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(57) Abregée/Abstract:
Compositions and methods for treating or preventing plant disease are provided. Such compositions and methods comprise a

bacterial strain that control one or more pathogens that cause plant disease or improve at least one agronomic trait of interest in a
plant. The bacterial strain can be used as an Iinoculant for plants. Therefore, methods for growing a plant susceptible to a plant
disease and methods for controlling plant disease on a plant susceptible to the plant disease are provided.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+
50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca al l a a



CA 029955%6 2018-02-13

Abstract

Compositions and methods for treating or preventing plant disease are
provided. Such compositions and methods comprise a bacterial strain that
control one or more pathogens that cause plant disease or improve at least one
agronomic trait of interest in a plant. The bacterial strain can be used as an
Inoculant for plants. Therefore, methods for growing a plant susceptible to a plant
disease and methods for controlling plant disease on a plant susceptible to the

plant disease are provided.
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COMPOSITIONS AND METHODS FOR CONTROLLING

PLANT DISEASE

This application claims the benefit of U.S. Provisional Application No. 62/320,840.
filed April 11, 2016, and U.S. Provisional Application No. 62/211,282, filed August 28.

2015, both of which are hereby incorporated herein in their entireties by this reference.

FIELD OF THE INVENTION
The invention relates to bactenal strains and populations for controlling plant disease

and/or improving an agronomic trait of interest in a plant.

BACKGROUND
Plant diseases are responstble for significant agricultural losses. Effects can range
from mild symptoms to catastrophic plant damage, which can lead to major economic and
social consequences. Methods are needed to effectively control plant diseases and the

pathogens that cause them.

SUMMARY

Compositions and methods for controlling plant disease and/or for improving at least
one agronomuc trait of interest in a plant are provided. Such compositions and methods
comprise a population of birocontrol agents or bacterial strains that control one or more
pathogens that cause plant disease and/or improve at least one agronomic trait of interest. The
brological agents or bacterial strains can be used as an inoculant for plants. Methods for
growing a plant susceptible to plant disease and methods and compositions for controlling
plant disease are also provided. Further provided are methods and compositions of increasing
disease resistance in plants. Methods and compositions for improving plant health and/or

improving at least one agronomic trait of interest are also provided.

BRIEF DESCRIPTION OF FIGURES
FIG. 1 shows inhibition of Asian sovbean rust (ASR) development on whole plant in
growth chambers by different bactenal strains. Fungicide azoxvstrobin and (+) control strain

were added as positive controls while AFS006 and inoculated control were negative controls.
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FIG. 2 shows the number of germinated seedlings (stand count) per acre by bactenal
strains AIP061892 and AIP079428. This figure demonstrates that AIP061892 and
AIP079428 produced about a 2-fold increase in germination over Pythium inoculated control.

FIG. 3 shows the number of germinated seedlings (stand count) per acre by bacterial

strain AIP061892 and AIP079428. This figure demonstrates that AIP061892 produced a

50% recovery in germination over Rhizoctonia solani inoculated control.

DETAILED DESCRIPTION

[ Overview

Compositions and methods for improving at least one agronomic trait of interest
and/or improving plant health and/or for controlling one or more plant diseases are provided.
A biological agent, biocontrol agent, bacterial strain, modified bacterial strain, modified
biological agent, or modified biocontrol agent or active variant thereof are used herein to
describe a microorganism that 1s used to control disease-causing plant pathogens and/or

improve at least one agronomic trait of interest and/or improve plant health.

I Bacterial Strains

Various biocontrol agents or bacterial strains are provided which can be used to
control one or more plant disease and/or improve at least one agronomic trait of interest
and/or improve plant health. Such bactenal strains include AIP27511 (a Bacillus drentensis
strain), AIP35174 (a Bacillus thuringiensis strain, AIP25773 (a Bacillus flexus strain),
AIP15251 (a Bacillus frigoritolerans strain), AIP61892 (a Bacillus subtilus subsp. Subtilus
strain), AIP79428 (a Burkholderia vietnamiensis strain), AIP14931 (a Bacillus thuringiensis
strain), AIP393589 (a Bacillus acidiceler strain), and AIP36895 (a Baci/lus simplex strain).
Cell populations comprising one or more of AIP27511, AIP35174, AIP25773, AIP15251.
AIP61892, AIP79428. AIP14931, AIP39589, and AIP36895 are provided. as well as,
populations of spores derived from each of these strains, or any preparation thereof.

Thus, vartous bacterial strains and/or the pesticidal compositions provided herein
comprise as an active ingredient (a) a cell population comprising one or more of A[P27511,
AIP35174, AIP23773. AIP15251, AIP61892, AIP79428. AIP14931, AIP39589, and
AIP36895. or an active vanant of any thereof, or (b) a population of spores formed from one
or more of AIP27511, AIP35174, AIP25773, AIP15251, AIP61892, AIP79428, AIP 14931,

AIP39589, and AIP36895, or an active vanant ol any thereol.
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AIP27511 was deposited with the Patent Depository of the National Center for
Agricultural Utilization Research Agricultural Research Service, U.S. Department of
Agriculture, 1815 North University Street, Peoria, Illinois 61604 U.S.A. on August 6, 2015
and assigned NRRL No. B-67082.

AlIP35174 was deposited with the Patent Depository of the National Center for
Agricultural Utilization Research Agricultural Research Service. U.S. Department of
Agriculture, 1815 North University Street, Peonia, Illinois 61604 U.S.A. on August 6, 2015
and assigned NRRL No. B-67084.

AIP25773 was deposited with the Patent Depository of the National Center for
Agricultural Utilization Research Agricultural Research Service, U.S. Department of
Agriculture, 1815 North University Street, Peoria, Illinois 61604 U.S.A. on August 6, 2015
and assigned NRRL No. B-67083.

AIP15251 was deposited with the Patent Depository of the National Center for
Agricultural Utilization Research Agricultural Research Service, U.S. Department of
Agriculture, 1815 North University Street, Peoria, Illinois 61604 U.S.A. on August 6, 2015
and assigned NRRL No. B-67083.

AIP61892 was deposited with the Patent Depository of the National Center for
Agricultural Utilization Research Agricultural Research Service, U.S. Department of
Agriculture, 1815 North University Street. Peorna, Illinois 61604 U.S.A. on August 6, 2015
and assigned NRRL No. B-67089.

AIP79428 was deposited with the Patent Depository of the National Center for
Agricultural Utilization Research Agricultural Research Service. U.S. Department of
Agriculture, 1815 North University Street, Peona, Illinois 61604 U.S.A. on August 6, 2015
and assigned NRRL No. B-67081.

AlIP14931 was deposited with the Patent Depository of the National Center for
Agricultural Utilization Research Agricultural Research Service, U.S. Department of
Agriculture, 1815 North University Street. Peoria, Illinois 61604 U.S.A. on August 6. 2015
and assigned NRRL No. B-67088.

AIP39539 was deposited with the Patent Depository of the National Center for
Agncultural Utilization Research Agricultural Research Service. U.S. Department of
Agriculture, 1815 North University Street, Peoria, Illinois 61604 U.S.A. on August 6, 20153
and assigned NRRL No. B-67087.

AIP36895 was deposited with the Patent Depository of the National Center {or

Agricultural Utilization Research Agricultural Research Service, U.S. Department of
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Agriculture, 1815 North University Street, Peornia, Illinois 61604 U.S.A. on August 6. 2015
and assigned NRRL No. B-67086

Each of the deposits identified above will be maintained under the terms of the
Budapest Treaty on the International Recognition of the Deposit of Microorganisms for the
Purposes of Patent Procedure. Each deposit was made merelv as a convenience for those of
skill 1n the art and 1s not an admission that a deposit is required under 35 U.S.C. §112.

The term "1solated" encompasses a bacterium, spore, or other entity or substance, that
has been (1) separated [rom at least some of the components with which it was associated
when nitially produced (whether in nature or in an experimental setting), and/or (2)
produced, prepared. purified, and/or manufactured by the hand of man. Isolated bacteria mav
be separated from at least about 10%. about 20%. about 30%, about 40%, about 50%. about
60%, about 70%, about 80%, about 90%, or more of the other components with which thev
were 1nitially associated.

As used herein, a substance 1s "pure" if 1t 1s substantially free of other components.
The terms "purify." "purifving” and "purified" refer to a bacterium, spore. or other material
that has been separated from at least some of the components with which it was associated
either when initiallv produced or generated (e.g.. whether in nature or in an experimental
setting), or during any time after its initial production. A bacterium or spore or a bacterial
population or a spore population may be considered purified 1 11 1s 1solated at or afier
production, such as from a material or environment containing the bacterium or bacterial
population or spore, and a purified bacterium or bacterial population or spore may contain
other materials up to about 10%, about 20%, about 30%, about 40%. about 50%, about 60%.
about 70%, about 80%, about 90%, or above about 90% and still be considered purified. In
some embodiments. purified bacteria or spores and bacterial populations or spore populations
are more than about 80%, about 85%. about 90%, about 91%, about 92%. about 93%. about
94%. about 95%, about 96%. about 97%. about 98%, about 99%. or more than about 99%
pure. In specific embodiments, a culture of bacteria contains no other bacterial species in
quantities to be detected by normal bacteriological techniques.

By "population” 1s intended a group or collection that comprises two or more (i.e.. 10,
100, 1,000, 10,000, 1x10° 1x10, or 1x10® or greater). Various compositions are provided
herein that comprise a population of at least one bacterial strain. In specific embodiments,
the population of at least one of a bacterial strain (i.e., AIP27511. AIP35174, AIP25773.
AIP135251. AIP61892, AIP79428. AIP14931. AIP39589. and AIP36895. or an active variant

of any thereof, or spores or forespores or a combination of cells, forespores and/or spores.
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formed from one or more of AIP27511, AIP35174. AIP25773, AIP15251, AIP61892.
ATP79428. AIP14931, AIP39589, and AIP36895, or an active variant of any thereof)
comprises a concentration of at least about 10° CFU/ml to about 10'' CFU/ml, about 10°
CFU/ml to about 10"° CFU/ml, about 10> CFU/ml to about 10'* CFU/ml, about 10° CFU/ml
to about 10° CFU/ml. about 10° CFU/ml to about 10" CFU/ml. about 10" CFU/ml to about
10" CFU/ml, about 10° CFU/ml to about 10° CFU/ml, about 10’ CFU/ml to about 10"
CFU/ml, about 10" CFU/ml to about 10" CFU/ml, about 10" CFU/ml to about 10"
CFU/ml. In other embodiments, the concentration of the bactenal strain provided herein or
active variant thereof comprises at least about 10° CFU/ml, at least about 1 0" CFU/ml, at least
about 10" CFU/ml, at least about 10° CFU/ml, at least about 10” CFU/ml, at least about 10"
CFU/ml, at least about 10" CFU/ml. or at least about 10 CFU/ml.

A “spore™ refers to at least one dormant (at application) but viable reproductive unit
of a bacteria spectes. Non-limiting methods by which spores are formed from each of
AIP27511, AIP35174, AIP25773, AIP15251, AIP61892, AIP79428. AIP14931, AIP39589,
and AIP36895 (or variants of any thereof) are disclosed eisewhere herein. 1t is further
recognized the populations disclosed herein can compnse a combination of vegetative cells
and forepores (cells in an intermediate stage of spore formation); a combination of forespores
and spores. or a combination of forespores, vegetative cells and/or spores.

The compositions comprising a bactenal strain (1.e.. at least one of AIP27511,
AIP35174, ATP25773. AIP15251, AIP61892, AIP79428, AIP14931, AIP39589, and
AIP36895, or an active vanant of any thereof, or a spore or a forespore or a combination of
cells, forespores or/and spores, [rom any one of AIP273511, AIP35174, AIP25773. AIP15251,
AIP61892, AIP79428, AIP14931, AIP39589, or AIP36895, or an active variant of any
thereof) can further comprise an agriculturally acceptable carrier. The term "agriculturally
acceptable carrier” 1s intended to include any matenal that facilitates application of a
composition to the intended subject (1.e, a plant or plant part susceptible 1o a plant disease of
interest (1.e.. Asian Soybean Rust (ASR), or any other disease discloses herein or a plant or
plant part for improving an agronomic tratt of interest). Carrers used in compositions for
application to plants and plant parts are prelerably non-phytotoxic or only mildly phviotoxic.
A suitable carmer may be a solid, liquid or gas depending on the desired formulation. In one
embodiment, carriers include polar or non-polar liquid carriers such as water, mineral oils

and vegetable oils. Additional carners are disclosed elsewhere herein.

A, Active Variants of a Bacterial Strain
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Further provided are active varianis of AIP27511, AIP35174, AIP25773. AIP15251.
AIP61892. AIP79428. AIP14931, AIP39589, and AIP36895. Such vanants will retain the
ability to control one or more plant diseases (1.€., reduce disease severity and/or reduce
disease development) and/or control one or more plant pathogens. In some embodiments,
variants will retain the ability to control one or more [ungal plant diseases and/or one or more
fungal pathogens. In other embodiments, variants will retain the ability to control ASR.

Active variants of the various bacterial strains provided herein include, for example,
any 1solate or mutant of AIP27511. AIP35174, AIP25773. AIP15251, AIP61892, AIP79428,
AIP14931, AIP39589, and AIP36895.

In specific embodiments, the bacterial strain is compatible with a biocide. A biocide
1s a chemical substance that can exert a controlling effect on an organism by chemical or
biological means. Biocides include pesticides, such as fungicides: herbicides: insecticides,
other crop protection chemicals. and the like. Such compounds are discussed in detail
elsewhere herein. A bactenal strain 1S compatible with a biocide when the bactenal strain 1s
able to survive and/or reproduce in the presence of an eflective amount of a biocide of
interest. In instances where the bactenal strain 1s not compatible for a biocide of interest, if
desired, methods can be undertaken to modify the bacterial strain to impart the compatibility
of interest. Such methods to produce modified bacterial strains include both selection
techniques and/or transformation techniques.

Bv “modified bactenal strain™ 1s intended a population wherein the strain has been
modified (bv selection and/or transformation) to have one or more additional traits of interest.
In some cases the modified bacterial strain comprises any one of AIP27511, AIP35174,
AIP25773, AIP15251. AIP61892. ATP79428, AIP14931. AIP39589, or AIP36895, or an
active variant of any thereof. In specific embodiments, the modified bactenal strain 1s
compatible with a biocide of interest, including but not limited to, resistance to a herbicide,
fungicide. pesticide, or other crop protection chemical. The modified biocide-resistant strains
have the same 1dentification characteristics as the onginal sensitive strain except they are
significantly more resistant to the particular herbicide, fungicide, pesticide, or other crop
protection chemical. Thetr identification 1s readily possible by comparison with
characteristics of the known sensitive strain. Thus, 1solated populations of modified bactenal
strains are provided.

An increase In resistance to a biocide (1., for example, a herbicide, fungicide,
pesticide, or other crop protection chemical resistance) refers to the ability of an organism

(1.e.. bactenal cell or spore) to survive and reproduce following exposure to a dose of the

&
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biocide (e.g, herbicide, fungicide, pesticide, or other crop protection chemical) that would
normally be lethal to the unmodified organism or would substantially reduce growth of the
unmodified organism. In specific embodiments, the increase in resistance to a biocide 1s
demonstrated in the presence of an agriculturally effective amount of the brocide.

In such instances, the modiflied bacteral strain having resistance to one or more
biocides 1s useful for enhancing the competitiveness of bactenal strains particularly over
other microbial agents which are not resistant to herbicides. fungicides, pesticides, or other
crop protection chemicals. Therefore, compositions provided herein include selected or
engineered bacterial strains and modified populations of bactenal strains. These bactenal
strains or modified bacterial strains can be used as an inoculant for plants. They can also be
applied as a sprav application directly to the aernal parts of plants, and can be mixed with the
herbicide or other chemical to which they have been modified to become tolerant.

Thus, active variants of the bacterial strains disclosed herein, include for example, a
modified strain, such that the active vanant controls a plant disease and further are able to
grow 1n the presence of at least one biocide.

Recombinant bactenal strains having resistance to an herbicide, fungicide, pesticide,
or other crop protection chemical can be made through genetic engineering techniques and
such engineered or recombinant bacterial strains grown to produce a modified population of
bactenal strains. A recombinant bactenal strain 1s produced by introducing polvnucleotides
into the bacterial host cell by transformation. Methods for transforming microorganisms are
known and available in the art. See, generallv, Hanahan, . (19%3) Studies on transformation
of Escherichia coli with plasmds J Mol. Biol. 166, 557-77; Seidman, C.E. (1994) In:
Current Protocols in Molecular Biology, Ausubel, F.M. er al. eds., John Wilev and Sons.
NY: Choi et al. (2006) J. Microbiol. Methods 64:391-397. Wang et al. 2010. J. Chem.
Technol. Biotechnol. 85:775-778. Transformation mav occur by natural uptake of naked
DNA bv competent cells {rom their environment in the laboratory. Altemativelv. cells can be
made compelent by exposure to divalent cations under cold conditions, by electroporation, by
exposure to polvethviene ghveol, by treatment with {ibrous nanoparticles. or other methods
well known m the art.

Herbicide resistance genes for use in transforming a recombinant bactenal strain
include. but are not limited to, fumonisin detoxification genes (U.S. Patent No. 5,792.931);
acetolactate svnthase (ALS) mutants that lead to herbicide resistance, in particular the
sulfonylurea-type herbicides, such as the S4 and/or Hra mutations; inhibitors of glutamine

svnthase such as phosphinothricin or basta (e.g., bar gene). and glyphosate resistance (EPSPS
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gene): gluphosinate, and HPPD resistance (WO 96/38576, U.S. Patent Nos. 6,758,044
7.250.561: 7,935.869; and 8,124,846), or other such genes known in the art. The disclosures
of WO 96/38576, U.S. Patent No. 5,792,931, U.S. Patent No. 6,758,044 U.S. Patent No.
7.250.561: U.S. Patent No. 7,935.869; and U.S. Patent No. 8,124,846 are herein incorporated
bv reference. The bar gene encodes resistance to the herbicide basta, the nptll gene encodes
resistance to the antibiotics kanamyvcin and geneticin, and the ALS-gene mutants encode
resistance to the sulfonylurea herbicides including chlorsulfuron, metsulfuron, sulfometuron,
nicosulfuron. rimsulfuron, flazasulfuron, sulfosulfuron, and triasulfuron, and the
imadizolinone herbicides including imazethapyr, imazaquin, imazapyr, and imazamethabenz.

To identify and produce a modified population of bacterial strains through selection,
the bacterial strains are grown in the presence of the herbicide, fungicide, pesticide, or other
crop protection chemical as the selection pressure. Susceptible agents are killed while
resistant agents survive to reproduce without competition. As the bactenal strains are grown
in the presence of the herbicide, fungicide, pesticide, or other crop protection chemical,
resistant bacterial strains successfully reproduce and become dominant in the population,
becoming a modified population of bacterial strains. Methods for selecting resistant strains
are known and include U.S. Patent Nos. 4,306,027 and 4,094,097, herein incorporated by
reference. The active variant of the bacterial strain comprising a modified population of
bacterial strains will have the same identification characteristics as the orniginal sensitive
strain except they are significantly more tolerant to the particular herbicide, fungicide,
pesticide, or other crop protection chemical. Thus, their identification 1s readily possible by
comparison with characteristics of the known sensitive strain.

Further active variants of the various bacteria provide herein can be 1dentified
employing, for example, methods that determine the sequence identity relatedness between
the 16S ribosomal RNA, methods to identifv groups of derived and functionally identical or
nearly identical strains include Multi-locus sequence tvping (MLST). concatenated shared
genes trees. Whole Genome Alignment (WGA), Average Nucleotide Identity, and MinHash
(Mash) distance metric.

[n one aspect, the active variants of the bactenal strain(s) AIP27511. AIP35174,
AIP25773. AIP15251, AIP61892, AIP79428, AIP14931. ATP39589, or AIP368935 include
strains that are closelv related to anv of the disclosed strains by employing the Bishop MLST
method of organism classification as defined in Bishop er al. (2009) BMC Biology 'H1)1741-
7007-7-3. Thus, in specific embodiments, an active vartant of a bacterial strain disclosed

herein includes a bacterial strain that falls within at least a 80%. 85%. 86%. 87%. 88%. 89%.



10

15

20

25

30

CA 029955%6 2018-02-13

WO 2017/040273 PCT/US2016/048969

90%, 91%., 92%., 93%. 94%, 95%, 96%, 97%, 98%:, 98.5%, 98.8%, 99%, 99.1%. 99.2%.
99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, or 99.9% sequence cut off emploving the
Bishop method of organism classification as set forth in Bishop et al. (2009) BMC Biology
7(1)1741-7007-7-3, which 1s herein incorporated by reference in its entirety. Active variants
of the bacterna identified by such methods will retain the ability to improve at least one
agronomic trait when applied in an effective amount to a plant. plant part, or an area of
cultivation, including for example, reducing plant disease severity and/or reducing plant
disease development.

In another aspect, the active vanant of the bacterial strain(s) disclosed herein include
strains that are closely related to any of the disclosed strains on the basis of the Average
Nucleotide Identitv (ANI) method of organism classification. ANI (see, for example,
Konstantinidis, K. T., er al.. (2005) PNAS USA 102(7):2567-72. and Richter, M., et al.,
(2009) PNAS 106(45):19126-31) and varniants (see, for example, Varghese. N.J., ef al..
Nucleic Acids Research (July 6, 2015): gkv657) are based on summarizing the average
nucleotides shared between the genomes of strains that align in WGAs. Thus, 1n specific
embodiments, an active variant of bactenial strain AIP27511, AIP35174, AIP23773,
AIP15251, AIP61892, AIP79428, AIP14931, AIP39589, or AIP36895 disclosed herein
includes a bacterial stain that falls within at least a 90%, 95%. 96%. 97%. 97.5%. 98%.
98.5%. 98.8%, 99%, 99.5%, or 99.8% sequence cut off emploving the ANI method of
organism classification as set forth in Konstantimdis, K. T.. et al., (2005) PNAS USA
102(7):2567-72, which 1s herein incorporated by reference in its entirety. Active vanants of
the bactena identified by such methods will retain the abilitv to improve at least one
agronomic trait when applied in an effective amount to a plant. plant part, or an area of
cultivation, including for example. reducing plant disease severitv and/or reducing plant
disease development.

In another aspect, the aciive vanants of the solated bactenal sirain{s) disclosed heremn
mnchydes stram{sy (hat are ciosely related 10 any of the above strains (for example, closely
related to AIP27511, AIP35174, AIP25773, AIP15251, AIP61892, AIP79428, AIP[4931,
AIP39589, or AIP36895) on the basis of 168 rBDNA sequence identily . See Stackebrandi B, e
i, “Report of the ad hoc comnutice tor the re~evalualion of the species defintbon in
bacteniclogy. farJd Svst Evol Microhiod 32{3}y 1043-7 (2002 regarding use of 168 fDNA
sequencs ideniity for determuning relatedness iz bactana. In an embodiment. the at least ons
alratn 15 at ieasi 939 wdentical o any of the above stramns on the basis of 168 rBNA sequence

& O
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identity, at least 97% tdantical 10 any of the above strains on the bass of 165 tBNA sequence
idantty, at teast 98% to ary of the gbove strams on the basis of 165 rDINA seguence idenfiy,
at teast 98 3% wWlentical {0 anv of the above siramns on the basis of 1685 tDMNA sequence
identitv, at least 99% identical to any of the above strains on the basis of 168 rDBNA sequence
identitv, al feast 99 3% to any ol the above straing on ihe basis of 168 rBNA seguence
wlentity or at least 100% o any of the above strains o the basis of 165 N A seguence
identitv. Active variants of the bacteria identified by such methods will retain the ability to
improve at least one agronomic trait when applied in an effective amount to a plant, plant
part, or an area of cultivation, including for example, reducing plant disease severity and/or
reducing plant disease development.

The MinHash (Mash) distance metric is a comparison method that defines thresholds
for hierarchical classification of microorganisms at high resolution and requires few
parameters and steps (Ondov et a/. (2016) Genome Biology 17:132). Mash distance strongly
corresponds to Average Nucleotide Identity method (ANI) for hierarchical classification
(See, Konstantinidis, K. T. ef al. (2005) PNAS USA 102(7):2567-72, herein incorporated by
reference in 1ts entirety). That is, an ANI of 97% is approximately equal to a Mash distance
of 0.03, such that values put forth as useful classification thresholds in the ANI literature can
be directly applied with the Mash distance.

Active variants of the bacteral strain(s) disclosed herein include strains that are
closely related to any of AIP27511, AIP35174, AIP25773, AIP15251, ATP61892, AIP79428,
AIP14931. AIP39589. or AIP36895 on the basis of the Minhash (Mash) distance between
complete genome DNA sequences. Thus. in specific embodiments, an active vanant of a
bactenal strain disclosed herein includes bactenal strains having a genome within a Mash
distance of less than about 0.015 to the disclosed strains. In other embodiments, an active
variant of a bacterial strain disclosed herein includes a distance metric of less than about
0.005, 0.010, 0.015, 0.020, 0.025, or 0.030. A genome, as It relates to the Mash distance
includes both bacterial chromosomal DNA and bactenial plasmid DNA. In other
embodiments, the active variant of a bacterial strain has a genome that 1s above a Mash
distance threshold to the disclosed strains that 1s greater than dissimilarity caused by technical
variance. In further instances. the active vanant of a bacterial strain has a genome that is
above a Mash distance threshold to the disclosed strains that 1s greater than disstmilarity
caused by technical variance and has a Mash distance of less than about 0.015. In other
Instances, the active variant ol a bactenal strain has a genome that 1s above a Mash distance

threshold to the disclosed strains that 1s greater than dissimilanty caused by technical
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variance and has a Mash distance of less than about 0.005, 0.010, 0.015, 0.020, 0.025, or
0.030.

As used herein, “above technical variation™ means above the Mash distance between
two strains caused by errors in the genome assemblies provided the genomes being compared
were éach DNA sequenced with at least 20X coverage with the Illumina HiSeq 2500 DNA
sequencing technology and the genomes are at least 99% complete with evidence for
contamination of less than 2%. While 20X coverage is an art recognized term, for clarity, an
example of 20X coverage 1s as follows: [or a genome size of 5 megabases (MB), 100 MB of
DNA sequencing from the given genome 1s required to have 20X sequencing coverage on
average at each position along the genome. There are many suitable collections of marker
genes to use for genome completeness calculations including the sets found in Campbell ef
al. (2013) PNAS USA 110(14):5540-45, Dupont et al. (2012) ISMFE.J 6:1625-1628, and the
CheckM framework (Parks et al. (2015) Genome Research 25:1043-1055); each of these
references 1s herein incorporated in their entiretv. Contamunation is defined as the percentage
of typically single copy marker genes that are found in multiple copies in the given genome
sequence (e.g. Parks et al. (2015) Genome Research 25:1043-1055); each of these references
1s herein incorporated in their entirety. Completeness and contamination are calculated using
the same collection of marker genes. Unless otherwise stated. the set of collectton markers
employed in the completeness and contamination assay 1s the set forth in Campbell ef a/.
(2013) PNAS USA 110(14):5540-45, herein incorporated bv reference.

Exemplarv steps to obtain a distance estimate between the genomes 1n question are as
follows: (1) Genomes ol suffictent quality for comparison must be produced. A genome of
sufficient quality 1s defined as a genome assembly created with enough DNA sequence to
amount to at least 20X genome coverage using [Hlumina HiSeq 2500 technology. The genome
must be at least 99% complete with contamination of less than 2% to be compared to the
claamed microbe’s genome. (2) Genomes are to be compared using the Minhash workflow as
demonstrated tn Ondov ef al. (2016) Gcenome Biology 17:132, herein incorporated by
reference in its entirety. Unless otherwise stated, parameters employed are as follows:
“sketch™ size of 1000, and “k-mer length™ of 21. (3) Confirm that the Mash distance between
the 2 genomes 1s less than 0.005. 0.010, 0.015, 0.020, 0.025, or 0.030. Active variants of the
bactena identified by such methods will retain the ability to improve at least one agronomic
trait when applied in an effective amount to a plant, plant part, or an area of cultivation,
including for example, reducing plant disease severity and/or reducing plant disease

development.
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I Formulations
The bacteria strains provided herein (1.e., AIP27511. AIP35174, AIP25773.

AIP15251, AIP61892, AIP79428, AIP14931, AIP39589, or AIP368935, or active varnant of

any thereof, or a spore or a forespore or a combination of cells, forespores or/and spores,
from anv one of AIP27511, AIP35174, AIP25773, AIP15251, AIP61892, AIP79428,
AlP14931, AIP39589, or AIP36895, or an active variant of any thereof) can be formulated as
a cell paste, wettable powders, a cell pellet, dusts, granules. a slurry, a drv powder, aqueous
or oil based liquid products, and the like. Such formulations will comprise the bacterna
provided herein or an active variant thereof in addition to carriers and other agents. The
formulations can be used in a variety of methods as disclosed elsewhere herein.

The bactenal strains disclosed herein and the active vanants thereof can be formulated
to include at least one or more of an extender, a solvent, spontaneity promoters, carriers,
emulsifiers, dispersants, frost protectants, thickeners, and/or adjuvants.

Examples of tvpical formulations include water-soluble hiquuds (SL), emulsifiable
concentrates (EC), emulsions in water (EW), suspension concentrates (SC, SE., FS, OD).
water-dispersible granules (WG), granules (GR) and capsule concentrates (CS). WG; GR:
BB: SG; ZC these and other possible types of formulation are described, for example, bv
Crop Life International and in Pesticide Specifications, Manual on development and use of
FAO and WHO specifications for pesticides, FAO Plant Production and Protection Papers -
173, prepared by the FAO/WHO Joint Meeting on Pesticide Specifications, 2004, ISBN:
9251048576. The formulations may comprise active agrochemical compounds other than one
or more active compounds of the invention.

The formulations or application forms of the vartous bactenal strains or active
variants thereof can comprise, but are not limited to, auxilianes, such as extenders, solvents,
spontanelty promoters, carriers, emulsifiers, dispersants, [rost protectants, biocides, solid
carriers, surfactants, thickeners and/or other auxiliaries, such as adjuvants. An adjuvant in this
context 1s a component which enhances the biological effect of the formulation, without the
component 1tsell having a biological elfect. Examples of adjuvants are agents which promote
the retention, spreading. attachment to the leaf surface, or penetration.

Non-limiting extenders are. for example, water, polar and nonpolar organic chemical
liquids, for example from the classes of the aromatic and non-aromatic hydrocarbons (such as
paralfins, alkvl benzenes, alkyInaphthalenes, chlorobenzenes). the alcohols and polyols

(which, if appropriate, may also be substituted, etherified and/or esterified), the ketones (such

12



10

15

20

25

30

CA 029955%6 2018-02-13

WO 2017/040273 PCT/US2016/048969

as acetone, cyclohexanone), esters (including fats and oils) and (poly )ethers, the unsubstituted
and substituted amines. amides. lactams (such as N-alkylpyrrolidones) and lactones, the
sulphones and sulphoxides (such as dimethyl sulphoxide). If the extender used 1s water, it is
also possible to employ, for example, organic solvents as auxiliary solvents. Essentially, non-
limiting liquid solvents are: aromatics such as xylene. toluene or alkylnaphthalenes,
chlorinated aromatics and chlornnated aliphatic hydrocarbons such as chlorobenzenes,
chloroethvlenes or methvlene chloride, aliphatic hvdrocarbons such as cvclohexane or
paraffins, for example petroleum [ractions, mineral and vegetable oils, alcohols such as
butanol or glycol and also their ethers and esters, ketones such as acetone, methyl ethvl
ketone, methvl 1sobutyl ketone or cvclohexanone, strongly polar solvents such as
dimethylformamide and dimethy| sulphoxide, and also water. In principle it 1s possible to use
any suitable solvent. Non-limiting solvents are, for example, aromatic hydrocarbons, such as
xvlene. toluene or alkvinaphthalenes, for example, chlorinated aromatic or aliphatic
hydrocarbons, such as chlorobenzene, chloroethylene or methvlene chloride, for example,
aliphatic hydrocarbons, such as cvclohexane, for example, paralfins, petroleum [ractions,
mineral and vegetable oils. alcohols, such as methanol, ethanol. 1sopropanol. butanol or
glycol, for example, and also their ethers and esters, ketones such as acetone, methyv! ethyl
ketone, methyl 1sobutyl ketone or cvclohexanone, for example, stronglv polar solvents, such
as dimethyl sulphoxide, and waler.

Non-limiting examples of suitable carners include, for example, ammonium salts and
ground natural minerals such as kaolins, clavs, talc. chalk, quartz, attapulgite.
montmorillonite or diatomaceous earth, and ground synthetic minerals, such as finelv divided
silica, alumina and natural or synthetic silicates. resins, waxes and/or solid fertilizers.
Mixtures of such carriers may likewise be used. Carriers suitable for granules include the
following: for example, crushed and fractionated natural minerals such as calcite, marble,
pumice, sepiolite, dolomite, and also synthetic granules of inorganic and organic meals, and
also granules of organic matenal such as sawdust, paper. coconut shells, maize cobs. and
tobacco stalks.

Liquelied gaseous extlenders or solvents may also be used. Non-limiting examples are
those extenders or carriers which at standard temperature and under standard pressure are
gaseous, examples being aerosol propellants, such as halogenated hvdrocarbons, and also
butane, propane. nitrogen and carbon dioxide. Examples of emulsifiers and/or foam-formers,
dispersants or welling agents having ionic or nonioni¢ properties, or mixtures of these

surface-active substances. are salts of polyacrvlic acid, salts of lignosulphonic acid, salts of
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phenoisulphonic acid or naphthalenesulphonic acid, polycondensates of ethylene oxide with
fatty alcohols or with fatty acids or with fatty amines, with substituted phenols (preferably
alkylphenols or arylphenols), salts of sulphosuccinic esters, taurine derivatives (preferably
alkvlta urates), phosphoric esters of polyethoxylated alcohols or phenols, fatty acid esters of
polvols, and denvatives of the compounds containing sulphates, sulphonates and phosphates,
examples being alkylarvl poly glvcol ethers, alkvlsulphonates, alkvl sulphates,

ary Isulphonates, protein hvdrolysates, lignin-sulphite waste liquors and methyicellulose. The
presence of a surface-active substance i1s advantageous 1if one of the active compounds and/or
one of the inert carriers 1s not soluble in water and 1t application takes place in water.

Further auxiliaries that mav be present in the formulations and in the application
forms derived from them include colorants such as inorganic pigments. examples being 1ron
oxide, titanium oxide, Prussian Blue, and organic dves, such as alizarin dves, azo dves and
metal phthalocyanine dves, and nutrients and trace nutrients, such as salts of 1ron, manganese,
boron, copper, cobalt, molybdenum, and zinc.

Stabilizers, such as low-temperature stabilizers, preservatives, antioxidants, light
stabilizers or other agents which improve chemical and/or physical stability may also be
present. Additionally present may be foam-formers or defoamers.

Furthermore, the formulations and application forms derived from them may also
comprise, as additional auxilianes, stickers such as carboxymethylcellulose, natural and
svnthetic polvmers in powder, granule or latex form, such as gum arabic, polyvinyl alcohol,
polvvinyl acetate, and also natural phospholipids, such as cephalins and lecithins, and
svnthetic phospholipids. Further possible auxiliaries include mineral and vegetable oils.

There may possibly be further auxilianes present in the formulations and the
application forms derived from them. Examples of such additives include fragrances,
protective colloids, binders, adhesives, thickeners, thixotropic substances, penetrants,
retention promoters, stabilizers, sequestrants, complexing agents, humectants and spreaders.
Generallv speaking, the active compounds may be combined with anv solid or liquid additive
commonly used for formulation purposes.

Suitable retention promoters include all those substances which reduce the dvnamic
surface tension, such as dioctyl sulphosuccinate, or increase the viscoelasticity, such as
hvdroxypropvlguar polvmers. for example.

Suitable penetrants in the present context include all those substances which are
typically used 1n order to enhance the penetration of active agrochemucal compounds nto

plants. Penetrants in this context are defined in that, from the (generally aqueous) application
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hiquor and/or from the spray coating, they are able to penetrate the cuticle of the plant and
thereby increase the mobility of the active compounds in the cuticle. This propertv can be
determined using the method described in the literature (Baur et al.. 1997, Pesticide Science
51: 131-152). Examples include alcohol alkoxylates such as coconut fatty ethoxylate (10) or
1sotridecyl ethoxyvlate (12), fatty acid esters such as rapeseed or sovbean oil methy] esters.
fatty amine alkoxylates such as tallowamine ethoxylate (15), or ammonium and/or
phosphonium salts such as ammonium sulphate or dtammonium hydrogen phosphate, for
example.

The various compositions and formulations disclosed herein can comprise an amount
of a bacterial strain, such as AIP27511. AIP35174, AIP25773, AIP15251, AIP61892,
AIP79428, AIP14931, AIP39589, or AIP36895, or active variant of any thereof, or a spore or
a forespore or a combination of cells, forespores or/and spores, from anv one of AIP27511,
AIP35174, AIP25773, AIP15251, AIP61892. AIP79428. AIP14931, AIP39589. or
AIP36895, or an active vanant of any thereof. Such an amount can comprise a concentration
of the bacterial strain of at least about 10* to about 10", at least about 10° CFU/gram to about
10" CFU/gram, about 10 CFU/gram to about 10" CFU/gram, about 1 0’ CFU/gram to about
10" CFU/gram, about 10° CFU/gram to about 10° CFU/gram, about 10° CFU/ gram to about
10" CF U/gram, about 10" CF U/gram to about 10° CFU/gram, about 10* CF U/gram to about
10 CFU/gram, about 10° CFU/gram to about 10" CFU/gram, about 10" CFU/gram to about
10" CFU/gram, or about 10" CFU/gram to about 10" CFU/gram. In other embodiments,
the concentration of the bacterial strain comprises at least about [0° CFU/gram, at least about
10° CFU/gram. at least about 10" CFU/gram, at least about 10® CFU/gram, at least about 10°
CFU/gram, at least about 10" CFU/gram, at least about 10" CFU/gram, at least about 10%
CFU/gram, at least about 107 CFU/gram. Such concentrations of the bacterial strain can occur
in any formulation type of interest, including, for example in a wettable power, spray dried
formulation, or 1n a cell paste.

Cell pastes and wettable powers and sprav dried formulations can comprise a bacterial
strain, such as AIP27511, AIP35174, AIP25773, AIP15251, AIP61892, AIP79428.
AIPT14931, AIP39589. or AIP36895. or active varnant of anv thereof. or a spore or a [orespore
or a combination of cells, forespores or/and spores, from anv one of AIP27511, AIP35174,
AIP25773. AIP15251, AIPG1892, AIP79428, AIP 14931, AIP39589. or AIP36893, or an
active vanant of any thereof. The amount of the bacterial strain can comprise a concentration
ol the bacterial strain of at least about 10° CFU/gram to about 10" CFU/gram, about 10

CFU/gram to about 10" CFU/gram, about 107 CFU/gram to about 10" CFU/gram. about 10°

, -
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CFU/gram to about 10" CFU/gram, about 10° CFU/gram to about 10'' CFU/gram, about
10" CFU/gram to about 10" CFU/gram, about | 0° CFU/gram to about 10" CFU/gram, about
10’ CFU/gram to about 10" CFU/gram, about 10° CFU/gram to about 10° CFU/gram, about
10® CFU/gram to about 10" CFU/gram, about 10" CFU/gram to about 1 0° CFU/gram, about
10 CFU/gram to about 10° CFU/gram, about 10° CFU/gram to about 10" CFU/gram. about
10" CFU/gram to about 10" CFU/gram, or about 10" CFU/gram to about 10"* CFU/gram.
In some embodiments, the concentration of the bacterial strain comprises at least about 10°
CFU/gram, at least about 10° CFU/gram, at least about 10" CFU/gram, at least about 10°
CFU/gram, at least about 107 CFU/gram, at least about 10" CFU/gram, at least about 10"
CFU/gram, at least about 10" CFU/gram, or at least about 10* CFU/gram.

As used herein, a “cell paste™ comprises a population of cells that has been
centrifuged and/or filtered or otherwise concentrated.

Further provided is a coated seed which comprises a seed and a coating on the seed,
wherein the coating comprises at least one bacterial strain, such as AIP27511, AIP35174,
AIP25773, AIP13231. AIP61892, AIP79428. AIP14931, AIP39589, or AIP36895, or active
variant of any thereof, or a spore or a forespore or a combination of cells, forespores or/and
spores, from any one of AIP27511, AIP35174, AIP25773, AIP15251, AIP61892, AIP79428,
AIP14931, AIP39589. or AIP36895, or an active variant of any thereof, wherein said
bacterial strain or the active variant thereof is present on the seed at about 10° CFU/seed to
about 10° CFU/seed. at about 10* CFU/seed to about 10° CFU/seed. at about 10* CFU/seed to
about 10° CFU/seed, at about 10° CFU/seed to about 10° CFU/seed. at about 10° CFU/seed to
about 10" CFU/seed. or at about 10" CFU/seed to about 10° CFU/seed. Various plants of
interest are disclosed elsewhere herein.

A seed coating can further comprise at least at least one nutrient, at least one herbicide
or at least one pesticide, or at least one biocide. See, for example, US App Pub.
20040336049, 20140173979, and 20150033811.

The various formulations disclosed herein can be stable for at least 30, 40, 50. 60. 70,
80, 90, 100, 125, 150, 200, 225, 250, 275, 300, 325, 350 davs, 1.5 vears. 2 vears or longer.
By stable is intened that the formulation retains viable bacteria and/or retains an effective
amount of a biologicallv active bacteria. In one embodiment, the stable formlation retains at
least about 1%, about 10%, about 20%, about 30% about 40%. about 50%, about 60%, about
70%, about 80%, or about 90% of CFU/gram in the formulation at a given storage time point
when compared to the CFU/gram produced alter immediate preparation of the formulation.

[n another embodiment, the stable formulation retains at least about 30% to 80%. about 50%
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to about 80%, about 60% to about 70%, about 70% to about 80%, about 40% to about 50%.
about 50% to about 60%, about 60% to about 70% of biological activity in the formulation at
a given storage time point when compared to the biological activity found in the formulation
immediatelv after production. In another embodiment, the stable formulation at a given
storage time point retains at least about 30%, 45%, 50%, 60%, 70%, 80%, 90% of biological
activity when compared to the biological activity found in the formulation immediately after
production. In still another embodiment, the stable formation retains anv combination of the
viability and biological activity noted above.

The formulations preferably comprise between 0.00000001 % and 98% bv weight of
active compound or, with particular preference, between 0.01 % and 95% by weight of active
compound, more preferably between 0.5% and 90% by weight of active compound, based on
the weight of the formulation.

The active compound content of the application forms prepared from the formulations
may vary within wide ranges. The active compound concentration of the application forms
may be situated typically between 0.00000001 % and 95% by weight of active compound.
preferably between 0.00001 % and 1 % by weight, based on the weight of the application
form. Application takes place in a customary manner adapted to the application forms.

Moreover, the bacteral strain provided herein or an active variant thereof can be
mixed with a biocide. such as a fungicide. insecticide. or herbicide to enhance its activity or
the activity of the chemucal (o which it has been added. In some cases, the combination of the
bactenial strain and chemical may show svnergistic activity where the nmixture of the two
exceeds thai expecied from their sumple additive effect.

In specific embodiments, the bactenal strain or active variant thereof is compatible

with agricultural chemicals used to improve performance of biocides. Such agricultural

chemicals include safeners, surfactants, stickers, spreaders, UV protectants, and suspension
and dispersal aids. Safeners are chemicals that improve or modifv the performance of
herbicides. Surfactants, spreaders, and stickers are chemicals included in agricultural spray
preparations that change the mechanical properties of the spray (for example, by altering
surface tension or improving leaf cuticle penetration). UV protectants improve the
performance of agricultural biocides by reducing degradation by ultraviolet light. Suspension
and dispersal aids improve the performance of biocides by altering their behavior in a sprayv
tank. In instances where the bacterial strain or active variant is not compatible with an

agricultural chemucal ol interest, if desired. methods can be undertaken to modify the
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bactenal strain to impart the compatibility of interest. Such methods to produce modified
bacterial strains include both selection techniques and/or transformation techniques.

The bactenal strain provided herein can be used to significantly improve at least one
agronomuc trait of interest (1.e, reduce disease such as ASR or another fungal pathogen of
interest). The bacterial strain provided herein can be used with other pesticides for an
effective integrated pest management program. In one embodiment, the biocontrol
populations can be mixed with known pesticides 1n a manner described in WO 94/10843,
herein incorporated by reference.

Non-limiting examples of compounds and compositions that can be added to the
formulation, include but are not limited to, Acetyl tributyl citrate [Citric acid, 2-(acetyloxy)-,
tributvl ester]. Agar; Almond hulls; Almond shells; alpha-Cyclodextrin; Aluminatesilicate;
Aluminum magnesium silicate [Silicic acid, aluminum magnesium salt]; Aluminum
potassium sodium silicate [Silicic acid, aluminum potassium sodium salt]; Aluminum
stlicate; Aluminum sodium silicate |Silicic acid, aluminum sodium salt]; Aluminum sodium
silicate (1:1:1)[Silicic acid (H4S104), aluminum sodium salt (1:1:1)]; Ammonium benzoate
[Benzoic acid, ammonium salt]: Ammonium stearate [Octadecanoic acid, ammonium salt]:
Amylopectin, acid-hvdrolvzed, 1-octenylbutanedioate: Amvlopectin, hydrogen 1-
octadecenylbutanedioate; Animal glue; Ascorbvl palmutate: Attapulgite-type clay; Beeswax;
Bentonite; Bentonite, sodian: beta-Cyclodextrin. Bone meal; Bran; Bread crumbs: (+)-Buty]
lactate; |Lactic acid, n-butvl ester, (5)|. Butvl lactate |Lactic acid. n-butyl ester]|. Butvl
stearate [Octadecanoic acid, butvl ester|; Calcareous shale; Calcite (Ca(Cos)); Calcium
acetate; Calctum acetate monohyvdrate [Acetic acid, calcium salt, monohydrale]; Calcium
benzoate [Benzoic acid, calcium salt]; Calcium carbonate; Calcium citrate |Citric acid.,
calcium salt]; Calcium octanoate; Calcium oxide silicate (Ca;O(S104)): Calcium stlicate
[Silicic acid. calcium salt]; Calcium stearate [Octadecanoic acid, calcium sait]; Calcium
sulfate: Calcium sulfate dehvdrate; Calcium sullate hemihydrate: Canary seed; Carbon;
Carbon dioxide: Carboxvmethyl cellulose |Cellulose, carboxvmethyl ether]; Cardboard;
Carnauba wax; Carob gum [Locust bean gum|; Carrageenan; Caseins: Castor oil; Castor oil,
hyvdrogenated; Cat [ood; Cellulose; Cellulose acetate; Cellulose, mixture with cellulose
carboxymethyl ether, sodium salt. Cellulose, pulp: Cellulose, regenerated: Cheese;
Chlorophvll a; Chlorophvll b: Citrus meal; Citric acid; Citric acid. monohydrate; Citrus
pectin; Citrus pulp; Clam shells: Cocoa: Cocoa shell flour; Cocoa shells: Cod-liver oil:
Collee grounds: Cookies; Cork; Com cobs: Cotton; Cottonseed meal; Cracked whealt.;

Decanoic acid. monoester with 1.2 3-propanetriol; Dextrins; Diglyceryl monooleate |9-
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Octadecenoic acid, ester with 1.2 3-propanetriol|; Diglvceryl monostearate {9-Octadecanoic
acid, monoester with xvbis(propanediol)]; Dilaurin [Dodecanoic acid, diester with 1.2,3-
propanetriol |

Dipalmitin [Hexadecanoic acid, diester with 1,2,3-propanetriol]; Dipotassium citrate [Citric
acid, dipotassium salt]; Disodium citrate | Citric acid, disodium salt|; Disodium sulfate
decahvdrate : Diatomaceous earth (less than 1% crystalline silica); Dodecanoic acid,
monoester with 1,2.3-propanetriol; Dolomite; Douglas fir bark; Egg shells; Eggs; (+)-Ethyl
lactate |Lactic acid, ethvl ester, (S)]; Ethyl lactate | Lactic acid, ethyl ester}; Feldspar: Fish
meal: Fish oil (not conforming to 40 CFR 180.950) ; Fuller's earth; Fumaric acid; gamma-
Cvclodextrin; Gelatins; Gellan gum; Glue (as depolymd. animal collagen); Glycerin |[1,2,3-
Propanetriol]; Glycerol monooleate [9-Octadecenoic acid (Z)-, 2,3-dihydroxy propyl ester].
Glyceryl dicaprylate [Octanoic acid, diester with 1,2 3-propanetriol]: Glyceryl dimynstate
(Tetradecanoic acid, diester with 1.2 3-propanetriol]; Glvceryl dioleate [9-Octadecenoic acid
(9Z)-, diester with 1.2 3-propanetriol]; Glycervl distearate ; Glyceryl monomynstate
[Tetradecanoic acid, monoester with 1.2,3-propanetriol]; Glvceryl monooctanoate [Octanoic
acid. monoester with 1,2 3-propanetriol|; Glycervl monooleate [9-Octadecenoic acid (9Z)-,
monoester with 1,2,3-propanetriol]; Glycervl monostearate [Octadecanoic acid, monoester
with 1,2 3-propanetriol]; Glyceryl stearate [Octadecanoic acid, ester with 1,2.3-propanetriol .
Granite: Graphite; Guar gum; Gum Arabic; Gum tragacanth; Gypsum; Hematite (Fe>0Os).
Humic acid;: Hydrogenated cottonseed otl; Hydrogenated rapeseed otl; Hydrogenated
sovbean oil; Hvdroxvethyl cellulose [Cellulose. 2-hvdroxvethyl ether]: Hvdroxypropyl
cellulose [Cellulose. 2-hydroxypropyl ether]; Hydroxypropyl methvi cellulose [Cellulose, 2-
hvdroxypropvl methyl ether]: Iron magnesium oxide (Fe-MgOy); Iron oxide (Fe»03); Iron
oxide (Fe-03); Iron oxide (Fez04); Iron oxide (FeO); Isopropyl alcohol [2-Propanol]:
Isopropyl myristate: Kaolin; Lactose, Lactose monohydrate; Lanolin; Latex rubber; Lauric
acid: Lecithins: Licorice extract; Lime (chemical) dolomitic: Limestone; Linseed oil;
Magnesium carbonate |Carbonic acid, magnesium salt (1:1); Magnesium benzoate;
Magnesium oxide; Magnesium oxide silicate (Mg;O(S1,0s)>), monohydrate; Magnesium
silicate; Magnesium silicate hydrate: Magnesium silicon oxide (Mg,S1:05). Magnesium
stearate [Octadecanoic acid, magnesium salt]. Magnesium sultate; Magnesium sulfate
heptahvdrate; Malic acid: Malt extract; Malt flavor; Maltodextrin; Methyvlcellulose
[Cellulose, methyl ether]: Mica: Mica-group minerals: Milk: N/A Millet seed. Mineral o1l
(U.S.P.): 1-Monolaurin [Dodecanoic acid, 2.3-dihydroxvpropyl ester]. 1-Monomyristin

| Tetradecanoic acid, 2.3-dihvdroxypropvl ester]; Monomyristin | Decanoic acid, diester with
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1,2,3-propanetriol |: Monopalmitin [Hexadecanoic acid, monoester with 1,2,3-propanetriol|;
Monopotassium citrate [Citric acid, monopotassium salt; Monosodium citrate |Citric acid,
monosodium salt]; Montmorillonite: Myristic acid; Nepheline syenite; Nitrogen; Nutria meat;
Nvlon; Octanoic acid, potassium salt; Octanoic acid, sodium salt; Oils, almond. Oils, wheat;
Oleic acid; Oyster shells; Palm o1l; Palm oil. hvdrogenated; Palmitic acid [Hexadecanoic
acid|; Paraffin wax: Peanut butter; Peanut shells ;: Peanuts: Peat moss; Pectin; Perlite; Perlite,
expanded; Plaster of paris; Polyethylene; Polvglvceryl oleate; Polyglvcervl stearate:
Potassium acetate | Acetic acid. potassium salt|; Potassium aluminum silicate, anhydrous;
Potassium benzoate [Benzoic acid, potassium salt]; Potassium bicarbonate [Carbonic acid,
monopotassium salt]: Potassium chloride; Potassium cifrate [Citric acid, potassium salt|.

Potassium humate [Humic acids, potassium salts]. Potasstum myristate [Tetradecanotc acid,

potassium salt]; Potassium oleate [9-Octadecenoic acid (9Z)-, potassium salt; Potassium
ricinoleate [9-Octadecenoic acid, 12-hydroxy-, monopotassium salt,(9Z,12R)-]; Potassium
sorbate [Sorbic acid. potassium salt |. Potassium stearate [ Octadecanoic acid. potassium salt]:
Potasstum sulfate; Potassium sulfate [Sulfuric acid, monopotassium salt]; 1,2-Propylene
carbonate [1.3-Dioxolan-2-one, 4-methyl-]; Pumice; Red cabbage color (expressed from
edible red cabbage heads via a pressing process using only acidified water); Red cedar chips;
Red dog flour; Rubber; Sawdust; Shale; Silica, amorphous, fumed (crvstalline free): Silica,
amorphous, precipated and gel; Silica (crvstalline [ree): Silica gel. Silica gel. precipitated.
cryvstalline-free; Silica. hvdrate; Silica, vitreous; Silicic acid (H»S103), magnesium salt (1:1):
Soap (The water soluble sodium or potassium salts of fatty acids produced by either the
saponification of fats and oils. or the neutralization of fattv acid); Soapbark [Quillaja
saponin]; Soapstone; Sodium acetate [ Acetic acid. sodium salt]; Sodium alginate; Sodium
benzoate [Benzoic acid, sodium salt]. Sodium bicarbonate; Sodium carboxymethvl cellulose

[Cellulose, carboxymethvl ether, sodium salt]: Sodium chloride; Sodium citrate, Sodium
humate [Humic acids, sodium salts]: Sodium oleate: Sodium ricinoleate [9-Octadecenoic
acid, 12-hvdroxy-, monosodium salt,

(9Z.12R)-]1; Sodium stearate [Octadecanoic acid, sodium salt]; Sodium sulfate; Sorbitol
[D-glucitol]:; Soy protein; Sova lecithins [Lecithins, soval. Sovbean hulls; Sovbean meal;
Sovbean, flour; Stearic acid [Octadecanoic acid]; Sulfur. Svrups, hvdrolyzed starch.
hydrogenated; Tetragvlceryl monooleate [9-Octadecenoic acid (97)-, monoester with
tetraglvcerol]; Tricalcium citrate [Citric acid, calcium salt (2:3)]; Triethyl citrate [Citric acid,
triethyl ester; Tripotassium citrate [Citric acid. tripotassium salt]; Tripotassium citrate

monohvdrate |Citric acid, tripotassium salt, monohydrate|. Trisodium citrate |Citric acid,
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trisodium salt]; Trisodium citrate dehydrate [ Citric acid, trisodium salt, dehvdrate|.
Trisodium citrate pentahydrate [Citric acid, tnsodium salt, pentahydrate]. Ultramarine blue
[C.I. Pigment Blue 29]; Urea; Vanillia; Vermuculite: Vinegar (maximum 8% acetic acid in
solution); Vitamin C [L-Ascorbic acid]; Vitanun; Walnut flour; Walnut shells; Wheat. Wheat
flour; Wheat germ oil; Whey; White mineral o1l (petroleum); Wintergreen o1l; Wollastonite
(Ca(S103)): Wool; Xanthan gum: Yeast; Zeolites (excluding erionite (CAS Reg. No. 66733-
21-9)). Zeolites, NaA; Zinc tron oxide; Zinc oxide (ZnO). and Zinc stearate [Octadecanoic

acid, zinc salt|.

IV Methods of Use

The bacterial strains or modified bacterial strains or active variants thereof provided

herein can be employed with any plant species to improve an agronomic trait of interest.
Agonomic traits of interest include any trait that improves plant health or commercial value.
Non-limiting examples of agronomic traits of interest including increase in biomass, increase
in drought tolerance, thermal tolerance. herbicide tolerance, drought resistance. insect
resistance, fungus resistance, virus resistance, bactena resistance, male stenlity, cold
tolerance, salt tolerance, increased vield, enhanced nutrient use efficiency, increased nitrogen
use efficiency, increased tolerance to nitrogen stress, increased fermentable carbohvdrate
content. reduced lignin content, increased antioxidant content, enhanced waler use efficiency.
increased vigor, increased germination efficiency, earlier or increased flowerning, increased
biomass. altered root-to-shoot biomass ratio, enhanced soil water retention. or a combination
thereol. In other instance, the agronomic trait of interest includes an altered o1l content.
altered protein content. altered seed carbohydrate composition, altered seed o1l composition,
and altered seed protein composition, chemical tolerance, cold tolerance, delaved senescence,
disease resistance, drought tolerance, ear weight, growth improvement, health enhancement,
heat tolerance, herbicide tolerance. herbivore resistance, improved nitrogen fixation.
improved nitrogen utilization. improved root architecture, improved water use efticiency,
increased biomass, increased root length, increased seed weight, increased shoot length,
increased vield, increased vield under water-limited conditions, kernel mass. kernel moisture
content. metal tolerance, number of ears. number of kernels per ear, number of pods, nutrition
enhancement, pathogen resistance, pest resistance, photosvnthetic capability improvement,
salinity tolerance, stay-green, vigor improvement, increased drv weight of mature seeds,
increased fresh weight of mature seeds, increased number of mature seeds per plant.

increased chlorophyll content. increased number of pods per plant. increased length of pods
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per plant, reduced number of wilted leaves per plant, reduced number of severely wilted
leaves per plant, and increased number of non-wilted leaves per plant. a detectable
modulation 1n the level of a metabolite, a detectable modulation in the level of a transcript, or
a detectable modulation in the proteome relative to a reference plant.

[n one non-limiting embodiment, the bacterial strain or active variant thereof provided
herein can be emploved to decrease or reduce the level of a plant pest. “Pests™ includes but is
not limited to, insects, fungi, bacteria, nematodes, acarids, protozoan pathogens. animal-
parasitic liver flukes, and the like. In one non-limiting embodiment, the bacterial strain or
active variant thereof provided herein can be employed with any plant species susceptible to a
plant disease. By “a plant susceptible to a plant disease™ is meant that the causative pathogen(s)
of the plant disease are able to infect the plant.

Examples of plant species of interest include, but are not hmited to. comn (Zea mays),
Brassica sp. (e.g., B. napus, B. rapa, B. juncea), particularly those Brassica species useful as
sources of seed oil, alfalfa (Medicago sativa), rice (Oryza sativa), rve (Secale cereale), sorghum
(Sorghum bicolor, Sorghum vulgare), millet (e.g.. pearl millet (Pennisetum glaucum). proso
millet (Panicum miliaceum), foxtail millet (Setaria italica). finger millet (Fleusine coracana)).
sunflower (Helianthus annuus), safflower (Carthamus tinctorius), wheat (Triticum aestivium).
sovbean (Glycine max), tobacco (Nicotiana tabacum), potato (Solanum tuberosum), peanuts
(Arachis hypogaea), cotton (Gossypium barbadense. Gossypium hirsutum), sweet polalo
(Ipomoea batatus). cassava (Manihot esculenta), coffee (Coffea spp.). coconut (Cocos nucifera),
pineapple (Ananas comosus), citrus trees (Citrus spp.). cocoa (Theobroma cacao), tea (Camellia
sinensis). banana (Musa spp.), avocado (Persea americana), lig (Ficus casica), guava (Psidium
guajava), mango (Mangifera indica), ohve (Olea europaca), papay a (Carica papaya), grape
(Vitus spp.), strawberry (£Fragaria x ananassa). cherrv (Prunus spp.), apple (Malus domestica),
orange (Citrus x sinensis) cashew (Anacardium occidentale), macadamia (Macadamia
integrifolia), almond (Prunus amygdalus). sugar beets (Beta vulgaris), sugarcane (Saccharum
Spp.). oats. barlev, vegetables, ornamentals. and conifers.

Vegetables include tomatoes (Lycopersicon esculentum), lettuce (e.g.. Lactuca sativa),
green beans (Phasceolus vulgaris), lima beans (Phaseolus limensis), peas (Lathvrus spp.). and
members of the genus Cucumis such as cucumber (C. sativus), cantaloupe (C. cantalupensis).
and musk melon (C. melo). Omamentals include azalea (Rhododendron spp.). hvdrangea
(Macrophylla hydrangea), hibiscus (Hibiscus rosasanensis), roses (Rosa spp.). tulips (Tulipa
spp.). daffodils (Narcissus spp.). petunias (Petunia hybrida), camation (Dianthus carvophyllus),

ponsettia (Euphorbia pulcherrima), and chrvsanthemum.
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Conifers that mayv be employed in practicing the present mvention include, for example,
pines such as loblolly pine (Pinus taeda), slash pine (Pinus elliotii), ponderosa pine (Pinus
ponderosa), lodgepole pine (Pinus contorta), and Monterey pine (Pinus radiata). Douglas-fir
(Pseudotsuga menziesii). Western hemlock (7suga canadensis);, Sitka spruce (Picea glauca);
redwood (Sequoia sempervirens). true firs such as silver fir (4bies amabilis) and balsam fir
(Abies balsamea). and cedars such as Western red cedar (7huwja plicata) and Alaska
vellow-cedar (Chamaecyparis nootkatensis). In specific embodiments, plants of the present
mvention are crop plants (for example. corn, alfalfa. sunflower, Brassica. soybean. cotton,
safflower, peanut, sorghum, wheat, millet, tobacco, etc.). In other embodiments. corn and
soybean plants are optimal, and in vet other embodiments com plants are optimal.

Other plants of interest include grain plants that provide seeds of interest, oil-seed
plants. and leguminous plants. Seeds of interest include grain seeds, such as corn, wheat,
barlev, rice, sorghum, rye, etc. Oil-seed plants include cotton, sovbean, safflower, sunflower.
Brassica, maize, alfalfa, palm, coconut, etc. Leguminous plants include beans, peas, and dry
pulses. Beans include guar, locust bean, fenugreek, soybean, garden beans, cowpea.

mungbean, lima bean, fava bean. lentils, chickpea. etc.

A.  Non-limiting Plant Pests
Examples ol plant diseases which can be treated or reduced or prevented include, but

are not limited to. plant diseases caused by fungi, viruses or viroids, bacteria, insects,
nematodes, protozoa, and the like. Examples of fungal plant diseases include, but are not
[tmuted to. Asian Soyvbean Rust (ASR), grav mold, leaf spot. Frogeve Leaf Spot, Early Blight,
Damping off complex, Brown Patch, black scurf, root rot, bellv rot, sheath blight, Powdery
Mildew. Anthracnose leaf spot, Downy Mildew. Pythium Blight, Late Blight. Fusarium Head
Blight, sudden death svndrome (SDS). Fusanum Wilt, Com Stalk Rot. Brown Rust, Black
Rust, Yellow Rust. Wheat Rust, Rust, Apple Scab, Verticillium Wilt. Fire Blight, and Brown
Rot, to name a few.

Plant pathogens of the invention include, but are not limited to. viruses or viroids,
bactlena, insects, nematodes, [ungi. and the like.

In specific embodiments, the bacterial strains provided herein are those that target one
or more plant pathogens. For example, the various bacterial strains provided herein target
one or more fungal pathogens that cause plant disease. For example, any of the bacterial
strain provided herein or active variant thereof can have antifungal activity against one, two,

three, four. five. or more fungal pathogens and/or fungal diseases described herein.
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The methods and compositions disclosed herein can be used to control one or more
fungal pathogens. A fungal pathogen can be, but i1s not limited to, a fungus selected from the
group consisting of Bomrytis spp.. Botrytis cinerea, Cersospora spp. Cercospora sojina.
Cercospora beticola, Alternaria spp.. Alternaria solani, Rhizoctonia spp., Rhizoctonia
solani, Blumeria graminis f. sp. Tritici, Lrysiphe necator, Podosphaera xanthii
Golovinomyces <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>