JATROPHA CURCAS CURCI N GENES, TI SSUE-SPECI FI C PROMOTERS AND GENERATI ON OF
CURCI N- DEFI Cl ENT TRANSCGENI C JATROPHA PLANTS CROSS- REFERENCE TO RELATED
APPLI CATIVON 2p00@04981 The present application clains prioriPCY/SGa010/08)206

provi si onal patent application Serial No. 61/184,416 filed 5 June 2009,
which is incorporated herein by referenge. BACKGROUND OF THE | NVENTI ON
[0002] The present invention relates to the i solation of Jatropha curcas
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2A. The present invention further relates to of the Curcin 1, Curcin 2A and
Curcin 2 enes and more particularly to tissue specific pronoters of the
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or provide additional details respecting the practice, are incorporated by
reference, and for conveni ence are respectively grouped in the
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2006; Hannah and James, 2008). The endosperm-specific promoters have been used to drive

the expression of genes that are involved in biosynthesis pathways of these storage materials
(Roesler et al., 1997; Plant et al., 1994; Kuwano et al., 2009). The insecticidal toxins, such as
Bacillus thuringiensis (Bt) 6-endotoxins, have been used to control insects (Christou et al.,
2006; Roh et al., 2007). Although Bt toxin has high specificity as an insecticidal toxin and
safety for the environment, it is still desirable to have Bt toxin specifically expressed in leaf
tissues rather than in seeds and fruits (Datta et al., 1998). Therefore, there is an increasing
demand of specific promoter to control the expression of gene of interest in specific tissues at
particular developmental stages. In addition, the multi-gene transformation system was used
for delivery several genes simultaneously constructed in one expression vector (Lin et al.,

2003; Chen et al., 2006; Wakasa et al., 2006). Each of these multiple genes needs a different



Euphor bi aceae famly. It is a dicotyl edonous plant and its seeds contain as
much as 40%oil (Bringi, 1987). The oil fromjatropha could be an efficient
substi t utwoforo/fsamsi | fuel (Augustus et al., 2002; Azampetr/S&2010/02Q06;
Forson et al., 2004; Pramani k, 2003). However, Jatropha suffers from
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strategy to inprove agronomc and quality traits of Jatropha curcas is by
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AAL86778 (Lin et al,, 2003b), ABZ04128, AAR08395 and ABW17545. These curcin
proteins can be divided into two types based on the length of their amino acid residues. The
precursors of type 1 curcin proteins consist of 293-aa residues while the precursors of type 2
curcin proteins contain 309-aa residues. Lin et al. (2003a) identified a type 1 curcin protein
from jatropha seeds that encodes a 32-kDa curcin precursor with a 42-amino acid signal
peptide. Wei et al. (2005) cloned a type 2 curcin gene. The curcin gene, designated as Curcin
2, was found to be induced by stress. Members of curcin proteins within a type display 93%
to 98% identity in amino acids while members between two different types show 87%.
[0007] An important strategy to improve agronomic and quality traits of Jatropha curcas
is by genetic modification. Transgenic Jafropha plants can be generated expressing
homologous or heterologous gene sequences. In many instances, over-expression or silencing

by RNA interference (RNAi) of one or more homologous genes of defined function is desired.

Gene sequences of Jatropha can be obtained from ¢cDNA and genomic libraries and functions



[0008] RNAI is a post-transcriptional, targeted gene-silencing technique
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[0009] Thus, it is desired to isolate tissue-specific promoters for use in controlling the

expression of a gene of interest in specific tissues at particular developmental stages in
Jatropha curcas other Jatropha species as well as other plant species, such as for genetic
engineering of such plants. It is also desired to isolated promoters that can be used in genetic
engineering of Jatropha curcas, other Jatropha species as well as other plant species. It is
also desired to produce curcin-deficient jatropha plants that are non-toxic to humans and

animals.

SUMMARY OF THE INVENTION
[0010] The present invention relates to the isolation of Jatropha curcas curcin genes and

tissue-specific promoters and to the production of curcin-deficient Jatropha plants. More



jatropha plants by using RNAI technology to suppress curcin gene
expression. [0011] Thus in a first aspect, the present invention provides

t he sequewoeasiooft04snr ee Jat ropha curcas curcin genes. | nromsGeotomdizoent, the
curin gene is Curcin 1. The nucl eoti de sequence of Curcin 1 is set forth in
SEQ ID NO 1. The coding sequence for Cufcin 1 conprises nucletotides 474 -
1355 of SEQ ID NGO 1. The protein sequence for Curcin 1 is set forth in SEQ
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two Jatropha curcas curcin genes and a promoter of a third Jatropha curcas curcin gene. In
one embodiment, the promoter is derived from the Curcin 1 gene. The nucleotide sequence of
Curcin 1 promoter is set forth in SEQ ID NO:7. The Curcin 1 promoter is an endosperm-
specific promoter. Fragments of this sequence are also active as tissue-specific promoters,
i.e., as endosperm-specific promoters. Such fragments include the following: (a) nucleotides
1 to 2888 of SEQ ID NO:7, (b) nucleotides 1142 to 3181 of SEQ ID NO:7, (¢) SEQ ID NO:7
with nucleotides 2944 to 3170 deleted, (d) nucleotides 1142 to 3181 of SEQ ID NO:7 with
nucleotides 2944 to 3170 deleted and (e) nucleotides 2688 to 3181 of SEQ ID NO:7 with
nucleotides 2944 to 3170 deleted.
[0015] In a second embodiment, the promoter is derived from the Curcin 24 gene. The
nucleotide sequence of Curcin 24 promoter is set forth in SEQ ID NO:8. The Curcin 24
promoter is a leaf-specific promoter. Fragments of this sequence are also active as tissue

specific promoters. However, the specificity changes from leaf-specific to non-tissue specific

when some fragments are deleted. Such fragments that are active as non-tissue specific



[0016] In a third enbodi nent, the pronoter is derived fromthe Curcin 2
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acid includes a portion of the Curcin 2 gene. In an additional embodiment, the nucleic acid
includes a portion of the Curcin 24 gene. In one embodiment, the curcin-deficient transgenic
plants are produced by transforming jatropha plant tissue. In another embodiment, the

transformation is Agrobacterium-mediated transformation.

BRIEF DESCRIPTION OF THE FIGURES

[0018] Figure 1 shows the isolation of BAC clones that contain curcin genes and the
isolation of curcin genes. Seven curcin gene-containing BAC clones were digested by
HindlIl (left panel) and its Southern blot was hybridized with a probe comprising the Curcin 1
coding region (right panel). The molecular weights of standard DNA markers (New England
Biolabs, # N3012L) are indicated in kilobases (Kb). M, molecular marker.



second poly(A) signal sequence is highlighted in bold. [0020] Figure 3
shows the nucl eotide sequence of Curcin 2 gene (SEQID NGO 3) and its
deduced awDnolc@isisequence (SEQ I D NO 4). The put ati ve PCT#G2EI0[0pE206 N
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band, 248-rbyeriradidectio80-Te twd Sasd] Hiteham the eslingegiavaredlispisyedeindmpdiand ed

in 1.2% aqgar.0s e Genomni ¢ confains al.l of..the th rcin genes.
The. i gABR BT BERCA G CEORBPRHR SETaLRAoE1cR e highiikBiad i PO, Hecanofffier o
shown i nfl@mrent rédicted Bhded@nahe Aidtatintof Goirdin 7at 775bp. M 100-bp DNA
| adder is indicated in base pairs (New Engl and Biol abs, # N3231L).[0023]

Fi gure d0@3Hdws Fagura i shavs the micleotide isedusnen ef Gureinidhieens SEQ IBMNOQ:5s and #s .
Am no agj.g..r.qsi.¢ how [ ' n [ . L 0. . al. I n
ol ok poochufed e B Rlitte EBO/ ) NABEIATE My Uebliskah G SEHF
pept i de urtin 2t isahdicat@DE3pgysitiobhkeor rucieotilei sdqusngeleThe audletaiideistq@hsesasfah@s
follows: Curci - SEQ I.D NO 6;, 04128 - SEQ I D NO,10; AAR08395 - SEQ
| D NO 1]!‘,‘“9(8\%1'3%3?“‘!“ edsesion ?% A RO IN E@eﬁ‘ﬁsﬂ@t@?s- AliesRasiipns o EQ

I D NO 13igbUiirhéts Zare IRERigHd\NEA Ao'o,ldi'f'ﬁli@.'ﬁa‘l'wﬁ\ejl7 4Bows Shdchdhg forward or reverse

direction. The Sau3AI site in the coding region is displayed in bold and underlined. Only the

second poly(A) signal sequence is highlighted in bold.

[0022] Figure 5 shows detection of curcin gene polymorphism by cleaved amplified
polymorphic sequence (CAPS) analysis. PCR fragments amplified with primers CF2 and
CR2 from BAC clone 121E10 (lane B) or genomic DNA (lane G) were digested with Sau3Al.
Curcin 1 produced three bands (195bp, 243bp and 582bp), Curcin 2 also produced three
bands (195bp, 243bp and 580bp) whereas Curcin 24 produced two bands (243bp and 775bp).
BAC clone 121E10 only contains Curcin 1 and Curcin 2, therefore, the digested PCR
products (lane B) have three bands (195-bp band, 243-bp band, 580-bp and 582-bp bands as
they could not be separated in 1.2% agarose gel). Genomic DNA contains all of the three
curcin genes. The digested PCR products of genomic DNA (lane G) had all of the bands as
shown in lane B and an additional band with size at 775bp. M, 100-bp DNA ladder is
indicated in base pairs (New England Bidlabs, #N3231L).



NO 14. [0024] Figure 7 shows a phylogenetic tree of the curcin proteins
identified fromJ. curcas. The phylogenetic tree was created by untitled

Cl ust al WwpQomsiHoigur es 8A- 8C show t he expressi on of CcRCTISG20®ReR06N J.
curcas. Fig 8A: Detection of the expression of Curcin 1 and Curcin 2A genes
in jatropha by RT-PCR The prinmers for £urcin 1 were CF and SR (Table 1),
wher eas the promers for Curcin 2A vvere CF and C2ASR (Table 1). L, RNA

sampl e fipasmy! e d Si f
Curcin 1[b| n ]en per m %’fg@ ent é@%ﬁ@p@é& S%eﬁg&gsﬁﬁ?régg%?l’p gg S
wer e neaeid esidogs sheaiing identitP@Roap @ighheurcitegenes yreshowh én blagk bickgrbund.gbamnces
was conf.i r.nmed uenci n atro tin e was, used as_an |nternal
cont r ol ,indifigfes a‘a?‘g’ég?/éll ggNJ gF%‘S‘Baﬁtpﬁptt‘q?Feaﬂn\ﬁéék ﬁ(p@a ¢ amng\psid 5y ¢
shown.  Tagu Rk RIchifios 44! BidwdeCarchl oA angk IS?N@?d A§R4@,‘)28 rrelstQf the

jatropha Actin gene were Jc actin F2 and Jc actin R (Table
Expr essiN@:16f AARQI352- SEQ HEMJI,TABNébW[St— SEQeIR N®113; Cpednled SIEQ ID

Cequenci g2 e ot e R NP CoHfeCE e QD R RalBorR Srg T ™

rel ati ven@alues nornelized to the young | eaves (YL) are shown. The priners
for Curcin 2A were C2ASF and Cl SR (Table 1), and the priners for the

j at r ophd00%4li n Fgeutre Twbows achylogeneticaresraf the curein prowins(iderified fjom ¥i curgasung
| eaves I ves; IL, full-expanded | eaves
I nf ect eﬁ%ﬁi%h&% ) f%&g%qs segaﬁe occ(:alﬂ’gd@lﬁlt%lgﬁt us) [0026] Figure 9 shows -

det ecti 0028] cWigires RABEsHoS the edpressidreaficusdin\weng i JVRSLSE. IFiBBAL Deteeties
with anti-Curcin | N anti bodies, A band with nol ecul ar_si ze of_ abqut 34 to

abot 35 fiHhe pyress \Guretnel andk Cricin Ad gepgsandatrepha byREFCR iThe pemgssfor
Anot her dapg Miidle T b@SRZ(gélﬁlﬁoﬂ;)h%%Bs 7438 ﬁ%%?%ﬁséﬂ;%m ¥4 G T ULE

Curcin 1 protein) was detect e seeds o e tested accessli ons.
An unkndWASR ¢Taile 1 )i LhRNA samplefrosi leevesf EaRDUA s8fplk Im)mvandaimml:t Pig. BB:

| eaves, calli. s S but, not in roots l.arl an unkno rotein

ot eoul dRPLssin i Carstt 118 tda here i cditibtenh aeve divmdlal Seg i Sul e o
of st andadrél mvasired BK MK&E&PCR%H&H@iHeﬁh%S&ﬂ t&e %ﬁ@llﬁgﬁ’%gqﬁéhce%rﬁas%%éd'

ki | odal tons (kDa) . | eaves; C, ots; seeds from | ndonesi a
acceSS| &, Seszen%dleterWPmmnemwedras &8 mtg@@tisomr@man}inrnlatlm vekies on;

S4, see %nilgl%ﬁg lflliéq? ?%?f( o se%ﬁ g?x éﬁl%%?}f?g e?‘ssfo:l’%r}g:} évep C1SF
subcel I u I Mmnogo oca | za | on 3 INsS in endosper mcells
of develaﬁ@ I(]1§R$ esdithe pringers fobihe jaROsHRR4drIM geat Werefc Eﬁtlﬁ IFR-and dk actiR $ Q‘Ed:ble Bar

Pr ei hmu e serum contral showi ng no i nmunol abel l'in
pr ot ein IE %&g ]ﬁ rExpression oh,Cupeiy 2 ipdeavesy Frapseript lvsisayers "ilf‘r’f‘ﬁ‘ﬂﬁg%éidﬁfll 3% to

prot ei n pegdynd HBahidentity o A amplified sequences was confirmed by sequencing. Jatropha Actin

gene was used as an internal control, and relative values normalized to the young leaves (YL)

are shown. The primers for Curcin 24 were C2ASF and C1SR (Table 1), and the primers for
the jatropha Actin gene were Jc actin F2 and Jc actin R1 (Table 1). YL, young leaves; FL,
full-expanded leaves; OL, old leaves; IL, full-expanded leaves infected with mealybuds
(Pseudococcidae hirsutus).

[0026] TFigure 9 shows detection of curcin proteins in J. curcas showing a Western blot
probed with anti-Curcin 1N antibodies. A band with molecular size of about 34 to abot 35
kDa (presumably the Curcin 2A protein) was detected in leaves. Another band with molecular
size of about 28 kDa (presumably the mature Curcin 1 protein) was detected in the seeds of all
the tested accessions. An unknown protein with molecular size of about 39 kDa was detected
in leaves, calli, seeds but not in roots. Similarly, an unknown protein with molecular size of
about 16 kDa was detected in seeds. The molecular weights of standard protein markers
(Amersham Biosciences, RPN755) are shown in kiiodaltons (kDa). L, leaves; C, Calli; R,



Fig. 10D:. Ol bodies and cell walls of endospermcells after

I mmunol abelling with anti- Curcin 1C antibody. Bar = 0.5 nm Arrows

i ndi cat e wbhastodeIsni t h starchy bodies in white col our. PaTiss20mneease
curcin proteins i munol abelled with anti-Curcin 1C anti body cw, cell wall;
ob, oil body; pb, protein body. [0028] ¢igures 11 A-1 |ID show subcellular

I mmunogol d | ocal i zation of Curcin 2A proteins in vacuolar contents of | eaf
nmesophyl ekls : . t | n 4- 1439

prei mmnﬂgofséerbthjrﬁeeg rgrol;'{_@ldr(#r{?s‘i E&Bé%ls%—l@;egr’ %%ﬁéms%mgég g% r dlﬁé ﬁ%gv(\jng kfrom

I munol aligha acegssidn; BdcseelafromBuudnAmefiba adressigni fi cati on of area i nd| cat ed

Ymn;[‘rnngl Q@@fﬁ. nrgl”lF' 3%135@%10%?19&* wgi%l%tlﬁnﬁwgvgﬂgé?gﬁz&g gt Cpfrgllnl fﬁgg‘eta‘;;& n

2A pr ot &inf§sge RN val%ﬁglgts‘éed’sacﬂgl FUA: %@;&Hﬁ Jeng 9Pa @Bcgﬂrbéld-é?lﬁtsbéﬂ‘ Bt

area indicated with a fra HC). Bar Darts i ndicate
curci n pr 6tpen.nFig. riﬁBn@kemmumctem boretrud |sh63umg|m> m(ﬁlmulabmﬂmg of(protein body.
chl oropl ast; cw, cell wall; vacuol e. [0029] .Figures 12A-12D show

subcel | Bar Ao Kig- d%&w«f@dt prewr&flrr&wwi%almdﬁpd%r@qeﬁsw Bar o fcaup. cel |

wal | s of t y ;]%é[ ae gy
i nmunol ]{)é ??Dngégmq%}ﬁi%s ?Ilﬁ ?:%Fg‘?arilsl %rﬁltol vvo ad'?‘g?:en ragﬁiéviatﬁyaml

el enent SCurcmclcudnﬁlg)d@n Bamaiy gml rAﬁbezaritydnédte ljismtlds( Withadstatchy badied & white
tracheary elenent (M, are surrounded by nesoph cells. Bar 5m Fig

12B:  Pr &olawinDarts inicate Arehl pretgbi lmglws}/abﬁ%%mfgmﬂ%}n JC antibedi &My celb| |
wal | of \La{ e@[%/mﬁ) ﬁg‘%}&t A.%@;Iy 0.2 mm Fig. 12C Curcin 2A proteins

i nmunol ocal’i z € 'secon cell wall of the immture tracheary
el enent [0028)h rRigured i tAtlilDrshofv :anbedldlardhmamegolddlbctalaaﬁcsmuﬁcmld 2Aproteias t  of

the. seodhiamipia spRegiat 1t mibeprilcce TienbHoAToRuess T gRvaRHbA eS| on
of area iflpeaslol &hrd BaATE afmUnpRY flrmg*ﬁr mEieTserd bont %éshowﬂxgz

Arrows in t area on the wa trach eary elenents. rts i'ndi cate
cur ci n pmatuniohbellingnof ot edudar cm:htamtst ﬂugnmagﬁﬁcmcm dfGram indicadsd with,a frame iy |

cel | pew rimary ce wal | ; .sew.  secondary cell wall; v, vacuole.[0030]
Fi gur es i Ié&?d %B %#(b%‘tﬁtg &h%%ﬁ@ﬁwﬂ {lmﬁﬁfm@w&lwﬂln&mﬂm&ﬁﬁrw

r onot er e e e m of
p. cur cas 341: er ybo dfrré&!% rﬁlghﬂe)ﬁrrpt%é}c\?lgc szgféwg 0%Bllliaéﬁe E
GFP. T 0ohh@ agxhhcamﬂ &3 &1éa Geficatdd\Gth(4 ifghie inaigl )ua?neﬁax =GBE pm.

fl uorescence channel; Ph2; phase contrast channel; Merge, que of the GFP

and Ph2 Rargnindicate q@zgin proteinpimmunglabelted: with aptsCargin éf(lpa:é@@db gthlazppiast;

activity sues of J. curcas after bonbardment with enpty
vector pi 13‘6‘!&?11 s’fa%‘%dr%%l) P35S GUS: TN OS (middl e panel) and PC2AP3 GUS : T

0S (ri gﬂﬂOMnelF)ngesnE'B& 12BI shew subcellular immunogold localization of Curcin 2A proteins

in secondary cell walls of leaf tracheary elements. Fig. 12A: Leaf cross section after
immunolabelling with anti-Curcin 1C antibody. Two adjacent tracheary elements, including
an immature tracheary element (I) and a mature tracheary element (M), are surrounded by
mesophyll cells. Bar = 5 pm. Fig. 12B: Preimmune serum control showing no
immunolabelling of secondary cell wall of tracheary element. Bar = 0.2 uym. Fig. 12C:
Curcin 2A proteins immunolocalized to the secondary cell wall of the immature tracheary
element (high magnification of area indicated with a frame at lower left of Fig. 12A). Bar =
0.2 pm. Fig. 12D: Curcin 2A proteins immunolocalized to the secondary cell wall of the
mature tracheary element (high magnification of area indicated with a frame at upper right of
Fig. 12A). Bar = 0.2 pm. Arrows indicate pit area on the walls of tracheary elements. Darts
indicate curcin proteins immunolabelled with anti-Curcin 1C antibody. mc, mesophyll cell;

pcw, primary cell wall; scw, secondary cell wall; v, vacuole.



showi ng GUS activities are in blue color (indicated with darts) after
stained with X-A uc solution. [0031] Figure 14 shows the T-DNA regi on of

t he bi narwopbesde1 pANDA3SHKCI (not drawn to scal e). NPPCILISG20@®n206 n
phosphot r ansf erase gene; HPT, hygromyci n phosphotransferase gene; 35S pro.,
35S pronoter; Curcin 1, partial sequencg of Curcin 1; linker, Gus l|inker;
T, term nator of nopaline synthase gene; RB, right border; LB, left border.
[ 0032] H e TQ. &I L, Cepl ]{Fpaq . nl-ant ] n -

expr essﬁg%f ?ﬁggaﬁv%éngg& %@Wgﬁ({;\hq&#g& 0 E@lgﬁégrgr??c&%ﬁc%n?s&tﬁr(éﬁg or%%d
wi t h a hpromotersy dtigol3 A Asentikpressiat oft@FP iredevieldpingoadespicta of dséuyroestaftenr

th h . [003 ' 16 sh l f t
bl ot - andiopLRGaRn h SR JEHPE BCIPOIEL BRAEID o R OGL T CRi GRReIbee
anal ysi %"59;3:GPP:ﬁNﬁsalﬁgﬁﬁgﬂnﬁl)Jg@ﬁésﬁ)E@ﬂ’,mlﬁ‘)?és%enc%%%i; B0bRasbRbArRE eRgRetv th

@us linker (upper panel’) orf "Hpt (|l ower panel) probes. Arrow indicates the
posi t i oMerfgeRhige o $ecGFR anhBh2 clanglon Bar e 10Nks. Fig. t1BB: Transisnesxiprespioant s

[ iker WD aelens g sl Rbesralol utgas A BMEEIt MRATPEvectoF REI e

| at h , : 126, (nd T | Gribit n
[ 034] Bl BuPae A TR e B A Ll S T A e Pl oy

f r om t heh®ning CHSsadtivsiearade Guibbiencaler (ipdigated Aith Boupss)eaftsr staindd ditRNK-(@iic
curcin 1 i I ¥oung | eaves. Transcript levels of dsRNA of curcin 1 were
measur ed°BYPeal -time PCR for the Gus linker and the i dentity of the

anpl i fi qoo3gquaIgas 1MashoG8thé MIBN ADYegS@OUE el biflary JAsneil FAMDABRSHERTIE (KRS
used as an internal control, and relative values nornmalized to transgenic

li ne 17 dravey) tayr ecalowNPTTHE mcompein fphosphairansisrase nigene; iR, GhygRmM¥in and
Qus RT L yer t ' a ' C iLn FE2 and
50 aoti wrpsitBfabittiall bR Sshira’ A8S) ALRARPACHRL 1, BERE YliEndCofiEhl e 1

pl an][ s. linker, GL# Hink&gé'ﬂ)‘r eaninator Ofn@ﬂligt; Byﬂlﬁasd 'ehrgeyﬁgﬁﬂ d@ab&?er;ﬁmm:%r?ér.

| eve nmeasure real-tine PCR. and, t i denti the a i.fie
;eéueﬁcﬁﬁ‘sﬁis ?dwrﬁlrighw _i'@d{i‘é?&ﬁnifgl.a“ﬁab?é’gﬁ‘és AEH i r@%gxnr}gwraggan

I nter na'cufc‘ﬂi‘tééh'es. -angdmbathadli v gy & ehie’ Bﬁah{sz%‘lnifgnﬁé&“?m é»rl?)i?lé%‘j%&om ant

transformed with enpty vector pCl300 are shown. The priners f rcin 2A
wer e C2ASNDRAZSIEEASRht Tatsies RNAI cassgtie idesignddnfior thefcorcin penes ater shphva. Acti n gene

Jc acthn E J in R.(T 1), W, wld- | - LL 7.t
Ua6. | ndBEB1 e et do-sheB p sShupd SR fburehn bl andlve SUBE BaSbie Brofhd i
2A pr ot gldits. iFig.y18i'SputiRay Bt @hall$is0F ge irendgehit GRfepha! pAatits . Sduitler bléts were

Expression of Curcin 2A in young | eaves of transgenic_ jatropha plants. The
Cur ci n Probsdowth faus lipkerc@ipper paneh) ar #ih) (laver cpasel) cerobes. oW dndicatesiithe n 1

position of RNALI cassette when the genomic DNAs of the transgenic plants were digested by

restriction enzymes Kpnl and Spel. The primers for the Gus linker were Gus F and Gus R
(Table 1). M, molecular maker; Wt, wild-type jatropha plants; L3 to L26, independent T,
transgenic jatropha plants.

[0034])  Figures 17A to 17B shows the expression of double-strand-RNA (dsRNA) from the
RNAI cassette and Curcin 24. Fig. 17A: Expression of dsRNA of curcin 1 in young leaves.
Transcript levels of dsRNA of curcin 1 were measured by real-time PCR for the Gus linker
and the identity of the amplified sequences was confirmed by sequencing. Jatropha Actin gene
was used as an internal control, and relative values normalized to transgenic line 17 (L17) are
shown. The primers for the Gus linker were Gus RT F1 and Gus RT R1, and the primers for
the jatropha Actin gene were Jc actin F2 and Jc actin R1 (Table 1). Wt, wild-type plant; L17
to L46, independent Ty plants. Fig. 17B: Expression of Curcin 24 in young leaves. Transcript
levels were measured by real-time PCR and the identity of the amplified sequences was

confirmed by sequencing. Jatropha Actin gene was used as an internal control, and relative



antibodies. W, wld-type plant; LI 7 to L46 are independent transgenic

pl ants. [0036] Figures 19A-19D show the inheritance of transgenes to the T1
gener at i oNO 2Biog4098IA and 19B: Shoots (A) and roots (B) eCTsG2a0t09es

j atropha seedlings germ nated and grown on hal f-strength M5 nedi um
containing 10 ng/L hygronmycin for 12 dgys. Fig. 19C and 19D Shoots (C) and
roots (D) of Ti seedlings of transgenic |line L26 germ nated and grown on

hal f-str i contalning. / r o hn ays, TAlI LED
pEscr ke e e KERGE 083 Rl pradthel Wity Y08 TR
i sol ati sshowh. Thé peipless fouI(QABiNCIH Oiefe QZASE add (CIA SR (Eatidp @i dndahe peifetsefos and
to the productjon of curcin-deficient Jatro More specifically,

h

h | ant s.
the predBaiatiophadeiingenepaieds qcsnfﬂeanrislmaatii? 8?1 &ﬁglgaﬁr% wildtypeplanty F&7 n 1,

Curcin Z,3n4g J : present invention further relates to of the
o238, SHesp e Ty Pt

Curcin cin 2 genes and nore particularly to tissue
speci f i J0p3FnotlgwedB shbves therexpressiomnfiCaicirc2A pPoieips iregounglieaves ebeaisgenic

inventian fyrther rgl ates_to pr.oduction of K curcin-deficient transgeni
| at rophdegpeti ey i d§° BTSSR NGy 14 TBufnE dees o Hengtae Satopka
expr eSS'ﬁﬂlts.[ﬂ%ﬂucTH% 'ﬁi’ot@infs'('irﬁﬁca@e'il)%, aﬁ&\fr‘) WeRS @Bfected WRith IaBH-CUrOYi fles

the sequences of three Jatropha curcas curcin ‘genes. In one enbodinent, the
curi n gemtibodieCWic walditypaplentalid 7 ¢éwLfi¢lercdndrpendant ohns@eniciplants.i s set forth in

SEQ I D The codi ence tar .Curcip 1 conprises.nucl et.otigdes 474 -
Tas5 of 1081, pingiee 1R OBIBR e bl of B BET e Mg S
| D NO 2.an@15198 SMaoREAG iafid résts le)”bﬂwil&-ty?é@ﬁﬂréﬂlﬁaﬁeé&li@& REMSIBAEd lafid Ehfvn on
endosper m of devel opi ng seeds. Curcin l'ocal i zes to protein bodies of
endos peraif-ygogth M nn%&i?%@@@n@lré%é@ madh thy grameycin fornl 2gdays. iKig.dCeand 19DT1he

cequence Po ] Faodls (B 1 B el bt BoP T35 uiated HUCESRE 49 11
pr ot ei n laHeptrength NS medivm containirg ahg/Ml diytghornycibiep 12[ays) 4. As shown herein,

Curcin 2 is not expressed in devel oping seeds or leaf.[0040] In a third
enbodi nent, the curin gene is Curcin 2A. The nucl eoti de sequence of Curcin

2A is sabETAMED DESCEPTIONOGPTHENR VTN sequence for Curcin 2A conpri ses
nucl etoti des 475 - 1404 of SEQ ID NO 5. The protein sequence for Curcin 2A

is set fl003M i ThemEesent NOedionislat¢soarthe: snobition afulatoph® guricas syeini genes hnd/

' . ' .d d i f | 1
ol o anoleCirbis SR alf 1 dpe PRy REbR S uiciBi, Bl SPtnay: oo

second ap@gfitallyl the pRésRftiventibnadlatedio HedYoladsn bt Rirkdpsa Yercal Eukdin ¢; CnADt er s
of two Jatropha curcas curcin _genes. In one enbodi nent, the pronoter is

deri ved % #shiwreén edr cThe pregem dnventien furthes gelatss 1 e Cardn loguerin 2 and
pr onot eerr?insféenfeQ bhd mloPe %@cﬁlglw thssue specific promoters of the Curcin 1 and Curcin

24 genes. The present invention further relates to production of curcin-deficient transgenic

jatropha plants by using RNAI technology to suppress curcin gene expression.

[0038] Thus in a first aspect, the present invention provides the sequences of three
Jatropha curcas curcin genes. In one embodiment, the curin gene is Curcin 1. The
nucleotide sequence of Curcin I is set forth in SEQ ID NO:1. The coding sequence for
Curcin 1 comprises nucletotides 474 - 1355 of SEQ ID NO:1. The protein sequence for
Curcin 1 is set forth in SEQ ID NO:2. As shown herein, Curcin 1 is specifically expressed in
the endosperm of developing seeds. Curcin 1 localizes to protein bodies of endosperm.

[0039] In a second embodiment, the curin gene is Curcin 2. The nucleotide sequence of
Curcin 2 is set forth in SEQ ID NO:3. The coding sequence for Curcin 2 comprises
nucletotides 439 - 1368 of SEQ ID NO:3. The protein sequence for Curcin 2 is set forth in

SEQ ID NO:4. As shown herein, Curcin 2 is not expressed in developing seeds or leaf.



Pronmoter deletion studies indicate that the Curcin 1 pronoter of 2888 base
pairs is sufficient for its tissue-specific expression in the seed
endosper WO Bhugi4048he Curcin 1 pronoter is an endosper m PPESGRW®/0pI2060L er .
Fragnents of this sequence are also active as tissue specific pronoters,
i.e., as endospermspecific pronoters. j$uch fragments include the
followng: (a) nucleotides 1 to 2888 of SEQ ID NO 7, (b) nucleotides 1142

to 3181 E 7 . B | got i t 7
dol ot od, [P0 It I b Syl Y donl i P 807 THF BpAE e B of,,
to 3170 Gwlcit 24 ianet forth MUSEQOID 0¥3:526B8e todidd 8¢quehcSER COrdND2A vorhprises

| eotid 2944 ted T Curcin 1 L its f its
Can be. RGBS A8 Fhet SEE IO GBlF BraA BRI iR 24t isish Seban
endospergpQintNes IR showh Alem, d’d?cﬁ%is%ﬁ%&@é@res%&fine?%%&%ﬁ.mcﬁpﬁﬁi fic

Curcin 1 pronoter can be used to express T “interest, r exanple a
target ghevasudetected in vpeneles of ouésoghyh celiszandesagpndarprostlewal] of deaf riciobgazy m of
j atropha see@s as well as other crop seeds. [0042] In a second enbodi nent,
the prorfBtBf™s derived fromthe Curcin 2A gene. The nucl eotide sequence of
Curci n 3004110 mqhearseb@ncs;gpe&@ﬂ{erprhgén’éﬁ@ehtﬁbd\g}ovﬁes 'ﬂi@ﬁﬁh@sp&ﬁﬁ@?t&{bt&& ygi es
i ndicate that the Curcin 2A pronoter of 1793 base pairs is sufficient for
its tisdWesforha cutoascasdn ganesn [regpe embedient, Tthe promeer Guderived2fromrtbernt er
is a legh-spegificC 0 . F f .1 hi n ane. j as
tissue- g‘g‘é’%{g‘ffgédﬁ r oﬁrr%tl{e{}rase. Elﬂl%\%éecﬁ}grg‘?géﬁ(é‘%s? f)'}eg ipfqr;ﬁ:‘lﬁ?ﬁgcﬁ%gﬁogesm%%ﬁ%b% '

| eaf - speRrbinoter deletiomstudies ielicawe that the Grein 5 prondtéragfB8bass Paifkeik siffidienbuch
fragments that are active as non-tissue specific pronoters 1 nclude the

f ol I owi rfgF 1t} AFsuRiieecibe eyRrssamin the soed erdospirny. | Hhwgothe Cppryn dipmgter dean 1 t o
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[0042] In a second embodiment, the promoter is derived from the Curcin 24 gene. The
nucleotide sequence of Curcin 24 promoter is set forth in SEQ ID NO:8. Promoter deletion
studies indicate that the Curcin 24 promoter of 1793 base pairs is sufficient for its tissue-
specific expression in leaf tissues. Thus, the Curcin 24 promoter is a leaf-specific promoter.
Fragments of this sequence are also active as tissue-specific promoters. However, the
specificity changes from leaf-specific to non-tissue specific when some fragments are deleted.
Such fragments that are active as non-tissue specific promoters include the following: (a)
nucleotides 912 to 2087 of SEQ ID NO:8, (b) nucleotides 1 to 2087 of SEQ ID NO:8 with
nucleotides 1853 to 2076 deleted, (c) nucleotides 912 to 2087 of SEQ ID NO:8 with
nucleotides 1853 to 2076 deleted and (d) nucleotides 1751 to 2087 of SEQ ID NO:8 with
nucleotides 1853 to 2076 deleted.



expressed upon activation by jasnonic acid (JA) upon attack by insects
and/ or upon activation by ethylene during defense reaction or |eaf
senescencw0 2p00ABYs1 The pronoters of the present inventi enTéGeopaAntcul arly
useful for preparing transgenic plants, including Jatropha, to contain a
DNA of interest. Qther plant species inelude, but are not limted to,
castor bean, palmoil, coconut, peanut, rapeseeds, soybean, sunflower,
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ethylene during defense reaction or leaf senescence.

[0046] The DNA that is inserted (the DNA of interest) into plants of the genera Jatropha
or other plant species is not critical to the transformation process. Generally the DNA that is
introduced into a plant is part of a construct. The DNA may be a gene of interest, e.g., a
coding sequence for a protein, or it may be a sequence that is capable of regulating expression
of a gene, such as an antisense sequence, a sense suppression sequence, a post-transcriptional
gene silencing sequence (an RNAi sequence such as an siRNA, shRNA or dsRNA) or a
micro-RNA (miRNA) sequence. The construct typically includes regulatory regions
operatively linked to the 5’ side of the DNA of interest and/or to the 3’ side of the DNA of

interest. A cassette containing all of these elements is also referred to herein as an expression



sequences in the expression cassette construct. Such | eader sequences can
act to enhance translation. Translation | eaders are known in the art and

i ncl ude two=elodasasii bed in International Publication NoPCWSG20080@96 127 and
the references cited therein. [0047] In a preferred enbodi nent, the
pronoters and tissue-specific pronotergsidentified herein are used in the
practice of the invention. The pronbters can be sel ected based on the
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[0049] Cenerally, the expression cassette mag addi tionally conprise a
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sel ect alsletiredaprispmgendhpiois. tthe misleicaridn @n be aegbinadewitbethestissgeispesifiv] e
marker gRaas: ﬁrfsra{p;gégb Rn hSpediRERGERAPL R Alsub LRRRLRLTed cel s or

ti ssues ant e nmarkKer gene w encode ‘ant i bi ot I C
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for resistance to.the antibiotic specti cin, streptomycin
phosphotdresa‘i‘i’é’f:gr @0y YY) b b&ﬁ ﬁ&?ﬁ] ?gﬁ‘l"‘oﬂ‘gfﬁl‘?f‘yr gi $ed noealtgrhany
neonyci _hpRAsROR! siaat 6f ﬁ%ﬁax{t @B&dlés) infFWRich e ?sdiﬂﬂgd{i&'aa d"gé)Jat dscd n

resi stance, the hygronycin phosphotransferase (hpt or ap gené encodi ng
resi st ampeeferred ¢embedmgot. Nin anseemiiodimnent cthe YN A &€ ent¢rgbtsiy infenkased ilta a pleat invel vy,
the pl anrder to enhance a trait of the plant. In another embodiment, an enhanced agronomic trait
may be characterized by enhanced plant morphology, physiology, growth and development,
yield, nutritional enhancement, disease or pest resistance, or environmental or chemical
tolerance. In some aspects, the enhanced trait is selected from group of enhanced traits
consisting of enhanced water use efficiency, enhanced temperature tolerance, increased yield,
enhanced nitrogen use efficiency, enhanced seed protein enhanced seed oil and enhanced
biomass. Increase yield may include increased yield under non-stress conditions and
increased yield under environmental stress conditions. Stress conditions may include, for
example, drought, shade, fungal disease, viral disease, bacterial disease, insect infestation,
nematode infestation, extreme temperature exposure (cold or hot), osmotic stress, reduced

nitrogen nutrient availability, reduced phosphorus nutrient availability and high plant density.

In some embodfments, the DNA of interest may be used to modify metabolic pathways, such



sel ect abl e marker gene will encode herbicide resistance such as resistance
to the sul fonyl ureatype herbicides, glufosinate, glyphosate, anmoni um
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[0050]  Where appropriate, the DNA of interest may be optimized for increased expression
in the transformed plant. That is, the coding sequences can be synthesized using plant-
preferred codons for improved expression. Methods are available in the art for synthesizing
plant-preferred genes. See, for example, U.S. Patent Nos. 5,380,831, 5,436,391, and
7,205,453 and U.S. Patent Application Publication Nos. 2006/0218670 and 2006/0248616.

[0051] In preparing the expression cassette, the various DNA fragments may be
manipulated, so as to provide for the DNA sequences in the proper orientation and, as
appropriate, in the proper reading frame. Toward this end, adapters or linkers may be
employed to join the DNA fragments or other manipulations may be involved to provide for
convenient restriction sites, removal of superfluous DNA, removal of restriction sites, or the
like. For this purpose, in vitro mutagenesis, primer repair, restriction, annealing,

resubstitutions, e.g. transitions and transversions may be involved.



[ 0053] DNA constructs containing the pronoters of the present invention can
be used to transformany plant and particularly Jatropha plants. The

const r uctworm/tae9siint r oduced i nto the genonme of the desipceEgGpommnodest by a
vari ety of conventional techniques. Techniques for transform ng a w de
variety of higher plant species are weljls known and described in the
technical and scientific literature. Transformation protocols nmay vary
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and WD 2008/ 094127 and references cited therein. [0054] In one enbodi nent,
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cells of,t embryogenic |iquid su sion cul ture using conventional
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or transgeni c_plants can be _regenerated using the nethods described herein.
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on 7 January i ncorporated herein rence.
may be combined with suitable T-DNA flanking regions and introduced into a conventional

Agrobacterium tumefaciens host vector. The virulence functions of the Agrobacterium
tumefaciens host will direct the insertion of the construct and adjacent marker into the plant
cell DNA when the cell is infected by the bacteria. Thus, any method, which provides for
effective transformation/transfection may be employed. See, for example, U.S. Patent Nos.
7,241,937, 7,273,966 and 7,291,765 and U.S. Patent Application Publication Nos.
2007/0231905 and 2008/0010704 and references cited therein. See also, International
Published Application Nos. WO 2005/103271 and WO 2008/094127 and references cited
therein.

[0054] In one embodiment, the explant tissue can be co-cultured with an Agrobacterium
strain harboring a DNA construct containing a gene or nucleic acid of interest using
techniques well known in the art. Transformed tissue can be selected using conventional

techniques well known in the art. In another émbodiment, the embryogenic liquid suspension



[ 0055] Transfornmed plant cells which are derived by any of the above
transformati on techni ques can be cultured to regenerate a whole plant which
possesseswoOhelwregssf or red genotype and thus the desiredprphscaoype)2oe. g., a
transgenic plant. A "transgenic plant” is a plant into which foreign DNA
has been introduced. A "transgenic planl" enconpasses all descendants,
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curci n- dmﬂ/{oﬁlheﬂilmﬁé anaenivbighahdso b hitmﬂtléed tolgel(heﬁ vathb i d@sﬁl’ed Iﬁlcleotide
curcin-deficient tr nsgenlc | ant . compri ses. a nyucl ei ¢_acid stabl
i nt egr atSERMERFES: teefon sFampl Feémﬁmﬂlgﬁﬁmw@ Avalisaiop Mo, O 2D3AHI 27 and
st r andeqeRNAcédSRNMertiar 9eted to a curcin gene. In another enbodiment, a
curcin-deficient transgenic plant conprises a nucleic

[0056] The foregoing methods for transformation are typically used for producing a

transgenic variety in which the expression cassette is stably incorporated. After the
expression cassette is stably incorporated in transgenic plants, it can be transferred to other
plants by sexual crossing. In one embodiment, the transgenic variety could then be crossed,
with another (non-transformed or transformed) variety, in order to produce a new transgenic
variety. Alternatively, a genetic trait which has been engineered into a particular cotton line
using the foregoing transformation techniques could be moved into another line using
traditional backcrossing techniques that are well known in the plant breeding arts. For
example, a backcrossing approach could be used to move an engineered trait from a public,
non-elite variety into an elite variety, or from a variety containing a foreign gene in its
genome into a variety or varieties which do not contain that gene. As used herein, "crossing"

can refer to a simple X by Y cross, or the process of backcrossing, depending on the context.



acid stably integrated in its genone, wherein the nucleic acid encodes a
short interfereing RNA (siRNA) targeted to a curcin gene. In an additional
enbodi menwp 2a10¢i4098i1 n- def i ci ent transgeni ¢ pl ant conpri se€TAGRuI0ed206 aci d
stably integrated in its genonme, wherein the nucleic acid encodes a short
hairpin RNA (shRNA) targeted to a curcijp gene. In one enbodinent, the
curcin gene is Curcin 1. In another enbodi nent, the curcin gene is Curcin

5 i 1 bod . . . ;
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encodi ng the dsRNA, s or shRNA 1s'generally included in a construct,
such as remvstedufrom thestransgemic ipdands.n. Thilse snerds| eanc theai be ipkanteddar thehsoibped abl e
tabl e e, used i nclude those

trol . ter. ' t t hat
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can be prepared that includes a sequence that is transcribed into an RNA
t hat cauegihdeficiens andde|the peodyctionaolierpinededicieah trausgania jazephagplantst dmooop
structur odi ne. strand of. the stem partion. of Qubl e
St r anded HRRERT P EEE TR St R Pt B T HBR Al e e

codi ng d8qieacme, whdrein the ageieietacidi@icedés a dbublé strixwledl (RAVA i(ASRIOA) tag@édetia and
that is fromabout 10 nucl eotides to about 2,500 nucleotides I.n [ength. The
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doubl e stranded ,RNA conprises . a sequ e.that i,s simlar or, identical .to
Lhe  ant EBFESOCHIPI 9MPERes Frcleit AR SARLY BUFETateH 1t o EERRic, SREBAB MRS { he
pol ypeplatidentbdes AtsBbR hhirpia N & FEhRNX PrafechIBlatuk A gensS BIVAE Rbodinkta, IREE
as, or longer than the corresponding | ength of the sense sequence. I'n sone

cases, GHEILgengAs Corcin e Iy gembodiment, the dangin gens iy Guén2.Rivarcagdditidnebs a
sequenc | L 1M ] i o th ‘or B ount ransl.at.ed regi on,
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or a fragme er eor, encodi ng ol'ypep 0

and t he poitivarofahe @agcinfl gene. $h andther érhlsudimbntt e nleldd acid tindidied fdon of
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R e B R I T e
conpr i sésnsfogrigg gatoaphn Ipdnt itissuei ilearuclzic acié enéoding the dsRNAs siRMA®z shRNaN
i ntron % generally included in a construct, such as constructs described herein. The nucleic acid is
under the operable control of a promoter. Suitable promoters that can be used include those
described herein. The construct may further include other regulatory sequences, such as those
described herein.

[0059] For example, a construct can be prepared that includes a sequence that is
transcribed into an RNA that can anneal to itself, e.g., a double stranded RNA having a stem-
loop structure. In some embodiments, one strand of the stem portion of a double stranded
RNA comprises a sequence that is similar or identical to the sense coding sequence, or a
fragment thereof, of the polypeptide of interest, and that is from about 10 nucleotides to about
2,500 nucleotides in length. The length of the sequence that is similar or identical to the sense

coding sequence can be from 10 nucleotides to 500 nucleotides, from 15 nucleotides to 300

nucleotides, ﬁom 20 nucleotides to 100 nucleotides, or from 25 nucleotides to 100



a fragment thereof in the pre-nRNA encoding the pol ypeptide of interest,
and the other strand of the stem portion conprises a sequence that is
simlar owoideniddesal to the sequence that is conpl enent aCy/SGaotolveowequence
of the intron or fragment thereof in the pre-nRNA. [0060] The | oop portion
of a doubl e stranded RNA can be from 3;qucl eotides to 5,000 nucl eoti des,
e.g., from3 nucleotides to 25 nucleotides, from 15 nucleotides to 1,000
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I's set fpotypeptide &H@tdrExtNQnSdiherl ¢éimbodimedthesneestiadi otahé sted peiionIENE dbwblé he
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nucl eotides or nore up to |less than the nunber of nucleotides in the full
| engt h Swelgetidess e.g.+. fiom Inawelsetided tohaS 1 iuclgpdides, afrome 4 fenuscdeotides te ohPPl se
any nu LU t4 Aeen t f otid | Llustrated,
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nunber i)l stratq%g Qr any nunber within those illustrated and the nunber of

nucl eot jdquele;strandsd RN can BaYR 7ereetietitae three fowy Sivp) X, ssyrn, ¢ight, nigy, tamgor

100- 8001m&2§t'e§1@l%oggt[r§.%@e%.[) NO 53, and the like. [0062] An siRNA also can
refer to an RNA dupl ex of nucleotides, or, in sone alternative

[0061] In one embodiment described herein, a construct is prepared which comprises a
constitutive promoter, such as the CaMV 35S promoter, a partial sequence of one of the
Curcin genes described herein in a sense orientation, a linker, the partial sequence of the same
Curcin gene gene in antisense orientation and terminator, such as the NOS terminator. In one
embodiment, the Curcin gene is the Curcin I gene and the partial sequence of the Curcin 1
gene comprises 862 nucleotides and is set forth in SEQ ID NO:53. In another embodiment,
the Curcin gene is the Curcin 1 cDNA and the sequence of the Curcin 1 cDNA comprises
1161 nucleotides and is set forth in SEQ ID NO:54. In an additional embodimenet, Curcin
gene is the Curcin 24 cDNA and the sequence of the Curcin 24 cDNA comprises 1176
nucleotides and is set forth in SEQ ID NO:55. In a further embodiment, Curcin gene is the
putative Curcin 2 cDNA and the sequence of the putative Curcin 2 cDNA comprises 1140
nucleotides and is set forth in SEQ ID NO:56. In addition to the sequences set forth in SEQ
ID NOs:53-56, partial seqﬁences of these sequences can also be used. The partiai sequences



aspects, a single nolecule of RNA (which can, in sone enbodi nents, have
secondary structure, such as loops so as to forma shRNA) that is targeted
to a nuclwocoBki4h8ie. g., a gene, of interest. A "RNA dupCesGoefies®cto the
structure fornmed by the conplenentary pairing between at | east two regions
of a RNA nol ecul e. Thus, the "RNA duplq§" can conprise one, two, three or
nore RNA nol ecules. siRNA is "targeted” to a gene in that the nucleotide
sequenc n
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nucleotides. In some embodiments, the duplex can be 40, 39, 38, 37, 36, 35, 34, 33, 32, 31,
30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11 or 10 or less
nucleotides in length. In some embodiments, the length of the duplex is 19-25 nucleotides in
length. The RNA duplex portion of the siRNA can be part of a hairpin structure. In one
aspect, there is no hairpin structure in an siRNA of the invention. In addition to the duplex
portion, the hairpin structure may contain a loop portion positioned between the two
sequences that form the duplex. The loop can vary in length. In some embodiments the loop
is2,3,4,5,6,7,8,9, 10, 11, 12 or 13 or more nucleotides in length. The hairpin structure
can also contain 3' or 5' overhang portions. In some embodiments, the overhang is a 3' or a 5'
overhang 0, 1, 2, 3, 4 or 5 nucleotides in length. The siRNA can be encoded by a nucleic acid
sequence, and the nucleic acid sequence can also include a promoter. The nucleic acid
sequence can also include a polyadenylation signal. In some embodiments, the

polyadenylation signal is a synthetic minimal polyadenylation signal. The siRNA can be



pl ants are produced by transform ng jatropha plant tissue. In one

enbodi nent, the transformation is Agrobacterium nedi ated transformation. In
anot her ewbadiams) the transformation is a ballistic meChed20®woizoas DNA
particle bonmbardnent. In an additional enbodinent, the transformation is
direct delivery, such as electroporatigg or microinjection. In one

enbodi nent, the Agrobacterium nedi aXed transformation is perfornmed as
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[0065] The practice of the present invention employs, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA,
genetics, immunology, cell biology, cell culture and transgenic biology, which are within the
skill of the art. See, e.g., Maniatis et al., 1982, Molecular Cloning (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York); Sambrook et al., 1989, Molecular
Cloning, 2nd Ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York);
Sambrook and Russell, 2001, Molecular Cloning, 3rd Ed. (Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York); Ausubel et al., 1992), Current Protocols in Molecular
Biology (John Wiley & Sons, including periodic updates); Glover, 1985, DNA Cloning (IRL
Press, Oxford); Russell, 1984, Molecular biology of plants: a laboratory course manual (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor,‘ N.Y.); Anand, Techniques for the
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EXAMPLES
[0066] The present invention is described by reference to the following Examples, which
is offered by way of illustration and is not intended to limit the invention in any manner.
Standard techniques well known in the art or the techniques specifically described below were

utilized.

EXAMPLE 1
Materials and Methods
[0067)  Plant materials and growth condition: Jatropha curcas Indonesia accession (JC-
MD) was used for experiments except that it was specially mentioned. Plants were grown in
experimental field in Singapore at temperatures ranging from 32°C during the day to 26°C at
night, relative humidity averaged 85%, and the photoperiod was 12 to 13 h.
[0068] Constructs: To construct the expression vectors using GFP as the reporter gene, we

amplified the PstI—KpnI fragment including GFP coding sequence from plasmid pSSZ41



gener at e pANDA3S5HKC using Gateway(r) technology (Hartley et al., 2000).
TABLE 1 DNA digonucleotide Prinmers Prinmer Nanme Nucl eoti de Sequence f5' to
3 TSEO | Dvbn/1@iPst | F AACTGCAGAT GGT GAGCAAGGGCGAGGAGCT BC/A6p0 1@GHRK06 | R
GGGGTACCTTACTTGTACAGCTCGTCCATCGCCGT (16) Canti genFl GCTGGTTCCACTCCAACTTTAAC
(17) CantigenF2 CGGGATCCGGTACTTCCTATTTG3TTAACG (18) Canti genRl
TCAGACTTTGTATTTGACTGCATTC (19) CantigenR2 CCCAAGCTTAATTATCTAATGCCTGCACCCC

E;%@T Gga%g%%@g%ﬁ 1@@%@@@” » PCR products

GGCCACGRETEE SECRECOBIRESE( M)medmmmmw%)
C2RTF2 GGGCATCGGCTA TA (26) .3' RACEF4 TCTCAT
C2RTR2 K@é&@f}ﬁ‘tﬁ“@@ﬁéﬁ%@@ﬁ @“( %8%0"5'1 FEHPS{OF AR gﬁfyjeeﬁg?#z

GGCCAT Oty AR b @@)P té bRk Igb GHFFACPN S EILAGE ég’es]v)'erggﬁﬁéd into
CTTCAAGACACTAGTTCAAARA ( 32) SCLCDSR TGATGAGAATGGACAAACTAT (33)  COAPA

CCATAACGEGRBMMTEmemp mwlmmmsmmmm $impl SPHCEISH constructs

oM MG TR, SRS TRMTLA 1) o

TTTACTT@hédeior %@ﬁll@ﬁ%nﬁémw B064(-B5Sf-PrefRoters
CATTAGCAACATGITTGGACAAC (42) Curcin 1 TOPO F TTACTTATGACCCTACTAC
(43) of curcin genes were cloned into pC1305.1(-35S) at the region between Kpnl and Pstl to drive

GUS reporter gene in the constructs. The RNAI construct for the curcin gene was made based

on the pANDA vector pANDA35HK (Miki and Shimamoto 2004). Briefly, partial coding

sequence of Curcin 1 was amplified using primers Curcin 1 TOPO-F and JCG-R (Table 1).
The sequence of the amplified product is set forth in SEQ ID NO:53. The PCR product was
cloned into pENTR D-TOPO (Invitrogen) and finally transferred into pANDA35HK vector to
generate pANDA35HKC1 ﬁsing Gateway® technology (Hartley et al., 2000).

TABLE 1
. DNA Oligonucleotide Primers

Primer Name . Nucleotide Sequence (5’ to 3°) (SEQ ID NO:)

GFPPstIF AACTGCAGATGGTGAGCAAGGGCGAGGAGCTG (15)
GFPKpnIR GGGGTACCTTACTTGTACAGCTCGTCCATGCCGT (16)
CantigenF1 GCTGGTTCCACTCCAACTTTAAC (17)

CantigenF2 CGGGATCCGGTACTTCCTATTTCTTTAACG (18)
CantigenR1 TCAGACTTTGTATTTGACTGCATTC (19)

CantigenR2 CCCAAGCTTAATTATCTAATGCCTGCACCCC (20)
CantigenR3 CCCAAGCTTCACTAGGATATTGGTATAGTTTTC (21)
GSP1 GTCTGCTGGCTTTGAACTTT (22)

GSP1A CACCCCTAAATCCACATCCT (23)

AAP GGCCACGCGTCGACTAGTACGGGGGGGGGGGGGGGG (24)
AUAP GGCCACGCGTCGACTAGTAC (25)

C2RTF2 GGGCATCGGCTAGGGAAATA (26)

3’RACEF4 TCTCATCAAACCAAAACTACAAA (27)

C2RTR2 AGAGGTCTCCCCAGTTGTTC (28)

5’RACEG4 TGAATCTTGCTGCCTCTG (29)

CTRTF2 GGGCATCGGCTAGGGAAATA (30)

3’RACEF1 GAGAGGATGTGGATTTAGG (31)

C2PF4 CTTCAAGACACTAGTTCAAAAA (32)

CI1CDSR TGATGAGAATGGACAAACTAT (33)

C2AFAR3 CCATAACCAATGTATGATTTGGTA (34)

AD2 NGTCGASWGANAWGAA (35)

C2ACDSF CCCAAGTAAAAGGTCTCA (36)



JCG R GTAGGATTAAAGCCATGCCACC (44) Gus F GICAGIGGCAGIGAAGGGCGAAC (45) @us R
TTCCATACCTGTTCACCGACGAC (46) Gus RT F1 GIGGCAGTGAAGGCCGAAC (47) Gus RT R

AGGTACGGWOGABITEBBT (48) CLSF TGCAGTCAATTACAAAGTCTG (49 PC2ABE010/000206
AGTAAAAGGTCTCATGGGAGTC (50) Jc actin F2 TAATGGICCCTCTGGATGIG (51) Jc actin
R AGAAAAGAAAAGAAAAAAGCAGC (52) [0069] Hdatropha transformation: Cotyl edons
fromb5-7 days ol d seedling vvere excised into 0.5 ¢0.5 cn2 discs and

co-cul tig h agr Agrobact eri um
suspensi Wﬂk&m (li QL& TT]QE@&T%@FB(&RWP@?)

benzyl aﬁ‘%purl ne), {} ?)({:]etl c acid), 20 ng/L AS
(Acet os gone), O. 5 (é anesul fonic acid), 30 g/L
sucrose g/ L gl ucos T§CE at 22E Cin the dark. The
co-cul t iGHRed cot yI edorf ATAGEATEA @MCMW %Wéﬁ”e)l times with sterile
wat er, fRAARI ng one MMTFAG@FS@@AWWACM%Z)TM cotyl edon discs

wer e the(EurmmlltT(DBG Ion AACCECAFTCTOATEACGETANS a4, B5 vitamins, 1.5
ng/ L 6- BEG-B 05 ny/ L NARTAGGATIAAAGBCCATGGOAGCQM)y/ L cef ot axi me, 10 ng/L
citric agisk 150 ng/L giDCAGTBGCAGTGRAGGGTERAAQW) ol ysate, 0.5 g/L Myd

, 30 g/ Lg.gpgr ose, 2.5 gz‘jtc@)qTAme&c@@CQ)\ 6 5E C in darkness for 3

weeks. REYhY emerg@r@g;@r @y@ 'G(S"GC i~ were subcultured on
shoot r ﬁtlon rredl fg 10 ng/L citric acid,
150 rrg/LC amne g/L Md 2, 30 g/L
sucrose, ng/L 6- B ﬁf A,t yrlc acid), 2 ng/L
adeni ne L Hygr 2 5 g/L phytagel, pH
5860J°&‘E“2 cin1il erlodfor 3 weeks. During

this perdFa@etinRhy shoot AG @A&ﬂﬁ@éﬁﬁc €d5Pequired to be

subcul tured on shoot regeneration nediumlIl (Ms salts, B5 vitamns, 10 ng/L
citric acid, 150 ng/L glutam ne, 100 ng/L casein hydr'ol ysate, 30 g/ L
sucr ose,[0969]5. 8’aﬁ'oﬁha &a&fwdtﬂonﬁCBﬁ&ledﬁni)ﬁongS IZ daﬁ\pldosesdlilw \&eIGQ:xcised into

i bber i C. aci,d) /L cin, 10 ot axi r).
ol 1T itk gt aptaca ity Sedoril i Ghos il Z3-0gehcnsmnged
medi um |A§ro&d\é@r§ﬁﬂ tsRspeRSioH | In%ﬂ?u?& (ll&&dmg— sﬁlt§ ng tadins 135 W%E glaut@m ne,
100 ng/L casein hydrol ysate, O. 30 g/L sucrose, ng /L 6-BA,

0. 05 ny/benzybaningpdiney/ LO ﬂygmgﬂyciNﬁAldﬁ-mhthalmé@cam maqidR. 20g/ nghhytAfyel ,

EIT b(5:ul8£ Eﬁg%to%%{ngaxg%: B%r g/ielggée b\'l—morpohohno e anesu-[ o(lancr S&gg)n e3r ag/Edsu%,rrz)osg t PO nere
g/L glucose, pH5.0-5.2) for 2-3 days at 22E C in the dark. The co-cultivated cotyledon discs
were then rinsed several times with sterile water, following one wash with 300 mg/L
cefotaxime. The cotyledon discs were then cultured on callus formation medium (MS salts,
BS vitamins, 1.5 mg/L 6-BA, 0.05 mg/L NAA, 3.5 mg/L hygromycin, 100 mg/L cefotaxime,
10 mg/L citric acid, 150 mg/L glutamine, 100 mg/L casein hydrolysate, 0.5 g/L. MgCl,, 30
g/L sucrose, 2.5 g/l phytagel, pH 5.8-6.0) at 25E C in darkness for 3 weeks. The newly
emerged hygromycin-resistant calli were subcultured on shoot regeneration medium I (MS
salts, BS vitamins, 10 mg/L citric acid, 150 mg/L glutamine, 100 mg/L casein hydrolysate, 0.5
g/L MgCl,, 30 g/L sucrose, 1.5 mg/L 6-BA, 0.05 mg/L IBA (indole-3-butyric acid), 2 mg/L
adenine, 3.5 mg/L. Hygromycin, 100 mg/L cefotaxime, 2.5 g/L. phytagel, pH 5.8-6.0) at 25E C
in 16h light/8h darkness photoperiod for 3 weeks. During this period, any shoots regenerated
from calli were required to be subcultured on shoot regeneration medium II (MS salts, B5
vitamins, 10 mg/L citric acid, 150 mg/L glutamine, 100 mg/L casein hydrolysate, 30 g/L
sucrose, pH 5.8-6.0, 1.5 mg /L 6-BA, 0.05 mg/L IBA, 0.5 mg/LL GA (gibberellic acid), 4 mg/L
hygromycin, 100 mg/L cefotaxime, 7 g/L agar). Calli with no regenerated shoots were



el ongati on nedium (M salts, B5 vitamns, 10 ng/L citric acid, 150 ng/L
glutam ne, 100 ng/L casein hydrolysate, 30 g/L sucrose, 0.3 ng /L 6-BA 0.1
ng/ L GA, wogblo/gmi, pH 5.8- 6.0) at 25E C in 16h |i ght p8/Sdasiornesss

phot operiod for 3 weeks. The el ongated shoots at about 2.5 cmin length
were rooted in root induction nmedium (Mg salts, B5 vitamn, 0.07 ng/1l |BA,
0.5 g/L MES, 30 g/L sucrose, 2.2 g/L phytagel, PH5.8). Normally it takes
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ate ro e 1r ave ccordi e ne escripea._1n
the pr ot5B% Do MM%@@MB{%QOW% cefotayimes 2 ed e Pitpgsd, PH
100- 150-5¢8.610) 36 Ribther HeradiPSSobfll PhoIdEhARERChobty Retubclife® bRYHSS: ©f

|igation was ‘transter into E. coli DH npetent cells an

t r ansf oralengagomenasivm r(M&e shalisn Bohdtaddns, Wl ingfil aites acidhd50 imgiL ddutaimine, 100
hybri di zat jon nmengbrane we repar ed, and ys far. BAC clo cy eeni_ng.
[9071] SOHLEHR BRI a) B btgrocarL vos A 6B ometh S0 dreifvARee Hidg s
carried oo at2SEX Hi 16h light/8R AarknBRYHotbpROS B HSelRSTIRY axhgaeéd shoBBSE hbRRd
(Sanmbrook ‘et al., 1989)" Plant genom ¢ DNA was I1solated fTrom | eaves as
descri bexl5 pmauilength wefeDebied poracd imtuction nit88@) (MBisaltx, B3 vitnfih.0BmglldBA, f or
each lange.i n-.anal ysi g. rgin 1 i uence lified with

pri mer gg?lg@%hgiaﬁ&ls %se(‘jiﬁtg& a %‘;‘i#ér@) ﬁ@%ggﬁ}éét BPBHLEER O8F BAC
i brary ,ﬁ@l{tged\%agoﬁgd Sout hern bl ot anal yses. Probes were | abelled with

[32P] -dCTP by Rediprime Il randomprinme |abelling system (Anersham
Bi osci erl@@30] piBAGbnery, congiruation) BAQbibrary Ré ve curnsas mes Juadepwith BAGC| yeator ase

chain r . - s I S_ ted .f Kf.ferent t]ssue

s ng REIEORAET o) ARleridd b el Boan G0 CBpbEnThe sk Mifhghers Meihe

manuf act(HMW) DN AsVdsUsdlated froihthetfidsh lleaMbPacardihethewhéthod OPTION Xideseribbias e

. First-strand cDNA was_synthesized from1l rTI% of total RNA usig(?qe;sfl’\@g(trr)
i

MWLV RevertBe protaepdcr The AW BN versndigssied byi Hipdtlh and ssizeatelrcted:

I nstructg ol Ry ' f I
noyrmet r g eais e HegEii® RBROBAEES NRPIGP: THOURGRES Medb b lEons GEIE
accor di g doé DHéOBwmoufpetnt cellsandther ratsformatinwvdre agaped GathesIfddwelChlatesSA) .
The priners.for 5! .of . Curcin 1 were pringer pai nd AAP,. and
o e periebensity Braicaon hepitare ForenBasnd snched BBk g ciesiiotn 1
were pr i[ﬂWI‘}paiSo‘&ghG?rR_ﬁan ASYeheM Blor anBIySisi DNA Rg%’l ot amdNi vANchrAb Rut .
(Table 1). The primers for 5 RACE of Curcin 2A were Erlrrer airs C2RTR2
and AAP acegrdingrtp tes stpedard porervIEGAs pretionslxmegaritisd dSambropket pl-i Hi803. Plant
g, @%FI el &'A%R%@(%B %!Q{f? rf%m R&dVes ag&ggbe%n&eéigﬁﬁy (ﬁ%ﬂa;%ﬂangtr al[‘)é}b§§.
About 2 ng DNA was used for each lane in southern analysis. Curcin 1 coding sequence

amplified with primer pairs CantigenF1 and CantigenR1 (Table 1) was used as probes for
BAC library screening and Southern blot analyses. Probes were labelled with [* 2P]-dCTP by
Rediprime II random prime labelling system (Amersham Biosciences, Piscataway, NJ, USA).
[0072]  Reverse transcription polymerase chain reaction (RT-PCR): Total RNA was
isolated from different tissues using RNeasy Plant Mini Kit (Qiagen, Hilden, Germany)
according to manufacturer’s instruction. The total RNA samples were treated with DNase 1.
First-strand ¢cDNA was synthesized from 1 pg of total RNA using SMART™ MMLV
Reverse Transcriptase (Clontech) according to the manufacturer’s instructions.

[0073]  Rapid amplification of cDNA ends (RACE) and thermal asymmetric interlaced
(TAIL) PCR: 5° RACE and 3’RACE were carried out according ‘to the manufacture’s
instruction (Invitrogen, Carlsbad, CA, USA). The primers for 5° RACE of Curcin 1 were
primér pairs GSP1 and AAP, and primer pairs GSP1A and AiJAP (Table 1). The primers for



TAI L- PCR was perforned according to the procedures published previously
(Liu et al. 1995). The arbitrary degenerate (AD) priner used for TAIL-PCR
was AD2 (Wabkhw/1paes1[ 0074] Real -tine RT-PCR Quantitati vecrssketioneo&RT- PCR
was followed the nethods described by Chen et al (2007) and conducted on a
Bi o-Rad iCycler iQb real-tinme PCR system Total RNA was extracted from
jatropha seeds or |eaves at devel opnental stages. The total RNA sanples

were fir e t
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f
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di shes.- 0
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POST Ui Ve GORaERbns' WEre Hde &SﬁrﬁXer &It 308 hgﬁ'—%pe% amplicons. The jatropha actin

gene was used as internal reference to normalize the relative amount of total RNA for all
samples. For each selected gene, triplicate sets of PCR reactions, including the actin controls
and duplicate negative controls (reaction samples without cDNA templates), were prepared
and run in a 96-well plate. The real-time RT-PCR experiments were repeated for each plate to
ensure that similar results could be obtained.

[0075)  Particle bombardment and transient expression of GFP or GUS: 1.0-um gold
particles were coated with plasmid DNA as directed by the manufacturer’s instructions (Bio-
Rad, CA, USA). Endosperm from immature jatropha seeds at six-week-old developmental
stage were manually cut into thin slices of about 0.5-mm thickness. For each bombardment,
five to six pieces of slices were bombarded at 1100 psi with a flight distance of 15 ¢m using a

PDS-1000/He system (Bio-Rad). The bombarded samples were cultured overnight at 22-25°C



expression, |leaf discs of 2x2 cn2 in size were used for particle
bonmbardnent. GUS activity was detected according to the nethod as descri bed
previ ouslwo(ebiiogisomtt al , 1994). X-G uc staining of GUS aeCmsiGyiowaeoebser ved
with a Nikon SMZI 500 stereo m croscope and phot ographed with an attached
Ni kon DI G TAL SI GHT DS- SMC canera. The ygaMV35S pronoter with its fusion
gene GQUS in pCl305.1 was used as the positive control for GUS activity
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[0077)  Western blot analysis: Western blot analysis was carried out with 20 pg total

proteins from different tissues of plants. Proteins were separated on 12% SDS
polyacrylamide gels followed by blotting onto nitrocellulose membrane. Curcin proteins
were detected with anti-Curcin 1N or anti-Curcin 1C antibody and a horseradish peroxidase-
coupled secondary antibody (Bio-Rad) according to the product manual.

[0078]  Immunogold electron microscopy: Immunogold electron microscopy was carried
out according to the procedure described previously (Chye et al., 1999). Seed or leaf sections
were fixed in a solution of 0.5% glutaraldehyde and 2% paraformaldehyde in 0.1 M
phosphate buffer for 4 h under vacuum. Specimens were washed with 50 mM phosphate
buffer for 45 min. After dehydration in a graded ethanol series, specimens were infiltrated in
LR white resin (EMS, Hatfield, PA19440, USA) and embedded in gelatin capsules.
Specimens were sectioned at 80 nm using a Leica Ultracut microtome and mounted on

Formvar-coated slotted grids. Curcin proteins were detected with anti-curcin polyélonal



Pl easant on, CA94588, USA). EXAMPLE 2 Isolation of Curcin 1 and Curcin 2
[0079] To isolate curcin genes fromJ. curcas, a jatropha BAC |library was
const r uctwa 2ardi4emren BAC cl ones were identified fromtreTB& 101000226y t O
contain one or two nenbers of curcin genes (Figure 1). BAC clone 121E10
carried two copies of curcin genes (Figyre 1). BAC 121El 0 was sequenced by
shot - gun approach and the insert in the BAC was reveal ed to be 64,841 bp.
The two g | I in
{andem ranoodits EiRER B LBEIRE ST 5 BRlGohaR el BRCEAR R hitody
anot her (EMS)dRBabkit @f&maaumemm vizas| uske i cartsil rexparireritsvo Samples Pnggidsswerer e
t hereafter desi. n te in1for 93-aa urc n and Curcin 2 for
the 309- AW 233 umyEpdprateand ike ol siin, ShmPlss avete skl R omfibAC
ot her anféns?ﬂrsgioﬂ éleétﬁﬁlahﬁ@roﬁ:ro &fmzéL mMQm' JES- LTHhE mtzs' 196089385 Jhphn h
remai ni ng si x BAC cl ones were subc oned and sequenced. The curcin’ gene
BAC cl oreperating A2 120kvi and phetograpiigll wéthha digital edcriophdto@aphy systerar(GaG@orlncy 2
wher eas 4, he_cur e 213H9 and 221F16 carried Curcin 1, _
respect i‘%}%ﬁ“‘" Zd&'ﬁ&g%?ﬁeﬁ%ﬁ‘sflew also carried Curcin 1, but its sequence
showed nutation at -2463 bp downstream of the Curcin 1 coding sequence.
[0080] We perfornmed cDNA |ibrary screening and RT-PCR with 5" RACE and
3'RACE to isolate the full-length diXaMA s of the Curcin 1 and Curcin 2
genes. A cDNA correspondi ng 81‘; s I i d fromthe endosperm of
i mmature | atropha seeds (Fi gl%oﬁaet &%ﬁ@ﬁ%%ﬁf&}%onm sts of 1388

nucl eot i[0@79] ex Tolidolag chircim @enesAons eqwimea §£f<@hﬁ 8AL) liblaty santéistactad afd bp

5' t I d 213 3'UTR (F 2 Conp
Qur o 1 BOEER A RS, Wert kG JEgt e BACHHbea: [9pcanitil e s 5P QRATRONTS B | 1
5' UTR ( elgt gel?es -(Fighe 1) BAT Liond ‘?Qﬁﬁﬂcﬁhe&%wbl%obi@%fGﬁgnoéemﬁk}ggeol on

(Figure 2). There are two canoni cal pol yadenylation sig
3" - unt r &CA2EH10 vgs saquaticedby chot-gungappegachiand tthe insdrt/jpi tha BAG waRidsalge mces

Lin et 3; et _al 1999). The.first o nyl gt i I’lSI
I( ocat es bﬁt“ﬁﬁ%" dﬁgw? §3Fﬁ"bfgérfeﬁemst%‘%g‘%r§é‘l?ﬁ“vwrg§ (%/a]céi,e@é@g g@ Yes
at 20 bparddesi ﬁlaaﬁerofoﬁehau@iﬁlgéﬂs@ﬁadd%& la0193sdat @uréihi @btem While Ahdth@geHo8&ea
genom ¢ _sequence of Curcin shows high identity to that Curtin 1, we

failed: t3891a§@um@2dtbmrqt@n c’ﬁ!nr:éWﬁ cprofr gq‘meé wergthereafien dasignated @s Corcinddfpr

o
gene. m AN 2 S B R e e R AP g AT GARAE L BB 2505 v

t he ann@tkdi from edch@iheri and2Cavicinm ] ilocategenahe 6’ s€qenncl. Dhé @tuicie géntsrinnhd n

the 5 Ul-el:?mz%&%gi sti)§ B(}\eéj lél o?lgs evgens%bal Ingd tar? Isgq%%rslced The curcin genes in BAC clones
127F22, 147110 and 176118 harboured both Curcin 1 and Curcin 2, whereas the curcin genes
in 213H9 and 221F16 carried Curcin 1, respectively. BAC clone 187G09 also carried Curcin
1, but its sequence showed mutation at -2463 bp downstream of the Curcin 1 coding
sequence.
[0080] We performed cDNA library screening and RT-PCR with 5’RACE and 3°’RACE to
isolate the full-length cDNA clones of the Curcin I and Curcin 2 genes. A cDNA
corresponding to Curcin 1 was isolated from the endosperm of immature jatropha seeds
(Figure 2). Curcin 1 cDNA consists of 1388 nucleotides excluding 3’ poly(A) sequence
(Figure 2). It contains a 66-bp 5’ untranslated region (5’UTR) and a 213-bp 3’UTR (Figure
2). Comparing Curcin 1 cDNA with its genomic sequence, a 227-bp intron was identified in
5’UTR (Figure 2). The intron is located at 12 bp upstream of start codon (Figure 2). There
are two canonical polyadenylation signals (AATAAA) in the 3’-untranslated region of Curcin
I gene, which is typical for RIPs genes (Lin et al., 2003; Chow et al., 1999). The first

polyadenylation signal locates at 80 bp downstream of the stop codon while the second one



EXAMPLE 3 Isolation of Curcin 2A [0081] During our attenpt to isolate
Curcin 2 cDNA fromjatropha, we obtained a cDNA clone that showed honol ogy
to that oWOQuroci4ows2. There are fifty-nine single nucl eocisGpaiopnephi sns
(SNP) in the ORF regions between the cDNA and Curcin 2. The open reading
frame (ORF) of the cDNA encodes a curciyg protein with 309 am no acid

resi dues which is identi cal to a type curicn protein in GenBank (Ace.
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anplifi th SF der.ived .fromthe Curcin 2A cDNA and C2TR2EcoRI based
on the gpﬁ‘ﬁ?ﬂécé H‘?egaggﬂﬁéﬂééesé%ﬁl e 1). Totally, we have obtained a
3774-bp genom c clone of Curcin 2A including a 1793-bp pronoter at the
upsteam of transcription initiation site and 758-bp 3' regul ation region at
t he downstream of the stop codon. THANEWE Drgani zation of Curcin 2A s

simlar to those of Curcin 1. Fi Lirteo4%ts@ows %pe annot ati on of Curcin 2A
with its genom c sequence, |ntro MR B and its deduced am no acid

resi dueq0081908purb@ duitratteitpt trié6lateSOhrirel cDNE Grofilfabroph) SRESHtAIhedh EDNA
curcas. Previously, we have obtained seven BAC cl ones fromjatropha BAC
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Cur ci th t h d
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vel | as deMbgdtéd ﬂh@Bﬁ}cQJ% e%%ﬁ%mﬁpﬁx BAfk clbhe OP@%I PhOLGAS (SOBR& by

di gested vvlth Sau3Al separated on 2% agarose gel. Both Curcin 1 and
Cur ci n PGendmtially, ent246-bp genpomie seglo_lgsf bprcin£3 was molitasiBby BERf with Quingsirs 1;

{ e BrERr R i S Lengti€ Eling hng CICTRES ol ity BORA (iSie B
codi ng SR ENIEEbY frapmengeiitaitsBYLbE ChrcinAA pridbtet. 'Sebolly,ea 582-bp Grdgfddnt

products anplified from BAC 121El 0 gave three_ bands after di gestion with
Sau3Al (PRESPSBYING o dhgiSt Freukion segien &af thenturciof\ prampter at the upstream of the

881-bp region was isolated by TAIL-PCR with primer pairs C2AFAR3 and AD2 (Table 1).
An 832-bp 3’ genomic region of Curcin 24 was amplified with C2ACDSF derived from the
Curcin 24 ¢cDNA and C2TR2EcoRI based on the Curcin 2 genomic sequence (Table 1).
Totally, we have obtained a 3774-bp genomic clone of Curcin 24 including a 1793-bp
promoter at the upsteam of transcription initiation site and 758-bp 3’ regulation region at the
downstream of the stop codon. The gene organization of Curcin 24 is similar to those of
Curcin 1. Figure 4 shows the annotation of Curcin 24 with its genomic sequence, intron in
the 5’UTR and its deduced amino acid residues.

[0082] So far, we have isolated three curcin genes from J. curcas. Previously, we have
obtained seven BAC clones from jatropha BAC library. However, DNA sequencing indicated
that none of the seven BAC clones harbors Curcin 24. BAC clones 121E10, 127F22, 147110
and 176118 carry Curcin I and Curcin 2, BAC clone 187G09 contains Curcin 1, and BAC
clones 213H9 and 221F16 harbor Curcin 2. To further verify the presence of Curcin 24 in
the jatropha genome, we designated a pair of universal ﬁrimers CF2 and CR2 (Table 1) to



be separated on 1.2% agarose gel), while the products fromjatropha genone
had four bands including an additional 775-bp bands from Curcin 2A. The
resul ts iwdoizosigodshe presence of Curcinl, Curcin 2 and E€UmSiGR0@A0206

j atropha genone. EXAMPLE 4 Curcin proteins [0083] The curcin proteins have
been identified with Curcin 2A identicagy to ABZ04128. Total together, there
are seven different kinds of curcin proteins (Figure 6). The first 42 am no
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nor mal devel opnental conditions hen determ ned t he expression of
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pri ner adel SR cifi
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juncti OrCzIrBQUOGuME\@ﬂI\CWZAHﬁj&&OQP@gEn%an Curcin 1 or Qurcin 2A. As
shown in Figure 8A, the Curcin 1 transcripts were detected in endosperm On

the contrary, the Curcin 2A transcripts were only present in | eaves.

Wefurther determ ned the tenporal m@@ of Curcin 1 in the endosperm
of devel opi ng seeds (Figure 8B) as well as in | eaves at different
devel opnent al stages or infected b@uﬁchsmotems( Fi gure 8C). The Curcin 1

t i detected at h | evel t |l ' WAP
(Fi our o 089" N e G v v boen Kari Bk midhCustinath Serbieal tockPgbiage
det ect edrondl tdgetHerdftibrd alARVER df#é8nBRhds GPrcﬁfc‘ih %Pot&h@(fgﬁi%bfeog)s WRE eﬁrgniéy ,

detected in young | eaves (YL) but not in full-expanded [eaves
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- proteins (Figure 6). Among these curcin proteins, Curcin 1 identified in this study is more

closed to AAL58089 and both belong to type 1 curcins with 293 AA (Figure 7). Curcin 2A
(ABZ04128), AARO083395 and ABW17545 belong to type 2 curcins with 309 AA. These

three type 2 curcins are closely related to each other in evolution (Figure 7). Interestingly,

Curcin 2 is more closely related to type 1 curcins, such as Curcin 1 and AAL58089, than type

2 curcins (Figure 7).

EXAMPLE 5
Expression of Curcin 1 and Curcin 24 in Jatropha curcas
[0084] Previous RT-PCR analysis indicated that Curcin 2 did not express in jatropha seeds
and leaves under normal developmental conditions. We then determined the expression of
Curcin 1 or Curcin 24 in the two tissues by RT-PCR with a common forward primer CF and
either one of the two specific reverse primers C1SR for Curcin I and C2ASR for Curcin 24
(Table 1). Primer CF covers the splicing junction region between exon 1 and exon 2 of
Curcin 1 or Curcin 24. As shown in Figure 8A, the Curcin 1 transcripts were detected in

endosperm. On the contrary, the Curcin 24 transcripts were only present in leaves. We



[ 0085] Pol ycl onal anti bodies against Ctermnal region of Curcin 1 were
rai sed. Western bl ot analysis indicated that Curcin 1 proteins were only
det ect ed wWo 2erdiasgsem wher eas Curcin 2A protei ns were onlPgTEeRe®oecos n

| eaves (Figure 9). The detected Curcin 1 proteins should be the mature
Curcin 1 proteins with the nolecul ar sizge of about 28 kDa (MW= 27.8 kD)
(Figure 9) (Lin et al., 2003a, 2003b). However, the detected Curcin 2A
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EXAMPLE 7
Subcellular localization of Curcin 1 and Curcin 2A
[0086]  Subcellular localization of curcin proteins was determined by immunogold electron
microscopy. As Curcin 1 is only expressed in endosperm at late developmental stage, we took
6-week-old endosperm tissues for subcellular immunogold localization assay of the Curcin 1
proteins. Oil bodies and protein bodies are two major organelles in 6-week-old endosperm
cells (Figure 10A). A few plastids with starch bodies were also observed in endosperm cells
at this stage (Figure 10A). The Curcin 1 proteins, which are indicated by gold particles in
immunogold electron microscopy, localized to protein bodies only (Figure 10C). The cell
walls between endosperm cells are primary cell walls, where no Curcin 1 protein was detected
or only background labeling was detected (Figure 10D). No immunolabelling of protein body

was detected when preimmuné antibody control was used (Figure 10B). As the anti-Curcin 1



and 12C). In control experinments, no inmmunol abelling or only background
signal was detected in vacuol ar contents of |eaf nesophyll cells (Figure
11 A and IwB)oorvi4emeondary cell walls of |eaf tracheary eCessao®/000z0gure
12B) when prei mmune serum was used. EXAMPLE 8 Characterization of Curcin 1
and Curcin 2A Pronoters [0088] Curcin Xjis specifically expressed in
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. EXAMPLE 8
.. Characterization of Curcin 1 and Curcin 24 Promoters
[0088]  Curcin 1 is specifically expressed in endosperm at late developmental stages. We
performed PLACE analysis (http colon backslash backslash www dot dna dot affrc dot go dot
jp backslash PLACE backslash signalscan dot html) for plant cis-acting regulation DNA
elements in Curcin I promoter. DNA elements that are involved in endosperm-specific or
storage protein gene expression were identified. A DNA element called "RY repeat
(CATGCAY)" or legumin box was identified at -1388 bp position (the transcription initiation
site is designated at +1 position). The legumin box was found in seed-storage protein genes in
legume such as soybean (Glycine max) (Fujiwara and Beachy, 1994). Another DNA element
termed AACA element was identified at -1534 bp. The core of AACA element were found in
rice (Oryza sativa) glutelin genes and involved in controlling the endosperm-specific
expression (Wu et al., 2000). At upstream of the AACA element, there are several E-box
clements locate at from -2649 bp and -2273 bp. One of the E-box located at -2649 bp was
also found in napA storage-protein gene of rapeseed (Brassica napus) (Stalberg et al., 1996).
Curcin 1 promoters containing all these cis-elements (C1P3 and C1P4) were sufficient to
drive endosperm-specific gene expression (Table 2, Figure 13A). Deletion of E-box elements

(C1P2) or E-box elements, legumin box and AACA element (C1P1) attenuated or abolished
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G-P Endosperm 1/80 4 cells C2AP1D -42 to +ég4 (Dintron). GJS Leaf 0/ Zté/ 0
T £PO

C2AP2D -881 to +294 (Dintron) GUS Leaf 0/ 285%°¢c2AP3D f-e P9 . 1o + 29 1P
(Dintron) GUS Leaf 0/25 0 C2P1 -326 to +258 GFP Endoséﬁtg?%c 4‘%0 oPXAP2 - 1981
to +258 GFP Endosperm 0/80 O C2P3 -3207 to +258 GFP ENJGEEE m o/ ¥EHY
Empty vector - - Endosperm 0/80 0
Empty vector - - Leaf 0/25 0
Ubiquitin N.A. GFP Endosperm 64/81 10-20 cells
CaMV35S N.A. GUS Leaf 5/25¢ 5-20 spots
Ci1P1 -200 to +293 GFP Endosperm 0/80 0
C1P2 -1746 to +293 GFP Endosperm 5/80 1-3 cells
C1P3 -2888 to +293 GFP Endosperm 42/80 .- 5-10 cells
C1P4 -4956 to +293 ' GFP Endosperm 41/75 5-10 cells
CIP1 -200 to +293 GUS Leaf 0/25 ‘ 0 g
CiP2 -1746 to +293 GUS Leaf 0/25 0
C1P3 -2888 to +293 , GUS. - Leaf 0/25 0
C1P4 -4956 to +293 GUS Leaf 0/25 0 ~
CI1PID "-200 to +293 (Alntron) GFP Endosperm 2/60 C 1-3 cells
C1P2D -1746 to +293 (Alntron)  GFP Endosperm 38/80 5-10 cells
C1P3D -2888 to +293 (Alntron)  GFP Endosperm 41/83 5-10 cells
C1P4D -4956 to +293 (Alntron) GFP Endosperm 43/86 5-10 cells
CIPID -200 to +293 (Alntron) GUS Leaf 0725 0
C1P2D -1746 to +293 (Alntron)  GUS Leaf 0/25 0
C1P3D -2888 to +293 (Alntron)  GUS Leaf 0/25 0
C1P4D -4956 to +293 (Alntron)  GUS Leaf 0/25 0
C2AP1 -42 to +294 GFP Endosperm 0/80 0
C2AP2 -881 to +294 GFP Endosperm 20/80 3-5 cells
C2AP3 -1793 to +294 GFP Endosperm 0/80 0
C2AP1 - -42 to +294 GUS Leaf 0/25 0
C2AP2 -881 to +294 GUS Leaf 0/25 0
C2AP3 -1793 to +294 GUS Leaf 5125 2-10 spots
C2APID -42 to +294 (Alntron) GFP Endosperm 3/80 1-3 cells
C2AP2D -881 to +294 (Alntron) GFP Endosperm 4/75 1-3 cells
C2AP3D -1793 to +294 (Alntron)  GFP Endosperm 1/80 4 cells
C2APID -42 to +294 (Alntron) GUS Leaf 0/25 0
C2AP2D -881 to +294 (Alntron) GUS Leaf 0/25 0
C2AP3D -1793 to +294 (Alntron)  GUS Leaf 0/25 0
C2P1 -326 to +258 GFP Endosperm 0/80 0
C2p2 -1981 to +258 GFP Endosperm 0/80 0
C2P3 -3207 to +258 GFP Endosperm 0/80 0
C2P1 -326 to +258 GUS Leaf 0/25 0
C2P2 -1981 to +258 GUS Leaf 0/25 0



C2P1 -326 to +258 GUS Leaf 0/25 0 C2P2 -1981 to +258 GUS Leaf 0/25 0C2P3
-3207 to +258 @GQUS Leaf 0/25 aEnpty vector pCl300 was used as negative
control . WbeoGaMBS pronoter in pCl305.1 and the ubi quiPCIT/$GRoO1OPDE206 | N
pSSz41 (Kol esnik et al., 2004) were used as positive controls for endosperm
and | eaf tissues, respectively. bTransggiption initiation site of each
pronoter is indicated as +1. "Dintron"” indicates the intron at the 5 UTR of
t he curcifpsgene hag, e, 4kel et ed. cé@ transi,pnt GFP gssay, usuajly

i ndi vi dual "cells show ng transient I§ expressi on were observed. For

transi emt—&ISEexpressronassdy, we onty count biue—spots—Onmebtue—spot i s
regarded_as one successful delivery case. dFor each bonbardnent, one piece
of |eaf ,disk at size of 2x2 cn2 was used. Twenty-five |eaf disks were

a

bonbar de§MPSY Vestes B¢ LI09; way ussésaaxieg%ncmpl-ﬁ% EAMY 308 rempteh HhBGl #U1 wi t h
pC1305. Bndikg ubiqpitiparrpmetee dn PESL4 H(Isplesnil palp) 2004 piste vssd asipesisive icontrgls
[ 0089] dor eridespermianddend tissuesakspecygly.essed in jatropha | eaves. Totally, a

Curcin 24 _pr re 1793 b |.sol at ed .fk. ur,cas, L ryey
with t he‘l‘ia?l@ééﬁgi@nﬁfa#éz e %%ﬁggfﬁﬁ%% % SR o 1 Pl a8
ol s- ol onBRILa Ry LRPT U R fihses biSediiT ecent in the Curcin 1

pr onot er‘Fomtrasient &SRS asdag, hisually iindivRivalbcaBesholing PriansieiteGFMdxpression Weéry 1 n
green tighsere&d. | Fof QranSiemesUSTag¥&sslonHibay, Seubmlyesdufit Buel PEBNDRe ibhed s i§ he
GT- 1 bi nin@istone shdbeldrdl dtliSbrydhse, 1996) at positions -64, -548, -590,
-712, -768, -861, -916, -1315, "-1316, -1329, -141 1, -1539, -1683 and
-1703, | Fersash bombardment oae pigce of lggdiskat sizo of 2rdsm” wasgised. Joventy-Hgleahid

- 1533, Tiskexwsre (bChndbarded fat GUS @@dsienttasgays iBvien for pésitiven dontiod Sombarsd GATIA
boxes ( lpgi3ahd, ddral boibasied d¢af dosks paveridue Spbd for- @GBS actindfys, - 1093, - 1533 and
-1747. Al though not all these putative cwelenent may be functional, the
presence of these elenents in the Curcin 2A pronoter supports its function
as | eaf -[0889) 9" @8kcii 38 US-spPEfitdliyC eRpredted ah - jatkbshaPldadbs. SUotdly, A €9rcin 24
identified several stress-inducible c/5-elenments at Curcin 2A pronoter.
These stiremetieh@ichi79P ebr wias| ispletedsfromcy.uatecaprh PEAGE surveix adth( the £7935bp |

2001 . i - - -t | .shiushi I
5004) aranRht lidftRcd hablSern finrchilartdl AEINAR (AR AMEM e Uhafle B005),
posi ti opsesedtGA the Cfarkin 7 pihinaad whic‘hﬁﬁeemﬂiis MYBridm ﬁl?h ﬁ]%cifictpﬁ&m()itd_r adtheitivity |,
1993 t. t. =157 -294. The presencge of these pu |ve . .

st re)ss?ilﬁ&% Biswies fike feangsng tiese ightaeyltes ¢is CPFFHcde ﬁfgiﬁsk bindjng;siteg, -

Curcin 2018608 411, 3596)28 tpbﬂﬁ&!lsv.%d, 1sa8plsap!.74ef &8s L8691 G581 51€i £l 0329,
studies indicated that the Iight-regulated and stress-inducible cwelenments
at the Cl41di r13BA, pre8iundr-19&3, idwwep (Siutiammnet- 81 1 98Blatusitions R548] 786 , (-ZTRAP3
'n and -1533, T boxes (Chan et al., 2001) at position -454 and -1581, and GATA boxes (Lam

and Chua, 1989) at positions -548, -861, -916, -1093, -1533 and -1747. Although not all these

putative cis-element may be functional, the presence of these elements in the Curcin 24

promoter supports its function as leaf- or green-tissue-specific promoter. The PLCAE survey
also identified several stress-inducible cis-elements at Curcin 24 promoter. These stress-
inducible cis-elements include NPR1-type W boxes (Yu et al., 2001) at positions -54 and -
161, ERF3-type W boxes (Nishiuchi et al., 2004) at position at -702, TGAC-containing W-
box (Eulgem et al., 1999) at positions -160, -261, -702 and -1453 and MYB binding sites
(Urao et al., 1993) at positions -157 and -294. The presence of these putative stress-inducible
cis-elements in the Curcin 24 promoter suggests that the Curcin 24 gene might be involved in
plant defense. Promoter deletion studies indicated that the light-regulated and stress-inducible
cis-elements at the Curcin 24 promoter between position -811 and position -1793 (C2AP3 in
Table 2) is required for its leaf-specific activity (Table 2, Figure 13B). The Curcin 2A
promoter carr);ing cis-elements at upstream to position -811 (C2AP2) étill had activity but lost



Table 2) is required for its leaf-specific activity (Table 2, Figure 13B).
The Curcin 2A pronbter carrying cis-elenents at upstreamto position -81 1
(C2AP2) swol2biomadosact i vity but |ostits specificity as aPCEsG26p®00206 C
pronoter since it only had |low |l evel of activity in endosperm but not in

| eaf tissues (Table 2). [0090] Curcin 34is not expressed in | eaves and
endosperm of J. curcas under normal devel opnental condition as no Curci n 2
transcri.nt et

endosperh BURCHFbEEAEE bRAC BRMAMTTIRTL oIS IV IV b B p TROR0et |
prormterbutﬁoﬁlhew‘tltsslﬁs(l%le(mbl e 2). DNA alignnent with the 3-kb DNA
sequence é Cu and Curcin 2 pronoters |dndi cated that the two

pr orot erl 0?‘ust HEW dhBPb GYRISSSEr dfh I5Bstangnendospermyot 7 guricgs @den pormal

pr oot erge(QbpMeshf écﬁﬂgnon ds A Cufif Gaﬁs@ﬁpg&%: H&eé‘tedp D RIS € ik sued " ransjent
honol ogous s%quences etween Curcin Curcin 2A pronoters start from
posi ti or$FP odGUS assayzm dndospeem Ou Aeaf nisiep rabmhénot(dnteqnasy actonty of the Carcin 345

th 2A p | 2 t
Gent s bRy Lpereienes (Fae 257 DS damen: st o ik WA dafefesor
pronot erciak® Mafd @)ﬁc&%ﬁfm&&rsahdwa@mﬂat b tﬂ@%irbl'ﬂ@férs ARP sBHW h%hm& e

responsi ve el ement (ERE position -782 éTapl a et al., 2005). T/ Gboxes,
found i dranypasiciops ot &6 n 'é‘eln hirint D pramotep qrzgosamsl-ém 12§6amth@;@prmdlase

é{_Azl) X Pé‘ﬂﬁ%egr e”’Sr V%O Og[OH% n‘i‘éﬂgg gg ee&e‘kﬁ%ap% urczngdd Eﬁ?’gls ferd etaﬁ%ro(mBOt er

et hyl eneposxt‘idus: ed t(ﬁclt2298ihltﬁél Gitfrcﬁa@pf&ndiélo(ﬁﬂtﬁﬁltlbﬁgl-plfo l-rB4tSh1<ﬁ the auTBanQI on
of TLCl1.1 retrotransposon fam |y in_Lycopersicon chilense (Tapia et al.
2005) . PRITDIEDs ebthough PRAGK, analysis WHtREC g 4 promateradentiigdimanyrissslsments,
suggest t y

(roae ande I 2 BERewAERaeE e 16 Ofch! 2 filbter e PG (S, ol TROR) 3y
senesce Iposm(m ap6q e pﬂgtenalrespoﬁﬂ%)elexﬂeﬁ)ﬂ QERE Bat positiorc+ 182 1(Tapa «Eual ¢ 200A

have in s in the 5UTRW|t.hIe f .2 and 228 bp, .res vel
(P qur o276 s, fpti i Bpiteo Pty SRLBIGAD CoinALanblsbtiie ARIQsRPE (L aPh) -
Del et i ofefds, hitSinVAIvELh jaSmbhR&e Pﬂnﬁuénoﬁir&f‘iﬁés‘érg%nw {Bbiéh@ d1e20d4), WIBef‘er
position - 2888 (C1P3D and C1PAD) did not affect their activity and

speci f i ¢he GRETagfife weye fodpdew medlamtbylcman@ﬂchﬁ@twmmwf the lBkmomgtea: regign.
pronot er.s u | L] Cl Pl D P2D)
signifi crzthf I%/%Ttrl#(;l%gg)?eog&ﬁh%ell freégotuf&\gs 40 ythLrh%? PEEOT r%’(reﬂ P gat?]taf

ret ai ne@oePecTid pickenct of TEOdosRAEBKE ahittf i# the Thein Qi‘pﬂd)ﬁlStet @ﬁ@g@%&héthﬁé t he
intron in the 5" UTR of Curcinl suppress. its expression. Deletion of th

i ntron igAnGMight Be agtiyated, bz&ﬁow@%t%@cmbe/hmﬁmmows and Jsoden 20A8) mt/or
( C2AP1D)y engtdﬁ]lﬂﬁg Héﬁﬁ%tr‘éﬁctﬁﬂ\ﬁ? 1&?&%&%%@%}65% al.o@gyosper m whereas

t he sane type pronoter not show any activity

even i n[00H] t Beshu€wreiidd| akli Gurcof 24 hevé migroosin theb' VURRotvithtlerpths &A227r oot er

C2AP2 and 228 bp, respectively (Figures 2 and 4). Curcin 2 might also have the 227-bp intron
(Figure 3). Deletion of the intron in the Curcin 1 promoters with the length up to position -
2888 (C1P3D and C1P4D) did not affect their activity and specificity (Table 2). However,
deletion of the intron in the Curcin 1 promoters with the lengths up to positions -200 (C1P1D)
or -1746 (C1P2D) significantly increased their activity and the mutated promoters still
retained specificity for endosperm (Table 2). The results indicate that the intron in the 5’UTR
of Curcinl suppress its expression. Deletion of the intron in 5’UTR of Curcin 24 promoter
with length up to positions -42 (C2AP1D) made the promoter have detectable activity in
endosperm, whereas the same length of wild-type promoter (C2AP1) did not show any
activity even in leaf tissues. Deletion of the intron in 5’UTR of Curcin 24 promoter C2AP2
(C2AP2D) did not significantly change its activity, which was only detected in endosperm

(Table 2). Finally, deletion of the intron in 5’UTR of Curcin 24 promoter C2AP3 (CQAP3D)



(C2AP2D) did not significantly change its activity, which was only detected
in endosperm (Table 2). Finally, deletion of the intron in 5 UTR of Curcin
2A pr onotwo 200ARB98( C2AP3D) changed its specificity and tireTsGRIwI0DY208QS
detected in endospermrather than in | eaf tissues (Table 3). The deletion
studies with the Curtin 2A pronobters syggest the intron in the 5 UTR of
Curcin 2A affect both its activity andi'ts specificity in leaf tissues.

ot ST el o5 B s BB AS o 3R G Pl b0

t r ansgerilrablg 3).r ThddelpliGétadiad ohith MO KR 7€ 24 ptdindafslsﬁg@atthbaﬁtmﬁh&hmmw
Bi nary cgnstruct pANDA35HKC _contains an_RNAI cassette in its T-DNA region

(Fi gur e of Burcimdd attest bath jits actiyity and itapecifigibsivrled tisswisy at es doubl e- st rand
RNA (dsRNA) of the Curcin 1 gene. pANDA35HKCI was used for jatropha
transformation. Initially, ten independent T transgenic plants (L3, L4,
LI, L17, L19, L22, L23, L24, L26 aﬁdAngESNere obt ai ned after

Agr obact eri um nmedi a d transg(o/‘r mat er trans ntation, only 4 plants
(LI 7, L23, L26 and 1118‘)*1 R8P h?gale W%W&&E@M e 15). [0093]
Sout her o929t FFAY §t'r§t Fg&'vﬁg vtiiSed td l&ﬁ&ckpdc%}? chred gé’r{ee&ﬂr&@fon%' nQIsEérlgc)? 4

plants carried intact cassette (Figure 16, dara not shown f
Sout her patbipba aplaty siandusproduddpt cmmb@ﬁcim/edatrdmla t pleytsal Birgay r icedstsichgl e

co of T- not s awn f 4 94 expressi on of
Che” RuaPA DALk onfis AR Sossctirin s Dol Pt (it 1T e SRaRSgR
pl ants \MsthgeRF@heeasBéﬁer @eherhie§BdduibR-sthAaal RNATHASIORAFNGH Yisd Turtih 1t E&leGUS

| i nker region indicated that the RNAI cassette was ex[)ressed i n young

| eaves IDA3FHK LA n 8vqe nnsedp [fem tatrqphia g trarsfarmmtion Rdpitiaily nderpardensadsn i $o

showed e PR 2 ra n I 46
ner e 90 Rteh R TL8, B CIRTIST BT 220188 i, (OB R 1Dd6) wiele obiafhe Mk

pl ant s (Agirghul"ceerm%BmﬁdAtddhm:gﬁormbﬁoxexﬁpﬁmampllamhtwﬂ)e)nEMplmaelfn QZBnL%ZS
was conpar e to that jn other transgenic ant the Curcin 2A
trZnscrlpaﬁfligﬁh""%lfﬁﬁ’w“é;ah‘)&eeé‘ﬁo‘ts%? 4 18 ghgr th:m that in L17, L26 and
L46, V"“' 6693?5 SSutfeh blok %n&l%"s RBfn V\GL,gIHﬁﬂ(&e 1%'b@']ﬁ§1cat£€%hlﬂb? @Hflé‘rﬁ@ on

of Curcin gene i n young Ieaves %of 't he transgeni ¢ plants was rt er
conf i r nedrrisy intectt RINAi Lﬂssrttt%(ﬂiaguys 16, data mog shown fa@l6). rSomlatm blob ainadysis wsing

Ful |- e iyt Ukl A B85 ket SHEE AT 10 Bty 4B n hoPRot et

t hat Curmm 2A transcripts were only detected in young | eaves of wld-type
pl ants 9(%ure 8). Curcin 2A was not or hardly detected in transgenic

pl ant s ] | dbe gxpresyen pfthe RMAL ggssetto gnd; the fﬁ("%§f1d'éttb% yeung lsavyesdfghe its
express 'n%Hséeﬁl*é%lants was detected by real-time PCR. Real-time PCR analysis with the Gus linker

region indicated that the RNAI cassette was expressed in young leaves of the 4 transgenic
plants (Figure 17A). Real-time PCR analysis showed that the Curcin 24 transcripts in young
leaves of L17, L26 and L46 were 20% or less than the total Curcin 24 transcripts in the wild-
type plants (Figure 17B). Although the expression of the RNAi cassette in L23 was
comparable to that in other transgenic plants, the Curcin 24 transcripts in young leaves of L.23
was higher than that in L17, L26 and L46, which was similar to that of wild-type plants.

[0095] The suppression of Curcin 24 gene in young leaves of the transgenic plants was
further confirmed by western blot analysis using anti-Curcin 1 antibodies. In wild-type plants,
Curcin 2A was only detected in young leaves but not in full-expanded leaves (Figure 18).
This result was consistent with the fact that Curcin 24 transcripts were only detected in young
leaves of wild-type plants (Figure 8). Curcin 2A was not or hardly detected in transgenic
plants L17, L26 and L46 (Figure 18). Curcin 2A was detected in L23 but its expression level
was lower than that of wild-type plants (Fi’gufe 18). The results indicate that the expression of



was | ower than that of wld-type plants (Figure 18). The results indicate
that the expression ofCurcin 2A in the transgenic plants was either

parti al | ywonomommset el y suppressed by the dsRNA deri vedPCTsGRoto®oeepr essi on
of the RNAI cassette. [0096] To further check the transm ssion of the T-DNA
in the transgenic jatropha plants, we ggrmnated Ti seeds of L26 as well as
seeds fromw |l d-type plants on sel ection nediumcontaining 10 ng/L

hygr onychn... T. r he sel ection
mech um Egpin A B AREerRE RS bl phfE L B, RS B B 1
seeds ofdsRRAA daﬁ\&:dgfﬁfmh%&txpfksﬁanbhmesmﬂ&masmwedl um and thirty-six

seedl i nﬁgomre re tant to hygromycin g ure 19). L26 carried one copy of

T- DNA arl§09¢le skRyfusthepphesk ‘h?/ ApsRyission o they IMANA if the rnseskic natsqptleé{mﬂm e
Thi 5.1 eon EAfed 37 sl of 108 as S5 80 frohl AL BB G velidifp sifldn

i nt egr ateedtaimhg 19 aig/b higgrogecond hamdldatype seeals sverd atdel té gerdinatp b glenselextioh he

t ransgeni c,. Ia 0097 Iu5|on v .cha ct .ri d the

br onor eruedifme R e nRune e RRES At SHian ontredl Eigbrei ot iRty By st oF Lot
lengt h Uperk OpiffthdiédP o %@%eleat@yfxﬁecﬁhﬁnhné Ot'hlrtyf-ﬁxhkélﬁhﬁ'ékd ﬁe?@%&lsﬁm to
activity in endosperm whereas the isolated Curcin 2A pronoter with | ength

up to pdwerdmyein (Figarehk. Exfecartied one copy off TiPNAearfd the ssgraion $fibygromycin-

curcin- def|C|ent trans enlc tro re

Cechnol dgy- e RO R P rckPR B B epSiaf B 1P e B2aehe ilffitinee

j at r ophat=xoe0ny 613<P<DI82nES ) Chls &@uw matéarthattuﬁénrmm%gbﬁ% ﬁmmm{@i)%]

The use of the ternms "a" and "an" and "the" and simlar referents in the

cont ext hes siahdy rintsgrated: indo i jatrephai genomess jpad i widd yrapsmitteé tootheepriogeriy fighe

foll ow qlgdn Ie%cmsl%uﬁare to be construed to cover both the singular and the
pl ural, &rwi se indi cat ed her ei n or clearly cont radi cted by

cont ext . The terms "conprising,” "having," "including," and "containing"
are to be construed as open-ended ternms_ (i.e., neaning "including, but not
limted PPH) Jncerdusiemeyshaye charagterizesh etpa?mewrwf thaﬂgee cyeinggnggs Ther ei n
are ner t t

i vi doal P e | BrtPun 1Pl ) (iR D88 B cleiERE Lol he igh and

ot her wi spedifidiactitiydinhendeiperma wheeeas hthes isphateal Euncin u?ﬂ promiotet Ovigto temigthdup 106 O .

t he specifi.cati s if it were in i.dual ly recite erein. For exanple,
1t e e T PR SppriGi a6y i feah tisshes 1 ¥ he Forei e Gom risignic feiropha

di scl osgfiantAwerdTBioARE B BSink ENANEBhBlogR R0 Qﬁp}ﬂ'%sf &Irgi‘ﬁdgén@ APYesSivh! #hi. €
order unl ess otherw se indicated herein or otherw se clearly contradicted
by cont @mcm—tﬂhfémqmeat(qphaﬁynmalcmlantemﬁﬂ used farfurebiskding pragnammage (e. g.
"such as") provided herein, is intended nerely to better illumnate the

i nvention and does not pose alimtation on the scope of the invention

unl ess o088V SkheGis@bfitd. tefigs Ta2n@dags” amd the” smbsiilat fiférents S el dbnB&t of

construed as.indicating any non-cl ai ned el enent as essential to the
describing the invention (especially in the context of the following claims) are to be construed

to cover both the singular and the plural, unless otherwise indicated herein or clearly

29 &6

contradicted by context. The terms “comprising,” “having,” “including,” and “containing”
are to be construed as open-ended terms (i.e., meaning “including, but not limited to,”) unless
otherwise noted. Recitation of ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. For example, if the range 10-15 is
disclosed, then 11, 12, 13, and 14 are also disclosed. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (e.g., “such

as”) provided herein, is intended merely to better illuminate the invention and does not pose a



practice of the invention. [0099] It will be appreciated that the nethods
and conpositions of the instant invention can be incorporated in the form
of a variwoyoofi4essbodi mrents, only a few of which are di cirsseadoneresn.
Enbodi ments of this invention are described herein, including the best node
known to the inventors for carrying ougsthe invention. Variations of those

enbodi ments nmay become apparent to those of ordinary skill in the art upon
r eadi ng r S t h v II d. art.is nsto
o A SIS HEST ' B Gl GRS SERBED K il i

i nvent i @pedificdtionshealdi lseeebr@trbar #d Bedidating aag nsnwlﬁxecaldnmdasessehﬁ@l tb&hel n.
Accordingly, this invention includes all nodifications and equival ents of

t he subJPéQf’ltlc?rﬁf‘chérmYe@EP{‘ed in the clains appended hereto as permtted by
appl ' Cagb@)d ]| AWgt Mt %9 recpa ﬁ%e%&thg& ald E&ﬁ%@sgk?o\ﬁ% (He[ﬁg i ﬁ"t S

in all possible varlat ns thereof is enconpasse the 1nven |on u ess
ot herw sen |hed1ncanperhtétbum|tlne ﬁwnmbﬁarw’.rimy «alfeeamboghmems redy ot éolv lof wiioh eixé .

Bl BL| 100 bal i 20
vl uat (O PRS- FHRTAREHF o s GO BOME AR TgIed T Bp SN e best
Bi omass nafid KBbRANS iYinveitors ¥dr Ja%mg[&ﬁ% m@@rﬁanWan\éﬁBﬁs 4F tAOL HNRAImAIN

2005. Prospects and potential of "‘fatty acid nmethyl esters of sone
non- t r aghayi beraimes epphrent| to fhese wSeordmaly skilleseithd art| npfina readingnties faregbing

Bi oener 935302 0102 ar bi atte Ii and Stirpe F. 1993.
% bocomBberpior, The 8ot afhet Shitled kit REpbElay) b SAfgrtis [ apbrophiate
1154: 23%nd88e uﬁ&iaﬂﬁi ileh@ gbr the fAvemtion o b&cﬂ}mticteaaﬁhe%ms%o%n aEnﬂfé&mél an
i nt egrator of seed growth_ and devel opnment. Curr_ Opin Pl ant Biol. 66 670

[0104] Hetcsibedsherin. ; ARcordinglyo) thiagaeestion ingudgs atl mpddisationsnansh emlvalm;
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WHAT IS CLAIMED IS:

1. An isolated nucleic acid having endosperm-specific promoter activity in a plant

selected from the group consisting of:

(a) a nucleic acid comprising nucleotides 1 to 3181 of SEQ ID NO:7;

(b) a nucleic acid comprising nucleotides 1 to 2888 of SEQ ID NO:7;

(¢) a nucleic acid comprising nucleotides 1142 to 3181 of SEQ ID NO:7;

(d) a nucleic acid comprising nucleotides 1 to 3181 of SEQ ID NO:7 with
nucleotides 2944 to 3170 deleted;

(e) a nucleic acid comprising nucleotides 1142 to 3181 of SEQ ID NO:7 with
nucleotides 2944 to 3170 deleted;

() a nucleic acid comprising nucleotides 2688 to 3181 of SEQ ID NO:7 with
nucleotides 2944 to 3170 deleted

2. A nucleic acid construct comprising the nucleic acid having endosperm-specific
promoter activity of claim 1 operably linked to a second nucleic acid encoding a DNA

of interest.

3. The nucleic acid construct of claim 2, wherein the DNA of interest encodes a double
stranded RNA (dsRNA) molecule targeted to a Curcin gene and capable of reducing
expression of a Curcin gene in a Jatropha plant by RNAi, wherein the Curcin gene is

selected from the group consisting of Curcin 1, Curcin 2 and Curcin 2A.

4. The nucleic acid construct of claim 3, wherein the Curcin gene is Curcin 1.

5. The nucleic acid construct of claim 3, wherein the Curcin gene is Curcin 2.

6. The nucleic acid construct of claim 3, wherein the Curcin gene is Curcin 24.

7. The nucleic acid construct of any one of claims 3-6, wherein the dsSRNA molecule 1s

an siRNA molecule, a sShRNA molecule or a micro-RNA molecule.
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15.
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A transgenic plant cell containing within its genome the nucleic acid construct of

claim 2.

The transgenic plant cell of claim 8, wherein the plant is selected from the group
consisting of a Jatropha species, castor bean, palm oil, coconut, peanut, rapeseeds,
soybean, sunflower, cassava, tomato, beans, cotton, cucumber, cabbage, barley, oats,

wheat, corn and rice.

The transgenic plant cell of claim 9, wherein the Jatropha species is Jatropha curcas.

A transgenic plant containing within its genome the nucleic acid construct of claim 2.

The transgenic plant of claim 11, wherein the plant is selected from the group
consisting of a Jatropha species, castor bean, palm oil, coconut, peanut, rapeseeds,
soybean, sunflower, cassava, tomato, beans, cotton, cucumber, cabbage, barley, oats,

wheat, corn and rice.

The transgenic plant of claim 12, wherein the Jatropha species is Jatropha curcas.

A method of producing a transgenic plant cell comprising transforming cells of the

plant with the nucleic acid construct of claim 2.

A method of producing a transgenic plant comprising transforming cells of the plant
with the nucleic acid construct of claim 2 and regenerating a transgenic plant from the

transformed plant cells.

The method of claim 14 or 15, wherein the plant is selected from the group consisting
of a Jatropha species, castor bean, palm oil, coconut, peanut, rapeseeds, soybean,
sunflower, cassava, tomato, beans, cotton, cucumber, cabbage, barley, oats, wheat,

corn and rice.

The method of claim 16, wherein the Jatropha species is Jatropha curcas.



18.

19.

20.

21.

22.

23.

24.

25.

26.

a4 MO

9]
ps
-

A transgenic plant cell containing within its genome the nucleic acid construct of any

one of claims 3-7.

The transgenic plant cell of claim 18, wherein the plant is selected from the group
consisting of a Jatropha species, castor bean, palm oil, coconut, peanut, rapeseeds,
soybean, sunflower, cassava, tomato, beans, cotton, cucumber, cabbage, barley, oats,

wheat, corn and rice.

The transgenic plant cell of claim 19, wherein the Jatropha plant is Jatropha curcas.

A curcin deficient transgenic plant containing within its genome the nucleic acid

construct of any one of claims 3-7.

The curcin deficient transgenic plant of claim 21, wherein the plant is selected from
the group consisting of a Jatropha species, castor bean, palm oil, coconut,.peanut,
rapeseeds, soybean, sunflower, cassava, tomato, beans, cotton, cucumber, cabbage,

barley, oats, wheat, corn and rice.

The curcin deficient transgenic plant of claim 22, wherein the Jatropha species is

Jatropha curcas.

A method of producing a transgenic plant cell comprising transforming cells of the

plant with the nucleic acid construct of any one of claims 3-7.

A method of producing a curcin deficient transgenic Jatropha plant comprising
transforming cells of a plant with the nucleic acid construct of any one of claims 3-7

and regenerating a curcin deficient transgenic plant from the transformed plant cells.

The method of claim 24 or 25, wherein the plant is selected from the group consisting
of a Jatropha species, castor bean, palm oil, coconut, peanut, rapeseeds, soybean,
sunflower, cassava, tomato, beans, cotton, cucumber, cabbage, barley, oats, wheat,

corn and rice.
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The method of claim 26, wherein the Jatropha plant is Jatropha curcas.
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