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DESCRIPTION
METHOD FOR IMPROVING SALT TOLERANCE OF PLANT

TECHNICAL FIELD
[0001]
The present invention relates to a method foravipg salt tolerance of a plant.
Priorities are claimed on Japanese Patent ApitaNo. 2016-121235, filed
June 17, 2016, Japanese Patent Application No.-281869, filed December 13, 2016,
Japanese Patent Application No. 2017-086654, Mledl 25, 2017, and Japanese Patent
Application No. 2017-100286, filed May 19, 2017,etkcontents of which are

incorporated herein by reference.

BACKGROUND ART
[0002]

In recent years, a need for a large amount o€@tural water has arisen due to
the increase in food production accompanying th@ufadion increase in various
countries around the world, and water shortage dee®me a serious problem. The
water resource which is the most abundant on thé easea water, and if seawater can
be used as agricultural water, this problem casdbeed. However, most plants cannot
be grown under the high salt concentration comditiae to water absorption inhibition
by osmotic pressure and inhibition of intracelludarzymes by sodium ions. If plants
with low salt tolerance can be improved to haveaeikd tolerance against salt up to
concentration of the seawater level, such impropémhts are expected to enable
cultivation thereof to be done using seawater.

[0003]

One example of method for enhancing the saltdalee of plants is a method of

introducing genes related to a salt tolerance mm@ism by plant transformation

techniques. For example, there are halophiloustplthat have acquired resistance to
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osmotic pressure by accumulating osmolytes (pratinbetaine) in their plant cells. It
has been reported that a genetically-modified glatotwhich a gene to induce osmolyte
accumulation has been introduced acquires salainte.

[0004]

Further, the intracellular sodium ion concentiasi in plants are mainly
regulated by non-selective cation channels (NS®@&) tegulate uptake of cations into
cells, a SOS pathway including a plasma membrape N&/H* antiporter (Salt Overly
Sensitive 1; SOS1) that regulates extracellulafluefof sodium ions, a vacuolar type
Na'/H* antiporter that regulates uptake of sodium iorts wacuoles, a high-affinity
potassium transporter (High affinity K TransportetKT) that allows sodium ions to
flow into cells with potassium ions via conduits ofNPatent Document 1). For
example, Patent Document 1 reports that a transfdrptant overexpressing the SOS1
gene identified from a salt tolerant plant, Thegliela halophila, exhibits promoted
extracellular efflux of sodium ions and improvedt galerance. Patent Document 2
reports that salt tolerance has been improved evartransformed plant overexpressing
the SOS2 gene, which is a protein kinase formieg30®S pathway. Patent Document 3
reports that a transformed plant overexpressingéme encoding a vacuolar type K4
antiporter (HYNHX 1) of barley (Hordeum vulgare)hibits promoted uptake of sodium
ions into vacuoles and improved salt tolerance. n-Ratent Document 2 reports that a
transformed plant overexpressing the HKT gene oblb#topsis thaliana exhibits
increased accumulation of sodium ions in the reappression of increase in the salt
concentration of the shoot, and improved salt &vlee.

[0005]

As regards a method for enhancing the salt toteraof plants without gene
manipulation, studies have been made on a methathich plants are administered with
drugs or microorganisms which have an effect ofartipg salt tolerance to plants. As
a drug effective for imparting salt tolerance, éxample, pyrroloquinoline quinone (see,

for example, Patent Document 4) and strigolactameigh are plant hormones and the
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like are known. Further, as a microorganism eiffector imparting salt tolerance, for

example, Paenibacillus fukuinensis is known (seeekample, Patent Document 5).

Prior Art References
Patent Document
[0006]
Patent Document 1: International Patent Applarati Publication No.
2006/053246
Patent Document 2: International Patent Applarati Publication No.
2006/079045
Patent Document 3: Australian Patent Applicafoiblication No. 2009201381
Patent Document 4: Japanese Patent Granted &idmidNo. 5013326
Patent Document 5: Japanese Unexamined Pateric&gm Publication No.

2013-75881

Non-Patent Document
[0007]
Non-Patent Document 1: Takeda and Matsuoka, H&eriews Genetics, 2008.
\Vol.9, p.444-457.
Non-Patent Document 2: Moller, et. al., The Plant
Cell,2009,\01.21,p.2163-2178.

Non-Patent Document 3: Bai, et. al.,The Plantdal,2009,Vol.60,p.314-327.

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention
[0008]
As disclosed in Non-Patent Document 1, the mashaminderlying regulation

of sodium ion concentration in plants has beenigfied to some extent. In addition,
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as described in Patent Document 1 and the liks, khown that salt tolerance of plants
can be improved by overexpressing genes such ag §&%, which are involved in the
mechanism. However, most of the genetically medifplants to which genes involved
in this mechanism have been introduced are confirtoehave tolerance against up to
about 100 mM of sodium chloride, and further imgment of salt tolerance is desired.
[0009]

It is an object of the present invention to pdevia method for improving salt

tolerance of a plant so as to enable the plant goctitivated under a high salt

concentration environment.

Means to Solve the Problems
[0010]

As a result of intensive research, the presamntors have found that PERK13
(Proline-rich extensin-like receptor kinase 13k thnction of which wat not identified,
is involved in the mechanism underlying regulatidrsodium ion concentration in plants,
and that inhibiting the function of PERK13 improvdse salt tolerance of a plant.
Based on this finding, the present invention haskmmpleted.

[0011]

The method of the present invention for improveadt tolerance of a plantis as
described below in [1] through [16].

[1] A method for improving salt tolerance of a planomprising suppressing or
inhibiting function of the PERK13 (Proline-rich exisin-like receptor kinase 13) in a
plant .

[2] The method according to [1], wherein an antasfoof PERK13 is brought into
contact with a root of the plant.

[3] The method according to [2], wherein the antagbis one or more species of
microorganisms or a secretion therefrom.

[4] The method according to [2] or [3], which fuethcomprises a step of immersing
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at least a part of the root of the plant in anemmys solution containing the antagonist.
[5] The method according to [1], wherein the s@sgron of the function of the
PERKAZ13 is carried out by suppressing expressioRERK13 gene, or the inhibition of
the function of the PERK13 is carried out by intifig expression of PERK13 gene.
[6] The method according to [1] or [5], which fuethcomprises introducing a
mutation into the plant to decrease or disrupt tioncof its PERK13 gene..
[7] The method according to any one of [1] to [@herein the plant is enhanced
with respect to a function of at least one prosstected from the group consisting of a
nonselective cation channel, a plasma membrariégHRantiporter, a vacuolar N&d"
antiporter, and a high affinity potassium transpiort
[8] The method according to any one of [1] to [6herein the plant has
overexpression of a gene to produce at least ongeiprselected from the group
consisting of a nonselective cation channel, anpasnembrane N#" antiporter, a
vacuolar N&/H" antiporter, and a high affinity potassium transgor
[9] The method according to any one of [1] to [6}herein the plant is a
transformant into which a foreign gene has beeawndiiced,

the foreign gene being at least one of genestsa from SOS1 gene, SOS2
gene, SOS3 gene, NHX1 gene, and HKT1 gene.
[10] The method according to any one of [1] to [9}herein the plant is a
dicotyledonous plant.
[11] The method according to any one of [1] to [9}herein the plant is a
monocotyledonous plant.
[12] The method according to any one of [1] to [@herein the plant is a plant
selected from plant species belongs to the Podfeaaity, the Solanaceae family, the
Brassicaceae family, the Cucurbitaceae family,\iteceae family, the Rutaceae family,
the Rosacea family, the Leguminosae family, theulilonaceae family, the Pedaliaceae
family, the Chenopodiaceae family, the Palmae famihe Musaceae family, the

Malvaceae family, the Myrtaceae family, or the Cataceae family.
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[13] The method according to any one of [1] to [@herein the plant is a plant
selected from rice, maize, sorghum, wheat, bargy, Japanese millet, foxtail millet,
tomato, eggplant, paprika, green pepper, potabadro, Arabidopsis thaliana, rapeseed,
shepherd's purse, Japanese white radish, cabbatjeabbage, Brussels sprout (Petit
vert), Chinese cabbage, bok-choy, kale, waterczgsanese mustard spinach, broccoli,
cauliflower, turnip, horseradish, mustard, cucumbstter gourd, pumpkin, melon,
watermelon, grapes, lemons, oranges, navel oragggsefruit, mandarin, lime, sudachi,
yuzu, Shiikuwasha, Tankan , apple , cherry, Jagaapscot, peach, loquat, apricot, plum,
prunes, almonds, Japanese pear, pear, strawbaspbarry, blackberry, black currant,
cranberry, blueberry, soy, kidney beans, peas, f@ams, green soy beans, mung bean,
chickpea, lotus (lotus root), sesame, spinach,, b®ejar beet, quinoa, amaranthus,
cockscomb, date palm, oil palm, coconut, acai, bandapanese banana, Manila hemp,
cotton, okra, eucalyptus, Cleome gynandra, or Céespinosa.

[14] The method for plant cultivation, comprisingultivating a plant  with
symbiotic microorganisms at a sodium chloride cotregion of 1.5 % by mass or more,
wherein a survival rate of the plant is at leas#d.0

[15] A plant wherein function of PERK13 is suppresg®r inhibited.

[16] A method for producing a salt tolerant plamtpmprising suppressing or

inhibiting function of PERK13 in a plant.

Effect of the Invention
[0012]

The method of the present invention for improvsejt tolerance of a plant
makes it possible to improve the salt toleranca pfant which inherently has a low salt
tolerance. Therefore, the resulting plant withsidt tolerance improved by this method
can be cultivated even in an environment with athetly high sodium chloride

concentration.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 is a fluorescent stained image obtaineth vei fluorescent sodium
indicator, showing the root of a wild-type of Ardbpsis thaliana which has been
exposed to salt stress in Example 3.

FIG. 2 is a fluorescent stained image obtaineth vei fluorescent sodium
indicator, showing a PERK13 function-deficient mitaf Arabidopsis thaliana which
has been exposed to salt stress in Example 3.

FIG. 3 is a diagram showing the results of meament of the fluorescence
intensities with respect to the roots of the wiljdd of Arabidopsis thaliana and the
PERK13 function-deficient mutant of Arabidopsisliaaa, which have been exposed to
salt stress in Example 3.

FIG. 4 is a diagram showing the results of mearsent of survival rates of a
wild-type of Arabidopsis thaliana and a PERK13 time-deficient mutant of
Arabidopsis thaliana when hydroponically cultivairdExample 4 in symbiosis with an
identified microbial mixture for improving the sadtierance at various sodium chloride
concentrations.

FIG. 5 is a diagram showing the results of meament of the fluorescence
intensities with respect to a wild-type of Arabidap thaliana and a PERK13
function-deficient mutant of Arabidopsis thaliamahich have been exposed to salt stress
(sodium concentration of 2.5 % by mass) in Exan¥ple the presence of the identified
microbial mixture for improving the salt toleranaletained in Example 4.

FIG. 6 is a diagram showing the results of meament of the fluorescence
intensities with respect to a wild-type of Arabidap thaliana and a PERK13
function-deficient mutant of Arabidopsis thaliamahich have been exposed to salt stress
(sodium concentration of 1.0 % by mass) in Exaniple the presence of the identified
microbial mixture improving the salt toleranceahbed in Example 4.

FIG. 7 is a vector map of RNAi (pBI-SIPERKs-sefasitisense vector)
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targeting the tomato SIPERK gene, which was cootdiin Example 6.

FIG. 8 is a photograph of a transgenic tomat@iobtd in Example 6 after 21
days from starting hydroponic cultivation under amvironment of sodium chloride
concentration of 0.5 or 1.0 % by mass.

FIG. 9 is a diagram showing the results of etgftioresis of a TspRI-treated a
PCR product by using a genomic DNA as a templateaeted from a recombinant
regenerated plant in Example 7.

FIG. 10 is a photograph showing a recombinanemegated plant (KO) into
which a non-recombinant regenerated rice plant f@dY) and a vector for knockout of
PERK13 ortholog gene had been introduced. The ognaph was taken after
cultivation of the recombinant regenerated plarD)Knh Example 7 under environment

of a sodium chloride concentration of 1.5 % by nfas® weeks.

DESCRIPTION OF THE EMBODIMENTS
[0014]

The method of the present invention for improveejt tolerance of a plant
includes suppressing or inhibiting function of PERKin a plant. As described in the
Examples described later, in a mutant in which gatan is introduced into the PERK13
gene to inhibit the function thereof, the influxsadium ions into the plant from the root
is suppressed, whereby the salt tolerance of thlatpimproves. PERKI13 is a
membrane protein specifically expressed in the obat plant and has a kinase active site
in the cell. From the similarity of the amino aselquence, the PERK13 was presumed
to have the same action as the PERK4 (Proline-eixtiensin-like receptor kinase 4)
which is a receptor that promotes the influx ofczah ions of NSCC (see, for example,
Non-Patent Document 3). However, the researcheke rog the present inventors have
revealed that the PERK13 is involved in regulatdrithe influx of sodium ions into the
plant.

In the present specification, the phrase “expoessi PERK13” or any similar
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phrase means a synthesis of PERK13 by expressieBRK13 gene.
[0015]

As described in Non-Patent Document 1, the samehanism for the sodium
ion concentration regulation is shared by a widgewa of plants. PERK13 gene, which
plays a part in this mechanism, is also a gensepved in a wide variety of plants and
the expression product thereof (PERK13) has a immdb regulate the influx of sodium
ions into plants in many plants. Examples of th&RIE3 gene include an ortholog gene
of the PERK13 gene of Arabidopsis thaliana with NCBene ID: Atlg70460
(Arabidopsis thaliana), and more specific exampiedude those with the following
NCBI Gene IDs: 101266034 (Solanum lycopersicumy,0B®185 (Solanum tuberosum),
107279382 (Oryza sativa Japonica Group), 433327%9z¢Dsativa Japonica Group),
102703815 (Oryza brachyantha), 103649394 (Zea mday¥804357 (Setaria italica),
101775206 (Setaria italica), 106322706 Brassicenota), 106405068 (Brassica napus),
106416704 (Brassica napus), 103852653 (Brassieg,rafp1215732 (Cucumis sativus),
100247217 (Vitis vinifera), 104882493 (Vitis vinitd, 104822150 (Tarenaya
hassleriana), 102616604 (Citrus sinensis), 105756Q&ossypium raimondii),
104438961 (Eucalyptus grandis), 100807815 (Glyaonae), 106779893 (Vigna radiata),
101497672 (Cicer arietinum), 103321809 (Prunus muni€®3927247 (Pyrus Xx
bretschneideri), 104586282 (Nelumbo nucifera), B2388 (Brachypodium distachyon),
103708226 (Phoenix dactylifera), 105049377 (Elagisneensis), 103989453 (Musa
acuminata), 105172671 (Sesamum indicum), 104904B&®& vulgaris subsp. vulgaris),
18429568 (Amborella trichopoda), and 103452847 (ldalomestica).

[0016]

In the method of the present invention for impngvsalt tolerance of a plant,
there is no particular limitation on the PERK13 twits function to be suppressed or
inhibited by the method as long as it has the fonabf the PERK13. In the method for
improving salt tolerance of a plant according te fnesent invention, the PERK13 with

its function to be suppressed or inhibited mayeat a wild-type PERK13 present in a
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wild-type plant, a PERK13 mutant resulted from ntiota a PERK13 mutant in which a
mutation has been introduced by various mutagenessment such as ultraviolet
irradiation treatment, or a modified PERK13 modifiey a gene modification technique.
For example, even in the case of a plant posseasmgdified PERK13 with its sodium
ion influx promoting function enhanced or attendat®y various modifications of a
wild-type PERK13, the method of the present inv@ntian improve the salt tolerance of
the plant.

[0017]

The degree of improving salt tolerance by suppoesor inhibition of the
function of PERK13 in the plant thereof is as folfo For example, when the plant is
cultivated hydroponically under the condition ofsadium chloride concentration of
1.0% by mass for 6 to 24 hours, the PERK13 fundsmsuppressed or inhibited such that
the amount of sodium chloride in the root is 90%ess, preferably 80% or less, more
preferably 60% or less, further preferably 50%ems| still more preferably 40% or less,
especially preferably 30% or less, relative to dineount (100%) of sodium chloride in
the root when cultivating the plant under the satoedition before suppressing or
inhibiting the function of the PERK13. The rel&iamount of sodium chloride in the
root of the plant can be measured in terms of efample, the fluorescence intensity
obtained when the inside of the root is fluoresgestained with a fluorescent substance
that binds to sodium ions.

[0018]

There is no particular limitation on the methddnaproving salt tolerance in the
plants possess PERK13 function. The suppressiarhidnition may be effected by any
of the following methods: a method of reducing gxpression level of the PERK13, a
method of introducing mutation into the PERK13 gén¢éhe genomic DNA in order to
decrease the PERK13 function, and a method of i intracellular signal
transduction of the PERK13.

[0019]
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When the expression level of the PERK13 posselsgdte plant is reduced in
order to improve the salt tolerance of the plané¢ teduced expression amount of the
PERKZ13 in the plant is 90% or less, preferably 80%ess, more preferably 60% or less,
still more preferably 50% or less, still more prafdy 30% or less, especially preferably
0% (completely no expression), relative to the egpion amount (100%) of the PERK13
in the plant before reducing the expression levdlhe expression level of the PERK13
in the plant can be measured by various method$ imsemeasuring the level of gene
expression for protein synthesis in the relevachneues, such as the RT-PCR method.
When the function of the PERK13 possessed by thetplis decreased in order to
improve the salt tolerance of the plant, the desgddunction of the PERK13 of the plant
is 90% or less, preferably 80% or less, more padligr60% or less, still more preferably
50% or less, still more preferably 30% or lesseesggly preferably 0% (completely no
function), relative to the function (100%) of thERK13 of the plant before decreasing
the function.

[0020]

The method of reducing the expression level e RERK13 may be a method of
modifying genomic DNA or a method without modifimat of the genomic DNA, such
as RNA interference. Examples of the method fodifging the genomic DNA to
reduce the expression level of the PERK13 includeeghod of deleting the PERK13
gene, a method of introducing a nonsense mutatitmthe PERK13 gene, a method of
modifying an expression regulatory sequence sucla ggomoter sequence of the
PERK13 gene. Examples of the mutations which @desere@r delete the function of the
PERK13 include a mutation in the kinase domainhe intracellular domain of the
PERK13, which causes the kinase activity to disappe decrease, and a mutation in the
ligand binding site of the extracellular domainRERK13, which decreases affinity to
the ligand.

[0021]

As a method of modifying the PERK13 gene regiorthe genomic DNA, a
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method of replacing all or a part of the PERK13egyezgion with another DNA fragment
by homologous recombination is widely used. Fareple, a mutant PERK13 can be
caused to be expressed instead of a wild type PBR¥Ireplacing a region coding the
PERKZ13 gene with a DNA fragment coding another gema DNA fragment having a
mutated gene coding for the PERK13 into which aatiom has been introduced, to
thereby delete the PERK13 gene or to cause a mRERK13 to be expressed instead of
a wild-type PERK13. The homology (sequence comwid) of the nucleotide
sequence required for homologous recombinationrese@mbly 70% or more, more
preferably 80% or more, further preferably 90% mrey especially preferably 95% or
more. The gene manipulation by homologous recoatinn method has already been
established in many plants. For example, a gen@hé& with PERK13 gene region
can be modified by introducing a transformationtee containing a DNA fragment for
replacement by homologous recombination into ausalbf a target plant for salt
tolerance improvement, and allowing the resultimgnsformant to differentiate.
Undifferentiated callus can be prepared by a cotweal method. As a vector for
transformation, a linear DNA or a plasmid may bedis The introduction of a vector
into a plant cell such as callus can be carriecbguny of various conventionally known
methods such as Agrobacterium method, particle gathod, polyethylene glycol
method, electroporation method, liposome methodgiwwa phosphate precipitation
method, lipofection method, and microinjection noeth
[0022]

RNA interference can be carried out by introdgcansiRNA (small interfering
RNA), a shRNA (short hairpin RNA) or a miRNA (micRINA) into the plant, wherein
the siRNA has a double-stranded structure compobedsense strand and an antisense
strand of a partial region (target region for RNRINA interference)) of cDNA of the
PERKZ13 gene. An RNAi-inducing vector which is ateproduce siRNA or the like
may be introduced in a target plant cell. The $RNshRNA, miRNA, and

RNAi-inducing vector can be designed and prepased bonventional method from the
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base sequence information of cDNA of the target RER gene. Further, the
RNAi-inducing vector can also be prepared by insgrthe nucleotide sequence of the
RNAI target region into the nucleotide sequenceasfous commercially available RNAI
vectors. Introduction of the RNAi-inducing vectoan be carried out in the same
manner as in the introduction of the above-mentian@nsformation vector.

[0023]

The inhibition of the intracellular signal tramstion of PERK13 can be
performed by a method of bringing an antagonistP&RK13 into contact with the
surface of the root of a plant, or a method ofadtrcing an inhibitor that inhibits the
kinase activity of PERK13 into the root cell of &amt. The antagonist of PERK13
means a substance that binds to the extracellolaaoh of PERK13 and thereby inhibits
the ligand of PERK13 from binding to PERK13. Frdme viewpoint of unnecessity of
modification of the genomic DNA and higher simpjcof the treatment, an especially
preferred method for improving the salt toleranéealant according to the present
invention is a method of bringing the antagonisP&RK13 into contact with the surface
of the root of the plant.

[0024]

The antagonist of PERK13 used in the presentniime may be any of a
chemical compound, one or more microorganisms, arsgcretion from one or more
microorganisms. When the antagonist is a secrétoom a specific microorganism, the
culture supernatant of the microorganism as itris @rudely purified product thereof
may be brought into contact with the surface ofrthag of the plant.

[0025]

As regards a method of bringing the antagonifERK13 into contact with the
surface of the root of the plant, when cultivatithg plant by hydroponic cultivation
which is performed with at least a part of the robtthe plant being immersed in a
cultivation solution, the replacement of such atication solution with a treatment

solution containing an antagonist of PERK13 to inseeat least a part of the root of the
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plant in the treatment solution for a certain pegradlows the antagonist to be bound to
the PERK13 on the surface of the root of the ptaninhibit the function of PERK13,
thereby suppressing the influx of sodium ions frdme root and improving the salt
tolerance of the plant. The composition of theatiment solution, especially the
composition of the salt, may be the same as oeraifit from the cultivation solution.
The antagonist of PERK13 may be directly mixed vifité cultivating solution. When
the plant is cultivated in the soil, the soil inialinthe plant is planted may be moistened
with an aqueous solution containing the antagoorsgranules containing the antagonist
may be placed near the roots in the soil.
[0026]

In the present invention, the plant with its galerance to be improved is not
particularly limited as long as it is a plant inbetly having the PERK13 gene or a
homologue gene thereof in the genomic DNA. Theatptaay be either an angiosperms
or a gymnosperm, and may even be a fern or a mdagther, the plant may be a
monocotyledonous plant or a dicotyledonous pla@pecific examples of the plant
include plants of the Poaceae family such as nta&ize, sorghum, wheat, barley, rye,
Japanese millet, and foxtail millet; plants of t8elanaceae family such as tomato,
eggplant, paprika, green pepper, potato, and tabgdants of the Brassicaceae family
such as Arabidopsis thaliana, rapeseed, sheplpends, Japanese white radish, cabbage,
red cabbage, Brussels sprout (Petit vert), Chimasbage, bok-choy, kale, watercress,
Japanese mustard spinach, broccoli, cauliflowenigu horseradish, and mustard; plants
of the Cucurbitaceae family such as cucumber, rbigieurd, pumpkin, melon, and
watermelon; plants of the Vitaceae family such &pgs; plants of the Rutaceae family
such as lemons, oranges, navel oranges, grapefnaitdarin, lime, sudachi, yuzu,
Shiikuwasha, and Tankan; plants of the Rosacedyauch as apple, cherry, Japanese
apricot, peach, loquat, apricot, plum, prunes, akiso Japanese pear, pear, strawberry,
raspberry, blackberry, black currant, cranberrg blueberry; plants of the Leguminosae

family such as soy, kidney beans, peas, fava begren soy beans, mung bean, and
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chickpea; plants of the Nelumbonaceae family sushotus (lotus root); plants of the

Pedaliaceae family such as sesame; plants of thadplodiaceae family such as spinach,
beet, sugar beet, quinoa, hiyu, amaranthus, arkscomb; plants of the Palmae family
such as date palm, oil palm, coconut, and acantplaf the Musaceae family such as
banana, Japanese banana, and Manila hemp; planke dflalvaceae family such as

cotton, and okra; plants of the Myrtaceae familghswas eucalyptus; plants of the
Capparidaceae family such as Cleome gynandra, @@ spinosa.

[0027]

In the method of the present invention for impngvthe salt tolerance of the
plant, in addition to suppression or inhibition tfe function of PERK13, other
treatments for lowering the sodium ion concentratiothe cells of the root of the plant
may be adopted as well. Examples of other trealntm lowering the sodium ion
concentration in the cells of the root of the plamiude a treatment for enhancing the
plant with respect to a function of at least onetgin selected from the group consisting
of a nonselective cation channel, a plasma membNaiéH* antiporter, a vacuolar
Na'/H* antiporter, and a high affinity potassium trans@or Examples of these proteins
include SOS1, SOS2, SOS3, NHX1, and HKT1 (Non-Rat®ocument 1). The
function of these proteins can be enhanced by asimg the expression level of the
protein.

[0028]

The expression level of the protein in the plzant be increased by introducing a
foreign gene encoding the protein to thereby tamnsfthe plant. The foreign gene may
be a gene derived from an organism of the sameespas the plant to which the foreign
gene is to be introduced or may be a gene derioed &n organism of a different species.
In the method of the present invention for imprayvisalt tolerance of a plant, it is
preferable to suppress or inhibit the function BRK13 for a transformant into which at
least one type of foreign gene has been introduebdrein the foreign gene is derived

from a plant of the same species as or differeetieg from the plant with its salt
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tolerance to be improved, and is selected frongtbep consisting of SOS1 gene, SOS2
gene, SOS3 gene, NHX1 gene, and HKT1 gene. Tredunttion of a foreign gene into
a plant can be carried out in the same manner teeiaforementioned introduction of a
transformation vector, using a transformation ve¢towhich a DNA fragment coding
the foreign gene has been inserted.

[0029]

The method of the present invention for improvsejt tolerance of a plant
makes it possible to obtain a plant having an im@dosalt tolerance as compared to a
plant prior to suppression or inhibition of the étion of PERK13. In the method of the
present invention for improving salt tolerance oplant, it is preferable that the salt
tolerance of a plant is improved to such an exteat the plant can grow even under
environment of the sodium concentration at whicly d® to 50% of the plants prior to
the improvement of salt tolerance can grow. tnhiwe preferable that the salt tolerance
of a plant is improved to such an extent that tla@tpcan grow even under environment
of the sodium concentration at which only 10 to 3@¥the plants prior to the
improvement of salt tolerance can grow. It id stibre preferable that the salt tolerance
of a plant is improved to such an extent that tl@tpcan grow even under environment
of the sodium concentration at which less than 16P6the plants prior to the
improvement of salt tolerance can grow.

[0030]

The plant obtained by the method of the presewerition for improving salt
tolerance of a plant can be cultivated by hydropocultivation using a cultivation
solution having a high sodium ion concentratiorsoit cultivation using a soil having a
high sodium ion concentration. For example, adogrdo the method of the present
invention for improving salt tolerance of a plaittmay be possible to obtain a plant
which can be hydroponically cultivated even usirgubivating solution having a sodium
ion concentration of 0.2 % by mass or more, prélgr@.5 % by mass or more, more

preferably 1 % by mass or more, further preferably % by mass or more, still more



10

15

20

25

17

preferably 2.0 % by mass or more, especially padigr2.5 % by mass or more.
[0031]

The cultivation solution used for cultivation af plant with improved salt
tolerance preferably contains magnesium chloridaddition to sodium chloride. The
cultivation solution more preferably contains 0.99% mass or less of magnesium
chloride, and still more preferably contains 1 #6% by mass of magnesium chloride.

[0032]

In addition to sodium chloride and magnesium kt& the cultivation solution
preferably contains various nutrients necessargifowing the plant. The nutrients can
be appropriately adjusted according to the typthefplant to be cultivated. Especially,
it is preferable that the cultivation solution cains elements necessary for the growth of
the plant as salts. Examples of such elementadechitrogen, phosphorus, potassium,
calcium, magnesium, sulfur, iron, manganese, coppetybdenum, and boron. The
cultivation solution may further contain elementists as aluminum and silicon as salts,
depending on the type of the plant. Further, thamosition of the cultivating solution
may be changed according to the growing stageeopldmnt.

[0033]

The cultivating solution to be used may be, faaraple, a solution prepared by
supplementing deficient salt such as sodium chéot@m commercially available liquid
fertilizer or a solution obtained by diluting comroially available concentrated liquid
fertilizer with sea water instead of fresh wateFurther, the cultivation solution may
also be a solution obtained by appropriately addingeficient salt such as salt of
phosphorus to seawater.

[0034]

The hydroponic cultivation of a plant with impex salt tolerance can be
carried out by a generally known hydroponic culima method. For example, the
hydroponic cultivation may be carried out by a tled type hydroponic method in which

a relatively large amount of a cultivation solutisnplaced in a cultivation tank, or by a
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thin film hydroponic method in which a culture ligus allowed to flow down little by

little onto a flat surface having a gentle slope.

Examples
[0035]

Hereinbelow, the present invention will be desed with reference to Examples

which, however, should not be construed as limitimgpresent invention.
[0036]
[Example 1]

A library of mutants of Arabidopsis thaliana intich random mutations had
been introduced was screened for mutants with ivgurosalt tolerance, and genes
contributing to the improvement of salt tolerancerevsearched. For this screening,
microorganisms belonging to the genus Paenibacier® used. Paenibacillus bacteria
promote the influx of sodium chloride into the sedif Arabidopsis thaliana. For this
reason, Arabidopsis thaliana coexisting with theriaacillus bacteria withers and dies
even in an environment of 0.5 % by mass sodiumrictdp which normally would not
cause Arabidopsis thaliana to wither and die. &plg this characteristic, the
screening was performed to identify genes thatiogrove salt tolerance even in the
presence of Paenibacillus bacteria.

[0037]

First, seeds of Arabidopsis thaliana (Col-0) wémated with EMS (ethyl
methanesulfonic acid) to prepare a mutant librawtyp iwhich random mutations were
introduced. The seeds of this library were stexdi with hypochlorous acid and then
sown on a gel plate medium of MS (Murashige-Skomgdium. Then, hydroponic
cultivation was carried out with at least the buottof the gel flat plate medium being in
contact with a liquid medium for hydroponic cultim. The liquid medium used was
a 1/2 MS medium (liquid medium in which the MS mediwas diluted with an equal

amount of water).
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[0038]

When the germinated plants had become two weeksadium chloride with a
final concentration of 0.5% by mass was adjustedi Raenibasilus bacteria were added
to a plant as a target for sodium chloride treatmand hydroponic cultivation was
further carried out for another 1 week. To a plafdr control treatment was added
only Paenibasilus bacteria, and hydroponic culiwatvas further carried out for another
1 week.

Here, the expressiorifor control treatment simply means that the plants
were selected for sodium chloride-free cultivaexperiments, and does not necessarily
mean that the plants per se are outside the sddpe present invention.

[0039]

As a result, the control wild-type withered adebd due to the effect of
coexistence with the Paenibacillus bacteria, bupladts out of about 25,000 random
mutants survived and grew normally. Seeds wereelted from 4 plants of these
10 plants, and the seeds were grown into Arabidoipsiliana plants. From leaves of
the grown plants, the genome was extracted. Thkotide sequence of the extracted
genome was analyzed by a next generation sequentke results of the analysis
revealed that the same mutation was introducedtiltdPERK13 genes (Atlg70460) in
all the 4 mutants. It was found that this mutatainthe PERK13 gene was a single
nucleotide insertion at the position of chr 5: 18832, which caused a frame shift
resulting in the loss of the PERK13 function inghenutants. Further, these 4 mutant
strains shared no common mutation of genes otheriththe PERK13 gene.

[0040]

As shown in this experiment, in the mutants hgwarframe shift mutation in the
PERK13 gene, the Paenibacillus bacteria's promotitbect on the sodium chloride
influx into the plant was suppressed and thetsldtance was improved. From these
results, it was found that the suppression or itibib of the function of PERK13

suppresses the influx of sodium ions from roots angroves the salt tolerance of a
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plant.
[0041]
[Example 2]

Two strains out of the four strains confirmed BEmample 1 to be mutants
deficient in the PERK13 function were cultivatedden an environment of 1.5 % by
mass sodium chloride, and the salt tolerance walsiated.

[0042]

Specifically, the seeds were sterilized with hgfdorous acid and then sown on
a gel plate medium of MS medium. Then, hydropaniltivation was carried out with
at least the bottom of the gel flat plate mediunmdpén contact with a liquid medium for
hydroponic cultivation. The liquid medium used vea$/2 MS medium. With respect
to each of the mutants, 24 seeds for each sodidamidé treatment and 24 seeds for
control treatment were sowed. When the germinplaats had become two weeks old,
sodium chloride with a final concentration of 1.5 mass was added to a plant as a
target for sodium chloride treatment, and hydropaniltivation was further carried out
for another 1 week. A plant for control treatmesats further hydroponically cultivated
for another 1 week without adding anything. As antool, wild-type plants were
likewise hydroponically cultivated.

[0043]

As a result, in the case of the control treatmeet, cultivation in the 1/2 MS
medium without addition of sodium chloride, alltbe 24 plants of each of the wild-type
plants and the PERK13 function-deficient mutardad Burvived and grown normally.
With respect to the plants subjected to the sodihioride treatment, 20 out of the 24
plants of the wild-type withered and died ([numloérdead plants] / [total number of
plants] = 20/24), whereas, in each of the two ssraif the PERK13 function-deficient
mutants, the number of dead plants was 4 or les#e ymost of the plants survived and
grew in the liquid medium containing 1.5 % by masdium chloride ([number of dead

plants] / [total number of plants] 4/24). From these results, it was confirmed that t
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suppression or inhibition of the function of PERKd®presses the influx of sodium ions
from roots and improves the salt tolerance of atpla

[0044]
[Example 3]

With respect to the PERK13 function-deficient emis, the amount of sodium
in roots was examined for one of the two strairen@red for salt tolerance in Example
2.

[0045]

Specifically, the seeds were sterilized with 78&anol and hypochlorous acid
and then sown on a gel plate medium of 1% sucroa&ming MS medium. Then,
hydroponic cultivation was carried out in a grovetimmber with at least the bottom of
the gel flat plate medium being in contact withiguid medium (1/2 MS medium) .
The operation conditions of the growth chamber vwaerdollows: temperature of 2%,
illuminance of 5000 lux, light period of 16 houes)d dark period of 8 hours. 10 to 14
days after germination, the liquid medium in cohtath the bottom of the gel plate
medium was changed to a 1/2 MS medium containirdjuso chloride at the final
concentration of 1.0% by mass, and hydroponic vatitn was further carried out for
another 6 to 24 hours to apply salt stress to etp The plants for control treatment
were cultivated for the same period without addingthing to the liquid medium.

[0046]

A root of the plant after application of saltests was fluorescently stained with
50 uM of CoroNa (registered trademark) -Green AM salntiand the surface of the root
was washed with water. The interior of the rodemafvashing was observed with a
confocal laser microscope. CoroNa-Green AM is diwsun indicator that increases
green fluorescence intensity by binding with sodioms. With respect to the wild-type
strain and the PERK13 function-deficient mutang, tluorescence stained images of the
roots after application of salt stress are showrFIli@. 1 and FIG. 2. Further, with

respect to the wild-type strain and the PERK13 fiomedeficient mutant, the
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measurement results of the fluorescence intensitypit cross-sectional area of the root
after application of salt stress are shown in BIG.
[0047]

In the roots of the plants for control treatm#vat had not been subjected to salt
stress, almost no green fluorescence was obseovdxbth of the wild-type strain and the
PERKZ13 function-deficient mutant (not shown). Ilontrast, in the roots of the
wild-type strain (FIG. 1), strong green fluoresoenwas observed, whereby it was
confirmed that the influx of sodium ions remarkalvigreased due to salt stress. On the
other hand, in the roots of PERK13 function-defitienutant (Fig. 2), almost no green
fluorescence was observed, whereby it was confirthatthe influx of sodium ions did
not increase even by salt stress. From thesetse#ulvas found that the PERK13 is
involved in the influx of sodium ions in the roo@nd the improvement in tolerance
against salt stress in the PERK13 function-deficreatant is attributable to suppression
of influx of sodium ions into the plant under highlt concentration.

[0048]
[Example 4]

Using a wild-type Arabidopsis thaliana, a groupptant symbiotic bacteria
having a symbiotic effect to increase salt toleeam@s selected from microorganisms
extracted from the soil.

[0049]
<Preparation of Microbial Suspension>

1 g of soil collected in Okinawa prefecture waspended in a buffer solution,

and the resulting was thoroughly stirred to obtamicrobial suspension.
[0050]
<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

open top and bottom, and the agar medium was Betidio prepare a pot for growing a
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plant. A plurality of thus prepared pots were plhcin each of eight containers
containing a sucrose-containing MS medium (liquiddmm prepared by adding 0.5%
(w/v) sucrose to a MS medium).
[0051]
<Hypochlorous Acid Treatment of Seeds>
Arabidopsis thaliana seeds (Col-0) were purch&sed 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. tekfthe hypochlorous acid treatment,
the seeds were washed three times with steriliz#gnvsown on the top of the pot, and
stored in a dark place at€@ for 24 hours.
[0052]
<Hydroponic Cultivation of Plants>
A plurality of the above pots were prepared alh@fathem were placed in one
container containing a sucrose-containing MS mediliquid medium prepared by
adding 0.5% (w/v) sucrose to a MS medium). Eachwpas installed such that the
bottom surface thereof was immersed in the suctoséaining MS medium while the
top surface thereof was not immersed. On the tabese pots, seeds of wild-type after
washing three times with sterilized water after dgfgorous acid treatment were sown
and grown at 28C for 14 days in an incubator under long day caemakt with 16 hours
of light and 8 hours of darkness.
[0053]
<Salt Stress and Inoculation of Microorganisms>
14 days after initiating the hydroponic cultivatj a sterilized 5 M sodium
chloride aqueous solution was added to the su@ostining MS medium in which the
bottom of the pot was immersed, such that the fawalcentration of sodium chloride
became 1 % by mass, followed by addition of 100of the microbial suspension.

Thereafter, the pot was cultured for 14 days.
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[0054]
<Recovering Microorganism Having Effect of Improgifolerance Against Salt Stress>

After cultivation under salt stress for 14 dags roots and the above-ground
parts (leaves and stems) of the growing plants weteand the roots were collected and
homogenized to obtain a first microorganism recpsaiution.

[0055]

The hydroponic cultivation was carried out in @me manner as mentioned
above except that the cultivation solution used &aslution prepared by adding 100
of the first microorganism recovery solution to @cr®se-containing MS medium to
which sodium chloride had been added such thatfitied concentration of sodium
chloride became 1.5% by mass. After 14 days divation under salt stress, the roots
and the above-ground parts (leaves and stems)eofrtbwing plants were cut, and the
roots were collected and homogenized to obtain Gorek microorganism recovery
solution.

[0056]

The hydroponic cultivation was carried out in s@me manner as mentioned
above except that the cultivation solution used avaslution prepared by adding 1,00
of the second microorganism recovery solution guarose-containing MS medium to
which sodium chloride had been added such thatfitie# concentration of sodium
chloride became 3.0% by mass. After 14 days divation under salt stress, the roots
and the above-ground parts (leaves and stems)eofrtbwing plants were cut, and the
roots were collected and homogenized to obtairrd thicroorganism recovery solution.

[0057]

The symbiosis in the roots of the plants with mfierobial mixture contained in
the third microorganism recovery solution enable@bidopsis thaliana to grow under
salt stress. That is, it has been found that tleeolnial mixture contained in the third
microorganism recovery solution or the secreticgréfrom has an action of improving

the salt tolerance of plants, that is, the microbi&ture is a group of plant symbiotic
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bacteria that enable a plant to grow under sadsstr
[0058]
<ldentification of Microorganisms>

The microorganisms forming the screened grougplaht symbiotic bacteria
(microbial mixture for improving salt tolerance)athenable a plant to grow under salt
stress were identified.

First, bacterial cells were recovered from th&dthmicroorganism recovery
solution, and a genomic DNA was obtained from & pértthe recovered cells using a
GenElute Bacterial Genomic DNA kit (Sigma-Aldric®t, Louis, MO, USA).

[0059]

Using the recovered genomic DNA as a templat&, ENA was amplified by
PCR using a forward primer (5'-AGAGTTTGATCATGGCTCAR', SEQ ID NO: 1)
and a reverse primer (5'- TACGGTTACCTTGTTACGACTT-SEQ ID NO: 2). The
temperature conditions of PCR were as follows: atihg step at 98C for 3 minutes;
subsequent 30 cycles of a sequence of a denatuistitp at 95C for 30 seconds, an
annealing step at 51 for 30 seconds, and an elongation step &C7fr 1 minute and
30 seconds; and a final elongation reaction atG2or 5 minutes. The obtained PCR
product was confirmed by 1.2% agarose gel elecomgsis 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@#oning kit (Life Technologies,
Carlsbad, Calif., USA), and transformed into E.i.colThirty (30) E. coli colonies
cultured overnight on ampicillin-containing LB ptamedium were randomly picked and
transplanted into ampicillin-containing LB liquid edium, followed by culturing. A
plasmid was purified from E. coli cultured usingXptep spin miniprep kit (Quiagen).
The purified plasmid was subjected to thermalcyelaction using BigDye terminator
v3.1 Cycle sequence kit (Life Techonologies), ahd base sequence of 16S rDNA
inserted in the plasmid was determined with a Dd4uencer (ABl 3130 x L) . As a

result, two types of 16S rDNA (YROK-1 strain and @R-2 strain) were identified.
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[0060]

EzBIO Cloud search was conducted for the baseesegs of two types of 16S
rDNAs, the sequences of which had been determinéd.a result, YROK-1 strain (SEQ
ID NO: 3) had a sequence homology of 98.89% witaraathrobacter nitrogua jacolicus
(accession number: AJ 512504) , and YROK-2 str&B({ ID NO: 4) had a sequence
homology of 97.14% with Arthrobacter psychrochpimius (accession number:
AJ810896). From these results, it was found thatfROK-1 strain is a novel strain of
Paenarthrobacter nitroguajacolicus and the YROK®#Hairs is a novel strain of
Arthrobacter psychrochitiniphilus.

[0061]

Further, when the abundance ratio of these twedyof microorganisms was
examined from the ratio of 16S rDNA inserted in tbentified 52 transformants, the
abundance ratio of the Paenarthrobacter nitrogabgais YROK-1 strain was found to
be 98.0% and the abundance ratio of the Arthrobguigchrochitiniphilus YROK-2
strain was found to be 2.0%.

[0062]
<Symbiotic Effect Enhancing Salt Tolerance of Idféged Microbial Mixture for
Improving Salt Tolerance>

With respect to the wild-type strain and the PERKunction-deficient mutant
of Arabidopsis thaliana, the salt tolerance impngvieffect of the identified microbial
mixture for improving salt tolerance was evaluated.

First, plants which had been cultivated by potsi4 days were prepared in the
same manner as in the above <Hydroponic Cultivatain Plants>. To the
sucrose-containing MS medium in which the bottomtlod pot was immersed, a
sterilized 5 M sodium chloride aqueous solution wadded such that the final
concentration of sodium chloride became 0, 0.5, 1.8, 2.0, 2.5 or 3.0% by mass,
followed by addition of the above microbial mixtdoe improving salt tolerance. Then,

hydroponic cultivation was carried out, and thevsual rate after 14 days of cultivation
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was examined. As a control, hydroponic cultivatias likewise carried out in a
cultivation solution to which the microbial mixtufer improving salt tolerance was not
added, and the survival rate after 14 day of caiibn was examined.

[0063]

The measurement results of the survival rateshoevn in FIG. 4. In FIG. 4,
"WT without MICROBE" shows the results as to thddatype strain cultivated without
symbiosis with the microbial mixture for improvingalt tolerance, "WT with
MICROBE" shows the results as to the wild-typeistultivated in symbiosis with the
microbial mixture for improving salt tolerance, afdT with MICROBE" shows the
results as to the PERK13 function-deficient mutanltivated in symbiosis with the
microbial mixture for improving salt tolerance.

[0064]

As a result, the wild-type strain without symbgowith the microbial mixture
for improving salt tolerance exhibited a survivater of 10% or less when the sodium
chloride concentration was 1% by mass, whereasinathe case of the PERK13
function-deficient mutant, the wild-type strain sgmbiosis with the microbial mixture
for improving salt tolerance exhibited a survivate as high as 90% or more when the
sodium chloride concentration was 1% by mass, ahibiked a survival rate as high as
30% or more even when the sodium chloride conceoravas 3 % by mass. As
shown in FIG. 4, the PERK13 function-deficient mitexhibited slightly higher survival
rate than the wild-type strain when cultivatedymbiosis with the microbial mixture for
improving salt tolerance and with the sodium cliderconcentration of 2% or more. As
to the reason for this result, it is speculated the microbial mixture for improving salt
tolerance not only has an action to improve sd#ramce through the deletion of the
PERK13 function but also has some action to imprea# tolerance through other
pathway.

[0065]

The survival curves of the wild-type strain aheé PERK13 function-deficient
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mutant are almost identical when these were ctéid/an symbiosis with the microbial
mixture for improving salt tolerance; thereforee thalt tolerance improvement effect of
the microbial mixture on the wild-type strain isnstdered to be an effect conferred by
deletion of the PERK13 function. In other wordswas suggested that the microbial
mixture for improving salt tolerance or its seavatis an antagonist of PERK13, and the
symbiosis in the roots of the plants with the micgab mixture suppresses or inhibits the
function of PERK13, and it was also suggested a@hsalt tolerance improvement effect
similar to the case of the PERK13 function-defitienutant can be obtained by
contacting the antagonist of PERK13 with the swfaicthe roots of the plants.

[0066]
[Example 5]

With respect to the wild type strain and the PERHKunction-deficient mutant
of Arabidopsis thaliana, the influence of the mimab mixture for improving salt
tolerance obtained in Example 4 on the sodium infhio the roots of the plant under
salt stress was examined.

[0067]

Firstly, with respect to each of the wild typeragst and the PERK13
function-deficient mutant of Arabidopsis thaliarthe seeds were sterilized with 70%
ethanol and hypochlorous acid and then sown on la ptge medium of 1%
sucrose-containing MS medium. Then, hydroponidivation was carried out in an
artificial climate chamber with at least the bottoimthe gel flat plate medium being in
contact with a liquid medium (1/2 MS medium) fordngponic cultivation. The
operation conditions of the climatic chamber wesefa@lows: temperature of 2%C,
illuminance of 5000 lux, and a long day conditioithwight period of 16 hours and dark
period of 8 hours. 10 to 14 days after germinatbthe seeds, the liquid medium in
contact with the bottom of the gel plate mediumvdmich the plants were placed was
changed to a 1/2 MS medium containing sodium otdoat the final concentration of

2.5% by mass or 1.0% by mass, followed by addiwbrthe microbial mixture for
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improving salt tolerance. Then, hydroponic cultiva was carried out for 6 hours to
apply salt stress in the presence of the micrabiglure for improving salt tolerance.
[0068]

The root of the plant after application of saftess was stained with a
fluorescent sodium indicator (CoroNa-Green AM) e same manner as in Example 3,
and the fluorescence intensity per unit cross-seatiarea of the root after application of
salt stress was measured with respect to the wjd-tstrain and the PERKI13
function-deficient mutant. FIG. 5 shows the reswf hydroponic cultivation of the
plants at a sodium chloride concentration of 2.5¢4nass, and FIG. 6 shows the results
of hydroponic cultivation of the plants at a sodigimnoride concentration of 1.0% by
mass.

[0069]

As a result, in the case of cultivation in thegance of the microbial mixture for
improving salt tolerance obtained in Example 4reh&as no significant difference in the
fluorescence intensity per unit cross-sectionab avé the root between the wild-type
strain and the PERK13 function-deficient mutant,ameg that the intensity values
thereof were almost the same. From these resitilisas been found that in the
wild-type strain, the sodium influx into the roatsder the salt stress is suppressed by the
above microbial mixture for improving salt toleranas in the case of the PERK13
function-deficient mutant, that this suppressiorsaflium influx into the roots improves
the tolerance against salt stress of the wild stp&in up to the same level as in the case
of the PERK13 function-deficient mutant, and thia¢ tabove microbial mixture for
improving salt tolerance has an action to suppoesgshibit the function of PERK13.

[0070]
[Example 6]

A PERK13 function-deficient mutant of tomato (&wlm lycopersicum) was

prepared, and the salt tolerance thereof was eeglua

[0071]
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<Selection of Target Gene>

Of the genes contained in the genomic DNA of ttmntree genes (PERK13
ortholog genes of tomato) having at least 60% sscpibomology to PERK13 of
Arabidopsis thaliana, i.e., SIPERK9b (Solyc05g01D241), SIPERK10
(Solyc01g010030.2.1) and SIPERK9a (Solyc04g00693)).@ere selected as target
genes for constructing an RNAi vector. The gemgsespond to amino acid sequences
with identity of 98% or more and, hence, are thauglbe paralogs of the PERK13
ortholog gene of tomato (Gene ID of NCBI: 101266034The target sequence was 200
bases from the 5' end side of the gene translatigion. Also, in order to make the
genes simultaneously a target sequence of RNAijraeric gene was prepared which
had a base sequence formed by combining the tsegeience (SEQ ID NO: 5) of the
SIPERK10 gene, the target sequence (SEQ ID NOf #)eoSIPERK9a gene, and the
target sequence (SEQ ID NO: 7) of the SIPERK9b gene

[0072]

<\lector Construction>

The artificially synthesized chimeric gene ddsed above was introduced into a
modified vector of pBl-sense, anti-sense-GW vectoanufactured by Clontech) by
homologous recombination. Specifically, the chimayene was cloned between the
cauliflower mosaic virus 35 S (CaMV 35 S) promaed the expression cassette of the
nopaline synthase gene terminator sequence (NO8j)eoimodified vector in the sense
and antisense directions, respectively, to therefpnstruct an RNAi vector
(pBI-SIPERKs-sense/antisense vector) targetingRERK gene. The structure map
of the vector is shown in FIG. 7. An RNA of theirabric gene transcribed under the
control of the CaMV 35S promoter formed a doublarsied RNA consisting of a sense
RNA and an antisense RNA via cleavage of the intron

[0073]

<Transformation of Tomatoes>

The prepared RNAI vector was introduced into Agrcterium tumefaciens GV
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3101 strain by a conventional method to obtaincmeinant Agrobacterium. Callus

formation was induced in the callus formation medliby infecting a cotyledon piece

derived from Micro-Tom (a tomato cultivar) with thebtained recombinant

Agrobacterium. Thereafter, drug resistant callievgelected and redifferentiated.
[0074]

DNA was extracted from the leaves of the tomati®ained by redifferentiation
and subjected to PCR to select transgenic tomaimeswhich the chimeric gene had
been introduced. DNA extraction from the leaved B&R were carried out as follows.

[0075]
<DNA Extraction>

100 mg of a plant sample was frozen in liquidcagen and powdered. A
sample solution was prepared by adding g800f extraction buffer (100 mM Tris, 50
mM EDTA, 500 mM NaCl (pH 8.0)) and 1 of 20% SDS to the obtained powder,
followed by stirring. The resulting sample solatiovas incubated at 65 °C for 10
minutes. After the incubation, 90 of 5 M potassium acetate was added to the sample
solution, followed by centrifugation at 14,000 rpon 10 minutes. The supernatant was
transferred to another tube, followed by additioh 400 uL of isopropanol. The
resulting mixture was allowed to stand at room terafure for 2 minutes and then
centrifuged at 14,000 rpm for 2 minutes. The tasglpellets were washed with 500
uL of 70% ethanol, dried and dissolved in 1Q0of water to prepare a DNA sample.

[0076]
<PCR>

PCR was performed using a GoTaq polymerase (raatwred by Promega),
while adjusting a PCR reaction liquid such that fmal concentration of each of a
forward primer (5'-GTTCTTCTACACCATTTGCAGC, SEQ IDM 8) and a reverse
primer (5-ATTGTGGTAGTGTTGGTAAGGC, SEQ ID NO: 9) teme 0.g4M. PCR
was performed under the following thermal cycle dibans: heating at 95 °C for 3

minutes; subsequent 35 cycles of a sequence ahpet95 °C for 30 seconds, heating
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at 55 °C for 30 seconds, and heating at 72 °C fos&onds which were performed in
this order; and final heating at 72 °C for 3 mirsute

[0077]
<Evaluation of Salt Resistance>

The resulting transgenic tomato was a tomato fidrich the function of tomato

PERK13 (SIPERK) had been deleted by the introdwtedheric gene. This PERK13
function-deficient tomato was hydroponically cudtied in a 1/2 MS medium to which
sodium chloride had been added such that the doradentration thereof became 0.5, 1.0,
1.5 or 2.0 % by mass. The hydroponic cultivatioaswcarried out in an artificial
climate chamber (25 °C, light period of 16 hounsd @ark period of 8 hours). In the
case of the wild-type tomato, the hydroponic caltion in the 1/2 MS medium with a
final sodium chloride concentration of 0.5% by massulted in whitened leaves,
browned roots and withering of the plant on the B4yof cultivation (not shown), as the
plant could not tolerate the high concentratiorsadium chloride. By contrast, in the
case of the PERK13 function-deficient tomatoes icatiéd in the 1/2 MS media
containing 0.5 and 1.0% by mass of sodium chlotidere were plants confirmed to have
grown without leaf whitening (Fig. 8). Furthergtleaf whitening was observed in the
PERK13 function-deficient tomatoes cultivated ie th2 MS media containing 1.5 and
2.0% by mass of sodium chloride, which however hadsuffered from root browning.
From these results, it has been found that theregpjpn or inhibition of the function of
PERK13 can improve the salt tolerance of tomatsesel.

[0078]
[Example 7]

A PERK13 function-deficient mutant of rice (Orygativa) was prepared, and

the salt tolerance thereof was evaluated.

[0079]
<Selection of Target Gene and Construction of ei@oKnockout>

Of the genes contained in the genomic DNA of,reg@ene (PERK13 ortholog



10

15

20

25

33

gene of rice) corresponding to an amino acid secpi@h sequence identity of at least
70% relative to PERK13 of Arabidopsis thaliana,, i(@sPERK13 (Os03g056880, NCBI
GenelD: 4333279), was selected as a target to bekled out. In order to make this
gene a target sequence for knockout, a polynudearresponding to a target sequence
(SEQ ID NO: 10) of the OsPERK13 gene was prepansecrificial gene synthesis.
The knockout vector pOsPERK-KO1 targeting the OSRERgene was constructed by
introducing the artificially synthesized polynudigle into a modified pRIT1 vector
(Terada et al., Nature Biotechnology, 2002, vol, PO 1030-1034) by homologous
recombination.
[0080]

<Transformation of Rice>

Transformation of rice was carried out accordinghe method of Toki et al.
(Plant Journal, 2006, 47, 69-76). First, the kmatkvector was introduced into
Agrobacterium strain EHA 101 or LBA 4404 by a comtienal method to obtain a
recombinant Agrobacterium. The obtained recombirfsgrobacterium was infected
with a scutellum-derived callus of rice cultivarifidonbare”. The infected rice callus
was cultured on a solidified medium containingS0u®1 bispyribac-sodium salt, and
calli were selected.

[0081]

Genomic DNA was extracted from the selected bibpg salt tolerant calli
using a DNA extraction kit "Maxwell 16 LEV Plant D\kit" (manufactured by
Promega), and PCR was carried out to select tramsfibcalli into which the knockout
vector had been introduced. PCR was carried angy@sDNA polymerase (Tks Gflex,
Takara Bio), a forward primer (5'-AAGCTCAAGCTCCAATZXGCAAACCGCCTC,
SEQ ID NO: 11) and a reverse primer (5'-
GACGGTATCGATAAGCTTGGCGCGCCATTA, SEQ ID NO: 12) undhe following
thermal cycle conditions: heating at 93 for 1 minute; subsequent 35 cycles of a

sequence of heating at 98 for 10 seconds, heating at 8D for 15 seconds, and heating
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at 68°C for 1 minute which were performed in this ordand final heating at 68C for 7
minutes. The bispyribac-sodium salt tolerant gekiulted in a PCR product of a
desired size were selected as transformed cadlvitiich the knockout vector had been
introduced.
[0082]
<Regeneration of Rice Plants>
The rice calli that were confirmed to have thedkout vector introduced were
subcultured to a regeneration medium and culturedbright place at 25 °C for about
3 weeks. As a result, transgenic regenerantsingrgOsPERK-KO1 were obtained.
Likewise, non-transgenic regenerants were alsaiead) from non-transgenic rice
calli.
[0083]
<Confirmation of Knockout Status of Rice PERK13tfbg Gene
The knockout status of OSPERK13 gene in the réauant regenerated plants
was analyzed by CAPS (Cleared Amplified Polymor@égjuences) method. First,
genomic DNA was extracted from each plant using\&\@xtraction kit "Maxwell 16
LEV Plant DNA kit” (manufactured by Promega). TR&R was performed using
3905688 No1-F primer (5 '-
AGTCAAGCTTCGCCGGCGCCAATGCCGATGTGAGCCCGGC, SEQ ID NB)
which is a 3g05688-specific primer, and 3g05688 {Rofrimer (5' -
TGACGAATTCGCTCCGGCACGACGAGGGTTCTCCTGCGCG, SEQ ID NG¥).
The obtained PCR amplification product was purifisthg a nucleic acid purification kit
"DNA Cleaner” (manufactured by Wako Pure Chemicalustries, Ltd.), followed by
restriction enzyme (TspRI) treatment, and the cdegavstate of the DNA fragment was
confirmed by agarose electrophoresis.
[0084]
When a target gene is knocked out, a DNA sequératading a recognition

sequence for a restriction enzyme present in PCRIised fragments will be lost;
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therefore, the knockout status can be judged basdlde presence of the uncleaved PCR
amplification product. FIG. 9 shows the results agarose gel electrophoresis of
digested products obtained by treating OsPERK13egkemived PCR amplified
fragments with TspRI. In FIG. 9, "-RE" of "WT" & lane to which a PCR amplified
fragment of a non-transgenic regenerated plantapp$ied, "+RE" of "WT" is a lane to
which a digested product obtained by the TspRItitneat of a PCR amplified fragment
of a non-transgenic regenerated was applied, actd @d'#1" to "# 4" of "KO lines" is a
lane to which a digested product obtained by theRTdreatment of a PCR amplified
fragment of recombinant regenerated plant into tWwhike vector for knockout of
OsPERK13 gene had been inserted was applied. résut of the CAPS analysis, as
shown in FIG. 9, the band observed with "-RE" of TWvas not observed in "+RE" of
"WT", whereas the band of undigested PCR amplifiagment was detected in "#1" to
"# 4" of "KO lines" From this result, it was confied that the OsPERK13 gene was
knocked out in plural transgenic plants .
[0085]

<Evaluation of Salt Tolerance of Rice PERK13 OrtigoGene Knockout Variant>

Each of a transgenic plant carrying pOsPERK-KQioa-transgenic plant was
individually subcultured on a rooting medium (sdli2 MS) containing 1.5% by mass of
sodium chloride. The plants were grown in a grostiamber (25 °C, constant light
period) for about two weeks, and their phenotyddheplants were analyzed.

[0086]

The phenotypes of 2-week-old regenerated ricetplare shown in FIG. 10. In
FIG. 10, "WT" is a non-recombinant regenerated pland "KO" is a recombinant
regenerated plant into which the vector for kno¢ckatflPERK13 ortholog gene had been
introduced. FIG. 10(A) and FIG. 10(C) are indingtithe aerial part of plants, FIG.
10(B) and FIG. 10(D) indicate the underground dirthe plants shown in FIG. 10(A)
and FIG. 10(C), respectively. As shown in FIG.A0&nd FIG. 10(B), non-transgenic

plants showed typical phenotypes caused by sodnlarnide stress with yellowed leaves,



10

36

necrosis at basement and severe growth inhibitiomoots.  On the contrary, the
transgenic plants harboring pOs PERK-KO1 showednabigrowth with green leaves
and root elongation even though some leaves tumgdllow. Furthermore, as shown
in FIG. 10(C) and FIG. 10(D), one transgenic plaatboring pOsPERK-KO1 showed
very healthy growth without any yellowing leavesThese results confirmed that plant
salt tolerance improves with disruption of OsPERKJEhe, in which the OsPERK13
gene is a rice orthologue gene of PERK13, and slethis can be grown even under
environment of 1.5% by mass sodium chloride, teathe suppression or inhibition of

the function of PERK13 can improve the salt tolemnf the rice plants as well.
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CLAIMS

1. A method for improving salt tolerance of a plaobmprising suppressing or
inhibiting a function of PERK13 (Proline-rich ex®n-like receptor kinase 13) in a

plant .

2. The method according to claim 1, wherein an gorisst of the PERK13 is

brought into contact with a root of the plant.

3. The method according to claim 2, wherein theagmrist is one or more

species of microorganisms or a secretion therefrom.

4. The method according to claim 2 or 3, which Hart comprises a step of
immersing at least a part of the root of the planan aqueous solution containing the

antagonist.

5. The method according to claim 1, wherein thgpseission or inhibition of the
function of the PERK13 is carried out by suppregsim inhibiting expression of the

PERK13 gene or PERK13 protein.

6. The method according to claim 1 or 5, whichHartcomprises introducing a

mutation into the plant to decrease or disrupt fiencof its PERK13 gene.

7. The method according to any one of claims 1 tovBerein the plant is
enhanced with respect to a function of at leastogein selected from a nonselective
cation channel, a plasma membrané/Naantiporter, a vacuolar N&d™ antiporter, and

a high affinity potassium transporter.



10

15

20

25

38

8. The method according to any one of claims 1 tavlBerein the plant has
overexpression of a gene to produce at least ooieiprselected from a nonselective
cation channel, a plasma membrané/Naantiporter, a vacuolar N&d™ antiporter, and

a high affinity potassium transporter.

9. The method according to any one of claims 1 tavBerein the plant is a
transformant into which a foreign gene has beewndiuiced,
the foreign gene being at least one of genexteeldrom SOS1 gene, SOS2

gene, SOS3 gene, NHX1 gene, and HKT1 gene.

10. The method according to any one of claims B,tavherein the plant is a

dicotyledonous plant.

11. The method according to any one of claims B,tavherein the plant is a

monocotyledonous plant.

12. The method according to any one of claims 19tovherein the plant is
selected from plant species belongs to the Podfeaaity, the Solanaceae family, the
Brassicaceae family, the Cucurbitaceae family,\iteceae family, the Rutaceae family,
the Rosacea family, the Leguminosae family, thaifdlonaceae family, the Pedaliaceae
family, the Chenopodiaceae family, the Palmae fgmihe Musaceae family, the

Malvaceae family, the Myrtaceae family, and the (@2ajlaceae family.

13. The method according to any one of claims 9, twherein the plant is selected
from rice, maize, sorghum, wheat, barley, rye, dapa millet, foxtail millet, tomato,

eggplant, paprika, green pepper, potato, tobacc@bifopsis thaliana, rapeseed,
shepherd's purse, Japanese white radish, cabbatyeabbage, Brussels sprout (Petit

vert), Chinese cabbage, bok-choy, kale, watercdzsgsanese mustard spinach, broccoli,
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cauliflower, turnip, horseradish, mustard, cucumbgtter gourd, pumpkin, melon,
watermelon, grapes, lemons, oranges, navel oragggsefruit, mandarin, lime, sudachi,
yuzu, Shiikuwasha, Tankan , apple , cherry, Jagaapscot, peach, loquat, apricot, plum,
prunes, almonds, Japanese pear, pear, strawbaspbarry, blackberry, black currant,
cranberry, blueberry, soy, kidney beans, peas, &ams, green soy beans, mung bean,
chickpea, lotus (lotus root), sesame, spinach,, Isegiar beet, quinoa, hiyu, amaranthus,
cockscomb, date palm, oil palm, coconut, acai, bandapanese banana, Manila hemp,

cotton, okra, eucalyptus, Cleome gynandra, andrdespinosa.

14. The method for plant cultivation, comprisingtimating a plant with symbiotic

microorganisms at a sodium chloride concentratioh.® % by mass or more, wherein a

survival rate of the plant is at least 10 %.

15. A plant wherein function of PERK13 is supprelsseinhibited.

16. A method for producing a salt tolerant planbmerising suppressing or

inhibiting function of PERK13 in a plant.



