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 TRANSCRI PTI ONAL  CONTROL  SEQUENCES AND METHODS The Fiel d of the Invention

[The field of this invention is the area of plant 5 nolecul ar biol ogy, and
it rezLates in particular to transcription regulatory elements; a

qual i tative re.g,Plga sequence which positively regul ates do ne
expression in plan ssue in response to the stress of an inW
~m crobial pathogen, an elicitor, or other 10 inducing chem cal signals and
‘quantitative regul atory sequences which increase the transcriptional

~expression of associated sequences. The BaEk’gr"ound of the Invention In

pl ants, di sease resistance to fungal 15 bacterial, and viral pathogens is
assomated W th a pl ant e Lesng | i mip (HR) .
In the HR, the site in¥e—pr AERBTeT

under goes | ocalized cell death and it is postulated that this localized
plant cell death 20 aspect of, t ‘ z g m croorgani sm or

virus, thereby protecti t mal_nder The plani. .Oher Ia t gefenses
|nclude t he production )

capabl e of avest mg.epaﬂ.hngbﬁolagyemw aoelates il paiﬁicni&zf mmt i ons
whi ch strengt hent&.g?,sg!ﬁ £ e#’@i t&gfil %&Q&& zymatic
attack. The HR of plants mclt & acd(?'o |§c i] ‘?lal exin '
production as pafF atery; %Bﬁgiég ir‘ﬂ’vm &YOBP@A dopmstrenss of
conpounds nmade byele expressidhi fwiplunt tlﬁlmminl response s tthevistrasisal
of an invading microbial pathogen, an elicitor, or other
10 inducing chemical signals and gquantitative regulatory
sequences which increase the transcriptional expression
of associated sequences.

p
In plants, disease resistance to fungal,

1s bacterial, and viral pathogens is associated with a plant
response termed the hypersensitivity response (HR). In
the HR, the site in the plant where the potential
phytopathogen invades undergoes localized cell death, and
it is postulated that this localized plant cell death

20 aspect of the HR contains the invading microorganism or
virus, thereby protecting the remainder of the plant.
Other plant defenses include the production of
phytoalexins (antibiotics) and/or lytic enzymes capable
of averting pathogen ingress and/or cell wall

25 modifications which strengthen the plant cell wall
against physical and/or enzymatic attack.
: The HR of plants, including tobacco, can include
phytoalexin production as part of the response to
invad:l.ng' microorganisms. One class of compounds made by

30 tobacco (Nicotiana tabacum) in response to microbial
invaders are the antimicrobial sesguiterpenes.

Cell suspension cultures have provided useful

information regarding the regulation of terpene
synthesis. Isoprenoids are ubiquitous in nature, and the
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plants has been SRoVAYydfdifoliAdiCCinBYe CELboNilry metabolite isoprencids
are important mediators of interactions between the plant

10 and its enviromment.

A variety of compositions can serve as elicitors
of plant phytoalexin synthesis. These include, but are
not limited to, one or more toxic ions, e.g., mercuric
ions, other chemically defined compositions; metabolic

15 inhibitors, cell wall glycans, certain glycoproteins,
certain enzymes, fungal spores, chitosans, certain fatty
acids, and certain oligosaccharides derived from plant
cell walls [See, e.g., Segueira, L. (1983) Annu. Rev.
Microbiol. 37: 51-79 and references cited thereinj.

20 Epi-5-aristolochene synthase (EAS) activity in tobacco
plants has been shown to be induced by cell wall
fragments of certain Phytophthora species and by
Trichoderma viride cellulase but not Aspergillus
japonicum pectolyase [Chappell et al. (1991) Plant

25 Physiol. 97:693-698]. Attack by other plant pathogens or
an avirulent related strain can also induce phytoalexin
synthesis; for example, Pseudomonas lachrymans induces
sesquiterpenoid synthesis in tobacco [Guedes et al.

(1982) Phytochemistry 21:2987-2988].

30 Elicitins are proteins which are produced by plant
pathogens and potential plant pathogens, which proteins
induce the HR in tobacco plants. Amino acid and
nuclectide coding segquences for an elicitin of
Phytophthora parasitica have been published [Kamoun et

35 al. (1993) Mol. Plant-Microbe Interactions 6:573-581].
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certain avirulent strains as well) also induce the HR
response, where these include, but are not limited to,
10 Phytophthora parasitica and Peronospora tabaci.
When tobacco cell suspension cultures are treated
with an elicitor, sgualene synthetase is suppressed, thus
stopping the flow of common biosynthetic precursors into
sterols. The concomitant induction of sesquiterpene
15 cyclase gene expression causes the flow of precursors
into sesquiterpenes. The first step in the pathway from
farnesyl diphosphate to the sesguiterpene phytoalexin
capsidiol in elicitor-induced tobacco tissue is catalyzed
by S—-epi-aristolochene synthase (EAS), a sesquiterpene
20 cyclase. The coding segquence and deduced amino acid
sequence for one member of the EAS gene family of tobacco
have been published [Facchini and Chappell (1992) Proc.
Natl. Acad. Sci. USA 89:11088-11092). The
transcriptional expression of one or more menmbers of the
25 EAS gene family is induced in response to elicitors.
There is a long felt need in the art for methods
of protecting plants, particularly crop plants, from
infection by plant pathogens, including but not limited
to, phytopathogenic viruses, fungi and/or bacteria.
30 Especially important from the standpoint of economics and
envirommental concerns are biological or "natural”
methods rather than those which depend on the application
of chemicals to crop plants. There is alsoc a long felt
need in the art for plant transcriptional regulatory
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least 80% identical to a naturally-occurring inducible
plant disease-resistance regulatory element; that is, up

10 to 20% of the base pairs of the reference DNA sequence
can be replaced with an alternative basepair (e.g., G-C
replaced with A-T, T-A, or C-G), provided that the

. transcription-promoting activity of the altered seguence
is the same or greater than the reference sequence. In

15 preferred embodiments, the recombinant nucleic acid
molecule according to the invention is obtained from a
gene encoding a terpene cyclase (e.g., a sesquiterpene
cyclase). For example, the recombinant regulatory
elenment of the invention is obtained from an epi-5-

20 aristolochene synthase (EAS) gene that includes the
nucleotide sequence shown in Fig. 3A (SEQ ID NO: 14) or
an inducible plant disease-resistance fragment thereof.
In preferred embodiments, the recombinant nucleic acid
molecule according to the invention has the nucleotide

25 sequence shown in Fig. 3A (SEQ ID NO: 14).

In other preferred embodiments, the nucleic acid
molecules of the invention includes any of the following
seguences: micleotides 463-473 of SEQ ID NO: 2;
nucleotides 406-486 of SEQ ID NO: 2; nucleotides 463-572

30 of SEQ ID NO: 2; nucleotides 371-463 of SEQ ID NO: 2; and
nucleotides 411-457 of SEQ ID NO: 2.

In preferred embodiments, the recombinant nucleic
acid molecule of the invention is obtained from a dicot
(e;g., a member of the Solanaceae such as Nicotiana).
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2. In preferrgd enbodl "R Breblfrid CAIUIAANLRY Cifhfiction of the mucleic

acid molecule of the invention is mediated by a plant
pathogen such as a fungus (e.g., Phytophthora), a
bacterium (e.g., Pseudomonas), or a virus (e.g., tobacco
mosaic virus) as described herein. 1In other preferred

15 embodiments, such induction is mediated by an elicitor
(e.g., by fungal or bacterial elicitors).

In another aspect, the nucleic acid molecule of
invention is operably linked to and functions to regulate
inducible transcription of nucleotide sequences encoding

20 a heterologous polypeptide. Preferably, the heterologous
polypeptide is capable of conferring disease-resistance
to a plant. For example, the heterologous polypeptide
may be an elicitin (e.g., a fungal elicitin such as the
ParAl polypeptide from Phytophthora, a bacterial elicitin

25 such as harpin, or a pharmaceutical polypeptide such as
tissue plasminogen activator). Expression of such a
heterclogous polypeptide is mediated by one or more
external agents (e.g., ethylene or methyl jasmonate). 1In
other embodiments, the nucleic acid molecule of invention

30 is capable of expressing the heterologous polypeptide in
a cell-specific manner.

In another aspect, the invention features a vector
including the nucleic acid molecule of the invention, a
method of directing expression of a polypeptide by



acid.nol ecule of the invention is obtained froma dicot (e g., a nmenber of
‘t he Sol anaceae such as Nacoti ana). WO 96/ 36697

PCT/ US96/ 06452 -5- In other preferred enbodi ments, the nucleic acid of the
i nveriion is obtai ned froma nonocot; a gymosperm or a conifer. In yet

other preferregg l.1ents, the nucleic 5 acid nol ecul e of tge L nvent i on
sg@@%fﬁ?n C

I's genom ¢ DNA, chemcally-synthesized DNA;, or is a conbinati

DNA and chem cal | y-synt hesi zed DNA; genom ¢ DNA and CDNA; -

chem cal | y-synt hesi zed DNA and cDNA; or ge_ngrrlc DNA, cDNA, and

chem cal | y-synt hesi zed DNA. 10 In preferred enbodi nents, i nduct I on

of the nucleic & &m Q:ua‘vhbeornmﬁblaruﬁ iAtLed By

pat hogen such as un . é@gpht hg i a act erium (e.g
Pseudormonas), g‘% %ﬁ( (j'g'd o6 ABER: t&&crl bed her ei n.
I In ot ther E)ref erred 15 emodnnmes&l a&mg;.'n.:L ,Lmng;ﬁmsntionefhaﬂmsbya atetthotr.lh
elicitor (e.qg. ﬁf,i.g;g_ffad alnBbl- Et%g e
nucl ei ¢ acid nol e¢ ver}](:’j’:‘F E| %ng t ﬁnieﬁ&:to ani}gu%g‘tgleons to
regul ate i ndud pFaemethed {}[5{9 e ?Pﬂe°§'e o\ P BFOURLBi g 20 a
-het er ol ogous pol grepdgeiric Plant sil}, inb&u&ﬁngrtﬁe:)gmﬂqicl ;péqlt oﬂe i s

EZ‘FZ‘?LFOSLUE"BLF Sbffa s ¥ e ThveiRibn, Infadidtla e S8 TMLAonS B |
as the e transgenic plant cel and (19) growing the transgenic
plant from the plant cell wherein the expression of the

10 nucleic acid molecule according to the invention confers
disease-resistance to the transgenic plant.

In preferred embodiments, the transgenic plant
according to the methods of the invention is a @icot
(e.g., is a member of the Solanaceae such as Nicotiana);

15 a monocot; a gymnosperm; or a conifer.

In another aspect, the invention features a method
of increasing the transcriptional expression of a
downstream DNA sequence in a transgenic plant cell, the
mathod including the steps of: (a) producing a transgenic

20 plant cell including the nucleic acid of invention
positioned for increasing transcription of a downstream
DNA segquence and integrated into the genome of the
transgenic plant cell; and
(b) growing the transgenic plant from the plant cell.

25 In addition to the above features, the present
invention provides qualitative transcriptional regulatory
sequences which reguiate downstream gene expression in
plant tissue in response to one or more elicitors, other

~ defined inducing compounds, or in response to the stress

30 of an invading phytopathogen (the inducible transcription
regulatory seguence) and quantitative transcription
regulatory seqguences which increase the transcription of
downstream seguences (the transcription-enhancing
sequence). As specifically exemplified herein, these

3s transcriptional regulatory sequences are found in nature
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the Sol anaceae sth® plany @ plent tissue is invaded by a potential
phytopathogen (e.g., a virus, fungus or bacterium) or in

10 response to elicitors such as Trichoderma viride
cellulase or plant or fungal cell wall fragments for
plants, plant tissue and/or plant suspension culture
cells. That potential plant pathogen can be a virus
including, but not limited to, tobacco mosaic virus or

15 tobacco vein mottle virus; a bacterium including, but not
limited to, Pssudomonas syringae, Xanthomonas campestris
or Agrobacterium tumefaciens; or a fungus including, but
not limited to, a species of Phytophthora (e.g., P.
parasitica) or Peronospora (e.g., P. tabaci). The EAS4

20 promoter including the inducible transcription regulatory
elenent(s) and the tramnscription-enhancing sequence(s)
are disclosed herein as SEQ ID NO:2. In SEQ ID NO:2, the
CAAT-homologous sequence of the EAS4{ promoter is located
at nucleotides 513 to 516, and the TATA-sequence motif is

25 located at nucleotides 540 to 543.

Examples of inducible transcriptional regulatory
elements within the N. tabacum EAS4 upstream seguence are
from nucleotide 458 to nucleotide 473 of SEQ ID NO:2;
from nucleotide 454 to 473; and from nucleotide 413 to

30 473 of SEQ ID NO:2.

Another aspect of the present invention is the
transcription-enhancing element derived from the EAS4
promoter and promoter-associated sequences. When
operatively linked upstream of a initiation sequences and

35 a heterologous DNA sequence to be expressed.
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induction of the expression of a downstream coding

10 seguence in response to elicitor exposure, potential
phytopathogen invasion in a plant, or certain other
exogenous inducing signals such as exposure to methyl
jasmonate and ethylene. An exemplary elicitor inducible
transci:'iption regulatory element is that from the 5/

15 flanking region of the EAS4 gene of Nicotiana tabacum; as
specifically exemplified herein, this sequence is '
presented in SEQ ID NO:2 from nucleotide 410 to
nucleotide 473. Equivalents of the exemplified
nucleotide sequence are those nuclectide sequences which

20 similarly direct the induction of the expression of
downstream nucleotide sequences. Preferably, the
inducible transcription regulatory element is associated
with the EAS4 promoter and promoter-associated sequences
(e.g., the combination having the nucleotide sequence as

25 given in SEQ ID NO:2 from nucleotide 410 to nucleotide
$73 of SEQ ID NO:2, preferably from nucleotide 361 to 573
of SEQ ID NO:2, and more preferably from nucleotide 1 to
573 of SEQ ID NO:2). )

By "disease-resistance regulatory element® is

30 meant a DNA sequence capable of regulating the expression
of a gene product associated with a plant defense
response (e.g., a hypersensitive response) that, in a
native plant, is used to a combat pathogenic organism.
Also included in this term are regulatory elements (and,

35 as defined below, fragments of such regulatory elements)
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TATA- séquenceSnFegnlpEosy elements are es of

i nduci bl e transgumpnlhnalaregnbhtsoyltﬂttmﬁms mnthln t he N tabacun1EAS4

upstream sequence are f SﬁeSRt“Eﬁ% %é NO 2;

from nucl eotide 454 to 3 an E%ﬁ?n%c eoti d 13t f§§

NG 2. Anot her aéﬁbGPPGP ehe £ pedint edsgepe expression (3-9"
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eiicitor. Also included in the invention are disease~

resistance regulatory elements that direct inducible gene
expression in a cell- or tissue-specific manner.
By "obtained from a gene" is meant that the

15 mucleotide segquence of a regulatory element is based on
sequence information included in a naturally-occurring
plant gene (e.g., tobacco EAS4). Once identified, the
regulatory element according to the invention is obtained
from a natural source or can be prepared according to any

20 standard method (e.g., by recombinant methods or chemical
synthesis). Such a recombinant nucleic acid molecule is,
in general, at least 80% identical to a naturally-
occurring inducible plant disease-resistance regulatory
element; that is, up to 20% of the base pairs of the

25 reference DNA seguence can be replaced with an
alternative basepair (e.g., G6-C replaced with A~-T, T-A,
or C-G), provided that the transcription-promoting
activity of the altered sequence is the same or greater
than the reference sequence.

30 By "an inducible plant disease-resistance
fragment" is meant any stretch of nucleotides regardless
of length, which is sufficient to direct increased gene
expression (e.g., mRNA or polypeptide production) in
response to an interaction between a plant cell and

3s either a pathogen or elicitor. The term "fragment”
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sequences whi ch nedi ate the induction of tQﬁ expression of a downstream
-coding 10 sequence in response to elicitor ‘exposure, potenti al

phyt opat hogen | rpiRfferably teansnabolt 6<16 &tdcwdiﬂawa&emaugmndum ng

signal s such as QS e I nat e exempl ary
elicitor induci ﬁ"gpﬁ F%f %‘ 858% Pé‘ﬁt gﬁsgfﬁﬁﬁ 5" 15
fl anki ng region s thee inventionccan rRnge i =iz £3om 1&51§9e0| f i caI I y
exenplified her léd’di%e‘beqlimobsnﬁém% ih SeRgth, Ner2et

QESLEﬁE'edSril?snE%é‘ 0 Lk 6 B0 Ehes i o A, s gy o

I nducti on of t heamx praparad dy mneenuthnds owt.iglg byqapprepriitef erably,
the inducible trAgRGHYdHid diwl:%arxreﬁf 1.:%@%%%&&% Yk thd he EAS4

P e P e C Filant 4 TG4 L5 "of G tnddbird BiAAt &lsCaid,
resistance DNA fragment in a gene is carried out using

10 standard methods in the art (e.g., those methods
described herein). In one particular example,
identification of an inducible plant disease-resistance
fragment may be carried out using standarda promoter
deletion analysis. A construct including a disease-

15 resistance promoter that confers pathogen-inducible
transcription to a reporter gene to which it is operably
linked may be progressively deleted by 5’, 3/, and/or
nested deletions until the effect of a pathogen on the
reporter gene is diminished or eliminated. To confirm

20 the identification of the pathogen-inducible elenment,
point mutations may then be introduced into the element.
An akternate approach to guage changes in transcription
is to link the presumed regulatory element from the gene
to the reporter gene. To test for complete promoters,

25 the DNA fragment is placed directly in front of the
reporter gene lacking endogenous promoter activity.
Using such techniques, any fragment of an inducible plant
disease resistance regulatory element may be identified.

By "tissue-specific" is meant capable of

30 preferentially increasing expression of a gene product
(e.g., an mRNA molecule or polypeptide) in one tissue
(e.g., xylem tissue) as compared to anpother tissue (e.g.,
phloem). '

By "cell-speciftic®" is meant capable of
as preferentially increasing expression of a gene product




25 given in SEQ ID No:2 fromnucl eotide 410 to nucleotide 573 of SEQID

NG 2,” preferably from nucl eotide 361 to 573 of SEQ ID NG 2, and nore
preferably fromnucleotide 1 to 573 of SEQ ID NG 2). By "di sease-resistance
regulatory element” is 30 neant a DNA sequence capable of regulating the
‘expression of @aYgREseP’ 0duct associated with a plant defense rW
(e.g., a hypersensitive response) that, in a native plant, is USe

.conmbat pat hogenic organism Also included in this-termare regulatory

el enents (and, 35 as defined bel ow, fragrregtﬁ of such regul atory el enents)
WD 96/ 36697 PCT/ US96/ 06452 -9- t hat

are sufficient tQqe, gndeanIARRACKBIEES1EL or PG HiE)diincane- aageci at ed
external signals or agentsﬁFLe.girh atgf en- or elicitqr-induced mgﬂal s or
agents as descri §8¢%er & RpTep g@geﬁ’ L) fs sEpaned o, /00 ef8tatory
eI e(rjnen_t'zI are I oce(betcj.it,ﬂanhepiaemgloueuéh.a gene, but 'arf no]E so limted. By
i nduci bl e" is nean a..éﬁggg I gﬁggg ng
i ncreased gene expressi ?ry(e. g. , Wgr ng?/%eb?‘l‘ e pro u{:)t.; on§ ?Ltnd
response to an51meantcafcengymsccaRRRle of SAtalyzing, Fhe CHELizabieRREN or
e: icitor. ﬁl sod! ttandsd mpts:acatnésy1iaipmgpm&§eameﬂ:lreleﬁeyamﬁe regul atory
el ements that dir ege nacell- or

FridiGed Boi2BeaFYREERR flhd

ti ssue-specific ai ne roma gene' is neant that the
By "pathogen" is meant an organism whose infection

into the cells of viable plant tissue elicits a disease
10 raesponse in the plant tissue.

By "elicitor" is meant any molecule that is
capable of initiating a plant defense response. Examples
of elictors include, without limitation, one or more
toxic ions, e.g., mercuric ions, other chemically defined

15 compositions, metabolic inhibitors, cell wall glycans,
certain glycoproteins, certain enzymes, fungal spores,
chitosans, certain fatty acids, and certain
oligosaccharides derived from plant cell walls, and
elicitins (e.g., harpin, cryptogein, and pariscein).

20 By "elicitin" is meant a protein elicitor.

By “operably linked" is meant that a regulatory
segquence(s) and a gene are connected in such a way as to
permit gene expression when the appropriate molecules
(e.g., transcriptional activator proteins) are bound to

25 the regulatory sequence(s).

By "heterologous polypeptide" is meant any
polypeptide that is expressed in a transformed plant cell
from a gene that is partly or entirely foreign (i.e.,
does not naturally occur in) to the transformed plant

30 cell.

By "polypeptide" is meant any chain of amino
acids, regardless of length or post-translational
modification (e.g., glycosylation or phosphorylation).

By "transformed plant cell" is meant a cell into

35 which (or into an ancestor of which) a recombinant



15 nucl eoti de sequence of a regulatory elenent is based on sequence
information included in a naturally-occurring plant gene (e.g., tobacco
EAS4). Once identified, the regulatory el enent according to the invention
is obtained froma natural source or can be prepared according to any 20

standard net hoGygGsskee; PY reconbi nant net hods or chemical synt |s! Such
a reconbi nant nucleic acid nolecule is, in general, at |east

to a naturally- occurring inducible plant disease-resistance regul atory
element; that is, up to 20% of the base paiys _of the 25 reference DNA
sequence can be replaced with an alternative basepair (e.g., G C replaced

V\AftPhA- TI tT Ad Ohua&tiuouqteshé&a@ k;he t—.nannﬁlx t?}ﬁbﬁxgmllml‘lgtaﬁlv' ty
0 e altered s an e reference ence.
30 by an ¥R RG0S | EehPEnd Henkl oF' §RMBAson(cncrenny RETISURE FRARAL oy
stretch of nucl evature elimitinsgens) Ihasgbhﬁnv\bntrnd@cedlfhy aieams DG direct
I ncreased gene e*a&gﬁﬁiﬁgnéenm tdERA ,p gyﬁfpttggsgr%

response to an_interacti en a pla nt ce 35 either a pathogen or
elicitor. The $eP ﬁF"‘Fi‘éﬁ&r&'ﬁ" n) \\D 96/ 36697
PCT/ US96/ 06452 - 10 - pByf epa.hhy: aens i ndant Bhyn selléepropagatine ogilll

(Izg\rll\eyg:lgef {ﬁggfgga?ﬁaﬁm@%wo nucI eqt | ges &%‘5%6’8& dalkjré:k?eot |t§ silhﬁvﬁgﬁllg?ﬂ,
or even Such a cell also requires a cell wall if
further propagation is desired. Plant cell, as used
10 herein includes, without limitation, algae,
cyanobacteria, seeds, suspension cultures, embryos,
meristematic regions, callus tissue, leaves, roots,
shoots, gametophytes, sporophytes, pollen, and
nicrospores.
1s By "transgenic" is meant any cell which includes a
DNA seguence which is inserted by artifice into a cell
and becomes part of the genome of the organism which
develops from that cell. As used herein, the transgenic
~ organisms are generally transgenic plants, and the DNA is
20 inserted by artifice into the genome of the organism.

By "substantially pure DNA" is meant DNA that is
free of the genes or ancillary nucleotides which, in the
naturally-occurring genome of the organism from which the
DNA of the invention is derived, flank the gene or

2s regulatory element. The term therefore includes, for
example, a recombinant DNA which is incorporated into a
vector; into an autonomously replicating plasmid or
virus; or into the genomic DNA of a prokaryote or
eukaryote; or which exists as a separate molecule (e.q.,

30 a cDNA or a genomic or cDNA fragment produced by PCR or
restriction endonuclease digestion) independent of other

. sequences. It also includes a recombinant DNA which is

part of a hybrid gene encoding an additional polypeptide
saixuence or a regulatory element. ’



5 greater than 300 nucleotides in | ength. Such fragments are prepared by
~routine nethods (e.g., by appropriate restriction digestion or by chem cal
synt hesis of the fragrrent). I dentification of an inducible plant disease-
resistance DNA fragnent in a gene i's carried out using 10 standard nethods

in thHe art (e. woodkgse nMethods described herein). In one part#g%F r
exanpl e, identification of an inducible plant disease-resistanc @%t
may be carried out using standard pronoter deletion analysis. A construct

i ncludi ng a di sease- 15 resistance pronot er, hat confers pathogen-inducible
transcription to a reporter gene to which |% is operably Iinked may be

progressively deleted bytlker featwrl %d"%ﬁ"vﬂﬁtd@éﬁt bfnﬁhé'rtiﬂﬁeﬁmlﬁf fect

20 The i dont 11 OEATo P FRERESp ABGR R EEHMETS ARREELERIOR: FuEDF: ons |

may t hen be int mmemmmmmmarammmmme guage
changes in transcription i's to link the presumed regulatory el ement from
the gene to the reporter gene. To test for conpl ete pronoters, 25 the DNA

fragnent is placed directly in front of the reporter gene Iackr ng -
endogenous pronoter activityBrles i

T ssue-speci B ot Lo peradot étfﬁrf*‘?“?o S ers*e’ﬁ?-?ﬁtr . ncreaﬁtﬁi“" o B

expression of a ﬁ@%"’rﬂ%&fc 0[3% oA, B84 de) in one

ti ssue (e.g., xypromdteasegimn csrnnpeneést mnamﬁazidoxssmea( caMVv, 356+GUS) .

By "cell-specifigondiSmiYcatiiiFiowe?’ Mosaic Virus 358 promoter -
B-glucuronidase reporter gene). These experiments were

10 carried out in tobacco protoplasts into which the DNA
constructs had been electroporated. "Uninduced®™ levels
of expression for the EAS-GUS constructs were relatively
high because fungal enzymes which digest plant cell walls
were used in the preparation of the protoplasts. The

15 y-axis shows units of GUS activity and the 5’ extents of
the EAS upstream sequences are given below each bar on
the graph. As above, the numbering is relative to the
natural transcription start site of EAS4 (or the
corresponding base of EAS3); in EAS4 (SEQ ID NO:2) a

20 start site is at nucleotide 573; in EAS3 (SEQ ID NO:1) a
potential transcription start site is at nucleotide 489.

Figures 2A-B present information concerning the

reporter gene expression directed by the instant
inducible transcription regulatory element of the

25 invention. Fig. 2A presents a schematic of experime:_:ts
carried out with the EAS4A promoter region controlling the
expression of the GUS reporter gene in stably transformed
transgenic plants.
Fig. 2B pi.'esents the results of "gain of function" assays

30 for the EAS4 promoter-associated seguences regulating
expression of the GUS reporter gene via the CaMV 358
minimal promoter. In both Figs. 2A and 2B, numbering for
the EAS4 upstream region reflects numbering relative to




35 preferentially increasing expression of a gene product WO 96/ 36697
PCT/ US96/ 06452 - 11 - (e.g., an nRNA nol ecul e or pol ypeptide) in one cell

:(e.g., a parenchynma cell) as conpared to another cell (e.g., an epidernal
‘cell). By "epi-5-aristochol ene synthase"” or "EAS' is 5 neant an enzyne

capabl e of cat aunoekBéef he cyclization of trans, trans-farnesyl ydi mmg?te
to the bicyclic Pntermedi ate epi-5-aristochol ene. By "pat hogen g nean

.organi sm whose infection into the cells of viable plant tissue elicits a
~disease 10 response in the plant tissue. Byjgelicitor” is neant any

nol ecul e that is capable of initiating a pl ant def ense response. Exanpl es
of elictors incltie, mumuansdraptdon sharbrsm cof chhecmBHSQeneg

mercuric ions, I3 #8hkong o) b

i nhi bitors, ceI I Rﬁé ﬁ#gns"% cgat gl nﬂe%écgp?% erns, ceé talbﬁ gjﬁégtrres
fungal spores, cﬂitemesmndg i¥of EPF}GQ iﬁe 5234 can FokhoPigssadlhari des
derived from pl aghacss| ¥ lcus «'iﬁ@r&bhibhl ks ﬁeaﬂare&&rplﬂuoié!ébﬁeél n, and

Poperably. | i nifscumits e il dren gﬁpﬁeﬁsé,nieSLEtnﬁ'e?sf' and 5 gens are
connected in such a myﬁwrespumtamrsnwté&s Aughrations ghowing at e
mol ecul es (€. 0., tha PN sel&itl o2C théa 50T wBEEEEAN SYedich d2UEHe! Bass

gene and the structure of the GUS reporter gene carrying

the EAS4 promoter(-1148 to +67). Fig. 3A shows the

" 10 nucleotide sequence of the 5’ upstream region of the EAS4

promoter

(-1148 to +67). The CAAT and TATA boxes are marked in

bold face. The transcription initiation site is marked

as +1. Fig. 3B is a schematic illustration showing the

15 structure of the EAS4 promoter(-1148 to +67) :GUS reporter
gene. The 5’ flanking seguence of the EAS4 promoter (-
1148 to +67) was fused in correct reading frame with the
GUS reporter gene in binary vector pBIi10i1.1.

Figures 4A-B present data concerning elicitor-

20 induced GUS gene expression in leaves, stems, and roots
of transgenic tobacco plants containing the EAS4(-1148 to
+67) :GUS reporter gene. Fig. 4A is a graph illustrating
elicitor-induced GUS activity in tobacco leaves over an
18 hour time course. 06i, 08r, and 09p each represent an

25 independently transformed line of transgenic tobacco
containing the EAS4 promoter(-~1148 to +67):GUS reporter
gene construct. Water (as control) and 25 nM of
cryptogein were infiltrated symmetrically and
simultaneously into the leaf (abaxially), and the

30 infiltrated zones of leaf tissue were then collected for
analysis of GUS activity over the 18 hour time course.
The presented data are the averaged results of two
separate experiments. Fig. 4B is a bar graph showing
elicitor-induced GUS activity in the stems and roots of

35 transgenic tobacco containing the EAS4 promoter(-1148 to



25 the regul atory sequence(s). By "heterol ogous pol ypeptide" is nmeant any
pol ygeptide that is expressed in a transforned plant cell froma gene that
is partly or entirely foreign (| e., does not naturally occur in) to the
transfornmed plant 30 cell. By "polypeptide" is nmeant any chain of am no
aci ds, regardl ¢ ofHieedNgt h or post -t r':fmsl ational nodificati on S96/06452
gl ycosyl ation or phosphorylation). By "transfornmed plant cell” I's neant a
cell into 35 which (or into an ancestor of which) a reconbi nant WO

96/ 36697 PCT/ US96/ 06452 - 12 -
nucl eoti de sequence (e.g., the EA¥ prormter(1 1147 to +67) : GUS reporter

gene or gEAM[err}svjmsefewd& £ QY3fCahidnogp nﬁ%i%lb@% nt r oduced

by neans of reco tho e.lec descri bed
herein). By "pl aﬁﬁwﬁ%%%ﬁ% Saﬁ tFﬁ peid 7‘?%'%0 y a
seni - per neabl e nefbPafependbexeslainepreaentisa SUsdactivity, present sin requires
a cell wall if fuaaaﬂaneéapew&é Ghd St Witholto@iicftdr Bfedtaftht 0

Suspensi on cul thr E518ckBpoReh Hrxed); s 3eCRRRIA bSked), SeattShent SRR
roots, shoots, gamtmphyyein sggmentied avotsoandnstems 18 hawrmrafter an
' ' incubation in water or 100 nM of elicitor cryptogein,
respectively. Five independent plants were evaluated per
transgenic line.

10 Figure 5 is a bar graph illustrating pathogen-~
induced GUS activity by race 0 and race 1 of Phytophthora
parasitica var. Nicotianae in transgenic tobacco.
Detached leaves from one line of transgenic tobacco (09p)
containing the EAS4 promoter(-1148 to +67) :GUS reporter

15 gene were inoculated with mycelial plugs of 2-day-old P.
p. var. Nicotianae cultures and then incubated in a
growth chamber at 27°C with constant fluorescent light
for 24 hours. Control leaves were inoculated with
sterile oatmeal agar plugs. Infected zones of tissue

20 were then examined for GUS activity. values indicated by
each bar are the means and standard errors for three
separate experiments (n = 5).

Figure 6 is a bar graph illustrating the
comparison of pathogen—- and elicitor-induced GUS activity

25 in transgenic plants treated with Pseudomonas syringae
pv. Syringae 61 and its hrpH mutant, and the purified
bacterial elicitor protein harpin. Leaves of one line of
transgenic tobacco (09-P) containing the EAS4 promoter(~
1148 to +67):GUS reporter gene were infiltrated with

30 either 50 ug/mL of purified Erwinia amylovora harpin
elicitor, cell suspensions of wild type P. syringae pv.
Syringae 61 or its hrpH mutant (Rggg = 0.05). After a 12
hour incubation, infiltrated zones of tissue were
subsequently analyzed for GUS activity. Control values

35 represent GUS activity observed in leaf tissue samples



15 By "transgenic" is neant any cell which includes a DNA sequence
whi ¢h is inserted by artifice into a cell and becones part of the genone of
the organi sm whi ch develops fromthat cell. As used herein, the transgenic
organi sns are gener’al |y transgenic plants, and the DNA is 20 inserted by

artifice intoy me of the organism By "substantially pyﬁﬂn%&s
meant DNA that |s ree of the genes or ancillary nucl eotides I C In the
nat ural |l y-occurring genone of the organi smfromwhich the DNA of the

invention is derived, flank the gene or 25,gegul atory elenent. The term
t heref ore incl udes, f or exanpl e, a reconbi nant DNA whi ch is incorporated

into a vector,; bﬁlehaﬁefdtﬁiﬂmt)ed withcoateg. pl valdas dndiicated dy i nto

t he genoni-c DNA of rokary, ar ?aénp eSeparate
nol ecul e (e.g. ‘35“2"85!\5?: e @g{?&% #O%gﬁxi??m%ﬁf'f%ﬂro uce?j%y PCR or
restriction endplantsase di gestlon) iI-ndependent of other sequences. It also
| ncl udes a1 ecombi nant ghwddl 9R-BaRN e GestduPhIstOaRAI7BLECEN0 an

addi tional poly ti segye or re u tory e 96/ 36697
PCT/ US96/ 06459 g"@?‘-”q—‘iﬂ‘hgg FepiTard y&b’ ﬁ'etﬁF@s.’\r/t\gé‘ntlon will
be apparent frokobaecboplant cistues. pHrotedns: werprextrached: from nent s
thereof, and fr qugy ?ﬁlﬁl @hiBel Ritr-taunted ‘tebatbo! I6avds\Vigtehs} and

Fi gur e 1 resents ta for transient
J P ts.. Equal quant;q: ex%rfespm %eins (25 pug per lane for

leaf and stem, 15 ug per lane for root) were separated by

10 SDS-PAGE and transferred to nitrocellulose membranes.

" The blots were then reacted with EAS antiserum and
immunoreactive bands visualized using goat anti-mouse
antibodies coupled to alkaline phosphatase. Fig. 7A
shows the Western blot analysis of leaf and stem tissue

15 samples. Fig. 7B shows the Western blot analysis of root
tissue samples.

Figures 8A-L are color photographs illustrating
the histochemical localization of elicitor-induced GUS
activity in transgenic tobacco containing the EAS4

20 promoter(-1147 to +67) :GUS reporter gene. Leaf tissues
from one representative line of transgenic tobacco were
infiltrated with either 25 or 50 nM of the cryptogein
elicitor. After an approximately 8 hour incubation,
tissue sections were stained using 1 mM x—glué(5-bromo-4-

2s chloro-3-indoyl S-glucuronide) for analysis of GUS
activity. Stem and root segments were incubated with
water or 100 nM of the elicitor cryptogein for
approximately 12 hours before staining.

Fig. 8A is a color photograph showing elicitor-induced

30 GUS activity in a transgenic tobacco leaf containing the
EAS4 promoter(-1147 to +67) :GUS reporter gene after
treatment with two elicitor preparations: cryptogein and
parasicein, both at concentrations of 25 nM and 50 nM

(designated in Fig. 8A as Cyg, Csg, Pas, and Pgo,
3s respectively). Fig. 8B is a color photograph of a leaf




experiments for GUS regul ated by the EAS3 and EAS4 pronoter region
sequences in conparison to a CaMv 35S-GUS construct (Caulifl ower Msaic
:Virus 35S pronoter - [err]-glucuronidase reporter gene). These experinments
‘were.10 carried out in tobacco protoplasts into which the DNA constructs
had been el ect d. "Uninduced"” |evels of expression for the EAS-CGUS
constructs vverw Ively high because fungal enzynes which |u§§“’m‘¥1t
cell walls were used in the preparation of the protoplasts. The 15 y-axis
shows units of GUS activity and the 5 extents of the EAS upstream
sequences are given bel ow each bar on the 'Qr’ﬁpﬁ As above, the nunbering is
relative to the al C { (

correspondi ng base (%F EX Ba/ E‘hﬁg‘f %nglto cae%%&sst gf:ti@fty ?gt%r
nucl eoti de 573; fFweakments éthacm %ﬁ'bo(%iﬁimrl P&l on Ef%ftsgl te
is at nucl eotide i&8% colom’ ﬂo&ég&meaminqlfarmw«:n-maueedmus t he

Feoul at ory el ereAEEH }vﬁ%ﬁeqbsg 53@ pfradcEion SN dedil edntakl REREAT 1"

Ic of

experiments cabr wi&ho &%ﬂ@- red@Xn c& SPOSPTﬁga'{ﬂe
“expr essi on of thedddy nghbﬁlﬁé‘a&ﬁ&égﬁﬁﬁl mqhbfansgem C

FLZ”EZJL?M%&%% Tons ek 808, Spd To%, Spenettiyfiyfdn.

reporter gene vi SUSrstaimed:stem; nrnas-wmrershm tax Figi.g8C- 2A and ZB

nunbering for thesfe\SBdIES o E1o2IPRGLEGFARE [ShdWiHiF d Rootetipi teedted

10 with water and stained for GUS activity (magnification,

60X). Fig. 8H is a color photograph showing elicitor-
induced GUS activity of a longitudinal section of a root
tip treated with cryptogein (magnification, 60X). Fig.
8I is a color photograph of a longitudinal section of a

15 root after treatment with water and staining for GUS
activity (magnification, 75X). Fig. 8J is a color
photograph showing GUS activity of a longitudinal section
of a root treated with cryptogein (magnification, 75X).
Fig. ‘8K is a color photograph of a root cross-section

20 treated with water and staining for GUS activity
(magnification, 95X). Fig. 8L is a color photograph
showing GUS activity of a cross section of a root treated
with cryptogein (magnification, 95X). C, denotes
cryptogein; P, denotes parasicein; c, denotes cortex; ca,

25 denotes cambium; e, denotes epidermis; p, denotes
palisade parenchyma; pe, denotes periderm; ph, denotes
phloem; pi, denotes pith parenchyma; s, denotes spongy
parenchyma; t, denotes trichome; x, denotes xylem; vcC,
denotes vasciillar cylinder. '

- 30 FPigure 9 is a schematic of the genetic
manipulations leading to generation of disease-resistant
plants. The coding sequence for the ParAl elicitin is
isolated by PCR so as to have BamKI and SstI ends.
gEAS4¢oo~GUS~pBI101, which directs the expression of the

35 GUS reporter gene under the regulatory control of the EAS



WO 96/ 36697 PCT/ US96/ 06452 - 14 - the
natural transcription start.site of the EAS4 gene (see also SEQ ID NO 2
wherein the transcription start site corresponds to nucleotide 573). In
both.Figs. 2A and 2B, the GUS expression is neasured in fluorescence 5

units per milli #¢BeRd7 Protein. Figures 3A-B are schematic ill
show ng the DNXagequer?ce of the 5 upstreamregion of the EA @F@Wt he
structure of the GUS reporter gene carrying the EA84 pronoter(- 1148 to

+67). Fig. 3A shows the 10 nucl eotide sequenge_ of the 5' -upstream region of
the EAS4 pronoter (-1148 to +67). The CAAT and TATA boxes are marked in

bolhd f;ice |T|he Er ﬁeath | 4 amtgﬁsaaaom{aktm maksstzswlreféﬂ?e 3&;¢1 i4g
schematic i ustr on s e SLTI noterd -
to +67) :GUS repcﬁqi SrTRENS- | ?ﬁh#be %&ﬁ%é&%r&%ﬁs%t er
(- 1148 to +67) \mnplfhm:disnldqatedttaehhbnlyﬁgearfeaqmehttpnoﬂﬁhdeqiteaer

gene in binary v?‘{eggséégnl% EAEJI. | Oﬁaﬁeieég ‘Qﬂ& concer ni ng

elicitor- 20 ind ene - ex eaves,” stens, and root
transgenic t ob&cFAR 103 -t f¥omawhich 1t (Barddy e I’-Ep ter

gene. Fig. 4A in ;ﬂla;ﬂa}dhmbl m—t phantgti%swe tjasr -symtheedzéw&m:rw ty in
t obacco | eaves ov. ?‘ lﬂzflLt 08r, and 09p each
represent an 25 independently trans orrre FRe o "t rans qenl c tobacco

containing the EAS4 pronbighare Y0 ds @ ker) goaph ihnstyatiag. thedisgase
Water (as controlgatitiys’ of) ndependent lines of transgenic tobacco

10 (Nicotiana tabacum cv. KY160) containing either the parAl
mature elicitin gene under the control of the
9EAS4gpo(cyclane) Promoter gene after inoculation of
detached leaves with either race O or race 1 of
Phytophthora parasitica var. nicotianae. The y-axis

15 shows the lesion score (number of lesions per leaf) after
72 hours. The x-axis shows control plants and
independent lines of- transgenic tobacco which were tested
for disease resistance. XY160 denotes non-transformed ¥.
tabacum cv. KY160; G denotes independent lines of

20 transgenic N. tabacum cv. KY160 which were transformed
with a construct containing the gEAS4gop(cycrasey Promoter
fused to GUS; M denotes independent lines of transgenic
N. tabacum cv. KY¥160 which were transformed with a
construct containing the gEAS4ggp(cyciase) PromOter fused

25 to the mature parAl elictin coding sequence; S denotes
independent lines of transgenic N. tabacum cv. KY160
which were transformed with a construct containing the
9EAS4gn0(cyclasey Promoter fused to a sequence encoding a
mature parAl elictin including a signal sequence. Shaded

30 box, denotes inoculation of detached leaf with race 0 of
P. p. var. nicotianae. 8olid box denotes inoculation of
detached leaf with race 1 of P. p. var. nicotianae.

Detailed Description of the Invention



cryptogein were infiltrated symetrically and sinmultaneously into the | eaf
(abaxially), and the 30 infiltrated zones of |eaf tissue were then
collected for analysis of GUS activity over the 18 hour time course. The
presented data are the averaged results of two separate experinents. Fig.
4B i s a bar gr%r}aga@,yvl ng elicitor-induced GUS activity in th
roots of 35 transgenic tobacco containing the EAS4 pronoter (- to WO

96/ 36697 PCT/ US96/ 06452 - 15 -
+67): GQUS reporter gene. 03f and 09p represept two independently transforned
| i nes of transgenic tobacco. C-0 (open boxeg represents QUS activity

present in segnented ro t_g anriggayﬁémg QEAg) 3 RNkey Sefizyiiie

(shaded boxes) and E-18 boxes) represent LV nt ed
roots and stens 8 ¥R%r miﬁﬁ EERPPRC &’%Wiﬁ%hh{n WI citor
crypt ogei n, _respeuanplaéy ifiselanaqutaj@ianpbanincindtmvmham@d Haited

transgenic |ine. and! )L, | CHpkictuh Enriiad ae@en-
i nduced GUS act|§|&ty ‘6.?/ race #& ﬁ}aceza Ph to thora ras%l ca var.

Ni coti anae in %r Hyogeyapu 3‘Det%é’&"’l‘é‘!§ g 8nT*'8
transgeni c t obacearh@spl mapum tte #)Sgepacreher A- t&48udeswﬁ GUS

LSP”L?LJ%%SQG%?F’E?%@?% B B 3t oheble: 00 ofhe?
with constant fl aersbeem#ﬁﬁrs. 3180 have sesquiterpene °Y
enzynes.

10 Treatments which induce host defensive responses
in plant tissue or plant cells such as phytoalexin
synthesis include cell wall fragments of Phytophthora
species and Trichoderma viride cellulase. However,
pectolyase from Aspergillus japonicum does not function

15 as an elicitor in tobacco cell culture. Elicitors which
induce sesquiterpenoid phytoalexin synthesis have been
shown to function at the level of controlling
transcription of key biosynthetic enzymes [Vogeli and
Chappell (1990) Plant Physiol. 94:1860-1866]. Similar

20 patterns have been observed in other plants, but no
transcriptional control sequences which mediate gene
induction in response to phytopathogen challenge have
been described.

_ Tobacco (N. tabacum) contains an EAS gene family

25 with some 12-15 members, the coding sequence of EAS4 has
been published [Facchini and Chappell (1992) supra].
However, since that time, the present inventors have
discovered that the EAS3 does not appear to be expressed
in response to the elicitor treatment, and surprisingly,

30 the nucleotide sequences upstream of EAS3 do not appear
to mediate the induction of a reporter gene in a chimeric
gene construct in elicitor-induced transgenic cell
culture. It is noted that the translation start site wvas
incorrectly identified in the 1992 Facchini and Chappell

35 publication. The nucleotide seguence of a genomic clone

er at 27[err]C



for 24 hours. Control |eaves were inoculated with sterile oatneal agar
plugs. Infected zones of tissue 20 were then exam ned for GUS activity.
Val ues indicated by each bar are the means and standard errors for three
separate experiments (n =5). Figure 6 is a bar graph illustrating the

~ conpari son of t and elicitor-induced GUS activity 25 i W I C
pl ants treat ed%#ﬁzeudom)nas syringae pv. Syringae 61 and |tsh{1 =
~mutant, and the purified bacterial elicitor protein harpin. Leaves of one

l'ine of t ranageni c. tobacco (09-P) containi g, the EAS4 pronoter(- 1148 to
+67): GQUS reporter gene were infiltrated with 30 either 50 [err] g/ nmL of

Ilgur IS{/II’ ?ﬁggrewpcl acsﬁfr%g\tar %Ihi{:p# §'£rpfradwihi[8 Hﬁﬂem%ﬁﬂpf(wiﬂ type
: or ¢ D5 I 12
hour " i ncubat i on, g'PaP‘é'ﬂs?Bh%‘i {]ﬂ % %&A Elt’éeﬁ‘b%n?ﬁ%}‘%ﬁél%&?af or
GUS activity. Comiciidl seqheneeSBexwrg!scan msm:ﬂDvNOyBObserved i n | eaf

ti ssue sanpl es WO 96/ i
PCT/ US96/ 06452 - 16 - which were i lant's defenses 2

In trat vvater s |nd|cted
by each bar ar® tinwaaienagedo#n#eeﬁi% B 13 B FoPRtheg: '&aﬁ’b
7A-B show a Vst dntlude thied hypesseiisitivel urdsponsef, ihiph .’em st oI ochene

contrors and bl | AR iRel by hESGLe 06 ' priStdnaid ' SELE Géd @ in
the localized area of at ck by the plant pathogen.
Elicitor treatments as described above can also induce

10 the necrotic response.

Elicitins are proteins produced by fungal plant
pathogens, which proteins elicit a hypersengitive
response in an infected plant. Generany, but not
necessarily, localized cell death is the result of the

15 elicitin-induced response in the infected (or challenged)

'plant tissue. These responses mediate full or partial
resistance to destructive infection by the invading,
potentially plant pathogenic microorganism. For the
purposes of the present invention, a protein of a plant

20 .pathogen or potential plant pathogen which induces the
hypersensitive response in plant tissue after invasion of
that plant tissue or after expression of that coding
sequence in the plant tissue is considered to fall within
a broad definition of an elicitin.

25 A relatively well-known elicitin of a
plant-pathogenic fungus is the ParAl protein of
Phytophthora parasitica. The parAl locus is a member of
a gene family [Ricci et al. (1989) Eur. J. Biochen.
183:555-563]. The coding and amino acid sequences for

30 the parAl gene product are described in Kamoun et al.
(1993) Mol. Plant-Microbe Interact. 4:423-432 and in SEQ
ID NOS:12 and 13 herein.

Other phytopathogen proteins wzth potential
elicitin activity have been characterized as to amino

35 acid sequences and other properties [See, e.g.,



roots. Equal quantities of proteins (25 [err]g per lane for leaf and stem
15 [err]g per lane for root) were separated by 10 SDS- PAGE and transferred

to nitrocellul ose menbranes. The blots were then reacted with EAS anti serum
and i nmunor eactive bands visualized using goat anti-nobuse antibodies

coupted to al Iﬁ%é@gﬁgﬁmsphat ase. Fig. 7A shows the Western bl Ws of
leaf and stem 15 sanples. Fig. 7B shows the Western bl ot "analysis of
root tissue sanples. Figures 8A-L are col or photographs illustrating the

hi stochem cal localization of elicitor-induced GUS activity in transgenic
t obacco contai ning the EAS4 20 prormter(-l.”L4’71 To +67): GUS reporter’ gene.

Le - \ . : : _
D11 raced w b AGHRIEREC SR Y. (Eop2) piantd ANL s GRS BE L,
approxi matel y 8 hh893)nAytochenistry 11471 ﬁ?aer%'eg‘mm Q@Pﬁlgeé M
;ﬁ:tg! \tﬂ 5- brS ?ggq :-(@ahm &#ﬁmdozbl[:_aozi-sq?pa(unﬁﬁrde)t fadr. {18983 Mobi GUS
elici to¥ crypt og%%ﬁ’%%%%x%%%tlin Eou-r:g:p]o)é\ﬁ]c oérhd‘)%ag{ #%iﬁQ%PSM ng }[ge.
a col or phot ogsapgenssm finep pathogenicnhacterin Maqrms;m% £9t ransgeni c
Al Ler LT eat et v e et 3 A 4t ons ol 1
both at concentr%?%%f?m%an ng a[l %gﬁﬁm' %qqgﬁiég elrpj,
Jerr], Plerr], adesdfibed argBwvignience gene. ofiRplws fulviidcol or phot ogr aph
of a | eaf Hammond-Kosack et al. (1994) Proc. Natl. Acad. Sci. USA
10 91:10445-10449 have described the avr gene of
Cladosporium fulvum, which functions in the same way as
the P. parasitica elicitin. _
Certain bacterial plant pathogens also express
proteins with similar effects on the hypersensitivity
15 response as those of the P. parasitica ParAl elicitin.
For the purposes of the present invention, these proteins
fall within the scope of the term "elicitin." Multiple
homologs of the avirulence gene avrBs3 of Xanthomonas
campestris pv. vesicatoria have been detected in other X.
20 campestris pathovars [Bonas et al. (1989) Mol. Gen.
Genet. 218:127-136; Knoop et al. (1991) J. Bacteriol.
173:7142-7150] and in other species of Xanthomonas [De
Peyter and Gabriel (1991) Mol. Plant-Microbe. Interact.
4:423-432; Hopkins et al. (1992) Mol. Plant-Microbe
25 Interact. 5:451-459). The avrD gene of Pseudomonas
syringae pv. tomato can confer avirulence; P. syringae
pv. glycinea expresses an altered aviD gene product
[Kobayashi et al. (1990) Mol. Plant-Microbe Interact.
3:103-111].
30 It is understood that to be useful in the present
invention as it applies to creating transgenic plants
with improved disease resistance traits using an elicitin
coding sequence expressed under the regulatory control of
a pathogen-response transcription regulatory element (and
35 with a minimal promoter functional in those plants) that
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cross-section showng elicitor-induced GUS activity after treatnment with

cryptogein (magnification, 75X). Fig. 8C is a color photograph. show ng
~elicitor-induced GUS activity in a cross-section of a stem segnent treated

5 wi'th cryptogejn nification, 7. 5X). Fig. 8D F are col opeib&dengdsaPhs

show ng succengWi gher magnifications (15X, 60X, and 75% ,

. respectively) of the GUS-stained stem cross-section shown in Fig. 8C. Fig.
8G is a color photograph showing a root tip,reated 10 with water and

stained for GUS activity(rragnification 60X). Fig. 8His a color

pPOt ogra|tohtsho¥m t 'tg.ht oteifs Cagstte dﬁl‘éonf ponoting Lsipardsssiont | on
of aroot tip treafe r ni.f 0 3 is a
col or phot ogr aph 9% agf PB‘H& H‘ég ?g‘é‘gjc‘i'{%% ta%f% %?Qéh er ﬁe&t mant

Wi th water and stg:mlsngofvarnGUS pbytoalexinmymnthesis, ofhe7hypersensitiye s 5

col or phot ograph $t 1&,&1&&3 q,ém;tg;dliﬁalghagetpmﬁ a root
treated with cryptogeln ( ni

of a root cros$- Jany Funst 'C%ﬁﬂh“ QPé#%%F@nghﬁwﬁgié’??\r/?w

(magni fication, ¢ krown tolthe artpland pthe ajtidledsartisgndouwsthaw ty of
a cross section %g&gw Hehe1bhis ¥Rl Oéﬁléiﬁ@“b&hﬁ&mrﬁn ®X) . C

crypt ogei

denot es canbi um wm%gom Sl§g°e:o,n°’€i ri esl"i‘&d?"ﬁy’% rﬁa'E pe,
denot es peri der mpydyraaied eelihdeath or,phistolescin Wheshsmmﬂ;h%,
denotes sSpongy,, jjke. It is also understood that treatment of plant
cells or tissue with compositions such as certain fungal
cellulases or certain plant polysaccharide fragments can
also induce the host defensive (i.e., hypersensitive)
response. Such treatments are used as models for actual
15 plant pathogen attack or invasion.

A non-naturally occurring recombinant nucleic acid
molecule, e.g., a recombinant DNA molecule, is one which
does not occur in nature; i.e., it is produced either by
natural processes using methods known to the art, but is

20 directed by man to produce a desired result or it has -
been artificially produced from parts derived from
heterologous sources, which parts may be naturally
occurring or chemically synthesized molecules or portions
thereof, and wherein those parts have been Joined by

25 ligation or other means known to the art.

A transgenic plant is one which has been
genet;cally modified to contain and express heterologous
DNA seguences, either as regulatory RNA molecules or as
proteins. As specifically exenmplified herein, a

30 transgenic plant is genetically modified to contain and
express a heterologous DNA sequence operably linked to
and under the regulatory control of transcriptional
control sequences by which it is not normally regulated,
i.e., under the regulatory control of the inducible

35 transcriptional control sequences of the EAS4 gene of




parenchyma; t, denotes trichone; x, denotes xylem vc, denotes vascul ar
cylirnder. 30 Figure 9 is a schematic of the genetic nmani pul ati ons
| eadi ng to generation of disease-resistant plants. The codi ng sequence for
t he Par Al eI|C|ti nis isolated by PCR so as to have BanmH and Satl ends.

gEASA[err] - gk#} whi ch directs the expression of the 35 bGRaht er
gene under the regula ;.’[ory control of the EAS WO 96/ 36697 rerivs
PCT/ US96/ 06452 - 18 - pronoter, is digested with BanH and Sstl to rel ease

the GUS reporter gene. Then the BanHl /Sst I_-g' gested parAl -anpliner is
ligated to the |large fragment produced aftefr di gestion of

EA4 GUS-
I%ar Al Dt éé]%mt ceﬁm‘l&iﬁn > A& \alel! hbréfi/Va Fﬁ'ﬁ%eﬂﬂd)@mtch the

elicitinin

| ant tissue_is synt ft .
i nduction with aa%ﬁ?tm%“el*i% e Brogeny, gt |§h%1y’cfé!{¥:j;‘}é§#qa’} q%’t"t"atl ng
the di sease rat lpumafwhmwwﬂd fare chpabiesof rexpressiog the

(Ni cotiana tabac ) t
gene under the c ? g&%&) c%[éaﬁ% %Ireonmﬁ) %%%?%M&ﬁcuﬂﬁoghnof

det ached | eaves mhhe.qmi#ﬂéiém and/ox: guangitahi; iphion ¢ ca
var. nicotianae. eIheruaméxﬁsdlmdﬂnddeneeamcorsa@mr&mtaﬂtnﬂngs| ons

per Loal) after FéalBihane ik e bbb Witk sesgy! | noependent

definition.
When production of a heterologous gene or coding

10 sequence of interest is desired under conditions of
ﬁotential pathogen invasion or inducer (e.g., elicitor)
treatment, that coding sequence is operably linked in the
sense orientation to a suitable promoter and under the
regulatory control of the inducible regulatory sequences,

15 in the same orientation as the promoter, so that a sense
(i.e., functional for translational expression) mRNA is
produced. A transcription termination signal functional
in a plant cell can be placed downstream of the coding
sequence, and a selectable marker which can be expressed

20 in a plant, can be covalently linked to the inducible
expression unit so that after this DNA molecule is
introduced into a plant cell or tissue, its presence can
be selected and plant cells or tissue not so transformed
will be killed or prevented from growing. Similarly, a

25 hetercologous coding sequence can be expressed under the
regulatory control of the inducible transcription
regulatory element or the transcription-enhancing element
in transgenic plant cell suspension culture, with
induction occurring in response to the addition of an

30 elicitor to the cell culture medium.

Where inhibition of gene expression is desired in

a plant being invaded by a microbial pathogen, such as a
phytopathogenic fungus, then either a portion or all of
that coding segquence or cDNA sequence can be operably

35 linked to a promoter functional in plant cells, but with




for disease resistance. KY160 denotes non-transfornmed N. tabacum cv. KY160;
G denot es i ndependent |ines of 20 transgenic N. tabacum cv. KY160 which
were transformed with a construct containing the geAS4[err] pronoter fused
to GJS; M denotes independent |ines of transgenic N tabacum cv. KY160

which were tra &3gegr With a construct containing the 9EAS4[§E:&}U

fused 25 to thgﬁ;mature parAl elictin coding sequence; S denot s@é’g&%ent
| ines of transgenic N. tabacum cv. KY160 which were transfornmed with a
construct containing the gEAS4[err] pronoter ggused to a sequence encoding a

mature parAl elictin including a signal sequence. Shaded 30 box, denotes
i nocul ati on of dethehegieatatien of dhe Q:aa‘irﬁ spquence oppoxitendo thalt d

box denot es inocu :ﬂﬁap d eaf

ni coti anae. Det ai kedltﬁe g;'. | onh@T nvent | ong &%%Wm) 8o

PCT/ US96/ 06452 - eptrm@t %i@ﬁm&;ememm@ Sseguense, Fe in
the synthesis of ta&qhmm;pmlsb niu&wdwu@reaenoﬁxaﬂmuh drit izengeaceous

| ant | d b t
Capsi cum annum haBoieedle 1h IAGGAL i Fedptate; B3\ pdthades? tnyaliGH10) 1o
farnesyl di phosphadditions:) thersmandera Franscrinhional Reomination
S-epi -ari stol ochegggna ch%nﬂéféw,oé'&ié Huclestiass df¥eotidics synthesis
sesqui t erpene cycl %s%hena/‘ Sanse RNA

The present inventors have isolated a DNA sequence
10 which mediates the inducible expression of a downstream
gene in plant cells in response to invasion by a
potential plant pathogen and/or treatment with an
elicitor or other chemical signals. For example, a
combination of ethylene and methyl jasmonate may serve to
15 induce downstream gene expression via the qualitative
transcription regulatory sequence. It is understood that
-there may be a-multiplicity of sequence motifs within
that regulatory seguence, where individual motifs each
respond to one or more distinct environmental signal. Aas
20 specifically exemplified, this transcription-regulating
sequence is derived from the EAS4 locus of N. tabacun,
and it is given in SEQ ID NO:7. The deduced amino acid
sequence for the EAS protein is given in SEQ ID NO:8.
The open reading frame of the EAS4 gene, which is
25 interrupted by six introns, is provided in SEQ ID NO:7.

- A computer search of Genbank for nucleotide
segquences homologous to the SEQ ID NO:2 sequence revealed
no known nucleotide sequences with significant homology.

Organization of the EAS genes in the N. tabacum
30 genome was described in Facchini and Chappell (1992)
supra using an EAS probe and Southern hybridization
experiments. Under conditions of high stringency,
multiple fragments hybridized with analysis indicating
that there is a gene family with some 12-16 members in
35 the tobacco genome. In these experiments, however, the



10 Treatments whi ch i nduce host defensive responses in plant tissue
or ptant cells such as phytoal exin synthesis include cell wall fragnents of
Phyt opht bora species and Trichoderma viride cellul ase. However, pectolyase
from Aspergillus j aponi cum does not function 15 as an elicitor in tobacco

cell~cul ture. S which induce sesquiterpenoid phytoal e Desi s
have been shoﬁl’?@&%ct lon at the level of controlling trans?ﬁp ﬁ)‘?\ao

key bi osynthetic enzymes [Vogeli and Chappel | (1990) Plant Physiol. )
94:1860-1866] . Simlar 20 patterns have been observed in other plants, but
no transcriptional control sequences which "B at e gene induction in
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t abacun) cont ai n?%% ene fam | Ethes\natgg £ llla@q'vamenbers 'E{Hhecodi ng

sequence of EAS4 BERRGfAX IH"&Q’P@&‘FF&EBﬂF I %ﬁr %?)5"5‘? (’f@? %pra] |

HEXVS\/gvgr since that tineEAShhomotegons iganes can e ddentiiedcand hat t he
oes not ap ﬁ%d t I ggcgﬁn

and surpri singl yf%léﬂeeé)%ﬁ?p speciss’StnEr Qhwewe ﬂ bagaarent

quences Ugﬁ% eam of O not

appear "t o nedi & con Rignifis W&eﬁeﬁgr purlg ‘Pns%‘l"l?ﬂ
construct in elicij@r!; i pRivoNa thybrdigizationl iindert conditionss Qﬁ)mm t he

transl ati on st ' ' i fi

L ansl ati on Start gl Sl e ARAUIGF Wik §Z§h§%€§90 t%@%ﬁ%‘éﬁe )

96/ 36697 probe allows the idemtificatiopof thbe, eqrrgsponding gene
from other plant species. A discussion of hybridization

10 conditions can be found for example, in Hames and Higgins
(1985) Nucleic Acid Hybridization, IRL Press, Oxford,
U.K. Generally sequences which have at least about 70%

_nucleotide seguence homology can be identified by
. hybridization under conditions of moderate stringency.

15 Under such conditions, it is generally preferred that a
probe of at least 100 bases be used. Most preferably, in
the present case, the probe will be derived fror the
coding portion of the EAS4 coding sequence. ILabels for
hybridization probes can include, but are not limitead to,

20 radiocactive groups, fluorescent groups, and ligands such
as biotin to which specific binding partners (which are
in turn labeled) bind. It is the label which allows
detection of the hybridization probe to the target
nucleic acid molecule. Alternatively, well-known and

25 widely accessible polymerase chain reaction (PCR)
technology is advantageously used to amplify sequences
with significant nucleotide seguence homology to a target
seguence. -

It is understood that nucleic acid sequences other

30 than the EAS coding sequence disclosed in SEQ ID NO:7

" will function as coding sequences synonymous with the
exemplified EAS4 coding sequence. Nucleic acid seguences
are synonymous if the amino acid sequences encoded by
those nucleic acid sequences are the same. The

3s degeneracy of the genetic code is well-known to the art;



- 20, - of EAS4, as it appears in Facchini and Chappell (1992) supra is
prese‘nt ed in SEQID NGO 7, with the deduced am no acid sequence being given
in SEQID NO 8 Oher aspects of a plant's defenses against 5 invasion and
i nfection by a phytopat hogeni c m croorgani sminclude the hypersensitive
'response, Wi CMW acterized by necrosis, i.e., programmed cell death
in the localiz of attack by the plant pathogen. ElicitJICHYS6PIENt s
ras described above can also induce 10 the necrotic response. Elicitins are

‘proteins produced by fungal plant pathogens, X\lm ch proteins elicit a
hypersensitive response in an infected pl ant Generally, but not

necessarily, | ocai ;ed %gdgesghér ef t}@uﬂ% HainC bhlen-1 Nduced
response in the infect e r fant tissue ese responses .
medi ate ful | or pBREiEetd %l%’?i‘ﬁ‘ Fﬁmﬁvﬁsl"iﬂ%&m Fer: kb

i nvadi ng, potentiakisopaedd. pattalenilsorvweldokgam shn s Yiedogiecadsastsf

the present i nvenghges ?ﬁeg%ewxg s @ g%sggt‘g@i&gge%rprt{eo%agt iﬂl pl ant

pat hogen which in persensltlve response SSué after
i nvasi on of tha% preakein ss%ewemiéahoe%ppsgspmft%aﬁﬂwpngogeabence
in the plant tusspeotaiﬁonssdﬂém: fdﬂrkewh’ﬁiﬁeaaﬁimchdﬁl nition of an

fungus 1s the Par KPRFEuERE %ﬁ%ﬁ%‘%ﬁ?ﬁ%‘éﬁf Pnflad i x%i%@
a menber of a gen§°ﬂ-&#ﬂ#§d[\'§-§b¢u tafflectingsprotein funghigmenrSim
183: 555-563] . Theam@flongcids S#hNSe Atickes tBEUENELE gDhilar in size and/or
10 charge properties, for example, aspartate and glutamate
and isoleucine and valine are both pairs of similar amino
acids. Similarity between amino acid pairs has been
assessed in the art in a number of ways. For example,
Dayhoff et al. (1978) in Atlas of Protein Sequence and
18 Structure, Vol. 5, Suppl. 3, pp. 345-352, which is
incorporated by reference herein, provides frequency
tables for amino acid substitutions which can be employed
as a measure of amino acid similarity. - Dayhoff et al.’s
fregquency tables are based on comparisons of amino acid
20 seguences for proteins having the same function from a
variety of evolutionarily different sources.

Terpene cyclase genes can be found in solanaceous
plants, including N. tabacum and Hyoscyamus muticus, as
disclosed herein, and in members of the mint family

25 (Labitaceae) and the Euphorbiaceae, including but not
limited to those which have been demonstrated to contain
sequences of significant homology, and in substantially
all plants. Preferably, EAS4 homologs will be selected
from the Solanaceae. Such sequences can be identified by

30 nucleic acid hybridization experiments or when cloned in
expression vectors, by cross reaction to tobacco
EAS-specific antibody, or any other means known to the

. art, including the use of PCR technology carried out
using oligonucleotides corresponding to portions of SEQ

38 ID NO:7, preferably in the region encoding EAS. Aantibody



30 the parAl gene product are described in Kanoun et al. (1993) Ml .

pl ant-M crobe Interact. 4:423-432 and in SEQ ID NGCS: 12 and 13 herein. Qher
phyt opat hogen proteins with potential elicitin activity have been
-characterized as to amno 35 acid sequences and other properties [ See,
e.g., W 96

PCT/ US96/ 06452%6%Nesp0ul ous et al. (1992) Planta 186: 551-EEH/0Sof64s2

‘al. (1992) Phytochemistry 31: 1471-1476; Huet and Pernoll et (1992) FEBS
Lett. 257:302-306; Kanmoun et al. (1993) Ml . _Plant-M crobe Interact.
5:22-33]. Several avirul ent 5 genes from pat ﬁagenl c bacteria which

correspond to eli chh Be hgEa Salinini 2506t &h' e&Per Hién g&frgﬂ Keen,
N. T. (1990) Annu. Rev. ytopa 24 447- 463 as deSCI:I f\n avlr u ence
gene of Fulva ful YAl %ﬂi’g"&é}%&a desqgribedqodn Vpggli ﬂEt?‘ AELRPO)SC
USA 10 91: 10445- lpuﬂthahpwwlmm ogeusing &l peptide i conjugaten
whi ch functions i el dlet n
bacterial plant ngh%gens al'so e%ie‘ggs%“ e| ng’tvmltgﬁ géhﬁ' 1?fecagion t he
hypersensitivity Fromeaaydrophilip Rorjkionmefpthe,EAS; ap °P&¢i@_ sequence,
For the purposes qkmhmmesem im&lml faihds poliyellonas astibedy hin the

avr Bea of - Xant honBFRugk ke pectiiididl Sald That 2%%&‘*%3@#%”@%%?
ot her X (See, e.g., Campbell (1994) Honaclonal Antibod
Technology. Laboratory Techniques in Biochmstry and
10 Molecular Biology, Vol. 13, Burdon and Knippenberg, eds,
Elsevier, Amsterdam; Harlow and Lane (1988) Antibodies: A

Laboratory Manual, Cold Spring Harbor Laboratory, Cold
Spring Harbor, NY). _
-'Alternately, a cDNA library (in an expression

. 18 vector) can be screened with EAs-specific antibody, or
EAS peptide-specific antibody can be prepared using
peptide sequence(s) from hydrophilic regions of the EAS
protein (SEQ ID NO:8) and technology well-known in the
art. .

20 An inducible transcription regulatory sequence can
be operably linked to any promoter sequence functiomal in
plants as understood by the skilled artisan; where a
regqulatory element is to be coupled to a promoter,
generally a truncated (or minimal) promoter is used, for

" 26 example, the truncated 35S promoter of Cauliflower Mosaic
Virus, CaMV). Truncated versions of other constitutive
promoters can also be used to provide CAAT and TATA-
homologous regions; such promoter seguences can be
derived from those of A. tumefaciens T~-DNA genes such as

30 nos, ocs, and mas and plant virus genes such as the CaMV
198 gene. It will be understood that the goals of a
skilled artisan will determine the choice of particular
promoters used with the inducible transcription
regulatory sequences. It is further understood that when

35 a protein capable of generating a cell death response is



20 canpestris pathovars [Bonas et al. (1989) M. Gen. Genet. 218:127-136;
Knoop et al. (1991) J. Bacteriol. 173:7142-7150] and in other species of
Xant hormonas [ De Feyter and Gabriel (1991) Mol . Plant-Mcrobe Interact.
4: 423-432; Hopkins et al.  (1992) M. Plant-Mcrobe 25 Interact.
15: 451-459] . Thg'é 8% ne of Pseudononas syringae pv. tomato can confer

e

lavi rul ence; P. pv. glycinea expresses an altered avr D JSNEPHSRIuCt
[ Kobayashi et al. (1990) Ml . Plant-Mcrobe Interact. 3:103-111]. 30

It is understood that to be useful in the prgsent invention as it applies
to creating transgenic plants with inproved sease resi stance traits using

an elicitin codi ngoSpaugRsfe: @é‘é&e%ﬁ%ﬁ thdee LBCpreSetalbiy o Pakadl of a
pat hogen-response, t ransc e (and "35 ,with a, m ni mal
promoter functi onﬁF‘T‘ﬁQ%Bgé n@g‘% gﬁ'ﬁ'f‘g k&ﬂ'@% 100 In the
PCT/ US96/ 06452 - &Bsenecéi oftimiuneai.el u'herminiinézahjmnlof dasaloexpregsion

expressi on of dof $9SegNer1£idel Ul Adpllalbnk! Fbt Cthdifbiie Gehsrcs

governing phytoal exin syn PErsensiti VE response .a
local i zed necr dsi S¥XPFesELen Mhexre,the gepanpreauct basine SioRiAdcent of
pl ant and phyt opatbmgeityrto kuwwpltautt kelldst proddeing il 1 ed arti san knows

1 ssue (or cells) in theX sisind %Wgﬁaf%w F%%‘%yt 0Bl xi n
synthesi s or the Signals necessary or polymerase bind
initiation of transcription. For RNA polymerase II

10 promoters, the promoter is identified by a
TATA-homologous sequence motif about 20 to 50 bp upstream
of the transcription start site and a CAAT-homologous
sequence motif about 50 to 120 bp upstream of the
transcription start site. By convention, the skilled

1s artisan often numbers the nucleotides upstream of the
transcription start with increasingly large numbers
extending upstream of (in the 5’ direction) from the
start site. Generally, transcription directed by a
minimal promoter is low and does not respond either

20 positively or negatively to environmental or
developmental signals in plant tissue. An exemplary
minimal promoter suitable for use in plants is the
truncated CaMV 358 promoter, which contains the ragi.ons
from -90 to +8 of the 35S gene.

25 The inducible transcription regulatory sequence
(qualitative transcription regulatory seguence) is
localized to the region between =167 and -100 relative to
the EAS4 transcription initiation site (mucleotides 406
to 473, initiation at nucleotide 573 in SEQ ID NO:2). It

30 is understood that there may be a plurality of sequence
motifs which respond to particular stimuli. Operably
1linking this seguence directly upstream of a minimal
promoter functional in a plant cell confers inducible
expression of a coding sequence operably fused just

as downstream of the promoter, e.g., a heterologous coding




10 like. It is also understood that treatment of plant cells or tissue with
“conpasitions such as certain fungal cellul ases or certain plant
pol ysaccharide fragnments can al so i nduce the host defensive (i.e.,

hypersensitive) response. Such treatnents are used as nodels for actual

pl ant” pathogenwﬁgbaﬁ
ecu

nucleic acid np

.not occur in nature;

result or it has been artificially produced %% 5m parts derived from

het er ol ogous sour

15

or invasion. A non-naturally occurring reconbinant

, €.g., a reconbinant DNA nolecule, is oﬁiﬂﬁ@WQMPﬁbes
i.e., it is produced either by natural processes using
met hods known to the art, but is 20 directed by nman to produce a desired

synt hesi zed nol ecﬁ%’s‘%@'ﬁ%% {%)eirlg'g?n an%é&m#gﬁ%%%‘g% %?rateg ésgl Y

been joined by 2

srequinements and athexrameanisements t fer fxansiatisnadeni c

plant i-s one whi coxpesgsdien eGid GidingBeifhéndel O TINe HRdtartldgouB! €Ss-
het er ol ogous DNA

proteins. As specé‘(?a‘?"‘@'ganes e hﬁﬁ %%#%?&#ﬁ&ogx§%r%§§#%m&n?s S

geneti cal | y nods f pretein cofitaiplant pathogenic microorgapism fergseqdence

operably |inked tgimgg, UbkEes{ten /60

control sequences
regul atory contro

CP8E ekaniplé] X 'dejuenba!

t he EAS4 gene of . Phytephthens prarasitica vhere disease resistance via the

PCT/ US96/ 06452

10

15

25

30

hypersensitivity response to an invading potential plant .

pathogen is desirable. Harpin proteins of certain
phytopathogenic bacteria also can serve as inducers of
expression mediated by the EAS4~derived inducible
transcriptional regulatory sequences. 1Inclusion of

additional 5’ flanking sequence from the EAS4 gene allows

for increased levels of downstream gene expression.
Preferred is the use of a sequence including the ~-266 to
+1 region of EAS4 (nucleotides 307 to 573 of SEQ ID
NO:2), and more preferred is the sequence including ~567
to +1 (nucleotides 1 to 573 of SEQ ID NO:2).

An alternative to the use of the fusion of the
EAS4 transcription regulatory seguence fused to a
heterologous minimal promoter is the use of the promoter
region of EAS4 in conjunction with the upstream
promoter-associated regulatory elements. In such an
application the use of nucleotides 307 to 463, or more
preferably for greater levels of downstream expression,
nucleotides 371 to 463, 311 to 462, and 10 to 573 of SEQ
ID NO:2.

In a plant such as N. tabacum, the instant
inducible transcription regulatory element directs the
jnduction of downstream gene expression in response to
invading plant pathogens and certain compositions such as
some fungal cellulases and certain plant and fungal cell
wall fragments. Plant pathogens which can trigger this
expression include, but are not limited to, Xanthomonas,

poied s " et g e Mt

sequences of



- 23 - N cotiana tabacum As used herein, a transgenic plant also refers to
t hose progeny of the initial transgenic plant which carry and are capable
of expressing the heterol ogous codi ng sequence under the regulatory control
5 of _the qualitative and/or quantitative transcription control sequences

descri bed herei S containing transgeni c enbryos are enconpassed
within this deﬂpgpg; . \Wen production of a heterol ogous genepgpngﬁﬂﬁﬁﬁ 10
sequence of interest is desired under conditions of potential pathogen

i nvasi on or inducer (e.g., elicitor) treatnent, that codi ng sequence is
operably linked in the sense orientation to 8 suitable pronoter and under

Same ofi ent at ¥oﬁ°§t§é€hzf§»%€§ﬁr*e‘$ﬁ*‘b§=lﬁi FHiRtuEhSed SSQELy harhied 1 o
transl ati onal expparasdticarNmd Peronpspora spectes cledi orfabagad)nati on
Ll eI o PSR Snagmes el mnt 0,
o Coval ently |1 nRUARE oS SERARIY, Mnke AOURaFF e 1of S Houmlabed, 1 <
DNA ol ecul e i s5i promdtercoongtructnl afransigendc plamste cin depoonstracted be
orevented from SP%mﬁﬁg%?H*a’?%?‘ e’ RosiBE L8] Wik it danly He o880 1
expressed under t Kegnigted RromotaRr AnYoRIAAELPARLCi bl e transcription
‘regulatory el enentranstbipticmsenharicing aegunentceg, cindettie idesivreds goding
plant cell suspengogpafib’ ihSruding' eri! HildedBanf bididitbd BfHAY36x" Bl Mo

10 translation. Where disease resistance is to be
advantageously induced in response to invasion of a
transgenic plant tissue by a potential plant pathogen or
in response to treatment with an elicitor or other
chemical signal which induces EAS4 gene expression, the

15 coding sequence is preferably for an elicitin of a plant
pathogenic microorganism, e.g., the parAl gene product of
Phytophthora parasitica (as described in Kamoun et al.
(1993) supra). Other elicitin-like proteins have been
described in the readily available scientific literature,

20 and include those from Phytophthora species, Peronospora
species, and Xanthomonas species, among others.

Alternative coding sequences which can be
expressed under the regulatory control of the present
inducible transcription regulatory element for

25 improvement of the resistance of a (transgenic) plant or
plant tissue exposed to a viral, bacterial or fungal
plant pathogen include, but are not limited to,
chitinase, TMV coat protein or cother plant virus coat
protein, NIa virus gene and others.

30 Additionally, or alternatively, induction of the
regulated construct can be induced, for example, by
treating the transgenic plant or tissue with an elicitor
or with a bacterium, virus or fungus (preferably not
pathogenic for the host plant) capable of inducing

3s expression via the inducible transcription regulatory



30 elicitor to the cell culture nmedium Were inhibition of gene expression
is desired in a plant being invaded by a m crobial pathogen, such as a

phyt opat hogeni ¢ fungus, then either a portion or all of that coding
sequence or cDNA sequence can be operably 35 |inked to a pronoter
functional in W@%ﬁgﬁl s, but with WO 96/ 36697

PCT/ US96/ 06452 the orientation of the codi ng sequence oﬁmﬁﬁ
that of the pronoter (i.e., in the antisense orientation) so that the

transcribed RNA is conplenmentary in sequence,to the nRNA, and so that the
expression of the antisense 5 nolecule is mtticed in response to pathogen

i nvasion.. |In addj é’ﬂ% tder d(?a‘ﬁn séqh Chi t'gég £l nal
downst r eam of thcejé%uc ell(:)téyd}e&a i recgtei n Eai)‘Eii'hfe‘beséo t]hée% tiser:l‘fsi’ia gl{l% The
present inventors § e - -
the J¥ 7 Aispaze redstanne ditectiv Fold he adhievea
i nduci bl e expressCoding segiencves shichemay bephdvantagdously resgpessed o
| nvasion by a pot gt} dhe i Ninditidi 4@ 17 BioRRLh! B s \Wrid) o wld Ci LOr or
other chemical signals, For exampl e, .a conbination of ethylene and nethyl
jasnonate may dkrfaciblus Wﬁkgpm CEYREHLNBER %-si‘é#qh ahene
qualitative transexppeseed resulid iprotedtithecplaht fromtMetitogedtmt there
may be a nultiplicity of | L 4 i r e ce,
where individual notifs gg&%urggggon o%%%{%rﬁ#%i §€##ﬁg§0§%§u§rgén§n§ht al
signal . As or induction of gene expression mediated by the present
regulated EAS4 promoter or the inducible transcription

.10 regulatory element in combination with at least a
heterologous minimal promoter, can be induced by treating
the plant tissue or cells with a wide variety of defined
chemicals, crude fungal culture filtrates, fungal cell
wall extracts, and oligosaccharides from plant or fungal

15 cell walls [Albersheim and Valent (1978) J. Cell. Biol.
78:627-643]. Other compounds capable of inducing the HR
include certain cellulases, for exanmple, Trichoderma
viride cellulases, and certain plant or fungal cell wall
fragments, among others.

20 A transgenic plant can be produced by any means
known to the art, including but not limited to
Agrobacterium tumefaciens-mediated DNA transfer,
preferably with a disarmed T-DNA vector, electroporation,
direct DNA transfer, and particle bombardment (See Davey

25 et al. (1989) Plant Mol. Biol. 13:275; Walden and Schell
(1990) Eur. J. Biochem. 192:563; Joersbo and Burnstedt .
(1991) Physiol. Plant. 81:256; Potrykus (1991) Annu. Rev.
Plant Physiol. Plant Mol. Biol. 42:205; Gasser and Fraley
(1989) Sci. 244:1293; Leemans (1993) Bio/Technology.

30 11:522; Beck et al. (1993) Bio/Techmology. l1l1l:1524;

" Koziel et al. (1993) Bilo/Technology. 11:194; and Vasil et
al. (1993) Bio/Technology. 11:1533.). Techniques are
well~known to the art for the introduction of DNA into
monocots as well as dicots, as are the techniques for

35 culturing such plant tissues and regenerating those



20 specifically exenplified, this transcription-regul ati ng sequence is
derived fromthe EAS4 | ocus of N tabacum and it is given in SEQ ID NO 7.
The deduced am no acid sequence for the EAS protein is given in SEQID
NO 8, The open reading frane of the EAS4 gene, which is 25 interrupted by

Si X i*nt_rons, i%vgg ided in SEQID NO 7. A conputer search ofs@pWor

nucl eoti de sequences ‘honmol ogous to the SEQ ID NO 2 sequence re

known nucl eoti de sequences with significant honol ogy. Organization of the -
EAS genes in the N. tabacum 30 genone was des%rl bed in Facchini and
Chappel | (1992) supra using an EAS probe and 3ut her n hybri di zati on

ﬁxger ijm?ntds tURder t3uiies. Ogﬂoﬂ?c&ﬁﬁwll@%él% h'mheﬁukhb&bﬂsfﬁﬁﬂfen:ﬁ
ybridi zed w anal ysi g indica a e ge W some
12-16 members in 3%“@%9 Gné e “g?pgﬁﬁﬁéntg t he
WO 96/ 36697 rice and asparagus. - For example,PUTSUSBStéﬁuam. 25 -
probe i ncl uded the A5y, @RoN¢1664 S8k E£11fidGe tatlar) hasceiﬂaptefa nic
pr onot er - associ ate e uI at or, equences. Eés Eo ous enes can be
identified and i §olz<ﬁ’e é‘F egenexrat 18858 A based 5 on
si gni fi cant degreegnﬁtup]da&eﬂeﬂtveéquem h ot stficu.ent pEbdudtion of
hybridi zati on under tz%ﬂb?éﬂi@" t&})dﬁaié déi¥dd thht' PHENGY, thﬁé’sue

e a e

t obacco EAS codi ng sequence the 1dentification o

?1
correspondi ng gene % apsipre’ ROBSeRH §ca§9¥‘oﬁaﬂ?° 56 5Q¥ zat i on
_ regeneration. Transgenic aspen tissue has been prepared

10 and transgenic plants have bheen regenerated [Devellard et
al. (1992) C.R. Acad. Sci. Ser. VIE 314:291-298K; Nilsson
et al. (1992) Tramsgenic Res. 1:209-220; Tsai et al.
(1994) Plant Cell Rep. 14:94-97). Poplars have also been
transformed [Wilde et al. (1992) Plant Physiol.

15 98:114-120).. Technology is also available for the
manipulation, transformation and regeneration of
Gymnosperm plants in the laboratory. For example, U.S.
Patent No. 5,122,466 (1992, Stomp et al.) describes the
bio-ballistic transformation of conifers, with preferred

20 target tissue being meristematic and cotyledon and
hypocotyl tissues. U.S. Patent No. 5,041,382 (1991,
Gupta et al.) describes enrichment of conifer embryonal
cells. ]

Technigques and agents for introducihg and

25 selecting for the presence of heteroclogous DNA in plant
cells and/or tissue are well-known. Genetic markers
allowing for the selection of heterologous DNA in plant
cells are well- , e.g., genes carrying resistance to
an antibiotic such as kanamycin, hygromycin, gentamicin,

30 or bleomycin. The marker allows for selection of
successfully transformed plant cells growing in the
medium containing the appropriate antibiotic because they
will carry the corresponding resistance gene.

Other techniques for genetically engineering plant

35 cells and/or tissue with an expression cassette



10 conditions can be found for exanple, in Hames and Hi ggins (1985) Nucleic
Aci d *Hybridi zation, IRL Press, Oxford, U K GCenerally sequences which have
at | east about 70%.nucl eoti de sequence honol ogy can be identified by
hybridi zati on under conditions of noderate stringency. 15 Under such

condi'ti ons, &,%ng,eral ly preferred that a probe of at |eas s be
used. Most. prigfera y, in the present case, the probe wll i’ﬁéagvgﬁis?rom
the coding portion of the EAS4 codi ng sequence. Labels for hybr| di zati on

probes can include, but are not limted to, 320 radi oacti ve groups,
fluorescent groups, and |ligands such as bi o"fl n to which specific binding

partners (which z‘i’kitd& An %%éﬁl@'ﬁ?om&éef Sazt %im&‘i‘h pbbmatal! ows
detection of the Q’eri(' di zag}ﬁ%efplio e tot tar nucl eic acid nol ecul e.
Al ternatively, 51Q80uE 'ﬁﬂ W 8se chain

reacti on (PCR) ttaransmmiption &nﬂmghmséqquamh tarenrt bley intrioduced Wi th
significant nucl C a‘?%gbﬁ%ﬁﬁﬁgﬂé
under st ood- t hat %el C Zﬂégﬁs%agg%%gg% ﬁ% co iai:éd
sequence di scBodERnsf eﬁﬁmvm Ony BTN

synonynous W th ﬁdiﬂ:ﬂﬁféﬂﬁ f ioxd oERG# technigees| Uaitwn ﬂwml Erﬁcl d!l‘he

ol el aci d sorfanaRNin Aty NayRikaaS G A GG SRRk 70 o
i s wel | -known tdnarkerrall winwssepsségn of the heterologous DNA in the
PCT/ US96/ 06452 plant cell, e.g., a gene carrying resistance to an
10 antibiotic such as kanamycin, hygromycin, gentamicin, or
bleomycin.

The transcription regulatory sequences,
particularly the inducibie transcription regulatory
element (or the EAS4 promoter with the inducible and

15 preferably the transcription-enhancing element) is useful
in controlling gene expression in transgenic plant cells
in suspension cell culture as an alternative to
expression in transgenic plants. For example, the EAS4
promoter including the transcription initiation signals,

20 the inducible transcription regulatory element and the
transcription-enhancing element, can be used to mediate
the inducible expression of one or more heterologous
coding sequence(s) in transgenic plant cells in
suspension cell culture. When desired, expression of the

25 coding sequence of interest is induced by the addition of
an elicitor or other inducing chemical signal to the
culture. Suspension culture cells respond to elicitors
readily in comparison to intact plants. The heterologous
coding sequence(s) can encode proteins which mediate

30 synthesis of pharmaceutical compounds,
poly-g-hydroxybutyrate synthesis or other secondary
metabolites, cellulose, starch, sugars, oils, or the
heterologous segquences can encode pharmaceutical
proteins, insecticidal toxin proteins, antifungal

3s proteins, antiviral proteins (such as coat proteins to



- 26 - i.e., for many am no acids, there is nore than one nucl eoti de
tripiet which serves as the codon for the amino acid. It is also

'wel | -known in the biological arts that certain anino acid substitutions can
.be made in 5 protein sequences wi thout affecting the function of the
‘protein. Cener ym‘gp,nservative am no acid substitutions or W 1.ONS
of simlar am gtéam S are tolerated wthout affecting protei W
'Simlar am no acids can be those that are simlar in size and/or 10 charge
‘properties, for exanple, aspartate and gl utagpte and isol eucine and valine
are both pairs of simlar amino acids. Sinmlarity between am no acid pairs
has been assessedmp@iihté fésistanced tdarinis w&ctfeﬁ) pren®Mma Pivdtelin, et

| . (1978) in Atl Suppl . 3,
Db 545 9b2 wni cROATinRkSs 8595?8%%% e BeREALEEY SrotQing B CUP0C
tabl es for ani no SeaueDgEs;i pueteins ko dmprove,)putnitigral maalirmgne of
amno acid sinm | acontent}ybe! detélspmerfta) RMAgoEY tisbheSspecd

Funer. on 1 om o6 BF PRSEAERS,of B T SidFegtil EbAE Levhidhld he@iﬁﬁ@ can

cycl ase genes canbeesfimidarly used ko aXpresisaheterohogons mepding abacum and

Hyoscyanus nuti cu gchgsggnh&ﬁ@e,ﬁrppuanqeggﬁ§ of the mnt famly
25 (Labitacea) and t'he Euy horb| aceae ncI 1_%1 but no mted to those
whi ch have been denonstr ﬁﬁ‘é ATt °s nfi??'&%?ﬂ gﬂ’ml ogy,

and in substanti amytahﬂ.epﬂ.ansxntﬁdsammpx ﬂMeMsm we la be sel ected
from the Sol anggepeterdiByote 664Ny Euindihde  thlkt! €e Pegulatory contrel

of the EAS4 promoter or the inducible transcription
regulatory element derived therefrom and/or the
transcription-enhancing sequence derived from the EAS4
promoter as well, the elicitor must penetrate the cuticle

15 of the plant to have an inductive effect. Alternatively,
the plant tissue can be wounded to facilitate or allow
the uptake of the elicitor into the plant tissue. A wide
variety of inducing compositions, including elicitors and
other chemical signals, such as the combination of

20 ethylene and methyl jasmonate, can be effectively
introduced into the transgenic plant suspension cell
cultures, where there is significantly less of a barrier
to the uptake and/or sensing of the elicitors. Where
ethylene and methyl jasmonate serve to induce gene

25 expression, the ethylene is used at a concentration
between about 1 and about 50 ppm and the methyl jasmonate
is used at a concentration between about 0.1 mM and about
1 mM.
| The following examples use many techniques

30 well-known and accessible to those skilled in the arts of
molecular biology, in the manipulation of recombinant DNA
in plant tissue and in the culture and regeneration of
transgenic plants. Enzymes are obtained from commercial
sources and are used according to the vendors’

35 recommendations or other variations known to the art.



30 nucleic acid hybridization experinments or when cloned in expression
vectors, by cross reaction to tobacco EAs-specific antibody, or any ot her
means known to t he art, including the use of PCR technol ogy carried out
using oli gonucl eoti des correspondirg to portions of SEQ 35 ID NO 7,
preferably in %é,.&g; s0n encodi ng EAS. Anti body WO 96/ 36697

PCT/ US96/ 06452 - can be prepared after inmunizing an expe?T’T‘ﬁg%?t‘igf"""z
animal with EAS purified as described in Vogeli et al. (1990) Pl ant

Physi ol ogy 93:182-187 or using a peptide conjc#gate where the am no acid
sequence of the peptide is taken 5 froma hydrophilic portion of the EAS

o btucti on & oohn anageses), ?Sgd@fg*’aﬁde?gie“ﬁ‘&e SEhAI i e Asb0Rm
S e e ar
garrpbell (1994) w&%%‘%&ﬁmt?ﬁ% SREER BT j? fo"ﬁﬂ%&? ﬁﬁ&ﬂ%s in

Bi ochem stry and Jhld\'llﬂgﬁnallaprﬂceﬂuyys ntluds Sahbrbok at‘iaﬂm {peansyrg,

eds, El sevier, d t t
Manual , Cold sprl n&"r or Tpdin grSLeaﬂ?( rl%'gnl-?a W halgbe! ory
Alternitely, a PREGEY o Pﬁai vikies B Re M iadr (1983 ) Hetbeda i
wi th EAS-specific Mym;mbgy mBJiAﬁupept alle- WJ)‘ |mmdd)ddymymb£ogy
repared usin NC &4 r d Sand
Broltoei n ( SEQ ?Dp and%dh J]S\re]}.- 35}1 y gi %e& % ﬁ vbi. £

I, IRL Press, Oxford, ux, an Hames and Higgins (eds.)

(1985) Nucleic Acid Hybridization, IRL Press, Oxford, UK.

10 References related to the manipulation and transformation
of plant tissue include R. A. Dixon (ed.) (1985) Plant
Cell culture: A Practical Approach, IRL Press, Oxford,
UK; Schuler and Zielinski (1989) Methods in Plant
Molecular Biology, Academic Press, San Diego, CA;

15 Weissbach and Weissbach (eds.) (1988) Methods for Plant
Molecular Biology, Academic Press, San Diego, CA; I.
Potrykus (1991) Ann. Rev. Plant Physiol. Plant Mol. Biol.
42:205; Weising et al. (1988) Annu. Rev. Genet. 22:421;
van Wordragen et al. (1992) Plant Mol. Biol. Rep. 19:12;

20 Davey et al. (1989) Plant Mol. Biol. 13:273; Walden and
Schell (19%0) Eur. J. Biochem. 182:563; Joersbo and
Brunstedt (1991) Physiol. Plant. 81:256 and other work
cited in the foregoing references. Abbreviations and
nomenclature, where employed, are deemed standard in the

25 field and are commonly used in professional journals such
as those cited herein.

All references cited in the present application
are expressly incorporated by reference herein.
The following examples are provided for

30 illustrative purposes and are not intended to limit the
scope of the invention as claimed herein. Any variations
in the exemplified compositions and methods which occur
to the skilled artisan are intended to fall within the
scope of the present invention.



20 An induci ble transcription regulatory sequence can be operably
| inked to any pronoter sequence functional in plants as understood by the
skilled artisan; where a regulatory elenent is to be coupled to a pronoter
generally a truncated (or mininal)-pronoter is used, for 25 exanple, the

“truncated 35S NEREER of Cauliflower Msaic Virus, CaWw). Trwﬁg&o
SAUOERAT

tversions of other constitutive pronoters can also be used to

and TATA- honol ogous regi ons; such pronoter sequences can be derived from

t hose of A tunefaciens T-DNA genes such as_3Q nos, ocs, and mas and pl ant
virus genes such as the CaWw 19S gene. It willT be understood that the goals
of a skilled artisan will determ ne the clEpxaseiesb particular pronoters used

wi th the inducibl ChLipti I r is further
under st ood t hat V\M a&pr ot n'g’g%g%}"g %Péggg§$€ |ng a cell death
response is WO 96/ 366Monoclonal and polyclonal antibodies .specific for
PCT/ US96/ 06452 - %hhdc% MAsCwerée ardifad fws%ﬂseare;ewé&yi 'El:

transcrlptlonal (#ll tran Iatlo aI gessmn in_the a ence of ucer

The m nim zati of é’s?alp |2331827387¢ 5 AMdditiona L AN
i nduci bl e gene 5 q:q:pmmmheoaldrhegm&e rxs)q:mlyctlanahoawtthndimrusing

toxicity to the prﬁqﬁt 1£5%0d mrgﬁu& é,; 19‘\{3:. ngg{@éeé & ns the

DNA sequence si gn necessary ner ase | nitiation of
transcription. F pzyotein using well-kn

techniques 'l.'he anino acid sequence of a peptide for

10 antibody production is selected from a particularly
hydrophilic region of the protein (For antibody
production technigues, see, for example, Campbell (1994)
Monoclonal Antibody Technology. Laboratory Technigques in
Biochemistry and Molecular Biology, Vol. 13, Burdon and

15 Rnippenberg, eds, Elsevier, Amsterdam; Harlow and Lane
(1988) Antibodies: A Laboratory Manual, Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY).

Example 2. DRA and Protein Sequence Determination
Sequence determinations of single-stranded and
20 double stranded DNAs were carried out by the
dideoxynucleotide chain termination procedure [Sanger et
al. (1977) Proc. Natl. Acad. Sci. USA 74:8073-8077], with
a Sequenase kit from United States Biochemical Corp.,
Cleveland, OH) or an automated fluorescence based systenm
25 (Applied Biosystems, Foster City, Ca).

Example 3. Construction of a Full-length EAS Clone
Nicotiana tabacum L. cv. KY14 cell suspension
cultures were treated with Trichoderma viride cellulase
(Type RS, Onozuka) at a final concentration 0.5 ug/ml
30 during rapid growi:h phase to induce the expression of
EAS. Parallel suspension cell cultures which did not
receive cellulase served as controls. Cells were
collected by gentle vacuum filtration 4 hours after the



10 pronmoters, the pronoter is identified by a TATA-honol ogous sequence

not irf about 20 to 50 bp upstream of the transcription start site and a
CAAT- honol ogous sequence notif about 50 to 120 bp upstream of the
transcription start site. By convention, the skilled 15 artisan often
nuntiers the n Ws upstream of the transcription start o

I ncreasingly large nunbers extending upstreamof (in the 5 direction) from
the start site. Generally, transcription directed by a mniml pronoter is
| ow and does not respond either 20 positivelsy or negatively to

envi ronnment al or devel opnental signals in plant tissue. An exenplary .

m ni mal pronot er agaitdbheofotheseel uldsntedl iicd tidre tio theatnducedV 35S
pronot er, which gﬁg%gkgs the regions from-90 to +8 of the 35S gene. 25
The inducible tr 'ption regul atory sequence (qualitative transcription
regul atory sequence) is A ®RNA t Wasr pgeparedt i peDNAIT and - 100

relative to the Anditroges)| gai,onj_é J i) Frc POlYAYCRRA! éxEfackEa t0 473,
initiation at pucgleotide 573,i ,2) . .t i ) t hat
there may be a®p lg:1 Fﬂ? f g@&ﬁgﬁge%\g‘@e\ﬂ#e&%%&aoﬁggﬁé %g i cul ar
stinuli. Operabl elicitory t ¥he 1ibyary as meneeneddyr differentiaki nal
promoter functi opghrijaisatient uﬁih? K R Prepareac ¥PbRsthé Ninduded
codi ng sequence 0 rac.tgl f ysed uses.S é!l?c\:/\ﬂnesé raearga%fint h%opﬁgmct:seftivee'g' , a
het er ol ogous codl‘g'a F%‘tg’i PP g P
PCT/ US96/ 06452 were further screened by hybrid selection-in vitro

10 translation-immunoprecipitation analysis as described by

Alwine et al. (1979) Methods Enzymol. 68:220-242.

A putative positive EAS cDNA clone was used as a
hybridization probe for the isclation of additional cDNA
and genomic clones. The genonic library thus screened

15 was one constructed in AEMBL3 using Mbol partially
digested DNA prepared from N. tabacum L. cv. NK326
hypocotyl DNA (Clontech, Palo Alto, CA). This screening
yielded 8 independent clones, each of which appeared to
represent a different chromosomal locus. EAS4 and EAS3

20 genomic clones were described in Facchini and Chappell
(1992) supra, but are now known to have been incomplete.

Facchini and Chappell (1992) supra had
misidentified the translation start sites of the EAS3 and
EAS4 coding sequences in the genomic clone described

25 therein. The correct translation start site for the EAS3
and EAS4 coding sequences have been determined to be
methionine codons 165 bp upstream of the ATG codons
previously identified as start sites. The corrected
gtart site for EAS4 was mapped using a combination of

30 primer extension assays to identify the transcription
start site and additional N-terminal amino acid
sequencing data of purified enzyme as noted hereinabove.

An amplimer of 110 bp was prepared by a polymerase
chain reaction to provide a DNA seguence corresponding to

35 amino acids 56-92 of the EAS4 protein (see SEQ ID NO:12)



- 29 - sequence, and the skilled artisan understands spacing requirenents
and other requirenments for transl ational expression of the codi ng sequence.
The het erol ogous codi ng sequence is preferably for an elicitin-like 5
protein of a plant pathogenic mcroorganism(e.g., a virus, bacterium or
fungus), for e&ﬂgﬁ&ﬁﬁyghe sequence encoding the parA gene pr bs
“(elicitin) of Phytophthora parasitica where di sease resistance V|a%ﬂ%$n
hypersensitivity response to an invading potential plant 10 pathogen is
desirable. Harpin proteins of certain phytopgghogenic bacteria also can
serve as inducers of expression nediated by the EAS4-derived inducible

transcriptional regd Facthiniqandcelappell | (xsio2) shpeddi t PThiel amplfmenki ng

sequence fromthe = n I ' Ldae I 0, Wst ream
gene expression. r.esérsrggqglsgkt% usej'%@E"'éch";:I quencgoi %%?%%'l'ngg =266 to
+1 regi on of EAS4 Jihr@r¥oindpsdNATI (InvitragesrQSpp Riegd, CAhPrepared

NG 2) 20 e, o harrur et ¥ HEURE, S50
1 2) . n alktek iye e e fusi 0

transcription r 39@’5? rflté"gagg cét?ﬁéﬁowarﬁfg?gtmﬁgg%‘ggﬁ? n??rgf&p“ﬂ%‘t er
is the use of the THeemplimeyi wasoradeusing ¢oFenset Podmert h t he upstream
pronot er - associ at QATCRICTTACCAACCEERAES; SHED A1 N0IB) 2AndPa! tévér & prfighese

Gownst 1 eam expr oo AARCChRiAREReRREEARERCE A8 00 0:4) (488 LAY Bdniir /5 o
SEQ ID NO 2. In aBASsnttempdatesin atstandand (RAR resction [Saiki et al.

10 (1988) Science 239:487-491]. The 110 bp amplimer was
isolated after polyacrylamide gel electrophoresis using
DE-81 paper (Whatman International, Inc., Clifton, NJ).
The isolated fragment was then radiolabeled with
[e-2p]-d4CTP using a random priming kit from Stratagene

15 (La Jolla, CA) for use as a hybridization probe in colony
lifts of the cDNA library as previously described
[Hanahan and Meselson (1980) Genme 10:63-67]. The longest
clone obtained in these experiments appeared to lack 80
bp of 5’ coding sequence.

20 To obtain a full-length clone, a RT/PCR approach
was used. First strand cDNA was prepared from polyA+ RNA
prepared from tobacco cells after induction with elicitor
as described [Facchini and Chappell (1992) supra] using
reverse primer having the seguence ATGAGTCCTTACATGTGA

. 25 (SEQ ID NO:S). This sequence corresponds to nucleotides
459-477 downstream of the translation start site. The
reverse transcriptase reaction was carried out in a 10 1
reaction (1 pg polyA+ RNA, 25 pmol reverse primer, 10 mM
DTT, 2.5 mM each AATP, 4GTP, 4dCTP, 4TTP, 8 units RNase

30 Block I (Stratagene, lLa Jolla, CA), first strand '
synthesis buffer used according to the manufacturer’s
instructions (Stratagene) for 1 hr at 37°C. This
reaction was terminated by treating at 99°C for 5 min.
Then 40 i1 of master PCR mix was added to the first

3s strand reaction; PCR master mix contains 10 mM Tris-HCl



30 inducible transcription regulatory elenment directs the induction of
downst r eam gene expression in response to invading plant pathogens and
certain conpositions such as sone fungal cellul ases and certain plant and
fungal cell wall fragnents. Plant pathogens which can trigger this 35
expressi on inc t are not limted to, Xanthononas,

PCT/ US96/ 06452 - 3 65MPseudom)nas syringae, Phytopht hora speﬁ&@%’éﬁ%’
parasitica, and Peronospora species (e.g., tabaci). Codi ng sequences
suitable for expression in a plant are operqu,y_l i nked downstream of the
regul ated 5 pronoter construct. Transgenic plants can be constructed using
tgg_fhi melri;: gene g0 B} 50 06 ¥, | 8l By mlf nyOE, Iﬂﬂldlf%tﬁeahﬁﬂbt,eb.oily
additional transcr 0 esjre

sequence i ncl udi ng&‘ﬁ#e) :%egﬂﬁg&‘y 83% -gsi'gﬁ eﬁ&t”&é’ﬂ gr{f’&n
Wier e di sease resitriphasphate; l;euaétlanfagéqﬁqulm andr @5ppmod t o

i nvasi on of a tranggQflsa Priidert | Ssue by a potential plant pathogen or in
response to treatnent with an elicitor or other chem cal nal which
nduces EASe gefe. (AGRAACHCRAMIICCAT el T eASCREEAGTAEIICCABACHD s , BB 3P o
elicitin of a plamops; EBesRE and Ncolr pecognitioy. sitdee mle&hmneanaomct
of Phyt opht hora paéﬁéhé dgin un

Q her ﬁi&ﬁ% DEARE] 1hnE ﬁ%%e re% avgal‘:abl e

elicitin-like o e| ns have been descri

scientific liter at%‘l d conditions [Back et al. (199
Biochem. Biophys. 315:523~-532])
10 The 492 bp reaction product was digested with

EcoRI and HindIII and subcloned into similarly cut
pPBluescript SK (Stratagene). A HindIXI/XhoI fragment
from another partial cDNA clone was subseguently cloned
into the correspondiné sites of the 5’-terminal segquence

15 clone to generate a full-length cDNA clone named
PBSK-TEAS. pBSK-TEAS DNA was transformed into
Bscherichia coli TB1l using a CaCl, protocol [Sambrook et
al. (1989) supra). Determination of the DNA sequence of
the insert confirmed that this plasmid had the expected

20 and desired structure (dideoxynucleotide chain
termination procedure, United States Biochemical Corp.,
Cleveland, OH).

Example 4. Identification of EAS Homologous Seguences
. Tobacco leaf genomic DNA was isolated as described
25 in Murray and Thompson (1980) Nucleic Acids Research
8:4321-4325. After digestion of aliquots with desired
restriction enzymes, the digested DNA samples were
electrophoresed on 0.8% agarose gels and the
size-separated DNAs were transferred to nylon membranes.
30 DNA blots were hybridized with random primer radiolabeled
CEAS1, vwhich is truncated at the 5/ end of the coding
region, (prepared as in Sambrook et al. (1989) supra) at
60°C in 0.25 M sodium phosphate buffer, pH 8.0, 0.7% SDS,
1% bovine serum albumin, 1 mM EDTA.  The blot was then



20 and include those from Phyt opht hora speci es, Peronospora species, and
Xant rononas speci es, anong others. Alternative codi ng sequences which can
be expressed under the regulatory control of the present inducible
transcription regul atory el enment for 25 i nprovenent of the resistance of a

(transgenic) phgg pI ant tissue exposed to a viral, bacterial or fungal
pl ant pat hogen 1 nclu e, but are not limted to, chltlnase TMWH‘ ein

or other plant virus coat protein, N a virus gene and others. 30
Additionally, or alternatively, i nductlon of‘the regul ated construct can be
i nduced, for exanple, by treating the transgenl c plant or tissue with an

elicitor or wth vadia awica a‘tl aBecOwithnam s, . a0 i8ps aal £eib6dRItlE
o e oSt P ok B . G R0nsd £ P Rabh 066"K AL
PCT/ US96/ 06452 - Gitrats,cpih7.6) .a Bedahive iphyrisiizatiionadevedsovexar ni ng
on the HR, or d %&S@d&a ws&&:&&&&&&:&&ﬂﬁm %chaﬁ\ésdaeﬁeﬁtaﬂeter
sequences which e advant ageo y,expressed irclude an insecticidal
protein, such & G%EL QQSgQEFﬁPuénPhﬂF i's crystal proteins,
whi ch when expressed V\ourdcq:htniacandrmmm (1992) nsepra peegicrtedhyhatl exin
LT o by, e FEEReeH SEIRAEE o SRS ARl BBELGAS Yo
transcription 12-16 copies of EAs-homologs in the N. tabacum gencme.
To address the presence of significantly homologous
10 sequences to tobacco EAS and apparent number of copies
per genome of those seguences, Southern hybridization
experiments were carried out using DNA isolated from
other plant species. :
Restriction endonuclease-digested genomic DNAs are
15 separated by agarose gel electrophoresis (0.8% agarose),
and then transferred to a Hybond-N' membrane (Amersham
Corp., Arlington Heights, IL). Radiolabeled probe
comprising coding sequences of EAS, and hybridizations
are carried out essentially as described in Sambrook et
20 al. (1989) gupra. Moderate stringency conditions are
used (hybridization in 4X Ssc, at 65°C) last wash in 1X
88C, at 65°C). ‘
Alternatively, PCR can be carried out using target
DNA as template and primers derived from the EAS4 coding
25 sequence in highly conserved regions (see SEQ ID NO:7)
using well-known technigues.

Example S.  Detection of EAS Protein

The enzymatic activity of an expression product
can be confirmed using the techniques described in

30 Facchini and Chappell (1992) supra and in Back et al.

(1994) Arch. Biochem. Biophys. 315:527-532.

For detecting the presence of EAS cross-reacting
protein material, total protein fractions are prepared
from 100 pl aliguots of bacterial culture harvested and



10 requl atory element in conbination with at | east a heterol ogous m ni nal
pronbter, can be induced by treating the plant tissue or cells with a w de
variety of defined chemi cals, crude fungal culture filtrates, fungal cell
wal | extracts, and oligosaccharides fromplant or fungal 15 cell walls

[ Al ber shei m arwo (1978) J. Cell. Biol. 78:627-643]. O hgcr ds
capabl e of inducing the HR include certain cellulases, for exanple,
Trichoderma viride cellulases, and certain plant or fungal cell wall
fragnents, anong others. 20 A transgepi ¢ plant can be produced by
any nmeans known to the art, including but not Timted to Agrobacterium

tumef aci ens- med &E&shda%a%ans&eun&&a &Qi&anchP 2 pilifite®ednTaDNA vect or,
el ectroporati on, rectt élf%FS %és ggé rt | c orrbardment Seg Davey
25 et al. (1989) We&5-. 4 "é%ﬁw&‘ﬂpef Peeur. J.
Bi ochem 192:563; aa:c!derp;ﬂdea:ﬁdaser nssuapepdeel;n thnsudl SPmi Txrig+HLSH; pH
Potjr%ékuls (199193239 % Yot You didhsokR¥aieb1 Pﬁgﬁrﬁodéﬁim _It_ﬁcﬂcyll‘l ua.QﬁteGissgrz
SRR iy ooyt ket
Bi o/ Technol ogy. Jﬂsﬁ&l;imd-&/a@ laléuuats gtege;emmmdogyeruusm ).
Igﬁggg?gezsa\r/\gl ﬁ%s?%ﬁgﬁft ﬁ&QLeCEm es 35 ceﬁjlcst Erwlﬁrjfgagﬁ%h
plant tissues andtheRRRESINs 6%%@'{7“{
PCT/ US96/ 06452 electrophoresed. For soluble protein samples, the cells
10 are processed as in the procedure for determination of
enzymatic activity (see Back et al. (1995) supra or
Facchini and Chappell (1992) supra). For imnunologicall
detection 10 pl aliquots are electrophoresed as above;
for Coomassie blue-staining, 10-50 pl aliquots were
15 electrophoresed.

After electrophoresis the proteins are stained
with Coomassie blue, or the proteins are transferred to
nitrocellulose membranes as described [Towbin and Gordon
(1984) Journal of Immunological Methods 72:313-340] for

20 immunodetection. After incubating for 30 minutes in 5%
low-fat milk in 1X TBS (20 mM Tris-HCl, pH 7.5, 500 mM
NaCl), the nitrocellulose blots were incubated overnight
in the same solution containing monoclonal antibody
specific for tobacco EAS (1:1000 dilution; Vogeli et al.

25 (1990) Plant Physiology 23:182-187). Goat anti-mouse .
antibodies linked to alkaline phosphatase and the
specific chromogenic dye were then incubated to visualize
the binding of the EAS-specific antibody to the proteins
immobilized ‘on the nitrocellulose membranes [Leary et al.

30 (1983) Proc. Natl . Acad. Sci . USA B0:4045-4049].

rr

Exanple 6. Genomic EAS4 Clone

The 5’~truncated cDNA clone cmsz. described in
Facchini and Chappell (1992) supra was used as a
. hybridization probe for screening a N. tabacum cv. NK326



- 32 - tissues. Monocots which have been successfully transformed and

regenerated include wheat, corn, rye, rice and asparagus. For exanpl e,

U.S. Patent No. 5,350,689 (1994, Shillito et al.) describes transgenic 5

: ieacn?¥$ pl ants regenerate? from protoplasts and protopl ast-derived cells.
or “efficient jon of transgenic plants, it is desired pbARbsdhfasp! ant

- tissue used fa?b?ggns ormati on possess a high capacity for regeneratlon.

- Transgeni ¢ aspen tissue has been prepared 10 and transgeni c plants have

been regenerated [Devellard et al. (1992) C,R_ Acad. Sci. Ser. VIE

314:291-298K; Nilsson et al. (1992) Transgenic Res. 1:209-220; Tsai et al..

(1994) Pl ant Cel clﬂiﬁﬁaﬁi]mmpém:avweeten pcrontechsfRaked [W I de

et al. (1992) P Ph E£;4 el eabl e

for the nanlpulaﬁa%ﬁ #ﬁZhsf ?2 %ﬁiegengggﬁgh %? égiﬁ%spern1plants

in the | abor at or subedondngnph@ DNA Sequenging\protoeeds 466 (1992, Stonp et

glo % desgr;bes thg bi o- bﬂélntﬁtncaﬂaaaageaaaum Glci® Hdguencesi b thef erred
arge |ssue ei ng neristepatic_and cot op_apd.h IR i ssues.

U.S. Patent No5 %gﬁgm&59§ganﬁhﬁfﬁ.¥ﬁ gdégcgggeéaqﬁ$16%A%ht of

coni fer "enbryonal ceIIs Techni ques and agents for introducing and 25

selecting for th ge ofw 13l ¢S rrhifsddn it dYantal | s and/or tissue

BNA I bl ant cel |5 ar 'e° e Knfes ot the Him é@f@?e@%&&%“ s, 85 Eb8, a0
anti biotic such ammm:ah;gauegcrqgimmzam| EAS4 gene,
o HindIII/BamiHI-ended fragments of this upstream DNA were
10 cloned into pBIl101 (Clontech, Palo Alto, cA) so that
expression of the f-glucuronidase (GUS) reporter gene
could be monitored in transformed plant cells. The
5’=flanking sequence of the EAS3 gene is given in SEQ ID
NO:1 and the 5’-flanking sequence of the EAS4 gene is
15 given in SEQ ID NO:2. 1In each of these sequences, the
translation start site (ATG) is the last three
nucleotides. By primer extension techniques, the EAS4
transcription start site was estimated at nucleotide 573
in SEQ ID NO:2. CAAT and TATA box motifs are identified
20 at nucleotides 429 to 432 and at nucleotides 456 to 459
in SEQ ID NO:1 (EAS3) and at nucleotides 513 to 516 and
at nucleotides 540 to 543 in SEQ ID NO:2 (EAS4).
The transformed plant cell lines were produced
using a modified Agrobacterium tumefaciens transformation
25 protocol. The recombinant plasmids containing the
sequences to be introduced into plant tissue were
transferred into A. tumefaciens strain GV3850, by
triparental mating with E. coli TBl1 (pRK2013). N. tabacum
leaves at a variety of stages of growth were cut into 1
30 cm? pieces, and dipped in a suspension of agrobacterial
cells (about 10¢ to 10° cells/ml). After 3 to 10 minutes,
the leaf segments were then washed in sterile water to
remove excess bacterial cells and to reduce problems with
excess bacterial growth on the treated leaf segments.



30 or bl eonycin. The marker allows for selection of successfully
transforned plant cells growing in the nedi um containing the appropriate
antibiotic because they will carry the correspondi ng resistance gene. Q her
techni ques ‘for genetically engineering plant 35 cells and/or tissue with an
-expr essi on casw&g@“” WO 96/ 36697

- C

PCT/ US96/ 06452 - onprising an inducible promofter or chi n\gﬁr@sm er
fused to a heterol ogous codi ng sequence and a transcription term nation

sequence are to be introduced into the plant gell or tissue by
Agrobacterium medi ated 5 transformation, electiroporation, mcroinjection,

particle bonbardngptercs shd¥at drgdngy dise KAIOWRo! 8ot Becands) ,[hEhé EFedisddn
cassette advantag

ot or ol ogous. DA EREF rEegRents e’ B1icra S 2henBradt’ OF Bloat dfiede ¢
10 antibi otic sucPuitukerMedism withputnantibigticantei prowete | bisgue n. The
transcription regnhf%eekﬁ%@w,tﬁ?@féwgwthafwe@ﬁ@ﬁo the plant
and 16 pref or a y ELRESR] o AT miREus narEuey BeBTan, Sontatng itpe [Hiter: ©
control I'ing gene éxplegsobrMurashige gnd SkoognBasal| Salts Mixkanse ofSiga
Che EASA’ pr omot er o rn oLt ot % dnal o, P
benzylaminopurine (dissolved in 1 N NaOH), 10 ml of 0.1
mg/ml indoleacetic acid solution, 30 g sucrose, 2 ml of
10 Gamborg’s Vitamin Solution (Sigma Chemical Co., St.
Louis, MO) and 8 g of agar. The pH is adjusted between
PH 5.5 and 5.9 with NaOH. After 2 days, the leaf
segments were transferred to Plant Tissue Culture Medium
containing 300 ug/ml of kanamycin, 500 ug/ml of mefoxin
15 (Merck, Rahway, NJ). The kanamycin selects for
transformed plant tissue, and the mefoxin selects against
the agrobacterial cells.
It is necessary to minimize the exposure of the
explant tissue to agrobacterial cells during the
20 transformation procedure in order to limit the possible
induction of the regulated paril coding sequence during
the production of the transgenic plant cells, which would
cause a cell death response. AaAccordingly, the bio-
ballistic technigque for the introduction of heterologous
25 DNA containing cell suicide genes under the regulatory
control of the inducible transcriptional regulatory
element is a useful alternative transformation technique
because it does not entail the use of agrobacterial cells
or fungal cell wall digestive enzymes (as necessary for
30 the generation of protoplasts for electroporation), both
of which lead to induction of the coding sequences under
the control of that regulatory zlement.
Transgenic plants were regenerated essentially as
described by Horsch et al. (1985) Science 227:1229-1231.



20 the inducible transcription regulatory elenent and the
transcri pti on-enhanci ng el enent, can be used to nediate the inducible
expressi on of one or nore heterol ogous codi ng sequence(s) in transgenic

pl ant cells in suspension cell culture. Wen desired, expression of the 25

codi Ny sequencgy, ;id'ﬁgg,erest I's induced by the addition of an w r_.or
ot her inducing chemcal signal to the culture. Suspension cult %@ﬁ‘?

respond to elicitors readily in conparison to intact plants. The
‘heterol ogous codi ng sequence(s) can encode_pjoteins which nmediate 30
synt hesi s of pharmaceutical conpounds, poly-[err]-hydroxybutyrate synthesis

or other secondary met abvhetﬁésureiﬁgllﬂ%sg&habcmaﬁﬂsaa&e Otdgted '£oihe

het er ol ogous sequ nces can enco &&Fﬁ Hac utical é)rot |nse i ci dal

toxin proteins, s?'amb g€ PR

proteins to V\Olm@-ﬁuromo-tt-chlora-s-indolyl—p-n-glucuronic acid as

PCT/ US96/ 06452 - gdger Wd’éﬁ'ei‘s%ﬂc&t V' {15870 GBurnhlic Nla

pr ot ein, chltlnases ucanases, ste rot I ns e uenc S,

proteins to ingt 9?& ﬁ%q"dné’rﬂﬁ'ﬂam B o @'ﬁi Q?é'aéFi and/ or

tissue-specific pindusiry conditicns.nsan i.ndueinmdmm.im:mbm Iist theansgenl c

plant's can be si niheiddetnierhd Gppiacationche Pl Wifud Wnidaasguggces as
ce

can transgenl C pI ant er.e ranigenl cﬂplants are to,be 1 nduced for

phyt oal exi n synt hEepacep "?jcﬁs‘!%é‘b ¢, plants (using a
mechanical pipettar to apply 50~100 ul or 10-100 nm

10 protein (e.g., cryptogein) inducing composition to
interstitial tissue); controls were mock-applied but not
treated with cellulase elicitor. Tobacco tissue was
wounded with a scalpel in some experiments to facilitate
exposure to the inducing compounds.

15 Example 8. Deletion Analysis of Promoter and
Promoter-Associated Region

In separate reactions, the EAS4-derived DNA
segquence encompassed by -567 to +67 relative to the
transcription start site (nucleotides 6 to 642, SEQ ID

20 NO:2, EAS4) was substituted for the Cauliflower Mosaic
Virus (CaMV) 35S promoter [Benfey et al. (1990) EMBO
Journal 9:1677-1684] in the GUS~-reporter vector pBI221
(Clontech, Palo Alto, CA). Deletion mutants in the EAS4
upstrean regions were then isolated after restriction

25 endonuclease. Analysis of the gEAS promoter-GUS
constructs was carried out in electroporated tobacco cell
protoplasts (Fig. 1) and in stably transformed tobacco
lines (Fig. 2A, Table 1). Preliminary data for the
transient expression demonstrated that SEQ ID NO:1 did

30 not function for elicitor inducibility and SEQ ID NO:2
functioned in regulating gene expression.

The transient expression data obtained with the N.
tabacum protoplasts into which various EAS3 and EAS4
promoter-GUS constructs were introduced are given in Fig.

35 1. Progressive deletions from the 5’ end of the EAS4



10 heterol ogous codi ng sequence under the regulatory control of the EAS4
pronoter or the inducible transcription regulatory el enent derived

t herefrom and/ or the transcription-enhanci ng sequence derived fromthe EAS4
pronbter as well, the elicitor nust penetrate the cuticle 15 of the plant

'to have an md% ffect. Alternatively, the plant tissue can be wounded
to facilitate or ow the uptake of the elicitor into the pl G TORBOHZ

wide variety of i nduci ng conpositions, including elicitors and ot her
chem cal signals, such as the conbination of 20 ethylene and net hyl
j asnmonat e, can be effectivel y i nt roduced [ nt‘c? The transgenic plant

suspensi on cell &wﬁm f@igg ’@ff&é rier to
t he upt ake and/ of "sensin ops CI tors g%‘;éérie\étgﬁsﬁ ne ané Frebﬁf
j asnonat e serve ti@ldqu;.}tig né%?‘é&ﬁ!@%@‘?oﬁprtwg 'en'3°?sa{}§e'dl a

concentration beuﬁﬁuﬁhﬁw (keaau&boub Eﬁbpﬁﬁ:@é&ti oitisitiikrt] sit@nate is

examl s use nan RRAsHE AR S o b, fp MOl F f%"é;e gheR nfggatsa, ' O
in the ‘arts of Snithat Rl eIy L ow Aev%smﬁ@ﬁme)@mreséednsiaamtm in
B oyies. Z?E%E‘[‘S.ﬁ‘%%‘ rduetat Teyion “ﬂgﬁfe?*"” *""‘“’a“?fig'f?‘ B 288 he
venéors 35 recomEmA rél &snélPtvg kﬁbﬁw#‘ts §F gﬂen€\D
96/ 36697 The data in Figs. 21\-25 ngu,&.ggge/m;deletion of
. genetic material between ~567 and -160 reduce the level
10 of downstream gene expression but does not destroy the
inducibility of expression. Therefore, the DNA sequences
between -567 and -160 appear to contain
transcription-enhancing activity. Most of the
transeription-increasing activity appears to reside
15 between -567 and -212, but additional enhancement appears
to be mediated by sequence information between -212 and
~160 relative to the transcription start site
(transcription start site is nucleotide 573; -567 is
nucleotide 1, -212 is nucleotide 361, and -160 is
20 nucleotide 413, all in SEQ ID NO:2).

In the Gain of Function assay data in Fig. 2B, the
DNA sequence information necessary to mediate induction .
in response to elicitor treatment is located between -160
and -87 relative to the EAS4 transcription start site

25 (i.e., between nucleotides 413 and 486 of SEQ ID NO:2).
In these experiments the EAS-derived sequences were
placed in front of a truncated CaMV 35S promoter [Benfey
et al. (1990) EMBO J. 9:1677-1684). This figure also
demonstrates that the EAS4~derived transcription

30 regulatory region functions when fused to a heterologous
minimal promoter. '

In a more extensive analysis of independent
transformants, either the entire -567 to 467 EAS4
upstream region or 5’ deletions thereof were inserted

35 upstream of the GUS (f-glucuronidase) reporter gene in



-35 - Reagents, buffers and culture conditions are also known to the art.
Ref ef-ences provi di ng standard nol ecul ar bi ol ogi cal procedures include
Sanbrook et al. (1989) Ml ecular C oning, second edition, Cold Spring

Har bor 5 Laboratory, Plainview, NY; R W (ed.) (1993) Methods in

Enzynol ogy 218; ol - (eds.) Methods in Enzynol ogy 100 and_101; d over
.(ed.) (1985) Dl&\%?ﬁg, Vols. | and Il, ITRL Press, Oxford, UR?"H%’“%S
and Higgins (eds.) (1985) Nucleic Acid Hybridization, IRL Press, Oxford, :
UK. 10 References related to the nmani pul ation6 and transformation of plant
tissue include R A Dixon (ed.) (1985) Planf®Cell culture: A Practical

Approach, |RL PreggetsXfpithol/fcronbech, daloZhptd N4y,

Pl ant Mol ecul ar Bjol o cade Press, San D ego Cﬁ)( g@%%gﬁ'sglng
Véi ssbach (eds. ) tﬁ%ﬁ%”%ét SuE, Teppzker, UpEe Asseyad, WEsr ADducing
Press, San Di ego, afd\ nénintuairgicopditibnaan. 162\bp Ripstiredm oifoltheP| ant
Vor dr agen’ J‘%Ff’%ﬁ%ﬁ%ﬁ*ﬁ%ﬁr gprtoiite fisiNe Rt ndent to /2"
(1989) Pl ant M . direst the regulafed.expressinm| ¢f (thyGUs-yeportep genem
i ted Th he foreng e e ey e ezal 2"
glrrpl oyed, are deeﬁgéfg?é‘ﬁd%%[%%?h%%g¥F§’H‘ ang%gfﬁgfﬁmﬁ%#mq i
prof essi onal | our Minimamcof 4167 Aps upstreanheofcthe BAS4 tymaserdptionted in
the present appligateNsPée gawd migagogaﬁéaégﬁéggi@{ gmence herein. The
followng exanp] eg) e BhSatid protoplasts and confer
elicitor-inducibility of GUS reporter gene expression
(minimum of 2.5~fold increase in gene expression). By
contrast, the EAS3 upstream region (SEQ ID NO:1l) does not
appeaz" to support high levels of reporter gene expression
1s in the transient expression system, nor does it appear to
confer elicitor-inducibility to the downstream reporter
gene.

"In part, the elicitor-inducible GUS reporter gene
expression was expected in the protoplast system because

20 those protoplasts were generated using fungal cell wall
digestive enzymes, and those enzymes have been shown to
elicit phytoalexin production and sesquiterpene cyclase
gene expression in plants [Chappell et al. (1991) Plant
Physiology 97:693-698]. A possible explanation as to why

25 the protoplasts respond to a second elicitor treatment is
that the cells are allowed to recover for 6~8 hours
before the second treatment. This recovery phase allows
the cells to return to an elicitor-responsive state.

pPBI10l1 is commercially available from Clontech

30 (Palo Alto, CA). It contains the CaMV 355 promoter
upstream of the GUS reporter gene in a pUC19 vector; thus
it serves as a vector for transient expression
experiments where the recombinant vector is introduced
into plant protoplasts. The presence of this plasmid and

35 its derivatives is selected by growth on kanamycin. A



30 illustrative purposes and are not intended to |limt the scope of the

i nvention as clainmed herein. Any variations in the exenplified conpositions
and net hods which occur to the skilled artisan are intended to fall within
the scope of the present invention- WD 96/ 36697

PCT/ US96/ 06452, ﬁﬁ EXAMPLES Exanple 1. EAS-specific Antibqdj a;
Monocl-onal and po ngBnal anti bodi es specific for tobacco EAS Wer
as described by Vogeli et al. 5 (1990) Plant Physiol ogy 93: 182-187.

Addi tional antibody preparations could be ?e as pol ycl onal anti bodies
using purified EAS as antlgen or u5|ng a pgg ide sequence conjugated to a

carrier protein uim Caygetes inhené o

peptide for 10 anti bo roduct i is selecte fro partijcu

hydr ophi | i ¢ regiBh® 9¥ g a% efmaf’bogy % é{‘ﬁ{#%@s‘ see,
for exanple, Canh&eB?lULQﬂh)im Ica:adiaﬁnal bﬁdytms@ae I eenamytainy

Techni ques in Bi Péﬂfﬁﬁﬁwmmar Bi ol ogy, Vol. 13, Burdon and 15
Rni ppenber g, eds sevier, Ansterdam Harlow and Lane (1988) Antibodies: A

Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY).
Exanple 2. DN/ amipmhebn Szqentifitationi aﬁtiﬂuc&b@neméeﬂpﬂont i ons
of single-stranded and 20 doBegulasterpdBlem®»ds were carried out by the

The 5’ flanking domains of genomic EAS3 and EAS4
clones were mapped by S1 nuclease protaction and primer
extension experiments [Sambroock et al. (1989) supra].

10 Subclones comprising up to 1 kb 5/ to the translation
.start site were sequenced and fused to the
f-glucuronidase (GUS) reporter gene in pBI101 for studies
in transgenic plant tissue. The resulting recombinant
plasmids were then electroporated into tobacco '

1s protoplasts. GUS activity was measured in transient
expression assays, and stable transformed tobacco cell
lines were also isoclated for studies of GUS induction and
expression.

Constructs were prepared containing a minimum of

20 about 200 bp of nucleotide seguence upstream of the EAS4
transcription start site in the modified pBI101 vector,
and a p-glucuronidase (GUS) reporter gene were made and
analyzed for ability to drive regulated GUS expression.
200 bp of flanking sequence appeared sufficient to drive

25 transient gene expression in electroporated protoplasts
and confers elicitor inducibility to GUS expression
(minimum of 2.5 fold induction). Similar experiments
with the EAS3 flanking sequence indicated that 200 bp
from the EAS3 locus did not support either high levels of

30 GUS expression or elicitor responsiveness in transformed
plant cells. Cellulase and elicitins from Phytophthora
[Ricci et al. (1989) Bur. J. Biochem. 183:555-563] serve
to induce gene expression mediated by the EAS4-derived
regulatory seguences.

red



di deoxynucl eoti de chain term nation procedure [sanger et al. (1977) Proc.
Nat| .- Acad. Sci. USA 74:8073-8077], with a Sequenase kit from United States
Bi ochem cal Corp., Ceveland, OH) or an autonated fluorescence based system
25 (Applied Biosystens, Foster City, CA). Exanple 3. Construction of a

Ful I -Tength EA%V&W%M’\" cotiana tabacum L. cv. KY14 cell susp |

cultures were treated with Trichoderma viride cellul ase (Typee%’ﬂma)
at a final concentration 0.5 [err]g/m 30 during rapid growh phase to

i nduce the expressi-on of EAS. Parallel suspeggion cell cultures which did

not receive cellulase served as controls. Cells were collected by gentle
vacuum filtrati on 4 hour Further studies Wela¥etb3e/the identification of

PCT/ US96/ 06452 - %‘:eﬁ&@ﬂt' heaC ) &1 t | 3
culture. A cDNA || blFary wasi Er ep%f‘%dif‘nﬁ%émfﬁg(eﬁlﬂ%@? Egﬁi%gg%gﬂ CA)
frompolyAlerr] ¥nresponse &¢ pathegenndniasienaafnnadeled: singd for 4

hours with elicitealldisse id¥ aliciting; sepedclyrikd foutcaititer hybri di zation

aopesr ng (o b pSLbaPpit st qel BTkbra L RENEA (mifbo ot s Lxfllih L T1086) 01
10 transl ati on-i nfveepriathi AcadonSadal YSAsB828488<492bof thesputative al .
(1979) Met hods Engggalatéfy Zdyidh’of AEABRI! | BEpSEFhitich BASeTDRArctREE Vas
used as a wild-type CA at =233 and =234 relative to the EAS4
transcription start site (mucleotides 334-335 of SEQ ID
10 NO:2) did not appear to alter the expression of the GUS
reporter gene as measured after incubation in the
presaence of elicitor (cellulase) for 20 hours.
Preliminary methylation interference and gel
retardation studies carried out essentially as described
18 [Sambrook et al. (1989) supra] indicated that an
octameric sequence centered around -233 relative to the
translation start site (centered around 334 of SEQ ID
NO:2) binds proteins from plant cell nuclei. Methylation
interference data suggested that the G at position’ -233
20 wvas preferentially protected against methylation by DMS
(dimethyl sulfate) if first allowed to interact with
nuclear extracts. The results of gel retardation studies
were consistent with those obtained in the methylation
protection experiments. When DNA fragments containing
25 the =343 to -140 region (relative to the translation
start site) (nucleotides 230 to 433 of SEQ ID NO:2) were
examined after reaction to nuclear extracts, mobility in
native acrylamide gel electrophoresis appeared retarded.
Protein binding was abolished by the GT to CA
' 30 substitution at positions ~234 and -233. Similar results
were observed in control and elicitor-induced cell
extracts, and reporter gene expression was not changed by
¢his 2 bp mutation. Thus, it is concluded that the
region around =233 is not directly involved in the



hybri di zati on probe for the isolation of additional cDNA and genom c cl ones
The genom c library thus screened 15 was one constructed in [err] EMBL3

usi ng Nbol partially digested DNA prepared from N tabacum L. cv. NK326
hypocotyl DNA (Clontech, Palo Alto, CA). This screening yielded 8

i ndependent cl WssnsgAach of which appeared to represent a diff

chronosonmal | ocus. @24 and EAS3 20 genom c cl ones were descrig‘élz&igf‘]’m
Facchi ni and Chappell (1992) supra, but are now known to have been

i nconpl ete. Facchini and Chappel | (1992) supga_had m sidentified the
translation start sites of the EAS3 and EAS4 codi ng sequences in the

genom c cl one desigiguetd oRd de gefieN expPession cirl rdspbilstl ito) pathbhesi te for

t he EAS3 and EAS4 codi,ng seguenc haye bgen determ ned to be nethionine
codons 165 bp ugéﬂv °g’f ?h?iifg%EEdgﬁgaﬁ%'ousl y identified as start

sites. ‘The corrected staPrelininixy agerimentsajipddcatenthat EASA DWA on of
30 primer extensiw BetwedfLabY AR® L{ANSdtived tosthi! EASE e and
addi ti onal I\l-te"r(rgxna an q[?gzisg?s qug ci&g%data of@urified enzyne, as

not ed Her ei nabdveér %F%‘l@ql 15158 (Petypen Jusienrides,pefernd 525 ai n
reacti on to provialk SEQOID Noz2nbhaveoqualtikative) amd Jmantitativedefftct® of

the EAS4 protein ﬁ@?xlégﬂ\l%ka.teﬁ g ion. Sequences .
an %gc Mal ang %Eprgﬁ %159:9*.0 mﬁ%r ?ﬁl SigtthLrlxner

PCT/ US96/ 06452 - ég%
was used as a hyhetNesn 310 ande —2oofc

start site of EAS4 (nucleotides 463 to 572 of SEQ ID

10 NO:2) to mediate the inducible response, while sequences
between -202 and -110 relative to the EAS4 transcription
start site (nucleotides 371 to 463 of SEQ ID NO:2)
enhance the levels of both induced and uninduced reporter
gene expression.

15 Example 10. Construction of a Chimeric
ml Promoter{-1148 to +68):GUE8 Reporter Gene

In another series of experiments, we examined the
activation of the EAS4 promoter (—1148 to +67) in
transgenic tobacco plants. To obtain the 5’ flanking

20 sequence of the tobacco EAS4 gene promoter (-1148 to
+67), an approximately 1.9 kb HindIII-HindIII fragment
containing a portion of the EAS4 5/ sequence was isolated
from the gEAS4 genomic clone described above. The
isolated fragment was then cloned into the polylinker of

25 the pBluescript KS(+) plasmid vector (Stratagene). Using
standard PCR methodology, the resulting pKs(+) plasmid
containing the EAS4 HindITI-HindIII fragment was used as
a DNA template to generate an approximately 1.2 kb EAS4
promoter subfragment (-1148 to +67) having seguences 1148

30 bp upstream and 67 bp downstream of the EAS4
transcription start site. The nucleotide sequence of
this fragment is shown in Fig. 3A. The 1215 bp
HindIII-BamHI fragment containing the EAS4 promoter (-
1148 to +67) was then ligated in correct reading frame

35 with the coding region of GUS in the binary vector



library in pcdNAZI (Invitrogen, San D ego, CA) prepared from pol yA+ RNA
fromtobacco cell culture cells 4 hours 5 after elicitor treatnment

(Trichoderma viride cellulase). This anpliner was nmade using a sense primer
(ATGCTGTTAGCAACCGGAAGG, SEQ ID NGO 3) and a reverse pri ner

( ATCCAAAATCTCAY g ohEder: SEQ I D NO 4), and the genonic EAS4 te%ﬁﬁs&,&@a
standard PCR reaction [Saiki et al. 10 (1988) Science 239:487-491]. The 110
bp anplinmer was isolated after polyacryl am de gel el ectrophoresis using '
- DE-81 paper (Whatman International, Inc., Cgpffon, NJ). The isol ated

fragnent was then radiol abel ed W|th [[err]] CTP using a random priming kit
from Stratagene ¥praea.icl | RigCAIBT shiows e achemaglci HilTustoatfowiet ithe

colony lifts of t I l@!s\é - n and
Mesel son (1980) é&%é&bg ?.EX ﬁs&i gi Igne ogtgg?n%jéEgﬁt?hese
experiments appear6d 3GYS| zepogteppgene sfusinf.ng sequence. To
obtain a full-length-clone, a RT/PCR approach was used. Fi rst strand cDNA

was prepared fro ol NA f on
with elicitor asr%§ﬁ‘ﬂA é’g Fﬁ%%%d #&QS@&) supr E"'%glungh

reverse primershaving the se 13480 teDHET) s§UB
Thi s sequence corresponds to%ﬂlm@’%QiQ#W%tream of the ¥
translation start site. fbcadseds Hhd fainctibat 65 cthe abartorEAsdarri ed out

in a 10 rr

DT 2.5 i eacrPipmeben raiab $aPPRils Gy, cprBiR1ch°YE! @F ppgrer: 10 M

(Stratagene, La mmm):onsitryptssham iy RigsBB bof Fﬁﬂnﬁ% %mg to

the manuf act urgy ' S14rits teateas withr altheraan felicitbt of Patsger wakhi s
monitored as follows.

The EAS4 promoter(-1148 to +67) :GUS reporter gene
shown in Fig. 3B was transferred to the disarmed
Agrobacterium tumefaciens strain GV3850 using the

15 triparental mating procedure described by Schardl et al.
(Gene 61: 1-11, 1987). Tobacco plants (Nicotiana tabacum
cv Xanthi) were then transformed with the disarmed
Agrobacterium harboring the reporter construct using the
leaf disc transformation method déscribed by Horsch et

20 al. (Science 227: 1229-1231, 1985). As control plants,
lines of transgenic tobacco expressing the GUS reporter
gene under the control of the cauliflower mosaic virus
{CaMV) 35S promoter were also regenerated. Seeds fronm
regenerated transgenic tobacco plants were germinated on

25 medium containing 100 mg/L kanamycin. The resulting
kanamycin~resistant plants were subsequently transferred
into soil and grown in a greenhouse. These plants were .
then tested for the expression of the GUS reporter gene
using the assay described above, using untreated (water

30 control) conditions and inducing (elicitor- and pathogen-
treated) conditionms.

To determine the elicitor inducibility of GUS gene
expression driven by the EAS4 promoter(-1148 to +67), GUS
activity was monitored in the leaves of transgenic

35 tobacco plants treated with the fungal elicitor protein




reaction was termnated by treating at 99[err]C for 5 min. Then 40 [err]l
of master PCR nmix was added to the first 35 strand reaction;: PCR master m x
contains 10 nmM Tri s- NC WO 96/ 36697

PCT/ US96/ 06452 - 39 - pH 8.3, 50 mM KCL, 1.5 nN Myd [err], 0.01% Tween- 20,

0.01% (W V) gelaideieesd- 01% NP-40, 2.5 nM each deoxynucl eoti de Baespkst €
1 unit of Taqgl polynerase, and 25 pnol forward prinmer 5 i,&

( GGGAGCTCGAATTCCATGGCCTCAGCAGCAGI TGCAAACTAT, SEQ I D NG 6, EcoRI and Nool
recognition sites underlined and ATG transl aijon start site in bold). PCR
was carried out under standard conditions [Back et al. (1994) Arch.

Bi ochem Bi ophys. crﬁﬁogﬂ &2 vater as foliswsd2 HALf G¥Cld TUINYOLNPAndEA

di gested with Ec dLll ﬁgﬁgl ﬁgg one;fl %&P‘fmﬁ) %%?ﬁb?h%?°’ﬂ??ﬂl

pBl uescri pt SK (
cDNA clone was s MMMampoplmtms cbnptiitinated Iﬂ'smothehe 5'
-term nal Sequen%a]ﬁafi' FiQe! Qs&ﬁ&ehabﬁpétéé”&iiﬁ cﬁﬁhﬁ 1 So i’EHf
FCJISSK[ l’rE,rA]S pPE,tSK-CT%AS %s trlan p%regnggg nto 'Eé err| c |e‘1hco oP ?ﬁlengl\li
sequence of the |Risszit ed:)ra‘l.r,nmzt.hat. Bhoehghasm;i. raas-tm,emewdtﬁé and
desired structur &@b:dmww Yl §8agphl 1REI1OALAT VP SlExibltLEY

St at es Bi ochem ca Cl eve
0 pl of water in a similar fashion. At various times

after infiltration, the cryptogein and water infiltrated
10 zones of the leaf were collected from intact plants and
analyzed for GUS activity.

As shown in Fig. 4A, leaves from three independent

lines of transgenic tobacco which were infiltrated with
25 nM of cryptogein showed that GUS gene expression was

15 induced =4 hours after elicitor treatment. In contrast,
the 358 CaMV promoter:GUS reporter gene was not induced
by elicitor treatment (data not shown). In addition, GUS
activity was not induced in leaves of transgenic plants
containing the EAS4 promoter(-1148 to +67) :GUS reporter

20 gene when treated with water (Fig. 4A). At the
microscopic level, GUS activity was found to be
restricted exclusively to areas of leaf tissue challenged
with elicitor, indicating that the EAS4 promoter(-1148 to

_ +67) was not induced by a secondary signal (Fig. 8A).

2s To characterize the organ-specificity of GUS gene
expression driven by the EAS4 promoter (-1148 to +67),
roots and stems of transgenic tobacco plants were treated
with cryptegein elicitor and analyzed for GUS activity as
follows. Roots were obtained from transgenic tobacco

30 plants and maintained on sterile Murashige and Skoog
medium until tested. Stems (removed from one to one and
half inches under the apex) were obtained from two-month
o0ld greenhouse-grown transgenic tobacco plants. Prior to
elicitor treatment, roots and stems were cut into & 15-30

35 pM segments. Segmented roots and stems were t:he_n



Exanple 4. ldentification of EAS Honol ogous Sequences Tobacco | eaf genom c
DNA was isol ated as described 25 in Murray and Thonpson (1980) Nucl eic

Aci ds Research 8:4321-4325. After digestion of aliquots with desired
restriction enzynes, the digested DNA sanples were el ectrophoresed on 0.8%

agarose gels angglohSesdt Z€- separated DNAs were transferred to niq:?@g
et

menbranes. 30 DNA blots were hybridized with random priner rad

CEAS1, which is truncated at the 5 end of the coding regi on, (prepared as
in Sanbrook et al. (1989) supra) at 60[err] ginn 0.25 M sodi um phosphate
buffer, pH 8.0, 0.7% SDS, 1% bovine serum al bumn, 1 nM EDTA. The bl ot was
t hen WO 96/ 36dacéubated on filter paper moistened with 10?@5!{ d@06/ 06452 -

40 - washed tw c % ' 0. 2X
SSC, 0. 1% SDS (1 'éégé‘f‘% %’L’gﬁ%}c?sﬁ%gl?gﬁ%é %P rGol Sl e, ’ *0) .
Rel ative hybridi S98i aftivley singreot andnaten segnents m.s}tyﬂa@mﬁg a
vi deo densit onet miyﬁalﬁgﬁ@/&osw@dmlﬁéaqboﬂj Facchi ni and

Chappell (1992 supra r t S e a S

i ndi cat ed t hat there we(rnpg'%;fZQ%G ?g&m gﬂi&ﬁ %%ﬁkg ;"? ?‘ﬁés%&t%acum
genone. To addr ebothhtherrecks and Ssﬂm fofc &wo| imdependept din@ssefuences to
tobacco EAS and apanbgehidUtdSdcdd #1drcan’1B H&G@”&é&tﬁéﬂtﬂdﬁquences

Sout hern hybri di zati on _experi carried,ou ed from
ot her pl ant speC| % :.B Heﬁ-fgf&ei crease in éUé' V. ty %

to sanples treated with water (control) was observed in

10 both stems and roots, respectively. Roots showed higher
GUS activity than stems. These results show that the
EAS4 promoter (-1148 to +67) is inducible in root and
stem tissue in response to elicitor treatment.

To determine if the EAS4 promoter(~1148 to

15 +67):GUS reporter gene was induced by fungal pathogens,
GUS activity in the leaves of transgenic tobacco treated
with two different races of Phytophthora parasitica var.
Nicotianae was analyzed as follows. Young apical leaves
were detached from about 45-day old transgenic tobacco

20 plants and inoculated with a mycelial plug (%1 cm in
diameter) of 2-day-old race 0 or race 1 of Phytophthora
parasitica var. Nicotianae cultures grown on oatmeal agar
as described by Tedford et al. (Plant Disease 14:
313=316, 1990). Inoculated leaves were then incubated on

25 filter paper moistened with distilled water in a growth
chamber at 25°C with constant fluorescent light for 24
hours. Control leaves were inoculated with blank ocatmeal
agar plugs.- ‘Inoculated tissues were subsequently
collected and analyzed for GUS activity as described

30 above.

As shown in Fig. 5, GUS activity was induced in
the leaves of transgenic tobacco when treated with either
race O or race 1 of Phytophthora parasitica var.
Nicotianae. Although race 0 and race 1 of P. p. var.

35 Nicotianae typically induce different disease symptoms,



Restriction endonucl ease-di gested genom c DNAs are 15 separated by agarose
gel &l ectrophoresis (0.8% agarose), and then transferred to a Hybond-N err]
menbr ane (Amersham Corp., Arlington Heights, IL). Radiolabeled probe

conpri sing codi ng sequences of EAS," and hybridi zations are carried out

essentially a Wed I n Sanbrook et 20 al. (1989) supra. gﬁt()gﬁs?te
' @“f’ast

stringency conditions are used (hybridization in 4X SSC, at 6

wash in 1X SSC, at 65[err]C). Alternatively, PCR can be carried out using
target DNA as tenplate and prinmers derived f.iomthe EAS4 coding 25 sequence
in highly conserved regions (see SEQ I D NO using well - knovvn techni ques.

Exanpl e 5. Det egbl gigalisEdant’ #iftdretta Q!i:zmbhﬁe

expression produ can be confirmed i n ues de cr bed |n 0
Facehi ni and Chabhess E¥8oS0et, AR Aheetyedop Ehe kEanageiic eavesibten

Bi ophys. 315: 527N53zabamdevecxmihmmeef we/cbserved rehat bath:

protein material papat gl aﬁ&oiféé‘ i r@ftﬁowﬁﬁbﬁp%&ﬂcéﬁ%é%ﬂidion
al i quots of bacterl gh% ﬁ?? vested an
&c €

/3
PCT/ US96/ 064525 - °§1 %rﬁ%’&&a?ﬁgg “for 2 mnutes in a
m crofuge. After discar drmg‘le{tlea'mnlet dfeGUSpgenatexpreasdion paisi dnduged by

resuspended in 199&@&-&& BReRDAdSs ot nicdhed. ool EMEHLEY Cir@id 0l 2%

sodi um dodecy!l
leaves of transgenic tobacco treated with Pseudomonas
syringae pv. Syringae 61 and its hrpH mutant, and Erwinia
10 amylovora harpin elicitor was analyzed as follows. Young
apical leaves were detached from an approximately 45 day
old transgenic tobacco plant and infiltrated with a cell
suspension (Agp,=0.05) of Pseudomonas syringae pv.
Syringae 61 or its hrpH mutant, or harpin elicitor (50
1s ug/ml) using a pipette according to the methods described
above. Control leaves were infiltrated with water.
After approximately 12 hours, tissue was collected and
analyzed for GUS activity as described above.
As shown in Fig. 6, GUS activity was induced in
20 the leaves of transgenic tobacco after 12 hours when
treated with either Pseudomonas, hrpH mutant, or harpin
elicitor. In contrast, low GUS activity was detected in
transgenic leaves treated with water. Furthermore, a
" hypersensitive response was observed to develop within
25 the tissue zones infiltrated with either wild type P.
syringae Pv. Syringae 61 or purified harpin protein about
12-15 hours after treatment. These results indicate that
the EAS4 promoter
(~1148 to 67) is activated in response to either
30 bacterial pathogens or a bacterial-derived elicitor.

Example 12. Immuncblot Analysis

The expression of EAS in different tissues of
transgenic plants in response to cryptogein treatment was
analyzed by standard Western blotting methods as follows.



5 0.01% br onmophenol bl ue, 10% gl ycerol. For imunol ogical detection 15
[err}dl aliquots are el ectrophoresed over 11.5% SDS-pol yacryl am de gels; for
Coonassi e blue-staining of the proteins, 35 [err]l aliquots are simlarly
el ect rophoresed. For soluble protei'n sanples, the cells 10 are processed as

in the procedug"ﬁ;%%’qeterm nation of enzymatic activity (see | .
(1995) supra or Facchini and Chappell (1992) supra). For IW@W
detection 10 [err]l aliquots are el ectrophoresed as above; for Coonassie

bl ue-staining, 10-50 [err]l aliquots were 1{ el ectrophoresed. After
el ectrophoresis the proteins are stained w 4" CoorraSS| e blue, or the

proteins are tr apsde r,ﬁdwg&mw&gal ggg,, Bed [ Towbi n
and Cordon (1984 ournal_of | nol o I\/Eth 72 313 bifor 0

i mmunodet ect i on. g%] mﬁ?&ogg’:@ *ﬁ 1{6? n. 1X
TBS (20 nM Tri s- mmH memiwoohmuaﬂe)bufm rﬂpH Gc.a)l wlontaihinqszntar e

I ncubat ed over ni t cl

specific for tob c & utblagnﬁ‘Q o rH1LHé 22 a%ag ant
Physi ol ogy 93: slsqsq am M3 a5 5 B0k ﬂé-ympm aneh 3% e
phosphat ase and déucﬁm w:igaa.d:agndl Chappell; o suipam)i.ncPieetednt o

Ylmsnl;g: : izgefjhgnb{%rocé%%?sa %&gﬁ%ﬁ&? %%Je%itgllhgog%gbg Proc.

Nat| . Acad. SciEguajsquantities,efoproke oﬂis'l'he

5'-truncat ed cmtpmmw M&roeefhtl&smlmembtaﬁhsppahﬂ (1992)

SNlling(g Vas ”Seﬁa a5 mituhddue dtivel 'a@‘d&%&?&b&&%ﬁ%@&d&l’lg ahd cnbhgpagym cv-
(supra) .

As shown in Figs. ‘7A-B, EAS protein was not
detected in the leaves of tobacco plants by Western
blotting experiments. In contrast, EAS protein was

15 induced in the leaves of transgenic plants after
treatnment with elicitor. In segmented stems and roots,
EAS protein was detected in the absence of elicitor .
treatment, indicating that one or more members of the EAS
multigene family, but not EAS4 as determined by

20 histochemical localization data described above, are
activated upon wounding.

Example 13. c.u-spoci.f:le Expression Pattern of the EaAS4
Promoter({-1148 to +67):1GUS Reporter Gens :I.n
Transgenic Tobacco

as Figures 8A-K show the results obtained when
tissues from different transgenic lines of tobacco were
stained for GUS activity after treatment with elicitins.
The data presented in Figures 8A-K are representative of
a series of observations made at different times with

30 several independent lines of transgenic tobacco :
expressing the EAS4 promoter(-1148 to +67):GUS reporter
gene shown in Fig. 3B. GUS activity was localized in
transgenic tissues by staining sections with 1 mM X-gluc
(5=-bromo-4-chloro-3-indolyl p-glucuronide) staining

35 solution containing 50 mM NaPO,, pH 7, 0.05% Triton X-
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genomc library in the [err] EMBL3 vector (Clontech, Palo Alto, CA). DNA
sequences were determ ned using routine subcloning and DNA sequenci ng
protocols. The DNA and deduced ami no acid sequences of the 5 EAS4 genonic
clone are pre SEQ ID NO 7-8. Example 7. Ceneration of Transgenic
Plants For studies of the function of portions of the upstreahcHP¥ At ed
region of the EAS4 gene, HindlIl/BanH -ended fragments of this upstream DNA
were 10 cloned into pBl 101 (Contech, Palo Alto, CA) so that expression of
the [err]-glucuroni dase (QUS) reporter geﬁesscﬁul d be nonitored in

transforned pla T n I ven
in SEQ ID NO 1 ?r? ° ?% Ekl n %W%e é%e Eﬁ’e?gl §%1§7B§(/gn in
SEQ ID NO 2. | n%m fiixed ing e’hce%halwe' tﬁ*arﬁla&cﬂaéﬂagﬁﬁﬂ-s §F§-€:(ATG)

i s the 1ast thr ahd Ui CortdideRyasr £6P 2 b s, OTHIOYOPhGARSwahe EASA

CART and" TATA-baseed EriR5 aRRkelPl fte Liddied by d5ctbdeillocths’ 20 1y o
nucl eot’i des 456 sestd®ms inSZOY pthanol E/Ssgtions of wtaived pdenti3 to 516
and at nucl eot | deasit) viee> baieival Qub hdlQh 24 S TIRE RilkBREbAETRAGP! ANt
ranstormati on BRHERRed HhdPacen MERS PiefoRt HaagmaBhis: FRRETEne
As shown in Figs. 8B-F, GUS activity was present
in elicitor-infiltrated zones of transgenic leaves,

10 indicating that the EAS4 promoter (-1148 to +67) was
activated in response to cryptogein or parasicein
infiltration throughout the leaf tissue, except in the
epidermal cell layers where minimal GUS activity was
observed. A similar weak staining pattern was observed

15 in root and stem epidermal cells (Figs. 8G and 8L).

While minimal GUS activity was found in the epidermal
-cells of the transgenic leaves, GUS activity was observed
in trichomes of both the leaf and root of transgenic
plants (Figs. 8B and 8L).

20 In addition, as shown in Figs. 8C~F and Fig. 8L,
elicitor-inducible GUS activity was observed in a
distinct subepidermal layer of both stem and root
sections (Figs. 8C-F and 8L). Fig. 8F shows that GUS
activity in stem tissue was also present in the cambial,

25 phloem, and primary xylem tissue layers; minimal GUS
activity was observed in cortical regions of the stem.
Furthermore, like stem tissue, GUS activity was localized
within the vascular system of the roots (Fig. 8L).

No CUS activity was observed in flower petals,

30 including pigmented and non-pigmented tissue, either

before and after treatment with cryptogein.

Example 14. 5’ Deletion Analysis of the EAS4 Promoter
(-1147 to +67) in Transgenic Tobacco Plants

In another series of experiments, several 5’
as deletion constructs of the EAS4 promoter (-1147 to +67)



sequences to be introduced into plant tissue were transferred into A
tunefaci ens strain GV3850, by triparental mating wwth E. coli TB1
(pRK2013). N. tabacum |l eaves at a variety of stages of growth were cut into
1 30 cnferr] pieces, and di pped in a suspension of agrobacterial cells
(about 10[err] ‘H@.ﬁr}%& cells/m). After 3 to 10 minutes, the |eaf
segments were t ed in sterile water to renove excess baPFPUSHf064R2 | s
rand to reduce problens with excess bacterial growh on the treated |eaf
segnent s. WO 96/ 36697
PCT/ US96/ 06452 - 43 - After a short drying ’[’ﬁfe'(SO to 60 seconds), the -
treated |eaf seg Yehoblatedluiing Franidif il wirBholbdpue Fhibdy! ©
ran

Medi um wi t hout ant |ot|cs toQ grom)te t1ssue I nfection an

fromthe bacteri a RRPRORET ions wexe thep fuged to &he:GUS XERPTLEr
contains per |litergene 3n gMeWpBEM:gﬂamﬁM:Ba&dtoﬁel anaM xture

(i 9501 ved i n 1 NTEHYEeriry Spinedtleg otk ekl K BEREPRUM hove.

g sucrose, 2 m of 10 Ganborg's Vitam n Solution (Sigma Chem cal Co., St.
Louis, NO and 8 g of agar The pHis adj umﬂgbgtween pH 5 5 and 5.9.with
NaCH. After 2 days - K¥=YaTsa=Y2 ;
Cul ture Medi um cort ai n|§1-g 300 [err]géﬂggaﬁvkapanym n

mefoxin 15 (Mer ck f - Ty fagNaieeidymes) eCt f Qlact {aansf
. )

ti ssue, and the ndgf oxi n sel ec

Control Elicitor-
{water- treated
infiltrated)

1723 lges

120 - 5 §

10 23

As shown in Table 1, deleting the EAS4 promoter

15 from -1148 to -567 decreased inducible GUS activity to
50% of the level of that found in plants with a
full-length EAS4 promoter (-1148 to +67). Further
deletion of the promoter to -212 decreased inducible GUS
activity by an average of 90%, and deleting to -~160

20 decreased GUS activity to 2% of that exhibited by plants
having a full-length EAS4 promoter (-1148 to +67).
Deletion to -~63, a promoter which still contains putative
CAAT and TATA boxes, completely abolished expression of
the chimeric gene in control and elicitor-treated leaves.

25 These data indicated that multiple.positive regulatory
elements which control the gquantitative expression levels
of EAS4 in tobacco are contained within the -1148 to =160
region.



the agrobacterial cells. It is necessary to mnimze the exposure of the
explant tissue to agrobacterial cells during the 20 transformation
procedure in order to limt the possible induction of the regul ated parAl
codi ng sequence during the production of the transgenic plant cells, which
woul d cause a gall th response. Accordingly, the bio- ball

techni que for (?"F oduction of heterol ogous 25 DNA cont ai nlpré"q,sgf'?“sz

sui ci de genes under the regulatory control of the inducible transcriptional
regul atory elenent.is a useful alternative transformation techni que because
it does not entail the use of agrobacterlaT 3eTIs or fungal cell wall

di t h
cl Sctroporationy . both croaeafect of” ileffell ?%ﬁa%?g%ﬁ&’ et Red3iohd
under the cont r oft9f56aARA$8) a?é?ya'&%n’é!ﬁ &Ehs gRUSenRs o

regener.at ed essenfiithiny as descrl bed by Horsch et aI (1985) Sci ence
227:1229-1231.

PCT/ US96/ 06452 - ??q %ﬁm res&f’f‘u‘gh}'r ns'“’er'ﬁl%:e s V\ereexpee?e%o?br t he

expressi on of Shdecause delekrion frew t @eﬂg@#@%épng 4-fold

? ]{3][ g;rgoﬁ gthl glr O-dicreade) lin @s@keasﬂbucms ﬁmg ;ﬁtad&sw %ﬂﬂg@y

(gont rol) condit |%d%l¥ﬁg3é #?gjgﬁgh i M rﬂjtﬁiﬁﬁﬁgﬂgﬂ gﬁt ﬁ) is the

i ntercel | ul ar apRargelyregoved indugible|GUs artivity, the sequence
downstream of ~160 was found to be sufficient to direct

10 inducible gene expression in leaf tissue. As shown in

Pig. 9B, a 17-fold induction was observed in leaf tissues
treated with elicitor. These data demonstrated that a
qualitative element controlling the elicitor induc:.bility
is located between =160 to -115.

15 Example 15. Disease-Resistant Tranagenic Plants
The parAl coding sequence was isolated from

Phytophthora parasitica race 0 as follows: Genomic DNA
was isolated and used as template in PCR with a SIG
forward primer (CGTTGGATCCCCACCTCATCCGAAATGAAC; SEQ ID

20 NO:9; BamHI site underlined); nucleotides 25-27
correspond to the translation start site and reverse
primer (GGCTGAGCTCCTGGACGFCAGAGATCAAACC; SEQ ID NO:10;
SstI site underlined) to amplify the coding region of the
 ParAl elicitin including the signal peptide coding

25 sequence. To isolate an amplimer corresponding to the
coding sequence of the ParAl elicitin, the MAT forward
primer (GCCGGATCCTTATGACTAGTTGCACCACCACGCAGCAAACTG, SEQ
ID NO:11; BamHI site, GGATCC, and Spel site, ACTAGT,

~ underlined; translation start site at nucleotides 12-14)

30 and the reverse primer as before (SEQ ID NO:10) were used
with genomic DNA as template.

For subcloning into pBluescript (Stratagene, La

Jolla, CA) or into pEAS4 constructs, the amplimer DNA was
digested with BamHI and SstI. Where the mature protein’s



tobacco tissue in the transgenic plants (using a mechanical pipetter to
apply 50-100 [err]l or 10-100 nm 10 protein (e.g., cryptogein) inducing
conposition to interstitial tissue); controls wer e mock- appl i ed but not
treated with cellulase elicitor. Tobacco tissue was wounded with a scal pel

In some experinents to facilitate exposure to the inducing co 5
Exanpl e 8. Del N W ysis of Pronoter and Pronoter-associ a[‘p(g% ﬁ%’l n

separate reactions, the EAS4-derived DNA sequence enconpassed by -567 to

+67 relative to the transcription start S|t§ (nucl eotides 6 to 642, SEQ ID
20 NO 2, EAS4) was substituted for the Caudl fower Mosaic \/rus (CaI\N) 35S

pronot er [ Benf ey?géiﬂﬁ Bé%g?{g%eq\@qhs&urgﬁb gagﬁg; gﬁﬁgit

GUS-reporter vec ont e

Alto, getlon %ntsm
the EAS4 upstreafPREEFBRE GRR P kﬁﬁ?ﬁ%ﬂa?’é&"aﬂ’ﬁ Qsingert pﬁ%u
endonucl ease. Angignal eéqﬁbncgﬁaswemsm endGoS thesopew readingc framed out

“in electroporate o) I ?;{da

transforned tob @h& ?I nes EE vgé%"of?sg?&& bEr eiR?n nar or 't he
transi ent expresWith &bﬁn%é??ﬁt%@% of QP &EteEnction for
elicitor induci bagarwsangebtedétrPiéphdbriosist oned I n regul ating gene

orotoptasts i nto whioh JATOE SEAullstPhEag ) Mt thide BintbuldOfOHE
i ntroduced are gilesding tpgthesgeneratien: of ﬂésééﬁeﬂfeﬁbsmmt? end of
the EAS4 The coding sequence for the ParAl elicitin is isolated by
10 PCR so as to have BamHI and Sstl ends.
GEAS4 g0 (cycrase)-GUS-PBI101, which directs the expression
of the GUS reporter gene under the regulatory control of
the EAS promoter, is digested with BamHI and SstI to
release the GUS reporter gene. Then the
15 BamHI/SstI-digested parAl amplimer is ligated to the
large fragment produced after digestion of
GEAS4400(cyclase)~CUS-PBIL101 to produce
gEAS4 00 (cyclase) “PArAl-pBI10l, from which the Paral
elicitin is synthesized following induction with a
20 suitable elicitor once plant cells or tissue have been
transformed.
To assess resistance to plant pathogens,
. transgenic tobacco plants (Nicotiana tabacum cv. KY160)
containing either the parAl mature elicitin gene (amino
25 acids 21-118 of SEQ ID NO: 12) or paral elicitin-with-
signal ééquence gene (amino acids 1-118 of SEQ ID NO: 12)
under the control of the gEAS44no(cyciase) Promoter were
regenerated using the Agrobacterium-mediated gene
transfer technique as described above. The resulting
30 transgenic plants vere then tested for disease resistance
against either race 0 or race 1 isolates of Phythopthora
parasitica var. Nicotianae using the standard detached
leaf assay described by Tedford et al. (supra).
As shown in Fig. 10, several independent lines of
35 transgenic tobacco containing the parAl mature elicitin
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prondter regions reduce the | evels of expression, but inducibility is

mai ntai ned for the -262, -202 and -110 constructs (relative to the
transcription start site at nucl eotide 573 of SEQ ID NO 2). These data

i ndi cated 5 tha& Wery | ow I evel s of GUS are expressed via either EAS3
pronoter region Simlarly, the CaWw 35S pronoter al

i nduced by the elicitor treatnent. The data in Figs. 2A-2B indicate that
del etion of genetic material between -567 and -160 reduce the | evel 10 of
downst r eam gene expressi on but does not dest¥dy the inducibility of

expression. Theref e, E#g gBA @giegfbw%s{%? and 16%!%%%@& to
contain transcri o | Vit 600 {cyclase)
transcription-i ncsmmwépm%t yliappeer resistance|ta bokh wage S@npdand
-212, but additi opgde GDIGEN PR tv&&peaﬁ&oteab&mammbme

|nformat|on betvvee 21 160r |vetoth ranscri ion,start _site
(transcription stB tz‘ﬁﬁag Sﬁ‘i’%é' §7§ n%% M'ﬁ’tf%‘ 9B i s
nucl eot'i de 361,5 acn. -Km(i QrzmmchAtabam GV ﬁ;dmm)iming t he
Gai n of Function ggs rymat i on

ansié% L0 F"ffq PEPOIRGE geitl
necessary to nediate 1 nd response I I Cl t treat ne cat ed
bet ween -160 and -87 rel Iﬁ&?‘}%ﬁ&& ft BYEpent; {'%%%'
(i.e., between nuhavetbesrs dekemim&l% aetsil), Iﬂ:l\ﬁ apparerrme:hat
experinments the q L r 6ak ed
CaMy 355 promtefﬁen MG N GReTSIMRES RadpEatidhd &M dftihizats
10 oclyr to those skilled in the art. It is to be

expressly understood that such modifications and

adaptations and so on are within the spirit and scope of

the present invention, as set forth in the claims.



et al. (1990) EMBO J. 9:1677-1684]. This figure also denonstrates that the
EAS4-derived transcription 30 regulatory region functions when fused to a
het er ol ogous minimal pronoter. In a nore extensive analysis of independent
transformants, either the entire -567 to +67 EAS4 upstreamregion or 5'
del eti ons ther%s re inserted 35 upstream of the GUS

([err]-glucuro éé\%ﬁg’reporter gene in WD 96/ 36697 - PCT/US96/06452
PCT/ US96/ 06452 - 46 - vector pBI101 (C ont ech Palo Alto, CA), and
expression levels of the GJUS reporter were sayed under i nducing and

noni nduci ng conditions. 160 bp upstream of "tTe transcription start site of
EAS4 were sufficient to 5 direct the regul gk dxseid on of the GUS
reporter gene, although the presence of additional upstream sequences

medi ated i ncr easeg exFr es§| nstructs containing a m ni mum of -167 bp
upstream of the dtart site gave transient gene

expression in 10 el ectyopspratmc:: Mdaira i Tivatass! of AikkUniversity of Xentucky
eIicitor-inducibiIit%/ of GUSre orter ene ex reSS|on m ni num of 2.5-fold
i ncrease in gene expftd ‘ﬂ;ﬁg" EQ ID

NO 1) does not appear to support hi gh | evel's of reporter gene expression 15
in the transi ent exgtti)s FO¥BER\ON SEQUENERS:ddes it appear to confer

el icitor-inducibilitysd0chlifshiitinde RBsResSPOr ter gene.
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In part, the elicitor-inducible GJUS reporter gene expression was expected
I n the protopl ast system because 20 those protoplasts were generated using
fungal cell wall digestive enzynes, and those enzynes have been shown to
elicit phytoal exi n production and sesquiterpene cyclase gene expression in
pl ant’s [ Chappeyly . (1991) Pl ant Physiol ogy 97: 693-698]. &C&&% | bl e
explanation as to y 25 the protoplasts respond to a second 52
treatnment is that the cells are allowed to recover for 6-8 hours before the
‘second treatnment. This recovery phase allo the cells to return to an
elicitor-responsive state. pBl 101 is comer¢ially available from d ontech
30 (Palo Alto, G&).xnrorexyroni son s z5adV1:35S pronoter upstream of the GUS
reporter gene in a pUclg vetor thus it_serves as a vector for transient
expr essi on experime WIS EeotR: 532 LIIE gVECtor is introduced into

pl ant protoplasts. The p(nasm ﬁfcxhku @cfd asmd and 35 its derivatives is
sel ected by growth on ka@nmlg!ss- Aentile/ 36697

PCT/ US96/ 06452 - 47- " pr otfht ‘1998 cassette in the Agrobacterium

bi nary ‘pl asm d vect ,_)W Bep@pmdM (1984) Nucl. Acids Res. 12:8711)
simlarly carries a plant-expressibl e kanamycin resistance determnant. 5
Exanpl e 9. Ildenti H’gd IAKUSPhl e Transcription Regul atory El enment

The 5' fl anking domﬁsaﬁzwﬁ, EAS3 and EA4

{vi) ORIGINAL SOURCE:
(A) ORGANISM: Nicotiana tabacum

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l:
CCGCGATTGG AGGATGCTTGT ACGTCGAGCT ACGCGGCACC GCGCTTAATT TTACTCGGTC 60
AAGAAGGAAC GGGGATGGTG GTCAACGAAA CACGACGGGC CCGACATCAT GCCTGACAAC 120
CCGCCGTGGE TGAAGAAGTC GACGTTIGGAA AAGAGCTACA GCCTIGCTCCA CGCGGATGCG 180
GGGATGGCCG CTGACTACAG AAAGTGCGTT TCCCGCCACC CGGGGCGAGC CCGGGTTTTG 240
ANGATCAATG CTGACCGAAC CAGACGGCGG TACGTCATCC GCTTCAGGGT AGAGACGGAT 300

" CAGTTCTTGT TGTCGTGTGT CGAACTCGGG ACGTTTGTCA CATGGCTGGA CGGGITATIC 360
GCCGCCATCA ACGTGTCGCC GCCAATCGAC GAGCGCGACT TTCCCAGAGA CTTTAGCCTG 420
CCACGGATCA ATTACATTAA CTAGTCTCIC ACCACTATAT ATACTTGTCC CTTCTCTTCC 480
ATTTAAGTAG AGTTCCTTTC TTTCTTCCTT AA 512

(2) INFORMATION FOR SEQ ID NO32:
(1) SEQUERCE CHARACTERISTICS:
(A) LENGTH: 642 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA
(iii) HYPOTHETICAL: NO
{iv) ANTI~SENSE: KO

{vi) ORIGINAL SOURCE:
{A) ORGANISM: Nicotiana tabacum

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
TAGGTCAATG TCAGGGCTTA TGCTCCACGA TACTTATGCC CTGCCAGTAC ACCTCGCAGT &0
GGGACTCGCT GAAAAAACGT CTTTGTTGTG AGAAATTGCA ATTITGAACC TCTACAATTT 120
CGACAAAACC TTGGTTCGTG AAAACTGTIT GATTAACTIT :rncnccarcc AGTCAATTTA 180



cl ones were mapped by S1 nucl ease protection and priner extension

experi nents [ Sanbrook et al. (1989) supra]. 10 Subcl ones conprising up to 1
kb 5 to the translation start site were sequenced and fused to the
[err]-glucuronidase (GQJS) reporter -gene in pBl 101 for studies in transgenic
pl anf- ti ssue. &ﬂ; | ting reconmbi nant plasm ds were then el ectroporated
into tobacco 1 p%%@%%lasts. GUS activity was neasured in traﬂgﬁgﬁ&m““”
expressi on assays, and stable transfornmed tobacco cell lines were al so

i sol ated for studies of GUS induction and egressi on. Constructs were
prepared contajning a mnimumof 20 about 200 "bp of nucl eoti de sequence

upstream of the féedaiicdnEicrRiIA Az TiceS dcRerabrEt SrTRRE TEA® ¢akdidrddil 240
vector, and a [err]- Iucuronl dase éGUSi reporter gene were made and

anal yzed for abi "Eﬁ“@g T | THACTTITRT BAATIMAGTA, 309
sequence appear eﬂrﬂdﬂiﬁ'm [GHAGAGTRET TRELTIPIPF R88dcRPrIT 360

el ectroporated protoplasts and confers elicitor inducibility to GUS
expressi on (i ni AMAFARTATE ATHCACTEGA GRIARCAMTY AARTARAATA TITSRGAANS TEGATRAATA t h420

EAS3 {1 anki ng Segueiegknitkaibaiftol iificarids RcbiEtd RivhiSirt Hdmasticd N0lso

support either high |evels of 30 GQJS expression or elicitor responsiveness
in transformed pheRPCGRANT TAAATGATTA| GETSCTRTAC HTFRATTAGR TTAMITRAGES FOTHACPNTE, 540

[Ricci et al. (1fgkriith eroccRiehPicaiia Wipemadte SHATER: CBAURAECE 600

expression nedi ated by the EAS4-derived regul atory sequences.
TAAAAGAACA AGTARAAATA CACTCATCIT TAATTAGCAA TG . 642

{2) INFORMATION FOR SEQ ID NO:3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other mucleic aciad
{A) DESCRIPTION: /desc = "Oligonuclectide primer for

{iii) EYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
ATCCTGCTTAG CAACCGGAAG G . - 21

{2) INPORMATION POR SEQ ID NO:4:

{i) SEQUENCE CHARACTERISTICS:
(A) LERGTH: 21 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other mucleic acid
(A) nzscn:mom /desc = "Oligonuclectide primer for

(1ii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: YES
(xi) SEQUENCE DESCRIPTION: SEQ ID RO:4:
ATCCAAAATC TCATCAATTT C _ 21
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Further studies related to the identification of sequences inportant in
-medi ating i nduced gene expression in response-to pathogen invasion, as
nodel ed using cellulose or elicitins, were carried out after 5

ol i gonucl eotidew§ rected nutagenesis [Kunkel (1985) Proc. Natl. Acad.
Sci. USA 82:488 W the putative regul atory region of EASqPCTUSI6N64S2
Substitution of GI for the wild-type CA at -233 and -234 relative to the
EAS4 transcription start site (nucleotides 334-335 of SEQ ID 10 NO 2) did
not appear to alter the expression of the GUgareporter gene as neasured
after incubation ify ThfosMess#6r GRSl fibdser (cel lulase) for 20 hours.
Prelimnary nethylation i nterference and gel retardation studies carried
out essentially as dedé}i NEE TIORNPATBORTICE: a| . (1989) supra] indicated
that an octaneri c sequencegt oy QULd 4" 233 relative to the translation
start site (centered arour(d) mmsslazmz) bi nds proteins from pl ant
cell nuclei. Methylation (R SOPEEASYeclidaam suggested that the G at' position
-233 20 was preferentigg) | efirad mqﬁhﬁ&mmat ion by DVS (dinethyl
sul fate) if first al I owed (AP DESCRIFTION:\/dduckl CloREjonaldotds pritiee fersul ts of
gel retardation stuBf®e8 were consistent with those obtained in the

nmet hyl ati on protecti HYP O b < en DNA fragments containing 25 the
-343 to -140 region ((lrefatlve to t emtbranslatlon start site) (nucleotides
230 to 433 of SEQ I D (4e) ARTEcSENSBY XREned after reaction to nucl ear
extracts, nobility in,Qatdimie’ MtaRititolt seg ! 18Chd.8PN0r esi s appear ed

ret arded.

ATGAGTCCTT ACATGTGA ' 18

(2) mronunzon FOR SEQ ID NO:6:
(1) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 45 base pairs
(B) TYPE: nucleic acid
(C)} STRANDEDNESS: single
{D) TOPOLOGY: linear

{1i) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Oligonucleotide primer for

PCR."

(1ii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: YES

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

GGGAGCTCGA ATTCCATGGC CTCAGCAGCA GCAGTTGCAA ACTAT . 45

(2) INFORMATION FOR SEQ ID KO:7:
(1) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 4253 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear
{i1i) MOLECULE TYPE: DRNA
(iii) HYPOTHETICAL: NO
{iv) ANTI-EENEE: NO

{vi) ORIGINAL SOURCE:
{A) ORGANISM: Nicotiana tabacum



Protein binding was abolished by the GI' to CA 30 substitution at positions

-2347and -233. S
elicitor-induced
changed by this 2
-233 is not digﬁg
PCT/ US96/ 06452 -
invasion or elici
DNA sequences bet
start site (betwe
qualitative and ¢

mlar results were observed in control and
cell extracts, and reporter gene expression was not

bp mutation. Thus; it is concluded that the regi on around

%H‘lvol ved in the WD 96/ 36697

i nducti on of gene expression in responsePEHUREOMRen
tor treatnment. Prelimnary experinments indicate that EAS4

ween -253 and -48 relative 0 the EAS4 5 transcription

en nucl eoti des 320 and 525 Bt "SEQ I D NO 2) have
uangixdyopeaderey f ect s on downstream reporter gene

expressi on. Sequences bet (RJcNAMEYEEY:aqRE - 1 of EAS4 rel ative to the
transcription start site O EX3TION;,d2365t333ds 463 to 572 of SEQ I D.10 NO 2)
to nediate the induciflyepi@apgnse, whi:le sequences between -202 and -110
relative to the EAS4 trangqr npie/eEr:stBst Site (nucleotides 371 to 463 of
SEQ I D NO. 2) enhance the {BvEPEATEON:HA4%4.;d8ced and uni nduced reporter gene
expression. 15 Exanp}g)lfeararEstruction of a Chimeric EAS4 Pronoter(-1148
ter Cenegd)nmaMEykEEy cB®ri es of experinments, we exam ned the
activation of the EAS4 pr GRol@JATIONs] 2805.021827) in transgeni c tobacco

plants. To obtain thgyyy phirdRii N9

to +68): GUS Repor

(A) NAME/KEY: CDS
(B) LOCATION: 2259..2477

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 2609..2747
(ix) FEATURE:
(A) NAME/KEY: CDS
~ (B) LOCATION: 2902..3148
(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 3261..3555
(xi) sxqmcn' DESCRIPTION:s SEQ ID NO37:
AAGCTTTACG AATTAGATGT AAAAAGACGC ARACTACTTA TATATATTAC CAAAGTAACT
TGAAAGTTTA AAATTTCAAT TAGAACTATA GTAGGGTAAA ACTCTCTATT TAARATCAGT
ATTTARAAAG GCATGAGCGA ARGATGAGGC GTTTTATCTA ACACGAAGCG AGGTGTAAGC
COCATGGTCT TTTATTTTTA TATITTATAA ATTTATAAAA TCATTATATA AATCAGAAAA
ATACACTAAA ATTGTGAAAA GTTAAAGAAA ATTATAGAAT TAATATATAT ATATATATAT
ATATATATAT ATATATATAT ATATATATAT ATATATATAA ATGTATGTGT GTGTGTGTGT
GTATCGCATG CGCGCGACCA TGCAACTTTIT TTTICTTGAA AARAATAAAAG GCGTAARGAT
ACATTATACC TATGTCATCA AAACAATATA AAAACTAGAG CGATACCAARA GGAAATTTTA
AATTCAAAAA CTAACTTGAA ATTAATATAT TTAAAATTTC ATTTTITTIT. GTGTGGAGAA
AACAAAGCAT AACACTTIGC TTTGTAACAC TTTGCCTAGG TGAATGTCAG GGCTTATGCT
CCACGATACT TATGCCCTGC CAGTACACCT CGCAGTGGGA CTCGCTGAAA AAACGTCTTT
GTTGTGAGAA ATTGCAATTIT TGAACCTCTA CAATTTCGAC AARACCTTGG TTCGTGAAAA
CTGTTTGATT AACTTTTAGA CCATCCAGTC AATTTAACTC TAAACTGACC TAAATAAATA
CTACGTACAC TAGTCTTTAA GTTCATCAAA GTGGACTCTG CATTAATAAT TGAAATTTAT
GCCGCAACAR TGACATTAGG TTTTATAAAT AAAGTAATAG GAATTTGATA GTTCCAGGAA
ACAACTCTAC AGTACTCCCT TATTTIGTGC CTTTTTAAAT AATATTATTC AGTTIGACGAA

ACAAATAAAT AAAATATTTG GGRAACTGGA TCAATAGACC CCAGACGCCA ACAARTGAATC

120
180
240
300
360
420

540

660
720
780
840
900
960
1020



20 sequence of the tobacco EAS4 gene pronoter (-1148 to +67), an
approximately 1.9 kb HindlII1-H ndlIl fragnent containing a portion of the
EAS4 5 sequence was isolated fromthe gEAS4 genom c cl one descri bed above.
The i sol ated fragrre‘nt was then cloned into the polylinker of 25 the

pBl uéscri pt KS md vector (Stratagene). Using standard
nmet hodol ogy, the res ting pKS(+) plasm d containing the EAS4 %ﬂssaosdsz
Hndlll1-H ndl Il fragnent was used as a DNA tenplate to generate an

approximately 1.2 kb EAS4 pronoter subfragr \T\/Egt (-1148 to +67) having
sequences 1148 30 bp upstream and 67 bp do tream of the EAS4
transcription stgsiacotiet TAdCACEGY ROICrOTACTCANCOIRTE (echRATIARA aGAPMiacrs S o8t
in Fig. 3A. The 1215 bp Hindl|l-BanmH fragnent containing the EAS4 pronoter
(- 1148 to +67) GESTICAEM MOGRERA FFASSFTETt N %‘%WF’FF‘F% 1140
codi ng-regi on of Aﬁﬁwmm AANEMARA IRARTARGTA AAAATACACT 1200
PCT/ US96/ 06452 - 50 - EBI 101.1. Fig. 3B shovxs a schematlc i1lustration of

t he structure of g{.ﬁg‘ﬂ%ﬁ@ 4@ %Egzs @t er 1251
gene fusion. Exanple 11. Elicitar- an hog;en i Nducr b ession 5

iof a Chineric EAS4 Pronote g 1148 to +6 :@AJS Gene in Trans en| C Tobacco 'I;o
r

assess t he funct %54 Efﬁ) ::t ;EJ ﬁ
const oWn 1N oLy %nsgenl c

expressi on of the
t obacco
TTC CTT TCA TTC TCC ATT GAT AAT CAG G TAATTTAACT AATACTAGTA 1347
Phel.;gmrheSe:neupMnGm :

TTCTTTATIT ATATTTATAG TTTGTTCTCC ATTGATAATC AGGTAGTTTA TTTATGTIGA 1407

ACAACATTAA TTITGCTAAT TTCAGTTTAA TGTACATTAC ATATAG GTT GCG GAA '1462
Val Ala Glu
1 .
ARG TAT ATA TAT GCT CAA GAC ATT GAA GCA TTG ARG GAA CAA ACG AGG 1510
Lys Tyr Ile Tyr Ala Gln Glu Ile Glu Ala Leu Lys Glu Gln Thr Arg
5 10 15
AGT ATG CTG TTA GCA ACC GGA AGG AAA TTG GCC GAT ACA TTC AAT TTG 1558
Ser Met Leu Leu Ala Thr Gly Arg Lys Leu Ala Asp Thr Leu Asn Leu
20 25 ) 30 35
ATT GAC ATT ATT GAA CGC CTT GGT ATA TCC TAC CAC TTT GAG AAA GAR 1606
Ile Asp Ile Ile Glu Arg Leu Gly lie Ser Tyr His Phe Glu Lys Glu
40 45 50
ATT GAT GAC ATT TTG GAT CAG ATT TAC AAC CAA ARC TCA AAC TGC AAT 1654
Ile Asp Glu Ile Leu Asp Gln Ile Tyr Asn Gln Asn Ser Asn Cys Asn
55 60 &5
GAT TTG TGC ACC TCT GCA CTT CAR TTT CGA TTG CTC AGG CAA CAC GGT 1702
Asp Leu Cys Thr Ser Ala Leu Gln Phe Arg Leu Leu Arg Gln His Gly
70 75 80
TTC AAC ATC TCT CCT G GTAAGTTICAT CATGAAGTIG TTAAAATTAT 1748
Phe Asn Ile Ser Pro
a5
TATCCATTTA TTGGAAGAAG GCTAATTCAT CTTGAGTTTT CTTTCTTGAA ATACCA 1804
GAR ATT TTC AGC AAR TTC CAA GAT GAA AAT GGC AAA TTC AAG GAG TCT 1852
Glu Ile Phe Ser Lys Phe Gln Asp Glu mllg Gly Lys Phe Lys Gig Sex
b § 5
CIT GCT AGT GAT GTC TTA GGA TTA TTA AAC TTG TAT GAA GCT TCA CAT 1900
Leu Ala Ser Asp Val Leu Gly Leu Leu Asn Leu Tyr J.uAJ.aSe:lus .
20 25 30
GTA AGG ACT CAT GCT GAC GAT ATC TTA GAA GAC GCA CTT GCT TTC TCC 1948
Val Arg Thr His Ala Asp Asp Ile Leu Glu Asp Ala L:l.sl Ala Phe Ser
35 40



10 plants treated with either an elicitor or pathogen was nonitored as
follows. The EAS4 pronoter(-1148 to +67): GJS reporter gene shown in Fig. 3B
was transferred to the di sarned Agrobacterium tunesfaciens strain Gv3850
using the 15 triparental mating procedure described by Schardl et al. (Gene
61: I-11, 1987%%@?0 pl ants (Ni cotiana tabacumcv Xanthi) were then
transfornmed w | sar med Agrobacterium harboring the rep 6452
construct using the leaf disc transformati on nethod descri bed by Horsch et
20 al . (Science 227: 1229-1231, 1985). As_cgntrol plants, lines of

transgeni c tobacco expressing the GUS reporter gene under the control of
the cauliflower AgRsgieCcit lcre danoddd S ScP 'cBAUAR! T ARA &b Gohe@e Rde2t €d.1996
Seeds from regermaratledHis Zes@ini Sext dlm Lo Ppb AiBsLewcLys ger (ArofencAxgn 25

medi um cont ai ni ng 1®® ng/ L kanamyci n% The resul ti ng #namyci n-resi st ant _
plants were subsgguanl ke HcRNGICEEE Srt B AR doTaPrt BAC Wic! dérderd’ &&NNOUSR44
These pl ants weraut &lan vak ShedsisoAld heu G628 TysNLel HidayGCdSyrwlorteer gene
using the assay ®®scribed above, T&img untreated Pater 30 contr 9

condi tions and i QalUgidgaé NecCodaOire 206! APE TBRIRA- add 4% e AAQNGAl &ANS-  THds2
determ ne the elaw vay clacinei kxig Phey/ Pbé Ilk/Segcser mqomabpmydrcmemd)y t he
EAS4 pronoter(-1148 to +67), &5S activity was %onitored in t h@®5l eaves of
transgenic 35 t ORACHIL RARMAT drc ik ér¥ickk ﬁ%&umah@hhflﬁernerﬁeel N 21490

96/ 36697 Ser Lys Asn Asn Val Leu Leu Arg Phe Ala Bs[L&iG (hé Xén Leu
100 108 110

CTC CAG ATG TTG CAC AAA CAA GAA CTT GCT CAA GTA TCA AGG 2182
Leu Gln ;l;; Leu His Lys Gln gu Leu Ala Gln Val Ser Arg
‘ : 0 125

TGCGATATAT AMAAACGATG AACCCTTITIT GATTCATCAT ATCTCAAGTA CICATGTTAA 2242

TTICTTATGC TGCAGG TGG TGCG ARA GAT TTG GAT TTT GTA ACA ACA CTT 2291
!:p'.l‘rpt.yshsp!.euhp?he‘lalmmuu
5 10
CCA TAT GCT AGA GAT CGA GTA GIT GAA TGC TAC TIT TGG GCA TTA GGA 2338
Pro Tyr Ala Arg Asp Arg Val Val Glu Cys Tyr Phe Trp Ala Leu Gly
15 20 25
GIT TAT TTT GAG CCT CAA TAC TCT CAA GCT CGC GTC ATG CTC GTIT AAG 2387
Val Tyr Phe Glu Pro Gln Tyr Ser Gln Ala Arg Val Met Leu Val Lys
30 35 40
ACC ATA TCA ATC ATT TCG ATT GTC GAT GAC ACC TTT GAT GCT TAC GGT 2435
Thr Ile Ser Met Ile Ser Ile Val Asp Asp Thr Phe Asp Ala Tyr Gly
45 50 55

ACA GTT ARA GAA CIT GAG GCA TAC ACA GAT GCC ATA CAA AGG 2477
Thr Val Lys Glu Leu Glu Ala Tyxr Thr Asp Ala Ile Gln Arg

60 65 70 .
TATCAACTTC ATCAATTCAC TTATTCCITG ATAGTGAATG TCGTCGTGAA AAGATTAAGA 2537
CGAATTTCTA CTCATTATAG TTGTGCICIT TCAAAATGCA TGAATTCRCC TTAATITIGT 2597
CATCCTGCAG A TGG GAT ATC AARC GAA ATT GAT CGG CIT CCT GAT TAC ATG 2647

Trp Asp Ile Asn Glu Ileuphrgmu?zgnpryzm
1 5
AAA ATC AGT TAT.AAA GCT ATT CTA GAT CTC TAC AAG GAT TAT GAA AAG 2695
Lys 1Ile Ser Tyr Lys Ala Ile Leu Asp mmny;upmcmnys
15 20

GAA TTC TCT AGT CCC GGA AGA TCT CAT ATT GIC TGC CAT GCA ATA GAA = 2743
Glu Leu Ser Ser Ala Gly Arg Ser His Ile Val Cys His Ala Ile Glu

30 35 40 45
AGA G TATGTTCGAG CAACTTAACT ATCGAAATAC ATTTTTTCCT TAATCCATIT 2797
Arg

CTCACTTTGG TTTACCTTOT GTTCGTCTITT TACTGATTAG mam CAGTTCAATC 2857



- 51 - cryptogein or water as follows. Half of a fully expanded |eaf (8th

| eaf --from bottom of the plant) froma two-nonth old transgeni c tobacco
plant was infiltrated fromthe abaxial side using a pipette with
approximately 50 [err]l of 5 25 nMcryptogein [prepared according to the
met hod of Riccj et _al,, Eur. J. Biochem 183: 555-563, 1989]; _the other
hal f of the Iegp%&ﬂéyi'nfiltrated with approxi mately 50 [err]| FSTURER6452 h 5
simlar fashion. At various tinmes after infiltration, the cryptogein and
water infiltrated 10 zones of the |eaf were gollected fromintact plants
and anal yzed for GUS activity. As shown in B g. 4A, leaves fromthree

i ndependent | i negasrréFod AR fcAAOSRASRrAME | FBirTeRec Atk Arcdidrcid (GBa25 RbAs
of cryptogein showed that GUS gene expression was 15 i nosetelys ety V&lhour s
after elicitor treatnent. In contrast, the 35S CaMV pronotter: GUS reporter
gene was not i ndgfe ek aa®! 2 ARF oiré Gk "RA! acal 266 7391 a15haM bea It A€ | 03962
GQUS activity wasvaloiarg asnchick Asn Vel \Gls Sur ThaTspdheCIlp Glu Sly @pt Meki Ng t he
EAS4 pronoter(-1148 to +67): GUS rdPorter 20 gene Wien treated witROwater
(Fig. 4A). Al thgollcee asORbC chk ik, cididcofds \6bh orhOdeal At ot AcR%ar 3009
restricted excl upre/ @y vad Sercelu Oyr|ieafsdr Asniala 2kl 2agenk eht IThelpyei t Or

i ndi cating that the EAS4 prono®®r(-1148 to +67P%was not induced8by a
secondary signal y&imle S0 ecAch aca Tcs FACHRE B6E SirkZing! Bér BESABs TABC f | Sbdy
of GUS gene expr egsiTge Xbu KB Thy Thitcsekr/fyd pép Y Met(hysliér hba Thr )Glur 00t S
and stenms of transgenic tob#tco plants werefireated with cr§dtogein

elicitor and analexg el fir Ghé>186 lrrei foh D% AR lceXSanRfY Ert'RAk cePiagrned BiGYN
transgeni c t obacein asp Phe Glu Trp Leu Ser Lys Asn Pro Lys Ile Leu Glu Ala Ser .
65

BS 60

GTA ATT ATA TGT CGA GTT ATC GAT GAC ACA GCC ACG TAC GAG G 3148
Val Ile Ile Cys Arg Val Ile Asp Asp Thr Ala Thr Tyr Glu

70 7% . 80
TATGATTTGC ATCTCAAGAA ATTATATCAT TATATGGGAT TTGGACARAC AAAGTGTTGC 3208
GACGACAATYT AAGGCAATAT ARARGCTAAC CTTTAATTTA TCIGCTITICT AG Gﬁ 3263

v
b §
GAGC AAA AGC AGG GGA CAA ATT GCA ACT GGA ATT GAG TGC TGC ATG AGA k)&
Glu Lys Ser A:g Gly Gln Ile Ala m;; Gly Ile Glu Cys c{; Met Arg
GAT TAT GGT ATA TCA ACA ARA GAG GCA ATG GCT AAA TTT CAR AAT ATG 3389
Asp Tyr Gly Ile Ser Thr Lys Glu Ala Met Ala Lys Phe Gln Asn Met
20 25 30

GCT GAG ACA GCA TGG AAA GAT ATT AAT GAA GGA CIT CTT AGG CCC ACT 3407
Ala Glu Thr Ala Trp Lys Asp Ile Asn Glu Gly Leu Leu Arg Pro Thr

as 40 45 .
CCC GTC TCT ACA GAA TTT TTA ACT CCT ATT CTC AAT CTIT GCT CCT ATT 3455
Pro Val Ser Thr Glu Phe Leu Thr Pro lIle Leu Asn Leu Ala Arg Ile
50 85 60 65
mmmmnranmnrcncmmncmmmm 3503
Val Glu Val Thr Tyr Ile His Asn Leu Asp Gly Tyr Thr His Pro Glu

70 75 80
ARA CTC TTA AAA.CCT CAC ATT ATT AAC CTA CTT GTG GAC TCC ATC AARA 3581
Lys Val Leu Lys Pro His Ile Ile Asn Leu Leu Val Asp Ser Ile Lys
8s 80 95

ATT T GAGCTGCCAT TTGTTGCTCA TCTCAAGGCAA ACTTCATTCT TCTTTGTGCA 3605
Ile

GTTGTGCAGT AGACTTCCTA ACTAGGAGCT TCTTAAGATC CTTGTAAGAA ATAATCTICA 3665
AGTGTTATGA ATCCGCATTG TGGAGAAATC TTTTTATATG ACAATARGIT ATGTTATGAA 3725
GAATGTTATG GGGGTCTICTT ATGACCTATT TGTCAGTGTA MTMTC TGAGCCIGIC 3785



30 plants and maintained on sterile Mirashige and Skoog medi um unti |

tested. Stens (renpved fromone to one and half inches under the apex) were
obtai ned fromtwo-nonth ol d greenhouse-grown transgeni c tobacco pl ants.
Prior to elicitor treatnent, roots -and stens were cut into [err] 15-30 35
[err]'M segnents. Segnented roots and stens were then WO 96/ 36697

PCT/ US96/ 06452 WOBES669T, \\c yhat ed on filter paper noistened wit PERBSFRG4S?
‘cryptogein or water for 18 hours at roomtenperature. GUS activity in root
and stem segnents was subsequently anal yzed using the assay descri bed
above. 5 Fig. 4B shows that QUS acti®i Ty was induced in both the

roots and stenms C&ﬁwf&ﬂﬂﬁi@m derffBcR! chécReMAN ikoTh@PRGCArRAdd@Ira 2N 3bds
hour treatment with cryptogein. A 15-fold increase in GQUS activity relative
to sanpl es tr eat cCFIGHRTOTCHAAAARKTTAG (ITETICCERE: CEFRGETIRI CFTTCTELAGPATCTFIARR o AF05
roots, respecti V%"‘&E&i ?a ﬂ?@?rr}in?%g&cﬁ il tﬁﬂﬁacﬂﬂfsessss
results show t hat e p?om) er (- to %;E |zsémitan uci ble 1n root and
stemtissue in rcEIBTRGGCA (FACASGAGA® AATCTRICTA: MAAAGRRCGEC CENCHARREC) CACCOACABR S 4025

pronoter(-1148 tﬁ&éaﬁééi G'l?ﬁﬁ_ﬁ%? 58&;9@[‘5:&@5&&‘1 G
pat hogens, GUS actiVvity I n the ea\%s 0 ransgeni c %oEacco treate _witr‘imas

two different racheacaicTEN \ATIPARTTGA SSCOTAMABTA ATAGOCGAAT FAGASAMAMATCTARTTCET ol 8148

as fol | ows. Young,aptealnl AKX ESIE ndehitl Sl AR Rtka e (e Okdira 4205

transgeni c tobacco
CCACAACAAT GATATCAAAA AATAAAARGA TARAATTGTA TTAAGCTT 4253

~ (2) INFORMATION FOR SEQ ID NO:8:
{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 550 -amino acids
(B) TYPE: anmino acid
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:B:

Met Ala Ser Ala Ala Val Ala Asn Tyr cx: Glu Glu Ile Val nrlg Pro
1 s 1

Val Ala Asp Phe Ser Pro Ser Leu Tzp Gly Asp Glx; Phe Leu Ser Phe
20 28 30
Ser Ile Asp Asn Gln Val Ala G}u Lys Tyr Ile Tyr A}; Gln Glu Ile
35 0

Glu Ala Leu Lys Glu Gln Thr Arg Ser Mat Leu Leu Ala Thr Gly Arg

S0 -1 60 .
Lys Leu Ala Asp Thr Leu Asn Leu Ile Asp Ile Ile Glu Arg Leu Gly
65 - . 70 5 80

Ile Ser Tyr His Phe Glu Lys Glu lle Agg Glu Ile Leu Asp G;g Ile
85

Asn Gln Asn Ser Asn Cys Aan Len s Thr Ser Ala Leu Gln
e 100 ey ggg cr 110

Phe Arg Leun m Arg Gln His Gly Phe Asn Ile Ser Pro Glu Ile Phe
115 120 125

Ser Lys Phe Gln Asp Glu Asn Gly Lys Phe Lys Glu Ser Leu Ala Ser
130 "~ 135 140

Asp Val Leu Gly Leu Leu Asn Leu Tyr Glu Ala Ser Ris Val Axg Thr
145 150 155 . 160

His Ala Asp Asp Ile Leu Glu Asp Ala Leu Ala Phe Ser Thr Ile His
165 170 . 175



20 plants and inoculated with a nycelial plug ([err]1 cmin dianeter) of
2-day-old race O or race 1 of Phytophthora parasitica var. N cotianae

cul tures grown on oatneal agar as described by Tedford et al. (Plant

D sease 74: 313-316, 1990). Inocul ated | eaves were then incubated on 25
filtér paper np%i&ﬁg with distilled water in a growth chanber at 25 err]C
W th constant ent light for 24 hours. Control |eaves

i nocul ated with blank oatnmeal agar plugs. Inoculated tissues were
subsequently collected and analyzed for GUS act|V|ty as descri bed 30 above.
As shown in Fig. 5, GUS activity was i nduce8®i™ the | eaves of transgenic

t obacco when tr e t r

parasitica var. e%“cg%almas%gé%éﬁhgﬁgﬁ% g'ceg gﬁ racfé'eﬁ)m% gﬁ ae \3’5%

Ni coti anae typicall |nduce different disease_s nP MO 96/36697
PCT/ US96/ 06452 E Q336 Prc At caR eR R éﬁ/ %n"géﬁg L Stb U caused

by these two races was observed on the transgenic | eaves of N tabacum cv.
Xant hi . Fur t her nOse ArgPhg [ Rher Tiad Sef o FlehTy dep Oys fdur@incSer gys Ren
parasi tica i nduced 2h% expression 52F the GUS repo®®®r gene equal Iy well .

To determne if £&iSVEENR R R PR RAMA LysNTaic At Plie a3t B Béu ok IMegens or
elicitors, GUS a®8vity in the |@®es of transge®®® tobacco treat?48 with

Pseudononas. syr i Jgags 'y 867 B bl b BLP HelWeB"hrp 2442 EE il 2

255

aAsp Phe Val Thr Thr Leu Pro Tyr Ala Arg Asp Arg Val Val Glu Cys
260 265 270

Tyr Phe Trp Ala Leu Gly Val Tyr Phe Glu Pro Gln Tyr Ser Gln Ala
275 280 ) 285

Arg Val Met Leu Val Lys Thr Ile Ser Met Ile Ser Ile Val Asp Asp
290 295 300

Thr Phe Asp Ala Tyr Gly Thr Val Lys Glu Leu Glu Ala Tyr Thr Asp
305 310 315 320

Ala Ile Gln Arg Trp Asp Ile Asn Glu Ile Asp Arg Leu Pro Asp Tyr
325 330 338
Met Lys Ile Ser Tyr Lys Ala Ile Len Asp Leu Tyr Lys Asp Tyr Glu
340 348 350
Lys Glu Leu Ser Ser Ala Gly Arg Ser His Ile Val Cys His Ala Ile
as5s 360 365

Glu A:q Met Lys Glu Val g;l Arg Asn Tyr Asn 13!:% Glu Ser Thr Trp
5

Phe lle Glu Gly Tyr Met Pro Pro Val Ser Glu Tyr Leu Ser Asn Ala
ass 3%0 395 . 400

mua-rn:mmrmry:mmuammse:mmexy
405 410 415

Met Lys Ser Ala Thr Glu Gln Asp Phe Glu Trp leu Ser Lys Asn Pro
420 425 430

Lys Ile Leu Glu Ala Ser Val Ile Ile Cys Arg Val ne Asp Asp Thr
435 440

Ala Thr Tyr c:l.n val Glu I.y- Ser Arg Gly Gln :J‘.e Ala Thr Gly Ile
450

Glu Cys Cys Met Arxg Anp '.I.‘y: G:ly Ile Ser 'rhr Lys Glu Ala Met ﬁ;
' 465

Lys Phe Gln Asn Met Ala Glu Thr Ala !I.‘:p Lys Asp Ile Asn 2;15: Gly
485

mma:grrorhzrzoval Ser Thr Glu Phe Leu Thr Pro Ile Leu
500 508 : 510



10 anyl ovora harpin elicitor was anal yzed as follows. Young apical |eaves
wer e--det ached from an approximately 45 day old transgeni c tobacco plant and
infiltrated with a cell suspension (Al err]=0.05) of Pseudonobnas syringae
pv. Syringae 61 or its hrpH nutant, or harpin elicitor (50 15 [err]g/m)
using a pipettgggﬁﬁgﬁging to the nethods described above. Control |eaves
were infiltrat water. After approximately 12 hours, ti 57f{06452
"coll ected and anal yzed for GUS activity as descri bed above. As shown in
Fig. 6, GQUS activity was induced in 20 the | eaves of transgenic tobacco
after 12 hours when treated with either P8ef®ddnonas, hrpH nutant, or harpin

elicitor. |0 contha aioiePiSe i ¢id a3 45k 0Chhd ed AR EYG | c2VCS

treated with water. Fu ypegeensi Ul ve respegse was o rved to
develop within 25 the tjssue zones infiltrated with either wld type P.
syringae Pv. Syri¥RgEhE Bis BP;ﬁ}PiW’eE;%‘-ué(?‘bi‘ﬁ' Frotiis Ila, 118 APD 1o 5, s after
treatment. These reSults indicate that the EAS4 pronbter (-1148 to 67) is
activated in re rssp Sex 3kellys B@ bacterial pathogens or a
bacterial -deri vet#8elicitor. ExanP® 12. | nmmunobl ot Anal ysis The expression
of EAS in different tissues of transgenic plants in response to cryptogein
treatnent was anal yzed by standard Western blotting nethods as foll ows.
WO 96/ 36697 (2 TION FOR SEQ ID HO19: PCT/ US96/ 06452 - 54 -
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic aciad
(A) DESCRIPTION: /desc = “Oligonucleotide primer for
PCR." .
(3ii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
CGITGGATCC CCACCTCATC CGAAATGAAC 30
{2) INFORMATION FOR SEQ ID NO:10:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Oligonucleotide primer for
PCR."

(1ii) HYPOTHETICAL: NO

(iv) AKNTI-SENSE: YES

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

GGCTGAGCTC CTGGACGCAG AGATCAAACC . 30

{2) INFORMATION FOR SEQ ID NO:lls

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 42 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear



Proteins were extracted fromcontrol and cryptogein elicitor-treated

t obacco tissues by honogeni zation with 80 mM pot assi um phosphate buffer (pH
7.0) containing 20% (w v) glycerol, 10 mN sodi um netabisulfite, 10 mM
sodium’5 ascorbate, 15 MM MgC [err], and 5 nmM [err]-nercapt hoet hanol as
descri bed by V ' d Chappell, (supra). Protein concentrations were
determ ned by t -'‘Rad assay. Equal quantities of protein WRCHUSS6S86452
separated by SDS- PAGE, transferred to nitrocellul ose nenbranes, and 10

I mmunodet ect ed as descri bed by Voegeli and Chappell (supra). As shown in
Figs. 7A-B, EAS protein was not detected im78he | eaves of tobacco plants by
Western blotting ex ' I ont.rast S pr.otein was 15 induced in

t he | eaves of transgg‘H %m&hﬁgﬁfﬁg&%&&lg %Qf.mezl foSegnent ed
stens and roots, BXB preyeese).mas detected in the absence of elicitar
treatnment, indicati .more nenbers of the EAS nultigene fam:.ly,
but not EAS4 as deté’?‘jrﬁt M%%F&ochem cal localization data described
above,” are acti vat edivpanTy<sENgEngRs Exanpl e 13. Cel | -specific Expression
Pattern of the EAS4 Pro -1148 to +67): QJS Reporter Gene in Transgenic
Tobacco 25 Fi‘ﬁg’r% ’i#f&&v‘ﬁ&"%m@s”%ﬁ%ai ned when tissues from
di ff erent transgecteEAPeeTe TATEACTRITE RCTACORCCA coccemdlef®Ry GUS activity aftergs
treatment with elicitins. The data presented in Figures 8A-K are

representative of a series of observations made at different tinmes with 30
several independqes rnForamTOON FOREEQEID Rodxabacco '
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 593 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

{vi) ORIGINAL SOURCE:
(A} ORGANISM: Phytophthora parasitica

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 207..563

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

ARCCTACACG CTACAACAGC TTCAAATARA CCTGCAAGCG AGCCGCCAGC CCAACTCCAG 120
CIAGTCRAGC CTAGTTTGCC TCCAACTGCC ATTGTGCAAT TTGCICTCAT CCACACCCAC 180

CCCACTTCTC CCCCACCTCA TCCGAR ATG AAC TTC CGC GCT CTG TTC GCC GCC 233
Met Asn Phe Arg Ala Leu Phe Ala Ala
585 560

ACC GTC GCC GCC CTC GTC GCC TCC ACC TCC GCC ACC ACG TGC ACC ACC 281
Thr Val Ala Ala Leu Val Gly Ser Thr Ser Ala Thr Thr Cys Thr Thr

565 570 875

ACG CAG CAA ACT GCG GCG TAC GTG GCG CTC GTA AGC ATC CTC TOG GAC 329

Thr Gln Gln Thr Ala Ala Tyr Val Ala Leu Val Ser Ile Leu Ser Asp
580 585 590

‘ ACG TCC TTC AAC CAG TGC TCG ACG GAC TCT GGC TAC TCA ATG CTG ACG 377

Thr Ser Phe Asn Gln Cys Sexr Thr Asp Ser Gly Tyr Ser Met Leu Thr
595 600 605

GCC ACC TCG TTG CCC ACG ACG GAG CAG TAC AAG CTC ATG TGC GCG TCG 425

Ala Thr Ser Leu Pro Thr Thr Glu Gln Tyr Lya lLeu Met Cys Ala Ser

(4]
1
o
(2]
-
0"
[ ]
N
[~



expressing the EAS4 pronoter(-1148 to +67): GUS reporter gene shown in Fig.
3B. @US activity was localized in transgenic tissues by staining sections
Wwith I mM X-gluc (5-bronp-4-chloro-3-indolyl [err]-glucuronide) staining 35
solution containing 50 MM NaPg err]., pH 7, 0.05% Triton X- WO 96/ 36697
PCT/ US96/ 06452 - 55 - 100, and O. 1%[err] mer capt oet hanol for 12-16 hours
at 37[err]C, aMiOPHRSE% i xed i n 50% ethanol, 5% gl acial acetic BETES9BHE 10%
f or mal dehyde for 2 hours. Chlorophyil was renoved from appropriate tissues
by incubating the 5 sections in 70% et hanol. Sections of stained plant

ti ssue were observed using a Zeiss II1IRS rri'c"rzoScope and phot ographed usi ng

an M363 phot oni cradr aphj .Mésh@ E&agmg’?
present in elici te mfﬁﬁ %mesw r:aasmrva Lo As

that the EAS4 prosaster (-1148 to 6a7) was activat@$ in response tés0

U P b B A e M

simlar weak stal ni ng pattern esas observed 15 esn root and st-enssspi derrra

cpi dor ol |5 Bk e g s Sl TR SR BRI 0k HOEBOE T (07, e

tri chomes of both the |eaf éamd root of traresgeni c plants (Figs. 8B and 8L).

20 In add'§!89| & W&%&% F and Fig. 8L, 593

{2) INFYORMATION FOR SEQ ID KNO:13:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 118 amino aclde
{B) TYPB: amino acid
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: protein
(xi) SEQURNCE DESCRIPTION: SBEQ ID NO:13:

llotml’hem:gmheuPhencuarh:anuanaz.euv;;.cly
b § : [ 3 b {

atlng

mms«uammcy--mr;;m1ncln-rhrn;;uam
2 .

Val Ala Leu Val Ser Ile Leu Ser Asp Thr Ser Phe Asn Gln Cys Ser
35 40 45 )
mmmalymurmmmnams:gmnomm
85

cxucxary::.y-mmq-n;s»muaeyony-rh:m::;
&5

mr.y-nevummmr:omugcyscmmmv;:p:o

as 9
Th» Sor Cly Leu Val Leu Asn vu. Phe Thr Tyr Ala Asn Gly Phe Ser
100 105 110

Ser Thr Cys Ala Ser Leu
115

{2) INPORMATION FOR SEQ ID NO:l4:

(i) SEQUENCE CEARACTERISTICS:
(A) LENGTH: 1368 base pairs
{B) TYPE: nucleic acia
{C) STRANDEDRESS: both
(D) TOPOLOGY: both

(11) MOLECULE TYPE: cDNA



elicitor-inducible GUS activity was observed in a distinct subepidernal

| ayer-of both stem and root sections (Figs. 8CF and 8L). Fig. 8F shows
that GUS activity in stemtissue was al so present in the canbial, 25

phl oem and pri rrary' xylemtissue |layers; mninml GUS activity was observed
in cortical regions of the stem Furthernore, like stemtissue, GUS
activity was | O¥QPHIEY? wi t hin the vascul ar system of the rootstUg%fm&
No GUS activity was observed in flower petals, 30 including pignmented and
non- pi gnented tissue, either before and after treatnment with cryptogein.
Exanpl e 14. 5' Deletion Analysis of the EASI3 Pronoter (-1147 to +67) in
Transgeni c Tobacco nts no riments, several 5" 35
del eti on construct sﬁ)ﬁﬁ F’H%‘J“‘E%R %ﬁ"‘gﬁﬁf@ %‘%ﬁéf%t'g‘ewﬂ WO 96/ 36697

PCT/ US96/ 06452 -aNSGTTTACS AATTRGATGT PANAAGNCAC ARRCTAERTX] rREATArEid) caxicryyer Thessd
pronot er del etion n f o-th orter gene in either

DB 101 1 and pp DRMNGEEA MRS (neliity GredaThtl OFfETTR SIS, 4120

descri bed above. aﬁrmms GCATGAGCGA AAGATGAGGC GTTIENICrA hchdcancce mm% 180

Activity Fol d # of i ndependent Del etions
prot ei n/ m n) OB T TTIATITIIR ‘Fﬁ'ﬁ%’%t%?’““@ 240
(wat er - t r eat Rrhcatfidal ATHCOCHAAA GTTAAAGAAA ATTATAGAAT TAATATATAT ATATATATAT 300

ATATATATAT ATATATATAT ATATATATAT ATATATATAA ATGTATGTGT GTGTGTGTGT aso
GTATCGCATG CGCGCGACCA TGCAACTTIT TTTTCITCAA AAAATAAAAG GCGTAAAGAT 420

ACATTATACC TATGTCATCA AAACAATATA ATATATATAT ATATATATAT ATATATATAT 480

ATATATATAA ATGTATGTGT GTGTGTGTCT GTATCGCATG CGCGCGACCA TGCAACTTTT 540
TTTTCTTGAA AAAATAAAAG GCGTAAAGAT ACATTATACC TATGTCATCA AAACAATATA 600
ARAACTAGAG CGATACCAAA GGAAATTTTA AATTCAAAAA CTAACTTGAA ATTAATATAT 660
TTAAAATTTC ATTTTITITT GTGTGGAGAA AACAAAGCAT AACACTTTGC TTTGTAACAC 720
TTTGCCTAGG TGAATGTCAG GGCTTATGCT CCACGATACT TATGCCCTGC CAGTACACCT 780
CGCAGTGGGA CTCGCTGAAA AAACGTCTTT GTTGTGAGAA ATTGCAATTT TGAACCTCTA 840
CAATTTCGAC AAAACCTTGG TTCGTGAAAA CTGTTTGATT AACTTTTAGA CCATCCAGTC 900
AATTTAACTC TARACTGACC TAAATARATA CTACGTACAC TAGTCITTAA GTTCATCAAR 960
GTGGACTCTG CATTAATAAT TGAAATTTAT GCCGCAACAA TGACATTAGG TTTTATAAAT 1020
AAAGTAATAG GAATTTGATA GTTCCAGGAA ACAACTCTAC AGTACTCCCT TATTTTGTGC 1080
CITTTTAAAT AATATTATTC AGTTGACGAA ACAAATARAT ARAATATTIG GGAAACTGGA 1140
TCAATAGACC CCAGACGCCA ACAATGAATC AAAAGGCTGC TAGCTAGTGT. AAAGTCTAGT 1200
AAGGCARCTG GGAAATTAAA TGATTAGGTG CTTTTGATCA ATTACATTAA CTAGTCICIC 1260
ACCACTATAT ATACTTGTCC CTTCTCTTCC ATTTAAGTAG AGTTCCTTIC TTTCTTCCTT 1320
AAAACTTAAR AGAACAAGTA ARAATACACT CATCTTTAAT TAGCAATG 1368



-1148 173 1889 10.9 11 - 567 120
921 -- 7.7 12 10 =212 187 8.1
11 -160 2

9 -115 3
is shown in '}'abl e 1, dellczat 23 thell!uu!&\i E“mml“l!l\ofrom 1148 t0 - 567 +

decreased i ndWOI3E59FUS activity to 50% of the |evel of that PCIHIS6NE4S2
plants with a full-length EAS4 pronoter (-1148 to +67). Further deletion of
the pronoter to -212 decreased inducible GUS activity by an average of 90%
and deleting to -160 20 decreased GUS actirvl&y to 2% of that exhibited by
pl ants having a full-])engt] ronoter (-1148 to +67). Deletign to -63,
a pronoter whi cm*rlis c‘grﬁr}ﬁssi gt ative CAAT and TATA boxes, conpletely
abol i shed expression of the chinmeric gene |n control and elicitor-treated

I 25 Th d d
eaves. ese data | 'Caieﬂeé&%idﬂﬂtt eve esh%iﬂwlﬁ)%%o gﬁgs

whi ch control the quanti tat Ive expreSS| on are
cont ai ned wit hi AR ucikie planfodiggpse-resispgnng yegyiatory element.

PCT/ US96/ 06452 -57- Conparison of the results obtained with deletion to
-567 and to -212 also i pdi capfd dfieddaci¥HEIEBulb! & LIl 7,0 wiiekein

contributed to the | evel's of expressio
said regulatory element is obtained from a gene encoding a

terpene cyclase.

3. The nucleic acid molecule of claim 2, wherein
said terpene cyclase is a sesquiterpene cyclase.

4, The nucleic acid molecule of claim 3, wherein
said regulatory element directs expression of an epi-5-
aristolochene synthase (EAS).

S. The nucleic acid molecule of claim 4, said
nucleic acid molecule comprising the nucleotide sequence
shown in Fig. 3A (SEQ ID NO: 14) or an inducible plant
disease-resistance fragment thereof.

6. The nucleic acid molecule of claim 5, wherein
said nucleic acid molecule has the nueleotide_.sequence shown
in Fig. 3A (SEQ ID NO: 14).

7. The nucleic acid molecule of claim 5, wherein
said mucleic acid molecule comprises nucleotides 463-473 of
SEQ ID NO: 2.

8. The nucleic acid molecule of claim 5, wherein
said nucleic acid molecule comprises nucleotides 406-486 of
SEQ ID NO: 2.
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5 because deletion from-567 to -212 resulted in a 4-fold decrease in
expression levels with a loss of large amounts of QGUJS activity. Al though a
deletion to -160 largely r emoved—mduci bl e GUS act i vity, the sequence

downstream of -160 was found to 'dl rect 10 inducible gene
expréssion in |eaf ti ssue ﬁ““llmﬁ\m& 17-fold i nducti on was
observed in | ed¥O Ues treate el i #itdr.” These data demBPRTUBIG06452
that a qualitative el enent control ling the elicitor inducibility is |ocated
between -160 to -115. 15 Exanple 15. Di sease-Resistant Transgenic Pl ants
The parAl coding sequence was isol ated frenPkytophthora parasitica race 0
as follows: Genom c DNA was isolated and used as tenplate in PCRwith a SIG
forward prinmer (CGTTCArccaThemginiopeidcnoiecule of ripin §qWhexgin

under|ined); nucksid imeRlelr Acidomoaeenle comphisés anstTdctiaes a63~-572coand
reverse. prinmer (Wﬂﬁg GGACFCAGAGATCAAACC SEQ I D NO 10; Sstl site
underlined) to e “Codi ng region of the ParAl elicitin including

t he signal peptide coding 25 sequence.- To isolate an anplinmer correspondi ng

to the -coding sequence gb,t heh&apvdléic Wdid moleeuYalofOERalsl S| iwiRirein

GOATCE, and Spel SE44 FUSISRRCREL RETSHA SPPRFSher Bt e S o7icpés or

nucl eot i des 12- 18303!9:!!&# téhe reverse priner as before (SEQ I D NO 10) were
used with genom ¢ DNA as terrpl ate. For subcloning into pBluescript

(Stratagene, La Jolla, |nto S4 cONnst r.uct e | ger DNA was
di gested with BaVH and Stl ?ﬁf Jﬁﬂfﬁ' ﬁg ciikn 57w
said nucleic acia molecule comprises nucleotides 411-457 of
SEQ ID NO: 2.

12. The nucleic acid molecule of claim 1, wherein
said nucleic acid molecule is obtained from a dicot.

13. The nucleic acid molecule of claim 12, wherein
said dicot is a member of the Solanaceae.

14. The nucleic acid molecule of claim 13, wherein
said Solanaceous plant is a member of the genus Nicotiana.

15. The nucleic acid melecule of claim 1, wherein
said nucleic acid molecule is obtained from a monocot.

16. The nucleic acid molecule of claim 1, wherein
said nucleic acid molecule is obtained from a gymnosperm.

17. ' The nucleic acid molecule of claim 1, wherein
said nucleic acid molecule is obtained from a conifer.

1.8'. The nucleic acid molecule of claim 1, wherein
said nucleic acid molecule is genomic DNA.

19. The nucleic acid molecule of claim 1, wherein
said nucleic acid molecule is chemically-synthesized DNA.

—_—
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WD 96/ 36697
codi ng sequence

PCT/ US96/ 06452 - 58 -

I s used, the mat um_aonstruct can be

digested with Spel to insert a pl a’wl,wm ce at the 5 end of the
open reading frame. The pEAS4- GUS 'V [ I@@Q;{;@fd with BanH and Sstl,

withthe large_fragnent of DNA being furtfie
el ect rophor esi yoﬁq{fé

to the generation of disease-resistant plants.

agar ose gel
e 9 illustrates the nol ecul ar mani pul at i RERUIIGHGHSR

ParAl elicitin is isolated by 10 PCR so as to have BanH and Sstl ends.
gEASA[ err] - GQUS-PBI 101, which directs the expsession of the GUS reporter
gene under the regulatory control of the EAS pronoter, is_digested with
BanH and Sstl to rel ea®P« h&heunueleie: aeid apeleculia: oft gtaig 1, wherein

BarmHl / Sst | - di gespadaPatifleEPa&IE molecul@d igdal BohbEna€idie dff YeiRMic DNA

produced after digestion,of gEAM[.err]: ~PBl 101 to produce
gEASA[ err] - par A1=pBI fbﬂlFFbwﬁﬁ%%Pﬁ'el icitin is synthesized

foll owi ng induction wi.th a 20*suitable elicitor once plant cells or tissue
have been transforned. To assess resistance to plant pathogens,

tobacco plants (N cotiana tabacum cy. ,KY16 containing eit ar Al

er _the
mature elicitin gene (anfho Xhe,bpgleic agidjpo hb) .Jﬁg? 3y ¥hexein

elicitin-with-

said nucleic acid molecule is a combination of genomic DNA
and ¢cDNA or a combination of genomic DNA, cDNA, and
chemically-synthesized DNA.

22. The nucleic acid molecule of claim 1, wherein
said induction is mediated by a plant pathogen.

23. The nucleic acid molecule of claim 22, wherein
said plant pathogen is a fungus.

24. The nucleic acid molecule of claim 23, wherein
said fungal pathogen is a member of the genus Phytophthora.

25. The nucleic acid molecule of claim 22, wherein
said induction is mediated by a bacterial pathogen.

26. The nucleic acid molecule of claim 25, wherein
said bacterial pathogen is a member of the genus
Pseudononas.

27. The nucleic acid molecule of claim 22, wherein
said induction is mediated by a viral pathogen.

28. The nucleic acid molecule of claim 27, wherein
said viral pathogen is tobacco mosaic virus.

'29. The mucleic acid molecule of claim 1, wherein
said induction is mediated by an elicitor.
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si gnal sequence gene (am no acids 1-118 of SEQ ID NO 12) under the control

of the gEAS4[err] pronoter were re ated using the

Agr obact eri um nmedi at ed gene transMcri bed above. The
resulting 30 transgenic plants wer Z’!Mﬂ/’ ; for. di sease resistance
agai ist either race 0 or race 1 i{soO Wﬁ@m t hora parasitica var.

Ni coti anae usi WP%6R66% andard det ached | éaf #as flescri bed byPORANNGIOGS
al. (supra). As shown in Fig. 10, several independent |ines of 35
transgeni ¢ tobacco containing the parAl mature elicitin WO 96/ 36697
“PCT/ US96/ 06452 -- 59 - gene under the controy? ef the gEAS4[err] pronoter
.showed enhanced di sease resistance to both race 0 and race 1 of P. p. var.

Ni cotianae relative to 86mtrBhepugkeiq aid molecule: pfeclaima?« rvdhereimed

N. tabacum s cv.gdQd 6thdiicticiecheaiAteldabBRCa "Eaga K ei3@it0rt,ai ni ng the
"EAS4[ err] pronoter: GUS reporter gene). While various enbodi nents of the

present invention have been described in detail, it is apparent that
modi fi cations, extensioRf3, athetamcleic anidmolecnle ofiscloimuds ootherein

those skilled i rlsdém Biduction Is' Reliaidl B Sh Yoadeer S0 ed i #brsuch

nodi fications and adaptations and so on are within the spirit and scope of
the present invention, as set forth in the clains.

32. The nucleic acid molecule of claim 1, wherein
said nucleic acid molecule is operably linked to nucleotide
sequences encoding a heterologous polypeptide.

33. The nﬁcleic acid molecule of claim 32, wherein
said heteroclogous polypeptide is capable of conferring
disease-resistance to a plant.

34. The nucleic acid molecule of claim 33, wherein
said heterologous polypeptide is an elicitin.

35. The nucleic acid molecule of claim 33, wherein
said elicitin is a fungal elicitin.

36. The nucleic acid molecule of claim 35, said
fungal elicitin being from Phytophthora.

37. The ﬂucleic acid molecule of claim 36, said
elicitin comprising a ParAl polypeptide.

38. The nucleic acid molecule of claim 33, wherein
said elicitin is a bacterial elicitin.

39, The nucleic acid molecule of claim 38, wherein
said bacterial elicitin is heparin.

40. The nucleic acid molecule of claim 32, wherein
said induction is mediated by one or more external agents.

This Sheet Has Been Re

N T



WD 96/ 36697 PCT/ US96/ 06542 -
60 - "SEQUENCE LI STING (1) @Wﬁ) APPLI CANT: Board of
Trustees of the University of = OF | NVENTI ON:
Transcriptional Control Sequen 'I‘D‘:M i 1) NUMBER OF SEQUENCES:. 14
(i v) CORRESPONDENCE ADDRESS: (A)* A :& Ri chardson, P.C. (B)
STREET: 225 Fr ¥R3§3§6%t reet (O A TY: Boston (*D) 'STATE: MA ( E)PCIRSSEWOMS2 US
(F) ZIP: 02110-2804 (v) COWPUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy

di sk () COWUTER | BM PC conpatible (C) OPERATING SYSTEM PC-DOS/ Ms- DOS (D)
SOFTWARE: Patentln Rel ease #1.0, Version #1286 (vi) CURRENT APPLI CATI ON

'DATA: (A) APPLI CATI ON NUVBER. US (3) FILING DATE: CLASS FI CATIO\I (vii)
PRI OR APPLI CATI ON DATA: 43A) RPPLP@&?-’G\I agidbmelegy PG??lam enein

DATE: 22 Decenbesai@%ué¢leiclaeinl hiolachul®: isveapabid B /ﬂiirleGﬁIhGI\IsQﬁA
heterologous polypeptide in a cell-specific manner.

42. The nucleic acid molecule of claim 32, wherein
said heterologous polypeptide is a pharmaceutical protein.

43. A vector comprising the DNA of claim 1.
44. The vector of claim 43, said vector being
capable of i_.nducibly regulating the expression of a

nucleotide sequence in a vector~containing cell.

45. The vector of claim 44, said nucleotide
sequence coding for a heterologous polypeptide.

46. A transgenic plant that contains a nucleic acid
molecule of claim 1 integrated into the genome of said
plant.

47. A transgenic plant which contains a nucleic
acid molecule of claim 32 integrated into the genome of said
plant.

48. A seed from a transgenic plant of claim 46.

49. A seed from a transgenic plant of claim 47.

50. A cell from a transgenic plant of claim 46.

51. .A cell from a transgenic plant of claim 47.

52.. A method of providing disease-resistance to a
transgenic plant, said method comprising the steps of:

' “ﬁﬁ'iiﬂ‘fi‘i‘ilﬁﬂi“m i



(A) APPLI CATI ON NUMBER: US 08/ wm 06 June 1995 (C)
CLASSI FI CATI ON:  (vii) PRI OR APPL| CATI ON PPLI CATI ON NUMBER: US
08/ 443, 639 (B) FI LI NG DATE: 18. | FI CATION: (viii)
ATTORNEY/ AGENT | NFORMATI ON: (A) m@gr-k (B) REG STRATI ON

NUVBER: 32, 164 &R) REFERENCE/ DOCKET NUNBER / 003BR1 (i x)

TELECOVMUNI CATI ¥R ISBRESSRVATI ON: (A) TELEPHONE: (617) 542-5070 ( BHCTNHOGEBGAN?
(617) 542-8906 (C) TELEX: 200154 WD 96/ 36697

PCT/ US96/ 06452 - 61 - (2) | NFORMATION FOR SEQ ID NO 1: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH: 512 base paire 7B} TYPE: nucleic acid (O
STRANDEDNESS: double (D) TOPOLOGY:. linear (ii) MOLECULE TYPE: DNA (iii)
HYPOTHETI CAL: NO (iv) ANM)- sExdrcing aytransyenieplsotreell comprising the

nucleic acid molecule of claim 32 integrated into the genome
of said transgenic plant cell; and

(b) growing said transgenic plant'from said plant
cell wherein the expression of said nucleic acid molecule of
claim 32 confers disease—resistance to said transgenic
plant.

53. The transgenic plant of claim 52, wherein said
transgenic plant is a dicot.

54. The transgenic plant of claim 53, wherein said
dicot is a member of the Solanaceae.

55. The transgenic plant of claim 54, said wherein
said Solanaceous plant is a member of the genus Nicotiana.

56. The transgenic plant of claim 52, wherein said
transgenic plant is a monocot.

57. The transgenic plant of claim 52, wherein said
transgenic plant is a gymnosperm.

58. The transgenic plant of claim 52, wherein said
transgenic plant is a conifer.
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(A) ORGANI SM Nicotiana tabacum (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 1:
CCGOGATTGG AGGATGTTGT ACGTCGAGCT ACGCGGCACC GCGCTTAATT TTACTCGGTC 60
AAGAAGGAAC GGGGGATGGTG GTCAACGAAMW TCAT GOCTGACAAC

120 COGCCGTGGG TGAAGAAGTC GACGTT GCTCCA CGCGGATGCG 180
GGGATGGCCG CTGACTACAG AAAGTGOGTT ' TCOCGECAEC 'CGAGGRGAGC COGGGTTTTG 240
AAGATCAATG CTGAWOGSAESYACGACGGOGG TACGTCATCC GCTTGAGGGT AGAGACGRET/USIGBED
CAGTTCTTGT TGTCGTGTGT CGAACTCGGG ACGTTTGTCA CATGGCTGGA CGGGTTATTC 360
GCCGCCATCA  ACGTGTCGOC GCCAATCGAC TTCCCAGAGA CTTTAGCGTG 420 CCACGGATCA
ATTACATTAA CTAGTGTGTG ACCACTATAT ATACTTGTGCeGHCTCTTCC 480 ATTTAAGTAG
AGTTCCTTTC TTTCTTCCTT AA

| NFORMATI ON FOR SEG | D N8+2: HWQEM&C@WWWSWPEMH 642

base pairs (B) Tékpreasibnriof aidbwrigtretht\BNADEegGbende ubh ca (tYansdeniaGY:

(vi) R @ M%Sib&%%% éﬁ%@%ﬁi‘ék sa%%%ﬁfﬁ e
DESCRI PTI ON: SEQ | D NO 2(a)T pcoftacim Tomprisiory the
CTGCCAGTAC ACCTOgaeohic abfa W@w HH&TJ&STﬁz‘\%EB

ATTTTGAACC TCTACAATTT TT TTAA T
TAGACCATCC AGTCAKFRRRCT 1p‘%§3n C%Aw Sequahte and integrated
into the genome of said transgenic plant cell; and
(b) growing said transgenic plant from said plant

cell.
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.- 62 - ACTCTAAACT GACCTAAATA AATACTACGT ACACTAGTCT TTAAGTTCAT CAAAGTGGAC
24Q_ TCTGCATTAA TAATTGAAAT TTATGCCGCA ACAATGACAT TAGGTTTTAT AAATAAAGTA 300
ATAGGAATTT GATAGITCCA GGAAACAACT CTACAGTACT CCCTTATTTT GIGCCTTTTT 360
AAATAATATT ATTCAGTTGA CGAAACAAAT .-AAATAAAATA TTTGGGAAAC TGGATCAATA 420
GACCCCAGAC GCCAACAATG AATCAAAAGG CTGCTAGCTA GTGTAAAGIC TAGhA{rkdedsas2 480
ACTGGGAAAT TWRAGREEFTA ATCAATTACA ATCAATTACA TTAACTAGIC TCTCACCACT 540
ATATATACTT GICCCTTCTC TTCCATTTAA GTAGAGITCC TTTCTTTCTT CCTTAAAACT 600
TAAAAGAACA AGTAAAAATA CACTCATCTT TAATAAGRRA TG 642
(2) I NFORVATION FOR SEQ ID NO 3: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
21 base pairs (3) TYPE: nucleic acid (C) STRANDEDNESS:. single (D) TOPOLOGY:
linear (ii) MOLECYLE TYPE: other nucleic acid (A DESCRI PTION:. /desc =
"digonucleotide priner for PCR (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 3: ATGCTGITAG CAACCGGAAG G (2)
| NFORVATI ON FOR SEQ I D No: 4: (i) SEQUENCE CHARACTERI STICS' (A) LENGIH: 21
base pairs (3) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: other nucleic acid (A) DESCRI PTION: /desc =

"digonucl eotide prinmer for >
S =
£3
5 &
o
”
S
-3
S S Em
== o
® 0 T N
39 oW
3 »
BI T

~563 -262-202 -110 -48
EAS-4

1000
500
0

3500~
3000+
2500
2000~

units/mg prot-h) 1500

' GUS Activity
(fluorescence

SUBSTITUTE SHEET (RULE 26)



PCR' (iii) HYPOTHETICAL: NO (iv) ANTI-SENSE: YES (xi) SEQUENCE DESCRI PTI ON:
SE®@ | D NO 4: ATCCAAATC TCATCAATTT C

21 WD 96/ 36697

PCT/ US96/ 06452 - 63 - (2) | NFORMATION FOR SEQ ID NO 5: (i) SEQUENCE
CHARACTERI S LENGTH: 18 base pairs (B) TYPE: nucl el | )
STRANEDNESS-%J?%@ MD) TOPOLOGY: linear (ii) MOLECULE TYPE&@%I"S%Ud eic
acid (A) DESCRIPTION. /desc = "digonucleotide prinmer for (iii)

HYPOTHETI CAL: NO. (iv) ANTI-SENSE: YES2(4§2 SEQUENCE DESCRI PTION: SEQ I D
NO 5: ATGAGTCCTT ACATGIGA

18 (2) I NFORMATION FOR SEQ I D NO 6: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH:. 45 base pairs (B) TYPE: nucleic aci d (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULEJYPE: ot nucl eic acid (A) DESCRI PTI ON:
/[ desc- = "digonucl eoti de BI’I me for

z W §..

INDU
Determ '

GUS Activity

23

GUS

(fluoresence units/mg
234
Not
Determined
65

FIG. 2A

GUS reporter gene

GUS reporter gene
GUS reporter gene

‘19—0——5‘ GUS reporter gene

+19
|
+67
-266 EAS4
-212 EAS4

~-567
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(iii) HYPETHETICAL: NO (iv) ANTI-SENSE: YES (xi) SEQUENCE DESCRI PTI ON: SEQ
| D-NO 6: GGGAGCTCGA ATTCCATGGC CTCAGCAGCA GCAGITGCAA ACTAT

45 (2) I NFORMATION FOR SEQ ID NO 7: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH:. 4253 base pairs (B) TYPE:- nucleic acid (C) STRANDEDNESS: doubl e (D)
TOPOLOGY: |in a%i,i,) MOLECULE TYPE: DNA (iii) HYPOTHETI CAL: NO (iv

ANTI - SENSE: f ORI G NAL SOURCE: (A) ORGANISM Nicotia WO
96/ 36697 PCT/ US96/ 06452 (i x).
FEATURE: (A) NAVE/ KEY: CDS (B) LOCATI Ofiz1p216..1327 (ix) FEATURE: (A)
NAVE/ KEY: CDS (3) LOCATION: 1454..1718 (i X FEATURE: (A) NAVME/ KEY: CDS
(B) LOCATI ON: 1805..2182 (ix) FEATURE: (A) NAME KEY: CDS
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(3) LOCATION: 2259..2477 (ix) FEATURE:
2609. . 2747 (i x) FEATURE:

FEATURE:

(A)  NAME/ KEY: CDS (B) LOCATI ON: 2902.

(A) NAME/ KEY: CDS (3) LOCATI ON:
. 3148 (i x)
(A) NAME/ KEY: CDS (B) LOCATI ON: 3261..3555 (xi) SEQUENCE

DESCRI PTI ON: SEQ'I D NGO 7: AAGCTTTACG AATTAGATGI AAAAAAGACGC AAACTACTTA

TATATATTAC CAAAGTAACT

ACTGICTATT

ACACGAAGCCG AGGTGTAAGC

TCATTATATA
TAATATATAT
ATGTATGTGT
AAAATAAAAG
CGATACCAAA
ATTTTTTTTT
TGAATGICAG
- CTCCCTGAAA
AAAACCTTGG
TAAACTGACC
CATTAATAAT
GAATTTGATA
AATATTATTC
CCAGACGCCA

GT

60 TGAAAGITTA AAATTTCAAT TAGAACT AW
120 ATTTAAAAAG GCATGAGCGA AAGAT ATCTA
180 CCCATGGIGI TTTATTTTTA TATTTTATAA ATTTATAAAA

AATCAGAAAA 240 ATACACTAAA PITTGTGAAAA GTTAAAGAAA ATTATAGAAT
ATATATATAT 300 ATATATATAT ATATATATAT ATATATATAT ATATATATAA
GTGTGTGTGT 360 GTATCGCATG CGCCCGACCA TGCAACTTTT TTTTCTTGAA
GCGTAAAGATo 420 ACATTATACC TATGWCATCA AAACAATATA AAAACTAGAG
GGAAATTT.TAY® 480 A ] TTTC
GTGTGGAGRR™* 5 '%ﬁgéﬂ§%?F TGCCTAGG
GGCTTAT@BﬁAGWGGUTEGAGQNTAGFA GTGGGA
AAACGT CRETGTCTATPTAAAATORG FXYTRAAANAGACATGAGC AAANIATEADdC CAATTTCGAC
TTCGT A AATTTAACTC
TAAAT CGRGGACTCTG

TGAAAT T TATTTTATAAATTRATAMATEATTATATASATICAGAAARATAGACTAAR AAAGTAATAG
GT TCCAGRAGTROAASTTASATAANA T TV AR T AT AT ATATANATRCATATT TTTAAAT

AGTT CACGUAzATA SR AT AR AT R AR ARGy TCAATAGACC
T GbroraTeiet

ACAAT

ATCGCATGCGCGCGACCATGCAACTTTITTITCITGAA
AAAATAAAAGGCGTAAAGATACATTATACCTATGTCATCAAAACAATATA
AAAACTAGAGCGATACCAAAGGAAATTTTAAATTCAAAAACTAACTTGAA
ATTAATATATTTAAAATTTCATTTTTTTTIGTGTGGAGAAAACAAAGCAT
AACACTTTGCTTTGTAACACTTTGCCTAGGTGAATGTCAGGGCTTATGCT
CCACGATACTTATGCCCTGCCAGTACACCTCGCAGTGGGACTCGCTGAAA
AAACGTCTTTGTTGTGAGAAATTGCAATITTGAACCTCTACAATTTCGAC
AAAACCTTGGTTCGTGAAAACTGTTTGATTAACTTTTAGACCATCCAGTC
AATTTAACTCTAAACTGACCTAAATAAATACTACGTACACTAGTCTTTAA
GTTCATCAAAGTGGACTCTGCATTAATAATTGAAATTTATGCCGCAACAA
TGACATTAGGTTTTATAAATAAAGTAATAGGAATTTGATAGTTCCAGGAA
ACAACTCTACAGTACTCCCTTATTTIGTGCCTTTITAAATAATATTATTC
AGTTGACGAAACAAATAAATAAAATATTTGGGAAACTGGATCAATAGACC
CCAGACGCCAACAATGAATCAAAAGGCTGCTAGCTAGTGTAAAGTCTAGT
AAGGCAACTGGGAAATTAAATGATTAGGTGCTTTTGATCAATTACATTAA
CTAGTCTCTCACCACTATATATACTTGTCCCTTCTCTTCCATTTAAGTA 1G
AGTTCCTTTCTTTCTTCCTTAAAACTTAAAAGAACAAGTAAAAATACACT

CATCTTTAATTAGCA F IG. 3 A
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WD 96/ 36697 | PCT/ US96/ 06452 -
65--- AAAAGCCTGC TAGCTAGIGI AAAGICAGI AAGGCAACTG GGAAATTAAA TGATTAGGTG

1080 CTTTTGATCA ATTACATTAA CTAGICTCTC ACCACTATAT ATACTTGICC CTTCTCTTCC
1140 ATTTAAGTAG AGITCCTTTC TTTCITCCTT AAAACTTAAA AGAACAAGTA AAAATACACT
1200 CATCTTT, ATG GCC TCA GCA GCA GIT GCA AAC TAT %WG
1251 Met Al a Ser a Ala Val Ala Asn Tyr Qu Gu Gu 1

10 ATT GIT CGC CCC GIC GCC GAC TTC TCC CCT AGT CTIC TGG GGT GAT CAG
1299 Ile Val Arg.Pro Val Ala Asp Phe 5¢M2Pro Ser Leu Trp Ay Asp @n 15

20 25 TTC CIT TCA TTC TCC ATT GAT AAT CAG G TAATTTAACT

AATACTAGTA 1347 PhE Leu Ser Phe Ser Ile Asp Asn A n 30 '
35 TTCTTTATT ATATTTATAG TTTGITCTCC ATTGATAATC AGGTAGITTA TTTATGITGA 1407
ACAACATTAA TTTTGCTAAT _TTCAGTTTAA TGTACATTAC ATATAG GIT GCG GAA 1462

Val Ala Au 1 AAG TATEATA JAT GCT CAA GAG ATT GAA GCA TTG AAG GAA CAA ACG
AGG 1510 Lys Tyr Be adndulle Au Ala Leu Lys u d@n Thr
Arg 5 i0 15 AGT AT TA GCA Acc GGA
AGG 'AAA TTG GCC GATHACA TTG AAT TTG 1558 Ser t lgggy Leu Ala Thr Ay
Arg Lys Leu Ala Asp T&& Lou n Leu 20 25

30 - 3% A ATT ATT GAA CCGC (ITT GGT ATA TCC TAC CAC TTT
GAG AAA GAA 16065_IeAs Ilelle Au Arg er Tyr H's Phe
AQu Lys du 40 45 50 @Bp GAT GAG ATT TTG
GATCAGATTTACAACCEAAAC CA AAC TGC AAT 54 |le GQu lle Leu Asp
GAnlle Tyr Asn A n ASh n CyEligited

—
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55 60 65 GAT TTG TGC ACC TCT GCA CTT CAA

TTT CGA TTG CTC AGG CAA CAC GGT . 1702 Asp Leu Cys Thr Ser Ala Leu G n
Phe Arg Leu Leu Arg Adn Hs Ay 70 75 80
TTC AAC ATC TCT CCT G GTAAGITCAT- CATGAAGITG TTAAAATTAT 1748
Phe Asn Il e _Ser Pro 85 TATCCATTA TTGGAAGAAG GCTAATTCAT CIT

CTTTCTTGAA AYQ2836697 1804 GAA ATT TTC AGC AAA TTC CAA cce
AAA TTC AAG GAG TCT 1852 Au Ile Phe Ser Lys Phe G n Asp Gu Asn Ay
Lys Phe Lys GQu Ser 1 56712 10

15 CTT GCT AGT GAT GIC TTA GGA TTA TTA AAC TTG TAT GAA GCT TCA CAT 1900
Leu Ala Ser Asp Val Leu Gy Leu Leu Asn Leu Tyr Gu Ala Ser His 20

25 30 GTA AGG ACT CAT GCT GAC GAT ATC TTA GAA GAC GCA CIT
GCT TTC TCC 1948 Val Arg Thr His Ala Asp Asp Ile Leu Gu Asp Ala Lou Al a
Phe Ser 35 2 40 45 WD 96/ 36697

PCT/ US96/ 06452 - £ ACT ATC CAT CTT GAA TCT GCA GCT CCA CAT TTG AAA TCT
CCA CTT AGG 199§ TARSGE His Leu Qu Ala Ala Pro H's Leu Lys Ser

Pro Leu Arg 50

GCC CTT GAG CAA TGT
Ala Leu Qu dn Cys u 46004-ys Ay Val
75 AGA JIC GAG ACC
AAG GAA CAA 2092 B g Val @u Thr Arg

Au @n 750-

55
G CAC PAG GGT GIT

60 GAG CAA GIG ACA CAT

Adn dn Val Thr H's
70

TTC AJC TCA TCA ATC TAT GAC

Ser Ile Tyr Asp Lys

ein-per

o

500+

GUS Activity (pmol MU/mg
N
8
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FIG. 5
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85 90 95 TCG AAG AAT AAT GTG TTA CTT CGA
TTT GCC AAA TTG GAT TTC AAC TTG 2140 SEr Lys ASn Asn ValL Leu Leu Arg
Phe Ala Lys Leu Asp Phe Asn Leu 100 105 110
CTC CAG ATG TTG CAC AAA CAA GAA.CTT CCT CAA GTA TCA AGG '

2182 Leu A n Met Leu Hs Lys An Gu Leu Ala G n Val Ser Arg 115

120 125 TGCGATATAT AAAAACGATG AACCCTTTTT GATTCATCAT
ATCTCAAGTA Wé&édisto”A 2242 TTTCTITATGC TGCAGG TGG TGG AAA ¥eAfusbétsaSAT TTT
GTA ACA ACA CTT 2291 Trp Trp Lys Asp Leu Asp Phe Val Thr Thr Leu
1 5 10 CCA/T2T GCT AGA GAT CGA GTA GIT GAA
TGC TAC TTT TGG GCA TTA GGA 2339 Pro Tyr Ala Arg Asp Arg Val val Qu
Cys Tyr Phe Trp Ala Leu Ay 15 20 25 GIT
TAT TTT GAG CCT CAA TAC TCT CAA GCT CGC GIC ATG CTC GIT AAG .2387 Val
Tyr Bhe Qu Pro G@n Tyr Ser An Ala.Arg Val Met Lou Val Lys 30

35 40 ACC ATA TCA ATG ATT TCG ATT_GIC GAT GAC ACC TTT GAT
GCT TAC -GGT 24@2 Thr ||£mlv|et Il e Ser | Elicited Asp'Asp Thr Phe Asp

Ala Tyr Ay 45 CA MAA GAA CTT
CAG A TAE Aca caT ooc AT cal2acd8 0 4 8,7 li?hr 1@ Lys Gu Leu
Gu Ala Tyr Thr AspAIaIIeGInArg-GO . e e
70 TATGAACTTC ATCAATTCAGC "TTATTCCTTG ATAGT GAALG:] CGT G:G[ GAA AAGATTAAGA
2537 CGAATTTCTA CTACATTATAG TTGTGLT: CIT. TCAR &, - TTAATTTTGT
2597 CATCCTGCAG A THeMGAT -ATC AAC GRA-ATT: & bE L TAC ATG

2647 Trp Asp Il e Asn GIuJIe.Asp Arg Leu PreaAsp® i
10 AAA ATC AGT TAT AAA GCT ATT CTA GAT CTC TAC AAG' GAT TAT CAK AAG

2695 Lys Ile Ser Tyr Lys Ala Ile Leu Asp Leu Tyr Lys Asp Tyr G@n Lys

-

FIG. 7A
Hours: Control Elicited
o 8 12 18 0 & 12 18
s AN o>
Root

‘ | FIG. 7B

SUBSTITUTE SHEET (RULE 26)



15 20 25 GAA TTG TCT AGI GCC GGA AGA TCT

CAT ATT GIC TGC CAT GCA ATA GAA 2743 A u Leu Ser Ser Ala Ay Arg
Ser Hs Ile Val Cys Hs Ala lle du 30 35
40 " 45 AGA G TATGITCGAG CAACTTAACT ATCGAAATAC ATTTTTTCCT

TAATCCATTT 2797 Arg CTCACTTTGG TTTACCTTGI GITCGICTTT TAGIGATTAG

AAACTTGATA CAGITCAATC 2857 WD 96/ 36697

PCT/ US96/ 06 %296/36897 - AATATTTTCT AACACTTGAA CACATATATG TTT ECEABYNARAGC ATG

AAA GAA GTA 2913 Met Lys du Val GTQ{A AAT TAT AAT GIC GAG TCA ACA TGG

TTT ATT GAA GGA TAT ATG 2961 Val 'ﬁ n Tyr Asn Val Gu Ser Thr Trp

Phe Ile Gu Ay Tyr Met 5 10 15

20 CCA CCT GIT TCT GAA TAC CTA AGC AAT GCA CTA GCA ACT ACC ACA TAT 3009

Pro Pro Val Ser A u Tyr Leu Ser Asn Ala Leu Ala Thr Thr Thr Tyr 25

30 . 35 TAC TAC CTC GCG ACA ACA TCG TAT TTG GEC ATG AAG TCT

GCC ACG GAG 3057 Tyr Tyr Leu Ala Thr Thr Ser Tyr Leu Ay Met Lys Ser
o i N e T GAG'TGG

Ala Thr Gu 4§ y .
TTG TCA AAG ) CGCT Phe Au Trp
Leu Ser Lys AN a 0
65 GTA ATT AT/ 2\C AG 3148
Val lle lle A
75 . AT
TTGGACAAAC

TR

Q

@

.
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GACGACAATT AAGGCAATAT AAAAGCTAAC CTTTAATTTA TCTGCTTTCT AG GIT

3263 Val 1 GAG AAA AGC AGG GGA CAA ATT GCA ACT GGA ATT GAG TGC TGC ATG AGA
3311 Gu Lys Ser Arg Ay Gn lle Ala Thr Ay Ile Gu Cys Cys Met Arg 5 .
10 15 GAT TAT G&T ATA TCA ACA AAA GAG GCA ATG GCT AAA TTT
CAA AAT ATG 3359 ‘Asp Tyr Cly Ile Ser Thr Lys Gu Ala Met Ala Lys Phe
Adn Asn Met 20 25 30 GCT GAG ACA GCA TGG
AAA GAT AATWOWEB6E@HAA GGA CTT CTT AGG CCC ACT 3407 Aprrfisvsnacasz Al a
Trp Lys Asp Ile Asn Qu Gy Leu Leu Arg Pro Thr 40

45 CCC GIC TCT ACA GAA TTT TTA ACT CCT9M12CTC AAT CIT GCT CGI ATT

3455 Pro Val Ser Thr G u Phe Leu Thr Pro Ile Leu Asn Leu Ala Arg Ile 50

55 60 65 GIT GAG GIT ACA TAT ATA CAC AAT
CTA GAT GGA TAC ACT CAT COG GAG 3503 Val ‘A u Vval Thr Tyr Ile H's Asn Leu
Asp Gy Tyr Thr H's Pro Au 70 : 75 80 AAA
GTC TTA AAA (Ll Cllal A AA , 21 Lys Val
Leu Lys Pro Hames

90
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GAAAAAAAAG GTAATCTGAG CCTTTTGCTC GICCTTCCTT TAGTATTTCT TTTTATCATA 3845
CTTGGICTCA CAAAAATTAG TTTTTGGCAC CTTGITTTT CCTTGTGGCG CATGTGTATA 3905
TACATCTGAA ACATATACTT AAAGGTTAAG AGGACATTGA CATATTGAAT CAACACTAGT 3965
GTTATTGGCA TACAGGAGAG AATCTATGTG- TAAAGGACGG GGTGGAACCC CACCCACAAG 4025
ACTTGGTCGA GACTATTGIT TATACGAAAA ACGGTACAGI TGAATTTATA CGICCTTTAT 4085
AGACAAGTGA ATTAATTTGA TCCTAAAATA ATAGGCGAAT TAGATAAAAA TGTAATTCTT 4145
AGCCTTGAGT WaRBSERAA ATAGCAGAAA TAGTCATTCC AGGAGAAAGG CT Tignigoésassd 205
CCACAACAAT GATATCAAAA AATAAAAAGA TAAAATTGTA TTAAGCTT 4253 (2)

| NFORMATI ON FOR SEQ I D NO: 8: (i) SEQUENICZ 12HARACTERI STICS: (A) LENGTH 550
am no acids (3) TYPE: amno acid (D) TOPOLOGY: linear (ii) MOLECULE TYPE:
protein (xi) SEQUENCE DESCRI PTION. SEQ ID NGO 8. Mt Ala Ser Ala Ala Val Al a

Asn Tyr Qu Gu GQu Ile val Arg Pro 1 5 . 10

15 Val Ala Asp Phe Ser Pro Ser Leu Irp Gy Asp G n Phe Leu Ser Phe 20

25 : 30 Ser Ile Asp Asn G n Val Ala Qu Lys Tyr Ile Tyr Ala
AGndulle i = ——— ‘ uLys Qu

Adn Thr Arg Ay /£ 5

60 Lys Leu A | e AJ iy 65

70 g ulLys Gu
Ile Asp Qu | : 95
Tyr Asn G n Leu ( 100

105 e Y |l e}Ser Pro
Gu Ile Phe 5 .

FIG. 8l
FIG. 8K
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115 120 125 Ser Lye Phe A n Asp Gu Asn vy

Lys Phe Lys Qu Ser Leu Ala Ser 130 135 140
Asp Val Leu Gy Leu Leu Asn Leu Tyr Gu Ala Ser H's Val Arg Thr 145 '
150 : 155 : 160 Hs Ala Asp Asp Ile Leu Gu Asp
Al.a Leu Ala Phe Ser Thr Ile H's 165 170 . 175
VO 96/ 36697 WO6i36697 PCIOBMET6/ 06452
- 69 - Leu Qu Ser Ala Ala Pro H's Leu Lye Ser Pro Leu Arg Gu dn Val 180
185 190 Thr H's Ala gy du AGn Cys Leu Hs Lys Ay Val Pro
Arg Val du 195 200 205 Thr Arg Phe Phe Ile
Ser Ser Ile Tyr Asp Lys @ u d@n Ser Lys Asn 210 215
220 Asn Val Leu Leu Arg Phe Ala Lys Leu Asp Phe Asn Leu Leu G n Met 225
230 - 235 240 Leu His Lye A n Qu-Leu Ala Gn
Val Ser Arg Trp Trp Lys Asp Lequ 245 S 255
Asp Phe Val Thr Tigolatéoh Of pariAt géhe Arg Asp Arg 260
265 270 Tyr Phe Trp Ala Leu /& Pro dn Tyr
Ser &dn Ala 275 280 Met Leu Val
Lys Thr Ile Ser Met isclation of geBOmic 295

Asp 305

300 Thr Phe Asp Al a Tyr Thr Val Lys
310 P -% pcriltXar Hesmn y

{p Bl 101a binary
transformation

PCR cloning vector)

BamH1 Sst1

{Cyclase promoter

Transformation and regeneration of
transgenic tobaccos

FIG. 9
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Ala lle dn
33Q

Asp Tyr Qu
Ala Gy Arg

375

Ser Asn Al a
Leu Ala Thr
410

Lys Asn Pro
Ser Val |lle
445 Al a Thr
455

Ala Met Al a
Lys Phe @ n
490 °

Pro Ile Leu

PCT/ US96/ 06452 -70 - Asn

Leu Asp Gy

365. Ju Arg W,‘M@‘%G u Val Val Arg Asn Tyr Asn Val du Serréjzds 370

Arg Trp Asp Ile Asn Qu Ile Asp Arg Leu Pro Asp Tyr 325

335 Met Lye Ile Ser Tyr Lys Ala Ile Leu Asp Leu Tyr Lys
340 345 350 Lys ‘A u Leu Ser Ser
Ser His Ile Val Cys Hs Ala Ile 355 360

80 Phe Ile Qu dy Tyr Met Pro Pro Val r Leu
385 390 : 395 400
Thr Thr Tyr Tyr Tyr Leu AAZA/TRr Thr Ser Tyr Leu Ay 405

415 Met Lye Ser Ala Thr Au G n Asp Phe Qu Trp Leu Ser
420 ) 425 430 Lys Ile Lsu Qu Ala
Ile Cys Arg Val Ile Asp Asp Thr 435 440
Tyr Au Val Gu Lys Ser rg Ay G@n Ile Ala Thr Ay tle 450

460 Gu Cys Cys:Met Arg Asp T¥r, %y Ile Ser Thr Lys Qu
465 470 S| 480
Asn Met Al a G u ThEARRREEIEGE TS AT %I?n Gu @y 485

495 Leu Le | Ser Thr G u Phe Leu Thr

SR80 WD 96/ 36697

z§5Thr Tyr Ile H's Asn

500

S HASAD D A5 ) P13 Sl L D8 RN 1 TR ISR

S8
Si?

- BRACE O
BRACE |

b <+ ®w N - O
JH00S NOIS3T
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515
Lys-Pro Hi
“Val Asp Se
NO 9: (i)

. nucl eic ac

. TYPE: ot he
. for PCR"

- DESCRIPTION: SEQ I D NO 9: CGITGGATCC CCACET&MML CGAAAT

30 (2) INF
LENGTH: 30
TCPCLCEN

[/ desc =
ANTI - SENSE

520 525 Tyr Thr H's Pro GI u Lys Val
s—ttette Asn T_eu Leu 530 535
r L\ aced 550 ( 2) | 3T
SE i akb Rl CTICS: (A) LENGTH. 30 bgs
i d ( IHS: single (D) TOPOLOGY: i
I nue DESCRI PTI ON: /desc = "dli
(rii) HYPOTHETI CAL: NO (iv) ANTI-BENSE: NO

ORMVATI ON FCR SEQ I D NO 10: (i) SEQUENCE CHA

base p; mﬂdmodeﬁﬁm 2/ DINA, il € Db
%%:“ Lt @@ i drwa

gOI’lU | ge I’.IgE"l thQnP cﬁ@t{@s

improved disease resistance, said method comprising the steps of:

() providing a nucleotide sequence encoding a heterologous coding sequence of
an elicitin protein operably linked to an inducible transcription regulatory ¢lementand a
-promoter functional in a plant cell to produce an inducible expression construct;

(b) clomng the inducible expression construct of step (a) into a plasmid vector
adapted for use in a plant cell to produce an inducible expression vector;

(¢) introducing said inducible expression vector of step (b) into a plant tissue to
produce transgenic plant tissue; and

(d) regenerating said transgenic plant tissue to produce a transgenic pIant,
whereby said elicitin is expressed in response to potential plant pathogen invasion or
elicitor treatment of said transgenic plant, thereby inducing the hypersensitive response,
increasing the resistance of said transgenic plant to a plant pathogen.

2. The method of claim 1, wherein said inducible transcription regulatory
element comprises a nucleotide sequence as gwcn in SEQ ID NO:2 from nucleotide 458

to nucleotide 473; a nucleotide sequence as given in SEQ ID NO:2 from nucleotide 406

to nucleotide 473; or 2 nucleotide sequence as given in SEQ ID NO:2 from nucleotlde
371 to nucleotide 473.

3. Themethod of claim 1, wherein said transgenic plant is a dicot, monocot,
gymnosperm, or conifer.

4. The method of claim 3, wherein said transgenic plant is a member of the
Solanaceae. :

5. Themethod of claim 4, wherein said elicitin protein is a fungal or bacterial
elicitin.

6. The method of claim 5, wherein said fungal elicitin is from Phytophthora.

7. The method of claim 5, wherein said elicitin protein comprises a ParAl,

o T

Leu
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GGCTGAGCTC  CTGGACGCAG AGATCAAACC [ 30 (2
| NFORMATI ON FOR SEQ I D.NO 11: (i) SEQUENCE CHARAGT SFI LENGTH 42
base pairs (B) TYPE nucl ei ¢ aci d (C) STRANDEDNES mﬂmm"m

| i near WD 96/ 36697

PCT/ US95/ 06452 - 71 - (ii) MOLECULE TYPE: 7%t her nucl el Cc :aci d (A)
DESCRI PTI ON: /desc = "digonucl eotide prinmer for PCR (reverse)." (iili)

NG 1 GOOGGATORT AR IREBAS T Has e Rbeoin il Al o0ees Seuonce s atToab 70%
42 (2) | NFomrslevtidpseprussipmologinta 2 pard J cosling mequencspieivsi SHQ 3B NOAR
LENGTH: 59£'dlnaaclpehde520‘B)o mdiiatide 563 and eamdds @ fmdiRahelditiirfietein eddodes D)
TOPOLOGY: ldmgan Ifrbﬂein EmIn\GDEexd cﬁd:dés) beﬁ’@sg@ IBANO: 1¥90f {5\ pard]

ANTI - SENSE ol ebibenidd 8 USRI oaRSES 1 08

9. A transgenic plant (2 seed or a cell thereof) comprising a sequence encoding
an elicitin, said coding sequence being operably linked to an inducible transcriptional
regulatory element and a promoter functional in a plant, wherein said plant expresses said
elicitin coding sequence in response to invasion of said plant by a potential plant
pathogen or in response to treatment with an elicitor or other inducing chemical signal.

10. The transgenic plant of claim 9, wherein said inducible transcription
regulatory element comprises 2 nucleotide sequence as given in SEQ ID NO:2 from
nucleotide 458 to nucleotide 473; 2 nucleotide sequence as given in SEQ ID NO:2 frora
nucleotide 406 to nucleotide 473; or a nucleotide sequence as given in SEQ ID NO 2
from nucleotide 371 to nucleotide 473.

- 11, The transgenic plant of claim 9, wherein said transgenic plant is a dicot,
monocot, conifer, or gymnopserm.

12.  The transgenic plant of claim 11, wherein said transgenic plant is a member
of the Solanaceae.

13. The transgenic plant of claim 12, wherein said transgenic plant is Nicotiana
tabacum,

14, The transgenic plant of claim 9, wherein said elicitin is a fingal or bactedial
elicitin. '

15. The transgenic plant of claim 14, wherein said fumgal elicitin is from
Phytophthora.

16. The transgenic plant of claim 14, wherein said elicitin comprises a ParAl,
cryptogein, pariscein, or harpin protein.

ese
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(i) FEATURE: (A) NANE/ KEY: CDS (B) LOCATION: 207.7563 (X1) SEQUENCE

DESCRI PTI ON: SEQ I D NO: 12: GTCGACGAA GOCGAAGTGC GT CG
 AATGCTACGC GCCACGGCAA 60 AACCTACACG GTAC

' CCTGCAAGCG AGCCGCCAGC CCAACTCCAG 120 CTAGTCAAGC ETABTTTGAC 'FCCAACTGCC
ATTGTGCAAT TTGCTCTCAT CCACACCCAC 180 CTTCTC CCCCAGCTCA TCCGAA ATG
AAC TTC CGC GCT CTGTTCGCCGCC 233 Met Asn Phe Arg Ala Leu Phe Ala Al a
555 S%te fafisgenic aﬁ?mdﬁeﬁlﬂ Wmm cé%‘sﬂCG

TCC ACC ACCleast%% RBEled@de eSholftflogiPlo a%dh!?‘ifo éncé'aﬁ gi%h

Thr Thr

TAC GT aé‘g,‘% do ppgleotic 45563 jih

Tyr VaI Al aeIL PIqigin Bayingen apuno agid sequenceas given in ;or s
590 ACG Tcepmmsqmm oNeaz ﬁmwbnudq@mmms??

Thr Ser Phes¢gn G n Cys Ser Thr Asp Ser Ay Tyr Ser Met Leu Thr 595
600 605 GCC ACC TCG TTG CCC ACG ACG GAG CAG TAC AAG CTC ATG

16C 606G TCG  4pd AplmEiod ¥ prddiding stralifenif b bt s

Ala Ser 610
facc cTG

PCT/ US96/ 0653152'"“ ﬂ‘-ﬁ‘ ac g gereAbpleat; said g FESTERLS
AAC CCG CCC (2) interiucing 2 mucleatide sequengmencoding 3 heternlogaps cpdlagwmwm of eu
Asn Pro Pr oaeBcitin protein operably linkiéto an inducible transcriptiifregulatory element and a2 640
promoter functional in a plant cell into a plant cell or plant tissue;
(b) regenerating a transgenic plant from the transgenic plant cell or tissue of step
(2); and
(c) growing the transgenic plant under conditions which allow the expression of
- said nucleotide sequence when said transgenic plant is invaded by a potential plant
pathogen capable of infecting a corresponding parent plant, whereby the expression of
said elicitin is induced with the result that a resistance response is induced in response to
an invading potential plaut pathogen.

19. The method of claim 18, wherein said inducible transcription regulatory
element comprises a nucleotide sequence as gwen in SEQ ID NO:2 from nucleotide 458
to nucleotide 473; a nucleotide sequence as g1ven in SEQ ID NO:2 from nucleotide 406
to nucleotide 473; or a nucleotide sequence as given in SEQ ID NO:2 from nucleotide
371 to nucleotide 473.

20. The method of claim 18, wherein said transgenic plantis a dxcot, mounocot,
gymnosperm, or conifer. - '

21. The method of claim 20, wherein said transgenic plant is a member of the
Solanaceac.

22. The method of claim 21, wherein said transgenic plant is Nicotiana
tabacum. '

23. The method of claim 18, wherein said elicitin is a fungal or bacterial elicitin.

24. The method of claim 23, wherein said fungal elicitin is from Phytophthora.
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GAC TGC GAG TTG ACG GIG CCT ACG AGC GEC CTG GTA CTC AAC GIG TTC 521
Asp Cys Qu LEu Thr Val Pro Thr Ser Ay Leu Val Le

650 655 ACG TAC GCG AAC GGG TTC TCG NTCA CTG
TAA 563 Thr Tyr Ala Asn Ay Phe Ser Se ‘l | Leu .
. 660 665 GCGGGTTTGA TCTCTAIGTC CAGAA

593 (2) | NFORVATION FOR SEQ ID NO 13: (i) SEQUENCE CHARACTERI STI CS: (A

LENGTH: 118 am ac Y,
MOLECULE TYPE: m %ﬁﬁ %fﬁgkf’%% @W%@%n Phe
Arg Al a LeuSTPROS *a Leu Val

10 15 Ser Thr Ser Ala Thr Thr Cys Thr Thr Thr dn Gn Thr

Ala Ala Tyr 20 26, The method of clddn 18 wherem said ehcxtm&ﬁbchhg seqhence das afideasBer

|le Leu SergmmiitorideseditfcdBomblo ceasgwenmsmm
45 Thr ASp 1@).14%¥%m) @g&ﬂ thhct &{d @ ! %

e,
-?—ﬁr Vet || ecargdes aPaéifi pro'%elggzﬁé a&mo actd scquen ¢ as, enm i Lys
Asn Lys || eapatdfreeding seqnsncerpssiverinBHQ 8) NQ312 from nnﬁkotm 2¢9r*ev@sleonde

90 563. 95 Thr Ser Ay Leu Val Lou Asn Val Phe Thr Tyr Ala Asn
Ay Phe Ser 100 105 . 110 Ser The Cys Al a Ser
Leu 115 27. A transgenic plant (or a seed or cell thereof) genetically engineered to

contain a chimeri¢c gene comprising an inducible transcription regulatory element, a
promoter finctional in a plant and a coding sequence not naturally associated with said
inducible transcription regulatory element, said coding sequence being expressed under
the regulatory control of said inducible transcription regulatory element.

28. The transgenic plant of ¢laim 27, wherein said inducible transcription
regulatory element is comprises a nucleotide sequence as given in SEQ ID NO:2 from
nucleotide 458 to nucleotide 473; a nucleotide sequence as given in SEQ ID NO:2 from,
nucleotide 406 to nucleotide 473; or a nucleotide sequence as given in SEQ ID NO:2
from mucleotide 371 to nucleotide 473.

29. The transgenic plant claim 27, wherein said promoter functional in 2 plant.
cell is the Cauliflower Mosaic Virus 35S gene minimal promoter. .

30. The transgenic plant of claim 27, wherein said transgenic plant is a dicot,
monocot, gymnosperm, or conifer.

31. The transgenic plant of claim 30, wherein said transgenic plant is a member
of the Solanaceae.

32. The transgenic plant of claim 31, wherein said transgenic plant is Nicotiana
tabacum.

33. A recombinant nicleic acid molecule comprising an inducible plant disease-
resistance regulatory ¢lement.
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(2) 1 NFORATI ON FOR SEQ ID NG 14: (i) SEQUENCE—CHARACTERT STI S, (A) LENGTH

1368 base pairs (a) TYPE nucleic acid (C) STRWW“\““\“\“) TOPOLOGY:

- both (ii) MOLECULE TYPE: cDNA WD 96/ 36697 :

© PCT/ US96/ 06452 - 73 - (xi) SEQUENCE DESCRI PTI ON'“SEQ ID NO £4: AAGCTTTACG
AATTAGATGT AAAAAGACAC AAACTACTTA TATATAFFTAC CAAATAACT 60 TGAAAGTTTA
AAATTTCAAT TAGAACTATA GTAGGGTAAA ACTGTCTATT TAAAATCAGT . 120 ATTTAAAMAG
GCATGAGCGA AAGATEAGCThe ﬁmﬁdrmom@ﬁAMBA gulgoychmentissT

ITTATTTTTA M&dma%r & 67 AEESqARERtAYdlase. 240 ATACACTAAA
ATTGTGAAAA GTTAAAGAAA ATTATAGAA ATATAT ATATATATAT 300 ATATATATAT

ATATATA-CI-:éX ?TATET§¥ ATAT AT ETGTgT %gg} i! §§ ‘f‘d’eég% I(EFWT

A
TATGTCATCA dmmmqﬁmﬂmfm 480 ATATATATAA
ATGTATGTGT GTGTGTGTGT GTATCGCATG CGCGCGACCA TGCAACTTTT 540 TTTTCTTGAA

AAAATAAAAG m%mm%%TMm%WWEkm aci6 fidlaRARACTAGAG

CGATACCAAA ik B I AMSAH D NO: 14y orlay ideABIEC
T AATGICAG %ﬁ g%: t Air—.#?% ‘ e SQIe ceZ 5)T. e"'. 'A t‘
TGAATGTCAG %ﬂfﬁ- AR N otia 61
amwmmmm—x of GPACRACINCES B AR

AAAACCTTGG mmnmafmmm mm@m 371-"&3(9fé

TAAACTGACC gf\tivé nfvofebtides ATTASTOCSEQADINDI2A GTTCATCAAA 960 GIGGACTCTG
CATTAATAAT TGAAATTTAT GCCGCAACAA TGACATTAGG TTTTATAAAT 1020

37. The nucleic acid molecule of claim 33, wherein a heterologous coding
sequence is operably linked downstream of and under the regulatory control of sa:d
inducible transcription regulatory element.

.38. The nucleic acid molecule of claim 37, wherein said heterologdus coding
sequence encodes an elicitin protein.

39. The nucleic acid molecule of claim 38, wherein said heterologous coding
sequence encodes an elicitin of Phytophthora purasitica.

40. The nucleic acid molecule of claim 39, wherein said elicitin of Phytophthora
parasitica is the ParAl elicitin protein,

4]1. Thenucleic acid molecule of claim 33, wherein said nucleic acid molecule is
obtained from a dicot, monocot, gymnosperm, or conifer.

42. - The nucleic acid molecule of claim 41, wherein said dicot is a member of
the Solanaceae.

43. The nucleic acid molecule of claim 42, wherein said Solanaccous plantis a
member of the genus Nicotiana.

44, A vector comprising the DNA of claim 33,

45. The vector of claim 44, said vector being capable of inducibly regulating the
expression of a nucleotide sequence in 2 vector-containing cell-
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AAAGTAATAG GAATTTGATA GTTCCAGGAA ACAACTCTAC A 1080
- CTTTTTAAAT AATATTATTC AGITTGACGAA ACAAATAAAT 1140
- TCAATAGACC CCAGACGCCA ACAATGAATC AAAAGGCTGC TA 1200

o

AAGGCAACTG GGAAATTAAA TGATTAGGTG CTTTTGATCA ATTAGAT 1260
ACCACTATAT ATACTTGICC CTTCTCTTCC ATTTAAGTAG AGWTCCTTTC TTTCTTCCTT 1320
AAAACTTAAA AGAACAAGTA AAAATACACT CATCTTTAATI TAGCAATG 1368

encodi ng an %ﬁf o THEYS s s, Bl O P BB A IS "

regul atory &8 f an i.nduci bl e transcription regulatory el enent to
produce a transgenic plant with inproved di sease resistance, said method

conprising the stﬁps 'ﬁieVc(dﬁr@chmd@@heremlsﬂl&héﬂedﬂomﬁeeﬁ&wdl ng a
het er ol ogou g of an elicitin protein other than an

avi rul ence gl I citor pr teirn operably linked to an inducible transcription
regul atory el ene rom)ter uncti onal nt cell to roduce an
i nduci bl e expresg% gm&%‘iﬂ% E 2 pend orpell MG@? ﬁr’@ﬁ card
construct omdc@#epﬁylaunt?ﬂzatqmt thc@wmaoﬁpald@m use in a plant cell
to produce an inducible expression vector (c) |ntroducrng sai d inducible
expressi on vect 0gg0f £h@R-ralirally béb BIA hiotcife ge transgenic

pl ant ti ssu ce
o ransgent ¢ %w & gﬂﬁ at‘*?@@@%#%e@é%“ﬁs reifé?»#@?wﬂ

“potenti al icitor treatnent of said transgenic
pl ant, thereby I nduci ng the hypersensitive response, increasing the

resistance of sab. t rAnsganirally ecdurting BNA awlequid dagprisin®a The met hod of
claim i, \_Ah@aasc&immndeﬂuaabﬁ l%b énb@B&ﬁﬁ# RnuSlRofiGOsEqn eeER SEQPID NGRS
a nucl eoti d???ﬁﬁﬂa%ﬁ g D NO 2 from nucl eoti de 458 to

nucl eot i de ; a nucleotrde sequence as given in SEQ I'D NO 2 from

nucl eoti de 406 tqg_nucl eott{1 %mnucl eqQt i de_seguence as_given SEQ
ID NO 2 from nucﬁéotr od o mcreasmg u'anscnptonal expression o adOWnstream NA

sequence in 2 transgenic plant cell, said method comprising the steps oft

(a) operably linking a franscription-enhancing element having a nucleotide
sequence substantially as given in SEQ ID NO:2 from nucleotide 371 to nucleotide 463 to
a promoter functional in a plant cell, said promoter being operably linked to a
downstream DNA sequence for which transcriptional expression is to be directed to
produce an enhanced expression cassette; and

(b) infroducing the enhanced expression cassette of step (&) into a plant cell to
produce a transgenic plant cell. '

52. Themethod of claim 51, wherein said transcription enhancing sequence
further comprises a nucleotide sequence as given in SEQ ID NO:2 from nucleotide 1 to
370 operably linked mmedlately upstream of the transcription-enhancing sequence of

step (a).

53. The method of claim 51, wherein said promoter functional in a plant cell is &
minimal promoter of Cauliflower Mosaic Virus.
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371t 0 nucl eotide 473. 3.
pkant is a dicot, nonocot,

The nethod of claim1, wherein said transgenic

Par gymosperm or conifer. 4. met hod of cl al m
3, wherein said transgenl c plant is a nmenber of t hel Sol anaceae.

met hod of claim4, wherein said elicitin protein |s
The nethod of claim5, wherein said fu

elicitin. 6.
-~ Phytophthora. 7.

conprises a ParAl, cryptogein,

net hod or claim1, wherein Sald eliciti

nucl eoti de sequenc
NO 12 from nucl &ot

Amelpd

elicitin penteding erecliniieprofeipapamebly
&@b@&m&mﬁo@r@ﬁla@&y@m

given in Sg

a@“ﬁ% folaRl 4

r|aI
from

AR Iy T

The nmethod of claimb5, wWierein sdid elicitid pfot&in
pariscein,; ar harpin protein.

75 8. The
g sequence has at |east 70%
e

S & it éﬁ%%% S ID
Kikad o ﬁm RRRFCESS Hpiershe fomial as

ce e transgghicelantwiBEQ | D NO

12 f | ant d

Lo from iy gaﬁ% il ot b 7 e

sequence being d?faﬂ ganws q‘yf r%‘fo % 8@%& g@‘&ﬂc gry

el enent andn aelmtumprcﬁemf other ithamakn | avmlqmlca redicitoy profein epgr @1}5 |limked dRpibsses
d el t, t.o

ot ent i al AP AR RO eatipt P ARBER e piotieRit Al el £ pRfRE Y

other i ndU‘;‘;&&HzcE'&ﬁ%diﬁibléb

wherein said In
. nucl eotide sequ
' nucl eot i de adaged formse e plané celd

ID NO 2 f
Claim?9,

' nucl eotide 406 (¢) inuo&m@hgdadﬁamuemmbmmmeom@

e e,

d) regencranne

> 9ot

gs,o,;gonsm@t transgenic plant of claim?9,

R aixaasf LRt re«%?s'o%t R ol TR e PP yor

‘éc%éﬂ u@nvlﬁmmr@q{fexz from

eot |1 de 473

hinto a plagit tissucita SEQ
11. The transgenic plant of

'tmu? antplaﬁt Bl 6% produce 2 transgenic plant,

whereby said elicitin is expressed in response to potential plaat pathogen invasion or
elicitor treatment of said fransgenic plant, thereby inducing the hypersensitive response,
increasing the resistance of said transgenic plant to a plast pathogen.

2. The method of claim 1, wherein said inducible transeription reguletory
element comprises 2 nucleotide sequence as given in SEQ JD NO:2 from nucleotide 458
to nucleotide 473; a nucleotide sequence a3 given in SEQ 1D NO2 from nucleotide 406
to mucleotide 473; or 2 nucleotide sequence 25 given in SEQ ID NO:2 from mucleotide

371t nu_clcoude 473,

3 *
gyranosperm, or copifer.

The method of claim 1, wherein said ransgenic plaat is a dicot, onocot,

4. 'I“né method of claim 3, wherein said fransgenic plant is a member of the

Solanaceze.

5.
elicitin,

The method of claim 4, wherein said elicitin protein is 2 fungal ov bacterial

6. Thamethod of cleim 5, wherein said fungal elicitin is from Phytophthora.

7. The method of claim 5, wherein said elicitin protein comprises a ParAl,
cryptogein, paxiscein, or haipin protein.
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nonocot, conifer, or gymopserm 12. The transgenlwhél\
wherein said transgenl c plant is a nenber of the So aceae

- transgenic plant of claim 12, wherein said transge{n“iﬂ u, i ana

. tabacum 14. The transgenic pI ant of claim9, where IfIMIﬂMI S a

. fungal or bacterial 15. Te transgenic plant of claim 14, vihef'ei f sal d

. fungal elicitin is fromPhytophthora. 16. The transgenic plant of claim 14,
wherein said elicitin conprises a ParAl, cryptogein, pariscein, or harpin
protein, 76 17. The transgenic plant @ claim 1, wherein said elicitin
codi ng sequence has at |east 70% nucl eotide sequence honology to a parAl
codi ng sequence as ven n. S NO. 12 fr ucl e d Jaucl ) de
563 and encodes%a f %9@?15%%&?““ ’tn ‘%%‘&%‘@%é gq“%ﬁi gﬁa@ﬁ%ﬁ}%
havi ng an mhguémsequmlh@ SHtogy Adrd s@eqwqameﬂn
codi ng sequiiis auelsotiieddT to Mudetids 56 alnﬁ dz:m&asruﬁnhemna] eticidu prateiag @lnemlesde
003, 18 AJdwdletrdtbint NEnifo kRS beaphﬁaﬁﬂs%?mm%%ﬁsmﬁnce

to di sease t corres hg the
Ceps of - CaiEBIPaE PG VER HOECID oo Al Huch Bl 4T B B R B8 s
codi ng sequence of an elicitin protein operably |inked to an inducible
transcription rQQUUﬂhﬁﬁsg Wamamﬂmﬂtmmgasmmgel |

t I t f
Lo gagsgem qn%d%ﬁi&a&du%ae@bmﬁ ggﬁe@g ' BAERISEAR bﬁpﬁiﬁ!‘ rom

transgenicgﬁ Dﬁﬁ et:a&q(ﬂ B’ﬁ?ﬁ‘ﬁc&‘ﬁ“ﬁf 5555315

ittty
nucl eot i de clistilaoding ararencaini responssde ivasion gf seid plag Qri\y plagbt ent i al
pl ant pat hgaeiogenped resiinsé 65 fedtinegt witk en ticitovod otpr fudueing dhiemital sighel. eby

t he expression “of
10. The transgenic plant of claim 9, wherein said inducible transcription
regulatory element comprises a aucleotide sequence as given in SEQ ID NQ:2 from
micleotide 458 to nucleotide 473; a nucleotide sequence as givcn in SEQ D NO:2 from
rucleotide 406 to nucleotide 473; ot a nucleotide sequence as given in SEQ D NO:2
from nucleotide 371 to nucleotide 473.

11.  The transgenic plant of claim 9, wherein said transgenic plant is a dicot,
rnonccot, conifer, or gymmopsenm,

12. The transgenic plant of claim 11, wherein said transgenic p nlant is amember
of the Solanacesne.

13. The transgenic plent of ¢lzim 12, wherein said transgeaio plant is Nicotama
tabacum. '

14. The transgenic plant of cleim 9, wherein said elicitin is a fimgal or bactezial
elicitin.

15. The transgenic pleot of claim 14, wherein said fungel elictiin is ffom
Phytopnthore. '

16. The transgenic plant of claim 14, wherein said ¢licitin comprises & ParAl,
ctyptogein, pariscein, or harpin protemn.
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said elicitinis induced with the result that a resistance response is

i nduced in response to an invading potential plant pathogen. I9 —The et hod
of claim 18, wherein said inducible transcription rﬁlmm’t

conprises a nucl eotide sequence as given in SEQ ID f’mum’m’gm‘ de 458
to nucleotide 473; a nucl eoti de sequence as given in*SE® | B NO 25 f rom

nucl eotide 406 to nucleotide 473; or a nucl eotide sequence as given in SEQ
ID NGO 2 fromnucl eotide 371 to nucl eotide #g3. 20. The nethod of claim 18,
wherein said transgenic plant is a dicot, nmonocot, gymosperm or conifer.
21. The nethod of claim 20, wherein said transgenic plant is a menber of

t he Sol anaceae. 172. Tﬁied:‘amgnudbhﬁutofdamuwhmmdc eifin coding seguencs st

i's Nicoti angagt3p% nidRoliEt Bashente Bb@bBeY e a%?ﬂ?bﬁdxﬁg'séq&hwaﬁgqﬂedﬁl@EQ'IDga'
b

olicitin g v ?&#@ﬁ%ﬁ%@%%@# 5}%' e %}%é%

sai d el icit44§o &tsﬂﬁsmwé%%%?a bégﬂ"o B % 2w 1I$a9‘b‘i5n

protein. 26apddd wdngsdquincelzagivendn SHREIR ar&mnudmude 209 domyckeetidrence

has at |eas4g370% nucl eoti de sequence honol ogy to a parAl codi ng sequence as
given in SEQ ID NO 12 from nucl eoti de 207 to nucl eotide 563 and encodes a

functional eli cggl nrﬁ r ot Qtfjl' enqoc%ggpa Par Al protein hg\%ng an argﬁgg acid

sequence as givVv Eﬂéi Wﬂ" nﬁﬁaﬁ gi ven

in SEQID Miseaxemranamomqhamﬂm remilplanmsmdmthmbcc&ﬁgnsxﬂg weAtapsads geni ¢

plant (or a seegs i&%&ﬁdﬁ&%&dﬂg@%&ﬁ%ﬁﬂ Sefledes of
t

e TR

1el ement said coding .
sequence bei ng €& m&nmdtmsgcmcplantﬁ'omtbetmnsg plant cell or tissue of step

(a); and

(¢) growing the transgeni¢ plant under conditions which allow the expression of
said pucleotide sequence when said transgenic plant is invaded by a potential plant
pathogen capeble of infecting a corresponding parent plant, whereby the expression of
said elicilin is induced with the result that a resistance response is mduced i response to
an invading potential plant pathogen,

19. Themethod of claim 18, wherein said inducible transcription regulatory
element comprises a mucleotide sequence as given in SEQ ID NO:2 from nucleotide 458
to nuclectids 473; a nucleotide sequence as given in SEQ ID NO:2 from mucleotide 406
to nucleotide 473; or a nucleotide sequence as given in SEQ ID NO:2 from nucleotide
371 to nucleotide 473.

20. The method of claim 18, wherein said transgenie plant js a dicot, monocot,
gymnosperm, of conifer.

21.  Themethod of claim 20, wherein said transgenic plant is a member of the
Solznaceze. :

22. The method of claim 21, wherein sz2id transgenic plent is Nicosiena
tabacum

23. The method of claim 18, wherein said elicitin is a fiungal or bacterial elicitin.

24. The method of claim 23, wherein said fungal elicitin is from Phytophthora.
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t he regul atory control of said inducible transcription regulatory el enent.
28. The transgenic plant of claim 27, wherein said induetble—++ranscription,

regul atory elenment is conprises a nucl eotide sequence as;gj ' | D
NO 2 from nucl eoti de 458 to necleotide 473; a nucleoti demﬁmmﬂgﬁmﬂuﬂn
in SEQID NO 2 from nucl eotide 406 to nucl eotide 473; or » { : *
sequence as given in SEQID NO 2 from nucl eotide 371 to nucl eotide 473. 29.
The transgenic 27,wherein said pronoter functional in a plant cell is the
Caul i fl ower Msaic Virus 35S gene mninmal pronoter. 30. The transgenic

pl ant of claim 27, wherein said transgenic plant is a dicot, nonocot,
gymosperm or conifer. 31. The transgenic plant of claim 30, wherein
said transgenic plant is a nenber of the73ol anaceae. 32. The transgenic

pl ant of claim 31, wherein said transgenic plant is N cotiana tabacum

78 33. A non-naturally occyring, DNA | ecul e _cQnprising a .
transcription- eﬂhanJmfgnéhégr\@ﬁ?}g%\??’n\gggem‘éég@ HIEEG%E‘F%@% QP@%{A n
SEQ I D NO Zriptegein st der dddintprowinc| eot i de 463. 34. A non-natural ly

-

occurring DNA nol ecul e conprising a transcription-enhancing sequence havi ng
| eotid ' | D NO 2.fr leoti t

hucl eot | de iai.e%g.r‘%c?ifﬁ's S plafin I8 b v h AR el pidheast o
of a downst70Sanneeet: homalogy sl quERqe as gavey
clonrpr i ;si Rg ﬁMﬁmmcl%:ﬁéﬂO‘bﬁmw&oﬁdb iSﬁB;;mEg_eacidcamsﬁm@(ﬁadabaﬁédem&ingw ,
el enent haviRgdd 4pshPrd Fx L RE B RES, qiﬁh é’asafv&hﬁfs_ EQIRO: 18PN
f | de (371 3

o e e s iy MR 1O oD bl

whi ch trans¥3 ptional expression is to be directed to

27, A transgenic plant (or a seed or cell thereof) genctically enginecred to
contain & chimetic gene comprising aa inducible transeription regulatory element, 2
promoter fimectional in a plant and a coding sequence not naturally associated with said
inducible transcription regulatory element, said ¢oding sequence being expressed under
the regulatary control of said inducible transctiption regulatory element.

28, The transgeuic plant of ¢laim 27, wherein said inducible transcription
regulatory element is comprises a nucleotide sequence 2s given in SEQ ID NO:2 from
wuclectide 458 to nucleotide 473; a nucleotide sequence as given in SEQ ID NO2 fom
nucleotide 406 to nucleotide 473; or a nucleotide sequencs as given in SEQ 1D NO:2
from mucleotide 371 to nucleotids 473.

29. The fransgenic plant claim 27, wherein said promoter finctional in 2 plant
cell is the Cauliflower Mosaic Virus 358 gene minimal promoter.

30. ‘The transgenic plant of claim 27, wherein said transgenic plant is a dicot,
monocot, gymnospermn, or conjfer. _

31. The transgenic plant of claim 30, wherein said transgenic plant is 2 member
of the Selanaceae,

32. The transgenic plant of claim 31, wherein said transgenic plant is Nicotiana
tabacum, .

Jorr e —————e
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produce an enhanced expression cassette; and (b) introducing the enhanced
expression cassette of step (a) into a plant cell téLgFBHUEE“a‘%+anngnlc

ipl ant cell. 36. The met hod of clains 35, wherein S I M”ﬂ!w’
I SEQ
LT

‘enhanci ng sequence further conprises a nucleotide se

IDNO2 fromnucleotide 1 to 370 operably Iinked |nned|afely

.the transcription-enhanci ng sequence of step (a). 37. The nethod of clalm
'35, wherein said pronoter functional ipga plant cell is a mninmal pronoter
of Caulifl ower Msaic Virus. 79 38. A reconbinant nucleic acid nol ecul e

conprising a pa3I3oge_&r|n tp{,_ el r- |¢, iR 4 Lonal regul atory
e o e sty e

371 to 463 mmSEQCO‘mclﬁdltapuorohdmﬁ@otldes 411 to 457 of SEQ ID NO 2. 39.
The nucleic acid nolecule of claim38, wherein said transcriptional

.regul atory el engat, Iéf&%ﬁ cfcrc% GnéReAd LAlpAsibghpene cycl ase.
e i s G TR i psiorien,

sai d transcﬁ'\?lpﬁl}»@h%ﬁdf’rlem‘-‘ﬁl dment directs expression of an

epi - 5-ari st ol ochene synt hase (EAS) 4 2 The nucl eic acid nol ecul e of

claim4l, said cl
shown in Fi 3%\5%&5‘];‘%@@5 g%age?-ﬂg}tg?ﬁefysﬁggé&l ndsﬁg%
fragment tm%f‘ (5?@ S&f"f% REPRS% 521'9 frz wher ei n sai d
nucl ei ¢ aci d nof@cepcealixdinkimg %@éﬂsﬁﬁﬂ%c ciag slemeRbhaYs ‘%‘?O@A (SEQ ID
NO 14). 44eqUdves substantialipes givenline SEQEDONO2 zmm:@ﬁleouﬁea eﬁ o mgledtide 463 to
transcriptiPpdhoter functional in 2 plant cell, szid promoter beiag operably linked to 2

downs"'cam DNA sequence for which transeriptional expression is to be dxmxed to

produce en enhenced expression cassette; end

(®) infroducing the enhanced expression cassette of step (a) into a plant cell to
produce & transgenic plant cell.

36. Themgthod of cIa:m3 5, wherein said transeription cnhe.ncm g sequence
fusther comprises a nucleotide sequience as given iz SEQ ID NO:2 from nucleotids 1 to
370 cperebly linked immediately upstream of the transcription-cohancing sequence of
step (2).

37. The method of claim35, wherein szid promoter functional in a plant cell is a
- miaimal promoter of Cauliflower Mosaic Vitus.
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regul atory el enment is obtained froma dicot. 45. The nucleic acid nolecul e
of claim44, wherein said dicot is a menber of the Sol anaceae. 4—6—The
S

nucl eic acid nolecule of claim4 5, wherein said Solﬂm s a
menber of the genus Nicotiana. 47. The nucleic aci ﬂﬂmnmmﬂ",m 38,
“whcrein said transcriptional regulatory element is oBitafned f& om axnonocot .
+ 48. The nucleic acid nolecule of claim38, wherein said transcriptional

' regul atory elenent is obtained froma gymosperm 80 4 9. The nucleic
acid nol ecul e of claim 38, wherein said transcriptional regulatory el ement
Is obtained froma conifer. 50. The nucl ggc aci d nol ecul e of claim 38,
wherein said transcriptional regulatory elenment is genomc DNA. 51. The

nucl ei c acid nolecule of claim38, wherein said transcriptional r [ ory
lement 1 chenidial | h SphEER B ekAH B0l SpirbPaTE %@*‘33%'3&3%@
cl ai m 38 whiadedibleszrnscriptinmstregplatan alement: ¢oaupRsngn ep 464 1o Gl §%1Q)n
of I genlom' cf Rndnsdiestidea 40y 16 186 be SEQeID MOA.2, hkledtides 468 IteiS72 aiSEQ ID
nol ecul e ofy,gl gi . 0y 8Chih ; on
’DQA%’WC ggfg&%@%ﬂsmqbex 0; aChthutRosded £1 1 %)Nf\srgﬂgﬁm

. of genom c | I natti on of genom c DNA, ,
chem cal | y-@?h?hesi zed DNA. 54. The nucleic acid nol ecul e of claim 38,

wherein said trascriptional regulatory el enent increases downstream gene
expression in plant tTheaueleldudiésvdauie dfclaim abjwherein seid transicaptiopalt hogen.
55 . The ng_gﬁ@r@gge egpls%%ge&)&opdggéeﬂegécg agraqh eﬁ@bymgggqnt pat hogen is

a fungus. €’ nuclerc acrd nolecu I'm 55, wherein said fungus is

a menber of o . ... )
40. . The nucleic acid molecule of claim 39, wherein said texpenc cyclase is a

sesquiterpene cyclase.

41. The nucleic acid molecule of claim 4 ¢ wherein said transcriptional
regulatory cloment directs expression of an epi-5-aristolochene synthase (EAS).

42. The nucleic acid molecule of claim 43, said nucleic acid molecule
comprising the nucleotide sequence shown in Fig. 3A (SEQ ID NO: 14) or a pathogen- or
elicitor-inducible fragment thereof.

43, The nucleic acid molecule of claim 42 wherein said nucleic acid molecule
has the nucleotide sequence shown i Fig. 3A (SEQ ID NO: 14).

44. The nucleic acid molecule of claim 38 wherein said transcriptional
regulatory element is obtained from a dicot.

45. The nucieic acid molecule of ciaim 44 wherein said dicot is a member of
the Solanaceae. ' '

46. The nucleic acid molecule of claim 45, wherein said Solanaceous plant is a
member of the genus Nicotiana.

47. The nucleic acid molecule of claim 38, wherein said transcriptional
regulatory element is obtained from a monocot.

48.. The nucleic acid molecule of claim 3g, wherein said franscriptional
regulatory element is obtained from a gymnosperm.
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t he -Qenus Phyt opht hora. 57. The nucleic acid nolecule of claim54, wherein

sai d pl ant

57, wherein said bacteriumis a nenber of the genu BN AGEMENR
‘nucleic acid nol ecul e of clainms 54, wherein said p
:60. The nucleic acid nol ecul e of claimb59, wherein|s |g7/%es‘99@ t
‘nosai c virus. 61. The nucleic acid nol ecul e of cl aj

transcri ptional 81 regul atory elenent is induc
nucl ei ¢ acid nolecule of claimb54, wherei®said eljcitor is a fungal
63. The nucleic acid nolecule of claimb5Z&—wherein sard elicitor

elicitor.

pat hogen is a bacterium 58. The nucl ei g~&etd: nﬂ+eci e . of clains
Higd .| The

Nt pat hogen 14 4 virus.
oaacco

erein ‘qaild

. 162. The

is a bacterial elicitor. 64. The nucleic acid nol ecul e of cl-aim 38, wherein
sai d nucl ei c aci d4 gpl'Houheldicadienaibiule bf cledd IBpwherelresaid ttansceiptionales

encodi ng a het,
64, wherein §a| d
di sease-resi stance tq_a pl ant

wherein sai d het eb®} oEckes 9"&8&@1 PQ%J‘& R |3 VEFIRID

ﬁ#%é&t@%ﬁ‘tﬁﬁﬁﬁ'ﬂﬁn a@Bnifdhe nucl ei ¢ acid nol ecule of claim

et erol ogous pol ypeptide is capable of conferring
6. Th elcacdnolgdctuleof cI§|m65
T

BPRETIRHON ¢ aci d

ol ecul e of reglistory @lementtés genonseldNAl icitin is a fungal elicitin. 68. The
nucl eic acid nol ecule of claim®67, said fungal elicitin being from

Phyt opht hora. 69. . Therfliflefiic a8 ntbIBRIE 6 5 sk ftbrbhid Rriphibhii ' "

conpri sing

P, A . )
f%gu ‘Eory element is chemically-synthesized DNA.

5z. Thenucleic acid molecule of claim 38, wherein said transcriptional
regulatory element is a combination of genomic DNA and chemically-synthesized DNA.

53. The nucleic acid molecule of claim 38, wherein said nucleic acid molecule
is a combination of genomic DNA and ¢cDNA or a combination of genomic DNA, cDNA,
and chemically-synthesized DNA.

54, The nucleic acid molecule of claim 38, wherein said transcriptional
regulatory element increases downstream gene expression in plant tissue in response to an

elicitor or a plant pathogen.

. 55. The nucleic acid molecule of claim 54, wherein said plant pathogen is a
fungus.

56. The nucleic acid molecule of claim 55, wherein said fungus is a meraber of
the genus Phytophthora.

57. The nucleic acid molecule of claim54 . wherein said plant pathogen is a
bacterium.,

58. The nuclei¢ acid molecule of claim5 7, wherein said bacterium is a member
of the genus Pseudomonas.

59. The nucleic acid molecule of claims4 , wherein said plant pathogen is
virus.

60. The nucleie acid molecule of claim59, wherein said virus is tobacco mosaic
vitus. ' '

61. The nucleic acid molecule of claim 38, wherein said transcriptional

T




pol.ypeptide. 70. The nucleic acid nol ecule of claim66, wherein said
elicitinis a bacterial elicitin. 71. The nucleic acid nol ecul e of cl.aim
70, wherein said bacterial elicitinis a harpin. 72.[Jh& .;Lh}?,;,:““
nmol ecul e of claim 64, wherein the expression of said s s 0 8 T ek
pol ypeptide is nediated by one or nore external agenysy 73, The nucl
acid nol ecule of claim64, wherein said nucleic acid;m)laﬁﬁMEEEﬁﬁﬁes ;
sai d het erol ogous polypeptide in a cell-specific mangef. 74. The nuc} e} c
acid nol ecul e of claim®64, wherein said hetgfol ogous 8Z pol ypeptidelis a
pharmaceutical protein. 7 5. A vector conprising thejDNA of cl.alm.38.-
The vector of claim75, wherein said vector inducibly expresses a

nucl eoti de $@gqﬂ§tagﬁe1g,@e&iga{ducg@ﬁy@h%ﬁaﬂmsai d vector. 77 . The vector of
claim 76, said nucl eotide sequence coding for a heterol ogous pol ypepti de.

78. A transgenic plant, conpr.ising the nucleic acid nolecule .of .claim 38
integrated into tﬁé‘gw%? a%’glg‘ﬁ"%f"‘é[ﬁtogc M 5% ‘t"g%‘?gb?ﬁ‘?sﬁ%‘?%mf a?ﬁ\\%?ii si ng
t he nucl ei ceheitat .nol ecul e of claim64 integrated into the genone of said
plant. 80. A seed fromthe transgenic plant of claim78. 81. A seed from

t he transgenic pl gnt I: N, 19, fd,0 136 4 o)}
claim78. 83. .A chI' ﬁeoﬂ%gkglraéﬁglégﬂiég?g1a51nr‘%t5r4’o?h§:t:3§} ﬁﬁ%gagﬁ’gi%g?ﬁ%g of
provi di ng dFIé‘é‘gge-resi stance to a transgenic plant, said nmethod conprising
t he steps of:

" 64. The nucleic acid molecule of claim 38 wherein said nucleic acid molecule
is operably linked to nucleotide sequences encoding a heterologous polypeptide.

- 65. The nucleic acid molecule of claim 64 wherein said heterologous
polypeptide is capable of conferring disease-xcsistance to a plant.

~66. The nucleic acid molecule of claim 65, wherein said heterologous
polypeptide is an clicitin.

67. The nucleic acid molecule of claim 6 5, wherein said elicitin is & fungal
clicitin.

~ 68. The nucleic acid molecule of claim 67, said fungal elicitin being from
Phytophthora.

'69. The nucleic acid molecule of claim 6 8, said elicitin comprising a ParAl
polypeptide.

70. The nucleic acid molecule of claim 66, wherein said elicitin is a bactcrial
elicitin.
71. The nucleic acid molecule of claim 70, wherein said bacterial elicitin is a
barpin,
" 72. The nucleic acid molecule of claim 64, wherein the expression of said

heterologous polypeptide is mediated by one or more exterval agents.

73. The nucleic acid molecule of claim 64, wherein said nucleic acid molecule
expresses said heterologous polypeptide in a ccll-specific manner.

’

* 74 . The nucleic acid molecule of claim 64, wherein said heterologous

O O A0




(a) producing a transgenic plant cell conprising the nucleic acid nolecule
of ‘claim81 integrated into the genonme of said transgenic plant cell; and
(b) regenerating said transgenic plant fromsaid plant cell mhereln t he

expression of said nucleic acid nolecule of clainb ﬁgé /t&e{s , o

di sease-resi stance to said transgenic plant. 85. Th S et AL 411 84,
wherein said transgenic plant is a dicot. 86. The t fod of claim8b |
wherein said dicot is a nenber of the Sol anaceae 81. | The7peghe8goft cl aim

86, wherein said nenber of the Sol anaceae is a8#enb¢r jof the genus
Ni coti ana.

a nonocot .

83 88. The method of claim 84, wher ¢i )1 aht IS

89. The nethod of claim 84, wherein saijd transgenic plant is a

gymmosper m ilypepliieisnesthotiacdutichbpowteiB4, wherein said transgenic plant is

a conifer.

75. A vector comprising the DNA of claim 38,

.76. The vector of claim 75, wherein said vector inducibly expresscs a
nucleotide sequence in a cell comprising said vecter.

77. The vector of claim 76 said nucleotide sequence coding for a heterologous
polypeptide.

78. A transgenic plant comprising the nucleic acid molecule of clalm 38
integrated into the genome of said plant.

79. A transgenic plant comprising the nucleic acid molecule of claim 64 '
integrated into the genome of said plant.

80. A seed from the transgenic plant of claim 7.8.
81. A seed from the transgenic plant of ¢laim 79,
'82. Acell from the transgenic plant of claim 78.
83. A cell from the transgenic plant of claim79.
84. A method of providing disease-tesistance to a transgenic plant, said method
comprising the steps of:
(2) producing a transgenic plant cell comprising the nucleic acid molecule of
claim 81 integrated into the genome of said transgenic plant cell; and
(b) regenerating said transgenic plant from said plant cell wherein the expression
of said nucleic acid molecule of claimé5 confers disease-resistance to said transgenic
plant. : :

85. The mcthod of claim 84", wherein said transgenic plant is a dicot.

86. The mcthod of claim 85 , wherein said dicot is a member of the
Solaraceae.

- 87. The method of claim 86 , wherein said member of the Solanaceae isa

member of the genus Nicotiana. 1
mmmwmww
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83

i i t is 2 monocot.
. hod of claim 84, wherein transgenic plan |
o | 1 i MNoSperm.
' in sai enic plantis a gy
. thod of claim g4, wherein said transgenic p
. o .
89. Theme 8
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