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DU8Cll:tnimm. cmmtOL IBOUBICll MP 111nons. 

Th@ Field of t~e Jnyentian 
The f ie1d of this invention is the area of plant 

s molecular biol.OCJY, and it re~ates in particul.ar to 
tramicription regulatory elements: a qualitative 
regulatory sequence which positively regulates downstream 
gene expression in plant tissue in response to the stress 
of an invading microbial pathogen, an elicitor, or other 

10 inducing cheJllical signals and quantitative regulatory 
saguences which increase the transcriptional expression 
of associated sequences. 

The B@gkgrpund pf the :rnyentign 
In plants, disease resistance to fungal, 

1s bacterial, and viral pathogens is associated with a .Plant 
response termed the hypersensitivity response (BR). 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 BR contains the invading microorganism or 
virus, thereby protecting the remainder of th~ plant. 
other plant defenses incl.ude the production of 
pbytoalexins (antibiotics) and/or lytic anzY119s capable 
of averting pathogen ingress and/or cell wall 

25 110dif ications which strengthen the plant cell wall 
against physical and/or enzymatic attack. 

The HR of plants, including tobacco, can include 
pbytoalexin production as part of the response to 
invading. microorganisms. One class of compounds made by 

30 tobacco (Nicotiana 'tabacu.m) in response to microl>ial 
invaders are the antimicrobial sesquiterpenes. 

Cell suspension cultures have provided useful 
i.Df ormation regarding the regulation -of terpene 
synthesis. J:soprenoids are ubiquitous in nature, and the 

.· 



W096/36697 PCl'/DS96/06452 

- 2 -

early portions of the biosynthetic pathway are shared 
with the biosynthetic pathway for other isoprenoid 
compounds such as stero~s, carotenoids, dolichol, and 
ubiquinone and. growth regulators (e.q., qibl>erellic 

s acid), whi'?h are classified as primary metabolites. 
zsoprenoid compounds classified as secondary metabolites 
are not essential for growth, and include mono-, sesqui-, 
and diterpenoids; These secondary metabolite isoprenoids 
are important mediators of interactions between the plant 

10 and its environment. 
A variety of compositions can serve as elicitors 

of plant phytoalexin synthesis. These include, l>Ut are 
not limited to, one or more toxic ions, e.g., mercuric 
ions, other chemically defined compositions, metabolic 

1s inhibitors, cell wall glycans, certain qlycoproteins, 
certain enzymes, fungal spores, chitosans, certain fatty 
acids, and certain oliqosaccbarides derived from plant 
cell walls [See, e.q., Sequeira, L. (1983) Annu. Rev. 
11.tcrobiol. ll,:51-79 and references cited therein]. 

20 Epi-5-aristolachene synthase (BAS) activity in tobacco 
plants bas been shown to be induced by cell wall 
fragments of certain .Pbytopbtbora species and by 

2'richoderma viride cellulase but not Aspergillus 
japonicum pectolyase [Chappell et al. (1991) Plant 

2s Pbysiol. 97: 693-698] • Attack by other pl.ant pathogens or 
an avirulent related strain can also induce phytoalexin 
synthesis; for example, .Pseud0JD01Jas lac:hryJlans induces 
sesquiterpenoid synthesis in tobacco [Guedes et al. 
(1982) Pbytoabemistry .2.1:2987-2988]. 

30 Blicitins are proteins which are produced by plant 
pathogens and potential plant pathogens, which proteins 
induce the BR in tobacco plants. Amino acid and 

nucleotide coding sequences for an elicitin of 
.Pbytopbthora parasit:ica have been published [Xamoun et 

35 al. (1993) Ho.l. Plan"t-H.1.crobe Interactions 6:573-581]. 

• 
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Plant pathoqenic viruses includinq, but not limited to, 
Tobacco Mosaic Virus (TMV) induce the HR in infected 
plants. Bacteria which.infect plants also can induce BR 
and thereby disease resistance1 representative bacteria 

s eliciting HR include, but are not limited to, 
Agrobacter1u.m species, XanthoJ101Jas species and 

.PsaudOJDOllas syr:ingae. Plant pathoqenic funqi (and 

certain avirulent strains as well.) also induce the RR 
response, Where these include, mt are not limited to, 

10 Phytophtbora parasitica and Peronospora tabac.i. 
When tobacco cell suspension cultures are treated 

with an eJ.icitor, squalene synthetase is suppressed, thus 
stopping the flow of common biosynthetic pre~sors into 
sterals. The concomitant induction of sesquiterpene 

15 cyclase qene expression causes the f 1ow of precursors 
into sesquiterpenas. The first step in the pathway from 
farnesyl diphospbate to tbe sesquiterpene phytoalexin 
capsic:liol in elicitor-ind.uced tobacco tissue is catalyzed 
by 5-epi-aristolochene synthase (EAS), a sesquiterpene 

20 cyclase. 'rhe coding sequence and deduced amino acid 
sequence for one member of the BAS qene family of tobacco 
have baan published [Facchini and Chappell (1992) .Proc. 
Natl. Acad. Sci. USA Jll:llOBB-11092]. The 

transcriptional expression of one or more a&Dibers of the 
2s BAS qene ~amily is ~uced in response to elicitors. 

There is a long felt need in the art for methods 
~ protecting plants, particularly crop plants, from 
infection by· plant: pathogens, including but not liaitecl 
to, pbytopathogenic viruses, fungi and/or bacteria. 

30 Especially important fro• the standpoint of economics and 
environmental concerns are biological or "natural" 
methods rather than those which depend on the application 
of cbemi.cals to crop plants. There is also a long felt 
need in the art for plant transcriptional reCJUlatory 

.· 
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aequ.encea for use in controllinq the expression of 
haterologous DNA sequences in transqenic plants. 

Summary pf the Inyentign 
In general, the invention features a recombinant 

s nucleic acid molecule that includes an inducible plant 
disease-resistance regulatory element. SU.cb a 
recombinant nucleic acid moleciule is, in general, at 
least sot identical to a naturally-occurring inducible 
plant disease-resistance regulatory element; that is, up 

10 to 20% of the base pairs of tbe reference DNA sequence 
can be replaced with an alternative basepair (e.9., G-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. In 

1s pre:ferred embodiments, the recombinant nucleic acid 
molecule according to the invention is obtained from a 
vane encoding a terpene cyclase (e.9., a sesquiterpene 
cyclase). For example~ the recombinant regulatory 
element of the invention is obtained from an epi-s-

20 aristolochene synthase (BAS) gene that includes the 

nucleotide sequ~ shoWn in F~g. 3A (SEQ :ID NO: 14) or 
an inducible plant disease-resistance fragme~ thereof. 
In preferred embodiments, the recombinant nucleic acid 
aolecale according to the invention has the nucleoticle 

25 sequence shown in Fig. 3A (SEQ :ID NO: 14). 
In other pre~erred embodillents, the nucleic acid 

•olecu.les of tbe invention includes any of the f ollowinq 
sequences: 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 3'.71-463 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 Nic:otiana). 
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Xn other preferred embodiments, the nucleic acid of the 
invention is obtained from a monocot; a gymnosperm; Qr a 
conifer. 

In yet.other preferred embodiments, the nucleic 

s acid mo1ecule of the invention is genomic DNA; 

chemically-synthesized DNA; or is a combination of 
genomic DRA and· chemically-synthesized DNA; genomic DNA 

and cDNA; chemically-synthesized DNA and cDNA; or genomic 
DHA, cDBA, and chemically-synthesized DHA. 

10 :Cn preferred embodiments, induction of the nuc1eic 

acid molecule of tbe invention is mediated by a plant 

pathogen such as a fungus (e.q., Pbytoph'thora), a 
bacterium (e.9., Pseudomonas), or a virus (e.g., tobacco 
mosaic virus) as described herein. In other preferred 

15 embodiments, such induction is mediated by an elicitor 

(e.9., by funqal or J:>acterial elicitors). 
:In another aspect,. the nucleic acid molecule of 

invention is operably linked to and functions to regulate 
inducible transcription of nucleotide sequences encodinq 

20 a het.erologous polypeptide. Preferably, the heteroloqous 
polypeptide is capable of conferring disease-resistance 
to a plant. For example, the haterologous polypeptide 
.. y be an el.1cit1n (e.9., a fungal elicitin such as the 

ParAl polypeptide from .Phytophthora, a bacterial elicitin 
25 such as harpin, or a pharmaceutical polypeptide such as 

tissue p1asminoqen activator). Expression of such a 
heterologous polypeptide is mediated by one or more 
external agents (e.9., ethylene or methyl jasmonate). :In 
other embodiments, the nucleic acid molecule of invention 

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

Zn another aspect, the invention features a vector 
incluclinq the nuc1eic acid molecule of the invention, a 
method of directing expression of a polypeptide l:>y 
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introducing the vector into a call (•·CJ. , a transgenic 
plant. cell), and a cell containing the vector. 

In another aspect, tbe invention features a aetbod 
of providin9 diseaae-resistanpe to a transqenic plant, 

s the .. tbod including the steps of: (a) producing a 
transgenic plant cell including the nucleic acid of 
according to the invention integrated into the qenome of 
the transgenic plant ce11J and (b) growing the tranaqenic 
p1ant from the plant cell wherein the expression of the 

10 nucleic acid molecule according to the invention confers 

disease-resistance to the transgenic plant. 
Zn preferred emlx>diments, the transgenic plant 

according to the aethods of the invention is a dicot 
(e.9., is a member of the Solanaaaae such as Nico1:iana); 

11 a monocot1 a gymnosperm1 or a conifer. 
In another aspect, the invention features a .. thocl 

of increasing the transcriptional expression of a 
downstream. DNA sequence in a transgenic plant cell, the 
aathod including tile steps of: (a) producing a transgenic 

20 plant cell including the nucleic acid of invention 
positioned for increasing transcription of a downstream 
D1fA seciaence and integrated into the genome ~ the 

transgenic plant cell; and 

(b) vrowing the transgenic plant :from the plant cell. 
zs :tn addition to the above :features, the present 

invention provides qualitative transcriptional regulatory 
sequences which regulate downstream gene expression in 
plant tissue in response to one or more elicitors, other 
defined including compounds, or in response to the stress 

30 of an invading phytopathogen (the inducible transcription 
regulatory sequence) and quantitative transcription 
regulatory sequences which increase ~e transcription of 
downstream sequences (the transcription-enhancing 
sequence). AB specifically exemplified herein, these 

35 transcriptional regulatory sequences are found in nature 
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upstream and operatively linked to tbe 
epi-5-aristolochene synthase gene (BAS4) of tobacco; .when 
operatively linked to a cod.ing sequence (and in the 
presence,,.of an operatively linked promoter element, from 

s the EAS4 gene or from a beteroloqous plant-expressible 
gene) these sequences mediate the inducible 
transcriptional expression of that coding sequence when 
tbe plant or plant tissue is invaded by a potential 
phytopathoqen (e.9., a virus, funCJUS or bacterium) or in 

10 response to elicitors such as !'richocferma viride 
cellulase or plant or fungal cell wall fra91tents for 
plants, plant tissue and/or plant suspension culture 
cells. That potential plant pathogen can be a virus 
including, but not J.imited to, tobacco mosaic virus or 

15 tobacco vein mottle virus 1 a bacterium inc1udinq, but not 
limited to, .Psezzdo.monas syringae, Zant:bomonas c:llillpest:ris 

or Agrobaaterium tuma.faciens; or.a :fungus inclw!ing, but 
not limited to, a species of .Phytophtbora (e.9., P. 

,PB.rasi'tic:a) or .Penmospo.ra (e.g., P •. ~ci) • The EAS4 

20 promoter including the inducible transcription regulatory 
el.ament(s) and the transcription-enhancinq sequence(s) 
are 4iscl.osed herein as SEQ XD N0:2. In SEQ XD N0:2, the 
CAA'l'-hcmoloqous sequence of the EAS4 promoter.is l.ocated 
at nucl.eotides 513 to 516, and tbe TAU-sequence motif is 

25 located at nucleotides 540 to 543. 
BXamples of inducible transcriptional regulatory 

elmnts within the N. tabaama EAS4 upstream sequence are 
from nucleotide 458 to nucleotide 473 of SEQ ID H0:2; 
from nucleotide 45~ to 473; and from nucleotide 413 to 

30 473 of SEQ m H0:2. 
Another aspect of the present invention is the 

transcription-enhancing element derived from the EAS4 
promoter and promoter-associated sequences. When 
operatively 11nked upstream of a initiation sequences and 

35 a heteroloqous DNA sequence to be expressed. 

!'J: 
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Further aspects of the present invention are 
transgenic plant cells, plant tissues, and plants wh~ch 
have been genetically engineered to contain and express a 
nucleotide '-equence of interest, preferably a codinq 

s sequence, an antisense sequence, or other sequence under 

the regulatory control of tbe inducible transcription 
regulatory element. It is an object of this invention to 
provide the nucleotide sequences which mediate the 

induction of the expression of a downstream coding 
10 sequence in response to elicitor exposure, potential 

phytopathogen invasion in a plant, or certain other 
exogenous inducinq siqnals such as exposure to :methyl 
jaamonate and ethylene. An exemplary elicitor inducible 
transcription regulatory element is that from the 5' 

1s flanking region of the EAS4 qene of Nicotiana tabacum; as 
specifically exemplified herein, this sequence is 
presented in SEQ ID H0:2 frcm nucleotide 410 to 
nucleotide 473. Equivalents of the exemplified 
nucleotide sequence are those nucleotide 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 prODlOter-associate~ sequences 
(e.g., the combination having the nucleotide sequence as 

2s given in SEQ :ID NO: 2 rrom nucleotide 410 to nucleotide 
573 of SEQ :ID H0:2, preferably from nucleotide 361 to 573 
of SBQ ZD lio:2, and more preferably frcm nucleotide 1 to 
573 of SBQ ~D R0:2). 

By "4iseaae-resiatance regulatory element• is 
30 meant a DHA sequence capable of regulating the expression 

of a gene product ~ssociated witb a plant def ~e 
response (e.g., a hypersensitive response) that, in a 
native pl.ant, is used to a combat pathoqenic organi&Jll. 
Also included in this term are regulatory elements (and, 

35 as defined below, fragments of such regulatory elements) 
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that are saff icient to render qene expression inducible 
hy disease-associated external siqnals or agents (e.q., 
pathogen- or elicitor-induced signals or agents as 
described herein). l:n general, disease-resistance 

s regulatory elements are located in the 5' region of a 
gene, but are not so liaiteci. 

By "inducible" is meant that a regulatory element 
is capable of mediating increased gene expression (e.g., 
llRHA or polypeptide production) in response to an . 

10 ~teraction between a plant cell and either a pathogen or 
elicitor. Also included in the invention are disease­
resistance regulatory elements that direct inducible gene 

expression in a call- or tissue-specific manner. 
By •oJ:>tained from a gene" is meant that the 

15 nucleotide sequence 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 accordinq to the invention is obtained 
from. a natural source or can be prepared according to any 

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

25 reference DlfA sequence can be replaced with an 
alternative basepair (e.q., G-C replaced with A-T, T-A, 
or c-G), provided that tbe transcription-promoting 
activity of ·the altered sequence is tbe 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 di~ect increased gene 
expression (e.g., mRHA or polypeptide production) in 

response to an interaction between a plant cell and 
35 either a pathogen or elicitor. The term "fragment" 
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preferably means about 6-10 nucleotides in lenqth. 
However, fragments of ·DlfA regulatory elements accord~nq 
to tbe invention can range in size from 10-100 · 

nucleotides, 100-300 nucleotides in lanqt:h, or even 
s greater than 300 nucleoti4es in length. Sueh fragments 

are prepared by routine methods· (e.g., by appropriate 
restriction digestion or by chemical synthesis of the 
fragment). Identification of an inducible plant disease­
resiatance DNA fragment in a gene is carried out using 

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

15 resistance promoter that confers pathogen-inducible 
transcription to a reporter 9ene to which it is operably 
linked may be progressively deleted by 5', 3 1 , and/OJ: 
nested deletions until the effect of a pathogen on the 
reporter 9ene is diminished or eliminated. To confirm 

20 the identification o:f the pathogen-inducil:>la element, 
point mutations may then be introduced into the element. 
An akternata approach to guaqe changes in transcription 
is to link the presumed regulatory element fr~ the 9ene 
to the reporter gene. To test for complete promoters, 

25 the DHA :fragment is placed directly in :front of the 
reporter qene lacking endogenous promoter activity. 
using such techniques, any :fragment of an induciole plant 
disease resistance regulatory element may a identified. 

By •tissue-specific" is meant capaole of 
30 pre:f erentially increasing expression of a gene product 

(e.9., an mRNA mol~cnile or polypeptide) in one tissue 
(e.9., xylem tissue) as compared to apother tissue (e.g., 
phloem). 

By •cell-specific" is meant capable o:f 
35 preferentially increasing expression of a qene product 

.· 
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(e.9., an mRHA molecule or polypeptide) in one cell 
(e.9., a parenchyma cell) as compared to another cell 
(e.9., an epidermal cell). 

By "epi-5-aristocholene synthase" or "EAS" is. 
s meant an enzyme capable of catalyzinq the cyclization of 

trans, trans-farnesyl diphosphate to the bicyclic 
intermediate epi-5-aristocholene. 

By "pathoqen• is aeant an organima whose infection 
into the cells of viable plant tissue elicits a disease 

10 response in the plant tissue. 
By "elicitor" is aezant any molecule that is 

·capable of initiating a plant defense response. Examples 
of elictors include, without liaitation, one or more 
toxic ions, e.9., mercuric ions, other chemically defined 

15 ccmpositions, aetabolic inhil:titors, cell wall glycans, 
certain glycoprotains, certain enzymes, fungal spores, 
chitosana, ~in fatty.acids, and certain 
oliCJOsacobarides derived from plant cell walls, and 
elicitins (e.9., harpin, cryptogein, and pariscein). 

20 By "elicitin" is aeant a protein elicitor. 
By •operabl.y linkec!" is aeant that a regulatory 

aequence(s) and a CJ8De are connected in such a way as to 
permit 9ana expression when the appropriate ~olecules 
(a.9., transcriptional activator proteins) are bound to 

21 the regulatory sequence(s). 
By 11beterologous 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 npoiypeptide" 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 
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nucleotide sequence (e.9., the EAS4 promoter(-1147 to 

+67) :GUS reporter qene or CJBAS46oo(eyclaae) promoter:parAl 
aature elicitin qene) has been introduced by means of 
recombinant DlfA techniques (e.g., those techniques 

5 described ~ein) • 
By •plant cell" is meant any self-propagating cell 

bounded by a semi-permeable membrane and containing a 
plastid. 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 reqions, callus tissue, leaves, roots, 
shoots, gaaetophytes, sporophytes, pollen, and 
aicrospores. 

15 By "transgenic• is meant any cell which includes a 
DNA sequence 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 9enome of the organism. 
By "substantially pure DNA" is meant DUA that is 

free of the genes or ancillary nucleotides whicb, in the 
naturally-occurring genome of the organism frC?Jll which the 
DBA of the invention is derived, flank the qene or 

25 regulatory e1maent. '.rile term there~ore includes, for 
example, a recombinant DNA which is incorporated into a 
vector; into an autonomously replicatinq plasmid or 
virus; or into the qenomic DNA of a prokaryote or 
eukaryote; or which exists as a separate molecule (e.g., 

30 a amtA. or a genomic or cDHA fragment produced ):)y pea or 
restriction endonucleaae digestion) independent of other 

. sequences. It also includes a rec0Jll1:>inant DNA which is 
part of a hybrid gene encoclinq an additional polypeptide 
sequence or a regulatory element. 
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other features and advantaC)es of the invention 
will l:>e apparent from the f ollowinCJ description of ~ 
preferred emhodim.ents thereof, and from the claims. 

Brief Dessription of the Drawings 
s Figure 1 presents data for transient expression 

experiments for GUS regulated by the EAS3 and BAS4 
promoter region sequences in comparison to a: CaMV 358-GUS 
construct ccaulif lower Mosaic Virus 358 promoter -
lf-glucuroniclase reporter gene). These experiments were 

20 carried out in tobacco protoplasts into which the DNA 

constructs had been electroporated. "UDinduced" levels 
of expression for the EAS•GUS constructs were relatively 
high because fUnCJal enzymes which 4iCJast plant cell walls 
were usacl in the preparation of the protoplasts. ~e 

15 y-axis shows units of GUS activity and the 5' extents of 
the BAS upstream sequences are given below each bar on 
the ~aph. As above, the numbering is relative to the 

natural transcription start site of BAS4 (or the 
corresponding base of EAS3); in,EAS4 (SEQ :CD R0:2) a 

20 start site is at nucleotide 573; in BAS3 (SEQ :CD N0:1) a 
potential transcription start site is at nucl~otide 489. 

Figures 2A-B present inf oraation concerning the 

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

2s invention. Pig. 2A presents a schematic of experiments 
carried out.-with the EAS4 promoter region controlling the 
expression of tbe GUS reporter gene in stably transformed 
transgenic plants. 
Pig. 28 presents the results of •gain of function" assays 

30 for the EAS4 promoter-associated seci!lences regulating 
expression of the GUS reporter gene via tbe CaMV 35S 
minbaal promoter. Xn berth Pigs. 2A and 28, numbering for 
the DS4 upstream region reflects numbering relative to 
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the naturai transcription start site of the EAS4 gene 
(aee also SEQ ID H0:2 wherein the transcription start 
site corresponds to nucleotide 573). · In both Pigs. 2A 
and 2B, the GUS expression is .JDeBsured in fluorescence 

s units per milligram of protein. 
Figures 3A-B are schematic illu_atrations showing 

the D1fA sequence of.the 5' upstream reqion of the BAS4 
gene and tbe structure of the GUS reporter gene carrying 
tbe BAS4 promoter(-1148 to +&7). Pig. 3A shows the 

10 nuclaot:ide sequence of the 5' upstream region of the BAS4 
promoter 
(-1148 to +67). The CAAT and TATA boxes are marked in 
bold face. The transcription initiation site is marked 
aa +i.· Pig. 38 is a schematic i1lustration showing the 

1s structure of tile BAS4 promoter(-1148 to +67):GUS reporter 
gene. !'be 5' flanking sequence of the :s:AS4 promoter (-
1148 to +67) was fwsecl in.correct reading frame with the 

GUS reporter gene in binary vector pBX101.1. 
Pivures 4A-B present data concerning e1icitor-

20 induced GUS gene expression ~ leaves, stems, and roots 
of transgenic tobacco plants containing the EAS4(-114B to 
+67):cms reporter gene. Fig. 4A is a graph illustrating · 
elicitor-induced GUS activity in tobacco lea~s over an 
11 hour time course. 061, oar, and 09p each represent an 

2s independently transformed line of transgenic tobacco 
containing the BAS4 promoter(-1148 to +67):GUS reporter 
CJeDe construct. water (as control) and 25 nM of 
cryptogein were infiltratecl symmetrically anc1 
simultaneously into the leaf (abaxially), and the 

30 inf iltrate4 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 axperiaents. Fig. 48 is a bar graph showinq 
elicitor-incluced GUS activity in the stems and roots of 

3& transgenic tobacco containinq the BAS4 promoter(-1148 to 

.. 
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+67):GUS reporter gene. 03f and 09p represent two 
independently transformed lines of transqanic tobacco. 
c-o (open boxes) represents GUS activity present in 
segment.ct roots and stems without elicitor treatment. 

s c-1a (shaded boxes) and E-18 (solid boxes) represent GUS 

activity in segmented roots and stems 18 hours after 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-
incluced GUS activity by race o and race 1 of Phytophthora 
parasitica var. Nicotianae in transgenic tobacco. 
Detached leaves from one line of transgenic tobacco (09p) 
containiDCJ the BAS4 promoter(-1148 to +67):Gt1S reporter 

15 gene were inoculated with mycelial plugs of 2-day-olcl P. 

p. var. Nicotianae cultures and then incubated in a 
growth cballber at 27•c with constant fluorescent liqht 
for 24 hours. eontrol 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 tbree 
separate experiaents (n = 5). 

Figure 6 is a bar graph illustratinq_the 
comparison of pathoqen- and elicitor-incluced GUS activity 

zs in transqenic plant:s treated with .PseudOJ1JOJJas syr.ingae 
pv. Syringae 61 and its hrpH mutant, and the purified 
bacterial elicitor protein harpin. Leaves of one line of 
transgenic· tobacco (09-P) containinq the DS4 promoter(-
1148 to +67):GUS :reporter gene were infiltrated with 

30 either so 114/aL of purified Brw:inia amylovora harpin 
elicitor, cell suspensions of wild type P. syringae pv. 
syringae 6l. or its hrpll mutant C~oo • o.05). After a 12 
hour incubation, infiltrated zones of tissue were 
subsequently analyzed for GUS activity. Control values 

35 represent GUS acti.vity observed in leaf tissue samples 
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which were infiltrated with water. Values indicated by 

each bar are tbe average of results obtained from five 

plants. .· 
Figures 7A-B show a Western blot analysis of 

s induction of s-epi-aristolochene synthase (BAS) in 

tomcco plant tissues. Proteins were extracted froa 

control- and elicitor-treated tobacco leaves, stems, and 

roots •. EqUal quantities of proteins (25 119 per lane for 

leaf and stem, 15 l'fJ per lane for root) were separated by 

10 SDS-PAGB and transferred to nitrocellulose membranes. 

'1'b8 blots were then reacted with BAS an:tiserum and 

imaunoreactive bands visualized using goat anti-mouse 

antibodies coupled to alkaline phosphatase. Fiq. 7A 

llhows tbe Western blot analysis.of leaf and stem tissue 

15 samples. Fig. 78 shows the Western blot analysis of root 

t;issue samples. 
Figures 8A-L are color photographs illustrating 

tbe 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 

in£1ltrated with either 25 or 50 nH of tbe cryptogein 

alicitor. After an approximately a hour in~tion, 

tissue sections were stained using 1 JllM X-qluc(S-broao-4-

25 ch1oro-3-indoy1 lJ-gluc:aronide) 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 stainiJMJ. 

Fb.J. SA is a color photograph showing elicitor-induced 

30 GUS activity in a transgenic tobacco leaf containinq the 

BAS4 prom.oter(-1147 to +67):GUS reporter gene after 

treatment witb two elicitor preparations: cryptogein and 

parasicein, both at concentrations of 25 nM and 50 nM 

(designated in Fig. BA aa c25, c50 , P2s• anc! Psor 

31 respectively) • Fig. BB is a color photograph of a 1eaf 
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cross-section showing elicitor-induced GUS activity after 

treablent with cryptogein (magnification, 75X). Fig. SC 

is a color photograph.·showing elicitor-induced GUS 

activity in a cross-section of a stem segment treat:ed 
s with cryptoqein (magnification, 7.SX). Fiq. 8D-F are 

co1or photographs showinq successively higher 
aagnif ications (15X, 60X, and 75X, respectively) of the 

GUS-stained stem cross-section shown in Fig. ac. 
Pig. BG is a color photograph showing a root tip treated 

10 with water and stained for GUS activity (magnification, 
60X). Pig. BH is a color photograph showing elicitor­

induced GUS activity of a longitudinal section of a root 
tip treated with cryptogein (magnification, 60X). Fig. 
ax is a color photograph of a longitudinal section of a 

1s root after treatment with water and staining for GUS 

activity (magnification, 75X). Fig. SJ is a color 
photograph showing GUS activity of a longitudinal section 
of a root treated with cryptoqein (magnification, 75X). 
Pig. SK is a color photograph of a root cross-section 

20 treated with water and staining for GUS activity 
(magnification, 95X). Pig. BL is a co1or photograph 
showing GUS activity of a ~oss section o:f a root treated 
with cryptogein (magnification, 95X). c, d~otes 
cryptogein1 P, denotes parasicein; c, denotes cortex; ca; 

21 denotes cambium; e, denotes epidermis; p, denotes 
palisade parenc:hyma; pe, denotes peridermJ ph, denotes 
phloem; pi, denotes pith parenchyaa; s, denotes spongy 
parenchyma; t, denotes trichome;. x, denotes xylemr vc, 
denotes vascular cylinder. 

30 Figure 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 BamHX and Sst:X ends. 
gEAS4600-aus-pBI101, which directs tbe expression of tbe 

35 GUS reporter gene under the regulatory control of the BAS 
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promoter, is diqested with BamHI and sstI to re1ease tbe 
GUS reporter qene. Then the BamHI/SstI-diqested paz:Al 

amplimer is liqated to tbe large fragment produced after 
digestion of .9EAS4600-GUS-pBI101 to produce 

s gEAS4600-parA1-pBI101, from which the ParA1 e1icitin in 
plant cells or plant tissue is synthesized after 
induction with a suitable elicitor. 

Figure 10 is a bar graph illustratinq the disease 
ratinqs of independent lines of transgenic tobacco 

10 (N.icotiana tabacum cv. XY160) containing either the parAl 
mature el:f.citin qene under the control of the 
qEAS45oo(cyc1a .. ) promoter gene after inoculation of 

detached leaves with eit:her race o or race 1 of . . 
Phytopllthora parasitica var. .nicotianae. The y-axis 

1s shows t:he lesion score (number of lesions per leaf) after 
72 hours. The x-axis shows control plants and 

independent lilles of·· transqenic tobacco which were tested 

for disease resistance. ltY160 denotes non-transformed N. 
tabacum cv. XY160; G denotes independent lines of 

20 transqenic N. tabaama av. KY160 which were transformed 

with a construct containing the gBAS46oo(oycl•••> promoter 
fused to GUS; M denotes independent lines of transgenic 
N. f:abacwa cv. KY160 which were transforaed with a 
construct contaizling the 9EAS46oo(oyclaae) proaoter fused 

2s to the mature parA1 elictin coc:ling sequence; s denotes 
independent lines of transgenic N. tabacum av. XY160 
which were transformed with a construct containing the 

9EAS460o(cycla•> praaoter fused to a sequence encodinq a 
11ature parAl"elictin including a signal sequence. Shaded 

30 box, denotes inoculation of detached. leaf with race o of 
P. p. var. nicoti~ae. Solid box d.enotes inoculation of 
detached leaf with race 1 of P. p. var. n:Lcotianae. 

Detailed D@Sc:ription of the :rnyention 
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5-epi-aristolochene synthase (EAS) is a key enzyme 

in the synthesis of sesquiterpenoid-phytoalexins, for 

example, in solanaceous plants, including but not limited 

to Biaotiana _11peaies (e.g., tabaamn), capsiawa annwn and 

s Byoac:yamus JDU'tic:us. BAS catalyzes the reaction of 

farnesyl diphosphate. to (+) qemacrene A to eudesmane 

carbOcation to 5-epi-aristolochene. other plants, such 

aa the crucifers, also have sesquiterpene cyclase 

enzymes. 
10 ~eatments which induce host defensive responses 

in plant tissue or plant cells such as phytoalexin 

synthesis include cell wall fragments of Pbytopbtbora 

spacias and !'r.icbodenna viride cellulase. However, 

pectolyaae from Aspezvillus japoniowa does not function 

15 as an elicitor in tobacco cell culture. Blicitors which 

induce sesquiterpenoid phytoalexin synthesis have been 

ahoWn to function. at the level of controlling 

transcription of key.biosyntbetic enzymes [Vogeli and 

Chappell (1990) Plant Phys:l.01. 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 (lf. tabacma) contains an BAS gene family 

25 with acme 12-15 members, the coding sequence of ~4 has 

been published [Facchini and Chappell (1992) supra]. 

However, since that time, the present inventors have 

discovered that th8 EAS3 does not appear to be expressed 

in response to the elicitor treatment, and surprisingly, 

30 the nucleotide sequences upstream of BAS3 do not appear 

to mediate the ind~ction of a reporter qene in a chimeric 

gene construct in elicitor-induced transgenic cell 

eu.lture. Xt is noted that tbe translation start site was 

incorrectly identified in the 1992 Facc:hini and Chappell 

35 publication. The nucleotide sequence of a genomic clone 
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or EAS4, as it appears in Facchini and Chappell (1992) 

supra is presented in SBQ ID N0:7, with the deduced.amino 

acid sequence being given in SEQ ID NO:s. 

Other. aspects of a plant's defenses against 

5 invasion and infection by a phytopathoqenic microor91tnism. 

include the hypersensitive response, which is 

characterized by necrosis, i.e., programmed cell death in 

the localized area of attack by the plant pathogen. 

Elicitor treatments as described above can also induce 

10 the necrotic response. 
Blicitins are proteins produced by fungal plant 

pathogens, which proteins elicit a hyperse~itive 

response in an infected plant. Genera1·1y, but not 

necessarily, localized cell death is the result of the 

15 elicitin-inducecl response i~ the infected (or challenged) 

plant tissue. These responses mediate full or partial 

resistance to.destructive infection by the invading, 

potentially plant pathog:anic microorganiSDl. For the 

purposes or the present invention, a protein of a plant 

20 . patboqen or potential plant patboqen 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 t~ 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 parasitiaa. The parAl locus is a member of 

a gene family [Ricci et al. (1989) Eur. J. Biochem. 

l.13.:555-563]~ The coding and amino acid sequences for 

30 the parAl gene product are described in Kamoun et al. 

(1993) llfol. P.lant-Jlficrobe Interact • .§.:423-432 and in SEQ 

XD HOS:12 and 13 herein. 
other pbytopathogen proteins with potential 

elicitin activity have been characterized as to amino 

35 acid sequences and other properties [See, a. q. , 
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Respoulous et al. (1992) Planta l.1.§.:551-557; Buet et al. 

(1992) Pbytochemistry ,11:1471-1476; Buet and Pernollet 

(1992) FBBS Le'tt. ~:302-306; xamoun et al. (1993) Mol. 

Plant-Microbe Interact • .5,:22-33]. Several avirulent 

s genes from pathagenic bacteria which correspond to 

elicitin activity have been characterized. For ex•mple, 

Keen, R.T. (1990) Annu • .Rev. Pbytopathol. li,:447-463 has 

described an avirulence qene of FUlva .tulvia. 

Hammond-Kosack· et al. (1994) Proc. Jfa'tl. Acad. Sci. USA 

10 ll: 10445-10449 have described the An qene Of 

Cladospor.ima .tulvwn, which functions in the same way as 

the P. parasitlca elicitin. 

certain bacterial plant pathogens also express 

proteins with similar effects on the hypersensitivity 

15 response as those of the P. paras.itica ParAl elicitin. 

For tbe purposes of the present invention, these proteins 

fall within the. scope of the term "elicitin." Multiple 

homologs of the avirulence gene ~s3 of XantbOJDOJJaS 

campestris pv. vesicator.ia have been detected in other x. 
20 campestris patbovars [Bonas et al. (1989) 1101. Gen. 

Ge.ne't. a.JJl.:127-136; Knoop et al. (1991) J. Bat:'teriol. 

J.ll,:7142-7150] and in otber species of Xan'thcmcmas [Da 

l'eytar and Gabriel (1991) Hol. Plan't-Jfi~. Interact. 

j,:423-432; Hopkiiis et al. (1992) Jlfo.l. Plant-Ifie.robe 

25 In'taracri:. A:451-459]. The A:!:£D gene .of PseudOJllOJJ&S 

syr1.agae pv. tomato can confer avirulence; P. syringae 

pv. glyc:inea expresses an altered AJXD gene product 

[Kobayashi· et al. (1990) 1101. Plant-Jlfic:robe I.nteract. 

2,:103-111] •. 
30 It is understood that to be useful in the present 

invention as it applies to creating transgenic plants 

witb iaprove4 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 iil those plants) that 
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elicitin proteins must be capable of promoting expression .· 

of defense genes (including hut not limited to those 

genes governing phytoalexin synthesis, the hypersensitive 

response and/or localized necrosis). in those plants. 

& Many functional combinations of plant and phytopathogen 

are known to the art, and the skilled artisan knows how 

to test the functioning of a particular elicitin in a 

particular plant tissue (or cells) in the turning on of 

programmed cell death or phytoalexin synthesis or the 

10 like. It is also understood that treatment of plant 

cells or tissue with cmnpositions such as certain fungal 

cellulases or certain plant polysaccharide fragments can 

also induce the host deiensive (i.e., hypersensitive) 

response. Such treatments are used.as aodels for actual 

15 plant pathogen attack or invasion. 

A non-naturally occurring recombinant nucleic acid 

molecule, e.g., a recombinant DHA molecule, is one which 

c:loesnot oc~ in nature1 i.e., it is produced either by 

natural processes using aethods known to the art, l:nlt 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 che'lllically synthesized molecules or portions 

thereof, and wherein those parts have been joined by 

25 liqation or other means known to the art. 
A transgenic plant is one which bas been 

genetically moclif ied to contain and express heterologous 

DD sequences, either as regulatory DA molecules or as 

proteins. As specifically exemplified 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 saciuences by which it is not normally regul.ated, 

i.e., under the regulatory control of the inducible 

35 transcriptional control sequences of ·the EAS4 gene of 
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llicotiana tabac:wn. AS used herein, a transgenic plant 

also refers to those proqeny of the initial transgenic 

pl.ant which carry and .·are capable of expressinc; the 

heterologous codinq sequence under.the regulatory control 

s of the qua~itative and/or quantitative transcription 

control sequences described herein. Seeds containing 

transgenic embryos are encompassed within this 

definition. 
When production of a beteroloqous gene or coding 

10 ~equence of interest is desired under conditions of 

potential pathogen invasion or inducer (e.9., 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) mRHA 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 DHA JllOlecule is 

introduced into a plant cell or tissue, its presence can 

be selected and plant cells or tissue not so :transformed 

will be ki1led or prevented from growinq. Similarly, a 

25 heterologous 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 alicitor to the cell culture medium. 

Where inhibition of gene expression is desired in 

a plant being invaded by a :microbial pathoqen, such as a 

pbytopatbogenic ftmgus, ~en either a portion or all of 

that coding sequence or cDNA sequence can be operably 

35 linked to a promoter functional in plant cells, l>ut with 

.· 
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tbe orientation of tbe coding sequence opposite to that 
of the prDllDtar (i.e., in the antisense orientat;l.on) so 
tbat the transcribed DA is complementary in sequence to 
the JlllUfA, and so that the expression of the antisense 

5 molecule is induced in response to pathogen invasion. In 

addition, there may be a transcriptional termination 
signal downstream of the nucleotides direat.inq synthesis 
of the antisense DA. 

'lbe present inventors have isolated a DRA sequence 
10 .which mediates the inducible expression of a downstre&11 

gene in plant cells in response to invasion by a 
potential plant pathogen and/or treatment with an 
elicitor or other cheJDical signals. For example, a 
combination of ethylene and methyl jasmonate may serve to 

15 induce clolmatream gene expression via the qualitative 
transcription regulatory sequence. It is understood that 
t:beremay be a,JlUltiplioity of sequence motifs within 
that regulatory sequence, where individual motifs each 
respond to one or more distinct environmental signal. As 

20 specifically exemplified, this transcription-regulating 
sequence is derived from the EAS4 locus of N. 'tabacwn, 
and it is 9iven in SEQ l:D N0:7. The deduced amino acid 
sequence for the BAS protein is given in SEQ_J:D NO:a. 
The open readinCJ frame of the EAS4 gene, which is _ 

25 interrupted by six intrans, is provided in SEQ ID MO: 7. 
- A computer search of Genbank for nucleotide 

sequences homologous to the SBQ J:D R0:2 sequence reveal.ad 
no known nucleotide sefiQences with significant homology. 

Orqanization of the EAS genes in tbe N. tabacum 
3D genome was described in Facchini and Chappe11 (1992) 

supra using an ~ probe and southern hybridization 
experi1Dents. under conditions of hiCJh stringency, 
multiple fragments hybridized with analysis indicating 
that there is a gene family with soae 12-16 members in 

35 the tobacco genome. :r:n these experiments, however, the 

-· 
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probe included the EAS coding sequence rather than the 

promoter and promoter-associated regulatory sequences. 

BAS homologous genes can be identified and 

isolated :from plant species other than N. tabacwn based 

s on signific~t degrees of nucleotide sequence homology; 

i.e., DNA:DNA hybridization under conditions of moderate 

to high stringency with a tobacco EAS coding sequence 

probe allows the identification o:f the corresponding gene 

from other plant species. A discussion of hybridization 

io conditions can be found for example, in Hames and Biggins 

(1985) Nucleic Acid Hybriclisation, IRL Press, OXford, 

U.K. Generally sequences which have at least about 70t 

nucleotide sequence h~ology can be identified by 

hybridization under conditions of moderate stringency. 

1s under such conditions, it is generally preferred tbat a 

probe of at least 100 bases be useci. Most preferal:>ly, in 

the present ~aa, the prom will be derived from the 

coding portion of the EAS4 · coding sequence. Labels for 

hyl)ridization proaes can include, but are not limited to, 

20 radioactive groups, :fluorescent groups, and ligands such 

as biotin to which specific binding partners (which are 

in turn labeled) bind. Xt is the label which allows 

detection of ~ hybridization probe to the ~arqet 

nucleic acid molecule. Alternatively, well-known and 

2s widely accessible polymerase chain reaction (PCR) 

technology is advantageously used to amplify sequences 

with significant nucleotide sequence homology to a target 

sequence. · 
It is understood tbat nucleic acid sequences other 

30 than the BAS coding sequence disclosed in SEQ :ID H0:7 

will function as !=04inq sequences synonymous with the 

exemplified EAS4 cociinq seqUence. Nucleic acid sequences 

are synonymous if the amino acid·sequences encoded by 

those nucleic acid sequences are the same. The 

35 degeneracy of the genetic code is well-known to the art; 
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i.e. , for many amino acids, there is more than one 
nucleotide triplet which serves as the codon for the 
amino acid. It is also wel.1-known in the biolaqical arts 
that certain. amino acid substitutions can be :made in _ 

s protein seciuences without affecting the function ~f the 

protein. Generally, conservative amino acid 
substitutions or substitutions of similar amino acids are 
tolerated without affecting protein function. Similar 
amino acids can be those that are similar in size and/or 

10 charge properties, for example, aspartate and glutamate 
an4 isoleucine and valine are both pairs of similar aaino 
acids. Similarity between amino acid pairs has been 

assessed in the art in a number of ways. For mamaple, 
Dayhoff et a~. (1978) in Atlas o~ Protein Sequence and 

11 struotare, Vol. 5, SUppl. 3, pp. 345-352, which is 
incorporated l:>y reference herein, provides frequency 
tablas :for amino acid substitutions which can be employed 
as a measure of amino acid similarity.· Dayhoff et al.'s 
f reqmmcy tables are based on comparisons of amino acid 

20 sequences for proteins having the same function from a 
variety of evolutionarily different sources. 

~ene cyclase genes can be found in solanaceoua 
plants, including 11. tabaCUJll and Byosoyamus 1'1Ut.iaus, as 
disclosed herein, and in members of tbe mint family 

25 (L&b.ftac:eae) and the Buphorb.taceae, inclUdinq but not 
lhdted to those which have been demonstrated to contain 
aaquences of significant homology, and in substantially 
&11 plants• Preferably, DS4 homolOCJs will be selected 
from the Sola11aceae. SUch sequences can be identified by 

30 nucleic acid hybridization experiments or when cloned in 
expression vector1!5, by cross reaction to tobacco 
BAS-specific antibody, or any other means known to the 
art, including the use of PCR technology carried out 
using oligonucleotides coz:respondinq to portions of SEQ 

35 m RO: 7, preferably in tbe region encoding EAS. AntibOdy 
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can be prepared after immunizing an experimental animal 
with EAS purified as described in Voqeli et al. (19.90) 

Plant Physiology J,2:182-187 or usinq a peptide conjuqate, 
where the amino acid seqpence of the peptide is taken 

s frm a hydrophilic portion of the BAS amino acid sequence 
(SBQ ID HO:B). Monoclonal and polyclonal antibody 
production techniques are readily accessible to the art 

· (See, e.9., Campbell (1994) llonoclonal Anti.body 
ftalmology. Laboratory '.l!echniques in Biochemistry and 

10 Molecular Biology, Vol. 13, Burdon and Knippenberg, eds, 

Blseviar, Amsterdam; Harlow and Lane (1988) Anf:ibodies: A 

Laboratory 11anual, cold Spring Harbor ~oratory, cold 
Spring Harbor, NY). 

Alternatel.y, a cDNA ljbrary (in an expression 
15 vector) can be screened witb BAS-specific antibody, or 

BAS peptide-spacif ic anti.body can be prepared using 

peptide sequence(•) froa hydrophilic regions of the BAS 
protein (SEQ ID N0:8) and technology we11-Jcnown in the 
art. 

20 An.iJK'lucibl.e transcription regulatory sequence can 
be operably linked to any j,roaoter sequence functional in 
plants as unclerstood by the skilled artisan; where a 

regulatory element is to be coupled to a pr~ter, 
generally a truncated (or minimal) promoter is used, for 

· 2s exampl.e, the truncated 358 promoter of Cauliflower Mosaic 
Virus, caHV). Truncated versions of other constitutive 
promoters can also be uaed to provi~e CAA'l' and 'l'A'l'A­

hoaologoua regions1 sucb promoter sequences can be 
derived from those of A. twne:tac:iens T-DHA genes such as 

30 nos, oos, and mas and plant virus genes such as the caMV 

l9S gene. :tt will be understood that the goals of a 

skilled artisan will determine the ~hoice of particular 
promoters used with tbe inducible transcription 
reCJUl.atory sequences. :tt is further understood that when 

35 a protein capable of generating a cell death response is 
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to be expressed, tban there is preferably no basal 

transcriptional (and translational) expression in t!ie 
absence of inducer. De minimization of basal expression 
is less critical in applications for indu.cible qene 

s expression where the gene product has no significant 
toxicity to the plant cells producinq it. 

A minimal promoter contains the DHA sequence 
signals necessary for BRA polymerase binding and 

. initiation of transcription. For RNA .-polymerase ·xx 
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-homoloqous 
sequence motif about 50 to 120 bp upstreall of tbe 
transeription start site. By convention, the skilled 

1s artisan often n11111bers the nucleotides upstream of the 
transcription start with increasingly large numbers 
axtendiDCJ upstrema 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 
developaental signals in plant tissue. An exemplary 
minimal promoter suitable for use in plants is the 
truncated CaMV 35S promoter, which contains the regions 
from -90 to +8 of the 3!5S gene. 

25 The inducible transcription regulatory seguence 
(qualitative transcription regulatory sequence) is 
localized to the raqion between -167 and -100 relative to 
the BAS4 transcription initiation site (nucleotides 406 
to 473, initiation at nucleotide 573 in SEQ ID H0:2). It 

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

35 downstream of the promoter, e.g., a beterologous coding 

-· 
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secauence, and the skilled artisan understands spacing 
reciuirements and other requirements f !lr translational 
expression of the coding sequence. nie heteroloqous 
codlnq sequence is preferably for an elicitin-like 

s protein of a plant pathogenic microorganism (e.g., a 
virus, mcterium or :fungus), 'l!or example, the sequence 
encoding the parAl gene product (elicitin) of 

. Pbytophtbora parasi'tic:a where disease resistance via the 
hypersensitivity response to an invading potential plant 

10 pathogen is desirable. Harpin proteins of certain 
phytopath09enic l:>acteria also can serve as inducers of 
expression mediated by tbe EAS4-derived inducible 
transcriptional regulatory sequences. ·Inclusion of 
additional 5' flankinCJ sequence froa the EAS4 qene alJ.ows 

1s for increased levels of downstream gene expression. 

20 

Pref erred is the use of a sequence includinq the -266 to 
+1 reqion of BAS4'(nucleotides 307 to 573 of SBQ XD 
HO: 2) , and more preferred is the sequence incluclinq -567 

to +1 (nucl~tides 1 to 573 of SEQ ID N0:2). 
An alternative 1:o the use of the fusion of the · 

EAS4 transcription regulatory sequence fused to a 
heterologous minimal promoter is the use of t.he promoter 
reqion of DS4 in conjunction with th-: upsa:~­
proaoter-associated regulatory elements. Xn such an 

25 app11cation the use of nuc1eotides 307 to 463, or more 
preferably for greater levels of downstream expression, 
nucleotides 3?1 to 463, 311 to 462, and 10 to 573 of SBQ 
l'.D lf0:2. 

Xn a· plant such as N. tabaCWD, tbe instant 
30 induci))le transcription regulatory element directs the 

induction of downstream gene expression in response to 
invading plant pathogens and certain compositions such as 
soae fungal cellulases and certain plant and fungal cell 
wall fragments. Plant ~thogens which can trigqer this 

35 expr8'1sion inc1ude, but are not limited to, Xanthomonas, 

... 
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PseudoJllOJlas syringae, Pbytophthora species inaludinq 
parasi tiaa, and Pe.ro.nospora species ( e. 9. , tabaai) •. 

Coding sequences suitable for expression in a 
plant are operably linked downstream of the regulated 

s promoter .construct. '.l'ransqenic plants can be constructed 
usin~ the chimeric gene consisting essentially of the 
regulated proaoter, any additional 
transcription-enhancing sequences, and tbe desired coding 
sequence inclw:ling the necessary sequence signals for its 

10 .translation. Where disease resistance is to be 
advantageously induced in response to invasion of a 
transgenic plant tissue by a potential plant pa~ogen or 
in response ~ treatment with an elicitor or other 
cb8mical signal which induces BAS4 gene expression, the 

15 codinq sequence is preferably for an elicitin of a plant 
pathogenic microorganism, e.q., the parAl qene product of 

Phytophthora parasi f:.tc:a (as desc:ribed in ICamoun et al. 
(1993) supra). other. elicitin-like proteins have been 
described in the readily available scientific literature, 

20 and include those from .Pbytoph'thora Species, Peronospora 

species, and Xanthomonas species, amonq others. 
Alternative coa.inq sequebces Which can be 

expressed under the regulatory control of the present 
inducible transcription regulatory element ~or 

25 improvement o:r the resistance o:f a (transgenic) p1ant or 
plant tissue exposed to a viral, bacterial or fungal 
plant pathogen include, but are not limited to, 
chitinase,·TJIV coat protein or other plant virus coat 
protein, Hia virus gene and others. 

30 .Additionally, or alternatively, induction of the 

regulated construct can l>e inCluced, 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 inducinq 

35 expression via the inducible transcription regulatory 
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element of a codinq sequence not capable of turninq on 
the HR, or disease resistance directly coul.d be ach~evad. 

Coding sequences which may be advantageously expressed 
include an insect;~cidal protein, such as one of the 

s Bacillus 'thur1Dgiensis crystal proteins, which when 

expressed would protect the plant from insect pests. 
Pbytoalexin synthesis from the native BAS4 gene, 

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 
cheaicals, crude fungal culture filtrates, fungal cell 
wall extracts, and oliqosaccbarides from plant or fungal 

15 cell walls [Alberaheia and Valent ( 1978) J. ce.ll. Bio.I. 

21,:627-643]. other compounds capable of inducinq the BR 

incJ.ude certain cellulases, for example, !'richoderma 
.viride cellulases, and certain plant or fungal cell wall 
fraCJ11l9Dts, aaong others. 

20 A transqenic plant can be produced by any means 
known to the art, including but not liBited. to 

..lgrolNlc:rtariu.m tume~ac:iens-mediated mo. transfer, 
preferably with a disarmed T-DHA vector, ele~oporation, 
direct DNA transfer, and particle bombardment (See Davey 

25 et al. (1989) Pl.an~ Hol. Biol. ll:275; Walden and Schall 

( 1990) Bur. J. Biocbem. lll: 563; Joersbo and Burnstedt . 
(1991) .Pbysiol. P.lant. 11:256; PotrykUs (1991) Anna • .Rav. 
Plant Phys.i.ol. Plant Jlol. B.tol. il:205; Gasser and Fraley 
(1989) Sci. ·Jil:1293J Leemans (1993) Bio/~almology. 

30 ll:522; Back et al. (1993) Bio/!'ealmology. ll:1524; 

Koziel et al. (1993) B1o/ftaabnology. l,1:1.94; and Vasi1 et 
al. (1993) B1o/reabnoJ.ogy. ll:1533.). Techniques are 
well-known to the art for the introduction of DNA into 
monocota as well as dicots, as are the technit;111as :for 

35 e11lturing such plant tissues ancl regenerating those 

.· 
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tissues. Monacots which have been successfully 

tranaformecl and regenerated include wheat, corn, rye, 
rice and asparagus •. · For example, u.s. Patent Ro. 
5,350,689 (1994, Shillito et al.) des~ibes transgenic 

s Bea mays plants regenerated from protoplasts and 
protoplaat-clerived cells. For efficient production of 
transgenic plants, it is desired that tbe plant tissue 
used for transformation possess a high capacity for 
regeneration. Transgenic aspen tissue has been prepared 

10 and transgenic plants have been regenerated [Devellard et 
al. (1992) C.R. Acad. Bai. Ser. VIE nt:291-298X; Nilsson 
et al. (1992) !l'ransgenia Res. 1:209-220; Tsai et al. 
(1994) Plant Cell Rep. li:94-97]. Poplars have also :been 
transformed [Wilde et al. (1992) Plant.Physiol. 

1s .11:114-120] •. Technology is also available for the 

manipulation, transformation and regeneration of 
Gymnosperm p~anta in the laboratory. For example, u.s. 
Patent Ro. 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. s,041,382 (1991, 

Gupta et al.) clescribea enricmaant of conifer aabryonal 
cells. 

irecbniqaes and agents for introducing and 
2s selecting for the presence of heterologous DNA in plant 

cells and/or tissue are well-known. Genetic :markers 
allowing for the selection of heterologous DNA in plant 
cells are well-known, e.q., qenes carrying resistance to 
an antibiotic such as kanuycin, hygramycin, qentamicin, 

30 or bleom.ycin. The marker allows for selection of 
successfully tr~f ormed plant cells growinq in the 
medium containing tbe 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 

.· 
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comprisinq an inducible promoter or chimeric promoter 
fused to a heterologous coding.sequence and a 
transcription termination sequence are to be introduced 
into the plan~ .. cell or tissue by Agrobacterimr-mediated 

s transformation, electroporation, microinjection, particle 
bombardment, or other techniques known to the art. The 
expression cassette advantageously further contains a . 
.arker allowing selection of the beterologous DNA in the 
plant cell, e.g., a gene carrying resistance to an 

10 antibiotic such as kanamycin, hygromycin, gentamicin, or 
bleomycin. 

'?be transcription regulatory sequences, 
particularly the inducible 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 calls 
in suspension cell culture as an alternative to 
expression in transqenic plants. For example, the BAS4 
promoter including tba transcription initiation siqnals, 

20 tbe inducible transcription regulatory element and .the 

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

2s coding sequence of interest is induced by the adclition of 
an e1icitor or other inducing chemical signal to the 
cu1ture. suspension culture cells respond to elicitors 
readily in comparison to intact plants. The hetarologous 
coding seque!ice(s) can encode proteins which :mediate 

30 synthesis of pharmaceutical compounds, 
poly-.B-hYctroxybutyrate synthesis or other secondary 
metabolites, cellulose, starch, sugars, oils, or the 
heterologous sequences can encode pharmaceutical 
proteins, insecticidal toxin proteins, antifungal 

35 proteins, antiviral proteins (such as· coat proteins to 
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mediate resistance to virus infection), the H1a protein, 
c:hitinases, glucanases, male sterility proteins or . 
sequences, proteins ta improve nutritional quality or 
content, or developmental aftd/or t~ssue-specif ic programs 

s or patterns. :ct is understood that transgenic plants can 
J:Je similarly used to express heterologous coding 
sequences as can transgenic plant cells. 

Where transgenic plants are to be induced for 
phytoalexin synthesis or for the expression of a 

10 )leterologous coding sequence under the regulatory control 
of the BAS4 promoter or the inducible transcription 
regulatory element derived therefrom and/or the 

transcription-enhancing sequence derived from the EAS4 
promoter aa 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 elicit~r into the plant tissue. A wide 
variety of inclucing 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 elicito~. Where 
ethylene and methyl jamaonate serve to induce qene 

2s _expression, the ethylene is used at a concentration 
between about 1 and about 50 ppm and the aetbyl jaaaonate 
is used at a concentration between about 0.1 1111 and about 
1 mM. 

The following examples use many techniques 
30 well-known and accessible to tbose skilled in the arts of 

molecular :biology, in the manipulation of recombinant I>HA 
i.n plant tissue and in the culture ~d regeneration.of 
transgenic plants. Enzymes are obtained frcm comJDercial 
aources and are used according to the vendors' 

35 recommendations or other variations ·known to the art. 
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Reagents, buffers and culture conditions are also known 
to the art. References providinCJ standard molecular 
bioloqical procedures include Sambrook et al. (1989) 
Jlolec:uiar Cloning, second ed.ition, Cold. Spring Harbor 

s Laboratory, Plainview; RY; R. WU (ed..) (1993) Methods in 
BD:rymology AU,; WU et al. (eds.) llef:hods .f.D BD•}'JllO.logy 
J.Ag, and .lll,.; Glover (eel.) (1985) DNA Cloning, Vols. I and 

II, IRL Press, OX~ord., OK; and Hames and Higgins (eds.) 

(1985) Nuc.leic: At:id Bybridiaat:l.on, IRL Press, Oxford, me. 
10 References related to the manipulation and transf oraation 

of plant tissue include R. A. Dixon (ed.) (1985) P.lant 
Ce.ll culture: A Prac:t.:l.c:al Approach, IRL Press, OXford, 
UK; Schuler and Zie1inski (1989) Methods J.n Plant 
Molecular B1ology, Academic Press, San Diego, CA; 

1s Weissbach and Weissbach (eds.) (1988) lletbods Zor Plant 

Jfoleoular Biology, Academic Press, San Diego, CA; J:. 

Pot:rykus (1991) ~· Rev • .P.lant Pbys1ol • .Plant: llol. Biol. 

il:205; Weisinq et al. (1988) AnnU • .ReV. Genet: • .a.a,:421; 

van Word.rag-en et al. (1992) .Plant 1101. Biol. Rep. lJU12; 

20 Davey et al. (1989) Plant llol. Biol. ,U.:273; Walden and 
Schell (1990) Bur. J • .atoc:hem. l.U,:563; Joersbo and 
Brunstedt (1991) .Physiol • .Pl.an1:. JJ.:256 and other work 
cited in the foregoing references. Abbreviations and 
nomenclature, where employed, are deemed standard in the 

2s :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. 

.· 
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BDJIPLBS 

Bsam.ple 1. BaS•apeaifia Anti1'o4iaa 

PCl'/US96/06452 

MOnoclonal and polyclonal antibodies.specific for 
tobacco us were p~epared as described by Voqeli et al. 

5 (1990) Plant Physiology ll: 182-187. Additional antibody 
preparations could be made as polyclonal antibodies using 
purified EAS as antigen or using a peptide sequence 
conjuqated to a carrier pl:-otein using well-known 
techniques. The aaino acid sequence of a peptide for 

10 antibody production is selected from a particularly 
hydrophilic region of tbe protein (For antibody 
production techniques, see, for example, campbell (1994) 

lfonoclo.nal Antibody !'eclmology. Laboratory !'echniques in 
Biochemistry and Molecular Biology, Vol. 13, Burdon and 

1s Bnippenberg, eds, Elsevier, Amsterdam; Harlow and Lane 
( 1988) Antibodies: A Laboratory Hanual, Cold Spring 
Barbor Laboratory, Cold Spring Barbor, NY). 

Bs•ap1e 2. m IUl4 Proteill 8equ81lCe Detena:l.mit:l.on 

Sequence determinations of single-stranded and 
20 double stranded DH.As were carried out by tbe 

dideoxynucleotide chain termination procedure [Sanger at 
al. (1977) Proc. Na'tl. Acad. soi. USA .u.:ao7_3-8077], with 
a Sequenase kit ~ram united States Biochemical Corp., 
Cleveland, OR) or an au'tmlatad fluorescence based system 

2s (Applied Biosystems, Foster City, CA) • 

Bgempl• 3 •. construction of a 1'1111-lezagtll D8 Clo11e 

BJ.cotiana tabacwa L. cv. KY14 cell suspension 
cultures were treated with !'r.1.c:hodenaa v1rJ.de cellulase 
(~e RS, onozuka_) at a final concentration o.5 1'9/ml 

30 during rapid growth ~se to induce the expression of 
BAS. Parallel suspension cell cultures which did.not 
receive cellulase served. as controls. Ce1ls were 
collected l>y gentle vacuum filtration 4 hours a~er the 
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addition of the cellulase elicitor to the induced 
culture. 

A cDHA library. was prepared in pcDHAII 
(Invitr09en, San Diego, CA) from polyA+ RHAextracted 

s from the B. 'tabacwa cells treated for 4 hours with 
elicitor. The library was screened by differential 
hybridization using polyA+ RNA prepared from the .induced 
and control cultures. Clones appearing to be positive 
were further screened by hybrid selection-in vitro 

10 translation-immunoprecipitation analysis as described by 

·Alwine at al. (1979) llethods B.nzymol. ,0.:220-242. 

A putative positive BAS cDHA clone was used as a 
hybridization probe for the isolation of additional cDHA 

and genomic clones. The genomic library thus screened 
11 was one aonsi:ructad in 1EMBL3 using MboI partial1y 

digested DHA prepared from B. tabacum L. cv. RD26 
hypocotyl DHA (Clontech, Palo Alto, CA). 'Dlis screening 
yielded a independent clones, each of which appeared to 

represent a different chromosomal locus. EAS4 and EAS3 

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

Facchini and Chappell (1992) supra had 
misidentified the translation start sites of the EAS3 and 
BAS4 coding sequences in the genomic clone described 

25 therein. 'l'he correct translation start site for the BAS3 

and EAS4 coding sequences have been determined to be 
methionine codons 165 bp upstream of the A'l'G codons 

previously .identified as start sites. 'the corrected 
start site for BAS4 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 a~ noted hereinabove. 

An mnplimer of 110 bp was prepared by a polymerase 
chain reaction to provide a DNA sequence corresponding to 

35 amino acids 56-92 of the BAS4 protein (see SEQ ID N0:12) 
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and Faccbini and Chappell (1992) supra. This amplimer 
was used as a hybridization probe to screen a cDN'A 

library in pcdHAII'. (lnvitrogen, ·San Dieqo, CA) prepared 
from polyA+ RHA £rom tobacco cell culture cells 4 hours 

s after elicitor treatment (!l'r.1.choderma virida callulaae). 
This mapU.mer was made using a sense primer 
(A'l'GCTG'l'TAGCAACCGGAAGG; SEQ I'.D lf0:3) and a reverse primer 
(A'l'cc.J .... UA'.re'tCA'l'CAAT'l"l'C; SEQ ID BO: 4) , and the qenomic 
BAS4 template in a standard PCR reaction [Saiki et al. 

10 (1988) Science .2.12:487-491]. The 110 bp amplimer was 
isolated after polyacrylamide qel electrophoresis using 
DE-81 paper (Whatman International, Inc., Clifton, NJ). 
The isolated fragment was then radiolabeled with 
[a-32P)-dCTP usinq a random priainq kit from strataqene 

15 (La Jolla, CA) :for use as a hybridization probe in colony 
li:fts of the cDJIA library.as previously described 
[Hanahan and Meselson (1980) Gene ig: 63-67]. The lonqest 
clone ol:>tained in these experiments appeared to lack ao 
bp of 5' codinq sequence. 

20 To obtain a full-length clone, a RT/PCR approach 
was used. First strand cDHA was prepared from polyA+ RHA 

prepared from tobacco cells after induction with elicitor 
as described [Facchini and Chappell (1992) s~a) using 
reverse primer having the seguence A'l'GAG'l'CCTi'ACATG'l'GA 

2s (SEQ m RO: 5) • 'l'his sequence corresponds to nucleotides 
459-477 downstream of tbe translation start site. 'the 
reverse transcriptase reaction was carried out in a 10 µ1 

reaction (1 "9 polyA+ DA, 25 paol reverse primer, 10 mM 
D'l."l', 2.s mM·each dA'l'P, dG'l'P, dC'l'P, d'l'TP, 8 units Dase 

30 Block I (Strataqene, La Jolla, CA), first strand 
synthesis bUffer used accordinq to the manufacturer's 
instructions (Stratagene) for 1 hr ~t 37•c. 'l'his 

reaction was terminat~ by treatinq at 99°C for 5 min. 
Then 40 "1 of master PCR mix was added to the first 

35 strand reaction; PCR. master mix contains 1.0 mH Tris-HC1 
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pH 8.3, 50 JIM XCl, 1.5 JllN M9Cl2, O.Olt Tween-20, o.01t 

(W/V) gelatin, O.Olt 11P~40, 2.5 mM each deoxynucle~tide 

triphosphata, l unit .. of TaqI polymerase, and 25 pmol 
. forward primer 

5 (GGGAGCTCGAAftCCl.'MGCCTCAGCAGCAGCAGTTGCAAACTA'l' I SEQ ID 

R0:6, BcoRI and Bcol recognition sites underlined and ATG 
translation start site in bold). PCR was carried out 

under standard conditions [Back et al. (1994) A.rah • 

.Bioabem. Biopbys. ,na:523-532] 

10 'the 492 bp reaction product was digested ~1th 

EaoRI and HindIII and subcloned into similarly cut 
pBluescript sx (stratagene). A BindIII/XhoI fragment 
from another partial c~A clone was subsequently cloned 
into the correspondinq sites of the 5'-terminal sequence 

11 clone to generate a full-length cDHA clone nmaed 
pBSIC-'l'EAS. pBSIC-'l'EAS DlfA was transformed into 

Bsc:ber1cb1a 091.1 'l'Bl us~ a cac12 protocol [S~ et 

al. (1989) supra]. Determination of the DNA sequence of 
the insert confirmed that this plasmid had tbe expected 

20 and desired structure (dideoxynucleotide chain 
termination procedure, tJnitad states Biochemical corp., 
Cleveland, OB). 

BK•mp1e 4. %4ent:l~ication of DB lloll01ogoua seqaanoea 
.'tobacco leaf genoaic DNA was isolated as describec;l 

as in Murray and Thompson (1980) NUcle:i.c Acids .Research 

1.:4321-4325. After diCJestion of aliquots with desired 
restriction enzymes, the diqested DlfA samples were 
electrophoresed on o.at afJarose gels and the 
aize-aapa.rated DHAs ware transferred to nylon Jllelllbranes. 

30 DNA blots ware hybrid.ized with random primer radiolabeled 

cBASl, which is truncated at the 5' end of the coding 
rqion, (prepared as in Sambrook et al. (1989) supra) at 
&o•c: in o.2s M sodium phosphate buffer, pH a.o, 0.7t sos, 
1t bovine serum albumin, 1 mK EDTA. · '.rhe blot was then 
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washed twice at 4!5°C with 2X ssc, 0.1% SDS and twice with 
o.2x SSC, O.lt SDS (lX SSC is 0.15 M NaCl, 0.015 M sodium 
citrate, pH 7. O) • Relative hybridization levels were 
estimated fr~ autoradiagrams using a video densitometer 

s (llil.l1Gen/Biosearch, Ann Arbor, MI) • 

Facchini and Chappell (1992) supra reported tbat 
southern hybridization results indicated tbat there ware 
12-16 copies of BAS-hoaologs in the N. tabaowa genome. 
'lo address the presence of significantly homologous 

10 sequences to tobacco EAS and apparent number of copies 
par genome of those sequences, Southern hybridization 
experiments were carried out using DNA isolated from 
other plant species. 

Restriction endonuclease-digested genomic DRAs are 
1s separated by agarose gel electrophoresis (0.8% agarose), 

and then transferred to a Bybond-r mmmrane (Amersham 
eorp., Arlington Heights, :IL). Radiolabeled probe 
comprising coding sequences of EAS, and hybridizations 
are carried out essentially as described in Sambrook et 

20 al. (1989) sppra. Moderate stringency conditions are 
used (hybridization in 4X ssc, at 65°C) last wash in 1X 

SSC, at 65°C). 
Alternatively, PCR can be carried out_ using target 

DNA as template and primers derived from the EAS4 coclinq 
25 sequence in high1y conserved recjions (see SEQ :tD N0:7) 

usinq well-known technilEJ'les. 

-mp le s. · Detection of D8 Protein 
The enzymatic activity of an expression product 

can be confirmed usinq the techniques described in 
30 Facchini and Chappell (1992) supra and· in Ba~ et al. 

(1994) Arch. Biocham. B1opbys. J,U:527-532. 
For detecting the presence of EAS cross-reacting 

protein aaterial, total protein fractions are prepared 
from 100 l'l aliquots of bacterial culture harvested and 
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concentrated by centrifuqation for 2 minutes in a 
microfuge. After discarding the culture supernatan~, 

' . 
cell pellets are resuspended in 100 p.1 50 mM 'l'ris-HCl, pH 
6.8, 10 mM dithiothreitol, 2' sodium dodecyl sulfate, 

s o. 01' bromophenol blue, 10' glycerol. For immunological 
detection 15 µl aliquots are electrophoresed over 11.st 
SDS-polyacrylamide gels; for coomassie blue-staining of 

·the proteins, 35 l'l aliquots are similarly 
electrophoresed. Por 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). Par immunological 
detection 10 p.l aliquots are electrophoresed as above; 
for coomassie blue-staining, 10~50 µl aliquots were 

1s electrophoresed. 
After electrophoresis the proteins ~e stained 

with coomassie blue, or tbe proteins are transferred to 
nitrocellulose membranes as described [Towbin and Gordon 
(1984) Jour.ria.1 of IJDDRmolog.:l.cal Methods ll,:313-340] for 

20 immunodetectian. Arter incubating for 30 minutes in !St 
low-fat milk in 1X TBS (20 11M !l'ris-HCl, pH 7.5, 500 JllM 

HaCl), t:be ni1:rocellulose blots were incubated overnight 

in the same solution containing monoclonal ~tibod.y 
specific for tobacco BAS (1:1000 dilution; Vageli et al. 

25 (1990) .P.lant .P..bys.1.o.logy n: 182-187) • Goat anti-mouse . 
antibodies linked to alkaline phosphatase and tbe 
speci~ic chromogenic dye were then incubated to visualize 
the bindin9 of the BAS-specific antibody to the proteins 
immobilized ·on the nitrocellulose membranes [Leary et al. 

30 (1983) .Proc. Natl • Aaad. Sc:i • USA ,U.:4045-4049]. 

BK•ap1a •· ~o D84 C1oae 
The 5'-truncated cDNA clone cEAS1 described in 

Pacchini and Chappell (1992) supra was used as a 
. hybridization probe for screening a N. tabacu.m cv. Rl026 
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CJBDOllic library in the 1EMBL3 vector (Clontech, Palo 

Alto, CA) • DNA sequences were determined usinq rou~ine 

subcloning and DNA sequencing protocols. 

The DNA and deduced amino acid sequences·of the 

s EAS4 genomic clone are presented in SEQ ID HO: 7-8. 

Bzanple 7. Generation of ~ransgenic Pla11~a 

For studies o:f the function of portions o:f the 

upstreaa untranslated region of the BAS4 gene, 

BindIII/BamHJ:-ended fragments of this upstream DHA were 

10 cloned into pBX101 (Clontech, Palo Alto,_ CA) so that 

expression of the lf-qlucuroniclase (GOS) reporter qene 

could be monitored in transformed plant cells. The 

5'-flanking sequence of the EAS3 gene is qiven in SEQ ID 

N0:1 and the !S'-flankinq sequence of the BAS4 qene is 

15 qiven in SEQ ID HO: 2. In each of these sequences, tbe 

translation start site (A'l'G) is the last three 

nucleotides. By primer· extension techniques, the EAS4 

transcription start site was estimated at nucleotide 573 

in SBQ ID H0:2. CAA'l' and 'l'ATA J:>ox motifs are identified 

20 at nucleotides 429 to 432 and at nucleotides 456 to 459 

in SBQ I:D 110:1 (EAS3) and at nucleotides 513 to 516 and. 

at nucleotides 540 to 543 in SEQ ID H0:2 (~4). 

The transformed. plant cell lines were produced 

using a modified. Agrobac:ter.ium f:ume.f'aciens transformation 

2s protocol. The recombinant plasm.ids containing the 

seqUences to be introduced into plant tissue were 

transferred into A. twne.faciens strain GV3850, by 

triparental mating with E.coli TBl (plUC2013). N. tabacwa 

leaves at a variety of stages of growth were cut into 1 

30 cm.2 pieces, and dipped in a suspension of agrobacterial 

cells (about 104 to 105 cells/ml). After 3 to 10 minutes, 

tba 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. 
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llter a short dryinq time (30 to 60 ·seconds), the treated 
leaf segments are placed an the surf ace of Plant Ti~sue 
culture Medium withau~ antibiotics ta promote tissue 
inf action and DNA transfer from the bacteria ta the plant 

s tissue. Plant 'l'issue culture Medium contains per liter: 
4.31 g of Murashiqe and Skoog Basal Salts Mixture (Sigma 
Chemical COlllpany, St. LOuis, MO), 2.!5 mg of 

benzylmainopurine (dissolved in l N NaOB), 10 al of 0.1 

119/111.l indoleacetic acid solution, 30 q sucrose, 2 ml. of 
10 Gamborg's Vitamin Solution (Sigma Chemical co., st. 

Louis, MO) and 8 q of agar. 'l'he pH is adjusted between 
pH 5.5 and 5.9 with NaOH. After 2 days, the leaf 
segments were transferred ta Plant Tissue culture Medium 
containing 300 p.q/m.l of kanamycin, soo p.q/ml of mefoxin. 

1s (Merck, Rahway, HJ) • 'l'he kanamycin selects for 
transformed plant tissue, and the mefoxin selects aqainst 
the agrobacterial cells. 

It is necessary to minimize the exposure of the 

explant tissue to agrol:>acterial cells during the 

20 transformation procedure in order to limit the possible 
induction of the regulated par.Ai coding sequence during 
the production of the transgenic plant cells, which would 
cause a cell death response. Accordingly, ~e bio­
ballistic technique for the introduction of beterologous 

25 DNA containing cell suicide genes under the regulatory 
control of tbe inducible transcriptional regulatory 
element is a use~1 alternative transformation technique 
because it-does not entail the use of agrohacterial cells 
or ~unqal cell wall di9eative enzymes (as necessary for 

30 the qeneration of protoplasts for electroporation) , both 

of which lead to induction of the coding sequences under 
the control of that regulatory ~lmaent. 

~sgenic plants were regenerated essentially as 
described by Horsch et al. (1985) science .a.al.:1229-1231. 
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'fhe resulting tr~genic plants were tested for 
tbe expression of the Jf-glucuronidase (GUS) reporter gene 
using s-bromo-4-chloro-3-indolyl-Jf-D-glucuronic acid as 
deacribed by Jefferson et al. (1987) BlfBO Journal 

s J,: 3901-3907, using untreated (control) conditions am 
inducing conditions. An inducing condition is the · 
intercellul.ar application of !I'.. viride cellulase to 
tobacco tissue in the transgenic plants (using a 
118Cbanica1 pipatter to apply so-100 µl 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 
woundecl with a scalpel in same experiments to facilitate 
exposure to the induciDCJ compounds. 

11 Bgaaple a. Deletion Malpia of Promoter an4 
ftOllOter-aasoalate4 Jtegion 

In separate reactions, the BAS4-derivecl DlfA 

aaquance encompassed by -567 to +67 relative to the 
transcription start site (nucleotides 6 to 642, SEQ ID 

20 R0:2, BAS4) was substituted for the cauliflower Mosaic 

Virus (caJIV) 35S promoter [Benfey et al. (1990) BllBO 

Journal ,2:1677-1684] in the GUS-reporter vector pBI221 

(Clontech, Palo Alto, CA). Deletion mutants"in the BAS4 
upstream. regions were then isolated after restriction 

2s endonucleaae. Analysis of the CJBAS promoter-GUS 
constructs was carried out in electroporated tobacco cell 

protoplas'tl!I (Pig. 1) and in stably transformed tobacco 
1inea (Pig •. 2A, '.rable l). Preliminary data for the 

'transient expression demonstrated that SEQ ZD H0:1 did 
30 not fUnction for e11citor inducibility and SEQ ZD H0:2 

functioned in regulating gene expression. 
'!he transient expression data obtained with the N. 

tabaCUJI protaplasts into which various EAS3 and EAS4 
promoter-GUS constructs were introdu~ are given in Fig. 

35 1. Progress! ve del.etions from the 5' end o:r the El.S4 
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promoter regions reduce the levels of expression, l:nlt 

inducibility is :maintained for the -262, -202 and -110 
constructs (relative to the transcription start site at 

nucleotide 573 of SEQ l:D N0:2). These data indicated 
5 that only very low levels of GUS are expressed via either 

DS3 promoter r99ion construct. Similarly, the caxv 35S 
promoter alone is not induced by the elicitor treatment. 

'!he data in Figs. 2A-2B indicate that deletion of 
· genetic lllllterial between -567 and -160 reduce the level 

10 of clownstreaa gene expression but does not· destroy the 
inducibility of expression. 'l'herefore, the DNA sequences 

between -567 and -160 appear to contain 
transcription-enhancing activity. Most of the 

transcription-increasing activity appears to reside 
15 between -567 and -212, but additional enhancement appears 

to be mediated :by s~ence information between -212 and 
-160 relative to tile 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 N0:2). 
In the Gain of Function assay data in Pig. 2B, the 

DH.A sequence information necessary to aediate 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 N0:2). 

In these experiments the BAS-derived sequences were 

placed in front of a truncated CaMV 35S prom.oter [Benfey 
et al. (1990) BHBO J. 2:1677-1684]. 'Ibis fi~e also 
demonstrates· that the EAS4-derived transcription 

30 regulatory region functions when fused to a heterologous 

minimal promoter. 
xn a more extensive analysis of independent 

transforaants, either the entire -567 to +67 EAS4 
upstream reqion or 5' deletions thereof were inserted 

35 upstream of the GUS (Jl-glucuronidase) reporter gene in 
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vector pBilOl (Clontech, Palo Alto, CA), arid axpression 
levels of the GUS reporter were assayed under inducinq 
and noninducing conditions. 160 bp upstream of the 
transcription start site of EAS4 were suffiQient to 

5 direct the regulated expression of the GUS reporter gene, 
although the presence of additional upstream sequences 
mediated increased expression. Constructs containing a 
miniDum of 167 bp upstream of the EAS4 transcription 
start site gave transient gene expression in 

10 electroporated protoplasts and confer 
elicitor-inducibility of GUS reporter 9ene expression 
(minimum of 2.5-fold increase in gene expression). By 
contrast, the BAS3 upstrel!llll region (SEQ ID N0:1) does not 
appear 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 protop1asts were generated usinq fungal cell wall 

digestive enzymes, and those enzymes have been shown to 
elicit phytoalexin production and sesquiterpena cyclase 
qene expression in plants [Chappell et al. (~991) .Plant 
Pbys~oiogy .27.:693-698]. A possible explanation as to why 

25 the protoplasts respond to a second elicitor treatment is 
that tbe cells are allowed to recover for 6-8 hours 
be:fore the second treatment. '!'his recovery phase allows 
t:be cells to return to an elicitor-responsive state. 

pBI101 is.cOJD111Srcially available from Clontecb 
30 (Palo Alto, CA). :It contains tbe CaHV 3SS promoter 

upstream o:f tbe GUS reporter gene in a pOC19 vector; thus 
it serves as a vector for transient expression 
experiments Where tbe recombinant vector is introduced 
into plant protoplasts. The presence ot this plasmid and 

35 ita derivatives is selected by growth on kanamycin. A 
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•promoter-less" GUS cassette in the Agrobacterimn binary 
plasmid vector pBZH19 (Bevan, M. (1984) Nuc:J.. Acids /bis. 

J.2.:8711) similarly carries a plant-expressible kanamycin 
resistance determinant. 

s ·-.Pl• t. !4ant:l~iaat:l.on of :tn4ucible ~ransariptlon 
BegulatoZlf Bl•aat 

'the 5' flankinq domains of genomic EAS3 and EAS4 
clones were mapped by Sl nuclease protection and primer 

extension experiments [Sambrook et al. (1989) supra]. 
10 SUbclones coaprisinq up to 1 kb 5' to the translation 

.start site were sequenced and fused to the 
--qlucuronidase (GUS) reporter gene in p~I101 for studies 
in transgenic plant tissue. The resulting recombinan~ 
plamdds were then electroparated into tobacco 

lS protop1asts. GUS activity was measured in transient 
expression assays, and stable transformed tobacco cell 
lines were also isolated for studies of GUS induction and 
expression. 

Constructs were prepared containinq a minimum of 
20 about 200 bp of nucleotide sequence \ipstream of the EAS4 

transcription start site in tbe aodified pB:t101 vector, 
and.a IJ-qlucuronidase (GUS) reporter gene ware made and 
analyzed for ability to drive regulated GUS &Xpression. 
200 bp of flanking sequence appeared sufficient to drive 

25 transient gene expression in electroporated protoplasts 
and confers elicitor inducibility to GUS expression 
(minimwa of. 2. 5 fold induction) • Simi1ar experiments 
with the BAS3 flanking sequence indicated that 200 bp 
from the BAS3 locus did not support either high level.s of 

30 GUS expression or elicitor responsiveness in transformed 
pl.ant cells. Cellulaae and elicitins from Pbytophthora 
[Ricci et al. (1989) Bur. J. B.iocbem. l,ll:555-563] serve 
to induce gene expression mediated by the EAS4-derived 
regulatory sequences. 
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FUrther stwlies re1ated to the identif icat.ion of 
sequences important in mediating induced qene expre~sion 
in response to pathogen invasion, as modeled usinq 
cellulase or .elicitins, were carried out after 

s oliqonucleotide site-directed lllUtagenesis [ICUnkel (1985) 
.Proc. Natl. Acad. Sci. USA B.Z.:488-492] of the putative 
regulatory region of EAS4. Substitution of GT for the 
wild-type CA at -233 and -234 relative to the EAS4 
transcription start site (nucleotides 334-335 of SBQ ID 

10 N0:2) did not appear to alter the expression of the GUS 

reporter qene as measured after incubation in the 
presence of elicitor (cellulase) for 20 hours. 

Preliminary methylation interference and gel 
retardation stuclias carried out essentially as described 

1s [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 h"om plant cell nuclei. Methylation 
interference data suggested that the G at position·-233 

20 was preferentially protected against methylation by DMS 
(dimethyl sulfate) if first allowed to interact with 
nuclear extracts. ~a results of 9el retardation studies 
were consistent with those obtained in the methylation 
protection experiaeni:s. Wben DHA fragments containing 

2s the -343 to -140 re9ion (relative to the translation 
start site) (nucleotides 230 to 433 of SEQ m tro:2) were 
examined after reaction to nuclear extracts, mobil~ty in 
native acrylamide gel electrophoresis appeared retarded. 
Protein binding was abolished by the G~ to CA 

30 substitution at positions -234 and -233. similar results 
were obiserved in control and elicitor-induced cell 
extracts, and reporter gene express~on was not chanqed l>y 

this 2 bp mutation. Thus, it is concluded that the 
region around -233 is not directly involved in the 

.· 
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induction of gene expression in response to pathogen 
invasion or elicitor treatment. 

Preliminary experiments indicate that EAS4 DNA 
sequences between -253 and -48 relative to the EAS4 

s transcription start site (between nucleotides 320 and 525 
of SBQ ID N0:2) have qualitative and quantitative effects 
on downstream reporter gene expression. Sequences 
between -110 and -1 of BAS4 rel.ative to the transcription 
start site of EAS4 (nucleotides 463 to 572 of SEQ ID 

10 H0:2) to aediate the inducible response, while sequences 
between -202 and -110 relative to the EAS4 transcription 
start site (nucleotides 371 to 463 of SEQ ID N0:2) 
enhance the levels of b~th induced and uninduced reporter 
gene expression. 

15 -.P1• 10. Conat:ruat::l.oa of a Chimeric 
D84 Promote c-11.ta to +18·) 1 GOS Reporter Gane 

In another series of experiments, we exaainecl the 

activation of the EAS4 promoter (-1148 to +67) in 

transgenic tobacco plants. To obtain the 5' flanking 

20 sequence of the tobacco DS4 gene promoter (-1148 to 
+67) , an approximately 1. 9 kb BindII·I-BindIII fragment 
containing a portion of tbe BAS4 5' sequence was isolated 

from the gBAS4 genomic clone described abova.o· fte 

isolated f ragmant was then cloned into the polylinker of 
25 tbe pBluescript XS(+) plasmid vector (Strataqene). Using 

standard PCR methodology, the resulting pKS(+) plasmid 
containing _the BAS4 HindIII-Bind:tI:C fragment was used as 
a DNA templa~e to generate an approximately 1.2 kb EAS4 
promoter subfrapent (-1148 to +67) having sequences 1148 

30 bp upstream and 67 J:>p downstream of the EAS4 
transcription start site. '.rhe nucleotide sequence of 
this fragment is shown in Fiq. JA. The 1215 bp 

HincllJ:J:-BamH:C fragment containinq the EAS4 promoter (-
1148 to +67) was then liqated in correct readinq frame 

35 with the coding region of GUS in the binary vector 
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pBI101.1. Fig. 3B shows a schematic i1lustration of the 

structure of the resulting EAS4 prOJDoter(-1148 to 

+~7):GUS reporter ge~ fusion. 

Bnmple 11• Blia:ltor- anc1 Patllogen•inGuailtle Bzpressian 

of a Cla:lmeric BASC Proaotar(-1148 to +67)1aus 
aana in ft-sgenic ~obaaao 

To assess the function of the tobacco EAS4 

promoter (-1148 to +67), qene expression of the GUS 

reporter construct shown in Fig. 38 in transgenic tobacco 

10 plants treated with either an elicitor or pathogen was 

monitored as fol1ows. 

'l'he BAS4 promoter(-1148 to +67):GUS reporter gene 

shown in Fig. 3B was transferred to the disarmed 

Agrobaoterium 'f:u.me.tae.iens strain GV3850 using the 

1s triparental mating procedure described by Schardl et al. 

(Gene ,i1: 1-11, 1987). Tobacco plants (Nieotiana tabaeum 

cv Xanth.i) ware then transformed with the disarmed 

Agrobaeterium harborinq the reporter construct usinq the 

leaf disc transformation method described by Horsch et 

20 al. (Science .a.az: 1229-1231, 1985). As control plants, 

lines of tranSCJeniC tobacco expressinq the GUS reporter 

gene under the control of the cauliflower mosaic virus 

(CaKV) 35S promoter were also regenerated. Seeds from 

regenerated transqenic tobacco plants were qerminated on 

25 medium containing 100 mg/L kanamycin. De reaultinq 

kanamycin-resistant plants were subsequently transferred 

into soil ~ grown in a greenhouse. These plants were 

then tested ~or the expression of the GUS reporter gene 

using the assay described above, using untreated (water 

30 control) conditions and inducing (elicitor- and pathogen­

treated) conditions. 
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 tol>B.cco plants treated with the fungal elicitor protein 
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cryptQtJein or water as follows. Half of a fully expanded 
leaf (8th leaf from l>ottom of the plant) from a two""'.'Jllontb 
old transgenic tobacco plant was infiltrated from the 

abaxial side using a pipette with approximately so ~l of 
s 25 nH crypt:oqein [prepared according to the aethod of 

Ricci et al., Bur. J. Biochea. UA: 555-563, 1989]; the 
other hal.f of the leaf was infiltrated with.approximately 
so ~l of water in a similar fashion. At various times 
after infiltration, the cryptoqein and water inf~ltrated 

10 iones 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 cryptoqein showed that GUS qene expression was 

15 induced ais4 hours after elicitor treatment. :en contrast, 
the 356 caMV promoter:GUS reporter gene was not induced 
by elicitor treatment (data not shown). I:n ·addition, GUS 

activity was not induced in leaves of transgenic plants 
containing the BAS4 promoter(-1148 to +67):GUS reporter 

20 gene when treated with water (Pig. 4A). At the 

microscopic level, GUS activity was found to be 

restricted exclusively 1:o areas of leaf tissue cbal.lenged . 
with elicitor, indicating that the EAS4 pr~ter(-1148 to 
+67) was not induced by a secondary signal (Fiq. BA). 

2s To characterize the OZ"IJan-spaci~icity of GUS qene 
expression driven by the EAS4 promoter (-1148 to +67), 
roots anc:l stems of transqanic tobacco plants were treated 
with cryptogein elicitor and analyzed for GUS activity as 
fol.lows. Roots were obtained from transgenic tobacco 

30 plants and maintained on sterile Murashiqe anc:l Skooq 
medium until tested. stems (removed from one to one and 

balf inches under the apex) were obtained from two-month 
old 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 the_n 
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incubated on filter paper moistened with 100 nM of 
crypt:ogein or water for 18 hours at roOJD teaperature~ 
GUS activity in root and stem segments was subsequently 
analyzed using the assay described above. 

s Pig. 4B shows that GUS activity was induced in 
both the roots and stems of two independent lines of 
transgenic tobacco after an 18 hour treataent with 
cryptogein. A 15-fold increase in GUS activity relative 
to saaples treated with water (control) was ol»served in 

10 both stems and roots, respectively. Roots showed higher 
GUS activity than stems. 'lhese results show that the 

BAS4 proaoter (-1148 to +67) is inducible in root and 

stem tissue in response to elicitor treatment. 
To determine if the EAS4 promoter(-1148 to 

1s +67) :GUS reporter 9ene was induced by fUDCJal pathogens, 
GUS activity in the leaves of transgenic tobacco treated 
with two different races of .Phytopbthora parasit:iaa var. 
B:Laot:Lanae was analyzed as follows. Young apical leaves 
were detached ~rom about 45-day old transgenic tobacco 

20 plants and inoculated with a aycelial plug C•J. cm ~ 
diameter) of 2-clay-old race o or race 1 of Phytophtbora 
parasi't.ioa var. llic:oUanae cultures grown on oatmeal agar 
as descril:>ed by Tedford et al. (Plant D1sease U: 
313-316, 1990). Inoculated leaves were then incubated on 

2s filter paper moistened wit:h distilled water .in a growth 

chamber at 2s•c with constant fluorescent light for 24 
hours. Control leaves were inoculated with blank oatmeal 
agar plugs.· ·Inoculated tissues were sW>sequently 
collected and analyzed for GUS activity as described 

30 above. 
As shown in Fig. 5, GUS activity was induced in 

the leaves o'l! transgenic tobacco when treated with either 
race o or race l o'l! Pbytophthora paras1.t1.aa var. 
ll1cotian.ae. Although race O and race 1 of P. p. var. 

35 Bicotianae typically induce different disease symptoms, 
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no significant difference in disease symptoms caused by 

these two races was observed on the transqenia leaves of 
N. t:abacum av. Xantbi .. · PUrt:hermore, we observed that both· 
race o and race 1 of P. parasit.ica induced the expression 

s of the GUS reporter gene equally well. 
To determine if GUS qene expression was induced by 

bacterial pat:hoqens or elicitors, GUS activity in the 

leaves of transqenic tobacco treated with Pseudomonas 
syr.ingae pv. Syringae 61 and its hr.PH mutant, and Bzwima 

10 amyl.ovora 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 CAsoo==O. 05) of PseudoJDODas syringae pv. 
Syr.ingae 61 or its brpH mutant, or harpin elicitor (50 

1s ~q/ml) using a pipette according to the methods described 
above. control 1eaves were infiltrated with water. 
After approxU..tely 12 hours, tissue was collected and 
analyzed for GUS activity as described aboVe. 

As shown in Fig. 6, GUS activity was induced in 

20 tbe leaves of transqenic tobacco after 12 hours when 

treated with either Pseudo1B0nas, brpH mutant, or harpin 
elicitor. :tn contrast, low GUS activity was detected in 
transgenic leaves treated with water. Purth~re, a 
hypersensitive response was ol:tserved to develop within 

2s the tissue zones infiltrated with either wild type P. 

syringae Pv. syrJ.rJgae 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 pathOCJ&DS or a bacterial-derived elicitor. 

nuap1e·12. :EmDoblot &nal7•i• 
~ expression of BAS in different tissues of 

transgenic plants in response to cryptogein treatment was 

analyzed by standard western blotting methods as follows. 
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Proteins were extracted from control and cryptogein · 
elicitor-treatad tobacco tissues by homogenization with 
80 1Dll potassium phosphate buffer (pH 7.0) containing 20% 

(w/v) glycero~, 10 JIM sodium metabisulfite, 10 JIM sodium 

5 aacorbate, 15 DIM Mqel2 , and s 11111 ,11-mercapthoethanol as 

described by Vogeli and Chappell, (supra). Protein 
concentrations were detenainec:l by 1:he Bio-Rad assay. 
Equal quantities of protein were then separated by SDS­
PAGB, transferred. to nitrocellulose membl:'anes, and 

10 illmunocletected as described by Voegeli and Chappell 
(supra). 

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

11 inaucad. in the leaves of transgenic plants after 
treatment with elicitor. 'In segmented stems and roots, 
BAS protein was detected in the absence of elicitor 
'treatment, indicating that one or more members of the BAS 
aultigene faaily, but not BU4 as cleterainecl by 

20 histochemical 1ocalization data described. above, are 
activated upon wounding. 

-.pie 13. ce11-apec:l.~:l.c Bapresa~n .Pattern ~:f tbe DS.& 
•romoter(-1148 to +&7)1Gus aeporter GeDe ill 
ftaa11981lio ~oo 

as Figures BA-I< show the results obtained wben 
tissues froa dif f erant transgenic lines of tobacco were 
stained for GUS activity after treatment with elicitins. 
!'he data presented in Figures 8A-K are ·representative of 
a series of observations made at different times with 

30 several f:ndependent lines of transqenic tobacco 
expressing the EAS4 promoter(-1148 to +67):GUS reporter 
qane shown in Pig. 3B. GUS activity was localized in 
transgenic tissues by staining sections with 1 mM X-gluc 
(5-hromo-4-chloro-3-indolyl l-glucuroni4e) staining 

35 solution containing so mM NaP04 , pH 7, o.osi 'rriton x-
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100, and o.1t Jr-mercaptoethanol for 12-16 hours at 37°c, 

and then fixed in sot etbanol, st glacial acetic aci~, 
and 10t formaldehyde for 2 hours. Chlorophyll was 

... removed from appropriate tissues by incubating the 
s sections in '70t ethanol. Sections of stained plant 

tissue were observed usinq a Zeiss IIIRS microscope and 
photographed using an MC63 photomicrographic cmaera. 

As shown in Piqs. 88-P, 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 cryptoqein or parasicein 
~iltration tbrouqhout the leaf tissue, except in the 
epidermal cell layers where minimal GOS activity was 
observed. A similar weak staining pattern was observed 

15 in root and staJD epidermal cells (Figs. BG and 8L). 
While minimal GOS activity was found in the epidermal 
cells of the transgenic leaves, GOS activity was observed 
in triahoaes of ]X)th the lear and root of transqenic 
plants (Figs. 88 and IL). 

20 :en addition, as shown in Fiqs. sc-F and Piq. BL, 
elicitor-inducible GUS activity was observed in a 
distinct sabepidermal layer of both stem and root 
sections (Figs. BC-F and 8L). Fig. 8!' shows tp.at GUS 
activity in stem tissue was also present in the cambial, 

25 phloear and primary xylem. tissue layers; minimal GUS 
activity was observed in cortical regions of the stea. 
Furthermore, like stea tissue, GUS activity was localized 
within the vascular systaJD of the roots (Fiq. SL). 

Ho GUS activity was observed in flower petals, 
30 inclwiing pigmented and non-pigmented tissue, ei tber 

before and after tt:eatment with cryptagein. 

nempl• J.4. 5' Deletion .analysis of tile DS.C Proaoter 
(-1147 to +17) la l!rraaa9enic ~obacco Plants 

In another series of experiments, several 5' 

35 deletion constructs of the EAS4 promoter (-114-7 to +67) 
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were qenerated using standard PCR methodology. These 
prmaoter deletions were then fused to the GUS repox:ter 
gene in either pBI101.1 and pBI221 vectors and 
subsequently transf oraed into tobacco as described above. 

TULB 1 

s• GUS Act:ivity l'old # ol iadepadent 

Deletion& (HU/mg protein/min) %nduction ......... ..... 
cont:icol Blicitor-
(water- treated 

inf 11trated) 

-1148 173 1889 10.9 11 

-567 120 921 7.7 12 

-212 23 187 a.1 11 

-110 2 34 17.0 9 

-115 3 3 l 12 

-63 0 0 0 13 

As shown in 'rable 1, deleting the BAS4 promoter 
1s from -1148 to -567 decreased inducible GUS activity to 

sot of the level of that found in plants with a 
full-length EAS4 promoter (-1148 to +67). Farther 
deletion of the promoter to -212 decreased inducible GUS 
activity by an average of 90t, and deleting" to -160 

20 decreased ems activity to 2t of that exhibited by plants 
having a full-length BAS4 promoter (-1148 to +67). 

Deletion to·-63, a promoter which still contains putative 
CAAT and TATA boxes, completely abolished expression of 
tba chimeric gene in control and elicitor-treated leaves. 

2s These data indicated that multiple.positive regulatory 
eleJDents which control the quantitative expression levels 
of EAS4 in tobacco are contained within the -1148 to -160 

region. 
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Comparison of the results obtained with deletion 
to -567 and to -212 also indicated that the sequence 
within 
-567 to -212 .contributed to t:he levels of expression, 

s mcause deletion from -567 to -212 resulted in a 4-fo1d 

decrease in expression levels with a loss of large 

aaounts of GUS activity. Although a deletion to -160 

larvelY r~ed inducible GUS activity, tbe sequence 

downstream of -160 was found to be sufficient to direct 
10 inducible gene expression in leaf tissue. As shown in 

Pig. 98, a 17-fold induction was observed in leaf tissues 
treated with elicitor. These data demonstrated that a 
qualitative element controlling the elicitor inducibility 
is located between -160 to -11s. 

11 Bsamp1• 2.5. Dis-sa-aaaiatant ~ranaqania Plan1:a 

~e parAl codiDCJ e;equence was isolated from 

Pbytophtbora parasjtJ.c:a race o as follows: Genomic DNA 

was isolated and used as template in PCR with a S:CG 

forward primer (~CCACCTCATCCGAAA'.rGAAC; SEQ :CD 

20 N0:9; BamH:C site underlined); nucleotides 25-27 
correaponc! to the translation start site and reverse 
primer (GGCTGAGC'l'CC'l'QGACQFCAGAGATCAAACC; SEQ_ID HO:lO; 
SstX site underl.ined) to amplify the coding reqion of the 
ParAl elicitin includinq the signal peptide coclinq 

21 sequence. To isolate an amplimer correspondinq to the 

coding sequence of the ParAl elicitin, the MAT forward 
primer (~A~CACCACCACGCAGCAAACTG, SEQ 

ID R0:11; Bamlll site, GGA'rCC, and Spe:t site, AC'.l'AG'J.', 

underlined; translation start site at nucleotides 12-14) 
30 and the ·reverse priiaer as before (SEQ :CD BO:lO) were used 

with genomic DBA as template. 
For subcloning into pBluescript (Stratagene, La 

Jolla, CA) or into pEAS4 constructs, the amplimer DKA was 
digested with BalllHI and SstJ:. Where ·the mature protein's 

.· 
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cacli119 sequence is used, the mature elicitin/pBAS4 

construct can be digested with SpeZ to insert a plant 

signal sequence at the 5' and of the open readinq frame. 

The pEAS4-GUS. vector is diqested with BamHZ and Sstl:, 

s with the ~ar9e fragment of DNA beinq purified after 

aqarose qel electrophoresis. 

Figure 9 illustrates the molecular aanipulations 

leadinq to the generation 0£ disease-resistant plants. 

'lhe coding sequence for the_ParAl elicitin.is isolated by 

10 PCR so as to have BamBX and SstI ends. 

qEAS46ooccyclue)-GUS-pBI101, which direc;ts the expression 

of the GUS reporter gene under the requlatory control of 

the EAS promoter, is digested with BamBI and SstI to 

release the GUS reporter gene. .Then the 

15 BamBI/SstI-diqested parAl amplimer is ligated to the 

larqe fragment produced after digestion of 

qEAS45oo(cycla••>-GUB-pBI101 to produce 
qEAS46ooccycla••>-parA1-pBI101, from which the ParAl 
alicitin is synthesized following induction with a 

20 suita):)le elicitor -once plant cells or tissue have been 

transformed. 
To assess resistance to plant pathogens, 

transgenic tobacco plants (N.ico't.iana 'tabacum r;v. ltY160) 

containing either the parAl mature elicitin gene (amino 
25 acids 21-118 of SEQ ID NO: 12) or parAl. elicitin-with­

signal sequence gene (amino acids 1-118 of SEQ :CD HO: 12) 

under the control of the gEAS46oo(cyclaae) promoter were 
regenerated.using the Agrobac'terima-mediated gene 
transfer technique as described above. The resulting 

30 transgenic plants were then tested for disease resistance 

aqainst either ra~ 0 or race 1 isolates of Phytbopthora 

paras.it1ca var. Nicotianaa using the standard detached 

leaf assay described by Tedford ~t al. (1Upta). 

As shown in Fig. 10, several ind•pendent lines of 

35 transgenic tobacco.containing the parAl :mature elicitin 
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gene under the control of the gBAS46oo(cycl-> promoter 
showed enhanced. disease resistance to both race o and 
race 1 of P. p. var. N.icotianae relative to control 
plants (that is, relative.to non-transformed N. tabaown 

s cv. XY160 or transqenic N. tabacwa av. KY160 containing 

the BAS46oo(cyclaae) promoter:GUS reporter gene). 
While various embodiments of the present invention 

have been described in detail, it is apparent that 
llOdifications, extensions, adaptations and optimizations 

10 may occur 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. 
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(1) GBBBUL DFOR11UXcm1 

(i) UPLICU'?: Board of 'rnsteea of the University of Kentucky 

(li) Tl~OI' lRVBift'lOHI 'ftanacriptional control Sequences and 
Methods 

(111) JRDIBBlt OF DQUBllCSS: 14 

(iv) COltRBSl'ORDBllCE UDIUISS1 
(&) ADDBBSSBJh l'J.ah I Richardson, P.c. 
(B) SDBBT: 225 Franklin Stree1: 
(C) Clftt Boa1:on 
(D) SB'ms HA 
(B) C01JmY1 VS 
(I') llP; 02110-2804 

(Y) COKPUDR DAD&BLZ ft>Rllt 
(A) HBDIUK ftPBa l'loppy diaJt 
(B) COllPOTBlu lBH PC compatible 
(C) OPDATDG SYSDK: PC-DOS/HS-DOS 
(D) sor.L'WARBr Pat:entln Release 11.0, Vera.ion #1.30 

(Vi) cm aPPL%caTIOR DAT&: 
(A) UPLlCATIOlf KUllBBR: US 
(B) l'IL%RG DAUi 
(C) CLUSJl'JCATJOJll 

(v.U.) PRJOll UH.JCUJOH DATA1 
(A) APPLIC&ftOJr llDKBJ:Rs US 08/57?,483 
(B) l'lLJRG DAD: 22 December 1995 
(C) CLUSJl'ICUJOR1 

(Vil) PRIOR UPI.JCUJOB DATA1 
(A) APPLICATIOR JRDllBaa VS 08/471,983 
(8) l'U.XllG DAUi 06 June 1995 

(Yi.1) 

(Viil) 

(C) GLUSJl'ICUlOlft 

PJaOll APPLICAftOB DATlu 
(A) UPLICAUOll RUHBBll: VS 08/443,639 
(B) l'l:LXllG DA.ft: 18 May 1995 
(C) CLMSSJl'J«:a'l':tOBa 

AftOJtDY/~ lRl'OIUULTlOlls 
(A) BNIB: Paul T. Clark 
(B) DGlftDTJOB IC1JHBBR: 32,164 
(C) RBl'DBllCB/DOCDT JIUMBD: D7678/003BR1 

(ix) TBr.BCOHllURle&TJOH l~mH: 
(A) TBLBPllOltB: (617) 542•5070 
(8) 'l'BLBl'AX: (617) 542-8906 
(C) DLBX: 200154 
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(2) JRPORMA'l'J:OB POR SBQ ID JI01l1 

(1) SBQUBNCB CIDUtAC1'BRJSTICS: 
(A) LBRGTH: 512 baae pairs 
(B) ftPB: nucleic acid 
(C) SnDDBDDSS: doable 
(D) mPOLOGYs linear 

( 11) llOLBCULZ 'nPB 1 DRA 

(ill) DPOHftICU.: RO 

(iv) AR'l't-DRSE: RO 

(Vi) ORIQDAL SOUBCI: I 
(A) OBGAJIJSH• JIJ.c=iana ~abacum 

(Xi) SBQUDCB DISCRlP.l'tOR: SBQ ID RO:ls 

PCl'IUS9'/06452 

CCGCGA'ft'GG AGGA'lGT'!GT ACGTCGAGCT ACGCGGCACC GCGC'n'Mft ftACTCGG'.rC 60 

Ula..1'GGMC GGGCATCG'M G':CAACGMA CM:G.ACGGGC CCQACA'J!CA'I' ~ 120 

cmcc:xnGGG ~C G&CGftGGAA MGaGCTACA Gc:cmc'!CCA CGOGGA'J.'GCG 180 

GGGA'l'GGCCG cmAC'ZACAG AUG'fGCGft TCCCGCCACC <::GGGGCGAGC CCGGGftftG 240 

MGA'!CAA'IG CTGACCGAAC CAGACGGCGC TACCTCATCC QC'.r'J!GAGQG'I' · AGAGACGGA'I' 300 

ClaftC!!'QT 'lGTCG'IG'IG'l CGMC'lCGGG. ACGftTGTCA CATGGC'fGGA CGGGftAftC 360 

GCCQCCA'l'CA ACGm'l'CGCC .~ GAGCGCGAC't ftCCCAGAGA C'tftAGCQ'l'G 420 

cc.oGGA'tCA AftACA'nAA CDGTC1"C:rC ACCACDTAT A'l'AC! fGTCC Cfrc:.rc':1'C:C 480 

AftTAAGTAG AG'l"l'CcrJ."l'C 2:22Ci'2CC'.l'2' M 512 

(2) IRl'OBDTZOS l'Oa SBQ ID 1'0121 

(i) SBQUDCB CllABAC'DRiftlCSI 
(A) LBRGTBI 642 baae paira 
(B) nna nucleic acid 
(C) SDUDBDJIBSS: double 
(D) mPOU>QY1 linear 

(U.) llOl.BCULB ftna DD 

(ill) anotiUWlCAL: HO 

(iV) AR!':I-SDSJ:: 1IO 

(vi) OlaGIDL SOOllClh 
(A) ORGUJ:SH: Blcot:iana tabacum 

(Xi) SBQUBHCB DBSCRJ:P.l'J:Olf1 SEQ II> 1'012: 

'IMQ'IGMTC ~ '1'GC'l!CCACIGA 'l'ACTTATGCC C'l'GCCAG'f'AC ACC1'CGCAG'1' 60 

GGGACTCGC1' GMAAAACGT m'ft'Gft'G'l'G AGMAftGCA A~CC TCTACAA~ llD 

ccaca»-~ ftGGftCC'l'G ~ GAftAACft'l' TAGACCA'l'CC AGTCIA'n'l'A 180 
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~ GACC'DMTA M'1'ACDCGT ACM:TAG'l'CT ftMGftCl.T CIMG'1'GGAC 240 

'fm'QC&TDA 'l'AA'nGAM'l' ~ ACAA'l'CACAT 'l'AQGft'ftAT DA~A 300 

A'DGGMft'l GAT&Gftc:CA GGA..•..ACAM:.r CDCAG'l'ACT CCCTTA'nn' mGCCr.rftT 3&0 

UA'ZMBft AftCAGftGA mP-~-W AMTADM'A 'lftGGGAAAC '!fGGATCM'rA 420 

GACCCCMAC GccaAC:M'M MTc:uaMG C'MCTAGCTA G'MTMAGr<: DGrwGCA 480 

acmaclUA'! '!MamM"l'A ~ A'!CAAftACA ftMC'J:AGTC ~ 540 

ADTAD.Cft nccmrC'lc· ~ft'DA GTAGMlftCC TT~lfCft CCftMMCI &00 

'!M..~ M'!fAMDTA cac'lCATCT'f 'l'MftAOCAA 'M 642 

(2) llll'OIUaftOB Pait SBQ ID R0131 

(1) 8BQUBKCB CBDACTDISTIC::S: 
(A) LDG'l'B: 21 baaa pairs 
(B) TDB1 nucleic acid 
(C) SHUDBDRBSS1 aiagle 
(I>) 'fOllOLOGYI linear 

(ll) llDL2CUt.'I nn1 other msclaic acid 
(A) DDCalftJ:Olh /de8C • •ou.gonucleotide primer for 

l'Cll· 

(iii) llYN"lBftICU.I 1'0 

( lv) AmI-SDSB1 llO 

(Xi) SBQGBllCS DBSCltlftIOB: 8BQ ID B0:3: 

ABC'l'Gft'AG caacmcaAG G 

(2) DIFORllATJ:Oll l'01t SllQ ID lf01t1 

C1) SBQUBllCB ~ftICSI 
(A) LBBC"J!B: 21 baae pain 
(B) nn1 nucleic acid 
(C) STDRDZDDSS1 aiagle 
CD) ~Ys linear 

(11) llOL3CULB nn1 ot:har nucleic·acJ.d 
(A) · DBSCRJ:ftIOJh /daac • •oU.gcmucleot:ide primer for 

pea• 

(J.U.) lttPCtlBB'HCAI.1 RO 

(i.v) UTI-SDSBa US 

(xi) SBQUDCB DBICltt:PTlOlh DO ID 8014:. 

.M.'CCA.Q&'J.'C TC&'l'CaA'ft'J! c 

21 

21 
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(2) IlU'GUla'!rIOll 1'01t BBQ ID R0151 

(i) SllQUBBCB CBADC'DRXS'l!ICSs 
(A) LZNGD: 18 baae pairs 
(B) ftns nuale'i.c acid 
(C) ftMBDBDDSSs Bingle 
(D) ~· linear 

(U.J JfOLBCIJLB ftPB: ot:ber nucleic acid 

PCI'IUS96/06452 

(A) DBSCRIPl'IORa /daac • •oU.gonucleotide primer ~or 
pea.• 

(iii) BDOTBBTicat.: 1IO 

(iv) MTI-SDSB1 DS 

(Xi) SBQDBJICB DBSCRlftIOlll SBQ ID ll0:5r 

UGMTCIC'n ACA'm'.rGA 

(2) ~JOH FOil BBQ ID ll0:6: 

(1) DQUBllCB ~%CS: 
(A) L11HG'!H1 45 baaa paira 
(B) ftPJh macleic acid 
(C) STDimBDNBSSI Bingle 
(D) ~r: linear 

( U.) llOLBcm.. 'IDB: ot:bar nucleic acid 
CA) DBSCRl:nIORs /mac • •0U.9cmucleot1.de primer for 

PCR. •• 

(iii) BnOTBB'J!IcaLa BO 

(iv) ARTI-Sl:llSB: DS 

(Xi) SBQUBllCI DBSClaPl':toll': SBQ m ll0161 

GGGAGC!'CGA AftCCA'mGC ~ GCAG'nCCAA AC'lA'J! 

( 2) llll'OlUIATIOll ~ DQ ID llO: 11 

(i) SBQOBlfCB CBUACDltISTICSs 
(A) LDGft: 4253 bua paira 
CB) ftPB: nucleic acid 
(C) SDUDBDDSS: double 
(D) .'J!OPOI.OQ!'I linear 

( li) K0t.ZCDLB ftPB1 DD 

(U.i) Bii'OfSB'rICALa RO 

(iv) Alft'I-m:RBBa BO 

(vi) otaGIIGL somtCBI 
(A) 01Uall:E&ll1 Bicotiana tabacum 

18 

45 
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(ix) l'BA'lOIBI 
(AJ 1'AD/Dr: CDS 
(B) ~IOlla 1216 •• 1327 

(ix) J'ZATDUt 
(A) IWIB/DY: CDS 
(B) I.OCA'!IOlla 1454 •• 1718 

(ix) n&TDRB: 
(A) DllB/DY: CDS 
(B) LOCATIOR1 1805 •• 2182 

(ix) J'BA'J.'URB I 
(A) DllB/DY I CDS 
(8) r.oc&UOlh 2259 •• 2477 

(ix) n&'rtlltB: 
(A) DllB/DYt CDS 
(B) LOCUJOB: 2609 •• 2747 

(ix) nA'IDDI 
(A) IGD/D!: CDS 
(B) I.OCl.TIOlh 2902 •• 3148 

(ix) l'BATURB: 
(A) DllB/D'r: CDS 
(8) LCIC&'IIOB: 3261 •• 3555 

(Xi) SBQVDCB DBSCUP'flORa SBQID lf0a7: 

wc:.rn'ACG AA~ft!' AAJ-...MGACGC AAACTACn'A 'IA'D'1'AftAC ~ 60 

~A .MAft'tCU.T ~A GTAGGCTAAA Am'C~Aft DUA'?CAG!' 120 

AT.l'TMAU.G GCA'MAGCl'a MG&mC GftTBTCTA ACACGAAGCG AGG~UGC 180 

cccamom!l' !l'ft'A'l'ftftA Dftft'ATM M'ft'ATAAAA 'l'CAft'ATAD M~--_,....A 240 

HACM:'rAAA ~ G'ftUMIA.V. M'TAmc;a&T TMTUA'l!AT A'.r'Aft.TABT 300 

AD!'~ ATATUADT ATA'DD'A'1' ATATATATAA A'rGTA'rGTG'1' G'.fG1'GTGTGT 360 

an.mm CCICCICGACCa mCMCftft iz~ AAM'DUIG GCGDMGA!' c20 

Aea'l!l'ATACC 'l"M'G'fCA'fCA »-..Ma.'WA'IA MMCTMAG ~ACCUA GGMA'ft'n'A 480 

MftCMMA ~ A'?TAADTAT ftUU.TftC UHtiHit. G'.fGHGUM 540 

A.'WA.~ ac:amncc ~ ~ ~caa ~ &00 

cc:amATACT n.mcccmc CAGTACACC': CGCAG'fGGGA C'l'CGCTGAU. AAACC'rCTft 660 

~ ~ TGUCCTCTA C».ftTCGAC AUACC'rlGG ftCGTGAMA 720 

c:rm:ima.n MCftft'AOA cceccao!rC ~c ~c !rAAUAAATA 110 

C'tACGDCMl 'l'UTc:.rft.M Gftel.'l'CAIA GTGCIAC'M'M CA'nAATAAT 'fGAAAft!l'AT 840 

GocaCAM:aA m&CA'!TACG ftftADMT mQTAATAG GAAftTGATA G'l"fCCAQGAA 900 

MaM:'.fCt'AC AG'!L'AmCCC't TAfl'i"'JG'fGC ~ AATAftAT!rC AGftGACGAA 960 

ACMU'AAA'l! AAAATA'n":G ~ TCAATAGACC CCAGAOGCCA ACAATGAATC 1020 
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AMMGC'1'GC '.L'Mm'MnCW ~ ~ GGAAAftA&A TGATDGG'M 1080 

Cftb'GA'ICA AftACAftAA CD.GTC'J.'CTC ACCAC'.fA'IA'r UAm"m'rCC C'l'rc:rcftCC 1140 

Aft'DMTM MftCCHl"C ftTCH1C:Cft ~m ~A AMUACACT 1200 

~ TAGCA A'IG GCC TCA GCA GCA G'lT GCA AAC TAT GAA GAA GAG 
Met Ala Ber Ala Ala Val Ala AllD Tyr Glu Clu Glu 

1 5 10 

1251 

Aft Gft CQC CCC enc GCC CAC 'nC '1'CC CC'f AGT CTC '!fGG GGT GAT caG 1299 
11• Val kg Pro Val Ala Asp Phe Ser P%o Ber Leu Trp Cly Asp ClD 

15 20 25 

ftC ~ 9!CA ftC "J!CC Aft caT .U.T caG G TMft'l'AACT .U.TAC'rAGTA 1347 
Phe Lau am: Pbe ser Ile Aap Aan Gln 

30 35 

ftCH:!BTn ATA'lftA'IAO 'nm~ AftGATMTC AGOTACftTA TftA'rG'n'GA 1407 

~TTM 'l'n'MCTAAT ftCAGrm m~AC ATATAC Oft GCG GD 1462 
Val Ala Glu 

1 

AM· BT AD 'IAT GCT CU. GU Aft GM GCA ftC UQ GM CU. ACG AGG 1510 
L711 '!'yr %1• !.'yr Ala Gln Glu %1• Glu Ala Lau LY• Glu Gln Tbr Arg 

5 ~ u 
MT ATG cm fti.• Ge. ACC GOA MIG .MA 'ftG GCC caT &CA 'J!'fG AAT ftC 1558 
&er Ket L8'I I.au Al.a Tbr Cly Ari; Ly• Leu Ala A8p '!hr Leu Alln Lau 

20 25 30 35 

Aft GAC Aft Aft CAA CGC C'ft GG1' A1'A TCC TAC CAC ~ GAG AAA CAA 1606 
lle Aap Ile Ile Glu Arv Leu Cly Ile Ser ~r Bia Pbe Glu I.ya Clu 

40 45 50 

Aft GU Qr.a Aft Tm G&T C&G Aft DC MC CAA AAC '1'CA AAC me AA'l' 1654 
J:le Amp Glu :Ele La.a Aap Gln Ile t.ryr Mn Gln Alln Ser &an Cy• Aan 

55 60 65 

OAT ftC 'rGC ACC TCT GCA Cft CU. ftT era ftG CTC AGG ~ CAO GGT 1702 
Aep Lea ey. !l'hr ser Ala Leu Gln Ph• Arg Lau Leu Arg Gln Bia Cly 

70 75 80 

ftC AAC ATC ~ CC"1" G · Gn.AaftCAT CUGAAGTTO ftUMftAT 1748 
Phe Aan Ile ser PrO 

as 
D~Tft'A ~ ccn&ftc:At' CftCACftft C!l!Cft'OAA HAOCA 1804 

GM Aft ftC MC AU ftC CU. GAT GM M'I GGC AM 'nC MG GAG Tm 1852 
C1u 11• Pb• &er Ly• Ph• Gln A8p Glu Alln Gly Lya Phe Lya Glu Ser 

1 5 10 15 

Cft GCT MT caT GTC ftA GQA ftA ftA MC 'ftG TAT GM Gar TCA CAT 1900 
Lau Ala Ber Asp Val Leu Gly Laa J.eu Alln Leu !l'yr cuu Ala Ser Bia 

20 25 30 

~~~~~~~~'!TA~~~~~~~ ~ 
Val Arg !l'br Bia Ala Aap A8p %1• Lea Glu Aap Al.a Lau Ala Pha Sar 

H @ O 
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AC'l A'?C Q'l" Cft GM TC'l GCA GCT CCA C&'l" ftG MA~ CC:. C'l'l MIG 1996 
Tbr Ile Bis Leu Glu Ser Ala Ala Pro Ria Lau Lya Ser Pro I.au Arg 

10 55 60 

aa CAA G'lG ACA CA'l" GCC Cft GAG QA TG'l" ftG CAC MG Ge cm CCT 2044 
Gl• Gl.n Val. Tbr His Al.a Lau Glu Gl.n cya Lau Bia Lya Cly Val Pro 

65 70 "' 75 80 

MA GTC caG AOC CGA ftC ft'C ATC Tc::A TCA A7:C TAT GAC AU GA& CAA 2092 
Arg Val. Glu '.rbr ArCJ Pbe Pbe Ile Ser Ser Ila Tyr Asp Lya Glu Gln 

85 90 95 

Tm Ma U.'1" M'l' am ~ Cft CGA '?ft GCC AAA ftG GAT ftC DC ftG 2140 
ser LY• Alm An Val I.au Leu kg Phe Ala Lya Leu. Asp Phe Aan J.aq 

100 105 110 

ere CU A'lG ftG CAC MA CM GM Cft GCT CU. GB TOA MG 2182 
Lau Gln Hat: I.au Bia Lya Gln Glu I.au Ala Gln Val ser Arg 

115 120 125 

'!'GCGAD.&T »-\L\.CGATG MC:C:Cft!ft GAftCA'ICA'I A7:CTCMHA mc:A'l'G'l'IM 2242 

'!'fteft&'ICC mCAGG 'l'GG '1'GG AM GA'l ftG GA'l" '1"ft G'l"A ACA ACA Cft 2291 
!l!rp '.rrp Lye Asp Leu Aap Pbe Val '.rbr !rbr Lau 

1 5 ~ 

~ TA'l' GC'l' .IGA GA1' CGA G'l"A Oft GAA '1"GC !l'AC Tft' TOG GCA ftA GGA 2339 
Pro '!yr Ala Arg Asp Arg Val Val Glu Cya Tyr Pbe Trp Al.a I.811 Gly 

15 20 25 

Gft TAT ttft' GAG ~ CIA 'l'AC '1'C'1' CM ~ OCIC GTC Am =c Gft MG 2387 
Val. ~ Pbe Glu Pro Gl.n ~ Ser Gln Al.a Arg Val Hat L8u Val Lya ao 11 40 

~~~~~TCG~~GA'l"~~~~~'l'AC~ ~ 
nr Ile ser Met :Cle ser Ila Val Aap Aap ~ Phe Asp Al.a 'ryr Gly 

0 ~ - . H 

ACP. Oft MA GM Oft' GM GCA BC ACA GAT Ga: ATA CIA MG 2477 
1'hr Val Lya Glu Leu Glu Ala Tyr 1'hr Aap Ala Ile Gln Arg 

60 65 70 

'D'.L'G&M:ftC A~'ftCM: ftAftCC:i!i'G A'l'AG~TG TCGTCG'NAA AAGA'nAAGA 2537 

CGM'ft'ICTA CTCA':TA'lAa ftG'MC!Cft 'lCUAA'MCA '.fGAA'l"'l"CACC ftAA'nftG'l" 2597 

CUCC'l'GcaG A '1'GG MT ATC UC GAA Aft GAT CGG Cft CC'1" GA'l" 'l"AC ATG 2647 
~ Up Il• Au Gla. Ile Asp Arg Leu Pro Up Tyr Mat: 

1 5 10 

AM ~ Ml'Z' TAT-AM GCT Aft CTA GA'Z' C'fC 'l"AC MG GA'l" '.rH GA MG 2195 
Lye Ile ser Tyr Lya Ala Ile Leu bp Leu 'Z'yr Lya bp 'Z'yr Glu Lya 

15 20 25 

AA 'rm Tm MT GCC GGA AGA !rC1' CAT Aft GK! !l'GC CAT Gca ATA GAA 27'3 
Glu Leu ser Sar Ala Gly Ar9 Ser Bia Ile Val Cy• Bi• Ala Xle Glu 

H H ~. ff 

AG& G TA'l'GftcraG C&Acn'~ ATCIJAAATAC A'Hf'HTCCT 'rMD:<:A'l"ft 2'797 
kg 
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~ ~ CACl.TATA'l'G 'lr.l:TGTA'r'l'C ACAG ATG MA GM GTA 2i13 
Ket I.ya Glu V&l 

1 

ftA MA MT TAT MT nc GM TCA ACA ma TTT Aft GM GGA TAT A'l'G 29&1 
Vil M'g Aan Tyr Aan Val Glu Sar 2'hr Trp Phe Ile Glu Gly !ryr ~ 

5 ~ u, ~ 

CCA CCT Gft TCT GM TAC C'D. AGC AAT GCA CTA GCA ACT ACC ACA TAT 3009 
Pro P~ Val Ber Gla i:ryr Lea &er Aan Ala Leu Ala T.br Tbr 'llu: 2'yr 

25 30 35 

BC '1'AC =a GOG ACA ACI. Tm TA'l' ftG GGC A'l'G AU Tm ace M» aaa 3051 
~ ~ J.aa Al.a ~ Thr ser Tyr Leu Gly Ket Lye ser Ala ftr Glu 

40 45 50 

CAA GA.ti ~ GM '1'GG '!'fG Tea MG UT CCA AM Aft CTT GM GCT Mtt 3105 
Gln Asp Phe Glu Trp Leu. Ber Lya Aan PrO Lya Ile Leu Glu Ala Ser 

&5 60 65 

ftA Aft ATA TGT CGA G'n' A'fC GAT GAC AC& GCC ACG TAC GAG G · 3148 
Val IJ.e Ile cya Ar9 Val Ile Allp Aap Thr Ala Tbr ~ Glu 

70 75 . 80 

Bmaft'J."GC ATC'rCUGAA A~ TA'l'A'MGGAT ~ MAGTG'ft'GC 3208 

GACG~ MGC'K:AA'l'H AUMCDAC m'l"l'MTTTA TC'MC'l'ftC'r AG Gft 3263 
· Val 

1 . 
GM AM MC MG aca CAA aft GcA Am GGA Aft GAG me TGC HG MA 3311 
G1u Lye Ber kg Gly Gln lle "1.a '!hr Gly Jle Glu eye Cya Hat: kg 

5 ~ D 

AT D'r CC'r A'l'A 'J:CA ACA MA GAG Ge:& A'l'G GC'r AAA rl'l' CAil MT Aft 3359 
aap -iyr Cly 11• ser 'l'br Ly• Glu Ala Hat. Ala Lys Phe Gln Alla Ket 

20 25 30" 

Gc:r GN1 AC& GCA mG Ala ca1" Aft M'l' GM GGA cr.r Cft' MG CCC AC'1' 3407 
Ala Glu Br Ala 'l'rp Lya aap Ile Aan Glu Gly Leu Leu Arg PrO Tbr 

35 40 45 

CCC G'!lC '!lCT ACA GM 'l'ft ftA ACT CC'l' Aft CTC M'1' Cft' GC'l' COT Aft 3415 
PrO Va1 ser Tbr Glu Phe Leu ~ Pro %le Leu Alla Leu Ala Arg %1• 

R H ~ 0 

G'ft Gaa Oft Ma D'l AD cac MT CTA GAT GGA TAC AC!' cu cm GAG 3503 
Va1 Glu Val 'l'br Tyr %1• 81.• ... Leu Aap Gly !fyr '!hr IU.8 PrO Glu 

~ n ~ 

MA C'lC ftA MA. ccr CAC Aft A'l"l' MC C'1'A C'l"1' am GAC 'lCC ATC AM 3551 
Lye Val Lau Ly• Pro Iii• %1• 11• Mn Leu Leu Val Allp Sar Ile Lya 

85 90 95 

&ft T aaacmcc:AT ftGftGmcp. ~ Ac:ftOAftC't 'l'Cft'!QHCA 3605 
%1• 

G'ft'G'l'GCMT &G&C'r.l!CCTA AC'1'ACGAGCT '.rCftMGA'l'C CftG'?MGAA AD&~ 3&65 

ln'G'ftA'l'GA A'l'CCGCAftG TGGAGQATC TftftATA'M ~'DAGft A'fGTTA'ZGAA 3'725 

a.a'MftM.'G QGGC'l'C'.fC'n A'.l'CM:CTAft 'l'GTCAGTGTA '?GAAGTAA'l'C mAGCa.rGTC 3785 
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~ G'DAmG CJmT!mc'IC GTCC'ftcmT DGD'fft~ ~D 3845 

CftGQTCTCA ~-'-•..Aft'AG ftftTGGCAC ~Tftft ccncTGGCG CA'm'mTAD 3905 

nc:ATCTGAA ACA'l'A'IAC'.rT AAAGGTDAG AGGACAftGA CA'l'A'l'l'GAAT CAACAC'l'AG'1' 3965 

GftA'nGGCA '.rACMIGAGAG· AATCD'l'GTG nAAGGACGG QGTGGUCCC CACCCAC1-\G 4025 

~ GAC'tA'ftGft '!l:'ATCGMMA ~ !l'GAATftAD CGTGGT'ftAT 4085 

.atarA~TGA Aft'AAftmA Tc:c.l'MUD A'1'AGGCCP.A'1' !l'AGA!l'Mm ~ 4145 

~ '.fGCDa.ACXal. ADGCAGA•.A TAGTGAftCC AGGAGAAAGG C'lTtCGGGD 4205 

m..'.l\CP-.AT GAD'M11MA DTA.UUGA TAMAftGD ftAAGCTT 4253 

. (2) 119C>1Um'l!:tOll l'01l SBQ II) R0181 

( i) SBQOBRCB CllUACDRISTICS: 
(A) LlDIGTB: 550.ami,no acl.cla 
(B) ftPB: amino acid 
(D) 'IOPOI.OGY1 linear 

(il) HOt.BCm.B Tm; protein 

(n) SBQUDCB DBSCRift'JOll: SBQ ID JIO:B: . 
ll8t Ala Ser Ala Ala Val Ala Asn Tyr Glu Glu Glu .Ile Val Arq Pro 

l 5 10 15 

Val Ala Aap Phe Ser Pro Ser r.eu '1'.rp Gly Aap Gln Phe Leu Ser Pb• 
20 25 30 

Ser lle Allp Alln Gln Val Ala Glu Lya '1'yr lle ~r Ala Gln Glu Ile 
H ~ U 

Glu Ala Leu Lya Glu Gln ':br Arv Ser HK Leu Leu Al.a '.fhr Gly Ar9 
so 55 60 

Lye Leu Ala Asp "tK Leu Aan r.eu lle Aap :tle Ile Glu Arg Leu Gly 
65 . . 70 75 80 

J:le Sm: '1'yr Bia Phe Glu Lya Glu Ile Asp Glu Ila Leu Asp Gln Ile 
85 90 95 

Tyr A8n Gl.n ~ Sar Mn Cya Au A8p Leu Cys ~ Ser Ala J.eu Glla 
100 105 110 

Jlhe kg Leu Leu kg Gln Bi• Gly Phe A•n 11• Ser Pro Glu :tle Pbe 
115 120 125 

&er Lye Phe Gln Asp Glu Mn Gly Lya Pbe Lya Glu Ser Leu Ala Mr 
130 . 135 140 

Asp Val Leu Gly Leu Leu A•n Leu 'fyr Glu Ala Ser Bi• Val AX9 Thr 
1'5 150 l.55 . . 160 

Bia .lla Aap Asp .Ile Leu Glu Aap Ala Leu Ala Phe Ser '.fhr Ile Bis 
165 170 . 175 
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Leu. Glu Ser Ala Ala Pro Bia Leu I.ya Ser Pro Leu Arg Glu Gl.n Val 
180 185 190 

Tiu: Bia Ala Leu Glu Gln cys Leu Bia Lys Gly Val Pro Arg Val Glu 
195 : 200 205 

ftr Arg Phe Phe Ila Sm:<· Ser Ila 'lyr Aap Lye Glu Gln Sar Lya Aan 
210 215 . 220 

Aan Val Leu Leu Arg Pbe Ala Lys Leu Asp Phe Asn Leu Leu Gln Ket 
225 230 235 240 

Leu Bl• Lye Gln Glu Leu Ala Gln Val Ser. Arg Trp TZp LyB ABp Leu 
245 250 255 . 

A8p Phe Val !rhr Thr Leu Pro Tyr Ala Arv Aap Arg Val Val Glu Cya 
260 265 270 

'l'yr Phe Trp Ala Leu Gly Val 'lyr Phe Glu Pro Gln Tyr &er Gln Ala 
275 280 285 

Arg Val Met Leu Val Lys Thr Ile Ser Ket Ile Ser Ile Val Aap Aap 
290 295 300 

Thi:' Phe Aap Ala Tyr Gly Thr Val Ly8 Gl• L8\I Glu Ala Tyr Thr Aap 
305 310 315 320 

Ala Ile Gln Arg '?rp 1\llp Ile Asn Glu Ile Aap Arg Leu Pro Aap Tyr 
325 330 335 

Mat Lya Ile Ser 'lyr Lya Ala %le Leu Aap Leu 'fyr Lye Aap lfyr Glu 
340 345 350 

Lye Glu I.8Q Ber Ser Ala Gly Arg Ser Bi• Ile Val eya Bis .Ala J:le 
355 360 365 

Glu Ar9 ll8t Ly• Glu Val Val Arg Aan ~ Asn Val Glu Ser "tbr Trp 
370 375 380 

Phe Ile Glu Gly Tyl: Hat Pro Pro Val Ser Olu lfyr Leu Ser Aan Ala 
385 390 395 . 400 

Leu Ala '!rbr "tbr Thr Tyr Tyr Tyr Leu Ala "tbr "tbr Ser 'l'yr Leu Gly 
405 410 415 

Hat Lye Ser Ala Thr Glu Gln Aap Phe Clu Trp Leu Ser Lys ABn Pro 
420 425 430 

Lya Ile Leu Glu Ala ser Val :Ile Xle cys Arv Val Jle ABp Asp :rhr 
435 . 440 445 

Ala Tbr '?yr Glu Val Glu Lye Ser Ar9 Cly Gln Ile Ala Tbr Gly J:l• 
450 455 460 

Glu Cy• Cya Bet Arg &ap '!yr Gly %la Ber 'tbr Lys Glu Ala Ket Ala 
465 470 . 475 480 

Lya Jibe Gln Aan Met Ala Olu Tbr Ala !rq Lya'a.ap Ile Alln Glu Gly 
485 490 495 

Lall t.eu &zg Pro Thr Pro Val ser '!rbJ: Glu Phe Leu ':br Pro Ile Lau 
500 505 . 510 
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Alln Ln Ala ArfJ · Ile Val Glu Val ftr '?yr Ile Bia Aan Leu Aap Gly 
515 520 525 

'l!yr ftr Bi• Pro Glu Lye Val.Leu Lye Pro Bia Il• Ile Alln Leu Ln 
530 535' 540 

val up sar :Ile Lya Ile 
545 sso 

(2) :Illl'OllKAUOll l'01l BBQ ID 80191 

(1) 8BQUBRCB CBUACnlt?ftICSI 
(A) l.JIRG'l'lls 30 bue paira 
(B) nn: nucleic acid 
(C:) STDRDBDDSSI single 
(D) !l'OPOUJGY: 1.lnear 

(11) HOLBCULB nn: otber nucleic acid 
(&) DBSCRlftIOR1 /deac • •olJ.gonucl.eotide primer for 

PCR.• 

(ili) BrPo.tSB~ICILt lfO 

(J.Y) Aftl-SBllSlh llO 

(Xi) SBQUBRCB DBSCRIPTIOlh SSQ ID 80191 

~ CCM:C'1'CM'C CGAM.'l'GMC 

(2) DU'Oltlm'l'J:OB POlt SEQ ID ROt101 

(i) SBQUBllCB CBUACnlt?S'l'ICSs 
CA) LBBG'l'H: 30 base paira 
(B) nn1 nucleic acid 
(C) S'DUDBDllBSS1 Bingle 
·CD) 'J.'OllOU)QY1 linear 

(11) HOLBCULJ!: nn: other nucleic acid 
(&) DBSCR?ft'%01h /deac • •oligonucleotide primer for 

PCR.• 

(111) IQ;JVl'BB'Ucr.L: BO 

(lv) M'H-SBBSB: DIS 

(xi) SBQUBifcl!: DBSCR%PTI01f: SBQ ID 110:101 

~ C'raGACGCAG AG&ft:»-\CC 

(i) SBQUBIJCB CllAMCDRIS'nCS: 
(A) LBllGTB: 42 bHe pai.ra 
(B) ftPB: nucleic acid 
(C) S'l'RDDEDllBSSI single 
(D) !l'OPOLOGY: linear 

30 

30 
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(il) llOLBCULB ftR1 otber macleic acid 
(A) DBSCRIP'nOlh /daac • "Oligonu.cleotide primer for 

PCB (raver••)•" 

(iii) B!l'Of8B~%CAL: NO 

(iv) Alft'I-SDD1 ns ... 

(Xi) SBQUBHCB DBSClll:HIOlh SBQ IJ) N0:11: 

GCCGGA'ICCT B'MAC':AGT TGCACCACCA CGC'AGCUAC TG 42 

(2) Dtl'OIUIAUOll l'Oll SEQ m 110: 121 

(i) SBQUBllCE CllJUtAC'l'BRJ:STICS s 
(A) :t.aam: 593 base pairs 
CB) ftPB: nucleic acid 
(C) S!rRABDEDDSS1 double 
(I>) TOPOLOGY: linear 

(ii) MOLBCDLB TnB: DD 

(J.U.) Bti'CtfliBTlCALI JIO 

(iv) All'l%-SDSl:S RO 

(Yi) OltZGDQL SOURCl:s 
(A) o.RGAllISJ11 Ph:rtophthora parasitica 

(ix) l'BA'l'UD: 
(A) DD/D:Y: CDS 
(B) ~TIOlis 207 •• 563 

(Xi) SJIQUBllCB DBscatftIOlh SBQ ID JI0: 12: 

~ GCCCDACl'l'GC mc:AGUC ftCCCGft'CG AATCCTACGC GCICAOGGCAA 60 

~ ODCmACAGC 'ftCAM.DAA CC'l'GQAGCG AGCCGCCAGC cc:»&C'lCCAG 120 

c:aG'l'CAAGC =AG~ ~ AftG'IGCAA'J! 'ftGCT~'J! c~c 1ao 
CCCAC'r.fCTC CCCCACC'.l'C3. 'J!CCG~ ATG MC ftC CGC GC'r C'M '1"J!C GCC GCC 233 

Hat Aan Phe Arg Ala Leu Phe Ala Ala 
555 5&0 

ACC GTC GCC GCC c=rc G!l'C CGC 9ICC ACC !1'CC GCC ACC ACO TGC ACC ACC 281 
~ Val Ala Ala Lau Val Gly Ser '1'hr ser Ala '?hr Thr cya Dr Thr 

565 570 575 

ACG QG CAA AC'1" GCG am 'J!AC G'IG GOG arc G'!A AGC A'.rC C'?C ':t'CG GAC 329 
'lbr Gln Gln Th&' Ala Ala Tyr Val Ala Leu Val Ser Ile Leu &er Asp 

580 585 .590 

ACG Tm ftC AAC CAG TGC !l'CG ACG GAC ':t'C1' GGC !l'AC !1'Cl ATG C!rG ACG 377 
!l'hr Ser Phe Alm Gln eye Ser 'rb.r Asp Ser Gly 'J!yr Sm: Met Leu ':hr 

595 600 605 

GCC ACC TCG ftG CCC ACG ACG GAG CAG !l'AC MG C'.rC A'J!G TGC GCG ':t'CG 425 
Ala ~ ser Leu Pro Thr '?hr Glu Gln 'l'yr I.ya Leu Ket cys Ala ser 

610 615 620 
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ACQ QC» 'ICC UG AC» ATG A'IC MC MG ATC G'l'G Am C'l'G MC CCQ CCC 473 
'lhr Al.a eye Lya '!hr Ket: Ile Aan Ly• Ile Val 'liar Lau Aan Pro Pro 
625 630 635 640 

~~~~ACQ~~ACQ~~~~~MC~~ ~ 
Asp Cya Glu Lau Tbr Val Pro Tiu: Ber Gly Lau Val Leu Aan Val Phe 

645 650 . '· 655 

Am DC am AAC GGG TTC Tea TC'I Am SC GCG '!'CA cm BA 563 
. !fbr ~ Ala Aan Gly Phe Ser Ser Thr Cya Ala Ser Lau 

660 665 

GCGCIGft!l'OA Ta.rcmacr.rc CAGAM'CGA!l' 593 

(2) ~ l'01t BBQ l:D lr01131 

(1) SBQUBllCI CllARM:TBRIS!l'lCS: 
CA) LBRm: 118 amino acids 
(B) ftPB: amino acid 
(D) 'fOl'OLOGYa linear 

(U.) HDLBCDLB nna protein 

Hat an Pbe Al:g Ala Leu Pbe Ala Al.a Thr Val Ala Ala Leu Val Gly 
1 5 ~ ll 

lier Tbr Ser Ala ~ Tbr Cytl Br Tiu: Tiu: aln Gln Thr Ala Ala oryr 
20 25 30 

Val Ala L8\l Val ser Ila Leu Ser Asp 'lbr Ser Pbe Aan Gln Cya ser 
35 40 45 . 

Tbr Mp ser Clly Tyr ser Hat Leu Tiu: Ala '!br Sm: Lau Pro !l'hr ftr 
so 55 60 

Olu Gln !ryr Lya Leu ll8t: Cy• Ala Ser Tbr Ala Cya Lya ~br Het lle 
0 ~ H M 

&a Lya lle Val 'fbr Leu A8n Pro Pro Asp Cys Clu Leu ftr Val Pro 
85 90 95 

'!hr Ser Cly Leu Val Leu Aan Val Phe ftr Tyr Ala Alln Gly Phe Ser 
100 105 110 

aer ftr eye Ala Ser Leu 

(1) 

115 

SBQUBllCB CllUAC'DUSTICS: 
(A) %.BllGn: 1368 baae paira 
(I) ftPBs nucleic acid 
(C) anummmsa ~h 
(D) 'fOPOLOCIYs both 

(11) llDLl!:CULll: ftPB: cDD 
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(XL) DQUBRCB D'BSCRIPTIOlh SBQ ID ll0:14s 

~ AA'n'AGATGT AAAAACJACAC AAACT~A 'l'ATADftAC CUAGBACT 60 

~ AAA'l'ftCAU TACIAACD'l'A GDGGGTAAA ACTG7CTAft 'l!ADATCMIT 120 

A'lftAAMAG GCUGAGCCa UGA'MAaGc G'lft"IA'?C':A ACACXJl..AGCG lt.GGm'IUGC 180 

CCCl.'IGGTGT ft'IAUi"l!D 'l!Aft'!'l!ATAA AT.rTATAAAA TQ'ftATATA AATCIGUAA 240 

ADCACTAM Aft'ClmUAA Oft»-~ AftA'l'AGAA'l' DU'AD~ UADD'l'U 300 

A'.U.'l'HAD'1' AD'l!AD.DT ATA.DTA'l!A'l' A'l'ATA'l!ATAA ATG'tA'fG!ren GTG'M'l!GTCn 360 

GTATCGCA.n mcaccacca TGCAAC'!ft'1' '!'tft"C'ft'GAA AUA'tUMG GCGTA&MAT 420 

ACUTATACC ~TCA AAACU.Dt'A ATA'l'A'l!ATAT ATM'ADD'l' ATA'l'AD'l'AT 480 

UADTABA A'l'GTnGTGT GmmTC'l'GT GTATCGCAm CGOGCGl.CCA 'lGCaAcr.rft 540 

~lr'tC'!mD AUADAAAO CCQTUAGA'l ACAftA'.rACC TUGTCATCA AaACAADTA 600 

AUACTAGAG CGATACCMA GGUA'nftA AAT'!CMAAA CDAC'l"MAA AftAADTAT 660 

~ A!tfH!l'H'H' CTOmaAGJ..A AACUAGCAT .MCACft1'GC ~7MCAC 720 

~ACG ftn'IQ'ICAG ~mc't CCM:GA'l'ACT 'l'A'l'GCCC"MC c:AGTACM:C'l' '780 

oc:cAGTGGGA CTCGCmAAA ~ GftGTGAGAA Aft'GCllft'l' ~A 840 

CAA'r.l'TCGAC »-~\.CCftGG · TTCGTGAUA CTG'.rftGAft MC'.r'l'n'AGA CCM'CCMTC 900 

M'r'.rDACTC TAAAC'J.'QACC TUADMTA CTACGTACM; fta'?C'ftDA G'n'CATCUA 960 

~cm CAftM'!MT mAAA'J!ftH cccacaACAA '.rG&~ftAGC ftftA'rA&AT 1020 

UAGTAA'l'AG GAA'.LT.l'GA'l'A GT'rCCaGGS Acumc'l'AC AG~ Dftn'C!l'GC 1080 

W'l'!H!l'AAAT &eH'a"l"l'C -~ ACUADM'r AUUA'ftm ~ 1140 

TCAATAGACC cc&eaoQCCA ACU.'M™C AMAGGCmC DGC'.l'AG1'GT· AUGTC':AGT 1200 

~ QGAMftAll n&ftUG'l'C C-l"'fT-1-GATCA ATTACATDA CTAGTCTCTC 12&0 

ACCM:TATAT A'l'AC'l'lG'l!CC C'n'CTCftCC A'n'TMGTAG AG'1"1CC't:J:'fC TftC'ftCC'l'l 1320 

AMACr.rAAA AGAACUGTA AU.Amcaco.r c:A'l'C1T.l'AAT TAGCA&1'G 13&8 
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What is claimed is: 

1. A recombinant nucleic acid molecule comprising 
~ an inducible plant disease-resistance regulatory element. 

2. The nucleic acid molecule of claim 1, wherein 
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. 'nla nucleic.acid m.olecule of claim 3, wherein 
said regulatory element directs expression of an epi-5-
aristolochene synthase (BAS). 

5. The nucleic acid molecule of c1ailll 4, said 
nucleic acid m.olecule comprising the nucleotide sequence 
shown in Fiq. 3A (SEQ ID NO: 14) or an inducible plant 
disease-resistance fragment thereof. 

6. The nucleic acid molecule of clailll 5, Wherein 
said nucleic acid m.olecule has the nucleotide_ .sequence shown 

in Pig. 3A (SEQ ID NO: 14). 

7. '!he nucleic acid molecule of clailll 5, Wherein 
said nucleic acid molecule cmaprises nucleotides 463-473 of 

SBQ J:D HO: 2. 

8. 9l'be nucleic acid molecule of claim 5, wherein 
said nucleic acid molecule.comprises nucleotides 406-486 of 
SBQ J:D NO: 2. 



--
·woM/36697 \ \11\11\ \\\I\\ Ill\\ \\l\l \\ \'I\· 

* C L M S PCl'IUS"106452 

. - 75 -

9. '?he nucleic acid molecule of claim s, wherein 
aaid nucleic acid aolecule comprises nucleotides 463-572 of 
SBQ IJ> RO: 2. 

10. The nucleic acid molecule of claim 5, wherein 
said nucleic acid molecule camprises nucleotides 371-463 of 
SEQ II) RO: 2. 

11. 'l'he nucleic acid molecule of claim 5, Wherein 
said nucleic acid ~lecule comprises nucleotides 411-457 of 
SBQ m HO: 2. 

12. The nucleic acid molecule of claim 1, wherein 
said nucleic acid molecule is obtained frmn a dicot. 

13. '.rile nucleic acid molecule of claim 12, wherein 
said dicot is a member of ·the Solanac:eae. 

14. 'l'he nucleic acid aolecule of claim ~3, wherein 
said Solanaceous plant is a member of the genus N:Laot.:!ana. 

15. The nucleic acid molecule of clam 1, wherein 
said nucleic acid molecule is obtained from a.monocot. 

16. '!he nucleic acid molecule of claim 1, wherein 
said nucl.eic acid aolecUle is obtained frmn a gymnosperm. 

17 •. '!he nucleic acid molecule of claim 1, wherein 
said nucleic acid molecule is obtained from a conifer. 

18. The nucleic acid molecule ·of claim l, wherein 
said nucleic acid molecule is genomic DllA. 

19. '!he nucl.eic acid molecule of claim 1, wherein 
said nucleic acid molecule is chemically-synthesized. DNA. 
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20. The nucleic acid :molecule of claim 1, wherein 
said nucleic acid llOlecule is a comJ:>ination of qenmaic D!lA 
and cheDlically-synthesized DNA. 

·-

21. The nucleic acid :molecule of claim 1, wherein 
said nucleic acid molecule is a combination of genomic DHA 
an4 cJ>RA or a combination of genomic DHA, cDNA, and 
chemically-synthesized DBA. 

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. '1'he nucleicacid :molecule of claim 23, wherein 
said ~gal pathogen is a member of the genus .Phyt:opbthora. 

25. The nucleic acid :molecule of claim 22, wherein 
said induction is mediated by a bacterial pathogen. 

26. The ~cleic acid molecule of claim 25, wherein 

said bacterial pathogen is a member of the genus 
.Pseudomonas. 

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 nucleic acid molecule of claim 1, wherein 
said induction is mediated by an elicitor. 
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30. The nucleic acid molecule of claim 29, wherein 
said induction is mediated by a fungal elicitor. 

31. The nucleic acid molecule of claim 29, wherein 
said induction is mediated by a bacterial elicitor. 

32. '.l'he nucleic acid molecule of claim 1, wherein 
said nucleic acid molecule is operably linked to nucleotide 
sequences encoding a heteroloqous polypeptide. 

33. The nucleic acid molecule of claim 32, wherein 
said heterologous polypeptide is capable of conf arring 
disease-resistance to a plant. 

34. '.l'he nucleic acid molecule of claim 33, wherein 
said heteroloqous polypeptide is an elicitin. 

35. 'rile nucleic acid molecule of claim 33, wherein 
said elicitin is a fungal elicitin. 

36. 'the nucleic acid molecule of claim 35, said 
hngal elicitin being from Phyt~phthora. 

37. '.rhe nucleic acid molecule of claim 36, said 
alicitin comprisinq a ParA1 polypeptide. 

38. The nucleic acid molecule of claim 33, wherein 
said elicitin is a bacterial elicitin. 

39. The nucleic acid molecule o:r 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. 
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41. .The nucleic acid molecule of claim 32, wherein 
said nucleic acid aolecul.e is capable of expressing said 
heterologous polypeptide in a cell-specific manner. 

42. The nucleic acid molecule of claim 32, wherein 
said heteroloqous 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 inducibly 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 nuc1eic acid 
molecule of claim 1 integrated into the genome of said 
plant. 

4 7. A transgenic plant which contains a nucleic· 
acid 1a0lecule of claim 32 integrated into the 9enome of said 
plant. 

48. A seed from a transgenic plant of ~laim 46. 

49. A seed from a transgenic plant of claim 47. 

so. A cell from a transqenic plant of claim 46. 

51. A cell from a transqenic plant of claim 47. 

52 •. A method or providing disease-resistance to a 
transgenic plant, said method comprising the steps of: 

i-1;nif 1r 1i1ii1nr 
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(a) producing a transgenic plant cell comprising the 
nucleic acid molecule of claim 32 integrated into the genome 
o:f said transqenic plalit cell, aild 

(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. '1'be trans9enic plant of claim· 52, Wherein said 

transgenic plant is a dicot. 

54. '!'he transgenic plant of claim 53, wherein said 
dicot is a member of tbe Solanaceae. 

55. '!'he transgenic plant of claim 54, said wherein 
said Solanaceous plant is a member of the genus NJ.cotiana. 

56. 'lbe transgenic plant of claim 52, wherein said 
transgenic plant is a monocot. 

57. The transgenic plant of clailll 52, wherein said 
transgenic plant is a CJYllllospera. 

58. 'l'be transgenic plant of claim 52, wherein said 
transgenic plant is a conifer. 
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59. A method of increasing the transcriptional 
expression of a downstream DNA sequence in a transqenic 
plant cell, said method comprising the steps of: 

(a) producing a transqenic plant cell cmaprising tbe 
nucleic acid molecule of clailll 1 positioned for increasing 
tranam:iption of a downstre.- DNA seguence anc:l integrated 
into the genOlle of said transqenic plant cell; and 

(b) qrowinq said transqenic plant from said plant 
cell. 

---·----- -----


