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Nucleic acid molecules are disclosed that are induced upon pathogen
invasion or elicitor treatment. such molecules are functional in
plants, plant tigsue and in plant cells for inducible gene éxpression
and altering the disease resistance phenotype of plants. Such
molecules are, ©or are related to, seguences of calcium dependent
protein kinase genes. Also disclosed are methods for obtaining
transgenic plants containing such nucleic acid molecules and methods
for using such molecules. Polypeptides encoded by such nucleic acids

are also disclosed herein.
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PROTEIN KINASES AND USES THEREOF
m==sm=ss aoibeay AND USES THEREOF

Statement as to Federally Sponsored Ressarch

The research reported herein was performed :n part
with funding from the National Science Foundation cZ the
United States Government. The United States Government

may nave certain rights in this invention.

Field of the Invention

This invention relates to nucleic acids enceding
calcium dependen- protein kinases, polypeptides procuced
from such nucleic acids and transgenic plants expressing

such nucleic acids.

Backaround of the Invention

In plants, disease resistance to fungal,
bacterial, ang viral pathogens is asscciated with a clant
response termed the hypersensitivity response (ER). 1In
the HR, the site in the plant where the potential
phytopathogen invades undergoes localized cell death, ard
it 1s postulated that this localized plant cell death
contains the invading microorganism or virus, thereby
protecting the remainder of the plant. Other plant
defense responses include the production of phytcalexins,
the production of lytic enzymes capable of averting
pPathogen ingress and modifications to cell walls that
Strengthen it against physical and/or enzymatic attack.

The HR of plants can include phytoalexin
producticn as part of the response to invading
microorganisms. For example, tobacco (Nicotiana tabacum’
preduces sesquiterpenes in Tesponse to microbial
invaders, €.9., Pseudomonas lachrymans.

A variety of compositicns can serve as elizitcrs

CI Elant phvroalexin SYnthesis. These includs cre or
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micre TOoXic< 1ons, e.g., mercuric ions, other chemically
defired ccmpositions, metabolic innibitors, cell.wall
g.ycans, certain glycoproteins, certain enzymes, fungal
scores, chitosans, certain fatty acids, and certair
ollgcsaccharides derived from clant cell walls. See,
€.3., Sequeira, L. (1983) Annu. Rev. Microbiol. 37

=

ard references cited therein. Cell wall fragments cf

0

ertain Phytophthora species and cellulase from
Trichcderma viride but not Aspergillus japonicum

ectolyase can also elicit the HR. Attack by other plan:

g/

pathogens or an avirulent related strain can also induce
the HR.

Elicitins are proteins produced by plant pathogens
and potential plant pathogens. Elicitins can induce the
HR in plants. Generally, but not necessarily, local:ized
cell death is the result of the elicitin-induced resconse
in the infected (or challenged) plant tissue. These
responses mediate full or partial resistance to
destructive infection by the invading, potentially pliant
pathogenic microorganism. Amino acid and nucleoctide
coding sequences for an elicitin of Phytophthora
parasitica have been published. Kamoun et al. (1993)
Mol. Plant-Microbe Interactions 6:572-581.

Plant pathogenic viruses including, but not
limited to, Tobacco Mosaic Virus (TMV), induce the HR in
infected plants. Bacteria that infect plants also car
induce HR and thereby disease resistance; representative
bacteria eliciting HR include, e.g., Xanthomonas spp. and
Pseudomeonas syringae. Plant pathogenic fungi generaliy
do not induce the HR response after attack on a host
plant, e.g., Phytophthora parasitica and Peronosrpora
tabaci cn tobacco hosts, but can induce the &R after
attack c¢n a non-host plant.
he zignal transduction mechanisms :nvolved -r

cxpressicn of disease resi
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anc scme <f the genetic and biochemical features have
peen cutl:ined. See, e.g., Staskawicz, B. et al., Science
268:861-657 (1995). However, many aspects of signal
transduct:ion pathways and the role of many specific
components are not well understood.

There is a long felt need in the art for methcds
of proteczing plants, particularly crop plants, from
infection by plant pathogens. Especially important from
the standroint of economic and environmental concerns are
biolcgical or "natural" methods rather than those which
deperd on the application of chemicals to crop rlants.
There is also a need in the art for plant polynuclec:tide
sequences for enhancing and/or improving disease

resistance in plants.

Summarv of the Invention

Nucleic acids of the present invention are based
on novel calcium dependent protein kinase (CDPK) genes
and their corresponding proteins. Inducticn of
expression of these novel CDPK genes is surprisingly
rapid, i.e., mRNA transcription of such genes can be
observed as soon as 30 minutes after elicitor-mediated
induction cf plant defense responses. Thus, the novel
genes disclosed herein are amcng those genes that are
most rapidly induced in response to signals indicatirng an
invading plant pathogen.

An isolated polynucleotide is disclosed herein,
that comprises the nucleotide sequence of SEQ ID NO:1 and
its complement, and an RNA analog of SEQ ID NO:1 or ics
complement. Such a polynucleotide can also be a nucleic
acid fragment of the above that is at least 20
nucleotides in length and that hybridizes under stringent
conditions to genomic DNA encoding the polypeptide of

Figure 3. The polynucleotide can comprise, for examplie,
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nuclectides 1 toc 170, nuclectides 160 to 560, cr
nuclectides 550 to 920 of Figure 2.
A nucleic acid construct as disclosed hereir

comprises a polynucleotide of the invention. In such 2

wn

censtruct, a polynucleotide of the invention can be
operaZzly linked to one or more elements that reculate
transcription of the polynucleotide, for example, a
regulatory element induced in response to a plan:

pathogen such as a fungus (e.g., Phytophthora), a

[
(&)

bacterium (e.qg., Pseudomonas), or a virus (e.g., Tobacco
Mesalc Virus) as described nerein. In other emczdiments,
such induction is mediated by an elicitor (e.g., by
fungal or bacterial elicitors).

Further aspects of the present invertion are
15 transgenic plant cells, plant tissues, and plants that
have been genetically engineered to contain and express a
polynucleotide of the invention, for example, a coding

Séquence, or an antisense sequence. The construct car

cr
O

further comprises a regulatory element operably linked

20 the polynucleotide, €.9., an inducible regulatory
element. The plant can be a dicotyledonous plant, e.g.,
a member of the Solanaceae family such as Nicotiana
tabacum. The plant can also be a monocotyledonous plant,
a4 gymnesperm, or a conifer.

25 A transgenic plant is disclosed herein tha:
contains a polynucleotide expressing a polypeptide havin

}

from about 250 to about 550 amino acids. The polypept:ide
comprises an amino acid sequence substantially identical
LO the amino acid sequence of Figure 3.

30 A method cf using a polynucleotide is disclosed
herein. The method comprises the step of hybridizing the
polyrnucleotide discussed above CO DNA or RNA from a

plant. The method can further Comprise the steps of

‘dentifving a secment of che Plant DNA or RNA tha:- hnas
25 abour 7C% or grearar SeJuences ildentit to the
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pclynuclectide, and the step cf cloning at leas:- a

jo cZ the DNA or RNA segment. The lcned port:ion
her comprise DNA flanki g the segment havinc 70%
8r sequence identi:zy.

In another aspect, the invention features a methcd
¢l altering disease resistance in a plant. The method
comprises the steps of introducing a polyruclectide of
the invention into a plant cell; and producing a plan
containing the polynucleotide from the plant cell.
Expression of the polynucleotide alters disease
resistance in the plant. For example, the rnucleic acid
construct may further comprise an inducible regulatory
element operably linked to the polynucleotide and
expression may be induced Ey the regulatory element upon
EXposure of the plant to an elicitor or plant pathogen.

In another aspect, the invention features an
isolated polypeptide, having from about 250 to akout 550
amino acids and comprising an amino acid sequence
substantially identical to Flgure 3,

An inducible regulatory element is a DNA sequence
effective for regulating the expression of a
polynucleotide that is operably linked to tha- regulatory
element. For example, a CDPX gene product associated
with a plant defense response (e.g., a hypersensitive
response) can be operably linked to a develcpmentally-
regulated regulatory element. Also included in this ternm
are regulatory elements that are sufficient to render
gene expression inducible in response to disease-
asscciated external signals or agents (e.g., Fathcgen- or
elicitor-induced signals or agents as described herein) .
Also included in this term are those regulatory elements
flanking a novel CDPK gene and invelved in rapid
induction of transcription of such a novel cene. <In

general, defense response resulatory elements are locared
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ccding regicn of a gene, bus are no: so
By "tissue-specific" is meant capable ¢f

-
-

0

e€rentially increasing expression of a gene rrodu
-+ 4Anl MRNA molecule or pclypeptide) in ocne TIssu
le.g., xylem tissue)

phloem) .

D

as compared to another tissue (e.g.,
By "cell-specific" is meant capable of

bpreferentially increasing expression of a gene producs

(e.g., an mRNA molecule or polypeptide) in one cel]
(e.g., a parenchyma cell) as compared to another cell
(e.g., an epidermal cell).

A "pathogen" is an organism whose infecticn of, or
association with, cells of viable plant tissue can result
in a disease. Aan "elicitor" is any molecule that is
capable of initiating a plant defense response. Examples
of elicitors include, without limitation, one or more
toxic ions, €.9., mercuric ions, other chemically defined

compositions, metabolic inhibitors, cell wall glycans,

certain glycoproteinsL certain enzymes, fungal spores,
chitosans, certain fatty acids, and certain
oligosaccharides derived from plant cell walls, and
elicitins (e.g., harpin, cryptogein, and parasiticein) .
By "operably linked" is meant that two
polynucleotides dre connected in such a way as to perm:tc
the two Polynucleotides to achieve a desired functional
activity, for example, linking of an inducible regulatory
sequence and a coding sequence to achieve gene expressicn
when the appropriate inducer molecules are present.
Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art
to which this invention belongs. Although methods and
materials‘similar Or equilvalent to
Can be used :n Tt

the practice h
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below. aX1 publications, patentc applications, patents,
and other references mentioned herein are incorporated by
reference in their entirety. In case of conflic:, the
pPresent specification, including definitions, will
centrol. In addition, the materials, methods, and
examples are illustrative only and not intended to be
limiting.

Other features and advantages of the invention
will be arparent from the following description of the
preferred embodiments thereof, and from the claims.

Brief Description of the Drawings

Figure 1 is a representation of the nucleotide
Sequences of the primers FokinB and RecallV.

Figure 2 is a representation of the DNA seguence
(SEQ ID NO:1) of a partial cDNA clone isolated from a
cell suspension culture derived from a tobacco cultivar
KY1l4 explant, after growth in the presence of the
elicitin parasiticein.

Figure 3 is a representation of the deduced amino
acid sequence of the DNA sequence of Figure 2, using the
standard one letter amino acid code.

Figure 4 is a schematic comparison of the amino
acid sequence of Figure 3 to that of a soybean CDPK.

Detailed Description of the Invention

The present invention relates to isolated
polynucleotides (nucleic acids) that are induced in plant
cells in response to invasion by a potential plant
pathogen and/or treatment with an elicitor or elicitor-
mimicking chemical signals. Such nucleic acids typically
encede a calcium dependent protein kinase (CDPK)
polypeptide or CDPK-related polypeptide. Induction of
the novel pclynucleotides disclosed herein corresponds in

Lime to that of plant deferse response genes, whereas
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cther CDPK genes appear to be induced less rapidly.
Induction of gene expression for such novel genes 1is more
rapid than that of genes involved in developmenzally
regulated processes in plants, e.g., develcpmentally
regulated processes such as floral development.

Induction of the novel CDPK genes disclosed herein is
also more rapid than that of many genes involveZd in
responses to abiotic stress, such as salt or warer
stress.

A polynucleotide of the present inventica can be
in the form of RNA or in the form of DNA, including cDNA,
synthetic DNA or genomic DNA. The DNA can be dcuble-
stranded or single-stranded and, if single-stranded, can
be either a coding strand or non-coding strand. An RNA
analog of SEQ ID NO:1 may be, for example, mRNA or a
combination of ribo- and deoxyribonucleotides.

A polynucleotide of the invention can encode a
polypeptide including an amino acid sequence
substantially similar or identical to that of Figure 3.
In some embodiments, a polynucleotide may be a variant of
the nucleic acid shown in SEQ ID NO:1, e.g., can have a
different nucleotide sequence that, due to the degeneracy
cf the genetic code, encodes the same amino acid segquence
as the polypeptide of Figure 3.

A polynucleotide of the invention can further
include additional nucleic acid sequences. For example,
a nucleic acid fragment encoding a secretory or leader
amino acid sequence can be fused in-frame to the amino
terminal end of a polypeptide comprising the amino acid
sequence of Figure 3. Other nucleic acid fragments are
known in the art that encede amino acid sequences useful
for fusing in-frame to the CDPX polypeptides disclosed
nerein. See, e.g., U.S. 5,629,193, A polvnuclectide can
further include one or more regulatcry elements cperably

~inked to a CDPK polynuclectide 4isclosed herein,
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The present invention also includes
colynucleczides that selectively hybridize to a CDPK
polynuclectide sequence disclosed herein. Hybridiza:ion
may involwve Southern analysis (Southern blotting), a
method by which the presence of DNA sequences in a targec
nucleic ac:d mixture are identified by hybridization to =a
labeled ol:i:gonucleotide or DNA fragment probe. Southern
analysis typically involves electrophoretic separaticn of
DNA digests on agarose gels, denaturation of the DNA
after electrophoretic separation, and transfer of the DNA
to nitrocellulose, nylon, or ancther suitable membrane
support for analysis with a radiolabeled, biotinylated,
Or enzyme-labeled probe as described in sections $.37-
9.52 of Sambrook et al., (1989) Molecular Cloning, second
edition, Cold Spring Harbor Laboratory, Plainview, NY.

A pclynucleotide can hybridize under moderate
stringency conditions or under high stringency conditions
Lo a polynucleotide disclosed herein. High stringency
conditions are used to identify nucleic acids that have a
high degree of homology or sequence identity to the
probe. High stringency conditions can include the use of
a denaturing agent such as formamide during
hybridizaticn, e.g., 50% formamide with 0.1% bovine serum
albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50 mM
sodium phosphate buffer at PH 6.5 with 750 mM NaCl, and
75 mM sodium citrate at 42°C. Another example is the use
of 50% formamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium
citrate), 50 mM sodium phosphate (pH 6.8), 0.1% scdium
pyrophosphate, 5 x Denhardt’s solution, sonicated salmon
sperm DNA (50 ug/ml), 0.1% SDS, and 10% dextran sulfate
at 42°C, with washes at 42°C in 0.2 x SSC and 0.1% SDS.
Alternatively, low ionic strength and high temperature
can be employed for washing, for example, 0.015 M
NaCl/0.0015 ¥ scdium cizrate (0.1X SSC); 0.1% sodium

~auryl sulfars (SDS) at As5°C.
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Mcderare stringency conditions are hybridiza~-ion

cnditions used to identify nucleic acids that have less
homology cor identity to the pProbe than do nucle:c acids
identified under high Sstringency conditions. Mcderate
Stringency conditions can include the use of higaer :onic
Strength and/cr lower Cemperatures for washing ¢ the
hybridization membrane, compared to the ionic Strength
and temperatures used for high stringency hybricdizatiorn.
For example, a wash solution comprising 0.060 M
NaCl/0.0060 M sodium citrate (4X SSC) and 0.1% scdium
lauryl sulfate (SDS) can be used at 50°C, with & last
wash in 1X ssc, at 65°C, Alternatively, a hybridization
wasn in 1X sSSC at 37°C can be used.

Hybridization can also be done by Northerrn
analysis (Northern blotting), a method used to identisy
RNAs that hybridize Lo a probe. The probe is labeled
with a radiocisotope such as 2p, by biotinylaticn or with
an enzyme. The RNA to be analyzed can be
electrophoretically Separated on an agarose or
polyacrylamide gel, transferred to nitrocellulose, nylcn,
Or other suitable membrane, and hybridized with the
probe, using standard techniques well known in the arc
such as those described in sections 7.39-7.52 of Sambrcok
et al., supra.

It is génerally preferred that a probe cf a- leas:
about 20 Nucleotides in length be used, preferakly at
least about 5o nucleotides, more Preferably at least
about 100 Nucleotides. 1If a relatively short Drobe is =o
be used, the rucleotide sequence of the probe creferably
aveids regions conserved among plant CDPK genes (protein
kinase domains and calcium-binding domains), tc more
readily distinguish the rapidly induced CDPK gernes
disclosed ‘herein from more slowly induced cppx Senes,
constitutive cHpy genes or low-level constituti-rs CooK

genesg, Nevertheless, oCrobes ~ONtalning such conser-ad
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regicns can pe used, provided that there are scfficient
non-conserved regions present in the probe rhacr are more
specific for the novel polynucleotides disclosed, heve:in.

A polynucleotide of the invention has at least
abour 703 Sequence identity, Preferably at least abcu-
80% sequence identity, more Preferacly at least abous 903
Seguence identity to SEQ ID NO:1. Seqguence identity can
be determined, for example, by Computer programs desicnes
tc perform single andg multiple Sequence alignmencs.
Polynucleotides having at least about 70% nuclec:ide
sequence identity to the polynucleotide of SEQ ID NC:1
are included in the invention and can be identif:eq cy
hybridization under conditions of moderate Stringency.
Polynucleotides having at least abouz 80% sequence
identity, or at least about 90% sequence identity, or at
least about 95% sequernce identity to the Polynucleotide
of SEQ ID NO:1 can be identifieq by high Stringency
hybridization.

A polynucleotide of the invenrion can be obta:ned
by chemical Synthesis, isolation and cloning from plarnt
genomic DNA, or other means known tec the are, includi:g
the use of Polymerase chain reaction {PCR) technology
carried out using oligonuclectides corresponding :to
bortions of SEQ ID NO:1. PCR refers :to a procedure or

manner similar to that described ipn U.S. Patent Nc.
4,683,195, incerporated herein by reference, and
Subsequent medifications of the Procedure describegd
therein. Generally, sequence information from the ends
of the region of interest or beyond are employed to
design oligcnucleotide pPrimers that ars identical or
similar in Sequence to opposite Strands of the templats
€O ke amplified. pcr can be used to amplify specific =ya
Sequences, gpecific DNA sequences from total genomic DNA,
and <DNA trarscribed from total cellular RNA,




EEn '},“1;‘1““} vt *-i‘:‘ 1‘.4&\:‘3&5." R,

. o3y AR o S
CapEmaserer ooy SN u"f',‘f .;‘;3.&%‘%”»‘::5.’.‘:4:. .de&‘és’“ i

010990
- 12 -

bacteriorhage or pPlasmid sequences, and the like.
Alternatively, it is contemplated that a cDNA library (in
an expressicn vector) can be screened with CDPK-specific
antibecdy crepared using peptide sequence(s) from

S hydrophil:ic regions of the CDPK sequence of Figure 3 and
technology known in the art.

The novel polynuclectides of the invention can be
found in substantially all plants, including members of
the Leguminaceae (e.g., soybean), members of the

10 Solanaceae (e.g., N. tabacum), members of the
Brassicaceae family (e.g., Arabidopsis thaliana) and
members of the Graminaceae (e.g., Zea mays) . Preferably,
polynucleotides of the invention are selected from the
Solanaceae family.

15 In some embodiments, a polynucleotide of the
invention is identified and isolated from a plant based
on nucleotide sequence homology and on the rapid
induction of expression after elicitor or pathogen
treatment. For example, DNA:DNA hybridization under

20 conditions of moderate to high stringency with a
polynucleotide probe disclosed herein allows the
identification of corresponding genes from other plant
Species. Use of a target nucleic acid (e.g., cDNA)
pPrepared from a tissue shortly after induction of defense

25 responses facilitates the isolation of the novel
polynucleotides disclosed herein, because such
polynucleotides typically are more rapidly induced than
other CDPK genes.

A nucleic acid construct comprises a

30 polynucleotide as disclosed herein, and typically is
linked to arother, differen: polynucleotide. For
example, a full-length CDPK coding seguence can be
operably fused in-frame to a nucleic acid fragment that

=ncodes z leacder SedJquence, secretory sequence or ocher

=S ad
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. additional amino acid sequences that may be uselully
linked to = colypeptide or peptide fragment.
- In scme embodiments, a nucleic acid conszrucs

includes a colynuclectide of the invention operably

[§2]

linked to at least one suitable regulatory sequence :n
Sense Or antisense orientation. Regulatory segquences
typically <o nct themselves code for a gene product.
Instead, regulatory sequences affect the express:on evel
of the coding sequence. Examples of regulatory sequences
10 are known in the art and include, without limitaszion,
minimal prcmoters and promoters of genes induced in
reésponse tc elicitors. Native regulatory seguences cf
the polynucleotides disclosed herein can be readily
isolated by those skilled in the art and used in
15 constructs of the invention. Other examples of suitasle
regulatory sequences include enhancers or enhancer-like
elements, introns, 3 non-coding regions such as polyv A
sequences and other regulatory sequences discussed
herein. Molecular biology techniques for pPreparing such
20 chimeric genes are known in the art.

Polypeptides of the invention have from acout 250
to about 550 amino acids, e.g., from abour 300 amino
acids to about 508 amino acids, or from about 308 amino
acids to akecut 500 amino acids. A polypeptide of the

25 invention typically contains protein kinase domains as
well as calcium-binding site domains. Such domains
include, for example, amino acids 2 to 7, 42 to 4%, 191
O 202, 227 to 238, 264 to 274, and 297 to 307 of Tigure
3.

(a)
(@]

The amino acid Sequence of the polypeptide can
include the deduced amino acid sequence of Fig. 3. 1In
cther embodiments, a Polypeptide of the invention
includes. an amino acid Seéquence substantially :idenzica:
t> that of Fig. 3, e.g., about 80% or greater secuence

=5 identity, or abou:s 90% ~r greater seguence identice, ox
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about 95% or greater sequence identity. Generally,
censervative amino acid substitutions or substituticns c*
similar amino acids are tolerated without affec"lnc
Erotein function. Similar amino acids are those thaz are
similar in size and/or charge properties. For examgie,
isoleucine and valine are similar amino acids.

Similarity between amino acid pPairs has been assesses :n
the art in a number of ways. For example, Dayhoff e: al.
(1978) in Atlas of Protein Sequence and Structure, Vvol.

5, Suppl. 3, PP. 345-352, provides frequency tables for
amino acid substitutions which can be employed as a
measure of amino acid similarity. Protein kinase dcmains
and calcium- binding site domains may be altered by
conservative substitutions, but generally are retained
without alterations in amino acid sequence.

An "isclated" polypeptide is expressed and
Prcduced in a manner Or environment other than the manner
Or environment in which the polypeptide is naturally
expressed and produced. For example, a polypeptide is
isclated when expressed and produced in bacteria or
fungi. Similarly, a polypeptide is isolated when a gene
encoding it is operably linked to a chimeric regulatory
element angd eéxpressed in a tissue or species where the
polypeptide is not naturally expressed. 1In addition, a
Polypeptide is isolated when a gene encoding it is
operably linked to a chimeric regulatory element and is
eXpressed in a tissue where the polypeptide is naturaliy
=Xpressed, but at higher levels. A polypeptide of the
invention can also be isolated by standard purificatie=n
methods to obtain it in about 80% or greater purity, cr
about 90% or greater purity or about 95% or greatex
purizy.

In scme embodiments, 3 polypeptide of the

invention is an analog ~=r wvariant of a polypeptide

(»)

including the deduced aminc acid sequence of Fig.
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nalcgs or wvariants include, for example, naturally

6]
=
8]
T
[+1]

a
cccurring allelic variants, non-naturally occurring
allelic variarts, deletion variants, and insert:on

rrants, that éo not substantially alter the function oF
polypeptide.

A tolypeptide of the invention may comprrse the
Sequence shown in Fig. 3 as well as the flanking amino
terminal and carboxy terminal Sequences encecded zv the
same gene as that comprising the nucleotide sequence of
SEQ ID NO:1. Alternatively, a chimeric polypept:de may
be produced frem a gene that links, in-frame, nucleotides

o3

from the 5’ region of a first CDPK gene to nucliec=ides

(

from the 3’ region of a second CDPK gene, thereky forming
a& chimeric gene that encodes the chimeric polypercide.
An 1llustrative example of a chimeric CDPK polypeptide :is
a polypeptide expressed by a polynucleotide encecing
amino acids 1 to 156 from the amino terminal regisn of a
Soybean CDPK gene (Fig. 4), followed by the amiro acid
sequence of Fig. 3, followed by amino acids 465 => sQs
from the carboxy terminal region of the same soybean CDPEX
gene, all of which are fused in-frame.

A transgenic plant of the invention contains a
nucleic acid construct as described herein. Such =

construct is introduced into a Plant cell and at least

)

a
One transgenic plant is obtained. Seeds produced oy
transgenic plant can be grown and selfed (or outcrossed
and selfed) to obtain plants homozygous for the
construct. Seeds can be analyzed to identify these
hcmezygotes having the desired expression of the
construct. Transgenic plants may be entered into =
breeding program, €.g9., to increase seed, to intregres
the novel construct into other lines or species, or for
further selection of other desirable traits.

AlternaciVely, transgenic plants may be obtained johPs
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vegetative prcpagation of a transformed plant cell, for
those species amenable to such technigues.

As used herein, a transgenic plant also refers tc
progeny of an initial transgenic plant. Progeny includes
descendants of a particular plant or plant line, e.c.,
seeds developed on an instant plant. Progeny o an
instant plant also includes seeds formed on F., F,, F,,
and subseguent generation plants, or seeds formed on BC,,
BC;, BC,, and subsequent generation plants.

In some embodiments, a transgenic plant contains a
construct that includes a polynucleotide of the invenation
operaktly linked in sense orientation to a suitable
regulatory element, so that a sense mRNA is produced. If
desired, a selectable marker gene can be incorporated
into the cconstruct in order to facilitate identificazion
of transformed cells or tissues.

Inhibition of the novel CDPK genes in plants is
also useful. For example, inhibition of CDPK gene
expression shortly before harvest of a seed crop can
permit plant pathogens to more readily invade plant
vegetative tissues, thereby reducing the amount of plant
biomass that interferes with mechanical harvesting of the
seeds. Regulated inhibition of CDPK gene expression can
be acccmplished by operably linking, in antisense
orientatien, a polynucleotide of the invention to a
suitable inducible regulatory sequence. See, e.g., U.S.
Patent 5,453,566. One can achieve the same effect by
cosuppression, 1.e, expression in the sense orientatiocn
of the entire or partial coding sequence of a novel COPX
geéne can suppress corresponding endcgenous CDPK genes.
See, e.g., WO 94/11516.

In some embodiments, a nucleic acid construct

includes a polynucleotide disclosed herein, operably

—
B8
)

w

ked to a2 minimal promoter. Such a construct, whern

3 - > 3 - 3 N - 3 5 = - = - ©r
~hiIocuced ntc and expressed 1n a rplant, can cconfer Low
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level constitutive expression of the polynuclectide,
resulting in an enhanced systemic defense respcnse by the
plant. A minimal promoter contains the DNA sequence
signals necessary for RNA polymerase binding ang
initiation of transcription. Generally, transcripticn
directed by a minimal promoter is low and does not
respond either positively or negatively to environmental
or developmental signals in plant tissue. An exemplary
minimal promoter suitable for use in plants is the
truncated CaMV 35S promcter, which contains the regicn
from -50 to +8 of the 358 transcription unit.

Transcriptional regulatory sequences can be used
to control gene expression in suspension cultures. For
example, the EAS4 promoter including the transcription
initiation signals, the inducible transcription
regulatory element and the transcription-enhancing
element, can be used to mediate the inducible expression
of the disclosed coding sequence 1in transgenic plants or
suspension cell cultures. See U.S. Application Serial
No. 08/577,483. When desired, expression of the coding
sequence of interest is induced by the application of an
elicitor or other inducing signal.

Transgenic techniques for use in the invention
include, without limitation, Agrobacterium-mediated
transformation, electroporation and particle gun
transformation. Illustrative examples of transformation
techniques are described in U.S. Patent 5,204,253,
(particle gun) and U.S. Patent 5,188,958 (Agrobacterium).
Transformation methods utilizing the Ti and Ri plasmicds
of Agrobacterium spp. typically use binary type vectors.
Walkerpeach, C. et al., in Plant Molecular Biology
Manual, S. Gelvin and R. Schilperocort, eds., Kluwer
Dordrecht, C1:1-19 (1994).

In some embodiments, an inducikle transcrigrion

s
]

equence can de coupled tc a promoter segusncs

regulatcry
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functicnal in rlants, both of which are operably linked
L0 a polynuclectide of the invention. When sucr a
regulatory elemert is coupled to a promoter, a truncated
(or minimal) prcmoter generally is used, for example, the
truncated 35S promoter of Cauliflower Mosaic Virus

(CaMV) . Truncated versions of other constitutive
pPromoters can alsoc be used, e.g., Aa. tumefaciens T-DNA
genes such as nos, ocs, and mas, and plant virus genes
such as the caMv 195 gene.

Techniques are well-known to the art for the
introduction of DNA into monocots as well as dicots, as
are the techniques for culturing plant tissues and
regenerating those tissues. Monocots which have been
Successfully transformed and regenerated include whea:,
corn, rye, rice and asparagus. See, e.g., U.S. Paten=
Nos. 5,484,956 and 5,550,318. Transgenic aspen tissue
has been Prepared and transgenic plants have been
regenerated. Poplars have also been transformed.
Technology is also available for the manipulation,
transformation, and regeneration of Gymnosperm plants.
See, e.g., U.s. Patent No. 5,122,466 and U.S. Patent No.
5,041,382.

A method according to the invention includes the
introduction of a nucleic acid construct into a plant
cell and the proeduction of a plant from such a
transformed cell. Expression of the polynuclectide
Present in the conscruct alters the disease resistances
phenotype of the bPlant, e.g., a novel disease resistance
phenotype is ccnferred on the plant or an existing
disease resistance phenotype is enhanced.

Disease resistance phenotype involves the level

and timing of rost defensive responses in the transgen:ic

blant. Assavys C0 indicate that disease resistance has
Y
' ol de the application o7 =

0
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& transgenic plant and, in paraliel, the applicaticn ¢f
& same <ompound to a centrel plant. A cone

SyPlcally is from the same parenta: line as the pre _nte

WIlCh a new rucleic acid construce was introduced.
DLisease resistance is enhanced Oor conferred on a piant b
exXpression of a polynucleotide of =he invention when

there is g higher level of resistance in the Cransgenzic
Plant than the corresponding resisctance in the zconcrsl
plant. Diseage resistance can be Measured with referencs
Lc a specific pathogen, e.g., a Phythophthora sco. .
Disease resistance can also be measured with referencs -¢
several pathogens, to identify an enhanced systemic
defense respeonse.

Where transgenic plants are to be induced for
EXpression of a CDPK coding sequerice operably lirked to
an elicitor—mediated regulatory element, the elicitor
typically must Penetrate the cuticle of the plant to nave
an inductive effect. Plant CLissue can be wounded to
facilitate cr allow the uptake of the elicitor into the
plant tissue. A wide variety of inducing compesitions,
including elicitors and other chemical signals, such as
the combination of ethylene and methyl jasmonate, can pe
effeccively used to induce expression.

A methed of using a polynucleotide of the
invention Ccmprises the step of hyrbridizing the
polynucleotide to DNA or RNA from a plant. Hybridizacion

can pbe carried out, for example, as described

ih

hereinabove. The method can furcher comprise the ster o

iderntifying a Ssegment of the plan: ONA or RNA thar nas

i

significant Zegree of Sequence 1identity to the
polyrucleotide, €-9., 70% sequence identity, Dreferanly
80% sequence identity, 20% segquencse identity, or ssz

S€quence identity. The Seégment can pe identified -
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a visible band at the position of the homologous segment.
Segments can be generated, for example, by physical
shearing or by restriction endonuclease digestion. A
Segment can be as short as 100 bp (nucleotides) in
length, cut typical segments are at least 1000 bp, and
can be 10,000 bp or greater.

Such a method can further comprise the step of
cloning at least a portion of the DNA or RNA segment,
including, but not limited to, DNA flanking the
homologous segment. Such flanking DNA can include
promcters, enhancers, transcriptional regulatcry elements
and poly A sequences. Flanking DNA can be either 5’ to
or 3’ to the homologous segment and preferably includes
300, or 600, or 1,000 bp of DNA beyond the coding
Sequence, because regulatory elements generally are found
within this span.

Promoters and other elicitor or pathogen-
responsive regulatory elements flanking the novel
polynuclectides disclosed herein are particularly useful,
because such elements cconfer very rapid induction of gene
expression after treatment with pathogen or elicitor.
Such regulatory elements can be operably linked to useful
genes to allow rapid production of desirable compounds.
For example, such regulatory elements can be used to
drive expression of genes encoding antibodies, blood
clotting factors, antigenic peptides, viral replicases or
coat proteins, and enzymes involved in secondary
metabolite synthesis (such as isoprenoid biosynthesis).
See, e.g., U.S. Patent 5,612,487; U.S. Patent 5,484,715;
and U.S. Application Ser. Ne. 08/577,483, filed December
22, 1995,

After introducing a chimeric gene having an
elicitor or pathogen-responsive element into a plant,

expression of the chimeric gene product can be induced

[

With an apcropriate pathcgen or elicitor. Product:ion o

S b TOTTH SN WX L ——
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the desired gene product (or its enzymazic end Troaucs)
rapidly ensues and the desired product can -her De
cotained.

The invention will be furcher g
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following examples, which do not limit the Sczope cf zhe

nvention described in the claims.

EXAMPLES
The following examples use many Techniques
well-known and accessible to those skilled :n tre arcs o
=0 mclecular biology, in the manipulat:on of recomcinant DNA
i plant tissue and in the culture ard regeneration of
transgenic plants. Enzymes are obtained frem ccmmercial
scurces and are used according to the vendors’

recommendations or other variations known tc the

=
tn

a
Reagents, buffers, and culture conditions are a so known

p—t

tc the art. Abbreviations and nomenclature, wh

D
H
14

erployed, are deemed standard in the fielid and are

ccmmonly used in professional journals such as those

9]

1zed herein.
27 Example 1.
Cloning of a Tobacco CDPK cDNA
The elicitor parasiticein was prezares by
excression of the Phytophthora paraAl gene in =, coli

cells and isolation of the gene product *rom The

to
n

per:plasmic space.
Genomic DNA of Phytophthora Race C was isolared

th

rcm mycelium essentially

v 3

Y a
rends in Genetics 10:22€-227 (1594).
h emplat

ared and used as a t

4]

(1

1

L
(@]
(@1

aa

parial gene, using primers 4
P = ¥

\

arsl sequence reported in Kam

s}

4

e
Microbe Interacs. 6:57

3-38
prcduct was cloned into pBluescriz: (Stratagene, Sar

*
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Diego, CA) and the seqguence of the product determines by
double-stranded DNA seguencing using the dideoxy chain
termination method.

The parAl insert in pBluescript was amplified kv
PCR, using primers that created an N-terminz. histidine
tag and a protein kinase site at the 5’ end cf the gene .,
The PCR product was ligated into the expresszion vectoer
pET28b (Novagen, Madison, WI) and, after confirming the
DNA sequence of the parAl fusion, the pET28F construc:
was transformed into E. coli BL21.

A BL21 culture containing the parAl fusicn was
grown at 37° C in the presence of kanamycin tc an OL,,, of
0.3. IPTG (1mM) was added and the culture was :incubzated
for 5 hours at 27° C.

Periplasmic proteins were prepared by osmotic
shock essentially as described in Ausubel, F., ¢ al. in
Current Protocols in Molecular Biology, John Wiley &
Sons, New York (1989). Cells (1.5 ml) were harvested by
centrifugation, resuspended in 500 ul of 50 mM Tris-=71
PH 8.0, 20% sucrose, 1 mM EDTA and incubated with shaking
for 10 minutes at room temperature. After
centrifugation, the pellet was resuspended ir 200 ul :ice
cold MgsSO, (5 mM) and incubated with shaking for 10
minutes at 4° C. The mixture was centrifuged and the
resulting supernatant (containing periplasmic proteins)
was applied to a Ni** column. The parAl protein was
purified frem the column accordina to the marnufacturer's
directions. The protein concentraticn in the paral
extract was determined by the Eradford method.

Nicotiana tabacum L. cv. ¥KYl4 cell susoenziorn
cultures were treated with parasiticein at a final

a
concentration of 2 pg/ml during rapid growth chase rz

induce stress response genes. Parallel suspensicn

-

n
(o

cultures which were not treated with parasit:czein serreg

as controls. Cells were collected by gentle wvacuum
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iltration 0, 30, 60 ard 120 minutes after the addi=1cn
1i

th

cf elicitor.

Total RNA was isolated from treated anc -un-rezred

“cbacco cells and used as template for targeted

[Sa}

differential display reverse transcriptase PCR (TDDRT-

PCR) . First strand cDNA was geénerated using a cDNA cvycle

I’

kit from Invitrcgen (San Diego, Ca). The first strang
CDNAs were then used as templates for PCR. The PCPR
reaction was carried out using tyrical conditicns as

-0 described in PCR Protocols: A Guide Lo Methods and
Applications, Innis, M., Gelfand, D., Sminsky, J. and
Wnite, T., eds. Academic Press Inc., San Diego, ca
(1990), except that the annealing temperature was 58°C,
The PCR primers were FokinB (GTTGACTCCCTACCCTCTT) and

5 RecallV (GGTACTTAGGAAGTGTTACGGG). See Figure 1. PCR
products were separated by electrophorecis on a 1% (w/v)
agarose gel and products of greater than about 200 base
pairs (bp) from the 60 minute treated culture were

purified by electroelution onto DZ-81 paper (Whatmarn).

2J Ends of the purified pCR products were filled ir wicth
Klenow polymerase, ligated tc the EZcoRV Site of
PEluescript, and transformed into =, coli TE1.
Ampicillin resistant TBl colonies were screened
fer the presence of a 800 op DNA fragment :nserred into
25> pBluescript. The seguence of cne such inser:c was

determined by the dideoxynuclecotide chain terminaticn
prccedure of Sanger et al. (1977) Proc. Natl. Acad. Sci,
USA 74:8073-8077, with a Seguenase® kit from United
States Biochemical Corp., Cleveland, 0OH)

0
(&3]
<
n
T 0
D
3
n
g
O
0
rt
M
H

37 fluorescence based system (Applied =53
City, CA). The seguence of the inSert In the vecicr was
determined on both strands. The P.asmicd containing =h:s
insert was designated pCDPK-1.

The nucleotide seguence cf -he inser- in gCDPK-1

35 1is shown in Figure 2 and the deduced amino ac
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I the insert is shown in Figure . The deduced aminc
:d seguence was compared to amino ac:id seqguences of
Dlant genes in the GenBank, EMBL, and Swiss Dprot

a

databases. Homology was found to ol

n
'

clypeptides, including polypeptides from Glycine ma:,
~rabidopsis thaliana, Vigna radiata
Cucurbita pepo.

Using the BLASTP program and a EZLOSUME2 scoring
Tatrix, two regions of homology to serine tnreonine

freotein kinase domains were identified in the amino

o
(&)

terminal portion of the polypeptide ané four regions c=
~omology to Ca®™ binding domains were ldentified in the

czrboxyl terminal portion of the pclypectide., Figure

1

shows a comparison of the amino acig seguence of Fig. 3

anc & soybean CDPK amino acid Sequence (Gernbank Access:en

P
(841

N

Nc:M64987). The amino acid sequence of the tobacco

(]

lum binding sites were similar to the amino acid
segquence of corresponding sites in the soybean CDPK.
Ecwever, there were significant differerces in other

ris of the sequence. The comparison rndicates that

[ 9]
(4]
o)
fu

tnere 1s about 78% overall Sequence ldentit. between tre
scwbsan CDPK and CDPK-:
The BLASTN program was used -o cmpare the pClry-1

nuciegtide sequence to nucleic acid sSeguences on varicus

oy
D
o}
o
N
i
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O
rtr
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Y
n
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azaroases. Based on the

N]
m
S e?

~ant CDPK genes and the length cf <=he clyreptides
encoded thereby, the nucleic acid lnsert present in

DCIPE-1 is estimated te lack abour S0 Ez of 53¢ COPE-.

N

’ e— -, -

equence and about 13C kp 0f X’ CSDR-- coding

()
(i)

Example 2.
Isclation of a full-length cDNA clione
To obtair & full-leng:h clone, & ~ACE (Rapid

Amz_:Iication of cDNA Ends) abproacn -5es used, with pclyi-

(V8]
n

RN~ rrepared from tcbacco cells fter incduction with

"Wvﬂvw RSt Al O
‘;{ g Ca {3 A ‘g-gﬁ W *
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Or beinc the template. POlvi+ BNA 13 prepares
described in Example 1.

A primer having the seguence GAT AAC GRZ GGz an—
GGZ TAT (Primer L, lnternal to CDP¥-1) and 2 oCrimer
naving the sequence GAC TCG AGT CGn CAT CGz TTT ™= meem
TTT TTT TT (dT., adapter-primer) are used to amplif the
2’ end of the CDPK coding sequence. The reve
transcriptase reaction is carried out in 2 “l 10x RrTC
), 0.5 g4

<,- adapter-primer and 10 Units of aAMY reverse

buffer, 10 units of RNasin (Promega Biotech

.

transcriptase (Life Sciences) in a total velume of 2.5

-, as described in Frohman, M. in zcp Protocols: z Guide

[~

© Methods and Applications, supra, pp. 28-3g. The PpCp
amplification reaction i1s carried out in 5 2l 10X pcr
buffer, s ul DMSO, s 4l 10X dNTPs (1% mM each), 30 4l H.O
1 oul adapter-primer (25 pmol, GAC TCG aGgT CGA CAT cG), -

’

ki primer A and 1-5u1 cDNA. Cvcle times are as 1ndicated
ir. Frohman, supra.
The 5’ end of the CDpy coding seguence 15 clcned

by Carrying out reverse transcripticn as deszribed above,

1

using 10 pmole of primer B (AGG GGC TAC GTa STR AGE AT
instead of dT,, adapter-primer. The CDNA prcducs isg
eXtended using terminal transferase and d4AT: € describes

in Frohman, Supra, and then amplifi
o

above with 10 pmole cf dT,, adap

adapter-primer and 10 pmole cf primer ¢ (ATT ZTC aGao 7T
AAG GTC CCT). PCR is carried out under Standard
conditions. Back er al. (1954) Arch. Bicrhem Blicphys
21£:523-532. The amplified 2’ ang = preducss are rlunt-

e
end cloned into pBluescrip: SK (Stratagens) ars comined
with the pCDPK-1 :insers DYy ro

teconiques to form a Zull-length 2ONA ef -he tobacce o

coding sequence.

R A K :
SR SRR TLE SN TR R I oty

R A e & i A e L SR TR
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The DNA sequence of -he Zull-length cona 15
cetermined by a dideoxynucleot;

d
Frocedure, as described 1n Example 1.
Example 3.

Induction of CDPK-Homologous RNA
in Tobacco Suspension Cultureg
The DNA insert in PCDPK-1 was used ac & probe =g
fcllow the induction of gene expression in response te
ellcitor. Nicotiana tabacum L. cv. ¥vig Cell suspensic
cultures were treated with parasiticein for ¢, u, 1,
anz 12 hours as described in Example 1. Total RNA was
isclated and electrophoresed on a 1% agarose gel. The
irsert from pCDPK-1 was radiclabeled by the random
riming method and hybridized to the gel-separated PNA

described in Sambrook, J. et al., supra. No mMRNA

treatment, whereas mRNA Dybridizing tc ¢

aezected at 1/2, 1 ang 2 hours afrer elicztor Creactmen: .

N
T
o

and 12 hours after elicitor treatmenc, no mkNA
hycridizing to CDPK-1 could be detected, 1n
¥-1 gene expression had decreased to und

ievels by about 6 hours.

A CDPEK gene is censtructed from: = Chemicall-,
Syninesized DNa encoding amino acids 1 + i3€ cf thne
Scycean CDPK of Figure ¢, z Chemically synthes:zed ZNA
Cc2ing amino acids 45s T E0& ¢f the soyrzearn CZDPY ¢f

€, and the CDPK inser- cf pCOPK-2. The Three DNis
ated by routine molecular bic
chimeric CDPK Ccding seguence Ravinc amins acids
o

f soybean CDPK at the amino rtermina: ens, fused
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in-frame to amino a&Clds 1 to 207 of tobacco Copy (Fig,
3}, which in turn is fused in-frame tC aminc a-ids 4863 to
50€ of soybean Cprx &% the carboxyl “erminal engd.
The chimeric ccding segquence 1S inserteg in sense
Orierntation into an Agrobacterium binary vector
Containing a minimal z3sg and EASg4 inducible reculatory

element . Operable linkage of the regulatory element,
promoter, and coding sequence is confirmed by cetermining
the DNA sequence ©f the junction regions and b

expression in transgenic plants.

Example 5.
Generation of Transgenjc Plantg

Transformes plant zell lines are Produceg using a

Protccol. Nucleic acid censtructs Are prepares that
contain the full-length cpek CDNA of Example 3 o the
chimeric Cppk coding Sequence pf Example g4 The
recombinant censtructs containing the S€Quences -¢ he
introcuced inte plants are transferreg into A.
tumefaciens strain GV3eso by Lriparental mating with g,
coli TR1 (PRK2013) . n. tabacum leaves at a variety cf
Stages of growth are Cut irco 1 cm
& suspension of Agrcbacterium cells (abour 10* te 10:¢
cells/ml). After : Lo 10 minutes, the leaf segmante are
then washed ip SterZlle water to Teémove excegs bacreris:
cells and to reduce problems with excess bacteriz: STrowtr
°n the treated lea* Segments. :fter a shors drying time
(3C to s0 Seconds), rhe treazed lezsf Secments 3
on the surface of Flant Tissue Culture Medium without

antikiorics to Premete tissue infect:on and DNa transfer

anc Skocg Basa Salts Mixrture (Sigma Chemical Company,
2

3

I
>
3

-2 mz of benzylaminopur;ne ‘dissclived
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2 N NaOCH), 10 m1 ©f 0.1 mg/ml indoleace::c acld sclusia
30 ¢ sucrose, 2 ml of Gamborg’s Vitamip Soluticr (gsigms
Chemical Co., st. Louis, MC) andg s ¢ °of agar. The pE :s
adjusted betweer PH 5.5 and 5.5 With NaCxz. Aitzr 2 gGavus
the leaf Segments are transferred tg Plant Ti
Medium containing 300 ug/ml of kanamycin, 500
mefoxin (Merck, Rahway, NJ) . Kanamycin selects for
transformed plant tissue, and mefoxin selects
Agrobacterium.

It may be flecessary to minimize the exrosure of
the explant tissue to Agrobactexjium cells during the
cransformation Procedure if s patbogen-inducible
regulating element is used, because Agrobacter:iym Cells

may themselves induce the element after lntrocduction nts

[V

the plant cells. Accordingly, the biclistic techniqg

ue
for the introduction of DNA containinc cel} Suicide gene

=
under the regulatory control of the inducible
transcriptional regulatory element is & useful
alternative transformation technique because i- aoes not
2ntail the use of Agrobacterium celis cr fungel cel: wa 1l
cigestive enzymes (as nécessary for the geérneragziorn of
rrotoplasts for eleccropora:ion), beoth of whie- can leagd
SC induction of the coding sequercec under sthe contxol of

that regulatory elemen=-.
Transgenic plants are Tegdenerated esser-ig];-- as

Aescribed by Horsch et al. (1985) Science £27:1225-1231

Example 6.
Elicitor- ang Pathogen-inducible Expression
of a Chimeric CDPx Gene in Transgenic Tebacco

m S wrd 3 ; e = . sz -3 -
The activity of the CDPy Construcos ¢ Xamc.ie =

licitor or pathogen. g controls, =tranm
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containing 100 mg/L k

2
Kanamycin-resistant plants are s

ubs )
5 intc soil and grown in =& greenhouse Half ¢f the pl
are tested for the expression of the CDFK gene under
inducing conditions, €.9., by intercellular applicat
of elicitor or celiulase to the transgeric rlants.
Elicitor or cellulase is applied with z mecranica
10 pipetter. As a control, remaining plants are
meck-treated with a solution lacking cellulase or
elicitor. Tobacco tissue is wounded with a scalpel
SCme experiments tc facilitare EXDOsure to the induc
compound.,
15 Example 7.

Identification of CDPK Homologous Secuences

Sesl o

Tobacco leaf genomic DNA is 1solated as described

in Murray and Thompson (1980) Nucleic Acids Research
8:4321-4325. After cigestion of aliguots wi=-h desir
20 restriction enzymes, the digested DNX samples are
electrophoresed on 0.8% agarose gels and <he
SizZe-separated DNAs are transferred -o nylon membran
DNA blots are hybridized with the S30C bpr CDP: cDNA
of Example 1 that is radiolabeled by the ranzom prim
25 method. Hybridization is performed as 6
sodium phosphate buffer, PH 8.0, C.7% SDE, 1% povi

serum albumin, 1 mM EDTA. The blot s then wasned
at 45°C with 2X ssc, ¢

0.1% SDS (1X S8SC ig C.15 M NaCl, ¢.Cl12 M =sodium citr
30 PHE 7.0). Relative hybridization intensities zf the

s
Various bands on the merbrane are escimated Ironm

autoradiograms using a video den

X w
-1

(MilliGen/Biosear:h, Ann Arbor,
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To identify polynuclectides having nomclegous

rumber of copies per genome cf

lCes to tobacco CDPK ard tc Qetermine the arpars=--
th

i

S
nvbridization experiments are carried cut ysing targe-

ZNA isolated from other plant species ang tobacco CDE:
Erobes. Restriction endonuclease-digesteqd genomic DN2

¢ various plant Species are separated Dy agarose qel

e.ectrophoresis (0.8% agarose), and then Cransferred -

Hvbond-N' membrane (Amersham Corp., Arlington Heights,
T

<~,. Radiolabeled probe fraaments comprising codina
equences of pCDPK-1 are hybridized to the digested

romic DNA essentially as described ir Sambrook et &>

$89), subra. Moderate stringency conditicns are use

(hybridization in 4X SSC, at €5°C with the last wash
1x 88C, at 65°C).

Alternatively, PCR is carried our using targe
genomic DNA as a template and pPrimers derived from hi

ccrnserved regions of the PCDPK-1 coding Sequence

Example 8.
Genomic DNA Flanking a CDPK Coding Sequence

The cDNA clone described i:n Example : 15 used a-=

nyzridization probe for screening a N. tabacum cv. N3
geromic library in the AEMBL3 vector (Clontecrh, pilic
Alte, CA). Genomic DNA clones having 70% or area
Secuence identity to the tcbacco CDPK of Example 1 are
rdentified using routine sutbcloning protocols. The
nucleotide sequences of the cloned rucleic acid in

S
are determined using routine DNA Séquencing grotocols.

One of the genomic DNA clones has = full-length

coging seguence that comprises the tobaccs ooy oding

c
he clcne aiso cCcntains DNA

=

secuence of Example 1.

(8)]

ntiguous with, and 5’ tc, the ced: ng seguence of

co
Example 1. Examination of the nucleotide Seguence c¥f

5" Zlanking DNA in this clone reveals a putat:ve AT

- \T

-

3

cnl

Lo

y
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start codon as well as one or more Putative regula-ors.
elements upstream of the start ccdoen and within abeur

1000 bp of the start codon.

Other Embodimen«

It 1s to be understood that while the invention

has been described in conjunction with the Detailed
Description thereof, that the foregoing description is
intended to illustrate, and not limit the Scope of the

invention, which is defined by the scope of the arpended

claims. Other aspects, advantages, and modifications are
within the scope of the following claims.
~«-/v vrtwﬂfgf\?;ﬁ-’z&;‘tv:r:;-i:‘:—mj'f-.‘::‘1 u.‘:—\»- e: e m
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SEQUENCE LISTING
(1) GENERAL INFORMATION
(1) APPLICANT: University of Kentucky Research Foundation

(ii) TITLE OF THE INVENTION: PROTEIN KINASES aND USES
THEREQF

(iii) NUMBER OF SEQUENCES: 11

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Fish & Richardson P.C., P.A.
(B) STREET: 60 South Sixth Street, Suite 3300
(C) CITY: Minneapolis
(D) STATE: MN
(E) COUNTRY: usa
(F) ZIP: 55402

COMPUTER READABLE FORM:

) MEDIUM TYPE: Diskette

) COMPUTER: IBM Compatible

) OPERATING SYSTEM: DOS

) SOFTWARE: FastSEQ for Windows Version 2.p

) CURRENT APPLICATION DATA .
A) APPLICATION NUMBER:

B) FILING DATE:

C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER : PCT/US98/14109
(B) FILING DATE: 07-JUL-1998

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: 08/889, 655
(B) FILING DATE: 08-JUL-1997

(viii) ATTORNEY/AGENT INFORMATION :
(A) NAME: Lundquist, Ronald ¢
(B) REGISTRATION NUMBER: 37,875
(Cc) REFERENCE/DOCKET NUMBER: 07678/0200A1

(ix) TELECOMMUNICATION INFORMATION::
(A) TELEPHONE: 612-335-5050
(B) TELEFAX: 612-288-9696
(C) TELEX:

(2) INFORMATION FOR SEQ ID NO:1:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 921 base pairs

B) TYPE: nucleic acid

C) STRANDEDNESS : double

D) TOPOLOGY: linear

—— e —

(ii) MOLECULE TYPE: cDNA

TR WA TR g gy e m ey e



(xi) SEQUENCE DESCRIPTION:

AGGGACCTTA
GCCACCGACT
GGGAGTCCTT
GTATGGAGTG
GACAGTGAGC
CCTTGGCCTA
CCTAAGAGGA
ATAGCCCCTG
ATGAATAAGA
ATAGTAGGGC
TTCCATCTTA
GACCTTATGG
ACCGCCGCeA
TATCATGACA
GAGTTCGGGG
GATGGGCANA

AGCCTGAGAA
TCGGGCTTAG
ACTACGTAGC
CCGGGGTAAT
CTGGGGTAGC
CCATAAGTGA
GGCTTACCGC
ACANGCCTCT
TANAGAAGAT
TTAAGGAGAT
AGCAAGGGCT
ACGCCGeean
TGCATCTTAN
AGGACGGGAG
TACCTGACAC

O
R R PEPNPURI Y TR 3

TTTCCTTTTC
TGTATTCTAT
CCCTGAGGTA
ACTTTACACC
CCTTCAAATA
GAGTGCCAAG
CCATGAGGTA
TGGGCCTGCC
GGCCCTTAGG
GTTCAAGNTG
TANGAGGGTA
CGTAGACAAT
TANGATAANG
TGGGTATATA
CAGTCTTGAG

TAGATTATGG G

[T
P13 AEHTEH,

- 33 -
SEQ ID NO:

AGTGCCGACS
ANGCCTGGG
CTTAGGAANGT
CTTCTTTGTIG
CTTCATGGGG
GACCTTATAN
CTTAGGCATC
GTACTTAGTA
GTANTAGCCG
GACACCGACA
GGGAGTCANC
AGTGGGACCA
AGGGAGGACC
GAGGTAGACG
GACATGATAN

01

1:

ACTTCATGGT
AMMNGTTCAC
GTTACCGGEC
GGsCcceTee
ACCTTGACTT
GGANAGATGOT
CTTGGATAGT
GGCTTANGCA
AGAGGCTTAG
NIAGTGGSAC
TTGGGGAGAG
TAGACTATGG
NTCTTGTANG
AGCTTAGGCA
AGGAGGTACGA

0990

MAAGAGTANG
GGACATAGTA
TOGGGAGTONT
TTTCATGGCC
CANGAGTGATC
TGAGCANGAC
AGNCGAGAAT
ATTCAGTCCC
TGAGGAGGAG
CGTANCCTTC
TGAGATAMNAG
GOGAGTICGTA
TGCCTTCAGT
AGCCCTTGAG
CACCGACMAAT

G
12¢
18¢C
24C
30¢
36G
420
48C
540
600
660
720
78C
840
Q00
921

(2) INFORMATION FOR SEQ ID NO:2 .

(1) SEQUENCHE CHARACTERISTICS
(A) LENGTH: 307 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY : linear

MOLECULE

(i1) TYPE: protein

(x1) SEQUENCE DESCRIPTION: SFQ 1D
Phe
15

LY-S
AlAa

Arg Asp Leu Lys Pro Glu Asn Phe Pha Asp Aop
1 5 10
Val Lys Ser Lys Ala ¢ Phe Leu Phe Tyr
20 25 30
Phe Thr Val Gly &e Tyr val
10 45

Gly Val

Gln Lys
35
Val Leu Lys
50 55
Val Ile Tyr Thr Leu
70
val

Ser Asp Trp Ser
60

Fro

Glu

Gly Leu Pro Phe Met:

65

Asp

Aln
75
Lieu Leu
Qa5

Acp L

Glu Gly Ala Leu Gln His Gly Asp

85
Pro

Ser
Ala Lys
110
Thr

Ile ¢ Glu Ser
105

Pro

Phe Lys Ser Trp Pro

Leu Ala
125
Tle

Ile Arg Met Leu Glu Gln Arg Arg

Aan Ala Pro
140
Lys

Glu val His Pro > Val Glu

130
Pro

Trp
135
vVal Leu Z1ln Phin Ser
166

Val

Gly Ala Ser
150

Lyn

Lys Pro
145

Met

1FD
Arg Ten
175
Asp

Asn Ile Liys Len Aa Glu

165
Ile

Arg
170
Glu Mot Thr
lan

Gly

Glu Met Ly
180

Gly

Glu Glu Val Lys
185
Phe

Ser

Iu Liys

Gln
208
Ser Glu Ile Lys Asp
215 220

Asn Ser Thr val His Leu

195
Gly

Asp

Val Li;u Met Azp

210

Arg Ser-Gln Leu
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Ala
225
Thr
Ser
Asp
Leu

Asp
305

Ala
Ala
Ala
Glu
Glu

290
Tyr

.
. TR I S T S SR Y . o v, £ R R
i TN VST Cy R RS S0 o . .‘m P LEEIVA TR

- 34 - 010990

Asp Val Asp Asn Ser Gly Thr Ile Asp Tyr 31y Glu Phe val

230 235 240

Ala Met His Leu Asn Lys Ile Lys Arg Glu Asp His Leu val

Phe
Leu
275
Asp

Gly

(2

245 250 255
Ser Tyr His Asp Lys Asp Gly Ser Gly Tyr Ile Glu val
260 265 270
Arg Gln Ala Leu Glu Glu Phe Gly val 210 Asp Thr Ser
280 -85
Met Ile Lys Glu val Asp Thr Asp Asn Asp Gly Gln Ile
295 300

) INFORMATION FOR SEQ 1D NO:3:

(i) SEQUENCE CHARACTERISTICS :

(A)
(B)
(C)
(D)

LENGTH: 22 base pairs
TYPE: nucleic acid
STRANDEDNESS : single
TOPOLOGY: linear

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:3-

GGTACTTAGG AAGIGTTACG GG

(2

) INFORMATION FOR SEQ ID NO:4:

(1) SEQUENCE CHARACTERISTICS :

LENGTH: 19 base pairs
TYPE: nucleic acid
STRANDEDNESS : single
TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4 :

GTTGACTCCC TACCCTCTT

(2

) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:

(A)
(B)
(D)

(ii)

(x1i)

Met Ala Ala
1

Leu

Lys

Ala

Val Tyr Glu

Phe

Glu
50

35
Cys

LENGTH: 512 amino acids
TYPE: amino acid
TOPOLOGY: linear

MOLECULE TYPE: protein
SEQUENCE DESCRIPTION: SEQ ID NO:5:

Lys Ser Ser Ser Ser Ser Thr Thr Thr Asn val val Thr
5 10 15

Ala Trp Val Leu Pro Gln Arg Thr Gln Asn Ile Arg Glu
20 25 30

Val Gly Arg Lys Leu Gly Gln Gly Gln Phe Gly Thr Thr
40 15

Thr Arg Arg Ala Ser Gly Gly Lys Phe Ala Cys ILys

55 G0

~ .
DAl

18
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Ile
65
Arg
Arg
Glu
His
Val
145
Pro
Ala
Cys
Lys
Tyr
225
Gly
Pro
Leu
His
Ser
305
Lys
Ile
Gly
Lys
Asp
385
Ile
Val
Leu
His
Ile
465
Ile

Gly

Pro
Glu
Ile
Leu
Tyr
130
Val
Glu
Thr
Asp
Leu
210
Ile
Ile
Trp
Asp
Pro
290
Ala

Lys

Thr

Leu

Lys
Ile
Glu
Cys
115
Ser
Glu
Asn
Asp
Val
195
Tyr
Leu
Phe
Pro
Gln
275
Trp
Val
Met
Gly
Ile
355
Val
Ala
Ala
Ala
Glu
435
Asp
Tyr
Arg

Val

B L T TY CPPIOSL F R SO

Arg
Gln
Gly
100
Glu
Glu
Ala
Phe
Phe
180
Val

Gly

Arg
Ser
260
Asn
Ile
Leu
Ala
Leuy
340
Thr
Gly
Asp
Thr
Phe
420
Ile
Asp
Gly
Arg

Asp
500

Lys
Ile

85
Thr
Gly

Arg

Leu
165

Thr
485
Asn

Leu
70
Met
Tyr
Gly
Gln
His
150
Phea
Leu
Ser
Glu
Gly
230
Ile
Ser
Lys
Asp
Arg
310
Arg
Glu
Asp
Glu
Asp
390
His
Tyr
Gln
Ile
Phe

4770
Mnt

Gly

3

Ser
Pro

Ser
215
Val

Leu

Thr

Ala
Arg

Ser

Cys
His
Asp
Leu

120
Ala

Thr
Val
Tyr
200
Asp
Pro
Leu
Ser
Axrg
280
Asn
LYS
Ile
Phe
Leu
360
Met
Ser
Asn

Asp

Cys
440
Glu
Ala
L‘/S

Asn

Ile
Phe
185
Tyr
Val
Pro

Gly

Ala
265

Leu

Ile
Gln
Ala
Lys

345
Lys

Glu !

Gly
Lys

Lys

Thr

Gln
505

Asp
Met

Leu
490

Asp
Glu
Als
Arg
I]le
M=t
155
Glu

Lys

Gly
Phe
Gln
Arg

475
Asn

Tyr
His
Val

Ile

Pro

Ser
Gly
Asp
460
Lys

Leu

Val Tle 3lu

(2) INFORMATION FOR 5EQ ID NO:s-:

010990

Glu
Ala
His
Val
125
Thr
Arg
Ala
Gly
Glu

205
Gly

Glu ¢

Phe

Asp
Asn
Leu
110
Gln

Ile

Lys

Glu

510

Val

Val
85
Val

Glu

Ala
495

Phe

Trp
Val
Met
Gly
Glu

160



10

15

20

T e a sl nRAN GG R —

- 36

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH : 21
(B) TYPE: nucleic acid
(C) STRANDEDNESS - single

(D) TOPOLOGY ;

base pairg

linear

(x1i) SEQUENCE DESCRIPTION:

GACAAGGACG GGAGTGGGTA T
(2) INFORMATION FOR SEQ ID NO.7.

(1

5

base pairg

B) TYPE. nucleic acid
C) STRANDEDNESS . single

)

(A) LENGTH: 3
(

(

(D) TOPOLOGY:

linear

(xi) SEQUENCE DESCRIPTION:

SEQ ID NoO:s.

SEQUEMNCE CHARACTERISTICS:

SEQ ID NOQ:7:

GACTCGAGTC GACATCGATT TTTTTTTTTT TTTTT

(2) INFORMATION FOR SEQ 1D NO:8:

(1) SEQUENCE CHARAC

(A) LENGTH: 17 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS - single

(D) TOPOLOGY :

linear

TERISTICS:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8.

GACTCGAGTC GACATCG

(2) INFORMATION FOR SEQ ID NO:g:

(1) SEQUENCE CHARACTERISTICS :
(A) LENGTH: 21
(B) TYPE. nucleic acid
(C) STRANDEDNESS - single

(D) TOPOLGGY :

base pairs

linear

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:o:

AGGGGCTACG TAGTAAGGAC

T

(2) INFORMATION FOR SEQ 1D NO:10:

(i

SEQUENCE CHARACTERISTIC

base pairs

B) TYPE. nucleic acid
C) STRANDEDNESS: Single

(D) TOPOLOGY :

)
EA) LENGTH: 21
(

linear

(i) SEQUENCE DESCRIPTION:

ATTCTCAGG TTAAGGTCCC

T

S:

SEQ ID NO:10.

010990

21

21

21
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(2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARMACTERISTICS :
(A) LENGTH: 308 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY : linear

- (ii) MOLECULE TYPE: protein
5 (x1) SEQUENCE DESCRIPTION: SEQ ID NO:11:

Ar? Asp Leuy Lys Pro Glu Asn Phe Leu Phe Ser Ala Asp Asp Phe Me-=
5 10 15
val Lys Ser Lys Ala Thr Asp Phe Gly Leu Ser Val Phe Tyvr Lys Prec
20 25 39
Gly Gln Lys Phe Thr Asp Ile Val Gly Ser Pro Tyr Tyr vVal Ala Pre
35 40 45
Glu Val Leu Arg Lys Cys Tyr Gly Pro Gly Ser Asp val Trp Ser Ala
50 55 650
10 Gly val 1le Leu Tyr Thr Leu Leu Cys Gly Ala Pro Pro Phe Met Ala
65 70 75 8¢
Asp Ser Glu Pro Gly Val Ala Leu Gln Ile Leuy His Gly Asp Leu Asp
85 90 85
Phe Lys Ser ASp Pro Trp Pro Thr Ile Ser Glu Ser Ala Lys Asp Leu
100 105 116
Ile Arg Lys Met Leuy Glu Gln Asp Pro Lys Arg Arg Leu Thr Ala His
115 120 125
Glu val Leu Arg His Pro Trp Ile Val Asp Glu Asn 1le Ala Pro Asp
130 135 140
Lys Pro Leu Gly Pro Ala Val Leu Ser Arg Leu Lys Gln Phe Ser Ala
15 135 150 155 160
Met Asn Lys Ile Lys Lys Met Ala Leu Arg Val Ile Ala Glu Arg Leu
165 170 175
Ser Glu Glu Glu Ile Vval Gly Leu Lys Glu Met Phe LLys Met Ile Asp
130 185 150
Thr Asp Asn Ser Gly Thr val Thr Phe Phe His Leu Lys Asp Gly Leu
1385 200 205
Lys Arg val Gly ser Gln Leu Gly Glu Ser Glu Ile Lys Asp Leu Met
210 215 220
Asp Ala Ala Asp val Asp Asn Ser Gly Thr Ile Asp Tyr Gly Glu Phe
20 225 230 235 240
Val Thr Ala Ala Met His Leu Asn Lys Ile Lys Arg Glu Asp His Leu
245 250 255
Val Ser Ala Phe Ser Tyr His Asp Lys Asp Gly Ser Gly Tyr Ile Glu
260 265 2770
Val Asp Glu Ile Arg Gln Ala L.eu Glu Glu Phe Gly Val Pro Asp
275 280 285 _
Ser Leu Glu Asp Met Ile Lys Glu val Asp Thr Asp Asn Asp 31y Gln
290 295 300
Ile Asp Tyr Gly
25 305
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WHAT 1g CLAIMED IS:
1. An isolated polynucleo:ide, said
polynuclectide Comprising:
a) the Nucleotide Sequence of SEQ Ip NO: Z,;
5 b) an RrRNa analog of SEQ ID NO:1;
c) a polynucleotide Comprising g nuci
Seqguence ¢

), b) or C.) th
0 nucleotides in length and that hybri

SOri1cdizeg
ngent Cconditions to genomic DNa encoding the
polypeptide of Figure 3.

10 uUnder stri

Polynuclecot ;

15 The polynucleotide of claim

4
-

de Comprises Nuclectidesg 160 to
2,

The polynucleotide of claim 1, wherein sasig
de Comprises nucleotideg 550 to
20 2,

polynucleotide of claim ;.

ng Operably linkeg
25 to said polynucleotide.

7.

wherein said fegulatory elemen

t
Tegulatory element .

is an inducible




. I R S W T
. '.,"tﬁ‘.*‘_ﬁhuvm":}; l.ﬁ:_f‘,‘!'-f‘!}qul

[9Y]
0
i

-01099¢

he nucleics ac:igd construct of claim -

cor

wherein gaig regulatory element 1s induced in resgcnse =c
a plan= bathcgen ;
z. A transgenic plant containing a nucle:c zz:3
3 constru-+ COMDrising the Eolynucleotide of claim

10. The plant of clainm g,

wherein saig construce
further comg

rises a regulatory element operably I:nked ra-

said bolvnucleotide.

1l. The plant of claim 190, wherein sa:g

10 regulatory element is an inducible regulatory elieren:

12.  The Plant of claim 11, wherein saig
regulatory element jig induce

d in response to a plan:
Fathogen.

13. The plant of claim 11, wherein saig

15 regulatory element ig induced in response to an elicicer.
14.  The plant of claim g, wherein saig planc :5 &
dicotyledonous plant.
15. The plant of claim 14, wherein saig plant ig
2 member of rhe Solanaceae family.
20 16. The plant of claim 15, wherein said plar- ;s
a Nicotiana plant.
17. The plant of claim 16, wherein saig clanz is
Nicotiana tabacum,
18. transgenic plant containing a
258 polynucleotide SXpressing a Tolyperride naving Zrom zrmou-

e
Dy . P Y s
DR S Y Awded i Firan R 2 Y
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220 <o akbou- 350 amino acids, said polyreprtide comcrisinz
&% amino acid seguence substantially identical =g --e

aminc ac:id seguence of Figure 3.

1%. The plant of claim 18, where:n saiz

cclypeptide comprises the amino acid seqguence cI Figure

'
{1

20. The plant of claim 18, where:n said plan-

a dicctyledonous plant.

21. The plant of claim 20, where:in saicd

'g
b
fu
'
(@)
=
1]

a member cf the Solanaceae family.

22. A methed of using a polynuclectide, said
method comprising the step of hybridizing the
polynucleotide of claim 1 to DNA or RNA from a clanc.

23. The method of claim 22, further comgrising
the step of identifying a segment of said plant ZNA cr
RNZ that has about 70% OT greater sequence identity o

said polynucleotide.

24. The method of claim 23, further comeprising

the step of cloning at least a portion of said DNA or RNA
segment .

25. The method of claim 24, wherein said clored
cortion further comprises DNA flanking said segmernt
having 70% or greater sequence identity.

26. A method of altering disease resistance :n a

2lant, said method comprising the steps of:

)
th

fa) intreducing the nucleic acid construc-

-i@éim £ ints = D.2nt cell;: and
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1., wherein express:on o< sa-=

e
le alters disease resistance in sa:4 piant.

27. The metrcd 27 claim 26, wherein sa:d nucleic

o]
0
’J
.
(1
0

t
regulazed by said regulatory element.

28. The methrcd of claim 27, wherein sais

expression 1s inducec by said regulatory elemen:z upcn

exposure of said pilant to an elicitor or plant cathcge

29. An isolarted polypeptide having from abcus
Lo about 550 amino acids, said polypeptide comprising

amino acid sequence substantially identical to Figurs

30. The polypeptide of claim 29, wherein said

Nstruct Zurther comprises an inducible re ulasory

© said polynucleotide and said

n.

287

an

-
4

polypertide comprises the amino acid sequence of Figure

3.
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Primers

RecalV - 1=GTTGACTCCCTACCCTCTT

\

CALCIUM BINDING SITE

FokinB - 1 = GGTACTTAGGAAGTGTTACGGG

\/
KINASE DIAGNOSTIC SEQUENCE

066010

§/1
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AGG 3AC
- -

~
-—— e T

ATS GTA

TAZ CAT

AAS CTTT
TTT GGA
~3Q
.
iy -
(& Y P
CAT CGG
GTA TGG
< ACC

230

*
-~ r~—
- LY

GGA GGA

e T

GAA GTA

AGT GAG

CIT AAG

——— -
3SGA TTC

ATA G2
TAT CAT

GIA

-~
S A
TAT GAA

GaaA 77T
AAS AGT
1Q0¢

-
GGG CAA
TIT GAG
GSA CTC

190

AGT GCC
pyed S ele v

TTC ATG
AAG TAC

280

GGG GAC
C2Z CTG

TCA CGG
370

AGG AGS

TS TCC

GAC GAG

c33 CTC
460

AGT AGG

TCTA TCC

GAA

330

AAG

s ge

-m
-

GAXA

GAG AAT

cIT T

CTT AGS
GAA TZC
200
-
GTA ATA
T TAT

GAC AGT
CIG TCA

GAC CT7T
C2G GAA

380

AcC <
7658 CGG

——— e
-~ wa

AAG GAA

Gac TTC
CT3T AAD
GAC ATA

CIS TAT

180

.
AAG TGT
TEC ACA
CTT TAC

GAA ATG

230

L
GAG CC7T
TC GGA

ATA AGG
TAT TCC

CAZ GAG
GTA CTC

430

CT GAC

(o
T Q

4
(AN Y]

ccc

aoo

cTc

39Q

GTA

010990

AGT &LL<

TCA CSG

CTT OAGT

SAA TCS

GGG AGT

———— e

- .-
270
-
GGG CIT
CTC GGA

GAA GAA

260

GTA ol
CAT CGG

~—— -
CcTT TGG

GGA ACC

[
(V4]
s O

AZG CTT

TAC GAaA

T AGG
GAA 7CC

ATG AAT

TAC TTA

3AZ GAC

———— -
- L3I

-~ -
-~ - - a -

TAT AAG A

2
Pt AV
L 4

~— -y
jetaimaie

SGA ATS

GGG AGT

CC2 TCA
229
-
7537 GGG
ACA CTCT
CTT CAA
GAA GT7T

-~ —
[T

A GGA

GGG CCT
C GGA

4933

AAG ATA

-~ bl -~
>2C TAT

-
“ s -

ATA

—-yp -
adha



AAG ATS

ATA GTA
TAT CAT
590

GGG ACT
ccz

L d et
-

GGG AGT

CZC TCA
gdC
-

GCC GAC
cSa CT

770

<
G2A AGT
CAT ZTCAa

GAG GTA

T caz
860

GAC acc
CIG TGS

CTA cco

G CTT
T35S GAA
550

v
G5 CTT
CTT Gaa
GTA ACCT
CAT TGS
640
L]
CAA CIT
GTT GAA
GTA GAC
T CTG
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