
JATROPHA CURCAS CURCIN GENES, TISSUE-SPECIFIC PROMOTERS AND GENERATION OF
CURCIN-DEFICIENT TRANSGENIC JATROPHA PLANTS CROSS-REFERENCE TO RELATED
APPLICATION [0001] The present application claims priority to U.S.
provisional patent application Serial No. 61/184,416 filed 5 June 2009,
which is incorporated herein by reference. BACKGROUND OF THE INVENTION
[0002] 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 specifically, the present invention
relates to the isolation of Jatropha curcas Curcin 1, Curcin 2 and Curcin
2A. The present invention further relates to of the Curcin 1, Curcin 2A and
Curcin 2 genes and more particularly to tissue specific promoters of the
Curcin 1 and Curcin 2A genes. The present invention further relates to
production of curcin-deficient transgenic jatropha plants by using RNAi
technology to suppress curcin gene expression. [0003] The publications and
other materials used herein to illuminate the background of the invention
or provide additional details respecting the practice, are incorporated by
reference, and for convenience are respectively grouped in the
Bibliography. [0004] Tissue specific promoters are strongly desired for
plant biotechnology to express gene-of-interest in the particular plant
tissue at right time (Mansoor et al., 2006). Plant seed endosperm
accumulates storage materials, such as starch, proteins and lipids (Berger
et al., 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) d-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 differentpromoter to drive them to avoid the gene silencing.
However, a lack of suitable promoters is a critical limiting factor for
such research (Qu et al., 2008). [0005] Jatropha {Jatropha curcas) is a
small tropical, woody plant belonging to the 



Euphorbiaceae family. It is a dicotyledonous plant and its seeds contain as
much as 40% oil (Bringi, 1987). The oil from jatropha could be an efficient
substitute for fossil fuel (Augustus et al., 2002; Azam et al., 2005;
Forson et al., 2004; Pramanik, 2003). However, Jatropha suffers from
several shortcomings that may limit its wide adoption. The productivity of
the plant is constrained by the unfavourable male to female flower ratio
and its oil content has not been optimized by breeding. This plant is also
sensitive to biotic stresses such as viral (Narayanna et al., 2007), fungal
and bacterium pathogens and abiotic stresses, especially cold and drought
(http colon www dot jatropha dot org). The presence of several toxic
components (e.g. the protein toxin, curcin, and the cancer-causing agent
phorbol esters) in seeds and leaves of the plant possess health hazards for
farmers and bioprocess workers in the Jatropha industry. [0006] Curcin is a
toxin protein identified in jatropha seeds (Stirpe et al. 1976). The
presence of curcin as well as other toxins in jatropha seeds prevents the
use of jatropha seed meals as animal feed (Makkar et al., 1997). Curcin
belongs to the type I of ribosome inactivating proteins (RIPs) that has RNA
JV-glycosidase activity and can irreversibly inactivate ribosomes
(Barbieri, 1993, Lin et al., 2003a). Currently, five curcin proteins have
been deposited to GenBank and their accession numbers are AAL58089 (Lin et
al., 2003a), AAL86778 (Lin et ah, 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 Jatropha 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 o Jatropha
can be obtained from cDNA and genomic libraries and functionsof genes can
be tentatively assigned by sequence homology with other plant genes of
known function. Tissue-specific promoters are often utilized to express
homologous or heterologous gene sequences in the desired tissues. 



[0008] RNAi is a post-transcriptional, targeted gene-silencing technique
that uses doublestranded RNA (dsRNA) to incite degradation of messenger RNA
(mRNA) containing the same sequence as the dsRNA (Constans, 2002). Small
interfering RNAs, or siRNAs are produced in at least two steps: an
endogenous ribonuclease cleaves longer dsRNA into shorter, 21-23
nucleotide-long RNAs. The siRNA segments then mediate the degradation of
the target mRNA (Zamore, 2001). RNAi has been used for gene function
determination in a manner similar to antisense oligonucleotides (Constans,
2002). Expression vectors that continually express siRNAs in transiently
and stably transfected have been engineered to express small hairpin RNAs
(shRNAs), which get processed in vivo into siRNAs-like molecules capable of
carrying out gene-specific silencing (Brummelkamp et al., 2002; Paddison et
al., 2002). Post-transcriptional gene silencing by double-stranded RNA is
discussed in further detail by Hutvagner and Zamore, 2002; Vaucheret et
al., 2001; Hammond et al., 2001; Maine, 2000; Fire et al., 1998; and
Timmons and Fire, 1998. Methods for using RNAi to inhibit the expression of
a gene are known to those of skill in the art. See, e.g., U.S. Patent Nos.
5,034,323; 6,326,527; 6,452,067; 6,573,099; 6,753,139; and 6,777,588. See
also International Patent Publications WO 97/01952, WO 98/36083, WO
98/53083, WO 99/32619 and WO 01/75164; and U.S. Patent Publications
2003/0175965, 2003/0175783, 2003/0180945, 2004/0214330, 2005/0244858,
2005/0277610, 2007/0265220 and 2010/0058498. [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. Morespecifically, the present invention relates to the
isolation of Jatropha curcas Curcin 1, Curcin 2 and Curcin 2A. The present
invention further relates to of the Curcin I , Curcin 2A and Curcin 2 genes
and more particularly to tissue specific promoters of the Curcin 1 and
Curcin 2A genes. The present invention further relates to production of
curcin-deficient transgenic 



jatropha plants by using RNAi technology to suppress curcin gene
expression. [0011] 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 1 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. [0012] 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 1 comprises nucletotides 439 - 1368 of SEQ ID NO:3. The
protein sequence for Curcin 2 is set forth in SEQ ID NO:4. [0013] In a
third embodiment, the curin gene is Curcin 2A. The nucleotide sequence of
Curcin 2A is set forth in SEQ ID NO:5. The coding sequence for Curcin 2A
comprises nucletotides 475 - 1404 of SEQ ID NO:5. The protein sequence for
Curcin 2A is set forth in SEQ ID NO:6. [0014] In a second aspect, the
present invention provides the tissue-specific promoters of 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 endospermspecific 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, (c) 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 2A gene. The nucleotide sequence of Curcin 2A
promoter is set forth in SEQ ID NO:8. The Curcin 2A 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 specificpromoters 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. 



[0016] In a third embodiment, the promoter is derived from the Curcin 2
gene. The nucleotide sequence of Curcin 2 promoter is set forth in SEQ ID
NO:9. As described herein, this promoter is not expressed in endosperm or
leaf tissues, but may be activated and expressed upon activation by
jasmonic acid (JA) upon attack by insects and/or upon activation by
ethylene during defense reaction or leaf senescence. [0017] In a third
aspect, the present invention provides transgenic jatropha plants that are
curcin-deficient and to the production of curcin-deficient transgenic
jatropha plants. In one embodiment, a transgenic plant that is
curcin-deficient comprises a nucleic acid stably integrated in its genome,
wherein the nucleic acid encodes a double stranded RNA (dsRNA) targeted to
a curcin gene hi another embodiment, a transgenic plant that is
curcin-deficient comprises a nucleic acid stably integrated in its genome,
wherein the nucleic acid encodes short interfereing RNA (siRNA) targeted to
a curcin gene. In an additional embodiment, a curcin-deficient transgenic
plant comprises a nucleic acid stably integrated in its genome, wherein the
nucleic acid encodes a short hairpin RNA (shRNA) targeted to a curcin gene.
In one embodiment, the curcin gene is Curcin 1. In another embodiment, the
curcin gene is Curcin 2. In an additional embodiment, the curcin gene is
Curcin 2A. In one embodiment, the nucleic acid includes a portion of the
Curcin 1 gene. In another embodiment, the nucleic acid includes a portion
of the Curcin 2 gene. In an additional embodiment, the nucleic acid
includes a portion of the Curcin 2A gene. In one embodiment, the
curcin-deficient transgenic plants are produced by transforming jatropha
plant tissue, hi 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 Hindl l (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.[0019] Figure 2 shows
the nucleotide sequence of Curcin 1 gene (SEQ ID NO:1) and its deduced
amino acid sequence (SEQ ID NO:2). The transcription initiation site of
Curcin 1 is indicated as position 1 on the nucleotide sequence. The
nucleotide sequences of the intron in the 5' untranslated region (5'UTR)
are shown in lower-case letters. The positions of oligo primers are
highlighted in bold italics with arrows indicating forward or reverse
direction. The two Sau3A\ sites in the coding region are displayed in bold
and underlined. Only the 



second poly(A) signal sequence is highlighted in bold. [0020] Figure 3
shows the nucleotide sequence of Curcin 2 gene (SEQ ID NO:3) and its
deduced amino acid sequence (SEQ ID NO:4). The putative transcription
initiation site of Curcin 2 is indicated as position 1 on the nucleotide
sequence. The putative nucleotide sequences of the intron in the 5'
untranslated region (5'UTR) are shown in lower-case letters. The positions
of oligo primers are highlighted in bold italics with arrows indicating
forward or reverse direction. The two Sau3A\ sites in the coding region are
displayed in bold and underlined. Only the second poly(A) signal sequence
is highlighted in bold. The annotation o Curcin 2 was predicted based on
the annotation of Curcin 1. [0021] Figure 4 shows the nucleotide sequence
of Curcin 2A gene (SEQ ID NO:5) and its deduced amino acid sequence (SEQ ID
NO:6). The putative transcription initiation site of Curcin 2A is indicated
as position 1 on nucleotide sequence. The nucleotide sequences of the
intron in the 5' untranslated region (5'UTR) are shown in lower-case
letters. The positions of oligo primers are highlighted in bold italics
with arrows indicating forward or reverse direction. The Sau3Al 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
121El 0 (lane B) or genomic DNA (lane G) were digested with &n.3AL Curcin 1
produced three bands (195bp, 243bp and 582bp), Curcin 2 also produced three
bands (195bp, 243bp and 580bp) whereas Curcin 2A produced two bands (243bp
and 775bp). BAC clone 12 IElO 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 Biolabs, # N3231L).[0023]
Figure 6 shows an alignment of curcin proteins identified from J curcas.
Amino acid residues showing identity among eight curcin genes are shown in
black background. Dart indicates the cleavage site of N-terminal signal
peptide (Lin et al., 2003a). The amino acid sequences identifiers are as
follows: Curcin 2A - SEQ ID NO:6; ABZ04128 - SEQ ID NO:10; AAR08395 - SEQ
ID NO:11; ABW17545 - SEQ ID NO:12; Curcin 1 - SEQ ID NO:2; AAL58089 - SEQ
ID NO:13; Curcin 2 - SEQ ID NO:4; and AAL86778 - SEQ ID 



NO: 14. [0024] Figure 7 shows a phylogenetic tree of the curcin proteins
identified from J. curcas. The phylogenetic tree was created by untitled
ClustalW. [0025] Figures 8A-8C show the expression of curcin genes in J.
curcas. Fig 8A: Detection of the expression of Curcin 1 and Curcin 2A genes
in jatropha by RT-PCR. The primers for Curcin 1 were CF and ClSR (Table 1),
whereas the promers for Curcin 2A were CF and C2ASR (Table 1). L, RNA
sample from leaves; E, RNA sample from endosperm. Fig. 8B: Expression of
Curcin 1 in endosperm at different developmental stages. 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 values normalized to the 6-week-old seeds (6 wk) are
shown. The primers for Curcin 1 were ClSF and ClSR, and the primers for the
jatropha Actin gene were Jc actin F2 and Jc actin Rl (Table 1). Fig. 8C:
Expression of Curcin 2 in 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 values normalized to the young leaves (YL) are shown. The primers
for Curcin 2A were C2ASF and ClSR (Table 1), and the primers for the
jatropha Actin gene were Jc actin F2 and Jc actin Rl (Table 1). YL, young
leaves; FL, full-expanded leaves; OL, old leaves; IL, full-expanded leaves
infected with mealybuds (Pseudococcidae hirsutus). [0026] Figure 9 shows
detection of curcin proteins in J. curcas showing a Western blot probed
with anti-Curcin IN 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
kilodaltons (kDa). L, leaves; C, Calli; R,roots; Sl, seeds from Indonesia
accession; S2, seeds from India accession; S3, seeds from China accession;
S4, seeds from South America accession. [0027] Figures 10A-1OD show
subcellular immunogold localization of Curcin 1 proteins in endosperm cells
of developing seeds. Fig. 1OA: Endosperm cells of a six-week-old seed. Bar
= 5 mm. Fig. 1OB: Preimmune serum control showing no immunolabelling of
protein body. Bar = 0.2 mm. Fig. 1OC: Curcin 1 proteins immunolocalized to
protein body. Bar = 0.2 mm. 



Fig. 10D: Oil bodies and cell walls of endosperm cells after
immunolabelling with anti- Curcin 1C antibody. Bar = 0.5 mm. Arrows
indicate plastids with starchy bodies in white colour. Darts indicate
curcin proteins immunolabelled with anti-Curcin 1C antibody cw, cell wall;
ob, oil body; pb, protein body. [0028] Figures 1IA-I ID show subcellular
immunogold localization of Curcin 2A proteins in vacuolar contents of leaf
mesophyll cells. Fig. HA: Mesophyll cells after immunolabelling with
preimmune serum. Bar = 2 mm. Fig. HB: Preimmune serum control showing no
immunolabelling of vacuolar contents (high magnification of area indicated
with a frame in Fig. HA). Bar = 0.2 mm. Fig. HC: Mesophyll cells after
immunolabelling with anti-Curcin 1C antibody. Bar = 2 mm. Fig. HD: Curcin
2A proteins immunolocalized to vacuolar contents (high magnification of
area indicated with a frame in Fig. HC). Bar = 0.2 mm. Darts indicate
curcin proteins immunolabelled with anti-Curcin 1C antibody. C,
chloroplast; cw, cell wall; v, vacuole. [0029] Figures 12A-12D show
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 mm. Fig.
12B: Preimmune serum control showing no immunolabelling of secondary cell
wall of tracheary element. Bar = 0.2 mm. 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 mm. 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 mm.
Arrows indicate pit area on the walls of tracheary elements. Darts indicate
curcin proteins immunolabelled with anti-Curcin 1C antibody, me, mesophyll
cell; pew, primary cell wall; sew, secondary cell wall; v, vacuole.[0030]
Figures 13A and 13B show the characterization of Curtin 1 and Curtin 2A
promoters. Fig. 13A: Transient expression of GFP in developing endosperm of
J. curcas after bombardment with empty vector pC1300 (left panel), Pubi
GFP.T os (middle panel) and CIP3 GFP :TNOS (right panel) genes. GFP,
fluorescence channel; Ph2, phase contrast channel; Merge, merge of the GFP
and Ph2 channels. Bar = 10 mm. Fig. 13B: Transient expression of GUS
activity in the leaf tissues of J. curcas after bombardment with empty
vector pC1300 (left panel), P35S GUS:TN OS (middle panel) and PC2AP3 GUS :T
0S (right panel) genes. Cells 



showing GUS activities are in blue color (indicated with darts) after
stained with X-Gluc solution. [0031] Figure 14 shows the T-DNA region of
the binary plasmid pANDA35HKCl (not drawn to scale). NPT II, neomycin
phosphotransferase gene; HPT, hygromycin phosphotransferase gene; 35S pro.,
35S promoter; Curcin 1, partial sequence of Curcin 1; linker, Gus linker;
T, terminator of nopaline synthase gene; RB, right border; LB, left border.
[0032] Figure 15 shows To transgenic jatropha plants with knock-down
expression of curcin genes. 8-month-old To transgenic plants transformed
with a binary vector pANDA35HKCl that carries RNAi cassette designed for
the curcin genes are shown. [0033] Figure 16 shows the results of Southern
blot analysis of the transgenic jatropha plants. Fig. 16: Southern blot
analysis of the transgenic jatropha plants. Souther blots were probed with
Gus linker (upper panel) or Hpt (lower panel) probes. Arrow indicates the
position of RNAi 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 To transgenic jatropha plants.
[0034] Figures 17A to 17B shows the expression of double-strand-RNA (dsRNA)
from the RNAi cassette and Curcin 2A. 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 Fl and
Gus RT Rl, and the primers for the jatropha Actin gene were Jc actin F2 and
Jc actin Rl (Table 1). Wt, wild-type plant; L17 to L46, independent To
plants. Fig. 17B: Expression of Curcin 2A 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 relativevalues normalized to control transgenic plant
transformed with empty vector pC1300 are shown. The primers for Curcin 2A
were C2ASF and C2ASR (Table 1), and the primers for the jatropha Actin gene
were Jc actin F2 and Jc actin Rl (Table 1). Wt, wild-type plant; Ll 7 to
L46, independent Toplants. [0035] Figure 18 shows the expression of Curcin
2A proteins in young leaves of transgenic jetropha plants. Fig. 18:
Expression of Curcin 2A in young leaves of transgenic jatropha plants. The
Curcin 2A proteins (indicated with arrow) were detected with anti-Curcin 1 



antibodies. Wt, wild-type plant; Ll 7 to L46 are independent transgenic
plants. [0036] Figures 19A-19D show the inheritance of transgenes to the T1
generation. Fig. 19A and 19B: Shoots (A) and roots (B) of wild-type
jatropha seedlings germinated and grown on half-strength MS medium
containing 10 mg/L hygromycin for 12 days. Fig. 19C and 19D: Shoots (C) and
roots (D) of Ti seedlings of transgenic line L26 germinated and grown on
half-strength MS medium containing 10 mg/L hygromycin for 12 days. DETAILED
DESCRIPTION OF THE INVENTION [0037] 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 specifically,
the present invention relates to the isolation of Jatropha curcas Curcin 1,
Curcin 2 and Curcin 2A. The present invention further relates to of the
Curcin 1, Curcin 2A and Curcin 2 genes and more particularly to tissue
specific promoters of the Curcin 1 and Curcin 2A 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 1 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.[0040] In a third
embodiment, the curin gene is Curcin 2A. The nucleotide sequence of Curcin
2A is set forth in SEQ ID NO:5. The coding sequence for Curcin 2A comprises
nucletotides 475 - 1404 of SEQ ID NO:5. The protein sequence for Curcin 2A
is set forth in SEQ ID NO:6. As shown herein, Curcin 2A is specifically
expressed in the leaves. Curcin 2A was detected in vacuoles of mesophyll
cells and secondary cell wall of leaf tracheary elements. [0041] In a
second aspect, the present invention provides the tissue-specific promoters
of two Jatropha curcas curcin genes. 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. 



Promoter deletion studies indicate that the Curcin 1 promoter of 2888 base
pairs is sufficient for its tissue-specific expression in the seed
endosperm. Thus, 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, (c) 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. The Curcin 1 promoter or its fragments
can be used to specifically express downstream DNA of interest in seed
endosperm of transgenic plants. In some embodiments, the endosperm-specific
Curcin 1 promoter can be used to express DNA of interest, for example a
target gene such as a gene encoding an enzyme or a protein, in endosperm of
jatropha seeds as well as other crop seeds. [0042] In a second embodiment,
the promoter is derived from the Curcin 2A gene. The nucleotide sequence of
Curcin 2A promoter is set forth in SEQ ID NO: 8. Promoter deletion studies
indicate that the Curcin 2A promoter of 1793 base pairs is sufficient for
its tissuespecific expression in leaf tissues. Thus, the Curcin 2A 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.[0043] The Curcin 2A promoter can be used to specifically express
downstream DNA of interest in leaf tissues of transgenic plants. In some
embodiments, the leaf-specific Curcin 2A promoter can be used to express
DNA of interest, for example a target gene such as a gene encoding an
enzyme or a protein, in leaves or other green-tissues oiJatropha as well as
other crops. In other embodiments, the non-tissue specific fragments of the
Curcin 2A promoter can be used to direct the non-tissue specific expression
of DNA of interest, such as enzymes or proteins, in Jatropha, as well as
other crop seeds. [0044] In a third embodiment, the promoter is derived
from the Curcin 2 gene. The nucleotide sequence of Curcin 2 promoter is set
forth in SEQ ID NO:9. As described herein, this promoter is not expressed
in endosperm or leaf tissues, but may be activated and 



expressed upon activation by jasmonic acid (JA) upon attack by insects
and/or upon activation by ethylene during defense reaction or leaf
senescence. [0045] The promoters of the present invention are particularly
useful for preparing transgenic plants, including Jatropha, to contain a
DNA of interest. Other plant species include, but are not limited to,
castor bean, palm oil, coconut, peanut, rapeseeds, soybean, sunflower,
cassava, tomato, beans, cotton, cucumber, cabbage, barley, oats, wheat,
corn and rice. In one embodiment, the Curcin 1 promoter or its fragments
can be used to direct expression of the DNA of interest, such as a gene of
interest, in the endosperm of seeds of Jatropha or other plant seeds. In
another embodiment, the Curcin 2A promoter can be used to direct expression
of the DNA of interest, such as a gene of interest, in leaves or other
green tissue of Jatropha or other plant species. In a further embodiment,
the Curcin 2 promoter can be used to direct expression of the DNA of
interest, such as a gene of interest, under inducible conditions, such as
upon activation by JA upon attack by insects and/or upon activation by
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 expressioncassette. The
expression cassettes may additionally contain 5' leader sequences in the
expression cassette construct. The regulatory regions (i.e., promoters,
transcriptional regulatory regions, and translational termination regions)
and/or the polynucleotide encoding a signal anchor may be native/analogous
to the host cell or to each other. The promoters and tissue-specific
promoters identified herein are particularly useful for preparing
constructions for the transformation of Jatropha, as well as for the
transformation of other plant species. Alternatively, the regulatory
regions and/or the polynucleotide encoding a signal anchor may be
heterologous to the host cell or to each other. See, U.S. Patent No.
7,205,453 and U.S. Patent Application Publication Nos. 2006/0218670,
2006/0248616 and 20090100536, and the references cited therein. The
expression cassettes may additionally contain 5' leader 



sequences in the expression cassette construct. Such leader sequences can
act to enhance translation. Translation leaders are known in the art and
include those described in International Publication No. WO 2008/094127 and
the references cited therein. [0047] In a preferred embodiment, the
promoters and tissue-specific promoters identified herein are used in the
practice of the invention. The promoters can be selected based on the
desired outcome. That is, the nucleic acids can be combined with the
tissue-specific promoters for expression in a specific host cell or host
tissue of interest. [0048] The DNA of interest that is under control of a
promoter, such as a promoter described herein, may be any DNA as defined
herein and may be used to alter any characteristic or trait of a plant
species into which it is introduced, including Jatropha as a preferred
embodiment. In one embodiment, the DNA of interest is introduced into a
plant in order 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
embodiments, the DNA of interest may be used to modify metabolic pathways,
suchas fatty acid biosynthesis or lipid biosynthesis pathways in seeds, or
to modify resistance to pathogens in Jatropha or other plant species.
[0049] Generally, the expression cassette may additionally comprise a
selectable marker gene for the selection of transformed cells. Selectable
marker genes are utilized for the selection of transformed cells or
tissues. Usually, the plant selectable marker gene will encode antibiotic
resistance, with suitable genes including at least one set of genes coding
for resistance to the antibiotic spectinomycin, the streptomycin
phosphotransferase (spt) gene coding for streptomycin resistance, the
neomycin phosphotransferase (nptll) gene encoding kanamycin or geneticin
resistance, the hygromycin phosphotransferase (hpt or aphiv) gene encoding
resistance to hygromycin, acetolactate synthase (als) genes. Alternatively,
the plant 



selectable marker gene will encode herbicide resistance such as resistance
to the sulfonylureatype herbicides, glufosinate, glyphosate, ammonium,
bromoxynil, imidazolinones, and 2,4- dichlorophenoxyacetate (2,4-D),
including genes coding for resistance to herbicides which act to inhibit
the action of glutamine synthase such as phosphinothricin or basta (e.g.,
the bar gene). See generally, International Publication No. WO 02/36782,
U.S. Patent No. 7,205,453 and U.S. Patent Application Publication Nos.
2006/0218670, 2006/0248616, 2007/0143880 and 20090100536, and the
references cited therein. This list of selectable marker genes is not meant
to be limiting. Any selectable marker gene can be used. The selectable
marker gene is also under control of a promoter operable in the plant
species to be transformed. Such promoters include those described in
International Publication No. WO 2008/094127 and the references cited
therein. [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 plantpreferred 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.[0052] Once a nucleic acid has been
cloned into an expression vector, it may be introduced into a plant cell
using conventional transformation procedures. The term "plant cell" is
intended to encompass any cell derived from a plant including
undifferentiated tissues such as callus and suspension cultures, as well as
plant seeds, pollen or plant embryos. Plant tissues suitable for
transformation include leaf tissues, root tissues, meristems, protoplasts,
hypocotyls, cotyledons, scutellum, shoot apex, root, immature embryo,
pollen, and anther. "Transformation" means the directed modification of the
genome of a cell by the external application of recombinant DNA from
another cell of different genotype, leading to its uptake and integration
into the subject cell's genome. In this manner, genetically modified
plants, plant cells, plant tissue, seed, and the like can be obtained. 



[0053] DNA constructs containing the promoters of the present invention can
be used to transform any plant and particularly Jatropha plants. The
constructs may be introduced into the genome of the desired plant host by a
variety of conventional techniques. Techniques for transforming a wide
variety of higher plant species are well known and described in the
technical and scientific literature. Transformation protocols may vary
depending on the type of plant or plant cell, i.e., monocot or dicot,
targeted for transformation, as is well known to the skilled artisan. For
example, the DNA construct may be introduced directly into the genomic DNA
of the plant cell using techniques such as electroporation and
microinjection of plant cell protoplasts, or the DNA constructs can be
introduced directly to plant tissue using ballistic methods, such as DNA
particle bombardment. Alternatively, the DNA constructs 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 embodiment,
the embryogenic liquid suspensioncultures 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 a
further embodiment, the DNA can be introduced into the explant tissue or
cells of the embryogenic liquid suspension culture using conventional
techniques, such as particle bombardment. Transformed tissue can be
selected using conventional techniques well known in the art. Transformed
or transgenic plants can be regenerated using the methods described herein.
In a further embodiment, Jatropha can be transformed with Agrobacterium as
described in International Patent Application No. PCT/SG2009/000015 filed
on 7 January 2009, incorporated herein by reference. 



[0055] Transformed plant cells which are derived by any of the above
transformation techniques can be cultured to regenerate a whole plant which
possesses the transformed genotype and thus the desired phenotype, e.g., a
transgenic plant. A "transgenic plant" is a plant into which foreign DNA
has been introduced. A "transgenic plant" encompasses all descendants,
hybrids, and crosses thereof, whether reproduced sexually or asexually, and
which continue to harbor the foreign DNA. Regeneration techniques rely on
manipulation of certain phytohormones in a tissue culture growth medium,
typically relying on a biocide and/or herbicide marker which has been
introduced together with the desired nucleotide sequences. See for example,
International Published Application No. WO 2008/094127 and references cited
therein. [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.Any
of a number of standard breeding techniques can be used, depending upon the
species to be crossed. [0057] Once transgenic plants of this type are
produced, the plants themselves can be cultivated in accordance with
conventional procedures. Transgenic seeds can, of course, be recovered from
the transgenic plants. These seeds can then be planted in the soil and
cultivated using conventional procedures to produce transgenic plants.
[0058] In a third aspect, the present invention provides transgenic
jatropha plants that are curcin-deficient and to the production of
curcin-deficient transgenic jatropha plants. In one embodiment, a
curcin-deficient transgenic plant comprises a nucleic acid stably
integrated in its genome, wherein the nucleic acid encodes a double
stranded RNA (dsRNA) targeted to a curcin gene. In another embodiment, a
curcin-deficient transgenic plant comprises a nucleic 



acid stably integrated in its genome, wherein the nucleic acid encodes a
short interfereing RNA (siRNA) targeted to a curcin gene. In an additional
embodiment, a curcin-deficient transgenic plant comprises a nucleic acid
stably integrated in its genome, wherein the nucleic acid encodes a short
hairpin RNA (shRNA) targeted to a curcin gene. In one embodiment, the
curcin gene is Curcin 1. In another embodiment, the curcin gene is Curcin
2. In an additional embodiment, the curcin gene is Curcin 2A. In one
embodiment, the nucleic acid includes a portion of the Curcin 1 gene. In
another embodiment, the nucleic acid includes a portion of the Curcin 2
gene. In an additional embodiment, the nucleic acid includes a portion of
the Curcin 2A gene. In one embodiment, the curcin-deficient transgenic
plants are produced by transforming jatropha plant tissue. The nucleic acid
encoding the dsRNA, siRNA or shRNA is 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 stemloop
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, from 20 nucleotides to 100 nucleotides, or from 25
nucleotides to 100nucleotides. The other strand of the stem portion of a
double stranded RNA comprises a sequence that is similar or identical to
the antisense strand, or a fragment thereof, of the coding sequence of the
polypeptide of interest, and can have a length that is shorter, the same
as, or longer than the corresponding length of the sense sequence. In some
cases, one strand of the stem portion of a double stranded RNA comprises a
sequence that is similar or identical to the 3' or 5' untranslated region,
or a fragment thereof, of the mRNA encoding the polypeptide of interest,
and the other strand of the stem portion of the double stranded RNA
comprises a sequence that is similar or identical to the sequence that is
complementary to the 3' or 5' untranslated region, respectively, or a
fragment thereof, of the mRNA encoding the polypeptide of interest hi other
embodiments, one strand of the stem portion of a double stranded RNA
comprises a sequence that is similar or identical to the sequence of an
intron or 



a fragment thereof in the pre-mRNA encoding the polypeptide of interest,
and the other strand of the stem portion comprises a sequence that is
similar or identical to the sequence that is complementary to the sequence
of the intron or fragment thereof in the pre-mRNA. [0060] The loop portion
of a double stranded RNA can be from 3 nucleotides to 5,000 nucleotides,
e.g., from 3 nucleotides to 25 nucleotides, from 15 nucleotides to 1,000
nucleotides, from 20 nucleotides to 500 nucleotides, or from 25 nucleotides
to 200 nucleotides. The loop portion of the RNA can include an intron or a
fragment thereof. A double stranded RNA can have zero, one, two, three,
four, five, six, seven, eight, nine, ten, or more stem-loop structures.
[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 1 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 2A
cDNA and the sequence of the Curcin 2A 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 sequences of these
sequences can also be used. The partial sequencesmay comprise 50
nucleotides, 100 nucleotides, 150 nucleotides, 200 nucleotides, 250
nucleotides, 300 nucleotides, 350 nucleotides, 400 nucleotides, 450
nucleotides, 500 nucleotides, 550 nucleotides, 600 nucleotides, 650
nucleotides, 700 nucleotides, 750 nucleotides, 800 nucleotides, 850
nucleotides or more up to less than the number of nucleotides in the full
length sequences. It is understood the the partial sequences may comprise
any number of nucleotides between the number of nucleotides illustrated,
for example, 60 nucleotides, 175 nucleotides, etc. It is also understood
that the partial sequences may comprise a range of nucleotides between the
number illustrated or any number within those illustrated and the number of
nucleotides in the full length sequence, for example, 50- 100, 50-800,
100-800, 175-862 of SEQ ID NO:53, and the like. [0062] An siRNA also can
refer to an RNA duplex of nucleotides, or, in some alternative 



aspects, a single molecule of RNA (which can, in some embodiments, have
secondary structure, such as loops so as to form a shRNA) that is targeted
to a nucleic acid, e.g., a gene, of interest. A "RNA duplex" refers to the
structure formed by the complementary pairing between at least two regions
of a RNA molecule. Thus, the "RNA duplex" can comprise one, two, three or
more RNA molecules. siRNA is "targeted" to a gene in that the nucleotide
sequence of the duplex portion of the siRNA is complementary to a
nucleotide sequence of the targeted gene. Thus, by using the sequence of a
target gene, any siRNA can be routinely designed and made. In some
embodiments, the length of the duplex of siRNAs is less than 30
nucleotides. In some embodiments, the length of the duplex of siRNAs is
more than 30 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 is 2, 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
beentirely, or in part, comprised of synthetic nucleotides, natural bases
or modified bases. The siRNA molecule targeted to a Curcin gene of
interest, such as the Curcin 1 gene, the Curcin 2 gene or the Curcin 2A
gene described herein, can be designed using algorithms well known in the
art. [0063] For further description of RNAi techniques, see, e.g., U.S.
Patent Nos. 5,034,323; 6,326,527; 6,452,067; 6,573,099; 6,753,139; and
6,777,588. See also International Patent Publications WO 97/01952, WO
98/36083, WO 98/53083, WO 99/32619 and WO 01/75164; and U.S. Patent
Publications 2003/0175965, 2003/0175783, 2003/0180945, 2004/0214330,
2005/0244858, 2005/0277610, 2007/0265220, 2009/0215860, 2009/0308041 and
2010/0058498. [0064] In accordance with this aspect of the invention, the
curcin-def cient transgenic 



plants are produced by transforming jatropha plant tissue. In one
embodiment, the transformation is Agrobacterium-mediated transformation. In
another embodiment, the transformation is a ballistic method, such as DNA
particle bombardment. In an additional embodiment, the transformation is
direct delivery, such as electroporation or microinjection. In one
embodiment, the Agrobacterium-mediaXed transformation is performed as
described herein. In another embodiment, the Agrobacterium-mediated
transformation is performed as described in International Patent
Application No. PCT/SG2009/000015 filed on 7 January 2009, incorporated
herein by reference. Plants cells are transformed as described herein.
Transformed plant cells are selected as described herein. Transgenic plants
are regenerated from the transformed plant cells as described herein. The
transgenetic plants are screened for stable incorporation of the RNAi
construct and for curcin deficiency as described herein. [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 theAnalysis of Complex Genomes, (Academic Press, New York,
1992); Guthrie and Fink, Guide to Yeast Genetics and Molecular Biology
(Academic Press, New York, 1991); Harlow and Lane, 1988, Antibodies, (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, New York); Nucleic Acid
Hybridization (B. D. Hames & S. J. Higgins eds. 1984); Transcription And
Translation (B. D. Hames & S. J. Higgins eds. 1984); Culture Of Animal
Cells (R. I. Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells And
Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide To Molecular
Cloning (1984); the treatise, Methods In Enzymology (Academic Press, Inc.,
N.Y.); Methods In Enzymology, VoIs. 154 and 155 (Wu et al. eds.),
Immunochemical Methods In Cell And Molecular Biology (Mayer and Walker,
eds., Academic Press, London, 1987); Handbook Of Experimental Immunology,
Volumes I-IV (D. M. Weir and C. C. Blackwell, eds., 1986); Riott, Essential
Immunology, 6th Edition, 



Blackwell Scientific Publications, Oxford, 1988; Fire et al., RNA
Interference Technology: From Basic Science to Drug Development, Cambridge
University Press, Cambridge, 2005; Schepers, RNA Interference in Practice,
Wiley-VCH, 2005; Engelke, RNA Interference (RNAi): The Nuts & Bolts ofsiRNA
Technology, DNA Press, 2003; Gott, RNA Interference, Editing, and
Modification: Methods and Protocols (Methods in Molecular Biology), Human
Press, Totowa, NJ, 2004; Sohail, Gene Silencing by RNA Interference:
Technology and Application, CRC, 2004. 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 (JCMD) was used for experiments except that it was specially
mentioned. Plants were grown in experimental field in Singapore at
temperatures ranging from 320C during the day to 260C 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 Pstl-Kpnl fragment including GFP coding sequence
from plasmid pSSZ41(Kolesnik et al., 2004) using primer pairs GFPPstIF and
GFPKpnIR (Table 1). PCR products were digested with restriction enzymes
Pstl and Kpnl and then inserted into pCAMBIA1300 vector to generate pCGFP.
The Curcin 1 terminator was cloned into the region between Kpnl and EcRI
sites of pCGFP to generate pCGFPTl. Promoters of curcin genes were cloned
into pCGFPTl at the region between HincRll and Pstl sites to generate final
expression constructs. The CaMV35S promoter in pC1305.1 was removed by
digesting with Hindlll and Ncol and the vector fragment was filled at ends
and self-ligated to produce pC1305.1(-35S). Promoters 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 pANDA35HKCl using Gateway(r) technology (Hartley et al., 2000).
TABLE 1 DNA Oligonucleotide Primers Primer Name Nucleotide Sequence f5' to
3 TSEO ID NO:1 GFPPstIF AACTGCAGATGGTGAGCAAGGGCGAGGAGCTG (15) GFPKpnIR
GGGGTACCTTACTTGTACAGCTCGTCCATGCCGT (16) CantigenFl GCTGGTTCCACTCCAACTTTAAC
(17) CantigenF2 CGGGATCCGGTACTTCCTATTTCTTTAACG (18) CantigenRl
TCAGACTTTGTATTTGACTGCATTC (19) CantigenR2 CCCAAGCTTAATTATCTAATGCCTGCACCCC
(20) CantigenR3 CCCAAGCTTC ACTAGGATATTGGTATAGTTTTC (21) GSPl
GTCTGCTGGCTTTGAACTTT (22) GSPlA 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'RACEF 1 GAGAGGATGTGGATTTAGG (3 1) C2PF4
CTTCAAGACACTAGTTCAAAAA (32) C1CDSR TGATGAGAATGGACAAACTAT (33) C2AFAR3
CCATAACCAATGTATGATTTGGTA (34) AD2 NGTCGASWGANAWGAA (35) C2ACDSF
CCCAAGTAAAAGGTCTCA (36)C2TR2EcoRI CGGAATTCGTATTATTTGGATGGTAGAAAATT (37) CF2
GATATTTGTGTTTCTTCAT (38) CR2 TTTGTTGTCCTTTATTTATGCT (39) CF
TTTACTTCCCCGTTTGCTCA (40) C1SR TATAGCATTAGCAACAATAATAAT (4 1) C2ASR
CATTAGCAACATGTTTGGACAAC (42) Curcin 1 TOPO-F CACCCCATTACTTATGACGCTACTAC
(43) 



JCG-R GTAGGATTAAAGCCATGGCAGC (44) Gus F GTCAGTGGCAGTGAAGGGCGAAC (45) Gus R
TTCCATACCTGTTCACCGACGAC (46) Gus RT F1 GTGGCAGTGAAGGGCGAAC (47) Gus RT Rl
AGGTACGGTAGGAGTTGGC (48) C1SF TGCAGTCAATTACAAAGTCTG (49 C2ASF
AGTAAAAGGTCTCATGGGAGTC (50) Jc actin F2 TAATGGTCCCTCTGGATGTG (51) Jc actin
Rl AGAAAAGAAAAGAAAAAAGCAGC (52) [0069] Jatropha transformation: Cotyledons
from 5-7 days old seedling were excised into 0.5 c0.5 cm2 discs and
co-cultivated with agrobacteria (OD595 = 0.25-0.35) suspended Agrobacterium
suspension medium (liquid MS salts, B5 vitamins, 1.5 mg/L BA (6-
benzylaminopurine), 0.1 mg/L NAA (a-naphthalene-acetic acid), 20 mg/L AS
(Acetosyringone), 0.5 g/L MES (2-(N-morpholino)ethanesulfonic acid), 30 g/L
sucrose, 10 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, B5 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, B5 vitamins, 10 mg/L citric acid,
150 mg/L glutamine, 100 mg/L casein hydrolysate, 0.5 g/L MgCl2, 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/L GA
(gibberellic acid), 4 mg/L hygromycin, 100 mg/L cefotaxime, 7 g/L agar).
Calli with no regenerated shoots weresubcultured on shoot regeneration
medium III (MS salts, B5 vitamins, 10 mg/L citric acid, 150 mg/L glutamine,
100 mg/L casein hydrolysate, 0.5 g/L MgCl2, 30 g/L sucrose, 1.5 mg /L 6-BA,
0.05 mg/L IBA, 3.5 mg/L hygromycin, 100 mg/L cefotaxime; 2.5 g/L phytagel,
pH 5.8-6.0) for further regeneration of shoots. The regenerated shoots were
subcultured on shoot 



elongation medium (MS salts, B5 vitamins, 10 mg/L citric acid, 150 mg/L
glutamine, 100 mg/L casein hydrolysate, 30 g/L sucrose, 0.3 mg /L 6-BA, 0.1
mg/L GA, 7 g/L Agar, pH 5.8- 6.0) at 25E C in 16h light/8h darkness
photoperiod for 3 weeks. The elongated shoots at about 2.5 cm in length
were rooted in root induction medium (MS salts, B5 vitamin, 0.07 mg/1 IBA,
0.5 g/L MES, 30 g/L sucrose, 2.2 g/L phytagel, PH 5.8). Normally it takes
more than one month to get roots. [0070] BAC library construction: BAC
library of J. curccts was made with BAC vector pIndigoBAC-5 as described by
Peterson et al (2000). Briefly, the High Molecular Weight (HMW) DNA was
isolated from the fresh leaves according the method OPTION X described in
the protocol. The HMW DNA was digested by Hindl  l and size-selected
100-150-kb fragments were ligated into pIndigoBAC-5 Vector. The product of
ligation was transfer into E. coli DHlOB competent cells and the
transformants were arrayed in the 384-well plates. The high density
hybridization membrane were prepared and used for BAC clone screening.
[0071] Southern and northern blot analysis: DNA gel blot analysis was
carried out according to the standard procedures as previously described
(Sambrook et al., 1989). Plant genomic DNA was isolated from leaves as
described previously (Dellaporta et al. 1983). About 2 mg DNA was used for
each lane in southern analysis. Curcin 1 coding sequence amplified with
primer pairs CantigenFl and CantigenRl (Table 1) was used as probes for BAC
library screening and Southern blot analyses. Probes were labelled with
[32P]-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
I. First-strand cDNA was synthesized from 1 mg of total RNA using SMART(tm)
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 (mvitrogen, Carlsbad, CA, USA).
The primers for 5' RACE of Curcin 1 were primer pairs GSPl and AAP, and
primer pairs GSPlA and AUAP (Table 1). The primers for3'RACE of Curcin 1
were primer pairs C2RTF2 and AUAP, and primer pairs 3'RACEF4 and AUAP
(Table 1). The primers for 5' RACE of Curcin 2A were primer pairs C2RTR2
and AAP, and primer pairs 5'RACEG4 and AUAP (Table 1). The primers for
3'RACE o Curcin 2A were primer pairs CTRTF2 and AUAP, and primer pairs
3'RACEFl and AUAP (Table 1). 



TAIL-PCR was performed according to the procedures published previously
(Liu et al. 1995). The arbitrary degenerate (AD) primer used for TAIL-PCR
was AD2 (Table 1). [0074] Real-time RT-PCR: Quantitative real-time RT-PCR
was followed the methods described by Chen et al (2007) and conducted on a
Bio-Rad iCycler iQ5 real-time PCR system. Total RNA was extracted from
jatropha seeds or leaves at developmental stages. The total RNA samples
were first treated with DNase I, and then reverse transcribed to
first-strand cDNA using iScript cDNA synthesis kit (Bio-Rad) according to
the manufacturer's instructions. Oligo primers for real-time RT-PCR were
designed based on the 3'UTR of each gene. To ensure maximum specificity and
efficiency during quantitative PCR, oligo primers were further tested for
linearity of response by constructing standard curves on five or six serial
ten-fold dilutions. A standard reaction mixture (15 ml) consisted of 2 ml
cDNA template, 1 x SsoFast EvaGreen supermix and 500 nM forward and reverse
primers. The PCR reaction consisted of an initial denaturizing step of 95E
C for 30 sec, followed by 40 cycles of 95E C for 5 sec, 6OE C for 10 sec. A
melting-curve reaction immediately followed the amplification with heating
for 10 sec, starting at 65E C with 0.5E C increments. PCR product
specificity was confirmed by melting-curve analysis and electrophoresis on
2% agarose gel to ensure that PCR reactions were free of primer dimmers and
non-specific 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-mm 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 cm using a PDS-1 000/He system (Bio-Rad). The
bombarded samples were cultured overnight at 22-25Con wet filter paper in
dishes. The bombarded samples were screened with a fluorescence
stereomicroscope (Model SZX12, Olympus, Japan) for GFP expression and then
imaged on LSM510 META inverted confocal microscope (Zeiss, Jena, Germany)
at 488 tun with a band pass of 505-530 run. The maize ubiquitin promoter
and its fusion GFP gene in pSSZ41 (Kolesnik et al., 2004) were used as
positive control for GFP assay. For transient GUS 



expression, leaf discs of 2x2 cm2 in size were used for particle
bombardment. GUS activity was detected according to the method as described
previously (Hiei et al, 1994). X-Gluc staining of GUS activity was observed
with a Nikon SMZl 500 stereo microscope and photographed with an attached
Nikon DIGITAL SIGHT DS-SMC camera. The CaMV35S promoter with its fusion
gene GUS in pC1305.1 was used as the positive control for GUS activity
assay. For both GFP and GUS transient expression assays, empty vector
pC1300 was used as the negative control. [0076] Generation of curcin
antibodies: The N- and C-terminal coding sequences of Curcin 1 were
amplified with primer pairs Cantigen Fl and Cantigen R2 for Curcin IN, and
primer pairs Cantigen F2 and Cantigen R3 for Curcin 1C, respectively (Table
1). The PCR < products were cloned into vector pQE30 (Qiagen) to generate
pQCFlR2 and pQCF2R3. The . constructs were then introduced into E. coli
BL21 strain for antigen expression. The antigen < . proteins were extracted
and purified by polyhistidine-tagged protein purification kit
(MACHEREY-NAGEL, Duren, Germany). The anti-Curcin IN or anti-Curcin 1C
antibodies were raised following standard procedure for polyclonal antibody
production for rabbits. [0077] Western blot analysis: Western blot analysis
was carried out with 20 mg 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 IN or anti-Curcin 1C antibody and a horseradish
peroxidasecoupled 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, PAl 9440, 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 polyclonalantibodies followed by labelling with
15 nm gold-conjugated goat anti-rabbit IgG antibody (EMS). Rabbit
pre-immune serum was used in control experiments. Samples on grids were
further stained with 2% uranyl acetate and 1% lead citrate. Samples were
visualized with a transmission electron microscope (JEOL JEM- 1230, JEO
LTD, Tokyo 196-8558, Japan) operating at 120kv and photographed with a
digital microphotography system (Gatan Inc., 



Pleasanton, CA94588, USA). EXAMPLE 2 Isolation of Curcin 1 and Curcin 2
[0079] To isolate curcin genes from J. curcas, a jatropha BAC library was
constructed and seven BAC clones were identified from the BAC library to
contain one or two members of curcin genes (Figure 1). BAC clone 121E10
carried two copies of curcin genes (Figure 1). BAC 121El 0 was sequenced by
shot-gun approach and the insert in the BAC was revealed to be 64,841 bp.
The two curcin genes in the BAC insert were closely linked and arrayed in
tandem manner. One curcin gene encodes a 293-aa curcin protein while
another encodes a 309-aa curcin 2-like protein. The two curcin genes were
thereafter designated as Curcin 1 for the 293-aa curcin and Curcin 2 for
the 309-aa curcin, respectively. Curcin 1 and Curcin 2 are 8-kb from each
other and Curcin 1 locates at the 3' of Curcin 2. The curcin genes in the
remaining six BAC clones were subcloned and sequenced. 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 1 and Curcin 2
genes. A cDNA corresponding to Curcin I 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 1 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 oneresides
at 20 bp upstream of the polyadenylation site (Figure 2). Althoguh the
genomic sequence of Curcin 2 shows high identity to that Curtin 1, we
failed to isolate cDNA for Curcin 2 from either immature seeds or leaf
tissues with the above-mentioned technologies. We reasoned that Curcin 2
gene might not express under normal developmental condition. Figure 3 shows
the annotation of Curcin 2 with its genomic sequence, putative intron in
the 5'UTR and its deduced amino acid residues. 



EXAMPLE 3 Isolation of Curcin 2A [0081] During our attempt to isolate
Curcin 2 cDNA from jatropha, we obtained a cDNA clone that showed homology
to that of Curcin 2. There are fifty-nine single nucleotide polymorphisms
(SNP) in the ORF regions between the cDNA and Curcin 2. The open reading
frame (ORF) of the cDNA encodes a curcin protein with 309 amino acid
residues which is identical to a type 2 curicn protein in GenBank (Ace.
No.: ABZ04128). We designated this curcin gene as Curcin 2A. The genomic
clone of Curcin 2A was isolated by PCR. Initially, a 1216-bp genomic region
of Curcin 2A was isolated by PCR with primers G2PF4 derived from Curcin 2
genomic clone and ClCDSR from Curcin 2A cDNA (Table 1). This 1216-bp
fragment contains 881-bp Curcin 2A promoter. Secondly, a 982rbp fragment
corresponding to the 5' regulation region of the Curcin 2A promoter 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 2A was
amplified with C2ACDSF derived from the Curcin 2A cDNA and C2TR2EcoRI based
on the Curcin 2 genomic sequence (Table 1). Totally, we have obtained a
3774-bp genomic clone of Curcin 2A 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 2A is
similar to those of Curcin 1. Figure 4 shows the annotation of Curcin 2A
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 2A. BAC clones 12 IElO, 127F22, 147110 and 176118
carry Curcin 1 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 2A in the jatropha genome, we designated a pair of universal primers
CF2 and CR2 (Table 1) toamplify the three curcin genes from genomic DNA as
well as Curcin 1 and Curcin 2 from BAC 121E10. The PCR products were
digested with Sau3AI and separated on 2% agarose gel. Both Curcin 1 and
Curcin 2 generate three fragments (195 bp, 243 bp and 582 bp for Curcin 1;
195 bp, 243 bp and 580 bp for Curcin 2), whereas Curcin 2A produces two
fragments (243 bp and 775 bp) due to only one Sau3A\ site present in the
coding sequence of the gene (Figure 4). As shown in Figure 5, the PCR
products amplified from BAC 121El 0 gave three bands after digestion with
Sau3Al (the 582-bp and the 580-bp fragments could not 



be separated on 1.2% agarose gel), while the products from jatropha genome
had four bands including an additional 775-bp bands from Curcin 2A. The
results indicate the presence of Curcinl, Curcin 2 and Curcin 2A in
jatropha genome. EXAMPLE 4 Curcin proteins [0083] The curcin proteins have
been identified with Curcin 2A identical to ABZ04128. Total together, there
are seven different kinds of curcin proteins (Figure 6). The first 42 amino
acid residues of curcin AAL58089 encodes a signal peptide, which is cleaved
in mature protein (Lin et al., 2003a). This N-terminal 42aa signal peptide
is conserved among all curcin 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),
AAR083395 and ABWl 7545 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
o Curcin 1 and Curcin 2A 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 2A in the two tissues by RT-PCR with a common forward
primer CF and either one of the two specific reverse primers ClSR for
Curcin 1 and C2ASR for Curcin 2A (Table 1). Primer CF covers the splicing
junction region between exon 1 and exon 2 of Curcin 1 or Curcin 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 leaves.
Wefurther determined the temporal expression of Curcin 1 in the endosperm
of developing seeds (Figure 8B) as well as in leaves at different
developmental stages or infected by insects (Figure 8C). The Curcin 1
transcripts were detected at high level at 6 weeks after pollination (WAP)
(Figure 8B). No transcript or very low level of Curcin 1 transcript was
detected at 2, 4 and 6 WAP (Figure 8B). Curcin 2A transcripts were only
detected in young leaves (YL) but not in full-expanded leaves(FL), old
leaves (OL) leaves infected with mealybuds (Pseudococcidae hirsutus)
(Figure 8C). EXAMPLE 6 Detection of curcin proteins in Jatropha curcas 



[0085] Polyclonal antibodies against C-terminal region of Curcin 1 were
raised. Western blot analysis indicated that Curcin 1 proteins were only
detected in endospem whereas Curcin 2A proteins were only detected in
leaves (Figure 9). The detected Curcin 1 proteins should be the mature
Curcin 1 proteins with the molecular size of about 28 kDa (MW = 27.8 kD)
(Figure 9) (Lin et al., 2003a, 2003b). However, the detected Curcin 2A
proteins had molecular size of about 34 to 35 kDa and they seemed to be the
intact Curcin 2A proteins or precursors of Curcin 2A (MW = 34.9 kD) (Figure
9). It should be mentioned that two unknown proteins were detected by
anti-Curcin 1 antibodies. One protein had molecular size of about 39 kDa
and was detected in leaves, calli, seeds but not in roots (Figure 9).
Another protein had molecular size of about 16 kDa and was detected in
seeds (Figure 9). EXAMPLE 7 Subcellular localization of Curcin 1 and Curcin
2A [0086] Subcellular localization of curcin proteins was determined by
immunogold electron microscopy. As Curcin I 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 preimmune antibody
control was used (Figure 10B). As the anti-Curcin 1antibody also recognized
a 16-kDa non-specific protein in jatropha seeds (Figure 9), the signal
detected by immunogold electron microscopy in this study should include
this non specific recognition. [0087] Although the anti-Curcin 1 antibody
recognized both Curcin 2A and a 39-kDa non specific protein from jatropha
leaves (Figure 9), it was used to detect the subcellular localization of
the two proteins in jatropha leaves by immunogold electron microscopy
assay. Immunogold electron microscopy assay indicated that gold particles
were immunolocalized to vacuolar contents of leaf mesophyll cells (Figure
HD) and secondary cell walls of leaf tracheary elements (Figure 12C and
12D). The localization of either the Curcin 2A proteins or the 39-kDa
non-specific proteins or both to secondary cell walls of tracheary elements
takes place in immature tracheary elements where the cells undergo program
cell death (Figure 12A 



and 12C). In control experiments, no immunolabelling or only background
signal was detected in vacuolar contents of leaf mesophyll cells (Figure
1IA and 1IB) or secondary cell walls of leaf tracheary elements (Figure
12B) when preimmune serum was used. EXAMPLE 8 Characterization of Curcin 1
and Curcin 2A 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 cw-acting regulation DNA
elements in Curcin 1 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 saliva) 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 elements 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 cw-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 (ClPl) attenuated or
abolishedendosperm-specific gene expression (Table 2). No activity of
Curcin 1 promoters was detected in leaf tissues (Table 2). TABLE 2
Characterization of Curcin Gene Promters Promoter Size of promoter1
Reporter Tissue Positive Positive cells tested sections/ or spots/ total
sections positive bombarded section 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 5/25d 5-20 spots ClPl -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 ClPl -200 to +293 GUS Leaf 0/25 0 C1P2 -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 ClPlD
-200 to +293 (Dlntron) GFP Endosperm 2/60 1-3 cells C1P2D -1746 to +293
(DIntron) GFP Endosperm 38/80 5-10 cells C1P3D -2888 to +293 (Dlntron) GFP
Endosperm 41/83 5-10 cells C1P4D -4956 to +293 (Dlntron) GFP Endosperm
43/86 5-10 cells ClPlD -200 to +293 (Dlntron) GUS Leaf 0/25 0 C1P2D -1746
to +293 (Dlntron) GUS Leaf 0/25 0 C1P3D -2888 to +293 (Dlntron) GUS Leaf
0/25 0 C1P4D -4956 to +293 (Dlntron) 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 5/25 2-10 spots
C2AP1D -42 to +294 (Dlntron) GFP Endosperm 3/80 1-3 cells C2AP2D -881 to
+294 (Dlntron) GFP Endosperm 4/75 1-3 cells C2AP3D -1793 to +294 (Dlntron)
GFP Endosperm 1/80 4 cells C2AP1D -42 to +294 (Dlntron) GUS Leaf 0/25 0
C2AP2D -881 to +294 (Dlntron) GUS Leaf 0/25 0 C2AP3D -1793 to +294
(Dlntron) 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 0C2P3
-3207 to +258 GUS Leaf 0/25 aEmpty vector pC1300 was used as negative
control. The CaMV35S promoter in pC1305.1 and the ubiquitin promoter in
pSSZ41 (Kolesnik et al., 2004) were used as positive controls for endosperm
and leaf tissues, respectively. bTranscription initiation site of each
promoter is indicated as +1. "Dlntron" indicates the intron at the 5'UTR of
the curcin gene has been deleted. cFor transient GFP assay, usually
individual cells showing transient GFP expression were observed. For
transient GUS expression assay, we only count blue spots. One blue spot is
regarded as one successful delivery case. dFor each bombardment, one piece
of leaf disk at size of 2x2 cm2 was used. Twenty-five leaf disks were
bombarded for GUS transient assay. Even for positive control bombarded with
pC1305.1, not all bombarded leaf disks gave blue spot for GUS activity.
[0089] Curcin 2A is specifically expressed in jatropha leaves. Totally, a
Curcin 2A promoter of 1793 bp was isolated from J curcas. A PLACE survey
with the 1793-bp fragment indicated that several light-regulated
c/s-elements (Terzaghi and Cashmore, 1995) present in the Curcin 1
promoter, which meets its function as a specific promoter with activity in
green tissues like leaves. These light-regulated c/s-elements include the
GT-I binding sites (Villain et al., 1996) at positions -64, -548, -590,
-712, -768, -861, -916, -1315, -1316, -1329, -141 1, -1539, -1683 and
-1703, I boxes (Giuliano et al., 1988) at positions -548, -861, -916 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 cw-element may be functional, the
presence of these elements in the Curcin 2A promoter supports its function
as leaf- or green-tissue-specific promoter. The PLCAE survey also
identified several stress-inducible c/5-elements at Curcin 2A promoter.
These stressinducible cw-elements include NPRl -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 Wbox (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 cw-elements in the Curcin 2A promoter suggests that the
Curcin 2A gene might be involved in plant defense. Promoter deletion
studies indicated that the light-regulated and stress-inducible cw-elements
at the Curcin 2A 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 carrying cis-elements at upstream to position -81 1
(C2AP2) still had activity but lostits specificity as a leaf-specific
promoter since it only had low level of activity in endosperm but not in
leaf tissues (Table 2). [0090] Curcin 2 is not expressed in leaves and
endosperm of J. curcas under normal developmental condition as no Curcin 2
transcript was detected in these tissues. Transient GFP or GUS assay in
endosperm or leaf tissues also did not detect any activity of the Curcin 2
promoter in these tissues (Table 2). DNA alignment with the 3-kb DNA
sequences of Curcin 1 and Curcin 2 promoters indicated that the two
promoters just show homologous from positions - 1 to -275 in Curcin 2
promoter (or positions - 1 to -286 in the Curcin 1 promoter). The
homologous sequences between Curcin 2 and Curcin 2A promoters start from
positions - 1 to -1229 in the Curcin 2 promoter (or positions - 1 to -1345
in the Curcin 2A promoter). Although PLACE analysis with Curcin 2 promoter
identified many cw-elements, two of them which are unique to Curcin 2
promoter are T/G-box (Boter et al., 2004) at position -269 and ethylene
responsive element (ERE) at position -782 (Tapia et al., 2005). T/G-boxes,
found in tomato proteinase inhibitor II (pin2) and leucine aminopeptidase
(LAP) genes, are involved in jasmonate (JA) induction of these genes (Boter
et al., 2004), whereas .the ERE motifs were found to mediate
ethylene-induced activation of the U3 promoter region in the 5'-LTR region
of TLC1.1 retrotransposon family in Lycopersicon chilense (Tapia et al.,
2005). The presence of T/G-box and ERE motif in the Curcin 2 promoter
suggests that the gene might be activated by JA upon attack by insects
(Howe and Jander, 2008) and/or ethylene during defense reaction or leaf
senescence (van Loon, et al., 2006). [0091] Both Curcin 1 and Curcin 2A
have introns in their 5'UTR with lengths of 227 bp 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 (ClPlD) 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 Curcin1 suppress its expression. Deletion of the
intron in 5'UTR of Curcin 2A 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 2A 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
2A promoter C2AP3 (C2AP3D)changed its specificity and the activity was
detected in endosperm rather than in leaf tissues (Table 3). The deletion
studies with the Curtin 2A promoters suggest the intron in the 5'UTR of
Curcin 2A affect both its activity and its specificity in leaf tissues.
EXAMPLE 9 Generation of Curcin-Deficient Transgenic Jatropha Plants [0092]
RNAi strategy was utilized to knock-down curcin gene expression in
transgenic jatropha plants and produce curcin-deficient jatropha plants.
Binary construct pANDA35HKCl contains an RNAi cassette in its T-DNA region
(Figure 14). The expression of the RNAi cassette generates double-strand
RNA (dsRNA) of the Curcin 1 gene. pANDA35HKCl was used for jatropha
transformation. Initially, ten independent T transgenic plants (L3, L4,
LIl, L17, L19, L22, L23, L24, L26 and L46) were obtained after
Agrobacterium-mediated transformation. After transplantation, only 4 plants
(Ll 7, L23, L26 and L46) were survived in greenhouse (Figure 15). [0093]
Southern blot analysis using Gus linker probe indicated that all of the 4
plants carried intact RNAi cassette (Figure 16, data not shown for L46).
Southern blot analysis using Hpt probe showed that they all carried single
copy of T-DNA (Figure 16, data not shown for L46). [0094] The expression of
the RNAi cassette and the Curcin 2A in the young leaves of the transgenic
plants 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 2A transcripts in young leaves of L17, L26 and L46
were 20% or less than the total Curcin 2A transcripts in the wildtype
plants (Figure 17B). Although the expression of the RNAi cassette in L23
was comparable to that in other transgenic plants, the Curcin 2A
transcripts in young leaves of L23 was higher than that in L17, L26 and
L46, which was similar to that of wild-type plants. [0095] The suppression
of Curcin 2A 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 2A transcripts were only detected in young leaves of wild-type
plants (Figure 8). Curcin 2A was not or hardly detected in transgenic
plants Ll 7, L26 and L46 (Figure 18). Curcin 2A was detected in L23 but its
expression level 



was lower than that of wild-type plants (Figure 18). The results indicate
that the expression ofCurcin 2A in the transgenic plants was either
partially or completely suppressed by the dsRNA derived from the expression
of the RNAi cassette. [0096] To further check the transmission of the T-DNA
in the transgenic jatropha plants, we germinated Ti seeds of L26 as well as
seeds from wild-type plants on selection medium containing 10 mg/L
hygromycin. The wild-type seeds were able to germinate on the selection
medium, but the young seedlings died within one week (Figure 19). Fifty T1
seeds of L26 were germinated on the selection medium and thirty-six
seedlings were resistant to hygromycin (Figure 19). L26 carried one copy of
T-DNA and the segration of hygromycinresistant and hygromycin-susceptible
follow the Mendelian ratio for single gene inheritance 0.5<P<0.8; djl).
This result indicates that the T-DNA region in pANDA35HKCl has stably
integrated into jatropha genome and was transmitted to the progeny of the
transgenic plants. [0097] In conclusion, we have characterized the
promoters of the three curcin genes. The wild-type Curcin 1 promoter with
length up to position -2888 is sufficient for its high and specific
activity in endosperm, whereas the isolated Curcin 2A promoter with length
up to position -1793 has specific activity in leaf tissues. The
curcin-deficient transgenic jatropha plants were produced by using RNAi
technology to suppress curcin gene expression. The curcin-deficient
jatropha transgenic plants can be used for future breeding program. [0098]
The use of the terms "a" and "an" and "the" and similar referents in the
context of 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 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 alimitation on the scope of the invention
unless otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential to the 



practice of the invention. [0099] It will be appreciated that the methods
and compositions of the instant invention can be incorporated in the form
of a variety of embodiments, only a few of which are disclosed herein.
Embodiments of this invention are described herein, including the best mode
known to the inventors for carrying out the invention. Variations of those
embodiments may become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventors expect skilled artisans to
employ such variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and equivalents of
the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements
in all possible variations thereof is encompassed by the invention unless
otherwise indicated herein or otherwise clearly contradicted by context.
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