1 METHODS FOR EXPRESSI ON OF MOLECULES I N PLANTS BY USE OF GEM NI VI RUS
BASED EXPRESS|I ON CONSTRUCTS 5 FI ELD AND BACKGROUND OF THE | NVENTI ON
The present invention, in sonme enbodi nents thereof, relates to

. CGem ni-virus.constructs capabl e of synptonl ess, system c spread in

pl ant hosts. Pl ants may be genet 'Ll,cal |y engineered for. a variety
of purposes including for the generation of plants wth enhanced
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wel | as i RHIEaANDBATKISROBNG Off THEAMVENTIONSe delivery nmethods is
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becone a heritable frait raises many risks. Iraits beneficial to
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several species or varieties of plants are still dif I
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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



uni versal notif TAATATT/ AC and a binding site for the
replicase-associated protein (REP). Two ORFs are expressed in viral
orientation (V1, V2) and four ORFs in the 25 conplenentary
orientation (C/ to C4). Each gene product appears to participate in
nore than one function. The viral ss is transmtted to the plant
and convet gk $apyonwBles| of-the regnelof iptareyt. DRirel (vestors Baa beenf engigeersyd fone
host nmachi - .apl i d i a

pr ot ei ns%@??é’l Ofgg%ggégﬁr}@e{@t éf%dﬁg%ﬂ? ‘?/Sgg’%i %Fﬁ{)%ﬁ@}%gtgé}ogﬁhsr epPI cgsf iﬂgﬁal
(dsDNA t cexphsdabidn .systeme s consideredr wdnsienpexpresicn syeehiscifideahe 3&tal Rdtjrs
is initiated by REP, RCR jnternedi ates may_ serve as tenpl ates for
dsDNA r epi'f &4t Y%ﬁg,rata‘éyéﬂd%ge%ﬂ%%@cd@ﬁfe gve, (wral ygctors stil digld Bapye
of repli j t r i ral r : f ,
or odug, ng iuans, PACKER e hivg ! PPLARNSE s PR AT MASp i ho%:
t he i nitithey prsses thRR@bilityTtvenapurelde spreabiipiitesnoplents irethe dieéd, tahé in some cases,

encapsi dat e transported to other tjissues or transmtted to other
ol ant s, ABH e e FERU paflrt o geedr 9ahE 1onh BEDSTRT R RYACIprS aitaplso
novement [phidl i théie sPi@fic sphead ih MR s1aat iPh&s: Pddpe, eRbreVdion 3Bl - andlif
viral genes VI, V2, C4 and probably 5 &2 are inplicated in s ngtpm

appear andae sireloinserh yichawa be tyleraied. Binsihwrike tranbgenis pleats, modified viRwes

have po dj t eQle i ir repli gat i r ion_(s e
o 1165 yir Sfdsgl e S Rrat e SR kIR 8T Tl sl st e
rol I'i ng- ceglhterpiais@oralovigtreiits. and pat hogeni city, however, require
the activity of .viral gene products. The association of viral .
satel lites witYRR& Reiqneangstoj the fampily Cempuvirigag ey one MM fatrglar single-
Satel lit ' r C i rodafe Q) C chels.-acld,
depend o%?rgnﬁég %@P@ﬁ%’? E#n%?%rt‘?(ﬁ g@rlnéregﬁ)f{ingsg{l%%p%ﬁ%ggu&g’ &ﬂtgvl%kg
gem ni vi rMgsteeygasasatmtl Top82ntrases- hengerldiiA witlie| thist éammdys Whiclsthave been
reported et al. in 1997, Proc. .Natl. Acad. Sci....USA 94,
7066 Foo el Espidia 14 eRETS CLRTDn st CATRISIILY: S Ry eranse
TYLCV andBdhiothoRthscshefit @eqUaNaRnBRIRI0dY Mbhifitd NRnoAk PRI \ird Ushitefly-
However, the satellite carried two 15 notifs that also reside in the

| R of t heramemyseible,j Thesasseeiatiompf satebite HNeAs Madpmepepdrtitgnbegomeviruses is
REP- bi ndi L er gemni-associated satellites have been

di scover eaggge?%egeﬁlftﬁfgl Briddon et al., 2001, Virology 285, 234-243;
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nucl ear 1 ocalizati n ' cing suppressipn (Cui .et al., . 2005, J.
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satel | i t qreph eTwh @§F§ﬁf8351gﬂk§s€& & Wikt ol (VRlvAaingl fobf ORIRMS the
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vi rus®s. cemplamdnianyorigniation Lt G x Each gemetpredichappearsue pamigipate in more

supported,for _replication hy. ot em-ni viruses, as I 1. .
b nat B Prb R RA R via N S0 TR0 B AT i somveryed invo
based congwublécdi@nidie (&) NDNRE (tepfiedtivedics AN USNER hestbRachRi$s e dsDNA
flanked by a non-contiguous nucleic acid sequence encoding a

Geni ni vi rigeliqagas|ang gz3presses vERMURRIACmABteingy/FirFl geues are not Agvodyedi indhiso

an aspect di f r i ti t L Sq:nss
provi ded Sé%?e?ﬁg% hgﬁéehx ﬁé@s}i‘fin% géﬁrﬁgﬁZcﬁﬁgrg% & %%g rllé)glgh § Eﬁélgp]{eglrl&tmn
t he gt hqRGRONRr indtiakg] 69RER RO Ind@ingdiafestfigy gbaBtas Rnplaed firi WDNA

conprising at |east one 5 Gemnivirus based expression construct so
as to al |'6pligatanafepcadent omdioskgens ey pisthe Bsxirdags eh rendicatipncihe

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



10According to an aspect of some enbodi ments of the present invention
there is-provided a nethod of expressing a nolecule of interest in a
pl ant, the nethod conprising grafting a section of a first plant
infected with at | east one Gem nivirus based expression construct
onto a section of a second plant, the &xpression construct conprising
a pol ynudebt(plde tsmmprieney ish¢sstntiahdoridle tnitatiol ef RER ofThe mregenyt SSDAMA
15 further

of syst orPEleGgpEoritel bRl AARIFaR, O b ke b JoilprEE 1 R

nol ecul e glintk.NAETe8SttthieB varaPlp8i¥ products ard\iBgliciieddintviras vepRROGItARNS
of the invention, the Gem nivirus based expression construct s

devoi d ofPlentp ¥Ry hedeat pateis £gbeMd canshchdThyvisal genembl 042, Cstimyprobably
sequernce. Adi.ng. i EentS; t i Vﬁnrstujnﬂﬂ t

Gem ni%vi r%%géas %@%%%@ﬁﬁﬁc@ﬁgﬁ%ct g?ﬁ%&?es%ge%@bo ynuc?lg’o |%I%f the
sequence drt ORRAY hie noalieet kele dh vind DNAL replititiopodry enpeessivhi @eme have
sequence being fl apked by a non-cantiguous nucleic agid sequence
encodi ng HXEREY KA WRerpas he SLeORR(ER) i 1ﬁ§°nlf"EA %Yé%ﬁ@é?ﬁl&s-%rs hase.
enbodi ne | ISt | 988 fFoducts.
Geni ni Vi %@vg&%@gﬁ%@ 3] %W’]gg‘ﬂé‘iér?&g%‘,.?{:g‘ﬁgﬁﬁ“ég’o?@%?em@o uets
synpt onl ess spFleadssoniatiop|envird] osatelliteh ewitl REA sviowses dast wetitddsginegted

devoi d of .a pol ynu i de sequence.encpdin an odi .
seque&?ce_.pher'l me ORc%feg{ih_@r ?‘f’)he reTREpRI LT s‘gn‘gee'qwz?%d?dq*ré%egi Blfcri‘%ﬁeaad’
present | dbp@ﬁu bR Hel}RF Qirh$ fdt 1Rk &gflicatidiE A SéinDiviRX RESTEHE) 682 MateRabe
of interest in a plant cell conprising 30 introducing into the plant
ti ssue thaNAusatadiile wasi firscepotied by Dkt pl és dRY7,iHioeAYatb caghaci. USA 94,
het erol o Y. ' i -8CUl i r ther .
xpr easi s ML REP e R bR TR Ryt B TV 388N ot
to sone afbedismoice hdmblogy iwivenhd helpei hrueXPowswrp thecsutaliteucdrried two
conprises: a_polynucl egtide sequence encodi ng,a Gem njviru )

i nt erfeni Bolksgharplya eyide gy the B gb s iugeths agierial Slgfeibap mptif and
modi i ed tﬁ@’ﬁﬁp-ﬁinﬁglgnlggﬁ% nC(F:lBE}I %érﬂinf—gsps))é:ial?g%atellit@s hive bden&iscovered since

pol ynucl eoti de seq oding a nodi f CGem nivirus precoat
protei n (@) (Briddon et al: Ay HirogpgyR&SoRd4-Sdbddament et af, 1098 Vinslegy 23,

t he express| gn,. ¢anst ruct further..c i pol,y | et ot I,.de
sequence @i’é%’ %3‘05 ‘ﬂ'd%’? legjgé #e(é?lf' c%’é‘g?g?b?g?ﬂg%‘cﬁ#&%ese Sa&%@%r%ﬁﬁ‘ﬁ
to some eEbRGhINE fiférra tot AEDNAPEd DNA-1 )&re b h@fltHeaidie SRGE vRADDAA)
is as set forth in SEQ ID NO 36. According to sone enbodi nents of

t he i#vemudsnrry; nadditionde thegorsaestipnad matifss an QRE termsgfiGls £e gole of the

pol ynucl e %t%v%egég?ﬁiﬁﬁ&eh%‘%% g b%ggg‘aléé%ﬁgel AL Rtk buﬁ?tc%gﬁio%gbl&o

sone enbodl nent € inventi‘on, ressi on coﬁ% ruct
capabl e oihvélepd ircabi@fedt macldt d@liysiioncandadilencing suppréssvar(@uier 419 26061e
enbodi ment s, of the invention, the expressiqgn construct, i s ingapabl e

of plant toVBPhnt:t HEErir bninpynagy saseeof gaaviptiral IR dihRgsaglite
some embOogli R Hnptdif st I Minivide sRARISSP AbapQBsLtd Wd 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 WO2007/141790 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.
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further conprises a heterol ogous pol ynucl eoti de sequence.
According to sone enbodi nents of the invention, the heterol ogous

pol ynudeotide is larger than 1 kb. According to sone
enbodi mrents of the invention, the heterol ogous 25 pol ynucleotide is
| arger than 5 kb Accordlng to sbrme enbodi ments of the

i nvent i orpUMhMARS i NéIQNucl eoti de conpri ses an operon.

According to dlrrent the | nt i he het er ol

bol ynudeot i de 1.9%00&@5%?%311 Porecy Bheores FERE TR Ry ARE Gr e g PG e s
enbodi mergrgvidéd tah endtieof | APrestifg £ 161863E AT FRSdr HCh FIAAD! ths Sfethod
bacterial pol ynudeotide sequence. 6 According to sone

enbodi merfompaRingh eontacting: renis afhthenphint jiada Goktinny icpwpriviag patoleasty ong
as se 0 t

the T ventronipR Rueebhsert, somsiror HE 2L 8 Mgh B AR Tesbh 27 HBbis

am no acnhisaewp;remoras;oﬁﬂtucf @6 the absoBiQ bl ﬂH@ rodts, ThARRPrediiog doastavie
enbodi nrents of ,the invention, the nodified Gem nivirus coat protein

conpri se<CORDMING: RoRClRUGieAte] eRroimen tha detleele ofniverestg agd further the
N-termn

the i nventPanof REASLRE bERe copable HRIREAIERbAOTANE SARI LT Bhm: Jost
sequence tharelsetxpressing a mols&le bDinNPest iV aptanll. - 10 Accor d| ng to sorre

enbodi ments of , the.invention, the hetefo us ynucl eoti de encodes
Tt o ASTOEEREIS R Beeh b Shrms GoLotiBTats ol D Pretepic By iliop (here 15
mol ecul e,5raRdatd Wdigld OP! &pHs@ing & \héiduisifei¥ore@NinA At k) ARt method
nDIecuIe an antibacterial nolecule, an insect resistance nol ecule, a
her bi ci deompsisingagre&ingn @@cuioe ofza Birsst plantoinfestrdowith a tieast one EFasinivims
nol ecul e, h ul I h cing, 1 e

and a gro bv\s%cp )ﬁ;h?s%f (%]ongg‘u Oéh{r é SeftiorCof %\é\%orn I;ﬂgﬁlt:t) X ?esn}ég g)lﬂgt?u t

of the i roaiprisig, atﬁ@@neemmwséqmsmes whidhe gutdyd thes molecule off\diterest ngd
to sone enbodi nents of _the |nvent|on the Gemnivirus is a Taomato

yel | oW | darthery the \Geminiyinmg beged STNELSIATHI GOPSHUSt s BYIRE efapdblienoht ystmic
th
e invery l’n?)fbm feE!;E‘s ‘? B}[ﬂ?%ﬂz&ﬂ hSQ,WﬁE{eHgExSI Sﬁﬁ%%%& g@rof%Weﬁslﬁ'a%ﬂt.n

a plant h e group ol anaceae
Cucur bi t aceae Adzdnhhhg itbesces embiodaoeds ofr thei m&armc(nl?dhedam)lml\.%sabﬁaé,

Mu Vit f. dj t rrb d t f
the | nyerfRPIRLIoF maniBice 0 AEVaif of i efaBiciruidecitabthed eefife feCar i CS

consi sti ngdffg s ﬁ&l@@rtel’ nmol ecul e, an antiviral nolecule, a Vi raI
noi ety, an antl cg nol ecul e, an anti bacterial npl ecule, an insect
resi sMance rml@tmr ng 40 hsanag @lrd@dnwt%toén@e myeRem, che Lemimivinsopased

oot igh SRS SoMHESL SouAuPRAE SIS B Spqvt o

pat hway dfmreat, ghe \polynt:clbbiidet saqgeﬂmlmng flanked by aemafodugngmtsmummeacm
enbodi ments of the jnventi on, the genes in the netabolic pathway are
encoded pauEAicepRIogding 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 symptomiess
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 sone enbodi nents of the invention, the plant is selected
fromthe group consisting of a Sol anaceae, a Cucurbitaceae, an
Unbelliferae, a Liliacae, a G am neae (Poaceae), a Rosaceae Misaceae,
Vitacea and a Cruciferae. Unless otherw se defined, all technical
and/or scientific ternms used herein have 5 the sane nmeaning as
comonl y underAdconting yo comeoémbodimgaisyols Kiel inventiany ghereptessiomicohstiuge
i nvention _pertains. Although nethods and materials simlar or

equi val et hose described herein can be used in the practice or
testing of enfypdi manpsiydiiciédtRie! &4aBideOBhcolME P | GuniniBiul Offer gl @égion
material s are described below In case of conflict, the patent

speci fi cdB)%n, including definitions, will cont rol. In addition, the
mat eri.al s, methods, and | es_are jl.lu . § .

i nt enaed to b Hﬁecea Z}%ﬁ"%%%ﬁ??n?‘ﬁuﬁ%& f‘ﬁﬁ#iﬁfgg %&%%%@%ﬁgﬂﬁ%
DRAW NGS(CPE); and Sone enbodi nents of the invention are herein

descri bed, by way of exanple only, with reference_to_ the acconpanying
drawi ngs. Wt Kildped pplynudeqiidsnscguensg ensoding a snoditegh; Grainivirug girgraat
it is str &§Fn‘{fvt2?.at the particulars shown are by way of exanple and
for purposes of fllustrative discussion of enbodi nents of the

i nvention. |n Adebslinggarsdmet érabadisenispefi dre tnakmionyithé expessdomwonsfsict
makes apparent to those skilled.in the art hqw enbodj, ts.of the, .
| nverl®l oI SERIER B ARG ogr. SRS GReodgrt @oditied eeplicse protein
schemat i C(gj%pr esentations of the constructs IR-V2-CP (Figure 1A),

| R-V2- CP- (Figure 1B) and I R-GUS. FIG. 2A-F are imges
illustrating tAmsording jocseniecsmbizrlimenty efrihatinventiprR-the modidEd replicasmprotein
plants. Ejgqure.2A:. i control - untreated plants, Figure 2B:

Pl ant s trléea Sggf%étlﬁgig?é\éﬁ%n y, Figure 2C-F. Plants treated with

| R-V2- CP- GFP. AfordigBo sdfeBerdbediim@n@est tHel lisvbiitidn, e telxpresiRol otftruct
requirenment for in-trans replication and noyenent of anot her

sat el t durthsr Gamprisss 2 poyrygstolde seaence ercodings? Hrdibicd G RIAKIM t h
IR-V2-CP. Fig . I LPHeC j Pq;egg., ;
FIG. 3CF ar gi%ﬁgiﬁlo%?oagﬁ‘geggb&g I |SuF]Hf%ﬂr%oi?{‘l'e éwsnf gl}éngx geloghé%isgllljcrtés
3C. PCR anpdbjsokreplicdiibA ifh a prokahaicsellr eated with | R-V2-CP-GFP with
TYLCV-CP priners. 30 Lanes 2, 4, 6, 8, negative controls: DNA .
extracted froRGHIES S PBE shiedinerite of g BPeaion B iseSion tipstoyet i
from r?”ﬁﬁ&}phﬁé\sg@aﬁf to A tdinéMis§ioh 89 awidct RBoé- CP- G-P. Figure 3D
Detection of TYLCV-CP transcripts by RT-PCR in plants treated with

| R-V20CP- 8 @Rrordiegide spme4embBodimenROr ies inyantione dhe xpissinn Rqastruct

tenpl ate S rom vari.ous plants injecte ith 1R V2-CP-GFP. Lanes 3, 5,
7. sane rfg%ﬁg?icgﬂ.‘gng%rarﬁeé%fogjﬁpquqﬁ&f qeeo\efggﬁ%quﬂﬂﬁf'terrpl ates w t hout
reverse transdcpidisg. td-i i€ smbodieiRnanadfy she dveplic)t Ihovi hétefddgous
priners. Lanes 2, 5: plants were injected with IR V2-CP-G-P. Lanes 3,
4: DNA 5 DRbgwugleotidecisderser bad iikbr eat ed pl ants. Figure 3F: PCR assays

to rule out t n Y b - \/. - - LA ect

PCR was conduc ngfﬁmﬁgh?irggﬁgs%?a%kg/ @ﬁ%%fgg?blghotg?dﬂé%g% Ou|Sn
pl asmsd- tpobatueldoddulis\anpesthamb ddt ed pl ants) and with prinmers for TYLCV
C2 (product shoul d, appear only i YLCV-infected plants), Lane 6:
negative cont risfcor %ss%ﬁd%‘ggémﬁ“@h ‘%NAET'r GBH??’eéb%d%BtF%ﬂi?@us
Size 10 kR ﬁg@oqﬂlpﬂgg bR obdignl eftmost |l ane in Figures 3CF.

FIG 4 i ??E%ho?ogr%p of Sanogt hfldi um brom de stained gel

denonst r at i ng Adverdies uka ssafic PERbadialeptsi soff dhe Gil®ention,odhet detesologuush
had been aftfed .¥vith scigrgs cargﬁi ng IL-60-BS + IRRGUS. Lanes 1 to
3: D f f erloh¥Iugieatigel§ 4dapg Y g5Part S ™anes 4 to 6: Different grafted
tomatfp pl ants. Addffing ‘to NRAH bMBodilitinfsObf (RO idvRARbRT @k - expMiiSiof: conkect
15mar kers. . FIG 5 is a photograph of an ethidium brom de

st ai ned gempdiseombaaterial pglynhdeolatseqeensé. PCR anal ysis for PRN in



25 The present invention, in some enbodi ments thereof, relates to
Gem ni -virus constructs capabl e of synptonl ess, system c spread in

pl ant hosts and net hods of expressing nDIecuIes of interest using
sarne. Bef ore expl ai ning at |east one enbodi nent of the
invention in detail, it is to be under&tood that the invention is not
necessarily | lmdoedingtb tdmse anbddisenisof theinvbRionetheinalified Getidiviridvn
the follow ng description or exenplified by the Exanples. The

i nvent i orPrP¥itiagapitdonh it HADMNBo%i ments or of being practiced or
carried out '”A:Yc%&dlﬂg%? ‘@%ﬁ. eml?odlments q?otf{@t;f?véﬁﬁbh Otﬂe'rﬁéélfiﬁa' "denfinfvits
(TYLCV) is a nonopar egonovi tcarries ’six overlapping .open
readi ng faoatpoteiiOBbaprides amamﬂncbmﬂ knqudmo‘eerstsem)ahhrySEQdm NO: Bnt er geni ¢

region (IR also termed "commo 0 servin ) r al in
of replicati on EH0AIIAS ta sznecﬁ%%ﬁmgwg p}h%%‘ffé#wg@é megifigd ég%wwﬂ

300-bp | qngy gﬂﬂelﬁ% é)‘ﬁ?csi Q‘i‘mﬁat‘:ﬁﬁ Mxeﬁéléhorﬂ‘iﬁ ficldMEES EREd¥ing §EQJ lté?nf@l
9] and a binding sit he replicaseassociated protein

ORFs are E}Opmaseeddsn Vi raI orientation (V1, V2) and four CRFS in the
conpl emsntary rientation (d to,C4 Wi ].st anal zi ng the

rel evance of t é‘gﬂ%stod?oéehgmsf%ﬁ%tst R ths é‘?@ﬁ{’o‘? n@ IBBUW&’S%C&
the vi ra|do¥n;ﬁ’fsb§£\f)ﬁ mﬂc&&ﬁﬁ%)secﬂ@ﬁ@@as\éet #3th BEQ D910 cwmh the viral
i ntegration region , were sufficient for the virus's dsDNA

repli®ation ( mndltlg @%Dwx;le embodiments zoft iba dnveatiohodhe t hetepnlogaus

and the r i

gt o TRGTEReRA: Rhgodks a JENEoude oA AR HBRLE R [ohsTHAR LE B Bforte
resul t i nmbRckeodn zﬁyﬁiremnolesﬂb,eadlrﬂrtdomadHﬂ@nhﬁﬂg&ﬂ&n@iﬁcult ramsankibacterial
tomato pl ants, and .C4 was therefq?re con g to be as§ociate . Wth
movenent TIGEIR &1 InFct rsigease waleuly E‘H 1c @2‘5@6?3 TOIECie, 1By MV E T
the pr eS%oti&%ﬁéﬁsof&erﬁﬁﬁén%&léﬁie aa ﬁnéﬁéuhﬁlv%b@ulfer 80 EFd%th fifveing
of functional O, C2, able to prom)tebNAreplcatlon
and nwbi Im@htulcmndmrowﬂx mkrbmuwnbheulpol ling-circle phase of

I h
G hol o st r andeReQRLpE oSS  SubBRFTS of i TRESR o GeilinRims, oo

and exprq;bgbﬁiavmurred wi t hout cau5| ng di sease syrrptoms

Wi | st reducing the present invention to practice, the_ present

i nventors sho @pourqhag to perEe ewhedimeats ofdhe invsation dbe Ceminipiressis * Herastgn
DNA in a %‘?’IE nd 3C-F). The present inventors further
showed t {H%ﬂllfzéﬁggﬁéﬁééc caﬁld be used to aid in replication and
novenent of anAtdeedingewisoinei emisodiaetsl of ahe iﬂvieh@or(, Fhg exeressior B)nstrdé isn

addition, the present jinventors discovered t em ni Vi.r us sed
expr essi GaDEd Her Xpfission 1%?8?%B%§5IS%1"'6'3F‘1 ’EHP%%B‘?%‘ESG"’

in a pl ant,dpsl.ore gﬁmﬁif&agfmﬁtm @Fb’if%&%d(}"éhrc%e}i Rb#iead!| Bubdceac,
roots (Figures 5 and of transferred fromone plant to andther via
grafting Y&hcga,rcezdzl)‘ruciﬂms., according to one aspect of the present
invention there is provided a 30 Gem nivirus based expression
construct, cap bIe of system t om.ess r ead a pl nt host, .
The” by b5t omACTRAPE J310E TEHRABRG b, imany ke stolRelS bf daRes: i
encodi ng &1&@%% dpeg SR repor le&le, USCMDRAIGhOIeciBS viral
phrase "system c syrrpgl%rr?esg spread” F%rfeérrgotco St:he abll lity gc t’heVlra
pl ant vi rmsichssednikogdmatcutitenpntbanterial modeauican msecstpc:eﬁalnceflmlecule

le, intq.l. . t t
nduci ng % METRHER aEvsPRes OB RvPPlE Sy bl Eat roldhe apoitite, o
yel | ow ngphir@aéeutivsll bidtbcuk! LH“gr&ﬂthOﬁndﬁbﬂfgt ofl@M). a YrodiRy SdfORBRAL ird @f
flowers or fruit. Exanmples of susceptibl e host species include

q/nanwumnatabolumpatmmmrai &gwmm#ﬂmWMS desertorum Lens
| L | l1ifolli
Vbl va i caens SEeging a8 sER G dba SRS RV BR FUTRSRE in\fod gpdiBhotic

pathway are encoded by an operon.




25 TYLCV, one of ordinary skill in the art would be nore than capable
of identifying and utilizing the genetic orthol ogues of other

gem ni virus species and strains. As nentioned, the nucleic acid
constructs of the present invention are devoid of functional d, C2,
C3 and C4 codi ng sequences. According to one enbodi nent, the
construct is déwordingto ﬁﬁntaﬁdb@ﬁmutsmfghtsimwiméﬁw Bonde seleliteryfrom thee

enbodi nent, the nuclei¢c agi.d construyct t he ent....nvention
Conpr | SeRHRIPIUHIEE & SOEMESES % dceighies b MEBUIRE 11 (afcans?
may be cqgﬁﬁﬁa@aw(l’@aceﬁe)n@ﬁogae@amﬁchy@ Vztaééa and a CrutEe@edi ng to one
enbodi nent of thi's aspéct of resent invention, the nodifications

inthe d and I@de@eotb@wweedefmﬁ, alh technipe @d&racmtlﬁﬁmcjlsw hergirehaiee

ot at o, P8 Qe Ui e R b b8 of Be BEp it G o o 18 Vot

del et i on.th®AGeatich Pettyins.t ARhdHEE SEEthodsMEN inatkfiakosiinglapbat@svalent to those
construct .which conprises a truncated C sequence (SEQ I D NO .36) .and

a t r uncatdsscribeddwanin by ssed inthapsaciep ordgsing-of sathodiments epth igventon,
conpl et el yop, Iplar mefiffie " {11}8911{ AL eks dﬁﬁ@@%hwtln Q%Statcﬂ'c:%nﬁﬁpqﬁé pREnt
t he present LAt on, e nuc el c acl onstruct o e present

i nventi ompeaﬁpatumemclmlmg dafammcamswﬂhcdﬂﬁml \Ifh agéitien,ltbe eaterizdl, mpthdds, and

coat protein and/ or t encodi n reco r.ot ei n) gene.
For - banramel e iR b 1 a0t e aorR oY 1T ChGy erent
and system c spread in plants has been mapped to the Cterm nal part
of the CP (Noris. et. aI (1998) J. Virol. 72, 10050-10057).
Accor di ngBRIEE BESQREXH EAE iRRAWINGSpl ates altering the

N-term nal par of t nme. X r i

of the inventl% géﬁm}?ﬂ}tﬁ %P%e nveﬂ? %rarreersﬁﬁ%nd%nsg %(?pﬁlsg'tg?g’gsemble

552-612) @y, tvich ﬂé‘fét@i(cd@%hb@cdﬂﬁ;ﬁh?ﬁg daviignoWithepeafio vebreate 26 aoriiro
aci ds (p05|t|ons 27 to 46) fromthe native viral CP. The resultant CP

woul diSst i drawings in defaibiibisstressed Hak thepertiqutass shown ¥ by iwpyaf cranpie aagifon
acids 1- 058} to?ﬂﬂgnal‘?vet E‘i's{'\l'ﬁ%lﬂﬁrotf éﬂb%é}fts Bpg:le 1%8%1&%91 gﬁémﬁe Whiakhe
een a

may have artite woul d be renove ccor ngt ohe
enbodi nerﬂe,scxﬁ[hmnsmlmemm tie dirlamr@? msakessappatent oo tthosersk8EQ@ InDthieGart 3bw
Al ternativel or ﬂqlptl onal I 0| nt nmutations nmay be introduced by
si ngl e- baeé’éb Bt ght H’E“E?“f’ﬂ’é ﬁé’i‘i‘ecuc r exanple, a single-base

deletion may bg thdffaRgMsed at position 640 of ‘the native TYLCV- DNA
causing a frameshift which nay be corrected 25 for - for exalr-gll)
addi iy a G to P6isi lAdA are 4cheimaticerepreséniations rof| thNanstmgs Fo V2 (Flgure

resul t ant t tre aci ds residing between

posi ti onsl%wgg %Eﬁ( ;S}agd g%ﬁl d becone different, with no
apparent sim | ®Gst ZALP aiehienaf‘geg paspeist 08 rsplictieh ah OSGvehRAS 0O RE VIOCP-
1031) of I R-V2-CP. Beyond_that point, however, the CP secirgences of

TYLCV andSFRin/tenmto plsaise Rignrg | 24p degatiyesoniel — upiratad planie Fgue gk Plants
30 SEQ I D
NO 33y iR rtonth, WaCARCEY Ay S BAUER A IRVTCRISRR 502 L

(20035 Arch. WIGsl .3A88 areZ&ﬁSges illustrating the IR-V2:CP requirement for in-trans

replication and movement of another satellite. 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-



2380), would be mssing fromIRV2-CP. In many viruses (but not
TYLCV), this 12 sequence is part of a zinc-finger notif required for
attachnment to single-stranded (ss) DNA (apparently for

encapsi dation), a property that is redundant for a vector.

Del etion at the Ntermnus of the CP t§pically results in a deletion
at the C GEP.niangs 20f, 6hRTAR(ER Ivegs piarrip dQRIE wWith RNgx emplatt "fjom Vhnieys plents

U gane. alaieciel it T V-CREE e a5 T CHES MG OER G pE SRS sate
sequence R{ASRpldds Vithdut FERriirNecriftase. Figure 13E: WAR aRAyaP Bf BhinAl ©fth

that in order for the expression construct of the present invention
to be expPERgpemers. Hanespr Bplans weomjeatast with JRCE2HOP-GERpkinse 3, 4h DNA

(o0l SN S hy B RRRheBl S A 0D byt BEMLRY)
nucl eot i dEYLEY o [ReV2TRIGPY-isjeetkd| pgaﬁtg.s PR3 hsOcorfddedd 4whh prithéy for
(GenBank Accessi on nunber X15656). For exanple, the IR derived

sequence FRICHeCBdpradyet shoukl aproar i pigsmightreated and yifus-itedes plants) and
Tyt cal |yt BAnEROKEN AP RS Shdi Bpbede ol HTYER\ORfectcd plante)
the abi | iLanes: fefetiveReckiitol IR ecds evepinetsd ingth DINAa folraubtraavest plans. Size

extended period of tine jn the plant (e.q. ger than one nonth, 3
mont 1. 6RARsHRES oyatn b 1ebTO oein TR e | i foti e of the
pl ant). e ﬁ%?dggiluiﬁg%{aFﬁ%f 2R dtRdineh bydthial seAfeddgelt Rnfmk@sdideOthe

modi fication is the on- associ ated protein binding donmain,
(Akbar BekjutsnéfaPER artalysiufireGUS AR hotsnks ayhiph had dgen \gnaftedpwith Ngions

4,925-931). 20The re i hed erati.Qns . ar l | i ste At
a di sar me Hggﬁ\ﬁ"@g'kgt’? ﬂ%’% itiélﬂeﬁai Eocéa’;l%’tﬁ%ée%%aﬁtgglt?b@ g?é]ﬁ%ﬁ%d%ﬁgﬁtg
dsDNA) bys: abitfersit ERded Ranito PlantR ¢ AhH &1 Megadive o6nt@sli (86 Fengplate R (Ilane 8t 5128
and retaining its nmobility, but with no ability to produce progeny
vi r al15ssDR&kesn exenpl ary construct of the present invention is set
forth in SEQ I - .S DR i

P gene onl y. (9% FiguPASHEGRRE o tfidRh biooh, dltnePeoucAtRSnAl fe
const r uctresmts @l BORcamgbysiss foraPiRINt inorvalstooke weliicle hadttieel glaftediotvite nscoohs

et one R IR S B55CASHREL o SSRLRS! BTt SRR L4
further detpittpd ioffteRGoMXRTLAS. BARLT-ONNBRIEE DRIbIUS, tehPRIHLDNMR 10:

descri bed 30 construct can be carried out Using nolecul ar’techni ques
such s FRire wharkeks are wel | known to the ordinary skilled artisan. 13

f bly, | ej i d .of .the. i i .
Preteranly. Rl ed oyt RIS HBlefh GG 555 HG0bAine e

addi t i onadesdl @I fUHCERS ahidlydi CorGI0S €idin Baves @Iﬂﬁiafdlﬁﬂhn@fintb Rehigh BSE0BS and
i nvention. Such an insertion can be several nucl eotides, to several

t housand WubilUSohaddsen trangderrechilirqughdhe ra9fm i ncl ude a conpl ete
eukaryot iﬁBﬁ&R?Pﬂthk@:Eyfﬂiﬂ &) Ot TP AVENTHER | nsert or

a nol ecul oul d be
not edzst hat t heThuptegémnt iaceérdiono s some tentfodihentpikeot] rélatesnd i @minanirus

carry inserts which _increase the final gem ni i_r;ﬁ by 20- 108 %ﬁn% aP
mich” as 280SGHHeapRPle RAtsyamptemizss FysiFpRe @gwa‘xrén antyhests apd mgiheds @
acid cons . gf r i ﬁgﬁh{% n is capable of efficiently

spr eadi ngé){ﬂﬁér%ﬁ t%(;t}g&tlﬁeﬁaﬁg%edp g . The 10 insert can encode

al ternative orBefidth ¢xpdaiaingfaiheast oms embodiongnngf the ineentioplie detodcit s foabe
replication, antjbiotic resistance, aff.init urification tags.an
the 1§ ke, understood e e Grihpunrs JOEocsranholaef B 1 sBpgm B ik Aelsget
the piesepih fvVaR folbwing BEsRAbtiGKBF %§éh@!i%§f b (RO IEXBG1e8 Orhél enwitidn is

pol ypeptide of interest.” The polynucleoti ch encodes the
mol ecul e cApablatod ptet embgdimentsig of beidg ipracticeder casirdems itpyarts Kaysct




20 region acts as a bidirectional pronoter, an IR region may be

fl anked on both sides by a pol ynucl eoti de sequence encodi ng RNA

nol ecul es, which foll ow ng expression are capable of hybridizing to
forma dsRNA. This set up is described in nore detail herein bel ow
and in W2007/ 141790, incorporated her®in by reference. )
Co- admi ni st r at Tamatefyelldve leaf qurb sirns (X OV piscaaporensitin bogamevirus o dictardes

with the gonstruct. of the present inv i woul.d .result .in

expr ess: G QR HHEPiRg 25t e v L {PRESE draohtey L fRdlicctpliy, from an
3A-B) . Aliheigatd ¥lioh (IRDaldor ansad "cobifofegRA" P eehfifead ek Piralsbegin &
introduction of the construct of the present invention and the

t r ansact iToRliGEP® 2% py & bk digsrtipaaitpspmoter. The IR igabowr309rkn leag yod gamies the
the art is: L i [ i I [ . e
S0expreseriniol sl MATATITAC ISR HING! 2PhRl B HSUHERRE fr e prplinse

i nvent i onassdchatadiprarin(iEris TwblORRetmekpresdedn sial dristhtaaioni(¥4nV2)sand four

famliar w.ih genes 0sSe repressjo 14 del etion, by neans of
expr essi %EQ%G)FOIE&E%P@{Y &%@_&Rpé tﬁ&%@l e-stranded RNA, or an
antisense RNA wypul a@lalé@iﬁg thlreRovRS! 18Rk SEdcE6f the me%kgk&c&%&kntors
sequences whose expression under the cohtrol of the expression vector

of the priesmhtthitnthenvirably haentedi(sense)ggones &7 f auh ¥2ategethes nwith fthedviral

ohi oo PR aBE5F (Bp e Sy Rdlenhiens BF H0RE ABNARGING:G, [RTRA S
drought, REMAYIts ﬁr@bhizat@mfmi/ggsuﬂ thE blideamhe ek pregRonef ivdgpkd. dEiSs Wagm

Myoxocephal us Scor pi us (MO 00/00512), Myoxocephal us i
oct odecerpigudaslyssuiprisingandightiobidie aqt Hegt imurtians an 6 rwese prsvicuslyi shawa to

CBF1, gl : 7 3 4

cal cium gé%g% g% c?é?%t?%ﬁ&% ?\eeal?l a%é?ee&gclg i%gﬁ(%\ﬁ@é? I%%‘%S B?agtas[ %I}dn%fjﬁaﬁs
(WO 99/ 05B8¢i2fore caissideredkort@sssddaied with shoveWenO@upmAd kP Y1994} Virology 204,
farnesyltra s)ferases (WD 99/06580; Pei Z Met al. (1998) Science

282: 287- 2%’0§0 ~ferritin (Deak Met al. (1999) Nature Biotechnol ogy
17:192- 196), et 8ndstedan tvehOrdRIuddWata 1008 IR- V2 A A2580nt, devoid
Bi ot echn Genet Eng Rev 15:1-32), DREBIA factor ("dehydration response
el ement BflAmctibeed ugGd, M%Bt Cal andl3°4,1989) abtiat tor proBirase eBNAL Zeplitetios 6ynd

enes of nnitol or. trehal t hesi ch t.r ehal ose- hat e
gy nt hase B0 1[}%‘3&?3? gg‘é%%@%ﬁ:‘gs%ﬁﬁ‘&gﬁ?ﬁ&feas%% \R%SIEP}}C& %‘Q@SAC&BI RIS
i nhi bi ti rfgagf@Me prémdfad aynthesld Jf asepld-NWARIE4 YHHAINA. Consequedig replication,

expressed pol ynudeoti de sequence could be a netabolic enzyme for use
in tR8 f doebikiralionaad cxpressign oqoiErRp FeboNiRaNEas disprspsymptomseenBank Acc.
No.: A19451) W*l&oregfdiﬁéth%rsﬁgsatnt inventl Q€ toeégéﬁée??lga ﬁr@géﬁ[@ Lilﬁl’%mdrgghoaved
sequence can confer resistance to viruses,*fungl, 1nsects, nenatodes
and di seabssthishyonstinice eblilg tat dsad ko egprebefopeiph GINA, in taplioit (Figurest 2ve-Frast

defenses 0 y. |l eading .to an accunul ati of .certain ne olites or.
pr ot ei ns.3(f5fgngpfe§f‘i§?‘%i1ﬂ%‘1“{m§ ez SLOVRA Q&a&@m( BeRsBHGoRlsbpeused 1o aid in
her bi vor ; it : hiyc h

?ﬁ IicagiP{l %e\g@@%p&{t o@laH&ﬂE&ag%%?lP.ms paseQlshRite Qtﬂgl%i? 34!

destr oy c par asites, bosome- 1 nact | v protei ns
(R PS5 and ot Heradditmneihespresent rveptoa tliscesirad that germindvistsrbmsed pxpetsion

as are induced n pl an re wounded or. attacked by m.crobes
Chem cal 1XFOREy WHEG AEsRbe T SIS WP SPTeahi Beticiost BF capable of
et hyl ene, pefip AD5BAZYTRD afél%f' NLMRLERS (Bigtfes %Sanﬂbt?)rbralﬁa’nsffe%d efsﬁnlaﬁeeplam

T4-1ysozyme or |ysozynme froma variety of mammal's, insecticida

pr ot ei ns t8@nsthehviagrdhng (Higgevhur i ngi ensi s endot oxi n, a-anyl ase

i nhi bitor or ot ease i.nhibitors (co trypsin inhibitor), |leckins
slch s wheat QT SUGTUPRP oG FRRAL CRIRY SEER RN BE g provided's
i bozgme sGerfri#idiRRIbaSXP BRI r&8ioh @nbittdtbdpablel fSsyvleinid sAnseffest Rpread In a
Trichoderma harzi anum chit42 endochitinase (GenBank Ace. No.: 578423)
or the NrBlertdwyt, Hciaxgression eonstuugicheingdgvoid elon pelymicleutigs gequenseracoding

a C2 and C3 coding sequence.




chem cal s such as of tocopherols, tocotrienols or carotenoids. One
exanpl e of such a polynucl eotide is phytoene desaturase. Preferred
are nucl eic acids which encode the Narci ssus pseudonarci ssus phot oene
desaturase (GenBank Ace. No.: X78815) _or functional equival ents

t hereof . 25The expressed polynudeotidé sequence can be used for

1 1 " d .y
producti on of AfutsedBeigin, dis Rfirasgc pysinic sympiopHess sereag orefers énthg ehility of
fatty aci i i i oL i i .
docosanesSoharcHARAREH fechin 0t inFpleRERBRIDEGRE el Ry Srample, into loaves
desat ur ases sewingf as tlpr eitkiof iinfectidn prithbet isduwinghthie ngiracacedistictgeitiniviras

val ue such as, for, ex |le; with a high content, qf essentia 1 NO
hei ds (1 GPmBRRSEn EnEaby e Tri T B HETSE O Heheo gt G e pen
brazi k nyfhowlreirerdied are pol ynucl eotide sequence which encode the
Berthol I etia excel sa hi gh-net hionine 2S al bum n (GenBank Ace. No.:
AB044391), th&xpmplesond susceptiblp shashspeits avcledsy (Cnppthgnd esuuwy ddetura
( GenBank @_\cc. No. : ,r 16 AJ222$80’; €] rkﬁ et al. ,(.1928%3 Plant J it
15: 39- 48T OPRE R FVGIUFTE JBrH el LEB. UBLLhr RRECPESK B SRRy
al . 1999 rseneridddi Apimphaalifoliiie KRGROT hiabelists| S Mdiagaparviflora, Nicotiana
del t a5- desaturase (M chael son et al. 1998, FEES Letters 439:215-218),
t he CaenderthwaianasNuptannslutimsaaiicpliane frbgewts Dhasedlus yegary andarmink

Acc. . 7 i j<n e -

(M ool oishail Y5 o Ps iR FonS ol i AnelipRPhit BRflonues
del t a6- elAdthges eofdde duapunthes rairofl&R80ArRHEShingadd 1AGHHE)  Bdtineulgaris,
Physcom trel | a patens géal t a6- el ong_asg éﬂ%ané et al. 2000, ﬁgi ochemn.cal
Soci ety PEAR LSS PRATEEIEVP By RO RAMH UL e §1BY SefESe.
The expr Qﬁo’?p&ﬁ:_ré}ﬂ glyﬂgfd?t(%k%yﬁﬁﬂuﬂpﬁﬁwﬁ,aﬂiﬁlfcu@ S@Su-kREnRE AdaldPRrotica,
hi gh- 10 quality proteins and enzymes for 1ndustrial purposes (for
exanpl e donicans, Lucieh, abellicpgsesitivar Memphdicarnbeloarioal sN¢rgwehobegnddror
exa e, ,antibodi es od, clotting factors, interferons,. | okins,
cor ofy s PR TR Delpiteri oAl SNSRI B, PRUP NG HpthGRARBLES
vacci nes ,cap@sd,e%ljigaﬁzdnb)éf\zliéi@éﬁfoﬁtd; Pdithilada Jolbhacds) 99)0@@ fdPpdan Ricinus
Bi ot echnol 10(4):382- 6; J K_Vine ND (1999) Curr_Top M crobi_ol

| munol  ZSERT. oSpjanumy rinegup| Solapym 15lngen béemapss Jribuis: Iigeofbee
recomnbi n | gi0.; i - L RUPERG - j al Pgl ucuroni dase
(QUS) onqﬁﬁﬂagydg%y@é%f%2@%‘?’?%@6@%% mal ?@’9‘6{% g,gg( Hood et al. (1999)
Adv Exp Med BiAulditddivl 12 FusédptiliRevi end . insusceplideexosissedre  listed in

pol ynucl eot i S nce e us r i ni i ncreased

S or abi 1 ettty ekim S e mb P e OB E ge pr o ei ns
or storage |i mpréferred Gomihiviru® WHERRAR befuskd WifRteNdedeie inkeRfich Riclude
t hese substances. Exanpl es include, acetyl CoA carboxylase. Preferred

pol ynucl dht iteteateeypliomc deafranrk Nose (BNILEY Jeac okl ah otive dBegegwviasdsviéee,

tyl - Co | No..: . L25042 :
Funct | ondre it beuiaT b EnRae AT AR PO o0 e L GRS pprrBiigg gt
pol ynucl Qﬂhbv?s soii€ | ofdtheHRPAroldey Bilzsdl B&@in2 Pefadt oot pésbRBEnCHES O
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10 Al so, the expression of a suitable sense RNA can bring about a
reduction of the.expression of endogenous genes, by neans of what is
known as co-suppression (EP-Al 0 465 572). Especially preferred is
t he expression of a doubl e-stranded srﬁlll interfering RNA (si RNA) for

reduci ng the gene gxpression of a target, gene vi NA i nterference
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i ndi vi du%oc&ﬁcattﬁahgﬁﬁ tHRCOE AnH T4 Berdl ot b Hﬁ@%«%@fnﬁ%ﬁ@&ﬁ%%y ame are
structure, ere the target gené and the region of the RNA dupl ex
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factor, auxin-induced gene, cystei negehl ol) proteinases, starch
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Reduction of the susceptibility to bruising of, for exanple, potatoes
by reducing 10 for exanpl e pol yphenol oxidase (WO 94/03607) and the
like. I ncrease of the nethionine content by reducing threonine
bi osynt hesi s, for exanple by reducing_ the expression of threonine
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25 Somatic Cell Genetics of Plants, Vol. 6, Ml ecular Biology of

Pl ant Nucl ear Genes, pp. 2-25, J. Schell and L. K Vasil, eds.,
Academ c¢ Publishers, San D ego, Cal.; and Gatenby, A A (1989).

Regul ati on and Expression of Plant Genes in M croorgani sms, pp.
93-112, Plant Biotechnology, S. Kung &hd C. J. Antzen, eds.
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gene transter n nai €a nays 5t e
Exper i nmerhaddelitts ipoleadic @f uﬁéregﬁmi)ebéﬁnsaw infa thE’exﬁhﬁiIﬁ‘Hfbneﬁ'ucal descrlbed
eds., 15 Longman, New Yor k- London, . 197-209; and Onhta

i gh 16 1 ihefeaine W hessi ecLRTFegng of i cPBIUBH SepEes A %Vogl%ﬁf%h‘ﬂ?@%f e tor
Pol | en ang, Q%ﬁ&%slmteﬁm&elym &?ﬂ@c&?ﬁide%nﬁﬁrﬁ éﬂelém%éae o idtaek

i ncubation o ger m nat
Agr obact enayube insciiteak edams pddidonal rmoh&umeswhtw andecafipidcasnilB seqednoe §i.e. a

t hat contain DNA segnent ich integrate,into.t | an

Genom o BRAS LA RY OO TERDar | DHS G L o PRLicHEn] afgfRul for
dependi n@gxpRedok BE a RERNIA 8RBl dRG-leBflaiy elRedsedd oA §&lel \Sihe the IR
system A wi dely used approach is the [eaf-disc grocedure whi ch can

be pePf orrpgian @i ips aridirscsiond pesmptentant Rategipmonnyl be ﬂanlew bash sides by a

(logs). ALLtucBENC s ibe Shosdihe MV bBRoYEET S, BlloRing buifhssion are
A. 5, 1-9,cafdbivef hfleridieing ¢o 2emPu AkRNAe Mhis daonﬂ liedéxcyibedinsmprel demaihherein

approach enpl oys, the AaJH gbacterium del ivery systemin conbination
wi th vachsHW aid in WEZ0BH145H0, A&P@&%@‘Eﬁlﬁrﬁ%l’é’ﬁfe\é‘?ﬁcf’“s especial | y

useful for in fy i e

are various rre(%‘(ﬂg(gﬁ %’i‘autd ?{r?eégt hﬁl_;)l\%{l?rans bg ?%%ésgﬁlag%@eﬁgg%fﬁvﬁhﬁ{e
el ectasopamwastieh of tHeeprpseat uprbamhswauld rbsulteﬂnl qxpmspos @fl theomalestle ofi gnterest
electric field, openi up .,30_m pores to a DNA to enter,. |

m croi nj d8%6 %ﬂﬂ GX?‘EE{;D%%“’FE 35?a teéqutve]iynflgdrg&aatﬁage{”c?n %ﬁteéfeffﬁa by
cel | s usiRGwitCmABHRGIORES: th %oHétﬁchBﬁfHe‘ Fr@nPANRAGHBAY the! RershAaiable
adsorbed on nicroprojectiles such as magnesium sul fate crystals or

t ungst en qxaretsmonesqtor 22 and the mecr opr 0j ectl | es are physically

| d i |
ranst or techn? fuBRor AR ARG dus o 3 BRIAGR olPRic b i ortlbls penose
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stabl e transformation, plant propagation then_occurs. The nost 5

common  meadvariaggoup Rrthepmensa ghet skilled; astisan is demiliar mdthigenss vesatsprassion
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15 single tissue sanple excised froma sel ected parent plant or
cultivar. This process permts the mass reproduction of plants having
the preferred tissue and expressing a fusion protein. The newy
generated plants are genetically identical to, and have all of the
characteristics of, the original plantt4 M cropropagation allows for
mass pr o@ydeletion, dfy michak of yxpitRivn ofpfoe kk@hple)a suitablerdouplerstaddal RNAger
and offers a rapid nulti glki cation of 20 selected cultivars with

pr eser varpdptipnse RNA; pouiticad fosg ij"c‘*?e@Ffff‘He original transgenic or
transformed plapfeic }I}iﬁ s%ﬂﬁ(éi&fzf%ﬁfé)@éérgés%ﬁﬁ&?Qhé)fcormcﬁrﬁf thé QRpREsion
i nclude the speed of plant nultiplication and the quality and

uni f or m tvgctof of the ppdsenttisvemtion beeativantageous fects preopxagplifieh belowa

mul ti-stage procedure that requires alteration of cul tur di um o
o owt B condi | IDRcegRSEL ROIPRGRAICE T BucrRE R g DR Bzl Wol
| NVOl Ves peRedtiOME phat ffort WBRARE st2SAERINOSuc B Hicabhd, Ihe&u6r Mlll Bramfies

stage two, tissue culture nmultiplication; stage three,
di f f er entindedeorensifideas| potypeptidesat ifom Myoxeepbadus diporpiss (@WRo 9840512),

cul turing,and hardeni Duri.ng stage one,. the i} re is.

ot abl | S RAIRRSEIELRT PApdssRishRdiEn I APRBLop 3R TuBRedlich dcfyator
initial tOEBUeleEmkier @&hy8rogbhdsed (WeK 9910083, aWeu /il C240)f calcintmedepehdent
ti ssue sanples are produced to nmeet production goal s. 30 Duri_ngs t age

thred0 t pEotainkipasgrasies (WOSIRE2604m caleinguging (WQ Y VaNeR) gFasei Kingsg fro

i ndi vi du I I S e I | gt
transfer ?g%ﬁt@og @gszgeﬁgén%gr%ggft@g%& ag%dgyibﬁ?@ggegr%qﬁeﬁg{{ aﬁt aZ’ Ts8)
t ol er anceSdiemct i28R1287290), afidrritin DéakcMeas eld (3999) MEatutehBipterhnologntli7nda-

of , %for dBaingraliis sxResectV0 SRR ot TP AR moRBN TR

I's also ervi SR0qIRBRIA Hecthf @%ﬂydrhﬁw&%éﬁkeﬁhe S1dm@MS BEA "t KagiphOMT8t BN .
can be effected by any of the direct transfer methods descri bed
abovesor (B99%ye¥ktare Bigtechr 17 3H1-286)neencatof dnaxnitgl of frebalpseosynihesispuch as
pl ant viruses deyiyv | asm d. Qf - [ '

Tent i onediaRet SR i oy Rae brlenyi S BhE AR ehPHERE (G 97aga or by

t r ansf or rgHibitilgQededduan bs Uelalge TWO BY/58568HCct i on of one plant which
conprises the construct_onto a 10section of gnot her

; | ant . .

Al t er nat i vel y, Therfpeessest palppuclestide seqyspess eql Pﬁ@éﬁ?t?@)&‘cﬁé‘&y%‘% for use in
transfor |t 9,8 I%ﬁﬁ ' 146k A19451) and
conpri si @Q{ &gi %‘gﬁ%’?‘# S‘ﬁ?rbﬁxm uIsd,d[g’:\%Hg(‘)h(ra %?%%éﬁ{hgngﬁg? hlggr? asgesct) a(I)lf
t he moesemrllulasasenti on there is provided a nethod of expressing a

nol ecul e of ingerest in a Iaqt,.d%he nmet hod co risi?a%lﬁc ntactei nﬁ?’ .
roots of the p .?XH"F?S%dE BRGISHICESITAYSISE £ SPOFR ISR "GV TEY
based 15 jgxRieashMddeOnt ditkakesS By ety AtdcRWetthe pAhoded@BirniAB®n the host
Gemi ni virus based expression construct” to be absorbed by thé roots
the expr edfénses coby toading te onpeewnwlgtion poreytaircmetsblifes enpwiginy Fxgeples

nol ecul e of . ipterest,.and f her the e essi on .con t i

capabl e of E’S?Eltdg ﬁ&“&gﬂ?ﬂ#ﬁf‘%&%ﬂsg pqgglélﬁt F‘%Bgoﬁ S n‘fhlﬁ%sfgg, %f I%'?%B%/&S and
expr egsi ngthér dRyReY MhieH déshbgriestell Wal dflpardsites? Qibos@anélinagtivainggiroteins
anot her aspect of the present invention there is provided a net E%Of
expr essi nRIBShendeetherproeinsof diecplanti tpsisfapsieand stressdesrtion 38 akoRpiGed Wiyt

re . i s . R
Gom i vi r et b Fufe o debbed T BicloBe K el By, KRS safotic

pl ant, thgi€xjpsmsnicoitid @rsdthylete, CINPROBINEY fomohypliit epuicde saelywen e
whi ch encodes the nol ecule of interest, and further the Gerri.ai Virus

based 25 Xa5HdesTHHSeBHRE PLBISOBENS GI08h A ABIIEY0P B9 » AnsSEHe ) praeins
. | . ; I >

2P ke Bl oy DR BRGSO p Erd A B

j 0i ni ng t Q@B trypkint Bt Jed@insHudhts whedtfain bfgytitin) IRNALhiltEense

RNA, RNAses or ribozymes. Further examples are nucleic acids which encode the




Preferably, the first plant and the second plant are conpatible for
grafting. As used herein, the term"conpatible" refers to the ability
of the grafted 5 rootstock and plant tissue to grow together and
survive. It is well known that conpatible rootstock and plant tissue
grafts do not have to be fromthe sand®plant species. For exanple,

t omat o sdirvhedermna Haezignad chidD nudocbitippscafenBaok stasc No.:T378423)ear the N-

t st d usi t and . fii
can. bo. st oAy RERBQLH LBl atodRTE AP (T TRANIEE ERBSOTA
10t he ar bicof?§GenBaik Ré@mqu?;ﬁé’zggi%r fﬁncﬁbnal@%@ﬂﬁkhtsﬁﬁ‘é&ﬁfﬂdez' Garci a

et al. (2004); Edelstein etal.(
seeWr | dwi deWssimalabinmdstghenosimolates-as protection from pests (Rask L et al. (2000)

oot so tIPBTEF ER kPSS! Gt RRIEHE. B LGRS so) e
whi ch carxpesgsnbdt BeciesdudngigndiOedddtckidsPartk of all (198p) Napnd 32633-37)
i nvention 1nclude dicotyl edonous plants, such as, for exanple, peas,

al fal fa, Of Hieepretectiomagaingt attagkelhbfitngt Yy crpeession RE elyfipases, fgy erample from
lentil, e 0 t@at o 0, IS a

e apgPLRelaat bR 1o e 2R0RISHD s LM RlneE b eEnc o
orange, mastslancn askimogsatnpld, et ricel pese Nilppapeta digerns tianiper plasts can be

tangel o, cji.tron, and ponel o), pe bean, ang.l.etfuce. Planfs
Rt REEEDly BB R e b RGP DR RO O S h R g ol
Exanpl es (pjogh Pt 915@9480 99k that can be used to prepare pathogen
resi stant transgeni c rootstock includes, but is not limted to, "PG3"

and " Beauf ort TheEsxprpgsen of syothetio enylA(byarnd wondA(agenns. weldeh tencode

provi de sci.ons for the pr.esent .inventi,on nglude, -byt.ar of limted
o '+ Non dobtergpraic BRGTRE MosBieat e pordif o Brin BpiCk sl b
" Cel ebri tyy insectFedtsein varidas nlé@%y’hl RREN&, al. (2B0QYECsop' Protdctiva 1G(HI307-
"2710," "BHN 665," "STM 0227," "STM 5206," "Boy oh Boy, " :
"JubilPat 3dA):-" " Sunchi ef," and "Fabul ous.” Contenpl ated geni ni virus
based expressiQ: t S afg ed :f 0
anot her or soéﬁgg%&{p%ﬁb%y[&%arﬁm?%o?}syagrﬁzta?%os%gdgétg%egeddsﬁ%{}gi %ba Ir)x\s/%
and 30 f dpolygaladtimanasedimbibitidpeproteainl fRGIPH ahawmnaine PatveriaseAmgdl antiaticrobial
W2007/141790. The ter ".C ri.ses", rising”,.."i.nclydes. ..

"i ncl udi REPY s ﬁaal fplac "?rarlfiﬁﬂ?erﬁ&ﬁ?h&f@g?#é%fﬁ%%c&écrfﬂ&ﬁhSﬂb@{’(%?&é&
limted t1g4y., 25 The term "consisting of neans "including and limted

to". he term"consisting essentially of' means that the
conpad8i ti on, riehexpressed polyoncleetidensequandeuchn hing tabewasn japgmewaiéon of

an or  paPTRicHE Wt s (FOapiplo TR roRerendlal XN el b Bt «

Schar act gblygutiestidd ist pleyt6drri A atueREPPRIdriedNare NRICRAXE acills SEHi¢c bhdode the
As used herein the term"method" refers to nanners, neans, techniques

and pr oc &VgiEsysf pyeudenaseipius spiGieens  gespiiasea sWenbBanky dickg Nogy X 7§8815) or
limted ans, techniques and procedures either
known to@%ﬁtﬁpgl}an@&%g}g?gggd from known manners, neans, techniques
and socedur eshey eppmsdedt ipolyandeatidet Bequehesri caal bel@sqrhdbnmamotagionalof
bi ol ogi cal , bi ochem cal and nedical ayts. It is_ appreciated .
Chat cer (RITACHBSHArwEh s, A cXpmBlR: POIYUTSAIIdafalty Fds Eﬁaﬁv@m acid,
descri bed;d t i j i t & el

or ovt ded 1S aREReROLIUEH oMlocd SR RBICHIR SRaRPICS fnllide, TRHCAS clongeses
f eat ur es anfi/or Wesaturases; dofnr pebdwkion o préteims ity improveleswritibea viahietsuch

cont ext of si ngl e enfodi,nent, may .also.b tovi ded, . 15 separ.at el

o 1 1 anyiSs e caBBt OB AN ETER o csSh pPR) i (ah §rGtRE e igh-
descrigbedyanatie N hibaid Bend OV @R IHrA ntdf Brdfefel 988 YoBRudEsi el S266kncH
the context of various enbodi nents are not to be considered essénti al

f eat ur es wiich trwde érebBetthodlatis exestdaddmh-misthienino 2 atbumin §Géntiapk deci Ne.:
AB044391), the Physcomitrella patens delta6-acyl-lipid desaturase (GenBank Acc. No.:




Vari ous enbodi ments and aspects of the present invention as

del i neated 20 herei nabove and as clained in the clains section bel ow

find experinmental support in the follow ng exanples. EXAMPLES

Ref erence is now made to the foll ow ng exanples, which together with

t he above 25descriptions illustrate sdfe enbodi nents of the invention

in a non AJ22298MgGikehdtoal. Re9&r Chme J 45130w)pdiee tMottiseelbohlpmai dejtad-

exanpl es, , whi ch togﬁ‘cher with the above descri gti%gs illustrate the
ke G

i nvent i orflesafurase, §pakuradani gh 4°a§9ﬁ90ﬁ?n?3@!§§'!4é|514§_ J HmerePditiy  desis 4
herein angbfged aﬁggeat@{tj- ggzs%g._edeer &5 qbph,' ZF@BS”_Eeﬂ@rsPrc%@?ﬂtSaZZ{g& the

i nvention 1 nclude nole i ochem ca m cr obi ol ogi cal an
r econbi natdentitiabditic heliegarss ASaity taethndegatemsar @leshor SoerBapkexpicai Ned

i ARG e Wt BB o SRS R0, %, Argsi
Bi ol ogy" Mokoyrasic | Cdehbridbgititeliegais dMita6-fbngast6 (BA8dih; et B UEID0, EHINAS
al., "Current Protocols in Ml ecular Biology", John Wley and Sons,
Bal ti nor &7:641y442AY (heogBhyscomittstlp patangr é%taiﬁctmnm d@amé kbl de uPAH0,

C oni ng", AVAR\YE NS, .- Y 9 : .et
" Reconbi n%\é?’wl,ﬁ}ég g’eﬁ%n ?z}cg'éﬁé’&%%.?%%ﬁé’éﬁ%;mt@éf%gxrlfa;lerg% (rJfr tgﬁseét al .
(eds) "Genone Prabiaéssed polymboleatidy yequehdencal bSesed$0r, pidustionl oft high-

Col d Spring _Harbor Laboratory Press, New York 998) ; et hodol ogi es
as sel0 f orglity protgigs amshenzygss fon edisirgd purpesepop gsampleryzymes, such as

5,192, 659; ' qtﬁﬁ |/ B ; b Y

Vol unes ﬁml% F%)%g%{?%ﬂﬁl} Fe Y Se(g'ﬁm?ifgg%)e;xép%%f %@gﬂge%, EA‘%P%E%% fIagme’A
Manual ofin@a[’si.mlf,'llgmphbldus;'bohmy Btismtation fadned, p;asm'i'rs)ggan hGtivetorg, bogmynes or
Gol § gan ecines, g decnbed by HepiTLE fifke 1280 e Bl Bielochney fochiase-

| mrunol ogy: w4 PN vied Ni19mgg%rmlrﬂtw&rb&agﬁmmmb&75@@3.(1:&%@1@ it
M shell and Shiigi (eds), "Selected Methods in Cellular [mmunol ogy”

W H.15Fr dusbrerapesibls. to teducyaederibinso pvidinfomabicken albumes 84 pactena P-
ext ensi vel i Nt h t . | 1f.C ] I
Coe.for o Eneie Tl 4 TR B SR bl St TR €1 o)
4, 098, 876Adv BXY MEEBioB46AI12RE2 Rev®3, 153; 3, 850, 752; 3, 850, 578;
3,901, 654; 3, 935, 074; 3, 984, 533, 3, 996, 345; 5,011, 771and5, 281, 521;
" i gonucl eot i B expyesptfbolyRuceqtide sefuence cap be wg ?f)f;o NHEE &P dngErsgd
Hybri di zagof)ji Is Whick: noﬁgﬁ@bﬁgﬁw fewerStora@d Brotdin® 8P kiorage lipids,
"Transcription "and ransll ation” mes, B. D., an I ggi ns
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.: L25042), 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.



S. J., eds. (1984); "Animal Cell Culture" Freshney, R 1., ed.

(1986); "Immbilized 20 Cells and Enzynes" |IRL Press, (1986); "A
Practical CGuide to Ml ecular doning" Perbal, B., (1984) and "Mt hods
in Enzynol ogy" Vol. 1-317, Academ c Press; "PCR Protocols: A Guide To
Met hods And Applications”, Academic Préss, San Diego, CA (1990):

Mar shak et al .The"Spressiogivestor of the prasent Pwentioncean algo dackmployed for the

Characterjzat.ion - A Laborator urse ual,' .CSH. ,Press (19 coLal
ot it on reiioR CsingtessPad of bterlapth SPah driutarif T os (hlpfC Bedep ot s (B8
herei n. @xkPREsiGERENE! of BE %E&Bﬂﬁﬁv@ftﬁn%ﬁ}ékﬁ@ﬁ% fll€i0 abiay iwhidh Bring about
docunent. The procedures therein are believed to be well known 1n the

art and ar&oieRst daasariptionaezeap rrilersiegicer $6St (eanseingiopal wlencipgp effects

NETHORS AND R RAPARE0h IR B BxbRoi O BF HOAGHG0Y Bis" 580h, [EESGCEy pe
cl one of athievédforekamplertai expedssibilof\n (abtéensRNA (BP-Aan@B46& 362;,CEB-2 100
a5 gl B0p gl Ros R A P o bupy Sl i Pec B
vect or (%@ﬂgﬁf@ﬁﬁ%)c Erobie® EWPHQ‘?BV?BE IRy ! 6008 taf SGibRdsthded

maki ng the f anges e native TYLCV viral vector (SEQ ID
NO 4): RNApeatbloftwiich bés borsology sithahe 80dogsobeotaigte seiantoshe SHpraseed.

612 of S ID,NO 5 1) encodi 20 am ci ds, near, the N-ier.n nys, of
Che dBar AT%r UF EXPTED-Tom (HORIE SRR, PR G0 ety phuy g DY
was carr ie@fre8dibn BY enddyOAiA cBRd3, b nREAEPHIRALESs Whékin bé ¥sLekppréssiont(ERLAT
[ Euphytica 62:97-102 (1992)] using priners directed outward fromthe

ends of OSSHEI2atEspeciallwpreferfed iy resaxpression of a gppblerstranded small interfering
h | a : L
vor sor HOUK @REA) o ERRRARCRE 3RO BRAESRANGEE Bract abhd Ratlioa tertgrencr

NO. d15] g (Rbmi;aefvb 9?/@&6191 aRCRV D I’MBEEGVt?ScriHeemvmﬁd:v\fdrﬁnmi[fg)ind]icvidual
produced a single (linear) product, confirmng that a cjrcular for

has Been t%fgafegwaﬂgmg@at_ A Wtﬁ_éiapbhﬁ@sa ﬁl%ﬂlﬂa@r here i &lf&t&m%égé
two frag ey &P&Wh@&kﬁ)ﬁ&?%x hibd 3t 18asP iigﬁfg'eﬂﬁ? (%[: £dd: MoRforderdy™ K

position 640 %of TYL addition o at “f'oll ow ng position
744 t her ebpl.gdfes)aPiongNatl AcadrScs RiSA 9515501 135078 harp B eh d 993 E@ e &

NGO 4) encodjn | A - 91 of nati YLCV; (CF tein (SEQ I D

NO 5). ﬁeé’ Pﬂ}%ﬁ?ﬁ%i‘@&%ﬁf&f&f FEQZ&ggg)p%?mfe’l %ggtpgog::ﬁéd at del eting
the T and secor felloRig dd@mplifieSapplitetids whers k@RicAbiretlgéle &kioAGan
the T at position 640 included two PCR'steps, an initial and nested

PCR 2¥he begmpleyedpeirgshoexniessigayeeior ofithetprasgat inveii®na 20 nut at ed

(m ssing the ted. PCR. | , i j { I
restriction siE%ee! : %Wgrgltl gg%a ?Eétgiﬂf?\otsrt ae\zgﬁogﬁiepﬁgm?ﬁ%tﬂ%u? ﬂ%‘?@w?ﬁrﬁﬁnﬁg

PCR anpl inhitedtian B#apsqpesdicd) Ednmbkedthidved fHagxampd by cledaeingithe sgene
oot boacrRpada e Rk R A0 FoRe Fp b Napabes B
recogniti I LS. i J _ | teHeet L L

nder | néa Peyarts (HBETRAas Efias) dte aAPlanl &8 (Ui BRI
NO 23%), dBi gdnasemdgeihylenn bidsenthesisnphctsi ase d -aminboydopriparie-1-carboxylate

restriction,sites is underl.ined].. Nested P amplified a oduct
[ anked. BYIHIRS: SArRoY A MPBILE By rplesh CWAMESE] e RRcrLpmEpeE b L orge
the same d.ofnake aiih etoip%é@-dﬂ@()x%@e é‘ﬂQas%,nQéxﬂg bf B3r88h6id H&ynthesis

restriction site at t everse end. "The reverse 30 priner also
possesseduthes,fos sxample.ceepes of pre-phyfacss biasyntbesis epphyipensrbiosynthesis, for

tt t ttctgtatittet SEQ | NO, Taqgl Lt i |
Ophas s AR BYOoE, S TFSE Qo8 S R TR ks 6 ARie BT LG
The igpi tie@dm%@&l Prigie! Wagin-idGueeagesk, W éyzueT_ thiand profeimiRes g&hrch

to obtain 3 bands (fromthe 2 flanking and 2 mddle Taqgl restriction
sites). THespiwsylassnpyiusete desirborlengs.behalgonn redustases, perigindfingspg auxin-

related gene, sucrose transporters, meristem pattern gene. Further advantageous genes




Construction of IL-60-BS - the IL-60-BS vector (SEQID NO 1) of the
present invention was constructed by ligating a linearized (Sac |)

Bl uescript 11-KS+ plasmd 20 (Stratagene, La Jolla, CA USA) into
position 2443 of the IL-60 plasmd (SEQID NO 2), interrupting the
rep (rolling circle replication) protéfn (SEQID NO_ 7) at position
93, Wit hiare tdescritied efori exampleT e W@w@lﬂéd‘ﬂ(};gw(@r9lﬁﬂ58(6§yﬁﬁéooﬁi/16426 wO

expr essi BS.i.nser nst.r Ctl of
IR GUS- %%)17%%@@(%83@%@“@}52%@#@%@% , PIf e&déﬁ%s dop
by anpl i fexpREsibhet %ﬁyﬁﬁﬁtﬁﬂnad@rﬁr $0 pteveltforPollced dRgfddaibn &ﬂtﬁmﬁshd@EERoﬁf
the coat protein ositions 61 to 473 of TYLCV; accession #

X15656) Lpéantﬁg afp mets,dfqgramxplegg@lateﬁSaé{utcygaé@édeamrgg% sycheey fhpt b the
29 d t
29) o " Blor BB BT O CORRAPRCREL 6R2 4R BN nBlrogd e

pl asmi d PRt MEly ﬁs@dl&iﬂﬁi&@ﬁr@sﬂl asmd called IR-pD (SEQ ID 30 NO 12).

The codi ng sequence of GUS (bases 1466 to 3274 of Ge accessi on. #
ML4641) (SEQ ﬁmpr\wcdﬁt)‘tw\ff&gl agadnst, abione iresp Tactegsdheal, avﬁné'obg%{s Rieyated

Wi th Sad Qurez%oﬁeﬂahtsaw ﬁﬁiroh)?dlt' ﬁtpﬂef@rrg'&‘lté e Thé %Ygﬁgssmwgenes

carrying t e af rerrentlone IR reg Construction of
| R- PRN- pDBvhichlire uhaﬂlmdm[stmmwims const ructed by placing the the

entire PRN operon (as.a si.n ece carryi all 4 nes) of P. 5

fl uorlgscence F‘%‘é‘ & &fogeﬁmgsgg)rgﬁéwnﬁg%eg?s @ﬁ%@?ﬁ( Sﬁéi@s?f%ﬁn%
U74493; %ﬁ@eﬂn@elw Slﬁeg)haé Huxﬂla@%@ a@\fan JIsiicl B, @iSeiaBRiple, the reduction of the

Propagation of IR V2-CP, |R-V2- IL-0 and IR GUS-pD and their

admi ni st raligigenict Qoﬁsntifﬂt or - mdefr@@mon degar@ng/e@@nwsatm ¥ naeRnfity ot peher
above descl,i boqge g)uc%t @%g}éaa}nﬁ p&p‘gl)(a)ggaq%}gg% &ger anpicillin selection;

t he constrﬁ%tf Was > extT procedures. | R-V2-CP

was adm ni st eleﬂlsCHnE:GQb|plantn{;alh¢ge&9tsﬁch \ais t dractnidse dindij dmsebly, nematodes
Agrobacterium The, ste

mb eaf petlole of the recjpi

punctldr e PrHPZeENRy HEBEEbactade And. discasssican diey achipe § H‘é‘éﬁg Qﬂ .gﬁ%
the result r

of 5 md T PEsyief oF g SURAPARYSIALE e SRR IRIOL, (i ddvclpidlal
fully soakages lﬁfortémnmlaaphpatibﬁ[{i‘b-r RER nawitipljsition ¢Ta Bmiﬁﬂenaﬂ@gsn wach a

FAECICTI R T e SR S
the?J g tC ?. :O ?Idgﬁglsﬁ 5&?1BT%yecah t8EQnk BoMOof flahi®nes @aidifoSegiele enake pdssible
the penetration of the pathogen, but may also be homologous pathogen genes. The
transgenically expressed nucleic acid sequcnce (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  wviral 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.



16 Forward attgggctgtttccatagggc Fordetection of CP (V1) SEQ I D NO
17 Reverse gaaggct gaacttcgacag Fordetection of CP (V1) SEQ ID NO 18
Forward tgtgtggacaggtaatgg Fordetection of GFP SEQ ID NO 19 Reverse
ggccgaat t cagt aaaggagaag Fordetecti on of GFP
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Reduction of undesired, allergenic or toxic plant constituents such as, for

example, glucosinolates or patatin. Suitable target gemes are described (in WO
97/16559, inter alia). The target genes which are preferred for reduction of allergenic
proteins are described for example by Tada Y et al. (1996) FEBS Lett 391(3):341-345
or Nakamura R (1996) Biosci Biotechnol Biochem 60(8):1215-1221.

Delayed signs of senescence. Suitable target genes are, inter alia, cinnamoyl-
CoA:NADPH reductases or cinnamoyl-alcohol dehydrogenases. Further target genes
are described (in WO 95/07993, inter alia).

Reduction of the susceptibility to bruising of, for example, potatoes by reducing
for example polyphenol oxidase (WO 94/03607) and the like.

Increase of the methionine content by reducing threonine biosynthesis, for
example by reducing the expression of threonine synthase (Zeh M et al. (2001) Plant
Physiol 127(3):792-802).

It will be appreciated that the nucleic acid construct of the present invention can
also express homologues of the above described molecules that exhibit the desired
activity (i.e., the biological activity). Such homologues can be, for example, at least
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%,
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
which spreads systemically throughout the host plant and yet does not induce symptoms
therein.

In sumnary, 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)
for various purposes including plant improvement, biopharming etc;

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

examples provided hereinabove);



Priners used in order to detect GQJUS were as 20 ATTGATCAGCGTITGGTGGEA
(SEQ I D TGCGGTCGCGAGTGAAGATC (SEQ ID NGO 26). 30 Priners used
in order to detect PRN was as foll ows: Forward: GCGAACGAACACGATAGCAA
(SEQ ID NO 27); Reverse: CGICAATGAGGGCGIGAAT (SEQ ID NO 28).
Delivery of plasmds to plants by grak®ing - 1L-60-BS and | R-GUS (or
| R-PRN) 5 wer diii)nj @eddade ili¢aodrglams ahich duredt @irpl mfidcsions acbﬂsmrdabgmga
herei n above. Pla@(synl n which GJS (or PRI}IG@have eSeen replicated and
spread (&nStgs induding g rpmervee%c@et(ezgs' rqpdpre) pétaghed) GuihgglR region

graf ti ng yRyRE I;ﬁ‘&@ttl%éﬁlporter in WheR HFeQEd B?Q%Eﬁq fig%, bgfrato plants in

which R-GQJS o were present, were on untreated
t obacco and t ¢t o ppidang mftcémpecswbami g)zu(ts he ptlmblcsnrying 8)conghet fi@luding

o i g 8 R VL BT G B BRFODy BhovePFlorp e ThorHoould

grafti ng ebp‘res?é sucBasiofchiRavRsh infected b8! dehivirdd; sAbRSHhESnity® d¥ saiide
by soaki ng}e- Root s of seedlings or young pl antl ets (tomat o,” t obacco,

gr apevi néehemgemguld jogin b9 aqtlivmfvﬁhpn Thee plasbtis inéecteds sinee dthe nougleic sicid g

(Iz]:apteaicg %{g %trh]cé%f Ilﬁ%ﬁ?rg B[ %‘T{ rg %Péfgr?igly Vtvapagl\éggg z&nél Gnorf StaB Kaiﬂteg?akesd e €

vol une oh gsabme ofiake hb&trpiad,dﬁﬂh&n@aiafaﬁoeld hét teaimbeadited blgetﬁa pSap2lie &f up:
pl anted in pots. |cat| on and spread of GUS was

t he pl antiaints wer e
testddl p@ bwfc%¢4191WrWFWWEWIPF tho@lpmit E 1 201 R and t he
sense viral Q%S%ugl T 294 ¥ %}CI X i h?ﬂﬁzeﬁtﬂfn fa&ln | Li1ERH! 8" tably or

movenent and spread of arti sat'e |tes in plant tissues
| R-carry pr@erab]lyeﬂrdnsteﬁﬁy arassfaumplattemtll‘s .Olnr gpihle amneformmticn, dind ntdeic acid

expr essed he r.vitus_ or .the nutated disarmed ve tor
L 60- Bongulgb s tsrioaBehad ihiutiurd il hEPUR: Shyome Rt |

The fol | epir&@n@XARbe: BRYViSeN&l thAl I RRnSieRs faistenfebhPER Sa1&s Rid
"FYLCV al one, under IR regulation, are sufficient for

sel f 1 epmicdesuicon expressefbyttheend] tesnsfasmeil nt nathintegigteddniodhe gepeane, andes

pronot e and expression of |IR-carrying
satel |i t%‘g&#ﬁﬁﬁ%%éanggatrg&\{e RGFP was fused to the 3 end of CP in the

| R-V2- CP consthheet & guriess lhehods 30f 1B)trddeafy1gs fb@@t egefxfe@ﬁhrttbe both
poi nt of inj ectl Qn were anal q)e/'rzed (Fi gures injection jnto

tomat o pPEPEOtylegenqus Adodicabyledoppis BBE@r(?@EFY%ﬁ dt ylﬁ*%)tﬁ@nmﬁ%l’lam
phl oem ¢ Apag I I
peri pher 3 , 31%%‘33%@?0%% Cn%}ée%;l?h zé%alr%%&sﬁ’aﬁ az c(égégﬁgﬁéfﬁ%ﬁfzf&éé?g%ﬁ@é
E), a8 Wpldntmgcnermﬁ’sﬁpmyfamsioahb&p(dt'dmts N@;urEIIQSQ) 338, 27PCR6pNal ysi s
i ndi cated the, presence, of b th TYLCV, CF. and G- uence

TYLOY ¢+ anscr /IDF SHHERL Sl g O T SLrble iAREIon e OBeHEs JRNAriatS B
other 5 Egﬁ(ﬁmcwqg@%sq&bwﬁagﬁbaéﬂggi cated that the plants were
TYLCV-free. These results indicate that IR V2-CP-G-P replicates and

nmoves on its Mgrwtw -predigéad gdne transfanubtee iKled, Fohehal ¢H& Asnu
R v2: coRes e ISt aS e B R H 2 BT KBRS R o s ane
25  Somatic Cell Genetics of Plants, Vol. 6, Molecular Biology of Plant Nuclear Genes, pp.
2-25, I. 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. Amtzen, 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



10 in trans, providing the DNA carries an IR As shown in Figures
3A-B, the artificial satellite IR GQUS (Figure 1C) was nobilized and
expressed GQUS in the presence of | RV2-CP. EXAMPLE 2 Delivery of
I'L-60-BS to plants by grafting 15The results are illustrated in
Figures 4 and 5. Specifically, these BPigures illustrate that both

| R- GQUS ( Mogiwama . andl. I(EQS&}&I\B(GFI‘@hnel 5,) 10V H) Mr Gt haadsr fied dimctrmptaiee of

20061 | ve R AP EraSDREshy e A et B o bt ) Plani“Caf B 2§ W38 aha
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25  Publishers, Dordrecht). A supplcmentary 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,



a pol ynucl eoti de sequence encoding a nodified Gerninivirus coat
protein (CP); and (iii)a polynucleotide sequence encoding a nodified

Gem nivirus precoat protein (V2). 34 6. The expression
construct of claim5, wherein said nodjified replicase protein as set
forth in SEQ I D NGO 36. 7. The é%pr ession construct of claim4,

further @Bfbe BicRprejepdles repbysicelly acsglgeatesbingnecdlion laat Hesues. iAdditeonal
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10. The expression, construct of claim3, further conpprising a
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adapted for gene silencing. 15. The expréssion construct o

cl ai m 3, Witlr tthewnspegific $taris, Bhaseloree it isl prefeirod dldt dlst regeneratigrebe effected
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The expr @aenoiamgast plat. THe srkfridd ducthibibsfreperfopdtthgri@adst@thed plant is by
Gem nivirus coat protein conprjises an amno acid seqguence_ as set
forth iimisoprqpagaen, which provides a rapid, ész%%l%%rstirsw@@;ﬂm%@edméﬁowé
4, wher eipihn%@i d nodified Gemnivirus coat protein conprises a

nmut ati on“or del etion in nucleotides encoding an N-termnal 100 am no
aci ds. Microphepagaipoe $s iaoprocesssof goiwiof ssbandigehectiopr plsiingirem a

D0. "M aitisie Seie, PAOBI cRUSey domt rasbifelg POREY Bt B eultal aF e qyetrss
permits the mass reproduction of plants having the preferred tissue and expressing a
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 omne, initial tissue culturing; stage two, tissue culture
multiplication; stage three, differentiatioﬁ 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



pol ynucl eoti de encodes a pol ypeptide selected fromthe group
consisting of a reporter nolecule, an antiviral nolecule, a viral

noi ety, an antifungal nolecule, an antibacterial nolecule, an insect
resi stance nol ecul e, a herbicide resistance nolecule, a biotic or
abiotic stress tol erance nol ecule, a Eﬁarnaceutical nol ecul e, a
growt h i eReoheuge for badending avhdreathg mpbants) toletanes to hightris peslublly increased $o

The expr l.on construct of claim3 erein the Gemnivirus is a
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Cruci T er Bnstruct to. 88 abkBfbeBX BY SRR P6bts O Rt reﬂgltesé?{m Cédstiuc 3 cobgdif Na
sai d operon conprises PYrr-in” (PRN). 29. The expression

const r uctpolynuclketidese®odidg the nryjeaidayof thteyéstCandafudth€s theordipragsior guastowt
conpletely. SEQUENCE LI SPI NG < 1q> Yi ssum Resear ch D@/elb%prrent .
Conpany #‘“ﬁh‘&l’ BrdYSIORIG SPOPIOJIEE SPEFAGST) Rt E‘."S CLEOY PR 80%
PLANT EXRigissal s it MiJigniCOMPRI S| NG AND USES THEREOF <130> 44565

<150> US 61/129, 596 <151> 2008-07-08 <160> 38 . . .
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 stern, and (ii) the upper part, the scion or graft, which gives rise to the aerial parts



<170> Patentin version 3.5 <210> 1 <211> 5505 <212> DNA <213>
Artificial sequence <220> <223> |L-60-BS pol ynucl eoti de <400> 1
gttgaaat ga atcggtgtct ctcaaagctc tatggcaatc ggtgtatcgg tgtcttactt60
atacctggac acctaatggc tatttggtaa tttcataaat gttcattgca attcaaaatt120
caaaattcaa aaatcaaatc tttaaagcgg ccat@égtat aatattaccg gatggccgcgl80
cctttt gt tof the Fhst AOWHI BRI hal ASiASR 24T tACRHisE dwaperablihasddd
ttgcattctc aaacgttaga taagtgttca tttgtcttta tat actt.&gt ccccaagttt 300
tttgtctt e of afeynajghan single teraft cancompiise prrtced yo-diliergnt plantsggat t 360
tcgttgtatg tt : C ac420
attgggccac ¢ atafg %%g"’ttbbg “%3%‘3{ él%?[aat%dg@%%%%’ﬁg@%“%ggg@%@%g% S"g??%?g%c g480
aagcgaccag gcgw atahtherdd,tthecens woaghibleYaefagytd dlye abilapggcthgagafidd
ttcgacggcc catacaggcc catgtaccga aagcccagaa, at acagaatg tatcgaagccgQO
ct gat §t t deoteiogk @@cgfg'@m tFaag pozrevitogsther agd sewivg: Hils ¥el é@owaé‘@g Q@g?@‘gg@
at at t aagGaokiek 4gh gﬁéntqgg&eg 19 la00hdi ABYO Be it 1RO Al Bk GpaAL 120
act cacagag tgggtaagag gttctgtgtt aaatcgatat attttttagg taaaglctgg780
at ggat gazaampht canagasciposgamtbe arafhst asth cagplanc atogstodt (TTatsgenjt coofs©ald
gat agaaggc_cct at aa, cagcccaat ttttggac aggtttttaa tatgttcgat 900
aat gagcc%ﬁng‘ﬁﬁ’ée@gggdlém@&?a&éﬁ'gﬂ%hg ttgcgtg ataggtttca agtgat gagg960
aaatttcatg ctasftdgadant lB0A@EMPHSHAACISIPAGETRr A BHRI A0 Helhodds kaegd 620
10 the art. (See, for example, Black et al. (2003); Fernandez-Garcia et al. (2004); Edelstein

et al. {2004); see Worldwide Website: wwwdotparamount-
seedsdotcom/Paramountonline/graftingdothtm; see Worldwide Website:
wwwdotagnetdotorg/library/article/eb480dothtml).

Exemplary plants which can be grafted according to this aspect of the present

15  invention include dicotyledonous plants, such as, for example, peas, alfalfa, tomato,
tomatillo, melon, chickpea, chicory, clover, kale, lentil, soybean, tobacco, potato, sweet
potato, radish, cabbage, rape, apple 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," "Belie," Summer Set," "Match,” Trust," "Better Boy,"

25 "Celebrity," "Grace," "Heinz 1439," "Roma," "Rugess," "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 Patenf Application WO2007/141790.

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

their conjugates mean "including but not limited to".



agatttttta aaattaacag tcatgtaact tataatcatc aggaggcagc aaagtacgagl080
aaccat act g aaaacgcctt gttattgtat atggcatgta cgcatgcctc taatccagtgll40
tatgcaacta tgaaaatacg catctatttc tatgattcaa tatcaaatta ataaaatttal200
tattttatat catgagtttc tgttacattt attgtgtttt caagtacatc atacaatacal260
tgat caactg ctctgattac attgttaatg gaaat®facac caagactatc taaatacttal320
agaacttcat at cT}&aaHchdmtstia@gﬁmmgMn@ncgmggedgf aa tgtcgtccaal380
attcggaagt tg aaaca ttt.gtgaatc ,acct t tt gaat 1440
cttatctgaa tggH¥atcd® GrY pisen (i]tya | aBEPSg E‘t %E?P‘%E %&6’? ﬁ?‘iﬁbo
at ct t gaaakreGRIRY0achdl LAlEbEA FRAALARAAAeSISREHE ?aﬁst GE lRRIGR 1RE0
gcagtgatga gttcccctgt gcgtgaatcc at gattattg cagttgadgt ggaggtagtal620
t gagcagc caaldmgab ingeaglients, asteps gatlfor aagts alot mttmggtmli)c aktert the dgsicaandt 1880
gtott C a.tt. at.a, ctt aaca ctc acg aaggttgcat 1740
tcttg gagcg’ ‘%t‘{fgh 6%59&’95‘&’0?‘%'331‘[‘%‘3?@ 8‘3@%& at tccctatatgl800
atgaggtagg t CCAQ dsHd BereMOme A828 AndeBid9 FeRA td BREAETS, tﬁlélarfst tdHARued ARP0
gcttcccgta ctttgtgttg ctttgeccagt ccctct g C ccccat gaat tccttgaagt 1920
gct t t aaatPIowdyeg et eacompljsting @gafeng@ﬁ@gp Y lagd@a@g& tadﬁq,ébqagtmwmso

ccttt gggq{, 5@9@&%@&3 atng Ga%RER SALARS B tqga%@ga&% Sﬂr%&cﬁﬁ

acattgtttt gcctg caccct caa gacaa ggt “ctccatggcc
gcgcagcggaamicas amgasy tethzthgagcgﬁd cpreeduttd byaggidiitiahers gfathet t:wu?éiﬁo

t aaaa ga a cal] aa cttcta aggact a aaaat cctat 2220
ctaa tt3§ et g‘%‘t‘ﬂ?a{”g‘g&é‘t éﬂ Cﬁl ARt -ggggcc ttetetttta2280
atatattgag ggqgtg Qg@*’ec&{eécthgtc%ﬁlxﬁ%a&&@@o@ihé 528688, Avnigh Hreé Aok Q%ﬁg,o

cagattgctg acctecttta gctgatctgc catcgatttg gaaaact Cca aaat Caat ga2400
agt ct ccgtdeserittedtin thecepntexd 9f sdpatpte cmbedigientyamgy atsotteguovided tgeslzjn@it®0

in a single embodiment. Conversely, various features of the invention, which are, for

brevity, described in the context of a single embodiment, may also be provided
15  separately or in any suitable sub-combination or as suitable in any other described
embodiment of the invention. Certain features described in the context of various
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.



t cggat ggaa atgtgctgac ctgtttgggg ataccaagtc gaagaaccgt tggttcttac2520
attggtattt gccttcgaat tggataagca catggagatg tggttcccca ttctcgtgga2580
gttctttgca aactttgatg tattttttat ttgttggggt ttctagtttt tttaattggg2640
aaagtgcttc ctctttagag agagaacaat tgggatatgt taggaaataa tttttggcat2700
atattttaaa taaacgaggc atgttgaaat gaatefgtgt ccctcaaagc tctatggcaa2760

t cggt gt at(eoBYL Atgbbls al.| ‘Atdfnt BHtaRCiaMalctulgCBRIddyddfohn Wiley and Sons,
a'atttcataa2820 atgttcattt caattcaaaa ttcaaaattc aaaaat caaa

t cat t aaadieltijaercaMecyland §P8a); Lerbalt 58 FrepliseGuidy teddelepylac Elaning"ai¢fingg
tccccac gt a t accaat kc giia
gat aagt g?)? 11%2{3% ?’g’? g’t &%%ggoﬁéa?i a%%&ft ?‘}gatsg"? c%c @aag@?ﬁ’[ﬁ’gé@@gcg‘%%% g
ggacccactAmeridanaBasial 360 YiorigCBifat e &lgtedsdC'@paointt Agdlygs:aAt Diboagoiyat
taaatatt tl\g cagt ccggrt83120 aggaaactta _cgagcccaat. acatt ggg%c}g%gggt ttaat
t agggat ct™Manphpere '+ §9ed-4 Lid gpeing Hagher bahgraioyabigey H%aa
tcat t t CCRfeipifofiidtlas $8ARn 37 9% P20 $os02866/ 808 W63l S(29AEBIS 3 £CR FLEHAL A

gccgtgetqce tgtccccatt 3300 gt ccaaggca caaacaagcg acgatcat gg acgtacaggc
ccat gt ac egd 8233067 A0 ay atdchgesdory dlandbgeldy Vobuneg dt it Celtis, dc Bt, gdat

Ptort ot (oo et Aset FRISE b ST Fga ekt caligu®, Wit ©
gt 999t aagassgst tet@hod), ragatKaad3vhPehabidtédolath HARBASIbE}"IVORLEGILITRA
aat atcaag% agcagaat ca cact aat cag3600 gtcat gttct tcttg?tccg t gat agaagg

ccct dPggi@ligendc ot (§301 BtiggxBab0o(cenggBasic rand deliniepl tlayau gd§tcc
act acagt T RAARRR & T3bbh iR, CORAR Nkh T AN SRhEARA ARG
aaaat t aadfetgddzaing tGeilalak t IndhiiAd R3S AW, tH.CHickmag darrig fogghawa Yotlatetiaac
catact ga%eaiﬁi% eci(;ﬁr})gr&(}ass%gzg g}eaéx?énggrggodescribcd in the patent and scientific literature,
see, for example, U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578;
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. I, eds. (1984); "Animal Cell Culture" Freshney, R. 1., 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-iength 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)].



gcatgtacgc atgcctctaa tccagtgtat gcaactatga aaatacgcat ctatttctat 3960
gattcaatat caaattaata aaatttatat tttatatcat gagtttctgt tacatttatt4020
gtgttttcaa gtacatcata caatacatga. tcaactgctc tgattacatt

gttaat ggaad4080 attacaccaa gactatctaa atacttaaga acttcatatc taaatactct
t aagaaat ga4140 ccagtctgag gctgtaatgt é§tccaaatt cggaagtcga gaaaacattt
gt gaat cccc420@anstractivrt of ILgdht gtTiyt Y60 tgaatr fSE IRt Aat2ypfathatmedent ¢
gtggttcatt 4260 agaaat ggcc .t ct gqct ctgttatc ttgaaat aga ttapt
Dot ot cocdbraden His qanndged bR aes BE loNDu el SpATE odact digb
t gaat ccatg43SE S IPNEIGg ttgaggt gga ggt agt at ga gcagccacag tctaggtcta
cacgcttacg4440 ccttattggt ttcttcttgg ctatcttgtg ttggaccttg attgatactt

gcgaacagt g450@i)gct cydelefion efgx Yrohad pOqruclyotidesonos. agd g bt of S\E@'gl‘)tl‘&@ag
gatatgtttt4560.ttLtettcagtc.tagatatt ct.at at t ag
Sogangat ddsRonite A AR iR e feFRb b AT RoAIRLARE ALk IS
t gccagt cQg468(% $SBQICCHO: ! DBRLibE Gvak legaradl @atbyl indadt PURY i e@0tdahecy
t cat caat ga4740 cgttgt acca_cgcatcatta ctgtacacct ttgggcttag gtct aga’;ﬁqt

a

ccacat aaXtidsbiynght PathtlgdEupitisy st/ - 1% (00 cuping ghimesgdizedigt peivg
t t .
t2SSESaz?%%S%ﬁ:%%?%?@%%%ﬁ%&f%%ﬁ%ﬁ%%@% ﬁgﬁ%@?ﬁ&?%&%ﬁziﬁ%ﬁ%@gg
t aaaalidad o820t HadeO Gatms :
22? ? §? agga5040 ?agfh ?%g%ga@ ggéc c EE}?‘; {t[aga;?ea rg%ﬁitg{x ggf(): dgtﬂ:?eg%? tgg
Lot oadsrimreadipg O IBNG T thetat gt pCRim R DTS Gt
gat ct gccay el RPpGaatdd 99621 AN 30 COMBAMY (Hl GCGIGL tofth 463 GELRT
gtcttgacat 5220 ctgttgagct cttagCtgcc tgaatgttcg gatg?aaatg tgctgacctg

t t t ggt gamas28@ondizggt c fasargRER crrodeys maeld deve profiyced twg cleagmanimapeyg
at aagcaca 53.40) ggagatgtgg ttccccattc tcgtggagtt ctctgcaaac tttgatgtat
tttttatt .

(ii)  a PCR derived deletion of T iﬁ position 640 (of TYLCV) and addition of

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 1D 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:

ggctgaacticgacageccatacageageegtgctgctg (SEQ ID NO: 20), Beefl recognition site is

25 emphasized in bold, Taql restriction site is wunderlined; reverse primer:

gcggtaetgggctcattatatcgaacatatt (SEQ 1D NO: 21), Bmr] 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 Tagl restriction site at the reverse end. The reverse

30 primer also possessed the missing respective T [nested reverse primer:

ggcttegatacattetgtatfttetg (SEQ ID NO: 22), Tagl recognition site is emphasized in

bold, arrow represents the position of theideleted T]. The initial PCR product was



ttggggtttc taggtttttt aattgggaaa gtgcttectc tttagagaga gaacaatt gg5460
gatatgttag gaaataattt ttggcatata ttttaaataa acgaggcat 5509 <211> 2722
<212> DNA <213> Artificial sequence <220> <223> |L-60 pol ynucl ecti de
<400> 2 gttgaaatga atcggtgtct ctcaaagctc tatggcaatc ggtgtatcgg
tgtcttactt60 atacctggac acctaatggc taddtggtaa tttcataaat gttcattgca
at t caaaatie?f] with Jayf anbruaaatacgedad obtaid 2 baytsgfroncthe Adipnkingeemiti £ mikidy

gat ggccgeglB80 cettttgttt, ftatgtggtc cccacgaggg ttacacagac gtcactgtc

accaat c ajgﬂgfﬁ’sir’ccﬂegtsﬂﬁstsch%aﬁgf“g "‘t‘eaéﬁ‘ff’g?c? ggt“ie?‘? dhecpimers ?cgttg% P?sé@f
ccccaagt PR0Qydst:E@b6dd. Ahe dhBinH0P GaRiGRAE ekheit A BbEARME (de] 4d A3ALE IS
ttcacggatt 360 tcgttgtatg ttagctatta aatatttgca gtccgttgag gaaactta;?

agcccaat dmaSgtamtE@g ousloctoeftthe aestadP CR) (ravteinghe destred sequenceadgfdede

t t t at .
28000t gt g e Steachggmet gREBE I GaT eTkER 2 EaRUFAERS
t at cgaagemBAPCR QA ihérs GeligEBHDS! FoReaEratt MutPQeIEe) réudidtioatsgag

caacgggat g660 atattaagca tcctggtatt gttcggttgt gttagtgatg ttactcgtgg
at ct ggaat[%?vz@rda@m@%re U A @&3@%&@5@2& ﬂghlélt g’égt%%D& TeERENERMY

gt SR LT, B0 SRS AR SR
t at gt t cgdIR0P4 )a M @Al cecapnificic sigc Eaemplyisrad gadioldjaddded dy (G it thggevdrea
a0t g%gagcgr?lgl(c)sment) is also emphasized in bold], to obtain a PCR product holding the
additional G. The PCR product, and the product of the first step (Bcfl to Tagl with a
missing T) were cleaved with BstDSI and Maelll, and the cleavage product was
replaced with the PCR product including the added G, by ligation. Finally, IL-60 was
cleaved with BceFI and Bmrl, a fragment was removed and replaced by the sequence
15  obtained in the steps described above (BcfT to Bmrl with a missing T and an added G).
iii) a deletion of 45 amino acids at the C terminus of native TYLCV V2 (“pre-coat”
SEQ ID NO: 6), caused by the deletion of the TYLCV CP described hereinabove.
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 repiiéation) protein (SEQ ID NO: 7) at position
93, within the N-terminus. The gene ceding 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: atactiggacacctaatgge (SEQ ID NO: 29) and reverse primer 934:
agtcacgggceccitacaa (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



aaatttcatg ctacagttat tggtgggccc tctggaatga aggaacaggc attagttaagl020
agatttttta aaattaacag tcatgtaact tataatcatc aggaggcagc aaagtacgagl080
aaccat actg aaaacgcctt gttattgtat atggcatgta cgcatgcctc taatccagtgll40
tatgcaacta tgaaaatacg catctatttc tatgattcaa tatcaaatta ataaaatttal200
tattttatat catgagtttc tgttacattt attgPdtttt caagtacatc atacaatacal260
t gat caact&gﬂcmﬁg fraentedc imo tagBaliSaq ¢leavedt plOREVE aarpigathe aforsateationed 1820
agaacttc%t.atctaaatac tcttaagaaa tgaccagtct gaggctgtaa tgtcgtccaal380
attcggaagFgPﬁagaaaaca tttgtgaatc cccattacct tcctgatgtt gtggttgaat 1440

cttatctgaa tgqaaairgaiondof JRIBRNCpRLL AYRAM-BROCHD CHegeit wid ¢bhgtiugted15p0
at ctt gaaat agagggggat tgttatctcc cagataaaaa cgccattctc tgcctgaggalseo

gcagt gat GRg gentige RRM erecom (it HiglY Rittst CHENE Wodgpneyt 8f1 620
t gagcagc > C > . At 0
R e e R R A A R e
t ct t gagadd Oasl)tih piace afGUM iatIBGUBtED.t ctt ¢ gtctagatat tccctatat gl800
at gaggtagg tcctggattg c a.ta cgecotttra t gaat 860
gcttccegta cttﬁ’@f‘ﬁ“ﬁ’@”ég 3?8@% tlgcﬁ'ﬁgégh %@5@%&(2‘){({%‘% g&&é%@mo
get tt aaatpy,ahSnaMGH 9 pRERE Cat.CaRi LARC WelcdlBndSRRACHEANE BV I UBLARIBO
cctttgggct taggtctaga tgtccacata aataattatg tgggcctaga gacctggccc2040

acat t gt t tconginetseendqiropaga &t asdecampigilti adectiona thet consfgut was cstiedet esingd0

. . 160
aaaddaag AT saanes Jhcy At ge: s Erd Sra0Y Bt TARRRL HEk60s,
Ctaaat tt ¢ AGbbadaila TIEoa&h! 8t RapPaiold, adlike fdcipidl PUGE was qilﬁ&thiédagﬂa%
atatattgag ggcctcggat ttactgoctg, aattgagtgc ttcggcatat gcgtcgttgg2340

cagat t gcthyp msedlegdt gupilagy mhe cyay tingprigh abie t the arcauiant akalga 2890
approximately 2 microgram of DNA (in 100 pl of 5 mM Tris-HCI; pH 8.5) were
pipetted info the capillary tube until fully soaked by the plant.

15 RT-PCR 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 attggectgtticcataggoc 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).



agtctccgtc tttctccacg taggtcttga cat ct gttga gctcttagct gcctgaat gt 2460

t cggat gg

aa atgtgctgac ctgtttggtg ataccaggtc gaagaaccgt tggttcttac2520

attggtattt gccttcgaat tggataagca catggagatg tggttcccca ttctcgtggaz2580

gttctctg

ca aactttgatg tattttttat ttgttggggt ttctaggttt tttaattggg2640

aaagtgcttc ctctttagag agagaacaat tgggd?atgt taggaaataa tttttggcat 2700

atatttta
artifici
m sc_fea
am no ac
any natu

<222>(29) .. (2Pelixerafp

<220>.<2

10

15

20

30

aa t adaioepas)gosat 2ii220rd2d Oto 3 ded2dt] SPRES wasl 225 Polllowd1 3Forward:

R GAMIHERGRCGRTACE A 1 dSEER beltany “MI0Lr al PP occdsFieRs

GG TERATGHEGECURCAATISBOAIF RO 28R4) - . (24) <223> Xaa can be.
rally occurri n?@am no aci d <220> <221> m sc_feature _

widsio mhents by graftivg alllyp008% ant IR-41H S (or IR RRIN)
ete ﬁjésc:?cf{ £abbi%o 5a6 %o>m:$t35p)lén(t? 2d described ﬁerein above. Plants in which
GUS (or PRN) have been replicated and spread (as indicated by PCR) were set aside for
the following grafting experiments.

Scions of tobacco and tomato plants in which IR-GUS or IR-PRN were present,
were grafted on untreated tobacco and tomato plants respectively (the rootstocks). The
rootstocks were PCR analyzed for GUS and PRN one month following grafting. DNA
was extracted from leaves remote from the point of graftiﬁg by at least 3 leaves.

Delivery of plasmids to plants by soaking - Roots of seedlings or young
plantlets (tomato, tobacco, grapevines) were slightly trimmed. The roots were soaked in
a 2-5 pg of each of IL-60-BS and IR-GUS dissolved in water. The plantlets were kept in
the solution until all liquid was soaked up. Another volume of water was then added and

after it has also been soaked up the plantlets were planted in pots. Replication and

spread of GUS was tested periodically by PCR in upper leaves.

EXAMPLE 1
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 WO2007/141790,
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 in frans as well.

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



<223> Xaa can be any naturally occurring am no acid <220> <221>

m sc_feature <222>(57)..(57) <223> Xaa can be any naturally occurring
am no acid <220> <221> m sc_feature <222>(66):..(66) <223> Xaa can be
any naturally occurring am no acid <220> <221> mi sc_feature

<222>(74)..(74) <223> Xaa can be any nat |1y occurring amni no acj
Saon L suadeliile G ment acrssymipyagdebmngs (85 YASES 4 ol o8 T sesobhil
nat ural | %e@é:%(}gjg}g, mno acid <400> 3 Met Her Xaa Arg Pro Gy Asp

e lle lle r Thr Pro Val Ser Lys 151015 Val Arg Arg Arg Lou Asn
Phe Xaa Gy PR Rgnalysigindicatelthe fgsense gf BOASBOLCY<CPand GFY seguentts; as

Qu &ys I\Alre':fl % Ll"%"t?éjnsyr%ts I?Q etrelz[e% M%xllts'b&‘?gu?fgsllgé-sli). The absence of other

5 TYLCV sequences (Figure 3F) indicated that the plants were TYLCV-free. These

results indicate that IR-V2-CP-GFP replicates and mo.ves' on its own. GFP was present

in the nuclei of companion cells, at the cell periphery and, apparently, across
plasmodesmata.

The IR-V2-CP construct can induce replication and movement of another DNA

10 in trans, providing the DNA carries an IR. As shown in Figures 3A-B, the artificial

satellite IR-GUS (Figure 1C) was mobilized and expressed GUS in the presence of IR-

V2-CP. :
EXAMPLE 2
Delivery of IL-60-BS to plants by grafting
15 The results are illustrated in Figures 4 and S. Specifically, these Figures

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 (data' 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.
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<212> DNA <213> tonmato yell ow | eaf cur

atcggt gt cc
acct aat ggc
aaat caaat c
ttatgtggtc

virus <400> 4 gttgaaatga
ctcaaagctc tatggcaatc ggtgtatcgg tgtcttactt60 atacttggac
tatttggtaa tttcataaat gttcatttca attcaaaatt 120 caaaattcaa
att aaagcgg.ccatccgtat aat at ggaccg gat ggccgcgl80 ccttttcctt
cccacgaggg ttacacagat gttattgtca accaat caaa240 ttgcattctc

aaacgt t agvHBIASIOLAEDIEgt cttta tatacttggt ccccSagttt300 tttgtcttqgce

aat at gt ggg
ttagctatta

gatttaatta
cgat at aat c
at acagcagc
gt acaggccc
ccgt ggat gt
tactggtatt
gggt aagagg
t at caagaag
- ctat ggaaac
t accgcaacc
tacagttatt
aatt aacagt
t act gaaaac
aact at gaaa
t at at cat ga

acccacttct taatgaattt cctgaatctg ttcacggatt360 tcgttgtatg

agt at t4 geandt 6 %%ﬁ%@ aaaskbiaé hragresaat acfah: ahd aageaac
gggatcttat atctgttgta agggcccgtg actat gt cgad80 agcgaccagg

atusEE genteHm revnal gbt thagt dg P sQyégauersAE ticfatagecc
C?{El Gk Bade§ %glgr%é&o%tcoﬁ a8 a@éﬁ%ﬂiﬁ%@%ﬁggage gaLiatggac
a ag g a g

gtaccgaa agc aat atacagaatg cgaagcc ctgatgttcc
geagd eqeatiogicanstgticwabegiicbibad hagadaaciggodd guiRésiat abhragca

et & et Ldtat et iite BRgg0 s Yot gy 0! At gadas

C 3gRakLi6A eehsth@defBIdhalab Ikl € sy dehes0inaRGn atRaaaggcc
agcccaatgg attttggaca ggtttttaat1g%gttcgata960 atga?cccag

gPhaag satdgCapniviay bewd CABGI M wasHih &t Gagigactopelsarietds gc
I HGQE Chloafl90 28R 29336380 E@di%gt @%EE&@,%&%% egkdinbtd aa
cageaaagt 114

cat'gtaactt tatttatatt cattcaggag acgagaacca
guotetyt pEmntetagt iateglapgc at gt acgcat gcect ct aat 1200 cagt gt at gc
atacgcatct atttctatga ttcaatatca aattaataaal260 atttatattt
gtttctgtta catttattgt gttttcaagt acatcatacal320

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

encoding a Geminivirus replicase.

~

3. A Geminivirus based expression comstruct, capable of systemic
symptomless spread in a plant host, the expression construct being devoid of a

polynucleotide sequence encoding a functional C2 and C3 coding sequence.

4. The expression construct of claim 3 comprising:

®
(IR);

(ii)
protein (CP); and

(11)
protein (V2).

a polynucleotide sequence encoding a Geminivirus intergenic region

a polynucleotide sequence encoding a modified Geminivirus coat

a polynucleotide sequence enceding a modified Geminivirus precoat

5. The expression construct of claim 4, further comprising a

polynucletotide sequence encoding a modified replicase protein (C1).



atacatgatc aactgctctg attacattgt taatggaaat tacaccaaga ctatctaaat 1380
acttaagaac ttcatatcta aatactctta agaaat gacc agtctgaggc
tgtaati gt ogl440 tccaaattcg gaagtcgaga aaacatttgt gaatccccat
taccttcctg atgttgtggt 1500 tgaatcttat3ttgaatggaa atgatgtcgt ggttcattag
aaat ggcctc tggchbgtgtt 1560 ctgttatctt aat gg.ggattgtt t ¢t cccagat
aaaaacgcca ttcﬁctch?qgﬁﬁﬁﬁﬁﬁﬁ@EEHGﬂﬁg 1 dggﬁﬁﬁﬂ%g¥épﬁﬂg%afﬁiF@?atgat

tattgcagt t,gagqt 6939888 g aotet gpgc agccacagtc taggtctaca cgcettacgec
ttattggttt cttcttggctl1740 atcttgtgtt ggaccttgat tgatacttgc gaacagtgqc

t cgt agaggg tgacgaaggt 1800 tgcattcttg agagcccaat ttttcaagga tatgtttttt

tcttcgtcta gatattcc 860 at.at g gt aggt.ectg ¢ a gatagtg
ggaattcccc ctt?aatt?%%Q%gm%%?%gg%gﬁgmcégtg%@ﬁtgatg%@gitgﬁﬁn%%gg?bcctc
t gggcccccaolyvaatleatel: td@8fke egamifisgohvdifiedb@d.aat gcg ggt ct acgt ¢ at caat gacg

ttgtaccacg catcattact 2040 gtacaccttt gggcttaggt ctagatgtcc acataaataa
ttat gt gggc ctagagacct 2100 ggcccacatt gttttgcctg ttctgctatc accctcaatg

acaatactta tggg! et CeR2d:6Rcskigs Co:06a60 G TAha6A cHHBRIIfirédlRa@BGEacccac
tcttcaagtt catctggaac2220 ttgattaaaa gaagaagaaa gaaat ggaga aacat aaact

t ct aaaggad'yarioaseht 2280 cctatctaaa tttgaactta aattatgaaa ttgtaaaata
tagtcctttg gggccttctc2340 ttttaatata ttgagggcct cggatttact gcctgaattg
agtgcttcgg catatgcgtc2400 gttggcagat tgctgacctc ctctagctqga tctgccatcg
attt gggaaa ctc@aaaalb@a#gessian gazsyrettofeignct briog iwwepabist efggant ¢e pigaicat ct

qttgagctcgwkggﬁ%g%%égggégiggggytcgga t ggaaat gt g ctgacctgtt tggggatacc

aagt cgaaga accg acattgg tatttgcctt cgaattggat aagcacatgg
agatgtggtt ccccattctc2640 gtggagttct ttgcaaactt tgatgtattt tttatttgtt

agagttica gttypttiaazd00. 119903080t 4RLL SOkl 29200020038 0992

polynucleotide sequence.

11. The expression construct of claim 10, wherein said heterologous

polynucieotide is larger than 1 kb.

12. The expression construct of claim 10, wherein said heterologous

polynucleotide is larger than 5 kb.

13. The expression construct of claim 10, wherein said heterologous

polynucleotide comprises an operon. .

14. The expression construct of claim 10, wherein said heterologous

polynucleotide is adapted for gene silencing.

15, The expression construct of claim 3, further comprising a bacterial

polynucleotide sequence.

16.  The expression construct of claim 4, wherein said modified

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



ggcatatatt ttaaataaac gaggcat 2787 C210> 5 <211> 280 <212> PRT <213>
Tomato yellow | eaf curl virus <400> 5 Met Set Lys Arg Pro Gy Asp Ile
Ile Ile Ser Thr Pro Val Ser Lys 151015 Val Arg Arg Arg Leu Asn Phe
Asp Ser Pro Tyr Set Ser Arg Ala Ala 02530 Val Pro lle Val Gn Qy
Thr Aso Lys Ar Arg Ser Trp Thr Tyr Arg. 354045 Pro Met Tyr Arg Lys
Pro Arg Ile Tyg Ar gL et SXPIFPsioy gcoé%tfm?’r%f A5 35 5 BHeTA S?’FIO medgiedy y
CGys Gu GCYenP ﬁl%i@’&a’:—?ﬁ%te\ﬁﬂl:mﬁ%ﬁbessﬁ{ aﬂﬁﬁ'b agdus %&c@@g Q38 A SpATn Asp
Ile Lys H Cys Val Ser p Val 859095 Thr Arg
Gy Ser Gﬂ\plﬂ e Thr Hs Arg VaI Gy Lys Arg Phe Cys Val 100105110 Lys
Set Ile Tyr Phe Leu Ay Lys Val Trp Met Asp G n Asn Ile Lys 115120125
Lys Gn Asn H's Thr Asn G n Val Met The Phe Leu Val Arg Asp Arg
130135140 Argl®ro Ty &&hiesdan dastrder ooiVedaifis pt, Phver€ny stdn middifieBhe

Asn Met 145150155160
eminivirus coat protein comprises a mutation or deletion in nucleotides encoding an

N-terminal 100 amino acids.

19, The expression construct of claim 4 comprising a polynuclectide

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

20.  The expression construct of claim 10, wherein said heterclogous
polynucleotide encodes a polypeptide selected from the gfoup 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, and a growth inhibiting molecule.

21.  The expression construct of claim 3, wherein the Geminivirus is a
begomovirus.
22.  The expression construct -of claim 3, wherein the Geminivirus is a

Tomato yellow leaf curl virus (TYLCV).

23, The expression construct of claim 3, wherein the expression construct
1s adapted for expression in a plant host selected from the group -consisting of
Solanaceae, Cucurbitaceae, Umbelliferae, Liliacae, Gramineae (Poaceae), Rosaceae,

Musaceae, Vitacea, and Cruciferae.

24, A method of expressing a molecule of interest in a plant cell
comprising iniroducing into the plant tissue the nucleic acid construct of claim 10,
said heterologous polypeptide being the molecule of interest, thereby expressing a

molecule of interest in a plant cell.



Phe Asp Ass Qu Pro Ser Thr Ala Thr Val Lys Asn Asp Leu Arg Asp
165170175 Arg Pile Gn Val Met Arg Lys Pile His Ala Thr Val Ile Ay
Gy Pro 180185190 Ser Ay Met Lys Qu Gn Ala Leo Val Lys Arg Phe Phe
Lys Ile Ass 195200205 Ser His Val Thr Len Pile Ile Pile Ile Gn Gn
Ala Ala Lys Tyr G n 210215220 Ass H's Thr Qu Ass Ala Leu Leo Leu Tyr
- Met Ala Cys Thr H's Ala 225230235240 r Asn Pro Val Tyr Ala Thr Met
Lys Ile Arg Ile Tyr Pile Tyr Asp 245250255 Ser Il e Ser Ass Ser Ass

Pro Val Tyr Ala Thr_Met L le Arg |le 260265270 Tyr Phe Tyr Ser
Ile Ser Ass 27580 WaTosig sty %4 ghusinibe pRoils £3 estat %f)f%ﬁsf%w
| eaf curl quids s8RQEnE oMatreddrRr AN aheRtil80 ANBR, b Pha RhieryCh
Ser Val Hs Gy Pile 151015 Arg Cys Met Leo Ala Ile Lys Tyr Len "G n

n
Ser Val Guwiifi@gal mhlecatgran2afbater@ moRcwle AgsinTist refsigiandg yolepwe, Asherieide
e Arg Alsegistlﬁgcoe Mo?éc&%,r avgilotig' 50‘1}0a%§0tic stress tolerance molecule, a pharmaceutical
molecule, a growth inducing molecule, a product of genes in a metabolic pathway and a

growth inhibiting molecule.

26.  The method of claim 25, wherein the genes in the metabolic pathway are

encoded by an operon.

27.  The method of claim 24, wherein the plant is selected from the group
consisting of a Solanaceae, a Cucurbitaceae, an Umbelliferae, a Liliacae, a Gramineae

(Poaceae), a Rosaceae Musaceae, Vitacea and a Cruciferae.

28.  The expression construct of claim 13, wherein said operon comprises

pyrrolnitrin (PRN).

29. The expression construct of claims 3-23, being devoid of C2 and C3

coding sequences completely.



Val Arg Ala Arg Asp Tyr Val Gn Ala Thr Arg Arg Tyr Asn His Pile

505560 Hs Ala Arg Leo Gn Ay Ser

PrOLys Ala G n Len Arg Gn Pro

Ile 65707580 G n Gn Pro Cys Cys Cys Pro His Cys Pro Arg His Lys G n
Ala Thr 859095 10 Val Her Lys Pro 115 <210> 7 <211> 357 <212> PRT
<213> Tomato yel l ow | eaf curl

Rep protein of he Tomato yellow | eaf curl

Leu Phe Lys Ile Tyr Al a Lysmvsenti¥yre Phe Leu Thr Tyr
Qys Her LauoHero Lys Gt S hla bt HarG: Leu Lys, Lys 202530 Len

A u Thr Pro ThrivhhRitdyyes skapsardiyred] |
flu Asn Ay G%*°Pry"Hi s Leu Hi s Val
Lys Tyr G n Cys Lys Asn G n Arg Phe Phe Asp Lela Val

<120>

<130>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

PLANT EXPRESSION CONSTRUCTS COMPRISING AND USES THEREOF

44565

Us 61/129,596
2008-07-08

38

PatentInkversion 3.5
1

5509

DNA

Artificial sequence

IL-60-BS polynucleotide

1

gttgaaatga atcggtgtct ctcaaaéctc

atacctggac acctaatggc tatttggtaa

caaaattcaa aaatcaaatc tttaaagcgg

ccttttgttt ttatgtggte cccacgaggg

ttgcattctec aaacgttaga taagtgttca

tttgtcttgc aatatgtggg acccacttect

tcgttgtatg ttagctatta aatatttgca

attgggccac gatttaatta gggatcttat

aagcgaccag gcgatataat cattteccacg

ttcgacggee catacaggec catgtaccga

ctgatgttcc ccgtggatgt gaaggcccct

atattaagca tcctggtatt gttcggttgt

actcacagag tgggtaagag gttctgtgtt

atggatgaaa atatcaagaa gcagaatcac

gatagaaggc cctatggaaa cagcccaatg

aatgagccca gtaccgcaac cgtgaagaat

aaatttcatg ctacagttat tggtgggccc

agatttttta aaattaacag tcatgtaact

aaccatactg aaaacgcett gttattgtat

tatgcaacta tgaaaatacg catctatttc

tattttatat catgagtttc tgttacattt

tgatcaactqg ctctgattac attgttaatg

tatggcaatc
tttcataaat
ccatccgtat
ttacacagac
tttgtcttta
taatgaattt
gtccgttgag
atctgttgta
cccgtctega
aagcccagaa
ttaaagtcca
gttagtgatg
aaatcgatat
actaatcagqg -
gattttggac
gatttgegtg
tctggaatga
tataatcatc
atggcatgta
tatgattéaa
attgtgtttt

gaaattacac

ggtgtategg
gttcattgca
aatattaccg
gﬁcactgtca
tatacttggt
cctgaatetg
gaaacttacg
agggccccgt
aggttcgecg
atacagaatg
gtcttatgag
ttactegtgg
attttttagg
tcatgttett
aggtttttaa
ataggtttca
aggaacaggc
aggaggcagc
cgcatgecte
tatcaaatta
caagtacatc

caagactatc

tgtcttactt
attcaaaatt
gatggcegeg
accaatcaaa
ccccaagttt
ttcacggatt
agcccaatac
gactatgteg
aaggctgaac
tatcgaagcece
caacgggatg
atctggaatt
taaagtctgg
cttggteegt
tatgttcgat
agtgatgagg
attagttaag
aaagtacgag
taatccagtg
ataaaattta
atacaataca

taaatactta

Virus <220> <221> msc_feature <223>
virus <400> 7 Met Pro Arg
151015 Pro Asn

e Lys Val Cys Lys Gu Leu 354045 Hi s
Leu Ile Gn Phe Au Ay 505560

Her Pro Asn

60

120

240
390
360
420
480
540
600
660
720
780

840

960
1020
1080
1140
1200
1260

1320



65707580 Arg Her Ala His Phe Hs Pro Mh Ile Gn-Ala Ala Lys Her Her
Thr 859095 Asp Val Lys Thr Tyr Val G u-Lys Asp Ay Asn Phe Ile Asp
Gy 100105110 Val Her Gn lle Asp Ay Arg Her Ala Arg Ay Ay Gn
Her Ala 115120125 Ass Asp Ala Tyr Ala Au Ala Leu Asn Her Ay Her

Phe
Gn
Lys
Tyr
I'le
Her
Ile
Arg
Leu
Asp

Her
Ile
Phe
Her
Val
Ser
Ser
Asp V.

d u. Al a
Len G n
HetacBlco:

Phe Ass
| T&°9E°
LetetBloya
P&Qu%ﬁsﬁt
gcagtgatga
tgagcagcca
gtgttggacc
tcttgagage
atgaggtagg
gcttecegta
gctttaaata
cctttgggcet
acattgtttt
gcgcagcgga
taaaagaaga
ctaaatttga
atatattgag
cagattgctg
agtctecgtc
tcggatggaa
attggtattt
gttctttgeca
aaagtgcttc
atattttaaa
tcggtgtate
atgttcattt
ataatattac
atgttattgt
tatatacttg
ttcctgaate
aggaaactta
taagggccceg
aaggttcgece
gtccaaggca
atatacagaa

cagtcttatyg

130135140 Leu Asn lie Leu Lys Qu Lys Ala Pro Lys Asp
Phe 145150155160 Hi s Asn Leu Her Her Asn Leu Asp Arg
Rc0adi8d) £ Sk ddgab§9dal Q1D MRk egda xrtgééaiccdsler Rs@ Phe Leu Her
Gn Val Pro Asp 180185190 11 Pro Trp Arg Pro Ile Ser
G5 RED “SER GG IO BB Tys T Mt Trp Ala
Pooatdes sASIIgtEy ptth@bat@ypsct@oyet 2252302352400H s Len Asp

Y £ 261 ctAS RadASRa N e c Whde 2452530255 Vol Ile
F?rgji‘)gg - Teu {%s ﬂ%%ﬁ% Exgst%ﬁ% e e 5990

gttcccctgt gcgtgaatcc atgattattg cagttgaggt ggaggtagta 1620
cagtctaggt ctacacgctt acgccttatt ggtttcttet tggctatctt 1680
ttgattgata cttgcgaaca gtggctegta gagggtgacg aaggttgcat 1740
ccaatttttc aaggatatgt ttttttctte gtctagatat tcecctatatg 1800
tecetggattyg cagaggaaga tagtgggaat tcoccecttta atttgaatgg 1860
ctttgtgttg ctttgececagt cecctetggge cecccatgaat teocttgaagt 1920
atgcgggteot acgtcatcaa tgacgttgta ccacgecatea t&actgtaca 1980
taggtctaga tgtccacata aataattatg tgggectaga gacctggece 2040
gcctgttetyg ctatcaccet caatgacaat acttatgggt ctccatggee 2100
atacacgacg ttctcggcga cccactette aagttcatct ggaacttgat 2160
agaaagaaat ggagaaacat aaacttctaa aggaggacta aaaatcctat 2220
acttaaatta tgaaattgta aaatatagtc ctttggggecc ttctctttta 2280
ggccteggat ttactgectg aattgagtge ttceggeatat gegtegtigg 2340
accteccteta getgatctge catcgatttg gaaaactcca éaatcaatga 2400
tttctccacg taggtcttga catctgttga gétcttagct gectgaatgt 2460
atgtgctgac ctgtttgggg ataccaagtc gaagaaccgt tggttcttac 2520
gcecttegaat tggataagca catggagatg tggttcccca ttctegtgga 2580
aactttgatg tattttttat ttgttggggt ttcectagtttt tttaattggg 2640
ctectttagag agagaacaat tgggatatgt taggaaataa tttitggceat 2700
taaacgaggc atgttgaaat gqgaatcggtgt ccctcaaage tctatggceaa 2760
ggtgtcttac ttatacttgg acacctaatg gectatttggt aatttcataa 2820
caattcaaaa ttcaaaattc aaaaatcaaa téattaaagc ggccatcegt 2880
cggatggccg cgecttttec ttttatgtgg tccccacgag ggttacacag 2940
caaccaatca aattgcattc tcaaacgtta gataagtgtt catttgtett 3000
gtcceocaagt tttttgtett gcaatatgtg ggacccactt cttaatgaat 3060
tgttcacgga tttcgttgta tgttagctat taaatatttg cagtcegttg 3120
cgagcccaat acattgggce acgatttaat tagggatcott atatctgtig 3180
tgactatgtc gaagcgacca ggcgatataa tcatttccac geccgteteg ) 3240
gaaggctgaa cttcgacage ccatacagea gécqtgctgc tgteccccatt 3300
caaacaagcyg acgatcatgg acgtacagge ccatgtaccg aaagcccaga 3360
tgtatcgaag ccctgatgtt ccccgtggat gtgaaggccc atgtaaagte 3420

agcaacggga tgatattaag catactggta ttgttcgttg tgttagtgat 3480



Net Gy Ala G n Arg Asp Trp G n Set Asn Thr Lys Tyr Gy Lys Pro
275280285 Ile Gn Ile Lys Gy Gy Ile Pro Thr Ile The Len Cys Asn Pro
Ay 290295300 Pro Thr Ser Ser Tyr Arg G n Tyr-Len Asp Gn Qu Lys Asn
lie Ser 305310315320 Leu Lys Asn, Trp Aga Leu Lys Asn Ala Thr Phe Val
Thr Leu Tyr d u 325330335 Pro Lou Phe ‘Ala Ser Ile Asn Gn Gy Pro Thr
G n Asp Her Gn G n 340345350 G u Thr Asn Lys Ala 355 <210> 8 <211>
98 <212> PAT <213> Tomato yellow | eaf curl Virus <220> <221>

m sc_f eat tet<ePP Fct@hap odcypeqst iTthestat@Os+tSoftgaNetsa'@ y A8 His |l e Her
Met Cys Lepeckibs ASIhoSeS ode¥edd 3achSast 33048 TNEcrASH VAl 240G Thr ASn
Gy Her Her Thr Trp Tyr Pro Gn Thr Ay 202530 Gn Hs Ile Ser Ile
Arg Thr PHERAG @tgﬁ‘-’\‘féﬁ“ﬂfadaa,&? &G RGP IRET t 384045 3660

caggttttta atatgttcga taatgagcce agtaccgcaa ccgtgaagaa tgatttgegt - 3720
gataggtttc aagtgatgag gaaatttcat gctacagtta ttggtgggce c£ct§gaatg 3780
aaggaacagg cattagttaa gagatttttt aaaattaaEa gtcatgtaac tttatttata 38490
ttcattcagg aggcagcaaa gtacgagaac catactgaaa acgccettgtt attgtatatg 33800
gcatgtacge atgcetctaa tccagtgtat gcaactatga aaatacgcat ctatttctat 3860
gattcaatat caaattaata aaatttatat tttatatcat gagtttctgt tacatttatt 4020
gtgttttcaa gtacatcata caatacatga tcaactgcte tgattacatt gttaatggaa 4080
attacaccaa gactatctaa atacttaaga acttcatatc taaatactct taagaaatga 4140
ccagtctgag gctgtaatgt cgtccaaatt cggaagtcga gaaaacattt g£gaatcccc 4200
attaccttece tgatgttgtg gttgaatctt atctgaatgg aéatgatgtc gtggttcatt 4260
agaaatggce tctggeitgtg ttectgttatc ttgaaataga ggggattgtt tatctceccag 4320
ataaaaacgc cattctectge ctgaggagca gtgatgagtt cccctgtgeg tgaatccatg 4380
attattgcag ttgaggtgga ggtagtatga gcagccacag tctaggtcta cacgettacg 4440
ccttattggt ttcttcttgg ctatettgtg ttggaccttg attgatactt gecgaacagtg 4500
gctecgtagag ggtgacgaag gttgecattet tgagagececca atttttcaag gatatgtttt 4560 )
tttecttegte tagatattce ctatatgagg aggtaggtcce tggattgcag aégaagatag 4620
tgggaattcc ccetttaatt tgaatggget teccecgtactt tétgttgctt tgccagteece 4680
tctgggeecce catgaattec ttgaagtget ttaaataatg cgggtctacg tcatcaatga 4740
cgttgtacca cgcatcatta ctgtacacct ttgggeottag gtctagatgt ccacataaat 4800
aattatgtgg gcctagagac ctggececaca ttgttttgee tgttctgeta tcaccctcaa 4860
tgacaatact tatgggtctc catggccgeg cageggaata cacgacgttc tcggcgacce 4920
actcttcaag ttcatctgga acttgattaa aagaagaaga aagaaatgga gaaacataaa 4980
cttctaaagg aggactaaaa atcctatcta.aatttgaact taaattatga éattgtaaaa 5040
tatagtcctt tggggeocttc tcttttaata tattgaggge cﬁcggattta ctgcctgaat 5100
tgagtgcttc ggecatatgeg tcgttggecag attgectgace tcectctaget gatctgecat 5160
cgatttggga aactccaaaa tcaatgaagt ttccgtcttt ctccacgtag gtcttgacat 5220
ctgttgagct cttagetgec tgaatgttcg gatggaaatg tgetgacctg tttggtgata 5280
ccaggtcgaa gaaccgttgg ttcttacatt ggtatttgece ttegaattgg ataagcacat 5340
ggagatgtgg ttccccattc tcgtggagtt ctctgcaaac tttgatgtat tttttatttg 5400
ttggggtttc taggtttttt aattgggaaa gtgcttcctc tttagagaga gaacaattgg 5460
gatatgttag gaaataattt ttggcatata ttttaaataa aégaggcat 5509

<210> 2



Her Arg Pro Thr Trp Arg Lys Thr du Thr Her

505560 12 Thr His Net Pro Lys H's Ser

Pro Her 859095 |

l e Tyr

sequence <220> <223> IR universal noti
<211> 1486 <212> DNA <213> Artificial

Cl (truncated)- A (truncated)-1R-V2-V1.

<400> 9 taatattac 9
sequence <220> <223>
<400> 10 gttgagctct

Leu Ile Leu G n Phe
ASn Pro Arg
<210> 9 <211> 9 <212> DNA <213> Artificial

Ile Gn Ala Va

<210> 10

t agct gcct eigatgist cgga tggaaatgtg ctgacctgtt tggtgatacc60 aggtcgaaga
accgttggtf”éTﬂﬁkattgg tatttgcctt cgaattggat aagcacatggl20 agatgtggtt

Artif

ccccat tct & 4t ggagtte

<220>

<223> IL-60 polynucleotide

<400> 2
gttgaaatga

atacctggac
caaaattcaa
ccttttgttt
ttgcattctce
tttgtettge
tcgttgtatg
attgggccac
aagcgaccag
ttcgacggee
ctgatgttce
atattaagca
actcacagag
atggatgaaa
gatagaaggc
aatgagccca
aaatttcatg
agatttttta
aaccatactg
tatgcaacta
tattttatat
tgatcaactg
agaacttcat
attcggaagt
cttatctgaa
atcttgaaat
gcagtgatga
tgagcagcca
gtgttggacc
tcttgagagce
atgaggtagg

gcttcecgta

atcggtgtet
acctaatgge
aaatcaaatc
ttatgtggtc
aaacgttaga
aatatgtggg
ttagctatta
gatttaatta
gcgatataat
catacaggcc
ccgtggatgt
tcctggtatt
tgggtaagag
atatcaagaa
cctatggaaa
gtaccgcaac
ctacagttat
aaattaacag
aaaacgcectt
tgaaaatacg
catgagtttc
ctctgattac
atctaaatac
tgagaaaaca
tggaaatgat
agagggggat
gttcecetgt
cagtctaggt
ttgattgata
ccaattttte
tcctggattg

ctttgtgttg

cteaaagetc
tatttggtaa
tttaaagcgg

cccacgaggg

taagtgttca

acccacttct
aatatttgca
gggatcttat
catttccacg
catgtaccga
gaaggcccct
gttcggttgt
gttctgtgtt
gcagaatcac
cagcccaatg
cgtgaagaat
tggtgggeece
tcatgtaact

gttattgtat

catctatttce

tgttacattt
attgttaatg
tcttaagaaa
tttgtgaatc
gtcgtggttce
tgttatctce
gcgtgaatce
ctacacgcett
cttgcgaaca
aaggatatgt
cagaggaaga

ctttgccagt

tatggcaatc
tttcataaat
ccateccgtat
ttacacagac
tttgtcttta
taatgaattt
gtecegttgag
atctgttgta
ceccgtetega
aagcccagaa
ttaaagtcca
gttagtgatg
aaatcgatat
actaatcagg
gattttggac
gatttgegtyg
tctggaatga
tataatcatc
atggcatgta
tatgattcaa
attgtgtttt
gaaattacac
tgaccagtct
cccattacct
attagaaatg
cagataaaaa
atgattattg
acgccttatt
gtggctcgta
ttttttctte
tagtgggaat

ccctetggge

ggtgtatcgg
gttcattgca
aatattaccg
gtcactgtca
tatacttggt
cctgaatctg
gaaacttacg
agggccccgt
aggttcéccg
atacagaatg
g£cttatgag
ttactcgtgg
attttttagg
tcatgttctt
aggtttttaa
ataggtttca
aggaacaggc
aégaggcagc
cgcatgcecctce
tatcaaatta
caagtacatc
caagactatc
gaggctgtaa
tcectgatgtt
géctctggct
cgcecattcte
cagttgaggt
ggtttcttct
gagggtgacg
gtctagatat
tccececttta

céccatgaat

tgtcttactt
attcaaaatt
gétgéccgcg
accaatcaaa
ccccaagttt
ttcacggatt
agcccaatac
gactatgtcg
aaggctgaac
fatégaagcc
caacgggatg
atctggaatt
taaagtctgg
cttggteegt
tatgttcgat
agtgatgagg
dttagttaag
aaagtacgag
taatccagtg
ataaaattta
atacaataca
taaatactta
tgtcgteccaa
gtggttgaat
gtgttctgtt
tgcctgagga
ggaggtagta
tggctatcett
aaggttgcat
tccectatatg
atttgaatgg

tccttgaagt

t°°¢f§aaactt tgatgtattt tttatttgtt180

60

120

180

240

300

540

600

660

720

780

900

960

11020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920



ggggtttcta ggttttttaa ttgggaaagt gottcctctt tagagagaga acaattggga240
tatgttagga aataattttt ggcatatatt ttaaataaac gaggcatqtt gaaatgaatc300
ggtgtctctc aaagctctat ggcaatcggt gtatcggtgt cttacttata Cctggacacc360
taatggctat ttggtaattt cataaatgtt cattgcaatt caaaattcaa aattcaaaaad20
‘tcaaatcttt aaageggcca tccgtataat attaccggat ggccgcgcct tttgtttttad80
tgtggtcccc acgagggtta cacagacgtc actgtcaacc aatcaaattg cattctcaaa540
cgttagataa gtgttcattt qtctttatat acttggtccc caagtttttt gtcttgcaat 600
at gt gggacttiéaetd gutiagct erabetbT tPcgaut ceagretce dergreet cg 1t%gt at gt t a660
gct at t aaadc@tdt06aGLGL okl Ja0gan.Aclt A6QAYL Coaalacat t gggccacgat 720
ttaattaggg atcttatatc tgttgtaagg gcccgtgact atgtcgaagc ccaggcga780
t at aat cat T ECHcHFEEE ¢ &?Ecdﬁé‘g@”tat%aﬁadéébgﬁéﬁtc‘zﬁtﬁéﬁ’&?t cg g’(‘fagcccat a840
caggcccat gyhagegaadgics cagasbatacagaatgtatct ogaageact g 2evgt t ccccg900
Logat gt gag, daeecalala. aaalaeaoli.lial 4adean. oadatgat a thaageat ac 960
tggtattgtt cgt gtgtta gtgatgttac tcgtggatct ggaattactc acagagt gggl020
t aagaggt t CaPEte ttaRatttT trateatoat prtTtettagHtt AR gtEr YRt gg 2#gaaaat at 1080
caagaagcag.alcAsast@.atCagghe alec b et Ghdathe Ghcgtgat agaaggccct al140
t ggaaacagc ccagt atrt ttg %cta gt ttttaatatg ttct atﬁaatg ,agcccagtac1200
cgcaaccgt § aagaa ga £t at&cg ¢ aagcgbftt?(?aaaaa@ g afyaggHaat “tt cat gct ac1260
13 agttat Qgggtcgg:gqe@ectaeq giqg:aabgaaggatga@a*gg@%tgactgqatﬁagags&o

tett aaaaéc;gﬁzgg 4 agcagteal(Qlaacttata. aLLalraga .496agcaagy tacgagaacc
at act gaaaal380 cgccttgtta ttgtatatgg catgtacgca tgcctctaat ccagtgtatg
caact at ga%l%%“a%ff&&‘@é*ﬁf%?“ﬁ%ﬁﬁ FEEREYY APTERAP ST HARL t adtlJg at ccac1486

<210> 11 gttctctgca aactttgatg tattttttat ttgttggggt ttotaggttt tttaattggg 2640
aaagtgcttc ctctttagag agagaacaat tgggatatgt taggaaataa tttttggcat 2700
atattttaaa taaacgaggc at 2722
<210> 3
<211> 238
<212> PRT

<213> Artificial sequence

<220>
<223> 1IL-60 coat protein

<220>

<221> nisc_feature

<222>  (3})..(3)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222>  (24)..(24)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222>  (29)..(29) .
<223> Xaa can be any naturally occurring amino acid

<220>

<221> nmisc_feature

<222>  {55}..(55)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (57)..(57)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (66)..(66)

<223> Xaa can be any naturally occurring amino acid

<220>
<221> misc_feature



<211> 1190 <212> DNA <213> Artificial sequence <220> <223> | R-V2-V1
<400> 11 gttgaaatga atcggtgtct ctcaaagctc tatggcaatc ggtgtatcgg
tgtcttactt 60 atacctggac acctaatggc tatttggtaa tttcataaat gttcattgca

attcaaaatt 120 caaaattcaa aaatcaaatc ttfaaagcgg
gat ggccgcgl80 ccecttttgttt ttatgtggtc cccacgaggg
accaat caaa240 ttgcattctc aaacgttaga taagtgttca
ccccaagt t £300 (t4yt.gisgt t gc aat at gt ggg acccacttct
t t cacggat 12380 *tcgribgtaat getitagcrartias amtat?¥t gca
agcccaat ag420 attgggccac gatttaatta gggatcttat
actatgtcg%{?Ong gpcagg cgatataatc atttccacgc
aggct gaact540 (f.CHataace c..alagagacss, akyl asggaa
t at cgaagcc600 ctgatgttcc ccgtggat gt gaaggcccat
caacgggat Y6B0 *at at t aagca tactggtatt gttcgttgtg

ccat ccgt at
ttacacagac
tttgtcttta
t aat gaattt
gt ccgttgag
atctgttgta
ccgt ct cgaa
agcccagaat
gt aaagt cca
ttagt gat gt

t ct ggaat t@? 26 choacagaglt rgggle-aagaggset tred ghght aera@t cgat at a

aAagt ct ggh780 t ggat Jaaaa t at caagdhg cagaat cacd®
ttggtccgt g840 at agaaggcc ctat ggaaac agcccaat gg

ct aat caggt
attttggaca

at gtt cgat @966 avgageéecay Pb%é%g;‘eaa@c'fygt‘*ga&gag%t gr-at€t gcgt ga

gt gat gagga960 aatftcatgc tacagftatt ggt gggccct
ttagttaagal020 gattttttaa aattaacagt cat

ct ggaat gaa

aat attaccg
gtcactgtca
tatactt ggt
cctgaatctg
gaaactt acg
agggcccgt g
ggttcgccga
at acagaat g
gt ott at gag
tact cgt gga
ttttttaggt
catgttcttc
ggtttttaat
taggtttcaa
ggaacaggca

aactt - at aat cat ca ggaggcagca

t
aagtacgadﬁi@gbﬁﬁdfﬁFﬁb?ﬁéﬂhﬁﬁé@t8?%6“Wféﬁfd?%Fﬂ“Fﬁgcatgtac gcat gcct ct

aat ccagt gt 1140

Val Lys Ala
50

Pro Leu Lys Xaa

60

Ser Xaa Met Ser Asn Gly Met Ile

Leu

Ser Xaa Leu Val Leu Phe Gly Cys Val Xaa Asp Val Thr Xaa Gly Ser

65 70 75 80

Gly Ile Thr His Arg Val Gly Lys Arg Phe Cys Val Lys Ser Ile Tyr

85 90 95

Phe Leu Gly Lys Val Trp Met Asp Glu Asn Ile Lys Lys Gln Asn His
100 105 110

Thr Asn Gln Val Met Phe Phe Leu Val Arg Asp Arg Arg Pro Tyr Gly

115 120 125
Asn Ser Pro Met Asp Phe Gly Gln Val Phe Asn Met Phe Asp Asn Glu
130 135 140

Pro Ser Thr Ala Thr vVal Lys Asn Asp Leu Arg Asp Arg Phe Gln Val

145 150 155 160

Met Arg Lys Phe His Ala Thr Val Ile Gly Gly Pro Ser Gly Met Lys

165 170 175

Glu Gln Ala Leu Val Lys Arg Phe Phe Lys Ile Asn Ser His Val Thr
180 185 190

Tyr Asn His Gln Glu Ala Ala Lys Tyr Glu Asn His Thr Glu Asn Ala

195 200 205
Leu Leu Leu Tyr Met Ala Cys Thr His Ala Ser Asn Pro Val Tyr Ala
210 215 220
Thr Met Lys Ile Arg Ile Tyr Phe Tyr Asp Ser Ile Ser Asn

225 230 235

<210> 4



at gcaact at gaaaatacgc atctatttct atgattcaat atcaaattaall90 <210> 12
<211> 4264 <212> DNA <213> Artificial

<220> <221> m sc_feature

sequence <220> <223> 12-pD

14 <222>(707)..(707) <223>nis a, ¢, g, or

t <220> <221> m sc_feature <222> (734)7.(734) <223>nis a, ¢, g, or
t <400> 12 gcgcccaata cgcaaaccgc ctctccccgce gcgttggecg attcattaat
gcagct ggca60 cgacaggttt cccgactgga aagcgggcag tgagcgcaac gcaattaatg
t gagt t agct2120 2zsact cat t ag gcaccccagg ctttacactt tatgcttccg

t gt gt ggaal,180 i oag6g9a.tagcaall t ¢ acacaggaaa cagctat gac
ccaagct ct a240 atacgactca ctatagggaa agctcggtac cacgcat get

4
tacgt at Cgﬁg%‘) al geaoaat Etcgag%ﬁé‘ttﬂtlg %taatg%gtt Ea‘%cé“gt

tggtaatttcaby at

tgttcatttg540

aaatgttc at

ccttttectt ttatgtggtc cccacgaggg

ttgecattctc
tttgtettge
tegttgtatg
attgggccac
agcgaccagg
tcgacagece
gatcatggac
ctgatgttec
atattaagca
ctcacagagt
tggatgaaaa
atagaaggcc
atgagccecag
aatttcatge
gattttttaa
acgagaacca
cagtgtatgc
atttatattt
atacatgatc
acttaagaac
tccaaatteg
tgaatcttat
ctgttatctt
gaggagcagt
tagtatgagc
atcttgtgtt
tgcattcttg
afatgaggag

aatgggettce

aaacgttaga
aatatgtggg
ttagctatta
gatttaatta
cgatataatce
atacagcagc
gtacaggccc
ccgtggatgt
tactggtatt
gggtaagagy
tatcaagaag
ctatggaaac
taccgcaacc
tacagttatt
aattaacagt
tactgaaaac
aactatgaaa
tatatcatga
aactgctctg
ttcatatcta
gaagtcgaga
ctgaatggaa
gaaatagagg
gatgagttcc
agccacagtc
ggaccttgat
agagcccaat
gtaggtcctg

ccgtactttg

taagtgttca
acccacttct
aatatttgca
gggatcttat
atttccacge
cgtgctgctg
atgtaccgaa
gaaggcccat
gttcgttgtyg
ttctgtgtta
cagaatcaca
agcccaatgg
gtgaagaatg
ggtgggeect
catgtaactt
gccttgttat
atacgcatct
gtttctgtta
attacattgt
aatactctta
aaacatttgt
atgatgtcgt
ggattgttta
cctgtgegtg
taggtctaca
tgatacttgc
ttttcaagga
gattgcagag

tgttgetttg

gcaa

C aa

att

ac.gl.ggacacc,
ad attcaaaaat

aagCcgyccatta2paecearaat pttivstet gatteragotyertetattcedagttt t t t &0
cgagggt t ac480.-acAgacOLL A LhILS 3aCLA ALeARAL Ok Bl LGt Caaae

ttacacagat gttattgtca accaatcaaa

tttgtettta
taatgaattt
gtcecgttgag
atctgttgta
ccgtetegaa
teeccattgt
agcccagaat
gtaaagtcca
ttagtgatgt
aatcgatata
ctaatcaggt
attttggaca
atttgcgtga
ctggaatgaa
tatttatatt
tgtatatggce
atttctatga
catttattgt
taatggaaat
agaaatgacc
gaatccccat
ggttcattag
tctceccagat
aatccatgat
cgcttacgce
gaacagtggc
tatgtttttt
gaagatagtg

ccagtcecte

tatacttggt
cctgaatetg
gaaacttacg
agggcccgtyg
ggttcgccga
ccaaggcaca
atacagaatg
g?cttatgag
tactcgtgga
ttttttaggt
catgttctte
ggtttttaat
taggtttcaa
ggaacaggca
cattcaggag
atgtacgcat
ttcaatatca
gttttcaagt
tacaccaaga
agtctgaggce
taccttcctg
aaatggccte
aéaaacgcca
tattgcagtt
ttattggttt

tcgtagaggg

tcttegtota

ggaattccce

tgggccceca

ccccéagttt
ttcacggatt
agcccaatac
actatgtega
aggctgaact
aacaagcgac
tatcgaagee
Eaacéggatg
tctggaatta
aaagtctgga
ttggtecgtg
atgttecgata
gtgatgagga
ttagttaaga
gcagbaaagt
gectectaatce
aattaataaa
acatcataca
ctatctaaat
tgtaatgtcg
atgttgtggt
fggctgtgtt
ttctctgect
gaggtggagg
cttettgget
tgacgaaggt
gatattcect
ctttaatttg

fgaattcctt

240
300
360
420
480
540

600

720

780

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920

1980

gct cgt at gt
catgattacg
gcagacgcgt
aat ggct att
caaatcttta
gt ggt cccca
gt t agat aag



tctttatata cttggtcccc aagttttttg tcttgcaata tgtgggaccc acttcttaat 600
gaatttcctg aatctgttca cggatttcgt tgtatgttag ctattaaata tttgcagtcc660
gttgaggaaa cttacgagcc caatacattg ggccacgatt taattangga tcttatatct720
gttgtaaggg cccngtgacg tcgacaagct tctcgagcct aggctagctc tagaccacac780
gt gt gggggc ccgagctcgc ggccgctgta ttctatagtg tcacctaaat ggccgcacaa840 .
ttcactggcc gtcgttttac aacgtcgtqa ctgggaaaac cctggcgtta cccaacttaa900
t cgcct t gGaasgeat adabG e Lok e EL agaatigf EGt aalcg agogaagaggz@ccgcaccgag’60
tcgceccttce caacagttgc gcagcct gaa tggcgaat aaat t gt aag ttaatatt 1020
ttgttaaaagl?acfcccgtctg catgaégtt Ttta%tt"gtf'?%fétaﬁ g%g%??% ctcﬁg?gta%%ccazlgg aggccgaal080
at oggcaaaacctTett ttataatattcasabyaactragaeegagas teagtrgtce gag21egt t gt t ccall4o
gt t t ggaacgyARaAt LGRAGLALLARRNAREHIHIGLLEA: ACILSARA00 . 8Fgaaaaaccl1200
gt ct atcagg cgat ggccc actacgtgaa ccatcaccct aatcaagttt tttggggtcgl260
aggt gccgt-aPaAGCaEI R PITARET I ARaY §TAGEE? CREYAI Tt ag®BYct t gacggl320
ggaaagccCggtegaacgtgaeJagaaas) adgggaagasags egraaggagc2gggceget aggl380
gCgCtggcqgu%&%&%%%%@%a?&%ﬂ%&gp %qgg;g%&g&ggggggﬁﬁg%Cgczﬂgttaatgc91440
ccgct acagg gcgcgt% Jg tggcacttit cggggaaatdg tgcgcggaac ccctatttgt 1500
ttattttt cttiaaattaoastctagateattet sttocctge etthtogrr? gercerattdacc ¥t gat aaat g1560
ctt caat aat..alt garaadJaagagtatg..agtaticaac: atdtLagt gt 2ogeccttatt 1620
cccttttttg cggcattttg ccttcectgtt tttgctcacccagaaacgct2 (D:]t gaaagt al680

aaagat gct’gaagHt THGE T YyHI G FTP Gy eIt HeH® e GR AT gga et caacagc1740
ggt aagat cetatitgagagittdetd egoeqegaacgaac gistitbot cagbgaicgag2@act ttt aaal800

gttctgct %ttggQ{tQQC&SCQQatcttaEgta%E&%QtttatQngQ&gQ&QcQ;aQgg&@égaégcasz(;t cggt cgc1860
15 cgcatacact attctcagaa tgacttggtt gagtactcac cagtcacaga

aaagcat Cthﬂ:megt gcttectett tagagagaga acaattggga tatgttagga aataattttt 2760
ggcatatatt ttaaataaac gaggcat 2787
<210> 5
<211> 280
<212> PRT

<213> Tomato yellow leaf curl virus

<400> 5

Met Ser Lys Arg Pro Gly Asp Ile Ile Ile Ser Thr Pro Val Ser Lys
1 5 10 15

Val Arg Arg Arg Leu Asn Phe Asp Ser Pro Tyr Ser Ser Arg Ala Ala
20 25 30

Val Pro Ile Val Gln Gly Thr Asn Lys Arg Arg Ser Trp Thr Tyr'Arg
35 40 T 45

Pro Met Tyr Arg Lys Pro Arg Ile Tyr Arg Met Tyr Arg Ser Pro Asp
50 55 60

Val Pro Arg Gly Cys Glu Gly Pro Cys Lys Val Gln Ser Tyr Glu Gln
65 70 75 80

Arg Asp Asp Ile Lys His Thr Gly Ile Val Arg Cys Val Ser Asp Val
85 90 95

Thr Arg Gly Ser Gly Ile Thr His Arg Val Gly Lys Arg Phe Cys Val
100 105 110

Lys Ser Ile Tyr Phe Leu Gly Lys Val Trp Met Asp Glu Asn Ile Lys
115 120 125

Lys Gln Asn His Thr Asn Gln Val Met Phe Phe Leu Val Arg Asp Arg
130 135 140



t aaccat gag
agct aaccgc
cggagct gaa
caacaacgtt
t aat agact g

acggat ggca
gcggccaact
aacat ggqgg
ccaaacgacg
ttaact ggcg

t gacagt aag
tacttctgac
at cat gt aac
agcgt gacac
aactacttac

agaattatgc agtqctgcca
aacgat cgga ggaccgaagg
tcgccttgat cgttgggaac
cacgatgcct gtagcaat gg
tctagcttcc cggcaacaat
gat aaagttg caggaccact tctgcgctcg gcccttccgq ctggetggtt
aaat ct'ggag ccggt gagcg tgggtctcge ggtatcattg cagcact ggg
aagccct ccrsgrancgilagsn eatred acasy PECEYGyaYiicPhaggeeact at
aat agacagt®t cgct gagat gt gcct ca ct gattaage att gffaact
gtttactcat atatacttta gattgattta aaacttcatt tttaatttaa
gt gaagat cB ettt fvdfat &F et Cat Gadt [Hat*adanttrg et Gyt¥t aca
t acaaggggt gttatgagcc atattcaacg ggaaacgtct tgctctaggc
tt ccaacat tgctgatt tatat ta taaat ct ¢ t aat g
aggt gcgaczgr@'g’fg1 T é’t‘égéﬁt gt at 8’%3‘55 Agac%(ggvg?glfgf%%ég%ﬁt t gt
t ggcaaaggt agcgttgcca atgatgttac agatgagatg gtcagactaa
ggaatttat g, cel Ght6aa G6alLaA0RA 1L L atosat ,actLatk0at g
act caccact gcgafsccccg ggaaaamagc attccagegtsa ttagaagaat
aggt gaaaat attgttgatg cgctggcagt gttcctqgcgc cggttgcatt
tt gt aat t gterGGd thtBmaca gegad egcgt cat thogi 6taCuygat-caggcgce
gaat aacggt t#Ygttgatg cgddgtgattt tgat gdtgag cgt aat ggct
acaagt ct gg aaagaaatgc ataaactttt gccattctca ccggattcag
tggt gat t t rtealrtGare Hecet attiet Tt!ggggg*ag@ggrhaaéﬁ %igat ag
t gtt ggacga gt cggaat cg Cagaccgata ccaggatctt gccafcctat
cggtgagttt tctocttcat tacagaaac?I ctttttcaa aaatatggta
2 a

t gat at gaat** 28af°gehdf: Y'e Jat I gat 1ot 8gat §4o7t 6 £€t aag

Ser Ile Ser Asn Ser Asn Pro Val Tyr Ala Thr Met Lys Ile Arg Ile
260 265 270

Tyr Phe Tyr Asp Ser Ile Ser Asn
275 280

<210> 6

<211> 116

<212> PRT

<213> Tomato yellow leaf curl virus

<400> 6

Met Trp Asp Pro Leu Leu Asn Glu Phe Pro Glu Ser Val His Gly Phe

1 5 10 15

Arg Cys Met Leu Ala Ile Lys Tyr Leu Gln Ser val Glu Glu Thr Tyr

20 25 30
Glu Pro Asn Thr Leu Gly His Asp Leu Ile Arg Asp Leu Ile Ser Val
35 40 45
Val Arg Ala Arg Asp Tyr Val Glu Ala Thr Arg Arg Tyr Asn His Phe
50 55 60

His Ala Arg Leu Glu Gly Ser Pro Lys Ala Glu Leu Arg Gln Pro Ile

65 70 5 80

Gln Gln Pro Cys Cys Cys Pro His Cys Pro Arg His Lys Gln Ala Thr
85 90 95

Ile Met Asp Val Gln Ala His Val Pro Lys Ala Gln Asn Ile Gln Asn

100 105 110

t qat aacact 1980
ttttttgcac2040
t gaagccat a2100
gcgcaaact a2160
gat ggaggcg2220
tattgctgat 2280
gccagat ggt 2340
ggat gaacga2400
gt cagaccaa2460
daggat ct ag2520
t aaacagt aa2580
cgcgattaaa2640
t cgggcaat c2700
ttctgaaaca2760
act ggct gac2820
atgcat ggtt 2880

at cctgattc2940 -

cgattcct gt 3000
aat cacgaat 3060
ggcctgttga3l20
tcgtcact ca3180
gttgtattga3240
ggaact gcct 3300
tt gat aat cc3360
aattaattca3420



t gaccaaaat
t caaaggat ¢
aaccaccgct
aggt aact gg
t aggccacca
t accagt ggc
agttaccgga

t ggagcgaat* jacyt

cgcttoccga

cccttaacgt
ttcttgagat
accagcggtg
cttcagcaga
ctt caagaac
t gct gccagt
t aaggcgcag
d€acc
agggagaaag

agCgcacgag, ggagcttcca

agcct at gga®®86rraaaacgcca

gagttttcgt
cettttttte
gtttgtttge
gcgcagat ac
t ct gt agcac
ggcgat aagt
cggt cgggct
gaact gagat
gcggacaggt
gggggaaacg

t ccact gagc
t gcgcgt aat
cggat caaga
caaagct gt
cgcct acat a
cgtgtcttac
gaacgggggy
acct acagcg
at ccggt aag

gt cagacccc
ctgctgettg
gct accaact
ccttctagtg
cctcgetctg
cgggt t ggac
ttcgtgcaca
t gagct at ga
cggcagggt ¢

gt agaaaaga3480
caaacaaaaa3540
ctttttccga3600
t agccgt agt 3660
ctaatcctgt3720
t caagacgat 3780
cagcccagct 3840
gaaagcgcca3900
ggaacaggag3960

cctggtatct ttatagtcct gtcgggtttc4020
16 gccacckhetgsacttgagegt cgatttttgt gatgctcgtc aggggggcgg

caacgcggcc tttttacggt tcctggectt ttgctggect

tttgct cacAAT46 1Ot 128 tYchftat cc cctgattctg tggataaccg tattaccgec
ttt gagt gag4200 ctgataccgc tcgccgcagec cgaacgaccg agcgcagcga gtcagt gage
gaggaagcdg#260. aaga4264 <210> 13 <211> 6035 <212> DNA <213>

Artifici alzzsegipeforia?he reedre1ld- @IScpDvsa20> <221> nmisc_feature
<222> (707)- (707} <223> n is a,

Met Pro Arg Leu Phe Lys Ile Tyr Ala

1

Pro
Leu
His
Lys
65

Arg
Asp
Val
Asn
Leu
145
His

val

Glu

5

Ser Leu

20

Asn Cys

Thr
35

Glu Pro Thr

Glu Asn Gly Glu

Tyr Gln Cys Lys

Phe
85

Ser Ala His

val Thr

100

Lys Tyr

Gln
115

Ser Ile Asp

Asp Ala Ala

130

Tyr

Asn Ile Leu Lys

Ser
165

Asn Leu Ser

Val Ser Pro

Tyr >
180

Glu
195

Leu Glu Trp

Ser

Asn

Pro

Asn

70

His

Val

Gly

Glu

Glu

150

Asn

Phe

val

Lys

Lys

His

Gln

Pro

Glu

Arg

Aia

135

Lys

Leu

Leu

Ala

Glu

Lys

40

Leu

Arg

Asn

Lys

Ser

120

Leu

Ala

Asp

Ser

Glu

Glu

25

Tyxr

His

Phe

Ile

Asp

105

Ala

Asn

Pro

Arg

Ser

185

Asn

200

c, g, ort

Lys
10

Ala Leu Ser Gln

Ile Lys Val Cys

45 -

val Ile

60

Leu Gln

Phe Asp Leu Val

75
Gln Ala
90

Ala Lys

Gly Asn Phe Ile

Asn Tyr Phe Leu Thr

Leu

Lys

Phe

Ser

Ser

Asp

Tyr
15

Lys- Lys

Glu Leu

Glu Gly

Pro Asn

Ser Thr

95

Phe Gly

110

Gln
125

Arg Gly Gly

Ser
140

Ser Gly Lys

Lys Asp Ile

155

Tyr

Ile
170

Phe Ser Pro

Ser Phe Asn Gln

Gin
Ser
Leu
Pro

val

Ser Ala

Glu. Ala

Gln Phe

160

Leu Glu
175

Pro Asp

190

Val Val Tyr Ser

205

Ala

Ala Arg



<220> <221> m sc_featnre <222> (734)-(734) <223>nis a, ¢, g, or t
<400> 13 gcgcccaata cgcaaaccgc ctctccccgc gcgttggeccg attcattaat
gcagct ggca60 cgacaggttt cccgactgga aagegggcag. tgagcgcaac gcaattaatg
tgagttagct 120 cactcattag gcaccccagg chftacactt tatgcttccg gotcgtatgt
t gt gt ggaat 180 t gtgagcgga taacaatttc acacaggaaa cagctatgac catgattacg
ccaaget ct a240 atacgactca ctatagggaa agctcggtac cacgcat gct gcagacgcgt
t acgt at cgg306 mat ceagaakt regtagatativtcigaat e atamraiggacacct aatggctatt
tggtaatttc36V ataaatgttc?Httgcaattc ad¥attcaaa attcaaaaat caaatcttta
aagcggccat 420 ccgtataata ttaccggatg gccgcgectt ttgtttttat gtggtcccca
cgagggt t 4¢A8C & égia@gtg@? Set gt @aiat@ag?f\%‘aﬁaﬂ?‘g%ys%‘ﬁ% ctcaaac gttagataag
tgttcatttg%40 tctttatata cttggtcccc aagttttttg tcttgcaata tgtgggaccc
acttcttaat 600 gaatttcctg aatctgttca cggatttcgt tgtatgttag ctattaaata
tttgeagt ceB8Y G CFapgdaa ‘Eaééréraﬁéc“%g%’t”&égf"t -Q§g“g‘&cacgat t taattangga
tcttatatct 720 gttgtaaggg cccngtgacg aattcgtcga catgttacgt cctgtagaaa
ccccaaccqgy8 £03aal.6322 -A2A6LG0ACY, 0GC! 9L 9906, 8t cagt ct g gat cgcgaaa
act gt ggaat 840 tgastcagcgt tggtgegaaa gcgcgt baca agaaagccgg gcaattgctg
t gccaggcag900 ttttaacgat cagttcgccg atgcagatat tcgtaattat gcgggcaacg
t ct ggt at cRO60 Qe gooaaghs rid hatsacegamaagiyt gggeysaggccagegt at cgtgctgce
gtttcgat gcl020?’ggt cact cat t&#eggcaaag tgtijggt caa taat caggaa gt gat ggagc
at cagggcggl080 ctatacgcca tttgaagccg atgtcacgcc gtatgttatt gccgggaaaa
gt gt acgt atd t40rie agc eyt glegtrgaac aacye aactrgaacty geragact at ¢ ccgccgggaa
tggtgattac1290 17 293 300

Pro Thr Ser Ser Tyr Arg Glu Tyr Leu Asp Glu Glu Lys Asn Ile Ser
305 310 315 320

Leu Lys Asn -Trp Ala Leu Lys Asn Ala Thr Phe Val Thr Leu Tyr Glu
325 330 335

Pro Leu Phe Ala Ser Ile Asn Gln Gly Pro Thr Gln Asp Ser Gln Glu
340 345 350

Glu Thr Asn Lys Ala
355

<210> 8

<211> 98

<212> PRT

<213> Tomato yellow leaf curl virus

<220> -
<221> nmisc_feature
<223> C4 polypeptide

<400> 8
Arg Met Gly Asn His Ile Ser Met Cys Leu Ser Asn Ser Lys Ala Asn

1 5 10 : 15

Thr Asn Val Arg Thr Asn Gly Ser Ser Thr Trp Tyr Pro Gln Thr Gly
20 25 30

Gln His Ile Ser Ile Arg Thr Phe Arg Gln Leu Arg Ala Gln Gln Met
35 40 45

Ser Arg Pro Thr Trp Arg Lys Thr Glu Thr Ser Leu Ile Leu Glu Phe
50 55 60

Pro Lys Ser Met Ala Asp Gln Leu Glu Glu Val Ser Asn Leu Pro Thr
65 70 75 80



cgacgaaaac
ccat cgcagc
gacgcatgtc
t gat gt cagc
t agcgggact
t gaact gt gc
cat ccggtca

ggcaagaaaa
gt aat gct ct
gcgcaagact
gt t gaact gc
tt gcaagt gg
gt cacagcca
gt ggcagt ga

tactggctt%rgg%@ﬁﬁeaP

gat ggt gcac
ttaccettac

t gaaact gct®

gccgaaagaa

gaccacgca
ct gaagaga
€t gt cggct
ct gt acagcg

ggcgat t aag, gagct gat ag
tgccaacgaanscggataccc

aacgcqt agg

t gﬁagcz.a Se

Cc
t cacaccgat Accat cagcg a%

gtatgtccaﬁﬂagcg gggtt

ctggcaggag

al
aaactgcatc

cgggctgcaﬁOWcaatgtaca
t at gt at ca@*@Yéftctttg

cgccgatttt

gcgacct cgc

cact cgcgag;€gcpaaccga
gaact t cgghigaaaaaccgc

t att ct at ag§*’t gptateraacatgyccgcecac
gact gggaaazeaccct ggcgt tacccaactt

<223>

agcagtctta
acaccacgcc
gt aaccacgc
gt gat gcgga
t gaat ccgca
aaagccagac
agggcgaaca

cttccat gat
gaacacct gg
gtctgttgac
t caagaggt g
cctctggcaa
agagt gt gat
gttcctgatt

ttctttaact
gt ggacgat a
t ggcaggt gg
qtt gcaactg
ccgggt gaag
at ctacccgc
aaccacaaac

Hager He it tacyt fgeragmggat t cg

taat ggactg’
tgctcgactg
ttaacctctc
aagaggcagt
cgcgt gacaa
gt ccgcaagt
t ccgat
ctttga
t Jgaaacggc

gccgat t at
ccgacatgtg
at cgcgt cag
aaggcat at t
agt cggcggce
agcagggagg

gattggggcc
ggbagat gaa
tttaggcatt
caacggggaa
aaaccaccca
gcacgggaat
cacctgcgtc
t gt gctgtgc
agagaaggt a
cat caccgaa
gagt gaagag
cgccgtcegtc
gcgcegtt gge
ttttctgcetg
caaacagt cg
aattcactgg
aat cgccttg

Cl{truncated)- C4 (truncated)-IR-V2-V1.

<400> 10

gttgagctet tagctgcctg
aggtcgaaga accgttggtt
agatgtggtt ccccattcte
ggggtttcta ggttttttaa
tatgttagga aataattttt
ggtgtctcte aaagctctat
taatggctat ttggtaattt
tcaaatcttt aaagcggcca
tgtggtccce acgagggtta
cgttagataa gtgttcattt
atgtgggace cacttcttaa
gctattaaat atttgcagtc
ttaattaggg atcttatatc
tataatcatt tccacgcecg
caggccecatg taccgaaage
tggatgtgaa ggcccatgta
tggtattgtt cgttgtgtta
taagaggttc tgtgttaaat
caagaagcag aatcacacta
tggaaacagc ccaatggatt

cgcaaccgtg aagaatgatt

aatgttcgga tggaaatgtg
cttacattgg tatttgcctt
gtggagttct ctgcaaactt
ttgggaaagt gcttcctett
ggcatatatt ttaaataaac
ggcaatcggt gtatcggtgt
cataaatgtt cattgcaatt
tcegtataat attaccggat
cacagacgtc actgtcaacc
gtctttatat acttggtcce
tgaatttcct gaatctgttc
cgttgaggaa acttacgagc
tgttgtaagg gceccecgtgact
tctcgaaggt tcgccgaagg
ccagaatata cagaatgtat
aagtccagtc ttatgagcaa
gtgatgttac tcgtggatct
cgatatattt tttaggtaaa
atcaggtcat gttcttettg
ttggacaggt ttttaatatg

tgecgtgatag gtttcaagtg

ctgacctgtt
cgaattggat
tgatgtattt
tagagagaga
gaggcatgtt
cttacttata
céaaattcaa
ggcegegeet
aatcaaattg
caagtttttt
acggattteg
ccaatacatt
atgtcgaagce
cﬁgaacttcg
cgaagccctg
cgggatgata
ggaattactc
gtctggatgg
gtccgtgata
ttcgataatg

atgaggaaat

adct cctacc
cat ggcat cg

ggttt cgaag
act cagcaag

agcgt ggt ga
atttcgccac
aat gt aat gt
ct gaaccgtt
ct ggaaaaag

t acggcgt qg
tatcagtgtg

ggt gaacagg
ggt aacaaga

caaaaacgct
acatcagctc
ccgtegtttt
cagcacatcc

tggtgatacc
aagcacatgg
tttatttgtt
acaattggga
gaaatgaatc
cctggacacc
aattcaaaaa
tttgttttta
cattctcaaa
gtcttgcaat
ttgtatgtta
gggccacgat
gaccaggcga
acagcccata
atgttcceceg
ttaagcatac
acagagtggg
atgaaaatat
gaaggcccta
agcccagtac

ttcatgctac

at'gccgggat 1260
t caccgt ggt 1320
t ggccaat gg1380
gacaaggcacl1440
gttatctctal500
ttcgcgt cggl560
cgttctactt 1620
at aacgt gct 1680
gtacctcgcal740
t ggt gat t gal800
cgggcaacaal8e60
cgcacttacal920
t gt ggagt at 1980
t ggcggaagc2040
tctgcgacqc2100
attacggat g2160
aacttctggc2220
at acgttagc2280
cat ggct gga2340
t 4t ggaat t t 2400
aaqggat ctt 2460
ggact ggcat 2520
gcggccgcet g2580
acaacgt cgt 2640
ccctttcgec2700

60

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200

1260



agct ggcgt a
aat ggcgaat
aaat cagct c
aat agaccga
acgt ggact c
aaccat cacc
ct aaagggag

atttt

ct aat

at agcgaaga
ggaaattgta

gat agggttg
caacgt caaa

cccccgattt

ttaac

caagt

ggcccgecacc
agcgttaata
caat aggccg
agtgttgttc
gggcgaaaaa

tttttggggt
agagctt gac

tttt
aaat

ccgt

gat cgccctt

cagtt

cgaggtgccg
ggggaaagcc

gttaaa
cggcaa

%ggaa
ctatca

attcgegtta
aatccctt at
caagagt cca
gggcgat ggc
t aaagcact a

ggcgaacgt g

cccaacagtt gcgcagcct g2760
aatttttgtt2820
aaat caaaag2880
ctatt aaaga2940
ccact acgt g3000
aat cggaacc3060
gcgagaaagg3120

aagggaagaattageaueygatyrgygugt FrIGYYT gebyent aagtgtaageg PP cacget gc3180
gcgt aacCaGaeACACLELCGIHAGLIAR L LHCE ILLACRA AOQCALI ca ggt ggcact t 3240

tt cggggaaa t gt gcgcgga
18 atccgé?%ﬁ?‘ﬁ&%ﬁfgﬁ

acccctattt

aggaagagt=ad3est:ct gagtatd sacacad tdaCe gl gicegccctt a
tgcctt CCt g3420 tttttgcectca cccagaaacg
ttgggt gcaed480: gagt gggtta cat cgaactg

tttcgccce

3540%4agaacgttt tccaatgatg

qtattatcc@ﬁéoﬁﬁgﬁagigaﬁg@ecgggcaagag
aat gactt gg3660 ttgagtactc accagtcaca
agagaatt zginggpagtgctgc cat aaccatg
acaacgat cg3780 gaggaccgaa ggagct aacc

act cgcct t]
accacgat gc

§§A©éaagtgngt&9a@aa§&@9gﬁg&sagc

900 ctgtagcaat ggcaacaacg ttgcgcaaac tattaactgg

ct ggt gaaag
gat ct caaca
agcactttta
caact cggtc
gaaaagcat c.
agt gat aaca
gottttttgc

ttcccttdstt
t aaaagat gc
gcggt aagat
aagttctgct
gccgcat aca
ttacggat gg
ct gcggccaa
acaacat ggg

338339 Lagcaaagga

act ct agct¥FFoGErcreEGefeFattatatradttaidet PGty atgeeedat aakit
Ctt ct gcgchA020..CQgeeatd 6628864 gaedggt bithatd-gGtGqataaat cisgg

cgt gggt ct c4080

ccttitgttt
ttgcattcte
tttgtettge
tegttgtatg
attgggccac
agcgaccagg
tcgacagccece
ctgatgttce
atattaagca
ctcacagagt
tggatgaaaa
atagaaggcc
atgagcccag
aatttcatge
gattttttaa
accatactga
atgcaactat
<210>
<211>

<212>
<213>

12
4264
DNA

<220>
<223>

<220>
<221>

ttatgtggte
aaacgttaga
aatatgtggg
ttagctatta
gatttaatta
cgatataatc
atacaggeccc
ccgtggatgt
tactggtatt
gggtaagagg
tatcaagaag
ctatggaaac
taccgcaacc
tacagttatt
aattaacagt
aaacgccttg

gaaaatacgc

IR-pD

misc_feature

cccacgaggg
taagtgttca
acccacttct
aatatttgeca
gggatcttat
atttccacge
atgtaccgaa
gaaggcccat
gttcgttgtg'
ttctgtgtta
cagaatcaca
agcccaatgg
gtgaagaatg
ggtgggccct
catgtaactt
ttattgtata

atctatttct

Artificial sequence

ttacacagac gtcactgtca accaatcaaa 240
tttgtcttta tatacttggt ccccaagttt 300
taatgaattt cctgaatctg tfcacggatt 360
gtccgttgag géaacttacg agcccaatac 420
atctgttgta agggcccgtg actatgtcga 480
cegtctcgaa ggttcgecga aggctgaact 540
agcccagaat atacagaatg tatcgaagec 600
gtaaagtcca gtcttatgag caacgggatg 660
ttagtgatgt tactcgtgga tctggaatta 720
aatcgatata ttttttaggt aéagtctgga 780
ctaatcaggt cétgttcttc ttggtcecgtg 840
attttggaca ggtttttaat atgttcgata 900
atttgegtga taggtttcaa gtgatgagga 960
ctggaatgaa ggaacaggca ttagttaaga 1020
ataatcatca ggaggcagca aagtacgaga 1080
tggcatgtac geatgcctct aatccagtgt 1140
atgattcaat atcaaattaa 1190

gtttattttt ctaaatacat tcaaatatgt3300
TR ERTrY AT EEEt GRPIEHACH B %Pt gadHl

tgcggcattt
t gaagat cag
cct t gagagt
at gt ggcgeg
ctattctcag
cat gacagt a
cttacttctg
ggat cat gt a
cgagcgt gac
cgaact actt
t gcaggacca

agccggt gag



gcggt atcat tqcagcactg gggccagatg
cgacggggag tcaggcaact atggatgaac
cactgattaa gcattggtaa ctgtcagacc
taaaacttca tttttaattt aaaaggatct
acaat aaaac tgtotgotta cataaacagt
cgggaaacgt cttgetctag gccgcgatta
t at aaat ggg26t ggegatan t gt cgggcaa
aagcccgat g2egecagagt te- ge ttt ct gaaa
acagat gaga.§-ggt cagact aaactggctg
cattttatc@zqtackaEgga t gat gcat gg

gcat t ccagl;¥atitdbaddy atat cct gat
gtgttcctge geccggttgca ttcgattcct

gt aagccctc
gaaat agaca
aagtttactc
aggt ggagat
aat acaaggg
aattccaaca
t caggt gcga
cat ggcaaag
acggaattta
ttactcacca
t caggt gaaa
gtttgtaatt

ccgtatcgta
gat cgct gag
atatatactt
cetttttgat
gt gt t at gag
t ggat gct ga
caat ct at cg
gt agcgttgc
tgcctcttcce
ct gcgat ccc
atattgttga
gtecttttaa

gtatttcgt ¥t cder cagge gcaatcacqa.algaal aacd. akitaglt ga
tttgatgacg agcgtaatgg ctggcctgtt gaacaagtct ggaaagaaat

t t gccat t ClrCattyerart oIa gty actaseatsg grgaretat 1 vett ga

Lt t gacgagg-geaantdadda Aegtd-gatlc gaiglt Qgacgagktaggaat
taccaggatc ttgccatcct ahg?aact t tttctecttce

tgtga a taacaattt aggaa gcgct(;:at Cag%t t%atgacg caagctcta
cgget tttt E RARFA ATy T AT T gRraat st gat At g ar 48t Pyca
at gct cgat gaagtttd tthohaagaabt@atricscaigactaanstabatotisaac

gttccact 93 464l caQaCL €64l A0A237,.0al.£A8ag9a.LGlLatl.gag
tctgcgcgta afctgctgcet tgcaaacaaa aaaaccaccg ctaccagegg

gccggat ca*Patitt ACEAU TP LI TP CEoaARG GERETC > FEPICHgca

accaaat acdcoQtHed tataged HeFQea gt e ght-2G8aERECR&LIteaA]A
19

acagacgtca ctgtcaacca atcaaattgc attctcaaac gttagataag tgttcatttg

tctttatata cttggtceccec aagttttttg tcttgcaata tgtgggaccc acttcttaat

gaatttcectg aatctgttca cggatttcgt tgtatgttag ctattaaata tttgcagtcce

gttgaggaaa cttacgagecc caatacattg ggccacgatt taattangga tcttatatct

gttgtaaggg ccengtgacg tcgacaaget tectegagect aggetagete tagaccacac

gtgtggggge ccgagctege ggecgcetgta ttctatagtg tcacctaaat ggecgcacaa

ttcactggece gtecgttttac aacgtegtga ctgggaaaac cctggcgtta cccaacttaa

tcgecttgea gcacatccce ctttcgeccag ctggegtaat agcgaagagg cccgcaccga

tegeecttee caacagttge gecagcctgaa tggecgaatgg aaattgtaag cgttaatatt

ttgttaaaat tcgegttaaa tttttgttaa atcagctcat tttttaacca ataggcegaa

atcggcaaaa tcccttataa atcaaaagaa tagaccgaga tagggttgag tgttgttcca

gtttggaaca agagtccact attaaagaac gtggactcca acgtcaaagg gcgaaaaacc

gtctatcagg gcgatggece actacgtgaa ccatcaccct aatcaagttt tttggggtceg

aggtgccgta aagcactaaa tcggaaccct aaagggagec cccgatttag agettgacgg

ggaaagccgg cgaacgtgge gagaaaggaa gggaagaaag cgaaaggagc gggcgctagg

gcgectggcaa gtgtageggt cacgctgcge gtaaccacca cacccgecge gettaatgeg

ccgctacagg gcgecgtecagg tggcactttt cggggaaatg tgcgcggaac ccctatttgt

ttatttttect aaatacattc aaatatgtat ccgctcatga gacaataacc ctgataaatg

cttcaataat attgaaaaag gaagagtatg agtattcaac atttcecgtgt cgeccttatt

cccttttttg cggcattttg cettectgtt tttgetcace cagaaacget ggtgaaagta

aaagatgctg aagatcagtt gggtgcacga gtgggttaca tcgaactgga tctcaacage

ggtaagatcc ttgagagttt tcgccccgaa gaacgtttte caatgatgag cacttttaaa

gttctgctat gtggcgecggt attatcccgt attgacgecceg ggcaagagca actecggtcge

gttatctaca4140
at aggt gcct 4200
tagattgatt 4260
aat ct cat ga4320
ccat att caa4380
tttatatggg4440
att gt at ggg4500
caat gat gt t 4560
gaccat caag4620
cgggaaaaca4680
t gcgct ggcad740
cagcgat cgc4800
tgcgagt gat 4860
gcat aaactt 4920
tAaccttatt 4980
gggcagaccgas040
9%tacagaaa5100
gfttcatttg5160
gogagtttt ¢5220
al,cctttttt 5280
tggtttgttt5340
¢fdgcgcagat 5400
aot ct gt agc5460

540

600

840

300

960
1020
1080
11490
1200
1260
1320
1380

1440

" 1500

1560

1620

1680

1740

1800

1860



accgcctaca tacctcgcetc

gtcgtgtctt accgggttgg
ct gaacgggg ggttcgtgca
at acct acag cgt gagct at

gt at ccggt a agcggcaggg
cgcctggtat ctttatagtc

tgctaatcct gttaccagtg
act caagacg atagttaccg
cacagcccag cttggagega
gagaaagcgc cacg
t cggaacaqg agag
ctgtcgggtt tcgccacctc

dicace

gctgctgcca
gat aaggcgc
acgacct aca
gaagggagaa
agggagcttc
t gact t gagc

gt ggcgat aa5520
agcggt cggg5580
ccgaact gag5640
aggcggacag5700
cagggggaaa5760
gtcgattttt 5820

gt gat gct Cgc1:cAB09A005:.093066] a1, JRAARAGALEHULRACACTY 164t t 11T acg5880

gttcctggecc ttttgctgg

C cttttgctca catgttcttt cctgcgttat cccctgattc5940

tgtggataaﬁm%ﬁF&TFﬁﬁEUEEGTT?@ﬁQFagﬁﬁﬁ?éﬁf&ﬁﬁwdﬁfﬁﬁﬁﬁgcalﬁﬁcgaacgaCGOOO
cgagcgcag@mgaghcagagamgegﬂg@@ag&mgga@gﬁﬁ&aqﬁZiakaﬁé <2%is 24 <212>
<229>..5223> Si

dggaac ‘¢ggagctgaa

DNA <213> Art|f|C|

tf%ggg at

ollgonucleot

gﬂ taac g gcélgégt

acag

qgle stranq1

aagec

cccat agaccgaaag ccca24 <210> 15 <211>

21 <212> fﬁmw%Qﬂ%59%W¥fF%@#&#ﬁgéﬂﬂeﬁﬁém¥??®$‘ﬁ?@%§w8|ngP@ strand DNA

ol i gonucl gelcidle; 522052213t SGclLak ULR552233R RagstNOS PRGN VI at ed
<400> 15 t%ggctgtcg aagttcagcc t21 <210> 16 <211> 21 <212> DNA <213>

Artificiaf
aaatctggag
aagcccteccc
aatagacaga
gtttactcat
gtgaagatcc
tacaaggggt
ttccaacatg
aggtgcgaca
tggcaaaggt
ggaatttatg
actcaccact
aggtgaaaat
ttgtaattgt
gaataacggt
acaagtctgg
tggtgattte
tgttggacga
cggtgagttt
tgatatgaat
tgaccaaaat
tcaaaggatc
aaccaccgcet
aggtaactgg
taggccacca
taccagtggc
agttaccgga
tggagcgaac
cgctteccega

agcgcacgag

ccggtgageg
gtatcgtagt
tcgetgagat
atatacttta
tttttgataa
gttatgagcc
gatgctgatt
atctatcgat
agcgttgcca
cctcttecga
gcgatcceeg
attgttgatg
ccttttaaca
ttggttgatg
aaagaaatgce
tcacttgata
gtcggaatcg
tctectteat
aaattgcagt
cccttaacgt
ttcttgagat
accagcggtg
cttcagcaga
cttcaagaac
tgctgecagt
taaggcgcag
gacctacacc
agggagaaag

ggagcttcea

BYtieffe L5265 acctes

tgggtctcge
tatctacacg
aggtgecetca
gattgattta
tctcatgaac
atattcaacg
tatatgggta
tgtatgggaa
atgatgttac
ccatcaagca
ggaaaacagc
cgctggcagt
gcgatcgegt
cgagtgattt
ataaactttt
accttatttt
cagaccgata
tacagaaacg
ttecatttgat
gagttttcgt
ccttttttte
gtttgtttge
gcgcagatac
tctgtagcac
ggcgataagt
cggtcggget
gaactgagat
gcggacaggt

gggggaaacg

gccecttcecgg ctggetggtt tattgetgat

ggtatcattg
acggggagtce
ctgattaagc
aaacttcatt
aataaaactg
ggaaacgtct
taaatgggct
gccecgatgeg
agatgagatg
ttttateccgt
attccaggta
gttcctgege
atttcgtcte
tgatgacgag
gccattectca
tgacgagggg
ccaggatctt
gctttttcaa
gctecgatgag
tccactgage
tgcgegtaat
cggatcaaga
caaatactgt
cgcctacata
cgtgtcttac
gaacgggggqg
acctacagcg
atceggtaag

cctggtatct

cagcactggg
aggcaactat
attggtaact
tttaatttaa
tctgettaca
tgctctagge
cgegataatg
ccagagttgt
gtcagactaa
actcctgatg
ttagaagaat
cggttgeatt
gctcaggege
cgtaatggcet
ccggattcag
aaattaatag
gccatcctat
aaatatggta
tttttetaag
gtecagaccce
ctgetgettg
gctaccaact
ccttetagtg
cctegetetg
cgggttggac
ttcgtgecaca
tgagctatga
cggcagggtc

ttatagtect

gccagatggt
ggatgaacga
gtcagaccaa
aaggatctag
taaacagtaa
cgcgattaaa
tcgggecaatce
ttctgaaaca
actggctgac
atgcatggtt
atcctgatte
cgattcctgt
aatcacgaat
ggcctgttga
tegtecactea
gttgtattga
ggaactgcct
ttgapaatcc
aattaattca
gtagaaaaga
caaacaaaaa
cttttteega
tagccgtagt
ctaatcctgt
tcaagacgat
cagcccaget
gaaagcgeca
ggaacaggag

gtcgggttte

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020



<223> Single strand DNA ol i gonucl eoti de <400> 16 attgggct gt
ttccataggg c21 <210> 17 <211> 19 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eotide- 20 <400> 17 gaaggct gaa
cttcgacagl9 <210> 18 <211> 18 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400> 18 t gt gt ggaca

ggt aat ggl8 <210> 19 <211> 23 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400> 19 ggccgaattc

agt aaaggalf “HaGER LISt I LI PY 929G LY PIIIIRA 2FIHI°Ar t i5°¢i al

sequence s22Qxa<2332qSt Bgk@cHt ratghcBNAtakdg@nickeatd de «<400> 20

g g ct g aact Egt&g&(c:cagg%gtggcé Q&QQ&%Q Qggagatag% ttgtg;tac,g:gc% tttgagtgag 4200

ctgataccge tcogecgeage cgaacgaccy agcgcagcga gtcagtgage gaggaagcgg 4260
aaga ' . 4264
<210> 13

<211> 6035

<212> DNA

<213> Artificial segquence

<220>
<223> IR-GUS-pD

<220>

<221> misc_feature

<222> (707)..{707)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (734)..(734)

<223> n is a, ¢, g, or t

;igg:ca;ia cgcaaaccgce ctctcccege gegttggecg attcattaat gecagectggea 60
cgacaggttt ccecgactgga aagcgggcag tgagcgcaac gcaattaatg tgagttaget 120
cactcattag gcaccccagg ctttacactt tatgectteceg getegtatgt tgtgtggaat 180
tgtgagcgga taacaatttc acacaggaaa cagctatgac catgattacg céaaéctcta 240
atacgactca ctatagggaa agctcggtac cacgcatgct gcagacgcgt tacgtatcgg 300
atccagaatt cgtgatatect gaattcatac ctggacacct aatggctatt tggtaatttc 360
ataaatgttc attgcaattc aaaattcaaa attcaaaaat caaatcttta aagcggccat 420
ccgtataata ttaccggatg gccgegectt ttgtttttat gtggtcceca cgagggttac 480
acagacgtca ctgtcaacca atcaaattgc attctcaaac gttagataag tgttcatttg 540
tctttatata cttggtccece aagttttttg tettgcaata tgtgggaccc acttcttaat 600
gaatttcctg aatctgttca cggatttcgt tgtatgttag ctattaaata t£tgéagtcc 660
gttgaggaaa cttacgagcc caatacattg ggccacgatt taattangga tcttatatct 720
gttgtaaggg cccngtgacg aattcgtcga catgttacgt cctgtagaaa ccccaaccceg 780
tgaaatcaaa aaactcgacg gcctgtgggce attcagtctg gatcgcgaaa actgtggaat 840
tgatcagcgt tggtgggaaa gcgcgttaca.agaaagccgg gcaattgctg tgccaggecag 900
ttttaacgat cagttcgccg atgecagatat tegtaattat gegggcaacg tetggtatca 960
gcgcgaagtc tttataccga aaggttgggce aggccagegt atcgtgetge gtttcgatge 1020
ggtcactcat tacggcaaag tgtgggtcaa taatcaggaa gtgatggagc aicagggcgg 1080
ctatacgcca tttgaagccg atgtcacgee gtatgttatt gécgggaaaa gtgtacgtat 1140

caccgtttgt gtgaacaacg aactgaactg gcagactatc ccgccgggaa tggtgattac 1200



<210> 21 <211> 31 <212> DNA <213> Artificial
Singl e strand DNA ol i gonucl eotide <400> 21 gcggtactgg gctcattata

tcgaacatat t31 <210> 22 <211> 25 <212> DNA <213> Artificial

sequence <220> <223>

sequence

<220> <223> Single strand DNA ol i gonucl.eoti de <400> 22 ggcttcgata
cattctgtat ttctg25 <210> 23 <211> 30 <J12> DNA <213> Artifici al

sequence <220> <223> Single strand DNA ol i gonucl eoti de

tn.

21 <400>

23 ctgatgttcc ccgtggat gt gaaggcccat 30 <210> 24 <211> 32 <212> DNA
<213> Art rfferat ivegaenceca a2 >ttPR8s Sringhe Sbecagyek DNA260
olIgonucl@QLQQQCg&QQ2m24agg@&g%&&@@ugakggaga@&m@@ggaacaa&)a032 <210>

sequence <22

25 <211> 20 <212> DNA <213> Artificial

gacgcatgte
tgatgtcagce
tagcgggact
tgaactgtgce
catccggtea
tactggettt
gatggtgcac
ttacccttac
tgaaactget
gccgaaagaa
ggcgattaaa
tgccaacgaa
aacgcgtaaa
tcacaccgat
gtatgtccaa
ctggcaggag
cgggctgcecac
tatgtatcac
cgcegatttt
cactcgegac
gaacttcggt
tattctatag
gactgggaaa
agctggcgta
aatggcgaat
aaatcagctc
aatagaccga
acgtggactc
aaccatcacc
ctaaagggag
aagggaagaa
gcgtaaccac

ttcggggaaa

gcgcaagact
gttgaactgce
ttgcaagtgg
gtecacagcea
gtggcagtga
ggtcgtcatg
gaccacgcat
gctgaagaga
gctgtcgget
ctgtacagcg
gagctgatag
ccggatacce
ctcgacecga
accatcagcg
agcggegatt
aaactgcatc
tcaatgtaca
cgcgtetttg
gcgacctege
cgcaaaccga
gaaaaaccgc
tgtcacctaa
accctggcgt
atagcgaaga
ggaaattgta
attttttaac
gatagggttg
caacgtcaaa
ctaatcaagt
cceeccgattt
agcgaaagga
cacacccgcc

tgtgcgegga

gtaaccacgce
gtgatgcgga
tgaatcecgcea
aaagccagac
agggcgaaca
aagatgcgga
taatggactg
tgctcgactg
ttaacctctc
aagaggcagt

cgcgtgaéaa

gtccgecaagt

cgcgtecgat
atctctttga
tggaaacggc
agccgattat
ccgacatgtg
atcgegtecag
aaggcatatt
agtcggcgge
agcagggagg
atggececgecac
tacccaactt
ggcecegeace
agcgttaata
caataggceg
agtgttgtte
gggcgaaaaa
tttttggggt
agagcttgac
gcgggecgeta
gcgcttaatg

acccctattt

gtctgttgac
tcaacaggtg
cctctggecaa
agagtgtgat
gttecctgatt
cttacgtgge
gattggggce
ggcagatgaa
tttaggcatt
caacggggaa
aaaccaccca
gcacgggaat
cacctgegte
tgtgctgtgce
agagaaggta
catcaccgaa
gagtgaagag
cgcegtegte
gcgegttgge
ttttetgetg
caaacagtcg
aattcactgg
aatcgecettyg
gatcgeectt
ttttgttaaa
aaatcggceaa
cagtttggaa
ccgtctatca
cgaggtgecyg
ggggaaagcece
gggcgetgge
cgecgetaca

gtttattttt

tggcaggtgg
gttgcaactg
ccgggtgaag
atctacccge
aaccacaaac
aaaggattcg
aactcctacc
catggcatcg
ggtttcgaag
actcagcaag
agcgtggtga
atttegecac
aatgtaatgt
ctgaaccgtt
ctggaaaaag
tacggcgtgg
tatcagtgtg
ggtgaacagyg
ggtaacaaga
caaaaacgct
acatcagctce
ccgtegtttt
cagcacatcce
cccaacagtt
attecgegtta
aatcecttat
caagagtcca
gggcgatgge
taaagcacta
ggcgaacgtg
aagtgtagcg
gggcgegtea

ctaaatacat

tggccaatgg
gacaaggcac
gttatctcta
ttcgegtegg
cgttctactt
ataacgtgct
gtacctcgea
tggtgattga
cgggcaacaa
cgcacttaca
tgtggagtat
tQQCanagc
tetgegacge
attacggatg
aacttctgge
atacgttagc
catggctgga
tatggaattt
aaggéatctt
ggactggcat
gcggecgetg
acaacgtcgt
cectttegece
gegecagcectg
;atttttgtt
aaatéaaaag
ctattaaaga
ccactacgtg
aatcggaacc
gcgagaaagg
gtcacgetge
ggtggcactt

tcaaétatgt

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2340

3000

3060

3120

3180

3240

3300



<223> Single strand DNA ol i gonucl eoti de <400> 25 attgatcagc

gttggt ggga20 <210> 26 <211> 20 <212> DNA <213> Artificial sequence
<220> <223> Singl e strand DNA ol i gonucl eoti de <400> 26 tgcggtcgcg
agt gaagat c20 <210> 27 <211> 20 <212> ?PA <213> Artificial sequence
<220> <223> Single strand DNA oligonu oti de <400> 27 gcgaacgaac
acgat agcaa20 <210> 20 <211> 19 <212> DNA <213> Artificial sequence
<220> <223%:gol-RObRKasih 204 fMNA, QLJ&Q&H%Q%LQ%&%&Q& 28 ;¢gt caat gag
ggcgtgaat 19 <210> 29 <211> 20 <212> DNA <213> Artificial sequence
<223> Si nfFESET L DRATGPIGORGETEOTT d&sLatoF T Gi%act tdac

acct aat ggo20s<2] Bragidhe K 2t adbd taddd e PDNAG£ 2L Irgshtdtacf | Cizado sequence

gagtgggtta catcgaactg gatctcaaca gcggtaagat ccttgagagt tttcgeccccg 3540
aagaacgttt tccaatgatg agcactttta aagttctget atgtggegeg gtattatcce 3600
gtattgacgc cgggcaagag caactcggtc gccgecataca ctattctcag aatgacttgg 3660
ttgagtactc accagtcaca gaaaagcatc ttacggatgg catgacagta agagaattat 3720
gcagtgctge cataaccatg agtgataaca ctgcggccaa cttacttctg acaacgatcg 3780
gaggaccgaa ggagctaacc gettttttge acaacatggg ggatcatgta actcgccttg 3840
atcgttggga accggagctg aatgaagcca taccaaacga cgagcgtgac accacgatgce 3300
ctgtagcaat ggcaacaacqg ttgcgcaaac tattaactgg cgaactactt actctagctt 3960
cccggcaaca attaatagac tggatggagg cggataaagt tgcaggacca cttctgeget 4020
cggcccttee ggctggetgg tttattgetg ataaatetgg ageccggtgag cgtgggtete 4080
geggtatcat tgcagecactg gggccagatg gtaagcccte ccgtatcgta gttatctaca 4140
cgacggggag tcaggcaact atggatgaac gaaatagaca gatcgctgag ataggtgcct 4200
cactgattaa gcattggtaa ctgtcagacc aagtttactc atatatactt tagattgatt 4260
taagaacttca tttttaattt aaaaggatct aggtgaagat cctttttgat aatctcatga 4320
acaataaaac tgtctgetta cataaacagt aatacaaggg gtgttatgag ccatattcaa 4380
cgggaaacgt cttgctctag gecgecgatta aatteccaaca tggatgctga tttatatggg 4440
tataaatggg ctcgcgataa tgtcgggcaa tcaggtgecga caatctatcg attgtatggg 4500
aagcccgatg cgccagagtt gtttctgaaa catggcaaag gtagegttge caatgatgtt' 4560
acagatgaga tggtcagact aaactggctg acggaattta tgcctecttee gaccatcaag 4620
cattttatcc gtactectga tgatgcatgg ttactcacca ctgecgatcce cgggaaaaca 4680
gcattccagg tattagaaga atatcctgat tcaggtgaaa atattgttga tgcgctggea 4740
gtgttcectge geccggttgeca ttegattecct gtttgtaatt gteccttttaa cagcecgatcge 4800
gtatttegte tcgetecagge gcaatcacga atgaataacg gtttggttga tgcgagtgat 4860
tttgatgacg agcgtaatgg ctggcctgtt gaacaagtct ggaaagaaat gcataaactt 4920
ttgeecattet caccggattc agtcgtcact catggtgatt tctcacttga taaccttatt 4980
tttgacgagyg ggaaattaat aggttgtatt gatgttggac gagtcggaat cgcagaccga 5040
taccaggatc titgccatcct atggaactgc ctcggtgagt ttteteette attaéagaaa 5100
cggctttttc aaaaaQatgg tattgataat cctgatatga ataaattgca gtttcatttg 5160
atgctcgatg agtttttcta agaattaatt catgaccaaa atcccttaac gtgagtttte 5220
gttccactga gcgtcagacc ccgtagaaaa gatcaaagga tcttcttgag atcctttttt 5280
tctgecgegta atctgetget tgcaaacaaa aaaaccaccg ctaccagcegg tggtttgttt 5340
gccggatcaa gagctaccaa ctctttttec gaaggtaact ggeottcagea gagcgcagat 5400

accaaatact gtccttctag tgtagccgta gttaggccac cacttcaaga actctgtage 5460

22



|
|

<220> <223> Single strand DNA.oIigonucleotide <400> 30 agtcécgggc

ccttacaal8 <210> 31 <211> 1809 <212> DNA <213> Artifici al

sequence

<220> <223> @usA codi ng sequence <400> 31 atgttacgtc ctgtagaaac
cccaacccgt gaaat caaaa aactegaggg cctgggggcaGO ttcagtctgg atcgcgaaaa

ctgtggaatt gatcagcgtt ggtgggaaag cgcgttacaal20 gaaagccggg
gccaggcagt tttaacgatc agttcgccga tgcagatatt180 cgtaattatg
ctggtatcag cgcgaagtct ttataccgaa aggttgggca240 ggccagcgta
t t t cgat gcgFeygtieactcatrictacyerabgttegegg griostatd30fssaat@aggady
t cagggcyggficdidl-ac gesdiiod LARRGCE JRqiiadcs ACACHLI300Latt t atig
tgtacgtatc accgtttgtg tgaacaacga actg aacag g420 cagactatcc
ggtgattac%gﬁ&ﬁ&hﬁ%ﬁ%ﬁ“@8§§§ﬁﬁaé§gﬁﬁﬁéf8?f %&Sﬁﬁ??ﬁﬁatgéﬁf
tgccgggatnmﬁak@gaﬁg@gataa&g&tetam&aeea&g&ﬁg54ﬁmﬁﬂ@acctggg
caccgt ggt atglcg cgcaagact g taaccacge 600W£§£§ﬂtgqg%
ggccaat gg ga gtcagcg %tgaactgcg tga?gcggatéG caacaggt gg
acaaggcactcaeiefgtrattistt gotragty §tocgast ceyeaedF 20cettitttggc ake
ttatctct ajeofared ghached CRCAGLS 3RA0EE GRIALAL308a8I01 03ER
tcgegteggg atccggtcag tggcagtgaa gggcgaaca 840

gttecetgged ttg ctgcgtfat cccctgattce 5940
tgtggataac cgtattaccg cctttgagtg agctgatacc gctcgccgca gcoccgaacgac 6000
cgagcgecagce gagtcagtga gcgaggaagc ggaag : 6035
<210> 14

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 14
acaggcccat agaccgaaag ccca ) 24

<210> 15

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<220>
<221> misc_feature
<223> 5' phosphorylated

<400> 15 R
tgggctgtcg aagttcagec t 21

<210> 16

<211> 21

<212> DNA

<213> Aartificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 16
attgggctgt ttccataggg c . ) 21

<210> 17

<211> 19

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

caat t gct gt
cgggcaacgt
tcgt gct gcg
t gat ggagca
ccgggaaaag
cgccgggaat
tctttaacta
t ggacgat at
ggcaggt ggt
tt gcaact gg
cgggt gaagg
tctacccgcet



ttcctgatta
ttacgtggca
at t ggggcca
gcagat gaac

accacaaacc gttctacttt
aaggattcga taacgtgctg
actcctaccg tacctcgcat
at ggcat cgt ggtgattgat
ttaggcattg gtttcgaagc gggcaacaag
aacggggaaa ctcagcaagc gcacttacag
aaccacccaasgcgizggt gat gt ggagt att
cacgggaat &¥FTteyctarraiggcggaagcea

actggctttg
at ggt gcacg
tacccttacg
gaaacjgct g
ccgaaagaac
gcgat t aaag
gccaacgaac
acgcgt aaac

gt cgtcat ga
accacgcatt
ct gaagagat
ctgtcggctt
t gt acagcga
agct gat agc
cggat acccg
t cgacccgac

agat gcggac900
aat ggact gg960
gct cgact ggl1020
taacctctct 1080
agaggcagt c1140
gcgt gacaaal200
t ccgcaagt g1260
g&gt Ccgat 1320

23 acctgcgtca atgtaatgtt ctgcgacgct cacaccgata ccatcagcga

tctctttgatZ380egt gct gt gcc tgaaccgtta
ggaaacggcéﬁiﬂdﬁgagaaggtac t ggaaaaaga
gccgatt at e300 raif aocgaatceacggcgt gga
cgacat gt ggla60 agt gaagagt atcagtgtgc
t cgcgt cagede2Gigaee giregt 5y ogisgaaeaggt
aggcatattg&?ﬁqﬁcgcgttggcg gt aacaagaa
gt cggcggctskddbhct Liedget gc aaaaacgcet g
gcagggaggcl1l800 aaacaat gal809 <210> 32 <211> 5742 <212> DNA

ttacggat gg
acttctggec

tacgttagcc
at ggct ggat
atggaatttc
agggatcttc
gact ggcatg

t at gt ccaaa
tggcaggaga
gggct gcact
at gt at cacc
gccgattttg
act cgcgacc
aacttcggig

gcggcgattt -
aact gcatca
caat gt acac
gcgtctttga
cgacct cgca
gcaaaccgaa
aaaaaccgca
<213>

Artificialkaseqyence <220> <223> Pseudononas fl uorescens tryptophan

hal ogenase2Pr reA (pr nA),

PrnB (prnB),

ani nopyr r 88 tFhn:9xi dasg..PrnD (prnD) genes

<220>
<223>

<400> 19
ggccgaatte agtaaaggag aag

<210> 20

<211> 39

<212> DNA

<213> Artificial seguence

<220>
<223>

<400> 20

Single strand DNA oligonucleotide

Single strand DNA oligonucleotide

ggctgaactt cgacagccca tacagcagcc gtgctgetg

<210> 21

<211> 31

<212> DNA

<213> Artificial sequence

<220>
<223>

<400> 21
gcggtactgg gctcattata teogaacatat t

<210> 22

<211> 25

<212> DHNA

<213> Artificial sequence

<220>
<223>

<400> 22
ggcttecgata cattctgtat ttectg

<210> 23

<211> 30

<212> DNA

<213> Artificial sequence

<220>
<223>

Single strand DNA oligonucleotide

Single strand DNA oligonucleotide

Single strand DNA oligonucleotide

hal ogenase PrnC (pruC) and

23

39

31

25



[

<400> 32 at gaacaagc caatcaagaa tatcgtcatc gtgggoggeg geaccgcggg
ct ggat ggcc60 gcttcgtacc tcgtcogggc gctccaacag caggtaaaca tcacgct cat

cgagtctgcgl20 gcgatcocce ggat cggcgt
gogtgttcttcl80 gacttcctcg ggataccgga
cttcaaggcc240 gcgatcaagt tcgtgaactg
ttacttctac300 catttgttcg gcagcgtgcc
ct ggct gegc360 aagcgcgaac agggcttcca
gcccggggcea20:2¢t cgac a agctggcacc
ccacgcgtgéﬂ%ﬁ*%:%??& q‘ﬁ“%@%&cctggt
gcgcggggt g540 aat cgcgt gg t cgacgaggt
cat ct ccactb02kt gt t aacca aggaagggcg
ct ccggcatg&60mpgagggct cc tgat caat ca
cgact acctgr20 et gEige geracycgeggt cgce
0ggggt cgag#80 ccttacacct ccgcgattgc
gat gct gggeB40 seggt ttegy e geggetatge
ggccaccgce®Q0,gacttcet ca aact ct gggg

caagt t ccgy86tgt Ggggegcacaeaagegggc

gggcgaggcey
gsgggagt gg
gagaaaat ct
gaact gcgac
gcagccgatg
ctgcct ggec
ggccgacttc
cgt ggaggt t
gacgct ggag
ggccct gaag
cagcgccgtg
cat gaact cg
cttctcgagce
cct ct cggac
gt gggt caac

accat cccga
at gccccaag
cccgacccat
ggcgt gccge
gcgt acgcgt
gacggcaccc
tt gaagcgc

caact gaacg
gcggacct gt
gaacccttca
cccaacgacg
ggat ggacct
aagtt cacct
aat cagcagc
aact gcgt ce

gtttgcagaa
t gaacggcgc
Cgcgcgaaga
ttacccacta
gct at ccgca
gccagatgtc
gggccgtcga
accgcggcta

‘tcatcgactg

tcgacatgtc
acgcgcgcga
ggaagattcc
cgcgcgacca
t caaccagat
cgat cgggct

gt cgt cgt gc1020 tttctggage ccctggaatc gacgggaatc tacttcatct acgcggegcet
tt accaact<198@s gt gaagcact tocccgacac ctcgttcgac ccgcggttgec gcgacgcatt
caacgccgdgtl4€,at cgt ctaca tgttcgacqa ctgccgagac ttcgtccagg cgcactattt
cact acgt cg20@-tegegaagasas cgccgtt ct g gct cgcgaac cggcacgaac tgcggcetctce

ggacgccat 51260 24 caggagaagg ttgagcgcta caaggccggg ctgccact ga

ccaccaccte: gt EGgacgadad 3@0o1igonucieotide

<400> 25
attgatcagc gttggtggga

<210>
<211>
<212>
<213>

26

20

DNA

Artificial sequence

<220>
<223> Single strand DNA oligonucleotide
<400> 26

tgcggtegeg agtgaagatce

<210>
<211>
<212>
<213>

27

20

DNA

Artificial sequence

<220>
<223> Single strand DNA oligonucleotide
<400> 27

gcgaacgaac acgatagcaa

<210> 28

<211> 19

<212> DRA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide
<400> 28

cgtcaatgag ggcgtgaat

<210> 29

<21i> 20

<212> DNA

<213> Artificial sequence

<220>

20

20

20

19



t ccacgt act
tact gcat ct
cgaccggagt
cgcct gcgea
cagct gt cgc
gcacctt gaa

acgagacctt
ttgccggect
cgat ccagaa
cgagcct gcc
gcaaccagca
ccgggt at cc

cgact acgaa

gggcat gctg
ggccgaagcg
gacgaact ac
cgggccgacg
gcat t cgogg

tt caagaact
cccgaccggt
atgttcgcca
gact ggct gc
ctcgcggcetc
ccacacacgc

Cgct acaguaz;aCgmgiatyq gid atgeagscdasgccggccct

ccggeat cgt, cggectget g cgegatttce

gctt cgt CoR.AgeLILEeQeGOCgat gcggyg
ggcacggaca tgagcccgtg gacct ggt gc
cacgggt gag;cgagttgccg ccgcgcgaga
cggcggccgaiigegcagogg agct acaccg

gcgt gcgedt; ¢t fdas09¢ 9. 466t cgagg
atgtatccct gcgctcgeccc gegttcgege

agaaaat9Q§§§9§%qughgd9&9&%&%&%&
at gagct gcg ccccttetac gaaccgattc
gcgccgtag?g%a?%ccoctc ttcgtgctgg

acccaget t' 3" FCJHgEATEE aaagagacat

cggt ctacgc tcggttcgeec acaaagccgg
gagcggtgdﬁﬂﬁaghgagggc gagcacgt cc
t caaggt eceizgchigcgct t ¢ cgggegectc
ccgggcgeagt R gfcedeiat e cygecageg
t act cacgckzosacct gt gcc gcgeggt occ
gcgcgcgaceé?Xafisgrehatesweattaaggag
cgaacggacaosgai agcaac cacttcgacg

atgttacgtc ctgtagaaac cccaacccgt

ttcagtctgg atcgcgaaaa ctgtggaatt

caattgectgt

gaaagccggyg gccaggeagt

cgtaattatg cgggcaacgt ctggtatcag

ggccagcgta tcgtgctgcg tttcgatgeg

aatcaggaag tgatggagca tcagggcggce

tatgttattg ccgggaaaag tgtacgtatc

cagactatcc cgeegggaat ggtgattacce

ttccatgatt tectttaacta tgccgggatc

aacacctggg tggacgatat caccgtggtg

tetgttgact ggcaggtggt ggecaatggt

caacaggtgg ttgcaactgg acaaggcact

ctctggeaac ttatctectat

cgggtgaagg

gagtgtgata tctacccgct tcgegtegge

ttecctgatta accacaaacc gttctacttt

ttacgtggca aaggattcga taacgtgcetg

attggggcca actcctaccg tacctcgecat

gcagatgaac atggcatcgt ggtgattgat

ttaggcattg gtttcgaagc gggcaacaag

aacggggaaa ctcagcaagc gcacttacag

aaccacccaa gcgtggtgat gtggagtatt

cacgggaata tttcgccact ggcggaagea

gaaatcaaaa
gatcagcegtt
tttaacgatce
cgcgaagtcet
gtcactcatt
tatacgccat
accgtttgtg
gacgaaaacg
catcgcagcg
acgecatgtcg
gatgtcagcg
agcgggactt
gaactgtgcg
atccggtecag
actggctttg
atggtgcacqg
tacccttacg
gaaactgctg
ccgaaagaac
gcgattaaag
gccaacgaac

acgcgtaaac

t cccggt gag
acat cggttt
ccgggcttga
cactcctgca
ggct gcccga
cggccat cgc
aagggt gcga

ﬁgcgcttcat

gagt cggggg
agcacgt cct

acct gocct a
cgct cat cga

gggct gggct
acct caaat t

ggggct acgc
gcat ccgt gc
agtttgcccc
t aat cat cct

ggtgggaaag
agttegeega
ttataccgaa
acggcaaagt
ttgaagccga
tgaacaacga
gcaagaaaaa
taatgctcta
cgcaagactg
ttgaactgcg
tgcaagtggt
tcacagccaa
tggcagtgaa
gtcgteatga
accacgcatt
ctgaagagat
ctgteggett
tgtacagcga
agctgatagc
cggatacccg

tcgacccgac

tct ggttgaa
cgctgccgcet
gcat ccggcg
ggt cact gcg
aggaacgcca
t gccgt ggcg
gaaccgt gac
cggcgt gccc
cttcctgggg
acgggtgctg
t gt gacggtc
cgaagcgcac
gttgaccgtc
t gagct ggaa
ctcgccccag
ccagagct ac
gtggggctcg
cgtgcttccc
ccgtgegcetc
gacggccctc
ggcggagcgg
gcccagcatg
cgcgct cgat
cat gact cag
cggttcgggce

aactcgacgg cctgtgggea

cgcgttacaa
tgcagatatt
aggttgggca
gtgggtcaat
tgtcacgeeg
a;tgaactgg
gcagfcttac
caccacgccg
taaccacgcg
tgatgcggat
gaatccgeac
aagccagaca
gggcgaacag
agatécggac
aatggactgg
gctcgactgg
taacctctct
agaggcagte
gcgtgacaaa
tccgecaagtg

gcgtécgatc

cggcaact ac1380
cctgcagcacl440
cgaagccgagl300
t gacggcgcgl560
gt agt ggaac1620
gcctgcgat ¢c1680
aaggacgt gcl740
t ccagct gggl800
t;6gct caagc 1860
ct cgacct ggl1920
t ggaacccggl980
ctgct cgaga2040
gagct gt ccg2100
gcctacct gc2160
gtottctacg2220
ctcggccccg2280
ggatcggacg2340
gcgt acaggg2400
gacgaggcgc2460
gagcgggt et 2520
gcat acgaag2580
ct cggcgat c2640
gaat cctgat 2700
aagagccccg2760
at gt ccggt a2820
60

120
180
2490
300
360
420
480
540

600

720

780

900

960
1020
1080
1140
1200
1260

1320



cccagat ggg ggccatcctg
cgcacccgcg gttcacgatc
tcat cgctga tcgctacgac

gccaaacaac
ggcgaat cgt
att ccggagce

agtttcgecgt
cgat ccccga
t cggccacat

gctgatcatc
aacgtctctc
cacctcgttc

gagcagt cgt 2880
at gaaccgca2940
tact cgacgc3000

agcgttacgt ttcgtcgagc acgggcatca agcggaactt cggcttcgtg ttccacaaac3060
ct ggccagga gcacgacccg aaggagttca cccagtgcgt cattcccgag ctgccgt ggg3120
ggccggagag ccattattac cggcaggacg tcgacgccta tctgttgcaa gcggccat ca3180

aat at ggCct geigaALHoi66HGCAYARGRC GR-Y6HL dacted. atateaegcyg . gacaaggacyg3240

gcgt cgcggt gaccaccgcc gagggc ttcacc
gaggacccdﬁgg§€§6€ £ U@%ﬁ%&h%?m%g§§§%¥?
25 agacgCafeEtgrgeagedt ¢ttcagac gloacasi goteggy gtchaag ccgtioe

gacgacat ¢ tt;’sé%gat £8R09LCA8,.900063060C. E&Q{%Qé%!; GG, ALgaaggagc
at gttcaccg3480 gcggctggct ct'gggtgat t caaca accacccgcg
aacctggtgﬁSB%E“gﬁgﬁéﬁgtﬁﬁwgﬁagéﬁéﬁﬁfcé%ﬁﬁﬁﬁ@ﬁ@?“ﬁﬁfcgaé%&c
gcgcagcaggdéllgabda64RCHPoagitt £ 66l 0y CYItt e GYRFEBL COYRYC

gacgccgt gc3660 ca tcaa .accgaccgec tgcagtigctc
tgcgtcgggﬁ??f‘wd%gm%? %‘n“x? ° 5 0HadcE gt t cat Cga
tcccggggg@%ﬁ@@mt@gagaana@wwgeggtga&nga#@casgegwﬁbggcggeqeg
gcgct acgcgld4Q, acgacgactt ctoccccgag cgcttcgagt acat cgageg
aagcttttgg3900 accacaacga cgacttcgtc agctgctgct acacggcegtt

cgcct at ggg3960, acgcgttcca ccggct gt gg gcggtcggca ctatcctcgg
ct ggt gcaag4026rseccacgcgag gtttcgcgcg tcgcgcgacg agggcgacct
gacaacgacg#08 Acgccgtacct cgggtacctg tgcgcggaca tggagcagta
tt caacgaog 14 ccaaagccga ggtcgaggct gtgagcgecg ggcacaagt ¢
gccgegt t ge#20
<223> Pseudomonas fluorescens tryptophan halogenase PrnA (prnA), PrnB
(prnB), halogenase PrnC (prnC) and aminopyrrolnitrin oxidase PrnD
(prnD) genes
<400> 32 .
atgaacaagc caatcaagaa tatcgtcatc gtgggeggeg geaccgcggg ctggatggec 60
gcttcgtacc tcgtccggge gctccaacag caggtaaaca tcacgctcat cgagtctgeg 120
gecgatcececc ggatcggegt gggcgaggeg accatcccga gtttgcagaa ggtgttette 180
gacttceteg ggataccgga gcgggagtgg atgccccaag tgaacggcge cttcaaggcec 240
gcgatcaagt tegtgaactg gagaaaatct cccgacccat cgcgegaaga ttacttctac 300
catttgttcg gcagegtgecc gaactgecgac ggegtgecge ttacccacta ctggetgege 360
aagcgcgaac agggcttcca gcagccgatg gegtacgegt getatecgea gecccggggec 420
ctcgacggeca agctggcacc ctgecctggecc gacggcaccce gceccagatgte ccacgcgtgg 480
cacttcgacg cgcacctggt ggccgactte ttgaagcgect gggccgtcga gecgeggggtg 540
aatcgegtgg tcgacgaggt cgtggaggtt caactgaacg accgcggcta catctccacc 600
ctgttaacca aggaagggcg gacgctggag gcggacctgt tcatcgactg ctecggeatg 660
cgagggctce tgatcaatca ggccectgaag gaaccctteca tegacatgtc cgactacctg 720
ctgtgcgaca gogeggtege cagegecegtg cccaacgacg acgcgecgega gggggtegag 780
ccttacacct cecgegattge catgaactcecg ggatggacct ggaagattcc gatgctggge 840
cggttcggeca geoggcetacgt cttctegage aagttcacct cgcgecgacca ggecaccgec 300
gacttccteca aactctgggg ccteteggac aatcagcagc tcaaccagat caagttocgg 960
gtcgggegea acaagcggge gtgggtcaac aactgcgtct cgatcgggect gtegtcgtge 1020
tttctggagec ccctggaatc gacgggaatc tacttcatct acgeggeget ttaccaactce 1080
gtgaagcact tcccegacac ctcgttecgac ccgeggttge gegacgeatt caacgecgag 1140
atcgtctaca tgttegacga ctgccgagac ttcgtecagg cgecactattt cactacgteg 1200
cgogaagaca cgccgttectg getcgeogaac cggcacgaac tgcggetcte ggacgecatce 1260

C gtacatg atcgactgchSOO
% 3% §ccg 't'gt cget t ca3360

cct gcaccac
ct cgaccaat
cgacattccc
taagttccgg
gt cgaacgcc
cccgcetcttce
cct cat caag
cct gcagcaa
ct oggacttc
gcagttccgg
cgat cacctc
ctaccagttg

ggccgaggag



—-ggatt cacgc
gcat caccgg
agctgatgta
acccgatgtt
agt agt cggc
t caagaagca
t cgcgat gcg

cct cat cgac
ggacaagccg
ct ggacgcaa
cgcgctgetc
caaggacggc
t cccccgggg
ct cgaacggc

gaacgagact
cagct caaca
acccgcgcgce
aaggcgt aca
acacacgcga
gcgt acgacg
ct cagggaca

t cgccaagcc
act cgaagt a
cggcagaggt
t caccgcccy
t gaacaacat
cgaccacacg
agccgaagga

gat gt t cggc
cagcctgata
gaagaagt ac
cat cggcttg
t Caat t ggat
cgt ggccgceg
gttgacgctc

ttcgggt act 4260
ccggcgat ga4320
ttcgactaca4380
gct ct gaaga4440
caagcgaacg4500
agct ggt acg4560
tttggccgt c4620

cgt acgt gg@IGEYPEt HeteErty cHareys Geeca@gtye CoreeRgetegatgtraticge éAct gct cgc4680
acctgggcgamgaaac&ggﬁ&xga&ggg&lgam&ﬁaﬁgg@&ggmghgﬁaiacag1§@cccgtttc4740
accactggcg ctacgacg caaggcaagt Etc%cattccgcggccac ,agcgaggt gg43800
t gcgccagcet ~ggagee gg%’cﬁﬁbg b&gﬁ”cg RAGEE STt Ggt ¢ 'aCcaccgagc4860
gat acggct @cgiagt gggtread ggtaeggetsttede geaguecigoiagaeamccg 1etgecccgaaad920
t caccygcags, .L0ACILLORG, 2949069 I 6al 9CRACGE96a6IL&ICT 1t HhCcgagacgadasO
cgacggcggt cttgcggatc gtcgagaact tctacgacgc acagcacgca acccccgt gc5040
acqcgct cCPIGELTEY BFUYEL T CEFRACE CHIDGTL CPPrRYEcy2Et%tfage &gt ggccgq5100
aggttgagt@m@ahgg&ﬁ@ggmgeg@@@g@g&mggﬁt&gg&gagqgg@aﬁﬁgacztﬁccacgtgag%gg
accgctact! cggecccct o t t ¢ aac af gt cgcaga

t gaacct gca ¢ ‘b??ﬁb%ﬁg “at ﬁgcﬁmﬁg? @df aca'%’ %%bcc 2tggacgca95280
acgtcaaat%w@aﬂamt@eﬁﬂwtag$@%gtgaweawgggﬁgagmdgaﬁggﬁaag1&@catcatgc5340
acat gct cajec Clhiegal £a20,:28901:00964 450t Cel068;.Ceghdegacc gact t cgt gc5400
t gttcgggct gcagaccaga caggcagcg t aCgacgt caaaat ct gg aacgggatga5460
agcccgac@ﬁ“ﬁ&ﬁﬁbﬁ%ﬁfﬁ”%&E&@ﬁﬁégﬁwﬁgﬁﬁéﬁﬁaﬁF‘céF@%f%haglfﬁccgtgcgt5520
26 tct accgegeat ggetegaeceHtgt cHEGascyitgagtagt @yatgagt gagy

cc g ag cc g gCt §c5gg8ccga tgégcagcgg agctacaccg ggctgcccga cgaagcgecac ctgctcgaga 2040
gegtgegeat ctegatggeg geectegagg cggecatege gttgaccgte gagectgtecg 2100
atgtatccect gegetegeee gegttegege aagggtgega tgagetggaa goctacetge 2160
agaaaatggt cgaatcgatc gtctacgegt accgecttcat ctegecccag gtct?ctaeg 2220
atgagectgeg ccecttctac gaaccgattc’gagtcggggg ccagagctac ctecggccceg 2280
gcgecgtaga aatgcceccte ttcgtgetgg agcacgtcet gtggggectcg caatcggacg 2340
acccagctta tcgagaatte aaagagacat acctgeccta cgtgecttcecce gegtacaggg 2400
cggtectacge tcggttcgec acaaagecgqgg cgetcatcga ccgtgegete gacgaggege 2460
gagcggtggg tacgcaggge gagcacgtce gggctggget gacggeectcec gagcgggtet 2520
tcaaggtcet getgegette cgggecgecte acctcaaatt ggcggagcgg gecatacgaag 2580
ccgggegcag cggecccaca accggcageg ggggctacge gcccagcatg cteggegatce 2640
tactcacgct cacctgtgec gegeggtcce gecatccgtge cgegetcgat gaatcctgat 2700
gegegcegacce cagtgttate tcacaaggag agtttgceccee catgactcag aagagccccg 2760
cgaacggaca cgatagcaac cacttcgacg taatcatcct cggttcggge atgtccggta 2820
cccagatggg ggeccatcctg gecaaacaac agtttegegt getgatcatce gagcagtegt 2880
cgcaccegeg gttcacgate ggegaatcegt cgatcececcga aacgteotcte atgaaccgea 2940
tcatcgectga tcgctacgac attccggage tcggccacat cacctcgttc tactcgacge 3000
agcgttacgt ttcgtcgage acgggcatca agcgcaactt cggecttcgtg ttccacaaac 3060
ctggccagga gecacgacccyg aaggagttca cccagtgcgt cattcccgag ctgcegtggg 3120
ggccggagag ccattattac cggcaggacqg tcgacgecta tctgttgcaa geggecatca 3180
aatatggctg cacggtccgc cagaagacga gcgtgaccga atatcacgeg gacaaggacy 3240
gcgtogeggt gaccaccgece gaggécgagc ggttcaccgg ccggtacatg atcgactgcg 3300
gaggaccegg cgcgecgcetg gegaccaagt tcgggcteeg cgaagagecg tgtcgcttca 3360



agcggt egcg tcgcgectgec cggcgecttge gaacctttcg agctgcgtca cggagat cac5640
ggcgt acggc gcggcgggec cgettggget cgcggccacc cgettggtgt cggtgtcget 5700
ctttgcgagg tattgatgac catctggctg ttgcaactcg tgs5742 <210> 33 <211> 10
<212> PRT <213> Tonato yel |l ow | eaf curl virus <220> <221>

m sc_feature <223> Partial sequence of2 the TYLCV coat protein <400>
33dy Cys u Ay Pro Cys Lys Val G n Ser 1510 <210> 34 <211> 717
<212> DNA@S%&% «AE&ai;cfci:&i:af%ch&equ@m@egggzma:gﬁzmaé‘kct( CO&tZOpI’ ot ei n)
(717 bp, éncl udi n "TAA" STOP codon) COtdI n poI ¥nuc| eot% e <400> 34
at gt cgaagc - Jactatih®t A astear* 1¢cacy Eaég t°61°€gadggt "t cgccgaaggbo
ct gaact t cgsgeagcoeatatic aggcocatgatcare gaaaget ceagaateat a 3egaat gt at 120
cgaagccctg atgld GCLed.d 99800280966 Calol 8- aagt £eagt C stdat gagcaald0
cgggatgata ttaagcatac tggtattgtt cgttgtgtta gtgatgttac tcgtggatct240
ggaat t act EHEEAFaHtYHIT SLAEEGE gt F RS gL Ht t t 8%t aggt aaa300
gt ct ggat %g@t@@aﬂ&a&g&{aaﬁaﬂgﬁa@ea@:a&ﬁite&eﬁﬁc&c&b&&@g&gcat gt ctt ctt g360
gtccgtgata_ cecta tggaaaca aat acaggt ttaat at g420
ttCgataaty %baéggg%fé‘fat%?t gecaaccyt @ttca% ?’%att tcttﬁcg *gat ag 3]g};%)ttcaagt g480
at gaggaaatcsdstacet getsapcagictatdoggtocggee cetcetcgpsgastyaagga 3&caggcat t a540
gt t aagagafeydotdctd A8RAL.S ARCRGE AL bR AL A 6aER00A sggcagcaaagb00
t acgagaacc atactgaaaa cgccttgtta ttgtatatg gtcccggcgt acgca t gect et aat 660

accacaacga cgacttcgtc agctgetget acacggegtt cteggac atggg

acgcgticca ccggetgtgg gcoggtecggca ctatcctegg gcagttecgg ctggtgcaag 4020
cccacgegag gtttegegeg tcegegegacg agggcgacct céatcacctc gacaacgacc 4080
cgcegtacct cgggtaccty tgegeggaca tggagcagta ctaccagttg ttcaacgaégb 4140
ccaaagccga ggtcgagget gtgagcgccg ggcacaagte ggcegaggag gccgegttge 4200
ggattcacgce cctcatcgac gaacgagact tcgeccaagec gatgttcgge ttcgggtact 4260
gcatcaccgg ggacaagccg cagctcaaca'actcgaagta cagcctgata ccggcgatga 4320
agctgatgta ctggacgcaa écccgcgcgc cggcagaggt gaagaagtac ttcgactaca 4380
acccegatgtt cgcgctgcte aaggegtaca tcaccacccg catcggettyg getcectgaaga 4440
agtagtcggc caaggacggce acacacgcga tgaacaacat tcaattggat caagcgaacg 4500
tcaagaagca tcccccgggg gegtacgacg cgaccacacg cgtggecgeg agctggtacg 4560
tcgegatgeg ctcgaacgge ctcagggaca agccgaagga gttgacgctc tttggeccgte 4620
cgtacgtggc gtggegegeca gogacgggge aggecgtggt gatggaccgc cactgetcge 4680
acctgggege gaacctggct gacgggcgga tcaaggacgg gtgcatccag tgeccgttte 4740
accactggcg ctacgacgag caaggcaagt gcgttcacat ccceggecac agcgaggtgg 4800
tgcgeccaget ggagecggtg ccacgcgegg cgcgecagece gacgttggte accaccgage 4860
gatacggcta cgtgtgggtc tggtacggct ccccgecagec gectgcacccg ctgcccgaaa 4920
tcaccgcagc cgacgtcgac aacggcgact tcatgcacct gcacttcgeg ttcgagacga 4980
cgacggcggt cttgeggatce gtcgagaact tctacgacge acagcacgea acccccgtge 5040
acgcgctcee gatcteggec ttcgaactca agetcttega cgactggage cggtggecgg 5100
aggttgagtc gctggceccgg gecgggcgegt ggttoggtge cgggatcgac ttccacgtga 5160
accgctactt cggcccccte ggcatgetgt cgcgegeget cggectgaac atgtcgcaga 5220
tgaacctgca cttcgatgge taccceggeg ggtgcegtcat gaccgttgece ctgggcgcag 5280
acgtcaaata caaactgctc cagtgtgtga caccggtgag cgacggcaag aacatcatgc 5340
acatgctcat ctcgatcaag aaggtgggcg gcgtcctgeg ccgtgcgace gacttcgtge 5400
tgttcggget gcagaccaga caggcagcgg ggtacgacgt caaaatctgg aacgggatga 5460

agcccgacgg cggcggceget tacagcaagt acgacaaget cgtgetcaag taccgtgegt 5520



Ccagtgtatg caactatgaa aatacgcatc tatttctatg attcaatatc aaattaa71l7
<210> 35 <211> 313 <212> DNA <213> Artificial sequence <220> <223> IR
codi ng pol ynucl eoti de 27 atacctggac acctaatggc tatttggtaa tttcat aaat
gttcattgca attcaaaatt 120 caaaattcaa aaatcaaatc tttaaagcgg ccatccgtat
aatattaccg gatggccgegl80 ccttttgttt tt?Atgtggtc cccacgaggg ttacacagac
gt cactgtca accaat caaa240 ttgcattctc aaacgttaga taagtgttca tttgtcttta
tatacttggt ccccaagttt300 tttgtcttgc eat 313 <210> 36 <211> 287 <212>
DNA <213>tcAlctdeld dgdecs€ GHeNR6Ra TR agts 223 7obdy L&atgdd) anekoC2
(truncat edz codip se uencet<400> fég gttgagetct tagctggetg aatgttcgga
t ggaaat gt g EEGac Tt t GHfHaradest é’@gfccgcéézﬁé’g%{’é%ﬁ t ggt't’ cttacattgg,
tattt gcctisccogant tggatcaagecacat griRtcagadtgogytwoteeat t 610 gt ggagtt ct
ctgcaaact L LOAL Ot ALLLs.¢ LiakldgtE180..99ggtttcta ggtttttiag ttgggaaagt
gcttcctctt tagagagaga acaattggga240 tatgttagga aataattttt ggcatatatt
tt aaat aaag, gaggcat 287 <210> 37 <211> 291 '

0

<211> 1
<212> PRT
<213> Tomato yellow leaf curl virus

<220>
<221> misc_feature
<223> Partial sequence of the TYLCV coat protein

<400> 33

Gly Cys Glu Gly Pro Cys Lys Val Gin Ser
1 5 . 10
<210> 34

<211> 717

<212> DNA

<213> Artificial sequence

:;22: V1l (coat protein) (717 bp, including “TAA" STOP codon) coding
polynucleotide
<400> 34 )
atgtcgaagc gaccaggcga tataatcatt tccacgecccg tctcgaaggt tpgccgaagg 60
ctgaacttcg acagcccata caggcccatg taccgaaagce ccagaatata cagaétgtat 120
cgaagccctg atgttcccecg tggatgtgaa ggcccatgta aagtccagtc ttatgagcaa 180
cgggatgata ttaagcatac tggtattgtt cgttgtgtta gtgatgttac tcgtggatct 240
ggaattactc acagagtggg taagaggttc tgtgttaaat cgatatattt tttaggtaaa 300
gtctggatgg atgaaaatat caagaagcag aatcacacta atcaggtcat gttcttcttg 360
gtccgtgata gaaggcccta tggaaacagce ccaatggatt ttggacaggt ttttaatatg 420
ttcgataatg agcccagtac cgcaaccgtg aagaatgatt tgcgtgatag gﬁttcaagtg 480
atgaggaaat ttcatgctac agttattggt gggcecctetg gaatgaagga acagécatta 540
gttaagagat tttttaaaat taacagtcat gtaacttata atcatcagga ggcagcaaag 600
tacgagaacc atactgaaaa cgccttgtta ttgtatatgg catgtacgea tgectetaat 660
ccagtgtatg caactatgaa aatacgcatc‘tatttctatg attcaatatc aaattaa 717
<210> 35
<211> 313
<212> DNA

<213> Artificial sequence

<220>
<223> IR coding polynucleotide

<400> 35
gttgaaatga atcggtgtct ctcaaagctc tatggcaatc ggtgtatcgg tgtcttactt 60

e



<212> DNA <213> Artificial sequence <220> <223> V2 codi ng sequence
<400> 37 atgtgggacc cacttcttaa tgaatttcct gaatctgttc acggatttcg
ttgtatgtta60 gctattaaat atttgcagtc cgttgaggaa acttacgagc ccaatacatt
gggccacgat 120 ttaattaggg atcttatatc tgttgtaagg gcccgtgact atgtcgaagc
gaccaggcgal80 tataatcatt tccacgcccg téfcgaaggt tcgccgaagg ctgaacttcg
acagcccat a240 caggcccatg taccgaaagc ccagaat ata cagaatgtat cgaagccctg
a291 <210> 38 <211> 45 <212> PAT <213> Art cial sequence <220> <223>
Tr uncat echele2iqol atpepisbd et 40> c38chat Gyt psneddhmattl € Sev Met Cys Leu
ge::] :\/2nSi{aagalg%ﬁ%aaa}AlaégtﬁM%gclgrﬁ%a%g%gorcl:'cgtccg 8:-11: l;l.latéttlacl'cg ga %cr;‘cc];clge Arg()Thr The Arg

ccttttgttt ttatgtggtc cccacgaggg ttacacagac gtcactgtca accaatcaaa 240
ttgcattctc aaacgttaga taagtgttca tttgtcttta tatacttggt ccccaagttt 300

tttgtcttge aat 313

<210> 36

<211> 287

<212> DNA

<213> Artificial sequence

<220>
<223> (€1 (trancated) and C2 (truncated} coding sequence

<400> 36

gttgagctct tagctgecctg aatgttcgga tggaaatgtg ctgacctgtt tggtgatacc 60
aggtcgaaga accgttggtt cttacattgg tatttgectt cgaattggat aagcacatgg 120
agatgtggtt ccccattcote gtggagttct ctgcaaactt tgatgtattt tttatttgtt 180
ggggtttcta ggttttttaa ttgggaaagt gcttcctctt tagagagaga acaattggga 240
tatgttagga aataattttt ggcatatatt ttaaataaac gaggcat 287
<210> 37

<211> 291

<212> DNA

<213> Artificial segquence

<220>
<223> V2 coding sequence

<400> 37 .

atgtgggacc cacttcttaa tgaatttcct gaatctgttc acggatttcg ttgtatgtta 60
gctattaaat atttgcagtc cgttgaggaa acttacgagc ccaatacatt gggccacgat 120
ttaattaggg atcttatatc tgttgtaagg geccegtgact atgtcgaage gaccaggcega 180
tataatcatt tccacgeccyg tctecgaaggt tcgeocgaagg ctgaacticg acageccata 240
caggcccatg taccgaaagc ccagaatata cagaatgtat cgaagcectg a 291
<210> 38

<211> 45

<212> PRT

<213> Artificial sequence

<220>
<223> Truncated C2 polypeptide

<400> 38
Met Gly Asn His Ile Ser Met Cys Leu Ser Asn Ser Lys Ala Asn Thr
1 5 10 15

Asn Val Arg Thr Asn Gly Ser Ser Thr Trp Tyr His Gln Thr Gly Gln
20 25 30



28

His Ile Ser Ile Arg Thr Phe Arg Gln Leu Arg Ala Gln
35 40 45



