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approaches such as Agrobacterium oftentimes result in integration of multiple copies of

the foreign DNA into the plant genome along with unwanted sequences from the vector
‘backbone’.

20 Integration of foreign DNA into the plant genome to become a heritable trait
raises many risks. Traits beneficial to crops may, through horizontal gene transfer or
hybridization through breeding with wild relatives, provide wild plants with unwanted
competitive advahtages. Also, Transformation with Agrobacterium is a complex process
which requires elimination of false positives arising from the growth of Agrobacterium

25  in host tissues, and selection of transformed plants. The use of antibiotic resistance as a
marker in the development of transgenic crops has also raised concerns regarding the
increase of antibiotic resistance in the environment through horizontal transfer of
antibiotic resistance genes to soil micro-organisms. Scientists now have the means to
remove marker genes before a crop plant is developed for commercial use, but these

30 means involve further costs and tedious procedures. In addition, several species or
varieties of plants are still difficult to transform.

Infection of plants with -modified viruses is simpler and quicker than the
regeneration of stably transformed plants, since plant viruses are small and easy to

manipulate, have the inherent ability to enter the plant cell, and will multiply to produce



Infection of plants with nodified viruses is sinpler and qui cker than the
regeneration of stably transfornmed plants, since plant viruses are snall
and easy wo 20mmopishat e, have the inherent ability to entemritihespiosset cell,
and will multiply to producea high copy nunber of the gene of interest.
Viral vectors have been engi neered for delivery of genetic material and
expressi on of reconbinant proteins in Plants. Viral expression systens are
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virus (TYL IS a nonopartite begonovirus. It carries six overlapping open
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transmissible. The association of satellitt DNAs with monopartite begomoviruses is
addressed further on.
Tomato yellow leaf curl virus (TYLCV) is a monopartite begomovirus. It
20  carries six overlapping open reading frames (ORFs) transcribed bi-directionally from an
intergenic region (IR; also termed "common region"), serving as the viral origin of
replication and as a bi-directional promoter. The IR is about 300-bp long and carries the
universal motif TAATATT/AC and a binding site for the replicase-associated protein
(REP). Two ORFs are expressed in viral orientation (VI, V2) and four ORFs in the
25  complementary orientation (CI to C4). Each gene product appears to participate in more
than one function. The viral ssDNA is transmitted to the plant and converted into
double-stranded (ds) DNA (replicative form) by the host machinery. The dsDNA
replicates and expresses viral mRNAs and proteins. Viral genes are not involved in this
stage of replication (dsDNA to dsDNA). However, when rolling circle replication
30 (RCR) is initiated by REP, RCR intermediates may serve as templates for dsDNA
replication, dependent on host gene activity. At the next stage of replication, the

numerous viral dSDNAs serve as templates for RCR, producing progeny ssDNA. ORF



doubl e-stranded (ds) DNA (replicative form) by the host machinery. The
dsDNA replicates and expresses viral nRNAs and proteins. Viral genes are
not i nvolywedoionolidths stage of replication (dsDNA to dsDNAraLilowees: when
rolling circle replication (RCR) is initiated by REP, RCR internedi ates may
serve as tenplates for dsDNA replication, dependent on host gene activity.
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(generally referred to as DNAPB and DNA-1) are about half the size of the viral DNA,

20  and carry, in addition to the aforementioned motifs, an ORF termed SC1. The role of the

putative BCl protein has not yet been conclusively determined but it is probably

involved in movement, nuclear localization and silencing suppression (Cui et al., 2005,

J. Virol. 79, 10764-10775). In many cases of geminiviral infection, the satellite

determines symptom severity. Geminiviral satellites are encapsidated and replicated via

25  factors provided by helper viruses. A satellite associated with a particular virus may be
supported for replication by other geminiviruses as well.

International Patent Application W02007/141790 teaches Gemini-virus based

constructs wherein the inserted sequence to be expressed is flanked by a non-contiguous
nucleic acid sequence encoding a Geminivirus replicase.

30



determ nes synptom severity. Gemniviral satellites are encapsi dated and
replicated via factors provided by helper viruses. A satellite associated
with a pagbi6i@lseyi rus may be supported for replicati opchirLfbb6des2

gem niviruses as well. International Patent Application WO2007/141790
teaches Gemi ni-virus based constructs wherein the inserted sequence to be
expressed is flanked by a non-contiguods nucl eic acid sequence encodi ng a
Gemi ni vi r SSMMAIRY OFTFBUMNVKEKTIONTHE | NVENTI ON Accordi ng to an aspect of
sonme enbodi nents of the present .invention there _ is provided a nmethod of
expressing a noferding tgran; aspest of somg embodiments Of theriestay IRSHHPR dherg 1s
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Gemi ni vi rus based expression construct so as to allow the at [east one
Gemi ni vi resnprisiey] cexrfactsgs i rootscoh dhe ydantt m ke salusion bednpinsinghat rleatt sone he
expression construct conprising a polynucl eotjde encoding the nol.ecul e of
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interest in a plant. According to an aspect of some enbodi nents of the
present i¢nmprising) a ipehyautlsotidenencding: thet molecele ekpntesest,nandy fyhetcthee of
interest in a plant. t met hod, conpri sin raftl t.1 on I rst
ol ant 1 nr SvSay st tbsi CGRoRCETHRRE SrPibbl® 3REE ih ol ottt
onto a segkichi eRpressitLs HolkddleasTlinteteBEin@xlams si-on construct conprising a
pol ynucl eoti de sequence whi ch encodes the_ nol ecul e of interest, and further
t he GHhi ni vi r uAcenidieg 1@a8raspest o sems mhodiments Qf theaprasang ipention these s
sympt ont edvRRl R dntiod &t e o MBRCERY oF HCRIF iM% DI B!k
interest in a plant. Accordi'ng t0 sone e odi ments of tHe I'nvention, the
Gemi ni vi r esmpirésieyl geafipuge 8 ssectiorc of atfinst plant infected avidf atalepst| gneuGemirivighes
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pol ynucl eoti de sequence being flanked by a non-contiguous nucleic acid
sequetice Bintbeditheg Gemanivimis,itraged rexprassigBeconstruct being capable of systemic

symptomless spread in a plant host, thereby expressing a molecule of interest in a plant.

According to some embodiments of the invention, the Geminivirus based
expression construct is devoid of a polynucleotide sequence encoding a C2 and C3
coding sequence.

20 According to some embodiments of the invention, the Geminivirus based
expression construct comprises a polynucleotide sequence encoding the molecule of
interest, the polynucleotide sequence being flanked by a non-contiguous nucleic acid
sequence encoding a Geminivirus replicase.

According to an aspect of some embodiments of the present invention there is

25 provided a Geminivirus based éxpression construct, capable of systemic symptomless
spread in a plant host, the expression construct being devoid of a polynucleotide
sequence encoding a C2 and C3 coding sequence.

According to an aspect of some embodiments of the present invention there is
provided a method of expressing a molecule of interest in a plant cell comprising

30 introducing into the plant tissue the nucleic acid construct the present invention, the
heterologous polypeptide being the molecule of interest, thereby expressing a molecule

of interest in a plant cell.



According to an aspect of sone enbodi nents of the present invention there
is provided a Gem nivirus based expression construct, capable of systemc

synpt om ag8 wfyRa1i 1 a pl ant host, the expression consprygi2deebdvgsdevoi d
of a pol ynucl eoti de sequence encoding a C2 and C3 codi hg sequence.

According to an aspect of sonme enbodiments of the present invention there
is provided a nethod of expressing a mdl ecul e of interest in a plant cell
conpri si ng i nt Acabudinggtoi sume tehndbopdineemts of dbeidnventonutieeexpressich cams¢uctuct t he
present invention, the heterologous polypeptide being the nolecule of

i nterest, “PHEPEYy expressing a molecule of interest in a plant

cel I . Accor di Ngif 0 SP %lﬁﬁmﬁghd@ @é(iileﬁf:e leh€dify ANGeRnivirke iR iReRiRSte@ibn

construct conpri ses: a pol ynucl eoti de sequence encodi ng a Gemni virus
|ntergen|@RLeg|on (IR); (ii) a polynucleotide. sequence encodi ng a nodified

a moaiT | ed conti v § bRk slsnet kicpoBe iR R R RS R Re o <

of the in@Miimdn, the expression construct further conprises a :
pol ynucl eoti de _sequence encoding a nodified replicase protein

According to sGive ehpobinyslgpidopequeacs sheadingd, nwﬁéleﬁlngmwwquceafse
protein i as forth in SEQID NO 36. According to some enbodinents of
the invention,  the expression construct further conprises a polynucl eotide
sequence encodAc@rdingudi $aned eﬁ‘xbodimmm' of tl@e;dmeui‘ting, the expressenmboahsirect s of
the inve é}g t he. expresgl Qgstruct S abl e of rﬁpllﬁatlon in a

pr okalty ot PEPYFMPIRES o @PYgGUElsloudsedtmcs CRER ar mPtidief oBligass Rroteie

expr essi q1§onst ruct is incapable of plant to plant transm ssion by an

i nsect vector. According to sone enbodi nents of the invention, the
expressi on conde¢gonding to some embodiments of the invention, the modified rephcase protein

is as set forth in SEQ ID NO: 36.
According to some embodiments of the invention, the expression construct
15  further comprises a polynucletotide sequence encoding a modified C4 protein.
According to some embodiments of the invention, the expression construct is
capable of replication in a prokaryotic cell. .
According to some embodiments of the invention, the expression construct is
incapable of plant to plant transmission by an insect vector.
20 According to some embodiments of the invention, the expression construct
further comprises a heterologous polynucleotide sequence.
According to some embodiments of the invention, the heterologous
polynucleotide is larger than 1 kb. |
According to some embodiments of the invention, the heterologous
25  polynucleotide is larger than 5 kb.
According to some embodiments of the invention, the heterologous
polynucleotide comprises an operon.
According to some embodiments of the invention, the heterologous
polynucleotide is adapted for gene silencing. |
30 According to some embodiments of the invention, the expression construct

comprises a bacterial polynucleotide sequence.



further conprises a heterol ogous pol ynucl eoti de sequence. According to sone
enbodi nents of the invention, the heterol ogous pol ynucl eotide is |arger
than 1 kbyoAefaiddedg to sonme enbodi nents of the inventi ¢gratiReb@ker ol ogous
pol ynucl eotide is larger than 5 kb. According to some enbodi nents of the

I nvention, the heterol ogous pol ynucl eoti de conprises an operon. According
to sone enbodi nents of the invention, the heterol ogous polynucleotide is
adapt ed for gepecsrdingneistfie eAbodininigot e $HERtIGRTAE mwdified GéminhdrisrWent i on,
t he expression_construct conprises a bacterial polynucleotide

sequence. R&%ﬁéﬁ%@ei@f@dﬂﬁﬂ%ﬁ%ms of the invention, the nodified
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construct conprises a polynucleotide sequence as set forth in SEQ ID NO 10

or 11. Act@}amnimg acalssone enbodi nents of the invention, the heterol ogous

pol ynucl eot i de ,encqdes, a poly tide selected fromthe agroup consi.sting of
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i nvent i onmoldeeleCemamtiviial umlécalen a Mrahtmwiety, an antifungal molecule, an antibacterial

molecule, an insect resistance molecule, a herbicide resistance molecule, a biotic or
abiotic stress tolerance molecule, a pharmaceutical molecule, a growth inducing
15 molecule, and a growth inhibiting molecule.
According to some embodiments of the invention, the Geminivirus is a
begomovirus.
According to some embodiments of the invention; the Geminivirus is a Tomato
yellow leaf curl virus (TYLCV).
20 According to some embodiments of the invention, the expression construct is
adapted for expression in a plant host selected from the group consisting of Solanaceae,
Cucurbitaceae, Umbelliferae, Liliacae, Gramineae (Poaceae), Rosaceae, Musaceae,

Vitacea, and Cruciferae.

25 According to some embodiments of the invention, the molecule of interest is
selected from the group consisting of a reporter molecule, an antiviral molecule, a viral
moiety, an antifungal molecule, an antibacterial molecule, an insect resistance molecule,
a herbicide resistance molecule, a biotic or abiotic stress tolerance molecule, a
pharmaceutical molecule, a growth inducing molecule, a product of genes in a

30  metabolic pathway and a growth inhibiting molecule.

According to some embodiments of the invention, the genes in the metabolic

pathway are encoded by an operon.



yellow | eaf curl virus (TYLCV). According to sone enbodi nents of the

I nvention, the expression construct is adapted for expression in a plant
host sel agbegdiddoedsgnt he group consi sting of Sol anaceae, @dGuT od/afReHe,

Unbel li ferae, Liliacae, G am neae (Poaceae), Rosaceae, Misaceae, Vitacea,
and Cruciferae. According to sonme enbodi ments of the invention, the

mol ecul e of interest is selected fromfhe group consisting of a reporter
nol ecul e, an aAtecordinglto some etibedinzents ofathe imveatipn, the phnt 1sfseh:gald froh éleul e, an
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Rosaceae Miusaceae, Vitacea and a Cruciferae. Unless otherw se defined, all
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enbodi nents of the nventi on, enpl ar hods and/o materials are
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definitions, will control. In addition, the materials, methods, and
exanpl es are |IIustrat|ve only and are not intended to be necessarily
| 'i m ting. BREEIEDESERIR W CHETE HANGNGS Sonme enbodi ments of the

I nvention are jerei scr w.th LE fer eto
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description taken with the drawings makes apparent to those skilled in the art how
embodiments of the invention may be practiced.
In the drawings: |

20 FIGs. 1A-C are schematic representations of the constructs IR-V2-CP (Figure
1A), IR-V2-CP-GFP (Figure 1B) and IR-GUS.

FIGs. 2A-F are images illustrating the replication and movement of IR-V2-CP-
GFP in tomato plants. Figure 2A: negative control — untreated plants, Figure 2B: Plants
treated with IR-GFP only, Figure 2C-F: Plants treated with IR-V2-CP-GFP.

25 FIGs. 3A-B are images illustrating the IR-V2:-CP requirement for in-trans
replication and movement of another sateliite. Figure 3A: IR-GUS was injected into
plants along with IR-V2-CP. Figure 3B: a control plant injected with IR-GUS only.

FIGs. 3C-F are photographs of ethidium bromide stained gels. Figure 3C: PCR
analysis of DNA from plants treated with IR-V2-CP-GFP with TYLCV-CP primers.

30 Lanes 2, 4, 6, 8: negative controls; DNA extracted from untreated plants. Lanes 3, 5, 7,
9: analysis of DNA from remote leaves of plants injected with IR-V2-CP-GFP. Figure
3D: Detection of TYLCV-CP transcripts by. RT-PCR in plants treated with IR-V2-CP-
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FIG. 5 is a photograph of an ethidium bromide stained gel demonstrating the

results of PCR analysis for PRN in rootstocks which had been grafted with scions

carrying IL-60-BS + IR-PRN. Lanes 1 to 3: Different grafted tobacco plants. Lanes 4 to

6: Different grafted tomato plants. Lane 7-9: Negative control (no template). Lane 10:
20  Size markers ,

FIG. 6 is a photograph of an ethidium bromide stained gel demonstrating the
results of PCR analysis for GUS from leaves of tomato plants into which IL-60-BS and
IR-GUS had been transferred through the roots.

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

25 The present invention, in some embodiments thereof, relates to Gemini-virus

constructs capable of symptomless, systemic spread in plant hosts and methods of
expressing molecules of interest using same.

Before explaining at least one embodiment of the invention in detail, it is to be

understood that the invention is not necessarily limited in its application to the details set

30 forth in the following description or exemplified by the Examples. The invention is

capable of other embodiments or of being practiced or carried out in various ways.
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and the expression of its genes. This was particularly surprising in |ight
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However, the present inventors found that a 1486-bp IR-V2-CP fragment, devoid

of functional C1, C2, C3 and C4, was able to promote DNA replication and
mobilization, but to exclude the rolling-circle phase of replication. Accordingly, this
fragment prevented synthesis of single-stranded (ss) DNA. Consequently, replication,

20 mobilization and expression occurred without causing disease symptoms.

Whilst reducing the present invention to practice, the present inventors showed
that this construct could be used to express foreign DNA in a plant (Figures 2A-F and
3C-F). The present inventors further showed that this construct could be used to aid in
replication and movement of another geminivirus based satellite (Figures 3A-B).

25 In addition, the present inventors discovered that geminivirus based expression
vectors which are capable of systemic symptomless spread in a plant host are capable of
being absorbed into a plant via its roots (Figures 5 and 6) or transferred from one plant
to another via grafting (Figure 4).

Thus, according to one aspect of the present invention there is provided a

30  Geminivirus based expression construct, capable of systemic symptomless spread in a
plant host, the expression construct being devoid of a polynucleotide sequence encoding

a C2 and C3 coding sequence.
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capensis, Polygonum equisetiforme, Portulaca oleracea, Prosopis farcta, Ricinus

communis, Solanum incanum, Solanum villosum, T arharix, Tribulus, Vicia faba,
Withania somnifera, Xanthium strumarium and Zinnia elegans.
Additional  susceptible and insusceptible hosts are listed in
20  http://pheneDOTcpmcDOTcolumbiaDOTedu/ICTVdB/29030000.htm

Preferred Geminiviruses which can be used with the present invention include
the tomato yellow leaf curl virus (TYLCV) as well as other Begomoviruses (see,
pheneDOTcpmcDOTcolumbia.edu/ICTVdB/29030000.htin). It will be appreciated that
although some of the terminology utilized herein refers to the genes encoded by

25 TYLCYV, one of ordinary skill in the art would be more than capable of identifying and
utilizing the genetic orthologues of other geminivirus species and strains.

As mentioned, the nucleic acid constructs of the present invention are devoid of
functional C1, C2, C3 and C4 coding sequences. According to one embodiment, the
construct is devoid of C2 and C3 coding sequences. '

30 According to orie embodiment, the nucleic acid construct of the present invention
comprises modifications in the C1 and C4 genes. These modifications may be

conservative or non-conservative.
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acids 1-20), although a third part (KRR at position 41-43) of what may have been a

tripartite NLS would be removed.
20 According to one embodiment, the sequence of the CP is as set forth in SEQ ID
NO: 34.

Alternatively, or additionally, point mutations may be introduced by single-base
deletion into the V2 gene. For example, a single-base deletion may be introduced at
position 640 of the native TYLCV-DNA, causing a frameshift which may be corrected

25  for — for example by adding a G to position 744 of the native viral DNA. Due to the
resultant frameshift, a stretch of amino acids residing between positions 56 and 91 of
the native CP would become different, with no apparent similarity to the corresponding
stretch (positions 926 to 1031) of IR-V2-CP. Beyond that point, however, the CP
sequences of TYLCV and IR-V2-CP would be almost identical. Due to the changes in

30 amino acids 56 to 91, the conserved sequence GCEGPCKVQS (SEQ ID NO: 33),
carried by all geminoviruses tested to date (Kirthi et al. (2003) Arch. Virol. 148, 2369-
2380), would be missing from IR-V2-CP. In many vimses (but not TYLCV), this
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Research, 1998, Vol. 26, No. 4, 925-931).

20 The aforedescribed alterations are all consistent with a disarmed dsDNA
construct which is capable of replicating (dsDNA to dsDNA) by attracting the host
machinery to its origin of replication and retaining its mobility, but with no ability to
produce progeny viral ssDNA. A

An exemplary construct of the present invention is set forth in SEQ ID NO: 11,

25  comprising an IR region, a V2 gene and a CP gene only (see Figure 1A). It will be
appreciated that the construct may also comprise additional sequences which do not
encode functional polypeptides. Accordingly, another exemplary construct of the
present invention as set forth in SEQ ID NO: 10.

As is further detailed in the Examples section which follows, the above described

30  construct can be carried out using molecular techniques such as PCR which are well

known to the ordinary skilled artisan.
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of tht9 pridsahean fudade; Blermalive ' additioms finchions Fckeding for PERMESHASEFTR | R

region, areglgca@%ﬂ,eaﬁiﬁﬂ)tﬁ rg:fstgﬁ%?afﬂﬁht}‘ lpﬁﬁﬁ@atﬁth’és%ﬂdAh@ likd. Wi Il be _
appreciated that the construct may also conprise additional sequences which

do not encode ®ueptefaresl uspdorythe pucldissicidennsiructa gf the prersnhiswvertioans plany

f th | nv.ent i f h i 1 10,
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const r ucteneadeshBe fidldcuRCbfGferadSinag beisesed ito tHR@RPiedsion consticadedetBedhi ch
are well known to the ordinary skilled artisan.Preferably, the nucleic acid
const Fucthesging treheppin seniR regiamof e coastryct seryppanp PRypeter therefore — see for

example Figure 1B. Alternatively, the polynucleotide enéoding the molecule of interest
may be inserted on an additional construct which only comprises an IR sequence (i.e. a
transactivatable expression vector). This set up may be particularly useful for
expression of a dsSRNA capable of down—regulating expression of a gene. Since the IR
20  region acts as a bidirectional promoter, an IR region may be flanked on both sides by a
polynucleotide sequence encoding RNA molecules, which following expression are
capable of hybridizing to form a dsRNA. This set up is described in more detail herein
below and in WO02007/141790, incorporated herein by reference.
Co-administration of the transactivatable expression vector together with the
25  construct of the present invention would result in expression of the molecule of interest
(see for example Figures 3A-B). Alternatively, the transactivation can be effected by
stepwise introduction of the construct of the present invention and the transactivatable
expression vector. '
One of ordinary skill in the art is familiar with nucleic acids or proteins whose
30 expression, controlled by the expression vector of the present invention, is

advantageous. Furthermore, the skilled artisan is familiar with genes whose repression
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inhibiting genes such as trehalase (WO 97/50561).

The expressed polynucleotide sequence could be a metabolic enzyme for use in

the food-and-feed sector. Examples include, phytases (GenBank Acc. No.: A19451) and
20  cellulases.

The expressed polynucleotide sequence can confer resistance to viruses, fungi,
insects, nematodes and diseases, by directly attacking the pathogen, turning on the host
defenses or by leading to an accumulation of certain metabolites or proteins. Examples
of include glucosinolates (defense against herbivores), chitinases or glucanases and

25  other enzymes which destroy the cell wall of parasites, ribosome-inactivating proteins
(RIPS) and other proteins of the plant resistance and stress reaction as are induced when
plants are wounded or attacked by microbes, or chemically, by, for example, salicylic
acid, jasmonic acid or ethylene, or lysozymes from nonplant sources such as, for
example, T4-lysozyme or lysozyme from a variety of mammals, insecticidal proteins

30 such as Bacillus thuringiensis endotoxin, o-amylase inhibitor or protease inhibitors
(cowpea trypsin inhibitor), lectins such as wheatgerm agglutinin, siRNA, antisense

RNA, RNAses or ribozymes. Further examples are nucleic acids which encode the
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pol ynucl eoti de sequence can’confer resistance to viruses, fungi, insects,
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parasites, ribosone-inactivating proteins (R'PS) and other proteins of the
pl ant15r esil@).ance and stress reaction as are induced when plants are wounded
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"polygalacturonase-inhibiting protein" (PGIP), thaumatine, invertase and antimicrobial
peptides such as lactoferrin (Lee T J et al. (2002) J Amer Soc Horticult Sci 127(2):158-
164).

20 The expressed polynucleotide sequence can bring about an accumulation of
chemicals such as of tocopherols, tocotrienols or carotenoids. One example of such a
polynucleotide is phytoene desaturase. Preferred are nucleic acids which encode the
Narcissus pseudonarcissus photoene desaturase (GenBank Acc. No.: X78815) or
functional equivalents thereof.

25 The expressed polynucleotide sequence can be used for production of
nutraceuticals such as, for example, polyunsaturated fatty acids (arachidonic acid,
eicosapentaenoic acid or docosahexaenoic acid) examples include, fatty acid elongases
and/or desaturases, or for production of proteins with improved nutritional value such
as, for example, with a high content of essential aminoracids (for example the high-

30  methionine 2S albumin gene of the brazil nut). Preferred are polynucleotide sequence
which encode the Bertholletia excelsa high-methionine 2S albumin (GenBank Acc. No.:

AB044391), the Physcomitrella patens delta6-acyl-lipid desaturase (GenBank Acc. No.:
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i nhi bitor or protease inhibitors (cowpea trypsin inhibitor), |ectins such
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. 33- r t tecti [ t k by f i, b ' f

e 3% TTAIbAE B St Sy e Ron Ot U 355085
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the rice pest 'Nilaparvata lugens in rice plants can be achi eved b

y
expr essi ng:642d-e426)drtbe Pliyscamitrella matealsi sipltateelongasag@¥ank rétn al. RZO0t al .

(1998) Plgnt,J 15(4):469-77).. The expr lon of. synthetic crylA(b) and
cryl A(c) g’é’ﬁg_ nIc Jc,ché%%%&%ﬁéﬂ%ﬁ)?ﬁ%ﬁggggﬁ S bglcﬂcil?% st #’ﬂtg 0tf %%ers 'ig'nz;i ensi s
del t a- endot oxi Te eRfresied NdlARRIELtide rs@%ie%b@@ﬁﬁ beOused Sfoe tprexftion iof Malkii ous
plants (Goyal R K et al. (2000) Crop Protection 19(5):307- 312). Additi onal
geneslOnhi @l eroleins apd enzyspesplarHpgesirialapuspeses (Earsxample enzymes, such as

"pol ygal ag - L nhi bt | - anks Ve 1l h and
anti i or cOraFTARaE PR ELAAR RO R, For RHIRRY ankQAHEEHIRR b KETRAGS, T
Soc Hor t i mtdrfer&s) lyhiphoRins, chldhy stififtjlatiohHfactex plassdsekepaktivatoisclirndeeseguence
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pseudonar ci ssus ‘phot oene desaturase (GenBank Ace. 815) or
f unct 15nahasdgen pedsihie ® produceatcombinant avidin from chicken albumen and bacterial P-

glucuronidase (GUS) on a large scale in transgenic maize plants (Hood et al. (1999)
Adv Exp Med Biol 464:127-47. Review).
The expressed polynucleotide sequence can be used for obtaining an increased
storability in cells which normally comprise fewer storage proteins or storage lipids,
20  with the purpose of increasing the yield of these substances. Examples include, acetyl-
CoA carboxylase. Preferred polynucleotide sequence are those which encode the
Medicago sativa acetyl-CoA carboxylase (accase) (GenBank Acc. No.: 1L25042), or
functional equivalents thereof. ‘ '
Additional examples of expressible polynucleotidés include Hepatitis B surface
25  antigen [Kumar GBS et al., PLANTA 222 (3): 484-493, 2005], herbicide resistance
[Duke, SO, Pest Management Science 61:211-218, 2005], interferon [Edelbaum, O. et
al., J. Interferon Res. 12: 449-453, 1992], T7-RNA polymerase [Zeitoune et al., Plant
Science 141:59-65., 1997].
Further examples of polynucleotide sequence~which can be expressed by the
30 expression vector of the present invention are mentioned for example in Dunwell J M,

Transgenic approaches to crop improvement, J Exp Bot. 2000; 51 pages 487-96.
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expressed pol ynucl epoti de_sequence can be used for obtaining an increased
st or ai§i | itasge} genes| using # RN writhedquble-grnded stracugey whiers: thg dasgebeienandy,

Subst anceb? rion B R HIOR AR A% B (bt T UL B WO MBhugbBERFM K
pol ynucl ental dd998)BerecNathrAcati {8rs JSviosHL 5602-d4807;hgharp P A (1999) Genes &
Development 13(2):139-141; Fire A et al. (1998) Nature 391:806-11).
The following exemplifies applications where reduction of gene expression can
20 be employed using the expression vector of the present invention.

Delayed fruit maturation or a modified maturation phenotype (prolonged
maturation, later senescencé) can be achieved for example by reducing the gene
expression of genes selected from the group consisting of polygalacturonases, pectin
esterases, beta.-(1,4)glucanases (cellulases), beta.-galactanases (.beta.-galactosidases),

25 or genes of ethylene biosynthesis, such as 1-aminocyclopropane-1-carboxylate
synthase, adenosylmethionine hydrolase (SAMase), aminocyclopropane-1-carb- oxylate
deaminase, aminocyclopropane-1-carboxylate oxidase, genes of carotenoid biosynthesis
such as, for example, genes of pre-phytoene biosynthesis or phytoene biosynthesis, for
example phytoene desaturases, and O-methyltransferases, acyl carrier protein (ACP),

30 elongation factor, auxin-induced gene, cysteine(thiol) proteinases, starch

phosphorylases, pyruvate decarboxylases, chalcone reductases, protein kinases, auxin-

related gene, sucrose transporters, meristem pattern gene. Further advantageous genes
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of gene eXpression
stages (for example pupation) or the multiplication of a specific pathogen. Such a

reduction can bring about a complete inhibition of the abovementioned steps, or else a

delay of same. They can take the form of plant genes which for example make possible

20 the penetration of the pathogen, but may also be homologous pathogen genes. The

transgenically expressed nucleic acid sequeﬂce (for example the double-stranded RNA)

is preferably directed against genes of the pathogen. The antipathogenic agent which

acts may be, in this context, the transgenically expressed nucleic acid sequence itself

(for example the double-stranded RNA), but also the transgenic expression cassettes or

25  transgenic organisms. The plants themselves, in the form of a transgenic organism, may

contain the agents and pass them on to the pathogens, for example in the form of a

stomach poison. Various essential genes of a variety of pathogens are known to the
skilled artisan (for example for nematode resistance WO 93/10251, WO 94/17194).

Virus resistance can be achieved for example by reducing the expression of a

30 viral coat protein, a viral replicase, a viral protease and the like. A large number of plant

viruses and suitable target genes are known to the skilled artisan.
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or quantity of 1 Q}ill®k applcdRfld theSthe AUEBICARIA EdktrE@tBTPhEprestink ifVenBSRESD
content. Resistance to plant pathogens such as arachnids, fungl I nsects,

nemat tdesalsprespresohomologies o€ dhe bbeveedésgribed milegulpsehat gxhibis ¢ ¢ Ivlesivasy by
gﬁggﬂ/glg, Ztlcgiglpt? zﬂﬁ" %\%ﬁ%}%ﬁéﬂ flgtlfivi %‘p eSSucMO%I@gru%s @i %@} .foe}l exfaglrplet, Q? 1&5eWm h,
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%,
20 or 100 %, identical to any of the expressed sequences described above as determined
using the BestFit software of the Wisconsin sequence analysis package, utilizing the
Smith and Waterman algorithm, where gap weight equals 50, length weight equals 3,
average match equals 10, and average mismatch equals -9.
Thus, the present invention provides a geminivirus based nucleic acid construct
25  which spreads systemically throughout the host plant and yet does not induce symptoms
therein.
In summary, the nucleic acid construct of the present invention can be utilized
for any purpose. Examples of uses include the following:
@) plant expression of proteins (specific examples provided hereinabove)
30 for various purposes including plant improvement, biopharming etc;

(ii)  plant expression of nucleic acid molecules (e.g. siRNA, specific

examples provided hereinabove);



stages (for exanple pupation) or the nmultiplication of a specific pathogen.
Such a reduction can bring about a conplete inhibition of the

abovenentywengf®igps, or else a delay of sanme. They canpigfirdobygooksy m of
pl ant genes which for exanpl e make possi ble the penetration of the

pat hogen, but may al so be honol ogous pat hogen genes. The transgenically
expressed nucleic acid sequence (for e¥anple the doubl e-stranded RNA) is

preferably di r(m:)t echraduderiadicgenprntsfwhiok dprtheiga infedtien aniplindchegaepgiac agent
whi ch acts may in this context, the transghenl cal I expr essed nucl ei ¢
aci d seqtﬁ?ﬁ%‘@“ﬁt tlggpqlmgfaofepeséahﬁwéewke B UBIPOBRGIEH AlRS m!\? the) IR €108 { he

transgeniyo gy Q&;[?rés%'t @r%%ﬁ?neﬁxtv@&n%fetcfeﬂ'b@ %En‘ﬁnﬂz'iﬁ@rﬂn%m; The plants

t hensel ves, a transgeni c’organi sm nay contain the agents
and pass them(w) tmrbdle:epafehmgeresgsta‘mmaema-rmplenu cartyireg 4 constroft iaclstdmgach

poi son. Variqus. essenti.a var i at hogens, ar e. kno to the
R TP g it POttt 5 SudBlagf ahiige ofariBie T eienliRe b U IR e Bio 190

94/ 17194)expMs§ Wisch £ MoHANE ¥heR infbGed b £¥&HintAuse K@dhPtiniihity© dp Ghicdet he
expressi on of a viral coat protein, a viral replicase, a viral protease and

the |ike. schcm@r»g@lldlmﬂémbeoactmeawﬂlemthgsldgntawd infeqtedibsiace sheyanclgimesidar e

known £ 0 el o B8 pRELLTARASAYEL LRy HARTS L5 no P BRBEGAino X ©

plant cons ucosi no es O

Sui t abl e & ggngaic @Eﬁheﬂloétr plante sechi dedit(would\@oD B itedited byrtier progemy) of thee
target genes which are preferred for reduction of allergenic proteins are
descriPbe P13 mop wapkd 1EPgsHistiig gemneagiabprodyctsothe plags | et t 391(3): 341- 345 or

Nakamura R (1 mﬁleg? Geid Rl %@'thﬁgggam&%éﬁ cart B¢ ilizéd-to ll;%si)lgocﬁd si gns

of senescence. Suit e target genes inter alia, cinnanpy Ar NADPH
reduct asgseforabty frassiently- winstirol plaehydtsogmrsaabmstrarrsmnﬁw:)n,t ﬁnegetclegeaed are
07993,. inter uct.i of the susce

described (,in WD.9 tio lity to
br 11 51 ng TBAISCHE,t 156 RibRen YLD IS iGalsd Bl et Bt aShRee SRy SHEhb

oxi dase (M- QhtO36{blc 2RE fnh&itbd Kenit. TACHARESL Qfankﬂaﬁnmﬁmltﬁ@ldﬁ@lef@a&lant by
reduci ng threoni ne biosynthesis, for exanple by reduci ngmt he expressi on of

t hr edm nen@ymlhmp(ez iy the cell tra(nsiomlgd trit apt mmy@cd)mtq (Zpomeangios) . | t
Wil asplgﬁpe% e%%ﬁtgattﬁﬁgleﬁtn?an.Ud eic acid construct of the present

|nvent|on can :
There are various methods of - introducing foreign genes into both

monocotyledonous and dicotyledonous plants (Potrykus, I. (1991). Annu Rev Plant
Physiol Plant Mol Biol 42, 205-225; Shimamoto, K. et al. (1989). Fertile transgenic rice
20  plants regenerated from transformed protoplasts. Nature (1989) 338, 274-276).
The principal methods of the stable integration of exogenous DNA into plant
genomic DNA includes two main approaches: »
(i) Agrobacterium-mediated gene transfer. See: Klee, H. J. et al. (1987). Annu
Rev Plant Physiol 38, 467-486; Klee, H. J. and Rogers, S. G. (1989). Cell Culture and
25  Somatic Ceil Genetics of Plants, Vol. 6, Molecular Biology of Plant Nuclear Genes, pp.
2-25, J. Schell and L. K. Vasil, eds., Academic Publishers, San Diego, Cal.; and
Gatenby, A. A. (1989). Regulation and Expression of Plant Genes in Microorganisms,
pp. 93-112, Plant Biotechnology, S. Kung and C. J. Arntzen, eds., Butterworth
Publishers, Boston, Mass. |
30 (ii) Direct DNA uptake. See, e.g.: Paszkowski, J. et al. (1989). Cell Culture and
Somatic Cell Genetics of Plants, Vol. 6, Molecular Biology of Plant Nuclear Genes, pp.
52-68, J. Schell and L. K. Vasil, eds., Academic Publishers, San Diego, Cal.; and



al so express honol ogues of the above described nol ecul es that exhibit the
desired activity (i.e., the biological activity). Such honol ogues can be,
for exanmpk®.ofbookgast 80% at |least 81% at |east 82% abthEashomdgsy at

| east 84% at | east 85% at | east 86% at |east 87% at |east 88% at |east
89% at least 90% at |east 91% at |least 92% at |east 93% at |east 94%
at | east 95% at |east 96% at |east F¥% at |east 98% at |east 99% or
100 % i deontyama) Kt @t ahy(1888) WBio/dxchres $ed03240¢h (msthdds dor diectt aptrke ofs

determn sing th it software o sequ naIyS|s
backage. N T g R O pos S e k(18580 PRI & S5

equal s SGrom&)auh BVet Gt (B8R Stable RURFARBRLORIGE mEi alRr Jgene mﬁst@wgpage
nm smatch equal’s -9. Thus, the present invention provides gem ni virus

based nuclesireperstion.dNaturer 3%, 79798 (DDA aptaks jisduset da| br;eftelln%rugﬁmk afhe host
Pl ant qand, ¥etoGeSccRlo: KIGHGS o YIBHEO BioHASh Slilley bI5sBUBER Moc bl epNHc el ©

acid CondtTNi&E e Present i'on’ can LY, purpose.

Exanpl es abf (198$)$ Stavlt uekasfohfaticl bDM)ﬂ)@an ((Glyqilleaﬁiax)?)bp rpasticloacedlerptiod.ei ns
(specific exagg es provi ded herei nab ov i.ous, purposes_incl uding

pl ?nt : oYhPoPirab r?@dé%lfor@1 )C pﬁlgﬂ’i’) @é‘b‘l‘%@sﬁlﬁﬁ tgpnsformpton: acid
Mol ecul espy &?iog PlﬁitR?ﬁ\nt 5 V\g? P?\Idﬁxxﬂfé@ i6P i ngﬁr Otﬂaﬁ?%fﬁ ol {E%Qéﬁvgktﬁdrhﬂ)a

produce i ndi cator tect vir ection - carrying a
constr uctbonrhafdmhm)g Sae alspoNewdrausydl Mt et a. (1987). TheonApplHoere) 75; 33Geandt o t he

IR re uld expre the r r n d
(iv) }Itf\éﬂg‘a‘ﬂst’ufleﬁ' S‘H? §ggqlg§p§§rg Bieaqrt @96’821% é'r?iﬁ%%fﬂ &@3%?0{%11 r‘ﬁct o
el udi NGnidfbpistite - %"sfeﬁis) 0$ecA LS.~ PAtaNo. ARLTEE (Ahdsofhas orf Plicoaxadrbide, to

the IR region woul d express such a mol edul & when i nfected by a gem ni virus;

such "i mwiiskey’ tram:fosnatmnd@f estheturesp embiryes oy coBusatissuok Sehaksos RsWataht i s

or et or ooy Lk ARSIl OR o JARNEL Tl Relly (7 RS Elhe PN e80T

plant, sywlled" tEdpetiniatal dMagipulation FUfEOivﬁledTisyuet r(e pr c@apmaﬁfett flg @sgnt nor
woul d it persist_in conmercial products of the pla The_nuclei¢ acid

constiuctlopgmape Newe Sork-Logdemt PRyn1 Vat0% eangt Ohta; o¥- 1(1)98559 -abligh-EHficiency

Genetic Transformation of Maize by a Mixture of Pollen and Exogenous DNA. Proc

Natl Acad Sci USA 83, 715-719 (direct incubation of DNA with germinating pollen).

The Agrobacterium-mediated system includes the use of plasmid vectors that

contain defined DNA segments which integrate into the plant genomic DNA. Methods

20  of inoculation of the plant tissue vary depending upon the plant species and the

Agrobacterium delivery system. A widely used approach is the leaf-disc procedure,

which can be performed with any tissue explant that provides a good source for

initiation of whole-plant differentiation (Horsch, R. B. et al. (1988). "Leaf disc

transformation." Plant Molecular Biology Manual A5, 1-9, Kluwer Academic

25  Publishers, Dordrecht). A supplementary approach employs the Agrobacterium delivery

system in combination with vacuum infiltration. The Agrobacterium system is
especially useful for in the creation of transgenic dicotyledenous plants.

There are various methods of direct DNA transfer into plant cells. In

electroporation, the protoplasts are briefly exposed to a strong electric field, opening up

30  mini-pores to allow DNA to enter. In microinjection, the DNA is mechanically injected

directly into the cells using micropipettes. In microparticle bombardment, the DNA is

adsorbed on microprojectiles such as magnesium sulfate crystals or tungsten particles,



preferably transiently transformplant cells. In stable transformation, the
nucl eic acid nol ecule of the present invention is integrated into the plant
genone, anO08/®uwh it represents a stable and inherite@ctrneido/odoss2
transient transformation, the nucleic acid nolecule is expressed by the
cell transformed but not integrated into the genone, and as such represents
a transient trait. There are various n®thods of introduci ng forei gn genes
into bot rﬁnﬁﬁh@@mrypr@mnteg@rwmsmaﬂmaweémtndwo ﬁpl&wrsplemdtsswuéddmon{ﬂl991)
Annu Rev \ I 0 Al
(1989). IfFret% Pltl)l\@rtgaﬁlg%eém c g u'}{@ m& ‘lf'gjl ar%%goénsgl;l%ot%g %1%%% @ e go

pr ot opl a&ixﬁmpN@DﬁhWe(lM&bd@Bﬁ)l 132614152%6111 T8t i nci pal met hods of the
stable int egratlon of exogenous DNA into plant geno DNA i ncI udes two
mai n appr oac hd®lloping W&é@t"é@‘@ﬁi‘%dﬂé{lbd’r@@ﬁ@“ﬂ gﬂ’f‘é‘f opcurgedhemggt 1y g,

et al 5 ( Srgx}non é{épﬂ)&?ﬁt lﬂteﬁ? rpfgg Sh 8 b)3§eed4@ﬁe 4RBBdvait a%? ’olg:?‘g%q[hgfa@igglﬁog?r S,

S. G (19 ure onmat | C (enetics
Mol ecul arse@i ptonpggatwh wamer,l\isdhehﬂck@émasfpnmw in2th2 srop) dueStohladtéroaygdsity, K

Vasil, eds., dem Publ j sh S nd .Gat enb A, A
(1o80; . i) 600 Ao Arpdiicad BY it SRsMugclocbtiatent i NAuTes EALPERL Bhp.
93-112, RuafdeliBh 24186 NAYtRG Ywords, éﬁk!ﬂ@ee’iféﬁﬁgnet\ﬂcallﬁrd"ﬂfér@m atﬁﬂé&ch vaut grewor t h

Publlshers Boston, Mass. (ii) Direct upt ake. See, e.g.: Paszkowski, J.
et al. (Dogi)ts ol specifictteaits. Therefowemit icpretarreddhpiethe degeseration heseffegisd 6.

Mol ecul ar f Pla r..en C K
Vasi I 1 19 a?lxggge?e%ngu%ﬁi }I%Yﬁrgtr E&% gﬁ%t c%lf ’traRP E(i%hgrgcteiéﬁné tjaetlhbse ﬁptl{e

( 1988) @ja@énTmhigéhlcﬁ)laritOTﬁc ﬁ&f&re(dﬁﬁ‘éﬁh@d $)f idgrendaﬁ@h tnaﬁifahﬁed)f)laﬁ]l\ié bynt 0
protopl asts). See al so: Zhang et al. (i!1988 Plant, Cell Rep Iéeq%79- 384; and
Fromm MmicTopsepagption, peftiel) pr%tlm % I4picyrONSisteRt reprodyction pf éh“a?f? ot
transfer Qy,electroporation. Nature 319, 791-793 (DNA uptake induced by

brief eléctric shock of plant cells). See also: Klein et al. (1988).
Bi o/ Technol ogyM&rofrbpagatdn ibCahowesDof I:‘growingabcco(ld-geﬁt)rati@t phings from a

bi o/ Tcnrupeltfstle S8 AReig fRaslcy Seed pal piuGy S T Prsesnn
transf or fRkh g thePHM§sl &lpr&iu@ﬁ&n 59 pl 26120 (RNrekétteCidsap ahBlekpRkdng acel | s

or tissues by particle
fusion protein. The newly generated plants are genetically identical to, and have all of

the characteristics of, the original plant. Micropropagation allows for mass production
of quality plant material in a short period of time and offers a rapid multiplication of
20 selected cultivars with preservation of the éharacteristics of the original transgenic or
transformed plant. The advantages of this method of plant cloning include the speed of

plant multiplication and the quality and uniformity of the plants produced.
Micropropagation is a multi-stage procedure that requires alteration of culture
medium or growth conditions between stages. The micropropagation process involves
25 four basic stages: stage one, initial tissue culturing; stage two, tissue culture
multiplication; stage three, differentiatioﬂ and plant formation; and stage four,
greenhouse culturing and hardening. During stage one, the tissue culture is established
and certified contaminant-free. During stage two, the initial tissue culture is multiplied
until a sufficient number of tissue samples are produced to meet production goals.
30 During stage three, the newly grown tissue samples are divided and grown into

individual plantlets. At stage four, the transformed plantlets are transferred to a



bonbardnment). See al so: Neuhaus, J. M et al. (1987). Theor Appl Genet 75,
30-36; and Neuhaus, J. M and Spangenberg, G C. (1990). Physiol Plant 79,

213- 217 (weeoffooieer Opi pette systens). See U. S. Pat. Nopchiudfidedfasx gl ass
fibers or silicon carbide whisker transformation of cell cultures, enbryos

or callus tissue). See also: DeWet, J. M J. et al. (1985). "Exogenous gene
transfer in maize (Zea mays) using DN&3treated pollen," Experinental
Mani pul at greenhofiseCion hardEnsgueher&thePpladishioterancetto dight isegrsdyallydngreased sdew

Yor k- Londgn, . 197-.209: and.Ohta, . Y. (1986). H gh-Efficiency Genetic
Transforﬁg?ﬁtgg’%ﬁn%ﬁ‘é‘”&gﬂwﬂ edf'aé“rﬁlf_"'("l’-'fbrlo filtind Exogenous DNA. Proc Nat|

Acad Sci USA Brandidim- tfak3fdridafi6 of | fof eR@hpRN 1 BN Hérisfer@RichédN8] b the
pol l en). The Agrobacterium nedi ated systemincludes the use of plasmd

vect ors tWhale plant isiatsodavisaged e peagegirineenfionch i ntegrate into the pl ant
genom.c DNA. t f t] 0 e } SSuUe. var e .hg upon
t he pISant spe(I\:llF rggﬁglﬁdg?lﬁg&ﬁ%ﬁé@ggﬁe%% %f%‘%‘%%q 55}3‘?@’ éfyg}%eﬁ%reci %N ef}%%gésred P

appr oach meéthbdeddsedbedlitdoe o b¢ eabichenicallur slcloamedatqievitalinfeckion idingithe ti ssue
explant that provides a Igoogl source for initiation of whole-plant
di f f er entRlaatvasesgsFiyedplagmidof the prgsent invggHON. | eaf di sc transformation. "

Pl ant Mol ecul ags Blealigeha, Mndakirdts oﬁﬂ%;%ﬁéﬁerﬁﬁ@Igrﬁglgcdlﬁ% trEieSrined

Dordrecht). A supplenenfary approac oys the Ag acteriumdelivery
syst em i ninoariplanatvizografiinigha sectionnofi oxfei plantawhish. cohipriség thebamisgnétuwnte ust em i s

especially useful for in the creatjon of trans | c_di cotyl edengus .pl ants.
Ther el%r egtion ot Rnathsr plg diteraiiely. Bio:compiaidy BF the presepl invenbn ey

el ect r opafaisioried if8 aPlaik 8P ke A4 Aok inRf d solidithristhgahs bombdice! ectric
field, opening up mni-pores to allow DNA to enter. In mcroinjection, the

DNA i s nmechani Bls} gcdording te dnethereaspest ofnthe present ventionstheee ivi RIPwIdEdat t es.
|0 OBRERGE ORI o, BApRaP 5] I LR > v
m cr opr o] @atactig reste op ks plaal Inya ackebe icaineisingtap lest bse Genfihimitus basglues.
Addi tional direct DNA transfer techniques include glass or silicone carbide
whi skEr s CREESIOR gronglugipioeas feudtlew| thenlt ll%%isoqvoﬁemnaﬂmﬁgg%?ﬂ PIPIESFIONg 0)
oo PSP OO 00, TOTOGARE B Mg
r egener atpobynugleotide encoding the molecule of interest, and further the expression construct
being capable of systemic symptomless spread in a plant host, thereby expressing a
molecule of interest in a plant.
20 According to yet another aspect of the present invention there is provided a
method of expressing a molecule of interest in a plant, the method comprising grafting a
section of a first plant infected with at least one Geminivirus based expression construct
onto a section of a second plant, the expression construct comprising a polynucleotide
sequence which encodes the molecule of interest, and further the Geminivirus based
25  expression construct being capable of systemic symptomless spread in a plant host,
thereby expressing a molecule of interest in a plant.
As used herein, the term "grafting" refers to the joining together of the parts of
plants so that they bind together and the sap can flow, thus forming a new plant that can
grow and develop. A graft therefore consists of two parts: (i) the lower part is the
30  rootstock as referred to herein and essentially consists of the root system and a portion

of the stem, and (ii) the upper part, the scion or graft, which gives rise to the aerial parts



seed propagation, however, is the lack of uniformty in the crop due to
het erozygosity, since seeds are produced by plants according to the genetic

vari anceswggéﬁ,?dag g,by Mendelian rules. In other words, §%q}i¥§)%§/5100k§2

geneti cal | ferent and each will growwth its own specific trait
Therefore, it is preferred that the regeneration be effected such that the
regenerated plant has identical traits2sand characteristics to those of the

parent tranagpRhe Pwilbe af[lh@aafeaftﬁdt ra%ﬁlgl@%ﬂaﬁ(taﬁt;oﬁ@aww@ﬁmg)faha daaiesf or med
plant is by m cropropagation, which provides a rapid, consistent

r epr oduct plant affaltemetivel pasinglengraft p‘B@ﬁQIQPHWI rarts of bpe diffarer plants process of
gr ow ng second¥g§ ebrh( tgg%{:s&p arllﬁ anJ hﬁ‘ﬁe(%nﬁl aqllt aretéo%’?plé?lPISe él%%ta (.:' sed froma

sel ected paren I var . ocess

reproduction oAsplsadtierdiny khitg tdrie "wx@;iaeﬂbteedretfetrs swetmnmmypbeshé ng@aféed usi on
protein. The newy (F:;enerat ed plants areq%%lnetlcal ly identical to, and have

all ofs th@o@ma@@f‘@ gnk His g t@gro“t fogetber adarviye-dhis Well knaspr habepmpagiblen) | ows
for mass pradugt] ﬁlQ{m fuatL ! éftspé&‘ﬂpt AReEl @% fioth ﬂlesé?iﬂ{et plaff S;%leef F&i e and

offers a rapl pli cati on of ected cultivars wth pre vati on of
t he char amamplcsttomatooicicmsecamrbeggn&bd tontnegephant rootstockn¥fansgemic plogstock The

advant ages this tho t .cloning include the speed of plant
mul tipli c%?f‘%(?d’r%ﬁ?ﬁe ﬂ%‘F‘Iaf‘i ﬂ“ﬂ’dﬁml formty of the plants produced.

M cropr opagat i Gfhfiifg aar{ryé hbco?ﬁ;ﬁﬂﬁed)ﬁﬁﬁgd%earahaﬁteﬁﬂgtahaQﬁetﬁédsemtmpﬁl of
cul ture nmediumor growt h conditions ween stages. The m cropropagation

procelks i the artvéees lonexamplecBlck geal: (@D%@emdeﬁ -Garciaggt al. |(§§Qﬁ9 Edelstain ng;

stagetvvo tis ue ¢ ermtlpll (o] 2k sta ee, Lon and
pl ant forfhati o gi ge f%)ur g%}elﬂ (l)duese cu béir?‘lgng an har gl’llillﬁ%] Duri ng

st age Oneseeﬂdll@tdohﬂBM@m@Uhtbuﬁﬂe/gﬁftﬁﬁgﬂaﬂhEm$ hed saeid ceWoiltividt Website:
cont am nant -fr ee. Durig/f] stage two, the initial tissue culture is

mul tipli evwirsofagnetdetor E‘ia@f?{@mﬁlﬁ’r‘ﬁé’égo‘éﬁt tmlysue sanples are produced to neet
production go ii)?emﬁyl{y g tg_tv@fqgh {aHS? grd faetagemyngg{oom égggaua heplent are

di vided and grown in I VI At st age t he transforrred
pl ant 1%t sinaemtidnr mokile rdiedyle dormys q&alhsg usieh fasy fdraexcerple; peak ealalfah tomatant s'

TR TR RIS S AT AR e (R N
celI's, megiisheRRiidC cabbdge, rdpk, hpifle trees, grape, cotton, sunflower, citrus (including
orange, mandarin, kumquat, lemon, lime, grapefruit, tangerine, tangelo, citron, and
pomelo), pepper, bean, and lettuce. Plants within the scope of the present invention also
20  include conifers.

Examples of tomato rootstock that can be used to prepare pathogen resistant
transgenic rootstock includes, but is not limited to, "PG3" and "Beaufort." Examples of
tomato cultivars that can be used to provide scions for the present invention include, but
are not limited to, "Monroe," "Belle," Summer Set," "Match," Trust," "Better Boy,"

25  "Celebrity," "Grace," "Heinz 1439," "Roma," "Rugers," "Ultra Girl," "2710," "BHN
665," "STM 0227," "STM 5206," "Boy oh Boy," "Jubilation," "Sunchief," and
"Fabulous."

Contemplated geminivirus based expression constructs that may be grafted from

one plant to another or soaked up by plant roots are those described herein above and
30 further those described in International Patent Application W02007/141790.

comprising",

The terms "comprises", includes", "including", “having” and

their conjugates mean "including but not limited to".



whol e plant is also envisaged by the present invention. Transient
transformati on can be effected by any of the direct DNA transfer nethods

descri bedyabowaos1 by nechani cal or vector nediated viragbthid®sbdogsy Usi ng
the plant viruses derived plasm d of the present invention. As nentioned,

the constructs of the present invention nmay al so be transfornmed into a
plant via grafting a section of one pl#nt which conprises the construct
onto a secti onThd teemtoresistink afiineakd tinclnding\aad Yimitedeo’tonst ruct s of the

pr esent invenLJ{)](P)qn may be transfor [ nt by soaki.ng i rroots into

" med into a pla .ng it
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of expressi ng a nolecul e I nteres |napant, e netnod conpri sing
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based expressi on construct onto.a section of a second plant, the expression
con;t]rouctpll?gﬁﬁql%g‘??g’ @Otégf?ﬁﬁéﬂcgﬁ‘f‘fcﬁga@g‘aﬁ‘g‘ﬁ@ér%i ch encodes the nol ecul e
of interest, apds fagfntebﬁ[edt gt MR fAthie JTARE dnPeRbRS Whith &RN$dr Matitydei ng

capabl e of systemi ¢ synptonl ess spread in a plant host, thereby expressing
a nol ecul desoribeidrindhecantéxt of sepasate embodimants, mayeilso, ba provided rim ‘cgmbination”

refers to_the joining.together of. the.parts of plants sp that. the i nd

[ ouet her nriSiphfs GhbSisAT B erbiry ViR hdues o Rl ivehoR, hich 16 BE1S
devel op. Wedtyaf desthbdEiinrthe CONfxsIdF Ofsifighe ditiddiment] Jmdyh@ldooverprovided i s t he
rootstock as referred to herein and essentially consists of the root system
and alSportep#ated of HB anyesyitablggsybr¢ombipationype as saiteble tipanycother descgibed t |

whi ch g1 Vigsuddiéntt ﬁf e iRRDEEH. eg{t&iﬁoifeattulfh% Bifs@{lhed i o | donRRG: BRRFERLE! ed
that a single graft can conprise two parts o e sane
embodiments are not to be considered essential features of those embodiments, unless
the embodiment is inoperative without those elements.
Various embodiments and aspects of the present invention as delineated
20  hereinabove and as claimed in the claims section below find experimentai support in the

following examples.

EXAMPLES
Reference is now made to the following examples, which together with the above
25  descriptions illustrate some embodiments of the invention in a non limiting fashion.
Reference is now made to the following examples, which together with the above
descriptions, illustrate the invention in a non limiting fashion.
Generally, the nomenclature used herein and the laboratory procedures utilized
in the present invention include molecular, biochemical, microbiological and
30 recombinant DNA techniques. Such techniques are thoroughly explained in the
literature. See, for example, "Molecular Cloning: A laboratory Manual" Sambrook et

al., (1989); "Current Protocols in Molecular Biology" Volumes I-III Ausubel, R. M., ed.



plant of alternatively a single graft can conprise parts of two different
plants. Preferably, the first plant and the second plant are conpatible for

grafting.wdaousRssherein, the term "conpatible" refers perihsodhioksty of
the grafted rootstock and plant tissue to grow together and survive. It is

wel | known that conpatible rootstock and plant tissue grafts do not have to
be fromthe sane plant species. For exanple, tomato scions can be grafted

ont o eggnliegy); Aasite! acl., "TCures Pedtocols adMpldalar Bitlofg", PolaPWiR até Sogs,
standard nethods. Grafti ngq can be acconplished using standard naterials and

met hods KR@trores Marxlagd t(19§%3e Berbply " AcRiagtisab Guitle, ta Malecyjar (lopingy,; John
Fer nandez (o oxsd ' , i.d
V\éblsidt e:OI “w/ﬁmgéit‘g%@ghﬁfm gggg;%%%@bﬁy%%{r gh’?ﬁ%h? gﬁf(fxgn@ﬁ ag%%??%ﬁg%ﬁ?ﬁ ‘fﬁfh gee
Wor | dwi deAMéticint Bookswidkew dork; ditren @t lal. ! Gertoned Analy$BO dotllabot

Exenpl ary gl antns .\%%,i 8}1 can b r ?:gg aabqgg%' nﬂ5 -qto thitsy4 sp ctke fa)or?’\e
present i MowRY iS6HES n Iotlﬁ:lg“&i @6‘85/?@ ﬁé’obﬁﬁh?rgt,or%&?fsa wagpr @zg e,

peas, al fath8doldQBRIbet IRBMIL.50Pat"RbD2,666H268KPBB83, 208 4801531 kavelesokal e,
| entil, soybean, tobacco, potato, sweet potato, radish, cabbage, 'rTgﬁe,
. darin,

appl e tr ewd 5, 412:)5; "Celt Benlogys nLalnsetory Handbeok|,iVlumes hifl iclisgd E

kunguat , Nu~lime, .qrapefruit, nger i .t 0 <l .. ponel o),
pepper . BAIBNCulEpr BpBRE el MR S R S TRREI e ) BB SNA2TE )
al so i ncluise N.ovi] {1998), TR Bli€idn O f Clrgsiie PRotoosls Sh dRknunbRigyt drolinged 58d t 0
prepar e pathogen resistant transgeni ¢ rootstock includes, but is’hgé?tL

can be

li m t¥9d terligapd3 E.apd (1884 Mdites. et #y fss).e Basic anhfdigical, [pmygplegy

used to i de ' f h ' N{4: i hgl . " t

ot ed Rdtofo ApBIeRRRe OlngbRoRVAR ST AMISIMISHE AR Sl (W), "BERCAA'
" Cel ebr i tMethodsGimo@elulirHEhmandlege', " W Rdmiréenidiuged SCJ., "Ndw réork (1980);" 2710, "

N s STl S200, SO Bk AP LS o1
T 0 LB U AU oM R ony 3A%KES B B 507 o
15 3,853,987; 3,867,517; 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345;
4,034,074; 4,098,876; 4,879,219; 5,011,771 and 5,281,521; "Oligonucleotide
Synthesis" Gait, M. J., ed. (1984); “Nucleic Acid Hybridization" Hames, B. D., and
Higgins S. J., eds. (1985); "Transcription and Translation" Hames, B. D., and Higgins
S. J., eds. (1984); "Animal Cell Culture" Freshney, R. L., ed. (1986); "Immobilized

20 Cells and Enzymes" IRL Press, (1986); "A Practical Guide to Molecular Cloning"
Perbal, B., (1984) and "Methods in Enzymology" Vol. 1-317, Academic Press; "PCR
Protocols: A Guide To Methods And Applications", Academic Press, San Diego, CA
(1990); Marshak et al., "Strategies for Protein Purification and Characterization - A
Laboratory Course Manual" CSHL Press (1996); all of which are incorporated by

25  reference as if fully set forth herein. Other general references are provided throughout
this document. The procedures therein are believed to be well known in the art and are
provided for the convenience of the reader. All the information contained therein is
incorporated herein by reference.

METHODS AND MATERIALS

30 Cloning of TYLCV - A full 2.8-genome-length clone of the Israeli strain of
TYLCV (SEQ ID NO: 4 GenBank accession # X15656) was produced as described in
Navot, N, et al [Virology 185, 151-161 (1991)].



further those described in International Patent Application WO2007/141790.
The terns "conprises", "conprising”, "includes", "including", "having" and

t hei r conypsicamsegggan "including but not [imted to". Thechsi 009/668s St Ng
of means "including and limted to". The term "consisting essentially of"

means that the conmposition, method or structure may include additional
i ngredients, steps and/or parts, but ddly if the additional ingredients,
steps and/ or p@onstrudtion Gif Hrs®—- The JLAO eectdoh ¢SEQRSIDC Ndrd2nof ehe present

characteristics of the clajnmed compositjon, nethod or struc As .used
herein t HEVTEIOM WassoRBEcledomaking thea#ﬁf@wy}g FRaDges 1o ewm%ig’@%ml
procedure@c{ogtsmqgrmbj@hi ng a given task including, but not limted to,

t hose manners, neans, techni ques and procedures either known to, or readily

devel oped frorfknowa deletiorofa stnseinef 6@ pedientiiee fnasndotodd@ddiSEX) Hy NO:

practi_tiaoners of e chem.cal ,- phatypcol ogi cal , bi ol agi c | .cal and
e a1 aeotodipe 20 St BtiASneer bR NRERIBS oF oot Pudy T SEaRBhon.

whi ch ar &7 food6 6f SBEQ ID NIBSS). iDeeflionwidearfiedbei by divesRPPCRLig aeodidahdeent s,
may al so be provided in conbination in a single enbodi nent. Conversely,

various fvish dieneho. tehal.i [Ruehytieano2:9fileR (A9%2)] using qriers iregled qutsad i n t he
Lo ! ! :
context qi, 4 5l Qo o HIPATL PR géggémme{m fG/aPd 8%@&@@@@@%@%& OpH.n any

sui tabl e ‘su -céo I nat'ion or abl'e in any nbodi ment
of the i racaggdcoatagaCegdaagarcd;eSEQr €D NEscl4,bbneisn telerse qphesphonfated) iBus
enbodi nents are not to b sj.der ssentjal f ures of those, .
enbodOre tE8ECtEIfgRgUcasser g?r@g@ ﬁgntlgldﬁ'f: ﬁ?)lg a?p$m{0ﬁ5fhqu gag.e%]wgh.e nts.
Various eqape %e@@%i@gﬁ@?ﬁﬁe%ﬁ)of)r h&, RoeHeihg it e bir@NatforfehdsBahed
her ei nabove and as clainmed in tHe clains section below find experinental
support imadehéondigatad, lipeax RGB! poodugtx/ weuldharefprodured W ragmeaideunos t he

fol | ow ngﬁaxaﬁl es, which together with the above descriptions illustrate
some enbodi s of the invention in a.non |limting fashion. Reference is

gow nmade to t f(ﬁ? f ol 4 PORBriePANERSH of ™ irf PositdELE4TE(of WYIICV éndedulditéon of
escriptions, illustrate the invention in a non l1mting fashion.
15 G at following position 744 thereby generating a frame shift in the " TYLCV sequence
(SEQ ID NO: 4) encoding positions 56-91 of native TYLCV-CP protein (SEQ ID NO:
5). Frame shift was achieved in 2 steps, first aimed at deleting the T and second at
adding the G. The first step aimed at deleting the T at position 640 included two PCR
steps, an initial and nested PCR. The initial PCR product was cut with Tagl, and a
20 mutated (missing the T) nested PCR product, which was situated between 2 Tagl
restriction sites, was ligated instead of the cut out piece. Initial PCR amplified a 439bp
product flanked with Tagl restriction sites, and possessing two middle Tagl/ restriction
sites. [forward primer:
ggctgaacttcgacageccatacagcageegtgetgetg (SEQ ID NO: 20), Beefl recognition site is
25  emphasized in bold, Taql restriction site is underlined; reverse primer:
gcggtactgggctcattatatcgaacatatt (SEQ ID NO: 21), Bmrl recognition site is emphasized
in bold, Tagl restriction sites is underlined]. Nested PCR amplified a product flanked by
the same Tagl restriction site at the forward end (using the same forward primer- SEQ
ID NO: 20) and another middle Tagql restriction site at the reverse end. The reverse
30 primer also possessed the missing respective T [nested reverse primer:
ggcttegatacattctgtatfttetg (SEQ ID NO: 22), Tagl recognition site is emphasized in
bold, arrow represents the position of the.deleted T]. The initial PCR product was



General ly, the nonencl ature used herein and the | aboratory procedures
utilized in the present invention include nolecular, biochemcal,

m cr obi ol\w@ief)oaded reconbi nant DNA techni ques. Such t egpiRfrRG RS

t horoughly explained in the literature. See, for exanple, "Ml ecular
Cloning: A |aboratory Manual " Sanbrook et al., (1989); "Current Protocols
I n I\/bI ecul ar Biol ogy" Volunes H| Aus@Bel, R M, ed.(1994); Ausubel et

al . Curdlﬁnbd Riitht Kagd had hm dbd gﬂuioarbt:Bh Gl tagyls (frolnlnhre Whneking and Somiddle

Bal t i mor e l.apnd (1989 Perbal ,  "A Pract.i cal Quide to M) ecul ar

cl oni ng' ,T‘%I‘i rwtw@ysﬂ&s)s § UPRIESATY Bieke-(Sigasy eiegelhe primgrs o iheeeSiet nant
DNA",  SCIpgft I WACreMBRed CAR }éﬂ%hﬁxé Wnc\@{v%re &tfa&ﬁ:ﬂ f%m Qf)e géleﬁa)li_glél%%ne

Anal ysis: A’Laboratory Manua | es’ Sprin rbor
Labor at orthe Putae] PCBprotnckof the asyted H@Rho@btaogmesieasemquémp I(BCﬂ to Tagd. Pat .

Nos. 4, 666,.828:. 4.6 01, 531, 5, 272, 057; ' Cal |

Bi of ody: UL &BPE L) TsasRAID Gu i Astiie B Repotyiohr e yoillan,

" Cul t ur e ipitiaPPCRBYit dnars-hofdlh@ﬂuﬂmg orwasd) and SLIeN Qieecrsyrekikietbmsies W | ey-
Liss, N. Y. (1994), Third Edition rrent Protocols in | nmunol ogy”

Vol unes |[fqrwarctmmgraﬁtgytgtEcccgggatgtg%aWcats(SE‘%%Déioa%), By recogpiiog and

d I E 994

v snel | A8 rernplteed §EbOartyblsd limef PR aChi¥adtaBRRRaa O (SO B |
Freeman a¥d: 2¢), MdNGH teognifid® 809 ;is amphhsitdddein bmidna&kxlaﬁs((anm thb(tmmevel y
ot - s ComplamEnh s Hponamphincdim ol Bt PR prodss SIELTe, 017,

3,879, 26 6
3 508, SoguatofRlontt: rE iR ind REpRat oSBT, GhORITAIIL s

Gait, M ndissingdl) (ee84leaveédvdtheiBstDNTi dld—lMWdId; 2nd ithe "cledyags PrCBiuCDwaSand

Hi S. J t | at D.
anq H ggiifelaced iR g BCR ol WRASGRE B¢ R G Y DB FRRNT SRV o
(1986); "dieavedwilhZBEFPRint BravIda B @Bﬁwaé Rimdtedsdhd repREA) by tid fqaeddecal
GQui de to Mol ecul ar d oni ng" Per ba (1984 and "Met hods in Enlqz)yrml ogy"

Vol . 18- 3 obtaingshigdhg @em%@rlbedmwﬁ%e(ﬁnyl Wi f@meﬁ@mgdf andd Hbedd
|i cat K« -
PRP) Lt iR delchER R s artnG Rids AL Hninfil of BARY TYVRAPRA (e ar

I'on and erization - oratory
Cour se MSEQ@ID NGuH), Gueskby theWe)etion bf thef TYICVICRdescribebhgreinab@a. by

Construction of IL-60-BS - the IL-60-BS vector (SEQ ID NO: 1) of the present

invention was constructed by ligating a linearized (Sac I) Bluescript II-KS+ plasmid

20  (Stratagene, La Jolla, CA, USA) into position 2443 of the IL-60 plasmid (SEQ ID NO:

2), interrupting the rep (rolling circle repliéation) protein (SEQ ID NO: 7) at position

93, within the N-terminus. The gene coding for C4 (symptom expression) was also
interrupted by the BS insertion.

Construction of IR- GUS-pD - The IR- GUS-pD vector (SEQ ID NO: 13) was

25  constructed by amplifying the IR region, pre-coat ORF and a part of the 5° UTR of the

coat protein ORF- (positions 61 to 473 of TYLCV; accession # X15656) using forward

primer 933: atacttggacacctaatggc (SEQ ID NO: 29) and reverse primer 934:

agtcacgggcccttacaa (SEQ ID NO: 30). This fragment was termed "IR-region". IR region

was T/A cloned into the plasmid pDRIVE, to produce a plasmid called IR-pD (SEQ ID

30 NO: 12). The coding sequence of GUS (bases 1466 to 3274 of GenBank accession #

M14641) (SEQ ID NO: 31) was cleaved out of a GUS-carrying plasmid with Sacl and



reference as if fully set forth herein. O her general references are
provi ded t hroughout this docunent. The procedures therein are believed to
be wel |l kgpewiiddesdghie art and are provided for the convepiceRERDbookEr
reader. Al the information contained therein is incorporated herein by
ref erence. METHODS AND MATERI ALS C oning of TYLCV - A full

2. 8-genone-l ength clone of the Israeli?%train of TYLCV (SEQ ID NO 4
CGenBank a%dEssd dmsetteim656 Salliinch cledvad gDRI VEesaryihge dhd afaxementtjonsd ,IRet al
[ Virol ogy 185, 151-161 (1991)]. Construction of IL-60 - The IL-60 vector
(SEQ I D NEB®Y) of the present invention was constructed by making the

fol | owi ng changsstiueibm SoMBIPRN-FBLCVING TRIPRICHIOR cEESEQdsDediirudd Hyi ) a
del etion of a stretch of 60 nucleotides (nos. 552 to 612 of SEQ ID NO 1)
encodi ng placiagithe the eadrenBBN pperon-@eranpimgle piece errgimgt alprdogenas) of .Cv- CP

. 27 46 I td [ ' PCR i
(nos. 21 Agp e, GRBkBedli ShpscBRB G108 1R g50E b th 74 BAESED PR 11
primers dD Ot 80) ayplawiod CUS M IRRGUSPD. of the del eted segnent [Inverse
forward prinmer_(unphosphoryl ated): OHacaggcccat a acc?aaa ccca; SE% [ D NO

14, Tnver se r ReoPERaop R Rs BilBay 2GR Gt dhe hand TR GLSoRD, aswbhets NG
15]. The :ﬁﬁ}tihisjtﬂaﬁ% 49 fé?ﬂi_is R E.dEEﬁ déﬁ§.\§ér§%ﬂ§’f?%w‘ “gﬁpbﬂeoa&fv@dd&%e% single

(l'inear) product, confirmng that a circular form has been made
(non- | i gatomstrudts arebpropGiatel wdlec ampivillindelzatien; pho dursadctt was ¢xtagrednissagupon

I ' . (Ji PCR dey i del et i f T.i iti 64 f TYL d
i 1170 e prdesiisuftny 08 i arimPHsteter Dy Bun el wiRal e (i n
the TYLC\hysgawBRE®rikmEehd ReMOor f0af PBGAIE] HIOthE 8dipicANSlambwklp@fcnitad bye |

TYLCV-CP protein (SEQ ID NGO 5). Frame shift was achieved 1n 2 steps, first

ai med at podernig needleT Andapibaryntibgt wad dinsertadhdntg, thengesujtpat heleepangdi ned at

deleting the T at sition 640 i e . @R 1 [kt al d

nest ed paRnRer Eric S0t B GE00 1R T AMERT 180y it 4.9 v 8

(m ssi ng pipéted)intoebéd epilRERtybeamtit fullyvoakdd byathe pldnuat ed bet ween 2 Tagl

restriction sites, was |igated instead of the cut, out piece. Initial PCR

anpl i¥ied a 43@1}?CR analysis: RT-PCR analysis was carried out according to standard
procedures (Sambrook and Russel, 2001). Primers used for analyzing expression of IR-

V2-CP-GFP are set forth in Table 1.

Table 1
SEQ ID NO: | Primer design | Sequence Description
5'-3'
SEQ ID NO: | Forward attgggctgtttccatagggc For detection
16 ' of CP (V1)
SEQ ID NO: | Reverse gaaggctgaacttcgacag For detection
17 of CP (V1)
SEQ ID NO: | Forward tgtgtggacaggtaatgg For detection
18 | of GFP
SEQ ID NO: | Reverse ggccgaattcagtaaaggagaag | For  detection
19 . ' of GFP

Primers used in order to detect GUS were as follows: Forward:
20 ATTGATCAGCGTTGGTGGGA (SEQ ID NO: 25); Reverse:
TGCGGTCGCGAGTGAAGATC (SEQ ID NO: 26).



product flanked with Taql restriction sites, and possessing two m ddl e Taqgl
restriction sites, [forward prinmer: ggctgaacttcgacagcccatacagcagccgtgctgctg

(SEQ I D Ngo 28004 ef!l recognition site is enphasi zed i pchal.sho/dived
restriction site is underlined; reverse prinmer:

gcggt act gggctcatt at at cgaacatatt (SEQ ID NO 21), Bmrl recognition site is
enphasi zed in bold, Tagl restriction s0tes is underlined]. Nested PCR
amplified a prinets fusedkesl byder haosateecl a®RN esdasi cisi dollews:e Borwand:

forward e using the sane forward primer- SEQ I D NO 20) and_anot her
m ddl e TJE&G%@&Q‘R@Q%GQTW%M he rse IBnd. NGk _rev:’ei);se pRE¥ESE:al so
possessect@@eAmmAa@d@ége%%msEb [ aeh Stk everse priner:

ggcttcgatacattctgtat|ttct EQ ID NGO 22), Tagl recognition site is '
enphasi zed i n Beivery ef plasmide pr plaststhy gmftingosil-6@BSaindtIReGUSI (et RIPRN) The

initial PCR pr. I d wth Taal and.ruyn | ,tQ obtain 3
bands 3 f PORTF CHESSE 19 IR aagd amale a &= FReor ey SHds i oicd

upst r eam@is ¢6x PRNY hle@itch @ipieMBd hhe@ spreddBk Sndiéaté By PERY Qrd¥eRasiviéfor
renoved. The remaining 2 bands were extracted fromthe gel and ligated to

t he nut attbeifoblopvipg grafiore experimentiest ed PCR to obtain the desired sequence

(Befl to Taqgl . 1.S51 T e I | i e G at
position 744, S|Ié!r11(§/rglo\‘?et %?16 F%q i&inaalto B%ﬂ%vbﬁsﬂﬂ %‘ﬂ‘ﬁ@r‘?h‘[gﬁgfgg %g%[f%?mﬁ]’orwar d)
and Mael Iweré re@afedse) urtfatedi tﬁbdoﬂl(i Saﬁii tt@iiat{ofpliim@;ﬁpwtivﬂm (the rootstocks). The

ctgat gttccccgt ggat gt gaaggcccat EQ.ID NO_ 23), BstDSI recognitiqQn site is
enphd8i zdaotsteckpware PR analyzes for st @eﬁ@&‘bpa%&w@aﬁqﬂém%mi ( SEQ
ID NO 2 jot ' ' irzeshl : ed G(Cin
the reverts SRachd HORFRANLABCTIE M pARIRIEER by & PREIARESD Pk
product hol di MRelivery afl gilasndds |to GlarityebyPShuking duRoptsanfl sedwkings @dupdungf t he

first st fl to Tagl with a.m ssi T . | d wth BstDSI. and
Vel |1 e day Bfeechy BaRRER S <Rep R R TG e et
i ncl udi ng 2.5qeastdach 6 1Lh60-BEGAHTRIGUSIGRRbIE it Wald. TR IS R@WIetoWeplinBceF!

and Bnmrl, a fragment was renoved and repl aced by the sequence obtained in
t he sifepdheisaleiiomentil aldigeid WesJoaked wmAnogher yolunid efsvater Wasihan addedaadd G) .

iii) ad i.op. of, 4 i cids. a r i . 0 atyl . V2
Cpr e- codtiet 1B 1 R PR T pahtts Sraf oot i boffe Rt
descr i bedphadef GUBwes teflod ptiisditdllbyPCR-iHApHRS leavesie | L- 60- BS vector (SEQ
ID NO 1)-of the present
EXAMPLE 1
20 IR and the sense viral genes (V1 and V2) are sufficient for stabilization, movement

and spread of artificial satellites in plant tissues

IR-carrying satellites are activated to-replicate, move and be expressed, either by

a helper virus or by the mutated disarmed vector IL-60-BS (see W02007/141790,

25  incorporated herein by reference). The following example now shows that the sense-

transcribed genes of TYLCV alone, under IR regulation, are sufficient for self-

replication, movement and expression. This genomic segment can promote replication,
movement and expression of IR-carrying satellites irn trans as well.

GFP was fused to the 3' end of CP in the IR-V2-CP construct (Figures 1A and

30 1B). Leaves remote from the point of injection were analyzed (Figures 2A-F). Upon

injection into tomato plants, GFP fluorescence was observed mainly in the nuclei of

phloem companion cells (FIGs. 2C-D). It was also observed at the cell periphery,



i nvention was constructed by ligating a linearized (Sac |) Bl uescript
I1-KS+ plasm d (Stratagene, La Jolla, CA, USA) into position 2443 of the
| L- 60 pl awoi2dio(BER11 D NO 2), interrupting the rep (rol lpcrgLmios/edoes2
replication) protein (SEQID NO 7) at position 93, within the N-term nus.
The gene coding for C4 (synptom expression) was also interrupted by the BS
insertion. Construction of IR GUS-pD3-1 The IR- GUS-pD vector (SEQ | D NO
13) was CYASesHOS reevesienhaptoss plasgodesmatR(FIikis @4, B @s ovsdk aomrmesephiyllpart  of
the 5 UT e protein ORF- (positions 61 to 473 of TYLCV,
accessioﬁgggﬁ?gg5%§9€£ing forward prinmer 933: atacttggacacctaatggc (SEQ ID
][\IQ 29) and r eRER aRalpsis iRlicatllithe pedseregFdodc TYACAACPSINQ GEP ddqueddd}, asThi s
ragment was terned "I R-region". IR region_was T/A cloned into the plasmd
pDRFVE, t%elhasdeeCY pBrascHPl malrsated pﬁﬁ&o@@ﬁ@ﬂ K& %Qez)abserﬁ% of d?ﬂ“lr}g
sequence pf1 EYSu(AAES (ke ) 3RdkaRl FROBYBIACCRER] PYIEVAAE FhedeSEQ | D
NGO 31) was cleaved out  of a GUS-carrying plasmd wth Sad andSail and
i nsert ed results indiSatk [thaddBI VZHCPaGED rephiRhieE and mopies gntitseoverf. dslhwas prasent | R
regi on. Cbni%ruction of | R-PRN\- - qu | R- PRN: pD vecaor was fonstructed by
pl aci ng tRelNehBURR Of COBRmINTL CoIS (Yo the &F gli’eé‘PE’Fercé‘“ aPPRATRY Yal FT%%genes)
of P. fl yspssRamstal correspondi ng to bases 424-6165 of GenBank accession #
Ur4493; SEQ ID NO 32) in place of GUS in IR GJS-pD. Propagation
of | R-V2- CP, | Frhg2IReW2eEip construgeannigiduqe-replisstiom and mapvement obanathar INAt i on to
plants - .E._coli_cel. r r | SErd eonstructs
and p@opéﬁéfaéig’ Bﬁogg&rlhgr%%? cbﬁ icggf;ééloagﬁ 6#; E&‘@@loﬁ&%\r{%c R\A%dsthgg thég ed
usi ng st aagiitd IRFEUS{Figase 1CRWY¥R2mobilixad and expressed IGIIS th theqiréseneendOIR! ant s,
wi t hout mnedi ati on by Agrobacterium The stem 'or. | eaf petiole, of the
recipienfv%ﬁght was punctured by a hypoderm c needle. A capillary tube was
inserted into the resultant hol e, gxi mately 2 mcrogramof DNA (in
100 M of 5 MM Tris-HO; pH 8.5) were pipetted into the capillary tube
until fully soaked by t hBeliteanof IIR69BSRogpilenty by graffimg PCR anal ysi s was

carried out acgordi ng to standard. procedures amyr oa d ssel ., 2001).
bri mebs used (0P Ay g Gards il B fran 3 Speaticff, (RES Figurd
illustrate that both IR-GUS (Figure 4) and IR-PRN (Figure 5) were transferred from the

scion to the rootstock where they replicated and spread.

EXAMPLE 3
20 Delivery of IL-60-BS by through the roots
Figure 6 demonstrates that IR-GUS was transferred through the roots and
replicated and spread in the plants. The same result was achieved when other IR
vectors (IR-GFP and IR-PRN) were transferred through the roots of additional plants
including tomato, tobacco, grapevine and periwinkle (d'ata‘ not shown).

25

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all

30 such alternatives, modifications and variations that fall within the spirit and broad scope

of the appended claims.



CP-GFP are set forth in Table 1. Table 1 Primers used in order to detect
@QUS were as follows: Forward: ATTGATCAGCGITGGTGGAA (SEQ I D NO 25);

Rever se: WOQEBIOEESGAGTGAAGATC (SEQ I D NO 26). Priners uged/ILInoo@es2 t o
detect PRN was as follows: Forward: GCGAACGAACACGATAGCAA (SEQ ID NO 27);
Rever se: CGICAATGAGGGCGTGAAT (SEQ ID NQ 28). Delivery ofplasmds to plants
by grafting - 1L-60-BS and I R-GUS (or %%Q-PRN) were injected to tobacco and
tomato plants Al publicstiansdpaiente prd apenteapphicaiinns mentignpd in disspesifigfRy have
been repl I i he

Fol 1 ow notersran AROmUBLER fo Wtk SBBLERY SEeeHcE i (HE cFeitauBl, £t Bimk |

whi ch | R-&idntas if é%cl?lﬁﬁdilv\ﬁna pubtis#tivh, pateriteor Patent epblmatmmmeqbefemdaﬂpando and

tomato plants respectively (the rootstocks), The root to s were PCR
anal yzed Wgpvidyasy dndicpief tBrke meaPArate ﬁmmby griaranchgln pQalion, Lilalion &t ed

fromlgav i

Lo, L2V EnS ARG of WA HEnAOn s oo Al B 5 cd sty R heRiFRion

pl ant | et sthat mwtreferezrmbas; awlagleaqsepmmwi) towthe epredentyinvention. iTonthd exEme thapot s.
wer e soaked.in a 2- B d I R-GUS..dissplved in water.
The pl ant Y&t W@%é’ﬁ?"ﬁeﬂ @ﬁ%h'%%‘ﬁ‘h{“?%d’ﬁ Cﬂﬂgf‘}eg Inefeisﬁadflﬁll g "&o0aked up.

Anot her volunme of water was then added and after it has al so been soaked up
the plantlets were planted in pots. Replication and spread of GUS was
tested periodically by PCR in upper |eaves. EXAMPLE 1 IR and the sense
viral genes (VI and \2) are sufficientfor stabilization, novenent and
spread of artificial satellites in plant tissues IR-carrying satellites are
activated to replicate, nove and be expressed, either by a hel per virus or
by the nutated disarned vector |1L-60-BS (see WXX007/141790, i ncor porated
herein by reference). The foll ow ng exanpl e now shows that the
sensetranscri bed genes of TYLCV al one, under I'R regulation, are sufficient
for selfreplication, :



novenent and expression. This genom c segnment can pronote replication,
novenment and expression of IR-carrying satellites in trans as well. GFP was
fused to wbeomoogssd of CP in the IR V2-CP construct (Fi ggigag2domes: | B) .
Leaves renote fromthe point of injection were analyzed (Figures 2A-F).
Upon injection into tomato plants, G-P fluorescence was observed nmainly in
t he nucl ei of phloem companion cells (¥1Gs. 2C-D). It was al so observed at
the cell periphery, suggesti ng novenent across plasnodesmata (FlI Gs. 2A, E),
as wel | j [ 1s (FIGs. 2A, F). PCR analysis indicated the

pr esencea@#&ﬁ%ﬁ#ﬁand G-P sequences, as well as TYLCV transcripts
intreated plants (Figures 3C-E). The absence of other TYLCV sequences

(Figure 3F) indicated that the plants were TYLCV-free. These results
i ndi cate that 1-R V2Aapethpp of ggplessing s makscwlp\afsinteest g aoplant, drpmgghpdpr esent

in the nuclej. of ni o I at e. cel | P ..and rently,
across plccaé%n ?ﬁggé’nﬁ&ﬁ?&%%@?#&; cP(IJ;}nngtlrn ugt L%lgﬁ&ll n%ﬁr{é%lsﬁgpﬁ ?g%?o(ﬁ{éand
movemnent @émﬁlﬁxﬁhi@a{]asaNéxlbx?ssﬁdrﬁF@stmaFTd ad pgallbe sB)l‘dAa( tclaastiom) Gﬁniﬂﬂliml;%sl shoxém
in Figures 3A-B, the artificial satellite IR-GUS (Figure 1C) was nobilize
and expr e¥8%H CXRISSSION cARStyck 4@ heecalisprbedpy stig, romwgi@@rﬁsé}qwswtmct

of I L- 60- S . N u iel a ¢ i es 4
and 5. Speg? ?gizr%n%yp &ﬁlgcgg&flgeg%}%?ﬁllglr ?%sﬁ(g%%q(fﬁeflt inltgbg{:%’ }aEéGfJu%h(aF%g{? re 4)
and | R- PRNpfessignreengjucivbeingt capablecofr sydteimio rsymipéomslessospread itha plauit est,ck

wher e the% replicated and sgl%egd. E)%AIVPL Del ivery oflL-60-BS by through
the roots Taﬁf’gﬁ?’épf%ssa’&?o‘ﬁe{% QL prest n was transferred through the
roots and replicated and spread in the plants. The sane result was achieved
when other IR vectors (IR-GFP_and | R-PRN) were transferred through, the
roots of addit3-onalThsi methodi aticladinnd, whain saidoGamivirey hpsodi erpression

periwi nkl & (eak as "o 3 ‘polynucleotide sequence encoding a C2 and C3 coding

sequence.

3

3. The method of claim 1, wherein said Geminivirus based expression
construct comprises a polynucleotide sequence encoding the molecule of interest, said
polynucleotide sequence being flanked by a non-contiguous nucleic acid sequence

encoding a Geminivirus replicase.

4. A method of expressing a molecule of interest in a plant, the method
comprising grafting a section of a first plant infected with at least one Geminivirus
based expression construct onto a section of a second plant, said expression construct
comprising a polynucleotide sequence which encodes the molecule of interest, and
further said Geminivirus based expression construct being capable of systemic

symptomless spread in a plant host, thereby expressing a molecule of interest in a plant.

5. The method of claim 4, wherein said Geminivirus based expression
construct is devoid of a polynucleotide sequence encoding a C2 and C3 coding

sequence.



Al t hough the invention has been described in conjunction with specific
enbodi nents thereof, it is evident that nmany alternatives, nodifications
and vari agpoofooddch be apparent to those skilled in thepgiiiL200666068H Ngly,

it is intended to enbrace all such alternatives, nodifications and
variations that fall within the spirit_and broad scope of the appended
clains. All publications, patents and paét ent applications nmentioned in this
speci fication @re hEremethadcof shaimt édwhareitheaid Gaminivirys bgsede¢xnressioa i nt o

t he specif] i,on, t.0o the sa e s i f each.ndivi |, . | | catd on,
pat ent orgoagt?%értltcoggﬁ $SchlP ?lgﬂg&m%(gi%psgé?%cgaepf%ﬁ%gl G Iﬁélle\(}‘il g%’éllﬁtgpﬁshﬁﬁlgat ed to
be i ncor peipiweitotigs dedudnye el Aasied by AddhicomMiguons tralcied a6id sequence
identification of any reference in this application shall not be construed
as an adrfingeqiag aiGeminifup replicéseence is available as prior art to the
present invention. To the extent that section headings are used, they

shoul d not be construed as necessarily limting. WHAT IS CLAIMED IS: 1. A
met hod of expr@&ssi gy LGemihivirus ebasedi ekpression | comstrpétantapablee offe sysdenic
conprising contacting roots qQf the plant in a solution conprjsing at |east
one. Geni rVTIRITRIeES, SBEad By & SRprin hasin 4R GXProstion Lopmist | BRiPEs dedoldt of dast one
Gemi ni Vi rgétyRRRHIEXRUERR! AR &RF 8 AU CPchEngRFeR@d by said roots, said
expressi on construct conprising a pol ynucl eotide encodi ng the nol ecul e of
interest, and further said expression construct -being capable of systemc
synptom ess spyead 0 a.pl : r. .essing a nol ecul e of
interest in angI antThefo%?glg}r'rg?%%%M&pcg?lg?%cgég}é\ﬁgg'ei n said Gem nivirus
based expressi(g?ﬂ CW@brynﬁéleb@dedeetﬂlbﬂcd)Ena)dmg wNGemaavinge itegerioceginnc odi ng
a C2 and C3 coding sequence. 3. The nethod of claim1l1, wherein said

Geni ni vi rd&)based expression construct conprises a polynucl eoti de sequence
encoding the g ecul soihud itk SSluensibitoB il HIGAITRH iR RE BGR pREAT

fl anked by a non-contiguous nucleic aC|8 sgquence encodi ng a Gem ni virus
repli casqCP}and net hod of expressing a nolecule of interest in a plant, the

met hod conprising graffing a.section of a first plant jnfected wth at
| east one GenmiMiNi r%?ob'gg gOtiden FRAVENGH, eRendlng GCWOS&‘FS QCQHHY%I’W‘)% second

plant, sgigefigygssi on construct '

9. The expression construct of claim 8, further comprising a

polynucletotide sequence encoding a modified replicase protein (C1).

10. The expression construct of claim 9, wherein said modified replicase

protein as set forth in SEQ ID NO: 36.

11.  The expression construct of claim 8, further comprising a polynucleotide

sequence encoding a modified C4.

12.  The expression construct of claim 7, being capable of replication in a

prokaryotic cell.

13.  The expression construct of claim 7, being incapable of plant to plant

transmission by an insect vector.



conprising a polynucl eoti de sequence which encodes the nol ecul e of
interest, and further said Gem nivirus based expression construct being

capabl e ofoxyfiiRMEeg Synptoml ess spread in a plant host, pihatseyofRyey €ssi ng
a nolecule of interest in a plant. 5. The method of claim4, wherein said

Gem ni vi rus based expression construct is devoid of a pol ynucl eotide
sequence encoding a C2 and C3 codi ng s¥quence. 6. The nethod of claim 4,
wherei n sai d G ni The expréssipadconstipuet f i abaime b therc corspriging 8 dstegologous

pol ynucl 2§0§li delsg uence encodi ng the nmol ecul e of interest, said

pol ynuc| SYYHESQ aﬁé"rﬂ‘,‘gn‘i?ei ng flanked by a non-contiguous nucleic acid
sequence encoding a Gemnivirus replicase. 7. A Gem nivirus based
expressi on construct, capable of system c synptom ess spread in a plant
host, the exprEssi ohhedprestior emisisuctded ofleimbild WheseHu SaidohetsEologofitence

encodi ng lgﬁncf’e%gdggslﬁ%?-fﬂﬁfﬁ uence. 8. The expression construct of claim
7 conprising: (1) a poliynucl éotide sequence encoding a Gem nivirus

intergenic region (IR); (ii) a polynucl eotide sequence encoding a nodified

Gem nivirus co protein (CP); and (iil pol ynucl eoti de. uence encodi ng

a modified Genfémi vi FhEs eﬁfPé“—é%%\? RSt ‘Ftno%\ﬁgj‘l.mgf > TH e’&%brsé'é’:ﬁ'gﬁf@%%‘lsr uct of

claim8, fdddifionaO i Ahiget ind KBO! ynucl etotide sequence encoding a nodified
[ a)." 1

replicase protein ( 0. The expression construct of claim9, wherein
said nodified replicase protein as set forth in SEQID NO 36. 11. The

expressi on co ru of clai.m 8, furthe onprij sing. a.pal i
sequence encogﬁt‘lg ;{‘%oeﬁ‘f’feéﬂoﬁ‘?onf%'?‘c%ﬁé é%g’?ejs‘gi gﬁe%abl{;ssta?djug&%legﬁbgﬂ% m 7,
bei ng Caﬁﬁh&@c%tiﬂ@%mgﬁéeis@ﬂ opéro@. prokaryotic cell. 13. The expression
construct of claim?7, being incapable of plant to plant

18.  The expression construct of claim 14, wherein said heterologous

polynucleotide is adapted for gene silencing.

19.  The expression construct of claim 7, further comprising a bacterial

polynucleotide sequence. ' :

20.  The expression construct of claim 8, wherein said modified Geminivirus

V2 protein is as set forth in SEQ ID NO: 6.

21. The expression construct of claim 8, wherein said modified Geminivirus

coat protein comprises an amino acid sequence as set forth in SEQ ID NO: 3.

22.  The expression construct of claim 8, wherein said modified Geminivirus
coat protein comprises a mutation or deletion in nucleotides encoding an N-terminal

100 amino acids.

23.  The expression construct of claim 8 comprising a polynucleotide

sequence as set forth in SEQ ID NO: 10 or 11.



transm ssion by an insect vector.14. The expression construct of claim?7,
further conprising a heterol ogous pol ynucl eoti de sequence. 15. The

expr essi oRoeeNElidest of claim 14, wherein said heterol ogeysrRedyives) eoti de
is larger than 1 kb. 16. The expression construct of claim 14, wherein said

het er ol ogous pol ynucl eotide is larger than 5 kb. 17. The expression
construct of claim 14, wherein said he3l6erol_ogous pol ynucl eoti de conprises
an operon. 18.24The Ebepreaprssion cenmstrucic of oflaiol aidn wherewheaish rheteaglagous

het er ol ogous | ypucl eotide i s adapted f epe silencing. 19. The

expr eosi P EBREPPHE Enaes fabrPat s rofbRE ahy SStsiRpeitq whoier

pol ynucl efbletifle SRR GE! mdlRculthe vRXNhSRE), ah afffnpilufblebile CdrPariibicterdler ei n
said nodified Gemnivirus, V2 protein is as _set forth in SEQID NOQ 6. 21.

The expr d8glegHecahdseeiciesistanes maleale, \ahberbicides rsistangelimoleilaanbioti¢i ¢tus  coat
protein CRERIJ a 1 N0 1 g, se set _f i I 3. 22.
The expreag)g(? gn%%ﬁs&rlﬁg%&oﬁo g%ézglllels‘n %%\%ﬁg?%;ﬁtﬁéaga{vgwﬁ%%f f%]gmmﬁlrﬂﬂ\%n us coat
pr ot ei n cnolpcilsemda growth inbibiting weleedleon i n nucl eoti des encodi ng an
N-term nal 100 am no acids. 23. The expression construct of claim$8
conprising a polynucl eotide sequence as set forth in SEQ 1D NGO 10 or

11.24. The expyessio eQpeisiott oinel dfidith ANEEGER AR Geh@lifh® dOQUS
pol ynucl eoti de encodes a pol ypepti de selected fromthe group consisting of

a report dregombeices.e, an antiviral nolecule, a viral noiety, an antifungal
nol ecul e, an anti bacterial nplecule, an insect resistance nol ecule, a
her bi ci de resi stance nolecule, a biotic or abiotic stress tol erance

nol ecul e, a phgy. MaCEhY egptessio @6htfict df QLM 17, | ikki€inNthenTetdilitus dd a
grow h inhibiting nolecule, 25. The expression construct of claim?7,
wher ei n tFemate yelow laafi susl yirys GEYEHY r us.

27.  The expression construct of claim 7, wherein the expression construct is
adapted for expression in a plant host selected from the group consisting of Solanaceae,
Cucurbitaceae, Umbelliferae, Liliacae, Gramineae (Poaceae), Rosaceae, Musaceae,

Vitacea, and Cruciferae.

28. A method of expressing a molecule of interest in a plant cell comprising
introducing into the plant tissue the nucleic acid construct of claim 14, said
heterologous polypeptide being the molecule of interest, thereby expressing a molecule

of interest in a plant cell.

29.  The method of claim 28, wherein the molecule of interest is selected
from the group consisting of a reporter molécule, an antiviral molecule, a viral moiety,
an antifungal molecule, an antibacterial molecule, an insect resistance molecule, a
herbicide resistance molecule, a biotic or abiotic stress tolerance molecule, a
pharmaceutical molecule, a growth inducing molecule, a product of genes in a

metabolic pathway and a growth inhibiting molecule.

30. The method of claim 29, whefein the genes in the metabolic pathway are

encoded by an operon.



26. The expression construct of claim7, wherein the Gemnivirus is a
Tomato yell ow | eaf curl virus (TYLCV). 27. The expression construct of
claim7, wheoRiddsishe expression construct is adapted fopceXRiRSEioes i N a

pl ant host selected fromthe group consisting of Sol anaceae, Cucurbitaceae,
Unbel Ii ferae, Liliacae, G am neae (Poaceae), Rosaceae, Misaceae, Vitacea,
and Cruciferae. 28. A nethod of expres¥ing a nolecule of interest in a
plant cell conjii siTig inethodchfc¢laig1 281 wheremn ﬂieepianttiissslweteﬂrfeomuhtt grarpaci d
construct of. ¢l ai sai d h ous t| de rrnl ecul e of
it or ot coPRisREgL E Sl L URUDLRRE BT OPEOREE. 3 Filadhp g Crifgipfac

The et hc{‘l”o@éeagj 2IRPs2Rae WHBL&P, Vt%eﬂ”ﬁh@ﬁ@rﬁclﬂzfrad nterest is selected from
the group consisting of a reporter nol ecul e, an antiviral nolecule, a viral
noi ety, an antifungal nol ecule, an antibacterial nolecule, an insect

resi stance nol ecul e, a herbicide resistance nolecule, a biotic or abiotic
stress tol erance nol ecul e, a pharmaceutical nolecule, a growth inducing

nol ecul e, a product of genes in a netabolic pathway and a growth inhibiting
nol ecul e. 30. The nethod of claim 29, wherein the genes in the netabolic
pat hway are encoded by an operon. 31. The nethod of claim 28, wherein the
plant is selected fromthe group consisting of a Sol anaceae, a

Cucurbi taceae, an Unbelliferae, a Liliacae, a G am neae (Poaceae), a
Rosaceae Miusaceae, Vitacea and a Cruciferae.



