DESCRI PTI ON TI TLE OF | NVENTI ON A pol ynucl eoti de encodi ng PPAT
derived from Jatropha and use thereof 5TECHN CAL FI ELD The present invention
relates to a pol ynucl eoti de encodi ng phosphopant et hei ne adenyl yl t ransf erase
(hereinafter referred to as "PPAT") which is a novel gene of Jatropha, and use
thereof, and in particular, use thereof for creating stress resistant Jatropha
w th enhanced growt h. 10BACKGROUND ART Jatropha curcas attracts attention as
bi ol ogi cal resources for production of biodiesel fuel because it is able to
produce a non-edi bl e Jatropha oil. Further, Jatropha is known as a plant that
can be cultivated even at |ocations unsuited for growh of other crops in
terns of waterand inorganic nutrient QESHIPTEONel i eved to be very 15benefi ci al
for effective utilization of sem-arid regions and for greening. On the other
hand, al though Jatropha plants grow in barrens, production efficiency of oils
by natural cul TTMaOhENVENDEN hi gh because fruition of the plants is once a
year and the size qL t.he

rui.t is.signpifi.cantly symaller than th of palm For
this reason, developﬁgﬁyx%?gﬁ?aﬁPQH%Eg%tg?Wﬁgﬁ§giF ﬂﬂﬁapéuﬁﬁﬁﬁﬁ%id. 20As one
measure fér 1 NPEOMNIQAL REEIED oducti on efficiency of a Jatropha oil, a nethod of
transform ng Jatropha so that acetyl CoA carboxy| ase (ACCase) can be
over expressed for Pﬂ'@rpéee?g?tﬁﬁvef%@ Igiafes %%?CQYHUCBPX4WCM§?WHW?GI$%r .
exanpl e, as preaRegetahdlertilhdeinafter referred tOas tHPATOY Waich adhvef Jeafbt he vi ew poi nt
of enhancenent of growth of Jatropha 25itself, it is also conceivable to inpart

envi ronment al PR AASE Sierqb and Harartshien s thereghioy frapingistrgss agsestant n - an
envi ronment of janehierwish@hhade oRfwit.he Iike. As an environnmental stress
resi stant gene reconbi nant plant, the one wherein the stress responsive
si gnal i ndY% nt eR&FCEKP Hﬁgﬁﬁnisn1are nodified so as to be adaptive or

responsive to envi rQpaentalc, S SaSEEnRMEE bﬁ)?og%ahe?&u&@é Yor p?oﬁ@t‘ict}looq for

biodiesel fuel because it is able to produce a non-edible Jatropha oil. Further,
Jatropha is known as a plant that can be cultivated even at locations unsuited for growth
of other crops in terms of waterand inorganic nutrients, and is believed to be very

15 beneficial for effective utilization of semi-arid regions and for greening. On the other
hand, although Jatropha plants grow in barrens, production efficiency of oils by natural
cultivating is not high because fruition of the plants is once a year and the size of the
fruit is significantly smaller than that of palm. For this reason, development of highly
productive Jatropha is demanded.

20 As one measure for improving the production efficiency of a Jatropha oil, a
method of transforming Jatropha so that acetyl CoA carboxylase (ACCase) can be
overexpressed for increasing the oil content of the seed is known, for example, as
proposed in PTL 1.

On the other hand, from the view point of enhancement of growth of Jatropha

25 itself, it is also conceivable to impart environmental stress resistance that ensures high
viability even in an environment of water shortage or the like.

As an environmental stress resistant gene recombinant plant, the one wherein
the stress responsive signaling intensity and mechanism are modified so as to be

adaptive or responsive to environmental stresses such as dry stress, a method for

-1-



i nprovenent to achi eve overproduction of a protein nolecule involved in
resistance (a protein responding to environnental stresses) and the |like are
concei vabl e. For exanple, NPL 1 reports, regarding a mechani sm of controlling
dry stress resistance in Arabidopsis thaliana, that a NF-YAS5 transcription
factor is ABA- 5 dependent and is strongly induced by dry stress, and that
transforned Arabi dopsis thaliana overexpressing NFYAS5 is superior to

wi | d-type Arabidopsis thaliana in resistance to dry stress. Here, abscisic
acid (ABA) is a plant hornone that is involved in seed dornmancy,

openi ng/ cl osi ng of stoma and osnotic stress resistance, and ABA is known to be
10deepl y i nvol weprovemanksraskisveosverfroducgomefp rofteistmesslerisgpadsn waisganea.

As a met hod of i Ng: i ntal . .stress. resistant Arabidopsis thaliana,
PTL 2 proposes pgb&%g%%%gg%%%I{:V?I{a{z{?‘%rbtgasﬁgsﬁ?: REA ﬁiée ?rﬁﬁ%rfcflé’?iﬁgf a group of
genes under the confterekaopleNRL arsports, péganing aatdanithal catbilingtiessticsanscri pti on

by binding with a.cis. el nt. exi.sti upst t he gene encoding a stress
responsi ve pro ees}sﬁan(éexlﬁrAergbsqg(HDSHS%ahﬁt’ @g&%ﬁgrﬁf g]?{ﬁ%rfﬁt]gp?as“fqréss‘ggéa stress
responsi ves t r ademndgot iainis f@aighr hducCd B i tsebys, and IBRIKAGIGRRE Ardidipsis! osed as a
novel gene encngLin a s%@nal [ q\%%ggt,or t hat igguces expressi on of DREB/ CBF
which is a strEGPLIFSREFTE FanSers PPPUR 9 JEtorPe Mpydepsisdhaliend i@ di scl osed

t hat Arabi dopsisistahed toanastickansf ormed to overexpress the SRK2C gene shows

dom nantly high suryival rate in conparison with a control even after stopping

of water 20supply. Here, absqigj¢ agid (ABAPE aﬁlﬁné?f&?‘f’_ge pfds inyolyed i sl dBmaRyt or  was
identified, andpdifp@ildider cﬁ@@ﬁﬁ%ﬂ@%&ﬁc%%bs@gesﬁs@nﬁe,%M)Q'Bﬁhig tofppoductivi ty
under the condition of water shortage in conparison with the w I'd type. Al so,
NPL 3 repdtts desolitinyelusiinepapsionioan g of s lenonsiengengr. owt h and seed 25yi el d
significantly decreasg deihodds hagi Wi , ' ian

phosphopant et hei ne adenf/)'l QI tr%ns le%gggloflé%%ﬁt?%&g%g%gn%?bg&%g%tﬁfa%a%t ant)

(Fig. 2), whil 8Tba rrénesesarmethedof uiihziagan sedivatingfarkction ef expnesisienes PRAT (an OF
strain), the eff f | [ esi . 0 tic resi.stance (test
usi ng nmannit ol ; ei%gltl% { g?ﬁg&%@?ﬁﬂ%gﬁ%&é&%& Sﬁg}\%&% ﬁglfsﬁré&vﬂ\)ng Ibﬁ%%l;%bnéméhn%m@r owh is
pronot ed i n conpaeitsyisting tistredne thaigkek entydies  Sees FissivSprateth ekpressEdeuPPAT used
her ei n, ich s al iated. as AtCoaD, is an epnz i.nvol ved in

bi osynt h\é@l s 0*0 a@%@ﬁ@%@ggk?& SeRZ Ve TAPP S ei%%?fﬁ?ﬁ%%fgﬁtég?f lrjfili‘r‘ir?)tgllﬁ’caot heni ¢ aci d
as shown in Fi §RKLC gamdis PRAGsedat ahywe gererenexittpangmaligabitioohatiadwesen

54' - phosphopant et hei nc 0 0 coenzyne A. Coenzyme A consists  of

pant ot heni c aCF’H{fesglagﬁ%@?ﬁ@@%ﬁﬁ@ﬁﬁ&%egﬁ PODYYA § r’é’%ﬂ%ﬁé@ﬁiaﬁ%?ls%ﬁds i's
represented by distieseaiemiseaidobsik halighaGAdioka 13 SNFODBRS: thI BREPALLL GoRates in a
variety of net ?boj i cmrkg&cti ons by, binding of an acyl group of various

conpounds to i fEMnaH SUFY Y Iratey i@ BIPRRYSOR itk area @ veioaiter stRepineeforatet i vel y,
it is a czo)enzygtq,ptyhat is involved in the TCA

Further, NPL 2 reports that a corn NF-YB factor was identified, and a corn
transformed by using this showed higher productivity under the condition of water
shortage in comparison with the wild type.

Also, NPL 3 reports about Arabidopsis thaliana that nutrient growth and seed

25 yield significantly decrease in an individual wherein the gene encoding
phosphopantetheine adenylyltransferase (PPAT) is broken (a ppat-1 mutant) (Fig. 2),
while on the contrary, in an individual overexpressing PPAT (an OE strain), the effect
of enhancing salts resistance and osmotic resistance (test using mannitol) is obtained in

comparison with the wild type, and growth is promoted in comparison with the wild
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10cycl e functioning commonly in prokaryotic and eukaryotic cells. Cl TATI ON
LI ST PATENT LI TERATURE PTL 1: Japanese Nati onal Patent Publication No.

2009- 536029 PTL 2: Japanese Patent Layi ng-Open No. 2005-253395 15NON PATENT
LI TERATURE NPL 1: Wen-Xue Li et al., "The Arabidopsis NEYAS Transcription
Factor Is Regulated Transcriptionally and Posttranscriptionally to Pronote
Dr ought Resistance", The Plant Cell, Vol. 20: 2238-2251 (2008) NPL 2: Donald

E. Nelson et al., "Plant nuclear factor Y(NF-Y)B subunits confer 20drought
tolerance and lead to inproved corn yields on water-limted acres”, PNAS, vol.
104, No. 42, 16450-16455 (2007) NPL 3: Rubio S. et al., "The coenzyne A

bi osynt heti c ef®phiee fsspiisivent et hei ne adenyl yl transferase plays a cruci al

role in plant grow j.C resi.s nd seed |ipid storage."”
Pl ant Physi ol ., 148%%%@@%3?%%@8@%%@%%@%%Eﬁ%a STECHI"EAL PROBLEM
Si nce a nechaniiswivef irshigryathesigofratimyeny A.orCognyntem sfbi@ypheshieddineh envi ronment al
oroposed for - oPaRp el a ey REe, LA BURT WEVR: B Pl Bt e © %"
envi ronnerit al 45ph@slopresthsihamcidepbosdesarchbed Abovenzimeetisistast t 0 Jat r opha,

| at tein.rel.ated with stress, functional .protein related with
st orance anaPEHELRIEEAaGEoNsE dpReRTEE MU C AT PG FFRetr

transforned Jaby dehaehiay fognexcgth@m;0/iabiThistprticHak@tn  @iRE- or3hekE ect to be
achi eved by the Qresg?%iinve tion is to create stress resistant Jatropha
I

havi ng excel | eFERAmSBY Pindine o aratrhgeur of Ysrigys @erquiisieitbierpinal thickgrowmpabl e of

transform ng wol d tHiyRer dedd OIRER\/‘le;I,e%tahaé{ﬁ,.iﬁ)é aebdrefthe MaaRilvol¥d angde gEness
resistance. SOLUTI ON TO PROBL For achi eving the aforenentioned object, as a

result ofl%xantyis fuaﬁi%\}pgézowly in prokaryotic and eukaryotic cells.
CITATION LIST

PATENT LITERATURE
PTL 1: Japanese National Patent Publication No. 2009-536029
PTL 2: Japanese Patent Laying-Open No. 2005-253395

15 NON PATENT LITERATURE
NPL 1:  Wen-Xue Li et al., “The Arabidopsis NFYAS5 Transcription Factor Is
Regulated Transcriptionally and Posttranscriptionally to Promote Drought Resistance”,
The Plant Cell, Vol. 20: 2238-2251 (2008)
NPL 2: Donald E. Nelson et al., “Plant nuclear factor Y(NF-Y)B subunits confer

20 drought tolerance and lead to improved corn yields on water-limited acres”, PNAS, vol.
104, No.42, 16450-16455 (2007)
NPL 3: Rubio S. et al., “The coenzyme A biosynthetic enzyme phosphopantetheine
adenylyltransferase plays a crucial role in plant growth, salt/osmotic stress resistance,
and seed lipid storage.” Plant Physiol., 148: 546-556 (2008)

25 SUMMARY OF INVENTION
TECHNICAL PROBLEM

Since a mechanism of signaling pathway for growth of a plant and

environmental stresses in a plant is complicated, various transformation methods have

been proposed for creating a plant that is excellent in productivity and environmental
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10f or transform ng Jatropha to have excellent viability and stress resistance,
the inventors of the present invention succeeded in isolating and identifying
a pol ynucl eoti de encodi ng phosphopant et hei ne adenyl yl transferase (PPAT) of
Jatropha which is one of enzynes involved in biosynthesis of coenzyme A, and
acconplished the present invention. Specifically, the present invention is as
follows. 15[1] An isolated pol ynucl eotide selected fromthe follow ng

pol ynucl eot i des: (a) a polynucl eotide having a nucl eoti de sequence
represented by SEQ ID NGO 2; and (b) a polynucl eotide having a

nucl eoti de sequence having a honol ogy of 90% or higher with the nucl eotide
sequence of t hetrgselepiiantestdegebof abpay., Hiverve, ms ta J20pbh,peptidtog pesteiaded t her eby
mai ntai ns stre ' . l. tide encoded he. pol ynucl eoti de
of (a). A S e b AR BRI, BRSNS S e B SoL Mt eot 1 de
sequence repr edemtcdalifioy, BEQ@Lb1DaNGh alut transformed Jatpa bARing sdeditedidBRAT is

pol ypepti de sekag%gg fromthe foll ow ng pol ypeptides: 25(a) a pol ypeptide
havi ng an am no aC|§“sequence represented by SEQ ID NGO 1; and (b) a

pol ypepti de havi ng AnobjsttnebasihitveEbu®s pRsdh@itivegion iNenelaedreafre§Q%:or hi gher
with the am no_aci equence of .the polypeptide of (a), wherein the

pol ypepti de mﬂﬁfoaﬁ%'zavg'tgreég lefte"é?bé]ftéﬁég g 1 Wévﬁﬁﬁﬁﬁl?ﬁf hydiksoagaie of [ 4]
The PPAT pol ypepisfeitimswiesss 1da8phd 1B hhvdl exchIRMi NEhiRY 2AMRYs AGkEngequence
represented by SEg ID NO 1. LS&IA pol ynucl eoti de encodi ng the pol ypeptide as
described in [ SPLEHIPH]LO PROBLE [6] A Jatropha plant transformation

vector, wherein t hchﬂcAl:M@\Hﬁé ﬁ’lgtafoq&né?&ﬁoééa%jﬂeﬁ{, E@Qreglﬂt (gfjckamhgt]iorpcgn %%bei S

incorporated. [7] A transformant containing the vector as descri in [6].
[8] A Jat¥bphalgitantforniagktreplned hpye wredlisnt vighdlity aed gresarssisteser thbegreitnrs[ 6], t he
pl ant bei ng st (LSS fESk : g?.gﬂggp f.OVEer expressing a
PPAT pol ypepti de cgﬁpare mﬁ?ﬁﬁgﬁa%?gv§§€%%&%§? b eé%$%§?$§%eed fromthe
stress resi st aptcotinanbésphopadicthdae rdplylltemsidescPPBEV of atrp@a. wHidlOk ode ofet hod of

producing a JatrophaiQbledh FYEREINT by HE R aRPacl RGP bsent
invention. Specifically, the present invention is as follows.
15 [1] An isolated polynucleotide selected from the following polynucleotides:
(a) a polynucleotide having a nucleotide sequence represented by SEQ ID NO:
2; and
(b) a polynucleotide having a nucleotide sequence having a homology of 90%
or higher with the nucleotide sequence of the polynucleotide of (a), wherein a
20 polypeptide encoded thereby maintains stress resistance of the polypeptide encoded by
the polynucleotide of (a).
[2] The polynucleotide as described in [1], having a nucleotide sequence
represented by SEQ ID NO: 2.
[3] An isolated PPAT polypeptide selected from the following polypeptides:
25 (a) a polypeptide having an amino acid sequence represented by SEQ ID NO: 1;
and
(b) a polypeptide having an amino acid sequence having a homology of 90% or
higher with the amino acid sequence of the polypeptide of (a), wherein the polypeptide

maintains stress resistance of the polypeptide of (a).
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[9] and purifying it. [ 11] A Jatropha oil produced by the
production nethod as described in [10]. 15ADVANTAGEQUS EFFECTS OF | NVENTI ON
When Jatropha is transfornmed by using the polynucl eotide according to the
present invention, the transforned Jatropha all ows expressi on of PPAT

pol ypepti de derived from Jatropha of the present invention, or a pol ypeptide
equi val ent thereto. Biosynthesis of coenzyne A is pronoted by these

pol ypepti des, and the netabolic 20function and viability of the transforned
Jatropha are enhanced, and for exanple, stress resistance can be inproved
significantly. BRI EF DESCRI PTI ON OF DRAW NGS Fig. 1 shows a biosynthesis
pat hway of coenzyne[4ATha BIADpoly@ptiéniscleatibel] inrf3 phplisdn dhnahiidepatiet hal i ana)
(reprinted from Kupke .T " 4- Phosphopant et hei ne and 25Coenzyne A

Bi osynt hesi s iﬁpﬁfgﬁﬁ%sbyﬁ(?@mp:%hem, 278: 38229- 38237 (2003)). Fig. 2

is a picture show ng]a poBsudiéotiat egbiing ieGlolypphates iscabedls PRAT[ADNA in t he
exanpl e. Fig. a relatjonship between a Jatropha genone and a

sho
JCcPPAT gene anplifi ﬁAH?/tro\}ﬁ‘P’@QnW&nﬁ%ﬂ?anon vector, phgreinghg polypuglepiédeisp of a pGABL1

plasm d (see Nadkaagaan B, (@] on[5] PeMeieRm®RNt of Series of Gateway Binary
Vectors, pGMBs, for Realizing Efficient Construction of Fusion Genes for Plant

Transformation", JddtHdngprBpbyeiadieetha i@ ergiibrddnitly. Vol . 104 (2007),
No. 1, p. 38). 5DE§@RKB&LQNa9§n§%§QM@M}% ng%PeP\f%Itop%ééE(g?%%gf[gﬁ? JCPPAT gene

!
encodi ng the sane] An isolated novel Jat oSh gene accor e present
i nvention is arlpdibpmgsiressrisseanemastirmed Jshrostprropebin dioneiexmesanigmyAPAT r ansf er ase

(PPAT) of Jatr : I (& ol ynucl eoti de having a nucl eoti de
sequence repr eg(g%%g%é&?@g%gl%hﬁ%@ﬁg and (b) a pol ynucl eoti de having a
nucl eot i d® sequencd9havtaighagvektodrbbogle wfessO0gstart thngfirercd attdpha ixedentriteéot | de
sequence of the @fl ynucl eotide of (a), wherein a pol ypepti de encoded t hereby
mai nt ai ns st ressI ‘esi stance of the pol ypeptide encoded by the pol ynucl eoti de

of (a) (hereinaft er[l0}hestodnépodldigct janepha diefyerteding theased abcRRADeQ@RNE" and
SO on) are inCtg:]lde(fl in.t he% present invention. The nucl eoti de sequence of 15
t he pol ynucl eot’t & %%%‘B%’has a honol ogy of preferably 95% or higher, nore

preferably 98% or Hil ghevatradhdloipplotiicetlbteyprgtuefi@rabhyd AAR%Bibedingh®r Wi th the
nucl eoti dg seayBReq Ol L8 s RS AN &) -

When Jatropha is transformed by using the polynucleotide according to the
present invention, the transformed Jatropha allows expression of PPAT polypeptide
derived from Jatropha of the present invention, or a polypeptide equivalent thereto.
Biosynthesis of coenzyme A is promoted by these polypeptides, and the metabolic

20 function and viability of the transformed Jatropha are enhanced, and for example, stress
resistance can be improved significantly.
BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 shows a biosynthesis pathway of coenzyme A from pantothenic acid in a

plant (Arabidopsis thaliana) (reprinted from Kupke T et al.,“4-Phosphopantetheine and
25 Coenzyme A Biosynthesis in Plants” J. Biol. Chem., 278: 38229-38237 (2003)).

Fig. 2 is a picture showing a result of gel electrophoresis of JcCPPAT ¢cDNA in
the example.

Fig. 3 shows a relationship between a Jatropha genome and a JcPPAT gene
amplified by a PCR method.



The PPAT pol ypeptide of the present invention also includes, for exanple, (a)
a pol ypeptide having an am no acid sequence represented by SEQ ID NO 1; and
(b) a 20 pol ypeptide having an am no acid sequence having a honol ogy of 90% or
hi gher with the am no acid sequence of the polypeptide of (a), wherein the

pol ypepti de mai ntains stress resistance of the pol ypeptide of (a)
(hereinafter, these are collectively referred to as "JcPPAT"). The pol ypepti de
of (b) has a honol ogy of preferably 95% or higher, nore preferably 98% or

hi gher, and particularly preferably 99% or higher with the 25am no acid
sequence of the polypeptide of (a). The nucl eoti de sequence of the gene of the
present invention afigctisagknedes ol pdWiBl eptinmié $see hakabatvg et d1e “Poleydpaphi des of
(a) and (b). As.¢he JCPPAT gene cor di to.the pre t. i nventiaqgn, the one
encodi ng t he aﬂgér%le%\%' 1 H?é%&tﬂfseggﬂ@édfob € @gl%%gﬁﬁﬂt DFEICHPRPler abl y
recited, and thesionGdrgniie Peat Tdesth@ating’, fouttiC bRk cs BRUBIBER feRAESent ed by

SEQID NG 2 i r r for creation of transfornmed Jatropha because it is
derived from a%gtlﬁ%éﬂé\%&éﬂolﬁﬁ&? Wil e a method of preparing the JcPPAT

gene of thye prpssORIFMUEIOF BMBcOMEaiNarticularly limted, for exanple, DNA of
SEQ ID NO 2 corresponding to the PPAT 5gene derived from Jatropha can be
obt ai ned from U&?Pr%—gﬁ%{y 3yl JaPPcRege sacRdinedhe mehr get  pol ynucl eoti de ( cDNA

encodi ng PPAT) by congdusichngva 1ffEpRER ok 88%tdiRNo s ing primer set
(SEQ ID NCs: 3 and 4). Al so,Vthe EC%&T genelﬁ)ér}tgy b}ggsg%ﬂt]g%gb g\(/:éﬂcor ding to a

routi ne met hodpolangleptidagmgodies ghosphopaitethdiye adpmilWesisfaase (PRATexfdntpinda. by
substituting, I | : 1 J | D 10NC. 2
9,  GEhLDQaPLAANGR IRLAISLELI B PBRE el B SEEDD

or the like, [Chemcal fo
AAAAAGGAGEGT CANVATGBOGT BATPTAGAGEAA TIETAT GSaicTotTe scuerRe iavisea horaetegy of 5'

AGAAAGCT GEGTATELTACT AT %J&:ICGO-B' nma repared by a
general |y cond%@%ﬁﬁ%rﬁ.t (c)aroc\eexaerrsﬁ %ﬁnc%?fiteerp%%lf?éﬂggﬁ%n(g(é’ ’Fvﬁﬁgﬁlgﬁ plant in a
mortar or the palkeptide arodid thbyfmactbinostramiesienexl tagbBgemiid epdodp@bed from

e M L T
Kdeoxyr i bonuel gaseamiebhagaeincdied i tkeprednsverdio ORI iic@blide sayi@hted e kit may
R AR TR T T Y N e i S
| eaf, and ot he9s% bskibRS, SdGBrticularly preferably 99% or higher with the nucleotide sequence
of the polynucleotide of (a).
The PPAT polypeptide of the present invention also includes, for example, (a) a
polypeptide having an amino acid sequence represented by SEQ ID NO: 1; and (b) a
20 polypeptide having an amino acid sequence having a homology of 90% or higher with
the amino acid sequence of the polypeptide of (a), wherein the polypeptide maintains
stress resistance of the polypeptide of (a) (hereinafter, these are collectively referred to
as “JcPPAT™).  The polypeptide of (b) has a homology of preferably 95% or higher,
more preferably 98% or higher, and particularly preferably 99% or higher with the
25 amino acid sequence of the polypeptide of (a). The nucleotide sequence of the gene
of the present invention also includes polynucleotides encoding the polypeptides of (a)
and (b).
As the JcPPAT gene according to the present invention, the one encoding the

amino acid sequence represented by SEQ ID NO: 1 is preferably recited, and the
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as a stem may be used. Anpong these, froma germ nating seed where energy
production by seed storage lipid netabolismis active, a larger quantity of
PPAT mRNA can be obtained. It is supposed that PPAT activity is enhanced for
met abolism 25 of lipids stored in a seed because a | arge anount of energy is
required in germnation of the seed. It is also supposed that PPAT nRNA can be
obtained efficiently in a seed in the course of maturation, because PPAT
activity is enhanced for accunul ation of |ipids. However, when a | arge
gquantity of oil is contained in a tissue |like a seed or the like, it is
preferred to extract RNA after purifying the ground matter.

Det er m nat i on paghuclnfiderhmring emucfotale nepksotrépescsted g REQ Ibe(anz iobteidrredd PCR

product may be uct ona for exanple, a

Maxi m 5G| ber){O?gﬁeﬁ%ncoggrarﬁ%wgig%f()pg%{’efr%‘fsﬁé gefrwgd 8?‘8‘&@3& WeEEB e chain
term nati on nethod WhﬂmgthBd phagering GedaRB ONg@k of the @sSertt @Siesfi@nt ndtr ansf or ned
Jatropha] The st S, r.esi nt a of the present invention
is created by %a1W€W8 C fﬁﬁmﬁ$ gﬁakggﬁ%%@?gﬁpgﬁgﬁﬁPW@”W§9ﬁﬁ6)ﬁﬁé JCcPPAT
gene prepared gse H&d\%&@folnbﬁ&oliﬁﬁ Q¥e bOPREIAR Yorh TakopHa MRINA & amcquplto@ﬁctt)pr
expression or expreSS|on rggg@ tion, into a wld- tyEe Jatr ha. The species of

Jatropha i nt endBEEchRRlyRElepides@RNA Gagecding A Rty capduchng ¢ RELH regetionni t ed, and
Jatropha cur cagsinghd fPBReheRRhRY St '(% H§ NUSOPM Al kighi tg@-JcP‘ib@f[ré}Hg'ﬁma

ber| andi eri, Jatropha i ntegerrim and may be used. Amon %ese from
t he 15vi ew poi P ob&Fingdgegradige fo wﬁtl@rmeth%@mblpmyéaa@ﬁslaﬂrssm@fsm ﬁcrry used. The

gene | nt roduct LampliRYy s AR EUAGkiRor Ain ARG AL LN DIk Pf’?é%% directly

introducing DNA into a cell suc ng protopla

el ect ropdPat i oNOnerhbdlisnd a gene shot gun nmet hod; and met hods of |nd|rectly
i ntroduci ng DNA by terium tumefaci ens or R rhi zogenes, and a
met hod 20of usi ng Jgﬁgggggg é?ﬁun1|s preferred. In the followi ng, a
transformation Rl RadHsi ng : an - APASHEEETOAMMATACGEETATIAGACTARISTIGETTAAT -3' An
agrobacteriumis a plant pathogen, and has a Ti plasm d having a region

sandwi ched bet WRepd Brid pf t fboH\G)\mbmmﬂetﬁi’cﬁd‘rm@ﬁtnémﬂ%%(% ga T-DNA

(Transferred DNA) region) that can be cut out and i1nserted into a host genone.
When a host pl ant

mRNA may be prepared by a generally conducted method. For example, after

15 grinding a frozen plant in a mortar or the like, a crude RNA fraction may be extracted
and prepared from the obtained ground matter by a glyoxal method, a guanidine
thiocyanate-cesium chloride method, a lithium chloride-urea method, a proteinase K-
deoxyribonuclease method or the like.  Also, a commercially available kit may be
used.

20 A tissue of a plant that is used as a material is not particularly limited and a seed
in the course of maturation or a germinating seed, a mature leaf, and other tissues such
as a stem may be used. Among these, from a germinating seed where energy
production by seed storage lipid metabolism is active, a larger quantity of PPAT
mRNA can be obtained. It is supposed that PPAT activity is enhanced for metabolism

25 of lipids stored in a seed because a large amount of energy is required in germination of
the seed. It is also supposed that PPAT mRNA can be obtained efficiently in a seed in

the course of maturation, because PPAT activity is enhanced for accumulation of lipids.



25is infected with an agrobacteriumhaving a plasmd incorporating a gene to
be introduced, nanely JcPPAT cDNA in this T-DNA region, the T-DNA region is
cut out, and forns a conplex with a protein group encoded by a vir region, and
enters a plant cell, and further insertion into a host genone is achieved. As
a transformati on nethod using an agrobacterium a binary vector nmethod is
preferred. The binary vector nethod is a nethod of inserting a target gene
into a plant genome by introducing into an agrobacterium a plasnm d having a
target exogenous gene incorporated into a T-DNA regi on of a plasm d having
borders (LB and RB) of the T-DNA region, separately froma T-DNA-deficient
plasmid of a THOW%W'YMH@éuemqm‘éwpﬁd;ﬂmmaina@dl&itﬁﬁswﬁﬁemgse@d @ltbelikenitt h t he
agrobact eri um i [. creation of transforned
Jatropha usi nglstpﬁeferﬁldﬁgre%%\?{eﬁ?ﬁa?tneqqﬁgﬁgé gy"f&‘ mt‘aﬁe JCPPAT gene according to
t he present invent ildgtgrnanatpo amt @nfifnoatioexpa esddotide sfjudrte ofuncdbedhddd® R a mar ker

Cauri 11 owpr moGH g e CHPBABE B SR RURAH Priao8) RARICT ROEP P OB Er | and

ot her endasper Gilsgpestehical Podifiedtien sedisdbr agdiddckyphastiat tihin Rapinfticand ubi quitin

can be recited. . el ection marker gene, a gene that inparts
resi stance to Qe@@ﬂi%‘f%?a%ﬁt such as an antibiotic or a herbicide is used.

Concr et e exanpl@éatioher aeks lefisthitd@ndorkRanaiphg] n resi stant gene, a parononycin
B resistant gene, aor a resistant gene a |nst her bi ci des such as gl uf osi nate

and gl yphosate. Al siheglgpresistagt ﬁarﬁ@ﬁ’@eq Pria theguessntgnesigtisiceatehay ker

enabl i ng Vi suafenk darkibdiondt h@&pqséss@n bds 308 QiR JoHPIT &X8PRb&ed & Chr omogeni ¢
or fluorescent protein such | uci ferase or green fluorescent protein (GFP),

or a gend0t hat dessicd §8as Opgﬂahlﬁ&mb?ﬁ WasepiomouUST uprestinoh expessions 20chr onogeni ¢

substrates ar eregam m§5‘£9«ﬂé‘t %}hgn mar ker nmay be used also as a reporter
gene. | f necessary, n an a termnator, a tag and the |Ii ke may

further be incl udedTheAnemsw&t}ﬁt@pha wtendwicbyfthy presept iovéntign @ncplpemmxﬂurb*f ficiency
of a target ge rr | n..i an upstream
sequence in a @W%@g agﬁ%l% ron‘d? aetfo%g%tﬁ&gg&l?%gﬁm %thff%% lLégc’r}%r may be any
sequence capabbalaodied, damphaunte@rrtmamslahé Jpitel roay lﬂ:fuseﬁ geneorigrians drdanbéd by a

pronot er ,,.and f.or exa r of a nopal,ine synthase (NOS) gene, and
a tern nator of C4FB n@ﬁﬁgﬁgl Sy e[?ﬂ]a%"éiﬁ(%ﬁca%lﬁar CTERATe %58 RNA gene are

recited. As a bi nar?;/he\geﬁet mrrodumomsley bdachieaestyoanyahdtiond indludad mepbds diy t he

bi nary vector t hose incl udi he af qr j oned ressi on cassette
in a T-DNA regihf)eﬁ ly Hﬁ‘ad‘&%’?'ﬁ:ﬁgta‘éf’?acfﬂg‘éc aﬁﬁgﬁngg? EV‘“ﬁﬁE’(S‘PFg?f at® ng t he

af or ement i onedeledpbeESHONBASSRLL @nk ﬂ{o@gtﬁdehrﬁi&Mh@é@ﬂr@bE@lyVeCt ors such as
pBl seri es, pPZP eries, pSMA series, and pGMB series may be used. In

particul ar. aJALA &Y veige Aﬁf%?ﬁ@ﬂf%ﬂ@f@&%&f Piok rkuéogenes and a method

20 of using an agrobacterium is preferred. In the following, a transformation method
using an agrobacterium is described.
An agrobacterium is a plant pathogen, and has a Ti plasmid having a region
sandwiched between LB (left border) and RB (right border) (a T-DNA (Transferred
DNA) region) that can be cut out and inserted into a host genome. When a host plant
25 is infected with an agrobacterium having a plasmid incorporating a gene to be
introduced, namely JePPAT ¢DNA in this T-DNA region, the T-DNA region is cut out,
and forms a complex with a protein group encoded by a vir region, and enters a plant

cell, and further insertion into a host genome is achieved.

As a transformation method using an agrobacterium, a binary vector method is
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5whi ch a cloning systemof Gateway (registered trade nane) is applicable is
preferred, and as such a vector, pGMB series vectors can be recited. In these
pGAB series vectors, a target gene and a reporter are operably linked using a
caul i fl ower nosaic virus (CaMW) 35S pronoter as a pronoter; a hygronycin

resi stant gene or a kanamycin resistant gene as a sel ection marker gene;

- gl ucuroni dase (QJS), green 10fluorescent protein (G-P), luciferase (LUC),

yel l ow fl uorescent protein (YFP), or cyan fluorescent protein (CFP) as a
reporter; and 6xH s, FLAG 3xHA, 4xMyc, GST. or T7- epitope as a tag. Further,
t here are sequences that encode a reporter and a tag for allow ng fusion at
both the N ter picfeakd. an"EhetHi@rQetcw mietimH is zil'meth@hoﬁmytix(graegigsﬁgnedmatpldﬂ name)
cloning syste |I S tructio ressi.on vector by usi ng the
Gat eway (r egi 2%%1?)‘%1 o?%umg nfo 4 aémbﬁaé(‘ atry’ p%}sm@ﬁavmgr?et?ﬁ%taﬁxoﬁvog reaction
(BP reaction) wweaerpoeatezﬂonmra Iﬁ@MegMamfmglaﬁmﬁIBavmglbloraéﬂs623slanMBmies and a

target gene hayi tBl and attB e term an entry
vector havi ng %ﬁgg?lg%\dglmbé?érﬁtﬂ%g? qﬁﬁ@%’ ??@}eélf 5\9??13 QE“W attL2
sequences 50N eacinIt4a04n, aal ihfebisngCd Rat ekh tawgrdtaesriy. a reconbi nati on reaction

(LR 20reaction) between this entry vector and a destination vector having a
promot er required foOF KA. §3SERS| uﬁ‘“@(be?f?*’é‘P@G transterad (2ranlgdsitiethe att RL and

att R2 sequencesiary 3eM6GhQhodaviuig thd1RPP AT g6de LENREInE HS@E gl%gient ReEQIA, { expressi on
vector) is created. Therefore, first, cloned JcPPAT cDNA is allowed to
undergo a BP rBABCIH T RKRESSEHNASHSMU¢etdsr 2 markp espanul amp@iT ggnaieded havi ng

cl oned JcPPAT piNAckiBgOr porated in 25the donor vector, and then by a LR

reacti on between the entry vector and a destination vect or (pGMB), an

expressi d¥ vect or hava pigmeise at3ab getlifoNAr IERPATS gemeyeri mwbmsam@dset herein can

be created.  mos/hitfiidl bt saRpkhoR.AE @%&mﬁgﬁ LRk, fixhy, cost on

cassette for plant’ ‘transformation u t eway ade nane)
bi nary vect or é@@b@ultuﬁcanbef@um in Nakagavva et al ., "Devel opnent of Series of
Gat eway Binary Vectprs QV\B or Realiz go ction, of Fusion
Genes for Plant Tr a%g soe}é?ra nmarker Fotr sl {ani 3%5056%1%156 &° %f g‘%&% Reering,

Vol . 104, No. duch 3S1an43htlbi}5@06'bahétheldE)Gprs&BSIGMﬁcM&&&ﬁﬁpléS’tﬁa’é&ﬂndﬁddieSCrI bed

above (pl %nt ty ansf ar mat vect or) 5can Llf ied in,. Escherl chia coli. The
ampl i 11 60t ankTBPRER (SR DLRTEr" TR B T HE FoRURLE T riv 8 " RGO AEHERI um by an
el ectropor at i oherbieidbogiciots glh@sinhtk @nd diighosge.obeied evablem d §in thabbghestRe

expressi on VeCte?ectlé)nS mgrrlliterr e%glgl?nedwslugl 1E;1glrlt1 10%?1% atrlarslsf(l)'lrgleagt ];'O" Lrgnstormtion of
Jat r opha. g or exampie, a
chromogenic or fluorescent protein such as luciferase or green fluorescent protein
(GFP), or a gene that expresses p glucuronidase or GUS for which various
20 chromogenic substrates are known. Such a selection marker may be used also as a
reporter gene.

If necessary, an enhancer, a terminator, a tag and the like may further be
included. An enhancer is used for improving expression efficiency of a target gene,
and for example, an enhancer region including an upstream sequence in a CaMV 35S

25 promoter can be recited. A terminator may be any sequence capable of terminating
transcription of a gene transcribed by a promoter, and for example, a terminator of a
nopaline synthase (NOS) gene, and a terminator of an octopine synthase (NOS) and a
CaMV 35S RNA gene are recited.

As a binary vector for use in transformation of Jatropha by the binary vector
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I ntroduction of a JCPPAT gene into Jatropha by infection of an agrobacterium
10having the plant transformation vector can be achi eved by using a known
nmet hod such as a | eaf disc nethod. Concretely, a bacterial liquid for
infection in which an agrobacteriumis suspended in a M5 nmediumis prepared,
and the bacterial liquid and part of Jatropha which is a host (preferably, cut
pi eces of cotyledons, hereinafter referred to as 15"Jatropha | eaf pieces") are
co-cultivated for about 3 days. The | eaf pieces of Jatropha are dipped in a M5
medi um for about 2 days prior to the co-cultivation, and are preferably
sonicated. In this way, it is possible to inprove the efficiency of
i ntroduction. MAekod.phet ermhlédlgiﬂse FoSanaticored mprmphg@setthamaaﬂmﬂjkesgim bration to
a suspensi on 0%61 b ikht.o which g ded because
infectability acg ‘fargtre agl;&go act er Ibl?lll’lrrll 05 m&mﬁ%hea Orer%gnnone‘{,;sxmes%n &Pt vati on
medi um a MS niadi commarcitliyeaiailitée vavoor ol a\sthigeraespj)PcﬂR sehiey, pBM@ stied) aad
3-indol ebutyricg mn
Fol |'owi ng.t he. 89 REAEHVRE thisednd® S0 P afna SPar HPLEB b b ST nd
transferred i ntvbich asbhe@tsy@ﬁn HEGhtHM}( CaMtatdira@ namepivbpitcallt & rerRespondi ng to
t he 25sel ection mar enepﬁzig n the expressi og cassette in the
transf or mat i on®Adee % L B%rieédea%fﬁ ifdReieg | hdsse PGNREFTICh t he | eaf
pi eces are cutvdus, aaﬁgettgémherré@@keme 8ps @I £ Ghle@NsiARE cMMilodB0mbdatd her
screening of the trans rmed Jatropha (reconbinant cell) is conducted. As the
sel ection medi Yifs (FRMVOA&S piosioi ati2 B matss ity SEMYA R PHT B i2ene( R anany ci n,
hygr omyci n) mk&%n&&n?es?skﬂﬂ%e%@%?a§éPéct1§@ln§%f%ﬂ t[p hgoTRME F@Mj@eeﬁd' um or the
Iike) used for pre-culture, which contains |BA or the ke as a pl ant
hor mone 19 pr eflerresseny pasein (GRBx kucifarpse (b@de?léd’V ﬂmrﬁt@?ﬁé@r(ﬁ@e (YFRneferred into a
medi um such asgg, R R Lk 96 PhG3 AT BLlowed to
root and redi f?erren%}l{t 'feedl1 to zf p%ﬁnﬁ n uctfxon 0 %ﬂf er e’n(%l ation can
be achi eved byecrajops oprteat eiyythsetheiernge wﬂmilsesahd equslntalrftpoas aofl avgyr foous
ingredients i n&llo%%%&m%%oﬂg{hg‘ﬁﬂg rlrel?gtélaﬂh N, subqt ances such as auxin and
cyt oki nin, and car sources In t and i ght, tenperature and so on.
10[ Transf ormed Jat rophadteway (regisSirqicede hanci)ro&msfg@ymd fabattateepdmastﬁfctlbﬂnef pr esent
inventio has a PPA % @b‘ LS one of
t he enzyr@es i nvo?x\]?eegsmn Ve@°§%ﬁflﬁ18%lﬂ‘§%§r;agewﬁ' |(‘gﬁ15t8fe% SIgngl g n vari ous
met abol i ¢ r eacinkihng biyn réacﬁélh (BP ﬁ@dﬂbﬁ)lﬁﬁw&ﬂntamohdne/emf lehvirggptaPl biid atP2supposed
that the PPAT ge%Qentc):gs, gr\ll ata%(é:e):{ gesng %aving agct 182@ att]gf sequences added on each terminal,
an entry vector having the target gene incorporated therein (having attL1 and attL2
sequences on each terminal) is created, and then by a recombination reaction (LR
20 reaction) between this entry vector and a destination vector having a promoter required
for expression incorporated therein (added with attR1 and attR2 sequences), a vector
having the target gene inserted therein (expression vector) is created.
Therefore, first, cloned JC(PPAT cDNA is allowed to undergo a BP reaction with
a donor vector to prepare an entry vector having cloned JcPPAT ¢cDNA incorporated in
25 the donor vector, and then by a LR reaction between the entry vector and a destination
vector (p(GWB), an expression vector having the target DNA (JcPPAT gene)
incorporated therein can be created.
A detailed description for construction of an expression cassette for plant

transformation using the Gateway (registered trade name) binary vector (pGWB) is
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15coenzynme A is pronoted in the transforned Jatropha in conparison wth the
wld type. As disclosed in the aforenentioned NPL 3, it is reported that in
Ar abi dopsi s thaliana, an individual overexpressing PPAT (OE) showed an

i ncreased concentration of coenzyme A in conparison with the wild type, and
the effect of enhancing salts resistance and osnotic resistance (test using
manni tol ) was obtai ned, and growth of 20plant was enhanced (Figs. 2 to 4).
Simlarly, in the transformed Jatropha of the present invention, by

over expression of PPAT, the concentration of coenzyme A is increased, and thus
the effect of enhancing and pronoting salts, osnotic and dry stress

resi stances anthugd oviNdkagare dhel..eXprdomuknt Thimies bhGrteameBinaryW eetods, pGVéeds can
be expected. 25Fuyr ol F It IS re ted that -n st I ai,n

over oxpr essi ng it et gl P GRERERE LR BN D s0% and
change i n fattjouaei dof Biomxmsé triddhommmealigo Vobded, Wad 1, 3ihEr@6@Ne, al so in the

transforned Jatrop of the present .invention, it | xpected.that the oil
content of a seed i MEFERSELOTVEHGT ¢© t?‘{}?st&gﬁ%@%ﬂ”ﬁe kpia[n?ggrgiqrﬁlatdwg?p“ on
di f f er ent 5f r omdnhatan@fifiédie BatHedichiy psli.i SThebinglifi@dransformation vd&i6r thiyasst or med

pl ant of the present jnventian er,rbr%ces not only "T1 generation” subjected to
the transfor matfBHHeEs BAR Fetrobagigtium PE 81 pEHeAtipn Bathed pibe liks ngheT2

generation" whigGbaafeBus U6 O2dhNG: SBRBESE RN iRk &iub&Gn fitli9Madnes 88HePfort hi s
pl ant, and a next generation ETB generation) obtained by self-fertilization of

a flower of th&SEradiongt Jatpphgener ati on” which is proved to be a transfmant

by drug sel ection op;afR@liyshs: jeypaT GG TR:IFRE BRGLLEiof H€inld duction of
Jatropha oil] t,& Jatlr opha oi | géa}%lbejpfdgguggd frl?)m ansgléoﬁaﬁéalﬂ/ngsted from

t he trandfor mekkvigtthophat tonsfprmation seénican peashicvehbyastsradinagn meetlzodrsoelt | ne

met hod. For exanpl&qid k@@t ropha oil that can be used as biodicsel can be
produced by obtaining a material oil by squeezing a seed, and filtering the
mat eri al oi | throudPrraretdly,tadrcteritih dinuit e idfattroophahiwh lan pgrobatteginoheid t 0 be furt her

puri11 9, ot SERBLen s SBROCAELL oo B SLOM A e BRRRRCT
2010-209177. 1&kxAMRLIost (preferatifyrivatipieenbBcotdedongheieinaferaeferredi® apr esent
O R T I A LT T A
DNA i n Jat r ophat dipbyd RRAVS etedinh fog atINAC Hayspaibr wpheco2iBaseeh, afid 4B8e genone
I nformation ( C;?rg}eira%lyrg%g?catgfi. Jl%tt}';i(s) 812}?; itnigggses%leg tr0] irthll;lr%ve the efficiency of
introduction.  Also preferred is a Sandvortex method that applies vibration to a
suspension of an agrobacterium into which sand has been added because infectability
20 of the agrobacterium is improved.
As a co-cultivation medium, a MS medium or the like incorporating a plant
hormone such as 3-indolebutyric acid (IBA) or 6-benzylaminopurine (BA) is used.
Following the co-cultivation, the Jatropha leaf pieces are washed, and
transferred into a selection medium (containing an antibiotic corresponding to the
25 selection marker gene used in the expression cassette in the transformation vector), and
incubated, and then calluses formed in the leaf pieces are cut out, and transferred to a
selection medium, and further screening of the transformed Jatropha (recombinant cell)

is conducted.

As the selection medium, the one prepared by adding an antibiotic (kanamycin,
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Jatropha genone project that was underwent by Kazusa DNA Res. Inst. and Osaka
University with donations from Sumtono Electric Industries, Ltd., a gene
showi ng honol ogy with Arabi dopsis thaliana PPAT (At2gl18250) was searched by
TBLASTN search. As for gene information of PPAT of Arabidopsis thaliana, the
gene 25registration information in Arabidopsis Information Resource (TAIR)
(http://arabi dopsis.orgiservlets/ TairQbj ect ?t ype-| ocus&ane=AT2GL8250) was
referenced. As a result, it was estimated that there is one clone of a gene
sequence encodi ng PPAT on a genom ¢ DNA sequence of Jatropha (Contig 948.1,
Contig 6725.1). (2) Preparation of Jatropha total RNA Seeds at 4 days from
germ nation of hyEhahycamavhidhiea efbsBaterfopseéec(idmtortophediou (gasedpum ohiés &k)f r om

Ni kko Seed wer i the C sked Jatropha seeds
with 70% et hanoﬁeﬁoq " éflﬁlﬁem ﬁ po!c): t 1éérl € Bb%% tHé fﬂ?e S a\ﬁeanlgﬂomion%ﬁ all25NM

medi um and cupreferabty wtd.30C for 4 days in a Ilght/dark cycl e of 16 hours/8
hours to all ow germinatjo one (ahout ), a sanple
cont ai ni ng total Rﬁ&”@é@e eég S%Sfr t&nﬁ e e??“?‘ﬁf‘ﬁl Iﬁl\%’ogeagent

(I nvitrogen). ﬁiﬁmﬁﬁntlhbn&ﬁﬁlﬂ%r%dvls&fmiuﬁl eaiRwWee e @ol aanﬂg@hﬂéfwme iafo aO:\||) ?nd
fat content, urified b m ni colum (Q AGE or
renoving this,? %W&F‘g‘lm%\ﬁg\‘\?g}g&fé%?%% ac 1evedybylf\PBWP8atﬁ]ﬁtsﬁtFlég Kgas (1 g)
grown fromt hea@fq%ﬁm@bf%@ds 5eegicAt indAldr @Jmt gid 18idHoRNbAMENGch Ot al  RNA
was al so prepared using ConcertTM Pl ant RNA Reagent nvitrogen). (3) Coning

and anpl i fi cat #cWxprang éﬁP]GBWaaIﬁWArPOE EINACeE SUSE AR 2t bl tRpRsatiisspdet i vel y
prepared in (2),Jyromgermnating seeds and mature | eaves as tenpl ates, cDNA
synthesis by AW reverse transcriptase was conducted usi ng Reverse

Transcri gfi on @yw@me@aém@é) As a prinmer, Oigo(dT)15 attached to the

system was used. FOQ,'mé%QHH foﬂgecﬁ.‘la‘t\‘r@ﬂgﬂoqa%%ﬁ&@ﬁqm%ﬂff&ﬁk@g lggé?’gmcﬁ}lt' ted to be

present on the 20genom ¢ sequence, reaction was c ted using the
Jat ropha cDNA PEpargede ¢nsodine PO wdichgs enetod sl earyaneanavoltee iff obyindwising pri mer set

(520100 a0 A LRGP B L OF 2,2
primer : 5 - AGAAACCTGEFATQSIALISECHhGhd PPAT GACK vek&Essed, and synthesis of

15 coenzyme A is promoted in the transformed Jatropha in comparison with the wild type.
As disclosed in the aforementioned NPL 3, it is reported that in Arabidopsis thaliana,
an individual overexpressing PPAT (OE) showed an increased concentration of
coenzyme A in comparison with the wild type, and the effect of enhancing salts
resistance and osmotic resistance (test using mannitol) was obtained, and growth of

20 plant was enhanced (Figs. 2 to 4). Similarly, in the transformed Jatropha of the
present invention, by overexpression of PPAT, the concentration of coenzyme A is
increased, and thus the effect of enhancing and promoting salts, osmotic and dry stress
resistances and growth can be expected. Thus, increase in yield of seeds can be
expected.

25 Further, in NPL 3, it is reported that in a strain overexpressing PPAT, the oil
content of a seed increased by 30 to 50%, and change in fatty acid composition was
also observed. Therefore, also in the transformed Jatropha of the present invention, it
is expected that the oil content of a seed increases, and a fruit having a fatty acid

composition different from that of the wild type is obtained.

-12 -



25Concretely, to a reaction liquid for PCR shown bel ow was added 1 p.14 of the
Jatropha cDNA solution prepared in (1) to make the total amount 20 p.L, and a
PCR reaction was conducted under the follow ng conditions. After
retaining the reaction liquid at 94C for 2 mnutes, a cycle of [94C, 15
seconds -> 55C, 30 seconds -> 68C, 3 mnutes] was repeated 40 tinmes, and then
the reaction was cooled to 4C. The reaction liquid used for PCRis as follows.
0.4 Uni t KOD pl us-pol ynerase (TOYOBO 51 xKOD- pl us-buffer (TOYOBO 0.2 nVdNTPs
(TOYCBO 1 rnMwWSO4 (TOYOBO 1 uMrForward primer (SEQID NO 3) 1 i.tMReverse
primer (SEQ ID NGO 4) 10After end of the reaction. JcPPAT cDNA obtai ned by
anplification was chechkedolmedaipar ofsbe geseneineattioopibresinet onfheTr esul t  of

el ectrophoresi s_is..sho in,Fig..2. .S s JCPPAT c sanpl repared from
gerninating sedds is\é\lﬁgaﬁ%gﬁg r%"ﬁﬁﬁnastﬁ)r?gfe%tmﬁPQBgra%?%ﬂ%’pPEP{%rlrif?uradé%ves, and
N i s a negati vEélZcgnémiddn” whidhandswesdinb geterednabbtapgal H@nh haéeﬂloy’tlﬁﬂﬂaﬁt? 520 bp
which is assuned to be JcPPAT_cDNA.. The 15band of. t.he cDNA sanple of the
gerni nating seBd< WA ef‘?‘ﬁaﬁ% 3tgﬁ%?ﬁ?t{°ﬁ£&5§ﬂﬁi%fse&ﬁ lgmﬂngéﬁﬁf)@dﬁ Hehe mat ure
| eaves. THhi s i piphtiofSTE Fekratibe’ WIGENTs DRdved B IReahneNRRAS 5L erubREIectiBRAT because it

needs to netabolize lipids stored therein actively, and requires a | arge
amount of ener GFYSPEY eaPrBRNGCRAE 8K !6r pl ant reconbi nation (construction of

transf or mat i onppdRsMIDadPRQbiIRPP! Yi ng the Gateway (registered trade name)
cloning systemto cDNA anplified in the above, a PCR reaction was conducted

for adding adaptor A&¥isehcescateBIdSEGID? Ner hgycsidien {B2apERQID NO. 6)
o PO S SR Al s PRI S oo

10 Jatropha oil that can be used as biodiesel can be produced by obtaining a material oil by
squeezing a seed, and filtering the material oil through a filter. When the Jatropha oil
is intended to be further purified, for example, it can be purified by distillation, and
phorbol ester can be removed by the method described in Japanese Patent Laying-Open
No. 2010-209177.

15 EXAMPLE

Embodiments for carrying out the present invention are described by examples.

The following examples do not limit the scope of the present invention.
[Isolation and identification of PPAT-encoding DNA in Jatropha]
(1) PPAT-encoding DNA in Jatropha

20 Based on the genome information (contig map) of Jatropha mapped in the
Jatropha genome project that was underwent by Kazusa DNA Res. Inst. and Osaka
University with donations from Sumitomo Electric Industries, Ltd., a gene showing
homology with Arabidopsis thaliana PPAT (At2g18250) was searched by TBLASTN
search.  As for gene information of PPAT of Arabidopsis thaliana, the gene

25 registration information in Arabidopsis Information Resource (TAIR)
(http://arabidopsis.org/servlets/TairObject?type=locus&name=AT2G18250) was
referenced.  As a result, it was estimated that there is one clone of a gene sequence
encoding PPAT on a genomic DNA sequence of Jatropha (Contig 948.1, Contig
6725.1).
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25As a PCR reaction liquid, the one prepared by adding 1 uL of the

af orenenti oned solution of the DNA anplified by PCRto the follow ng sol ution
to make the total anobunt 50 iL was used. | UnitKQOD plus-pol ynerase (TOYOBO)

| XKOD- pl us-buffer (TOYOBO 0.2 mMINTPs (TOYOBO) 1 tiMattBl adapter 51

JI Mat t B2adapt er The tenperature cycle of the PCR reaction is as follows. After
retaining at 94C for 1 mnute, a cycle of [94C, 15 seconds --> 45C, 30 seconds
--> 68C, 1 mnute] was repeated 5 tines, and then a cycle of [94C, 15 seconds
-> 55C, 30 seconds -> 68C, 1 mnute] was repeated 20 tinmes, and then the
reaction was cooled to 104C. After end of the reaction, a PCR product was
checked by agaf208epshiest ofdphophe gitd RNA The sequence of a PCR product thus

obt ai ned was sequence a seqguencer..IThe sequ e pof .t he.pol ptide
codi ng regi on was e;%e(g%ag\xl\ﬁaq/sr?r\%ﬁ?fr aKiggy oL Th ﬁnedsl%nglog?a} 6’3@ VB ft?gﬁ'é"y’%ﬁe
Jat r opha genonpuacHabd, frahe RRAD Sgehecre ard. 13fiet svailizingsecsurfacd dfeubER reaction i s

as shown in Fig. 3. r, esent e y SEQ.ID NO. 2 was cloned b ing a
donor vect or (%ﬁeﬁﬁzg%%“aﬁ‘p@r{i“@?g%@iogﬁdﬁyg?%&‘a@E‘Péa?éﬁﬁ”fﬁ%?m&géﬁ?n _

avai | abl e 5f r omvismvddiin@Gea culfRsticd: 80 €l %r 4 ahyisin aMight/MGk bt HOBROLs@aRers( havi ng
attBl and attB2 at each end) anplified by PCR and the donor vector pDONR221, a

recombi nat i on adevigemipspn. 2BropeetEEHating seald et ed aganplg c@meigingnase
I nvi t : [ P LM : t of;...and then
(I'nvitrogen) %}9&1 RRLAAN AL c}ﬂﬁ%@é;o? RS CMLE :Piﬁm{ IQNQq{ngEn‘? BBJ&MB% Offzmce

this was introduced I nt _herlchla co DHocc straln, R221 has a
kananyci n r esi &t arepargé preniilneantrinededargs amoynh ket angefptecontaft the R&¥A saertlé ng t he

T PR A B SR CIACRA) 0 T B0 i 1R ol e
10 obtained.

From a mature leaf (1 g) grown from the aforementioned seed of Jatropha, a
sample containing total RNA was also prepared using Concert™ Plant RNA Reagent
(Invitrogen).

(3) Cloning and amplification of Jatropha PPAT cDNA

15 Using the total RNAs respectively prepared in (2) from germinating seeds and
mature leaves as templates, cDNA synthesis by AMV reverse transcriptase was
conducted using Reverse Transcription System (Promega). As a primer, Oligo(dT);s
attached to the system was used.

For amplifying a candidate gene encoding PPAT estimated to be present on the

20 genomic DNA sequence, a PCR reaction was conducted using the Jatropha cDNA
prepared in the above as a template and the following primer set (SEQ ID NOs: 3 and
4), to amplify the target JCPPAT cDNA.

[Chemical formula 2]

Forward primer  : 5 - AAAAAGCAGGCTCAAAAATGGCGTTATTAGACGAATCTATGGTTAAT -3'

Reverse primer . 5 — AGAAAGCTGGGTATGCTACTTCTTGTTTTTTCACCTTCTCGE -3
25 Concretely, to a reaction liquid for PCR shown below was added 1 pL of the
Jatropha ¢cDNA solution prepared in (1) to make the total amount 20 pL, and a PCR

reaction was conducted under the following conditions.

-14 -



straight chain by a restriction enzyne Xhol (TAKARA BI O, a reconbination
reacti on was conducted using LR clonase (lnvitrogen). As shown in Fig.
4, pGAB1l1 has a 35S pronoter as a pronoter, and has a FLAG tag added to its C
termnal. Also, a 35S pronpter -Rl1 -Cnr-ccdB-R2-FLAG is inserted between

H ndl Il and Sad. The part of R1-Cnr-ccdB-R2 can be substituted by

att Bl- (PPAT)-attB2 by the LR reaction with the entry vector. In this manner,
pGAB11JCcPPAT which is to be a vector for plant reconbinati on was obtai ned.
[Creation of transformant] 5(1) Preparation of agrobacteriumfor

transformati on The af orenentioned vector for reconbinati on was introduced into
an agr obact eri um byAfzm rehiengtieposcabn bauidret 460 fér@ mmhicg\weytle affHeC et i on. Thi s
transfornmed agrobact er.j s shake-cultured in a YEB |jquid di um (added
with 50 mg/L k¥ 6?3,%0%?6 %CPEQWgﬁﬁgﬂliicff‘W}“eéltw%sd@cﬁ%ﬂ 4%@&9@{@ e thenen

harvested by 1Qeaphiabugatd ®ue-c Thendiaivestigda haatesrp@t isqekdigwier e resuspended
in the YEB nedium to pregare a bacterial liquid for infection. (2)

Tr ansf or mat i on0-6fUnZat r o -plus-polymsrage (EI¥@BAA cel | which is to be a host,

Thai | and Ixi ne q@f Jatroph RAA which is the same species
5 -phis- . .
of Jatropha as that usedq?(gg%g%norre @)@trac )I on was 1l5used. Using mature | eaves

of the Jatroph@?ntMansf diNAis (TTnYWBS) conduct ed by a | eaf di sc net hod.

Concretely, firs cut Ri ure | eaves of Jatropha which are to be a
host (about 25{%115‘}@, her g\flﬁ;@ts(ggfy re)erred to as a "Jatropha | eaf pieces") is

sterilized w thpki t chen Fotveae brilhba®SEQIDNO: il uted with tap water, and kept
still at 25C for_ 2 days on a Pre-conditioning agar nedi um prepared by addi ng
pl ant hor mones! EMBA, BARVGSaPIONESHASRANGEdi um A bacterial liquid for

infectiongi s prepargg hyi stapeadidag;Bpad @9@%& IR Vioa B o RE ium and the
af orenenti oned Jat roprrla ?eg? pi eces Car_e glbppe ?n aﬁ?e ng)altl?tcé}a@llla gI iquid, and
shaken for 10 ¢hepipdds agathesrgel eeoctopharesymt iTha risslt obelehropledesimis avaigatigredi um at
25C for 3 days,i I el i . culti kon medium a
Co-cul tivati onz'ngsd?&r%b%?%%g]?gg Sgrglg gﬁgﬂ:{%{é&)acei e@@?%%osggdﬁgfsoa J\é%[k\?

Pr e- condi ti oni ¢IgNAreathplmprepangd édm rGBYre Boaveemidly iof ndgatarsborae dA batd epha A

ransroL e haUAR LI SERLERSLRD SASSRILS RLSRRLEA L Ape h0NC, el
Jatropha lbeaf mnéoétheaDiNey saeplceflthd gearhinatingaseedswes hidckentHah tirbaad|obe S
cDNA sample of the mature leaves. This implies that the germinating seed expresses
more PPAT because it needs to metabolize lipids stored therein actively, and requires a
large amount of energy.
[Creation of vector for plant recombination (construction of transformation plasmid)]
20 For applying the Gateway (registered trade name) cloning system to cDNA
amplified in the above, a PCR reaction was conducted for adding adaptor sequences
attB1 (SEQ ID NO: 5) and attB2 (SEQ ID NO: 6) shown below.

[Chemical formula 3]

attB1 : 5 — GGGGACAAGTTTGTACAAAAAAGCAGGCT -3’

attB2 : 5" - GGGGACCACTTTGTACAAGAAAGCTGGGT-3
25 As a PCR reaction liquid, the one prepared by adding 1 pL of the
aforementioned solution of the DNA amplified by PCR to the following solution to

make the total amount 50 pL was used.
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solution of cefotaxine sodium (200 ng/L),
reconbi nant cell)

and transfotined Jatropha (a
is screened. As an antibiotic for screening, kananycin (20
ng/L) is used. Followi ng transfer to a Shoot regeneration | (SR-1) agar

medi um the | eaf pieces in which formation of calluses are observed after
culturing at 25C are transferred to a 5Shoot regeneration Il (SR-11) agar

medi um
el ongation |

Myo-i nosi t ol

Next, the selected calluses are transferred to a Shoot

(SE-1) agar nmedium and a Shoot elongation Il (SE-11) agar
and an enbryoid is allowed to differentiate,
agar nedium to obtain a redifferentiated Jatropha plant (Ti).
of used nedi a hPeitshown Ks&P-pws-palyBelras QIO ¥RBOUM> Ml X,

medi um

and rooting is induced in the R
10Conposi ti ons
(pH 5.8) Sucrose3%

1 ng/L 1 ride (pH 5.8)10 ng/L Agar0.8%<1/2
M5 nedi une NBO (pH gﬁg?%gtgﬁggé?bgéﬁggwyo-inositol 50 ng/L Thi am ne
hydrochl ori de Qpﬁﬁﬁ_8)5dN§Ph(W@%®B0896<Pre condi ti oni ng nedi un> M5 basa
nedlun1256-benF¥anlnop%ahﬂid]ﬁm) 1 ng/L

5

10

15

20

25

1 uyM attB2_adapter

The temperature cycle of the PCR reaction is as follows. After retaining at
94°C for 1 minute, a cycle of [94°C, 15 seconds — 45°C, 30 seconds — 68°C, 1
minute] was repeated 5 times, and then a cycle of [94°C, 15 seconds — 55°C, 30
seconds — 68°C, 1 minute] was repeated 20 times, and then the reaction was cooled to
4°C.  After end of the reaction, a PCR product was checked by agarose
electrophoresis.

The sequence of a PCR product thus obtained was sequenced by a DNA
sequencer. The sequence of the polypeptide coding region was as shown in SEQ ID
NO: 2. The relationship among the Jatropha genomic DNA, JcPPAT gene, and
primers used in the PCR reaction is as shown in Fig. 3.

DNA represented by SEQ ID NO: 2 was cloned by using a donor vector

(pDONR221) of the Gateway (registered trade name) system available from Invitrogen.

Concretely, after mixing the JcCPPAT gene (having attB1 and attB2 at each end)
amplified by PCR and the donor vector pDONR221, a recombination reaction (BP
reaction) was conducted using BP clonase (Invitrogen), to obtain pENTRJcPPAT
which is to be an entry vector, and then this was introduced into an Escherichia coli
DHSa strain.  pDONR221 has a kanamycin resistant gene introduced as a marker
gene.

After extracting the pENTRJcPPAT plasmid from the Escherichia coli, and
mixing it with a plasmid vector (destination vector) pGWB11 which was made into a
straight chain by a restriction enzyme Xhol (TAKARA BIO), a recombination reaction
was conducted using LR clonase (Invitrogen),

As shown in Fig. 4, pPGWBI11 has a 35S promoter as a promoter, and has a
FLAG tag added to its C terminal. Also, a 35S promoter -R1-Cmr-ccdB-R2-FLAG is
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3-indole butyric acid (1BA) 0.075 ng/L <Co-cultivation nedi un> MS basal
6- benzyl am nopurine (BA) 1 ng/L 3-indole butyric acid (1BA) 0.075 ng/L

medi um

Acet osyringone (AS)20 ng/L <SR-1 nedi un> M5 basal nedi um 56-benzyl am nopuri ne
(BA) 1 ng/L 3-indole butyric acid (1BA) 0.075 ng/L Cefotaxime sodi unR00 ng/L
Kanamyci n20 ng/L <SR-11 nedi un> 10MS basal nedi um 6-benzyl am nopurine (BA) 3
mg/ L 3-indole butyric acid (IBA) 0.5 ng/L Cefotaxinme sodi unR00 ng/L
Kanamyci n20 ng/ L 15<SE-1 nmedi un> MS basal nedi um 6-benzyl am nopuri ne (BA) 2
ng/ L Cef ot axi me sodi un200 ng/L

10

15

20

25

inserted between HindIIl and Sacl. The part of R1-Cmr-ccdB-R2 can be substituted
by attB1-(PPAT)-attB2 by the LR reaction with the entry vector. In this manner,
pGWB11JcPPAT which is to be a vector for plant recombination was obtained.
[Creation of transformant]
(1) Preparation of agrobacterium for transformation

The aforementioned vector for recombination was introduced into an
agrobacterium by an electroporation method to achieve transformation. This
transformed agrobacterium was shake-cultured in a YEB liquid medium (added with 50
mg/L kanamycin, 50 mg/L hygromycin) at 30°C for 2 days, and then harvested by
centrifugation. The harvested bacterial cells were resuspended in the YEB medium,
to prepare a bacterial liquid for infection.
(2) Transformation of Jatropha

As a Jatropha cell which is to be a host, Thailand line of Jatropha (Jatropha
curcas) which is the same species of Jatropha as that used for genome extraction was
used. Using mature leaves of the Jatropha, transformation was conducted by a leaf
disc method. Concretely, first, cut pieces of mature leaves of Jatropha which are to be
a host (about 25 mm®, hereinafter, referred to as a “J atropha leaf pieces”) is sterilized
with kitchen bleach that is x10 diluted with tap water, and kept still at 25°C for 2 days
on a Pre-conditioning agar medium prepared by adding plant hormones (IBA, BA) to a
MS basal medium. A bacterial liquid for infection is prepared by suspending an
agrobacterium in a MS medium, and the aforementioned Jatropha leaf pieces are
dipped in the bacterial liquid, and shaken for 10 minutes. Then, co-cultivation is
conducted on an agar medium at 25°C for 3 days in a light-shielded environment. As
a co-cultivation medium, a Co-cultivation medium prepared by adding acetosyringone
to a Pre-conditioning medium is used.
(3) Screening of transformed Jatropha

A transformant having the expression cassette prepared in the above stably
inserted into a chromosomal genome of Jatropha is screened.

Concretely, Jatropha leaf pieces after co-cultivation are washed with an aqueous
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Kananyci n20 ng/L 20<SE-I1 nedi unm> MS basal mnedi um 6-benzyl am nopurine (BA) 2
ng/ L Kananycin 20 ng/L <Rl nedi un» 25M5 basal nmedium (MS of 1/2 concentration)
3-indole butyric acid (IBA) 0.2 ng/L (4) Confirmation of JcPPAT gene

expressi on It is checked that PPAT is overexpressed in a transfornmant

sel ected by the screening. After culturing a transforned cell (a
transforned dicot cell that expresses a PPAT pol ypeptide by a pronoter), and a
control (a dicot cell of wild-type Jatropha), nRNA is extracted, and anplified
by a RT-PCR reaction using a nucleotide represented by SEQID NO 1 as a

tenpl ate, and the amunt of nMRNA of JCPPAT is 5quantified, and conpared with
the control . [©iEkpcseeiepximesadiorAomgsl. raphansimeee Mopkntatrécombatani/i abi | i ty]
An enbryol d I ndueRdoLEo At LARRHANTRS CALINS KRG @0 dGMNgENe 1Nt roduced
therein is transferred to a Rl nmediumand alTowed 'to root, to create a

redi fferenti at ediowieg trampleatopl Shopt eFehpratidrOl ($Rel) egar indjunt, e lbafpigicts iof r oot of

the rooting, area of |leaf . and concentration of.co ne ar.e asured and

conpared W th ‘fvﬁl(%}égor%l]amf%defc\%ihfsﬁs Y S.ervega o cuﬁhlrg‘g,a??%%: Bt Q?ﬂsfegteg‘god‘l ai ned by

redi fferenti at i@t tegeradtidn CUSRUNEGr maiueul t ured under a water deficient

condition after irri‘%ﬁtf’lon i s stopped at én érbitrary poi.nt of time, and the
d v

phot osynt heti ¢ rat & ec%?ieaﬁeeﬁﬁm@ S ¢ Ygp ceShopt epigstiont (S5r) pge, and

15yel | owi ng, CHEdiiRGn@BShé@lelonPdiod Nl BBLIUIGar BANGSE, Af ah BEHRLANS higftedds €
conpared with those of the wld _t(}/pe ~and dry stress resistance is eval uat ed.
| NDUSTRI AL APPLifferapiate, fd rooting is in uced in the RI agar medium, to obtain a redifferentiated

Jatropha plant (T1).
10 Compositions of used media are shown below.
<MS basal medium>
MS 1x, (pH 5.8)
Sucrose 3%
Myo-inositol 100 mg/L
15 Thiamine hydrochloride (pH 5.8) 10 mg/L

Agar 0.8%

<1/2 MS medium>

MS 0.5x, (pH 5.8)
Sucrose 1.5%

20 Myo-inositol 50 mg/L
Thiamine hydrochloride (pH 5.8) 5 mg/L
Agar 0.8%
<Pre-conditioning medium>
MS basal medium

25 6-benzylaminopurine (BA) 1 mg/L
3-indole butyric acid (IBA) 0.075 mg/L
<Co-cultivation medium>
MS basal medium

6-benzylaminopurine (BA) 1 mg/L
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The novel pol ynucl eotide and so on of the present invention can be used for
creation of grow h-enhanced Jatropha and dry stress resistant Jatropha. Al so,
they 20may be used for creation of Jatropha breeds with an increased fatty
acid content and a nodified fatty acid conposition of a seed. CLAIMS 1. An

i sol ated pol ynucl eoti de selected fromthe foll ow ng pol ynucl eoti des:

(a) a polynucl eotide having a nucl eoti de sequence represented by SEQ I D NO
52; and (b) a polynucl eotide having a nucl eoti de sequence having a
honol ogy of 90% or higher wi th the nucl eotide sequence of the pol ynucl eotide
of (a), wherein. a pepticl e encoded thereby maintains stress resistance of
t he polypeptld%“éﬁgﬂﬂé@wﬁymﬁﬂ%qbow9ﬁh@ﬂﬁot|de of (a). 10 2. The

ponnucIeotldeAag&ghggﬂQ(Ag)clalnyﬁn/haV|ng a nucl eoti de sequence represented
by SEQ ID NO 2. An |so%ated PPAT pol ypeptide sel ected fromthe

foll ow ng ponﬁ@bﬂﬁ@é@HP15(a) a pol ypeptide having an amno acid sequence
represented by,REQ.H . ; and (b) a pol ypeptide having an am no acid
sequence having a hono gy of 90% or higher with the am no acid sequence of

t he polypéptld@baﬁy@amxmmhaféﬂﬁ t hegfiol ypepti de mai ntains stress resistance of

t he pol ypeptid ( . The PPAT pol ypcptide according to
claim 3, havi ngln%ﬁleé)ﬁl‘%yﬁlg aglgl(IOB%)eq%%ﬁc%g epresented by SEQ ID NO 1. 5.

A pol ynucl eot i deforrmdiodignt he pol Pepd/i.de according to claim3 or 4. 6.
A Jatropha plagt transformation v th& wherein the pol ynucl eoti de according
to claimi1, 2 of"8“E incorporat et 7. A transformant containing the
vect or accordi{&lem&h@hn16 8. A Jatropha plant transfornmed by using
t he vect qr ach'écLé1 q 8 claim6, the plant being stress resistant transfornmed
Jat ropha Qapab e 12 ngpre33|ng a PPAT pol ypeptide conpared with a wild

type. 5 6-benzylaminopurine (BA) 3 mg/L

3-indole butyric acid (IBA) 0.5 mg/L
Cefotaxime sodium 200 mg/L
Kanamycin 20 mg/L

15 <SE-I medium>
MS basal medium
6-benzylaminopurine (BA) 2 mg/L
Cefotaxime sodium 200 mg/L
Kanamycin 20 mg/L

20 <SE-II medium>
MS basal medium
6-benzylaminopurine (BA) 2 mg/L
Kanamycin 20 mg/L
<RI medium>

25 MS basal medium (MS of 1/2 concentration)
3-indole butyric acid (IBA) 0.2 mg/L
(4) Confirmation of JcPPAT gene expression

It is checked that PPAT is overexpressed in a transformant selected by the

screening,
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9. A seed harvested fromthe stress resistant transformed Jatropha according
to claim8. 10. A nethod of producing a Jatropha oil by
squeezing the seed according to 10claim9 and purifying it. 11. A Jatropha oi
produced by the production nethod according to claim10. JPDXM.DO0O1-seql.app
SEQUENCE LI STI NG <110> Sum tono Electric Industries, Ltd. Osaka University
<120> Pol ynucl eoti de codi ng PPAT from Jatropha <130> 911162W01 <150> JP

2010- 273619 <151> 2010-12-08 <160> 6 <170> PatentIn version 3.1 <210> 1 <211>
174 <212> PRT <213> Jatropha <400> 1 Met Ala Leu Lou Asp Gu Ser Met Val Asn

Trp Thr Ile Ser Pro Pro 15, 1015 Asn Thr Tyr dy Ala Val Vval Leu Gy Ay Thr
Phe Asp Arg Lou Hi gAfter culturing a transformed cell (a transformed dicot cell that expresses a

PPAT polypeptide by a promoter), and a control (a dicot cell of wild-type Jatropha),

mRNA is extracted, and amplified by a RT-PCR reaction using a nucleotide

represented by SEQ ID NO: 1 as a template, and the amount of mRNA of JcPPAT is
5 quantified, and compared with the control.

[Creation of transformed Jatropha and confirmation of viability]

An embryoid induced from a transformed callus having a JcPPAT gene
introduced therein is transferred to a RI medium and allowed to root, to create a
redifferentiated Jatropha plant (T1).

10 In creation, the length of root of the rooting, area of leaf, and concentration of
coenzyme A are measured and compared with those of the wild type.

Also, the plantlet obtained by redifferentiation is sand cultured, and cultured
under a water deficient condition after irrigation is stopped at an arbitrary point of time,
and the photosynthetic rate and chlorophyll fluorescence, transpiration rate, and

15 yellowing, curling and falling of mature leaves of the plantlett are compared with those
of the wild type, and dry stress resistance is evaluated.
INDUSTRIAL APPLICABILITY

The novel polynucleotide and so on of the present invention can be used for

creation of growth-enhanced Jatropha and dry stress resistant Jatropha.  Also, they
20 may be used for creation of Jatropha breeds with an increased fatty acid content and a

modified fatty acid composition of a seed.
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202530 Asp Gy H's Arg Lou Phe Lou Lys Ala Ser Ala G u Lou Ser Arg Asp 354045
Arg Ile Val Ile Ay Val Cys Asp Gy Pro Met Leu Thr Lys Lys G n 505560 Phe Al a
Asp Leu Ile Gn Prolle Qu Qu Arg Met Arg Asn VS A u 65707580 Asn Tyr Ile
Lys Ser Ile Lys Pro GQu Lou Ala VS Gn Val Gu Pro 859095 Ile Val Asp Pro Tyr
Gy Pro Ser Ile Val Asp Gu Asn Leu Gu Ala 100105110 Ile Vval Val Ser Lys du
Thr Val Pro Ay Gy Lou Ser Val Asn Lys 115120125 Lys Arg Ala Qu Lys Gy Lou
Pro Lou Lou Lys Ile Qu VS Val Asp 130135140 Leu Leu Ser Qu Gy Ser Asn Ay
Asp Lys Leu Ser Ser Thr Thr Lou 145150155160 Arg Arg Leu Gu Ala Gu Lys Val

in Gu Val Ala 165170 <210> 2
Lys Lys G n u CLAIMS

1. Anisolated polynucleotide selected from the following polynucleotides:
(a) a polynucleotide having a nucleotide sequence represented by SEQ ID NO:
5 2; and
(b) a polynucleotide having a nucleotide sequence having a homology of 90%
or higher with the nucleotide sequence of the polynucleotide of (a), wherein a
polypeptide encoded thereby maintains stress resistance of the polypeptide encoded by
the polynucleotide of (a).

10
2. The polynucleotide according to claim 1, having a nucleotide sequence
represented by SEQ ID NO: 2.
3. Anisolated PPAT polypeptide selected from the following polypeptides:
15 (a) a polypeptide having an amino acid sequence represented by SEQ ID NO: 1;
and
(b) a polypeptide having an amino acid sequence having a homology of 90% or
higher with the amino acid sequence of the polypeptide of (a), wherein the polypeptide
maintains stress resistance of the polypeptide of (a).
20
4. The PPAT polypeptide according to claim 3, having an amino acid
sequence represented by SEQ ID NO: 1.
5. A polynucleotide encoding the polypeptide according to claim 3 or 4.
25

6. A Jatropha plant transformation vector, wherein the polynucleotide

according to claim 1, 2 or 5 is incorporated.

7. A transformant containing the vector according to claim 6.
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<211> 525 <212> DNA <213> Jatropha JPDXM.00001-seqtapp <400> 2 atggcgttat
t agacgaatc tatggttaat tggacgatat caccgcctaa tacatatggt 60 gcggtggttc
t oggeggcac cttcgaccga ttacatgacg gccatcgcct ttttctaaag 120 gcat cggcag
agctgtctag ggatcgaatt gttattggag tttgcgatgg tcccatgtta 180 actaagaagc
agtttgctga cttaatacag cccattgaag aaaggatgcg aaatgttgaa 240 aattacatca
agtccattaa accagaactt gagtgcaag ttgaacctat cgttgatccc 300 tatggacctt
caatcgttga tgaaaatttg gaggctatag ttgtaagcaa ggagacagtg 360 ccaggt gggc
t ecagt caa t aagaagagg gct gagaaag gactoccact tctaaagatt 420 gaagtcgtgg
atctactttc agaaggatct aatggtgata agctcagttc caccacatta 480 aggaggctcg
aggccgagaa ggt gaaaaaa caagaagtag catga 525 <210> 3 <211> 47 <212> DNA <213>
Artificial <220> <223> i : tatt ag
acgaat et at ggttaat4% 55%%?Bﬁﬁﬁéﬁ%%ﬁﬁﬁﬂégﬁgﬁgﬁﬁg?z%%%%éiﬁﬁﬁgﬁgﬁﬁ tﬁhw

plant being stress resistant transformed Jatropha capable of overexpressing a PPAT

polypeptide compared with a wild type.

9. A seed harvested from the stress resistant transformed Jatropha according

to claim 8.

10. A method of producing a Jatropha oil by squeezing the seed according to
10 claim 9 and purifying it.

11. A Jatropha oil produced by the production method according to claim 10.
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<220> <223> Primer“<400> 4 agaaagctgg gtatgctact tcttgttttt tcaccttctc gg42
<210> 5 <211> 29 <212> DNA <213> Artificial <220> <223> Primer <400> 5
ggggac‘j@g@ [5(%9% ac aaa aagcaggct 29 <210> 6 <211> 29 <212> DNA <213> Artificial
<220> CP P Ret2 400> 6 ggggaccact ttgtacaaga aagctgggt29

SEQUENCE LISTING

<110> Sumitomo Electric Industries, Ltd.
Osaka University

<120> Polynuclectide coding PPAT from Jatropha
<130> 911162W001

<150> JP 2010-273619
<151> 2010-12-08

<160> 6

<170> Patentln version 3.1

<210> 1

<211> 174

<212> PRT

213> Jatropha

<400> 1
] Met Ala Leu Leu Asp Glu Ser Met Val Asn Trp Thr lle Ser Pro Pro
o 5 - .10 15

Asn Thr Tyr Gly Ala Val Val Leu Gly Gly Thr Phe Asp Arg Leu His
20 ) 25 30

Asp Gly His Arg Leu Phe Leu Lys Ala Ser Ala Glu Leu Ser Arg Asp
, 35 40 45

Arg lle Val lle Gly Val Cys Asp Gly Pro Met Leu Thr Lys Lys Gin
50 55 60

Phe Ala Asp Leu lle Gin Pro lle Glu Glu Arg Met Arg Asn Val Glu

65 70 75 80

Asn Tyr Ile Lys Ser lle Lys Pro Glu Leu Ala Val GIn Val Glu Pro
85 0 95 )

Ile Val Asp Pro Tyr Gly Pro Ser lle Val Asp Glu Asn Leu Glu Ala
100 105 110

lle Val Val Ser Lys Glu Thr Val Pro Gly Gly Leu Ser Val Asn Lys
115 120 125

Lys Arg Ala Glu Lys Gly Leu Pro Leu Leu Lys lle Glu Val Val Asp
130 140

Leu Leu Ser Glu Gly Ser Asn Gly Asp Lys Leu Ser Ser Thr Thr Leu
145 150 155 160

Arg Arg Leu Glu Ala Glu Lys Val Lys Lys Gln Glu Vai Ala
165 170

<210> 2
<211> 525
<212> DNA
<213> Jatrcpha

y -

1A'=y
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400> 2 .

atggegttat tagacgaate tatggttaat tggacgatat caccgectaa tacatatggt 6_0
gegatpette togeegacas cttcgaccega ttacatgacg gocatcgoct tittctaaag 120
gocatcggcag agotgtctag ggatcgaatt gttatiggag tttgegatey tcccafgtta 180
actaagaagc agtitgetga cttaatacag cccatigaag aaaggatgeg aaatettgaa 240
aattacatca aptccattaa accagaactt gotgtgcaag ttgaacctat cgtigatcee 300
tatggacctt caatcgtiga tgaaaatttg gaggctatag tigtaagecaa ggagacagtg 360
ccaggtggee tgtcagtcaa taagaagage getgagaaag gactcccact totaaagatt -~ 420
gaagtcgteg atctactttc agaaggatct aatggtgata ageteagtic caccacatta 480
aggaggctog aggccgagaa ggtgasaaaa caagaagtag catga 525
<210> 3

211> 47

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 3
aaaaagceagg ctcaaaaatg gegttattag acgaatetat pgettaat 47

<210> 4
211> 42
<212> DNA
<213> Artificial

(220>
(223> Primer

<400> 4
agaaagctge gtatgotact tottghtttt tecacettete gg 42

<210> 5
211> 28
<212> DNA
<213> Artificial

{220>
<223> Primer

<400> 5
gepgacaagt ttgtacaaaa aageagget ) 29

<210> 6
<211> 29
<212> DNA
<213> Artificial

<2205
<223> Primer

<400> 6 . ‘
gegeaccact tigtacaaga aagetgget 29
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