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METHOD FOR PROPAGATING MICROORGANISMSWITHIN PLANT
BIOREACTORSAND STABLY STORING MICROORGANISMSWITHIN
AGRICULTURAL SEEDS

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been filed electronically in ASCII
format and is hereby incorporated by reference in its entirety. Said ASCII copy, created on
December 24, 2014, is named 28412PCT_CRF_sequencelisting.txt and is 2,453,823 bytes in

size.
BACKGROUND

Since the biotechnology revolution, there has been a desire to grow a diversity of microbes in
low-cost, simple, and scalable culture systems. There has also been a need to generate shelf-
stable formulations that can allow low-cost storage of valuable microbes.

SUMMARY OF THE INVENTION

The present invention relates to methods of scalably producing microorganisms by propagating
them within plant tissues and introducing them into agricultural seeds to improve their shelf-life

during long-term storage.

The present invention is based on the surprising discovery that microbes can be viably
incorporated into the seeds of plants by inoculation of various plant tissues. The inventors have
discovered that, when a preparation of microorganisms is applied to a plant under select
conditions, the microorganisms can gain entry when grain formation starts and establish
populations inside, and hence colonize the seed. The methods described herein can be used to
introduce new microbes into plants and their seeds as a means of supporting the scalable
expansion and storage of the desired microbe. The methods aso can produce plants and seeds
that uniformly comprise desired microbes and microbial products. These methods can be used to
generate plants with valuable microbial constituents that can be difficult to produce with current
lab or industrial cultivation methods and can produce seeds comprising microbes in a form that
allows the microbe's storage for prolonged periods a room temperature. Also provided are novel

compositions of plants, plant parts and seeds containing microbes.
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In some aspects, disclosed herein is a method of generating a bacterial endophyte library,
comprising the steps of providing an inoculum comprising a plurality of bacteria endophyte
entities, contacting the inoculum with a cereal plant seed, wherein the cerea plant seed is
substantially depleted of surface endophytes, under conditions such that at least two bacteria
endophyte entities present in the inoculum are incorporated into a cereal plant grown or derived
from the plant seed, such that abacterial endophyte library is generated within the cereal plant at
a concentration of 106 CFU per plant. In certain embodiments, the a least two bacteria
endophyte entities are exogenous to the cereal plant seed. In some embodiments, the bacterial
endophyte library comprises a least three bacterial endophyte entities. In some embodiments, the
bacterial endophyte library comprises a least five bacterial endophyte entities. In some
embodiments, the bacterial endophyte library comprises a least ten bacterial endophyte entities.
In some embodiments, the bacterial endophyte library comprises at least one bacteria entity not
detectably present in the cereal plant seed. In other embodiments, the a least two bacteria
endophyte entities comprise a first bacterial endophyte entity exhibiting a first phenotype and a

second bacteria endophyte entity exhibiting a second phenotype.

In certain embodiments, the first and second phenotypes are selected from catalase activity,
oxidase activity, casein hydrolysis activity, gelatin hydrolysis activity, ACC-deaminase activity,
exopolysaccharide activity, amylase activity, cellulase activity, chitinase activity, hemolytic
activity, lipase activity, pectinase activity, phosphatase activity, protease activity, xylanase
activity, production of an auxin, production of an antimicrobial, production of HCN, production
of NH3, production of AHL, production of PHB, production of a siderophore, mineral phosphate

solubilization, and production of acetoin.

In some embodiments, the method further comprises the steps of planting aplurality of the cereal
plant seeds and allowing the plants to grow, wherein the bacterial endophyte is present a 101°
CFU per acre of plants planted according to established agricultural practices. In further
embodiments, at least one of the bacterial endophyte entities is capable of using methanol or
ethanol as their main carbon source. In some aspects, disclosed herein is a seed preparation

comprising the bacterial endophyte library disclosed above, disposed on aplurality of seeds.
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In other aspects, disclosed herein is a method of producing an endophyte population in a
bioreactor, comprising introducing into a bioreactor comprising a cereal plant material at least
one bacterial endophyte entity, wherein the bacterial endophyte entity is localized an to an
intercellular space of the cereal plant material, under conditions such that the bacterial endophyte
entity proliferates within the intercellular space, thereby producing an endophyte population
within the bioreactor. In some embodiments, the cereal plant material comprises aroot. In some
embodiments, the bacterial endophyte is selected from Table 10. In some embodiments, the
cereal plant material comprises a shoot. In some embodiments, the bacterial endophyte is
selected from Table 11. In some embodiments, the cereal plant material comprises a seed. In
some embodiments, the bacterial endophyte is selected from Table 12. In other aspects,
disclosed herein is a synthetic combination comprising the bioreactor and the endophyte
population.

In further aspects, disclosed herein is amethod of endophyte propagation comprising the steps of
providing an inoculum comprising one or aplurality of bacterial endophyte entities of Table 1,
contacting the inoculum with a cereal plant seed, cereal plant seedling, or a cerea plant, under
conditions such that a least one bacterial endophyte entity present in the inoculum is
incorporated into a cereal plant grown or derived from the cereal plant seed, cereal plant
seedling, or cereal plant, wherein the at least one bacterial endophyte entity is propagated within
the cereal plant. In some embodiments, the a least one bacterial endophyte entity comprises a
bacterial endophyte entity exogenous to the grown cereal plant.

In further aspects, disclosed herein is a method for archiving an endophyte population,
comprising the steps of: a) providing an isolated endophyte population, b) contacting the
provided isolated endophyte population with a cereal plant seed under conditions that an
endophyte population comprising a plurality of bacterial endophyte entities are present in an
intercellular space of a cereal plant grown or derived from the cereal plant seed, c) providing
conditions that permit the endophyte to grow and divide in the inoculated agricultural plant, and
d) isolating one or more seeds from the grown cerea plant, wherein the seeds comprise the
isolated endophyte population, thereby archiving the endophyte population within the isolated
one or more seeds. In some embodiments, the endophyte population has enhanced stability
relative to an unarchived endophyte. In other embodiments, the endophyte population is
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exogenous to the cereal plant seed. In further embodiments, the endophyte population is present
in asubstantially anhydrous state. In other embodiments, the endophyte population ispresent in a
substantially anaerobic state. In some embodiments, the endophyte population is substantialy
resistant to a least one biotic stress. In some embodiments, the endophyte population is
substantially resistant to at least one abiotic stress. In certain embodiments, the endophyte
population comprises a least about 1x 10° endophytes. In some embodiments, the endophyte
population is propagated in culture. In some embodiments, the endophyte population is
unamplified by propagation in culture. In some embodiments, the endophyte population is
propagated in cerea plants. In some embodiments, the endophyte population comprises a first
bacterial endophyte entity isolated from a plant selected from corn, wheat, soy, cotton, rice, and
canola. In some embodiments, the endophyte population comprises a first bacterial endophyte
entity isolated from a plant selected from soy, cotton and canola. In some embodiments, the
endophyte population comprises a first bacterial endophyte entity isolated from a plant
environment selected from root, shoot, seed, and rhizosphere. In certain embodiments, the plant
environment is root and the endophyte is selected from Table 10. In certain embodiments, the
plant environment is shoot and the endophyte is selected from Table 11. In certain embodiments,
the plant environment is seed and the endophyte is selected from Table 12. In certain

embodiments, the plant environment is endosphere and the endophyte is selected from Table 13.

In further aspects, disclosed herein is amethod of propagating abacterial endophyte, comprising:
a) providing a bacterial endophyte preparation that is isolated from a host plant or the
environment thereof, wherein the bacterial endophyte is capable of growing and dividing in a
recipient agricultural plant, b) contacting the recipient plant with the bacterial endophyte
preparation to produce an inoculated agricultural plant, c) providing conditions that permit the
endophyte to grow and divide in the inoculated agricultural plant, and d) isolating inoculated
agricultural plant seeds produced from the inoculated agricultural plant, wherein the agricultural
plant seeds contain the endophyte and progeny thereof, thereby propagating the bacteria
endophyte. In some embodiments, the bacterial endophyte is not cultured. In certain
embodiments, the method comprises repeating steps a)-d) one or more times to generate a
sufficient quantity of agricultural seeds to populate afield. In some embodiments, the bacterial
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endophyte population comprises a plurality of bacterial entities. In other embodiments, the

method further comprises planting the inoculated agricultural plant seeds.

In further aspects, disclosed herein is amethod of protecting an endophyte, comprising the steps
of a) providing an endophyte preparation that is isolated from a host plant or the environment
thereof, wherein the endophyte is capable of growing and dividing in a recipient agricultural
plant, and wherein the endophyte is susceptible to abiotic or an abiotic stress, b) contacting the
recipient plant with the endophyte preparation to produce an inoculated agricultural plant, c)
providing conditions that permit the endophyte to grow and divide in the inoculated agricultural
plant, d) isolating inoculated agricultural plant seeds produced from the inoculated agricultural
plant, wherein the agricultural plant seeds contain the endophyte and progeny thereof, and e)

storing the isolated agricultural plant seeds, thereby protecting the endophyte.

In additional aspects, disclosed herein is a method of generating a population of agricultural

seed-endophyte combinations, comprising

a. producing an agricultural seed comprising an endophyte, by the method comprising i)
obtaining a first agricultural plant, ii) contacting the first agricultural plant with an endophyte
preparation such that afirst endophyte present in the endophyte preparation isincorporated into a
first agricultural seed derived from the first agricultural plant; and

b. producing from the first agricultural seed a second agricultural plant, under conditions

such that apopulation of agricultural seed-endophyte combinations is generated.

In other aspects, disclosed herein is a method of generating a microbial endophyte library,
comprising the steps of providing an inoculum comprising a plurality of microbial endophyte
entities, contacting the inoculum with a part of a plant under conditions such that at least two
microbial endophyte entities present in the inoculum are incorporated into the plant, such that a
microbial endophyte library is generated within a seed derived from the inoculated plant. In
some embodiments, the seed comprises at least 10, 100, 1000, or at least 10,000 CFU/seed of
each of the microbial endophyte of the inoculum. In other embodiments, the plant is a cereal

plant. In yet other embodiments, the microbial endophyte is afungus or a bacterium.
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In further aspects, disclosed herein is a method of generating a microbial endophyte library,
comprising the steps of contacting a plant seed with an inoculum comprising a plurality of
microbial endophyte entities, wherein the resulting contacted seed comprises an endophyte
belonging to a family selected from the group consisting of Microbacteriaceae,
Chitinophagaceae, Bacillaceae, Planococcaceae, Clostridiaceae, Comamonadacesae,
Oxalobacteraceae, Enterobacteriaceae, Pseudomonadaceae, Xanthomonadaceae and one or more
of the microbial endophytes listed in Table 1, wherein the microbial endophyte entities present in
the contacted seed are incorporated into a bioreactor plant grown or derived from the contacted
plant seed, such that a microbial endophyte library is generated within the bioreactor plant. In
some embodiments, the seed is a cerea plant seed. In certain embodiments, the contacted seed
comprises two, three, four, five, six, seven, eight, nine, or ten microbial endophytes listed in
Table 1. In other embodiments, the seed comprises at least 10, 100, 1000, or at least 10,000
CFU/seed of each of the microbial endophytes. In further aspects, disclosed herein is alibrary of
microbial endophytes generated by any of the methods disclosed above.

In other aspects, disclosed herein is alibrary of microbial endophytes comprising in aplant seed
one or more microbial endophytes belonging to a family selected from the group consisting of
Microbacteriaceae, Chitinophagaceae, Bacillaceae, Planococcaceae, Clostridiaceae,
Comamonadaceae, Oxal obacteraceae, Enterobacteriaceae, Pseudomonadaceae,

Xanthomonadaceae and one or more microbial endophytes listed in Table 1.

In other aspects, disclosed herein is alibrary of microbial endophytes comprising in a bioreactor
plant one or more microbial endophytes belonging to a family selected from the group consisting
of Microbacteriaceae, Chitinophagaceae, Bacillaceae, Planococcaceae, Clostridiaceae,
Comamonadaceae, Oxal obacteraceae, Enterobacteriaceae, Pseudomonadaceae,

Xanthomonadaceae and one or more microbial endophytes listed in Table 1.

In other aspects, disclosed herein is a bioreactor plant produced by contacting a plant seed with
an inoculum comprising a plurality of microbial endophyte entities, wherein the resulting
contacted seed comprises an endophyte from the Enterobacteriaceae family and an endophyte
from the Pseudomonadaceae family, and one or more of the microbial endophytes listed in Table

1, and wherein the microbial endophyte entities present in the contacted seed are incorporated
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into a bioreactor plant grown or derived from the contacted plant seed. In other aspects,
disclosed herein is abioreactor plant comprising one or more microbial endophytes belonging to
a family selected from the group consisting of Microbacteriaceae, Chitinophagaceae,
Bacillaceae, Planococcaceae, Clostridiaceae, Comamonadaceae, Oxal obacteraceae,
Enterobacteriaceae, Pseudomonadaceae, Xanthomonadaceae and one or more microbial
endophytes listed in Table 1. In other aspects, disclosed herein is a field comprising a least 1,
10, 100, 1000, 10000 or more bioreactor plants as disclosed above.

In other aspects, disclosed herein is a shelf-stable seed-based storage vessel comprising one or
more microbial endophytes selected from the group belonging to a family selected from the
group consisting of Microbacteriaceae, Chitinophagaceae, Bacillaceae, Planococcaceae,
Clostridiaceae, Comamonadaceae, Oxalobacteraceae, Enterobacteriaceae, Pseudomonadaceae,

Xanthomonadaceae and one or more microbial endophytes listed in Table 1.

In other aspects, disclosed herein is a shelf-stable seed-based storage vessel for microbial
endophytes produced by contacting a plant seed with an inoculum comprising a plurality of
microbial endophyte entities, wherein the resulting contacted seed comprises comprises an
endophyte from the Enterobacteriaceae family and an endophyte from the Pseudomonadaceae
family, and one or more of the microbial endophytes listed in Table 1, wherein the microbial
endophyte entities present in the contacted seed are incorporated into a bioreactor plant grown or
derived from the contacted plant seed, and wherein the bioreactor plant generates shelf-stable
seed-based storage vessels comprising the incorporated microbial endophyte entities.

In some embodiments of the shelf-stable seed-based storage vessel disclosed above, the at least
one of the microbial endophyte produces at least 1 CFU/storage vessel when recovered and
cultivated after storage for a least 1 month, 2 months, 3 months, 6 months, or at least 1year. In
other embodiments, the storage vessel further comprises on the outside a control agent, a plant
growth regulator, a fertilizer and/or a nutrient. In some aspects, disclosed herein is a storage
container comprising the shelf-stable seed-based storage vessel as disclosed above. In some
embodiments, the storage container comprises 10, 100, 1000, 10000, 100000 seed-based storage
vessels.



WO 2015/100432 PCT/US2014/072400

In other aspects, disclosed herein is a method of producing a substance within a plant,
comprising introducing into a bioreactor comprising a cereal plant material at least one bacterial
endophyte entity, wherein the bacterial endophyte entity is localized an to an intercellular space
of the cereal plant material and is capable of producing the substance, under conditions such that
the bacterial endophyte entity proliferates within the intercellular space, thereby producing the
substance. In some embodiments, the substance is an enzyme. In some embodiments, the
enzyme is selected from the group consisting of a catalase, an oxidase, an ACC-deaminase, an
amylase, a cellulose, a chitinase, alipase, a pectinase, a phosphatase, a protease, and a xylanase.
In other embodiments, the substance is an antimicrobial. In other embodiments, the substance is
PHB.

DESCRIPTION OF THE FIGURES

Figure 1 shows maize seeds and compositions that have been introduced with a desired hormone-
producing, phosphate-solubilizing gram-negative bacteria. Specifically, the cob sheath, grain and
cob interior show colonization of the proteobacteria Burkholderia phytofirmans strain PsIN in
maize cvs Peso and Morignon (x-axis shows CFU/g dry weight).

Figure 2 shows light microscopy images of a mature seed colonized by a desired hormone-
producing, phosphate-solubilizing gram-negative proteobacteria. Specifically, Burkholderia
phytofirmans strain PsIN is engineered with gusA in order to allow its detection with a
colorimetric assay. The blue color is due to gusA-marked bacterial cells; strain PsIN is present
inside the embryo (a, b) and in radicals (c); PsIN starts moving from embryo to germinated parts
(©).

Figure 3 shows the recovery of a desired hormone-producing, phosphate-solubilizing gram-
negative proteobacteria (Burkholderia phytofirmans strain PsIN) from the grain interior at
different time intervals after harvesting (DAH; Days after harvesting) and storage a room
temperature.

Figure 4 shows the ability of maize seeds that were generated to comprise the hormone-
producing, phosphate-solubilizing gram-negative proteobacteria (Burkholderia phytofirmans
strain PsIN) to germinate after prolonged storage at room temperature, alowing the further
propagation of the microbe (a, b, c).
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Figure 5 shows the ability of a desired hormone-producing, phosphate-solubilizing gram-
negative proteobacteria (Burkholderia phytofirmans strain PsIN) to propagate following
germination of maize seeds comprising the microbe that were stored a room temperature for
long periods of time (a, b, c; 30, 45, 60 days after sowing).

Figure 6 shows the spraying of pepper flowers to introduce a novel microbe. Pepper flowers
were shielded with a filter paper, sprayed with 675uL bacterial suspension in a concentration of
3x10 8CFU/mL and marked.

Figure 7 shows representative results of GUS-staining in pepper treated with hormone-
producing, phosphate-solubilizing PsIN that was genetically engineered with gusAHO 15 days
post inoculation (dpi) GUS-activity, demonstrated by blue dye accumulation, was found in all
plant parts including seeds indicating the presence of PsIN inoculant (A shows GUS-activity in
pericarp, peduncle, seed and placenta, B shows GUS-activity in seeds, C is negative). Not al
samples tested positive (replicate number n = 6).

Figure 8 Shows representative result of GUS-staining of control pepper 15 dpi. Low GUS
activity was found in peduncle (image C) and pericarp (image B and D) (replicate n = 6).
Generally, staining occurred less frequently than in the PsJN::gusA 110 treated plants.

Figure 9 shows GUS-staining positive samples in pepper 15 days post inoculation (dpi). The
percentage of treated flowers/fruits per plant, which were GUS-positive in an examination 15
dpi, was 17% in the control and 46% in the PsIN.vgra®l 10 treatment (replicate n = 6).

Figure 10 shows the localization of GUS-staining in pepper 15 dpi. GUS-responsiveness in
different anatomic parts examined in GUS-positive samples shows that only after
PsIN::gusAl 10 treatment, staining can be found in placenta, seeds and apex. Staining in the
control was only found in peduncle and partly in the pericarp. Differences in intensity were
negligible and are not displayed.

Figure 11 shows the localization of GUS-staining in fully ripe pepper. GUS-staining was more
intense and frequent in PsJN::gusAl 10 treated samples. Only in these, high amounts of GUS-
activity are detected in peduncle, placenta and seeds.

Figure 12 shows a representative result of GUS-staining in pepper treated with PsJN::gusAl 10
harvested ripe. GUS-staining reached a very high intensity in 40 - 50% of samples and was
preferably localized in peduncle (images A, B, E, F). GUS-activity was observed in about 509>
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of cases inside seeds as indicated by black arrows (images B, C, D). GUS-activity was also
found in pericarp (images A, D, E) and placenta (images A, B, F).

Figure 13 shows the representative results of GUS-staining in control pepper harvested at ripe
stage. GUS-staining intensity was generally weak and in most cases restricted to the peduncle
(images B, C, D, E). In 50% of GUS-active samples, staining was observed in placenta (image
D) and in approx. 15% in seeds as indicated by the black arrow (image A). Fruit sizes vary
between 8 - 12 cm (scale bar not shown).

Figure 14 shows the results of GUS-staining tomato cv. Micro Tom 2 weeks post inoculation. In
50% of sprayed inflorescences (replicates n = 6), GUS-activity was observed in a least one
developing fruit. No GUS-activity was observed in the control.

Figure 15 shows the localization of GUS-staining in tomato cv. Micro Tom 2 weeks post
inoculation. Among the positive samples of PsJN::gusAl 10 inoculated plants, GUS-staining was
located to 100% in seeds and to 25% of in the pericarp.

Figure 16 shows the GUS-staining in tomato cv. Micro Tom treated with VSTN::gusAl 10 2
weeks post inoculation. All fruits yielded from 6 replicate inflorescences developing into
different amounts of fruits are shown. Replicates A, D and F contain GUS-positive fruits.

Figure 17 shows the enlarged GUS-positive samples of tomato cv. Micro Tom 2 weeks post
inoculation. Replicate D, A and F display GUS-activity in seeds. Replicate D additionally shows
GUS-activity in the pericarp of two small fruits.

Figure 18 shows the GUS-staining in control tomato cv. Micro Tom 2 weeks post inoculation.
All 6 replicates are shown. No GUS- activity could be observed in control plants as shown by
images A - F.

Figure 19 shows GUS-staining in tomato cv. Micro Tom treated with VSTN::gusAl 10 harvested
ripe. All 6 replicates are shown and consist of different amounts of fruits. GUS-staining is
concentrated in seeds and placenta (Images B, D, E, F). No GUS-activity is observed in pericarp
and peduncle (Images A - F).

Figure 20 shows GUS-staining in control tomato cv. Micro Tom harvested at fully ripe stage. All
6 replicates are shown and consist of different amounts of fruits. Staining is mostly found in

seeds, placenta and pericarp (imagesB, D, E, F).

10
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Figure 21 shows GUS-staining in tomato cv. Matina 1 week post inoculation. Developing fruits
with GUS-activity were only found in inflorescences inoculated with PsINr.gusAl 10. Where
inflorescences had developed small fruits, 33% of them stained blue.

Figure 22 shows the gPCR amplification curves of standards. The regular spaces between
standard dilutions and the indistinguishability of the technical replicates reflect ideal gPCR
reactions.

Figure 23 shows the standard curve constructed from dilution series. The efficiency E of 100.5%
and r2 of 0.997 aswell as a slope of -3-310 refiect ideal qPCR run.

Figure 24 shows the amount of hormone-producing, phosphate-solubilizing PsIN detected in
pepper samples through gPCR. PsIN is found in samples sprayed with the bacterial inoculum at
developmental stages examined. The concentration of PsIN cells in plant tissue decreases with
advancing fruit growth. No PsIN is found in control plants.

Figure 25 shows the results of PCR of pepper samples with primer pair 2615 and gel analysis. A
faint band is observed, with the same molecular size as the one in the positive control, in two
replicates of DNA extracted from seedlings obtained from P inoculated with hormone-producing,
phosphate-solubilizing PsIN wild type.

Figure 26 shows the results of Fluorescent In Stu Hybridization (FISH) analysis of pepper seeds
colonized by PsIN::gusAl 10 using EUB338 probe mix and probe 23S B.phyt. The general
EUB338 probe mix is labeled with FITC and makes al bacteria present in the sample appear
green. The PsIN specific probe 23S B.phyt is labeled with Cy5 (red fluorescence), therefore
hormone-producing, phosphate-solubilizing PsIN appears yellow due to the double labeling by
FITC + Cyb. Large arrows indicate PsIN, while small arrows indicate other microbes. PsIN is
found in cells of the embryo (Emb), but not in the seed coat.

Figure 27 shows GUS-staining in pepper seedlings (P treated with PsIN::gusAl 10) 4 weeks after
germination. GUS-activity is below detection limit with the naked eye except in the empty seed
coat. However, few stained cells (n = 10 - 25 per seedling) were observed by microscopy in
stems of seedlings. Images show arepresentative selection of replicates (n = 6).

Figure 28 shows GUS-staining in tomato cv. Micro Tom seedlings (P treated with
FsIN::gusA110) 5 weeks after germination. One seedling shows GUS-activity in the tips of the
cotyledons. Empty seed coats display GUS-activity.
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Figure 29 shows the germination of FI tomato cv. Micro Tom on agar plates, 7 days after
sowing. No difference in germination behavior could be observed between treatments (total
amount of seeds per plate = 25).

Figure 30 shows the germination behavior of FI tomato cv. Micro Tom on water agar. No
significant difference in germination behavior can be observed between treatments. All
treatments reach agermination rate of 100 % (total amount of seeds per plate = 25).

Figure 31. Outdoor generation of seeds colonized with desired endophytes. A), B), C) Contacting
winter wheat in the field during flowering with a solution of the heterologous hormone-
producing endophyte PsIN to allow uniform colonization of the subsequent seeds.

Figure 32. Successful germination of wheat seeds colonized with heterologous endophytes. A)
Appearance of Panonicus variety winter wheat seeds harboring the heterologous hormone-
producing endophyte PsIN. Seeds appear dightly larger with normal morphology; B) Control
Panonicus variety winter wheat seeds without PsIN; C) Successful germination of Panonicus
variety winter wheat seeds harboring the heterologous hormone-producing endophyte PsIN; D)
Control Panonicus variety winter wheat seeds without PsIN.

Figure 33. A) Successful germination of Panonicus variety winter wheat seeds harboring the
heterologous endophyte S10; B) Successful germination of Panonicus variety winter wheat seeds
harboring the heterologous endophyte PsIN; C) Control Panonicus variety winter wheat seeds
without PsIN.

Figure 34. Successful germination of maize hybrid seeds uniformly containing novel endogenous
and heterologous endophytes. A) Successful germination of maize seeds harboring the
heterologous endophyte S10. B) Successful germination of maize seeds harboring the
endogenous endophyte $4; C) Successful germination of maize seeds harboring the heterologous
endophyte PsIN; D) Germination of control maize; E) Successful germination of maize seeds
harboring the endogenous endophyte S10; F) Successful germination of maize seeds harboring
the endogenous endophyte S4; G) Successful germination of maize seeds harboring the
endogenous endophyte PsIN; H) Germination of control maize seeds.

Figure 35 shows maize colonization by PsIN (harboring expressing beta-glucuronidase)

visualized through gus-staining procedure.

12



WO 2015/100432 PCT/US2014/072400

Figure 36 shows the layout of the winter wheat yield trial near Raasdorf, Lower Austria. VI -
V3 are the variety treatments, Border plots are marked as "Border". Numbers in the treatment
plots starting "16**" are unique identifiers for each plot.

Figure 37 shows the winter wheat yield trial near Raasdorf, Lower Austria. VI - V3 grownin a
total of 9 plots (VI - V3 denote 3 variety treatments, Rep 1- Rep 3 show 3 replications). As
seen on the picture, variety treatments VI - V3 were randomized within each replication. In
order to minimize border effect of bordering plots of VI - V3, border plots were grown, 3 to the
left and 3 to the right, unmarked in the picture. V1 is planted from seed sprayed with PsIN, V2
is from seed grown as control in the farmer field near Tulbing during 2013. V3 isorigina seed
obtained from the breeder/distributor. V1 - V3 are al of the winter wheat cultivar Pannonikus.
Figure 38 shows microphotographs of DOPE-FISH-confocal microscopy A) shows cells of B.
phytofirmans (yellow) among native bacteria (green) in soy seeds and native bacteria in control
seeds. B) shows results using NONEUB probes in soy seed colonized by B. phytofirmans PsIN
or control seeds.

Figure 39 shows the relative abundance of the PsIN (Purkholderia sp) and S10 (Paenibacillus
sp.) in endoseeds treated with these endophytes, in summer wheat (Triticum aestivum cvs.
Trappe and Kronjet) and barley (Hordeum vulgare cv. Calcule).

Figure 40 shows a shift in the bacterial communities in endoseed treated with PsIN, S10, PsIN
+ S10 in the Kronjet (B) and Trappe (C) summer wheat varieties, but not in the Calcule (A)
barley variety. Panel (D) shows that distinct bacterial communities live within seeds of the four
varieties tested.

Figure 4 1 shows a decrease of bacteria of the Enterobacter family within synthetic combinations
of the plants and bacterial endophytes. In summer wheat (Kronjet), treatment with S10 and S10
+ PsIN, resulted in a decrease of bacteria of the Enterobacter family. Treatment of the Essor and
Merlin soy varieties with NC92 and PsIN similarly caused a decrease of bacteria of the
Enterobacter family.

Figure 42 shows the germination rate [% of seeds germinated], germination state and root- and
shoot length of seedlings of endoseed and control seeds of summer wheat (Triticum aestivum
cvs. Trappe and Kronjet) and barley (Hordeum vulgare cv. Eunova and Calcule) endoseeds
colonized by endophytes from different origin and taxonomy.
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Figure 43 shows the effect of PsIN incorporated into summer wheat (Triticum aestivum cv.

Trappe) seeds (endoseed) or coated on seeds (exoseed) on seed plant growth, tillering and spike

onset as compared to control plants.

Figure 44 shows the germination state (A), germination rate (B), and average drought stress (C)

in abarley drought assay using the Calcule va.

Figure 45 shows the germination state (A), germination rate (B), and average drought stress (C)

in abarley drought assay using the Eunovava.

Figure 46 shows the community differences for samples taken from above ground, root, and
rhizosphere tissues of plant-based bioreactors. Panel (A) shows the schematic of the process for
germinating seeds under sterile conditions with adiverse initial seed microbiome and subsequent
sampling of the above ground (episphere), endosphere (root), and rhizosphere communities via
bar-coded community sequencing. Panel (B) shows that distinct bacterial communities live
within the different plant tissues, with each tissue being populated from microbes derived from
the initial seed microbiome.

Figure 47a) is a graph of seed-origin microbes SYM00254 and SYMO00284 were coated on the
outside of surface sterilized corn seeds, planted in axenic conditions and incubated for 7 days to
germinate. The dose delivered to the seed surface was quantified by serial dilution and plating of
liquid inoculum, while the microbial population colonizing roots after 7 days of incubation was
guantified by macerating roots, seria dilution, plating and colony counting to obtain CFUs per
root.

Figure 47b) depicts an alternative approach to observe plant bioreactor colonization by seed-
origin endophytes by tagging the microbes with a kanamycin resistance and GFP containing
plasmid. These microbes were coated onto unsterilized maize seed which was dryed in a 50 mL
conical tube and stored a room temperature for a week before being planted in cups containing
sterile sand in a greenhouse. After aweek of growth, shoots and roots were macerated using bead
beating, serially diluted to 10X and 1,000x before plating and colony counting under UV to
determine green fluorescing CFUs per plant on TSA plates containing kanamycin. Control plant
extracts were plated on kanamycin free agar and developed non-GFP containing colonies of
several undescribed microbes.

Figure 48 contains representative photographs of seedlings. The seedlings inoculated with
SYM-00052 (right) outperformed uninoculated control seedlings (left) under salt stress

14



WO 2015/100432 PCT/US2014/072400

conditions with 100 mM NaCl in media. This provides an example of how amicrobe's ability to
interact with and populate plant-bioreactors can be initially screened by observing the
morphology of the inoculated plant.

Figure 49 contains representative photographs of seedlings. Improved vigor or growth of wheat
(above) and corn (below) plant-based bioreactors inoculated with seed-borne endophytes was
observed. Top left: wheat seeds were inoculated with SYM00033 and germinated under normal
conditions. Top right: wheat seedlings inoculated with SYM00107 show enhanced growth under
drought stress compared to uninoculated controls. Bottom left: SYMO00090 inoculated corn seeds
show improved growth under heat stress when compared with controls. Bottom right: corn
seedlings inoculated with SYM00596 display enhanced growth under salt stress.

Figure 50 contains representative photographs depicting seeds of wheat (Briggs cultivar) that
were inoculated with the endophyte SYMO00057B and grown under normal conditions (left),
grown in the presence of 100 mM NaCl (top right), or under heat stress (bottom right). Increase
inroot length of wheat plant-based bioreactors inoculated with seed-borne endophytes.

Figure 51 contains representative photographs depicting wheat seeds inoculated with a
combination of SYM00057B and SYMO00016B (bottom row) show enhanced growth under salt
stress conditions when compared with controls (top row). Combinations of seed-origin microbes
confer improved vigor to wheat plant-based bioreactors.

Figure 52 contains representative photographs of roots of plants that germinated from
uninoculated (control) and inoculated seeds (Sym00090) and were exposed to A) normal, B)
drought and C) cold conditions. For normal conditions, plants were kept on a growth chamber set
up to 22 °C, 60% relative humidity and 14 h light/10 dark cycle for 15 days after planting. For
drought, water was removed from bottom container in double-decker Magenta box one week
after planting and the sand was let to dry. Harvesting was done & 7 days after water was
removed, when wilting symptoms appeared. For cold, the air temperature was set to 5 °C, one
week after planting and maintained for 7 days. The roots of the inoculated plant-based
bioreactors are not only larger but also show alarger amount of lateral roots and root-hairs.
Figure 53 is a graph depicting that seed-origin microbes can colonize plant-based bioreactors
across a wide range of administered doses. Sterilized wheat seeds were inoculated with 3.0 x
104, 3.0 x 10° and 3.0 x 108 CFU/seed of endophytic microbes SYM0001 1, SYMO00033 and
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SYMO00057B. Shown are root lengths of each treatment, represented as a percentage increase
over mock-inoculated controls.

Figure 54 contains three graphs depicting the field testing of microbially-innoculated plant-based
bioreactors. Top panel: Number of wheat plants emerging in the middle 10" section of the middie
2 rows of each test plot. Numbers reported are an average of counts of 6 replicate plots for each
treatment. All SYM strains show improvement in emergence over the untreated control. Middle
panel: Improvement in the number of corn plants emerging in the dryland test plots over the
untreated control. Emergence numbers were calculated as an average of counts of 6 replicate
plots for each treatment. All SYM strains show improvement in emergence over the untreated
control, with SYM00260, SYM00290 and SYM00254 all showing improvements greater than
15%. Bottom panel: Improvement in the number of corn plants emerged in the irrigated test plots
over the untreated control. Emergence numbers were calculated as an average of counts of 6
replicate plots for each treatment. All SYM strains show improvement in emergence over the
untreated control, with SYM00292 showing an improvement of 15%.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The term "endophyte" means - in its broadest meaning - the location of an organism, with
"endo" means "inside" and "phyte" means "plants’. An "endophyte" or "endophytic microbe" is
an organism that lives within a plant or is otherwise associated therewith. Endophytes can
occupy the intracellular or extracellular spaces of plant tissue, including the leaves, stems,
flowers, fruits, seeds, or roots. An endophyte can be either abacterial or a fungal organism that
can confer a beneficial property to a plant such as an increase in yield, biomass, resistance, or
fitness in its host plant. As used herein, the term "microbe" is sometimes used to describe an

endophyte.

As used herein, the term "microbe" refers to a microorganism of bacterial or fungal origin.
Therefore, the terms microbe and microorganism can be used interchangeably. Asused herein, in
certain embodiments, amicrobe may be an endophyte. In other embodiments, a microbe may not

be an endophyte.
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In some embodiments, the invention contemplates the use of microbes that are " exogenous to
the seed" of a plant or that are "exogenous to the plant". As used herein, a microbe is
considered exogenous to the seed of aplant or to the plant if the seed or plant that is unmodified
(e.g., aseed or plant that is not modified by the methods and compositions descried herein) does
not contain the microbe (e.g. is not detectably present in the seed or plant). In some
embodiments, an "exogenous' population of microbes includes those microbes present in a seed

or plant in concentrations exceeding the native concentration.

In contrast, amicrobe is considered to be " native" to aplant or aportion of the plant, and is said
to be "natively" present in the plant or a portion of plant, if that plant or portion of the plant
contains the microbe, for example, in the absence of any contacting with the microbe
preparation. In some embodiments, an " endogenous' microbe is natively present in a plant or

portion thereof.

"Not detectably present” asused herein means that an entity, e.g. amicrobial endophyte, is not
detected in a sample derived from, e.g. a seed, aplant, or the environment surrounding the plant
(e.g. the soil) using standard methods of detection. That means that the entity is below the limit

of detection of the apparatus or method used at the time of measurement.

As used herein, the term " substantially" or "substantial” refers, e.g., to the presence, level, or
concentration of an entity in aparticular space, and the effect of one entity on another entity. For
example, an activity, level or concentration of an entity is substantially increased if the increase
is 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 50-fold, 100-fold, or 1000-fold relative to abaseline. An
activity, level or concentration of an entity is also substantially increased if the increase is 1%,
2%, 3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 200%, or 500%
relative to abaseline.

A "genetically modified plant" refers to a plant that contains genetic material not found in a
wild-type plant of the same species, variety or cultivar and where the foreign genetic material has
been constructed in the laboratory and been introduced using means other than genetic
fertilization by pollen. The inserted genetic material usually comprising transgenes can be any
DNA sequence and inserted into the host genome a random, or a specific locations by, for
example, homologous recombination. Foreign DNA sequences can also be inserted into cells by

transfer from one species into another following by chimeraplasty.
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Asused herein, the term " bioreactor plant” or " plant bioreactor" or " plant-based bioreactor”

refers to a plant that is used to co-cultivate, maintain, store, or amplify one or more microbes
described herein, such as, e.g. endophytic bacteria and/or fungi. A plant may be inoculated with
one or more microbes and a plant tissue, including seeds that comprise the microbes may be

harvested from the bioreactor plant.

Asused herein, the term "variety" refers to a group of plants within a species that share constant
characteristics that separate them from the typical form and from other possible varieties within

that species.

As used herein, an "agricultural seed" is a seed used to grow a plant typically used in
agriculture (an "agricultura plant"). The seed may be of a monocot or dicot plant, and may be
planted for the production of an agricultural product, for example grain, food, fiber, etc. Asused
herein, an agricultural seed is a seed that is prepared for planting, for example, in farms for

growing.

The present invention contemplates the use of "isolated" microbe. As used herein, an isolated
microbe is amicrobe that isisolated from its native environment, and carries with it an inference
that the isolation was carried out by the hand of man. An isolated microbe is one that has been
separated from at least some of the components with which it was previously associated (whether
in nature or in an experimental setting). A isolated microbe is also separated from at least about
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or greater than 99% of the other
compoinents with which the microbe was associated when produced. The term isolated further
includes placing entities, such as, e.g. microbes, in a specific environment, e.g. for archiving or
storage, such as placing the microbes into seed-based storage vessels. Such microbes are aso
considered isolated, eg. if they were separated from, e.g. the leaves, stems, and roots of a
bioreactor plant from which they were derived. Use of the term "entity" when describing a

microbe, or " endophyte entity" refers to amicrobe of aparticular OTU, strain or taxa.

A "storage vessel", as used herein is amedium that is suitable for the storage and preservation
(e.g. of viability) of plant-associated microbes. In some embodiments, the storage vessel is
"seed-based." Seed-based storage vessels comprise a seed that may be obtained, eg. from a

bioreactor plant, the seed comprising one or more plant-associated microbes.
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Asused herein, a "reference agricultural plant” is an agricultural plant of the same species,
strain, or cultivar to which a treatment or endophyte/microbe preparation is not
administered/contacted. A reference agricultural plant, therefore, is substantially similar and isin
some cases nearly identical or detectably identical to the microbe-associated plant (immediately
prior to the association of the endophyte with the agricultural plant) with the exception of the
presence of the microbe, and can serve as a control for detecting the effects of the microbe that is

conferred to the plant and vice versa.

As used herein, the term "non-genomic nucleic acid content" refers to the content of non-
chromosomal nucleic acids, and includes viral-encoded, plasmid-borne, episomal-borne nucleic
acids, as well as signaling and regulatory RNA molecules, including microRNA, drRNA, and
related RNA molecules.

Some of the methods described herein allow the colonization of plant seeds by microbes. As
used herein, a microbe is said to " colonize" a plant or seed when it can exist in a symbiotic or
non-detrimental relationship with the plant in the plant environment, for example on and/or

inside aplant, including the seed.

As used herein, the "reproductive tissue' of a plant includes the tissues involved with
reproduction, and includes any part of aflower including, but not limited to, the stamen, pistil,
carpel, petal, ovule, ovary, anther, filament, stigma, sepal, receptacle, locule, peduncle, petal, and
tassel.

As used herein, a "population of microbes' refers to a population of microbes (including
endophyte populations) of common origin. In other words, a population of microbes refers to a
population of cellsthat are genetically identical, or at least substantially identical.

Theterm " propagate”, asused herein, means to grow or cultivate a population of cells.

As used herein, a " portion" of aplant refers to any part of the plant, and can include distinct

tissues and/or organs, and is used interchangeably with the term " tissue" throughout.

Asused herein, aplant or portion thereof that is" cured", or sterilized of an endogenous microbe
is one in which substantially al, detectably all, or al of the endogenous microbes that reside

within the plant or portion thereof is removed.
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As used herein, aplant is deemed "intact" if the plant has not been physically compromised in
any way, for example, by cutting, puncturing, or otherwise piercing the surface in away that

allows direct access to the internal portions of the plant.

Asused herein, the term " progeny", in the context of describing aplant, denotes the offspring of
any generation of a parent plant. Progeny of a plant, therefore, refers to generations of a plant,
wherein the ancestry of the generation can be traced back to the plant. Likewise, the " progeny"

of amicrobe refers to the offspring of any generation of the microbe.

Microbes are deemed to be of "monoclonal origin" if the microbes are progeny of a common

microbe.

A "viral entity", as used herein, refers to the detectable presence of avirus in aplant or portion
thereof.

Asused herein, a " purified" seed population refers to a selected group of seeds from a larger
population, based on a given set of criteria.

A "population" of plants, as used herein, can refer to aplurality of plants that were subjected to
the same inoculation methods described herein, or aplurality of plants that are progeny of aplant
or group of plants that were subjected to the inoculation methods. In addition, a population of
plants can be a group of plants that are grown from coated seeds The plants within a population
will typically be of the same species, and will aso typically share acommon genetic derivation.

As used herein, there is a "reduction" of one or more native microbes when a microbe, for
example a microbe that inoculates a plant, partially or completely displaces of one or more
species of native populations of endophytes. In other words, the inoculation with one microbe
results in the reduction or loss of one or more native microbes in a plant or portion thereof.
Consistent with the above, a" reduction of the non-endophytes' refersto a detectable reduction
in one or more species of native non-endophyte microorganisms, when compared, for example,

with areference agricultural plant grown and/or treated with the same conditions.

Asused herein, an "agriculturally acceptable" excipient or carrier isone that is suitable for use
in agriculture without undue adverse side effects to the plants, the environment, or to humans or
animals who consume the resulting agricultural products derived therefrom commensurate with a
reasonable benefit/risk ratio.
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As used herein, a microbe-associated plant or portion thereof is said to have an "altered
chemical composition” when there is a detectable change in the chemical composition of such
plant or portion thereof, when compared with a corresponding plant or portion thereof that is not

associated with the microbe and grown and/or subjected to the same conditions.

In some embodiments, the present invention contemplates the use of a "community" of
microbes. Asused herein, a community of microbes refers to a plurality of distinct microbes. In
some cases, the distinct microbes can be different species. In other cases, the community of

microbes can bethe same species but with distinct functions.

Asused herein, a" productivity" of an agricultural plant refers to the production of the plant, or
a desirable, or commercial portion thereof. Therefore, an increase in productivity of aplant, for
example, can refer to an increase in fruit or grain yield. It can also refer to an overall increase in

total biomass, or the portion that is harvested and used in commerce.

Asused herein, amicrobe is " viably incorporated” into a seed if it is located in the seed, and

remains viable through desiccation.

Likewise, as used herein, a microbe is "stably incorporated” into a seed, if the microbe is
capable of persisting in the plant after germination of the seed, and microbe or progeny of the

microbe, is capable of colonizing the seeds from the plant.

A "microbial library" or "endophyte library" as used herein comprises a plurality of plant-
associated microbes such as endophytes that can include bacteria and fungi. Libraries can, for
example, be "bacterial endophyte libraries’ or "fungal endophyte libraries’ and comprise a
diverse collection of entities. A microbia library may comprise 2, 3, 4,5, 6, 7, 8, 9, 10, 15, 20,
50, 100, 1000, IxIO4, IXIOS, IxIO8, IXIO7, IxIO8, IXIO9, IxIOD, IxIO, IXIO2, or more
microbial isolates. Isolates may be assessed by standard cultivation and characterization methods
known on the art, including culturing of the library, single clone generation, nucleic acid
(DNA/RNA) extraction and amplification (e.g. of 16S rRNA gene amplification) bacterial
identification (through sequencing) and phylogenetic analyses. Microbia libraries may be
generated and optionally maintained in any plant tissue or part of a plant, as desired, including

whole bioreactor plants, progeny and seeds thereof. In some embodiments, microbial libraries
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are archived or stored in seed-based storage vessels comprising a seed and the microbes
comprised in the library.

A "plurality" asused herein means "more than one of e.g. aplant, a seed, amicrobe, etc. and
includes 2, 3, 4,5, 6,7, 8,9, 10, 15, 20, 50, 100, 1000, IxIO4, IXIOS, IXIOS, IXIO7, IXIO8, IXIO®,

IXIO 2, IxIO 11, IXIO 2, IXIO 3, IxIO 4, IxIO 15 or more of the given matter.

" Surface endophytes’ asused herein are endophytes that are substantially located on the surface
of, eg., aseed or other part of aplant as opposed to within the interior, e.g. inside the seed coat
or insde the seed. Such endophytes are substantially sensitive to surface sterilization as

described herein.

"Archiving", eg. of a microbial population means the preservation of a plurality of plant-
associated microbes such as endophytes that can include bacteria and fungi and includes all
forms of storing and storage units, such as, eg. seed-based storage vessels. Archived microbes
may be preserved or stored for a certain period of time, eg. for a least 1 month, a least 3
months, or a least 6 months, for a least 12 months, for a least 2 years, or for a least 3 years.
Archived microbes can be accessed from the storage unit at that later date, if desired, and
optionally isolated, propagated, characterized or otherwise utilized. In some embodiments, the
archived or stored microbes maintain their viability in that at least one of the archived microbes
is capable of generating at least 1 CFU/storage unit if placed under suitable conditions in which
microbial growth occurs. In other embodiments, the archived microbes are capable of generating
a least 10, 100, 1000, IxI 04 IxI 05 Ixl 06, IxlI 07, IxI 08 CFUS/storage unit. In some
embodiment, the archived microbes, e.g. endophytes, display an enhanced stability relative to an
unarchived microbe. "Enhanced stability” means that the archived or stored microbes display
greater viability when compared to comparable microbes that are not archived or stored. For
example, the archived or stored microbes are capable of generating a higher number of CFUs
when placed under suitable conditions compared to unarchived microbes. In another example,
the archived microbes are capable of generating a least 1 CFU/storage unit while the unarchived
microbe does not generate a single colony after the same amount of storage under the same
storage conditions. In some embodiments, enhanced stability means that archived microbes

maintain viability under conditions that unarchived microbes would not, e.g. under conditions of
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high or low temperature, high or low humidity, irradiation (e.g. UV-light), pathogenic invasion,
etc.

" Shelf-stable" as used herein means that a given archived or stored microbial composition or
formulation displays stability (e.g. as measured by viability) of the comprised microbes under
certain storage conditions. In some embodiments, the storage conditions do not require special
accommodation, such as, eg. tightly regulated cooling, heating, humidifying, or keeping of
antiseptic conditions. In some embodiments, no accommodation isrequired and the shelf-stable
formulations may be stored under any conditions, e.g. high and low temperatures, high and low
humidity, atmospheric pressure, norma air, etc. Shelf-stable microbia formulations include
seed-based vessels comprising microbes that retain their viability for at least 1 month, at least 3
months, or at least 6 months. In other embodiments, shelf-stable formulations include seed-based
vessels comprising microbes that retain their viability for a least 12 months, for example for at
least 2 years, or for at least 3 years.

An "anhydrous state" as used herein means a state, e.g. of a storage medium surrounding the
microbes with low or no detectable amounts of water. A substantially anhydrous state includes
states with less than about 30%, 20%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.1%,
0.01%, 0.001%, 0.0001% or less water w/w of the storage medium. In some embodiments, the
storage medium is a seed-based storage vessel.

An "anaerobic state" asused herein means a state, e.g. of a storage medium surrounding the
microbes with low or no detectable amounts of oxygen. A substantially anaerobic state includes
states with less than about 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.1%, 0.01%,
0.001%, 0.0001% or less oxygen w/w of the storage medium. In some embodiments, the storage
medium is a seed-based storage vessel.

An "abiotic stress’ asused herein is an environmental stress condition that, e.g. aplant, apart of
aplan, a seed or amicrobe or population of microbes is subjected to that includes, e.g., drought
stress, salt stress, heat stress, cold stress, and low nutrient stress. A " biotic stress’ asused herein
is an environmental stress condition that, e.g. a plant, a part of a plan, a seed or a microbe or

population of microbes is subjected to that includes, e.g. nematode stress, insect herbivory stress,
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fungal pathogen stress, bacterial pathogen stress, or viral pathogen stress. The stress may be
temporary, e.g. severa hours, several days, severa months, or permanent, e.g. for the life of the

plant, seed of microbe.

The term " uniformity of the distribution", as used herein, is a measure of the uniformity of a
population, for example, of seeds, with respect to the presence and/or quantity of microbes.
Therefore, apopulation in which 100% of the seeds in a population of seeds contains a microbe
has a higher, or increased uniformity of seeds when compared with apopulation in which 70% of
the seeds in apopulation contains the microbe. Likewise, apopulation in which 8o%> of the seeds
in a population contains a least 102 CFU of a microbe per seed has a higher, or increased
uniformity of seeds when compared with a population in which 10%>, 20%>, 30%>, 40%>, 50%> Of
greater than 50% of the seeds in a population contains at least 102 CFU the microbe.

The term " uniformity of endophyte networks', as used herein, is a measure of the uniformity
of a population of a plurality of microbe types in a plant or portion of a plant. A population of
plants is considered to have an increased uniformity of endophyte networks than in a reference
population when a higher proportion of plants in the population contain a representation of the

same microbe types than in the reference population.

As used herein, the number of microbes of the same kind in a plant or a portion thereof is
sometimes referred to as a " copy number”. Therefore, a seed is considered to have a higher
copy number of afirst microbe than another microbe when the first microbe is present in higher

numbers than the other microbe within the seed.

To date, the majority of microbial cultivation methods have relied upon in vitro methods
comprising liquid-based, plate-based, solid-state, and other formats. In many such methods,
bioreactors are utilized to create an environment within which desired microbes can be cultivated
to encourage the scalable expansion of an initial inoculum. Methods for cultivating microbes
within bioreactors can suffer from contamination of external microbes and can require the use of
antibiotics or other undesirable agents. Further, cultivation of microbes in an artificial
environment can select for variants of the microbe that alter or diminish its desired properties.
For example, if the desired property of a microbe is not required for its efficient propagation in
culture (e.g., production of a pharmaceutically, agriculturaly, or industrially useful

biomolecule), the microbe's physiology can shift or become atered so as to reduce its
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performance of that desired function. Such alterations can occur either transiently or as a result
of genomic drift or loss of an important plasmid, thereby reducing the value of the resulting
microbial population. Bioreactor-based methods have been successfully developed to allow the
expansion of gram-negative microbes such as (e.g., Escherichia coli), gram-positive microbes
(e.g., Beacillus subtilis), and multiple yeast and funga hosts (e.g., Aspergillus and
Saccharomyces). However, these taxa represent avery small subset of total microbial diversity
and there is a strong need for novel methods to propagate as-yet uncultivated, difficult-to-
cultivate, and other microbes to allow broader interrogation of their biology and their industrial

use in biotechnology.

Genomic technologies and culture-independent microbial characterization methods illustrate that
a significant amount of microbial biodiversity remains to be efficiently cultivated in lab or
industrial settings. The GenBank® sequence database, which is an annotated collection of
publicly-available nucleotide and amino acid sequences, contains sequences from over 30,000
species of bacteria. While this number may appear impressive, it is instructive to note that a
recent estimate suggests that the ocean may support as many as 2 million different species of
bacteria, and aton of soil may support more than double that number (Curtis et a, Proc. Natl.
Acad. Sd. USA 99:10494-10499, 2002). Furthermore, only about 13,000 of the bacteria
represented in GenBank® have been formally described, and many of these lie within 4 of the 40
bacterial divisions (DeLong, Curr. Oyin. Microbiol. 4:290- 295, 2001). The paucity of
knowledge regarding other microbial species can be similar or greater. Thisis at least in part due
to the fact a large diversity of microorganisms from the environment resist cultivation in the
laboratory and an even greater diversity resists cultivation in methods that could be amenable to
large-scale expansion of a desired microbial population or their storage in a shelf-stable format.
Some estimates argue that such asyet uncultivated or difficult-to-cultivate microbes may
represent 99-99.99% of all microbial species in nature (see, eg., Young, ASM News 63:417-
421, 1997) and the majority of plant-associated microbes appear to fall in this category.

Microbial diversity is typicaly examined by amplifying 16S rRNA genes from DNA samples
isolated from a specific habitat. The sequences are then compared to each other and to the 16S
rRNA sequences from known species. If no close match to an existing 16S rRNA gene sequence
is found, then the test sequence isthought to represent a new microorganism that is uncultivated

or difficult to cultivate in lab settings. 16S rRNA genes, which are critical for transation, are the
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genes of choice for these experiments because they are thought to be conserved across vast
taxonomic distance, yet show some sequence variation between closely related species.
Phylogenetic analyses of 16S rRNA sequences obtained from direct sampling of environments
suggest that uncultivated or difficult-to-cultivate microorganisms can be found in nearly every
taxon within Bacteria and Archaea, and several groups at the division level have been identified
without close cultivable representatives (see, e.g., Giovarmoni et al, Nature 345: 60-63, 1990;
and Dojka et ah, Appl. Environ. Microbiol. 66:1617-1621, 2000).

A principal reason for this disparity is that a limited number of microorganisms from
environmental samples grow on nutrient media in Petri dishes, liquid media, and other
cultivation methods that have been utilized to date. The discrepancy between the microbial total
count and plate count can be severa orders of magnitude. Attempts to improve the recovery of
microorganisms from environmental samples by manipulating growth media have improved the
detectable fraction of cultivable microbes, but often such methods can come with the
consequence of increased cost, complexity, and typically are restricted in their ability to allow

large-scale expansion of desired microbes.

A number of methods have been explored to allow the cultivation of as-yet uncultivated or
difficult-to-cultivate microbes within small bioreactor systems that can better mirror
environmental and nutritional conditions of a microbe's habitat in nature. While such methods
appear to increase the diversity of cultivatable microbes, they are often limited to volumes of a
few milliliters or volumes of less than aliter and therefore are limited in the quantity of a desired

microbe that can be produced & relatively low cost.

In alimited set of instances, living hosts have been utilized to propagate defined combinations of
microbes. For example, sterile mammalian hosts have been introduced with microbes that
propagate within the host gastrointestinal tract to allow propagation of difficult-to-cultivate
microbes including segmented filamentous bacteria, fermicutes, bacteroides, and other microbes.
These examples have included mammalian hosts that are inoculated with individual strains as
well as hosts that are inoculated with a collection of multiple strains. The resulting hosts can
harbor defined microbial communities and can be used to continually produce and excrete
compositions that comprise the desired microbe. Such systems are desirable for their capacity to

produce relatively large quantities of desired microbes at low costs.
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Just as mammals serve as host to a complement of microbial symbionts across multiple epithelial
habitats, plants serve as host to bacteria and fungi that live both within and around their tissues.
Endophytes are fungal or bacterial organisms that live within plants. Bacteria endophytes, such
as Firmicutes, Actinobacteria, Proteobacteria, Bacteroidetes, and Verrucomicrobia, appear to
inhabit various host plant tissues, often colonizing intercellular spaces of host leaves, stems,
flowers, fruits, or roots. Epiphytes are fungal or bacterial organisms that live on plants. The
rhizosphere represents an additional habitat for bacteria and fungal microbes that reside in, on,
or in close proximity to plant root tissues. A relatively small number of these plant-associated
microbes have been cultivated in controlled laboratory settings and an even smaller number have
been cultivated under conditions that are amenable to allowing large scale expansion of desired
microbes. Thus, large fractions of plant-associated microbia diversity are as-yet-uncultivated or
difficult-to-cultivate. Despite the limited number of such microbes that have been scalably
cultivated or expanded, a diversity of potential industrial applications have been described for
plant-associated microbes, including the production of medicinal bioactive molecules, including
antibiotics, antimycotics, immunosuppressants, and anti-cancer agents. Such microbes may have
applications across multiple industries including novel chemicals, pharmaceuticals, human or
animal supplements, foods, agricultural products, and others. Thus, there is a significant need for
novel methods to scalably cultivate plant-associated microbes in formats that allow the scalably

expansion of a defined population of microbes.

There is an additional need for novel methods to create shelf-stable formulations of useful
microbes. Frequently, the viability of microbes can be compromised when they are removed
from their native habitat and subjected to the environmental conditions of |aboratories, industrial
settings, shipping facilities, and other environments in which microbes would desirably be
stored. In various ways, harsh environmental conditions with fluctiontions in temperature,
humidity, chemical exposure, mechanical stress, light and other electromagnetic radiation, and
other stresses can adversely affect the viability of microbes. Often, fragile microbial preparations
are stored in frozen conditions (sometimes even under conditions that utilize liquid nitrogen, -80
degree Celcius freezers, or other costly measures) using formulations that can include excipients
such as glycerol, solutions that include low concentrations of solvents like dimethyl sulfoxide,
preservatives, and others. In some cases, care istaken to dessicate a microbia preparation in an

effort to improve its viability. Additional customized methods are used to tailor storage
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conditions to avoid specific stresses (e.g., anaerobic organisms are generally additionaly stored
under conditions that can help reduce exposure to oxygen, light-sensitive organisms are stored to
avoid exposure to light, etc.). Each of these steps can add complexity and cost to a process and,
even under such care, samples of desirable microbial preparations can become compromised,
with viability diminishing over time or being lost entirely.

The present invention provides a surprisingly generalizable method for introducing defined
microbial populations into plants such that the microbes replicate within plant reproductive
tissues. The invention additionally provides methods for novel microbes to become packaged
within plant seeds, which can then be stored under room-temperature conditions for extended
periods of time. This method relies on a novel approach to co-opting the plant's ability to
produce seeds in order to create seeds that serve as shelf-stabile vehicles of desired populations
of novel microbes. In some embodiments these seeds are planted under indoor or outdoor
conditions in order to allow scalable expansion of the desired microbial population.

Together, the present invention provides novel methods for propagating and storing plant-
associated microbes. These methods involve the introduction of desired microbes to plant host
‘bioreactors in such away that alows their growth in plant tissues and their reproducible entry
into plant seeds as vehicles for their long-term shelf-stable storage. The invention particularly
describes the use of plant hosts with agricultural precedent as a means of utilizing established
agricultural practices as a means of allowing the uniform, scalable, and low-cost expansion of

desired microbial preparations.

Aspects of the invention relate to methods of obtaining and cultivating plant-associated
microbes. In some embodiments, the plant-associated microbes are symbionts. In some
embodiments, the plant-associated microbes are endophytes. Plant-associated microbes include
fungi and bacteria. In some embodiments, the microbes reside in or on the plant. In some
embodiments, the microbes are propagated in the plant bioreactor, or a population of plant
bioreactors, to obtain a least 10 times, at least 100 times, a least 10° times, at least 104 times, at
least 10°times, at least 106 times, at least 107 times, a least 108times, a least 109 times as many

microbes.

Aspects of the invention are based a least in part on the realization that plant-associated
microbes have a number of agricultural utilities and present a valuable resource for obtaining a
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number of compounds of interest. The prior art provides many examples in which microbes are
described as contaminants and a nuisance and numerous methods utilizing, e.g. antibiotics and
fungicides have been described to eliminate microbes from plant cultures to avoid
contaminations. Few methods are provided that allow the cultivation of plant-associated
microbes. These methods generally utilize in vitro culture assemblies that require sterile
conditions and tight controls on the environment, e.g. of temperature, humidity, oxygen content,
media content, agitation, substrate, etc. These cultivation methods are expensive and difficult to
maintain. Additionally, bacterial microbes and fungal microbes cannot generally be co-cultivated
as they require different growth environments in artificial settings. Further, the cultivation
methods are often not suitable for co-cultivation of certain groups of microbes, e.g. Slow growing
and fast growing microbes as they bias the culture that can be obtained to the microbe best
adapted to the specific conditions provided in the in vitro culture assembly. These difficulties
have led to the proposal that certain microbes are difficult to culture, or even unculturable.
Because of the existing limitations many, if not most of the microbes existing in nature are asyet
uncultured. The methods and plant bioreactors described herein can overcome the significant

limitations of current in vitro microbia cultivation methods.

Any plant may be suitable for the co-cultivation of the selected microbes. Particularly suited
plants are described herein include spermatophytes. Suitable plants that can be used as
bioreactors to cultivate plant-associated microbes include both monocots and dicots (including
eudicots) that can be colonized by the microbes according to the methods described herein. In
some embodiments, the plant is a flowering plant (angiosperm). Suitable plants for use as a
bioreactor to cultivate plant-associated microbes include, but are not limited to, grasses
(Graminae), wheat, corn, rye grasses, and bluegrasses. Cultivars of maize, soybean, wheat,
barley, and cotton are aso suitable to cultivate plant-associated microbes according to the
methods described herein. Further, genetically modified plants may be used as bioreactors to

cultivate plant-associated microbes in accordance to the methods described herein.

In some aspects, methods are provided herein that allow the co-cultivation of selected microbes,
e.g. endophytes. For example, two, three, four, five, six, seven, eight, nine, ten or more selected
microbes may be co-cultivated. In some embodiments, the selected microbes may be co-
cultivated in aplant bioreactor. For example, one or more microbes selected from those listed in

Table 2 may be co-cultivated using the plant bioreactors and methods described herein. In some

29



WO 2015/100432 PCT/US2014/072400

embodiments, a microbe of the family Microbacteriaceae can be co-cultured with a microbe of the
family Chitinophagaceae. In some embodiments, a microbe of the family Microbacteriaceae can be
co-cultured with amicrobe of the family Bacillaceae. In some embodiments, a microbe of the family
Microbacteriaceae can be co-cultured with a microbe of the family Planococcaceae. In some
embodiments, a microbe of the family Microbacteriaceae can be co-cultured with a microbe of the
family Clostridiaceae. In some embodiments, a microbe of the family Microbacteriaceae can be co-
cultured with a microbe of the family Comamonadaceae. In some embodiments, a microbe of the
family Microbacteriaceae can be co-cultured with a microbe of the family Oxalobacteraceae. In some
embodiments, a microbe of the family Microbacteriaceae can be co-cultured with a microbe of the
family Enterobacteriaceae. In some embodiments, amicrobe of the family Microbacteriaceae can be
co-cultured with amicrobe of the family Pseudomonadaceae. In some embodiments, amicrobe of the

family Microbacteriaceae can be co-cultured with amicrobe of the family Xanthomonadaceae.

In some embodiments, a microbe of the family Chitinophagaceae can be co-cultured with a microbe
of the family Bacillaceae. In some embodiments, a microbe of the family Chitinophagaceae can be
co-cultured with a microbe of the family Planococcaceae. In some embodiments, a microbe of the
family Chitinophagaceae can be co-cultured with a microbe of the family Clostridiaceae. In some
embodiments, a microbe of the family Chitinophagaceae can be co-cultured with a microbe of the
family Comamonadaceae. In some embodiments, a microbe of the family Chitinophagaceae can be
co-cultured with amicrobe of the family Oxalobacteraceae. In some embodiments, a microbe of the
family Chitinophagaceae can be co-cultured with a microbe of the family Enterobacteriaceae. In some
embodiments, a microbe of the family Chitinophagaceae can be co-cultured with a microbe of the
family Pseudomonadaceae. In some embodiments, a microbe of the family Chitinophagaceae can be

co-cultured with amicrabe of the family Xanthomonadaceae.

In some embodiments, a microbe of the family Bacillaceae can be co-cultured with amicrobe of the
family Planococcaceae. In some embodiments, a microbe of the family Bacillaceae can be co-
cultured with amicrobe of the family Planococcaceae. In some embodiments, amicrobe of the family
Bacillaceae can be co-cultured with a microbe of the family Clostridiaceae. In some embodiments, a
microbe of the family Bacillaceae can be co-cultured with a microbe of the family Comamonadaceae.
In some embodiments, a microbe of the family Bacillaceae can be co-cultured with amicrobe of the
family Oxalobacteraceae. In some embodiments, a microbe of the family Bacillaceae can be co-

cultured with a microbe of the family Enterobacteriaceae. In some embodiments, a microbe of the
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family Bacillaceae can be co-cultured with a microbe of the family Pseudomonadacese. In some
embodiments, a microbe of the family Bacillaceae can be co-cultured with a microbe of the family

Xanthomonadaceae.

In some embodiments, amicrobe of the family Planococcaceae can be co-cultured with a microbe of
the family Clostridiaceae. In some embodiments, amicrobe of the family Planococcaceae can be co-
cultured with a microbe of the family Comamonadaceae. In some embodiments, a microbe of the
family Planococcaceae can be co-cultured with a microbe of the family Oxalobacteraceae. In some
embodiments, amicrobe of the family Planococcaceae can be co-cultured with amicrobe of the family
Enterobacteriaceae. In some embodiments, a microbe of the family Planococcaceae can be co-
cultured with a microbe of the family Pseudomonadaceae. In some embodiments, a microbe of the

family Planococcaceae can be co-cultured with amicrobe of the family Xanthomonadaceae.

In some embodiments, a microbe of the family Clostridiaceae can be co-cultured with a microbe of
the family Comamonadaceae. In some embodiments, a microbe of the family Clostridiaceae can be
co-cultured with a microbe of the family Oxalobacteraceae. In some embodiments, a microbe of the
family Clostridiaceae can be co-cultured with a microbe of the family Enterobacteriaceae. In some
embodiments, a microbe of the family Clostridiaceae can be co-cultured with amicrobe of the family
Pseudomonadaceae. In some embodiments, a microbe of the family Clostridiaceae can be co-

cultured with amicrobe of the family Xanthomonadaceae.

In some embodiments, amicrobe of the family Comamonadaceae can be co-cultured with amicrobe
of the family Oxalobacteraceae. In some embodiments, a microbe of the family Comamonadaceae
can be co-cultured with amicrobe of the family Enterobacteriaceae. In some embodiments, a microbe
of the family Comamonadaceae can be co-cultured with amicrobe of the family Pseudomonadaceae. In
some embodiments, amicrobe of the family Comamonadaceae can be co-cultured with a microbe of

the family Xanthomonadaceae.

In some embodiments, a microbe of the family Oxalobacteraceae can be co-cultured with a microbe
of the family Enterobacteriaceae. In some embodiments, a microbe of the family Oxalobacteraceae
can be co-cultured with amicrobe of the family Pseudomonadaceae. 1n some embodiments, amicrobe
of the family Oxalobacteraceae can be co-cultured with amicrobe of the family Xanthomonadaceae. In
some embodiments, amicrobe of the family Enterobacteriaceae can be co-cultured with a microbe of

the family Pseudomonadaceae. In some embodiments, a microbe of the family Enterobacteriaceae
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can be co-cultured with amicrobe of the family Xanthomonadaceae. In some embodiments, amicrobe

of the family Pseudomonadaceae can be co-cultured with amicrobe of the family Xanthomonadaceae.

In some embodiments, methods are provided alowing the co-cultivation of two or more (e.g., 3,
4,5,6,7,8,9, 10, 15, 20, 25 or greater than 25) different microbes, such as endophytes, e.g.,
obtained from different families or different genera of microbes, such as bacteria, or from the
same genera but different species of microbes. The different microbes can be obtained from the
same cultivar of agricultural plant (e.g., the same maize, wheat, rice, or barley plant), different
cultivars of the same agricultural plant (e.g., two or more cultivars of maize, two or more
cultivars of wheat, two or more cultivars of rice, or two or more cultivars of barley), or different
species of the same type of agricultural plant (e.g., two or more different species of maize, two or
more different species of wheat, two or more different species of rice, or two or more different

species of barley).

In some cases, the plant bioreactors are inoculated with microbes that are heterologous to the
seed of the inoculated plant bioreactor. In one embodiment, the microbe is derived from a plant
of another species. For example, a microbe that is normally found in dicots is applied to a
monocot plant bioreactor (e.g., inoculating corn with a soy bean-derived endophyte), or vice
versa. In other cases, the microbe to be inoculated onto a plant bioreactor is derived from a
related species of the plant bioreactor that isbeing inoculated. In one embodiment, the microbe is
derived from arelated taxon, for example, from arelated species. The plant of another species

can be an agricultural plant.

The methods described herein are particularly suitable for co-cultivating multiple selected
microbes. In some embodiments, using the plant bioreactors and methods described herein a
desired ratio of selected microbes can be achieved. For example, under traditional in vitro
culturing conditions fast-growing microbes may be able to outcompete slow growing microbes,
making the latter difficult to culture, maintain or amplify. Nutrient-rich artificial media sources
often encourage fast growing microbes, whereas nutrient-poor media sources encourage slow
growing microbes. Acidification (pH), aerobic or anaerobic conditions, temperature, salt content,
etc. can influence the growth rate of specific microbes and their ability to compete with co-
cultivated microbes. As a result, many microbes are considered difficult to culture or even

unculturable under current conditions. In some instances, microbes may be culturable singly but
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because of a lack of one or more competitive traits they are lost or their numbers substantially
diminished when co-cultivated with other microbes. The plant bioreactors and co-cultivating
methods described herein are particularly useful for the co-cultivation of microbes. Unlike
artificial bioreactor setups, industrial or laboratory, that require machinery and complicated
regulatory elements to control the environment, the plant bioreactors described herein are
uniquely capable of providing a suitable environment for the co-cultivated microbes with little or
no human intervention. Of course, if desired, the plant bioreactors may be subjected to changes
in the environment, such as changes in the soil or water that can be applied to direct or influence

the microbial composition comprised in the plant bioreactor.

For example, the plant bioreactors may be grown in different types of soil, such as gelisol,
histosol, spodosol, andisol, oxisol, vertisol, aridisol, ultisol, mollisol, alfisol, inceptisol, entisol,
acrisol, albeluvisol, alisol, andosol, anthrosol, arenosol, calcisol, cambisol, chernozem, cryosol,
durisol, ferralsol, fluvisol, gleysol, gypsisol, histosol, kastanozem, leptosol, lixisol, luvisol,
nitisol, phaeozem, planosol, plinthosol, podozol, regosol, solonchak, solonetz, and umbrisol,
described further herein, to direct or influence the microbial composition comprised in the plant
bioreactor. In another example, the plant bioreactors may be grown in soil types of different
temperatures, such as pergelic soil (soils a temperatures from -8°C to -4°C), subgelic soil (soils
a temperatures from -4°C to 0°C), frigid soil (soils at temperatures from 0°C to 8°C), mesic soil
(soils at temperatures from 8°C to 15°C), thermic soil (soils a temperatures from 15°C to 22°C),
and pergelic soil (soils at temperatures from 22°C or higher), described further herein, to direct
or influence the microbial composition comprised in the plant bioreactor. In yet another example,
the plant bioreactors may be grown in soil types of different degrees of moisture and/or degrees
of oxygenation, such as aquic soil, udic soil, ustic soil, aridic soil, and xeric soil, described
further herein, to direct or influence the microbial composition comprised in the plant bioreactor.
In yet another example, the plant bioreactors may be grown in soil types of different soil pH,
such as an ultra acidic soil (< 3.5), an extreme acid soil (3.5-4.4), avery strong acid soil (4.5-
5.0), a strong acid soil (5.1-5.5), a moderate acid soil (5.6-6.0), a dlight acid soil (6.1-6.5), a
neutral soil (6.6-7.3), a dightly akaline soil (7.4-7.8), a moderately alkaline soil (7.9-8.4), a
strongly akaline soil (8.5-9.0), and avery strongly akaline soil (> 9.0), described further herein,
to direct or influence the microbial composition comprised in the plant bioreactor. In yet another

example, the plant bioreactors may be grown in soil types of varying degrees of (total) nitrogen,
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phosphorous, potassium, sulfur, calcium, magnesium, and sodium chloride, described further

herein, to direct or influence the microbial composition comprised in the plant bioreactor.

Optionally, the plant bioreactor can be inoculated with additional microbes or the existing
microbes may be supplemented at different times and in different frequencies, as desired, during
the operation of the plant bioreactor (e.g. for the lifetime of the recipient plant before harvesting).

Suitable microbes for inoculation of the plant bioreactor include gram-positive bacteria, gram-
negative bacterium and fungi. Any plant associated microbe may be used in the microbial
cultivation methods described herein, including an endophyte, an epiphyte, or a rhizospheric

microbe.

Suitable bacteria include Burkholderia, Rhizobium, Mesorhizobium, Methylobacterium, Bacillus,
Paenibacillus, Streptomyces, Enterobacter, Pseudomonas, Pantoea, and others in Tables 1 and
2. Other suitable bacteria which may be used in the microbial cultivation methods described
herein are listed in Tables A and B.

Suitable fungi include Curvularia, Mycorrhiza, Pififmospora, Glomeromycota, Pififmospora,
Fusrarium, Paecilomyces, Bionectria, Metarhizium, Trichoderma, Acremonium and
Colletotrichum. Other suitable fungi which may be used in the microbial cultivation methods
described herein are listed in Tables D and E.

In some embodiments, the plant bioreactor comprises existing endogenous microbes. In some
embodiments, the plant bioreactor is contacted with one or more additional microbes that are not
endogenous to the plant. Optionally, one or more endogenous microbes are removed from the
bioreactor.

For example, removal of endogenous microbes may include depletion, sterilization or reduction
of carriage of an endogenous microbe. Chemical agents such as detergents such as, e.g., bleach
(sodium hypochlorite), hydrogen peroxide, or ethanol may be used to remove endogenous
microbes from the surface of the bioreactor plant. In order to remove some, substantialy all, or
al of the endogenous microbes, additional treatments are required. For example, in one
embodiment, a plant or a part thereof (including a seed) can be treated with an antibacteria
and/or antifungal agent that has sufficient permeability to enter the plant tissues and kill or
hinder endogenous bacteria.
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In some embodiments, the bioreactor plants are contacted with the one or more selected
microbes. The selected microbes may be prepared for contacting by formulation of the microbes
into a synthetic preparation, e.g. by any suitable method known in the art and those described
herein. The contacting can be carried out by any suitable means and by the methods described

herein.

For example, the preparation of microbes can be an aqueous solution, an oil-in-water emulsion or
water-in-oil emulsion containing a minimum concentration of a microbe. Microbes may be
present as live cells, viable cells, spores, or mycelia. Typically, the concentration may range
from at least about 104 CFU/m to at least about 10° CFU/mL, or more. The synthetic preparation
may contain growth media or constituents required for the growth and propagation of the
microbe, e.g. a growth medium selected from the group provided in Table F. The synthetic
preparation can be of a defined pH range, typically from about pH 5.5 to about pH 7.5. The
synthetic preparation can also comprise a carrier, such as diatomaceous earth, clay, or chitin,
which act to complex with chemical agents, such as control agents. The synthetic preparation can
also comprise an adherent, reagents that promote internalization of the microbes into the plant, a
surfactant, an osmoticum, agents that promote stomatal opening, and other agents. In addition to
agueous suspensions, the microbial preparations of the invention can be applied in a dry
formulation using, e.g., talc or some other particulate carrier. In such cases, the microbial
preparation can be dried lyophilized in amanner preserving viability of the microbe (for example

by using cryopreservants and/or protective sugars).

The bioreactor plants may be contacted with the one or more selected microbes, optionally
provided as a synthetic preparation described herein by any suitable method, including, but not
limited to, spraying on flowering plants, application to the flower by specific instruments, for
example, by a spatula, a syringe or an inoculating loop, employing pollen-feeding insects or
other pollinators. Additionally, the seeds or tubers can be submerged in the agueous composition
and then planted and allowed to grow into aplant. Furthermore, the soil around the plant or seed
can betreated as well. When the plant to be treated is atree, the composition can be introduced
into the vascular system of the tree by conventiona methods. In some embodiments, a
suspension or paste of microbes is brushed or painted onto the whole plant or particular
tissue/organs of the plant. In some embodiments, the entire bioreactor plant is contacted with the
microbes, e.g. by spraying or submersion. In other embodiments, only one or more parts of the
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bioreactor plant are contacted, e.g. roots, shoots, leaves, above-ground tissues, or parts of the
plant including the flowers or buds.

The bioreactor plants may be contacted with the microbes at any developmental stage of the
plant, as desired. In some embodiments, the contacting step of the plant with the microbes is
performed more than once a suitable intervals, as desired.

In one embodiment, the one or more microbes are placed onto a seed. In some embodiments, the
one or more microbes are placed into a seed. In yet other embodiment, the one or more microbes
are placed into and onto the seeds. In some embodiments, the one or more microbes are located
on the seed coat or in the seed, as described further herein. Methods are provided herein that are
useful for encapsulating one or more selected microbes within a seed. In some embodiments, the
microbes are intercellularly located. In other embodiments, the microbes are intracellularly
located. In some embodiments, the microbes are placed in or on the seed to generate plant
bioreactors. In some embodiments, selected microbes are stored in seed-based vessels.

In some embodiments, microbial endophyte libraries are generated. Plant seeds may be contacted
with an inoculum comprising a plurality of microbial endophytes and the resulting contacted
seeds are collected. The microbia endophytes present in the contacted seed are subsequently
incorporated into a bioreactor plant grown or derived from the contacted plant seed, such that a
microbial endophyte library is generated within the bioreactor plant and/or the resulting seeds
from the bioreactor plant. In some embodiments, the resulting contacted seed comprsises one or
more of the plurality of microbial endophytes of the inocculum. In some embodiments, the
library generated in the seed comprises one or more endogenous microbial endophytes and
optionally one or more of the plurality of microbial endophytes of the inocculum. In some
embodiments, the contacted seed comprises endogenous and exogenous microbial endophytes. In
some embodiments, a least on of the plurality of microbia endophytes of the inocculum is

exogenous to the contacted seed.

In some embodiments, the microbes are amplified in the plant bioreactor. The amplification may
suitably occur by planting and culturing the plant bioreactors in a field. For example, a field
containing a population of plant bioreactors may range from at least about 100 sguare feet to a

least about 50,000 or more. Other fields containing a population of plant bioreactors may range
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from at least about 1 acre to at least about 50,000 acres or more. Other fields containing a
population of plant bioreactors may range from at least about 1 hectare to a least about 10,000
hectares or more. Some fields may comprise a population of plant bioreactors of 1to 50 plants.
Some fields may comprise apopulation of plant bioreactors ranging from at least about 50 plants
to at least about 1,000,000 plants.

The plant bioreactors may be harvested and/or the selected microbes may be harvested. In certain
embodiments, the selected microbes are located in or on a seed generated by the plant bioreactor.
Optionaly, the selected microbes may be stored for a period of time in a seed-based storage
vessel. The seed-based storage vessels provide a shelf-stable format in which the microbes may
be stored. Further provided herein are methods to generate shelf-stable formulations of microbes
comprising generating seed-based storage vessels comprising microbes. For example, shelf-
stable formulations include seed-based vessels comprising microbes that retain their viability for
a least 1 month, a least 3 months, or a least 6 months. In other embodiments, shelf-stable
formulations include seed-based vessels comprising microbes that retain their viability for at
least 1 month, at least 2 months, at least 3 months, a least 6 months, 12 months, for example for
a least 2 years, or for at least 3years.

In certain embodiments, the seed-based storage vessels are selected for the long-term storage of
selected microbes. For example, microbes may be stored in seed-based storage vessels that are
resistant to an environmental stress. Environmental stresses include elevated or low
temperatures, elevated or low humidity, and pathogen exposure. In vitro propagated and
maintained microbes are particularly susceptible to changes in the environment, such as changes
in temperature, humidity, pH, etc. and the cultures are susceptible to pathogenic invasion. In
certain embodiments, seed-based storage vessels are provided that maintain the viability of the

selected microbes for long period of time.

Optionally, the seed-based storage vessels may be further functionalized or modified to improve

the storage conditions of the stored microbes and/or to prolong their viability in storage.

For example, the seed-based storage vessels may be coated with a coating composition as
described herein. If desired, the coating composition may comprise a control agent, a plant
growth regulator, and/or a fertilizer/nutrient. Suitable control agents for coating the seed-based

storage vessels include, but are not limited to, antibacteria agents, fungicides, herbicides,
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insecticides, rodenticides, nematocides, miticides or bird repellents, aplant growth regulator and

afertilizer/nutrient.

If desired, the plant-associated microbes may be further isolated, e.g. isolated from the plant
bioreactor or the seed-based storage vessel. The microbes may be isolated by any suitable
method known in the art and those described herein, for example in Examples 7 to 14. Isolates
may be cultivated by standard in vitro propagation methods. If desired the microbes can be
assessed by standard cultivation and characterization methods known on the art, including
culturing of the microbes, single clone generation, nucleic acid (DNA/RNA) extraction and
amplification (e.g. of 16S rRNA gene amplification) microbial identification (e.g. through
sequencing) and phylogenetic analyses. If desired, the isolated microbes may be used for the
production of an inoculums as described herein, for example in Examples 7 to 14. Alternatively
or in addition, the microbes may by maintained in culture, further isolated, modified (e.g.
genetically modified), further characterized (e.g. screened for desired characteristic or
capabilities), and/or combined to obtain desired microbial populations or communities. 1solated

microbes may be stored in any suitable medium and may, e.g. be frozen.

Provided herein are further methods of amplifying plant microbes capable of producing a
compound of interest using the plant bioreactors and methods described herein. A compound of
interest includes a precursor or intermediate as well as a final compound. The bioreactor plants
may be contacted with suitable microbes capable of producing the compound of interest and the
microbes may be amplified using the methods described herein, including field application of the
plant bioreactors. Optionally, the microbes may be isolated and stored, e.g. in seed-based storage
vessels as described herein. Optionally, the compound of interest may be isolated from the

microbes.

Provided herein are methods for propagating and isolating microbes that produce industrially-
useful enzymes and chemicals. Current bioprocesses for producing industrial enzymes such as
celluloses, peroxidases, proteases, and glycosidases or for producing biochemical from microbes
typically involve monocultures of microbes in metallic bioreactors in a format that can require
expensive synthetic media inputs, physical mixing systems, and methods for sensing key
parameters for alowing microbial division and production (e.g., pH, osmolyte, and byproduct

monitoring). Here, by discovering endophytes with the ability to produce such useful proteins
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and chemical products, the present invention provides the potential to produce such products or
expand a population of microbes as useful inputs to such processes using low-cost plant
propagation processes.

In characterizing the functional repertoire of microbes with the ability to be expanded within
plant-based bioreactors, we identified endophytes with the ability to produce industrially-useful
enzymes or industrially-useful chemicals. We discovered endophytes with the capacity to
produce industrially useful enzymes such as cellulases, chitinases, and xylanases. Thus, in some
embodiments, our invention utilizes plant-based bioreactors to provide for the production of a
cellulose, a chitenase, or a xylanase within the tissues of an agricultural plant-based bioreactor.
Thus, the invention allows the utilization of standard and novel agricultura methods for the
scalable production of microbes with the capacity to produce such industrially-useful enzymes,
and for the production of such enzymes within the plant tissues.

In some embodiments, our invention applies an isolated endophyte capable of producing an
industrially-useful enzyme in a composition that allows it to colonize agricultural seeds, survive
archiving on the surface or in the interior of the agricultural seed, and reproduce within
agricultural plant-based bioreactors within at least one tissue such that it produces at least 1 CFU,
a least 10, a& least 100, at least 1,000, at least 104, at least 105, at least 106, or at leastlO” CFU of
the microbe capable of producing an industrially-useful enzyme per gram of the plant bioreactor
tissue that the microbe replicates within. In some embodiments, the invention produces
detectable quantities of the industrialy-useful enzyme in a least one tissue of the plant,
including the roots, shoots, leaves, flowers, and other tissues. In some embodiments, by utilizing
standard or novel agricultural methods for planting the endophyte-contacted seeds, the invention
alows the production of a least 104, at least 105, at least 105, a leastlO7, at least 108, a least 10°,
a least 100, a least 101, at least 1022, at least 1023, at least 104, or a least 1035 CFU of the
microbe capable of producing an industrially-useful enzyme per acre of seeds that are planted.
We aso discovered endophytes capable of producing chemicals of industrial interest, including
an auxin, antimicrobial compounds, siderophores, or acetoin. Thus, in some embodiments, our
invention utilizes plant-based bioreactors to provide for the production of an auxin, antimicrobial
compounds, siderophores, or acetoin within the tissues of an agricultural plant-based bioreactor.
Thus, the invention allows the utilization of standard and novel agricultura methods for the

scalable production of microbes with the capacity to produce such industrially-useful chemicals,
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and for the production of such chemicals within the plant tissues.

In some embodiments, our invention applies an isolated endophyte capable of producing an
industrially-useful chemical in a composition that allows it to colonize agricultural seeds, survive
archiving on the surface or in the interior of the agricultural seed, and reproduce within
agricultural plant-based bioreactors within at least one tissue such that it produces at least 1 CFU,
a least 10, & least 100, at least 1,000, at least 104, at least 105, at least 106, or at leastlO” CFU of
the microbe capable of producing an industrially-useful enzyme per gram of the plant bioreactor
tissue that the microbe replicates within. In some embodiments, the invention produces
detectable quantities of the industrialy-useful enzyme in a least one tissue of the plant,
including the roots, shoots, leaves, flowers, and other tissues. In some embodiments, by utilizing
standard or novel agricultural methods for planting the endophyte-contacted seeds, the invention
alows the production of a least 104, at least 105, at least 105, a leastlO7, at least 108, a least 10°,
a least 100, at least 101, at least 1012, at least 1023, & least 104, or at least 105 of the microbe
capable of producing an industrially-useful chemical per acre of seeds that are planted.

Plants as Bioreactors and Agricultural Seeds asVessels for Long-Term Microbial Storage

Plants serve as 'bioreactors for diverse microbes in nature and appear to, in some cases, be able
to package avery small subset of such microbes into their seeds. Here, we sought to investigate
whether plants could serve as novel bioreactors for exogenous microbes and, further, whether
this could be accomplished in such away that their seeds could comprise the novel microbe in a
shelf-stable format such that these seeds could alow subsequent scale-up of the desired

exogenous microbe via planting under standard agricultural conditions.

The prevailing view of plant endophytic communities isthat they derive predominantly from the
soil communities in which plants are grown [Halman, J, & a., (1997) Canadian Journa of
Microbiology. 43(10): 895-914]. Upon observing taxonomic overlap between the endophytic and
soil microbiota in A. thaliana Dangl and colleagues stated, "Our rigorous definition of an
endophytic compartment microbiome should facilitate controlled dissection of plant-microbe
interactions derived from complex soil communities® [Lundberg et al., (2012) Nature. 488, 86-
90]. Long et al, provide separate support for soil representing the repository from which plant

endophytes are derived by writing, "Soil is considered as an endophyte bank .." [New
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Phytologist (2010) 185: 554-567]. Notable plant-microbe interactions such as mycorrhyzal fungi
and bacterial rhizobia fit the paradigm of soil-based colonization of plant hosts and appear to
primarily establish themselves independently of seed.

Less attention has been provided to the role of seeds as potential reservoirs for microbes that can
efficiently populate the plant endosphere. The concept that seeds may harbor plant pathogens
was promoted by Baker and Smith [(1966) Annu Rev Phytopathol 14: 311-334] and a few
bacterial and fungal pathogens are known to be able to infect seed. When such pathogens are
detected in a seed lot, it can necessitate destruction of vast numbers of agricultural germplasm
[Gitaitis, R. and Walcott, R. (2007) Annu. Rev. Phytopathol. 45:371-97]. However, even when
seed pathogens are detected, their transfer to the growing plant can be highly inefficient. For
example, a study of seed-based transmission of the seed pathogen, Pantoea stewartii, found that
seed produced from a population of pathogen-infected plants gave rise to infected seedlings in
only 0.0029% of cases (1 of 34,924 plants) and artificialy infected kernels only gave rise to
infected seedlings in 0.022% of cases [Block, C. C, el a, (1998). Plant discase. 82(7). 775-
780.]. Thus, the efficiency with which plants introduce pathogenic microbes into their seeds, and

with which pathogens within seeds propagate within the resulting plant tissues can be very low.

The potential for agricultural seeds to serve as reservoirs for non-pathogenic microbes remains
somewhat controversial [Hallman, J., et a., (1997) Canadian Journal of Microbiology. 43(10):
895-914]. Sato, et a, did not detect any bacteria inside rice seeds [(2003) In. Morishima, H.
(ed.) The Natural History of Wild Rice - Evolution Ecology of Crop. p.91-106] and Mundt and
Hinkle only obtained endophytes from seed samples where seed coats had been broken or
fractured in 29 kinds of plant seed [Appl Environ Microbiol. (1976) 32(5):694-8.]. Another
group detected bacterial populations inside rice seeds ranging in population size from 10°2 to
10”6 CFU/g fresh weight [Okunishi, S, et al, (2005) Microbes and Environment. 20:168-177].
In crop cultivars such as maize, characterization of pooled seeds from within various cultivars
from the genus Zea showed that endophytic taxa appear to be conserved across modern and
ancestral variants [Johnston-Monje D, Raizada MN (201 1) Conservation and Diversity of Seed
Associated Endophytes in Zea across Boundaries of Evolution, Ethnography and Ecology. PL0oS
ONE 6(6): €20396. doi: 10.137 Z/journal. pone.0020396]. This conservation of seed microbiota
across large geographic, ecological, ethnic, and host genetic distances further implies that the

seed microbiota is highly resilient to ateration and appears to resist the introduction of novel
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microbes or taxa, even after hundreds of generations of planting of host seeds into novel
environments with diverse soil properties, microbial populations, and diverse agricultura
chemistries and despite the use of transgenic methods to modify host plant genetic content. This
finding is supported by characterization of individual maize seeds (the Raizada et al work
characterized pools of ~15 maize seeds a a time) that observed limited overall taxonomic
diversity within seeds and additionally described significant variability of the microbial
communities within individual maize seeds, including substantial variability between seeds taken
from the same cobb (Rosenblueth, M. et a, Seed Bacterial Endophytes: Common Genera, Seed-
to-Seed Variability and Their Possible Role in Plants; Proc. XXVIIIth IHC - IS on Envtl,
Edaphic & Gen. Factors, Affecting Plants, Seeds and Turfgrass;, Eds.: G.E. Welbaum et al. Acta
Hort. 938, ISHS 2012). These findings illustrate both that maize seeds appear to contain limited
taxonomic diversity and that the microbiota of individual seeds produced by plants can be non-
uniform, further implying that it would be challenging to uniformly introduce novel microbes
into seeds produced by crops or for such microbes to be subsequently cultivated within the

plant's tissue that results from the seed.

Surprisingly, we discovered a variety of methods for atering the microbiota of seeds produced
by crops, including the ability to reliably add novel microbes into the seed microbiota, as a
means of stably storing microbes in plant seeds and propagating them in plant-based bioreactors.
Provided are methods for introducing novel microbes into plants or seeds such that the seeds
produced by them are able to harbor novel microbes or an atered seed microbiota relative to
reference seeds. Provided are methods for introducing novel microbes or substantially
augmenting a microbial population in seeds. Additionally provided are methods for introducing
populations of multiple symbionts to a seed or altering their abundance or spatial distribution
relative to reference seeds. Methods for propagating the cultivars resulting from such seeds are
provided such that the plants act as bioreactors for the cultivation of desired microbes. Provided
are demonstrations that plant hosts with abundant precedence in agricultural practice can be
utilized with the present methods, thereby allowing existing cultivation practices to be adapted to

utilize the current methods and compostions.

The present invention offers advantages relative to the prior art practice of coating seeds with
defined microbes or administering microbes to plant tissues. Notably, by generating seeds that

natively harbor novel microbes or atered microbial populations, such seeds can be, in some
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cases, propagated repeatedly to alow scalable production of the resulting compositions using
common agricultural practices. In some such embodiments, this compatibility with modern
agricultural practices provides improved simplicity, reduced cost, and improved market adoption
of the technology relative to current approaches of administering endophytes to plants for
cultivation in a single generation. In some embodiments, seeds comprising novel microbes
provide improved benefits to plants relative to a native seed that has been coated in a similar
number of colony forming units of a novel microbe. In some embodiments, seeds comprising
novel microbes that have been introduced by the present methods provide improved shelf-life
relative to storage of the microbe on its own under similar conditions. In some embodiments,
seeds with novel microbes provide improved compatability with surface-coated chemistries (e.g.,
biocides, fungicides, antibiotics, etc) relative to a native seed that has been coated in a similar
number of colony forming units of a novel microbe and the same surface chemistries. This
compatibility with common agricultural chemistries can improve the use invention's ability to be
practiced using established agricultural technologies.

Provided herein are methods of introducing microbes into the seed microbiota to create novel
compositions comprising novel bacteria or fungi present in a monocot or dicot host seeds.
Additionally provided are methods and compositions of seeds with altered microbiota, wherein
the microbiota is substantially augmented, depleted, altered, or spatialy redistributed in one or
more strains relative to areference seed population before ateration. As described herein, novel
microbes are introduced into plant seeds by artificial inoculation, application, or other infection
of ahost plant, such as aplant, plant flower, or host plant tissues, with abacterial or fungal strain
of the present invention. These methods are optionally utilized in combination with methods to
substantially alter or remove native symbionts within seeds or plant tissues, in order to prime
them for administration of novel symbionts. These host plants are then utilized as a production
process to generate seeds that have been pre-packaged with the novel microbia strain, such that
the seeds can support the stable storage of the strain and the plants resulting from these seeds can
support the scalable expansion of the microbe's population.

Microbe Located on and/or in the Seed
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The present invention contemplates methods of introducing amicrobe into the seed of aplant, as
well as seed compositions comprising amicrobe, wherein the microbe is located on and/or in the
seed.

A seed is asmall embryonic plant enclosed in a covering caled the seed coat, usually with some
stored food. It isthe product of the ripened ovule of gymnosperm and angiosperm plants which
occurs after fertilization and some growth within the mother plant. The formation of the seed
completes the process of reproduction in seed plants (started with the development of flowers
and pollination), with the embryo developed from the zygote and the seed coat from the

integuments of the ovule.

A typical seed includes three basic parts: (1) an embryo, (2) a supply of nutrients for the embryo,
and (3) a seed coat. The embryo is an immature plant from which anew plant will grow under
proper conditions. The embryo has one cotyledon or seed leaf in monocotyledons, two
cotyledons in amost al dicotyledons and two or more in gymnosperms. The radicle is the
embryonic root. The plumule is the embryonic shoot. The embryonic stem above the point of
attachment of the cotyledon(s) is the epicotyl. The embryonic stem below the point of attachment
is the hypocotyl. Within the seed, there usually is a store of nutrients for the seedling that will
grow from the embryo. The form of the stored nutrition varies depending on the kind of plant. In
angiosperms, the stored food begins as atissue called the endosperm, which is derived from the
parent plant via double fertilization. The usually triploid endosperm isrich in oil or starch, and
protein. In gymnosperms, such as conifers, the food storage tissue (also called endosperm) is part
of the female gametophyte, a haploid tissue. In some species, the embryo is embedded in the
endosperm or female gametophyte, which the seedling will use upon germination. In others, the
endosperm is absorbed by the embryo as the latter grows within the developing seed, and the
cotyledons of the embryo become filled with this stored food. At maturity, seeds of these species
have no endosperm and are termed exalbuminous seeds. Some exalbuminous seeds are bean,
pea, oak, walnut, squash, sunflower, and radish. Seeds with an endosperm a maturity are termed
albuminous seeds. Most monocots (e.g. grasses and palms) and many dicots (e.g. Brazil nut and

castor bean) have albuminous seeds. All gymnosperm seeds are albuminous.

The seed coat (the testa) develops from the tissue, the integument, originally surrounding the
ovule. The seed coat in the mature seed can be a paper-thin layer (e.g. peanut) or something more
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substantial (e.g. thick and hard in honey locust and coconut, or fleshy as in the sarcotesta of
pomegranate). The seed coat helps protect the embryo from mechanical injury and from drying
out. In addition to the three basic seed parts, some seeds have an appendage on the seed coat
such an aril (as in yew and nutmeg) or an elaiosome (as in Corydalis) or hairs (as in cotton). A
scar also may remain on the seed coat, called the hilum, where the seed was attached to the ovary

wall by the funiculus.

There are several ways in which one can determine whether amicrobe islocated on and/or in the
seed. The presence of the microbe can be determined microscopically, using reagents that can
detect the microbe (e.g., antibodies that recognize the microbe, or a PCR-based detection system
to detect presence of microbe-specific sequences within a seed sample). Alternatively, the
location of the microbe within the seed can be determined by sterilizing the surface of the seed
using any number of chemical agents (e.g., bleach, detergent, hydrogen peroxide or
combinations thereof) to destroy any surface located microbes, and testing for the presence of
surviving microbes after homogenizing the surface sterilized seeds under conditions allowing
growth of the microbe. Therefore, the loss of microbe viability upon surface sterilization
indicates that the microbes are almost exclusively located on the seed surface. In contrast,
resistance of the microbe population to such seed sterilization methods indicates an interna

localization of the microbes.

In one embodiment, the microbe is located on and/or in the seed. In another embodiment, the
microbe is located on the seed coat or in the seed (i.e., located within the tissues/compartments
contained within the seed coat). In still another embodiment, the microbe is located in the seed.
In another embodiment, the microbe is located in the embryo of the seed. In another
embodiment, the microbe is located within the endosperm of the seed. The presence of the
microbe in the embryo or endosperm, as well as its localization with respect to the plant cells,
can be determinied using methods known in the art, including immunofluorescence microscopy
using microbe specific antibodies, or fluorescence in situ hybridization (see, for example, Amann
et a. (2001) Current Opinion in Biotechnology 12:231-236, incorporated herein by reference).

The methods described herein are useful for encapsulating a microbe within a seed. In one
further embodiment, the microbe is intercellularly located. For example, & least 10% of the
microbes in a seed, for example a least 20%, at least 30%, at least 40%, at least 50%, at least
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60%, a least 70%>, a least 80%>, at least 90%> or more of the microbe within the seed is
intercellularly located. In another embodiment, at least 1 CFU of the microbe, for example, at
least 10 CFU, at least 30 CFU, at least 100 CFU, at least 300 CFU, at least 1,000 CFU or more of

the microbe isintercellularly located.

In another embodiment, the microbe isintracellularly located. For example, at least 10% of the
microbes in a seed, for example a least 20%, at least 30%, at least 40%, at least 50%, at least
60%, & least 70%>, & least sow>, at least 90%> or more of the microbe within the seed is
intracellularly located. In another embodiment, at least 1 CFU of the microbe, for example, at
least 10 CFU, at least 30 CFU, at least 100 CFU, at least 300 CFU, at least 1,000 CFU or more of

the microbe isintracellularly located.

Novel Plant and Agricultural Seed Compositions

The present invention provides surprisingly generalizable methods for introducing microbes into
plant reproductive tissues such that they are able to be passaged into the interior or onto the
surface of seeds. Therefore, in one aspect, the invention provides a novel seed comprising a
microbe introduced on its surface or within its interior. The seeds described herein can comprise

aunigue microbial composition.

It is important to note that, none of the methods described in the prior art, particularly the
methods disclosed in WO 00/29607 Al, WO 2011117351 Al, WO 2010/115156 A2, WO
2007/107000 Al, WO 2007/021200 Al, US2012/144533 Al, US 4,940,834 A, CA 2562175 Al
and WO 201 1/082455 Al (each of which is incorporated by reference in its entirety), disclose
methods for providing seeds comprising selected endophytes or novel microbes. The main goal
of these prior art methods isthe provision of the endophytes to the very plant treated and not - as
is described herein - for producing a mother plant with the microbes of interest and to obtain
microbe-containing seeds from this mother plant for rising daughter plants already containing the
microbes and, optionally, passing the microbes further to their own daughter generation. As
described herein, the microbe is viably and stably integrated into the seed. Accordingly, the
technology provided with the present invention can provide seeds with completely novel
characteristics, for example, having a unique microbial community (for example by having one

single microbe species being predominantly present in the seeds or aplant that grows from such
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seeds (e.g., representing more than 1%, for example more than 10%, more than 20%, more than
30%, 50%, or more than 70% or even more than 80% of the total of microbes in the seed)).

In some cases, the present invention also provides seeds obtainable by the methods described
herein, wherein the seed has unique characteristics, e.g., with a predominant microbe species as
disclosed above. An embodiment of the present invention is therefore drawn to seeds obtainable
by a method according to the present invention, wherein the microorganisms are present in a
population density of 1to 10°CFU/seed.

The localization of the microbe within the seed can be determined by a number of methods. Its
location with respect to the seed coat (i.e., whether the microbe is located on the surface of the
seed or inside the seed coat, or inside the seed) can be determined rapidly by testing for its
resistance to surface sterilization methods described elsewhere. The presence of microbial DNA
after such surface sterilization, particularly using agents that cross-link or otherwise destroy
DNA, using sensitive detection methods such as PCR, can be used to establish the presence of
the microbe within the seed coat.

Viability of the microbe can betested after seed surface sterilization, or after removal of the seed
coat, by homogenizing the seed and growing the homogenate under conditions that promote
growth of the microbe. In the alternative, the presence of microbes can be detected visually or
microscopically if the microbes can form a colony that is visible by such inspection. Reagents
are also available for the detection of microbes: the stain aniline blue can be used for detecting
hyphae (Clark et a., J. Microbiol Methods (1983) 1: 149-155), other assays are known in the art
(reviewed, for example, in Hiatt et al, (1999) Crop Science, 39: 796-799, WA G-conjugated
fluorophore used by Lanver et a, (2010) Plant Cell 22: 2085-2101).

The methods described herein permit the alteration of the seed with novel or endogenous
microbes. The advantage of these methods is that, when desired, the seed can be programmed
with microbes that can localize to and propagate in distinct tissues or portions of the plant. As
such, in one embodiment, inoculation with the microbes permits the localization of microbes into

tissues, portions in which they are normally not associated.

In addition, in some cases, the microbe present in the seed is capable, upon germination of the
seed into a vegetative state, of localizing to a different tissue of the plant. For example, the
microbe can be capable of localizing to any one of the tissues in the plant, including: the root,
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adventitious root, seminal root, root hair, shoot, leaf, flower, bud, tassel, meristem, pollen, pistil,
ovaries, stamen, fruit, stolon, rhizome, nodule, tuber, trichome, guard cells, hydathode, petal,

sepal, glume, rachis, vascular cambium, phloem, and xylem.

In yet another embodiment, the invention provides seed compositions comprising a microbe, in
which the microbe is located on and/or inside the seed. In sill another embodiment, the
invention provides seed compositions in which the microbe is located predominantly on the
surface the seed. In another embodiment, the microbe is located in the seed. For example, the
microbe is located in the embryo of the seed. In another embodiment, the microbe is located in

the endosperm of the seed.

In still another embodiment, the microbe is located intercellularly (i.e., between the cells of the
plant). For example, a least 10% of the microbes in a seed, for example at least 20%, at least
30%, a least 40%, at least 50%, & least 60%, a least 70%, at least 80%, & least 90% or more of
the microbe within the seed isintercellularly located. In another embodiment, at least 1 CFU of
the microbe, for example, a least 10 CFU, a least 30 CFU, at least 100 CFU, a least 300 CFU,
a least 1,000 CFU or more of the microbe isintercellularly located.

Alternatively, in another embodiment, the microbe is located intracellularly (i.e., within the plant
cell). For example, at least 10% of the microbes in a seed, for example a least 20%, at least 30%,
a least 40%, at least 50%, at least 60%, at least 70%, at least 80%, a least 90% or more of the
microbe within the seed is intracellularly located. In another embodiment, at least 1 CFU of the
microbe, for example, at least 10 CFU, at least 30 CFU, at least 100 CFU, at least 300 CFU, at
least 1,000 CFU or more of the microbe isintracellularly located.

The presence of the microbe in the embryo or endosperm, aswell asits localization with respect
to the plant cells, can be determinied using methods known in the art, including
immunofluorescence microscopy using microbe specific antibodies, or fluorescence in situ
hybridization (see, for example, Amann et al. (2001) Current Opinion in Biotechnology 12:231-
236, incorporated herein by reference).

In another embodiment, the seed can contain a second microbe, which is aso exogenous to the
seed, and introduced into the seed using the methods described herein.
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In another embodiment, microbes are present at a defined concentration within the seed. In one
embodiment, each seed contains at least 1 CFU for example, 10 CFU for example, at least 100
CFU, at least 300 CFU, at least 1,000 CFU, at least 3,000 CFU or more, of the microbe.

In yet another embodiment, the microbe is present in the seed in a detectable level, and
represents at least 0.1% of the total microbe population within the seed, for example a least, a
least 0.5%, at least 1%, at least 2%, at least 3%, at least 4%, at least 5%, at least 10%, least 20%,
a least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 95%, at least 99%, or 100% of the total microbe population in the seed. The presence and
guantity of other microbes can be established by the FISH, immunofluorescence and PCR
methods described above. Furthermore, homogenates of the seed can be plated onto various
media, and the percentage of the total population represented by the microbe can be determined
by counting the microbial colonies (e.g., number represented by the microbe vs. total microbe

count).

In some cases, the microbes described herein are capable of moving from one tissue type to
another in the inoculated plant bioreactor, e.g. from seed exterior into the vegetative tissues of a
maturing plant. In one embodiment, a population of microbes, e.g., endophytes is capable of
moving from the seed exterior into the vegetative tissues. In one embodiment, the seed microbe
which is coated onto the seed of abioreactor plant is capable, upon germination of the seed into a
vegetative state, of localizing to a different tissue of the plant. For example, the microbe is
capable of localizing to any one of the tissues in the plant, including: the root, adventitious root,
seminal root, root hair, shoot, leaf, flower, bud, tassel, meristem, pollen, pistil, ovaries, stamen,
fruit, stolon, rhizome, nodule, tuber, trichome, guard cells, hydathode, petal, sepal, glume, rachis,
vascular cambium, phloem, and xylem. In one embodiment, the microbe is capable of localizing
to the root and/or the root hair of the plant. In another embodiment, the microbe is capable of
localizing to the photosynthetic tissues, for example, leaves and shoots of the plant. In other
cases, the microbe is localized to the vascular tissues of the plant, for example, in the xylem and
phloem. In still another embodiment, the microbe is capable of localizing to the reproductive
tissues (flower, pollen, pistil, ovaries, stamen, fruit) of the plant. In another embodiment, the
microbe is capable of localizing to the root, shoots, leaves and reproductive tissues of the plant.
In till another embodiment, the microbe colonizes a fruit or seed tissue of the plant. In till

another embodiment, the microbe is able to colonize the plant such that it is present in the
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surface of the plant (i.e., its presence is detectably present on the plant exterior, or the episphere
of the plant). In still other embodiments, the microbe is capable of localizing to substantially all,
or al, tissues of the plant. In certain embodiments, the microbe is not localized to the root of a
plant. In other cases, the microbe isnot localized to the photosynthetic tissues of the plant.

In some cases, the microbes are capable of replicating within the plant bioreactor and colonizing
it.

According to one embodiment, provided is a seed preparation containing seeds having more than
1%, for example more than 3%, more than 5%, more than 10%, more than 20%, more than 30%,
for example more than 40%, or more than 50%, of the endophytic microorganisms are
Burkholderia phytofirmans, especially Burkholderia phytofirmans PsIN (DSM 17436); Pantoea
sp. FD17 or Paenibacillus sp. S10., Actinobacter sp. S9, Bradyrhizobium sp. NC92 and
Bradyrhizobium japonicum TAL379. In another embodiment, a maize seed produced by the
methods described herein is provided wherein the microorganisms contained within the seed are
Burkholderia phytofirmans, especialy in a population density of 1to 10° cfu/g fresh weight of
seed. It isknown that in maize, usually the viable population densities are much lower (for sweet
corn, it was reported that such concentrations are below 101 cfu/g fresh weight (Kaga et al.
Microbes Environ 24 (2009), 154-162)); in contrast thereto, the seeds according to this
embodiment contain at least 102, for example a least 10°, or a least 104 CFU/g fresh weight of
one species, especially of Burkholderia phytofirmans (strain PsIN). Accordingly, the microbe
concentration of such seeds contains a predominant strain, which is not the case in natural plants
or plants having been inoculated with prior art inoculation methods.

In some embodiments, the microbes contained within seeds obtained by the present method can
be treated like normal seeds. The microbes remain safely packed inside the seed preventing the
exposure of hazards from outside (which usualy causes damage to cultures exposed to the
environment). Accordingly, the seeds may be stored for considerable time without significant
loss of their viability or properties. In one embodiment, the plant seed obtained by the present
method containing microorganisms from the plant is stored for at least 1 month, for example at
least 3 months, or at least 6 months.

Also much longer storage times are, of course, possible for the seeds produced according to the
present invention. In another embodiment, the plant seed obtained by the present method
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containing microorganisms from the plant is stored for a least one month, at least 2 months, at
least 3 months, at least 6 months, at least 12 months, for example for a least 2 years, or for at
least 3 years.

The method according to the present invention is suitable for providing virtually any endophyte-
containing seed, because the transfer of the microorganisms from the flower to the seed is away
with low hazard exposure (to plant and endophyte). It is specifically suitable for producing seeds
with a microbe which is in principle known to naturally proliferate in plants, especialy in the
given plant, i.e, a "naturally obtainable endophyte'. These endophytes are derivable from
natural sources from the same plant type or from other plant types. According to one

embodiment, the endophytic microorganism istherefore anaturally obtainable endophyte.

Novel Populations of Seeds

Also contemplated herein are populations of seeds. There is emerging evidence suggesting
tremendous heterogeneity of the microbiome population within a single plant. For example,
Rosenblueth et al. (2012) Acta Hort. (ISHS) 938:39-48 documented seed-to-seed variability in
bacterial endophyte populations even when the seeds are taken from the same cob. Further, when
large numbers of seeds were analyzed together, Johnston-Monje and Raizada (201 1) PLoS ONE
6(6): €20396, found that the observed microbes in Zea species were limited to a small number of
taxa and highly conserved across ancient and modern varieties. Together, these results indicate
(i) that seeds within a population can harbor heterogenous microbial populations and (ii) that
even over hundreds of generations, the microbial taxa detected in Zea seeds is conserved, thereby
implying that introducing novel symbionts to seeds in a single step or single generation is likely
to be highly challenging. As such, a method that can consistently provide uniform microbial
population (both qualitatively and quantitatively) within the shelf-stable vehicle of an
agricultural seed, particularly where the microbe is capable of scalably propagating within the
host plant, would be surprising and novel. The methods described herein contemplate the
generation of seeds with highly uniform introduction of novel microbes. The benefit of
producing uniform seeds in terms of its microbiome population is that the resulting plants are

expected to more consistently propagate the desired microbes.
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Therefore, in another aspect, the invention provides a substantially uniform population of
isolated seeds. The uniformity of the microbes within the seed population can be measured in
several different ways. In one embodiment, a substantial portion of the population of seeds, for
example at least 10%, at least 20%, at least 30%, & least 40%, at least 50%, at |east 60%, at least
70%, a least 75%, a least 80%>, at least 90%>, a least 95% or more of the seeds in a population,
contains a viable microbe. In another embodiment, a substantial portion of the population of
seeds, for example a least 10%>, a least 209>, at least 30%>, & least 40%>, a least 50%>, a least
60%, at least 70%>, at least 75%, & least 8o%>, at least 90%>, a least 95% or more of the seeds in a
population contain athreshold number of viable microbe is a least 1 CFU per seed, at least 10
CFU per seed, for example, a least 100 CFU, at least 300 CFU, a least 1,000 CFU, at least
3,000 CFU or more, of the microbe per seed.

In some cases, a substantial portion of the population of seeds, for example, a least 10%, at least
20%, at least 30%, at least 40%, a least 50%, at least 60%, a least 70%, at least 75%, at least
80%, at least 90%, at least 95% or more of the seeds in apopulation, exhibits at least one of the
endophyte community attributes listed in herein (e.g., total CFUs, presence of a novel taxa,
absence of a common taxa, altered spatial distribution, intercellular colonization, industrially-
useful properties of endophytes, presence of monoclonal strain, presence of conserved subset of
microbial plasmid repertoire, microbe isolated from habitat that is distinct from the location of
seed production, etc.).

In other cases, the genetic sequence of the microbe can be used to measure the genetic similarity
of the virus within a population. In one embodiment, a substantial proportion of the seeds, for
example, a least 10%, for example at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at least 95% or more of the seeds contain the same
gpecies or strain of microbe, for example, as determined by DNA sequence analysis. In one
embodiment, a substantial proportion of the seeds, for example, at least 10%, for example & least
20%, at least 30%, at least 40%, a least 50%, at least 60%, a least 70%, at least 80%, at least
90%, at least 95% or more of the seeds contain the microbe of monoclona origin, for example,

as determined by DNA sequence analysis.

Increased uniformity of microbes in plants or seeds can aso be detected by measuring the

presence of non-genomic nucleic acids present in the microbes. For examples, where the microbe
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that is inoculated into the plant is known to harbor a plasmid or episome, the presence of the
plasmid or episome can be detected in individual plants or seeds by using conventional methods
of nucleic acid detection. Therefore, in one embodiment, a substantial portion of the population
of seeds, for example at least example a least 10%, at least 20%, at least 30%, at least 40%, at
least 50%, at least 60%, a least 70%, a least 75%, a least 80%, a least 90%, at least 95% or

more of the seeds in apopulation, has a detectable presence of the microbial plasmid or episome.

Increased uniformity of the microbes epigenetic status can also be used to detect increased
uniformity. For example, where a microbe that has been inoculated by aplant is also present in
the plant (for example, in a different tissue or portion of the plant), or where the introduced
microbe is sufficiently similar to amicrobe that is present in some of the plants (or portion of the
plant, including seeds), it is till possible to distinguish between the inoculated microbe and the
native microbe, for example, by distinguishing between the two microbe types on the basis of
their epigenetic status. Therefore, in one embodiment, the epigenetic status is detected in
microbes across individual seeds or the plants that grow from such seeds.

The methods described herein enable the creation of completely new seed/microbe combinations.
One of the most significant properties of seeds obtainable by the present invention is the
possibility to provide predominant endophyte populations in the seeds. Normally, seeds
containing endophytes contain a diverse population of many different endophytic
microorganisms with usually more than 10 or even more than 20 different identifiable culturable
strains, the method according to the present invention enables, in some cases, the production of
seeds with a predominant species of endophytic microorganism. Accordingly, in some
embodiments, seed preparations which are provided by the present invention contain seeds
having an endophytic microorganism population wherein more than 30%, for example more than
40%, or more than 50%, of the endophytic microorganisms represent the inoculant strain. This
means that most (more than 50%, for example more than 60%, or more than 70%) of the seeds in
the preparation contain more than 30%, for example more than 40%, or more than 50%,

endophytic microorganisms comprising the inoculant strain.

In still another embodiment, in a substantial portion of the population of seeds, for example
example at least 10%, at least 20%, at least 30%, at least 40%, a least 50%, a least 60%, at least
70%, a least 75%, a least 80%>, at least 90%>, at least 95% or more of the seeds in a population,
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the microbe represents at least 10%, least 20%>, a least 30%>, at least 40%>, & least 50%>, at |east
60%, e least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or 100% of the total
microbe population in the seed.

Uniformity of the seed population can also be measured using other means. The uniformity can
be measured, for example, on the basis of the absence or exclusion of amicrobe (i.e., amicrobe
that was not inoculated according to the methods of the invention). A s such, in one embodiment,
the invention provides a population of seeds in which a substantial portion of the seeds, for
example at least 10%, at least 20%, at least 30%, at least 40%, & least 50%, a least 60%, a least
70%, at least 75%, at least 80%>, at least 90%>, a least 95% or more of the seeds, do not contain a
reference microbe, wherein the reference microbe may be an endogenous microbe (i.e., not

exogenous to the seed).

It is also known that certain viruses are associated with endophytic fungi (such asthe Curvularia
thermal tolerance virus (CThTV) described in Marquez, L.M., & a, (2007). Science 315: 513-
515). Therefore, the presence and quantity of a virus can be used to measure uniformity. For
example, where the inoculated microbe is known to be associated with a virus, the presence of
that virus can be used as a surrogate indicator of uniformity. Therefore, in one embodiment, a
substantial portion of the seeds, for example a least 10%, a least 20%, at least 30%, at least
40%, et least 50%, a least 60%, at least 70%, at least 75%, at least 80%, at least 90%, a least
95% or more of the seeds, contain the virus. In other embodiments, where one or more of the
endogenous microbes contain associated viruses which are not found in, and not compatible with
the inoculated microbe, the loss (i.e., absence) of the virus can be used to measure uniformity of
the seed population. As such, in another embodiment, a substantial portion of the seeds, for
example example at least 10%, at least 20%, a least 30%, a least 40%, at least 50%, a least
60%, a least 70%, at least 75%, & least 80%, at least 90%, at least 95% or more of the seeds, do
not contain the virus. In other cases, the genetic sequence of the virus can be used to measure the
genetic similarity of the virus within a population. In one embodiment, a substantial proportion
of the seeds, for example, a least 10%>, for example at least 20%>, a least 30%>, a least 40%>, at
least 50%, a least 60%, at least 70%, at least 80%, a least 90%, at least 95% or more of the

seeds contain the same virus, for example, as determined by sequence analysis.
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In another aspect, the seeds according to the present invention provide a marketable seed product
containing a predetermined weight or volume of seeds with a uniform endophyte composition.
For example, amarketable seed product containing at least 100 g seeds, for example & least 1kg
seeds, a least 5 kg seeds, a least 10 kg seeds, can be provided by the method according to the
present invention that contains - as awhole product -more than 1%, for example more than 5%,
more than 10%, more than 20%, more than 30%, more than 40%, especially more than 50%, of a
single species of an endophytic microorganism, i.e., the inoculant strain. According to a
preferred embodiment, the present invention provides a marketable seed product containing at
least 100 g seeds, for example, a least 1kg seeds, for example a least 5 kg seeds, at least 10 kg
seeds, wherein - as a whole product -more than 50%, for example, more than 60%, more than
70% of the microbial population is represented by a single species of an endophytic
microorganism, i.e., the inoculant strain. According to another embodiment, the present
invention provides amarketable seed product containing at least 100 g seeds, for example a |east
1kg seeds, a least 5 kg seeds, at least 10 kg seeds or more, wherein - as awhole product -more
than 20%, more than 30%, more than 40%, more than 50%, more than 60%, more than 75%,
more than 80%, more than 90%, or more, of the microbia population is represented by a single

species (the microorganism of the inoculant strain) are contained.

Such uniformity in microbial composition is unique and is advantageous for high-tech and/or
industrial agriculture. 1t allows significant standardization with respect to qualitative endophyte
load of seed products. The term "marketable seed product” means any commercialy usable
product containing plant seeds in a suitable package (e.g., abox, abag, an envelope or any other
container used for storing, shipping or offering plant seeds for sale). Suitable volumes or weights
are those that are currently used for plant seeds (e.g., the at least 100 g, & least 1, 5 or 10 kg; but
also 25 or more, 40 or more, 50 kg or more, even 100 kg or more, 500 kg or more, 1t or more,
etc). Suitable containers or packages are those traditionaly used in plant seed
commercialization: however, also other containers with more sophisticated storage capabilities
(e.g., with microbiologically tight wrappings or with gas-or water-proof containments) can be
used. The amount of endophytes (qualitatively and quantitatively) contained in the seeds or in
the marketable seed product as a whole can be determined by standard techniques in
microbiology readily available to any person skilled in the art of plant endophyte analysis.
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In some cases, a sub-population of agricultural seeds can be further selected on the basis of
increased uniformity, for example, on the basis of uniformity of microbial population. For
example, individual seeds of pools collected from individual cobs, individual plants, individua
plots (representing plants inoculated on the same day) or individual fields can be tested for
uniformity of microbial density, and only those pools meeting specifications (eg., at least 40%,
50%, 60%, 70%o, Or 80%> Of tested seeds have minimum density, as determined by quantitative

methods described elsewhere) are combined to provide the agricultural seed sub-population.

The methods described herein can also comprise avalidating step. The vaidating step can entail,
for example, growing some seeds collected from the inoculated plants into mature agricultura
plants, and testing those individual plants for uniformity. Such validating step can be performed
on individual seeds collected from caobs, invidua plants, individual plots (representing plants
inoculated on the same day) or individual fields, and tested as described above to identify pools
meeting the required specifications.

Microbes Useful for the M ethods of the I nvention

The present invention contemplates the use of different microbes to inoculate a plant. The
microbe can be fungal in origin. Alternatively, the microbe can be bacterial in origin. In till

other cases, the microbe can be a community of microbes.

The methods described herein are also useful for culturing microbes. This is particularly useful
where the particular microbe is difficult to culture using traditional growth media. Therefore, in
another aspect, disclosed herein are methods for growing amicrobe, said method comprising the
following steps. A preparation of inoculant microbes that is capable of growing and dividing in a
plant is provided. A plant is then contacted with the preparation of microbes to produce an
inoculated plant. The microbe-inoculated plant is then placed under conditions that permit the

microbe to grow and divide in the inoculated plant.

In some cases, the microbe can be transmitted to and remain viable in the seed of the inoculated
plant. The seed of the plant can provide an environment that allows the microbe to withstand the
stresses of desiccation, temperature variation, and be preserved for extended periods of time.

Therefore, in another embodiment, disclosed herein are methods of preserving the viability of a
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microbe by encapsulation within a seed of aplant, by obtaining the seed comprising the microbe
from the plant, wherein the microbe is located inside the seed coat, and wherein the microbe
remains viable within the seed. Where the microbe remains viable in the seed, the microbe may
also be transmitted and propagated once the seed germinates and develops into a plant.
Therefore, in still another embodiment, the microbe can be isolated from the progeny of the

inoculated plant.

In some cases, the present invention contemplates the use of microbes that do not normally
associate with the plants. For purposes of the invention, it is only necessary that the microbe be
suffiently compatible with the plant environment such that it is able to eventualy be located on
and/or in the seed of the plant.

The microbe can also be an organism that normally associates with plants, for example, as an
endophyte, an epiphyte, a microbe associated with the surface of a plant or seed (an epispheric
microbe), or a rhizospheric microbe, or a soil microbe. In one embodiment, the microbe is
associated with the plant rhizosphere. In another embodiment, the microbe isnormally associated
with the surface of a plant or seed. In yet another embodiment, the microbe is an endophytic

microbe.

In some cases, plants are inoculated with microbes that are exogenous to the seed of the
inoculated plant. In one embodiment, the microbe is derived from a plant of another species. For
example, a microbe that is normally found in dicots is applied to a monocot plant (e.g.,
inoculating corn with a soy bean-derived microbe), or vice versa. In other cases, the microbe to
be inoculated onto a plant can be derived from a related species of the plant that is being
inoculated. In one embodiment, the microbe can be derived from arelated taxon, for example,
from arelated species. The plant of another species can be an agricultural plant. For example, a
microbe derived from Hordeum irregulare can be used to inoculate aHordeum vulgare L., plant.
Alternatively, it can be derived from a 'wild' plant (i.e., a non-agricultural plant). For example,
microbes normally associated with the wild cotton Gossypium klotzschianum can be used to
inoculate commercial varieties of Gossypium hirsutum plants. As an aternative example of
deriving an endophyte from a 'wild' plant, endophytic bacteria isolated from the South East
Asian jungle orchid, Cymbidium eburneum, can be isolated and testing for their capacity to be
cultured within agricultural crops such aswheat, maize, soy and others [Faria, D.C., et a, (2013)
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World Journal of Microbiology and Biotechnology. 29(2). pp. 217-221]. In other cases, the
microbe can be isolated from an ancestra species of the inoculated plant. For example, a
microbe derived from Zea diploperennis can be used to inoculate a commercial variety of

modern corn, or Zea mays.

In some embodiments, two, three, four, five, six, seven, eight, nine, 10, or more microbes may be
co-cultivated by the methods described herein. Suitable microbes for co-cultivation in bioreactor
plants include families selected from the group consisting of Actinosynnemataceae,
Dermabacteraceae, Geodermatophilaceae, Glycomycetaceae, I ntrasporangiaceae,
Kineosporiaceae, Microbacteriaceae, Micrococcaceae, Micromonosporaceae, Mycobacteriaceae,
Nocardioidaceae, Promicromonosporaceae, Pseudonocardiaceae, Streptomycetaceae,
Gaiellaceae, Chitinophagaceae,  Cytophagaceae, = Cryomorphaceae,  Flavobacteriaceae,
Sphingobacteriaceae, Parachlamydiaceae, A4b, Bacillaceae, Paenibacillaceae, Planococcaceae,
Clostridiaceae, Caddicellulosiruptoraceae, Carboxydocellaceae, Caul obacteraceae,
Methylobacteriaceae, Phyllobacteriaceae, Rhizobiaceae, Rhodospirillaceae, Erythrobacteraceae,
Sphingomonadaceae, Alcaligenaceae, Burkholderiaceae, Comamonadaceae, Oxalobacteraceae,
Methylophilaceae, Alteromonadaceae, Enterobacteriaceae, Coxiellaceae, Pasteurellaceae,
Moraxellaceae, Pseudomonadaceae, Xanthomonadaceae, Leptospiraceae, Mycoplasmataceae,

auto67_4W, Opitutaceae, and V errucomicrobiaceae.

Suitable microbes for co-cultivation in bioreactor plants further include one or more, two, three,
four, five, six, seven, eight, nine, or 10 families selected from the group consisting of
Microbacteriaceae, Chitinophagaceae, Bacillaceae, Planococcaceae, Clostridiaceae,
Comamonadaceae,  Oxalobacteraceae, Enterobacteriaceae, Pseudomonadaceae, and

Xanthomonadaceae .

Suitable microbes for co-cultivation in bioreactor plants further include one or more, two, three,
four, five, six, seven, eight, nine, 10, or more of the generas selected from the group consisting of
those genera in Table 1. Suitable microbes for co-cultivation in bioreactor plants further include
one or more, two, three, four, five, six, seven, eight, nine, 10, or more of anon-Bacillus and/or a

non-Pseudomonas genera and/or anon-Rhizobium genera.

In one embodiment, the microbe is an organism that isnormally associated with the plant being

inoculated. For example, the microbe can be a microorganism that is normally found in the
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rhizosphere of plants, on the surface of plants (i.e., an epiphyte), or found inside the plant (i.e.,
an endophyte). In one embodiment, the microbe is normally associated with the rhizosphere of
the plant. In still another embodiment, the microbe is an epiphytic microbe (i.e., is associated
with the surface of the plant). In yet another embodiment, the microbe can be an endophyte.
Where the microbe is an organism that is normally associated with the plant, the method herein
provides means of increasing the uniformity of distribution of the microbe in a population of
plants or aportion thereof, including the seeds. For example, the method of inoculation results in
seeds derived from inoculated plants, or plants derived from such seeds and progeny thereof,
wherein the seed population is substantially uniform with respect to the microbia population
across individual seeds derived from inoculated plants, or plants derived from such seeds and
progeny thereof. Where the microbe is able to produce a beneficial product, the seed population
can aso be substantially uniform with respect to the beneficial product across individual seeds
derived from inoculated plants, or plants derived from such seeds and progeny thereof. In one
embodiment, the isolated microbe is present in the isolated agricultural seed, or any agricultura
plant derived therefrom, a a higher level in a specific tissue than the isolated microbe is natively
present in the specific tissue in an agricultural seed or any agricultural plant derived therefrom.
In another embodiment, the isolated microbe is present in the isolated agricultural seed, or any
agricultural plant derived therefrom, a a higher level than any other microbe present in the
isolated agricultural seed or any agricultural plant derived therefrom.

Substantial uniformity can be measured using any of the means known in the art, or as described

herein elsewhere.

In one embodiment, the microbe is an endophytic microbe that was isolated from a different
plant than the inoculated plant. For example, in one embodiment, the microbe can be an
endophyte isolated from a different plant of the same species as the inoculated plant. In some
cases, the microbe can beisolated from a species related to the inoculated plant.

In another embodiment, the microbe is isolated from a different plant that is a stress-adapted
plant. In some such embodiments, the plant is adapted to stresses of bacterial, fungal, insect, or
other pathogenic stresses and its associated microbes have the capacity to produce bioactive
molecules. In some such embodiments, the plant is adapted to stresses of heat, cold, salt, pH,
drought, low nitrogen, low phosphate, flood, or other stresses and its associated microbes
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comprise the ability to produce stress-reducing molecules of agricultural or industrial

importance.

In still other embodiments, the microbe can be an endophyte that normally resides in a
tissue/organ other than the seed of the plant. For example, the microbe can be one that normally
resides in the roots of aplant. Alternatively, the microbe can be one that normally resides in the
leaves. In some cases, such localization may be exclusive (i.e., the microbe normally resides

exclusively in the leaves of the plant).

It isto be understood that, upon inoculation and association with the plant, the microbe confers a
detectable change to the plant when compared with a control plant that was not inoculated with
the microbe. The detectable changes that can be conferred by the microbe either directly, or

indirectly through its interactions with the host plant, are described herein elsewhere.

In some embodiments, the microbe useful for the present invention does not include any microbe
which can alter the sequence of the host plant's chromosoma DNA, for example, by inserting a
foreign nucleic acid. Therefore, in a particular embodiment, the microbe is not from the genus
Agrobacterium. In a further embodiment, the microbe is not Agrobacterium tumafaciens,
Agrobacterium rhizogenes, Rhizobium sp., Rhizobium sp. NGR234, Rhizobium leguminosarum
Madison, R. leguminosarum USDA2370, R. leguminosarum bv. trifolii USDA2408, R.
leguminosarum bv. phaseoli USDA2668, R. leguminosarum 2370G, R. leguminosarum
2370LBA, R. leguminosarum 2048G, R. leguminosarum 2048LBA, R. leguminosarum by.
phaseoli, R. leguminosarum bv. phaseoli 2668G, R. leguminosarum bv. phaseoli 2668LBA, R.
leguminosarum RL542C, R. leguminosarum bv. viciae, R. leguminosarum bv. trifolii, Rhizobium
etli USDA 9032, R. etli bv. phaseoli, Rhizobium tropici, Mesorhizobium sp., Mesorhizobium loti
ML542G, M. loti ML4404, Snorhizobium sp., Snorhizobium meliloti SD630, S. meliloti
USDA1002, Snorhizobium fredii USDA205, S. fredii SF542G, S. fredii SF4404, S. fredii
SVI542C, Bradyrhizobium sp., Bradyrhizobium japonicum USDA 6, and B.japonicum USDA
110, Mesorhizobium loti, Snorhizobium meliloti, Ochrobactrum sp. In some cases, it is
possible, and in some cases likely, for the newly colonized microbe to make minor changes to
the plant genome, resulting in changes to the epigenetic status (e.g., change in chromosomal
methylation), or the introduction of minor sequence changes.
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In some embodiments, the microbe useful for the present invention does not include at least one
of Acetobacter sp., Acidovorax facilis, Azospirillum brasilense, Azospirillum lipoferum,
Azospirillum sp., Azotobacter sp., Azotobacter vinelandii, Bacillus amyloliquefaciens FZB42,
Bacillus amyloliquefaciens strain D747, Bacillus amyloliquefaciens 1J1000, Bacillus
amyloliquefaciens TM45, Bacillus chitinosporus, Bacillus firmus, Bacillus firmus NCIM 2637,
Bacillus firmus 1-1582, Bacillus laterosporus, Bacillus licheniformis, Bacillus licheniformus,
Bacillus marinus, Bacillus megaterium, Bacillus megaterium var. phosphaticum, Bacillus
megatherium, Bacillus oleronius, Bacillus pumilus, Bacillus pumilus QST 2808, Bacillus sp.,
Bacillus subtilis, Bacillus subtilis FZB24, Bacillus subtilis MBI 600, Bacillus subtilis BSF4,
Bacillus subtilis MBI600, Bacillus subtilis QST 713, Bacillus thuringensis var Kurstaki (NCIM
2514), Bacillus thuringiensis aizawai, Bacillus thuringiensis kurstaki, Bacillus thuringiensis
kurstaki strain EG7841, Bacillus thuringiensis kurstaki strain SA-11, Bacillus thuringiensis
subsp. kurstaki ABTS-351, Bacillus thuringiensis SV kurstaki EG 2348, Bacillus thuringiensis
var Israelensis, Bacillus thuringiensis, Kurstaki variety, serotype 3A 3B, Bacillus thuringiensis,
subsp. aizawai, Strain ABTS-1857, Bacillus thuringiensis, subsp. israelensis, strain AM 65-52,
Chromobacterium subtsugae strain PRAA4-1, Delftia acidovorans, Frateuria aurantia,
Lactobacillus casei, Lactobacillus delbrueckii, Lactobacillus fermentum, Lactobacillus
helveticus, Lactobacillus plantarum, Lactococcus lactus, Methylobacterium mesophilicum,
Methylobacterium organophilum, Methylobacterium extorquens, Paenibacillus polymyxa,
Pasteuria spp., Pseudomonas spp., Pseudomonas fluorescens, Rhizobium sp., Rhodococcus
rhodochrous, Rhodopseudomonas palustris, Streptomyces lydicus WY EC 108, Streptomyces ray,

or Thiobacillus thiooxidans.

In some embodiments, the microbe useful for the present invention does not includeat least one
of Acremonium butyri, Ampelomyces quisqualis, Ampelomyces quisqualis (DSM 2222),
Ampelomyces quisqualis M-10, Arthrobotrys oligospora, Aspergillus oryzae, Beauvaria bassiana
strain ATCC 74040, Beauveria bassiana, Beauveria bassana (NCIM 1216 ATCC 26851),
Beauveria bassiana strain GHA, Beauveria bassiana strain GHA 1991, Candida utilis,
Chaetomium cupreum (CABI 353812), Chaetomium globosum, Clonostachys rosea 88-710,
Fusarium oxysporum [F23, Fusarium proliferatum (NCIM 1101), Gliocladium, Gliocladium
catenulatum strain  J1446, Gliocladium virens GL-21, Glomus fasciculatum, Glomus

intraradices, Hirsutella rhossiliensis, Isaria fumosorosea Apopka Strain 97, Metarhiziium
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anisopliae, Metarhizium anisopliae (NCIM 1311), Metschnikowia fructicola, Myrothecium
verrucaria, Neotyphodium lolii AR1, Neotyphodium lolii AR37, Neotyphodium lolii ARG,
Neotyphodium lolii NEA2, Neotyphodium uncinatum, Paecilomyces fumorosoroseus strain FE
9901, Paecilomyces fumosoroseus, Paecilomyces lilacinus, Paecilomyces lilacinus (IIHR PL-2),
Penicillium bilaii, Saccharomyces cerevisiae, Sclerotinia minor, Trichoderma asperellum TV1,
Trichoderma asperellum strain ICC 012, Trichoderma gamsii strain ICC 080, Trichoderma
harzianum, Trichoderma harzianum (IIHR-Th-2), Trichoderma harzianum Rifai strain T22,
Trichoderma koningii, Trichoderma lignorum, Trichoderma polysporum, Trichoderma sp.,
Trichoderma virens GI-3, Trichoderma viride, Trichoderma viride (TNAU), Verticillium lecanii,
or Verticillium lecanii (NCIM 1312).

Selection of Plant Species from Desired Habitats for Isolation of Microbial Endophytes

Different environments can contain significantly different populations of microbes. For example,
geographically isolated soils from different parts of the Americas have been shown to differ in
96% of the bacterial speciesthey contain [Fulthorpe, R.R, et a., (2008) International Society for
Microbial Ecology Journal. 2(9):901-910]. Soils containing different microbial populations can
strongly influence the endophytic bacteria population observed inside Arabidopsis [Lundberg,
D., et a., Nature (2012) 488, 86-90] illustrating that the environment can at least partially alter a
plant's associated microbial population. This suggests that plants growing and especialy thriving
in choice environments are colonized by different and perhaps industrially-important microbes,
whose scalable propagation could provide improved insights into the study of such microbes or
the development of novel microbia isolates as biotechnologies. Additionally, novel symbionts
may be found in related crop varieties grown in the choice environment. Identification of choice
environments or ecosystems for bioprospecting of plant associated microbes from either wild
plants or crop plants growing in the choice environments or ecosystems follows protocols
described herein.

In one embodiment, the microbe-associated plant is harvested from a soil type different than the
normal soil type that the crop plant is grown on, for example from a gelisol (soils with
permafrost within 2 m of the surface), for example from a histosol (organic soil), for example

from a spodosol (acid forest soils with a subsurface accumulation of metal-humus complexes),
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for example from an andisol (soils formed in volcanic ash), for example from aoxisol (intensely
weathered soils of tropical and subtropical environments), for example from a vertisol (clayey
soils with high shrink/swell capacity), for example from an aridisol (CaC03-containing soils of
arid environments with subsurface horizon development), for example from a ultisol (strongly
leached soils with a subsurface zone of clay accumulation and <35% base saturation), for
example from a mollisol (grassland soils with high base status), for example from an afisol
(moderately leached soils with a subsurface zone of clay accumulation and >35% base
saturation), for example from ainceptisol (soils with weakly developed subsurface horizons), for

example from aentisol (soils with little or no morphological development).

In arelated embodiment, the microbe-associated plant is harvested from a soil type different than
the normal soil type that the crop plant is grown on, for example from an acrisol, for example
from an abeluvisol, for example from an alisol, for example from an andosol, for example from
an anthrosol, for example from an arenosol, for example from a calcisol, for example from a
cambisol, for example from a chernozem, for example from a cryosol, for example from a
durisol, for example from a ferralsol, for example from a fluvisol, for example from a gleysol,
for example from a gypsisol, for example from a histosol, for example from a kastanozem, for
example from a leptosol, for example from a lixisol, for example from a luvisol, for example
from a nitisol ample from a phaeozem, for example from a planosol, for example from a
plinthosol, for example from a podozol, for example from a regosol, for example from a
solonchak, for example from a solonetz, for example from an umbrisol, for example from a

vertisol.

In another embodiment, the microbe-associated plant is harvested from an environment with
average rainfal lower than the optimal average rainfall received by the crop plant, for example
2-5% less rainfal than average, for example, a least 5-10% less rainfall, at least 10-15% less
rainfall, at least 15-20% less rainfall, at least 20-25% less rainfall, a least 25-30% lessrainfall, at
least 30-35% less rainfall, at least 35-40% less rainfall, at least 40-45% less rainfall, a least 45-
50% less rainfall, at least 50-55% less rainfall, at least 55-60% less rainfall, at least 60-65% less
rainfall, at least 65-70% less rainfall, at least 70-75% less rainfall, a least 80-85% lessrainfall, at
least 85-90% less rainfall, at least 90-95% less rainfall, or less, when compared with crop plants

grown under normal conditions during an average growing season.
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In one embodiment, the microbe-associated plant is harvested from an environment with average
rainfall lower than the optimal average rainfall of the crop plant, for example 2-95% less rainfall
than average, for example, a least 5-90% less rainfall, at least 10-85% less rainfal, at least 15-
80% less rainfall, at least 20-75% less rainfall, a least 25-70% less rainfall, at least 30-65% less
rainfall, a least 35-60% less rainfall, a least 40-55% less rainfall, at least 45-50% less rainfall,
when compared with crop plants grown under normal conditions during an average growing

Season.

In one embodiment, the microbe-associated plant is harvested from an environment with
average rainfall higher than the optimal average rainfall of the crop plant, for example 2-5%
more rainfall than average, for example, a least 5-10% more rainfal, a least 10-15% more
rainfall, a least 15-20% more rainfal, a least 20-25% more rainfall, at least 25-30% more
rainfall, a least 30-35% more rainfall, a least 35-40% more rainfall, at least 40-45% more
rainfall, at least 45-50% more rainfall, & least 50-55% more rainfall, at least 55-60% more
rainfall, a least 60-65% more rainfall, a least 65-70% more rainfall, at least 70-75% more
rainfall, at least 80-85% more rainfall, & least 85-90% more rainfall, at least 90-95% more
rainfall, a least 95-100% more rainfall, or even greater than 100% more rainfall, or even greater
than 200% more rainfall, or even greater than 300% more rainfall, or even greater than 400%
more rainfall, or even greater than 500% more rainfall, when compared with crop plants grown

under normal conditions during an average growing season.

In one embodiment, the microbe-associated plant is harvested from an environment with average
rainfall higher than the optimal average rainfall of the crop plant, 2-500% more rainfall than
average, 2-400% more rainfal than average, 2-300% more rainfall than average, 2-200% more
rainfall than average, 2-95% more rainfall than average, for example, a least 5-90% more
rainfall, a least 10-85% more rainfall, a least 15-80% more rainfall, at least 20-75% more
rainfall, at least 25-70% more rainfall, a least 30-65% more rainfall, at least 35-60% more
rainfall, at least 40-55% more rainfall, at least 45-50% more rainfall, when compared with crop

plants grown under normal conditions during an average growing season.

In another embodiment, the microbe-associated plant is harvested from a soil type with different
soil moisture classification than the normal soil type that the recipient crop plant is grown on, for

example from an aquic soil (soil is saturated with water and virtually free of gaseous oxygen for
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sufficient periods of time, such that there is evidence of poor aeration), for example from an udic
soil (soil moisture is sufficiently high year-round in most years to meet plant requirement), for
example from an ustic soil (soil moisture is intermediate between udic and aridic regimes;
generally, plant-available moisture during the growing season, but severe periods of drought may
occur), for example from an aridic soil (soil is dry for a least half of the growing season and
moist for less than 90 consecutive days), for example from a xeric soil (soil moisture regime is

found in Mediterranean-type climates, with cool, moist winters and warm, dry summers).

In another embodiment, the microbe-associated plant is harvested from an environment with
average rainfal lower than the optimal average rainfall received by the crop plant, for example
2-5% less rainfal than average, for example, a least 5-10% less rainfall, at least 10-15% less
rainfall, a least 15-20% less rainfall, at least 20-25% less rainfall, a least 25-30% lessrainfall, at
least 30-35% less rainfall, at least 35-40% less rainfall, at least 40-45% less rainfal, a least 45-
50% less rainfall, at least 50-55% less rainfall, at least 55-60% less rainfall, at least 60-65% less
rainfall, at least 65-70% less rainfall, at least 70-75% less rainfall, a least 80-85% lessrainfall, at
least 85-90% less rainfall, at least 90-95% less rainfall, or less, when compared with crop plants

grown under normal conditions during an average growing season.

In one embodiment, the microbe-associated plant is harvested from an environment with average
rainfall lower than the optimal average rainfall of the crop plant, for example 2-95% less rainfall
than average, for example, a least 5-90% less rainfall, at least 10-85% less rainfall, a least 15-
80% less rainfall, at least 20-75% lessrainfall, a least 25-70% less rainfall, a least 30-65% less
rainfall, at least 35-60% less rainfal, at least 40-55% less rainfall, at least 45-50% less rainfall,
when compared with crop plants grown under norma conditions during an average growing

Season.

In one embodiment, the microbe-associated plant is harvested from an environment with average
rainfall higher than the optimal average rainfall of the crop plant, for example 2-5% more rainfall
than average, for example, at least 5-10% more rainfall, at least 10-15% more rainfall, at least
15-20% more rainfall, at least 20-25% more rainfall, at least 25-30% more rainfall, at least 30-
35% more rainfall, at least 35-40% more rainfall, at least 40-45% more rainfall, at least 45-50%
more rainfall, at least 50-55% more rainfal, at least 55-60% more rainfall, at least 60-65% more
rainfal, at least 65-70% more rainfal, a least 70-75% more rainfall, at least 80-85% more
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rainfall, a least 85-90% more rainfall, a least 90-95% more rainfall, a least 95-100% more
rainfall, or even greater than 100% more rainfall, or even greater than 200% more rainfall, or
even greater than 300% more rainfall, or even greater than 400% more rainfall, or even greater
than 500% more rainfall, when compared with crop plants grown under normal conditions during

an average growing season.

In one embodiment, the microbe-associated plant is harvested from an environment with average
rainfall higher than the optimal average rainfall of the crop plant, 2-500% more rainfall than
average, 2-400% more rainfal than average, 2-300% more rainfall than average, 2-200% more
rainfall than average, 2-95% more rainfall than average, for example, a least 5-90% more
rainfall, a least 10-85% more rainfall, a least 15-80% more rainfall, at least 20-75% more
rainfall, at least 25-70% more rainfall, & least 30-65% more rainfall, at least 35-60% more
rainfall, at least 40-55% more rainfall, at least 45-50% more rainfall, when compared with crop

plants grown under normal conditions during an average growing season.

In another embodiment, the microbe-associated plant is harvested from a soil with an average pH
range that is different from the optimal soil pH range of the crop plant, for example the plant
may be harvested from an ultra acidic soil (< 3.5), from an extreme acid soil (3.5-4.4), from a
very strong acid soil (4.5-5.0), from astrong acid soil (5.1-5.5), from amoderate acid soil (5.6-
6.0), from an dlight acid soil (6.1-6.5), from an neutral soil (6.6-7.3), from an dlightly alkaline
soil (7.4-7.8), from an moderately akaline soil (7.9-8.4), from a strongly alkaline soil (8.5-9.0),

or from an very strongly akaline soil (> 9.0).

In another embodiment, the microbe-associated plant is harvested from an ecosystem where the
agricultural plant is not normally found, for example a tundra ecosystem as opposed to a
temperate agricultural farm, for example from tropical and subtropical moist broadleaf forests
(tropical and subtropical, humid), for example from tropical and subtropical dry broadleaf forests
(tropical and subtropical, semihumid), for example from tropical and subtropical coniferous
forests (tropical and subtropical, semihumid), for example from temperate broadleaf and mixed
forests (temperate, humid), for example from temperate coniferous forests (temperate, humid to
semihumid), from for example from boreal forests/taiga (subarctic, humid), for example from
tropica and subtropical grasslands, savannas, and shrublands (tropical and subtropical,

semiarid), for example from temperate grassands, savannas, and shrublands (temperate,
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semiarid), for example from flooded grasslands and savannas (temperate to tropical, fresh or
brackish water inundated), for example from montane grasslands and shrublands (alpine or
montane climate), for example from mediterranean forests, woodlands, and scrub or sclerophyll
forests (temperate warm, semihumid to semiarid with winter rainfall), for example from
mangrove forests, and for example from deserts and xeric shrublands (temperate to tropical,

arid).

In another embodiment, the microbe-associated plant is harvested from an agricultura
environment with a crop yield lower than the average crop yield expected from the crop plant
grown under average cultivation practices on norma agricultural land, for example 2-5% lower
yield than average, for example, at least 5-10% lower yield, at least 10-15%0 lower yield, at least
15-20% lower yield, at least 20-25% lower yield, at least 25-30% lower yield, at least 30-35%
lower yield, at least 35-40% lower yield, at least 40-45% lower yield, at least 45-50% lower
yield, at least 50-55% lower yield, at least 55-60% lower yield, at least 60-65% lower yield, at
least 65-70w%o lower yield, at least 70-75% lower yield, at least 80-85% lower yield, at least 85-
90%o lower yield, at least 90-95% lower yield, or less, when compared with crop plants grown

under normal conditions during an average growing season.

In a related embodiment, the microbe-associated plant is harvested from an agricultura
environment with a crop yield lower than the average crop yield expected from the crop plant
grown under average cultivation practices on norma agricultural land, for example 2-95% lower
yield than average, for example, at least 5-90%> lower yield, at least 10-85% lower yield, at least
15-80% lower yield, at least 20-75% lower yield, at least 25-70% lower yield, at least 30-65%
lower yield, at least 35-60% lower yield, at least 40-55% lower yield, at least 45-50% lower
yield, when compared with crop plants grown under norma conditions during an average

growing season.

In one embodiment, the microbe-associated plant isharvested from an environment with average
crop yield higher than the optimal average crop yield of the crop plant, for example 2-5% more
yield than average, for example, at least 5-10% more yield, at least 10-15% more yield, at least
15-20%0 more yield, at least 20-25% more yield, at least 25-30% more yield, at least 30-35%
more yield, at least 35-40% more yield, at least 40-45% more yield, at least 45-50% more yield,
a least 50-55% more yield, at least 55-60% more yield, at least 60-65% more yield, at least 65-
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70% more yield, at least 70-75%> more yield, at least 80-85%> more yield, at least 85-90%> more
yield, at least 90-95% more yield, at least 95-100%> more yield, or even greater than 100% more
yield, or even greater than 200% more yield, or even greater than 300% more yield, or even
greater than 400% more yield, or even greater than 500% more yield, when compared with crop

plants grown under normal conditions during an average growing season.

In arelated embodiment, the microbe-associated plant is harvested from an environment with
average crop yield higher than the optimal average crop yield of the crop plant, 2-500% more
yield than average, 2-400% more yield than average, 2-300% more yield than average, 2-200%
more yield than average, 2-95% more yield than average, for example, at least 5-90% more
yield, a least 10-85% more yield, at least 15-80% more yield, at least 20-75% more yield, at
least 25-70% more yield, at least 30-65% more yield, a least 35-60% more yield, at least 40-
55%0 more yield, at least 45-50% more yield, when compared with crop plants grown under

normal conditions during an average growing season.

In another embodiment, the microbe-associated plant is harvested from a environment where soil
contains lower total nitrogen than the optimum levels recommended in order to achieve average
crop yields for aplant grown under average cultivation practices on normal agricultural land, for
example 2-5% less nitrogen than average, for example, at least 5-10% less nitrogen, at least 10-
15% less nitrogen, at least 15-20% less nitrogen, at least 20-25% less nitrogen, at least 25-30%
less nitrogen, at least 30-35% less nitrogen, at least 35-40% less nitrogen, at least 40-45% less
nitrogen, at least 45-50% less nitrogen, a least 50-55% less nitrogen, at least 55-60% less
nitrogen, at least 60-65% less nitrogen, a least 65-70% less nitrogen, at least 70-75% less
nitrogen, at least 80-85% less nitrogen, a least 85-90% less nitrogen, at least 90-95% less
nitrogen, or less, when compared with crop plants grown under normal conditions during an

average growing season.

In arelated embodiment, the microbe-associated plant is harvested from a environment where
soil contains lower total nitrogen than the optimum levels recommended in order to achieve
average crop yields for aplant grown under average cultivation practices on normal agricultural
land, for example 2-95% less nitrogen than average, for example, at least 5-90% less nitrogen, at
least 10-85% less nitrogen, at least 15-80% less nitrogen, at least 20-75% less nitrogen, at least
25-70% less nitrogen, at least 30-65% less nitrogen, at least 35-60% less nitrogen, at least 40-
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55% less nitrogen, at least 45-50% less nitrogen, when compared with crop plants grown under

normal conditions during an average growing season.

In another embodiment, the microbe-associated plant is harvested from a environment where soil
contains higher total nitrogen than the optimum levels recommended in order to achieve average
crop yields for aplant grown under average cultivation practices on normal agricultura land, for
example 2-5% more nitrogen than average, for example, at least 5-10% more nitrogen, at least
10-15% more nitrogen, a least 15-20% more nitrogen, at least 20-25% more nitrogen, &t least
25-30% more nitrogen, at least 30-35% more nitrogen, at least 35-40% more nitrogen, at least
40-45% more nitrogen, at least 45-50% more nitrogen, at least 50-55% more nitrogen, &t least
55-60% more nitrogen, at least 60-65% more nitrogen, at least 65-70% more nitrogen, at least
70-75% more nitrogen, a least 80-85% more nitrogen, a least 85-90% more nitrogen, at least
90-95% more nitrogen, a least 95-100% more nitrogen, or even greater than 100% more
nitrogen, or even greater than 200% more nitrogen, or even greater than 300% more nitrogen, or
even greater than 400% more nitrogen, or even greater than 500% more nitrogen, when

compared with crop plants grown under normal conditions during an average growing Season.

In arelated embodiment, the microbe-associated plant is harvested from a environment where
soil contains higher total nitrogen than the optimum levels recommended in order to achieve
average crop yields for a plant grown under average cultivation practices on normal agricultural
land, 2-500% more nitrogen than average, 2-400% more nitrogen than average, 2-300% more
nitrogen than average, 2-200% more nitrogen than average, 2-95% more nitrogen than average,
for example, at least 5-90% more nitrogen, at least 10-85% more nitrogen, &t least 15-80% more
nitrogen, at least 20-75% more nitrogen, at least 25-70% more nitrogen, at least 30-65% more
nitrogen, at least 35-60% more nitrogen, at least 40-55% more nitrogen, at least 45-50% more
nitrogen, when compared with crop plants grown under norma conditions during an average

growing season.

In another embodiment, the microbe-associated plant is harvested from a environment where soil
contains lower total phosphorus than the optimum levels recommended in order to achieve
average crop yields for a plant grown under average cultivation practices on normal agricultural
land, for example 2-5% less phosphorus than average, for example, a least 5-10% less
phosphorus, at least 10-15% less phosphorus, &t least 15-20% less phosphorus, at least 20-25%
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less phosphorus, at least 25-30% less phosphorus, at least 30-35%> less phosphorus, at least 35-
40%o less phosphorus, at least 40-45%> less phosphorus, at least 45-50%> less phosphorus, at least
50-55% less phosphorus, at least 55-60%> less phosphorus, at least 60-65%> less phosphorus, at
least 65-70% less phosphorus, at least 70-75%> less phosphorus, at least 80-85%> less phosphorus,
at least 85-90%> less phosphorus, at least 90-95%> less phosphorus, or less, when compared with

crop plants grown under normal conditions during an average growing season.

In arelated embodiment, the microbe-associated plant is harvested from a environment where
soil contains lower total phosphorus than the optimum levels recommended in order to achieve
average crop yields for aplant grown under average cultivation practices on normal agricultural
land, for example 2-95% less phosphorus than average, for example, a least 5-90%. less
phosphorus, at least 10-85% less phosphorus, at least 15-80% less phosphorus, at least 20-75%
less phosphorus, at least 25-70%. less phosphorus, at least 30-65% less phosphorus, at least 35-
60%o0 less phosphorus, at least 40-55%. less phosphorus, at least 45-50% less phosphorus, when

compared with crop plants grown under normal conditions during an average growing Season.

In another embodiment, the microbe-associated plant is harvested from a environment where soil
contains higher total phosphorus than the optimum levels recommended in order to achieve
average crop yields for aplant grown under average cultivation practices on normal agricultural
land, for example 2-5% more phosphorus than average, for example, at least 5-10% more
phosphorus, at least 10-15% more phosphorus, &t least 15-20% more phosphorus, at least 20-
25%0 more phosphorus, at least 25-30% more phosphorus, at least 30-35% more phosphorus, at
least 35-40%0 more phosphorus, a least 40-45% more phosphorus, at least 45-50% more
phosphorus, at least 50-55% more phosphorus, at least 55-60% more phosphorus, at least 60-
65%0 more phosphorus, at least 65-70% more phosphorus, at least 70-75% more phosphorus, at
least 80-85%0 more phosphorus, a least 85-90% more phosphorus, at least 90-95% more
phosphorus, at least 95-100% more phosphorus, or even greater than 100% more phosphorus, or
even greater than 200%. more phosphorus, or even greater than 300%. more phosphorus, or even
greater than 400%. more phosphorus, or even greater than 500%. more phosphorus, when

compared with crop plants grown under normal conditions during an average growing Season.

In arelated embodiment, the microbe-associated plant is harvested from a environment where

soil contains higher total phosphorus than the optimum levels recommended in order to achieve
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average crop yields for aplant grown under average cultivation practices on norma agricultural
land, 2-500% more phosphorus than average, 2-400%> more phosphorus than average, 2-300%>
more phosphorus than average, 2-200%> more phosphorus than average, 2-95% more phosphorus
than average, for example, at least 5-90%> more phosphorus, at least 10-85% more phosphorus, at
least 15-80%o more phosphorus, at least 20-75%> more phosphorus, at least 25-70%> more
phosphorus, at least 30-65%> more phosphorus, at least 35-60%> more phosphorus, at least 40-
55% more phosphorus, at least 45-50%> more phosphorus, when compared with crop plants

grown under normal conditions during an average growing Sseason.

In another embodiment, the microbe-associated plant is harvested from a environment where soil
contains lower total potassum than the optimum levels recommended in order to achieve
average crop yields for aplant grown under average cultivation practices on norma agricultural
land, for example 2-5% less potassium than average, for example, at least 5-10% less potassium,
a least 10-15% less potassium, at least 15-20% less potassium, at least 20-25% less potassium,
a least 25-30% less potassium, at least 30-35% less potassium, at least 35-40% less potassium,
a least 40-45% less potassium, at least 45-50% less potassium, at least 50-55% less potassium,
a least 55-60% less potassium, at least 60-65% less potassium, at least 65-70% less potassium,
a least 70-75% less potassium, at least 80-85% less potassium, at least 85-90% less potassium,
at least 90-95% less potassium, or less, when compared with crop plants grown under normal

conditions during an average growing season.

In arelated embodiment, the microbe-associated plant is harvested from a environment where
soil contains lower total potassium than the optimum levels recommended in order to achieve
average crop yields for aplant grown under average cultivation practices on norma agricultural
land, for example 2-95% less potassium than average, for example, at least 5-90%> less
potassium, at least 10-85% less potassium, at least 15-80% less potassium, at least 20-75% less
potassium, at least 25-70% less potassium, at least 30-65% less potassium, at least 35-60% less
potassium, at least 40-55% less potassium, at least 45-50% less potassum, when compared with

crop plants grown under normal conditions during an average growing Season.

In another embodiment, the microbe-associated plant is harvested from a environment where soil
contains higher total potassum than the optimum levels recommended in order to achieve

average crop yields for aplant grown under average cultivation practices on norma agricultural
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land, for example 2-5% more potassium than average, for example, at least 5-10% more
potassium, at least 10-15% more potassium, at least 15-20% more potassium, at least 20-25%
more potassium, at least 25-30% more potassium, at least 30-35% more potassium, at least 35-
40%0 more potassium, at least 40-45 % more potassium, at least 45-50%> more potassium, at least
50-55% more potassium, at least 55-60%> more potassium, at least 60-65% more potassium, at
least 65-70% more potassium, at least 70-75%> more potassium, at least 80-85%> more potassium,
a least 85-90%> more potassium, at least 90-95%> more potassium, at least 95-100%> more
potassium, or even greater than 100% more potassium, or even greater than 200% more
potassium, or even greater than 300% more potassium, or even greater than 400% more
potassium, or even greater than 500%. more potassium, when compared with crop plants grown

under normal conditions during an average growing season.

In arelated embodiment, the microbe-associated plant is harvested from a environment where
soil contains higher total potassium than the optimum levels recommended in order to achieve
average crop yields for aplant grown under average cultivation practices on normal agricultura
land, 2-500 %o more potassum than average, 2-400% more potassium than average, 2-300%
more potassum than average, 2-200% more potassium than average, 2-95% more potassium
than average, for example, a least 5-90%> more potassium, at least 10-85% more potassium, at
least 15-80%0 more potassium, at least 20-75% more potassium, at least 25-70% more potassium,
a least 30-65% more potassium, at least 35-60% more potassium, at least 40-55% more
potassium, at least 45-50% more potassium, when compared with crop plants grown under

normal conditions during an average growing season.

In another embodiment, the microbe-associated plant is harvested from a environment where soil
contains lower total sulfur than the optimum levels recommended in order to achieve average
crop yields for aplant grown under average cultivation practices on normal agricultural land, for
example 2-5% less sulfur than average, for example, at least 5-10% less sulfur, at least 10-15%
less sulfur, at least 15-20% less sulfur, at least 20-25% less sulfur, at least 25-30% less sulfur, at
least 30-35 %o less sulfur, at least 35-40%. less sulfur, at least 40-45%. less sulfur, at least 45-50%
less sulfur, at least 50-55%. less sulfur, at least 55-60% less sulfur, at least 60-65% less sulfur, at
least 65-70 %o less sulfur, at least 70-75%. less sulfur, at least 80-85%> less sulfur, at least 85-90%>
less sulfur, at least 90-95%. less sulfur, or less, when compared with crop plants grown under

normal conditions during an average growing season.
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In arelated embodiment, the microbe-associated plant is harvested from a environment where
soil contains lower total sulfur than the optimum levels recommended in order to achieve
average crop yields for aplant grown under average cultivation practices on normal agricultural
land, for example 2-95% less sulfur than average, for example, at least 5-90%> less sulfur, at
least 10-85%0 less sulfur, at least 15-80% less sulfur, at least 20-75%> less sulfur, at least 25-70%
less sulfur, at least 30-65%> less sulfur, at least 35-60%> less sulfur, at least 40-55% less sulfur, at
least 45-50 %o less sulfur, when compared with crop plants grown under normal conditions during

an average growing season.

In another embodiment, the microbe-associated plant is harvested from a environment where soil
contains higher total sulfur than the optimum levels recommended in order to achieve average
crop yields for aplant grown under average cultivation practices on normal agricultural land, for
example 2-5% more sulfur than average, for example, at least 5-10% more sulfur, at least 10-
15%0 more sulfur, at least 15-20% more sulfur, at least 20-25% more sulfur, at least 25-30% more
sulfur, a least 30-35% more sulfur, at least 35-40% more sulfur, at least 40-45% more sulfur, at
least 45-50 %0 more sulfur, at least 50-55% more sulfur, at least 55-60% more sulfur, at least 60-
65%0 more sulfur, at least 65-70% more sulfur, at least 70-75% more sulfur, at least 80-85% more
sulfur, at least 85-90% more sulfur, at least 90-95% more sulfur, at least 95-100% more sulfur, or
even greater than 100% more sulfur, or even greater than 200% more sulfur, or even greater than
300% more sulfur, or even greater than 400% more sulfur, or even greater than 500% more
sulfur, when compared with crop plants grown under normal conditions during an average

growing season.

In arelated embodiment, the microbe-associated plant is harvested from a environment where
soil contains higher total sulfur than the optimum levels recommended in order to achieve
average crop yields for aplant grown under average cultivation practices on normal agricultural
land, 2-500% more sulfur than average, 2-400% more sulfur than average, 2-300% more sulfur
than average, 2-200% more sulfur than average, 2-95% more sulfur than average, for example, at
least 5-90%0 more sulfur, at least 10-85% more sulfur, at least 15-80% more sulfur, at least 20-
75%0 more sulfur, at least 25-70% more sulfur, at least 30-65% more sulfur, at least 35-60% more
sulfur, at least 40-55% more sulfur, at least 45-50% more sulfur, when compared with crop

plants grown under normal conditions during an average growing season.
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In another embodiment, the microbe-associated plant is harvested from a environment where soil
contains lower total calcium than the optimum levels recommended in order to achieve average
crop yields for aplant grown under average cultivation practices on norma agricultural land, for
example 2-5% less calcium than average, for example, at least 5-10% less cacium, at least 10-
15% less calcium, at least 15-20% less calcium, at least 20-25%> less calcium, at least 25-30%>
less calcium, at least 30-35%> less calcium, at least 35-40%> less calcium, at least 40-45%> less
cacium, a least 45-50%> less calcium, at least 50-55%> less calcium, at least 55-60%> less
cacium, a least 60-65% less calcium, at least 65-70%> less calcium, at least 70-75% less
calcium, at least 80-85%> less calcium, at least 85-90%> less calcium, af least 90-95%> less
calcium, or less, when compared with crop plants grown under normal conditions during an

average growing season.

In arelated embodiment, the microbe-associated plant is harvested from a environment where
soil contains lower total calcium than the optimum levels recommended in order to achieve
average crop yields for aplant grown under average cultivation practices on normal agricultural
land, for example 2-95% less calcium than average, for example, at least 5-90% less calcium, at
least 10-85%0 less calcium, at least 15-80% less calcium, at least 20-75%> less calcium, at least
25-70% less calcium, at least 30-65%> less calcium, at least 35-60%> less calcium, at least 40-55%
less calcium, at least 45-50%> less calcium, when compared with crop plants grown under normal

conditions during an average growing season.

In another embodiment, the microbe-associated plant is harvested from a environment where soil
contains higher total calcium than the optimum levels recommended in order to achieve average
crop yields for aplant grown under average cultivation practices on norma agricultural land, for
example 2-5% more calcium than average, for example, at least 5-10% more calcium, at least 10-
15% more calcium, at least 15-20% more calcium, at least 20-25% more calcium, at least 25-
30% more calcium, at least 30-35% more calcium, at least 35-40% more calcium, at least 40-
45% more calcium, at least 45-50% more calcium, at least 50-55% more calcium, at least 55-
60% more calcium, at least 60-65% more calcium, at least 65-70% more calcium, at least 70-
75% more calcium, at least 80-85% more calcium, at least 85-90% more calcium, a least 90-
95% more calcium, at least 95-100% more calcium, or even greater than 100% more calcium, or

even greater than 200% more calcium, or even greater than 300% more calcium, or even greater
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than 400% more calcium, or even greater than 500% more calcium, when compared with crop

plants grown under normal conditions during an average growing season.

In arelated embodiment, the microbe-associated plant is harvested from a environment where
soil contains higher total calcium than the optimum levels recommended in order to achieve
average crop yields for aplant grown under average cultivation practices on normal agricultural
land, 2-500% more calcium than average, 2-400% more calcium than average, 2-300% more
calcium than average, 2-200% more calcium than average, 2-95% more calcium than average,
for example, at least 5-90% more calcium, at least 10-85% more calcium, at least 15-80% more
cadcium, at least 20-75% more calcium, a least 25-70% more calcium, at least 30-65% more
cadcium, at least 35-60% more calcium, a least 40-55% more calcium, at least 45-50% more
calcium, when compared with crop plants grown under normal conditions during an average

growing season.

In another embodiment, the microbe-associated plant is harvested from a environment where soil
contains lower total magnesium than the optimum levels recommended in order to achieve
average crop yields for aplant grown under average cultivation practices on normal agricultural
land, for example 2-5% less magnesium than average, for example, a least 5-10% less
magnesium, at least 10-15% less magnesium, at least 15-20% less magnesium, at least 20-25%
less magnesium, at least 25-30% less magnesium, at least 30-35% less magnesium, at least 35-
40% less magnesium, at least 40-45% less magnesium, at least 45-50% less magnesium, at least
50-55% less magnesium, at least 55-60% less magnesium, at least 60-65% less magnesium, at
least 65-70% less magnesium, at least 70-75% less magnesium, at least 80-85% less magnesium,
a least 85-90% less magnesium, at least 90-95% less magnesium, or less, when compared with

crop plants grown under normal conditions during an average growing Sseason.

In arelated embodiment, the microbe-associated plant is harvested from a environment where
soil contains lower total magnesium than the optimum levels recommended in order to achieve
average crop yields for aplant grown under average cultivation practices on normal agricultural
land, for example 2-95% less magnesium than average, for example, at least 5-90%> less
magnesium, at least 10-85% less magnesium, at least 15-80% less magnesium, at least 20-75%

less magnesium, at least 25-70% less magnesium, at least 30-65% less magnesium, at least 35-
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60% less magnesium, & least 40-55% less magnesium, at least 45-50% less magnesium, when

compared with crop plants grown under normal conditions during an average growing season.

In another embodiment, the microbe-associated plant is harvested from a environment where soil
contains higher total sodium chloride (salt) than the optimum levels recommended in order to
achieve average crop yields for a plant grown under average cultivation practices on normal
agricultural land, for example 2-5% more salt than average, for example, a least 5-10% more
sat, at least 10-15% more salt, a least 15-20% more salt, a least 20-25% more salt, at least 25-
30% more sdlt, a least 30-35% more salt, at least 35-40% more salt, at least 40-45% more salt, a
least 45-50% more salt, a least 50-55% more salt, a least 55-60% more salt, at least 60-65%
more salt, at least 65-70% more salt, at least 70-75% more salt, at least 80-85% more salt, at least
85-90% more salt, at least 90-95% more salt, a least 95-100% more salt, or even greater than
100% more salt, or even greater than 200% more salt, or even greater than 300% more sat, or
even greater than 400% more salt, or even greater than 500% more salt, when compared with

crop plants grown under normal conditions during an average growing season.

In arelated embodiment, the microbe-associated plant is harvested from a environment where
soil contains higher total sodium chloride (salt) than the optimum levels recommended in order
to achieve average crop yields for a plant grown under average cultivation practices on normal
agricultural land, 2-500% more salt than average, 2-400% more salt than average, 2-300% more
salt than average, 2-200% more salt than average, 2-95% more salt than average, for example, at
least 5-90% more sat, a least 10-85% more salt, at least 15-80% more salt, a least 20-75%
more salt, at least 25-70% more salt, at least 30-65% more salt, at least 35-60% more salt, at |least
40-55% more sdlt, at least 45-50% more salt, when compared with crop plants grown under

normal conditions during an average growing season.

Bacterial Microbes

In one embodiment, the microbe can be a bacterium. The bacterium can be any bacterium, so
long as the bacterium can remain viably incorporated on and/or in the seed. In some cases, it can
be a gram-positive bacterium. In other cases, it can be a gram-negative bacterium. The bacterium
can be any bacterium selected from the genera listed in Table 1. In some embodiments, the

bacterium can be any bacterium selected from the genera listed in Table A. According to one
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particular embodiment, the microorganism is an endophytic bacterium, selected from
Burkholderia, Rhizobium, Bradyrhizobium, Mesorhizobium, and Snorhizobium, Herbaspirillum,
Methylobacterium,  Azospirillum, Acetobacter, Arthrobacter, Bacillus, Paenibacillus,
Sreptomyces, Enterobacter, and Pseudomonas, Pantoea and Enterobacter, especialy
Burkholderia phytofirmans.

In another embodiment, the bacterium can be a bacterium that is associated with a plant, for
example a bacterium that isnormally an endophyte, an epiphyte, or arhizospheric bacterium. In
one embodiment, the bacterium is an endophytic bacterium. In another embodiment, the
bacterium is an endophytic bacterium selected from the bacteria listed in Table B and Table C.
Endophytic bacteria also include those bacteria having a 16S nucleic acid sequence selected from
the group consisting of SEQ ID NOs: 1- 160. In another embodiment, the bacterium is not an
endophyte, for example, not among the bacteria listed in Table B and Table C, and not a
bacterium having a 16S nucleic acid sequence selected from the group consisting of SEQ ID
NOs: 1- 160.

Fungal Microbes

In another embodiment, the microbe can be a fungus. According to some embodiments, the
endophytic microorganism is an endophytic fungus selected from Curvularia, Mycorrhiza,
Pififmospora,  Glomeromycota, Pififmospora, Fusrarium, Paecilomyces, Bionectria,
Metarhizium, Trichoderma, Acremonium and CoUetotrichum. The microbe can be from any one

of the genera selected from the genera listed in Table D.

In another embodiment, the fungus can be a fungus that is associated with aplant, for example a
fungus that isnormally an endophyte, an epiphyte, or arhizospheric fungus. In one embodiment,
the fungus is selected from the endophytic fungi listed in Table E. In still another embodiment,
the fungus is not an endophyte, for example, not among the fungi listed in Table E. It is also
possible to use the present method for providing seeds with artificialy created or optimized
microorganisms, e.g., recombinantly engineered bacteria or fungi; or strains which have been
optimized by various culture techniques and/or selection rounds. Another embodiment of the
present invention is therefore to use a recombinantly produced (i.e.,, genetically engineered)

microorganism.
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Preparation of Microbes and Formulations

It is recommendable to safeguard conditions which are favourable to the microorganisms used.
The microorganisms are usually applied in suspension & a suitable concentration. The
preparation of microbescan be an agueous solution, an oil-in-water emulsion or water-in-ail
emulsion containing a minimum concentration of a microbe. Microbes may be present as live
cells, viable cells, spores, or mycelia. Typically, the concentration is a least 104 CFU/ml, for
example a least 3 X 104 CFU/mL, at least 10° CFU/mL, at least 3 X 105 CFU/mL, a least 106
CFU/mL, at least 3 X 1065 CFU/mL, at least 107, a least 3 X 107 CFU/mL, at least 108 CFU/mL,
10° CFU/mL or more. In one embodiment, the preparation is a solution containing amicrobe at a
concentration between about 105 CFU/mL and about 10° CFU/mL. In another embodiment, the
preparation contains a microbe a a concentration between about 106 CFU/mL and about 108
CFU/mL.

The synthetic preparation can also contain any number of other components. In one embodiment,
the synthetic preparation may contain growth media or constituents required for the growth and
propagation of the microbe. Examples of growth media that can be employed include those
listed, for example, in: Hurst, Christon J,, et al. Manual of environmental microbiology. No. Ed.
3. ASM press, 2007; DIFCO laboratories (Detroit, Mich.). Difco™ & BBL™ Manua: Manual
of Microbiological Culture Media, 2nd Ed. Difco laboratories, 2009; Jones, Kenneth L. Journal
of bacteriology 57.2 (1949): 141; Liu, Dong, & a. Proceedings of the National Academy of
Sciences 91.5 (1994): 1888-1892; and Atlas, Ronald M. Handbook of microbiological media
Vol. 1. CRC press, 2004, each of which is incorporated by reference in its entirety. In one

embodiment, the growth medium is selected from the group provided in Table F.

The synthetic preparation can be of a defined pH range. In one embodiment, the pH of the
preparation can be between pH 5.5 - 6.0, pH 5.75-6.25, pH 6.0 - 6.5, pH 6.25-6.75, pH 6.5-7.0,
pH 6.75-7.25, and pH 7.0-7.5. The pH of the medium can be adjusted using any biologically
compatible buffering agent.

The synthetic preparation described herein can be formulated using an agriculturally compatible
carrier. The formulation useful for these embodiments generally typicaly include at least one

member selected from the group consisting of atackifier, amicrobial stabilizer, a fungicide, an
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antibacterial agent, an herbicide, a nematicide, an insecticide, a plant growth regulator, a

rodenticide, adessicant, and anutrient.

In some cases, the synthetic preparation is mixed with an agriculturally compatible carrier. The
synthetic preparation can also comprise a carrier, such as diatomaceous earth, clay, or chitin,
which act to complex with chemical agents, such as control agents. The carrier can be a solid
carrier or liquid carrier, and in various forms including microsphres, powders, emulsions and the
like. The carrier may be any one or more of a number of carriers that confer a variety of
properties, such as increased stability, wettability, or dispersability. Wetting agents such as
natural or synthetic surfactants, which can be nonionic or ionic surfactants, or a combination
thereof can be included in a composition of the invention. Water-in-oil emulsions can aso be
used to formulate a composition that includes the purified bacterial population (see, for example,
U.S. Patent No. 7,485,451, which is incorporated herein by reference in its entirety). Suitable
formulations that may be prepared include wettable powders, granules, gels, agar strips or
pellets, thickeners, and the like, microencapsulated particles, and the like, liquids such as
aqueous flowables, agueous suspensions, water-in-oil emulsions, etc. The formulation may
include grain or legume products, for example, ground grain or beans, broth or flour derived

from grain or beans, starch, sugar, or ail.

In some embodiments, the agricultural carrier may be soil or a plant growth medium. Other
agricultural carriers that may be used include water, fertilizers, plant-based oils, humectants, or
combinations thereof. Alternatively, the agricultural carrier may be a solid, such as diatomaceous
earth, loam, silica, alginate, clay, bentonite, vermiculite, seed cases, other plant and animal
products, or combinations, including granules, pellets, or suspensions. Mixtures of any of the
aforementioned ingredients are also contemplated as carriers, such as but not limited to, pesta
(flour and kaolin clay), agar or flour-based pellets in loam, sand, or clay, etc. Formulations may
include food sources for the cultured organisms, such as barley, rice, or other biological
materials such as seed, plant parts, sugar cane bagasse, hulls or stalks from grain processing,
ground plant material or wood from building site refuse, sawdust or small fibers from recycling

of paper, fabric, or wood. Other suitable formulations will be known to those skilled in the art.

The synthetic preparation can aso comprise an adherent. Such agents are useful for combining

the microbes of the invention with carriers that can contain other compounds (e.g., control agents

79



WO 2015/100432 PCT/US2014/072400

that are not biologic), to yield a coating composition. Such compositions help create coatings
around the plant or seed to maintain contact between the microbe and other agents with the plant
or plant part. In one embodiment, adherents are selected from the group consisting of: aginate,
gums, starches, lecithins, formononetin, polyvinyl acohol, alkali formononetinate, hesperetin,
polyvinyl acetate, cephalins, Gum Arabic, Xantham Gum, Mineral Oil, Polyethylene Glycol
(PEG), Polyvinyl pyrrolidone (PVP), Arabino-galactan, Methyl Cellulose, PEG 400, Chitosan,
Polyacrylamide, Polyacrylate, Polyacrylonitrile, Glycerol, Triethylene glycol, Vinyl Acetate,
Gellan Gum, Polystyrene, Polyvinyl, Carboxymethyl cellulose, Gum Ghatti, and
polyoxyethylene-polyoxybutylene block copolymers. Other examples of adherent compositions
that can be used in the synthetic preparation include those described in EP 0818135, CA
1229497, WO 2013090628, EP 0192342, WO 2008103422 and CA 1041788, each of which is
incorporated by referefence in its entirety.

The synthetic preparation can also contain one or more reagents that promote internalization of
the microbe into the plant, and can include any one of the following classes of compounds. a
surfactant, an abrasive, an agent promoting stomatal opening, an osmoticum, and a plant

signaling molecule.

The preparation can aso contain a surfactant. Non-limiting examples of surfactants include
nitrogen-surfactant blends such as Prefer 28 (Cenex), Surf-N(US), Inhance (Brandt), P-28
(Wilfarm) and Patrol (Helena); esterified seed oils include Sun-It 11 (AmCy), MSO (UAP), Scail
(Agsco), Hasten (Wilfarm) and Mes-100 (Drexel); and organo-silicone surfactants include Silwet
L77 (UAP), Silikin (Terra), Dyne-Amic (Helena), Kinetic (Helena), Sylgard 309 (Wilbur-Ellis)
and Century (Precision). In one embodiment, the surfactant is present a a concentration of
between 0.01% v/v to 10% v/v. In another embodiment, the surfactant is present a a
concentration of between 0.1% v/v to 1% v/v.

In certain cases, the formulation includes a microbial stabilizer. Such an agent can include a
desiccant. As used herein, a "desiccant” can include any compound or mixture of compounds
that can be classified as a desiccant regardless of whether the compound or compounds are used
in such concentrations that they in fact have a desiccating effect on the liquid inoculant.
Examples of suitable desiccants include one or more of trehalose, sucrose, glycerol, and

Methylene glycol. Other suitable desiccants include, but are not limited to, non reducing sugars
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and sugar alcohols (e.g., mannitol or sorbitol). The amount of desiccant introduced into the
formulation can range from about 5% to about 50% by weight/volume, for example, between
about 10% to about 40%>, between about 15% and about 35%, or between about 20% and about
30%.

The synthetic preparation of a defined osmolality can also be used. In one embodiment, the
synthetic preparation has an osmolality of less than about 100 mOsm, for example less than
about 75 mOsm, less than about 50 mOsm, or less than about 25 mOsm. In another embodiment,
the synthetic preparation has an osmolality of at least 250 mOsm, for example at least 300
mOsm, at least 400 mOsm, at least 500 mOsm, at least 600 mOsm, at least 700 mOsm, at least
800 mOsm, 900 mOsm or greater. The osmolality of the preparation can be adjusted by addition
of an osmoticum: the osmoticum can be any commonly used osmoticum, and can selected from

the group consisting of: mannitol, sorbitol, NaCl, KC1, CaCl,, MgS0 ,, sucrose, or any

4!
combination thereof.

In some cases, it is advantageous for the formulation to contain agents such as a fungicide, an
antibacterial agent, an herbicide, a nematicide, an insecticide, a plant growth regulator, a

rodenticide, or anutrient.

Also contemplated herein isthe use of an agent and/or condition that promotes stomatal opening,
in order to facilitate entry of the microbe into the plant. Agents and conditions known to induce
stomatal opening include light, particularly blue light and red light (Reviewed in, for example,
Schroeder et al, Annu. Rev. Plant Physiol. Plant Mol. Biol. 2001. 52:627-58). In addition,
compounds which promote stomatal opening, or inhibit stomatal closing, such as Cyclosporin A,

linolenic acid, arachidonic acid, coronatine and cytochalasin D.

In the liquid form, for example, solutions or suspensions, the microbes can be mixed or
suspended in water or in aqueous solutions. Suitable liquid diluents or carriers include water,

aqueous solutions, petroleum distillates, or other liquid carriers.

Solid compositions can be prepared by dispersing the microbes in and on an appropriately
divided solid carrier, such as peat, wheat, bran, vermiculite, clay, talc, bentonite, diatomaceous
earth, fuller's earth, pasteurized soil, and the like. When such formulations are used as wettable
powders, biologically compatible dispersing agents such as non-ionic, anionic, amphoteric, or

cationic dispersing and emulsifying agents can be used.
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The solid carriers used upon formulation include, for example, mineral carriers such as kaolin
clay, pyrophyllite, bentonite, montmorillonite, diatomaceous earth, acid white soil, vermiculite,
and pearlite, and inorganic salts such as ammonium sulfate, anmonium phosphate, ammonium
nitrate, urea, ammonium chloride, and calcium carbonate. Also, organic fine powders such as
wheat flour, wheat bran, and rice bran may be used. The liquid carriers include vegetable oils
such as soybean oil and cottonseed oil, glycerol, ethylene glycol, polyethylene glycol, propylene
glycol, polypropylene glycaol, etc.

The microbe can be obtained from growth in culture, for example, using synthetic growth
medium. In addition, the microbe can becultured on solid media, for example on petri dishes,
scraped off and suspended into the preparation. Microbes at different growth phases can be used.
For example, microbes a lag phase, early-log phase, mid-log phase, late-log phase, stationary

phase, early death phase, or death phase can be used.

For certain microbes that exist as mycelia or mycelia-like structures, pre-treatment of the
microbes with enzymes (including, but not limited to, driselase, gluculase, cellulase, beta-
glucanase, lysozyme, zymolyase) can be used to generate protoplasts in order to provide a
suspension of microbes. After generation of protoplasts, the microbes can be alowed to partially
regenerate the cell walls by leaving the protoplasts in a growth medium or solution with
relatively high osmolality for a short time (typically less than about 12 hours a room

temperature) to prevent bursting of protoplasts.

In certain embodiments, a composition described herein may bein the form of aliquid, a Slurry,
a solid, or a powder (wettable powder or dry powder). In another embodiment, a composition
may be in the form of a seed coating. Compositions in liquid, slurry, or powder (e.g., wettable
powder) form may be suitable for coating seeds. When used to coat seeds, the composition may
be applied to the seeds and alowed to dry. In embodiments wherein the composition is a powder
(e.g., awettable powder), a liquid, such as water, may need to be added to the powder before
application to a seed.

In still another embodiment, the methods can include introducing into the soil an inoculum of
one or more of the microbes described herein. Such methods can include introducing into the
soil one or more of the compositions described herein. The inoculum(s) or compositions may be

introduced into the soil according to methods known to those skilled in the art. Non-limiting
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examples include in-furrow introduction, spraying, coating seeds, foliar introduction, etc. In a
particular embodiment, the introducing step comprises in-furrow introduction of the inoculum or

compositions described herein.

In one embodiment, seeds may be treated with composition(s) described herein in several ways
but preferably via spraying or dripping. Spray and drip treatment may be conducted by
formulating compositions described herein and spraying or dripping the composition(s) onto a
seed(s) via a continuous treating system (which is calibrated to apply treatment a a predefined
rate in proportion to the continuous flow of seed), such as a drum-type of treater. Batch systems,
in which apredetermined batch size of seed and composition(s) as described herein are delivered
into a mixer, may also be employed. Systems and apparati for performing these processes are

commercialy available from numerous suppliers, e.g., Bayer CropScience (Gustafson).

In another embodiment, the treatment entails coating seeds. One such process involves coating
the inside wall of around container with the composition(s) described herein, adding seeds, then
rotating the container to cause the seeds to contact the wall and the composition(s), a process
known in the art as "container coating”. Seeds can be coated by combinations of coating
methods. Soaking typically entails using liquid forms of the compositions described. For
example, seeds can be soaked for about 1 minute to about 24 hours (e.g., for a least 1 min, 5
min, 10 min, 20 min, 40 min, 80 min, 3 hr, 6 hr, 12 hr, 24 hr).

Contacting the Plant with the Preparation of Microbes

In general terms, provided herein are methods of producing an agricultural seed that contains a
novel population of microbes. The seed generated according to the present invention contains the
microbe on and/or in the seed, and is generated by the following steps. First, apreparation of an
isolated microbe, which is exogenous to the seed of the plant, is provided. The microbia
preparation is then contacted with the plant. The plants are then provided with conditions such
that the plant generates an agricultura seed, and the agricultura seed, which contain the
microbes on and/or in the seed, are collected. The microbes contained within the seed are viably

incorporated on and/or in the seed.
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The microorganisms are e.g., sprayed on the parent flowering plants, enter the plants and
colonize the emerging seeds. The microorganisms may also be applied by specific instruments to
the flower, for example, by a spatula, a syringe or an inoculating loop. Another embodiment for
administering the microbes to the flower of a plant is performed by employing pollen-feeding
insects, for example bumblebees, that carry the endophytic microorganisms. Such insects
(besides humble-bees aso honey-bees, butterflies, some wasp and fly species or other
"pollinators” may be used) can even be provided from commercial sources and contacted with
the endophytes before they are released to contact the flowering plants. The microorganisms can
be provided a abody part of these insects that has the highest probability to contact the flower of
the plant (e.g., the legs or the ventral part of the body).

In addition to aqueous suspensions, the microbial preparations of the invention can be applied in
a dry formulation using talc or some other particulate carrier. In such cases, the microbia
preparation can be dried lyophilized in amanner preserving viability of the microbe (for example
by using cryopreservants and/or protective sugars), and be present a a level of from about at
least 102 CFU per gram of dry formulation, for example, at least 10° CFU per gram, a least 104
CFU per gram, a least 10° CFU per gram, at least 106 CFU per gram, at least 107 CFU per gram,
at least 108 CFU per gram, or more. Such dry compositions can be applied by dusting, or coating
aplant, aplant field, or seed. In use, plants or seeds are treated with the compositions described
herein by simply contacting one or more portions of the plant or seed. Additionally, the seeds or
tubers can be submerged in the aqueous composition and then planted and allowed to grow into a
protected plant. Furthermore, the soil around the plant or seed can be treated as well. When the
plant to be treated is a tree, the composition can be introduced into the vascular system of the
tree by conventional methods.

Also contemplated herein are methods of inoculating a plant with a plurality of microbes. The
method can be performed in a manner similar to those described above for single microbe
inoculation. Multiple microbes can be prepared in a single preparation which is contacted with
the plant. Alternatively, a plant can be contacted sequentially with a first preparation containing
the first microbe, then a second preparation containing the second microbe. In some other cases,
the plant may be contacted with a first preparation of first microbes. The seeds of the plant are
then collected, and allowed to germinate. The resulting progeny isthen inoculated with a second
preparation of second microbes, or a preparation containing the multiple microbes (e.g., the first
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and second microbes). The seeds of the inoculated progeny are then collected and tested for the
presence of multiple microbes on and/or in the seed.

Where multiple microbes are inoculated onto a single plant, any or all of the microbes may be
capable of producing adesired biomolecule or product within the host plant. In some cases, al of
the microbes are capable of propagating within the host plant. In some cases, al of the microbes
are able to enter into the host seeds for storage.

As described herein, a plant is contacted with a preparation of microbes. The preparation of
microbes can be applied to the plant using severa different means. For example, the preparation
can be sprayed to the entire plant, or part of the plant (e.g., roots, shoots, leaves, above-ground
tissues, or parts of the plant including the flowers or buds). In one embodiment, the above-
ground tissues of the plant are sprayed with the suspension. In another embodiment, the areas
around the bud and flowers of aplant are sprayed with the microbial suspension. In still another
embodiment, the meristem tissues and surrounding areas of a plant are sprayed with the

microbial suspension.

A suspension or paste of microbes can be brushed or painted onto the whole plant or particular
tissue/organs of the plant. In one embodiment, a suspension or paste of microbes is brushed onto
any one of the tissues/organs and surrounding parts selected from the group consisting of the

flower, bud, and meristematic tissue.

A plant can aso be submerged into a preparation containing the microbes (e.g., a microbial
suspension). For example, the entire plant, or part of the plant (e.g., roots, shoots, leaves, above-
ground tissues, or parts of the plant including the flowers or buds) can be submerged into a
microbial suspension for a defined period of time. In one embodiment, a plant or a portion
thereof is submerged for a period of at least 5 minutes, for example at least 10 minutes, a least
15 minutes, & least 30 minutes, a least 1 hour, at least 2 hours, a least 5 hours or more. In
another embodiment, the plant, or aportion thereof, is submerged in the microbia suspension for
no longer than 48 hours, for example, no longer than 24 hours, no longer than 12 hours, or no

longer than 6 hours.

As described herein, a plant can be contacted with the microbial preparation a defined
developmenta stages. For example, the microbial preparation can be contacted with the plant a

any one of the stages selected from the group consisting of the imbibition, germination stage,
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emergence stage, vegetative stage, and reproductive stages. In one embodiment, the plant is
contacted with the preparation of microbes at the stage selected from the post-imbibition, post-
germination stage, post-emergence stage, vegetative stage, reproductive stage and post-
reproductive stage. In one particular embodiment, the plant is contacted with the microbial
preparation a the vegetative and reproductive stages. In still another embodiment, a post-
germination, pre-reproductive plant (i.e., before the first flower is open) is contacted with the
microbia preparation. In yet another embodiment, a plant at the inflorescence emergence stage
and flowering stage are contacted with the microbia preparation.

In an alternative description, the plant is contacted with the microbia preparation a various
stages defined by the BBCH scale (see, for example, Zadoks, J.C & a, (1974). Weed Research
14 (6): 415-421, which is incorporated herein in its entirety). While the scale differs by plant
species, there are some general growth phases: 0: Germination; 1: Leaf development; 2:
Tillering/Development of side shoots; 3: Stem elongation; 4: Booting; 5: Inflorescence
emergence, heading; 6: Flowering, anthesis; 7: Development of fruit; 8: Ripening; 9:
Senescence. Therefore, in one embodiment, a plant that is between growth phase 0 and growth
phase 9 is contacted with the microbial preparation. In another embodiment, a plant that is
between growth phase 1 and growth phase 8 is contacted with the microbia preparation. In still
another embodiment, a plant that is between growth phase 2 and growth phase 7 is contacted
with the microbial preparation. In aparticular embodiment, aplant that is between growth phase
5 and growth phase 7 is contacted with the microbial preparation. In still another embodiment, a
plant that is between growth phase 1 and growth phase 5 can be contacted with a microbial
preparation. In a final embodiment, a plant that is in growth phases 0-5, 7-9 can be contacted
with amicrobial preparation.

In still another embodiment, a plant is contacted a a time between about 2 weeks prior to
flowering and during flowering. In other words, plants a growth stage between 5 and 6 are

contacted with the preparation of microbes.

In one embodiment, contacting the flower of a plant with a preparation of microorganisms is
performed via spraying the microorganisms at the time of flowering. Spraying is specifically

useful as an industria production method and can be easily automated, e.g., in glasshouse
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cultures. Other methods include the inoculation by using a brush, or an inoculating loop, or by

applying droplets, powders, gels, solids, or other materials containing the microbe.

In some cases, the plant is contacted with the preparation of microbes more than once. For
example, the plant can be contacted with the preparation of microbes a least twice, for example,
three times, four times, five times, six times, or more. Thus, in one embodiment, the plant that is
between growth phase 0 and growth phase 9 is contacted with the microbial preparation more
than once. In another embodiment, aplant that is between growth phase 1 and growth phase 8is
contacted more than once with the microbia preparation. In still another embodiment, a plant
that is between growth phase 2 and growth phase 7 is contacted more than once with the
microbial preparation. In a particular embodiment, a plant that is between growth phase 5 and
growth phase 7 is contacted more than once with the microbial preparation. In still another
embodiment, aplant that is between growth phase 1 and growth phase 5 can be contacted more
than once with amicrobial preparation. In afinal embodiment, aplant that isin growth phases 0-
5, 7-9 can be contacted more than once with a microbial preparation. The interval between
contacting can be between about 1 day and 21 days, for example between about 1 day and 2
days, between about 1 day and 3 days, between about 2 days and 4 days, between about 3 days
and 6 days, between about 4 days and 7 days, between about 5 days and 10 days, between about
7 days and 14 days, or between about 10 days and 20 days.

There are some suggestions that pathogens may escape the plant's immune system a lower
temperatures (see, for example, Szittya et a, (2003) EMBO J. 22: 633-640). Therefore, in some
cases, the plants can be incubated at low temperature, for example at temperatures a or below
18°C, for example, a or below 15°C, a or below 12°C, at or below 10°C, a or below 8°C, for
any period from the contacting step until maturation of seeds. In one embodiment, the plant is
incubated a a low temperature for 1 day after contacting with the preparation of microbes. In
another embodiment, the plant isincubated a alow temperature for 2 days after contacting the
plant with the preparation of microbes. In still another embodiment, aplant is contacted at least
twice with the preparation of microbes, and the plant is subjected to low temperature incubation

for two days following each of the contacting steps.

Growing Plants from Seedsto Scale up Preserved Microbial Populations
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The establishment of a stably integrated microbe population within the plant can be detected by a
number of methods. The presence of the viable microbe within the seed and the plants and

progeny derived from those seeds can be determined using the methods described herein.

In one embodiment, the resulting seeds, or the plant that is grown from such seeds, have a
detectably atered chemical composition or metabolomic profile where the altered composition is
due only to the presence of the microbe. In another embodiment, the resulting seeds, or the plant
that is grown from such seeds, have a detectably atered gene expression profile that is linked to

the presence of the microbe.

Plants can be grown individually to propagate the desired microbes in indoor or outdoor settings.
An advantage of the present invention is that allows multiple plants to be grown under
agricultural methods as a means of further increasing the quantity of a desired microbe that is

produced.

Provided herein are indoor arrangments of populations of plants generated from the methods of
the present invention. Such arrangements can include at least a defined number of plants of the
present invention, such as a least 1, 2, 3, 5, 10, 15, 20, 30, 50, 100, 200, 500, 1000, 5000, or
10000 plants.

Also provided herein are agricultural fields that contain population of plants generated from the
methods of the present invention. Agricultural fields can occupy as little as 100 square feet or
less, or can occupy hundreds or thousands of acres. Area of field containing a population of
microbe-associated plants can be measured in sgquare feet, such as at least 100, 500, 1000, 5000,
10,000, 50,000 or greater than 50,000 square feet, or can be measured in acres, such as 1, 2, 3, 4,
5,6,7,8,9, 10, 25, 50, 100, 250, 500, 750, 1000, 5000, 10000, 50000 or greater than 50000
acres. The field can also be measured in hectares, for example at least 1, 5, 10, 20, 100, 300, 500,
1,000, 10,000 hectares or more. Additionally, a field containing a population of microbe-
associated plants can be characterized by the number of plants in the population, generally afield
isat least two, such as 1, 2, 3,4, 5,6, 7, 8, 9, 10, 25, 50, 100, 250, 500, 750, 1000, 5000, 10000,
50000, 100000, 250000, 500000, 750000, 1000000 or greater than 1000000 plants. A field is
generally a contiguous area but may be separated by geographical features such as roads,
waterways, buildings, fences, and the like known to those skilled in the art. Because the microbe-

associated plants described herein benefit from an increased level of uniformity of germination

88



WO 2015/100432 PCT/US2014/072400

and other characteristics, it is desirable to maximize the percentage of plants containing
microbes. For example, a least 50% (e.g., 50%, 60%, 70%, 80%, 90%, 95%, 99% or greater
than 99%) of the plants contain the microbes.

Plants Useful for the M ethods of the I nvention

The methods described herein are useful for producing a seed containing a microbe that is
exogenous to the seed. The seed can be from any plant species that produces a seed (i.e., any
spermatophyte). Suitable plants include both monocots and dicots (including eudicots) that can
be colonized by the microorganisms according to the present invention. Preferably, the plant is a
flowering plant (angiosperm) in order to most efficiently transfer the microorganisms to the seed.
The resulting seeds contain the inoculated microbes a a detectable level. Plants grown from such
seeds contain the microbes in part or all of their tissues, and the microbe may confer beneficial
properties (e.g., enhanced growth, increased stress resilience, etc.) of the microbe can develop in
the seeds or plants. Accordingly, the plants arising from such seeds - wherein the microbe can
confer its beneficial function to the plant - may be a any stage of growth, including seeds,
seedlings, or full plants. The present invention is therefore not limited to the application of
microorganisms to a given plant (or seed) in order to provide the beneficial microbial effect only
to this plant, but it provides a method which encapsulates and safeguards the presence of
microbes in the seeds generated from this plant and therefore provides the microbes to the
subsequent generations of the plant. This differs significantly from all other inoculation
strategies attempted to date (seed impregnation, spraying the microorganisms to the seeds, germs
or the whole plants), in that the present method deals with the production of seeds which contain
areproducible and heritable microbialmicrobial population.

The plant can be monocotyledonous. The plant can be dicotyledonous. In one embodiment, the
plant is an agricultural plant. As used herein, an "agricultural plant” is a plant that is normally
cultivated for agriculture to provide food, animal feed, fiber, or any other useful commodity
product. In still another embodiment, the agricultural plant is a cereal plant.

In one embodiment, the target plant is aplant of the family Graminae (grasses). The grass plants
into which these endophytes are introduced may be any of the useful grasses belonging to the
genuses Agropyron, Agrostis, Andropogon, Anthoxanthum, Arrhenatherum, Avena,
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Brachypodium, Bromus, Chloris, Cynodon, Dactylis, Elymus, Eragrostis, Festuca, Glyceria,
Hierochloe, Hordeum, Lolium, Oryza, Panicum, Paspalum, Phalaris, Phleum, Poa, Setaria,

Sorghum, Triticum, Zea and Zoysia.

In another embodiment, the target plant is selected from the wheats, including, Triticum
monococcum, Triticum durum, Triticum turgidum, Triticum timopheevi (Timopheevs Wheat) and
Triticum aestivum (Bread Wheat).

In another embodiment, the target plant is a corn of the genus Zea. Zea is a genus of the family
Gramineae (Poaceae), commonly known as the grass family. The genus consists of some four
species: Zea mays, cultivated corn and teosinte; Zea diploperennis litis et at., diploperennial
teosinte; Zea luxurians (Durieu et Asch.) Bird; and Zea perennis (Hitchc.) Reeves et Mangelsd.,

perennial teosinte.

Other useful grasses which may be used on an industrial basis are rye grasses and bluegrasses.
Bluegrasses known in the art include Kentucky bluegrass, Canada bluegrass, rough meadow
grass, bulbous meadow grass, apine meadow grass, wavy meadow grass, wood meadow grass,
Balforth meadow grass, swamp meadow grass, broad leaf meadow grass, narrow leaf meadow
grass, smooth meadow grass, spreading meadow grass and flattened meadow grass.

In another embodiment, the plants for which seeds are produced by the method according to the
present invention are dicots, including eudicots such as tomato, watermelon, squash, cucumber,
strawberry, pepper, soybean, peanut, Brassicaceae, especially rape, sunflower, sugar beet, cotton,
alfalfaand Arabidopsis.

Accordingly, in one embodiment, the plant is selected from the group of Graminae (grasses),
including grasses of the genuses Agropyron, Agrostis, Andropogon, Anthoxanthum,
Arrhenatherum, Avena, Brachypodium, Bromus, Chloris, Cynodon, Dactylis, Elymus,
Eragrostis, Festuca, Glyceria, Hierochloe, Hordeum, including Hordeum vulgare L., Hordeum
distichon L., and Hordeum irregulare, Lolium, Oryza, Panicum, Paspalum, Phalaris, Phleum,
Poa, Setaria, Sorghum, Triticum, Zea, especially Zea mays, cultivated corn and teosinte, Zea
diploperennis litis et at., diploperennia teosinte, Zea luxurians (Durieu et Asch.) Bird; and Zea
perennis (Hitchc.) Reeves e Mangelsd.,, perennial teosinte.and Zoysia; wheats, including
Triticum monococcum, Triticum turgidum, Triticum timopheevi (Timopheevs Wheat) and

Triticum aestivum (Bread Wheat); rye grasses and bluegrasses, especially Kentucky bluegrass,

90



WO 2015/100432 PCT/US2014/072400

Canada bluegrass, rough meadow grass, bulbous meadow grass, alpine meadow grass, wavy
meadow grass, wood meadow grass, Baforth meadow grass, swamp meadow grass, broad |eaf
meadow grass, narrow leaf meadow grass, smooth meadow grass, spreading meadow grass and
flattened meadow grass; dicots, including eudicots, for example tomato, watermelon, sguash,
cucumber, strawberry, pepper, soybean, peanut, Brassicaceae, especialy rape, sunflower, sugar
beet, cotton, alfalfa and Arabidopsis.

Cultivars

The present invention contemplates the use of commercial cultivars of agricultural plants. The
microbes described herein can be inoculated with such commercial cultivars using the methods

provided herein. Non-limiting examples of commercial cultivars are provided below.
Maize

Exemplary Zea cultivars provided herein include 39v07, 38HO3AM1, P9675, P9675YXR,
P9630AM1, P9990AM1, P9917, PO917AM1, P9910AM1, PO910AMRW, P9910AMX,
P9910XR, POO62AMX, PO062XR, PO193AM, PO193HR, PO216HR, PO210HR, 36V51, 36V52,
36V53, 36V59, PO313AM1, PO313XR, PO463AM1, PO461AMX, PO461EXR, PO461XR,
PO453AM, PO453HR, P0448, PO448AMRW, PO0448AMX, PO448E, PO448EHR, P0448R,
PO413AM1, PO413E, PO407TAMXT, P0533AM1,PO533EXR, P0528AMX, P0528Y XR, 35F40,
PO652AMX, PO636AM1, PO636HR, PO0621HR, P0621R, P0717HR, P0832AM1, PO832E,
PO832EXR, P0832XR, 34F29, P0993AM1, P0993HR, P0993XR, P0987AM1, PO987HR,
PO916EHR, 34R6, 7P1023AM-R, P1018EHR, P1018HR, 34F06, 34F07, Pl 184, P1162AM1,
P1162AMRW-R, P1162AMX-R, P1162EXR, P1162XR, Pl 151AM, P1151AM1, P1151R,
P1142AMX, 33W80, 33W82, 33W84, 33W88AM1, PI1281HR, P1253E, P1248AM,
P1221AMX, P1221AMXT, P1215AM1, P1395, P1395AM1, P1395HR, P1395R, P1376XR,
P1365AMX, P1360CHR, P1360HR, P1339AM1, P1324HR, 33274, 337156, 337157, 33M16,
P1498, P1498AM, P1498HR, P1498R, P1480HR, P1477WHR, P1431W, P1431WR, P1420HR,
33G61, 33F12, P1555CHR, 33D42, 33D46, 33D49, P1659W, P1659WHR, 32D78, P1745HR,
32B16, P1995W, and P2088HR from Pioneer Hi-Bred, which are grown in geographical entities
including lowa.Exemplary Zea cultivars provided herein include PO115AM1, PO392AMX,
PO496AMX, PO432AM1, PO413AM1, PO413AMRW, PO413E, PO413R, PO533AM1,
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PO636AM1, PO636YXR, 35K01.35K02, 35K08, 35K09AM1, 35K10AMRW, 34M78,
PO858AMX, PO832AMRW, P0832AMX, PO832E, PO832EXR, PO832R, PO993AM1, PO993HR,
PO987AM1, P0987YXR, P0945YXR, PO916EHR, 34R65, P1023AM-R, P1023AMX-R,
P1018AM, P1018AM1, P1018AMX, P1018E, P1018R, PI184, PI184AM, P1184AM1,
P1184AMRW, P1184R, P1162AM1, Pl 162AMRW-R, P1162AMX-R, P1162EXR, Pl 151AM,
P1151AM1, 34P91, P1292AMX, P1241AMX, Pl1221AMX, P1221AMXT, P1215AM1,
P1395AM1, P1395AMRW, P1376XR, P1360CHR, P1360HR, P1352AMX, P1339AM1, P1319,
P1319AM1, P1319HR, 33T55, 33T56, P1498, P1498AM, P1498CHR, P1498HR, P1498R,
P1477W, P1477WHR, P1449XR, P1431W, P1431WR, 33F12, 33D42, P1690HR, P1659W,
32B09, 32B10, 32B16, P1995W, P1995WR, and P2088AM from Pioneer Hi-Bred, which are

grown in geographical entities including Illinois.

Exemplary Zea cultivars provided herein include P8917XR, P9690AM, P9690HR, PO125R,
PO231HR, PO365YHR, PO302CHR, PO474AM1, PO461EXR, P0591AM1, PO541AM1,
PO541HR, 35F37, 35F38, 35F48AM1, 35F50AM, P0636AM1, PO636HR, PO636YXR,
PO621HR, 35K01, PO876AM, PO876CHR, PO876HR, P0987, PO987AM, P0987AM1, PO987HR,
PO987R, P0O987YXR, PO0916EHR, P0902AM1, P1023AM-R, P1023AMX-R, P1018EHR,
PI173AM, P1173CHR, P1173HR, P1173R, PI151AM, P1151AM1, P1151HR, P1151R,
P1151YXR, P1105YHR, P1292ER, P1266YHR, P1395AM, P1395AM1, P1395R, P1376XR,
P1360HR, P1324HR, P1498AM, P1498AM1, P1498HR, P1498R, P1477W, Pl1477WHR,
P1449X R, P1431W, 33G60, 33G61, 33F12, P1508CHR, 32T16, 33D42, 33D46, 33D47, 33D49,
33D53AM-R, 32T82, 32784, PI690AM, P1690CHR, P1690HR, P1659W, P1659WHR,
P1625CHR, P1625HR, P1768AMX, 32N74AM1, 32B09, 32B10, 32B11, 32B16, P1995W,
P1995WR, 31G67AM1, 31G71, P2088AM, P2088YHR, and P2088Y XR from Pioneer Hi-Bred,

which are grown in geographical entities including Nebraska.

Exemplary Zea cultivars provided herein include P9690HR, P01 15AM1, PO216HR, PO448E,
PO432AM1, PO0413AM1, PO413E, PO636AM1, P0636HR, P0636YHR, P0621HR, 35KO01,
35K02, 35K08, 35K09AM1, 35K10AMRW, 34M78, PO858AMX, PO0832AMX, PO832E,
PO832R, P0993AM1, P0993HR, P0987, P0987AM, P0987AM1, PO987HR, P0987YXR,
PO945Y XR, PO916EHR, P1023AM-R, P1023AMX-R, P1018AM, P1018AM1, P1018AMX,
P1018E, P1018R, PI184, PI184AM, P1184AM1, P1184R, P1162AM1, P1162AMRW-R,
P1162AMX-R, PI151AM, P1151AM1, P1105YHR, 34P91, P1253E, P1221AMX,
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P1221AMXT, P1395, P1395AMRW, P1395HR, P1395R, P1376XR, P1360AM, P1360HR,
P1352AMX, P1339AM1, P1319, P1319AM1, P1319HR, 33T54, 33T55, 33756, 33757, 33N58,
P1498, P1498AM, P1498CHR, P1498HR, P1498R, P1477W, P1477WHR, P1449XR, P1431W,
P1431WR, 33G60, 33F12, P1659W, P1659WHR, P1646YHR, P1636AM, P1636YHR,
P1602YHR, 32D78, 32D79, P1745HR, 32B09, 32B10, 32B16, P1995W, P1995WR, 31P41, and
P2088AM from Pioneer Hi-Bred, which are grown in geographical entities including Indiana.

Exemplary Zea cultivars provided herein include Genuity® SmartStax® RIB Complete®,
including DKC48-12RIB Brand, DKC49-29RIB Brand, DKC53-56RIB Brand, DKC62-08RIB
Brand, DKCG63-33RIB Brand; DEKALB® Genuity® DroughtGard™ Hybrids, including
DKC47-27RIB Brand, DKC50-57RIB Brand, DKC51-20RIB Brand, DKC63-55RIB Brand,
DKC65-81RIB Brand; < 89 Relative Maturity, including DKC31-10RIB Brand, DKC32-92RIB
Brand, DKC33-78RIB Brand, DKC38-03RIB Brand, DKC39-07RIB Brand; 90-99 Relative
Maturity, including DKC43-10RIB Brand, DKC44-13RIB Brand, DKC46-20RIB Brand,
DKC48-12RIB Brand, DKC49-29RIB Brand; 101-103 Relative Maturity, including DKC51-
20RIB Brand, DKC52-30RIB Brand, DKC53-56RIB Brand, DKC53-58RIB Brand, DKC53-
78RIB Brand; 104-108 Relative Maturity, including DKC54-38RIB Brand, DKC57-75RIB
Brand, DKC57-92RIB Brand, DKC58-87RIB Brand, DKC58-89RIB Brand; 110-111 Relative
Maturity, including DKC60-63RIB Brand, DKC60-67RIB Brand, DKC61-16RIB Brand,
DKC61-88RIB Brand, DKC61-89RIB Brand; 112-113 Relative Maturity, including DKC62-
O8RIB Brand, DKC62-97RIB Brand, DKC63-07RIB Brand, DKC63-33RIB Brand, DKC63-
55RIB Brand; 114-116 Relative Maturity, including DKC64-69RIB Brand, DKC64-87RIB
Brand, DKC65-19RIB Brand, DKC65-79RIB Brand, DKC66-40RIB Brand; 117+ Relative
Maturity, including DKC67-57RIB Brand, DKC67-58RIB Brand, DKC67-88RIB Brand,
DKC68-05 Brand, and DKC69-29 Brand from DEKALB®, which are grown in geographical
entities including the United States.

Soybean

Exemplary soybean cultivars provided herein include 900Y71, 90Y42, PO5T24R, 90Y 80,
91M01, 91YO01, P10T91R, 91M10, 91Y20, 91Y61, 91Y90, P19TO1R, 92Y12, 92Y21, 92Y 31,
92Y 32, P24T19R, 92Y51, 92Y91, 93M11, and 93Y22 from Pioneer Hi-Bred, which are grown

in geographical entities including lowa.
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Exemplary soybean cultivars provided herein include 92Y51, 92Y53, P25T51R, P26T76R,
92M72, 92Y75, 92Y80, P28T33R, 93Y05, 93Y15, 93Y20, 93Y21, 93Y25, 93M42, 93Y40,
93Y41, 93Y43, P34T35L, P35T58R, 93Y60, 93Y72, 93B82, 93Y82, 93Y84, 93L71, P39T67R,
94Y 01, 94Y21, 94Y23, 94Y50, 94Y70, and 95Y10 from Pioneer Hi-Bred, which are grown in

geographical entities including Illinois.

Exemplary soybean cultivars provided herein include 91Y90, 92Y22, P24T19R, 92Y53, 92Y62,
92M72, 92Y70, 92Y73, 92Y83, 93M11, 93Y13, 93Y15, 93M43, 93Y41, 93Y52, P35T58R,
93M61, 93Y70, 93Y72, 93B82, 93Y 84, 93Y92, P39T67R, 94Y01, and 94Y02 from Pioneer Hi-
Bred, which are grown in geographical entities including Nebraska.

Exemplary soybean cultivars provided herein include 90Y51, 90Y90, 92Y51, 92Y75, 92Y80,
P28T33R, 93Y05, 93Y11, 93Y20, 93Y21, 93Y22, 93Y23, P33T89R, 93M42, 93Y40, 93Y41,
93Y43, P34T35L, 93Y51, 93Y53, P35T58R, 93Y60, 93Y72, 93B82, 93Y82, 93Y84, 93L71,
93Y91, 93Y92, P39T67R, 94Y01, 94Y02, 94121, 94Y?21, 94Y22, 94Y23, 94L51, PA3T14L,
PA4AT82SR, 94Y50, P46T21R, 94Y70, PA7TT36R, 94Y80, and P4A8T53R from Pioneer Hi-Bred,

which are grown in geographical entities including Indiana.

Exemplary soybean cultivars provided herein include AG 0231 GENRR2Y, AG 0333
GENRR2Y, AG 0430 GENRR2Y, AG 0532 GENRR2Y, AG 0732 GENRR2Y, AG 0832
GENRR2Y, AG 0833 GENRR2Y, AG 1031 GENRR2Y, AG 1132 GENRR2Y, AG 1230
GENRR2Y, AG 1233 GENRR2Y, and AG 1431 GENRR2Y from Asgrow, which are grown in
geographical entities including the United States.

Exemplary soybean cultivars provided herein include S06-H5, S08-G1, S10-G7, S10-P9, Sl2-
L5, S14-J7, S17-B3, S17-G8, S18-C2, S20-T6, S20-Y2, S22-F8, S22-S1, S23-P8, S24-K2, S25-
E5, S27-H6, S28-A2, S28-K1, S28-U7, S29-V2, S30-E9, S34-N3, S34-71, S35-C3, S36-M8,
S17-B3, S18-C2, S20-T6, S20-Y2, S22-F8, S22-S1, S24-K2, S25-E5, S27-H6, S28-A2, S28-U7,
S29-V2, S30-E9, S31-L7, S34-N3, S34-Z1, S35-C3, S36-M8, S37-B1, S38-4, S38-W4, S39-
U2, $41-36, S42-W9, $A3-K1, and S44-K7 from Syngenta, which are grown in geographical
entities including the United States.
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Wheat

Exemplary Triticum cultivars provided herein include Everest, TAM 111, Armour, TAM 112,
Fuller, Duster, T158, Postrock, Endurance, Jagger, Winter Hawk, Art, Overley, Jagalene,
Jackpot, Hatcher, Santa Fe, Danby, Billings, T81, TAM 110, AP503 CL2, Aspen, 2137, TAM
113, Hitch, TAM 101, CJ, Centerfield, SY Gold, and Above, which are grown in geographical

entities including Kansas.

Exemplary Triticum cultivars provided herein include Barlow, Glenn, SY Scren, Faller, Prosper,
Kelby, Brennan, RB0O7, Vantage, WB Mayville, Freyr, Jenna, Mott, Select, Steele-ND, Briggs,
Howard, Reeder, Alsen, Rollag, Divide, Alkabo, Mountrail, Tioga, Lebsock, Grenora, Dilse,
Ben, DG Max, Pierce, Monroe, DG Star, Jerry, Decade, Hawken, Wesley, Overland, CDC
Falcon, SY Wolf, Harding, Darrell, WB Matlock, Millennium, and Boomer, which are grown in
geographical entities including N . Dakota.

Exemplary Triticum cultivars provided herein include Yellowstone, Genou, CDC Falcon,
Rampart, Ledger, Jerry, AP503 CL2, Hawken, Norris, Pryor, Jagalene, Carter, Morgan, Decade,
WB Quake, Tiber, Willow Creek, Radiant, Neeley, Vanguard, Promontory, Overland, and

Redwin, which are grown in geographica entities including Montana

Exemplary Triticum cultivars provided herein include Duster, Endurance, Jagger, Fuller, OK
Bullet, Jackpot, Everest, Billings, TAM 112, TAM 111, Big Max, Overley, Doans, Armour,
Santa Fe, Garrison, Deliver, TAM 110, CJ, 2157, Custer, 2137, Scout, Centerfield, Triumph
varieties, Dumas, TAM 401, Gallagher, Cutter, T-158, lke, WB Hitch, Greer, AP 503 CL2, Ruby
Lee, Pioneer 2548, Pioneer 2571, and Coker 762, which are grown in geographical entities
including Oklahoma.

Exemplary Triticum cultivars provided herein include Ul Stone, Diva, Petit, Jubilee, Louise,
Alturas, Whit, Babe, Cataldo, Alpowa, BrundageCF, Brundage96, Bitterroot, Kaseberg, Amber,
Bruneau, AP Legacy, Salute, Ladd, Junction, ORCF101, Mary, Masami, SY Ovation, Skiles,
Rod, WB523, Legion, Eltan, WB528, Stephens, Otto, ORCF103, Rosalyn, Madsen, AP Badger,
LCS Artdeco, ORCF102, Lambert, Goetze, WB456, WB1020M, AP700CL, Xerpha, Tubbs06,
WB1066CL, Eddy, Finley, Juniper, Whetstone, Sprinter1, Paladin, DW, Buchanan, Farnum,
Northwest 553, Peregrine, Rimrock, Declo, Esperia, Boundary, Bauermeister, Residence,
Symphony, and Estica, which are grown in geographical entities including Washington state.
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Exemplary Triticum cultivars provided herein include Wesley, Overland, Expedition, Clearfield,
Smoky Hill, Arapahoe, Lyman, Hawken, Millenium, Jagalene, CDC Falcon, Alliance, Nekota,
Briggs, RBO7, Brick, Faller, Howard, Select, Traverse, Steele ND, Forge, Barlow, Butte86/Buitte,

Granger, Brennan, which are grown in geographical entities including South Dakota.
Barley

Exemplary barley cultivars provided herein include Azure, Beacon, Bere, Betzes, Bowman,
Celebration, Centennial, Compana, Conlon, Diamant, Dickson, Drummond, Excel, Foster,
Glenn, Golden Promise, Hazen, Highland barley, Kindred, Kindred L, Larker, Logan, Lux,
Manchurian, Manscheuri, Mansury, Maris Otter, Morex, Nordal, Nordic, Optic, Park, Plumage
Archer, Pearl, Pinnacle, Proctor, Pioneer, Rawson, Robust, Sioux, Stark, Tradition, Traill,
Tregal, Trophy, Windich, and Y agan, which are grown throughout the world.

Exemplary barley cultivars provided herein include Tradition, Lacey, Robust, Celebration,
Conlon, Pinnacle, Haybet, Legacy, Stellar-D, Innovation, Hays, Quest, Bowman, and Logan,

which are grown in geographical entities including North Dakota.

Exemplary barley cultivars provided herein include AC METCALFE, HARRINGTON,
CONRAD (B5057), LEGACY (B2978), MORAVIAN 69 (C69), MERIT (B4947), TRADITION
(B2482), MORAVIAN 83 (C83), and CHARLES, which are grown in geographical entities
including Idaho.

Exemplary barley cultivars provided herein include Harrington, Haybet, B 1202, Moravian,
Baronesse, Hector, Bowman, Westford, B Merit, Gallatin, Horsford, Lewis, Stark, Piroline,
Valier, B 2601, Legacy, Menuet, Robust, Chinook, and Clark, which are grown in geographical

entities including Montana.

Exemplary barley cultivars provided herein include Champion, Bob, Baronesse, Radiant,
Haybet, Belford, Camelot, BG, Camas, Gallatin, Copeland, AC Metcalfe, and Harrington, which
are grown in geographical entities including Washington state.

Exemplary barley cultivars provided herein include Moravian 69, C-115 C-128, Scarlett,

Baronesse, Hays, and Steptoe, which are grown in geographical entities including Colorado.
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Cotton

Exemplary Gossypium cultivars provided herein include Deltapine DP 1044 B2RF, DP 1252
B2RF, DP 1050 B2RF, and DP 1219 B2RF; Fibermax FM 2484 B2F, FM 9063 B2F, FM 1944
GLB2, and FM 1740 B2F; Phytogen PHY 499 WRF, PHY 375 WRF, and PHY 367 WRF;
Americot NG 4111RF, NG 1511 B2RF, and NG 3348 B2RF; Stoneville varieties; Dyna-Gro

varieties, and All-Tex varieties, which are varieties of upland cotton (Gossypium hirsutum).

Exemplary Gossypium cultivars provided herein include Phytogen PHY 805 RF, Phytogen PHY
802 RF, and Deltapine DP 340, which are varieties of pima cotton (Gossypium barbadense).

Exemplary Gossypium cultivars provided herein include Bayer CropScience FM 958; AFD
2485; Deltapine 340; All-Tex A102, All-Tex 7A21, All-Tex LA122; Americot UA48; Bayer
CropScience FM 989; Downer Cotton Genetics DCG 1374; Seed Source Genetics CT 210; and

Stoneville LA 887, which are varieties of cotton planted by organic farmers.
Genetically modified plants

The methods described herein can aso be used with genetically modified plants, for example, to
allow the use of current commercia cultivars of crops where the use of genetically modified
plants is common. For example, a genetically modified plant which is, by means of the
transgene, optimized with respect to a certain trait, can be used as a bioreactor to propagate the
newly introduced microbe and its seeds can be used as storage vehicles for the microbe.
Therefore, in one embodiment, a genetically modified plant is contacted with a microbe. The

genetically modified plant can be any one of the plants described in Table H.

Pre-Treating Plants to Reduce Carriage of Endogenous Microbes

In some cases, it may be beneficial or preferable to use plants that are modulated to reduce their
carriage of endogenous microbes. Asused herein, a plant that is depleted, sterilized, or reduced
in its carriage of an endogenous microbe is one in which some, substantially al, or all of the
endogenous microbiota that reside within the plant are removed. Microbes within a plant are
typically resistant to surface sterilization by chemical agents such as detergents, bleach (sodium
hypochloritehypochlorite), hydrogen peroxide, or ethanol, which do not penetrate the surface of

the plant in sufficient amounts. Surface sterilization of seeds, for example, is a convenient means
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to distinguish between surface-residing microbes (which are sensitive to surface sterilization),
and endogenous microbes (which are resistant to such methods of surface sterilization). In order
to remove (i.e., kill) some, substantialy all, or al of the endogenous microbes, additional
treatments are required. For example, in one embodiment, a plant or a part thereof (including a
seed) can be treated with an antibacterial agent that has sufficient permeability to enter the plant
tissues and kill or hinder endogenous bacteria. One of ordinary skill in the art will appreciate that
such agents should ideally be agents that do not compromise the viability of the plant, & least a
the concentration used. The agent should also have abroad spectrum to target as many bacteria
as possible. In the alternative, a combination of antibacterial agents can be used. A non-limiting
list of antibiotics isfound in Table G.

In one embodiment, the plant or part thereof is contacted with an antibacterial agent selected
from the group consisting of: Amikacin, Gentamicin, Kanamycin, Neomycin, Netilmicin,
Tobramycin, Paromomycin, Spectinomycin, Ansamycins, Geldanamycin, Herbimycin,
Rifaximin, streptomycin, Carbacephem, Loracarbef, Carbapenems, Ertapenem, Doripenem,
Imipenem/Cilastatin, Meropenem, Cefadroxil, Cefazolin, Cefalotin or Cefalothin, Cefaexin,
Cefaclor, Cefamandole, Cefoxitin, Cefprozil, Cefuroxime, Cefixime, Cefdinir, Cefditoren,
Cefoperazone, Cefotaxime, Cefpodoxime, Ceftazidime, Ceftibuten, Ceftizoxime, Ceftriaxone,
Cefepime, Ceftaroline fosamil, Ceftobiprole, Glycopeptides, Teicoplanin, Vancomycin,
Telavancin, Lincosamides, Clindamycin, Lincomycin, Lipopeptide, Daptomycin, Azithromycin,
Clarithromycin, Dirithromycin, Erythromycin, Roxithromycin, Troleandomycin, Telithromycin,
Spiramycin, Monobactams, Aztreonam, Nitrofurans, Furazolidone, Nitrofurantoin, Linezolid,
Posizolid, Radezolid, Torezolid, Amoxicillin, Ampicillin, Azlocillin, Carbenicillin, Cloxacillin,
Dicloxacillin, Flucloxacillin, Mezlocillin, Methicillin, Nafcillin, Oxacillin, Penicillin G,
Penicillin 'V, Piperacillin, Penicillin G, Temocillin, Ticarcillin, Penicillin combinations,
Amoxicillin/clavulanate, Ampicillin/sulbactam, PiperaciUin/tazobactam, Ticarcillin/clavulanate,
Polypeptides, Bacitracin, Colistin, Polymyxin B, Ciprofloxacin, Enoxacin, Gatifloxacin,
Levofloxacin, Lomefloxacin, Moxifloxacin, Nalidixic acid, Norfloxacin, Ofloxacin,
Trovafloxacin, Grepafloxacin, Sparfloxacin, Temafloxacin, Mafenide, Sulfacetamide,
Sulfadiazine, Silver sulfadiazine, Sulfadimethoxine, Sulfamethizole, Sulfamethoxazole,
Sulfanilimide (archaic), Sulfasalazine, Sulfisoxazole, Trimethoprim-Sulfamethoxazole (Co-
trimoxazole) (TMP-SMX), Sulfonamidochrysoidine (archaic), Demeclocycline, Doxycycline,
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Minocycline, Oxytetracycline, Tetracycline Clofazimine, Dapsone, Capreomycin, Cycloserine,
Ethambutol, Ethionamide, Isoniazid, Pyrazinamide, Rifampicin (Rifampin in US), Rifabutin,
Rifapentine, Streptomycin, Arsphenamine, Chloramphenicol, Fosfomycin, Fusidic acid,
Metronidazole, Mupirocin, Platensimycin,  Quinupristin/Dalfopristin,  Thiamphenicol,

Tigecycline, Tinidazole, and Trimethoprim.

In another embodiment, a plant or a part thereof (including a seed) is treated with an antifungal
agent. In one embodiment the plant or part thereof is cured of some, substantially all, or all of the
endogenous fungal microbes by contacting with an antifungal agent. In one embodiment, the
antifungal agent is selected from the group consisting of: Polyene antifungals (Amphotericin B,
Candicidin, Filipin, Hamycin, Natamycin, Nystatin, Rimocidin); Imidazole, triazole, and thiazole
antifungals (Canesten (clotrimazole), Bifonazole, Butoconazole, Clotrimazole, Econazole,
Fenticonazole, Isoconazole, Ketoconazole, Miconazole, Omoconazole, Oxiconazole,
Sertaconazole, Sulconazole, Tioconazole, Albaconazole, Fluconazole, Isavuconazole,
Itraconazole, Posaconazole, Ravuconazole, Terconazole, Voriconazole, Abafungin), Allylamines
(Amorolfm, Butenafine, Naftifine, Terbinafme), Echinocandins (Anidulafungin, Caspofungin,
Micafungin), Benzoic acid, Ciclopirox, Flucytosine or 5-fluorocytosine, Griseofulvin,
Haloprogin, Polygodial, Tolnaftate, Undecylenic acid and Crystal violet.

It will be appreciated by one of skill in the art that some plants may contain both bacterial and
fungal endogenous microbes. As such, in one embodiment, a plant or part thereof is contacted
with a combination of an antibacterial agent and an antifungal agent.

As described herein, the antimicrobial agents (whether antibacterial or antifungal) are contacted
with the plant or part thereof a a dosage, and for a time, sufficient to kill the endogenous
microbes. The elimination of endogenous microbes can be monitored by removing a portion of
the plant a various times, homogenizing the tissue, and plating the homogenate on media that
support bacterial and/or fungal growth. Alternatively, after contacting the plant or part thereof
with the antimicrobial agent, the plant can be alowed to grow in a sterile environment for a
certain time before removing a portion of the plant. The tissue is then tested for the presence of

microbial DNA by, for example, PCR using primers specific for bacteria or fungi.
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Seed Coating Compositions

The seeds generated using the methods described herein can be further treated. Many
commercial seeds are treated on the surface to contain a seed coating composition order to
reduce yield losses during cultivation and to enhance the agronomic and nutritional value of the
produce. As such, in one embodiment, the seeds are coated with a seed coating composition; the
agent can be selected from the group consisting of a control agent, a plant growth regulator, and
a fertilizer/nutrient. As used herein, agents used for eliminating or reducing the damage caused
by a pathogen or pest on the plant or seed are referred to as a "control agent”. A control agent
includes such agents that can be used to kill or repel a pest or pathogen, including a fungus,
bacterium, insect, nematode, or bird. In one embodiment, the seed is treated with a control agent,
which is selected from the group consisting of fungicides, insecticides, rodenticides,
nematocides, miticides or bird repellents, aplant growth regulator and afertilizer/nutrient.

Fungicide

In one embodiment, the control agent is a fungicide. As used herein, a fungicide is any
compound or agent (whether chemical or biological) that can either inhibit the growth of a
fungus or kill afungus. In that sense, a"fungicide", asused herein, encompasses compounds that
may be fungistatic or fungicidal. Asused herein, the fungicide can be a protectant, or agents that
are effective predominantly on the seed surface, providing protection against seed surface-borne
pathogens and providing some level of control of soil-borne pathogens. Non-limiting examples
of protectant fungicides include captan, maneb, thiram, or fludioxonil.

The fungicide can be a systemic fungicide, which can be absorbed into the emerging seedling
and inhibit or kill the fungus inside host plant tissues. Systemic fungicides used for seed
treatment include, but are not limited to the following: azoxystrobin, carboxin, mefenoxam,
metalaxyl, thiabendazole, trifloxystrobin, and various triazole fungicides, including
difenoconazole, ipconazole, tebuconazole, and triticonazole. Mefenoxam and metalaxyl are
primarily used to target the water mold fungi Pythium and Phytophthora. Some fungicides are

preferred over others, depending on the plant species, either because of subtle differences in

100



WO 2015/100432 PCT/US2014/072400

sensitivity of the pathogenic funga species, or because of the differences in the fungicide
distribution or sensitivity of the plants.

A fungicide can be a biological control agent, such as a bacterium or fungus. Such organisms
may be parasitic to the pathogenic fungi, or secrete toxins or other substances which can kill or
otherwise prevent the growth of fungi.

Any type of fungicide, particularly ones that are commonly used on plants, can be used as a
control agent in a seed composition. Non-limiting examples of chemical fungicides that can be
used are shown in Table I. In another embodiment, the fungicide is selected from the group listed
on TableJ.

Antibacterial compositions

In some cases, the seed coating composition comprises a control agent which has antibacterial
properties. In one embodiment, the control agent with antibacterial properties is selected from
the compounds listed in Table G. In another embodiment, the compound is Streptomycin,

oxytetracycline, oxolinic acid, or gentamicin.

Herbicide

In some cases, an herbicide can be included in the seed coating composition. Non-limiting
examples of herbicides which can be used as a control agent of the seed coating application are
listed in Table K.

Plant growth regulators

In still other embodiments, the seed coat composition comprises a plant growth regulator. The
plant growth regulator can be selected from the group provided in Table L. In another
embodiment, the plant growth regulator is selected from the group consisting of: Abscisic acid,
amidochlor, ancymidol, 6-benzylaminopurine, brassinolide, butralin, chlormequat (chlormequat
chloride), choline chloride, cyclanilide, daminozide, dikegulac, dimethipin, 2,6-
dimethylpuridine, ethephon, flumetralin, flurprimidol, fluthiacet, forchlorfenuron, gibberellic
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acid, inabenfide, indole-3-acetic acid , maleic hydrazide, mefluidide, mepiquat (mepiquat
chloride), naphthaleneacetic  acid, N-6-benzyladenine, paclobutrazol, prohexadione
(prohexadione- calcium), prohydrojasmon, thidiazuron, triapenthenoal, tributyl
phosphorotrithioate, 2,3,5-tri-iodobenzoic acid, trinexapac-ethyl and uniconazole. Other
examples of antibacterial compounds which can be used as part of a seed coating composition
include those based on dichlorophene and benzylalcohol hemi forma (Proxel® from ICI or
Acticide® RS from Thor Chemie and Kathon® MK from Rohm & Haas) and isothiazolinone
derivatives such as alkylisothiazolinones and benzisothiazolinones (Acticide® MBS from Thor
Chemie). Other plant growth regulators that can be incorporated seed coating compositions are
described in U S 2012/0108431, which isincorporated by reference in its entirety.

I nsecticide

In some cases, the seed coating composition can comprise an insecticide as a control agent. Any
insecticide commonly used in agriculture can be used as a control agent. In one embodiment, the
insecticide is selected from the group listed in Table M .

Nematicide

Preferred nematode-antagonistic  biocontrol agents include ARF18; Arthrobotrys spp.;
Chaetomium spp.; Cylindrocarpon spp.; Exophilia spp.; Fusarium spp.; Gliocladium spp.;
Hirsutella spp.; Lecanicillium spp.; Monacrosporium spp.; Myrothecium spp.; Neocosmospora
spp.; Paecilomyces spp.; Pochonia spp.; Stagonospora spp.; vesicular- arbuscular mycorrhizal
fungi, Burkholderia spp.; Pasteuria spp., Brevibacillus spp.; Pseudomonas spp.; and

Rhizobacteria.

Particularly preferred nematode-antagonistic biocontrol agents include ARF18, Arthrobotrys
oligospora, Arthrobotrys dactyloides, Chaetomium globosum, Cylindrocarpon heteronema,
Exophilia jeanselmei, Exophilia pisciphila, Fusarium aspergilus, Fusarium solani, Gliocladium
catenulatum, Gliocladium roseum, Gliocladium virens, Hirsutella rhossiliensis, Hirsutella
minnesotensis,  Lecanicillium  lecanii, Monacrosporium drechderi, Monacrosporium

gephyropagum, Myrotehcium verrucaria, Neocosmospora vasinfecta, Paecilomyces lilacinus,
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Pochonia chlamydosporia, Stagonospora heteroderae, Stagonospora phaseoli, vesicular-
arbuscular mycorrhizal fungi, Burkholderia cepacia, Pasteuria penetrans, Pasteuria thorne,
Pasteuria nishizawae, Pasteuria ramosa, Pastrueia usage, Brevibacillus laterosporus strain G4,
Pseudomonas fluorescens and Rhizobacteria. In one embodiment, the nematicide is selected
from the group listed in TableN.

Nutrients/Fertilizers

In another embodiment, the seed coating composition can comprise a nutrient. The nutrient can
be selected from the group consisting of a nitrogen fertilizer including, but not limited to Urea,
Ammonium nitrate, Ammonium sulfate, Non-pressure nitrogen solutions, Aqua ammonia,
Anhydrous ammonia, Ammonium thiosulfate, Sulfur-coated urea, Urea-formadehydes, IBDU,
Polymer-coated urea, Calcium nitrate, Ureaform, and Methylene urea, phosphorous fertilizers
such as Diammonium phosphate, Monoammonium phosphate, Ammonium polyphosphate,
Concentrated superphosphate and Triple superphosphate, and potassium fertilizers such as
Potassium chloride, Potassium sulfate, Potassium-magnesium sulfate, Potassium nitrate. Such
compositions can exist as free salts or ions within the seed coat composition. Alternatively,
nutrients/fertilizers can be complexed or chelated to provide sustained release over time.

Rodenticide

Rodents such as mice and rats cause considerable economical damage by eating and soiling
planted or stored seeds. Moreover, mice and rats transmit a large number of infectious diseases

such as plague, typhoid, leptospirosis, trichinosis and salmonellosis.

Anticoagulants such as coumarin and indandione derivatives play an important role in the control
of rodents. These active ingredients are simple to handle, relatively harmless to humans and have
the advantage that, as the result of the delayed onset of the activity, the animals being controlled
identify no connection with the bait that they have ingested, therefore do not avoid it. Thisis an
important aspect in particular in socia animals such asrats, where individuals act astasters.
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In one embodiment, the seed coating composition comprises a rodenticide selected from the
group of substances consisting of 2-isovalerylindan-  1,3-dione,  4-(quinoxalin-2-
ylamino)benzenesulfonamide, alpha-chlorohydrin, aluminium phosphide, antu, arsenous oxide,
barium carbonate, bisthiosemi, brodifacoum, bromadiolone, bromethalin, calcium cyanide,
chloralose, chlorophacinone, cholecalciferol, coumachlor, coumafuryl, coumatetralyl, crimidine,
difenacoum, difethialone, diphacinone, ergocalciferol, flocoumafen, fluoroacetamide,
flupropadine, flupropadine hydrochloride, hydrogen cyanide, iodomethane, lindane, magnesium
phosphide, methyl bromide, norbormide, phosacetim, phosphine, phosphorus, pindone,
potassium arsenite, pyrinuron, scilliroside, sodium arsenite, sodium cyanide, sodium

fluoroacetate, strychnine, thallium sulfate, warfarin and zinc phosphide.

It is, of course, also possible to provide a coating with additional microorganisms (either the
same or different as the microbe that was inoculated). Therefore, according to another
embodiment of the present invention, the obtained plant seed containing microorganisms is

therefore subjected to afurther seed impregnation step.

Preparation of Commercial Seeds

In another aspect, methods for the production of a uniform population of the seeds at a
commercia scale are provided. The method comprises planting a plurality of parental seeds
containing the microbe using the methods described herein, germinating the seeds and growing
the resulting plants to maturity, and collecting commercial seeds from the plants. In one
embodiment, the microbe population in at least 70%, for example, at least 75%, at least 80%, a
least 90%, at least 95% or more of the commercial seeds is substantially the same. In some cases,
the seeds are considered substantially the same when at least 70%> of the seeds, for example, at
least 75%, at least 80%>, a least 90%>, at least 95% or more of the seeds contains the microbe. In
another embodiment, the commercial seeds are considered substantially the same when at least at
least 70% of the seeds, for example, at least 75%, at least 80%>, a least 90%>, a least 95% or
more of the seeds contains a least 10 CFU, for example, a least 100 CFU, at least 300 CFU, at
least 1,000 CFU, at least 3,000 CFU or more, of the microbe.

Optionally, the method can also include an additional step of contacting the resulting plants with
a synthetic preparation of the microbes. The above cycle of planting seeds containing the desired
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microbe can be performed multiple times in succession in order to produce enough seeds for
large-scale production of the microbe within agricultural settings. In these circumstances,
samples of seeds can be checked a each generation to ensure uniformity of seeds as described
above. Additional steps can betaken to enhance the probability that the seeds contain the desired
microbes. In one embodiment, plants can be further contacted with microbes at each generation
using the methods described herein. In another embodiment, the soil on which plants are grown
can be enriched with the desired microbes. In still another embodiment, the seeds are coated with
the desired microbes before replanting to produce the next generation of seeds. Where the final
plant 'bioreactor' is an FI hybrid, such asisthe case with maize, the two parental inbred strains
are grown in the field in adjacent rows and the female line has its tassels removed before
pollination time and so its stigmas are necessarily pollinated by pollen from the male-designated
line. The hybrid seeds are then harvested from the female line and so carry the microbes
possessed by the female line, assuming that no microbes are transmitted via the pollen from the
male parent. In this way the plant genes from the male line are brought into the genetic
complement of the microbes of the female line.

The methods for the production of auniform population of the seeds a a large scale can further
comprise additional steps. For example, collected seeds can be further treated by any of the steps
selected from hulling, cleaning, sorting, grading, and certifying. In one embodiment the
commercial seeds are further processed to eliminate other crop seeds to less than 5% of total
seeds, for example, no more than 4%, no more than 3%, no more than 2%, no more than 1%, no
more than 0.5%, no more than 0.3%, or less of total seeds. In other cases, the commercial seed
preparation is cleaned so that the preparation contains no more than 5% of inert matter, for
example, no more than 4%, no more than 3%, no more than 2%, no more than 1%, no more than
0.5%, no more than 0.3%, or less of inert matter. In still another embodiment, the commercial
seeds are tested to ensure that the seeds have a germination rate of at least 70%, for example, a
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 97%, at least 98%, at
least 99% or more.

The commercial seeds can be further treated. In one embodiment, the commercial seeds can be

coated with a seed coating composition as described elsewhere.
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Commodity Plant Product

In addition to scaling up the desired microbial preparation, the present invention provides an
ability to harvest the plant 'bioreactors to generate commodity plant products for commercial
sae. This provides an additional means by which to reduce the total cost associated with the
present invention's use of agricultural plants as bioreactors for microbial scale-up. As used
herein, a "commodity plant product" refers to any composition or product that is comprised of
material derived from aplant, seed, plant cell, or plant part of the present invention. Commodity
plant products may be sold to consumers and can be viable or nonviable. Nonviable commodity
products include but are not limited to nonviable seeds and grains; processed seeds, seed parts,
and plant parts; dehydrated plant tissue, frozen plant tissue, and processed plant tissue; seeds and
plant parts processed for animal feed for terrestrial and/or aquatic animal consumption, oil, meal,
flour, flakes, bran, fiber, and any other food for human or animal consumption; and biomasses
and fuel products. Any such commodity plant product that is derived from the plants of the
present invention may contain a least a detectable amount of the specific and unique DNA
corresponding to the microbes described herein. Any standard method of detection for

polynucleotide molecules may be used, including methods of detection disclosed herein.

Utilizing Microbes Compatible with Agrichemicals

In certain embodiments, the microbe is selected on the basis of its compatibility with commonly
used agrichemicals. As mentioned earlier, plants, particularly agricultural plants, can be treated
with a vast array of agrichemicals, including fungicides, biocides (anti-bacterial agents),

herbicides, insecticides, nematicides, rodenticides, fertilizers, and other agents.

In some cases, it can be important for the microbe to be compatible with agrichemicals,
particularly those with fungicidal or antibacterial properties, in order to persist in the plant
although, as mentioned earlier, there are many such fungicidal or antibacterial agents that do not
penetrate the plant, a least a a concentration sufficient to interfere with the microbe. Therefore,
where a systemic fungicide or antibacterial agent is used in the plant, compatibility of the

microbe to beinoculated with such agents will be an important criterion.
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In one embodiment, natural isolates of microbes which are compatible with agrichemicals can be
used to inoculate the plants according to the methods described herein. For example, fungal
microbes which are compatible with agriculturally employed fungicides can be isolated by
plating a culture of the microbes on a petri dish containing an effective concentration of the
fungicide, and isolating colonies of the microbe that are compatible with the fungicide. In
another embodiment, a microbe that is compatible with a fungicide is used for the methods
described herein. For example, the microbe is compatible with a least one of the fungicides
listed on Table 1. In another embodiment, the microbe is compatible with a least one of the
fungicides listed on Table J. In still another embodiment, a microbe that is compatible with an
antibacterial compound is used for the methods described herein. For example, the microbe is
compatible with a least one of the antibiotics listed on Table G. Fungicide compatible microbes
can aso be isolated by selection on liquid medium. The culture of microbes can be plated on
petri dishes without any forms of mutagenesis; alternatively, the microbes can be mutagenized
using any means known in the art. For example, microbia cultures can be exposed to UV light,
gamma-irradiation, or chemical mutagens such as ethylmethylsulfonate (EMS) prior to selection
on fungicide containing media. Finally, where the mechanism of action of a particular fungicide
isknown, the target gene can be specifically mutated (either by gene deletion, gene replacement,
site-directed mutagenesis, etc.) to generate a microbe that is resilient against that particular
fungicide. It is noted that the above-described methods can be used to isolate fungi that are
compatible with both fungistatic and fungicidal compounds.

It will also be appreciated by one skilled in the art that a plant may be exposed to multiple types
of fungicides or antibacterial compounds, either ssmultaneously or in succession, for example at
different stages of plant growth. Where the target plant is likely to be exposed to multiple
fungicidal and/or antibacterial agents, a microbe that is compatible with many or all of these
agrichemicals can be used to inoculate the plant. A microbe that is compatible with severa
fungicidal agents can be isolated, for example, by seria selection. A microbe that is compatible
with the first fungicidal agent isisolated as described above (with or without prior mutagenesis).
A culture of the resulting microbe can then be selected for the ability to grow on liquid or solid
media containing the second antifungal compound (again, with or without prior mutagenesis).
Colonies isolated from the second selection are then tested to confirm its compatibility to both

antifungal compounds.
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Likewise, bacterial microbes that are compatible to biocides (including herbicides such as
glyphosate or antibacterial compounds, whether bacteriostatic or bactericidal) that are
agriculturally employed can be isolated using methods similar to those described for isolating
fungicide compatible microbes. In one embodiment, mutagenesis of the microbial population can
be performed prior to selection with an antibacterial agent. In another embodiment, selection is
performed on the microbial population without prior mutagenesis. In still another embodiment,
serial selection isperformed on amicrobe: the microbe isfirst selected for compatibility to afirst
antibacterial agent. The isolated compatible microbe is then cultured and selected for
compatibility to the second antibacterial agent. Any colony thus isolated is tested for
compatibility to each, or both antibacterial agentsto confirm compatibility with these two agents.

The selection process described above can be repeated to identify isolates of the microbe that are
compatible with amultitude of antifungal or antibacterial agents.

Candidate isolates can be tested to ensure that the selection for agrichemical compatibility did
not result in loss of a desired microbia bioactivity. Isolates of the microbe that are compatible
with commonly employed fungicides can be selected as described above. The resulting
compatible microbe can be compared with the parental microbe on plants in its ability to

promote germination.

Throughout the specification, the word "comprise,” or variations such as "comprises' or
"comprising,” will be understood to imply the inclusion of a stated integer or group of integers
but not the exclusion of any other integer or group of integers.

Although the present invention has been described in detail with reference to examples below, it
is understood that various modifications can be made without departing from the spirit of the
invention. Therefore, it will be appreciated that the scope of this invention is encompassed by the
embodiments of the inventions recited herein and the specification rather than the specific
examples that are exemplified below. All cited patents and publications referred to in this
application are herein incorporated by reference in their entirety.
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EXAMPLES

Example 1 - Cultivation independent analysis of microbial taxa in agriculturally
relevant seed communities based on marker gene high throughput sequencing

Example Description

Microbial taxa core to agriculturally relevant communities were identified using high
throughput marker gene sequencing across several crops and numerous varieties of seeds.
These microbes may be propagated or stored in aplant bioreactor.

Experimental description

To identify core (i.e. ubiquitous) microbial taxa across seeds, high-throughput sequencing
of marker genes for bacteria, archaea, and fungi was used. 50 commercial, 22 wild, and
33 landrace corn seeds, 40 commercial, 13 wild, and 23 landrace wheat seeds, 13 cotton
seeds, and 24 soybean seeds were obtained. Non-commercial varieties were obtained
from USDA GRIN through their National Plant Germplasm system (http://www.ars-
grin.gov/npgs/). Accessions were categorized into landrace, wild, and inbred varieties
based on the their assessment of improvement status. In order to extract microbial DNA,
the seeds were first soaked in sterile, DNA-free water for 48 h to soften them, and they
were surface sterilized using 95% ethanol to reduce superficia contaminant microbes.
The seeds were then ground using a mortar and pestle treated with 95% ethanol and
RNAse Away (Life Technologies, Inc., Grand Island, NY) to remove contaminant DNA.
DNA was extracted from the ground seeds using the PowerPlant Pro DNA extraction kit

(Mo Bio Laboratories, Inc., Carlsbad, CA) according to the manufacturer's instructions.

Marker genes were amplified and sequenced from the extracted DNA using a high-
throughput protocol similar to (Fierer et al. 2012, McGuire et a. 2013). For the bacterial
and archaeal analyses, the V4 hypervariable region of the 16S rRNA gene was targeted
(primers 515f/806r), and for fungi, the first internal transcribed spacer (ITSl) region of
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the rRNA operon (primers ITSIf/ITS2r) was targeted. The two marker genes were PCR
amplified separately using 35 cycles, and error-correcting 12-bp barcoded primers
specific to each sample were used to facilitate combining of samples. To reduce the
amplification of chloroplast and mitochondrial DNA, we used PNA clamps specific to
the rRNA genes in these organelles (Lundberg et a. 2013). PCR reactions to amplify 16S
rRNA genes followed the protocol of (Lundberg et a. 2013), and those to amplify ITS
regions followed the protocol of (Fierer e al. 2012). PCR products were quantified using
the PicoGreen assay (Life Technologies, Inc., Grand Island, NY), pooled in equimolar
concentrations, and cleaned using the UltraClean kit (Mo Bio Laboratories, Inc.,
Carlsbad, CA). Cleaned DNA pools were sequenced on an Illumina MiSeq instrument at
the University of Colorado Next Generation Sequencing Facility.

The raw sequence data were reassigned to distinct samples using a custom Python script,
and quality filtering and OTU (operational taxonomic unit) clustering was conducted
using the UPARSE pipeline (Edgar 2013). Briefly, a de novo sequence database with
representative sequences for each OTU was created using a 97% similarity threshold, and
raw reads were mapped to this database to calculate sequence counts per OTU per
sample. Prior to creating the database, sequences were quality filtered using an expected
error frequency threshold of 0.5 errors per sequence. In addition, sequences were
dereplicated and singletons were removed prior to creating the database. OTUs were
provided taxonomic classifications using the RDP classifier (Wang et al. 2007) trained
with the Greengenes (McDonald et al. 2012) or UNITE (Abarenkov e a. 2010)
databases for 16S rRNA and ITS sequences, respectively. To account for differences in
the number of sequences per sample, each sample was rarefied to 1,000 and 6,500
sequences per sample for 16S rRNA and ITS datasets. This resulted in samples with
fewer sequences than the rarefaction depth to be discarded from downstream analyses.

OTUs classified as chloroplasts or mitochondria were discarded prior to rarefaction.
OTUs were determined to be core taxa based on detection across avariety of seed types.

For example, taxa core across crops were those detected in > 5% of seeds from each of

the crops that were assessed. Similarly, taxa core to an individual crop were those
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detected in > 5% of seeds from each of the cultivar categories (i.e. wild, landrace, inbred,
or modern) within that crop. As additional quality control measures, OTUs where a least
class level taxonomy could not be resolved and OTUs characteristic of soil or human skin
(Dunn et a. 2013) were discarded. OTU counts from replicate samples of identical seed

types were averaged prior to analysis.

Example Results

Among al of the OTUs we identified in this experiment, 192 were found to be core in

corn, wheat, or across crops (Table 1). Among these, the 23 in Table 2 were found to be

core across crops (Table 2).

Table 1
SEQID
NO. oTu Family Genus Species
2227 OTU 2152  Actinosynnemataceae Lentzea
2228 OTU_90 Actinosynnemataceae
2229 OTU 309  Dermabacteraceae Brachybacterium
2230 OTU 2984  Geodermatophilaceae

2231 OTU 132 Glycomycetaceae Glycomyces
2232 OTU_ 15838 Intrasporangiaceae Phycicoccus
2233 OTU 161 Kineosporiaceae
2234 OTU_ 1207 Kineosporiaceae
2235 OTU 28 Microbacteriaceae
2236 OTU 302  Microbacteriaceae
2237 QOTU_3428  Microbacteriaceae
2238 OTU 94 Micrococcaceae Arthrobacter psychro lactophilus
2239 OTU 2968 Micrococcaceae Micrococcus
2240 OTU_179  Micrococcaceae
2241 OTU 200  Micromonosporaceae
2242 QOTU_350 Mycobacteriaceae Mycobacterium
2243 OTU 100  Nocardioidaceae Aeromicrobium
2244 QOTU 3177 Nocardioidaceae Aeromicrabium
2245 OTU 1142  Nocardioidaceae Kribbella
2246 OTU 238  Nocardioidaceae Kribbella
2247 OTU 730  Nocardioidaceae
2248 OTU 992 Nocardioidaceae
2949 N Promicromonosporacea o
OTU 392 e Cellulosimicrobium
2950 - Promicromonosporacea .
OTU 91 e Promicromonospora
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2251
2252
2253
2254
2255
2256
2257
2258
2259
2260
2261
2262
2263
2264
2265
2266
2267
2268
2269
2270
2271
2272
2273
2274
2275
2276
2277
2278
2279
2280
2281
2282
2283
2284
2285
2286
2287
2288
2289
2290
2291
2292
2293
2294
2295
2296

OTU_134
OTU_573
OTU_3556
OTU_88
OTU_409
OTU_882
OTU_713
OTU_402
OTU_3325
OTU_218
OTU_57
OTU_213
OTU_362
OTU_348
OTU_208
OTU_237
OTU_ 163
OTU 112
OTU_ 120
OTU 234
OTU_210
OTU_ 187
OTU_152
OTU_ 1201
OTU_287
OTU_377
OTU 2342
OTU_487
OTU_276
OTU 141
OTU_ 148
OTU 3571
OTU_3528
OTU_67
OTU_ 109
OTU_3687
OTU 3184
OTU 3212
OTU_3301
OTU_86
OTU_406
OTU_ 129
OTU_2892
OTU_3722
OTU_ 191
OTU_ 223

Pseudonocardiaceae
Streptomycetaceae
Streptomycetaceae
Streptomycetaceae
Streptomycetaceae

Gaiellaceae
Chitinophagaceae
Chitinophagaceae
Chitinophagaceae
Chitinophagaceae
Chitinophagaceae
Chitinophagaceae
Chitinophagaceae
Chitinophagaceae
Chitinophagaceae
Cyclobacteriaceae
Cytophagaceae
Cytophagaceae
Cytophagaceae
Cytophagaceae
Cytophagaceae
Cytophagaceae
Cytophagaceae
Cytophagaceae
Cytophagaceae
Cytophagaceae

Cryomorphaceae
Flavobacteriaceae
Flavobacteriaceae
Flavobacteriaceae
Flavobacteriaceae
Sphingobacteriaceae
Sphingobacteriaceae
Sphingobacteriaceae
Sphingobacteriaceae
Sphingobacteriaceae
Sphingobacteriaceae
Sphingobacteriaceae
Sphingobacteriaceae
Sphingobacteriaceae
Sphingobacteriaceae
Sphingobacteriaceae

Parachlamydiaceae
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Pseudonocardia
Streptomyces
Streptomyces

Chitinophaga
Chitinophaga

L acibacter
Sediminibacterium

Algoriphagus
Dyadobacter
Dyadobacter
Emticicia

Fluviicola
Flavobacterium
Flavobacterium
Flavobacterium
Flavobacterium
Pedobacter
Pedobacter

Candidatus
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mirabilis

cauensis

terrigena

columnare
succinicans
succinicans

Protochlamydia
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2297
2298
2299
2300
2301
2302
2303
2304
2305
2306
2307
2308
2309
2310

2311

2312

2313
2314
2315
2316
2317
2318
2319
2320
2321
2322
2323
2324
2325
2326
2327
2328
2329
2330
2331
2332
2333
2334
2335
2336
2337
2338
2339
2340

OTU_ 195
OTU_790
OTU_ 103
OTU__467
OTU s
OTuU 27
OTU _3473
OTU 131
OTU 106
OTU s
OTU 38
OTU 763
OTU 9
OTU _1079

OTU 181

OTU 262
OTU 431
OTU 158
OTU 340
OTU 157
OTU 243
OTU 292
OTU 341
OTU 69
OTU_ 149
OTU 54
OTU 3736
OTU 174
OTU _3518
OTU 245
OTU 289
OTU 242
OTU 185
OTU 184
OTU _304
OTU _568
OTU 23
OTU 3351
OTU 383
OTU 78
OTU _3439
OTU 93
OTU _199
OTU 18

Adb

Bacillaceae
Bacillaceae
Bacillaceae
Bacillaceae
Bacillaceae
Bacillaceae
Paenibacillaceae
Planococcaceae

Clostridiaceae
Clostridiaceae

Clostridiaceae
Caldicellulosiruptorace
ae
Carboxydocellaceae
Caul obacteraceae

Caul obacteraceae

Caul obacteraceae

Caul obacteraceae

Caul obacteraceae

Methylobacteriaceae
Phyllobacteriaceae
Rhizobiaceae
Rhizobiaceae
Rhizobiaceae
Rhodospirillaceae
Rhodospirillaceae
Rhodospirillaceae

Erythrobacteraceae
Sphmgomonadaceae
Sphmgomonadaceae
Sphmgomonadaceae
Sphmgomonadaceae
Sphmgomonadaceae
Sphmgomonadaceae
Sphmgomonadaceae
Sphmgomonadaceae
Sphmgomonadaceae
Alcaligenaceae
Burkholderiaceae

113

Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Geaobacillus
Paenibacillus

Clostridium
SMB53
Thennoanaerobact
erium
Caldicellulosirupt
or
Carboxydocella
Asticcacaulis
Caulobacter
Caulobacter
Mycoplana
Phenylobacterium

Methylobacterium
Mesorhizobium
Agrobacterium
Agrobacterium
Rhizobium
Skermanella

Kaistobacter
Kaistobacter
Sphingomonas
Sphingomonas
Sphingomonas
Sphingomonas
Sphingomonas
Sphingomonas
Sphingopyxis
Achromobacter
Burkholderia

PCT/US2014/072400

coagulans
firmus
flexus

butyricum

saccharolyticum

saccharolyticus

biprosthecium

echinoides
yabuuchiae

adlaskensis
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2341
2342
2343
2344
2345
2346
2347
2348
2349
2350
2351
2352
2353
2354
2355
2356
2357
2358
2359
2360
2361
2362
2363
2364
2365
2366
2367
2368
2369
2370
2371
2372
2373
2374
2375
2376
2377
2378
2379
2380
2381
2382
2383
2384
2385
2386

OTU_ 639
OTU 2905
OTU 64
OTU 283
OTU 215
OTU_3641
OTU 3253
OTU_3420
OTU 236
OTU 222
OTU 2922
OTU_3580
OTU 443
OTU_2585
OTU 50
OTU 3392
OTU_156
OTU_3582
OTU 315
OTU 2266
OTU 2954
OTU 2344
OTU 58
OTU 15
OTU 221
OTU 2199
OTU 1776
OTU 507
OTU 176
OTU 115
OTU_3227
OTU 165
OTU 52
OTU 146
OTU 1384
OTU 35
OTU 2912
OTU 319
OTU 2
OTU_1255
OTU 3489
OTU 2970
OTU 3078
OTU 3153
OTU_145
OTU 379

Burkholderiaceae
Burkholderiaceae
Comamonadaceae
Comamonadac eae
Comamonadaceae
Comamonadaceae
Comamonadaceae
Comamonadaceae
Comamonadaceae
Comamonadaceae
Comamonadac eae
Comamonadaceae
Comamonadaceae
Comamonadaceae
Oxal obacteraceae
Oxalobacteraceae
Oxalobacteraceae
Oxalobacteraceae
Oxalobacteraceae
Oxalobacteraceae
Oxalobacteraceae
Oxalobacteraceae
Oxalobacteraceae
Oxalobacteraceae
Oxalobacteraceae
Oxalobacteraceae

Methylophilaceae

Syntrophobacteraceae

Alteromonadaceae
Alteromonadaceae
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Coxiellaceae

Coxiellaceae
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Burkholderia
Burkholderia
Delftia
Hylemonella
Methylibium
Polaromonas
Variovorax
Variovorax

Herbaspirillum
Janthinobacterium
Janthinobacterium
Janthinobacterium
Janthinobacterium
Janthinobacterium
Massilia

Massilia
Ralstonia

Methylotenera

Cdllvibrio

Enterobacter
Enterobacter
Erwinia
Escherichia
Pantoea
Pantoea
Pantoea

Aquicella
Aquicella
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paradoxus

lividum

haematophila

mobilis

hormaechei

coli
agglomerans
ananatis
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2387
2388
2389
2390
2391
2392
2393
2394
2395
2396
2397
2398
2399
2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2416
2417
2418

Table 2

#OTU ID
OTU 28
OTU_57
OTU_ 3473
OTU_131
OTU 38
OTU 9
OTU_181

OTU 390
OTU_209
OTU_197
OTU 3292
OTU_363
OTU_155
OTU 216
OTU 2544
oTU 11
oTU_7
OTU 3276
OTU_3748
OTU_3228
OTU 204
OTU 2653
OTU 144
OTU_3850
oTU_177
OTU 194
OTU_527
OTU 168
OTU_83
OTU 2829
OTU 382
OTU 334
OTU_89
OTU 214
OTU 385
OTU 252
OTU 279
OTU 280
OTU 172

SEQID
NO
2235
2261
2303
2304
2307
2309
2311

Coxi€llaceae
Coxi€llaceae
Coxi€llaceae
Pasteurellaceae
Pasteurellaceae
Moraxellaceae
Moraxellaceae
Pseudomonadaceae
Pseudomonadaceae
Pseudomonadaceae
Pseudomonadaceae
Pseudomonadaceae
Pseudomonadaceae
Pseudomonadaceae
Pseudomonadaceae
Xanthomonadac eae
Xanthomonadaceae
Xanthomonadac eae
Xanthomonadaceae
Xanthomonadaceae
Xanthomonadaceae
Xanthomonadaceae
Xanthomonadaceae
Xanthomonadaceae
L eptospiraceae
Mycoplasmataceae
auto67_4w
Opitutaceae
Opitutaceae
Opitutaceae
Verrucomicrobiaceae
Verrucomicrobiaceae

Order
Actinomycetales
Saprospirales
Bacillales
Bacillales
Bacillales
Clostridiales
Clostridiales
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Aquicella
Aquicella

Haemophilus
Haemophilus
Acinetobacter
Acinetobacter
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Arenimonas
Dokdonella
Luteimonas
Lysobacter
Pvhodanobacter
Rhodanobacter
Stenotrophomonas
Stenotrophomonas
Xanthomonas
Turneriella
Mycoplasma

parainfluenzae
rhizosphaerae

viridiflava

axonopodis

Opitutus
Opitutus

L uteolibacter
L uteolibacter

Family Genus
Microbacteriaceae

Chitinophagaceae Sediminibacterium

Bacillaceae Bacillus
Bacillaceae Bacillus
Planococcaceae

Clostridiaceae Clostridium

Clostridiaceae Thermoanaerobacterium
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OTU 64 2343 Burkholderiales Comamonadaceae Delftia

OTU 3392 2356 Burkholderiales Oxalobacteraceae Janthinobacterium
OTU 2344 2362 Burkholderiales Oxal obacteraceae Massilia

OTU 15 2364 Burkholderiales Oxal obacteraceae

OTU 1384 2375 Enterobacteriaes Enterobacteriaceae Enterobacter

OTU 35 2376 Enterobacteriales Enterobacteriaceae Enterobacter

OTU 2912 2377 Enterobacteriaes Enterobacteriaceae Erwinia

OTU 319 2378 Enterobacteriales Enterobacteriaceae Escherichia

OTU 2 2379 Enterobacteriaes Enterobacteriaceae Pantoea

OTU 1255 2380 Enterobacteriales Enterobacteriaceae Pantoea

OTU 3489 2381 Enterobacteriales Enterobacteriaceae Pantoea

OTU 2970 2382 Enterobacteriaes Enterobacteriaceae

OoTuU 11 2395 Pseudomonadal es Pseudomonadaceae Pseudomonas
OoTuU 7 2396 Pseudomonadales Pseudomonadaceae Pseudomonas
OTU 3276 2397 Pseudomonadales Pseudomonadaceae Pseudomonas

OTU 83 2408 Xanthomonadal es Xanthomonadaceae Stenotrophomonas

Example 2 - I solation of bacterial endophytes from seeds, seedlings, and plants

Additional endophytic microbes that may be stored or propagated

in the bioreactors of

the present disclosure were isolated from seeds of commercially significant plants.

Diverse types of maize, wheat, rice, and other seeds were acquired and screened for
cultivatable microbes. 49 distinct cultivars of maize and teosinte accessions were sourced
from the USDA via GRIN (Nationa Genetic Resources Program at http://www.ars-
grin.gov/) or purchased from the Sustainable Seed Company (Covelo, CA). Similarly, 5
distinct wheat cultivars and wheat relatives were sourced from the USDA via GRIN
(National Genetic Resources Program at http://www.ars-grin.gov/)  or purchased from a
Whole Foods in Cambridge, MA. Seeds of rice and rice relatives (23 in total) were
sourced from the USDA via GRIN

(National Genetic Resources Program at

http://www.ars-grin.gov/)  or purchased from aWhole Foods in Cambridge, MA. Seeds of
several other species of plants, including sorghum, millet, oat, rye, teff, etc., were sourced
from the USDA via GRIN (National Genetic Resources Program at the world wide web
at ars-grin.gov/), the Sustainable Seed Company or purchased from a Whole Foods in

Cambridge, MA.
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Pools of 5 seeds were soaked in 10 mL of sterile water contained in sterile 15 mL conical
tubes for 24 hours. Some maize and rice accessions were sampled for seed surface
microbes. In these cases, after 24 hours of soaking, 50 uL aliquots of undiluted, 100X
dilute and 10000X dilute soaking water was plated onto R2A agar [Proteose peptone (0.5
g/L), Casamino acids (0.5 g/L), Yeast extract (0.5 g/L), Dextrose (0.5 g/L) Soluble starch
(0.5 g/L), Dipotassium phosphate (0.3 g/L), Magnesium sulfate 7H,0 (0.05 g/L), Sodium
pyruvate (0.3 g/L), Agar (15 g/L), Final pH 7 + 0.2 @ 25 °C] to culture oligotrophic
bacteria, while the same volumes and dilutions were also plated onto potato dextrose agar
(PDA) [Potato Infusion from 200 g/L, Dextrose 20 g/L, Agar 15 g/L, Final pH: 5.6 £ 0.2
a 25°C] to culture copiotrophic bacteria and fungi. All seeds in the study were sampled
for endophytes by surface sterilization, trituration, and culturing of the mash. Seeds were
surface sterilized by washing with 70% EtOH, rinsing with water, then washing with a
3% solution of sodium hypochlorite followed by 3 rinses in sterile water. All wash and
rinse steps were 5 minutes with constant shaking a 130rpm. Seeds were then blotted on
R2A agar which was incubated at 30°C for 7 days in order to confirm successful surface
sterilization. Following the sterilization process, batches of seeds were ground with a
sterile mortar and pestle in sterile R2A broth, while seeds of maize, rice and soy were
also grown in sterile conditions and the roots or shoots of seedlings (without further
sterilization) were crushed by bead beating in a Fastprep24 machine with 3 carbide beads,
1 mL of R2A broth in a 15 mL Falcon tube shaking a& 6M/s for 60 seconds. Extracts of
surface washes, crushed seed, or macerated seedling tissue were serialy diluted by
factors of 1to 10~ and spread onto quadrants on R2A, PDA, LGl or V8juice agar in
order to isolate cultivable seed-borne microorganisms. Plates were incubated a 28°C for
7 days, monitoring for the appearance of colonies daily. After a week, plates were
photographed and different morphotypes of colonies were identified and labeled. These
were then selected for identification by sequencing, backing up by freezing a -80 C as

glycerol stock, and assaying for beneficial functions as described herein.
Plating and scoring d microbes

After 7 days of growth, most bacterial colonies had grown large and distinct enough to

allow differentiation based on colony size, shape, color and texture. Photographs of each
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plate were taken, and on the basis of color and morphotype, different colonies were
identified by number for later reference. These strains were also streaked out onto either
R2A or PDA to check for purity, and clean cultures were then scraped with aloop off the
plate, resuspended in amixture of R2A and glycerol, and frozen away in quadruplicate at
-80°C for later.

Example 3 - Sequence analysis & phylogenetic assignment

To accurately characterize the bacterial endophytes isolated in Example 2, colonies were
submitted for marker gene sequencing, and the sequences were analyzed to provide
taxonomic classifications. Colonies were subjected to 16S rRNA gene PCR amplification
using a 27f/1492r primer set, and Sanger sequencing of paired ends was performed at
Genewiz (South Plainfield, NJ). Raw chromatograms were converted to sequences, and
corresponding quality scores were assigned using TraceTuner v3.0.6beta (US 6,681,186,
incorporated herein by reference). These sequences were quality filtered using PRINSEQ
v0.20.3 [Schmieder and Edwards (201 1) Bioinformatics. 201 1,27:863-864, incorporated
herein by reference] with left and right trim quality score thresholds of 30 and a quality
window of 20bp. Sequences without paired reads were discarded from further processing.
Paired end quality filtered sequences were merged using USEARCH v7.0 [Edgar (2010)
Nature methods 10:996-8]. Taxonomic classifications were assigned to the sequences
using the RDP classifier [Wang et a., (2007) Applied and environmental microbiology
73:5261-7, incorporated herein by reference] trained on the Greengenes database
[McDonald et a. (2012), ISME journal 6:610-8, incorporated herein by reference]. The
resulting 473 microbes, representing 44 distinct OTUs (using a 97% similarity threshold)
are provided in Table 3.

Table 3. Endophytic bacteria isolated from corn, rice and wheat seeds, including
assignment to specific OTUs, corresponding Sequence 1D numbers, Family, Genus,
Taxonomic information and plant source from which the microbe was derived.
Legend: For "Source of seed-origin microbe" "Surface sterilized seeds' = seed-origin
microbes isolated from seeds that were surface sterilized asdescribed inthe

Examples; "Seed surface wash" =microbes derived from the surface of seeds as

118



WO 2015/100432 PCT/US2014/072400

described inthe Examples; "Roots" =seed-origin microbes isolated from roots of
seeds that were germinated in sterile culture; "Roots & Seeds' = seed-origin
microbes isolated from roots and residual seed material that was generated by
germinating seeds under sterile conditions; "Leaves' = seed-origin microbes
isolated from shoots and leavesthat emerged from seeds that were germinated
under sterile conditions.
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Example 4 - In-vitro characterization of bacterial endophytes

Experiment 1

A total of 242 seed-origin bacterial endophytes representing 44 distinct OTUs as
described in Example 3 were seeded onto 96 well plates and tested for various activities
and/or production of compounds, as described below. Determining an endophyte's
capacity to produce industrialy-useful substances such as enzymes and antibiotics is
useful to select which endophytes may be used in a plant bioreactor. In addition,
detection of certain compounds made by the endophytes may be used as surrogate assay
instead of testing directly for the presence of the endophyte by gPCR or sequencing.

The results of these in vitro assays are summarized in Table 4A. Colonies or wells with
no detectable activity were scored as “-“, low activity as "1," moderate activity as "2"
and strong activity as"3."

Production d auxin (SD)

To alow isolates to grow and accumulate auxin, bacterial strains were inoculated into
250 pl, of R2A broth supplemented with with L-tryptophan (5 mM) in 350 ul. deep,
transparent flat bottom, 96 well culture plates. The plates were sealed with a breathable
membrane and incubated a 28 C under static conditions for 3 days. After 3 days the
OD600 and OD530 nm were measured on a plate reader to check for bacterial growth.
After measuring these ODs, 50 ul. of yellowish Salkowski reagent (0.01 M FeC13 in 35%
HC104 (perchloric acid, #31142, Sigma) were added to each well and incubated in the
dark for 30 minutes before measuring the OD530 nm measured to detect pink/red color.

A very large number of bacteria showed a detectable level of pink or red colour
development (the diagnostic feature of the assay suggesting auxin or indolic compound
production) - 169 out of 247. 89 strains had particularly strong production of auxin or
indole compounds. Erwinia and Pantoea species are very similar if not identical
taxonomic groups and can thus be considered together - of atotal of 38 isolates, 23 had
moderate or strong production of auxin or indole compounds in vitro.

Another important group of auxin producing seed-origin bacteria were Pseudomonas
species, 9 of the 14 isolated showed significant production of indoles in this assay.

Ochrobactrum species were also detected as strong producers of indolic compounds in
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this assay, with 15 of 18 showing moderate to strong color change (although all 18 had
detectable colour change in this assay).

Mineral Phosphate Solubilization
Microbes were plated on tricalcium phosphate media as described in Rodriguez et al,
(2001) J Biotechnol 84: 155-161 (incorporated herein by reference). This was prepared
as follows: 10 g/L glucose, 0.373 g/L NH,NO 5, 0.41 g/L MgSO ,, 0.295 g/L NaCl, 0.003
FeCl,, 0.7 g/L CaHPO , 100 mM Trisand 20 g/L Agar, pH 7, then autoclaved and
poured into square Petri plates. After 3 days of growth at 28°C in darkness, clear halos
were measured around colonies able to solubilize the tricalcium phosphate. This was an
agar based assay looking for halos around colonies which signify the solubilization of
opaque tri-calcium phosphate, which resulted in a large number (95) of isolates having
detectable levels of phosphate solubilization (Table 4A). Of these, a least 36 had
moderate to high levels of phosphate solubilization, including several Enterobacter and
Pantoea species.

Growth on nitrogen free LGl media
All glassware was cleaned with 6 M HC1 before media preparation. A new 96 well plate
(300 ul well volume) was filled with 250 ul/well of sterile LGI broth [per L, 50 g
Sucrose, 0.01 g FeCl;-6H,0, 0.8 g K;P0,, 0.2 g CaC12, 0.2 g MgS0 ,-7H,0, 0.002 ¢
Na,Mo0 ,-2H,0, pH 7.5]. Bacteria were inoculated into the 96 wells simultaneously with
a flame-sterilized 96 pin replicator. The plate was sealed with a breathable membrane,
incubated at 28°C without shaking for 5 days, and ODgoo readings taken with a 96 well
plate reader.
In total, of the 247 isolates there were 34 (14%) that had detectable growth under
nitrogen limiting conditions (Table 4B).
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Table 4A. Functional assays to examine the potential for seed-origin microbes to confer novel functions to oops. Legend:

indicates no significant increase; “1”=low activity; “2”=medium activity; “3”=high activity
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SEQI EIE|2|9 2|8 |28
Sym Strain ID| NO: Habitat origin Taxonomy <|©u | ®n A <
SYM00033 | 541 Mexico, Mexico Enterobacter sp. - - 1 1] 1] 2] - -1 3 -
SYMO00173 | 593 Louisiana, USA Pantoea sp. 2] -] 1| 1| -] 2([Yes -| 3| 1
SYMO00176 | 596 India Pantoea sp. 1] -( 1] 1| 2] 1] - -1 211
SYMO00605 | 716 Ancash, Peru - - 1 1| 2| 2 - - 1 -
SYMO00607 | 717 Ancash, Peru - - - - 2| 2 - - 1] 2
SYM0O0608 | 718 Ancash, Peru Pantoea sp. - - - - 1 - - 1 1] 1
SYM00620 | 720 Ancash, Peru Enterobacter sp. - 1 1] 1 - 1 - -1 2] 2
SYMO00658 736 | Holot Yavne, Isracl 1 1 1 1 - 2 - 1 2| 3
SYMO0O0660 | 737 | Holot Yavne, Isracl Pseudomonas sp. - 1 2] 2| 1 - - 1 - 1
SYMQ0011 | 522 Durango, Mexico Pseudomonas sp. - -l - -] -] 1 |Yes -] 2| -
SYMOQO0011b| 523 Durango, Mexico Pseudomonas sp. - - - - - - - - -1
SYMO00013 | 524 Durango, Mexico Pseudomonas sp. - -1 20 2] 2] -]Yes -] 2| -
SYM00014 | 526 Durango, Mexico Pseudomonas sp. - -1 20 2 1] -]Yes -] 2| -
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SEQ ID Ele|ls|n|E S| O £
Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <
SYMO00062 | 557 | Michoacan, Mexico Pseudomonas sp. - -l 20202 -] -1 1] 2] -
SYMOQ00068 | 563 | Michoacan, Mexico Pseudomonas sp. - -2 20 21 1] -1 3] 2| -
SYMO00069 | 564 | Michoacan, Mexico Pseudomonas sp. - - - - - - - - -1 2
SYM00646 | 730 Segou, Mali Pseudomonas sp. - -1 2] 21 3 - - -1 2] -
SYM00649 | 733 Segou, Mali Pseudomonas sp. - -1 21201 - -1 3] 2] -
SYM00650 | 734 Segou, Mali Pseudomonas sp. - 1 2] 2| - - -1 3] 2] -
SYMOQ0657 | 735 | Holot Yavne,Israel Pseudomonas sp. - - 2] 2] - - -1 3] 2] -
SYMO00672 | 738 Valle, Honduras Pseudomonas sp. - -2 21211 -1 3] 1] -
SYMO00709 | 747 Guandong, China Pseudomonas sp. - -1 3] 3| - - - - -1 3
SYMO00013b| 525 Durango, Mexico Curtobacterium sp. - - - - - - - - -1
SYMO00167 | 588 Unknown Curtobacterium sp. - - - - - - - - 1] -
SYMO00171 | 591 Louisiana, USA Curtobacterium sp. - - - - 2] - - - 1] -
SYMO00174 | 594 Unknown Curtobacterium sp. - - - - - - - - 1] 1
SYMO00178 | 598 Guandong, China Curtobacterium sp. - -1 1] 1] - - - -1
SYMO00180 | 600 Guandong, China Curtobacterium sp. - -l - -l - -l - - -1 1
SYMQO0181 | 601 Guandong, China Curtobacterium sp. - -l - -l - -l - - -1 2
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SEQ ID El2l&8|2|E|0 Y&

Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <
SYMO00235 | 622 Louisiana, USA Curtobacterium sp. - - 1] 1| -] 1 ]Yes -| 3| 3
SYM00244 | 626 Curtobacterium sp. - -1 1 -] 1] - - -1 1
SYMO00525 | 654 | Rangoon, Myanmar  Curtobacterium sp. - - - - - - - -1 2] 1
SYMO00625 | 724 Indiana, USA Curtobacterium sp. - -2 2] - - - 1] 1] -
SYMO00645 | 729 Segou, Mali Curtobacterium sp. - - - -1 3] - -1 3] 1] -
SYM00647 | 731 Segou, Mali Curtobacterium sp. - - 1] 1 - - - - 1] 3
SYMO00690 | 740 Hunan, China Curtobacterium sp. - - - - - - - 11111
SYMO00691 | 741 Hunan, China Curtobacterium sp. - - - - - - -1 1] -1 1
SYMO00693 | 742 Hunan, China Curtobacterium sp. - -1 1 - - -1 1] -1 1
SYMQ0712 | 748 Guandong, China Curtobacterium sp. - - 1] 1] - - -1 1] 1 -
SYMO00716 | 752 Louisiana, USA Curtobacterium sp. - - - - - - - 1] 111
SYMO00722 | 753 Louisiana, USA Curtobacterium sp. - -1 1 - - - 1] 1] -

SYMO00731B| 756 Louisiana, USA Curtobacterium sp. - - - - - - -1 1] 1 -
SYM00784 | 773 Thailand Curtobacterium sp. 2| - - - - - - -1 -
SYMOO0188 | 605 USA Paenibacillus sp. - - - - - - - - -1 2
SYMO00190 | 607 USA Paenibacillus sp. - -1 1 -] 1] - - - -
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SEQ ID El2l&8|2|E|0 Y&

Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <
SYMO00195 | 610 USA Paenibacillus sp. - - - - -1 2] - - -1 2
SYMO00217 | 616 Unknown Paenibacillus sp. - - - - -1 2] - - - -
SYM00227 | 619 Unknown Paenibacillus sp. - -1 10 -1 1] -] 1] - -
SYM00597 | 711 Peru Paenibacillus sp. - - - - - 1] - - -1 3
SYMO00017b| 532 Arkansas, USA Pantoea sp. - - 1] 1 - 2] - -1 3 -
SYMQO0Q018 | 534 USA Pantoea sp. - - - - - - - -1 2] -
SYMO00020 | 535 USA Pantoea sp. - - - - - | 1| Yes| -| 3| -
SYMO00022 | 537 | Guererro, Mexico Pantoea sp. - -1 1) 1) -] - -1 2] -
SYMO00025 | 538 USA Pantoea sp. - -1 1 - - - -1 211
SYMO00043 | 544 USA Pantoea sp. - - 1] 1| 1] 2]|Yes -| 1| -
SYMO00047 | 546 USA Pantoea sp. - -1 1 -1 2] - - 1] 1
SYMO00049 | 547 USA Pantoea sp. - - - - 1] - - -1 311
SYMO00055 | 553 USA Pantoea sp. - -1 1 1] 2] - - - -
SYMOQO0057 | 554 USA Pantoea sp. - - - - - - - - - 1
SYMO00058 | 555 USA Pantoea sp. - - - - - - - - -1 3
SYMO00078 | 568 Columbia Pantoea sp. 3] 1] 1] 1| 1] 2|Yes -] 3 -
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SEQ ID El2l&8|2|E|0 Y&

Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <

SYMO00081 | 569 USA Pantoea sp. - - 1] 1| 1] 2]|Yes -| 1| -
SYMO00082a| 570 USA Pantoea sp. - - - - 1] -|Yes -] 1] -
SYMOQO0085 | 571 Cuba Pantoea sp. - - il 1] 1] 2] - - 1| 1
SYMOQ00086 | 572 Peru Pantoea sp. - - 1/ 1] 1] 2] - - 1] 1
SYMO0088 | 574 Peru Pantoea sp. - - - - - - - - -1 3
SYMQ00094 | 576 USA Pantoea sp. - - 1| 1| 1] 2] Yes - il 1
SYMO00095 | 577 USA Pantoea sp. - - 1] 1| 1] 2]Yes -] 1|1
SYMO00096 | 578 USA Pantoea sp. - -1 1] 1] - - - 1] 1
SYMOQO0100 | 579 USA Pantoea sp. 1 i1 1/ 1] 1 - -1 3 -
SYMO00101 [ 580 USA Pantoea sp. - - - - 1] - - - 2] -
SYMO00502 | 639 USA Erwinia sp. - - - -1 1 - -1 3] -
SYMO00506 | 641 USA Erwinia sp. - -1 1] 1] 1] - -1 3] 1
SYMO0506b| 642 USA Erwinia sp. -1l i1 1] - -1 3] 3
SYMO00511 | 647 | Virgin Islands, USA Erwinia sp. - - - - - - - -1 211
SYMO00514b| 649 | Virgin Islands, USA Erwinia sp. - - - -l -1 2] - -1 3] 3
SYM00514C| 650 | Virgin Islands, USA Erwinia sp. - - - - - - -1 3] -11

CEYOA/ST X oav

00¥TLO/FTOTS]I /LDd



Lol

|l 2|l &
2|22l E|alE|E
515|188 2|8|a|2]2E
g8l el 2| EE|L]S|S]8
2| 2| 5| |5 |E|®| 2|82
Clb|s || ||z 8| 5|,
= w | 3|8 |2 |@n g | g | <« O
5 ) = 5 n [} ] m N Q
én | N o ol | 8| = S 5|2
E1E1S|%|8|E| 82128
< | @|E|E|23|8|E|vw|B|*"
SEQ ID El2l&8|2|E|0 Y&

Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <
SYMOQ0514D| 651 | Virgin Islands, USA Erwinia sp. - - - - - - - -1 2] 3
SYMOO731A[ 755 Louisiana, USA Erwinia sp. - -1 1y -1 1] -] 1] 2 -

SYMO0785 | 774 Thailand Erwinia sp. 1| 1| 1| 1] -] 2| -] 1] 2] -
SYMO00544 | 663 Ecuador Ochrobactrum sp. -1 1] - - - 1] - -1 3] -
SYMO00545B| 665 Ecuador Ochrobactrum sp. -1 1] - - - - - - 2] -
Magdalena,
SYM00548 | 667 Colombia Ochrobactrum sp. - 1| - - -1 1] - - 2] -
Magdalena,
SYMO00552 | 670 Colombia Ochrobactrum sp. -1 1] - - - - - - 2711
SYMO00558 | 675 | Narino, Colombia Ochrobactrum sp. - 1] - - - 1] - - 2] -
SYMO00580b| 689 Peru Ochrobactrum sp. - 1] - - - - - - 1] -
SYMO00580d| 691 Peru Ochrobactrum sp. - 1] - - - - - - 2] -
SYMO00583 | 699 Columbia Ochrobactrum sp. - 1] - - - 1] - - 2] -
SYMO00584 | 700 Columbia Ochrobactrum sp. - - - - - 1] - - 2] -
SYMOQ0588 | 705 Columbia Ochrobactrum sp. - 1| - - -1 2] - -1 2] 2
SYMO00596 | 710 Peru Ochrobactrum sp. - 1] - - - 1] - -1 2] 3
SYMO00600 | 713 Peru Ochrobactrum sp. - 1] - - -1 2] - - 2] -
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SEQ ID El2l&8|2|E|0 Y&

Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <
SYMO00746 | 757 South Korea Ochrobactrum sp. 1] 1] - - - 1] -/ 1] 1] 1
SYM00752 | 759 Mexico, Mexico Ochrobactrum sp. 1] 1] - - -1 1] -] 1] 2] -
SYMO0(0756 | 761 Mexico, Mexico Ochrobactrum sp. 1| - - - -l 1] -1 1] 1] -
SYMO00763 | 767 Mexico, Mexico Ochrobactrum sp. 1| - - - -1 1] - - 2] -
SYMO00783 | 772 Thailand Ochrobactrum sp. 1) 1] - - -1 1] - - 2] -
SYMOQO812 | 775 Ashanti, Ghana Ochrobactrum sp. - - - - - - - -1 2] -
SYMQ00064a| 560 | Michoacan, Mexico  Stenotrophomonas sp. | - - - - - - - - 1] -
SYMO00183 | 603 Amazonas, Brazil  Stenotrophomonas sp. | - - - - - - - - 1] 2
SYMQ0O184 | 604 | Amazonas, Brazil  Stenotrophomonas sp. | - - - - - - - - 1] 3
SYM00543 | 662 Ecuador Bacillus sp. 1] 1] - - - - - -1 -
SYMO00595 | 709 Peru Bacillus sp. 1] 1] - - - - - - 1] -

SYMO0580C| 690 Peru Achromobacter sp. - - - - 1] - - 1] 1] -
Magdalena,

SYMO00547 | 666 Colombia Achromobacter sp. - - - - 2] - - 1] 1] -
Magdalena,

SYM00551 | 669 Colombia Achromobacter sp. - 1| - -1 -] -1 2] 1] -

SYM00560 | 676 | Narino, Colombia Achromobacter sp. - - - - 1] -] - -1 2] -
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SEQ ID El2l&8|2|E|0 Y&

Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <

SYMO00565B| 681 Mexico Achromobacter sp. - - - -1 1] -1 1] 1] 1
SYMO00580i| 694 Peru Achromobacter sp. - 1] - - - - - - 1] -
SYMO00585 | 701 Columbia Achromobacter sp. - - - -1 20 -1 1] 2] -
SYMO00586b| 702 Columbia Achromobacter sp. -1 1] - - 2] - - - 2] -
SYMO00588b| 706 Columbia Achromobacter sp. - - - - - - - -1 3] 2
SYMO00591 708 Peru Achromobacter sp. - - - - - - -1 311 -
SYM00602 | 715 Ancash, Peru Achromobacter sp. - -l - -1 3 -] - - 1] 2
SYMO0(Q758 | 763 Mexico, Mexico Achromobacter sp. - - - - - - -1 3] 1] -
SYMO00761 | 765 Mexico, Mexico Achromobacter sp. - -l - -1 -] -1 1] - -
SYM00764 | 768 Mexico, Mexico Achromobacter sp. - - - -1 -] -1 1] 1] -
SYMO00765 | 769 Mexico, Mexico Achromobacter sp. - - - - - - - - -1 3
SYMO00824 | 777 | Kabul, Afghanistan Achromobacter sp. -1 1] - - - - -1 3] 1] -
SYMO00828 | 778 | Kabul, Afghanistan Achromobacter sp. - - - - 1] - - - 1] -
SYMO00830 | 779 | Kabul, Afghanistan Achromobacter sp. - - - - - - -1 3] 1] -
SYMO00831 | 780 | Kabul, Afghanistan Achromobacter sp. - - - -1 1 -1 1] 1] -
SYMO00028 | 540 Arizona, U.S. Enterobacter sp. 1) 1{ 1] 1| -] 1] - - 1] 3
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SEQ ID| Elele|lw 2|0 Y|k

Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <

SYMO00052 | 550 Guererro, Mexico Enterobacter sp. - -1 1 -] 1] - - 1] 1
SYMO00053 | 551 Guererro, Mexico Enterobacter sp. - -1 1 -] 1] - - -1 1
SYMO00054 | 552 Guererro, Mexico Enterobacter sp. - - - - 1] - - - -1 3
SYMO0O0175 | 595 Unknown Enterobacter sp. - - 1] 1] 1] 2]Yes -] 1] -
SYM00627 | 725 Indiana, USA Enterobacter sp. 1/ 2] 1] 1 - 2] - 1 -1 3
SYMOQO715 | 751 Guandong, China Enterobacter sp. - - - - - 2] - 1 - 2
SYMO00189 | 606 USA Bacillus sp. - - - - - - - - -1 1
SYM00192 | 608 USA Bacillus sp. - -l - -l - -l - -l - -
SYMO00197 | 611 USA Bacillus sp. - - - - - - - - 1] 2
SYM00201 | 612 USA Bacillus sp. - - - - - - - - 1] -
SYM00202 | 613 USA Bacillus sp. - - - - -1 2] - - - -
SYMO00215 | 615 Unknown Bacillus sp. - - - - - - - - -1 3
SYM00233 | 621 Unknown Bacillus sp. - - - - - - Yes -] 2] 1
SYM00016b| 529 Arkansas, USA Methylobacterium sp. | - - 1] 1] - - - - 11
SYMO00236 | 623 Louisiana, USA Methylobacterium sp. | - - 1] 1| -] 1]Yes 1] - -
SYMO00237 | 624 Louisiana, USA Methylobacterium sp. | - - 1] 1| -] 1 ]Yes 1| 2| -
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Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <
SYMO00240 | 625 Unknown Methylobacterium sp. | - - 1] 1| -] 1]Yes 3| - -
SYMO00501 | 638 USA Burkholderia sp. 3] 1] - - 2] - -1 3] 2] -
SYMO00504 | 640 USA Burkholderia sp. 3| 1] - -l 20 -1 -13]1 2] -
SYMO00536 | 656 Oyo, Nigeria Burkholderia sp. 3| 1] - -1 3/ 1] -] 1] 2] -

SYMOOS38E| 659 Oyo, Nigeria Burkholderia sp. 1] 1 - -1 211 -1 3] 1 -
SYMOO566A| 682 Mexico Burkholderia sp. 2 1 - -1 2] - -1 3 -1 3
SYMO00568 | 683 Mexico Burkholderia sp. 2 1] - - 2] - -1 31 1] -
SYMO00570 | 684 Mexico Burkholderia sp. 2 1] - - 2010 -1 3] 1] -
SYMO00574 | 685 Haiti Burkholderia sp. 2 1] - -2 1] -1 3] 1] 1
SYMO00575 | 686 Haiti Burkholderia sp. 3] 1] - -2 10 -1 3] 1] -
SYMO00578 | 687 Peru Burkholderia sp. 2 1] - - 202 -1 3] - -
SYM00621 | 721 Indiana, USA Burkholderia sp. 1] 1] - -1 3] - -1 3] 1] -
SYMO00623 | 722 Indiana, USA Burkholderia sp. 1] 1] - -1 3] - -1 3] - -
SYM00624 | 723 Indiana, USA Burkholderia sp. 1] 1] - -1 3] - -1 3] - -
SYMO00633 | 727 Peru Burkholderia sp. 1| 1| 1| 1] -] 2] -] 1] 3] 3
SYMQ0822 | 776 Ashanti, Ghana Burkholderia sp. - - - -1 3] 1] - - - -
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SEQ ID El2l&8|2|E|0 Y&

Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <
SYMQ00037 | 543 USA Bacillus sp. - - - - - - - - -2
SYMO00051 | 549 | Guererro, Mexico Microbacterium sp. -1 2] - - 2] -] - -1 2] 2
SYMO00104 | 582 Peru Microbacterium sp. 1| - - - - - | Yes| - - -
SYMO00177 | 597 India Microbacterium sp. - - - - - - - - 1] 3

SYMO0514A| 648 | Virgin Islands, USA  Microbacterium sp. - - - - - - - -1 2] 2

SYMO00523 [ 652 | Rangoon, Myanmar  Microbacterium sp. - - - - - - - -1 2] 2
SYMO0S38H| 660 Oyo, Nigeria Microbacterium sp. - -l - -l - -l - - -1 2

SYM00542 | 661 Ecuador Microbacterium sp. - -1 1] - -l - - 1] 1

Magdalena,

SYMO00556 | 674 Colombia Microbacterium sp. - -1 1 - - - - 3] -
SYMOO581A| 695 Peru Microbacterium sp. - - - - - - - -1 2] 3
SYMO00586¢| 703 Columbia Microbacterium sp. - -1 1] - - - - 2] 2

SYMO00587 | 704 Columbia Microbacterium sp. - -2 2] - - - - 2711

SYMOQ00598 | 712 Peru Microbacterium sp. - - - - - - - - 1] 2

SYMO0(0757 | 762 Mexico, Mexico Microbacterium sp. - - - - - - - 1] -13

SYMO00760 | 764 Mexico, Mexico Microbacterium sp. - - - - - - - 1] -1 2

SYMO00780 | 771 Kentucky, USA Microbacterium sp. - - - - 1] - - - 1] -
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Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <
SYMQ00832 | 781 | Kabul, Afghanistan  Microbacterium sp. 1| - - - - - - - -1 1
SYMO00015 | 528 Arkansas, USA Xanthomonas sp. 1] -[ 2] 2| 2] -]Yes -] 1|1
SYMO00021 536 Guererro, Mexico Xanthomonas sp. 2 -1 3] 3| 2| - - -1 2] -
SYMO00179 | 599 Guandong, China Xanthomonas sp. 1| - 2] 2| -] 1] - - 1] 1
SYMO00182 | 602 Guandong, China Xanthomonas sp. 1) -(1} 1] -1 1] -1 1] 3] 3
SYMO00252 | 630 Guandong, China Xanthomonas sp. - - - - - - | Yes| - - -

SYMOOS65A| 680 Mexico Rhodococcus sp. -1 - - -1 1] - -l - -
SYMO0580G| 693 Peru Rhodococcus sp. - 1] - -2 1] - - 1] -
SYMO0(0753 | 760 Mexico, Mexico Rhodococcus sp. 1) 1] - - - - [ Yes 1| 1] 2
SYMO0(0762 | 766 Mexico, Mexico Rhodococcus sp. 1| - - - 1] 1 |Yes -] 1] -
SYMO00775 | 770 Kentucky, USA Rhodococcus sp. 1] 1] - - 2] 1 |Yes 1] 1] -
SYMO00589 | 707 Columbia Paenibacillus sp. - - - - - - - -1 3] 2
Burkholderia
SYMO00057B| 1446 USA phytofirmans - 1 1| 1] 1] 1 ]Yes 3| 1 -
SYM00102 | 581 Colombia Staphylococcus sp. - - - - - - - - -1 2
SYM00072 | 566 Durango, Mexico Bacillus sp. 2| - | - -l - -l - -1 -1 3
SYMQ0075 | 567 Durango, Mexico Bacillus sp. 2| - - - - - - -1 -1 3
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SEQ ID El2l&8|2|E|0 Y&

Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <
SYM00249 | 628 Guangxi, China Bacillus sp. - - - - - - - - - -
SYMO00507 | 645 USA Bacillus sp. 2 1] - - - - - -1 211

Magdalena,
SYMO00553 | 671 Colombia Bacillus sp. -1 1] - - - - - - -1 1
SYMO00562 | 677 | Narino, Colombia Bacillus sp. 2| - | - -l - -l - -l - -
SYM00564 | 679 | Narino, Colombia Bacillus sp. 20 1| - - - - - - - -
SYMOOS80E| 692 Peru Bacillus sp. -1 1] - - 1] - - - -1 1
SYMO0581b| 696 Peru Bacillus sp. 2| - - - - - - -1 2] 3
SYMO00581c| 697 Peru Bacillus sp. - - - - - - -1 1] 1] 3
SYMO00601 714 Peru Bacillus sp. 1 - - - - - - - -1 3
SYMO00036 | 542 USA Bacillus sp. 3] 2| - - - - - - -1 3
SYMO00110 | 586 Cuba Bacillus sp. 3] 1] - - - - [ Yes -| 1] -
SYMQ0193 | 609 USA Bacillus sp. 3 - -1 -1 -1 -1-1-1-11
SYMQ00218 | 617 Unknown Bacillus sp. 3| 1 - - - 1 - - - -
SYMO00250 | 629 Guangxi, China Bacillus sp. -1 1] - - - | 1] Yes - - -
SYMO00697 | 745 | Northern Cameroon Bacillus sp. 3] 3| - - - - - - -1 3
SYMO00704 | 746 | Northern Cameroon Bacillus sp. 3] 3] - - - - - - -1 3
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SEQ ID £l2|2g|= 2150 |&

Sym Strain ID| NO: Habitat origin Taxonomy <|wn|®n A <
SYMO00017¢c| 533 Arkansas, USA Sphingomonas sp. - -1 1 - - [ Yes -| 2] 1
SYMO00062b| 558 | Michoacan, Mexico Sphingomonas sp. - - 1] 1] - - - -1 3] 1
SYMOQ00065 | 561 | Michoacan, Mexico Sphingomonas sp. - - - - - - - - -1 1
SYMO00168 | 589 Unknown Sphingomonas sp. - 1] 20 2] -] 2[Yes -| 2] 1
SYM00169 | 590 Unknown Sphingomonas sp. - 1 2| 2| -] 2|Yes -] 3] 3
SYMO00231 [ 620 Unknown Sphingobium sp. - 1] 2] 2] 1| 2|Yes -| 2| -
SYMO00975 | 843 South Korea Herbaspirillum sp. - - - -2 2 - - -1 3
SYMO00506c| 643 USA Paenibacillus sp. - - - - - - - -1 311
SYMO00506D| 644 USA Paenibacillus sp. - - - - - - - -1 2] -
SYMO00545 | 664 Ecuador Paenibacillus sp. - 1| - - - - - - 2] -

Magdalena,
SYM00549 | 668 Colombia Paenibacillus sp. - - - - - - - - 1] -
Magdalena,
SYM00554 | 672 Colombia Paenibacillus sp. - 1| - - - - - - 1] 1
Magdalena,
SYMO00555 | 673 Colombia Paenibacillus sp. -1 1] - - - - - - - -
SYMQ00012 | 1447 | Durango, Mexico  Microbacterium binotii| 1| - | - - -1 1] - - 1] 1
SYM00046 | 545 USA Enterobacter sp. 1/ 3] 1] 1] 2] 1 - - 1] 3
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Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <
SYMO00050 | 548 USA Enterobacter sp. - 211 1] 1] 1] - - 2] 2
SYMO00628 | 726 Indiana, USA Enterobacter sp. 1) 1({1] 1| -] 1] -1 1] 3] 3
SYMO00106 | 583 Peru Micrococcus sp. - -1 1] - - | Yes| - - -
SYMO00107 | 584 Peru Micrococcus sp. - - - - - - | Yes| - -1
SYMO00108 | 585 Peru Micrococcus sp. - -1 1] - - | Yes| - - -
SYMO00090 | 575 USA Chryseobacteriumsp. | 1 | - - - 1] - - - - -
SYM00002 | 521 Durango, Mexico Agrobacterium sp. - -2 2| - -l - -1 3 -
SYMQO0017a| 531 Arkansas, USA Agrobacterium sp. - -2 2| - -l - -1 3 -
SYMO00714 | 750 Guandong, China Agrobacterium sp. - -1 1 - - -1 1] 2] -
SYMO00060 | 556 Peru Staphylococcus sp. - - - - - - - - -1 3
SYMO00071 | 565 Durango, Mexico Bacillus sp. - - - - - - - - -1 2
SYM00204 | 614 USA Bacillus sp. - - - - - - - - - -
SYM00563 | 678 | Narino, Colombia Bacillus sp. - - - - - - - - - -
SYMQ0617 | 719 Ancash, Peru Bacillus sp. - - - - - - - - 1] 2
SYMO00960 | 831 Louisiana, USA Luteibacter sp. - - - -1 2] - - - -1 3
SYM00940 | 815 Zhejian, China - - - - - 1] - - -1 3
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SEQ ID| Elele|lw 2|0 Y|k

Sym Strain ID| NO: Habitat origin Taxonomy <|®u|®n P <
SYMO00713 | 749 Guandong, China Erwinia sp. - 1] 11} 1)1 -] 1] 2|1
Mindanao,

SYM00992 | 856 Phillipines Sphingomonas sp. - -l - - -1 2] - - -1 2
SYMO00063 | 559 | Michoacan, Mexico  Microbacterium sp. 1 - - - - - - - 1] 3
SYM00226 | 618 Unknown Microbacterium sp. - -l - -l - -l - -l - -
SYM00246 | 627 Unknown Microbacterium sp. - 1| - - - - - - 1] 1
SYMO00524 | 653 | Rangoon, Myanmar  Microbacterium sp. - - - - - - - - 1] 3
SYMO00199 | 1448 USA Bacillus sp. - - - - -1 2] - - - -
SYMO00172 | 592 Louisiana, USA Pantoea sp. 2] -] 1| 1] 3] 2{Yes -| 3] 3
SYMO00527 | 655 | Rangoon, Myanmar Erwinia sp. - -1 1 -] 1] - -1 311
SYM00644 | 728 Segou, Mali Erwinia sp. - - 1] 1] 1] 1 -1 3] 2] 2
SYMO00648 | 732 Segou, Mali 1, 1] -] -] 1] 2] -] 1] 1] 3
SYMOO538A| 658 Oyo, Nigeria Sphingomonas sp. - -1 1] - - - - 2] -
SYMO00508 | 646 USA - -l 1)1 - 1] -] -1 2] -
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All of these groups are known to have representatives with the potential to fix
atmospheric nitrogen; however chief among these were Bacillus, Burkholderia,

Enterobacter, Methylobacteria, and Pseudomonas.

Table 4B:
Genus Seed-origin isolates growing on N Free
Media
Bacillus sp. 3
Burkholderia sp. 1
Curtobacterium sp. 1
Enterobacter sp. 1
Methylobacterium sp. | 3
Microbacterium sp. 1
Micrococcus sp. 3
Pantoea sp. 9
Pseudomonas sp. 3
Rhodococcus sp. 3
Sphingobium sp. 1
Sphingomonas sp. 3
Xanthomonas sp. 2

ACC Deaminase Activity

Microbes were assayed for growth with ACC as their sole source of nitrogen. Prior to
media preparation all glassware was cleaned with 6 M HCI. A 2 M filter sterilized
solution of ACC (#1373A, Research Organics, USA) was prepared in water. 2 pl/mL of
this was added to autoclaved LGI broth (see above), and 250 ul., aliquots were placed in a
brand new (clean) 96 well plate. The plate was inoculated with a 96 pin library replicator,
sealed with a breathable membrane, incubated a 28°C without shaking for 5 days, and
OD600 readings taken. Only wells that were significantly more turbid than their
corresponding nitrogen free LGl wells were considered to display ACC deaminase

activity.
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In total, of the 247 isolates there were 68 (28%) which had greater growth on nitrogen

free LGl media supplemented with ACC, than in nitrogen free LGI. Of these, only 11%

had very high ACC deaminase activity and these were mostly strains of Achromobacter,

Burkholderia, and Pseudomonas (see Table 4C). Chief amongst these were Burkholderia

species which held ACC deaminase as their most distinctive in vitro characteristic - 94%

or 15 out of 16 Burkholderia isolates had ACC deaminase activity. Of Burkholderia

isolates, 81% had strong ACC deaminase activity, while only 42% of Achromobacter

species (5 of 12 isolates) had strong ACC deaminase activity, and next were

Pseudomonas where only 5 of 14 isolates (42%) had strong activity. Many Curtobacteria

isolates appeared to have ACC deaminase activity as well, however these were all rated

low (as 1) and thus of less interest than the preceeding groups of isolates.

Table 4C:

Seed-Origin Isolates growing
on ACC as the sole Nitrogen

Genus Source

Achromobacter sp. 12

Agrobacterium sp. 1

Bacillus sp. 1

Burkholderia sp. 15

Curtobacterium sp. 9

Enterobacter sp. 3

Erwinia sp. 5

Methylobacterium sp. | 3

Microbacterium sp. 2

Ochrobactrum sp. 3

Pantoea sp. 1

Pseudomonas sp. 7

Rhodococcus sp. 2

Xanthomonas sp. 1
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Acetoin and diacetyl production

The method was adapted from Phalip et al., (1994) J Basic Microbiol 34: 277-280.
(incorporated herein by reference). 250 ml of autoclaved R2A broth supplemented with
0.5% glucose was aliquoted into a 96 well plate (#07-200-700, Fisher). The bacterial
endophytes from a glycerol stock plate were inoculated into the plate using a flame-
sterilized 96 pin replicator, sealed with a breathable membrane, then incubated for 3 days
without shaking a 28°C. At day 5, 50 pi/well was added of freshly blended Barritt's

Reagents A and B [5 g/L creatine mixed 3:1 (v/v) with freshly prepared «-naphthol (75

g/L in 25 M sodium hydroxide)]. After 15 minutes, plates were scored for red or pink
coloration relative to a copper colored negative control (measured as 525 nm absorption
on aplate reader).

A large number of seed-origin bacteria showed a detectable level of pink or red color
development (126 out of 247; See Table 4A). 70 of 247 isolates had strong production of
acetoin or butanediol as detected by this assay. Bacillus (13 of 33), Enterobacter (8 or 16)
and Microbacterium (12 of 21) species were the most intense producers of
acetoin/butanediol in this collection. In addition, two of the three isolates of

Stenotrophomonas included in this study were also strong acetoin/butanediol producers.

Sderophoreproduction

To ensure no contaminating iron was carried over from previous experiments, al
glassware was deferrated with 6 M HC1 and water prior to media preparation [Cox (1994)
Methods Enzymol 235: 315-329, incorporated herein by reference]. In this cleaned
glassware, R2A broth media, which is iron limited, was prepared and poured (250
ul/well) into 96 well plates and the plate then inoculated with bacteria using a 96 pin plate
replicator. After 3 days of incubation a 28°C without shaking, to each well was added
100 ul of O-CAS preparation without gelling agent [Perez-Miranda et a. (2007), J
Microbiol Methods 70: 127-131, incorporated herein by reference]. One liter of O-CAS
reagent was prepared using the cleaned glassware by mixing 60.5 mg of chrome azurol S
(CAS), 72.9 mg of hexadecyltrimethyl ammonium bromide (HDTMA), 30.24 g of finely
crushed Piperazine-l,4-bis-2-ethanesulfonic acid (PIPES) with 10 ml of 1 mM
FeCl3-6H,0 in 10 mM HC1 solvent. The PIPES had to be finely powdered and mixed
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gently with stirring (not shaking) to avoid producing bubbles, until a deep blue color was
achieved. 15 minutes after adding the reagent to each well, color change was scored by
looking for purple halos (catechol type siderophores) or orange colonies (hydroxamate
siderophores) relative to the deep blue of the O-CAS.

Siderophore production by bacteria on a plant surface or inside a plant may show that a
microbe is equipped to grow in a nutrient limited environment. We searched for two
types of siderophore that result in purple color change (catechol type siderophores) or
orange color change (hydroxamate siderophores) after addition of the blue O-Cas reagent
to 96 well plates. A large number of bacteria showed a detectable level of color change
relative to the deep blue of the O-CAS; 80 out of 247. Notably, 32 of 247 strains had
strong production of siderophores (see Table 5). Interestingly, strong siderophore
producers included a large number (14) of the 16 Burkholderia isolates. Many isolates of
Achromobacter (9 of 12) and Pantoea (15 of 26) were able to induce weak colour change
in the O-CAS material.

Table5:
Genus Seed-origin Isolates Producing Strong
Siderophores

Achromobacter sp. 3
Burkholderia sp. 14
Curtobacterium sp. 2
Enterobacter sp. 1
Microbacterium sp. 1

Pantoea sp. 2
Pseudomonas sp. 5
Rhodococcus sp. 2
Xanthomonas sp. 2

Pectinase activity
lodine reacts with pectin to form a dark blue-colored complex, leaving clear halos

as evidence of extracellular enzyme activity. Adapting a previous protocol [Soares et al.
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(1999) Rev de Microbiol 30: 299-303, incorporated herein by reference] 0.2%(w/v) of
citrus pectin (#76280, Sigma) and 0.1% triton X-100 were added to R2A media,
autoclaved and poured into 150 mm plates. Bacteria were inoculated using a 96 pin plate
replicator. After 3 days of culturing in the darkness a 25 C, pectinase activity was
visualized by flooding the plate with Gram's iodine. Positive colonies were surrounded by
clear halos. In our study, a large number, roughly 83 of the 247 isolates, had detectable
pectinase activity, and 21 of these isolates had moderate to strong results visualized as

medium to large halos - caused by copious diffusion of enzyme away from the bacteria.

Cedllulase activity

lodine reacts with cellulose to form a dark brown/blue-colored complex, leaving
clear halos as evidence of extracellular enzyme activity. Adapting a previous protocol
[Kasana et a. (2008), Curr Microbiol 57: 503-507, incorporated herein by reference]
0.2% carboxymethylcellulose (CMC) sodium salt (#C5678, Sigma) and 0.1% triton X-
100 were added to a starch free variant of R2A media, autoclaved and poured into 150
mm plates. Bacteria were inoculated using a 96 pin plate replicator. After 3 days of
culturing in the darkness at 25 C, cellulose activity was visualized by flooding the plate
with Gram's iodine. Positive colonies were surrounded by clear halos.

In our study, a large number, roughly 83 of the 247 isolates, had detectable
cellulose activity, and 21 of these isolates had moderate to strong results visualized as

medium to large halos - caused by copious diffusion of enzyme away from the bacteria.

Antibiosis

Briefly, colonies of either E. coli DH5a (bacterial tester) or yeast strain Saccharomyces
cerevisiae AH109 (fungal tester) were resuspended in 1 mL R2A broth to an OD600 of
0.2, and 40 uL of this was mixed with 40 mL of warm R2A agar for pouring a single
rectangular Petri dish. Seed derived bacteria were inoculated onto plates using a flame
sterilized 96 pin plate replicator, incubated for 3 days a 28 C. Antibiosis was scored by
observing clear halos around endophyte colonies.

A total of 59 and 72 isolates showed antibiosis activity against either E. coli or yeast,
respectively (Table 4A). Antibiotic production by bacteria on a plant surface or inside a
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plant can be used on an industrial scale. Interestingly, three groups of bacteria, the
Bacilli, Enterobacters and Burkholderia both had a large proportion of isolates (up to
45%, 50% and 88% respectively) which were inhibiting growth of E. coli and yeast,
suggestive of a common mechanism of antiobiosis such as production and secretion of a
broad spectrum antibiotic. As antibiosis effects were detected in the same 14 strains of
Burkholderia that produced siderophores, Burkholderia mediated antibiosis may have
been be caused by localized iron starvation, inhibiting both yeast and E. coli growth. A

large number of Ochrobacterum isolates also had antagonism towards yeast growth.

Experiment 2

The following bacteria endophytes were characterized: Caulobacter sp. (FA 13),
Pantoea sp. (FF 34), Sphinogobium sp. (FC 42), Pseudomonas sp. (FB 12), Enterobacter
sp. FD17, Micrococus sp. S2, Bacillus sp. S4, Pantoea sp. S6, Actinobacter sp. S9,
Paenibacillus sp. S10.

Experiment description

Bacterial strains from overnight grown cultures in TSA broth were streaked on
TSA agar plates and incubated a 30°C. After 24 h, the color and shape of colonies were
noted. Cell moatility and shape of single colony was observed under light microscope
(Nikon, Japan).

The pH limits for bacterial growth was determined adjusted to pH values between
5and 12 in triplicate. The dependence of bacterial growth on different salt concentrations
was determined in the same medium containing 1-6% NaCl. Furthermore, the ability to
grow in methanol/ethanol as sole carbon source was anayzed.

Bacterial capacity to aggregate formation may positively affect their dispersal and
surviva in the plant environment and adsorption to plant roots. The extent of aggregation
formation was measured in six replicates following the method of Madi and Henis (1989)
with some modifications. Aliquots of liquid culture containing aggregates were
transferred to glass tubes and alowed to stand for 30 min. Aggregates settled down to the
bottom of each tubes, and the suspension was mostly composed free of cells. The

turbidity of each suspension was measured at 540 nm (ODs) with a microplate reader
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(Synergy 5; BioTek Instrument Inc., Winooski, USA). Cultures were then dispersed with
a tissue homogenizer for 1 min and the total turbidity (OD) was measured. The
percentage of aggregation was estimated as follows:

% aggregation = (ODt - ODs) x 100 / ODt

Motility assays (swimming, swarming and twitching) were performed following
the methods of Rashid and Kornberg (2000). Swim plates (LB media contained 0.3%
agarose) were inoculated in triplicates with bacteria from an overnight culture on TSA
agar plates grown a 30°C with a sterile toothpick. For swarming, plates (NB media
contained 0.5%> agar and glucose) were inoculated with a sterile toothpick. Twitch plates
(LB broth containing 1% Difco granular agar) were stab inoculated with a sharp
toothpick to the bottom of petri dish from an overnight grown culture in TSA agar plates.

Biofilm formation was analyzed using overnight grown bacterial culture in 96
well microtiter plates by staining with 1% crystal violet (CV) for 45 min. To quantify the
amount of biofilm, CV was destained with 200 pi of 100% ethanol. The absorbance of
150 pi of the destained CV, which was transferred into a new microtiter plate was
measured a 595 nm (modified from Djordjevic e a. 2002).

Biochemical tests such as oxidase, catalase, gelatin hydrolysis and casein
hydrolysis of the selected strains were performed. Oxidase and catalase activities were
tested with 1% (w/v) tetramethyl-p-phenylene diamine and 3% (v/v) hydrogen peroxide
solution, respectively. Gelatin and casein hydrolysis was performed by streaking bacterial
strains onto a TSA plates from the stock culture. After incubation, trichloroacetic acid
(TCA) was applied to the plates and made observation immediately for a period of at
least 4 min (Medina and Baresi 2007).

ACC-deaminase activity of the bacterial strains was tested on Brown & Dilworth
(BD) minimal medium containing 0.7 g M1 ACC as a sole nitrogen source. BD plates
containing 0.7 g I 1 NH4C1 served as positive control and plates without nitrogen were
used as negative control. ACC deaminase activity was recorded after 7 days of incubation
a 28°C.

Auxin production by bacterial isolates both in the presence and absence of L-
tryptophan (L-TRP) was determined colorimetrically and expressed as IAA equivaent
(Sarwar et a. 1992). Two days old bacterial cells grown (28°C a 180 rpm) in TSA broth
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supplemented with 1% L-TRP solution were harvested by centrifugation (10,000g for 10
min). Three mL of the supernatants were mixed with 2mL Salkowski 'sreagent (12 g L™t
FeCl;in 429 ml L™t H,S0,). The mixture was incubated a room temperature for 30 min
for color development and absorbance a 535 nm was measured using spectrophotometer.
Auxin concentration produced by bacteria isolates was determined using standard curves
for IAA prepared from serial dilutions of 10-100 pg mL ™.

Bacterial strains were evaluated for their ability to solubilize phosphates
(organic/inorganic P). Aliquots (10uL) of overnight bacterial growth culture in TSA
medium were spot inoculated onto NBRI-PBP (Mehta and Nautiyal 2001) and
calcium/sodium phytate agar medium (Rosado et a. 1998). Solubilization of
organic/inorganic phosphates was detected by the formation of a clear zone around the
bacterial growth spot. Phosphate solubilization activity may aso determined by
development of clear zone around bacterial growth on Pikovskaya agar medium
(Pikovskaya 1948).

Bacterial isolates were assayed for siderophores production on the Chrome azurol
S (CAS) agar medium described by Schwyn and Neilands (1987). Chrome azurol S agar
plates were prepared and divided into half (other half filled with Minima medium) and
spot inoculated at the border of both media with bacterial isolates and incubated a 28°C
for 5 days. The CAS agar colour changed from blue to orange or purple was considered
as positive for siderophore production.

For exopolysaccharide (EPS) activity (qualitative), strains were grown on Weaver
mineral media enriched with glucose and production of EPS was assessed visually
(modified from Weaver e a. 1975). The EPS production was monitored as floe
formation (fluffy material) on the plates after 48 h of incubation a 28°C.

Strains were tested for the production of ammonia (NH,) in peptone water as
described by Cappuccino and Sherman (1992). The bacterial isolates were screened for
the production of hydrogen cyanide (HCN) by inoculating King's B agar plates amended
with 4.4 g L™ glycine (Lorck 1948). Filter paper (Whatman no. 1) saturated with picrate
solution (2% Na,CO 5 in 0.5% picric acid) was placed in the lid of apetri plate inoculated
with bacteria isolates. The plates were incubated at 28 + 2°C for 5 days. HCN production
was assessed by the color change of yellow filter paper to reddish brown.
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The bacterial isolates were tested for PHB production (qualitative) following the
viable colony staining methods using Nile red and Sudan black B (Liu & al. 1998;
Spiekermann et a. 1999). The LB plates with overnight bacterial growth were flooded
with 0.02% Sudan black B for 30 min and then washed with ethanol (96%) to remove
excess strains from the colonies. The dark blue colored colonies were taken as positive
for PHB production. Similarly, LB plates amended with Nile red (0.5puL mL™) were
exposed to UV light (312 nm) after appropriate bacterial growth to detect PHB
production. Colonies of PHA-accumulating strains showed fluoresce under ultraviolet
light.

The bacterial strains were tested for AHL production following the method
modified from Cha et al. (1998). The LB plates containing 40 pg mlt X-Gal were plated
with reporter strains (A. tumefaciens NTL4.pZLR4). The LB plates were spot inoculated
with 10pL of bacterial culture and incubated a 28°C for 24 h. Production of AHL
activity is indicated by a diffuse blue zone surrounding the test spot of culture.
Agrobacterium tumefaciens NTL1 (pTiC58AaccR) was used as positive control and plate
without reporter strain was considered as negative control.

Bacterial hydrolyzing activities due to amylase, cellulase, chitinase, lipase,
pectinase, protease and xylanase were screened on diagnostic plates after incubation a
28°C. Amylase activity was determined on agar plates following the protocol Mannisto
and Haggblom (2006). Formation of an opaque halo around colonies indicated lipase
activity. Cellulase and xylanase activities were assayed on plates containing (per liter) 59
of carboxymethyl cellulose or birch wood xylan, 1 g of peptone and 1 g of yeast extract.
After 10 days of incubation, the plates were flooded with gram's iodine staining and
washing with 1M NaCl to visualize the halo zone around the bacteria growth (modified
from Teather and Wood 1982). Chitinase activity of the isolates was determined as zones
of clearing around colonies following the method of Chernin et a. (1998). Protease
activity was determined using 1% skimmed milk agar plates, while lipase activity was
determined on peptone agar medium. Formation of halo zone around colonies was used
as indication of activity (Smibert and Krieg 1994). Pectinase activity was determined on
nutrient agar supplemented with 5 g L™t pectin. After 1 week of incubation, plates were

flooded with 2% hexadecy! trimethyl ammonium bromide solution for 30 min. The plates
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were washed with IM NaCl to visualize the halo zone around the bacterial growth
(Mateos et al. 1992).

The antagonistic activities of bacterial isolates were screened against plant
pathogenic bacteria (Agrobacterium tumefaciens, Pseudomonas syringae, Escherichia
coli, Staphylococcus aureus), fungi (Fusarium caulimons, Fusarium graminarium,
Fusarium oxysporum, Fusarium solani, Rhizoctonia solani, Thielaviopsis basicola) and
oomycetes (Phytophthora infestans, Phytophthora citricola, Phytophthora cominarum).
For antibacterial assays, the bacteria isolates and pathogen were cultivated in TSA broth
a 30°C for 24 h. The bacterial isolates were spot-inoculated (10uL aliquots) on TSA
plates pre-seeded with 100uL tested pathogen. The plates were incubated a 28°C for 48
h and clear zones of inhibition were recorded.

Antagonistic activity of the bacteria isolates against fungi and oomycetes was
tasted by the dual culture technique on potato dextrose agar (PDA) and yeast malt agar
(YMA) media (Dennis and Webster 1971). A smal disk (5 mm) of target
fungus/oomycetes was placed in the center of petri dishes of both media. Aliquots of
IouL of overnight bacterial cultures grown in TSA were spotted 2 cm away from the
center. Plates were incubated for 14 days a 24°C and zones of inhibition were scored.

Strains were tested for tolerance towards selected heavy metals using TSA agar
plates with the addition of 110 mgL-I Cd (Cd N03), 320 mg L-I Cu (Cu S04), 250 mg
L-I Cr (Cr N03), 660 mgL-l Pb (Pb (N03)2), 110 mg L-l Ni (Ni S04) or 320 mg L-I
(Zn S04). The plates were incubated at 28°C for 5 days and metas tolerance was
observed in terms of bacterial growth.

RNAse activity assay

1.5 g of torula yeast RNA (#R6625, Sigma) isdissolved in 1mL of 0.1 M
Na,HPO , a pH 8, filter sterilized and added to 250 mL of autoclaved R2A agar media
which ispoured into 150 mm plates. The bacteria from a glycerol stock plate are
inoculated using a flame-sterilized 96 pin replicator, and incubated at 25°C for 3 days. On
day three, plates are flooded with 70% perchloric acid (#31 1421, Sigma) for 15 minutes
and scored for clear halo production around colonies.

Results
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A range of bacterial characteristics known to contribute to plant growth promotion, stress
tolerance or biocontrol was tested. The results of characterization are summarized in
Tables 6 and 7.

All F-strains showed IAA production (ranging from 1.63 to 10.33 pg mL™t [AA-
equivalent) but with variable degrees of efficacy. Several of the strains, including FA13,
FF34, FC42, FBI2, FD17, $4 and S10 were found to produce significant levels of
siderophore when tested in agar medium containing Chrom azurol S (CAS). Three
strains (FB12, S6 and S10) were found to produce AHL. Aggregation and biofilm
formation were common traits in al tested strains. In the case of motility, six strains
(FA13, FF34, FBI 2, FD17, S6 and S10) were positive for swimming, while FD17, S6
and S10 aso showed swarming.

Bacteria were tested for production of exopolysaccharide (EPS) and poly-
hydroxybutyrate (PHB). Five strains (FF34, FBI 2, FD17, S2 and S6) showed PHB
production, while FA13, FC42, FD17 and S10 were found to produce EPS. Production
of ammonia was commonly detected in all selected isolates but S4 and S10. In contrast,

only Pseudomonas sp. strain FB12 was able to produce HCN.

ACC deaminase activity was found in FD17, FF34, FB12, S2, 4, S6, S9 and S10.
FD17, FF34, FBI 2, S6 and S10 showed P-solubilization, whereas only FD17 showed
production. Only FBI 2 was able to produce HCN. Strain S2 was the only strain not to
show lipase activity. S10 was positive for amylase activity, S2 and S4 showed protease
activity, and pectinase activity was observed with strains S6, S10, FF34, FB12 and FD17.
All strains but FF34 and S9 were positive for cellulase and xylanase activity. Chitinase
was produced by strains FB12, FD17 and $4. All strains showed antagonistic activity
against one or more bacterial pathogens. All strains showed antagonism against different
fungal pathogens and oomycetes but with FD17 and FBI 2 having higher degrees of
efficacy. Strain FD17 showed highest antagonism against F. caulimons, F. solani and P.

citricola.

Table 6 Physico-chemical and growth-promoting characteristics of maize seed-

associated endophytic bacteria Enterobacter sp. (FD17), Agrobacterium sp. (FA13),
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Colony Creamy | Grey Yellow | Yello Grey | Creamy
color white

Colony Round | Round | Round | Round | Round | Round
morphology

Swimming +++ + + - ++ -
Swarming + - - - - -
Twitching + + + - + -
Biofilm

formation

OD (600 0.95+0. | 0.92+0. | 059+0.0 | 0.95+0. | 0.57+0 n.d.
nm) 04 04 2 08 .08

Biofilm 0.83£0. | 0.23+0. | 0.22+0.0 | 0.08+0. | 0.08+0 n.d.
(595 nm) 06 02 3 01 .04
Aggregate 40.22+ | 3591+ | 26.07+0. | 32.61+ | 36.38+ n.d.
stability (%) 1.99 2.57 88 2.13 1.48
Biochemical

characterizat

ion*

Catalase + + + + + +
Oxidase - - - - + -
Casein - - - - + -
Gelatin + - + - + +
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Methanol - + - - + +
Eth + + +

deaminase

+++

++

++

without L- 10.33+ .

TRP +1.02 18 35 78 .65

with L-TRP 12.30 16.13+ | 95.34+£2. | 3841+ | 7.26+1 -
+0.98 1.05 14 1.78 .05

Ca3(PO,), +++ - ++ - + -
CaHPO, +++ ++ ++ - + -
Ca(H,POy4), +++ n.d. n.d. n.d. n.d. n.d.
Ca-phytate +++ - ++ - ++ -
Na-phytate +++ - ++ - ++ -
Exopolysacc + ++ - + - -
haride

HCN - - - - + -
production

NH; + + + + + +
production

Siderophore +++ +++ + + ++ n.d.
production

AHL - - - - + -
PHB + + + +

Amylase - - - - - -
Cellulase ++ + - + + +
Chitinase + - - - + -
Hemolytic + + + - + n.d.
Lipase ++ ++ + + +++ -
Pectinase + - + - + -
Phosphatase +++ - ++ - ++ -
Protease - - - - - +
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Xylanase

++

+++

Caid.fmurn

120 120 120 (+) - 120 (-) -
nitrate (+1) (++)
Copper 330 (-) | 330 (+) - 330 (+) | 330 (-) -
sulphate
Chromium 250 250 (+) | 250(+) | 250(+) | 250 250 (+)
nitrate (++) (+)
Lead nitrate 660 660 (+) | 660 (+) | 660 (+) 660 660 (-)

() @)
Nickel 110(+) | 110 (+) | 110 (+) - - 110 (-)
sulphate

330 (+) | 330(+) | 330(+) | 330 () - 330 (-)

A. + - - - ++ -
tumeftaciens

P. syringae + - - - +++ -
E. coli n.d. n.d. n.d. n.d. n.d. +
S. aureus - - - - + +
F. +++ ++ + + ++ -
caulimons

F. ++ + + + + -
graminariu

m

F ++ + ++ + ++ +
OXVSporum

F. solani ++ ++ + ++ ++ -
R. solani ++ + + + ++ +
T. basicola + + + + ++ -

P. infestans

++

cominarum

+ + + ++ -
P. citricola +++ + + + ++ -
P. ++ + + + + -

Results are obtained from 4-6 replicates
a. absent; +, present
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® +, low efficiency; ++, medium efficiency; +++, high efficiency

Table 7. Physico-chemical and growth promoting characteristics of maize seed-
associated endophytic bacteria Bacillus sp. $4, Pantoea sp. S6, Actinobacter sp. S9,
and Paenibacillus sp. S10

Characteristic | Bacillus sp. | Paenibacillus | Pantoea sp. | Actinobacter
i

olony color
Colony
morphology
Gram reaction iti negative Negative Negative

Swimming - ++ + -
Swarming - + ++ -

OD (600 nm) n.d. n.d. n.d. n.d.
Biofilm (595 n.d. n.d. n.d. n.d.
nm)

Aggregate n.d. n.d. n.d. n.d.
stability (%)

Catalase + + + +
Oxidase + + - -
Casein + - - -
Gelatin - - + -
Methanol - + - +
Ethanol - + - +
ACC- + + + +
deaminase

activity
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Auxin
production (ug
_rnL'l)

Without L-
TRP

With L-TRP

Ca3(PO4),

CaHPO4 - + + -
| Ca(H,PO4) n.d. n.d. n.d. n.d.

Ca-Phytate - + + -
| Na-Phvtate + + -

Exopolysaccha - + - -

ride

N2-fixation - + + -

HCN - - - -
| production

NH; - - + +
| production

Siderophore + + n.d. -

AHL - + + -

PHB - + + -

Amylase

Cellulase + - -
Chitinase + - - -
Hemolytic n.d. n.d. n.d. n.d.
Lipase + + + +
Pectinase - + + -
Phosphatase - + + -
Protease + - - -
Xvlanase + + + -

Cadmium 120 (+) - - -
nitrate

Copper 330 (+) - - 330 (-)

| sulphate

Chromium 250 (+) 250 (+) 250 (+) 250 (+)
nitrate

Lead nitrate 660 (+) 660 (+) 660 (++) 660 (+)
Nickel sulphate 110 (+) 110 (+) 110 (+) 110 (+)
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[ 3300 [ 330(H - -

| A. tumefaciens + + - -
E. coli + + - -
P. syringae + + - -
S. aureus + + + +

F. caulimons

F. - + + +
graminarium
| F. oxysporum + - + -
F. solani + + - -
R. solani + + + +
T. basicol + + + -
P. infestans - - + -
P. citricola - + + +
P. cominarum + + + +

"Results in characterization table are of 4-6 replicates
* -, absent; +, present

*+, low efficiency; ++, medium efficiency; +++, high efficiency

Example 5 - Seed endophyte establishment and persistence in corn and wheat

Seed endophytes colonize plant tissues and as part of their life cycle they can establish
inside roots and disperse systemically throughout the plant vascular system and colonize
stems, leaves, flowers and seeds. In order to track the fate of individual strains they are
labeled with amarker such as Green Fluorescent Proteins (GFP) encoded in amulti copy
plasmid. A strain is transformed with the plasmid encoding the expression of GFP that

can be detected by flow cytometry with excitation with a blue laser & 488 nm and light
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emission a 530 nm or fluorescent microscopy. The transformed strain will fluoresce
green and thus can be readily discriminated from the native microbial community as
indigenous green fluorescence does not occur in seed endophytes or microbial species
associated with the rhizosphere or soils. Seeds are inoculated with such bacteria which
colonize the germinating seed alowing the establishment, detection and enumeration of
the GFP-labeled strain in specific tissues such as roots, stems and flowers as the plants
develop and mature. Through the plant's life cycle and reproductive stages the tissues can
be analyzed for the presence of the GFP labeled seed-origin endophyte. This
demonstrates that bacteriads ability to colonize and persist in vegetative plant tissues, in
addition to seed surfaces and interiors where it was originally inoculated. Seed
endophytes will be capable of propagation outside the seed and to be re-established on
seeds to colonize new plant generations. Endophytes may also be stored protectively
inside of seeds. In addition, endophytes will also be capable of propagation inside the
plant, which may be useful to amplify itself or to produce useful industria enzymes and
microbes.

A strain of Pantoearepresenting OTU#7 and an Enterobacter representing OTU#56 were
successfully electroporated with the broad gram negative host range plasmid, pDSK-
GFPuv. This is a low copy plasmid, driving congtitutive expression of very bright
fluorescing GFP under UV light, in addition to carrying a constitutively expressed
kanamycin resistance gene that can allow for selection against background, non-tagged
microbes inherent in plant samples. These pDSK-GFPuv transformed bacteria were
grown overnight in a volume of 10 mL of 50% TSB and the next day, CFUs were
counted by seria dilution and plating on 50% TSA plates. At this time, 10 g of 58PM 36
seed (Blue River Hybrid maize) in a sterile 50 mL conica tube was flooded with a
mixture of 10 i of plantability polymer Flo Rite 1706 and 500 pi of the GFP plasmid
containing OTU#7 or OTU#56 bacteria in R2A broth. After vigorous shaking to ensure
even coating of seed with bacteria, tubes were sealed and left a 25 C for 7 days, a
which time CFUs of bacteria still surviving on seed were assessed by carbide bead
beating with a Fastprep24 machine for 60 seconds a 5M/seconds. Each 15 mL Falcon
tube contained 3 seeds, 2 beads and 1 mL of sterile R2A broth in the. After agitation, 20
uL of the supernatant was then serially diluted, and 50 uL of the 10X diluted and 50 pL
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of the 1,000x diluted plated on halves of 50% TSA plates. Two of each seed type
including untreated, OTU#7-GFP and OTU#56-GFP inoculated seeds were then planted
3 cm deep in 70% ethanol cleaned pots containing heat sterilized quartz sand, and
watered daily with autoclaved water for 7 days as seedlings developed. At this time,
seedlings were removed and shaken free from sand, cut into roots or shoots, weighed,
placed in 15 mL Falcon tubes along with two carbide beads and either 1 mL of 50% TSB
for shoots or 2 mL of 50% TSB for roots. These were then homogenized by shaking on
the Fastprep24 for 120 seconds a 5M/second. 20 i, of shoot and root homogenates
were then serially diluted, and 50 uL of the 10X diluted and 50 uL. of the 1,000X diluted
plated on halves of s0%> TSA plates. Uninoculated seed were plated on antibiotic free
TSA, but OTU#7-GFP and OTU#56-GFP plant extracts were placed on TSA plates
containing 50 ug/ml of kanamycin. See figure 1B for an example of the two GFP
fluorescing strains on kanamycin containing TSA plates.

Based on colony counting of seria dilutions, OTU#7-GFP inoculum was a a level of
2.74x10 © CFU/mL (approximately 5.08xI0 7 CFU/seed) when applied to seeds, and after
7 days at room temperature each seed till had about 4.44x10° CFUs per seed. After 7
days of growth in a greenhouse exposed to fluctuations in light, heat, moisture and
atmosphere, OTU#7-GFP inoculated seeds developed into a seedling with an average of
1.24x106 CFU/ g of root tissue and 7.93xI0 SCFU/ g of shoot tissue. Thus after planting
seeds with approximately 4.44x10 ®> CFU of OTU#7-GFP each, seedlings germinated and
grew into plantlets containing an average of 1.02xI06 CFU GFP labeled bacteria. This
represents an amost three fold increase of bacterial numbers and suggests active growth
and colonization of these bacteria in the plant, rather than passive survival for a week
until the time of harvest.

OTU#56-GFP inoculum was a a level of 1.69xI09 CFU/mL (approximately 3.13xI07
CFU/seed) when applied to seeds, and 7 days later each seed till had about 2.21xI 06
CFUs living on its surface. After 7 days of growth in a greenhouse exposed to
fluctuations in light, heat, moisture and atmosphere, OTU#56-GFP inoculated seeds
developed into seedlings with an average of 4.71xI0 6 CFU/g of root tissue and 2.03xI0 4
CFU/ g of shoot tissue. Thus after planting seeds with approximately 2.21x10 6 CFU of
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OTU#7-GFP each, seedlings germinated and grew into plantlets containing an average of
6.06x10 > CFU GFP labelled bacteria.

Taken together, these two experiments successfully showed that seed derived endophytes
are able to survive on amaize seed surface in large numbers under non-sterile greenhouse
conditions for a least aweek and are able to colonize and persist on the developing plant
over time where they will have ongoing opportunities to influence and improve plant
growth, health and productivity. Even longer-term storage of endophytes represent an

opportunity to use the seed as avault for these microbes.

Example 6 - Colonization of Plants Grown from Seeds Coated with Endophytes

The establishment of plant-microbe interactions is contingent on close proximity. The
microbiome of the host plant consists of microorganisms inside tissues as well as those
living on the surface and surrounding rhizosphere. The present invention describes,
among other methods, the colonization of the plant by application of endophytic
microbes of the seed surface. The experiments described in this section are amed a
confirming successful colonization of plants by endophytic bacteria by direct recovery of
viable colonies from various tissues of the inoculated plant. The experiments were
designed to reduce background microbes by the use of surface-sterilized seeds, and
planting and growing the seeds in a sterile environment, to improve the observable

colonization of the plant with the inoculated bacterium.

Experimental Description - Experiment 1

Corn seeds of cultivar 58PM36 (Blue River Hybrid) were surface-sterilized by exposing
them to chlorine gas overnight, using the methods described elsewhere. Sterile seeds
were then inoculated with submerged in 0.5 OD overnight cultures [Tryptic Soy Broth] of
strains SYM00254 (a Micrococcus sp. of OTU 59), SYM00284 (a Pantoea sp. of OTU
0), SYM00290 (an Actinobacter of OTU 154), or SYM00292 (a Paenibacillus sp. of
OTU 6) and alowed to briefly air dry. The seeds were then placed in tubes filled partialy
with a sterile sand-vermiculite mixture [(1:1 wt/wt)] and covered with 1 inch of the
mixture, watered with sterile water, sealed and incubated in a greenhouse for 7 days.

After this incubation time, various tissues of the grown plants were harvested and used as
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donors to isolate bacteria by placing tissue section in a homogenizer [TSB 20%] and
mechanical mixing. The slurry was then serialy diluted in 10-fold steps to 10° and
dilutions 1 through 10 were plated on TSA 20% plates (1.3% agar). Plates were
incubated overnight and pictures were taken of the resulting plates as well as colony
counts for CFUSs.

Experimental Results - Experiment 1

Successful inoculation of com plants by the endophytic bacteria alowed the recovery of
viable, culturable cells as identified on TSA agar plates. Controls experiments using
uninoculated, surface sterilized seeds were conducted and showed few, if any, bacterial
cells were cultivatable from the inside suggesting inoculation with extra microbes would
be easily detectable by culturing. Non surface sterilized seeds meanwhile showed a large
diversity of colony types including both bacteria and fungi which drowned out the
detection by culturing of inoculated bacteria, whereas the plants grown from surface-
sterilized seeds showed a dominance of the inoculated strains readily identified by the
colony morphology.

Finaly, significant quantities of viable colonies were recovered from roots, shoots or
seeds of com plants inoculated with SYM00254, SYM00284, SYM00290, or SY M00292
(Table 8, figure 1A), confirming the successful colonization of these tissues of corn
plants inoculated with the various strains. Microbes living on the seed surface can be
eliminated by surface sterilization as was done here. The elimination of this background

allows for the quantitation of the cells of interest.

Table 8. Confirmed colonization of seed origin strains in corn shoot and root tissue a 7

days after seed inoculation.

Seed-origin

Shoot tissue Root tissue
microbes
SYMO00254 ++ +++
SYMO00284 +++ +++
SYM00290 + +++
SYM00292 ++ +++
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+ - <104 cells per tissue type; ++ - 104 to 106 cells per tissue type;, +++ - >106 cells per

tissue type.

Experimental Description - Experiment 2

A single colony was picked from a plate containing B. phytofirmans PsIN. This colony
was re-suspended in sterile buffer (40mM phosphate buffer (pH7.0) with 6% wt./vol.
sucrose) and then spread over large plates to form a microbial lawn. After 1-3 days of
growth (depending on strain) the lawns were scraped off the plate using an L-shaped
spreader into buffer (40mM phosphate buffer (pH7.0) with 6% wt./vol. sucrose). This
bacterial suspension was then mixed 1:1 with 2% wt./vol. sodium aginate to create a
final solution of 20mM phosphate buffer (pH7.0), 3% wt./vol. sucrose and 1% wt./vol.
sodium aginate. This suspension was applied to seeds at aratio of |OmL suspension per
600g seeds. Seeds were shaken vigorously until observed to be fully coated. FloRite 1706
[Becker Underwood] was then applied to the coated seeds at aratio of 0.3 mL per 600g
of seeds. Seeds were again shaken vigorously to ensure an even coat.

The seeds were planted in afield in Tulln, Austria. Maize seedlings (height: 10-15 cm)
grown at a field in Tulln, Austria were harvested by carefully pulling the whole plant
including the roots out of the field soil. Three replicates were collected per hybrid, each
replicate was taken from a different plot. In total 24 plants were harvested - three plants
of four different hybrids either treated with B. phytofirmans PsXN or sterile broth. Plants
were immediately brought to the labs of AIT in Tulln.

Surface-disinfected above ground plant material of seedlings were cut in small pieces
and crushed using a sterile mortar. The plant material was transferred to Matrix E (MPbhio
DNA isolation kit from soil) homogenized by 30 sec beat beating using in a bead beater
(FastPrep FP 120, BiolOl, Savant Instruments, Inc., Holbrook, NY). DNA was extracted
with the MPbio DNA isolation kit from soil (MP Biomedicals, Solon, OH, USA)
according to protocol provided by the manufacturer. Single seeds were used for DNA
isolation.

For detection and quantification of Burkholderia phytofirmans (PsJN) DNA in the DNA
isolated form field grown maize seedlings PsIN-specific quantitetive real time PCR using

a Tagman probe was performed. The probe was designed to match the DNA amplicon
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(transcription termination factor rho) produced by the primers 1824 Forward and 1824
Reverse (Bphyt 1824 Fw and Re). The probe is equipped with a FAM (6-FAM-
phosphoramidit - fluorescent dye) on the 5' end, and a BHQ-1 (Black hole quencher 1)
on the 3' end. A BioRad SsoFast Probe Supermix was used to provide the ideal

conditions for the probe during the PCR (Table 9).

PCT/US2014/072400

Table 9: composition of the PCR mastermix and the used PCR conditions

Real Time PCR

Bio-Rad CFX-96 Real-Time detection ystem

PCR approach
1 X

Given cone. final cone. approach
SsoFast Probe
Supermmix 2 X 1 X 500 i | 520,00 pi
probe 10 UM 035 uM 035 i | 3640 pi
F-Primer 10 UM | 0,5 MM | 050 i | 52,00 i
R-Primer 10 MM | 0,5 MM | 050 i | 52,00 i

5 -

template 0 ng/ pi 100 ng/pi | 1,00 ui | 104,00 pi
H.0 2,65 i | 27560 pi
reaction volume
Enzym activation 95 °C 120 sec
Denaturierung 95 °C 5 Sec
Annealing/Extension | 59 °C 10 sec |40 X
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Chromosomal DNA of B. phytofirmans PsJN was isolated using FastDNA™ SPIN Kit
for soil (MP Biomedicals, LLC) DNA concentration was determined using a Nanotrop
and doing five replicate measurements. The mean value was used for further calculations.

The number of DNA copies was calculated as follows:

DNA quantity (%)
s 6,022 * 10123

number of copies = fragment length * 660 g/mol

Fragment length = 8214658 bp (genome of PsIN)
660 g/mol = average weight of abase pair
6,022 * 10723 = Avogadro constant

For absolute quantification of PSIN-DNA in the maize samples, a calibration curve was
generated from the rea-time gPCR results of 3 respective replicates of a 10-fold serial
dilution of the chromosoma DNA extracted from B. phytofirmans PsIN. Unknown
starting quantity of DNA copy numbers in the samples could be calculated based on the
standard curve from the dilution series of known concentrations, which produced an r2
value of 0.997. All data analysis was performed by help of the software Bio-Rad CFX
Manager 3.0.

Samples were considered to be positively colonized by PsIN when a least two of three
technical replicates in the gPCR gave a SQ vaue higher than 10 and/or the Cq value was

smaller than cycle 40.
Experimental Results - Experiments 2
B. phytofirmans PsIN colonized the aerial parts of field grown maize seedlings when

coated on the surface of seeds. Nine out of twelve plants tested were found to be
colonized by strain PsIN a a reproducible high level. At least two out three biological
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replicates per maize hybrid were positive in the gPCR assay. The detected copy number

of PsXN in one gram of plant material was about 10"4.

Example 7. Localization of microbesin the plant and its environment
The localization within the plant and its environment was determined for seed endophytes
from corn and wheat seeds.

Experiment description:

To determine bacterial taxa inhabiting different plant compartments, seeds were
germinated in soil in sterile tubes, and plant tissue was harvested. 12 corn seeds (Blue
River hybrids, 40R73) and 12 wheat seeds (Briggs, developed by South Dakota
University) were planted in separate culture tubes containing 12.5 ml of a 1:1 soil (type,
supplier) to sand (v/v) mixture. 2.5 ml autoclaved deionized water was added to each
tube, and they were fitted with caps. Tubes were placed in a growth chamber where
plants were allowed to grow for 14 d. Rhizosphere, root, and aerial tissue was harvested
using atechnique similar to (Lundberg et al. 2012). Briefly, aeria tissue was removed
using sterilized forceps and scissors, placed in a sterile conical tube, and rinsed with 70%
ethanol and sterile deionized water to remove superficial microbial cells. Rhizosphere
samples were taken by removing loose soil from roots, adding the roots with remaining
soil to a 50 ml conical tube containing 10 ml sterile deionized water, vortexing the tube
for 10 s, and removing the roots. Soil particles in the tubes were allowed to settle and the
supernatant was decanted. Root samples were cleaned of remaining superficial soil and
associated microbial cells using sterile water and forceps and a 70% ethanol rinse.

Microbial composition was assessed in each sample using high-throughput sequencing of
the V4 hypervariable region of the 16S rRNA gene (Fierer et al. 2012). DNA was
extracted from the samples using the PowerPlant Pro DNA extraction kit (Mo Bio
Laboratories, Inc., Carlsbad, CA) according to the manufacturer's instructions. The DNA
was subjected to 35-cycle PCR amplification with the 515f/806r primer pair containing
error-correcting 12-bp barcoded primers specific to each sample in order to facilitate
combining the samples prior to sequencing. To reduce the amplification of chloroplast
and mitochondrial DNA, we used PNA clamps specific to the rRNA genes in these
organelles (Lundberg et a. 2013). PCR products were quantified using the PicoGreen
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assay (Life Technologies, Inc., Grand Island, NY), pooled in equimolar concentrations,
and cleaned using the UltraClean kit (Mo Bio Laboratories, Inc., Carlsbad, CA). Cleaned
DNA pools were sequenced on an lllumina MiSeq instrument a the University of
Colorado Next Generation Sequencing Facility.

The raw sequence data were reassigned to distinct samples using a custom Python script,
and quality filtering and OTU (i.e. operational taxonomic unit) clustering was conducted
using the UPARSE pipeline (Edgar 2013). Briefly, a de novo sequence database with
representative sequences for each OTU was created using a 97% similarity threshold, and
raw reads were mapped to this database to calculate sequence counts per OTU per
sample. Prior to creating the database, sequences were quality filtered using an expected
error frequency threshold of 0.5 errors per sequence. In addition, sequences were
dereplicated and singletons were removed prior to creating the database. OTUs were
provided taxonomic classifications using the RDP classifier (Wang et al. 2007) trained
with the Greengenes database (McDonald et al. 2012). To account for differences in the
variable number of sequences per sample, each sample was rarefied to 200 sequences per
sample. OTUs classified as chloroplasts or mitochondria were discarded prior to
rarefaction.

Overdl differences in bacterial community composition between the control and
inoculated plants were evaluated using non-metric multidimensional scaling based on
Bray-Curtis dissimilarities in order to visualize pairwise differences between sample
communities. Permutational analysis of variance (PERMANOVA) was used to
statistically test the significance of these differences. Analyses were conducted using the
vegan package in R (R Core Team 2013). To determine the OTUs contributing to overall
differences between treatments and control groups, mean relative abundances were
calculated for each OTU within each group. Only OTUs with a mean relative abundance

of 0.25% in either group were included in this analysis.

Experiment results

The bacterial taxathat are found in the root, aerial, seed tissue and/or rhizhosphere of the

germinated corn and wheat seeds are shown in Tables 10, 11, 12, and 13 respectively.
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Figure 46 shows the community differences for samples taken from above ground, root,

and rhizosphere tissues of plant-based bioreactors.
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Example 8- Testing of seed-origin bacterial endophyte populations on plants

The results shown above demonstrate that many of the endophytic bacteria described
herein possess activities that may be useful to help in their propagation and storage within
plants and plant parts. Many of the bacteria described here are capable of producing
compounds that could be industrially useful, as detected using the in vitro assays
described above. In addition, several representative bacteria were tested and found to
successfully colonize corn plants as demonstrated in the example above.

However, determining colonization by the methods described above or others is not
always the fastest and easiest way to determine whether the endophyte is successfully
stored and/or propagating within the plant. The experiments in this section can be
surrogate assays to determine the presence of an endophyte within a plant by assessing
beneficial traits in the bioreactor plant. Several surrogate assays methods can be used.
First, plants inoculated with bacteria were tested under conditions without any stress. If
the microbe is present within the plant, the plant may show an increase in vigor. Second,
endophyte-inoculated plants were tested under specific stress conditions (e.g., salt stress,
heat stress, drought stress, and combinations thereof). These conditions may better reveal
the presence of certain endophytes. These growth tests were performed using three
different means: using growth assays on water-agar plates, using growth assays on sterile

filter papers, and growth assays on magenta boxes.

Experimental Description

Surface sterilization of seeds - Un-treated organic maize seeds (Blue River hybrids,
40R73) and wheat seeds (Briggs, developed by South Dakota University) were sterilized
overnight with chlorine gas as follows: 200g of seeds were weighed and placed in a
250mL glass bottle. The opened bottle and its cap were placed in a dessicator jar in a
fume hood. A beaker containing 100mL of commercial bleach (8.25% sodium
hypochlorite) was placed in the dessicator jar. Immediately prior to sealing the jar, 3mL
of concentrated hydrochloric acid (34-37.5%) was carefully added to the bleach. The
sterilization was left to proceed for 18-24h. After sterilization, the bottle was closed with

its sterilized cap, and reopened in a sterile flow hood. The opened bottle was left in the
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sterile hood for a couple hours to air out the seeds and remove chlorine gas leftover. The

bottle was then closed and the seeds stored a room temperature in the dark until use.

Seedling vigor assessment in normal and stressed conditions on water agar

Bacterial endophytes isolated from seeds as described herein were inoculated onto maize
and wheat seeds and the plant was grown under normal and stressed conditions on water
agar. For each bacterial endophyte tested, 5mL of liquid R2A medium was inoculated
with a single colony and the culture grown a room temperature on a shaker to an OD
(600nm) of between 0.8 and 1.2.

Sterilized maize and wheat seeds were placed on water agar plates (1.3% bacto agar) in a
laminar flow hood, using forceps previously flamed. A drop of inoculum with an OD
comprised between 0.8 and 1.2 (corresponding to about 108 CFU/mL) was placed on
each seed (50uL for maize, 30uL for wheat, representing approximately 5.106 and 3.106
CFUs for maize and wheat, respectively). For each treatment, 3 plates were prepared with
12 seeds each, arranged as show in on FIG. 2 to insure position uniformity. Plates were
sealed with surgical tape, randomized to avoid position effects and placed in a growth
chamber set a 22°C, 60% relative humidity, in the dark for four days. After four days, a
picture of each plate was taken and the root length of each seedling was measured using
the imaging software Imagel. The percentage difference between the treated plants and
the mock-treated (R2A control) was then calculated. For growth under salt stress, the
water agar plates were supplemented with 100mM NaCl. For growth under heat stress,
the plates were placed at 40°C, 60% humidity after two days of growth, and left for an
additional two days.

Seedling vigor assays under normal and stressed conditions onfilter paper

Filter papers were autoclaved and placed into Petri dishes, and then presoaked with
treatment solutions. To simulate normal conditions, 3-4mL sterile water was added to the
filters. Drought and saline stresses were induced by adding 3-4mL 8% PEG 6000 solution
or 50 or 100OmM NaCl to the filter papers. Surface sterilized seeds were incubated in
bacterial inocula for at least one hour prior to plating. Nine seeds were plated in triplicate
for each condition tested, including room temperature and heat stress (40°C) for both
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normal and saline conditions. During initial stages of the experiment, plates were sealed
with parafilm to inhibit evaporative water loss and premature drying of the filter papers.
Plates were incubated in the dark a room temperature for two days following which heat
treatment plates were shifted to 40°C for 4-6 days. Parafilm was removed from all plates
after 3-5 days. After 5-8 days, seedlings were scored by manually measuring root length
for corn and shoot length for wheat and recording the mass of pooled seedlings from

individual replicates.

Experimental Results

Plant vigor and improved stress resilience can be surrogates for determining the presence
of endophytes within the plant. These can be measured in germination assays to
determine whether this particular plant phenotype can be used as a surrogate assay. The
collection of seed-origin endophytes produced a measurable response in corn (Tables 14a
and 14b), and wheat (Table 15a and Table 15b) when inoculated as compared to non-
inoculated controls. For example, from 48 bacterial strains, representing 44 OTUs tested
in these germination assays, only 2 did not produce a phenotype in any of the measured
multiple parameters such as root length, weight, or shoot length in wheat. Germination
assays can therefore be used as a surrogate assay for determining the presence of many
endophytes that have been inoculated into the plant.

For drought responses in corn it was found that 73% of the strains were showing a
positive response in the filter paper assay as measured by root length and weight. In some
cases it was possible to see additive effects for stress responses comparing heat, salt and
the combination of heat and salt in the same assay, however not always in a cumulative
positive response. For vigor in corn 81% of the strains showed a positive effect when
tested in filter paper or water agar assays.

The plant phenotypes indicating the presence of the endophyte within the plant are visible
by comparing for example the root length, shoot length and weight of the seedling with
non-inoculated controls asillustrated by figures 49, 50, 51, and 52.

Individual tests for stress response for corn showed in average 57% of the strains an
increase in weight over control in heat and salt, 51% for heat-salt and 40% for drought on
weight gain. For wheat under salt conditions 54% of the strains produced an effect on
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root length, 77% of the strains a shoot length effect and s50%> aweight gain. Drought tests
were scored for shoot length and weight with a 59% of the strains showing increase in

shoot length and 43% weight increase.
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Table 14. Systematic assessment of effects of seed-origin microbes on corn seed vigor
under normal and stressed conditions. Legend: "-" indicates no significant increase

relative to uninoculated control; "1" = 0-5% increase relative to uninoculated control; "2"

= 5-10% increase relative to uninoculated control; "3" =>10% increase relative to
uninoculated control

Table 14(a). Assay for seedling vigor in water agar conditions

Corn cultivar A Corn-organic
Weight | Root length Root Length
Strain OTU# | Normal Normal normal salt
SYM00002 66 2 2
SYMO00011 2 - 1
SYMO00012 55 2 2
SYM00017c| 45 1 3 -
SYMO00028 18 2
SYMO00049 7 2 1 3 1
SYMO00052 18 1 -
SYMO00057b| 37 3 2
SYMO00060 67 1
SYMO00064a 10 2 2
SYMO00071 76 1
SYMO00075 39 2 - -
SYMO00090 62 - 1
SYMO00167 3 1 1
SYMO00188 6 1 3 -
SYMO00192 19 1 2
SYMO00199 135 1 1
SYMO00231 46 2 -
Table 14(b). Assay for seedling vigor on filter paper.
ROOT LENGTH SEEDLING WEIGHT
Corn organic Filter paper Corn organic Filter paper
norm | hea| sa| heat| drought | nor| hea| sal| heat | drought
oT | al t | It | -salt ma| t | t | -salt
Strain | U# 1
SYMO0000| 66 1 3| - - 3 21 3|1 - 1
2
SYM0001| 2 2 -l -] - - 2
1
SYMO0001| 55 - 1| -] - - 20 2 - 2 -
2
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SYMO0001
7c

45

SYMO0002
8

18

SYMO0003
3

SYMO0004
9

SYMO0005
2

18

SYMO0005
7b

37

SYMO0007
1

76

SYMO0007
5

39

SYMO0009
0

62

SYMO0010
2

38

SYMO0010
7

59

SYMO0016
7

SYMO0017
2

146

SYMO0018
8

SYMO0019
2

19

SYMO0019
9

135

SYMO0021
8

41

SYM0023
1

46

SYMO0050
8

196

SYMO0054
7

13

SYMO0055
4

53

SYMO0058
9

31

SYMO0059
5
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symoos9| 9 [ 1 [ 3] 3] 3 1 3 -
SY I\? 0066 1| - | 2] 1] 1 2 - 2
SY I\/(I) 0071| 8 | - | - | -| - 2 - .
SY nﬁ 0077 30| - | - | 3| - - 2 3 >
SY I\? 0094| 83| - | - | -| - 1 1 - 1
SY |\2 00%| 8| - | - ]3] - 3 1 - 1
SY I\; 0097| 51| 2 | - | 3| - 3 1 - 2
SY I\? 0099 36| - | -] -] 3 - 1 - 1
SY |v2|1 0099] 126| 1 | - | -| - 3 - .

Table 15. Wheat Stress/vigor test
Table 15(a). Wheat seedling vigor assessment using water agar assay. Legend: "-"

indicates no significant increase relative to uninoculated control; "1" = 0-5% increase
relative to uninoculated control; "2" = 5-10% increase relative to uninoculated control;

"3" = >10% increase relative to uninoculated control

Root Length
Wheat Briggs Water-agar
Strain OTU# | Normal Heat Salt
SYM00002 66 3 - 3
SYMO00011 2 3 3 3
SYMO00012 55 3 1 3
SYMO00015 29 - 1 -
SYMO00016b 25 2 3 3
SYMO00017c 45 3 2 3
SYMO00021 29 3 - -
SYMO00028 18 3 - 2
SYMO00033 0 3 - 3
SYM00046 56 3
SYM00049 7 3 2 2
SYMO00052 18 1 - 3
SYMO00057b 37 3 3 3
SYMO00060 67 2
SYM00063 134 1 - -
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SYMO00064a 10 3 - -
SYMO00071 76 3 - -
SYMO00075 39 3 - -
SYMO00090 62 3 2 1
SYMO00102 38 2 - -
SYMO00107 59 2 3 -
SYMO00167 3 3 - 3
SYMO00168 45 3 - 1
SYMO00183 10 3 - -
SYMO00188 6 1 - -
SYMO00192 19 3 1 -
SYMO00199 135 3 1 3
SYMO00218 41 3 1 -
SYMO00508 196 3 3 1

SYMOO0538A 172 1 - 1
SYMO00547 13 2 3 2
SYMO00589 31 - 3 1
SYMO00595 12 - 3 -
SYMO00596 1 3 1
SYMO00660 1 - - 2
SYMO00713 84 2 - 1
SYMOOQ775 30 2 -
SYMO00940 83 - 1 -
SYMO00965 82 2 - 1
SYMO00967 8 2 3 3
SYMO00975 51 1 - 2
SYMO00992 126 - - 3

PCT/US2014/072400

Table 15(b). Wheat seedling vigor using filter paper assay. Legend: "-" indicates no
increase relative to uninoculated control; "1" = 0-5% increase; "2" = 5-10% increase; "3"
= >10% increase

WHEAT BRIGGS FILTER PAPER
Shoot Length Weight
OT | Norm | Sal | Drough | Norm | Sal | Drough
Strain U# al t t al t t
SYMO00002 | 66 - 1 - - 2 -
SYMO00011 | 2 3 1 3 3 - 2
SYMO00012 | 55 - 2 3 2 - 1
SYMO00016 | 25
b
SYMO00017 | 45 - 1 - - 1 2
c
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SYMO00028 | 18 - 3 3 - 3 3
SYMO0O0033 | O 3 1 2 - - 1
SYMO00049 | 7 3 - 3 2 - 2
SYMO00052 | 18 1 - 1 3 - -
SYMQO0057 | 37 3 3 1 2 - 3
b
SYMO00064 | 10 - 2 2 - - -
a
SYMOO0071 | 76 2 3 3 - 3 1
SYMO00075 | 39 - 1 3 - - 3
SYMO00090 | 62 - - 3 - - 3
SYMO00102 | 38 - 3 3 2 3 -
SYMO00107 | 59 1 3 3 2 3 3
SYMO00167 | 3 2 2 1 - - 2

SYMO00168 | 45

SYMO00172 | 146 - 3

SYMO0O0188 | 6 1 3 - - 3 -
SYMO00192 | 19 - 3 - 2 3 -
SYMO00199 | 135 - 1 2 - -
SYM00218 | 41 - 2 3 3 - 3
SYMO00231 | 46 - 3 3 3 3
SYMO00508 | 196 - 3 - - 2 -
SYMO0538 | 172
A

SYMQ00547 | 13 1 -
SYMO00554 | 53 - 3 - - 3 -
SYMO00589 | 31 - - - -
SYMO00595 | 12 1 3 3 2 3 -
SYMO00596 | 9 1 3 3 1 3 2
SYMOQ0660 | 1 3 -
SYMO00713 | 84 1 -
SYMO00965 | 82

SYMO00967 | 8 - -

SYMO0975 | 51 - -

SYMO00992 | 126 - -

Growth Testd inoculatedplants in magenta boxes

Representative endophytes isolated from seeds as described herein were tested for their
ability to promote plant growth under normal and stressed conditions by inoculating
maize seeds with those endophytes and growing them inside Conviron Growth chambers
(Conviron Corp., Asheville, NC) on double-decker Magenta boxes essentially as
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described in Rodriguez et a. (2008), which is incorporated herein by reference in its
entirety. Briefly, the double-deckers were made by drilling a hole 8 mm in diameter in
the center of a GA-7 plant culture vessel (Magenta boxes, Sigma, St. Louis), top-knotting
and weaving through a 14 cm length of cotton rope to the bottom chamber to act as a
wick and adding a defined amount of playground sand in the upper chamber. Peter's
20:20:20 plant nutrient solution (Peters Fertilizer Co., Fogelsville, PA) is added to the
bottom chamber and a tight-fitting lid is added to the top and the whole system
autoclaved and sterilized prior to planting with not-inoculated or endophyte-treated seeds.
Maize seeds were surface sterilized with chlorine gas as described herein. Sterilized
maize seeds were soaked for one hour on the appropriate bacterial culture before
planting. Each bacterial culture was grown on a shaking incubator 20% Tryptic soy broth
(TSB) until reaching -0.5 optica density, measured a 600nm wavelength. Non-
inoculated controls were soaked on sterile 20%> TSB. Three seeds were planted on each
double-decker Magenta box and three boxes were used per treatment (endophytic
bacteria x environmental condition). The double-deckers were placed inside a Conviron
Growth chamber with a setting of 60% humidity and kept in the dark for four days, until
they started germinating. Upon germination, plants were grown in a cycle of light (-400
mE x m*-2 x s*-1) for 14 hrs. and dark for 10 hrs. When the leaves were fully expanded,
approximately 8 days after seeding, the plants were assigned to one of 3 chambers were
conditions were as follows. for Control conditions, plants were kept a 22°C; for cold,
plants were subjected to 5 °C during the light part of the daily cycle and near zero degrees
during the dark part; for drought, the plants were maintained in the control chamber, but
the liquid from the lower part of the double decker was emptied and the soil was allowed
to dry; for heat conditions, the light intensity was set to amaximum of -600 mE x m*-2 x
s*-I, while the temperature was set to 40 °C for 12 hrs. out of the 14 hrs. of light and 45
degrees during the two hrs. around noon, during the dark cycle the temperature was set to
30 °C. The air humidity was maintained a 60% in all chambers. The conditions were
maintained for one week a the end of which conductance was measured using an SC-1
Leaf Porometer (Decagon Devices Inc., Pullman, Wash.) in the plants maintained under
control and drought conditions and all the plants were harvested, photographed and dried

in a convention oven a 45°C to estimate dried biomass. Shoot and root lengths were
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measured  digitally using the software Image]J verson 1.48u4 (Rasband
http://imagej.nih.gov).

Average measurements were compared against those for uninoculated controls for each
treatment. The results obtained with the water agar assay are summarized in Table 16.
The presence of certain bacterial endophytes was indicated by the plant showing
significant growth improvement under norma and/or stressed conditions in maize.
Notably, growth improvement was seen when strain SYM90 was present in the plant,
under normal, drought and cold conditions, mainly in the form of increased root length.
Strains SYM00183, SYMO00015, SYM00167 and SYMO00168 also increased root length
under drought conditions relative to non-inoculated controls.

Testing for biomass under cold conditions also appears to be a good surrogate assay for
determining the presence of an endophyte in aplant, as amost all the endophytic bacteria
tested provided increase gain in biomass under cold conditions. The magnitude of the
difference in the conductance between normal conditions and drought conditions was
significantly larger in the plants inoculated with SYM231 relative to the non-inoculated
controls.

Table 16. Summary of results of testing synthetic combinations of seed-origin endophytes
and corn in plant growth tests on Magenta boxes. Legend: "-" indicates no significant
increase relative to uninoculated control; "1" = 0-5% increase relative to uninoculated
control; "2" = 5-10% increase relative to uninoculated control; "3" = >10% increase

relative to uninoculated control.

Plant vigor and stress resilience Root length

in Corn

Strain OTU# normal drought cold
SYM00090 62 2 3 3
SYM00016b 25 - - -
SYM00231 46 - 2 1
SYMO00183 10 3 3 2
SYMO00015 29 3 3 -
SYMO00167 3 2 2 -
SYMO00168 45 2 3 1
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Dose Response

The initial experiments described above were alowed us to determine whether a
particular assay was a good surrogate for determining whether the microbe was present in
the plant, by looking at certain traits in the colonized plant. We next sought to determine
the amount of the microbe that is necessary to treat a plant in order to have a useful
bioreactor. In this example, selected microbia cultures were diluted to ODgoo Of 1.0, 0.1
and 0.01 (approximately 108, 107, 105 CFUS'mL respectively) and applied onto wheat
seeds (Briggs) using the water agar assay previously described.

SYMOOOI |, SYM00033 and SYMOO057B cultures were grown from a single
colony in 5mL of liquid R2A medium a room temperature on a shaker to stationary
phase. The absorbance a 600nm was measured and adjusted to an ODgoo Of 1.0 (~108
CFUYmML) in R2A media. Two additional dilutions at OD 0.1 and 0.01 (~107 and 105
CFUS/ML respectively) were prepared by diluting the initial inoculum 10 and 100 times,
again in R2A media.

Whesat seeds (Briggs) were sterilized overnight with chlorine gas and placed on
water agar plates as described above. A 30 puL drop of inoculum was placed on each seed,
representing approximately 3.0 x 106, 3.0 x 10° and 3.0 x 104 CFUs per seed for OD1,
ODO0.1 and ODO0.01 inoculums, respectively. For each treatment, 3 plates were prepared
with 12 seeds each. Plates were sealed with surgical tape, randomized to avoid position
effects and placed in a growth chamber set at 22 °C, 60% relative humidity, in the dark
for four days. After four days, a picture of each plate was taken and the root length of
each seedling was measured using the imaging software ImageJ (NIH). The percentage
difference between the treated plants and the mock-treated (R2A control) was then
calculated.

All doses of the microbes at different concentration provided an increase in root
length over the mock-treated controls as shown in figure 53. The optima dose of
microbes to confer a growth benefit to wheat varied for SYMOOOI |, SYM00033 and
SYMO0057B. While this may or may not also bethe optimal dose for an endophyte to be
stored and propagated inside a plant bioreactor, this dose determination is useful for

knowing the minimum dose that can be seen in this surrogate assay. For SYMOOO1 1, we
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observed a positive correlation between the bacterial concentration of the inoculum and
the growth benefits conferred to the plant, with -3.0 x 10% CFUs/seed (30 ul. of ODs,00f
1.0) being the most effective bacterial amount with a 35% increase in growth. For
SYMO00057B, plants treated with all three doses had similar root lengths, with the least
concentrated inoculum (3 x 104 CFUs/seed), being the most effective amount, suggesting
saturation & a lower concentration. Similarly, all three concentrations of SYMO00033

provided similar benefits, also suggesting saturation at 3 x 104 CFU/seed.

Example 9 -Proteomic Analysis of inoculated plants

As shown in some of the earlier examples, plant traits may be used as surrogate
markers of the presence of endophytic microbes. Changes in the levels of proteins within
the plant may also be used as a surrogate to determine the presense of endophytic
microbes within a plant bioreactor. In order to explore the pathways augmented or
otherwise altered in a plant bioreactor, we performed proteomic anaysis on extracts of
wheat and corn plants grown on water agar. Sterilized wheat and corn seeds were either
mock-inoculated with R2A medium, or inoculated with selected endophytes SYMO0001 1,
SYM00016, SYM00057B, SYM00218, using conditions previously described. The seeds

were subjected to the growth parameters as summarized below.

1 Wheat (Brigfzs) | R2A (mock control) Normal
2 Wheat (Brigfis) | SYMO00218 Normal
3 Wheat (Brigfzs) R2A (mock control) Heat
4 Wheat (Brigfis) | SYMOOOL 1 Heat
5 Wheat (Brigfxs) SYMO00016 Heat
6 Wheat (Brighis) | SYMO00057B Heat
7 Corn (40R73) R2A (mock control) Normal
8 Corn (40R73) SYMO00057B Normal

Sample collection:
After 4 days of growth, 12 whole seedlings (including roots, seeds and hypocotyls) per

treatment were collected in a 50mL falcon tube using sterile forceps and immediately
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snap-frozen in liquid nitrogen to minimize protein degradation and proteomic changes
during sample collection (such as wound responses from using the forceps). The frozen
samples were then homogenized using a pestle and mortar previously cooled in liquid
nitrogen and transferred to a 15mL falcon tube on dry ice. The homogenized samples
were stored at -80°C until further processing.

Samplepreparation

ImL of 5% SDS ImM DTT was added to 1 mL of homogenized tissue and the samples
were boiled for 5 mins. The samples were cooled on ice and 2 mL of 8M urea solution
was added. The samples were spun for 20 mins. a 14,000 rpm and the soluble phase
recovered. A 25% volume of 100% TCA solution was added to the soluble phase, left on
ice for 20 mins. and centrifuged for 10 mins. a 14,000 rpm. The protein pellet was
washed twice with ice-cold acetone and solubilized in 125 pul. 0.2M NaOH and
neutralized with 125 pL. of IM Tris-Cl pH 8.0. Protein solutions were diluted in TNE
(50mM Tris-Cl pH8.0, IOOmM NaCl, 1mM EDTA) buffer. RapiGest SF reagent (Waters
Corp., Milford, MA) was added to the mix to afina concentration of 0.1% and samples
were boiled for 5 min. TCEP (Tris (2-carboxyethyl) phosphine) was added to 1 mM
(final concentration) and the samples were incubated a 37°C for 30min. Subsequently,
the samples were carboxymethylated with 0.5 mg/ml of iodoacetamide for 30 min at
37°C followed by neutralization with 2mM TCEP (final concentration). Proteins samples
prepared as above were digested with trypsin (trypsin:protein ratio - 1:50) overnight at
37°C. RapiGest was degraded and removed by treating the samples with 250 mM HC1 at
37°C for Ih followed by centrifugation a 14,000 rpm for 30min a 4°C. The soluble
fraction was then added to a new tube and the peptides were extracted and desalted using
Aspire RP30 desalting columns (Thermo Scientific). The trypsinized samples were
labeled with isobaric tags (iTRAQ, ABSCIEX, Ross e al 2004), where each sample was
labeled with a specific tag to its peptides.

Mass spectrometry analysis

Each set of experiments (samples 1 to 6; samples 7 and 8) was then pooled and
fractionated using high pH reverse phase chromatography (HPRP-Xterra CI8 reverse
phase, 4.6mm x 10mm 5un particle (Waters)). The chromatography conditions were as

follows:. 