its patents,

28, Pursuant to 35 U.S.C. §284, Monsanto is cntitled to damages adequate to compensate
for the infringement, although in no cvent less than a reasonable royalty, together with intcrest
and costs to be taxed to the infringer. Further, damages should be trebled pursuant to 35 U.S.C.
§284 in light of the defendants’ knowing, willful, conscious, and deliberate infringement of the
patent rights at issuc.

29.  Theinfringing activity of the defendants brings this cause within the ambit of the
exceptional casc contemplated by 35 U.S.C. §2885, thus Monsanto requests the award of
rcasonable attorneys fecs and costs.

WHEREFORE, Monsanto Company prays that process and duc form of law issuc to
defendants, Martin LaPointe and LaPointe Farms, requiring them to appear and answer, all and
singular, the allegations of this complaint, and that after duc proceedings arc had, there be
Judgment in favor of Monsanto Company and against the defendants, providing the following
remedics to Monsanto:

1. Entry of judgment for damages, together with interest and costs, to compensate
Monsanto for the defendants® patent infringement;
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Trebling of damages awarded for the infringement of patents together with reasonable
attorney’s fees;

Entry of an order prohibiting the defendants from planting, transferring, or sclling the
infringing articles to a third party;

Entry of a pcrmancnt injunction against the defendants to prevent the defendants from
using, saving, cleaning, or planting any of Monsanto’s proprictary sced technologics,
without express written permission from Monsanto;

Entry of judgment for costs, cxpenscs, and rcasonable attorney’s {ees incurred by
Monsanto; and

Such other relief as the Court may deem appropriate.

Respectfully submiticed,

dan? Wty

MICHAEL P. COONEY P39405
ERICA L. KELLER P67551
DYKEMA GOSSETT PLLC
400 Renaissance Center

Detroit, Michigan 48243-1668
Telephone: (313) 568-6800

and

FRILOT, PARTRIDGE, KOMNKE & CLEMENTS, L.C.
MILES P. CLEMENTS, T.A. (La. #4184)
WAYNE K. McNEIL (La. #20956)

JOEL E. CAPE (La. #26001)

JEFF A. MASSON (La. #28674)

3600 Encrgy Centre, 1100 Poydras St.

New Orleans, LA 70163-3600

Telephone: (504) 599-8000

ATTORNEYS FOR MONSANTO COMPANY
DATED: /-2/!%9,‘/

DETO1M40189.1
IIAMIYC
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CHIMERIC GENES FOR TRANSFORMING PLANT
CELLS USING VIRAL PROMOTERS

RELATED APPLICATIONS

This is a File Wrapper continuatlon of application
Ser. No. 07/625,637, filed Dec, 7, 1990, now abag.
doaed, which s a continuatica of U.S. Ser Ne.
06/931,492, filed Nov. 17, 1986, now whandoned, which
is a continuation-in-part of U.S, Ser. No. 06/485,568,
fied 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 FELDS

This invention is in the fields of genetic engincering
and plant biology.

BACKGROUND ART

A virus is a microorganism comprising single or dou-
ble swranded nucleic acid (DNA oc RMA) contained
within a proteia {and possibly lipid) skell called & “cap-
sid™ or “coat™. A, virus it smaller than a cell, and it does
ot contain most of the compancats and substances
pecessary to conduct most biochemical progesscs In.
staad, a virus infects x cell and uses the cellular pro-
cosess to reproduce itself, )

“The following is a simplified description of how 2
DNA-containing virus infocts & cell; RNA visuses will
be disregarded in this introduction for the sake of clar-
ity. First, a virus attaches to of ealers 1 cell, pormally
called & “host™ cell, The DNA from the virus {and
possibly the entire viral particle} enters the bost ccll
where it usually operates 2s a plasmid (a loop of extrz-
chromosomal DNA), The viral DNA is transeribed iato
messenger RNA, which is translated into one or mare
polypeptides. Somc o these polypeptides are 2ssembled
iato ncw capsids, while others 1ct as carymes o G-
lyze various biochemical reactions. The viral DNA is
also replicated and assembled with the capsid polypepr
tides 10 form new viral particles. These vinl particles
may be released gradually by the bhost ecll, ot they may
cause the bast cell to lyse zad relase them. The re
lessed viral particles subsequestly infect new host cells.
For more background information 0 viruses soc, €8x
Stryer, 1981 and Matthews, 1970 (oote: all referencas
cited berein, other than patet, ase listed with citations
after the examples).

As used heria, the term “vinn™ includes pbages and
viroids, &3 well as replicative intermedistes. As used
herein, tbcphm"virdnuddcadd'mdDNAor
RNA, decived from s virus™ arc construed broadly 0
include any DINA or RNA that is obtained or derived
from the nucleic acid of a vires. For craample, » DNA
strand created by using a virl RNA 1tnad as a leme
plate, or by chemical synthesis 1o create & known se-
quence of bases determined by amlyzing vinl DNA,
would be regarded s viral nuclde acid

‘The bost range of nay vires (Le., the vasicty of ecils
thxlxwpcofvinnhupdﬂco(hfcc&n;)hﬁmitcd.
Some viruses are capable of efficient infoction of only
certain typas of bacterin othes vinmes e infect oanly
ptmu,mdmybcnmlwqwcanhgmmvi-
fuses can Infect oaly mammalian cefls. Viead nfe Soa of

acc.uroqdmmorclhmmc:emtryonb:virdDNA 6

oc RNA lato the host cefl: viral particles must be repro-
duced within the cell, Through vericus asays, those

-

0

R

«
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particular type of virus {s capable of lnfecting any par
teular genus, specics, of strain of ¢ells, As used herein,
the term “plant virm™ is used 1o designate s virus which
s capable of lafecting onc or more types of plant cells,
regardless of whether it can infect other types of celks,

With the possibke exccption of viroids (which are
poarly understood at present), every viral purticle must
contain at least one gene which can be “expressed” ln
infected host cells. The expression of & gene requires
that a segment of DNA or RNA must be transcribed
into or function as a strand of messenges RNA
(mRMA), wnd the mRNA must be trznslated inta o

‘polypeptide. Most vinuses have about 5 to 10 different

gencs, all of which are expresed in a suitable bost cell

In order ta be expressed in n cell, = genc must bave s
promoter which it recognized by certain enzymes in the
cell, Gene promaters arc discussed in some detail in the
parent applicadon Ser. No. 433,414 cited above, the
cantents of which are incorporated herein by referencs,
"Those skilled in the art recognize that the expressioa of
a particular gene W0 yicld a polypeptide is depeodent
upon two distinet cellular processes. A region af the 5
end of the gene called the promater, initiates transerip-
ton of the gene to produce a mRNA transcript. The
mRNA is thea translated at the ribosomes of the cell 1o
yigld an encoded polypeptide. Therefore, it is evident
that although the promoter wmay fuaction prapexly,
wtimate cxpression of the polypeptide depends at Jeast
in part on post-tragscriptional processing of the mRMNA
transeript

Promoters [rom viral geses have beca utilized in &
varicty of genetic engineering applications. For exam-
ple, chimeric geaes have beea canstructed using various
structural sequences (also called coding sequencss)
taken from bacterial genes, coupled to promates takea
from viruses which can infect mamealian cell(the most
commonly used mammaliag viruses e designated a5
Simian Virus 40 (SV40) wad Herps Simplex Yirus
(HSV)). These chimeric geass have bezn used to tracse
focm mammalisn cells Sec, €84 Mulligan et ol 197%;
Sauthern and Berg 1981 In addition, chimeric genes
using promoters takea from viruses which can infect
bacterial cells have been used o tragsform B
cells; see, €g. the phage lambda P promoter discusced
i, Maniatis ct al, 1982 .

Several researchers have thearized that it might be
possible to utilize plant viruses as vectars for taasforzm-
ing plant cells, Set, &g, Hohn ctal, 1982.1In g-cnml. a
“yeetor” Is & DNA moalecule useful for transferriog cue
or more genes into a cell Usually, a desired gene o
{nserted into a vectar, aod the vectar is then used to
infect the host cel L.

Severul researchers bave theorized that it might b
possible to create chimeric gencs which are capable of
being expressad in plaat cells, by using promaters de-
fved from plant virus genes. Se¢, €8 Hohun et al, 1982,
at e 116

I?I.oswcvcr. despite the efforts of numerous ma.n':h
teams, prior to thit invention no 00c had :uoooedcd in
(1) cresting & chimeric gene cOmPrsiak a plaat virus
peomoter caupled to a heterologons $oqUERCS
and (2) demonstrating the cxpresson of such n g 1
any type of plant cell

CAULIFLOWER MOSAIC VIRUS (CaMV)
The eatire DNA soqueace of CaMV haa been pub-

et T the art can readly dctermioe whethor say  lished. Gardoer et al, 1981; Hoba ctal, 1982 In lta most
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common form, the CaMV genome b about $00Q bp
long. However, various maturlly occurting lnfecdve
outants which have deleted about 500 bp have been
discaverod: see Howarth et al 1981, The entlre CaMV
genome i transeribed into a single mRNA, termed the
“full-lepgth transcript” baving 2 sedimentation coeflici-
ent of about 35S, The promotec for the full-length
MENA (hercioafler referred to a3 “CaMV(355) b
located in the large intergenic region sbout 1.kb coun-
terclockwise from Gap 1 (see Guilley et &, 1982).
CaMV is believed to generate at least eight proteing;
the corresponding gococs arc designated as Genes 1
through VIIL. Gene V1 is transeribed Into mBNA with
1 sedimentation cocflicieat of 195. The 195 RNA is
wranslated ioto & protein designated as PE6, which is an
inclusion body protein, The 195 mRNA is promoted by

the 195 promoter, located about 2.5 kb couaterclocks
wise from Gap L

SUMMARY OF THE INVENTION

In one aspect, the present investioa relates to the use
of viral promoters in the expression of chimeric geaes in
plant cells. In another aspect this inveation relates to
chimeric gencs which are capable of being expressed in
plant eells, which utilize promoter regions derived from
wiruses which are capable of infecting plant cells, One
such virus comprises the cauliflower moulc vins
(CaMV). Two different promater regions have been
derived from the CaMV genome xad ligated to heterols
ogous coding sequeaces ta form chimeric geoct. Thess
chimeric geacs have been proven to be expressed in
plaat cells. This inveation ko relates to plant cells,
plant tiszue (including secods 20d propagules), aad diffec
catiated plaats which have been aosformed 1o contin
viral promoters and express the chimeric gencs of this
{avention, and 10 polypeptides that arc geaerated ia
plant cells by the chimeric geacs of this investion

BRIEF DESCRIPTION OF THE DRAWINGS
The Sgwes bherem are schematic represcotations
they have not been drawan 0 =115

F1G. 1 represean the craation and structure af plas-
mid pMONS3.

F1G. 2 represents the craation and swuctuse of plas-
mid pMONLS&

FI1G. 3 represents the crestion and structure of plas-
mid pMON11Q. g

F1G. 4 repeescats the creation and structuse of plas-
mid pMONI32Z

FIG. S represents the creation and structuce of plas-
mid pMON153.

FIG. 6 reprasents the creatios aad struchuce of plas-
mid pMONSL.
F1G. T represan
wid pMONI123.
FIG. 8 represents the creation and structuse of plas-
mid pMONITL
MFIG. 9 represents the creation and structure of phage
12.
F1G. 10 represcats the creation and structure of plas-
mids pMON133 and pMONL

t1 the crmtion and structure of plas-

DETAILLED DESCRIFTION OF THE
DNVENTION

In ooc preferred embodiment of this invcation,

chimesic gene was creatod which coatained the follows
log clamenta:

)
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X
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1.&p

romoter region and & 5° non-translated regiod

derived from the CaMV (19S) gene, which codes

for the P66 proteln;
2. a pastial coding sequen
geue, including an ATG

ce from the CaMV (195)
start codon and severad

interoal ATG sequences, Ml of which were i the
same {came a3 & TGA termination sequence immes
diately laside the desired ATG start codon of the

NFPTII gene;

© 3, a structurel sequence derived from a neomycia
phosphotransferase II (NPTII) gene; this sequence

was preceded by ¢ spurious ATG

sequence, which

was in the same reading frarne as & TG A soquence
within the NPTII structural sequence; and,

4, » 3' noo-translated regicn, including a poly-adeay-
lation signal, derived from & nopaline synthase

(NOS) gene.
This chimeric geoe, referred 0
CaMV(193)-N
mid pMON120 {described

berein as the

PTL-NOQS gene, was inserted into plas-
in the parent application, Ser.

No. 458.414; ATCC accession pumber 39263) to creale
a plasmid designated s pMON156. Plasmid pMON156

was iaserted into an

Agrobacterium tumefaciens cell,

where it formed a co-integrate Ti plasmid by means of
a single crossover event with ¢ Ti plismid in the A.
rumefaciens cell, using a method deseribed in the pareat

application. The chimeric

gene in the co-integrate plas-

mid was within & modified T-DNA region in the Ti
plasmid, surtounded by left and right T-DNA borders

A. tumefaciens cells coctaining the

co-integnate Ti

plasmids with the CaMV(195)-NPTIL.NOS geacs were

used to infect plant eclls, using 2 meth

od described in

the pareat applicaton. Same of the plant cells were
geoetically teansformed, causing them o become Fesis

tant to an aatibiode (taoamycin) st

concentrations

which are toxic 1o untransformed plaat cells. )
A similac chimecic gene was created and ::.-cu:_blcd in
a plasmid designated as pMON15S. This chimeric gene

rescmbled the gene in pMON156, with two exccpticos: . -

1. 2a oligonuctootide linker Laving stop codons in al
theee reading (rames was inserted between the
CaMV(195) partisl cructucyl sequence and the

NPT structural sequence; aad,

2, the spurious ATG sequezce on the 5" side of the
NPT stryctural sequencs was deletad. .
The construction of this chimeric genc is deseribed in
Example 2. This gene was inserted into A fumefeciens
cells and subsequently into plaat cells. Tts level of ex-
prossion was apparcatly higher thag the expression of
the similar geae in pMON136, as assayed by growth oo

higher concentratians of kansmycin.

CREATION OF PLASMIDS pMON183 and 134;

CaMV(i5)

In an alternate preferred cmbodiment of this inveas
tog, & chimeric gene was created comprisiag

(1) a promotes region which cuses

transcription of

the 355 mRNA of auliflower ‘mosaic ViU,

CaMV(Q35):

2) m structural sequeace which codes for NETI and
(3) & nopaline synthise oS ¥ pon-transiated e~

e as ; : & described
The assembly of this chimene gene is descnt x
Example 3. This gene was lnscrted into plant cclls andit
caused them to become resistant (0 Yanamycm. .
Petusla plasts caznk pormally be lnfcﬂcd Y
CaMV. Those skilled In the art may &ctermine throvgh

particular plant

roullne expecimentation whether sny

~
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vinl promotec (such a1 the CaV promater) will funcs
ton at watisfactory levels in any particular type of plant
cell, including plant cells that are cutside of the pormal
bost rnge of the virus {rom which (he promoter was
derived,

It is possible to regencrate zeoetcally transformed
plant cells into differentisted plants. One method for
such regeacration was described in ULS. patent applica.
tioa entited “Genetically Transformed Plants”, Ser. No.
458,402, now abandooed. That application was filed
simultancgusly with, and Incorporated by reference
into, the parent application of this invention. The methe
ods of application Ser. No, 458,402, now abandoned,
may be used W create differentiated plants (10d their
progeny) which contain and express thimeric genes
having plant virus promoters.

It is possible W extract polypeptides penerated in
plant cells by chimeric gencs of this iovention from the
plant cells, and 1o purify such extracted polypeptides to
a uscful degroe of purity, uslng methods and substancs
knowa o those skilled in the art

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

EXAMPLES
Example 1: Creation and Usc of pMON156

Plasmids which contained CaMV DNA werca gift to
Mogsanto Company {ram Dr. R. J. Shepberd, Uaiver.
sity of California, Davis. To the best of Applicants’
knowledge and belief, these plismids {designated as
pOS1) were obtained by inseriag the entire geaome of
a CaMV strain designated as CM4-184 (Howarth et al,
1981} into the Sal I restriction sits of a pBR322 plasmid
(Bolivar et al, 1978). E coli cells transformed with pQASt
were fesistant to ampicillin (A=mpf) 1ad scsidve to
tetracycline (Tets).

Various strios of CaMV suiable for isolidon of
CaMV DNA which can be used in this laveation ace
publicly available; see, e.g., ATCC Catalogue of Stradns
I, p. 387 (3rd edition, 1981

pOS1 DNA wis cleaved with HindIIT. Three small
fragments were purified afler clecrophoresis oo an
0.89% agarosc gel using A4S membrine (Schleicher
a5d Schucll, Keene NH). The sullest [mgaat, about
500 by in size, coatains the 195 promoter. This fragment
was further purified oo a 6% acxylamide gl After
vasious manipulations which did ot change the se-
queace of this fragment (shown in FIG. 1), it was di-
gested with Mbol to ereated 455 bp Hiod II-Mbol frag-
ment, This (agment was mixed with & 1250 bp gment
obtained by digesting pMONTS (described and showm
in F1G. 9 of the pareat application Ser, No. 458,414,
now abasdoned,) with Bglll and EcoRL This {ragment
contains the NPTTI structucal soqucnce and the NOS ¥
noa-tanslated region. The two fragments weze Lgated
by their compatible Mbol and Bl averhangs to oo
ate & [Agment costainlag the CaldV (19S)-NPTIL-NOS
chimeric geae. This fagppeat was i inta
pMONI120 (described and shown i FIG. 10 of the
parent application, Ser, No. 453,414, pow abandoued;
ATCC acocssion number 39263) which had bdoea
cleaved with HindlIT and EcaRL The resulting plasmid
was designated as pMON136, xs sbown I FIQ. 2

Plasmid pMON136 was insertad lato E coli cells and
subsequently iato A umdfaciens oclis where it formed 2

—
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co-integrate Ti plasmid having the CaMV(195)-NPTII-
NO3 chimeric geoe turrounded by T-DNA borders. A
tumefaciens cells containing the co-lntegrate plasmids
were co-cultivated with petunia cells. The foregoing
methods are deseribed in detail in a separate application,
entitted “Flasmids for Transforming Plant Cells” Set,
No. 458,411, now abandoned, which was filed timulta.
neously with aad Incorporated by reference into parent
application, Ser, No, 438,414, now abandoned.

The co-cultivated petunia cells wers cultured on
medin containing kanamycin, an antibiotic whick iz
toxde to petunia cells, Kanamycin Us lnactivated by the
enzyme NPTII, which docs not normally exist In plant
cells. Some of the co-cultivated petunia cells survived
and produced colosics on media containing up ta 30
ug/m! kanamycin, This indicated that the CalV (195)
NPTII-NOS genes were expressed in petunia cells,

These results were confirmed by Southern blot analysis
of transformed plant cell DNAL

Example 2: Creation of pMON155

Plasmid pMON72 was cbtained by inserting a 1.3 kb
HindII1-BamHI {ragment from bacterial transposon
ToS (which contiias an NFTI structural sequeace)
into & Pstl pBRI2T plasmid digested with HindII snd
PBamHI, This plasmid was digesied with Bglll and Psud
1o remove the NPTII structural sequence.

Plasmid pMONI0QL (deseribed and shown in FIG. 6
of the parent application) ftam dam® cells was digested
with Bg!IT and Pstl to obtain a 218 bp fragment with a
partial NPTII structural sequencs. This (ragmeat was
digested with Mbol to abtain a 194 bp fragment.

A triple ligation was performed using (a) the large
Pstl-BglIL fragment of pMONT2; (&) Pstl-Mbol (rag-
ment from pMON1001; rad () » synthetic Unker with
Bgll and Mbol ends having stop codons in afl thres
reading frames, After transformation of £ coli cells and
selection for ampicillia resistaat coloaics, plasmid DNA
from Amp & colonics was analyzed. A colooy contain-
ing a plasmid with the desired structure was ideatfied.
This plasmid was designated pMONI119, as sbowz on
F1G. 3.

In order 1o add the 3° ead of the NPTTI stroctural

‘sequence ta the 3 portioa in pMON110, pMON110 was

treated with Xbol The resulting ovechanging cod was
glled in to create a bluat ezd by treatment with Keoow
polymerase and the four deoxy-aucleatide triphos
phates (dNTP's), A, T, G ad G. The Klenow poly-
merase was inactivated by heat, the fagment wis di-
goted with Pad, and a 3.6 kb (ragmient was
Plasmid pMONT6 (described 1nd shown in FIG. 9 of
the parent application) was digesed with FindIIT, filled
in to create 1 bluat end with Klenow polymerase and
the four ANTPL, and digested with pstl. An 1100 bp
fragment was purified, which cootained part of the
NPT structunal scquence, and & nopalioc synthase
NCs) ¥ nou-translated region. This fragmen!
ligated with the 3.6 kb fragment from pMONIIQL The
ctare was uscd to transfomm E. colf cells; Amp R cclls

mixture P
were selected, rod 4 coloay having a plasmid :vn.t:xdt:.
as thown oca FI

desired strocture was identificd. This

{gnated pMONI132,

pMON93 (showa on FIG. 1) waz digested with Hine
dII%, and a 476 bp fragment was Isolated. This fagment
was digested with Mbal, and & 455 bp

fragmeat was puriied which coctalned the
(19S) promotsr region, and 5* oon
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Plasmid pMON132 was digated with EcoRl and Bglll
to obtain a 1250 bp fragment with (1) the synthetic
linker cquipped with stop codons [ all thres reading
frumes; (2) the NPTIIL structural sequence; and (3} the
NOS ¥ nonstranslated region. These two fragments
were joined together through the coeapatible Mbal nd
BglIl cads to create » CaMV (195)»-NPTII-NOS chime-
ric gene.

This genc was inserted into pMONI20, which was

digested with HindlIl and EcoRl, to create plasmid 10

pMON15S, as shown in FIG. 5.

Plasmid pMON155 was Inserted into A tumefaciens
GV3111 cells coataining & Ti plasmid, pTiB6S3. The
pMON!135 plasmid formed 2 cointcgrfltc plasmid with

the T} plasmid by means of & siogle’ crossover cvent. 15

Cells which contain this co-integrate plasmid have beea
deposited with the American Type Culture Ceater, and
have been assigned ATCC acesssion number 39316 A
fragment which caotains the chimeric geae of this in-

vention can be obtained by digesting the co-iategrate 20

plasmid with HindIII and EcoRl, 2ad purifying the 1.7
kb fragment. These cells have been used to transform
petunia cclls, allowing the petuni cells to grow oa
media coataining at least 100 ug/ml kanamyein,

Example 3: Creation of pMON1E3 and 184 ¥

Plasmid pOS! (described in Example 1) was digested
with BglIT, and a 1200 bp fragment was pucified. This
fragment contained the 353 promoter rezion and part of

5,352,605
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site of plasmid pRECT (Rao and Rogery, 1979) o give
plasmid pMONI12S, a5 shown In F1Q. 7. The sequence
of bases adjacent to the two Mbol ends rcgenerates
Bglll sites and allaws the 725 bp fragment 10 be excised
with BgliL

To generate & fragment carrying the 355 promoter,
the 725 bp Bglll fragment was purified rom pMON125
and was subsequently digested with EcoRV and Alulto
vicld 1 190 bp fragment. Plasmid pMONE1 was digested
with BamH]l, treated with Klenow polymerase and
digested with EcoRV. The 3.1 kb EcoRV-BamHI(-
blunt) fragment was purified, mixed with the 190 bp
EcoRY-Alul fragment and treated with DNA ligase.
Following trans{ormation and selection of ampicillin.
resistant cells, plasmid pMON172 was obualned which
carrics the CaMV(355) promotar sequence ou a 380 bp
BamHI-EcoRlI fragment, a3 shawn on FIG. 8. This
fragment does not carry the palyadenylation region for
the 355 RNA. Ligation of the Alul end to the filled-in
BamHI site tegenerates the BamHI site.

To rearrange the restriction endonuclcase sites adjz-
cent ta the CaMV(35S) promoter, the 330 bp Bamkl-
EcoRl fragment was purificd from pMON1TZ, weated
with Klenow polymerase, and inseried into the unique
smal site of pbage M13 mp2. Cue recombinant phage,
M12, carried the 380 bp fragmeat in the orieatation
shown oa FIG. 9, The replicative form DNA from this
phage carries the 35S promoter fragmeat on an EcoRI(-
5%-BamHI(17}) fragmeant, lustrated below.

EcgRl

1] . . . . . . n
GAATTCCCGATC:TATCTGTCACTTCATCAAAAGGACAGTAGAAAAGGAAGGTGGCACTACAAATGCC?E
n . .

CATTOCCATAAACGAAAGGCTATC

141
CCACCAGGA

h3% . .
CTCCACTGACGTAAGGCATGAC

FaRNA
1
TCATTTCAT
W1 ETnTnuh&quﬂwt
CCATAATAA

(he 5 noa-translated region It was inserted oo plasmid |

pSHL72 which had beca digested with BamHI sad 43

Bglll (pSHLT2 is functionally equivaleat ta pACOL0,
deseribed in Coltbere-Carapin et al, 1981). The resalting
plasmid was designated as pMORNSQ, as thown ou FI1G.
é

The cloned Bglll fragment contains a regicn ol DNA 50

that acts a3 » palyadenylatica site for the 355 RNA
transeript. This palysdenylation region was removed a3
follows: pMONS50 was digasted with Avall aad 13 11

bp fragment was purified. This fragment was digested

with EcoRJ® and EcoRV. Tbe rosultng 190 bp 33

EcoRV-EcoRI® fagment was purified tnd inseried
into plasmid pBR3LT, which had been digested with
EcoRI* and EcoRV. The resulting plasmid, pMON3L,
contains the CaMV 353 promoter on a 190 bp EcoRV-

EcaRl® fragment, s shown in FIG. & &0

“To make ceraln the cntire promoter regoc of
CaMV(35S) was preseat tn pMONSI, 2 region adjacent
1o the 5" (EcoRV) end ol the fragment was inserted into
pMON1! in the following way. Plasmid pMONX) pre-

pm:d&omdam'oen:wudlgswduﬁm'ﬁmlumdﬁ

Bl and the resultant 1550 bp frapment was panfied
sod digertod with MboL The resultiag T25 bp Mbol
hmmtwm&dﬂw&bmmnm

GCACAATCCACTAT ACCTTCOCAAGACCCT TCCTCTATATAAGGAAGT,

. 1 . . .
TTCCACACCACACCCTCAAATCACC AGTCTCTCTOTACAAA

cr-rukomacc-rq-rbccmcmrc.bvccc“m,\i—ca.«ccccc;;cl:o
AT COTCCAAAAAGAAGACGT TECCAACCACGTCTTCAAACCA

ACTCGATTGATGTGATAT
TATA i

L T
. NS
TCTATCTCTCTCTATTTTCT

. . . . l
TGTGTGAGTAGTTCCCAGATAAGGGAATTGGGGATCC

Plasmids carrying » chimesic gme CaMV(35S) pro-
moter region-NPTII structural sequence-NOS 3' non-
tramslated region) were sssembled a3 follows. The 380
bp EcoRI-BamHI CalMV(3535) promotex fragment was
purified from phage 112 RF DNA wod mised with the
1250 bp Bgill-EcoR1 NPTI-NOS fragmeat from
pMONTS. Joining of these two fragments thx:ough ther
compatible BamHI and Bglll ends results in & 1.6 kb
CaMV(355)-NPTU-NOS chimeric geoe. This geoe was
inserted into pMON120 at the EcoRI sitc in both onica-
(atioas. The resultant plasmids, pMON133 and 14,
appear in FIG. 10, Thee plasmids d.i'n‘cr oanly in the-
dicection of the chimeric gene orieatation. .

“These plasmids were used to transform petunis cells,
as described in Example 1. The transformed cells ace
capable of growth on medla containing 100 ug/ml kans-
mycin.

COMPARISON OF CaMV(35S) AND NOS
PROMOTERS

Chimeric genes carrying the gopaline 1

QNOS) promoter or the cauliflowes mosalc virus fulle

length transcript promoter (CaM V'
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structed. In both cases, the promoters, which contain
their respective 3 non-transhited regions were joined to

5,352,605

10
al.,, 1982). The CaMV(15S) promoter sequence de-
seribed abave is listed below,

SMONIT CaMV 138 Promater and § Lesder

EcoRd

| . . . .
QAATTCCCOATCe TATCTOTCACTTCATCAAAAQGACAGT AGCAAAACTA
71 . . . . . . 14
CATTGCCATAAACGAAAGGCT ATCGTTCAAGATGCCTCT GCCGACAGCTGATCCCAAAGATGCACCCCC

141 . ‘ . . ' ' _110
CCACGAGGAGCATCOTGGAAAAAGAAGACGTT CCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATAT

1t .
CTCCACTGACOTAACGOA
. YomRNA

. . L
AGAQTCCCACTACAAATGCCAT

AC

TATA

. - - . 19
TGACCCACAATCCACTATACCTTCCCAAOACCCTTCCTCTATATAAGGAACDT

Bl

m . . . | 1M
TCATTT CATTTGGAGAGGAC&GCTOAAATCACCAGT CTCTCTCTACAACATCT

2 NPTII coding sequence in which the bactesial 5°
leader had been modified so that 1 spurious ATG trans-
lational initiation signal (Southern and Berg, 1982) bas
been removed.

Plasmid pMON200 is & derivative of previously de
scribed intermediate vestor pMONI20 (ATCC acces-
sjon oumber 39263). pMON200 contains s modified
chimeric nopaling synthase-eomycin phesphotrans-
ferasenopaline synthate gese NOS/NFTIL/NOS)
which confers kanamycin (Km#) resistance to the trans-
formed plant. The modified chimeric Ka® gene lacks
an upstream ATG codoa preseat in the bacterial leader
scquence aad a synthetic multlinker with uzique Hin-
dIII, Xhol, Bglll, Xbal, Clal and EcoRI restriction
sites.

Plasmid pMON273 is & derivative of pMON0 in
which the popaline synthasc promoter of (e chimeric
NOS-NPTII-NOS genoe has been replaced with the
CaMV(33S) promoter.

The CaMV(35S) promoter fragment was isolated
from plasmid pOS-1, a derivative of pBRI carrying
the entice genome of CM4-184 as a Sall insert {(Howarth
et al., 1981). The CM4-134 strain is a raturally oocur-
ring deletion mutant of strain CM1841 The aucleotde
sequence of the CM 1841 (Gardaer et al, 1981) and
Cabb-S (Franck ct al., 1980} strains of CaMV have beea
published as well 13 some partial sequence for a differ-
cat CM4-184 clone (Dudley et &l, 1982). The aucleo-
tide sequences of the 35S promoter regions of these
threc isolates arc esscntially Kentical. Ia the followisg
the nucleotide numbers reflects the sequece of Gard-
ner et al, (1981). The 35S promoter was isolatad as an
Alul (o 7143}EcoRI* (a 7517) fgment which was
inserted first into pBR3Z2 cleaved with BamHI, trexted
with the Klenow fragment of DNA polymerase T asd
then cleaved with EcoRL The promoter {mgment w3
then excised from pBR3Z2 with BamHX acd EcoRL
treated with Klcnow polymerase and inserted into the
Smal site of M13 mp$ s0 that the EcoRI sitz of the mpd
multilinker was at the 5° ead of the promoter fagment,
Site directed mutagenesis (Zoller and Smith, 1932) wra
then used to introduce & G at nucleatide 7464 to craate
a BEIIT sitc. The 35S promoter fragment was then ex-
cised from the M13 as 2 330 bp EcoRI-Bglll site. The
358 pramoter fragment was then excised from the M1)
as & 330 bp EcoRI-Bgill fragment which coatains the
353 promoter, 30 nucleotides of the §
leader but docs not contaln any of the CaMY tramsla
tigeal Initiators nor the 358 transcript polysdenylation
signal that ks located 130 noclootidas downstresm from
the start of transeription (Covey et al,, 1931; Guilley &

23

s

15

40

43

35

The 35S promoter fagment was joined o a 13 kb
BgilI-EcoRl frzgmeat contalning the TaS seomycia
phosphotransferase 11 coding sequence modificd so that
the translational initistor signal in the bacterial leader
sequence had been removed and the NOS ¥ noo-tran-
slated region and inserted inta pMONI20 to give
pMON273.

Thoe plasmids were transferred in £ coll strain
TM101 and then mated inte Agrobacterium tumefaciens
straln GV 311! carrying the disarmed pTiB6SI-SE plas-
mid as deseribed by Fraley ot al (1983).

Plant Transformation

Cocultivation of Petunia protaplasts with A rumefa-
clens, salection of kanamyein resistant transformed cal-
lus and regenenation of transgenic plants was carried
out 1s described in Fraley ct al (1984).

Preparation of DNAs

Plant DNA was extracted by grinding the {rozen
tissue in exteaction buffer (59 mM TRIS-HCI pH 2.0, 50
oM EDTA. %0 mM NaCl, 400 u/m! EtBr, 2% sarco-
syl). Following low speed ceatrifugation, cesium chlo-
fde was added o the supematant (.85 gm/ml). The
CsCl gradients were centrifuged at 150,000X g for<3~
hours. The cthidium bromide was exwacted with iso-
propanocl, tie DNA was dialyzed, and ethanol precipi-
tated.

Southern Hybridization Aaalysis .

10 ug of esch plant DNA was digested, with Bamil
for pMON20Q plant DNAs 1ad EcoRI {oc pMONZTI
plant DNAs, The fragments wete scparated by electro-
phoresis oa 1 &89 agarase gel and transferped to mitro-
cellulose (Southern, 1975). The blos were hybridized
(50% formamide, 3xSSC, 5X deahardt's, 0.1% SDS and
20 ug/ml tRNA) with nick-translated pMON2T73 plas
mid DNA for 43-60 hours 12 42° &

Prepanation of RNA from Flant Tissue |

Phat leaves wexe frozen in liquid mitrogen and
ground 10 1 fine powder with a mortar and pestle. The
frozen tissue was sdded to a L:] mixtwre af grinding
bufler and PCE (1% Tri-iso-propyloaphuslencsulfome
wcid, 6% p-Aminosalicylic acid, 100 M N3, 1%
SDS and 50 mM 2-meraaptoctiazol; PCI [phenot: cklo-
roToc: lsoamyl sloobal (4:24:1)] and bomogenized
immedintely with a polytron. The crude homogroats .
was mixed foc 10 min and the phases scpanted by e
trifugation. The aqueous pbase then was re-extmcted
with 1n oqual volume of PCL The aqueany Ph”“';;i
cthanol precipitated with onc tenth volime of s
NaAcetate xod 2.5 volemes of cthanol. The avclac "
pellet was tn water. An equal volume
P Sthium chloride LI was sdded and the mix was

placed oa e for Ihourcrcmml;ht.!’oﬂowinzccn-
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trifugation, the pellet war resuspended ln waler the
LiCl precipitation repeated 3 times. The fins] LiCl pel-
let was resuspended in water and cthanc! precipitated.

Poly (A) contalning RNA waus isolated by pessing
tota RNA aver an Oligo d(T) cellulose Type I (Cole
taborative Research) column, Quantitation of the poly
(A) contining RNA Involved snnealing s aliquot of
the RNA 1o radio-labeled poly U {(uridylate 5,6-3H)
polyuridylic acid] (New England Nuclear), followed by
RNase A treatrment (10 ug pes ml for 30 minutes at 37
C.). The raaction mix was spatied oo DE-t1 filter pa-
per, washed 4X with 0.5M NaPhospkats (pH 7.5) and
countedh Globin poly (A) coataining RNA {BRL) wxs
used s 1 standard, <

Norbern Hybridization Analysis

$ ug of poly (A) RNA from cach plant source wid
treated with glyoxal and dimethysulfoxide (Maniatis,
1932). The RNAs were electrapharesed in 1.5% aga-
rose gels (G.0IM NaHiHPO4 pH 6.5) foc 7 hours at &0
valts. The glyoxylated RINAs were clectro-blatted (13
oM NaH;PONaHPO,, pH 6.5) for 16 bours at 123
amps (rom the gel o GeneSereen @ MNew England
Nuclar). The filters were hybridized as per manufacs
turer's instructions (50% formamide, 0.02% polyvinyl-
pyrrolidone, 0.02% bovine serum albumin, 0.02% ficoll,
$XSSC, 1.09% SDS, 100 w/ml tRNA and probe) for
4850 bours at 42° C. with coastant shaking. The nick-
rraoslated DNAs used as probes were the 13 kb
BgllL/EcoRl NPTIl (ragment pusified from the
pMON2173 plasmid for detecting the NPT trasmeript,
and the petunia small subunit gese as 1 internal gan-
dard foc comparing the amount of RNA per loe The
membrancs were wathed 2% 100 ml of 2XSSC at room
temperature foc 5 minutes, 2X 100 ml of 2X5SC/1.0%
SDS at 65° C. for 30 minuts, The membruoa wers
criposed to XAR-S film with a DuPont iztezsifying
screen at —=230° &

Neomycin Phesphotransferise Assay

The gt overlay assay was used 0 determime the
steady state level of NPTU earyme activity in exch
plant. Several parameters were investigated for opt-
miring the scnsitivity of the assay in plaat tssue. Eacly
obscrvations thowed that the level of NPT sctivity

13

12

linear range of the asay in the presence of BSA. Elimd-
sation of SDS from the extracton bufler resulted in a
2.f0ld lncrease in assay sensitivity, Leaf disks were
pocled from each plant for the asay. The thssue was
homogenized with a glasy rod in a microfuge tube with
150200 ul of extraction buffer (20%e glyceral, 10%
B-mercaptocthanol, 125 mM Tris-HQ pi 68 100
ug/ml bromophenal blue ad 0.2% SDS). Following
centrifugation In a microfuge for 20 minutes, total pro-
tein was determined using the Bradford assay, 23 ug of
pMON273/311ISE plaat protein oc 70 ug af
pMON200/3111SE plant protein, supplemented with
BSA, was loaded oo a mative polyrcrylamide gel a3
previously deseribed. The polyzerylarnide gel was
oquilibrated for 30 minutes in water rad thea 30 minutes
{n reaction buffer (67 @M TRISmaleate pH 7.1, 43 mM
MgCly, 400 mM NH4CL), traaslerred cnloa glass plate,
and overlaid with a 1.5% agarose gel The overlay gel
contained the neomycin phosphotrassferase substrates:

450 uci {y-?] ATP and 27 ug/ml neomycin sulfate

25

18

varied between leaves from different pgaidons oo the

same plaot. This varability was minimized when the
plant extract was made from pooled tissoe. A paper bale
punch wxs nsed to collect 15 disks from both young and
old leaves. Grinding the plant tissue in the presence of
micro-beads (Ferro Corp}mbdthmg;mbcdxin-
creased the plaat protein yied 4-fold.

To optimize detection of low levels of NPT activity
2 saturafion curve was prepared with 10-85 ug/lanc of
plat protcia. For the pMON00 (NOS) plants, NFTLL
activity was not detectable at ks than 30 ag/lne of
total protein (2 hour exposurc) while activity was de-
tectable at 20 ug/lanc for the pMON273 plaats. Thae
was 8 noo-lincar lncrease in NPTL actvity for
pMON200 NOS plaats between 40 and 50 ng of protein
per lane. This suggested that the totsl amount ol protein
may sffect the stability of the NPTI caxyme Supple-
mecating plant cell extracts with 3045 ug pet lane of
bovine serum albumin (BSA), resulted ia & Eoear res

plant protein levels lncreased. The additioa of BSA
appeass to sabilize the caxywe, resulting In & 20-fold
locrexse ln the seasifivity of the amy. Experiments

ladicate that 25 ug/lanc of pMON273 plaat protein xnd
mnm«puommmmmm

43

&3

(Sigma). After | hour at room tempenuture & sheet of
Whatman P81 paper, two shosts of Whatman ML
paper, a stack of paper towels and & weight were put ca
top of the agarese gel. The phosphorylated neomycia is
positively charged and binds ta the P21 phosphocellu.
lase ioa exchange paper. After blottiog overnight, the
P81 paper was washed 31X in $0° €. water, followed by
7 room tezpenture washes. The paper was air dried
wnd exposed to XAR.S (im. Activity was quantitated
by counting the 3P-radicactivity in the NPTII spot
“The NETII trunseript levels awod earyme activitdes in
twao scts of transgenic peruaia plants were campared. In
one set of plants (pMON273) the NPT coding se-
quence is preceded by e CaMV(35S) promoter aad .
leader scquencss, in the qthersat of plaats (PMONIT0)
the NPTII coding region is preceded by the nopaline
synthase promoter and laader sequences. The data indi-
cates the pMON273 plints contain about a 30 fold
greater level of NPTU trazseript than the pMONCQ
plants, see Table [ below.

TABLE!
QUANTITATION OF NPTU TRANSCRIPT
LEVELS AND NPTO ACTIVITY TN
oMONTT) AND pMONI00 PLANTS
Relative Relative

Plant NPT NPTR
Number Tensmexipr® Acdviry?
pHON I3
un 1= m
nn sty 14
377 HT “7
3330 W L
3443 &1 1334
Avangs 151 ™
pHON 0
10 e oL
2303 o i1
un Q e
213 1 1
2818 0 19
stz s 033
un n ’-;
Avergs _,3,.. 100kt

o~
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TABLE I-continued

QUANTITATION OF NPT TRANSCRIPT
LEVELS AND NPT ACTIVITY IN
PMONITI AND pMONIN0 PLANTS

Raludvn Raeladve
Plnt NPTU NPTO
Number Trancrip® Activity

differencs difTerenos

'N-ﬁ-nwmﬂvupﬂnq-nm.fum“lmk
Mwhwﬁdhﬂwlﬂuﬁmnnm—.‘--ﬂ-hﬁt:ﬂm
Nrmwd—mhdﬁammmmm:-m
wamomnt of JNA, b ench famt,
"Humbort ion of NPT pasay. Vihecs wers obaaisad by scintillee
imu—dudlbr-mwn&lmlm-dhhm—r-
. w?d—hnk—d}udﬁwﬂudﬂfﬂmudpu-'l
Womdrd 0m that gtk (23 4] for pMONTTI and 70 3¢ for RO plas).

Counsistent with this observation is the finding that the
pMON273 lcal extracts bave higher WPTIL enzyme
actvity than the pMON200 leafl extracts. In several of
the transgenic plants, there is a substantial variation ia
both RNA and enzyme levels which canaot be ace
couated for by the slight diffcrence in geue copy num-

0 HixdI
AAGCTTTAA
L3 . .
AAGAAATTCAGTATTTATCTAA
141

11 . .
CTATTCOTTTCATGTTCAACATATTAAA
1

AATAAGGTTRATTCC
TATA
33 i
TACTACCTATATAAACACA
)ltb-.l loitazar
TCTAGACGATCGTTTCGE ATO

ber. Such “position cffects” have beca reported in trans-
genic mice and fruit flies and have pot yet beca ade-
quutely explaised at the molecular level. Although,
there is nat a clear corTelation betwesn nsert ¢opy
aumber and kevel of chimeric genc expressioe, the fact
that 4 of the 7 pMON200 trazsgenic plants contain 2
copies of the NOS-NPTTI-NOS geoe would suggest
that the differentinl expression of the CaMV(35S) pro-
moter is actually slightly underestimated I these stud-
e

The constructs deseribed in this compinative example
have identical coding regioms and 3' noa-tramslated
regions, indicating that the differcaces i the steady
state traoscript levels of these chimeric geoes is & cosuit
of the 3 sequencet.

COMPARISON OF CaMV19S AND CaMV(35S)
PROMOTERS

Chimeric ganes ware propared comprising either the
CaMV19S oc CaMV(355) promoters. As in the above
example, the pramotess contained their respoctive 5
noo-translated regions and were joined to » NPTI
oodin;soqumo:h:whkhtbcb-cuxhls‘ladcrhd
boen modified o ramove a sparicas ATG taaslascnal
initiatioo signal. The constructs tosted were pMONIQ
and pMON204 coataining the CaMV1 oS
geoe and pMON2T3 containing the CaM V@SS N-
PTO/NOS gene, .

Cooztruction of pMON03

The CaMV 195 promoter fragment wis bolated from
plasmid pOS-1a derivative of pBRID carrying the
catire genome of CM4-134 a1 u Sall insext (Howasth ¢

. . myn
TCTCTGOAGACTGAGAAAATCAGACCTCCAAGC
NPT Loizt

5,352,605

14
al, 1981}, The CM4-184 strain [s a paturally oecurring
deletlon mutant of stradn CM1841, The references o
nucleotide numbert Iz the (ollowlng discussion are
those for the sequence of CMI1B41 (Chardoer ot al,
1981), A 476 bp {regmeat extending from the HindIlI
site at bp 5372 to the HindIII slte at bp 5348 was cloned
into M13 mp8 for rite directed mutagenesds (Zoller and
Smith, 1982) to {nsert an Xbal (§-TCTAGA) site Imme~
diately 5" of the first ATG translational {nidaton’signal
{n the 198 teanseript (Dudley et al., 1982). The resulting
400 bp HindIT1-Xbal fragment was [salated and joined
to the 1.3 kb Xbal-EcoRI fragment of pMON2TI which
carries the necomycin phosphotransfersse IL (NFIT)
coding sequence modified 5o that the extra ATG trans.
latiogal initiation signal In the bactarial leader had becn
removed ind the nopaline wymthase 3' noamunslated
region (NOS). The resulting L7 kb HindIII-EcoRl
fragment was inscrted into pMONI20 between the
EcoRI and Hirdlll stes to give pMONI0]. The com-

20 plete sequence of the 195 promoter-NFTIL leader &t
given below,

1

. . . . n
AGCTGCAGAA.ACGMTTACCACAGCAATGACAAAGAOACATTGGCGGTAATAAATACTAT&G

CTCCTGTTCATTTTCTGATT AGGACAG:\?AATACTCA:FTTCMGAG'ZIE
TTGTTAACCTTAATTACAAAGGAGATTCAAAACTTGGAAGAA

ACATCAGAT ccc:xadc»x%c&‘rraac%

G.GAACCGAGKA.CCACTTTGCG-GACTTCCTTT.CMGAGAAT'ES% _
TAATTGAAATCCGAAGAT AAGATTECCACACACT:TGT CCCTGATATCAAAAAGSS
' mRANA

401

Construction of pMON04 e w
The 400 bp HindIII-Xbal

fagmeat contuning the

40 @,MV195 promoter was jained ta 1 syotbetic linkes

with the sequeace:

Kbl Bldﬂ

i
$-TCTAG ACTCCTTACAACAGATCT

o l.dda.Bg,msit.ctotth'mdofthcpmmowfns-
meat. The Hind TI-Bglll fragment was joincd to the 1.3
kb Bglll-EcoRI fragmeat of pMON123 that contand
the natural, unmodified NPT coding sequence jolned
to the NOS I' nontraaslated signals and inserted lato the
EcoRI aad HiadI sites of pMONI120. The resulting
plasmid is pMON204, The CaMV 135 promater sgnals
ia this plasmid arc ideatical to those in pMON203. The
only difference is the sequenoc of e 5 n9nt.rm$hwd
leader sequence which in pMONI04 contams the extra
ATG signal found in thcbamblladc;ofmmd
contains extra bases from the synthetic inker and bacte-

53

6  Petunia leaf discs were transfocmed and plants regeas

entod as describod above. The gl overixy Assay wil
modmddumhcmkwkhmﬁ. ormants p
Quuntitation was ;gne“:iy .dnrumm Y::\;i‘:gh: .
np. the product of neowm:
. -acomyci, o

times higher than tha
(pMON203 & 204) plants.
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QUANTITATION QF NPT ACTIVITY LEVELY
™ pMONI], pMONIH, AND oMON2TI PLANTY
Plaat Relativa
Coastrect  Nmamber NPT Activiey?  Avenge
pHOND 411} 479,064 bE  Nb
pMON2E 4344 197204
148,200

pMONIA 4173 K130 14273
pHONIH 40 160,364
pMONITI nx 1,000,674 1,302,131
pMONIT) 1nn 1604732

% 1007y e
i yom Tt

m—qumma-dm-y.w_mwwm

hm&{d“r-mwuhmﬂmo—dhhm“yu
peevioualy describmd,
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We claim:

1. Achimc:icgcncwhichhapmodinphn:ccm
comprisiag s promotes from a caulifiower mesaic vinis,
said promater selected from the group coasisting of a
CaMV (355) promote Isolated from CaMV protcns
cacoding DNA, sequencesand 2 CaMV (195) promoter
isolated from CaMV protea-encoding DNA sequencss,
mdnstrucwnls.oqwc:whkhisbctmhgoumth
respect to the promoter.

7. A chimeric gene of chim I in which the promater
s the CaMV(355) promotet.

S.Achimctic;cncofdﬁnlhwhiduhepmmom
is the CaMV(19S) promoter.

&Aphntccnwhichoocpﬁ:dnchhndic;mcm
canu.inupmmom'f:muulmowu'mdcvinﬂ.uld
promater sclectad rm!hmmﬁﬂh;ohw
(33) pmmudn&}ﬂfnm pzw.whctdn
sald peomoter la bolaled from CanY
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DNA sequences, and & structural sequence which ls
Beterologous with respect to the promoter,

5, A plant cell of clalm 4 la which the promoter ts the
CaMV(155) promoter,

6. A plaat cell of claim
CaMV(19S) promotar,

7. An intermediate plant transformation plasmid
which comprises a region of homology 10 5o Agrobacre:
rium tumefaciens vector, 2 T-DNA border region from
Agrobacterium {umefaclens and & chimecic gene,
wherein the chimeric gene s located betweea the
T-D_NA baeder and the region of homelogy, said chil-
meric geae comprising & promoter from cauliffower
mosaic virus, saiid promoter selected from the group
consisting of a CaMV(355) promater xad & CaMV(195)
promotez, and & structursl sequence which is heterolo-
gous with respect to the promoter.

8. A plant transformation vector which comprises &
disarmed plant tumor inducing plasmid of Agrobacte
rium tumefaclens and a chimeric genc, whereln the chi-
meric gene contains & promoter {rom cauliflower mo-
sale virus, said peomoter selested from the group cad:
sisting of 1 CaMV(55) promoter 1nd 1 CaMVY(195)
promoter, and & structural sequeace which is heterolo-
gous with respect to the proqatat.

9, A plant transformation vector of claim 8§ in which
the promater is the CaMV (355) promoater,

10. A plant transformation vectoe of claim 8 in which
the promoter is the CaMVY (195) promotes,

11 The chimeric gene of claim 1 comprising in the 5’
to 3 directicn:

(1) the CaMV(355) promote,

(2) » structural sequencs cacoding neomycin phos-

photransferase I aad

(3) & 3' non-transiated palyadenylation sequence of
nopaline syathase.

12. The chimeric genc of ¢laim 1 comprising in the ¥

to 3' direction: re

(1) the CaMV(195) promates,

(2) a structural sequence cacediag neomysin phos-
phatranderase O, and ‘

(3) ¢ 3 non-translated polyadcayladian sequence of
nopaline synthase,

13. A, DNA canstruct comprisiag:

(A) & CoMV promoter selected from the group con-
sisting of (1) 2 CaMV 35S promaoter solated {rom
CaMYV protein-encoding DNA sequencss and (2) 2
CaMV 19S promoter isolated from CaMV protan-
cocoding DNA sequences, asd

(B) a DNA sequence of Interest heterolagous to Ak
wherdia (B) is under the cegulatory cootrol of (A)
whcnmdoonsmhmusm‘oedin:phnlccﬂ-

14. A chimeric gene which is transcribed and trans-
lated in plant cells, said chimeric gese compnsiog &
promoter from cauliflower mosle virus, said promaier
selected from the group consisting of: '

2) a CaMV 35S promatet regioa frec of CaMV pro~

tein-encoding DINA sequeness and

b) a CaMY 135 p:omotcrrcgion&c:of&}-w peo-
tein-encoding DA sequences, .

sad & DNA sequence which ks beterclogons with re-

4 ln which the promoter is the

the promoter. .
ILAchindh;mcwm&qmthhn:?‘m
sald mdm&m&emm“‘

4 ptomotctmdonhcofw protela-
cacoding DNA sequences and 1 CAMV(19S) promotes
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17
region free of CaMV proten-encoding DNA seques
ces, and a DNA sequence which is betzrologous with
respect to the promotes,

16. A chlmeric gene which is trangeribed in plants
cells comprising & promoter from & caulifiower mosaic
virus, said promoter sclected from the group consisting
of & CaMV(35S) promoter free of CaMV protein-
encoding DNA sequences and & CaMV{195) promoter
free of CaMV protein-cacoding DNA scquences, 8
DNA. sequence which is heterologous with respect to

the promotes and & 3’ non-translated polysdenylation
signal sequence. ~

15
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17. A plant cell which comprises a chimeric gene
where 1id chimeric gene comprizes 1 promoter [rom
cauliffower monic virus, 1ld promoter welected from
the group consisting of & CaMV(33S) promater ind a
CaMV(195) promoter, wherein nid promoter is free of
CaMV proteinencoding DNA sequencet, and 2 DNA
sequeace which I3 heterologous with rospest to the
promoter and a ¥’ non-translated polyrdenylation sigaal
sequence.

18, An intermediate plaswid of claim 7 in which the
promoter is the CaMV(19S) promater,

19. An intecmediate plasmid of clalm 7 in which the
promoter is the CaMV{(355) promoter,
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