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DESCRIPTION
METHOD FOR SELECTING PLANT SYMBIOTIC MICROBES, ANIMICROBIAL

MIXTURE

TECHNICAL FIELD
[0001]

The present invention relates to a screening odfibr selecting plant symbiotic
microorganisms enabling plant growth under abistiess (environmental stress) and/or
biotic stress (disease stress), a microbial mixairenicroorganisms which are selected
out from nature by the screening method and engitdes growth under salinity stress in
symbiosis with the plant, and a microbial mixtufenacroorganisms which are selected
out from nature by the screening method and engideg growth under hyperosmotic
stress in symbiosis with the plant.

Priorities are claimed on U.S. Patent Applicatidlo. 62/431443, filed
December 8, 2016, U.S. Patent Application No. 62423, filed December 15, 2016,
U.S. Patent Application No. 62/449118, filed Jagu23, 2017, U.S. Patent Application
No. 62/449122, filed January 23, 2017, and U.SemaApplication No. 62/488069, filed

April 21, 2017, the contents of which are incorpedaherein by reference.

BACKGROUND ART
[0002]
Some microorganisms live in symbiosis with platttgpromote growth of the
plants. For example, Rhizobium symbiotically ligirwithin the roots of legumes
converts nitrogen in the atmosphere into nitrogemmounds that can be utilized by

plants. Such nitrogen fixation by root nodule kaet enables the legumes to grow even
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in soil with scarce nutrients. In recent yearias been found that there are symbiotic
microorganisms having abilities to enhance immuystesn of plants, promote growth,
supplement the deficiency of nutrients, and in@etderance against various abiotic
stresses. Therefore, it has been attempted faeuslich symbiotic microorganisms to
enable plant growth even in severe environment$ s soil deficient in essential
nutrients or soil with a high salt concentration.

[0003]

Myriad microorganisms exist in the natural enmiments such as soil, which are
expected to include many beneficial microorganigheg can live in symbiosis with
plants. However, many microorganisms are "difidatculture” microorganisms
which are difficult to culture in generally used digeand the like; therefore, only a very
small portion of microorganisms belonging to theural world can be isolated by
generally used plate culture methods, and the bier@fthe microorganisms cannot be
investigated. As a method for separating suchcditfto-culture microorganisms from
the natural world, for example, Patent Document idcldses a method in which
microorganisms extracted from nature are cause@ditere to the roots of sterile
duckweed (Spirodela polyrrhiza), and cultured iticaid medium together with the
sterile duckweed. The use of duckweed family plaas a support for culturing
microorganisms enables acquiring microorganismectly from a sample taken from
nature, which could not have been separated atected by a conventional method of

separating microorganisms a plate culture method.

Prior Art References
Patent Document

[0004]
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Patent Document 1: Japanese Unexamined PatenticAjh Publication No.

2009-195124

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0005]

Conventionally, finding microorganisms benefidiat plant growth from nature
has been carried out by a method in which micrausyas are first isolated from natural
sources and, then, examined as to whether or reotisthlated microorganisms are
beneficial. For example, for finding microorgansithat enable plant growth under
certain abiotic stress, microorganisms isolatethfrmture are inoculated onto plants and
the plants are allowed to grow under the stressafarertain period of time. By
collecting the microorganisms from the plants thave grown, beneficial symbiotic
microorganisms of interest can be obtained.

[0006]

However, some microorganisms exhibit beneficiédat only in the form of a
specific microbial mixture, and it is laborious avety difficult to carry out experiments
to investigate the benefits of numerous combinatiohmicroorganisms. There is also
a case where not all of microorganisms necessagctueving the benefits are isolated.

[0007]

In view of the above situation, the purpose ef pinesent invention is to provide
a screening method for selecting plant symbioticradrganisms enabling plant growth
under abiotic stress and/or biotic stress, a miatabixture of microorganisms which are
selected out from nature by the screening methddeaables plant growth under salinity

stress in symbiosis with the plant, and a microbiadture of microorganisms which are
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selected out from nature by the screening methail emmables plant growth under

hyperosmaotic stress in symbiosis with the plant.

Means to Solve the Problems
[0008]

The screening method, the method for growingaatgnd the microbial mixture
according to the present invention are as enuntela®w in [1] to [22].
[1] A screening method for selecting plant symlgigtiicroorganisms, comprising a
first screening step of allowing at least one plangrow for a predetermined period of
time while being partially soaked in a solution taning a microbial mixture under
application of at least one type of stress sele@itmah the group consisting of abiotic
stress and biotic stress, and collecting microasgas adhering to grown plant to thereby
select out the microorganisms as a group of plantbgtic microorganisms enabling
plant growth under the stress.
[2] The screening method according to [1], wherthe first screening step is
followed by repeating at least once a cycle conmmis step (1) of allowing at least one
plant to grow for a predetermined period of timeilevtbeing partially soaked in a
solution containing the selected microorganismseurapplication of the stress, and
collecting microorganisms adhering to grown plamt thereby select out the
microorganisms as plant symbiotic microorganismabéng plant growth under the
stress.
[3] The screening method according to [2], wheretensity of the stress applied in
the step (1) is increased in each cycle to a hidgénel than the stress applied in a
previous cycle.

[4] The method according to [2] or [3], wherein, avithe cycle is repeated twice or
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more, stress of a different type from the stregdieg in the step (1) of a previous cycle
is additionally applied in the step (1) of eachleyc

[5] The screening method according to [1], wherthe first screening step is

followed by a first culture step of culturing thelected microorganisms in two or more
culture media for a predetermined period of timed amixing the microorganisms

cultured in the respective culture media to thenptgpare a culture of a group of plant
symbiotic microorganisms enabling plant growth urttie stress.

[6] The method according to [5], wherein the fissreening step is followed by
repeating at least once a cycle comprising:

a step (1) of allowing at least one plant to griowa predetermined period of
time while being partially soaked in a solution @ning the selected group of plant
symbiotic microorganisms under application of tltress, and collecting microorganisms
adhering to grown plant to thereby select out theranrganisms as a group of plant
symbiotic microorganisms enabling plant growth uritie stress; and

a step (2') of culturing the microorganisms seddn the step (1') in two or
more culture media for a predetermined period roktiand mixing the microorganisms
cultured in the respective culture media to therpi®pare a culture of a group of plant
symbiotic microorganisms enabling plant growth urttie stress.

[7] The method according to [6], wherein intengfythe stress applied in the step
(1" is increased in each cycle to a higher lelwvehtthe stress applied in a previous cycle.
[8] The method according to [6] or [7], wherein, evhthe cycle is repeated twice or
more, stress of a different type from the stregdieg in the step (1) of a previous cycle
is additionally applied in the step (1') of eackley

[9] The method according to any one of [1] to @herein intensity of the stress is

such that a survival rate of the plant grown uradEptic condition is less than 50 %.
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[10] The method according to [2] or [6], whereimamt of the plant is soaked in a
solution containing the microorganisms in the fgsteening step, the step (1) or the step
(1.
[11] The method according to any one of [1] to][Wherein the abiotic stress is
salinity stress, hyperosmotic stress, nutritiortaéss, low temperature stress, or high
temperature stress, and the biotic stress is steassed by pathogenic bacteria or stress
caused by pests.
[12] The method according to any one of [1] to][Mherein the abiotic stress is at
least two stresses selected from the group comgigif salinity stress, hyperosmotic
stress, nutritional stress, low temperature staass high temperature stress.
[13] The method according to any one of [1] to [IM@herein the microorganisms in
the solution in which at least a part of the plasnsoaked in the first selection step are
microorganisms extracted from one or more samplesnt from nature.
[14] The method according to [13], wherein the sk soil.
[15] A method for growing a plant, which comprisegrowth step of allowing at
least one plant to grow under the stress wittptaet symbiotic bacteria selected by the
method of any one of claims [1] to [14] being adihgito a root of the plant.
[16] The method according to [15], wherein the gitostep is

a step of hydroponically growing the at least guiant under aseptic condition,
attaching the microorganisms to a root of the plémainsferring the plant to soil, and
allowing the plant to grow under the stress.
[17] A group of plant symbiotic microorganisms séxl by the method of any one
of [1] to [16].
[18] Microorganisms of one or more species, whioh igolated from the group of

plant symbiotic microorganisms selected by the wethf any one of [1] to [16].
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[19] A microbial mixture which enables a plant tooy under salinity stress in
symbiosis with the plant, and comprises: Bacifwsnilus CRCO-1 strain having 16S
rDNA with a nucleotide sequence represented by SERO: 1,

Bacillus pumilus CRCO-2 strain having 16S rDNAtwa nucleotide sequence
represented by SEQ ID NO: 2, and

Bacillus pumilus CRCO-3 strain having 16S rDNAtwa nucleotide sequence
represented by SEQ ID NO: 3.
[20] The microbial mixture according to [19], wherean abundance ratio of the
Bacillus pumilus CRCO-1 strain is 70 to 90 %, aruradance ratio of the Bacillus
pumilus CRCO-2 strain is 5 to 20 %, and an abunelaatio of the Bacillus pumilus
CRCO-3is 1 t0 15 %.
[21] A microbial mixture which enables a plant t@g under hyperosmotic stress in
symbiosis with the plant, and comprises Bacilluseaue CRCO-4 strain having 16S
rDNA with a nucleotide sequence represented by SERO: 6, and

Bacillus cereus CRCO-5 strain having 16S rDNA wih nucleotide sequence

represented by SEQ ID NO: 7.
[22] The microbial mixture according to [21], wheren abundance ratio of Bacillus
cereus CRCO-4 strain is 80 to 95 %, and an abuedaitio of Bacillus cereus CRCO-5

strain is 5 to 20 %.

Effect of the Invention
[0009]
The screening method of the present inventiomlesaselection of an assembled
group of plant symbiotic microorganisms which live symbiosis with a plant and

enables the plant to grow under abiotic stressoarmotic stress.
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Further, the microbial mixture of the presenteintton can improve the salt
tolerance or hyperosmotic stress of a plant livimgymbiosis with the microorganisms
included in the microbial mixture. Therefore, thoculation of a plant with the
microbial mixture to allow for the symbiosis betwethe plant and the microorganisms
can improve the viability of the plant grown undhégh salt concentration environment or

hyperosmotic environment.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]
FIG. 1 is a diagram schematically showing a pdsHown at the left in the
diagram) with seed 3 sowed in Reference Exampladlaapot 1 (shown at the right in

the diagram) with a plant 4 grown in Reference Epian.

DESCRIPTION OF THE EMBODIMENTS

[0011]
<Screening Method for Selecting Plant Symbiotic idarganisms>

The screening method of present invention foredlg plant symbiotic

microorganisms comprises a first screening stegilofving at least one plant to grow for
a predetermined period of time while being partiabaked in a solution containing a
microbial mixture under application of at least ayyge of stress selected from the group
consisting of abiotic stress and biotic stress, @vltbcting microorganisms adhering to
grown plant to thereby select out the microorgasist® plant symbiotic microorganisms
enabling plant growth under the stress. Unlikeeshod of inoculating a plant with a
plurality of microorganisms that has been isolatedl mixed in advance to find a

combination of microorganisms enabling the growthtlee plant under stress, the
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screening method according to the present inventienlves collecting a group of
symbiotic microorganisms enabling plant growth unsteess directly from a mixture of
plural species of microorganisms; therefore, a pgroof beneficial symbiotic
microorganisms can be selected relatively easily.

[0012]

The microorganisms in the microbial mixture toibeculated to the at least one
plant in the first screening step is not partidyldimited and may be those extracted
from a sample taken from nature or may be thosaetetd from a sample taken from an
artificial environment. In the present inventitime aforementioned microorganisms are
preferably those extracted from a sample taken fnature. Examples of the sample
taken from nature include soils of forests, wetignolains, cultivated lands and paddy
fields; water and sediments of oceans, rivers,daked hot springs; and animals and
plants. Examples of the sample taken from ani@gifenvironment include samples
taken from food factories, sewage treatment faedjtwaste treatment facilities, hospitals,
and the like. The extraction of microorganismarfrthese samples can be carried out
by a conventional method.

[0013]

In the present invention, the microbial mixtueebte inoculated to the at least
one plant may be a mixture of microorganisms ex@érom one type of sample, or a
mixture of microorganisms extracted from two or mtypes of samples. In the present
invention, the at least one plant is inoculatechvéitsuspension of the microorganisms
extracted from a sample in a solution, and heneanrtltroorganisms extracted from two
or more types of samples can be brought into com@b the at least one plant by a
single operation. For example, when five typessoils are used as samples, the

microorganisms may be brought into contact with aéhdeast one plant in any of the
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following manners: the microorganisms are extradtepgkther with the soils to prepare
respective suspensions, which are then broughtciomtact with the plant(s) separately;
the microorganisms extracted together with thessaie suspended in a single solution,
which is then brought into contact with the plapt@ the soils are mixed together in
advance to prepare a soil mixture, from which mocganisms are extracted to prepare a
suspension, and the suspension is brought intoacbmtith the plant(s). Bringing a
mixture of microorganisms taken from a plural typésamples into contact with the at
least one plant can reduce the labor requireddl@cion of a group of plant symbiotic
microorganisms, and is expected to make it easi@btain a group of microorganisms
having higher symbiotic effect.
[0014]

The microorganisms to be inoculated to the astleme plant in the first
screening step may be mutants of already isolatedoorganisms. Examples of the
mutation treatment for obtaining mutants includeatments with energy rays such as
ultraviolet rays, X rays and gamma rays, and treatsrwith mutagens such as ethyl
methanesulfonate (EMS), N-methyl-N-nitrosoguanid{NdG), and nitrous acid. The
screening method of the present invention enabdsy selection of beneficial plant
symbiotic microorganisms from the mutated microaigas.

[0015]

In the screening method of the present invent@anmicrobial mixture is
contained in a solution in which the at least olafare to be soaked (hereinafter, also
referred to as "soaking solution"). The inoculatiof the microbial mixture to the at
least one plant in an agueous medium allowing kifiele movement of microorganisms
rather than in a solid medium such as a plate medacilitates formation of various

combinations of microorganisms, which is likely result in symbiosis of a group of
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beneficial microorganisms in or on the surface led plants that enable plant growth
under stress. In the present specification, thageh"group of microorganisms" means
a group of two or more species of microorganismine group of plant symbiotic
microorganisms selected in the present invention Ineaa group of two or more different
species of microorganisms or a group of microomgasiof two or more different strains
belonging to the same species.

[0016]

In the screening method of the present inventidrieast a part of the at least
one plant is soaked in a soaking solution contgitire microbial mixture in order to
inoculate the at least one plant with the microoigi@s. The part of the plant to be
soaked in the soaking solution may be any parmg &s the part can grow if the soaked
plants are free from abiotic stress and bioticsstrand may be, for example, any of root,
stem, leaf, and rhizome.

[0017]

In the present invention, it is preferable thatyahe roots of the at least one
plant are soaked in the soaking solution contairtimg microbial mixture since the
influence on the plant growth is relatively smalln this case, the soaking solution is
preferably a liquid fertilizer containing nutrients be taken from the roots. For
example, at least one plant can be grown with dhé roots thereof soaked in the
soaking solution containing the microbial mixturg bsing a hydroponic container
designed to have a base portion (upper end) of ptemts supported with a solid support
such as a rock wool, an agar medium or a soil, tankdave a lower part of the roots
soaked in a liquid fertilizer, and by using a lidiuiertilizer containing the microbial
mixture. The composition of the liquid fertilizéo be used can be appropriately

adjusted depending on the species of the plani(s)et grown. For example, MS
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(Murashige-Skoog) medium, B5 (Gamborg's B 5) mediwhite medium, or modified
versions thereof can be used.
[0018]

The species of the at least one plant used imiéthod of the present invention
is not particularly limited, and any kind of placdan be used. In particular, it is highly
likely that beneficial symbiotic microorganisms yatepending on the type of the plant;
therefore, it is preferable to use a plant whictasired to be enabled to grow under the
stress of interest. For example, if there is g @lant that is desired to be grown in an
area where plants suffer from severe salt damdgesdreening method of the present
invention may be implemented using that plant.

[0019]

The at least one plant used in the screeningadeti the present invention is
preferably one grown aseptically. For example, tise of a plant grown from a
sterilized seed under aseptic condition can prevenintended introduction of
microorganisms from the plant. The sterilizatiosatment of the seed can be carried
out by a conventional method such as a method akisg the seed in a sodium
hypochlorite solution, a method of using a chlogaes or the like.

[0020]

In the screening method of the present inventimie, plant body may be soaked
in one soaking solution containing microorganisms.,(a soaking solution containing
microorganisms which is accommodated in one coetgitowever, it is preferable to
soak a plurality of plants in the soaking solutiorBimultaneously inoculating a plurality
of plants while allowing highly free movement of aroorganisms increases
opportunities for symbiosis of the microorganismthvthe plants and facilitate efficient

selection of beneficial microorganisms. In thespr@ invention, the number of plants
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to be soaked in one soaking solution is prefer8kdy more, more preferably 24 or more,
further preferably 48 or more, still more prefesaBb or more. When the at least one
plant to be used is an aquatic plant or a planaloi@pof being grown hydroponically,
roots of many plants can be soaked in a sufficenbunt of soaking solution, which
allows more efficient selection of symbiotic micrganisms.
[0021]

In the present invention and the specificatiothef present application, the term
"abiotic stress" embraces various stresses infliote the plants from the outside world.
Examples of the abiotic stress include salinityesdr (stress due to too high a salt
concentration), drought stress (hyperosmotic stresstritional stress (stress due to
deficiency or excess of necessary nutrients), lemperature stress (including freezing
stress), and high temperature stress. Examplé®eaiutritional stress include stresses
due to deficiency of nutrients essential for thenplgrowth, such as iron (Fe), manganese
(Mn), boron (B), zinc (Zn), nickel (Ni), molybdenu¢vo), nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg), antfusuS). Examples of other
abiotic stresses include stresses due to the meseh toxic substances, such as
aluminum stress which is a problem mainly causedabigic soils. In the present
invention and the specification of the present @pfibn, the term "biotic stress"
embraces, for example, biological stresses caugqmhthogenic bacteria, pests and the
like.

[0022]

For example, the salinity stress can be applethé at least one plant to be
grown by increasing the salt concentration of tlakég solution containing the
microbial mixture. Likewise, the aluminum stresndbe applied to the at least one

plant to be grown by increasing the aluminum ionaamtration of the soaking solution.
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Also, since the drought stress is mainly inducedaldyyperosmotic pressure caused by
drying, the drought stress can be applied by irsingathe concentration of polyethylene
glycol (PEG), mannitol, sucrose, etc. in the sogldalution so as to grow the at least one
plant under hyperosmotic condition. On the oth&nd) the nutrient deficiency stress
can be applied to the at least one plant to be mioyreducing the amount of essential
nutrients in the soaking solution or using a sogksolution containing no nutrients.
Further, the low temperature stress and high teatper stress can be applied to the at
least one plant to be grown by controlling the sanbitemperature at which the at least
one plant are grown. Furthermore, the intensitthefbiotic stress can be increased by
increasing the amount of pathogenic bacteria astspehich are infectious to the plant.
[0023]

In the screening method of the present inventioy one type of stress may be
applied to the at least one plant to be grown,wa tr more types of stress may be
applied in combination. For example, the use dafoaking solution with increased
concentrations of both of PEG etc. and salt enatilessimultaneous application of
salinity stress and drought stress to the at least plant, whereby symbiotic
microorganisms capable of imparting both the salérance and the drought stress
tolerance to the plant(s) can be selected. Théuwtion of stresses is not particularly
limited, and two or more abiotic stresses may bahioed, or an abiotic stress and a
biotic stress may be combined.

[0024]

For efficiently selecting plant symbiotic micrganisms enabling plant growth
under stress, the intensity of abiotic stress angiftic stress is preferably such that the
stress exerts some influence on the phenotypexample, such that the plant(s) cannot

grow normally under aseptic condition and wither$he intensity is more preferably
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such that that the plant growth itself is difficulinder aseptic condition. More
specifically, it is preferable that the intensitfytbe stress is such that a survival rate of
the plant grown under aseptic condition is O tg ksmn 50 %, more preferably 0 to 30 %.
The intensity of stress within such a range enaflese efficient selection of symbiotic
microorganisms capable of imparting desired sti@ssance by symbiosis.

[0025]

By allowing at least one plant to grow for a praimined period of time while
being soaked in a solution containing a microbiattare under application of abiotic
stress and/or biotic stress, microorganisms in igalsle combination are caused to
symbiose with the plant(s). The period for plandvgh is not particularly limited as
long as it is sufficient for the influence of thieess on the plant(s) to be manifested, and
can be appropriately set in consideration of tipe tyf the plant(s), the type of stress, and
the like. For example, when Arabidopsis thaliagsaa be grown, the growth period
under stress may range from 3 days to 1 monthegaiely 7 to 21 days.

[0026]

When grown under stress, plants in a aseptie stannot grow normally;
however, when a suitable group of symbiotic micgamisms is formed in the plants, the
microorganisms act to facilitate the plant growthn other words, when plants are
grown under stress for a certain period of timelevbeing soaked in a soaking solution
containing a microbial mixture, the presence ohfdahat have grown normally or are
obviously less affected by the stress than thergptents means that such plants are
living in symbiosis with plant symbiotic microorgams enabling plant growth under the
stress. Therefore, microorganisms adhering taptaets grown for a certain period of
time are collected, and are selected as plant s}robnicroorganisms enabling plant

growth under the stress. The collection of micgaoisms from the plants can be
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carried out by a conventional method. Further,rtheroorganisms may be separately
collected from the grown plants, or may be colldctegether from all of the grown
plants.

[0027]

The plant symbiotic microorganisms selected ia fhist screening step are
preferably those which can be cultured in a miabbulture medium generally used for
culturing microorganisms since such microorganisang excellent in handleability.
Examples of the microbial culture medium include [Biria-Bertani) medium, TBS
(Tryptic Soy Broth) medium, malt extract mediumtroaal medium, YM (Yeast Malt
peptone) medium, YPD (Yeast Peptone D-Glucose) ,(INBrient broth) medium, R2A
medium, PGY medium, GYMP medium (glucose 1%, yeastact 0.5%, malt extract
0.3%, peptone 0.5%, pH 6.0), MRS (de Man-Rogosagghamedium, PSA (Potato
Sucrose Agar) medium, and SWS (Seawater Starch Agzatium.

[0028]

Further, repeating the screening step to cause gshmbiosis of the
microorganisms with the plant(s) under stress carthér optimize the type and
abundance ratio of the microorganisms in the pkymbiotic microorganisms to be
selected, thereby enabling the selection of plamhbsotic bacteria having higher
symbiotic effect to facilitate the plant growth w@mdstress. Specifically, the first
screening step is followed by repeating at leasteom cycle comprising a step (1) of
allowing at least one plant to grow for a predetiasd period of time while being
partially soaked in a solution containing the sildanicroorganisms under application
of the stress, and collecting microorganisms adlyeil grown plant to thereby select out
the microorganisms as plant symbiotic microorgasignabling plant growth under the

stress.
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[0029]

When the cycle is performed only once, the migganisms selected in step (1)
are a group of plant symbiotic microorganisms detban the first screening step.
When the cycle is repeated twice (two rounds) nti@oorganisms selected in step (1) is
the plant symbiotic microorganisms selected indte® (1) of the previous round. For
example, when the cycle is repeated three timgepw@p of microorganisms selected in
step (1) of the first round is a group of plant yotic microorganisms selected in the
screening step, and a group of microorganisms teeleg step (1) of the second round is
a group of plant symbiotic microorganisms selectedtep (1) of the first round, and a
group of microorganisms selected in step (1) of ttied round is a group of plant
symbiotic microorganisms selected in step (1) efgacond round.

[0030]

The microorganism selected in the first screerstep is usually a mixture
composed of microorganisms of different species.anivof the microorganisms are not
identified or are difficult-to-culture microorganis, and the type of microbial culture
medium usable therefor is unknown. Therefore, wienmicroorganisms are cultured
in a single type of microbial culture medium, migrganisms to which the nutrient
composition of the medium is not suitable are cdusebe eliminated. As a result, in
many cases, the resulting culture is devoid ofitgbib enable plant growth under the
stress of interest. In view of this, in the prdsemention, it is preferable to perform,
after the first screening step, a first culturgosté culturing the selected microorganisms
in two or more culture media for a predeterminediqok of time, and mixing the
microorganisms cultured in the respective cultusglia to thereby prepare a culture of a
group of plant symbiotic microorganisms enablingnplgrowth under the stress. That

is, in the screening method of the present inveniids preferable that the first screening
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step is followed by a first culture step of culthgithe selected microorganisms in two or
more culture media for a predetermined period raktiand mixing the microorganisms
cultured in the respective culture media to thenetgpare a culture of a group of plant
symbiotic microorganisms enabling plant growth untltee stress. By culturing in a

plurality of microbial culture media having differenutritional compositions and mixing

all the microorganisms grown in such microbial gtdt media to obtain a culture of the
selected group of plant symbiotic microorganisnidheicomes possible to remarkably
reduce the risk of eliminating one of more speoiethe microorganisms constituting the
selected group of microorganisms.

[0031]

The microbial culture media to be used for cutigira group of plant symbiotic
bacteria selected in the screening step may beppately select from among microbial
culture media generally used for culturing micr@migms. The microbial culture
media may be any of those exemplified above. hegd, the use of a microbial culture
medium generally used for culturing microorganismsults in more selective selection
of microorganisms culturable in a microbial cultunedium generally used for culturing
microorganisms as microorganisms constituting #lecsed group of microorganisms.
This thereby enables selection of a group of ptgmtbiotic microorganisms which are
more excellent in handling from among a group atnplsymbiotic microorganisms
having an ability to enable plant growth undergtress of interest.

[0032]

In addition, even when the growth of microorgargshas been confirmed after
culturing, it is preferable to reiterate the sciagrstep in order to check whether it was
actually possible to culture, in the first cultuséep, all species of microorganisms

necessary for enabling plant growth under stressngnthe microorganisms included in
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the microbial mixture selected in the first scregnstep. Specifically, at least one plant
is inoculated with a microbial mixture obtained ioyxing all microorganisms cultured
for a certain period of time in a plurality of mitxial culture media to see whether the
inoculated plant(s) can be grown under the samditions as in the first screening step.
That is, at least one plant is grown for a cerf@niod under abiotic stress while being
partially soaked in a solution containing a micedlmixture obtained by mixing cultures
derived from a plurality of microbial culture medialf the plant has been successfully
grown, it can be said that all of the microorgarsstonstituting a desired group of plant
symbiotic microorganisms can be cultured by therafial culture media used in the
culture step. Microorganisms adhering to the gr@hant(s) are collected and selected
out as a group of plant symbiotic microorganismeldding plant growth under stress.
[0033]

Further, repeating the screening step to cause ghmbiosis of the
microorganisms with the plant(s) under stress ardstibsequent culture step can further
optimize the type and abundance ratio of the migaaisms in a group of plant
symbiotic microorganisms to be selected, therelsblkmg the selection of a group of
plant symbiotic microorganisms having higher syribieffect to facilitate the plant
growth under stress. Specifically, the first crdtstep is followed by repeating at least
once a cycle comprising

a step (1) of allowing at least one plant to gifowa predetermined period of
time while being partially soaked in a solution tzning the selected group of plant
symbiotic microorganisms under application of tiress, and collecting microorganisms
adhering to grown plant to thereby select out theranrganisms as a group of plant
symbiotic microorganisms enabling plant growth uritie stress; and

a step (2') of culturing the microorganisms seddn the step (1') in two or
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more culture media for a predetermined period roktiand mixing the microorganisms
cultured in the respective culture media to therpigpare a culture of a group of plant
symbiotic microorganisms enabling plant growth urttie stress.

[0034]

When the cycle is performed only once, the "geltof a group of plant
symbiotic microorganisms" selected in step (1§ sulture of a group of plant symbiotic
microorganisms prepared in the first culture step/hen the cycle is performed twice
(two rounds), the "culture of a group of plant syatie microorganisms" in the step (1')
is a culture of a group of plant symbiotic micraamgsms prepared in the step (2') of the
previous round. For example, when the cycle ieaggd three times, the "culture of a
group of plant symbiotic microorganisms" in theps{é') of the first round is a group of
plant symbiotic microorganisms prepared in thet fingdture step, and the "culture of a
group of plant symbiotic microorganisms" in thepst&") of the second round is a group
of plant symbiotic microorganisms prepared in ttepg2') of the first round, and the
"culture of a group of plant symbiotic microorgans' in the step (1') of the third round
is a group of plant symbiotic microorganisms prepam the step (2') of the second
round.

[0035]

With respect to the type and number of plantseaised, the part of the plants to
be soaked in the soaking solution containing theraoirganisms, the type of stress, the
period and conditions for growing the plants, @icthe step (1) or the step (1'), the same
applies as in the first screening step. In the@ &), when the microorganisms are
cultured in a plural types of microbial culture n@dthe microorganisms cultured in
different types of microbial culture media may leparately added to soaking solutions

and allowed to symbiose with the plant(s), or theraorganisms cultured in different



10

15

20

25

21

types of microbial culture media may be added single soaking solution and allowed
to symbiose with the plant(s).
[0036]

In the step (1) or the step (1'), the intensityhe stress applied while growing
the plant(s) may be the same as in the first sargestep, but is preferably higher than in
the first screening step. Similarly, when the eyid repeated twice (two rounds) or
more, it is preferable that intensity of the strapplied in the step (1) or the step (1') is
increased in each cycle to a higher level thanstiness applied in a previous cycle.
When it is intended to select a group of plant sgti®d microorganisms enabling plant
growth under stress of a specific intensity, mdfeient selection of such a group of
plant symbiotic microorganisms can be achieveddtiing the intensity of stress applied
in the first screening step at a relatively low dkevfollowed by repeating the
aforementioned cycle to finally perform the cyclghaapplication of stress of the desired
specific intensity, rather than by performing tlhrstfscreening step with application of
stress of the desired specific intensity. For gdamwhen it is intended to finally select
out a group of plant symbiotic microorganisms emaplplant growth under salinity
stress of a salt concentration of 2 % by mass;iefft selection of such a group of plant
symbiotic microorganisms can be achieved by perfognthe first screening step under
application of a salinity stress of a salt concaiin of 1 % by mass, followed by
performing the step (1) or the step (1') of thetfiound cycle under application of a
salinity stress of a salt concentration of 1.5 %nigss, and then performing the step (1)
of the step (1') of the second round cycle undesliegtion of a stress of a salt
concentration of 2.0 % by mass.

[0037]

The cycle may further include other process stepvell as the aforementioned
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step (1) or the step (1") and the step (2'). Kkanwple, the cycle may include a step of
rinsing the microorganisms selected in the previousid prior to performing the step (1)
or the step (1'). The liquid used for rinsing timécroorganisms is not particularly
limited, and may be the culture solution used idtuwring in the step (1) or the step (1),
or a buffer solution such as a sodium phosphatebsdlution or the like.

[0038]

When repeating the cycle including the above §1gpor the step (1) and the
step (2'), the type of stress applied to the atleae plant in each cycle may be changed
or stress may be added. For example, salinitysstresy be applied in the first cycle and
drought stress may be applied in the subsequeahdesycle. Also, salinity stress may
be applied in the first cycle, and both salinityess and drought stress may be applied in
the subsequent second cycle. The application diipteustresses simultaneously or in
different cycles enables selection of a group ahpkymbiotic microorganisms capable
of imparting the multi-stress tolerance to the t{lsin

[0039]

A group of plant symbiotic microorganisms capabfeimparting multi-stress
tolerance to the plant(s) can also be selectecepgating the screening method of the
present invention while varying the type of stresBor example, a group of plant
symbiotic microorganisms capable of imparting tatere against both salinity stress and
drying stress can be selected as follows. Firstgraup of plant symbiotic
microorganisms is selected by the method of thesgureinvention using a soaking
solution having an increased salt concentrationy silibjecting the resulting plants with
the selected group of the plant symbiotic microoigas adhering thereto to the
screening method of the present invention usingakiag solution in which both the

concentration of PEG etc. and the salt concentratie increased, it is possible to select
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a group of symbiotic microorganisms capable of irtipg tolerance against both salinity
stress and drought stress. The microbial mixtarket contacted with the plant(s) only
under the initial salinity stress and the microbidkture to be contacted subsequently
with the plant(s) under both the salinity stresd #ve drought stress may be the same or
may be those respectively extracted from diffesamhples.

[0040]

In the screening method of the present inventiom,selection may be based on
a specific phenotype of the grown plant, instead ofere fact that the plant(s) has grown.
For example, some plants, when grown under salsiigss, show a phenotype such as
larger leaves, faster maturation, increased yiefdsuits and the like. Therefore, when
selecting a group of plant symbiotic microorganignabling plant growth under salinity
stress by the screening method of the present iioverit is possible to select a group of
plant symbiotic microorganisms enabling growth oplant(s) exhibiting the specific
phenotype under salinity stress by collecting nocganisms only from the plant(s)
exhibiting the phenotype of interest in the firsteening step, the step (1) or the step (1.

[0041]

The stress tolerance of a plant can be remarkaigyoved by symbiosis with
the group of plant symbiotic microorganisms selgédby the screening method of the
present invention. That is, the plant(s) can bawvgr under stress with the selected
group of plant symbiotic microorganisms adheringhe roots thereof. In the present
invention, the selected group of plant symbioticnmorganisms are preferably attached
to the root since it is relatively easy to causernticroorganisms to contact and symbiose
with the plant(s). With respect to the plant(s)o® grown under stress, the group of
plant symbiotic microorganisms may be allowed tmBiyse with not only plant(s) of

the same kind as used in the screening step, $aitpddnt(s) of a different kind from the
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plant(s) used in the screening step. Furtherctifievzation of the plant(s) after initiating
symbiosis with a group of plant symbiotic microargans may be carried out by
hydroponics or in soil or the like. For exampldtea hydroponically growing the
plant(s) in aseptic condition, the plant(s) withsalected group of plant symbiotic
microorganisms adhering to the roots thereof mayrdresplanted into soil and allowed
to grow under stress.
[0042]

<Salt Tolerant Symbiotic Microorganisms>

The first microbial mixture according to the pes invention enables plant
growth under salinity stress in symbiosis with anp{s) and includes Bacillus pumilus
CRCO-1 strain having 16S rDNA with a base sequeapeesented by SEQ ID NO: 1,
Bacillus pumilus CRCO-2 strain having 16S rDNA wilbase sequence represented by
SEQ ID NO: 2, and Bacillus pumilus CRCO-3 strairvihg 16S rDNA with a base
sequence represented by SEQ ID NO: 3. The midralidure containing these three
strains has been selected from those derived frmhbyg the screening method of the
present invention as a group of plant symbioticroveganisms enabling plant growth
under salinity stress in symbiosis with the plant(s

[0043]

The results of the search of the base sequent6fDNA by BLAST (Basic
Local Alignment Search Tool) revealed that the Basipumilus CRCO-1 strain and the
Bacillus pumilus CRCO-2 strain had no 100% matcid, both had a sequence homology
of 99 % or more relative to Bacillus pumilus (agtes number: KF923448.1). It was
thereby confirmed that each of Bacillus pumilus @RC strain and the Bacillus pumilus
CRCO-2 strain was a novel strain of Bacillus pusiilult was also found that the

Bacillus pumilus CRCO-3 strain had a base sequefick6S rDNA that was 100%
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identical to Bacillus pumilus (accession number: ¥8448.1) and, hence, was a known
strain of Bacillus pumilus. Bacillus pumilus is microorganism that is generally
present in soil. Since Bacillus pumilus CRCO-Ahistrand Bacillus pumilus CRCO-2
strain had a sequence homology of 99% or more enbise sequence of 16S rDNA,
these strains were inferred to be closely relapecies of Uncultured Bacillus sp.
(accession number: HM 152710.1) registered in NC@lational Center for
Biotechnology Information). This microorganism isa difficult-to-culture
microorganism with only its genes known.

[0044]

The abundance ratios (ratios of the numbers ofeba) of Bacillus pumilus
CRCO-1 strain, Bacillus pumilus CRCO-2 strain aratiBus pumilus CRCO-3 strain in
the first microbial mixture according to the presgwvention are not particularly limited.
The abundance ratio of Bacillus pumilus CRCO-1listra the first microbial mixture
according to the present invention is preferablf@@0 %, more preferably 75 to 85%.
The abundance ratio of Bacillus pumilus CRCO-2istra the first microbial mixture
according to the present invention is preferablyp 20 %, more preferably 5 to 15 %.
The abundance ratio of Bacillus pumilus CRCO-3istia the microbial mixture
according to the present invention is preferably 15 %, more preferably 1 to 10 %.

[0045]

The first microbial mixture according to the mesinvention may contain other
microorganisms as long as such other microorganidongot impair the effect of the
microbial mixture that enhances the salt toleramgesymbiosis with the plant(s). The
abundance ratio of the sum of Bacillus pumilus CRCGtrain, Bacillus pumilus
CRCO-2 strain and Bacillus pumilus CRCO-3 strairthe total of the first microbial

mixture according to the present invention is iy 50 % or more, more preferably
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80 % or more, still more preferably 90 % or mor@articularly preferred as the first
microorganism mixture according to the present mtie® is one consisting of Bacillus
pumilus CRCO-1 strain, Bacillus pumilus CRCO-2 ist@nd Bacillus pumilus CRCO-3
strain.

[0046]
<Hyperosmosis Tolerant Symbiotic Microorganisms>

The second microbial mixture according to thesprd invention enables plant
growth under hyperosmotic stress in symbiosis waitiplant(s) and includes Bacillus
cereus CRCO-4 strain having 16S rDNA with a baspisece represented by SEQ ID
NO: 6, and Bacillus cereus CRCO-5 strain having 1BSIA with a base sequence
represented by SEQ ID NO: 7. The microbial mixtcoataining these two strains has
been selected from those derived from soil by tteeening method of the present
invention as a group of plant symbiotic microorgams enabling plant growth under
hyperosmotic stress caused by 20 % PEG in symbagighe plant(s).

[0047]

The results of the search of the base sequent@fDNA by BLAST revealed
that the Bacillus cereus CRCO-4 strain and the IBactereus CRCO-5 strain had no
100% match, and both had a sequence homology &b @ more relative to a known
strain of Bacillus cereus. It is thereby inferribat each of Bacillus cereus CRCO-4
strain and the Bacillus cereus CRCO-5 strain is\ehstrain of Bacillus cereus.

[0048]

The abundance ratios (ratios of the numbers oteba) of Bacillus cereus
CRCO-4 strain and Bacillus cereus CRCO-5 strairthim second microbial mixture
according to the present invention is not partidyléimited. The abundance ratio of

Bacillus cereus CRCO-4 strain in the second mieiofixture according to the present
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invention is preferably 80 to 95 %, more preferaiyto 95 %. The abundance ratio of
Bacillus cereus CRCO-5 strain in the second mieiofiixture according to the present
invention is preferably 5 to 20 %, more preferably 15 %.

[0049]

The second microbial mixture according to thesprg invention may contain
other microorganisms as long as such other micesasgns do not impair the effect of
the microbial mixture that enhances the hyperosstiderance by symbiosis with the
plant(s). The abundance ratio of the sum of theillBa cereus CRCO-4 strain and the
Bacillus cereus CRCO-5 strain in the second mieiofixture according to the present
invention is preferably 50 % or more, more prefgra®0 % or more, and still more
preferably 90 % or more. Particularly preferreditas microbial mixture according to
the present invention is one consisting of Bacilteseus CRCO-4 strain and Bacillus

cereus CRCO-5 strain.

Examples
[0050]
Hereinbelow, the present invention will be desed with reference to Examples
which, however, should not be construed as limitimgpresent invention.
[0051]
[Reference Example 1]
The salinity stress tolerance of Arabidopsisi#ima was examined.
[0052]
<Preparation of Pots>
A sucrose-containing MS agar medium (medium pegpay adding 0.5% (w/v)

sucrose and 0.9% (w/v) agar to a MS medium) wasciafl into a cylindrical pot with
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open top and bottom, and the agar medium was Betidio prepare a pot for growing a
plant. A plurality of the thus prepared pots wetaced in each of eight containers
containing a sucrose-containing MS medium (liquiddmm prepared by adding 0.5%
(w/v) sucrose to a MS medium).

[0053]
<Hydroponic Cultivation of Plant>

Arabidopsis thaliana seeds (Col-0) were purchdésed LEHLE (Round Rock,
TX, USA). The seeds were stirred for 1 minute whbeing immersed in 1%
hypochlorous acid solution to thereby sterilize thefaces of the seeds, followed by
removal of hypochlorous acid by centrifugation. ékfthe hypochlorous acid treatment,
the seeds were rinsed three times with sterilizater sown on the top of the pot, and
stored in a dark place at 4 °C for 24 hours.

[0054]

Each of the pots was installed such that theoboHurface thereof was soaked in
the sucrose-containing MS medium while the topasigfthereof was not soaked. Then,
the seeds sown in each pot was grown at 25 °C4afays in an incubator under long
day conditions with 16 hours of light and 8 houfsdarkness. The seeds germinated
about 3 to 4 days after starting the growth initfeeibator. Fig. 1 schematically shows
the sowing in the pots (left) and the grown plaight). After germination, the root
(4a) of the plant grew through the solid medium padetrated the bottom of the pot.

[0055]
<Confirmation of Salinity Stress Tolerance of Addysis thaliana>

14 days after initiating the hydroponics, wittspect to six containers out of

eight containers in which the pots were disposedtesilized 5 M sodium chloride

aqueous solution was added to the sucrose-corgaimi8 medium in each of the
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containers, such that the final concentrationsodfism chloride in the containers became
0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 % by mass, resgti No sodium chloride aqueous
solution was added to the remaining two of the teigbntainers (i.e., the final
concentration of sodium chloride was 0 % by mas3hereafter, the pots were cultured
for 14 days.

[0056]

As a result, the plants appeared to have growmaldy in the pots in which the
sodium chloride concentration of the sucrose-caimgi MS medium soaking the roots
of Arabidopsis thaliana was 0.5 % by mass, asercdse of the plants grown in the pots
in which the sodium chloride concentration was 0 %n the other hand, only a portion
of the plants had grown in the pots in which thdism chloride concentration of the
sucrose-containing MS medium soaking the roots Ww#&s % by mass or more.
Specifically, 25.0 % of the plants grew and surdiat the sodium chloride concentration
of 1.0 % by mass, 16.7% of the plants grew and igedvat the sodium chloride
concentration of 1.5 % by mass, no plants grew surdived at the sodium chloride
concentration of 2.0 % by mass, 8.3 % of the plgnésv and survived at the sodium
chloride concentration of 2.5 % by mass, and natplgrew and survived at the sodium
chloride concentration of 3.0 % by mass. Thesalteshow that Arabidopsis thaliana
suffers from salinity stress when the salt con@ian is 1.0 % by mass or more.

[0057]
[Example 1]

Using Arabidopsis thaliana, a group of plant siotib bacteria having a
symbiotic effect to increase salt tolerance wagcddet from microorganisms extracted
from the soil.

[0058]
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<Preparation of Microbial Suspension>

1 g of soil collected in Coyote Ridge (Fort Cadlj CO, USA) was suspended in
a buffer solution, and the resulting was thorougbiyred to obtain a microbial
suspension.

[0059]

<Hydroponic Cultivation of Plant>

As in Reference Example 1, a plurality of the\abpots were prepared and all
of them were placed in one container containinguerase-containing MS medium
(liguid medium prepared by adding 0.5% (w/v) suerée a MS medium). Each pot
was installed such that the bottom surface thenssf soaked in the sucrose-containing
MS medium while the top surface thereof was nokeda On the top of these pots, the
seeds were sown and grown at 25 °C for 14 daysninnaubator under long day
conditions with 16 hours of light and 8 hours ofkaeess.

[0060]

<Salinity Stress and Inoculation of Microorganisfisst Screening Step)>

14 days after initiating the hydroponic cultivatj a sterilized 5 M sodium
chloride aqueous solution was added to the sua@ost&ining MS medium in which the
bottom of the pot was soaked, such that the fimalcentration of sodium chloride
became 1 % by mass, followed by addition of 100of the microbial suspension.
Thereafter, the pots were cultured for 14 days.
[0061]
<Collection of Microorganisms from Grown Plant>

After cultivation under salinity stress for 14 yda the roots and the
above-ground parts (leaves and stems) of the ggoplemts were cut, and the roots were

collected and homogenized to obtain a microbidectibn solution.
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[0062]
<Culturing of Microorganisms (First Culture Step)>

20 uL of the microbial collection solution was shakdtered (200 rpm)
overnight at 30 °C in 2 mL each of two kinds of ni@aed The number of bacteria in the
culture broth after culturing was A0FU or more for each medium. The resulting
cultures were mixed to obtain a microbial mixtuoduson.

[0063]
<Salinity Stress and Inoculation of Microorganis{8tep (1) of 1st round)>

First, plants which had been hydroponically grolmnpots for 14 days were
prepared in the same manner as in the above <HgdioCultivation of Plant>. A
sterilized 5 M sodium chloride aqueous solution wdded to the sucrose-containing MS
medium soaking the bottom of the pot, such that fthal concentration of sodium
chloride became 1.5 % by mass, followed by additibdOOpl of the microbial mixture
solution prepared in the first culture step. Théey, the pots were cultured for 14
days.

After 14 days of culture under salinity stress3 €0 of the plants grew and
survived, 33.3 % of the plants were dying, and 6%4of the plants were dead
(completely withered).

[0064]
In the same manner as in the first screening steproots were recovered from
the grown plant and homogenized to prepare a malrobllection solution.
[0065]
<Culturing of Microorganisms (step (2) of 1st rojmd
In the same manner as in the first cultivatioepstthe microbial collection

solution prepared in step (1) of the first roundsvealtured in two kinds of media, and
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the resultant cultures were mixed to obtain a nhilomixture solution.
[0066]
<Salinity Stress and Inoculation of Microorganis{8tep (1) of 2nd Round)>

The plants hydroponically grown in the pots fe¥ days were grown under
salinity stress for another 14 days in the sameneians in step (1) of the first round
except that the final concentration of sodium dderin the sucrose-containing MS
medium soaking the bottom of the pot was set t&8lly mass instead of 1.5 % by mass,
and the microbial collection solution added to suerose-containing MS medium was
changed to the microbial collection solution pregphin step (2) of the first round in
place of the microbial collection solution prepanedhe first screening step. Then, the
roots were recovered from the grown plant and h@nagd to prepare a microbial
collection solution in the same manner as in si¢of the first round.

[0067]

After 14 days of cultivation under salinity ssed % of the plants grew and

survived, 20.8 % of the plants were dying, and P8.af the plants were dead.
[0068]

These results revealed that the microbial migungng in symbiosis with the
plants grown under salinity stress with the salicemtrations of 1.5 or 3.0 % by mass
had enabled growth of plants such as Arabidopsiliattia under salinity stress. That is,
by the screening method of the present inventiongreup of plant symbiotic
microorganisms enabling plant growth under salisitgss could be selected out from a
microbial mixture in the soil.

[0069]
[Example 2]

The microorganisms forming the group of plant bigtic bacteria (microbial
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mixture) selected in Example 1 that enable plamwgn under salinity stress were
identified. Specifically, genomic DNA is recover&mm the selected group of plant
symbiotic bacteria (microbial mixture) that enabfdant growth under salinity stress,
and 16S rDNA was identified, thereby identifyingcnoiorganisms constituting the group
of plant symbiotic bacteria.
[0070]

<Recovery of Genomic DNA from Microbial Mixture>

In the same manner as in the above <Collectiddiofoorganisms from Grown
Plant>, the roots were recovered from the plantsvgrunder salinity stress with a salt
concentration of 3.0 % by mass and homogenizedrépgpe a microbial collection
solution. Bacterial cells were recovered from thierobial collection solution, and a
genomic DNA was obtained from a part of the recederells using a GenElute Bacterial
Genomic DNA kit (Sigma-Aldrich, St. Louis, MO, USA)

[0071]

<ldentification of 16S rDNA>

Using the recovered genomic DNA as a templat&, M&NA was amplified by
PCR using a forward primer (5-AGAGTTTGATCATGGCTCAR; SEQ ID NO: 4) and
a reverse primer (5- TACGGTTACCTTGTTACGACTT-3', QEID NO: 5). The
temperature conditions of PCR were as follows: atihg step at 95 °C for 3 minutes;
subsequent 30 cycles of a sequence of a denatuistep at 95 °C for 30 seconds, an
annealing step at 50 °C for 30 seconds, and amgaiimm step at 72 °C for 1 minute and
30 seconds; and a final elongation reaction atG2ot 5 minutes. The obtained PCR
product was confirmed by 1.2% agarose gel elecorgshis and extracted from the gel
using a QlAquick gel extraction kit (Quiagen, Gemmavn, MD, USA). The extracted

PCR product was inserted into a plasmid using TQR@toning kit (Life Technologies,
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Carlsbad, Calif., USA), and transformed into E.i.colThirty (30) E. coli colonies
cultured overnight on ampicillin-containing LB pdamedium were randomly picked and
transplanted into ampicillin-containing LB liquidedium, followed by culturing. A
plasmid was purified from E. coli cultured usingXptep spin miniprep kit (Quiagen).
The purified plasmid was subjected to Thermalcyelction using BigDye terminator
v3.1 Cycle sequence kit (Life Techonologies), ahd base sequence of 16S rDNA
inserted in the plasmid was determined with a Dguencer (ABI 3130 x L) .
[0072]

As a result, three types of 16S rDNA (CRCO-1rstdfiRCO-2 strain, and

CRCO-3 strain) were identified.
[0073]

NCBI BLAST search was conducted for the base eecgs of three types of
16S rDNAs, the sequences of which had been detedninAs a result, CRCO-1 strain
had a sequence homology of 99.93 % with UncultiBadillus sp. (accession number:
HM152710.1) and had a sequence homology of 99.8%i#a Bacillus pumilus
(accession number: KF923448.1), CRCO-2 strain hadqaence homology of 99.87 %
with Uncultured Bacillus sp. (accession number: Hi#410.1) and had a sequence
homology of 99.80 % with Bacillus pumilus (accessioumber: KF923448.1), and
CRCO-3 strain had a sequence homology of 100 % Rébillus pumilus (accession
number: KF923448.1). From these results, it wasndothat CRCO-1 stain and
CRCO-2 strain are novel strains of Bacillus pumilusd CRCO-3 stain is a known strain
of Bacillus pumilus. That is, it was found thaé troup of plant symbiotic bacteria was
formed of novel strains of Bacillus pumilus, i.€RCO-1 strain and CRCO-2 strain, and
a known strain of Bacillus pumilus, i.e., CRCO-3raBt (accession number:

KF923448.1).
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[0074]

Further, when the abundance ratio of these ttyjges of microorganisms was
examined from the ratio of 16S rDNA inserted in tHentified 30 transformants, the
abundance ratio of the Bacillus pumilus CRCO-listieas found to be 82.1 %, the
abundance ratio of the Bacillus pumilus CRCO-2istveas found to be 10.7 %, and the
abundance ratio of the Bacillus pumilus CRCO-3iistneas found to be 7.1 %.

[0075]
<ldentified Microbial Mixture's Symbiotic Effect Bancing Salt Tolerance >

First, plants which had been hydroponically grolanpots for 14 days were
prepared in the same manner as in the above <HgdioCultivation of Plant>. A
sterilized 5 M sodium chloride aqueous solution wdded to the sucrose-containing MS
medium soaking the bottom of the pot, such that fthal concentration of sodium
chloride became 3.0 % by mass, followed by additbra part of the bacterial cells
recovered in the above <Recovery of Genomic DNAmfréicrobial Mixture>.
Thereafter, the pots were cultured for 14 days.

After 14 days of culture under salinity stresd, & of the plants were dead and
15.6 % of the plants were dying, while the remarnalethe plants grew and survived.
The leaves of all of the dead plants turned whiti®te withering.

[0076]
[Example 3]

Using Arabidopsis thaliana, a group of plant siotib bacteria having a
symbiotic effect to enhance hyperosmosis toleramas selected from microorganisms
extracted from the soil.

[0077]

<Preparation of Microbial Suspension>
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1 g of soil collected in Coyote Ridge (Fort Cadlj CO, USA) was suspended in
a buffer solution, and the resulting was thorougbtyred to obtain a microbial
suspension.
[0078]
<Hydroponic Cultivation of Plant>
As in Reference Example 1, a plurality of the\abpots were prepared and all
of them were placed in one container containinguarase-containing MS medium
(liguid medium prepared by adding 0.5% (w/v) suerés@ a MS medium). Each pot
was installed such that the bottom surface thenssf soaked in the sucrose-containing
MS medium while the top surface thereof was nokeda On the top of these pots, the
seeds were sown and grown at 25 °C for 14 daysninnaubator under long day
conditions with 16 hours of light and 8 hours ofkateess.
[0079]
<High Concentration PEG Stress and Inoculation afrtbrganisms (First Screening
Step)>
14 days after initiating the hydroponic culticatj a sterilized
high-concentration aqueous PEG solution was addethe sucrose-containing MS
medium soaking the bottom of the pot, such thaffitted concentration of PEG became
20 % by mass, followed by addition of 10Dof the microbial suspension. Thereafter,
the pots were cultured for 14 days.
[0080]
<Collection of Microorganisms from Grown Plant>
After cultivation under high concentration PE@ss for 14 days, the roots and
the above-ground parts (leaves and stems) of thergplants were cut, and the roots

were collected and homogenized to obtain a mictatm#lection solution. All of the
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plants of Arabidopsis thaliana grown for 14 daydemhigh concentration PEG stress in
the absence of the microbial suspension were dead.
[0081]
<Culturing of Microorganisms (First Culture Step)>
20 uL of the microbial collection solution was shakdtered (200 rpm)
overnight at 30 °C in 2 mL each of two kinds of ni@aed The number of bacteria in the
culture broth after culturing was A0OFU or more for each medium. The resulting
cultures were mixed to obtain a microbial mixtuodusion.
[0082]
<High Concentration PEG Stress and Inoculation aérdbrganisms (Step (1) of 1st
Round)>
First, plants which had been hydroponically grolanpots for 14 days were
prepared in the same manner as in the above <HgdioCultivation of Plant>. A
sterilized high concentration PEG aqueous soluttas added to the sucrose-containing
MS medium soaking the bottom of the pot, such thatfinal concentration of PEG
became 20 % by mass, followed by addition of LD6f the microbial mixture solution
prepared in the first culture step. Thereafter,gbts were cultured for 14 days.
[0083]
<Recovery of Genomic DNA from Microbial Mixture>
In the same manner as in the above <Collectidviiofoorganisms from Grown
Plant>, the roots were recovered from the plantsvgrunder high concentration PEG
stress and homogenized to prepare a microbialatmiesolution.
[0084]
Bacterial cells were recovered from the microlmallection solution, and a

genomic DNA was obtained from a part of the recederells using a GenElute Bacterial
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Genomic DNA kit (Sigma-Aldrich, St. Louis, MO, USA) From the microbial
collection solution, genomic DNA is recovered, a5 rDNA was identified, thereby
identifying microorganisms constituting the groupptant symbiotic bacteria (microbial
mixture) that enables plant growth under high cotregion PEG stress.
[0085]

<ldentification of 16S rDNA>

Using the recovered genomic DNA as a templat&, ENA was amplified by
PCR in the same manner as in Example 2 to deterthenbase sequence of 16S rDNA
of the resulting PCR product. As a result, tweetypf 16S rDNA (CRCO-4 strand and
CRCO-5 strain) were identified. NCBI BLAST searwlas conducted for the base
sequences of both types of 16S rDNAs. As a reSIRCO-4 strain had a sequence
homology of 99.74 % with Bacillus cereus partiaBIRNA gene, strain M87 (accession
number: LN890173), and CRCO-5 strain had a sequéencaology of 99.61 % with
Bacillus cereus partial 16S rRNA gene, strain L&8céssion number: LN890064).
From these results, it was found that CRCO-4 stmid CRCO-5 strain are strains of
Bacillus cereus. That is, it was found that theugr of plant symbiotic bacteria was
formed of novel strains of Bacillus cereus, i.eRED-4 strain and CRCO-5 strain.

[0086]

Further, when the abundance ratio of these twedyof microorganisms was
examined from the ratio of 16S rDNA inserted in tHentified 30 transformants, the
abundance ratio of the Bacillus cereus CRCO-4rstnas found to be 90 %, and the

abundance ratio of the Bacillus cereus CRCO-5rstrais found to be 10 %.

DESCRIPTION OF THE REFERENCE SIGNS

[0087]
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CLAIMS

1. A screening method for selecting plant symbiaticroorganisms, comprising a
first screening step of allowing at least one plangrow for a predetermined period of
time while being partially soaked in a solution t@ning a microbial mixture under
application of at least one type of stress selefiteeh the group consisting of abiotic
stress and biotic stress, and collecting microdsgas adhering to grown plant to thereby
select out the microorganisms as a group of plgmtbstic microorganisms enabling

plant growth under the stress.

2. The screening method according to claim 1, whetee first screening step is
followed by repeating at least once a cycle conmmis step (1) of allowing at least one
plant to grow for a predetermined period of timeileitbeing partially soaked in a
solution containing the selected microorganismseurapplication of the stress, and
collecting microorganisms adhering to grown plamt thereby select out the
microorganisms as a group of plant symbiotic mioggaaisms enabling plant growth

under the stress.

3. The method according to claim 2, wherein intgnsf the stress applied in the
step (1) is increased in each cycle to a highesllthan the stress applied in a previous

cycle.

4. The method according to claim 2 or 3, whereinemwthe cycle is repeated twice
or more, stress of a different type from the sti@gsglied in the step (1) of a previous

cycle is additionally applied in the step (1) otle&ycle.
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5. The screening method according to claim 1, whetee first screening step is
followed by a first culture step of culturing thelected microorganisms in two or more
culture media for a predetermined period of timed amixing the microorganisms
cultured in the respective culture media to thenetgpare a culture of a group of plant

symbiotic microorganisms enabling plant growth urttie stress.

6. The method according to claim 5, wherein th&t 8creening step is followed by
repeating at least once a cycle comprising:

a step (1) of allowing at least one plant to griowa predetermined period of
time while being partially soaked in a solution @ning the selected group of plant
symbiotic microorganisms under application of tltress, and collecting microorganisms
adhering to grown plant to thereby select out theranrganisms as a group of plant
symbiotic microorganisms enabling plant growth uritie stress; and

a step (2') of culturing the microorganisms seddn the step (1') in two or
more culture media for a predetermined period roktiand mixing the microorganisms
cultured in the respective culture media to therpigpare a culture of a group of plant

symbiotic microorganisms enabling plant growth urttie stress.

7. The method according to claim 6, wherein intgnsf the stress applied in the
step (1") is increased in each cycle to a highezl lhan the stress applied in a previous

cycle.

8. The method according to claim 6 or 7, whereinemwthe cycle is repeated twice

or more, stress of a different type from the stiggsglied in the step (1') of a previous
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cycle is additionally applied in the step (1') ath cycle.

9 The method according to any one of claims 1 tavBerein intensity of the
abiotic stress is such that a survival rate ofptlamt grown under aseptic condition is less

than 50 %.

10. The method according to claim 2 or 6, whereiod of the plant is soaked in a

solution containing the microorganisms in the fgsteening step, the step (1) or the step

1.

11. The method according to any one of claims 10towherein the abiotic stress is
salinity stress, hyperosmotic stress, nutritiorieéss, low temperature stress, or high
temperature stress, and the biotic stress is steassed by pathogenic bacteria or stress

caused by pests.

12. The method according to any one of claims 10towherein the abiotic stress is
at least two stresses selected from the group stomgiof salinity stress, hyperosmotic

stress, nutritional stress, low temperature staas$ high temperature stress.

13. The method according to any one of claims 12towherein the microorganisms

in the solution in which at least a part of thenpls soaked in the first selection step are

microorganisms extracted from one or more samplesnt from nature.

14. The method according to claim 13, wherein Hrage is soil.
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15. A method for growing a plant, which comprisegrawth step of allowing at
least one plant to grow under the stress wittptaet symbiotic bacteria selected by the

method of any one of claims 1 to 14 being adhetiong root of the plant.

16. The method according to claim 15, wherein thewth step is a step of
hydroponically growing the at least one plant undseptic condition, attaching the
microorganisms to a root of the plant, transfertimg plant to soil, and allowing the plant

to grow under the stress.

17. A group of plant symbiotic microorganisms sedelcby the method of any one

of claims 1 to 16.

18. Microorganisms of one or more species, whi@isolated from the group of

plant symbiotic microorganisms selected by the wethf any one of claims 1 to 16.

19. A microbial mixture which enables a plant t@wrunder salinity stress in
symbiosis with the plant, and comprises:

Bacillus pumilus CRCO-1 strain having 16S rDNAvd nucleotide sequence
represented by SEQ ID NO: 1,

Bacillus pumilus CRCO-2 strain having 16S rDNAtwa nucleotide sequence
represented by SEQ ID NO: 2; and

Bacillus pumilus CRCO-3 strain having 16S rDNAtwa nucleotide sequence

represented by SEQ ID NO: 3.

20. The microbial mixture according to claim 19,emin an abundance ratio of the
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Bacillus pumilus CRCO-1 strain is 70 to 90 %, aruradance ratio of the Bacillus
pumilus CRCO-2 strain is 5 to 20 %, and an abunelaatio of the Bacillus pumilus

CRCO-3is1to 15 %.

21. A microbial mixture which enables a plant towgrunder hyperosmotic stress in
symbiosis with the plant, and comprises Bacilluseae CRCO-4 strain having 16S
rDNA with a nucleotide sequence represented by SEQIO: 6, and Bacillus cereus
CRCO-5 strain having 16S rDNA with a nucleotide ws&tre represented by SEQ ID

NO: 7.

22. The microbial mixture according to claim 21,emin an abundance ratio of
Bacillus cereus CRCO-4 strain is 80 to 95 % andlamndance ratio of Bacillus cereus

CRCO-5 strain is 5 to 20 %.



