57023005 A1 | IV Y0 0 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

17 March 2005 (17.03.2005)

(10) International Publication Number

WO 2005/023005 Al

(51) International Patent Classification’: AOIN 63/00
(21) International Application Number:
PCT/US2004/028711

(22) International Filing Date:
3 September 2004 (03.09.2004)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/500,848 5 September 2003 (05.09.2003) US

(71) Applicant (for all designated States except US): UNIVER-
SITY OF FLORIDA RESEARCH FOUNDATION,
INC. [US/US]; 223 Grinter Hall, Gainesville, FL 32611
(US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): HOPKINS, Don, L.
[US/US]; 2010 NE 180th Street, Citra, FL 32113 (US).

(74) Agents: EISENSCHENK, Frank, C. et al.; Saliwanchik,
Lloyd & Saliwanchik, A Professional Association, 2421
N.W. 41st Street, Suite A-1, Gainsville, FL 32606-6669
(Us).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US (patent), UZ, VC, VN, YU,
ZA, 7ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: BIOCONTROL OF XYLELLA FASTIDIOSA

& (57) Abstract: This invention involves the introduction of "benign" strains of X fastidiosa into desirable plants that are normally
& susceptible to Pierce’s disease (PD). In certain embodiments, plants are injected with the benign biocontrol strain prior to transplant-
ing into the vineyard, or immediately after transplanting. Such inoculated plants are, typically, resistant to PD for at least about 3-4
years. Various embodiments of the subject invention also provide for "booster injections" every 3-4 years. The subject invention also
provides "benign" bacterial strains suitable for control of PD and compositions comprising the aforementioned "benign" bacterial

=

strains.



WO 2005/023005 PCT/US2004/028711

DESCRIPTION

BIOCONTROL OF XYLELLA FASTIDIOSA

Cross Reference to Related Applications

[0001] This application claims the benefit of U.S. Provisional Application 60/500,848,
filed September 5, 2003, which is hereby incorporated by reference in its entirety.

Background of the Invention

[0002] Pierce's disease (PD) is a lethal disease of grapevines that is caused by Xylella
Jastidiosa and is spread by certain leathoppers known as sharpshooters. Pierce's disease is
currently restricted to the Americas and is named after N.B. Pierce. The disease was first reported

in California in 1892.

[0003] In the past, PD epidemics erupted sporadically in various locations and years to
cause severe losses in vineyards. PD is especially damaging in the southeastern USA where it is
endemic and is the primary factor limiting the development of a grape industry based on the high—
quality Europeah grapes (Vitis vinifera). PD also is a limiting factor in the production of
European grapes in parts of Mexico, Central America, and southwestern USA. Losses to PD may

require major replanting where infestations are wide-spread

[0004] Strains of Xylella fastidiosa cause economic losses in many other agriculturally
important plants, including grapevine, peach, plum, coffee, and citrus. They also cause leaf
scorch and declines in many urban shade trees and shrubs, such as elm, oak, oleander, maple, and
sycamore. Many strains of Xylella fastidiosa have been discovered, and almost all of these cause
leaf scorching of woody perennials such as American elm, maple, mulberry, or plum. Xylella
Jastidiosa infection of some plants results in slowing of growth or stunting. Some strains of X.

Jastidiosa have very wide host ranges.

[0005] Xylella fastidiosa colonizes the xylem (water conducting elements of plants) and is
introduced into plants by insects with piercing/sucking mouthparts that feed on xylem sap. These
insects transmit the bacteria from diseased to healthy plants. Plants develop symptoms when the

xylem is blocked, thus reducing the flow of water to leaves.
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[0006] The first evidence of PD infection usually is a drying or “scorching” of leaves.
Typically, leaves become slightly yellowed along the margins before drying. In some instances,
the outer leaf may dry suddenly while still green. Typically, the leaf dries progressively over a

period of days to weeks, leaving a series of concentric zones of discolored and dead tissue.

[0007] Currently, the only feasible control for diseases caused by X. fastidiosa is
resistance. Virulence to grape of X. fastidio&a strains originally obtained from grapevines with
PD varies from avirulent to highly virulent. Weakly virulent strains multiply and move
systemically, but more slowly in the plant, producing only minor symptoms. Restriction
endonuclease fingerprinting of X. fastidiosa with NotI and Sfil showed a high degree of similarity

between the strains from American elder and grapevine.

Brief Summary of the Invention

[0008] This invention comprises the introduction of “benign” strains of X. fastidiosa into
desirable plants that are normally susceptible to Pierce’s disease. In certain embodiments, plants
are injected with the benign biocontrol strain prior to transplanting, or immediately after
transplanting. Such inoculated plants are, typically, resistant to PD for at least about 3-4 years.
Various embodiments of the subject invention also provide for “booster injections” every 3-4
years. The subject invention also provides “benign” bacterial strains suitable for control of PD

and compositions comprising the aforementioned “benign” bacterial strains.

Detailed Description of the Invention

[0009] One aspect of the subject invention provides “benign” bacterial strains, and
compositions thereof comprising a physiologically acceptable carrier, suitable for the biocontrol
of PD in desirable plants. In preferred embodiments, X. fastidiosa strains isolated from American
elder are used for the biocontrol of PD in desirable plants. In a more preferred embodiment, the
EB92-1 strain of X. fastidiosa is used in the practice of the subject invention. The EB92-1 strain
of X fastidiosa was deposited has been deposited with the American Type Culture Collection
(10801 University Blvd., Manassas, Virginia 20110-2209 USA) on August 5, 2003 and has
accession number PTA-5370. In various embodiments, the subject invention provides X.
Jastidiosa strains that have not been genetically modified (e.g., a non-transformed strain of X,
Jastidiosa) for control of PD. Additional exemplary strains for use in the methods of the subject
invention include those from elderberry (such as X. fastidiosa EB92-2, X. fastidiosa EB92-5, X.
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Jastidiosa EB-95-1) and isolates from other trees, such as sycamore (X. fastidiosa Scy86-1 for

example).

[0010] The culture deposited for the purposes of this patent application was deposited
under conditions that assure that access to the culture is available during the pendency of this
patent application to one determined by the Commissioner of Patents and Trademarks entitled
thereto under 37 C.F.R. § 1.14 and 35 U.S.C. § 122. The deposit will be available as required by
foreign patent laws in countries wherein counterparts of the subject application, or its progeny, are
filed. However, it should be understood that the availability of a deposit does not constitute a
license to practice the subject invention in derogation of patent rights granted by government

action.

[0011] Further, the subject culture deposit will be stored and made available to the public
in accord with the provisions of the Budapest Treaty for the deposit of biological materials, i.e.,
they will be stored with all the care necessary to keep them viable and uncontaminated for a
period of at least five years after the most recent request for the furnishing of a sample of the
deposit, and in any case, for a period of at least thirty (30) years after the date of deposit or for the
enforceable life of any patent which may issue disclosing the culture. The depositor
acknowledges the duty to replace the deposit should the depository be unable to furnish a sample
when requested, due to the condition of a deposit. All restrictions on the availability to the public
of the subject culture deposit will be irrevocably rem9ved upon the granting of a patent disclosing

it.

[0012] Compositions comprising “benign” bacterial strains (as set forth in paragraph 8)
suitable for the biocontrol of PD in desirable plants can further comprise additional biocontrol
agents and physiologically acceptable carriers. For example, compositions of the subject
invention can further comprise one or more of the following biocontrol agents: mymarid egg
parasitoids of the genus Gonatocerus e.g., G. triguttatus, G. fasciatus, G. ashmeadi; bacterial cells
transformed with insecticidal toxins, such as Bt (Bacillus thuringiensis) toxin, or transformed X,
Jastidiosa cells. Physiologically acceptable carriers include, for example, sterile or non-sterile:
water, saline, liquid or solid bacterial growth media, or buffered solutions (e.g., phosphate

buffered saline or phosphate buffers).

[0013] The term “desirable plants” includes, and is not limited to, grapevine, peach,
plum, coffee, citrus, urban trees, such as oak, elm, willow, hickory and ornamental shrubs

typically used in home landscaping applications.
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[0014] The subject invention also provides for methods of reducing the incidence of
disease caused by X. fastidiosa (e.g., PD) in desirable plants comprising the administration of a
composition comprising, consisting essentially of, of consisting of X. fastidiosa strains (as set
forth in paragraphs 8 through 11) to the plants. X fastidiosa strains can be administered to plants
via mechanical means that allows for the introduction of the bacterial strains into the plant and,
ultimately, into the xylem of the plant. For example, leaves can be mechanically disrupted to
allow the pathogen to enter the xylem of the plant or a pin-pricking technique to introduce the
pathogen into a susceptible plant. In various embodiments of the subject invention, compositions
comprising X. fastidiosa strains can be administered as “boosters” to previously inoculated
desirable plants. These “booster” administrations of such compositions can occur at any time
point after the initial administration of the compositions of the subject invention (for example at a
time point at least 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, or 5 five years after the initial administration of
said compositions). In certain preferred embodiments, X. fastidiosa strains that have not been
genetically modified (e.g., a non-transformed strain of X. fastidiosa) are used. The method set

forth above can also be used to reduce the incidence of leaf scorch in desirable plants.

[0015] The subject invention also provides methods of producing X. fastidiosa resistant
vineyards, orchards, or groves comprising the adminiétration of a composition comprising,
consisting essentially of, or consisting of protective (“benign”) X. fastidiosa strains to young
grapevines, seedlings, or rootstock; planting said grapevines, seedlings, or rootstock; and growing
said grapevines, seedlings, rootstock to establish a vineyard, orchards, or groves. In some
embodiments, a benign strain can be administered to grapevines prior to transplanting into the
vineyard, or immediately after transplanting. Where plants are injected with X. fastidiosa prior to
planting, said grapevines, seedlings, or rootstock can be maintained for a period of time under
conditions that preclude infection with virulent strains of X. fastidiosa (e.g., for a period of at least
one, two, three, four, five, six, seven, eight, or more weeks). Resistance to Pierce’s disease in
grapevine is effective for about 3-4 years. The method can further comprise booster injections as
necessary (e.g., every 3-4 years). In certain preferred embodiments, X. fastidiosa strains that have
not been genetical}y modified (e.g., a non-transformed strain of X. fastidiosa) are used and
strains/compositions as set forth in paragraphs 8 through 11 can be used in the practice of the

instant invention.

[0016] In one vineyard test, a planting of ‘Cabernet Sauvignon’ on ‘Freedom’ rootstock
was established in the University of Florida vineyard at the research center in Leesburg, FL.

These plants were injected with strains of X. fastidiosa that were avirulent, or weakly virulent, to
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grapevine as soon as new cane growth was 18" to 30" long and received no additional injections
with the protectant strains. Pierce’s disease is endemic and severe in this vineyard and plants are
infected within months of planting. After 48 months, all of the untreated vines were dead. The
most effective strain (EB92-1) in reducing vine death was originally isolated from elderberry. In
this treatment, there was no loss for 36 months, and only one vine had died after 48 months.

Grapes were harvested from the remaining grapevines in this treatment.
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CLAIMS
1. An isolated bacteria having the identifying characteristics of the EB92-1 strain of X
Jastidiosa (ATCC Accession No. PTA-5370).
2. The isolated bacteria according to claim 1, wherein said bacteria is the EB92-1 strain of X,
Jastidiosa (ATCC Accession No. PTA-5370).
3. A composition comprising a physiologically acceptable carrier and an isolated bacteria

having the identifying characteristics of the EB92-1 strain of X, Jastidiosa (ATCC Accession No.
PTA-5370).

4. The composition according to claim 3, further comprising one or more additional

biocontrol agents.

5. The composition according to claim 4, wherein said biocontrol agent is mymarid egg
parasitoids of the genus Gonatocerus; bacterial cells transformed with insecticidal toxins; or

transformed X. fastidiosa cells.

6. A method of reducing the incidence of disease caused by X. fastidiosa in desirable plants
comprising the administration of a composition comprising at least one X, Jastidiosa strain having
the identifying characteristics of characteristics of the EB92-1 strain of X, fastidiosa (ATCC
Accession No. PTA-5370).

7. A method of identifying strains of X. fastidiosa protective against Pierce’s disease

comprising the steps of:

a) administering one or more avirulent or weakly virulent strains of X, Sastidiosa to a

desirable plant;

b) challenging said desirable plant with at least one virulent strain of X, fastidiosa,

and

c) identifying those desirable plants that have survived challenge with said at least

one virulent strain of X. fastidiosa.

8. The method according to claim 7, further comprising the isolation, from said challenged
plant, of X fastidiosa organisms that have conferred a protective effect on said challenged

desirable plant.
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9. A method of producing X. fastidiosa resistant vineyards, orchards, or groves comprising
the administration of a composition comprising one or more protective or benign X. fastidiosa
strains to young grapevines, seedlings, or rootstock; planting said grapevines, seedlings, or
rootstock; and growing said grapevines, seedlings, rootstock to establish a vineyard, orchards, or

groves.

10.  The method according to claim 9, wherein said one or more protective or benign X.

Jastidiosa strains that have not been genetically modified
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