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1 GENES ENCODING Z,Z-FARNESYL DIPHOSPHATE SYNTHASE AND
A SESQUITERPF,NE SYNTHASE WITH MULTIPLE PRODUCTS AND
USES THEREOF 5Field of the Invention The present invention relates to
two genes responsible for the synthesis of a mixture of sesquiterpcnes

and [PpRgikUsR{Qh BieR3ING. AR RAMRAUMBIRVPE QRSN BHCEES ND A
bactggiaoyeasis ?@WM%M@W&WWE@PRO&%%@ USES

molecules present in all living organigmg:g4eR RS bacteria, fungi, animals

and plants. They form the largest class of natural products in the living

wand JneRlanis. thgse molecules play a role in primary metabolism as

hormones (gibberellns, 15 cytokinins, brassinosteroids and abscisic acid)

or as compounds involved in photosynthesis (carotenoids, chlorophylls,

Ripstequinengs-a0d:Phyieb; 18 %%@&5%?&%%@%@%&%&% of a mixture of
e

membrane structure (sterols). However, the terpenoids which arise from
SEXBHEERG SR BRI A BRI MR TOT SRR BFME SHuerig Hivdisieorgngisms such as
slass:of nalesulasnding soealled:secondary terpenoids play a role mainly

in environmental interactions such as for 20 example attraction of insects

beneficial to the plant (pollination and predators of phytophagous insects),
defense-against pathogens and insects and protection against

photooxidative stress (Tholl, 2006). Terpenes are composed of

multiples of 5-carbon isoprenyl units. According to the number of isoprenyl )
units cORTARMEE, 4 pBRES RS dssHiel adlibiiBte ReRBSCoMEB Bt ria, fungi,

withh en-earbpnelome P& A0 SREGUIIRENSS (S4R) sHtetReNESHE M ng world. In
sesterterpenes (C25), triterpenes (C30), tetraterpenes (C40), and so on.

MR IIERSalrsculso il BF A1l Rifpdhd¥ B s dpeiARahisraiph JupReRef peipberellins,

andidimetialiyhsiphosrhate LLMAP R woseparatauRatiivaysleaddftosynihesis
the form%ion of IPP. and DMAPP. One, the mevalonate (MEV) pathway, is

(GRS S RNOpIRd s GHatiRANRRREE AR WA e 18tRE? e Iff@kHfI asp processes.
enithiitobMMER) Ratinay, (SHERWHONY- B SBePRGIeIR angoRIAAe from secondary

whe efI is Iocatedsip chloroplasts (Rodriguez-Concepcion and Baronat,

D62 KT AECSEPS A e el BrRebdiker iy ehfimelasiihagtepdes. The so-

daltbe sedwapatiwaysoale HAQWNriNeare BN N BNBRIM QIGAMSRStions such as for
The first step of terpene biosynthesijs from the common precursors 1P

¢ P
SHEBINABE R Rridd Bt Dy Jratimbnisshste Giizedagion and predators of
pieryhansierages)syyhiiichy condensation afa hamorlbdies PEREUSOtection against
PP, and an allylic p %ciLsor DMAPP, geranyl diphosphate, famesyl
é?ﬁﬁ%?ﬁ %tfgeo?“éﬁi%(é PAhyid&hny! diphosphate), generate prenyl 5
diphosphate chains of varying length. There are two main classes of
preny| Tiphasphatecsyntbase 1 eirrsaylfpsienasesseprenyl units. According to the
é}g enyltransferases and trans-prenyltransferases or Eprenyltransferases.
j Eﬁﬁfeﬂ ARG hUBUIGST L TORAATOR B LAa BT GRRTRERETES (compounds

wahfiguratiemwhiledsans-Orenyleaqsiterases lead 19 thiecfpemation o) asesterterpenes
%Ie bond in tﬁf configurationﬁgé%%maégw). For instance, .
eHtis aUiSH-OP T EIRRDERS 0 RPENPE bl RS Rsgrsors of all

@épEmanp tgfgmtﬁwi@ﬁsﬁﬁé‘w ﬂEM%Ed%ﬁ@mBﬁleﬁg@%ﬁl@?@@te (DM;}&PP). Two
E- : chain elongation reactio ins_by the formation o

S £ LORRES UGN UPE GBS LB 1 1o Pafgnte (MEV)

eranyy Nextooned RP iﬁ@@@‘&ﬂul@éﬁh sie r%ﬂﬁ@?@t'ﬁfé @élgl@iﬂﬁﬁii@ﬁ Headpretonhe methyl-

at positjo form a new,C-C bond and a new double bond inthe . .

S TME R o e S R B TS GRS BR DB focated in

chivadiylicterétyd dipkesphatiepidad sitd thersynthesie pf agremykteps and all the genes

diphps Ig]?te whose ¢ % Ieré%?gh and stereochemistry are specific for each :

CTGSRE T BRI S S5AH TR OF ShRHRAT B CRIGEEAR Yy cortan number of

acgasigesably, ranging from C10 (geranyl diphosphate) to the polyprenyl

diphosphates which are precursors of natural latex composed of several

thousand carbon atoms. 20As mentioned earlier, prenyltransferases can

be divided into two different genetic families based on the stereochemistry

(E or Z) of the double bond formed after each elongation cycle (Poulter,

2006; Liang et al., 2002). The E-prenyltransferases characterized to
date lead to the synthesis of short chain prenyl phosphates (C10 to C50)

havina the E conficaiiratinn Evamnlec inchiide aneranvl 25 dinhnenhate




10

15

20

25

30

5 Lastly, it has been shown that a small number of specific amino acids,
located upstream the first DDXXD motifs, determine the length of the
isoprenyl chain synthesized (Wang & Ohnuma, 1999). The first gene
encoding a Z-prenyltransferase was cloned in Mierococcus luteus

(Shimizpigt 8l 1928)-oFhispane sRASS RN MNdeeRPT ey IBRSIBR R ors PP and
UPSéwhlch uses 10 E-FPP as substrate to form a 55-carbon prenyl

hhoSPhateafsis LNt SrepstsHenbas i schesetcos PrvskiEdplenses) which, by
psRiidaglysans Rinsyhesis ohasllwallivpsame hasteria. ﬁ&@@@W%PP, geranyl
e 1or

sequence characterized in Arabidopsis was shown to be responsib

ffe SidEnSE. idbpRmrgipRoShtatETIaYIRE a0y toinserpbison generate prenyl
@I@H&}{Qﬁb%hﬁ@@p@)ﬂﬁﬂgq@ ifl seguence @Ralysis %ﬁé&%%%?%é’ﬁ@f@%ﬁphosphate

did not reveal any homology to the E- 15 prenyltransferases (Koyama, ]
TYYERHS: ARG PSR S SFop HEud  HEHEt 3565 884 a8 drrdr déTauaiiases or £-
pretifsRR4R:. SEVEnGRNEaRVRIFRQINNS alb Qhwhich mere r Jess Y Rund in cis

role in substrate binding and catalysis thereof have been identified. All the ‘
SRERYEHAeryBES CrataprenyiEisitrns simAdsiZbDieryrlRhospharble bond in

havingoafehatnilanath eker $9an oF Qauahia-©26qrbona WIABR of two units of IPP
%xcegtlon of a Z,E-FPS of 20 Mycobacterium tuberculosis which uses

s sisttatet 1oiRr 2 E EppRutissehieta 02006) A wekist £ £-farnesyl
giterclippated MUERENESH) Studycan: M RISk AbH wieusddentiliedisener @hrmation of an

mino acjds that play a key role in the number of elongation cycles of the
%B”é%%ﬁ@\‘%ﬂﬁi?ﬁ%ﬁ%ﬁ‘é%??@& (RrFet eharpsons)n hdd5eptaryly!ic prenyl. Next, one

Hiphesphiates aressibstiaias obasiassaf 6naYRasnthe 185RRNE2 48 form a new C-C
the formation of the basic cyclic or acylic

nthases, which atetl)l y : . .
RS A IR LHEESL B eRbrB S RE ST esdEeHigRes] by stercospecific
{ditespentys andIP3Qifkiter peRe): (frang 193U MeMiliandand Bealenth®99;of a prenyl

d Croteau 9,99?. The re%ctional iversity of these enz¥mes

Vise a , [
RRGHRER 6 ERoE Sty Br Gy BT RSP RABoAES 1L agHED cnme.  In
Fotcsterabisonagnd afdaroesyt diphpsphnia ame thagreticalltRessiBi@oing from C10

ccordLngq l%)th 3 steﬁ%%?gemica configuration of the double bonds at
BEGHShID SR R In BREHIETE, B0 ES ek R giseyERbo! natural latex
cdaiposddibé seselithopenaisynbdasasidlose genes have been
characterized use E,E-FPP as substrate. This is the case for example of

the 5-epiaristolochene synthase of tobacco (Facchinj & Chappell, 1992), i

(5ol R G RS G ATy Bt e AT o, dBignt ecnctic

getinacrienedAsyniaseebanagey- (Boiwmeesiered do@l0Dond formed after each
morpha-4,11-diene s se of Annual rmwood (Wallaart et at,

R e S G oy ot at, 1008

caryophyllene synthase of Annual Wormwood (Cai et at, 2002), and

valencEine Bynthasteat rangecin(ShaiontAsaleldk0R3h NOREHRSIESS, Bort chain

recent study repo that ize sesquiterpene synthase_(tps4) which

R ERS G AnaYa o o1 Ea CobtbNENGEaS Jcvkptia Mclude geranyl

@EeEﬂﬁtand;th&ﬁﬁmK@jln%m&@tl M@ﬁésmﬁfeb};’]ﬁhl@&ﬂ@qm&% geranyl geranyl
esquiterpene synthas use isomers other than E,E-FPP as

déﬂ%%?%‘fae% ﬁ%‘i}\t)é?fgr, ﬁ??%%i’th%cé@aﬂﬁirﬁi&% Hased'tgifed( SRty solanesyl

ciri]lﬁ?;ﬁsﬁthtFP@?ﬂﬁHEh(T (%PS)VIggiandlek&i’piﬁﬁﬁlpmﬁﬁﬁfsﬁ‘iﬂa;nU§§lnihasle (DPS) which
abrochaites (forme nown as L icum hirs crete large.

PR S SR e IR AGRGING (0 8 ekt Holabt: Calsf-OGPP

(Ceontainggeinadieng)BiPrparticulay, andtlagsal & soni@jripamong4sthersand (£

- a-bergamatene, Segregation analysis_between a
B e e S S s
dﬁ/ﬁ&pﬁr@ll 'gltrr?,)l};ﬁhrhaay\likiﬁyﬁmblimh Ei@j@ﬁhéﬁ},épﬁﬁ ﬁwﬁﬂ)ﬁﬁ&mnr’eitﬁaﬁm carbons.
T Spla rochaites) showed that the biosynthesis of these two )
A e A S T sho ke ipoing the FPS
chndtSSiykmapping 16&Ro diffenertchybmhosBmes (amderHoevwdingt @quences has
2000). The SstlA locus is located on chromosome 6, and the genes at this

locus are responsible for accumulation of class | sesquiterpenes. The Sst2
allele of S. habrochaites located on 20 chromosome 8 controls the

accumulation of class Il sesquiterpenes such as alpha-santalene but also
ricoalnha-harcnamotena tranc-alnha-beraoamotene eni-heta-cantalene and
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The disclosure relates to the enzymatic activities involved in the
biosynthesis of Z,Z-FPP from IPP and DMAP on one hand, and of a
mixture of sesquiterpenes composed mainly of alpha-santalene,
epi-beta-santalene, cis-alpha-bergamoteng, trans-alpha-bergamotene and

ebdoRgtARergAnoRNR oM £ BHRR A e s 10,8 RaRIbE Al structure of an E-

sequences responsible for said activities and to the nucleic acid ' .
seefiidHepsfanso dingoaiscd dptide Jeguomedsy Xherisoigstieatfeptiyewvith FPS (Tarshis

iglates @methads Lising Said sRzyme AGAUESor RAdUCINgRAId vy that the two
compounds or derivatives thereof. The present disclosure therefore

felatesdlth BeHEINEE W proRIcInG ehaviRte b pfisasaitelipo mesimpiintptalytic activity.
¢amRoseshobalphasantalanes fRir e ARl RG e iSRIPh AP APAE Ensticam the

trans-alpha-bergamotene and endo-beta-bergamotene, from ZZ-FPP in a

EBR R R Bn b fantetsimipe sbsréa @b rmpimisoayantiothdinginfersiarsl (Wang &
entha:aensinest having an expression cassette comprising a first gene

encoding a Z,Z-FPS disclosed herein and a construct having an

expression cassette comprising a second gene encoding a sesquiterpene
synthaddhdlifb ESBSedivgetl Katksiny BpBsitiiTgae Fansfoimddesrascus luteus

suitabig.canditionsdorthe expressien ff-said first and saichaseend 98pesiwhich uses
and, c) optionally, collecting the ZZ-FPP or the sesquiterpenic products of

fd IR & HA Ol EHTA GV 83 HEPEBT RISAYA AR RTRISHE calllnddfof igrochemistry.
CUiIFRORedN infJitaidisalesyralse yelates §\a MUEIeiracid wall in some bacteria,

comprising a nucleotide sequence encoding such protein, or a sequence

B SN LSARSREF tRdtEte SRR AY st EBiRehtis EsTHIO e ke g responsible for the
iselesire aisp-relatesyodamisqipted iariesambiant ratehhaving @%B: 4., 2000).

synthase type activity and having a sequence with at least 80% identity to

SEEITRIG, A RS U RIS TRISHER RS B il o e ol egy to the -
PHEICINESTERANENRR £RERJINGOSIICH: PRRFaILI SN, 7SHRUMENEMSAPRRIC 8 not possess

hybridizing thereto in stringent conditions. The present disclosure relates

ToRaH ExirsEigh BAEL 4 RampHising S h eIt e esdenssall AbMsicly more or less

VRSOl eOIRREISInBLaREXRIRBRIONCASIOIIeH belek.acitdisclaseiied. All the Z-
herein, a host cell com%g_sin a vector, an expression cassette or a

RO RARS IR HEIESH, KhddnoMiTaR fasdetirborghpismhaving a chain

LOMArisinga Celhnd ¥eCkQlaRNEXPRSHMHEASSEE Hea PUAIBIHACKE a 7 E-FPS of
%Edgﬂ?}sed herein, The present disclosure also relates to a method for

SO 29 A EH P RERphdts 7 PRrsS av%&%f‘afpvé%r%é@é?,f’%ﬁ»ﬁhmbach et

#PP2a0d)DMAR: sicelihavacandiRandRMAR SORECSS LOMPEISING:BIfied several
introducl% into said cell a con,str%ét having an expression cassette with a

Homgad SR FChEI 'S 12N PEREISEEIP A& BYLetafiy raprenyl chain

sransfoumedariidnesuitab@mennditions for the expression of the gene; and

c) optionally, collecting the derivative(s) thereof contained in said cell

and/or_jn the cultur? glediu . The present disclosyre relates to the use of
ath

a proteif®a MR atiBP S RBLEE el Br S IRkREG e fic Brgkivism!dfitipsy the terpene
Rerairdor phepasingl %< the R ah SBAypelse sasitenranes: sbehcaspene backbones in

O o e e S e ) (con
BuEh agcdlihian and Beale, 1999; Wise and Croteau, 1999). The reactional diversity of
these enzymes underlies the diversity of the cyclic terpene backbones found in nature.
Four stereoisomers of farnesyl diphosphate are theorctically possible according to the
stereochemical éonﬁguration of the double bonds at positions 2 and 6 of the molecule (E, £,
ZE, k2 or £, Z). However, to date, all the sesquiterpene synthases whose genes have been
characterized use FE E-FPP as substrate. This is the case for example of the 5-epi-

aristolochene synthase of tobacco (Facchini & Chappell, 1992), (£)-alpha-bisabolene
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santalol, epi-beta-santalol, cis-alpha-bergamotol, trans-alpha-bergamotol

and betabergamotol. The present disclosure relates to a cell or a

non-human transgenic organism, characterized in that the synthetic

pathway of class IT sesquiterpenes is bjocked by inactivation of either 7
sylifa88%¢ 9BFRAING Arss £eRIAISCI0PS0 hetalp, ofihe ens encadinad ¢ o
yI:SBBasynthase digglosed ﬁe?élﬁi% or else béth ﬁgg’e&e?ﬁggﬁerggent ﬁ{gg%gﬁrgf chicory
(Bgisorerstesaorhe 188 otmapblett bhidifor ienttifgingl Malkeal| AV omarkess (Wallaart
er memeg%%géz%ﬂgd@gs ALRICTCHLEIGE olgnv? IQ} rggucﬁbmsg{ﬁophyi]cne

other species or varieties of cultivated tomato (Solanum lycopersi
sytiesgo e Xxiiutle Prasenvdisdosure, te RG6Eotte sedarcmes SEQAR: of orange

{ S%ﬁ‘oﬂ'«ﬁ%jé}lgﬁ ?ﬂo@ﬁ%ﬂ&ﬁ?&%&f g ?chxlﬁost%%% ug%%% y esd %%Jteg l%}'l%rize 56 g%uiterpene

markers for introgression of said sequences In Species or varie

syghesttiingdt wdnslitoatPhus sthe prosénsidistlosuisiretatdsith sanjetalarnes accepted

N iS} rt of lej id with.at least 80%.identit
G R T T .

coperneeirSndalnbenhaiws At BPR diessdbhvetSolHourmviypeisaxudlithe sesquiterpene
Sylﬁgggggggl&wgg S G@rﬁ_@ 5 SO as o introduce the corresponding

genes into said species. The disclosure also relates to a method

consisting in introducing the zFPS and SBS genes into a species which is

not SaXuEIe ciinplaiishel vithiSotarasof diwioohaitdw by photapladbfusidy. known as
LydheRIesanlAsRins e plao relates 1o ainethod for producing-22-famesol

?jt@%ephospf{lorylzﬁiaon gf Z_,Z-Fgelg%gé a pig:)%%ﬁeast %Iég R a |?sggzgl§p{%%%ngmg fo two

diffprerd paspeviddasa hremisinfogprodursing 5 Bitypeisekyuitel péamsibrontains among
othBf %ﬂx&%ﬁ&%ﬁ%ﬁﬁs %&%ﬁé?ga{ﬂ&e%%'.' r?e\g&%gﬂggu 5 OsfisD %’%‘v@e@g% cultivated

IPP, comprising: a) introducing hto said cell & construct gvmg an
tomaip rag8iHPeastrtap eunpH siiguetitory enSelmouinly eopeZ stammesyind a wild-type
toﬂ@%@%ﬁS{@WESrg%S%W§Mﬁle@skﬁ?fé’u&ﬂeﬁg%égl%%‘g Dsgo%gd that the

and a construct having an expression cassette comprising a second gene

biommoa BEse M dsderat SEHRIHCBO ddintisyitc SEQUBI Ny, hjlifferent loci
(Ss%%ﬂg@%)t@%%g‘%’&@& lﬂﬁé&@{%'ﬁr%ﬂf&?&?lésf% ed%%‘@i%é?%”e&f al., 2000).

said first and said second genes; and, c) optionally. collecting
The;Sstiidepunis lertedvativarmeseniconauiddheists sethinbiyonsrathaesponsible

for GUHLESBESHUST IS PR B R RESAHTRIREPPHIRIE B UMNE- O haires 1ocated on

sesquitergoenes composed mainly of alpha-santalene, epi-beta-santalene.

chregaospne herprioibsecremalaliindeiganibresauitstpenes such as alpha-santalene
but eﬁg@-Q%@rpﬁdgf&?g%ﬁefen&a%ﬁs%%Q%@%%ﬁg&téﬂéV%E-B@Xigﬁﬁaﬁéhe and beta-

isolated or recombinant protein having Z.Z synthase activity and a

berganishecitAtheTcudsuifisdeminpiorsmppimdyo Vhereas the coding sequences of
the genes at the Sstl1A locus have been identified (van der Hoeven er al. 2000), this is not

the case for those at the Sst? locus.

Summary of the Invention

The present disclosure relates to two genes responsible for the synthesis of a mixture of

sesquiterpenes composed mainly of alpha-santalene, epi-beta-santalene, cis-alpha-
bergamotene, frans-alpha-bergamotene, and endo-beta-bergamotene and their precursor
Z Z-farnesyl diphosphate (Z,Z-FPP), and to the use thereof for preparing said compounds

in living organisms such as bacteria, yeasts, animal cells and plants.



In a third aspect, there is provided an isolated or recombinant protein
capable of producing a mixture of sesquiterpenes composed mainly of
alpha-santalene, epi-beta-santalene, cis-alphabergamotene,
frans-alpha-bergamotene and endo-betasebergamotene from Z,Z-EPP

kt/ﬂa}‘\e/in %B nt_qase actigit 1and having a sequence with at least 80%
R TR P 1 4R Sl e i ah s st of

T resnigihant/mbetsibaitiel coppridblg donutiectidenesiuen etaen A0dING:abrochaires
seipinRRdefined-above. |0 a, gggﬁatgpecggfggée '%;‘E ; %&% d;ﬁaﬁnﬁgﬁetgz&% frans-alpha-

expression cassette comprising an Isolated or fec
beranmeicab ere. sndedigtibesgentptheecinprg\ided s vedtdr gomsisiegand 1o as SB

o L Iegombi eic acid as defined.aboye or an expregsion .
}?gsset e agb%efiggltgéﬂ ?b%i\% %llea%ggvl%f%ﬁa%%%&c, tﬁ%g\éqg S0 Hstext. The first
2| CitpisiAg af fevletrlddphecuimirinant imseleicdattid as:oafined abaveiple product
EXPIESSIQR. 6ASS ined above.or.a vector as defined abgve, .~
Se\?v%lere%gﬁ .the%cleic_%ﬁ gééter’cg(%&ess.yﬁn({é% 8?@%@%@%@% Stffdfe feoduction of the
CopfeRRERA RS SR AALPRER trarwgEricovgaltib theortiprisiaguiripelatestafile obtained in
HeLeminant nheeic.agl ined above, ression cassette as
wdefined above, a vegtorﬁj gg %d;ﬁggg@ag}&aét%%bceéx “4€ defined above,
Wherein the nucleic acid is heFeroIogous. Ina n_inth aspect, there is
TiRveyided:2 method der & %@%Mi@ﬁﬂ@&%ﬁ'B'}Ré_%%t%s%&?i@?
derivatives thereof from IPP and DMAP in a cell having an IPP and DMAP
frog JFdearbmpish gnanaiaeliong ine seichoellel seangtivepdrasingraposed manly of
AlNPERSIRNLCASH RN @1 BLCIelS | nce encoding a protein a
Fg‘ie&gned abovze;%%) cualturing %t#&%}?gﬁrﬁé% %ﬁﬁ%ﬂﬁ’aﬁgn o%éhﬂ%grﬁﬁmotene and
endRebeigrRssairbmh &gend ZRER) aspticiiaty toaliegiingithesegnivative(@iponsible for
saithgrerfgantained ip,said in the culture medium..In a tepth
a1aspect, there is providedcgﬁg(!atjékeq é(())# agzb‘t’r%%%r? as¢ e%%gds Ao PEPYfs sequences. The
displaetetdratier sxladsiinatr@ibdvesiof sahbstzyelt astiefingo-gaaue af of @
cotk it gLgRBiIsm-agdefiped above for preparing ZZ-FPP,
alpha-santalene, epi-beta-santalene, alpha-bergamotene,
beta-beraamotene, and endo-beta-bergamotene or derivatives thereof
Thepeheasdaigbausdhtadtlreopldbetasamtdiod, falphatheigameiQhure of
beta-bergamotol and Z,Z-famesol. 7b In an eleventh aspect, there is
SCSAPHFREHE: ceNBR o rkAPRIFdrans g el orgatibme chepatterizedtnidhat cis-alpha-
berfheneyabeliRalmaLel AR A% SeRALiisioens Isblogked by inactiyafion , .
of the gene enco ing a pgr%%:'in as defined abé}\?geg%%%ﬂ?%%eé#éogng%i%? mnacell
ha"é“ﬁr A aanddAlbTasBvEs grasamRigiages. In a twelfth aspect, there is
Riovidestithinysmef mrlecyles markers compris! atofanucleic ..
acid with at Iegast 80 % identity to SEQ ID %‘?(Qg Sgé@l? gs %.Cf%er%e comprising a

identiige e YEnoRse polymoritiaseBaairierd akatroshaites and species
of theFalamyexpeeibat-atssexuainaempatiple with g, b %gcr:gﬁg%i:)%%{%%;uiterpene

as to control the introgression of the corresponding geénes In sal

In 2" RREAHEIRRY delhsed bssineled a method consisting of introducing

the aiR&gens enceaing &zl Sivdihabieast,89%.ideplity, Lo ID No. .
2 and the%eBS gene encodins a SB s;t/nthas?(:fm\?\}gi)ttﬁgggI%(;Qal}s,t%!l éoeg}o;i%ésﬁ%yot%smd first
SEAPDRIO S5°RNY 8pRtSedMot sexually compatible with Solanum

halspabaites, byopeaianashiugionrie fouieentd Aspesthers s piRvided, . spg

a method for Bro_ducjng Z,Z-farnesol by
enzyme or derivatives thereof contamed in said cell and/or in the culture medium.

The present disclosure relates to an isolated or recombinant protein having Z Z-FpP§

activity. Said protein preferably has a sequence with at least 80% identity to SEQ 1D No. 2.



dephosphorylation of Z.Z-FPP obtained according to the method of the
ninth aspect by a phosphatase. Legends of Figures Figure 1: Possible
stereosiomers of FPP. All sterecisomers of FPP are biosynthesized from
IPP and DMAPP. To date only E, E-famesyl diphosphate synthase (1)

ggr Sﬁggiﬁedlin any organisms, and ZES-_farnesyl diphosphate synthase
? ORIy e BbACE T i PEEITS i [ eHtBiaEE atise | 2000 pewere kapnding
8 Porno2 faqesykdiphaspheie synibase derainglalie PLesant
invention; (4): E,Z-farnesyl diphosphate synthase: no enzym avmg% IS
activity has yet been described. Figure 2: Drawing of T-DNA carrying the
8hprePs dibSheSBSiransgenesokind kmmwm%}g@ﬁq%‘gg%g <355:

ne.promoter. CBTS-ter: CBTS terminator gene; eCBTSL1.0:
Sﬁﬁ%gﬁ? t%%%?%’ﬁ% é%&%&%%ﬁ%@ﬁ%%@@ﬁﬁmw tifer@aMiv 358) ID No. 4.
ThromoenSHszFRSe codingdeame; of enceding tomato zFPS (S.
Smﬁp&gsﬁg%% BLALT777: Sh-SBS; cﬁ%ﬁﬁgﬁn@&% ?ﬁgegséfﬁ‘ée‘é%f’c%* e
tomato synt%aqée rz%e RHHPYE: @?Eﬂ%m}%@oﬂwgﬁnbmdéﬁion&

B: T-DNA right border; 35S-ter: CaMV 35S gene terminator; nos-ter:
TRbaRFE s yhiFase g kst Agrebactersiviwieastie e HRNAET FIgEE acid
dZ:ET'D A fragment of the pLIBROG64 binary vector; Figure 2B : T-DNA

FaGHRAEESH the' Piifs RO Bt A \Reorss:s oy ures8tShr 3BBdIAnsgRNisc osed
hEX reas%% aﬁalésis In. transgenic tobacco leaves. Expression is
determined by TERFTHBES R ERRI0R PERSESING faotescentyprobes:id disclosed

TAQ-MAN, ABI). One probe is specific for the Sh-SBS transgcne while

h&i{.ihlgleg’o’%ML o A Qat%%%‘rﬁa?f@&mfﬁ‘ &CIPHEHE fceflirdl Besied). Fhexpression

er IS speciiic 1or

caQiehinate axis Malles frepresents the potency 2 ratios of the values obtained
with the Sh-SBS pro eto St?;%gé%r%iﬁtained with the actin probe

i) Jhis ratig.exor the ratio of Sh-SBS transgene
T ot of ach: Trie SR ARSN B o ETEH AR
(2.6t & randgeniiimeshEigul e TPRNSGPIISARPARCO NEERANING, PP and DMAP
Soﬁpggg(gg;gr&_fgﬁ h-zFPS and Sh-SBS transgenes (pLIBRO-064)."Figure
38:’_15T ansg h‘ic tobacco lines having integrated only the Sh-SBS
tindaEpdupIEBRO-068)caigurerktRic/ WS RIOHE Ok ffedddA PRI e with 2 nucleic
merged,andiedangso siapsards (niture of isomers). Figure 4A: The

ray chromatogram (m/z: 69) correspond%i}b the product obtained in vitro
ithaShez P BabkfisnenbrebiiastpeoiRin oS iSRS GRS the pene:
20 ity DMAPP and IPP. The isoprenyl diphosphate product was ’
dephosphorylated in alcohol and purified by liquid chromatography. Peak
PepéigpeHis wolledtifg tesdeiiheibiack lakeBTdoSIAREIHZ s8R) cell and/or in the
corrgspeRdsdgihe farnesol standard composed of a mixture of (Z E)-,
(E,Z,)-, and (E,E)-famesol isomers (Fluka). Peak 2 corresponds to a
mixture of (Z,E)- and (E,Z)-farnesol and peak 3 to (E,E)-farnesol. Figure
The peesgpadiseopamuiaon(m e 25 fafrresobcirraspandingdo, neaksd cHigsre transgenic
or aﬂ‘% “é'aSE_,GS %ctrun} of (Z,E)- and r%E,Z)-farnesol (mixture) corresponding to ’
B RS B UrE T IR B e R fr GrRTSR PESB) tarnesol corresponding to
sesghf 04§D S {le of in vitro activity tests carried out with
qShﬁgggsfe%% and %S%%qg%e% ﬁ%l‘rl%?(:%?ﬁ ftprotEimeprhetgasnotene, frans-
PRI e Y eBdSHbeETiS Bhtiscantt Slor SBEGHIEWHRAIRAR a5 zipha.
santdRgethes; with 1B DMAPPR;: The reaction mixture was extracted with
ent.arl%r and arﬁ%?d b%aciﬁ\l}%gﬁéﬁl%ogog’: Cﬁ%’rﬁéXBﬁ?ﬁﬁr&%‘ﬂ and beta-
berg%}w%t obtained in vitro with Sh-zFPS and Sh-SBS. Peak 2 is the major
product and corresponds to alpha-santalene. 1, cis-alpha-bergamotene; 2,
™ alpha-santalene; 3, trans-alpha-bergamotene; 9 4, epi-beta-santalene; 5,
© PERE. Sasionet Gelisiismctt gt rn o wmeepesmisreoniospdndingrioed
in thpank &deftianchelohs-sanialene Siuchute.(lant. flgure € Merged oC
[ itro wit ) egn}?{/

profiles with products ‘obtained in Viir recombina fggtivation of either



5 Sh-zEPS-61-lis and Sh-SBS-61dis, and exudate of TA517 isogenic
recombinant tomato line. The tracings correspond to the extracted m/z 94
ion. Gray: olefins produced in vitro by ShzPTS and Sh-KS. Black: exudate

of TA517 isogenic line. 1, cis-alpha-bergamotene 2, alpha-santalene; 3,
trans-alpha-bergamotene; 4, epi-beta-santalene; 5,

B e eesrg Aard A ETRS. dischigdrisereinGé MSaRefile. 9 wolatile molecules
emitted l?g a transgenic plant (#3877) harboring the Sh-z P%’ﬁa% Ui geslosed
fransgeh %bqtf’agfg’@énic plant #3877 was cultivated for 24 h in a controlled

in a culture chamber. Volatile molecules emitted by the plants

TRURRRBRSkS. B BSO8R © thatrix (Altechiandanalyzedin GMSa,

were trappe
k4 ARRMAI00am (37A?1(§ e P Signatures
11E5p0 d{]ﬁ&%@ﬂ%ﬁ PRI vere identifietubyd into other species

charac'gerigs}tgic of SB type’ses
oAt Pihei fewntiontime s &ng Mass  with those of the IA517
m?alé%ﬂ'; ’ e context of the present

didn&t /B SR glRha-berga ne 2, al :
trﬁnsag%tgéa-be}rg(%r%oﬁee%ué’f%ﬁ% %@%f@@@@ or variants thereof can also be
USERJEE b setgarnuwhees FOFigurepd+ RS gens polymarphism between
vafeHGOREISIRVRLPI)A0d. S. habrochaites (Sh): The c&ggﬁg‘l‘ﬁfé?i‘észﬁﬁ% Bg?f?@ Species or
was amplified by PC From genomic DNA of S. lycopersicum, S.
habrochaites and TA517. Separation of the PCR products on a 0.8%

Thagaiiese-get enddied 3ihantdsnbieBaf Wil A [espective size of
approximately 3,000, 2,500 and 26,000 nucleoti%oe%g)%léglaﬁﬁ Prodtemucleic
aCIQOWé%;%W@Wb%@MsQSMIﬁNBQl?&%E@%@Pﬁ? and corres dis ..
ofibe-BRRRS gaRcdeseribed hergin. kb: kilobases. — Abbrevia iGTS Ahef"E 2 genomic
p @ . [e] ?‘OCE . .
Definitions MRNA: messenger nBERtcRAE a¥iecsoDNA tieoSyliaamu clgise sexually
“oBER BNtk cTneimentanc DNA prod caddace vl iansepion of
spefR N g}@@{irggghfgyggr mosaic virus DMAPP: dimet yfaﬁy g nto said
geﬂ%gtllﬁ%sphate CBT-ol: CEMbIAHEANNC Ryt wanitduriop bt sPAthasesas
Y& aRgriphospiate FBPséamasyl diphesphate GCogas ,
pro@iplemategaphy SGGPP: geranyl geranyl d?r?%aosphateﬁlhggﬁfﬁfm habrochaites by
interfering intron hairpin RNA IPP: isopentenyl diphosphate MS: mass

spectrometry PCR: polymerase chain reaction 10RACE : rapid

™ PO

eamﬁﬁlmd@tnstmé eDNAlends Anfihbl B gngmg,ggt, é_%ﬁ‘!’h‘lf_sﬁ K},’gM, F,P,5T,

de Vg, , V: standard code of amino acids according to the U rsal
Pl I3t of ZZ-FPP by a phosphatase,

www3.ncbi.nim.nih.gov/Taxonomy/Utils/wprintgc.cgi?mode=t A,C.G,T,
In aBERHKM NIR, S ), W, Y ., standard code of bases according to the
s ,L\égr al 1f5nomeﬁlc a&%‘iﬁéﬂe& a method for producing SB type sesquiterpenes or
1] o ..
synghase” or zFPS, as used her%%ﬁr?lrcé[f Y B eTiRA RS OapeaRette comprising a
1St geve encoding a Z Z-famnesy) diphosphate synthase (zFPS) with at least 80%

identity to SEQ ID No. 2 and a construct having an expression cassette comprising
a second gene encoding a SB synthase with at least 80 % ideﬁtity to SEQ ID No. 4;
b) culturing the transformed cell in suitable conditions for the expression of said first
and said second genes; and,
¢) optionally, collecting SB type sesquiterpenes or derivatives thereof contained in
said cell and/or in the culture medium;
wherein SB type sesquiterpenes are a mixture of sesquiterpenes composed mainly of
alpha-santalene, epi-beta-santalene, cis-alpha-bergamotene, frans-alpha-bergamotene and

endo-beta-bergamotene.



of producing Z,Z-farnesyl diphosphate [(2Z,64)-farnesykliphosphate or
cis,cis-FPP], from 20 isopentenyl diphosphate (IPP) and dimethyl allyl

diphosphate (DMAP). "Z,Z-FPS activity", as used herein, refers to the
production of ZZ-farnesyl diphosphate from IPP and DMAPP. Z,Z-FPS

In AR et ais aredi s sreiaslimdgthe foratioprof-z, E«fanesylppp
symmmsm@aw%mmﬁﬁaaeéﬁa‘éwﬁmﬁgtg%rggglﬂ%%rg toan
D

enzyme capable of producing a mixture of sesquiterpenes composed
In maindys efealnhersantalens SPibelarsanialeng, cis-alphabergamotene,
rgamotene and endo-beta- Hé?éﬁgriﬁg{é)neemf%ﬂ?%%ffmﬁlﬂ?“’9%3

nﬁgﬁpes (_)?lspep ane :
type activity" 18fers 18 REBISERIBHAH sPsBstptdcnesyiterpenesidrerniZatiha.

ereimesyEdiphosfitatbe 8Bityne adviticaros AvAVRIRK A MOARING he
syt @HRalen;Qf ARG QENQre type sesquiterpenes. An example o
determiniir% SB typggacti\(}%gﬁcs%dég‘c?ﬁ)%@%&tﬁéd@%% PledEC ERNgpd

In SESHHERENS w25 Used.herein, refers to a mixture of sesquiterpenes

’ gomposgg ﬁ%i%@%?%ﬁﬁﬁ%%ﬁﬁ 3%%%%?%?5’?—?%@1%%%3%@?“ comprising a
MU QT FRIUSRTf aPReENe Rralvir alptribedgametene and

endo-beta-bergamotene. "Stringent hybridization conditions": Generally,
™ 44 oRshutseotidecofiadpven size anchsequensgssiingent gondifions are

rec@btaiBedRY-Warking al@,lamperature approximately 5C to 10C below the
melting temperature (Tm) of the formed hybrid, in the same reaction

in aMBiRALEGHBY §aid Pl tide and its.complement. Stringent
s e R A ———

aci dnglsbé'ggiz ti?% con .
one sKified A tHE HHeaprestiingacsetiveasikdimnthadvthe base composition of

: the polynucleotide in question, and the composition of the hybridization

2 AfciTEc R Pefifctiaprprdand homcaitrengthyinklighisringency.conditigns

nuchrichudieaa dwash SRRV QZXSBFHUier at 6oC. The stringent

abollYRlidizatipn, copditions (1escribedoabove carieﬁe(ja(%%‘f%dj by GREAfstngd
the art for polynucieotideSSARRRAEarE higher or smaller in size, in

dance vtégth the relevant 15 teachings known to one skilled in the art,

acc
o ERHLSREG P CLRSP Y S oBTED de080s hiolmoularo@ioning.oh

describé
isolafoshgratorybemuak] Goldi Springitarhok Maniatis £14t. 982, Mol %1 r
abovie|@RIRE: As lyahoratary. Manual, Cold.-Spring Harbor Lab. CSH, N.Y. USA,
here QT ONE of the recent reeditllgo?]eshtﬁé%r%gf?%%bgm’N@§%%F}&%EIE€I§QK1995,

EURYt Protocols in Molecular Biology, Chapter 2 (Greene Publishing and

Wiley-1nterscience, N.Y.). 20 "Heterologous", as used herein, is

dn : laaﬁétﬁﬁb%ﬁgtwavng@d @h;e@e:m‘ie“drat;lqbeeag mmﬁhﬂﬁ@%"mm%% I@ZFPP), o
erivgevistiteen mPg a0 RE RrESaNhAEPISOoPal oF caromosomal form.
J%&%ﬁ% can t8rsiglj(§1atﬁ1from a source different f'rg)%rrllE rﬁjeMc‘%rﬁ ARG AEsng:
introduce EHowever th GBHE B Yrsore Simechom thesgameétspeniosias:quence
théeHine whietsiit s ¢Fimttatiooed but it is considered heterologous due to
bits RnvRNMERiWRICh.I5 Qf?thpéﬁiﬁé‘f- qu example, the gene is referred to
oS h{gterl)lllogous b_ecaus% it is pndere e Lo rSo’%E)flE GiBrASter Witharemeiond
its AR proHsHaE tbssdsirativriettberaoooationed hick: diffensaHOm S e culrure
natgraddocation. The host cell may contain a endogenous copy of the
gene prior to introduction of the heterologous gene or it may not contain
used herein, "percent identity" between two

I CHRUS £90Y::39 i
noa t@rﬂheg'_s%g&_ ¢ 1§ ??1}({) a%&c(iﬁ Sq‘tf‘ér?éce% PEYER 85 geé'@p@eqzﬁa@e of a nucleic acid as

nucleic acid or am
definct) fhiRestides Bparviioadiinesishies whish areidenticabheWERN IV, o -

preparseONENTEs ipRheseRmpared; ghtal ter the best alignment, said
endo-REISENEATE beiné gur_ely_ese?é{tistica%%@{[ ’eaiaqﬁegr%rr%%g’égﬁ%‘fﬁéf@rﬁ‘ﬁé%e“e= and
Seing AETIBUEY erinitramd aiphhreughouttheindengtiol, aipha-

| sequefices being
berganiel thetit-bligamueritod dpfittmasalignment is the alignment for which the

percent identity between the two sequences to be compared, as
calculated hereafter, is the highest. Sequence comparisons between two
nucleic acid or amino acid sequences are conventionally carried out by
comparing said sequences after optimally 5 aligning them, said
comparison being done by segment or by window of comparison in order
to identify and compare local regions of sequence similarity. Besides

manually, the sequences can be optimally aligned for the comparison by
maeanc nf the lnecal homolooy alaorithm of Smith and \ Watearman (1021)



Detailed Description of the Invention The present invention therefore
describes for the first time the genes encoding the enzymes 25 involved
in the synthetic pathway of many sesqlliterpenes. In particular, the present
inveintio relates to the characterization of a tomato sesquiterpene

20 SHRSRE AeRcieisie providedsa st ey Rendse)niersesnabtesatiiem, characterized in

thap e uotithetst aathmrefOSBe@@_Hifﬁﬂf&l‘ilaﬁéﬁeH%?o&@S @Béﬁﬁ%ationl of the gene
e : Q main alpha-santalene, ept-betasantalene,
L O i S Ao = Sehoe above, o bor
£&fdo-beta-bergamotene, 30from Z Z-FPP. In addition, the invention
further relates to the characterization of Z, farnesyl diphosphate synthase
I tZrp op verhatswiich sl sbetvecprd cubtions otz ZeFPR MR RIBOH part of o
nudRMAR WiBse: 302y MES CRRDR,URCHHE BIPANCE SP dype sesquiterpenes ..
genc())gmzdz(-}g%lg, gl vitgro or in yivo n transgenic organisms or recomnibinant &
MICFO0ryanIsms o CEETHE T AHEGEIE BrsniRrAss céfacciofierodroatisme sexually
congtighias B diehidryeasts, fungio t3naninial iinapeieionlantels@8hnding genes in
saidk@BSEENic animals or plants are considered. They also enable the
production of compounds derived from ZZ-FPP such as ZZ-farnesol. The
sent invention can.be used more particularly for
A By ot Ene ncoding
2 ZEOmp G 8 TreP it piE e SEiRY G indlkand SitrRifomes abstoreloy fya@ase with
at lddae qr Muﬁ%ﬂﬂf&@@&@%SQs&ugeg%% %%twﬁgi}ﬂ%h‘{rﬁy‘{ R with Solanmum
habm%%& an r%%%olgs fruesduced or suppressed in plants, fof exa pﬁe toma}fo, '
by gene SHinction tecl?ﬁ'iques or by mutagenesis. In addition, the
In sge?suerrgcet identified in the present invention are useful for id_entifying
AndforeiBRing gefes o dind e Aited nagihedth&sameductidtics Tafaresol by
deplgpbosireties i HIgEPISwisainepasticstinglantcFinalys POVMOmRE 10ec by a
phodhiplgeular markers can be identified from the nucleic acids encoding zFPS
and SB synthase and will make it possible to monitor the introduction of
the corresponding functional genomic sequences into other species or
varieties of cultivated tomato (Solanum lycopersicum). Z,Z-FPP is a
=Botertasubsrate of sesquiterpene synthases but currently it is not 15
commercially available. Although the majority of sesquiterpene synthases

Fi chﬁ%sterié] d to date use E,E-FPP, it is also clear that the lack of
BN S ers %%I%ﬁ%?@z@-Fﬁﬁ’ﬁaé\&r@atgpmmwﬁwfm@;p@mmd from

IPP purb Gxeis, IB0tDe dadingne yriaseisithe.g %/P mple that (?11 scribes ..
the preferential use of Z"Z?FPP by a sZslt—qa‘EﬁzteBk eﬁh%ét%s;sl%ﬁ%%see ezaiﬁé?’é?ﬁtﬁflzed n

Ay, TE70) i Ease 2 2ee ey e photrhasel bsyotesicalsynitiesisy abcrerium
tubethelod FEERRBhASeSIRSCTinaS inhis PRisntproyides A method for,

Synt,‘;;{é)ducin Cfaid molecule in an easy and inexpensive mannet.
1 .

Zroreess ﬂ?ﬁe@%%aﬁlﬁé‘?ﬁ“@ﬁ’é%lcé‘maﬁ Alfsimesphtlifgnepitaelf $hethase: no

u?ther

enzydiedehpngalitsac ofialha-santalgl. AAlphagesantolol is one of the

characteristic constituents of sandalwood oil. Sandalwood oil is highly
valued in the perfume industry and its prices have risen sharply 25 over

Figumema@rharmar@fdurenmme&ﬁfﬁ?@olﬁi@tmﬂfﬁg%%lw%%ﬁir?raﬂ%éﬁes. Km:

India. This overexploitation poses a threat to the viability of natura
ke R e obiEes A ERAN O BAPetRremoe @ 3B er: CBTS terminator
geneiatfHisiSaraltie hyracimplediydravipion. fulbe RGP BYSRION of e Cany

roducing SB type sesquiterpenes or

a refore el to a,method for
338 5&%@ v 5‘&%‘?@0]@%,&@ 2ppptithe Sartasegredomen afBNMAP kridochaires

erivatives th
IPPP, 30comprising: a) introducing into said cell a construct having an

expression cassette comprising a first gene encoding a ZITS according to
the present invention and a construct having an expression cassette
comprising a second gene encoding a SB synthase according to the
present invention; 14 b) culturing the transformed cell in suitable
conditions for the expression of said first and said second genes; and, c)
optionally, collecting the SB type sesquiterpenes or derivatives thereof
contained in said cell and/or in the culture medium. 5In a particular
embodiment, the produced SB type sesquiterpenes are collected in step

c). In a preferred embodiment, the SB type sesquiterpenes that are
nrodiiced are celected in the Aarorin concictina of alnha-ecantalene
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15type sesquiterpenes or derivatives thereof from ZZ-FPP in a cell having
a source of DMAP and IPPP, comprising: a) providing a recombinant cell
comprising a first heterologous gene encoding a zFPS according to the
present invention and a second heterologgus gene encoding a SB

synihase @9993@!%&9%:&&5@%%@%@&9@ M%%@é%&%ﬁé S habrochaites

suitable conditions for the expression of said first'and said second genes;

drit!, ¢y dplibhallyP el detingomis s B Bip&-E8dquiiehperudast défiviativesMV 35S gene
theraaf centained ingg izﬁiﬁ@”s?‘ﬁﬁ{%ei%gﬁg %%@I:Eg(mggw'y}n??%%‘asciem terminator.

preferred embodiment, said cell produces Z,Z-FPP. In another
a8y & frmmpnsopBireplid> RO et initars peatisufigaisoddinfe Y A fragment
mﬁ@/g@@(@@%@?%g@_ are carried by a same construct. In another
embodiment, the two expression cassettes are carried by two separate

constructs. 30 The present invention relates to an isolated or recombinant

prRieie Havingss: &b Ry PIRASRIBRUIMEYy IR PRI TG NGOk es. Expression is
relates to an isolated or recombinant polypeptide having Z,Z-FPP

SoHraEsd O IgrhHE R AnHY S Fe RE& AtH &t g gt 5809%h Pesies ¢BIAGEBAAN, ABD).

D0 pBIH6 RPN eI T RERSIRNOsede REBIRIARYL 408 ROMRERIIS  the tobacco
has a 15 sequence with at least 95% identity to SEQ ID No. 2. In a

peliticErar dRBTEINTERE) tHe p St EoHs prisdycsr e arsREs dhthadierfuefcatios of the

SHQR BN SaiH PRlYPeplide can alstsemprisaanaAddiienal SegHBRCGE SRS Hactiny
facilitating the purification of the sgé%me, for example a tag sequence

LB BEVSFAI B Take v/ midialmasgsis s sliess ieTiRe fedeptiin. The abscissa
ventipRalselielRiasdmaminelatethausleic acld CARPISNGA IACIEad R hic tobacco
sequence encoding a pol)é%eptide haviggqu;Z-TFPP synthase activity and
HATInG X EtSHERTNR HAelsth6% 2BB00 960 (9806070 PhabRs-068) Figure 3B:
ineAtitvie SEQ-EDING. 1 eiha seasanceaapaieRidnbrgdizing theratlern-o6s).
stringent conditions. An example of a nucleic 10 acid is a nucleic acid

comprising or consisting of a sequence with at least 80%, 85%, 90%,

BRA- & 4% 08%505:88% ety R:eEQ! IRNQILAr ACPRRIEMNMAN ds (mixture of
uence thereof. The present invention relates to an isolated nucleic acid

Sse
SAPSBTE of HEBRBIANG infCoRINORYBRRIGRTEIRNGRRey S0 £RieRRIgsido the product
ehaadingrapely peptide Raviny Z Z4EPRsywthase Fefivily 8nd'P8idHIs was incubated

olypepti aving.sequence with at least 95% or 98% identity 15 to SEQ )
M@Wﬁg Ba o r SHTbAHRTERY! (RO AP EM pridgsdsphosphorylated in

gloobistaf heisequsnte BE DN drabhe. resent yenRiien®ISe rela@sesol. The
t? n %pression cassette, a vector, a host cell or a transgenic organism
i

YA RRATYEI P REEOTERT TS TS TG ST | AP GRIBROSRY Y @ mixture
GA(ZIE) RBOTNIC @NM’@;MMWT&Q{M@N@ (@EAM'LP)GQR Sy B@Jﬂﬁi@(gﬁﬁlﬁto a mixture of

leic acids,can be in single stranded or duplex form or a mixture of the

N mﬁiﬁ%%g-s%mﬁm%ﬁ%%%é %@éﬁé@?ﬁ%u&%ﬁé%@ﬁé@sﬁwm of (Z.2)-
fimtrosiesseBNMAdTfieity peskribatnualeiC asdsscar sy Bihetig Prand (£ Z)-farnesol
Cemis nthetic, recombinant mp}éac#]le% optionally amplified or cloned. into .
TEEE) cRRHRARAHB diffed 67 comphemighotenatirss s%siaue. of (£ F)-faresol
chypicpdydingy@pedsdlated DNA molecules, synthesized by recombinant
techniques well known to one skilled in the art. The present invention also
relates to an isolated or recombinant polypeptide having SB synthase
gtivitySarisl edsngr seiguenoewith adileast:8a%ocH0%d, OQ%yib%h-97P6-6His and Sh-

%.0ar 30 99% identity to SEQ ID No. 4. In a_particular embc;jg'ment the
o0 T & 7

holy peptide ComBHas G EBRsist ot Ye SEYHEHAE SERYIBR g hifpdTis and Sh-
SHas6 Hhe weesantiventioogelate stiohalPiBolaié v FeePMbiRARtaction mixture was

typeptide having SB synthase. activi d having_sequence with at ‘
RORTEESE Tiary s SR 10 S DONHBBHES S HEGHGHTgHE! he product
chmaaciditio mﬁkol@iﬁeﬁbeﬁ@éﬁfa&ﬂ@ﬁﬂ@&)%ﬁkaiﬁﬁ}ﬁ m@wﬂm tard corresponds to
R P A R AT —
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The present invention also relates to an isolated nucleic acid comprising a
nucleotide 5 sequence encoding a polypepiide having SB synthase
activity and having sequencewith at least 80%, 85%, 90%, 95%, 97%,
98% or 99% identity to SEQ ID No. 4 or agsequence capable of hybridizing

tq In, stringent. cendjtior \ f.such nugleic acid is ) .
e RS By conesponding
85962000 05 wdotohagennbmedvidertityigbtSEQ ID No. 3 or a

complementary sequence thereof The 10 present invention relates to an

isolated nucleic acid capable of hybridizing in conditions of high stringency

izt el acierchEontingles pulypeptitie haling B isyrithase dctivieyrdihnt enzymes
said pelypepiide:hayingsequense WihatIsastoo% Qr é(qjq{% IARINGI0 1 tomato Tine.
SEQ ID No. 4. In a particular embodiment, the nucleic acid comprises or
@&3§@@Qﬁ%ﬁ@%@ﬁ9@@ié@ BECX DAY, 13/21%e ipredemy irvefitontatbecrdldtesiro by Sh-
19-21 GXArERSION GASSRIEAMRCIN BARGS! CBLli@ ARransaeRIcORganisM  oiene 2,

comprising a nucleic acid according to the invéntion. The present

pbHan Mo particliamyataltdstersmoserr, 4-hostidettorantedrisgerfic endo-beta-
gég@mggmprising a nucleic acid comprising a heterologous sequence

encoding a polypeptide having SB synthase activity and having sequence

with at least 80%, 85%, 20 90%, 95%, 97%, 98% or 99% identity to SEQ

1R NRe 4 angiaviuclsicracid comprising A-heterJlageus ﬁ;%%%g%fa@@%gt (#3877)

a polypeptide having Z,Z-FPP synthase activity and having sequénce wi

Brkeren g6, B596 7 90%d JBesBY 1uRnumsor Dovsdeaistinjs SEG1Dvasctivated for
ta & pariicdansmeboginephat the dnventiebHRR BEANSYENIEORUARISMIS Ritted by the

plant, and in particular a plant trichomes. 25 The present invention also

Piates'Es VEeHRid aPRost SeNsPa taiatieniclnahis indommshisiag &y GC/MS. The
au@l_ﬂ&@@ﬁrpoqﬂwsm@sh@&%@!ﬂ»gg_ze%emn%‘?gﬁg_&gegn%ﬁe{xﬂa@é'd@f SB type
having SB synthase activity and having sequence with at least 80%, 85%,
%%1%9%?@7@&5@8%%? 9&%@%6&3{, oD REr EigyipAdipresaRd mass spectra
WYERHOR BBy 1oAY el 8 PASIIGRH-BERARRAE L C AFBANSThiene; 3, rrans-
compyrising a nucleic acid comprising a heterologous sequence encoding
anlerhsestinetrakifoPr hep YAl pige atilip SRdreredRP Kading

sequence with at least 80%, 85%, 90%, 95%, 97%, 98% or 99% identity

to SEQ ID No. 2. 17 The present invention relates to a method for

Pietifcing a SB/typessBsquiRliFREL Rk be Bt rivative§ tHgTEsF HontS) and S

ARk et ISR e gmpEisingl Ge Reing AR R ansh DM with @ wiied Qlomic DNA of
recombinant Z,Z-FPP synthase with at least 80%, 85%, 90%, 95%, 97%,

DeE OB 689, ekl SES 1ING B Andeppatinerbiheddnbiarues on a 0.8%
Sthasewithaifeast 803859 H0%,98Y0a W I8% Q1O8Yeidantitnifely 3,000,
SEQ ID No. 4 in suitable conditions and collecting a obtained SB type )

SaUR N BSTHECH G b S Ao TR MR beikh s fic o the
Sseefafunfieehakipeambingrt 224 PR syptbaseiwith-al. 1Resk 8994 85%,

90%, 95%, 97%, 98% or 99% identity to SEQ ID No. 2 and a purified or

10 recombinant SB synthase with at least 80%, 85%, 90%, 95%, 97%,

98% or 99% identity to SEQ ID No. 4 for preparing a SB type

sesquiterpenes miture_o_r derivatives thereof from IPP and DMAP. The

ith a purified or recombinant Z,Z-FPP synthase with at least 80%, 85%,
% 5. SRR UGB, A5199% identity to SEQ ID No. 2 in suitable
«Conditions slogheotecting Ahaahiadaad fed-FRR-af-depNat \EHRIROT.
fsﬁnau .Ihe method.further comprises incubating ZZ-FPP obtained with
{ ‘iﬁ(flé{ & 4l plbEphatase and collecting ZZ-farriesol. The
[presemt dthiwelalighdgadeshardhe use of a purified or recombinant
-FTP synthase with at least 80%, 85%, 90%, 95%, 97%, 98% or 99%

(fzégélﬁﬁ AL 1B'"No. 2 for preparing Z,Z-FPP or derivatives thereof from
IPP and DMAP. The present invention relates to a method for producing a
mixture of class Il sesquiterpenes 25 or derivatives thereof from Z,Z-FPP
comprising contacting ZZ-FPP with a purified or recombinant SB synthase
with at least 80%, 85%, 90%, 95%, 97%, 98% or 99% identity to SEQ ID

No 4 1n criitable caonditione and ecollectina 2 nhtained {R twvne
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18 The promoter is adapted to the host cell. For example, if the cell is
prokaryotic, the promoter can be selected from the group consisting of the
following promoters: Lad, LacZ, pLacT, ptac, pARA, pBAD, the RNA
polymerase promoters of bacteriophage Tg or 5 T7, the polyhedrin
@E@n@t%ﬂg%&gﬂ%%&ﬁggoter of lambda phage. If the cell is eukaryotic
and animal, the promdter can be selected from the group consisting of the
foliGwisegpprdmisterphayeomegalovirus (CMV) early promoter, herpes
gp?pl%n\gw%ﬁﬁ}%ﬁgygnidine kinase promoter, simian 40 virus (SV40)
early or late promoter, mouse metallothionein-L promoter, and the LTR
(8ngterehiivatespaathyegions of certain 10 retroviruses. Generally, to
eheese x%&i'&?f‘ é@aplg}r@j%ﬁsﬁ{%skilled in the art can advantageously
refer to the work of Sambrook and Russell (2000) or else to the methods
Hadthibed intenenvariosabsipe BRall (2006). The vector can be a
piasmidhaPhagspARPARYeMId, a cosmid, a virus, a YAC, a BAC, an 15
Q}ggrsbacterium ph i plasmid, etc. The vector can preferably comprise one
noresefRtéigigElected from a replication origin, a multiple cloning site
ane ajnarker.Ehe markenean be a reporter gene which produces a
detectable signal. The detectable signal can be a fluorescent signal, a
Banlhgravidypisiisatom aivdRiarikadean therefore be GFP, EGFP.
RsRed, pete-gglacigsidase, hetpgtiqosidasey/lugiferase, &It IN& MaIKEho acids
is preferably a 20 selection marker which confers antibiotic or herbicide
PESREHHRE O EIEERI SEGIENEIRBI¥ ¢he gene can be a kanamycin,

ReAMYEn; BIM FESISIAINCEERASIIAIREIeNEed embadipent, the vector is a
plasmid. Examples of grokar otic vectors include, but are not limited to,

folibuitnig: B0, FOEBY pOESY YRR HS2D 200 pHYE L Hysy niversal

RSNELAh RRIYESOr DL DK n PR 3KS BN B4 NR A5 BNHAGA-
Stratagene); ptrc99a, pKK223-3, 25 pKK233-3, pD . P 22, and
%E&H‘Bﬂfﬁﬁ&?ﬁ%&é&?ﬁ@ﬂ%ﬂ%@d{j’éﬁ?@ﬁﬂlﬁ@E-30 (QIAGEN). Examples of
eukaryotic vectors include, but are not limited to, the following: pWLNEO,
PSV2CAT, pP1CZ, pcDNA3.1 (+) Hyg (Invitrogen), p0G44, pXT1, pSG
%ﬁaﬁ@@@ﬁ&?ﬁ%@ﬁ?@?ﬁsﬂmthﬁ@)ﬁé&% %a%ég@ﬁé)b%mss?fge\}e an enzyme capable
¢Pbarmania) L Viralvesio s jnslmigrbyb aren ot imiad i ihRERROVIIUSE $4s-FPP], from
AAV. HSV, lentiviruses, etc. 30Preferably, the expression vector is a

ISPRERHRPBT iihaspbater. (e nad caireiivte dlgtokirhotehits eiaMAR). “ZZ-FPS

dseherichia,cal hBagllustetbiligheiranienycss 2P ARc- S BHUWHANAS £8m IPP and
aryotc. The eukaryote can be a lower eukaryote such as a yeast

or a euk

I eanfpre F 8RO de&reIs) By fisaisnng S hyRatian (i £ Z-farnesy]

axagplefsom the genus Aspergillus) or a higher eukaryote such as an

insect, mammalian or plant cell. The cell can be a mammalian cell, for

example a COS, CHO cell (US 4,889,803; US 5,047,335). In a particular

‘gyBhgdimenat, e sl is o RUA) RRGNREBRIVRRICa TN oM GBARS: a mixture

isolated, for example in a culture medium. The cells can also be )
oNTSALEE T ETY SRS 90 r BR L 8 n SRkRifiRFRRs goviRekeTRRRIge, cis-alpha-

Heansgeniceplanie:-dipaPresenhiventon thedsiererslalestaamethad for rpp. <sB

producing Z,Z-FPP or derivatives thereaf from IPP and DMAP in a cell

HRiAGRAYPPHRE DRATS JSURIS BN Brisi gt Paf SPAMIRIRAG It Baid 2~ famesyl
GpllasenstisBtNpY g anyexRI 8sIOR cRsaae L OINRIISINAABRAG 0n of one or more
coding a Z,Z-FPP synthase according to present invention; b) culturing )

e R SFOHHLATERI i AL G BorRh e TOrtHE EXbrEBSiBA O thdsflsseribed in the
e@fhples. C) optionally, collecting the Z,Z-FPP or derivatives thereof

contained in said cell 15and/or in the culture medium. In a particular

embodiment, the ZZ-FPP produced is collected in step c). In another

particular embodiment, the Z,Z-FPP produced is the starting product to

obtain another compound of interest such as Z,Z-farnesol. For example,

Z,Z-FPP can be converted to ZZfamesol by a phosphatase. Thus, the

method can further comprise at step a) the
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20 introduction of a construct having an expression cassette comprising a

gene encoding a phosphatase, thereby allowing Z,Z-farnesol to be

collected in step c). The present invention therefore relates to a method

for producing Z,Z-FTP or derivatives thergef from IPP and DMAP in a

regembipant cell-iavipd an R %@9'@BM%!%&%%%%%gﬁgk%éﬁgggem? composed

heterologous genée encoding a ZZ-FPP synthase accor resen
ipiono T halpispresteiaye ARbheinantlktes tocas rmiplobeigamadacingrans-alpha-
Leshhbrncarcombinant 6l hayipg.a IPPP and DMAP source,

comprising: a) providing a recombinant cell comprising a heterologous

gene encoding a zFPS according to the present invention; b) culturing

the,eelkin siiapie. coRdiiens iofthe exRIeRSIoR, of, Sai Q&?&g@@ﬁ@t}?g@%\f@n size and

optionally, collecting the ZZ-FPP or derivatives thereof contained in said
CBNUSHEPo P IANER EeMAE i s ditinm Di2o e vtioaddinypinmdesagretiraapproximately 5°C

CONIIFLCLABUING AN EXNE SSIONL LATREHECOMPHIR) r}grﬁl%r}]&lﬁ%%i Qgeasc?me reaction

SB synthase according to present invention; b) culturing the transforme

R HrsuR BRdoerialtisheotitaRBikp resaRberefthe Gaissn hhihdiyation conditions for
QRECARY [ RRISEHNGE RB DR SERALEBIPSIS SITHXIUIERE S8 UVAINES: 10 the size and

thereof contained in said cell and/or in the culture medium. In a particular

Hif bR e RS {RBdRtdhes polypEcdeifliterpanesinriupids Bslicemsaapition of the
stepigi-dnanaihenRaticyatemiodiment He B R RESAUHERER ency conditions

mixture produced is the startiﬁr;s product to obtain another compound of

intdrdsrstiamascapEL Satitalst tHEer 1 HPeSent invention therefore relates
tona snatbest fpraducinanaBidResesauiterpenesMbEYR REASH\VAHVESIled in the

thereof from ZZ-HIP in a recombinant cell having a Z,Z-FPP source and
BOIrRIR a5 oyBird genblahrioeisg al B8y iRalkoseoBltnag T tihge relevant
RIRSERE VRO The dRiasanh ieniontoHs 8 laleaiQ-a1metheshiBlook ef al., 1989,

&Eoducing SB type sesquiterpenes or derivatives thereof from Z,Z-FPP in
RleaHRifaRAR S HavirBoaEoZ B Y8s dupké, Suiprigor) Mevriingea ol 1982,

resRAbinaNbeallCOMPESHE AN RIBIINICUS DERRISNERMHY RBBEYNNASE. USA, or
according to the present invention; b) culturing the cell in suitable

eBnaIbAS t67thE ebRSSIBH Sisandl drreisyRal ¢f ol Eyleph8Rai§urrent Protocols in
Follesting BiSBJyPerspssuterpenfsPbiim ohaevatyasthereate, N.Y.).

20contained in said cell and/or in the culture medium. The cells can also
be part of a multicellular organism, for example a plant or a non-human

Mbeabidadis, casesdhapraaent INRAIENT UpIRSAO BNBIBQEHONas been introduced
preﬁtgringﬁ multicellular organism comprising: 25a) introducing into a cell
O HEOFGH P EBN SRELIRE g arPE G5 S CAs SeRmab Rips A gsomal form.

first gane enceding e ZZohPP sinthageersard¢ing tththe-mveniianangd 8 introduced.
Igonstruct g]aving an expression cassette comprising a second gene

ARGy DB hiEs@ S cBBiRge e mvattorPargs as the) cell in which it is
irReaNEIbIG ANOrgasisaiomn saidcall and selastingibatanseanis is not natural,
!9(;9 %}Qg}%?e, the gene is referred to as heterologous because it is under the control of a
promoter which is not its natural promoter, it is introduced at a location which differs from
its natural Jocation. The host cell may contain a endogenous copy of the gene prior to

introduction of the heterologous gene or it may not contain an endogenous copy.

As used herein, “percent identity” between two nucleic acid or amino acid sequences refers
to a percentage of nucleotides or amino acid residues which are identical between the two
sequences to be compared, obtained after the best alignment, said percentage being purely

statistical and the differences between the two sequences being distributed randomly and
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30expressing the two genes that were introduced. In one embodiment, the
organism is a non-human animal. For example, the organism can be a
mouse, rat, guinea pig, rabbit, etc. In another preferred embodiment, the
organism is a plant, preferably a plant glapdular trichomes. 21 The
REESEIJOVantiPRsrefore f@é@%?ﬁiggﬁéﬁfﬁ}og RERRUIRA PR MRt gument for
sesquiterpenes mixture comprising providing a‘transgeni mutticeilutar

orghishe erpressindeatiyz IrPReeyrifitaseacearding totthdpresentred, as calculated
'Hé’x%@ﬂgﬂ ang,a ﬁ@é}{{?t@‘@aﬁe%&%@%%%&ﬂ? Qéﬁﬁg&} 1QVE H%i%negid or, amino acid
collecting a SB type sesquiterpenes mixture or derivatives thereof in said
SEEITSGENierOrgRTSHITEHE wrstitst enakss dopussible toipredpreceSBiter optimally
té!fP{ﬁiﬁﬁgf%@ﬁﬁr@Qﬂﬁéﬁ%%ﬁnb%ﬁﬂgrﬁmsb\%hég'IQ&{'%EQ{ %ﬁﬁ&ﬂ%} comparison i
compounds or to increase the amount of a SB type sesquiterpene mixture

greau e HpdYgaisinE I edasgippicdueaiens shdlaiasdhtsides manually, the
inveRion therefors,relaies %&g@mp%@éﬁmﬁgg @ﬂ%&%ﬁ"&ﬁle local homology

organism comprising: ) introducing into a cell of the"organism a

absstiiier paviRg A praissomncd $Sdré Adrdmisindathgénésenchimgaas of the local
kit s ynibaseaeeaiding.iadhe Rl e@%ﬂééﬁvﬁ@t}@g (13388 Blor. 4 443), by means

reconstituting an organism from said cell and selecting the transgenic

BfgaRiSwadRpressifg trecthnd dicBergencarhéipraget Rienthsacalsttl. Acad. Sci.
tetatesstoamethed.fan Prdueing bR deiivativeriherRahROGar, BESTFIT,

comprising pr.ovigiigg a trans‘%gnic multicellular organism expressing a

Y2 HPp ahitaAs Becbrdivg Yo s pre Stsnelinrefigdivaisdlesheatingehetics Computer
preducedZZ-fRE: o5 detivatives theyeof,inaald f Q&féﬂ?@i%é}w&@ﬁ%'ﬂ&}eic acid or

one embodiment, the or%anism is a non-human animal.”For example, the

BRYERiISRICRIUOBCER I Avbtiseinesk by rRBw e sk, tete. dntandiberiened sequences
pyelares 2P esiaRL R e OFIRNISRI$3BIA0E RISiEraRa PaRRAYIRg sequence to

landular trichomes. The method makes it possible to produce Z,Z-FPP in
g?g?&ﬁ?@ﬁ{@%?@hﬁ@&lﬁﬁﬁ%ﬁ@aﬂmém ddeHpBE R BIe hdredeBipiee sequence for an
apaent QfchéER FhBreeucqalY g HERNSHRS: FUINGREREEIUS ORI culated by

therefore relates to a method for preparing a multicellular organism _ ,
LORTBHEIAG: by iMHBYGEING I AcebIPaFtiBrianiEhich dBRtHGE iRy dpnino acid

@&M@@s@ﬁueﬁﬁégﬁ%&%mfi%&ﬁ;ge&?@ﬁ%@gm@a&ﬁ&agt%aenumber of identical
acc;o_rdin(% to the present invention; and 22 b) reconstituting an organism

BRSHH S PR dia i SIBBRTY fePRreHeg i BrgenTINME ORpEadRtY the by multiplying
inéredures 9606n bhe:PIespRliinveiiatalsadpialesta e methedder sequences.
producing a SB type sesquiterpenes mixture or derivatives thereof

comprising providing a transgenic multicellular organism 5 expressing a

DR swihaseasaeinge 1R dygsgnt invention and collecting a produced

SB type sesquiterpenes mixture or derivatives thereof in said transgcnic
%I;t&é)ﬁ@gﬁ%_ﬂlventmn therefore describes for the first time the genes encoding the enzymes

inveoived in the synthetic pathway of many sesquiterpenes. In particular, the present
invention relates to the characterization of a tomato sesquiterpene synthase with multiple
products (SB synthase) which enables the production of a mixture of sesquiterpenes
referred to as SB type compounds and composed mainly of alpha-santalene, epi-beta-
santalene, cis-alpha-bergamotene, #rans-alpha-bergamotene and endo-beta-bergamotene,
from Z Z-FPP. In addition, the invention further relates to the characterization of Z 7-
farnesyl diphosphate synthase (zFPS) of tomato which enables the production of Z Z-FPP
from IPP and DMAP. These enzymes can be used to produce SB type sesquiterpenes or
Z,Z-FPP, in vitro or in vivo in transgenic organisms or recombinant microorganisms or

cells. Transgenic organisms, cells or microorganisms such as bacteria, yeasts, fungi,
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In one embodiment, the organism is a non-human animal. For example,
the organism can be a mouse, rat, guinea pig, rabbit, etc. In another
preferred embodiment, the organism is a plant, preferably a plant
secretory trichomes. The method makes it;possible to produce a 10 SB

typeseSaiteraenss mixise, by grgapisms,which.dg g,%ﬁgog%csoﬁ@fa’emd. They also

compounds or to increase the amount of a SB type sesquiterpene mixture
ﬁf@@d&éhebpfﬂﬁé-ﬁrg%m§rﬁ-§!nﬁoﬁaﬂ$gdFar}“tﬁefmrﬁ@nﬂﬁ%ppﬂbaﬁkﬂe&@éﬁm@s@l- The
plRRLS Jrasp danplies withelandplantiehomes, Jor SHamRle ST AReRA%Ing 2.2-FPP in
(sunflower, etc.), Solanaceae (tomato, tobacco, potato, 15 pepper, .,
dggpartaerns (hankaBaseadslegnCannaliscsavaslid alimaceaesessing glandular
@inbasibiayendsr, thymeqele ) Jhg inyentionds fartigulady adapieddOnixture or

plants of the Solanaceae family, such as for example from the genera
NsEbtiaigs SussdmacalssicenePetshr, DamrssAtpalasts., ‘ahgtample tomato, by

Reficulan a0 enaraBelanusy mag%gn%ﬁmmt%e@m%@%ggmiﬁed in the

cultivated tomato (Solanum lycopersicum), the wild tomato Solanum ‘
REBFSEHATRYI ufe dtesdub i ddeniiassamd/ pisdenimy, srostrisadisBausy mes having

(HCQiAN A BAVRS IS b hR B PRI DI ANRRRE tn he-RVERIORARTARINY, o lymorphic
plants from the following genera: Populus, Nicotiana, Cannabis, Pharbitis,
Aplsrialap SyRRStHiiacMeRuidi ExhySamnémumc Psiypddiusncoding 2FPS and SB
Balargenivm, Minndhte. Matdsatr. MongidaSelanume Aelieasr the corresponding
Valeriana, Ocimum, Medicago, Aesculus, Plumbago, Pityrogramma, 1
PRSEENA! SB0RVIC SFHIAN I RC RTRMRIRE, ALitibIiiER O GBRivaehiomato (Solanum
Lypussicomlvia, Kadsura, Beyeria, Humulus, Mentha, Artemisia, Nepta,

Geraea, Pogostemon, Méig)rana, Cleome, Cnicus, Parthenium, o
Ri¢ifiocarios, PR afFe &L PITIAC PR BASRSptils currently it is not
Blactaninns (CxipinediinoRetunianiapitra oVuedDae RIGIBUS nttYReN G Ricterized to
Myoporum, Acacia, Diplopeltis, Dodonaea, Harlﬁania, Cyanostegia

B titttefal Antiocerdio O ihatabs/fagk W&%ﬁi@f,lifhé%&f%\%ﬁi?s%z"m’? has

plant fromitbe AstesacraenpannriasenspSRianasaas eidiatiiaceatase is the only
family. In a mare preferred emhodiment, the plant belon%%to the genera

SHITRM BRNTESTARS Sherdeabty 8BRIntR dcdientdm, Bolansfsdviterpene synthase

Hadeehaite sy Nicotignatahacusn grNicotiana syvestiSyZBelitAissynthesis, and the
bFodimenr , the&&gﬁc‘eges re ug,der the contro| of a promoter allowing an |

2!?5 é’s‘%wﬁmﬁ rgsbsﬁﬁelafr PR RS DMHE . BadHeing said molecule

premetersiexiskanehare: khawsrto one skilled in the art (Tissier et al.,
4). 5In the invention, "specific" promoter refers to a promoter which is

00 ‘
é@iw%fm%ﬁm T B RRVENHEETRBP LS RS AN e i dSFStdBE gt aprecursor of

apsiduahexpiression,gangeally lowest imotrligssHesosaalBearnet Bdalwood oil.

ntirely ruled, out. A particular feature of the invention is based.on the .
S N S kS BRSO R PR FE BHESrgULAS BFgRrkitisisen sharply

tiehdmessallowingsadmodification efkieicompositanioftbedIpAkfalianm mdia. This
secretions, and 10 in particular tg express therein the genes of the
BRI SRR SR G o Bt i Lh Q8 SSCHSbhaeouwees. Alpha-
SIxdleE cAhbs o Bidi Y @ich Iien SBritypd S bs Uit apeNe sl roixtluesar

{:ilgrivatives thereof cil?ﬁb _colle%ed from thehtra:%?mes of said plants, in |

DA I R BIRE Ok ST Dy ek TAEHGH (O SBfvaAest BIBE fipquiterpenes
atistitigtionvckSHerexarpie, I AaPbean shelntihdha k85QbRreguElonr and IPPP,
sequence, located upstream the ATG of the CYP71D16 gene, directs the
ceoirg%lssgilgh of the uidA reporter gene specifically in the secretory cells of
tobaiccatidnoime sriapplidatiah 4) S2B03O 1RG0 A, AMagnaseiatsc200)mprising a
Moreoygrf several pr moter seguences extracttd from different sgecieg

have BAsh BARCF A0 BAng Kolc tS ik e BxoRESSBn B Pon and a consiruet
heterolpgis genepirddbaces2fifichomesnG eneAbie yatioodvadieof SB synthase
gene Plant References ch%itdﬁtl[\raerlgl%fer‘protein Cotton Liu et al., 2000, BBA,

1487:1669" infg’feaghe pres on;
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Cotton Hsu et al1999, Plant Science, 143:6370 wax9D B. oleracea Pyee
and Kolattukudy, 1995, Plant J. 7:4559 LTP1 Arabidopsis Thoma et al,
1994, Plant Physiol. 105 3545 CYC71D16 CBTol hydroxylase Tobacco
Wang et al., 2002, J. Exp. Bot. 18911897, 4n a preferred embodiment of

the pre ' ' re | e rived from .
the Do R oo B e RIBATEAE 5 SR g1 s v
showingrd sedrigeoadeenes sirdilarity with CYC-2 (CBT-ol cyclase; NID:

AF4Q1234). Sai I C llydeseri | : .
By L e —
preferrédideiehinatdvisaghe selisremecNi@s. terminator (Bevan et al., 1983),

A0 e IRIANG ARNE IR NRIOKRCUOHS BE0 1Y DR MORNIGNEE IR in sicp o).
particular embodiment, the expression cassette can comprise a sequence

SHewiséeterd embodiment, the SB type sesquiterpenes that are produced are selected in the
group consisting of alpha-santalene, epi-beta-santalene, alpha-bergamotene, beta-
bergamotene, and endo-beta-bergamotene. In another particular embodiment, the produced
SB type sesquiterpenes are starting products to obtain other compounds of interest such as
alpha-santalol. In a preferred embodiment, the SB type sesquiterpene derivatives are

selected from the group consisting of alpha-santalol, epi-beta-santalol, cis-alpha-

bergamotol, /rans-alpha-bergamotol and endo-beta-bergamotol.

In a particular embodiment, the present invention relates to a method for producing SB
type sesquiterpenes or derivatives thereof from Z, Z-FPP in a cell having a source of DMAP
and IPPP, comprising:

a) providing a recombinant cell comprising a first heterologous gene encoding a zZFPS
according to the present invention and a second heterologous gene encoding a SB
synthase according to the present invention;

b} culturing said cell in suitable conditions for the expression of said first and said
second genes; and.,

¢) optionally, collecting the SB type sesquiterpenes or derivatives thereof contained in

said cell and/or in the culture medium,

In a preferred embodiment, said cell produces Z Z-FPP. In another embodiment, Z, Z-FPP is

supplied to the cell.

In a particular embodiment, the two expression cassettes are carried by a same construct. In

another embodiment, the two expression cassettes are carried by two separate constructs.

The present invention relates to an isolated or recombinant protein having Z Z-FPP
synthase activity, In particular, the invention relates to an isolated or recombinant
polypeptide having Z Z-FPP synthase activity and having sequence with at least 80%, 85%,
90%, 95%, 97%, 98% or 99% identity to SEQ ID No. 2. Preferably, the polypeptide has a
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5 increase expression ("enhancer"), for example certain elements of the

CaMV35S promoter and octopine synthase genes (US 5 290 924).

Preferably, the enhancer elements of the CaMV35S promoter are used.

The introduction of constructs having ong, gr both genes of the invention
'@?L@Iﬁ%”\gﬁﬁ al-%%@@%s}ﬁ%nmg%g'%@ SI%%EN _E!aﬁt’ac Q_;ﬂgu(f%r i odiment, the
out by any method known to one skilled in the art, including in episomal or

EREOIRD SOMBIIGM! PRI trRnEJbnssimeschnidie larkavell Kaddvpatyphptide can also
fd@lﬁpﬁﬁ‘@é%PQ&Bﬂﬁ%qE‘P%@W%@&iéé%gﬁQ%Qx@ﬁ@ﬂ%}ﬁ%‘?ﬁ@%%%’i@,,fo example a
tumefaciens, electroporation, gene gun techniques, transfection by a V|rar

(ERSATS A fe BN SHIfSars Dbersarairsdiiole wone aiidied in the art.

15 One commonly used method, based on the use of the bacterium

Agrobacterium tumefaciens, consists mainly in introducing the construct of
iﬂ%@r&?m}c@mfeﬂ{ abssatlatejetactn o lpisth tHelpischsiomprising a nucleotide
Wiefaciensohep sofsaggé@gcr@Iﬁ%@@@@ﬁ@@ﬁ%@aeffwi@am%ﬁ%ﬁfg sequence

the chosen plarolt. Thg expgession cassette is typically introduced into the
PothattdiratbS sint 4s V%o e 11 Prashfic (8F PAINiEniifick cHfbeD No. 2 or a
tansterrednindhe Qﬁ@ﬁ%‘iﬁﬁf@&ﬁé@%pﬁlﬁ By SRRk BHEY An examfple of a nucleic

electroporation. Incubation of the transformed bacterium with the lea

BFC 4SBT BRARSRIPBH HHRE P IaHdB RS theegerising BhaisteediR)e, 85%, 90%,
Fhesevan oplionalydhe ultivaiedsinGyitakis, qoﬂpgieﬂﬁfﬂc%gﬁ%[? sequence thereof,

reconstitute a transgenic plant whose cells comprise the construct of the
Trife MG oM HIFTHER At of 2 b rivalatast imsisinettidicriodiige hybridizing in
bametasiens thansiarmation techniguesiongimaydslalfor g&%r@ﬁ&e having Z Z-FPP
Horsch et all | 1%%%) or to Hooykaas and Schilperoort (19 22@ hus,oin a _ )
AR EBo et dthel shpddsiBaving seterner B HB RIS IS théeriedB®s identity
kesmeemiheleft and sight hardersafitrRAs e NALE-RNARE R idisarMetsists of the
Ti plasmid for transfer 30 into plant cells by Agrobacterium tumefaciens.
SERECRSNA QI dSth prisERe aPgRITa AT S rlsQiBr e hieréh FBISIEE casselte, a
tecidr antiieticr berbigideand:Whishierablesthe seleclRMp! acid according to the
transformants. 25 Once regenerated, transgenic plants can be tested for
& S8g0us expression of the genes of the present invention or the

production of a SB type sesquiterpenes mixture., Z,Z-FPP or ZZ-farnesol

in the trichomes. This can be achieved by collecting the leaf exudate and

St HOF hid PrEdR AES TR ProticL BT RERsarY SARV extidRte) Ahapdfstic DNA.
ehyelatieid campeunds ey tiea e themiapt camals & a oW ideRtifigatiRNwo. In the
of said compounds. This can also be done by analyzing the presence of
RBREBE M %@fer&sg%ﬂ%r%&%?lﬁqé%%sém iRFETTAGH irfHe Mg esDNA. The

t@dﬁl:({iﬁfiw& ﬁabﬂi@i@a%b'('\ldin é_ﬁﬁ tict lsﬁj_fii_ '@éﬁﬁd'%ﬁ%e@ﬁ@%hﬂi@t% %@@éﬂl BiSant molecules,

mF or genomi with specific primers_or probes). The plants can

%{Pﬁ%ﬁ@%ﬁ%@%&%ﬁgw s BRI St QhpARtssing non-natural

twaying ipierdvethdOgxpissian Iavelsnivaine! opjacofdneineptitinmt techniques
alsp based on a pgaﬂstéé)[ nged comprising a nucleic acid, an expression
5?@(&%‘]8}%%8&; H&GH B¥ @Efined hereinabove. 15A further object of

the invention relates to the use of a nucleic acid of the present invention

ﬁz molecular markers to enable the intr?ﬁuction of the corresponding . _
JENBHHE S UEREEY 8158 TRiTO RS HIERE SEXTRIRPEb AP RERIde having SB

sspeeies erivarelies lefcutivajechiamalio (8.1lsogersicesn). wokacty saido79%, 98% or

rkers make i ible to_control the introduction of the corresponding .
hofE Lcien o bt SO DAL i SHen Casu) s GBILE Sgrprises o
copesigsodrtharietiesnot Gty diedNematin (fhisycapersicwmpandthusifor relates to an
‘E)iamﬁ)lef to ide g{%( ?nd seleﬁt individuals produced from a cr% S between .
BREWIPSPEQRE RAE L L kIvAE SPERRs ThWRRH TS TS GrasLinng sequence with
anlieleicatidsl aitihe presentinventiondads taker pideecahhgsaseoaipties an additional
nucleic acids of the present invention as molecular markers can be carried
out by any technique known to one skilled in the art. For example, a
commonly 25 used technique is based on identifying a band
polymorphism (RFLP) between two genomes digested by different
restriction enzymes by molecular hybridization with the nucleic acids of

the present invention. Another example is to search for a polymorphism by
1ein PCR tn amblifvy on the cenomec tn be comnaread all ar nart of a
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habrochaites encoding zFPS and SB synthase into non-sexually
compatible species by fusion of cells, in particular of protoplasts.
Protoplast fusion techniques are known to one skilled in the art
(Zimmermann et al., 1981, Bates et al, 1§83), and make it possible to
sepiedybidinglis epuaning PResamEabelona e AllaeHke comprising
species. During 10 fusion chromosomes or chromosome fragments of the
RBcsperescard Wikimdias apNmriacedlls having retained the chromosomal
fragment(s) containing the genes of the present invention can then be
selected by PCR using primers specific of the gene encoding zFPS (SEQ
IR SIEPOH thiasehd e SBlagRtHas® (gei@tfrg NPy gickbtboatifeag a nucleotide
lafhe Rresendiny aniianRiIsorelaies J0s® Gl @h & ReRYNIAR ARSI RIS cneewith at
organism, characterized in that th%ﬁ’/ymhet'c pathway of ‘a SB type

#

st Btempdnemiire bl dcked B ineicliVatiofeatitnd g Sh&dhe diing # 2 sequence
4adabRR YRS ACaRIRG AQ IR R SBARINYRNNILR OF RS I98A%uch nucleic acid is a
encoding a SB synthase according to the present invention or both genes.

THEl R predsionBris g gerddstiii®e bloskBtpie naly ahaishfe%e, 85%, 90%, 95%,
teshniggiesoknewn {008 #0skdethintheatt Jhegsres canbedelgtedhereof. The

mutated (for example, by chemical mutagenesis with Ethyl Methane .
BIGHERa SRS fradRtiBiy sririterrapibaegrblerabhabridizing in conditions of
mutegenesiy M%Wic%@i@%&@ﬁﬁ@a%@@'ﬁ%%ﬁ@@%&ﬁﬂga@ B&ithase activity and
blocked by gene extinction by expressing an inhi itory transcript. The

KPERAHKCRDY REA RRRWHIEh LA Bl o fiffih featity to SEQ ID No. 4. In a
pauRla-steandeimiNA danaotisensr BNAp @ EDezYRIRiAN 2 IRNARBIRIBEQ 1D No.

form a triple helix, and which has some complementarity or specificity with

the! HAMSERDY IPFE Guhalts FaifScied FRETFrESENANEtion arB relatest cell or a

tenaspusie i aaidthab e ERUCaRISYPRIE SS dhR BXnIeERion eh ddgene

encoding a Z,Z-FPP synthase. In fact, an inhibitor RNA which can be 30

in the form of a double-stranded RNA, an antiscnse RNA, a ribozyme, an

RiNApatlentoifeuni driplerbelhuiaaRmhigilhas 1s0M e NP MAMAHIY R a transgenic

specificity with the gene encoding Z,Z-FPP synthasc, can be prepared on )

&R B THE fAEHin gL T thé e SOMIHGHHEGh ESFolstaR sicience encoding a

pxsgs;eerptF iy ention:rsBiesihar Haﬂﬂbityrzﬁimgﬁzg@%sg%@%a%%ngt)aleasfo%o‘%, 85%,

-FPP synthase comprising at least , 80,90 or .

%%C(%:/é’ci](%é %%éle(gti((g%é? 6@%’@@ i® %Ql@r%?a%%‘?‘p‘fe’ﬁ%&ﬁér@md cOmprisme a

segrengeuheteitdkenmisgiithe inyentiopielaesiadhg BIeof dynthase activity and

]Eo\fli/nucleotide co,mprijin %t%lnga tgl,éq, 40, 50,60, 70, 80, 90 or 100.
BHSBCTHVEE HABHRIE S &E6 1BRo’ or'o & ddmiptnierhary sddfiisigde SEQ ID

theretodfargahibiingeheeipressionhefithe geane roesisgeaid dpahikRs a plant, and

synthase. Inhii)?igé)n.o this enzyme can be useful for stopping or slowing

‘g&ﬁﬁ’ﬁ@’ﬂ’éﬁrﬁ iTBFARREY of the SB type sesquiterpene mixture and

making IPP and DMAP available for another synthetic pathway of interest

nguiri_ng a s.u%%ﬁ,of Z,Z-FPP. For example, inhi%on of Ehis enzyme can .

dRE &N ©Th #R0 pioalichth feverbigetniastetid BObyMdFAAtg RS Organism
glandisiagtichosgcalsl Thepresantimeentitsptherefqrenid wlaienioa polypeptide

transgenic organisms or cells.in which the gene encoding a ZZ-FPP

AR PRTTSEE A THAEAVIRC ARG TRAEURTOH Bl ba"hGR avad by 0% 95%. 7%
48thoidiigs pfcRINA intSkferdnde;. gene deletion, chemical mutation or

inactivation by homologous recombination. Thus the content of Z,Z-FPP

or of SB type sesquiterpene mixture can be reduced in said transgenic

Trganistas: omeetls o Safurthdameorey thevpreseni ikventen alsarelatesdmia@ organism
C%%I%iclgcig thaé ¢gan reduce or su%re%s the ex%gssion of agene. I id
SHUSEIRE & B UGS GHREEE M0 FnhTTSI BRI RHIERTES ReoH Tige? Polypeptide
HorimpoVaZdiitib leystianded RINA, arefuntisienseviRiNAcquihozywidy an BINA§0%, 85%,
R 14014 (RIS, BEUn BRENINOR, A5 PRTS sofnplementarty or

specificity with the gené encoding a syn?h Se, can be prepared on

the basis of the teachings of the present invention. Thus, the present

invention relates to an inhibitor RNA of the gene encoding a SB synthase
comprising at least 30, 40, 50, 60, 70, 80, 90 or 100 consecutive

nucleotides of SEQ ID No. 3. Likewise, the invention relates to the use of
Aa nolviniiclentide comnricina at laact 21 20 A0 BO RO 70 2D OO nr 100
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The present invention also relates to a method for identifying or cloning

other genes 5 encoding a Z,Z-FPP synthase or a SB synthase originating

from another species in which a probe having at least 15, 30, 50, 75, 100,

200 or 300 consecutive nucleotides of seggience SEQ ID No. 1 or 3,

respectively, is prepared and used to identify or select in a sample a

nucleotide sequence capable of hybridizing with said probe. The sample

clis pecrsRelaivigieniglsniiciome DNA b rigdoaiginatitlg fiom ssaeuiferpenes mixture
MORE ARSI JNSMBINES 110 BN £PTBRRISEI SR 9&&&%@@@93 9hd DMAP with a

characterizing the identified or selected sequence. This additional step

Ea Betpiriss g and/BF Beyubwenyianal drase §U&n deS Highitrerfts ve, 97%, 98%
andier,adestiof f%ngﬁqq@@&tigi%d a%‘?ﬁ@@%?%&%iﬂ%’ﬁa@ﬁgfgﬁs@Gnlth_ at least

present invention will become apparent in the 15following examp
whienhfaré.gitien for pubdoscdios mudtatislsaty HoERRWEYNT initasigtable conditions
2 FExamples Syrgﬂﬁﬁaécpfggm?g@ leaf RN A(Rs hﬁm&b%&ea)em%{}'v%yvagmoﬁ The

extracted from tomato leaf (Solanum habrochanes = L. Hirsutum LA 1777)

EAHETHG A tBRPR ARS8 R {RINE 8y ARG ge)l Theynthase with at least

eoUeSRRRdng cONA Was syoihesizeddy TR ARSSHNIPNEOM Ad 4 purified or
polyT primer by using reverse transcriptase Roche, Cat. No. 03 531 317)

i HHE PEREion coRtifithy It et By the Mantifdetdrés, 98%Cmmifge identity to
efcpdingisequsp %@%ﬁf&?ﬁé’g'gg Ey?@%ﬁﬁ&%@fé% R AR 2 B SYMN8SE thereof from
Sh10 SBS) from Solanum habrochaites tomato. The complete and coding

i éﬁsaé%uences of the two genes Sh-zFPS and Sh-813S were
cloned from the publicly available sequence data in the EST library of S.
habrochaites tomato leaf trichomes (Van der Hoeven, et al., 2000,

GAPUBRSHYEAY HriRIbISIBITHHE SN RbRe pradiciaeromidd Nuieikatives thereof

hdei/ /v \asgn o8R! eduh:kRthe SRS (PEQHR NvRENgith a purified or
Sh-SBS (SE& IP No. 3) sequences of were obtained by PCR from tomato

{82‘@1@%%& ggL’[ﬁg 5}{%1@%5 with at least 80%, 85%, 90%, 95%, 97%, 98% or 99%
AGGAT CGER T NaCT e HGALR T diRfad Ahd(SHRIM NS BRAhed- Z Z-FPP or
ACTCGAGATATGTGTGTCCACCAAAACGICTATG-3" (SEQ ID No. 6) for ]

g%rdYFéhV@é FE?WBIO i()m%]éypllﬁ}ﬁé?gthod further comprises incubating Z, Z-FPP obtained

&ith GCAIIG Gt &AGdd GBGHAT ABAOGAC AN CoH3chaE & 20HhNOI 7)The present
and 5'-TCTCGAGCATAAATTCAAATTGAGGGATTAATGA-3" (SEQ ID

RISCH) For Sttt & D Ko O3 2FKHERl 0P dRSG TR AKdTT Buteindhitsty with at least
g024e etdedoat ths %, end, ofdbe primessdenfagilitetr cJaningothe P Nparing Z Z-FPP
downstream a promoter. PCR amplification was carried out with 0.5 units
%%8%@%%&?8&%% }ﬁ‘é/ﬁﬁﬁer supplied by the manufacturer.
The PCR product was purified on a Qiaquick column 25 (Qiagen) and
oned by ligation with T4 DNA ligase (NEB) intq the pGEM-T clonin )
%ﬁ?iﬁ’%%%‘é%’éb?ﬁ%ﬁé@ Hagirity NG R R %@?éﬁé&squﬂerpen@s
@fteélﬁﬁdﬁp(&t&}ﬁ@ﬂifeQ . ﬂ@ﬂ%g&?h;?ﬁ@ﬁ?rﬁﬁ@ %(?ﬁEaR@%@QEEPQGWiﬂ# a purified or
sequence ID,No. 1) |s 9 ses lgng and codes for a progein or . .
SR ITAG S8 TGS 1IRG! 57 L Aobrs ok Dbt o oY i G identity o
LK) 30 (R)oisopieryidipbaspliaiesy atitasel [etsnl RSy akialsd ¥ROWPeAsesquiterpenes

undecaprenyl synthase (UPPS) was identified -in silico” with the CCD i
i B LI Bl AT ST SLAIE20B AR AR BBl R or recombinant
%qyamafs it |ﬁfét§3§3|§ﬂ%f’§W?%‘El@&&hﬁg’ﬁ%lm(‘ﬁl\msﬁﬂlmid@?ﬁty to SEQ 1D No.
GenBank protein.data bases using BlastP software (Altschul et al,, 1997).

R R R LSSt SBARICE S i oo Goen £2-PP.
showing homology to undecaprenyl diphosphate synthases but whose

(%uncti s have not been demonstrated ('Ia;ﬁ%e % For example t?)h-zFPS .
HI2Y5 EheS89E°IBiy PSRBT, 18 the Pimine ppEbfor eene ranseription
aAdabidegisithaliana BAASKE3A5IANpbARNGE340. Jbepr @scmbersaendhabptionally an

t}leESh-.zFPS 5seguence hasaveré |?1W ercent identit ](2_4 %) to
B s T TSIoE elE TR G e clements for trasfation
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(053434). Organism P1D Function identity Arabidopsis thaliana
BAA97345 Putative UPPS 42 Arabidopsis thaliana AA063349 Putative
UPPS 39 Arabidopsis thaliana AA042764 Putative UPPS 39 Anabaena
sp. PCC 7120 DP58563 Putative UPPS 3% Oryza sativa NP 915561
Putative UPPS 36 Synechococcus elongatus

The promoter is adapted to the host cell. For example, if the cell is prokaryotic, the
promoter can be selected from the group consisting of the following promoters: Lacl,
LacZ, pLacT, ptac, pARA, pBAD, the RNA polymerase promoters of bacteriophage T3 or
T7, the polyhedrin promoter, the PR or PL promoter of lambda phage. If the cell is
eukaryotic and animal, the promoter can be selected from the group consisting of the
following promoters: cytomegalovirus (CMV) early promoter, herpes simplex virus (HSV)
thymidine kinase promoter, simian 40 virus (SV40) early or late promoter, mouse
metallothionein-L. promoter, and the LTR (long terminal repeat) regions of certain
retroviruses. Generally, to choose a suitable promoter, one skilled in the art can
advantageously refer to the work of Sambrook and Russell (2000) or else to the methods

described in the work of Ausubel ef al. (2006).

The vector can be a plasmid, a phage, a phagemid, a cosmid, a virus, a YAC, a BAC, an
Agrobacterium pTi plasmid, etc. The vector can preferably comprise one or more elements
selected from a replication origin, a multiple cloning site and a marker. The marker can be
a reporter gene which produces a detectable signal. The detectable signal can be a
fluorescent signal, a staining, a light emission. The marker can therefore be GFP, EGFP,
DsRed, beta-galactosidase, beta-glucosidase, luciferase, etc. The marker is preferably a
selection marker which confers antibiotic or herbicide resistance to the cell. For example,
the gene can be a kanamycin, neomycin, etc. resistance gene. In a preferred embodiment,
the vector is a plasmid. Examples of prokaryotic vectors inciude, but are not limited to, the
following: pQE70, pQE60, pQE-9 (Qiagen), pbs, pD10, phagescript, psiX174, pbluescript
SK, pbsks, pNH8A, pNHI6A, pNHIBA, pNH46A (Stratagene);, ptrc99a, pKK223-3,
pKK233-3, pDR540, pBR322, and pRITS (Pharmacia). pET (Novagen) and pQE-30
(QIAGEN). Examples of eukaryotic vectors include, but are not limited to, the following:
pWLNEQ, pSV2CAT, pPICZ, pcDNA3.1 (+) Hyg (Invitrogen), pOG44, pXT1, pSG
(Stratagene); pSVK3, pBPV, pCl-neo (Stratagene), pMSG, pSVL (Pharmacia). Viral
vectors include, but are not limited to, adenoviruses, AAV, HSV, lentiviruses, etc.

Preferably, the expression vector is a plasmid or a viral vector,

The host cell can be a prokaryote, for example Escherichia coli, Bacillus subtilis,
Streptomyces sp, and Pseudomonas sp or a eukaryote. The eukaryote can be a lower

eukaryote such as a yeast (for example, Saccharomyces cerevisiae) or filamentous fungus
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08D129 Putative UPPS 35 Micrococcus luteus 082827 Putative UPPS 34
Gloeobacer violaceus Q7NPE7 Putative UPPS 32 Micrococcus
tuberculosis P60479 UPPS 30 Micrococcus tuberculosis 053434 E,Z-FPS
24 Table 1: Sequences with the hlghe percent identity (% identity)

h O S stP 2 Altsch | et
%19 7 gal(%llsgt y \/\g rotSl;ec’i!gg lg karbr %% W%L tghsv%étés an_msect,
mm&nm@m%mmw@@@mw@a@ ¢8lINor 3xis@334 COS, CHO cell
bages denS AN O8RS 10553 PiQLg i MHI g ﬁ@ ARNB D an and non-
wa5| entifie ik

conserved terpene cyclase protel domaln |n Sl ICO Wit
theboeDisybemoNCB! bMandhied. BaueramBeyiam SEI2004)wminbeacidls can also

ﬁé%tﬁﬁﬁﬁ§e§”m'%%%§§h§5§o¥v%&% %K?%dﬂﬂﬁl%‘?ﬁ y%ggﬁg RIot %';i%@a} or transgenic

GenBank protein libraries using BlastP sottware et al

Witithe exception of a tobacco sequence of unknown function (60%

identity), the best homologies were obtained with plant diterpene

synthases (Table 2) with approximately 40 to 45% identity to 20

dequuentes Bncodivy kamrene mintfakes ofadifieréet ptadtsionrabidbpBier derivatives

thalira, Uaabiia mRxima, Sieviarehardiand QA sRING), =D &%%mmg;
es o

also shows less homology (26-33% identity) with terpene synthas:
known fiifrdisingu aﬁ%%|é?§d%e¢f@1§fymshé§éﬂagcataﬁmrém0§ymm@§@ anehprising 2

alpha-bisabaleng: Syathasery synthase according to present invention:
b) culturing the transformed cell in suitable conditions for the expression of the gene;
and,
¢} optionally, collecting the Z Z-FPP or derivatives thereof contained in said cell
and/or in the culture medium.
In a particular embodiment, the Z Z-FPP produced is collected in step ¢). In another
particular embodiment, the Z Z-FPP produced is the starting product to obtain another
compound of interest such as Z Z-farnesol. For example, Z, Z-FPP can be converted to Z Z-
famesol by a phosphatase. Thus, the method can further comprise at step a) the
introduction of a construct having an expression cassette comprising a gene encoding a
phosphatase, thereby allowing Z Z-farnesol to be collected in step ¢). The present invention
therefore relates to a method for producing £ Z-FPP or derivatives thereof from IPP and
DMAP m a recombinant cell having an IPP and DMAP source and comprising a
heterologous gene encoding a Z Z-FPP synthase according to the present invention. The
present invention thus relates to a method for producing Z Z-FPP in a recombinant cell
having a IPPP and DMAP source, comprising:
a) providing a recombinant cell comprising a heterologous gene encoding a zFPS
according to the present invention;
b) culturing the cell in suitable conditions for the expression of said gene; and,
c) optionally, collecting the Z Z-FPP or derivatives thereof contained in said cell

and/or in the culture medium.

The present invention therefore relates to a method for producing a SB type sesquiterpenes

mixture or derivatives thereof from Z, Z-FPP in a cell having a Z, Z-FPP source, comprising:
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31 Organism PID Function identity Nicotiana tabacum AAS98912 Putative
terpene synthase 60 Arabidopsis thaliana AAC39443 Kaurene synthase
44 Lactuca safiva BAB12441 Putative kaurene synthase 43 Cucurbita
maxima Q39548 Kaurene synthase 43 Mgdlicago troncatula ABE87878

PUt%BiV%'i%QS&SgS){ﬁEp@g%A&%Il a construct having an expression cassette comprising a

gene encoding a SB synthase according to present invention;
by culturing the transformed cell in suitable conditions for the expression of the gene;
and,
cj optionally, collecting a SB fype sesquiterpenes mixiure or derivatives thereof
contained in said cell and/or in the culture medium.
In a particular embodiment, the produced SB type sesquiterpene mixture is collected in
step ¢). In another particular embodiment, the SB type sesquiterpene mixture produced is
the starting product to obtain another compound of interest such as alpha-santalol. The
present invention therefore relates to a method for producing a SB type sesquiterpenes
mixture or derivatives thereof from Z Z-FPP in a recombinant cell having a Z Z-FPP source
and comprising a heterologous gene encoding a SB synthase according to the present
invention. The present invention thus relates to a method for producing SB type
sesquiterpenes or derivatives thereof from Z Z-FPP in a recombinant cell having a Z Z-FPP
source, comprising:
a) providing a recombinant cell comprising a heterologous gene encoding a SB
synthase according to the present invention;
b) culturing the cell in suitable conditions for the expression of said gene; and,
c) optionally, collecting a SB type sesquiterpenes mixture or derivatives thereof

contained in said cell and/or in the culture medium.

The cells can also be part of a multicellular organism, for example a plant or a non-human
animal. In this case, the present invention refates to a method for preparing a multicellular
organisim comprising:
a) introducing into a cell of the organism a construct having an expression cassette
comprising a first gene encoding a Z Z-FPP synthase according to the invention and
a construct having an expression cassefte comprising a second gene encoding a SB
synthase according to the invention; and,
b) reconstituting an organism from said cell and selecting the transgenic organisms
expressing the two genes that were introduced.
In one embodiment, the organism is a non-human animal. For example, the organism can
be a mouse, rat, guinea pig, rabbit, etc. In another preferred embodiment, the organism is a

plant, preferably a plant glandular trichomes.
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Stevie rebaudiana AAD34294 Kaurene synthase 42 Oryza sativa
AAQ72559 Kaurene synthase 41 Hordeum vulgare AAT49066 Kaurene
synthase 36 Abies grandis AAC24192 Alpha-bisabolene synthase 33
Abies grandis AAB05407 Abietadiene synthase 27 Taxus baccata

2 T iene S Table 2: uences with the highest .
) R SR S i erqutcrpencs
22 IR Adtsehvidetate 1997 ayainstithelBlissPgetiand GerBsnk a Z, Z-FPP
|%ﬁﬂ§§"¥ﬂ@o¥3ﬁx§hf§t§§ pRIMG ention and a SB synthase according to the present

invention and collecting a SB type sesquiterpenes mixture or derivatives thereof in said

fransgenic organisms.

The method malces it possible to produce a SB type sesquiterpenes mixture in organisms
which do not produce such compounds or to increase the amount of a SB type

sesquiterpene mixture produced by organisms which already produce it.

The present invention therefore relates to a method for preparing a multicellular organism
comprising:

a) introducing into a cell of the organism a construct having an expression cassette
comprising a gene encoding a Z Z-FPP synthase according to the present invention;
and

b) reconstituting an organism from said cell and selecting the transgenic organisms

expressing the introduced gene.

The present invention also relates to a method for producing Z, Z-FPP or derivatives thereof
comprising providing a transgenic multicellular organism expressing a Z Z-FPP synthase
according to the present invention and collecting the produced Z Z-FPP or derivatives

thereof in said transgenic organisms.

In one embodiment, the organism is a non-human animal. For example, the organism can
be a mouse, rat, guinea pig, rabbit, etc. In another preferred embodiment, the organism is a
plant, preferably a plant having glandular trichomes. The method makes it possible to
produce Z Z-FPP in organisms which do not produce said compound or to increase the

amount of Z Z-FPP produced by the organisms.

The present invention therefore relates to a method for preparing a multicellular organism
comprising:
a) introducing into a cell of the organism a construct having an expression cassette

comprising a gene encoding a SB synthase according to the present invention; and
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5Production of S/,-zFPS and Sh-SBS recombinant proteins The nucleic

sequences encoding Sh-zEPS and Sh-SBS (SEQ ID No. 1 and 3,

respectively) were separately introduced into the pET-30b expression

vector (Novagen). To allow purification of;the recombinant proteins, the

STQR cedansQbilless seaneanerNe e deleted iy Qer 19.cHeatR-AJUSION oreanisms
protein with a 6-histidine tail at the C-terminal end. The Sh-" 10
ZFPS-pEPS0b ah 'S HISBIYLEE £80% vectors so obtained were introduced
lqm@Igféﬁ@@p{@@@ﬁg@{%ﬁé%@ﬂ@b@C@Wﬂédﬂf&@'&5%(&%@@%@@E@fsesquﬁerpenes
recombinant proteins (BL21- CodonPlus, Stratagenc). To produce the _
BrbtRITs OF JebiY i dac 500 SmmrErasnmatediag 37 nmiTcaghilipehlar organism
ORpRALHeNSIBRAH AR AL G00.A, AHIS $1RGE. NS CHILEE RMBALRAIMIE VA% duced SB
Iovi\;/Jere(?%)r,1 16C a)r?d ethanol (10/7;38?{/3{/) ngs%addgad to the medium. Aftgr 1&% e
DR IRRUBLBFNIPTE WAL h - e e iieailin i FAMESaic ertraiansto

induee @xpFassian, ahthe FesRMNINARLRIAIRINATHE LIS WASRRD the organism can
incubated for 18 h and stopped by centrifuging the cells at 4C. The cell

BE MRS r &u HHISEIEN 20 I iA- atE HGfarc Cemboprenfsdhy organism is a
pithiafreenebipresidn RecrdRan: anshlysates Warg semutuesd @ssible to produce a
15,000g. Supernatants containing soluble proteins were desalted on a
PB HOPEoTtiit SO RMBYSHA P Yeefgmbisme dRifh 56 AIAdeEharid semytounds or to
Rikrkaée aRe doadadsmm rigkelnittiloliaselic atfinibrepio dNNTA{i8g8RIsms.
in strict accordance with the manufacturer's elution protocol. The fractions
with the highest amounts of Sh-zIPS-61-lis and Sh-SBS- 32 6His proteins
wereridentifiedidy SRMPAGE., 4psicasralied-on gLRIGr6RIUMMilies with glandular
equilibrated with 50 mM HEPES buffer, pH 7.8, 100 mM KO. An

fiivaltd SOOI RAfERcERAE WHE SDIGh It T Brdisinggs tobacco, potato,

peppparegoidine eruvleprnieh faetin. | YR BRZYNE.acHItY desh el db@mint, basil,
Sh-zEPS %d Sh-SIES recombinant proteins SActivity tests were carried
BIETH thre POIR BufrlF: SO H ERESI AT B4R RERIS7Y g Solanaceac

MeH2, ~dh (WVioglysarablamebmnmiM REderk ontbgiashVvit iastm, 26 Q:R8m, Petunia,
ﬁ%of pratein from the enriched fraftion were incubated for 2 h at 32C with
WiindtHtee 186; PPPEPP #pBC GEIH (&2%57? ABhe’drqfana such as for

eompiRation, eadvata concentration @by My A0kanrtestcarird @thato  Solanum

ith Sh-zFPS-6His, the reaction products were dephosphorylated by o
Kl 0 SAHSASHT F0AGte AT nGiatAbe (RH Bhgtacco (Vicoriana
Biolabs)iohk het-JirGidemenealaehnlsewhish arephosphamiatioen the following

roduct weﬁgthg{?.extractedyvith .chlorofarm/methanol/water mixture

‘a

687110 4§ P aqUiS8H&%nd DHERHE phbldd ere SBFAtebsBs It tio ercurialis,
OfwyatathiErimivol)Pangh chiorofaPelafd dnieh), andmenitifugediatridd R1009da, Solanum,
The organig phases were collected and dried under a stream_of nitrogen )
S o il L o5 4L o SRS g B . Phceli
Awibemaas SpeciiomelyGamM S 596aNnAgiRrhleohnolagieslsl N8alvia, Kadsura,

erpene alcohols were identified by cqmparing their mass spectra with
o L o TGt o B e e e b o O e, Cleome
baises afdihenengiriitheicagientitly timende, those:-of geranie), famesl Dryopteris,
I§)lndt20gieran I eranéol reference s?ndardMFluka). Far test?ggarried ouEVI

With Sh- BB S-SRI THE T pEREY hrodibEd i 1BV e FOAFREN: Myoporum,
exiracted(ihrekitinesotram Helpaatt alyanixitrgiayithRentane:, Anthocercis, Olearia,

volume-to-volume), The three pentane extracts were poagled,
g R SRR T B by espegSolanaceae or
IEheldecpenesjifodincadnnvete prefitifted dytiotenogatihg thiel|Sdlahdata the genera

se and comparison with a chromatogram of the extract of olanum L
R e e e e e o s, Nicotiana
firteupated Withthesybstsatds IPP+DMAPP or IPP+GPP (see Table 1).

Only the first combination (IPP+DMAPP) led, after 30dephosphorylation,
to the formation of a single terpene alcohol with 15 carbon atoms 33
(C15), whose mass spectrum identified it as a farnesol by comparison with
the standard spectrum in the NIST data base (Figure 4). The retention
time was compared to a farnesol standard containing a mixture of the four

farnesol isomers (E,E-farnesol; E,Z-farnesol; ZE farnesol and
7 7 farnecnll The farnecenl nrodiiced hy QRh-7IPP<_-A1-1ic had a retentinn
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Sidentical to that of Z,Z-farnesol. The Sh-SBS-6His recombinant protein

was incubated with the substrates GPP. FPP and GGPP. Regardless of

the substrate used, no new terpenes could be detected, indicating that the

enzyme is inactive on trans-allylic substrates (Table 1). Sh-zFPS
%bt%ﬁ%%ﬁ?&ﬁ%rﬁp AR §n§&' #P &Iﬁ%‘%‘%{ﬁcﬁ’g}&%@%&sﬁ%@iﬁg g’n expression,
Sh-EBSE-GPP Sh-SBSE,E-FPP Sh-SBSE,E,E-GGPPNo
SHSBSYMAPPIRPiShesBIopRipp the sitenld SyabIphmeiatonBo Taplare known to
3nornman, ofdnMitre 8nayng ackivity tests obtained on Sh-zEPS-6His

and Sh-SBS-6His recombinant proteins with different isoprenoic

substrates. A, Z,Z-farnesol, B, alpha-santalene; C, epi-beta-santalene; 1),
endasbelanerganeiens: FriRnRiPRa:ReOamRIBE Fvhich is active mainly in a given
trans-alphabergamotene. The Sh-zFPS-611is and Sh-SBS-6His enzymes .
W iREGBRLSEPt dtndialkibs (Hilsiskaraibat BrovAB s ogtoppily lower, in

ankiRRskhe reantianpeductn@s Rotireatad With phesphatasgtut ihe invention is
extracted with pentane in which all olefins are soluble. With DMAPP and

eerdL8uieARELY R ERRSSToRFUBRIETa MRIVEROfIhdiexEraEeRaVestly of glandular

theHaseNaR-9f: 58 Ve R defBRNhCAMRO UL 5GP I E R GG & ccretions, and
was compared with that of the exudate of the TA517 tomato line, a near

ISdyBhR iR d LbtaiEH G R ReReite ISty Ressers YTt Pipging the preparing of
halagiwites{Meniene andrtanksiey, 2000prThedThe BRIRS CONAINS BBnes mixture
introgression fragment of S. habrochaites responsible for the biosynthesis

Bt driei cadBirtatrendys Grilrder Hsayiis Srdhonsee). seibniyiw particular in the

pifilescwerrddenticalyeenfiining thattee recondinantendynes have an
activity strictly identical to those present in tomato (Figure 6). The major

component (Figure 5, peak 2) was identified as alpha-santalene by
For example, it has been shown that a 1852 bp regulatory sequence, located upstream the

ATG of the CYP71D16 gene, directs the expression of the uid4 reporter gene specifically
in the secretory cells of tobacco trichomes (application US2003/0100050 A1, Wagner ef
al., 2003). Moreover, several promoter sequences extracted from different species have

been identified as being able to direct the expression of a heterologous gene in tobacco

trichomes.

Gene Name of gene Plant References

Abreviation

LTP3 Cotton Liuer al., 2000, BBA, 1487:106111

LTPS Cotton Hsu et al., 1999, Plant Science,
143:6370

wax 9D Lipid transfer protein | B. oleracea | Pyee and Kolattukudy, 1995, Plant J.
7:4559

LTPI Arabidopsis | Thoma er af., 1994, Plant Physiol. 105
3545

CYC71D16 | CBTol hydroxylase | Tobacco Wang ef al., 2002, J. Exp. Bot.
18911897

In a preferred embodiment of the present invention, the promoter used in the cassette is
derived from the genes NsTPS-02a, 02b, 03, and 04 of the Nicotiana sylvesiris species
showing a strong sequence similarity with CYC-2 (CBT-ol cyclase; NID: AF401234). Said
promoter sequences are more fully described in patent application W02006040479 (Tissier
et al., 2004).
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25 comparing its retention time and mass spectrum with that of the TA517
exudate extract. In decreasing amounts, alpha-santalene (peak 4),
endo-beta-bergamotene (peak 5), and alpha-bergamotene (peak 1) were
also identified. The Sh-SBS-6His enzyme js therefore an enzyme whose

ivity, f [ i : | Y
B Bt e e ar T et - 1983). and
prodirtens pritsistenidiesd 2B péaAd Ditamnbsyheitieosphate type. The
retention time was identical to the (Z,Z)-farnesol standard, indicating that
the farnesyl diphosphate produced by ShzETS is characterized by a Z,Z
EBRAIBRIEIH tHEoTHRCRc R A BIEPS-BRsiovazni sattivsssrosequence allowing to
Faesanylginhosphalain-compingtionwith IREIndicaies thak thiscaniviss promoter

molecule is not an intermediate of Sh-zFPS-6His and produces at least

aid typEpsiatbise g rie BNMAPD- diglsirdtPthestnsBeewalsments of the

ealyegivearhibefaraesylidiphosphate compound produced by Sh-zFPS,
but produced at least four clearly identified sesquiterpenes, the main one

being alpha-santalene. Lastly, the presence of a 6-histidine tag and

spaGar-altheda o1Q4geminal gnd e figeh YRRAZYMEATHVWEYISS into a cell or a

compared to the native enzymes of the original plant (Figure 3).

ERpressioh grheirga g Syritiae OnbEFES) Shaus Byt asabod known fo one
(RSB ) grNesn 1RbREELAHICHAREPeSTICHRPRECARIOMAET Plant transgenesis
(eCBTSO02, Tissier et at, 2004) was cloned 15 upstream of the Sh-z.FPS _
KhbnaesEs coaih§rasudhdes tsibrandheosanirus eempis il use of the bacteria
2ErakRRlH anHLkRTS Lo Qe B 2k cHese R IGARSIUGIS WRIQion by a viral
introduced into a same binary vector for transformation by Agrobacteriwn,
YOG A RARE AL R eRiies e e iatdmeno YHEGLIBROW6 4

binary vector (Figure 2A). Contruct #2 was also introduced separately into

a pLIBRO-065 binary vector (Figure 2B). The vectors were 20 introduced _
e AgromRLerictiF e Sintheshabtrn by Bl tifopttatith. Bt S HAYBb rifkg obacterium

theiftereivasiarsiens usadioRrIR: okt esnaelaNsiraatiRicRliNacid, cassette,
sylvestris by the leaf disc method (Horsch et at, 1985). T-DNA carrying the

g SHfes VA htrEalR B - JESHRC trAsTBFMSRBRGHES AP, Eiveasd bacterium

Wransgemiesee b iing: (Easseing e BIS): 45 whichsenprrssineahtharoduced into the
CBTS gene 25 was inhibited by RNA interference (Tissier et at, 2005). In

BRSO B B nESTE B dil AP ie eiels IVany Toueincay Riebirsfgrred into the

widcipbascex A0pR ot RiadvE EesObiieREnes GRITESPRRING R e afansformed
tomato. A o>ﬂm tely 25 kanamycin-resistant plants were obtained for
e b

QAL U8k W prEseES BRR FiEgete b Hddaspthifaghe genome of disc

@oRfirmest sk GRiendeafigenamistNA. shhadrvebAii#iaASIBNAder to reconstitute a
30 was checked by real time quantitative PCR

expression in th Ieave? _ )
%%P?ﬁEéRFAP?Pé%"Y%BE%SS leg0BYHfidNEvaPsH uH-81 4 inysaenel or further details or
fexpegisiompasomparedfaibat of ab/actingenss canstitblienique, one may refer

xpressed in fobacco leaves. The results are exemplified in Figure 3.
f&e@fﬁf?ﬁﬁdﬁ% Qrehens 'tﬁi%ée?ﬁé?ﬁﬂ@%ﬁ%é%@é@?ﬁ?ﬁgﬁ%%e at
variable levels ranging from 1 to 50 For the pLIBRO-064 construct and

om Jto 10 forﬁre FIﬁé)B 0-065 construct relative to the actin gene. As

Uit SRR LD SRS TR e Ot e SO SR BRI anserted between
thﬁlii&&dﬂﬁ/zﬁ@ﬁt 5(}3@%@0&?&@1&?&&2&@ (mﬁ)@ﬂ@}f@ﬂadiﬁ'&{ﬂﬁg@hﬁrﬁlﬂ@rﬂid for transfer
.culture ¢ er. A sample of the atmosphere was captured ina | .
{05 S ASHEAMTG 4 S BHSE HRer LAk ohECabRgsises @ gene which
calefinifviecpanas aThe malecues wearkithenehdedowithiddolipentansianthe selection
?Qa?%/zied bé/ GC/MS. Figure 7 illustrates an example of chromatographic
0pr(]5 RRY Htile molecules emitted by a transgenic plant. It shows that
line #3877 expressing the Sh-zEPS 10 and Sh-SBS genes contained
several new peaks with a molecular ion signature 93, 94, 121 and 204
characteristic of this class of sesquiterpenes. The chromatographic profile
was compared to that obtained on the exudate of TA5 17 tomato line
which naturally produces these compounds (Figure 7). The two profiles
were identical and the mass spectrum of each peak was identical to that
of the peaks of the TA517 line. The plants expressing the 15 two

trancnenece <[h.l EP< anAd f{h-]R< nrodiiced alnha-ecantalenea
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36 introduced in the TA517 line. Sequencing of product B confirmed that it
corresponds to the zFPS gene described herein. This result also
demonstrates that the zFPS gene of S. habrochaites can be introduced
into S. lycopersicurn by using the polymoyphism which exists between the

W98 QtEQIE E%%H% ﬁ%ﬁ%%%@ testé%ltﬁﬁmrgte%‘ﬁp%b% gxpyg%%}?gf the genes

L. Madden, Alejandro A. Schaffer, Jinghui Zhang, Zheng Zhang, We

Nfiliee, A AVNE It QPR ARe mmtmpﬁéﬁgﬁmwm@m@mare, Z,Z-FPP or
newgenerationfl prefrin dataase SearchRIOANnS- &\A%Lqiﬁgﬁa@%s?sexudam and
1025:3389-3402. Bates GW, Gaynor JJ, Sheldiawat NS. (1983) _

gt 6F Blenprestssiadtdlsy IEnsbieic o dnrem dit Py stehdate. Analysis of volatile
2803 RN e da e OeKalh JEIRN RudnfRERALR oE1398) ompounds. This can

Terpenoid-based defenses in conifers: cDNA cloning, characterization,

alsa R civsabexpiels<ion ShavaiRanrRIGéisiec S(ENAp ISk Rslanenzymes of the

g%‘s@ﬁ%ﬁxfé%lgﬁﬁrigef i(ARIeS Qrandis)a Qg NattnAGa e RGml 9&s (for example by
5:6756-6761. Bouwmeester HJ, Kodde J, Verstappen FW, Altug IG,

FRRFARS r IRy Afa SRR ANy SEil SR A REFRSTE riYaibpbes iwdhe plants can
ggaRagene AsyRthase cRNA glones temighicary. Blafhyeiglis having improved
29:134-144. 20Cai Y, Jia JW, Crock J, Lin ZX, Chen XY, Croteau IL
PEOETIALIBKER clone for beta-caryophyllene synthase from Artemisia

annua. Phytochemistry 61:523-529. Cane DE. (1999) Sesquiterpene
biosynthesis: Cyclization mechanisms. In comprehensive natural products =
éﬁ@#}@ﬁk}%&ﬁ?{eﬁ%i&vmﬁiaaﬁga@&s?éﬁ%% ARtratetorIsd vemplisig 2 nucleic acid,
Sraeredicmsiesdany 1 he-Nethenands i FéeeyaoiRBol25-200. 25Carman

RM, Duffield AR (1993) The Biosynthesis of Tabdanoids - the Optical

Purity of Naturally-Occurring Manool and Abienol. Aust. J. Chem.

ABRIARG-d3;34t of theldrkeidn, Eanake B usvenaduéle WamsiEM present invention

Fogelman AM, Edwards PA. (1987) Molecular cloning and sequence of a

EhBIRKIR G (EBFESEIDR ERAMES dIaUT Bren e fiuriBanfipgegenomic sequences
SFOPreaw-fipsathets patiwayuol cselladie). sh318803 146ieRQ GOMivated tomato
SM, Crock J, Dowdle-Rizzo B. Lemaux PG, Croteau R. (1998) . )
CePtRaRrEHe sy hittde Tpdraitot esetiRiftthPeRtrRReripHasyction of the
sormaiaeilAdsabation seharaaierzation: @ hacteriahexigssiae:eflhe compatible
multiple product, sesc%uiterpene cyclase. Proc. Natl. Acad, Sci. USA _
P e 3eUe of EUULAIRT 39?@%&%4@%@%&%&%%? giample, to
ﬁ&@ﬁ@ﬁ@%@@(&@ﬁ&%@f@@%@w@s@ iﬂd@ggciﬂ)sﬁ)r@@;-\é‘i@ﬁ#tﬁ@&%é@@pecies and a
R s A it o s

wieyaltnaterRe ke @ﬂ@ﬁﬁﬁﬂ%@hﬂﬁ%ﬁ&@ﬂ?ﬁi@ﬁtJn?ﬁiiéﬁ"h@%o@éﬁﬂm markers can
54658-4665. Horsch RB, Rogers SG, Fraley RT. ( 985) Transgenic
BB SpiRG ISP YT ORI BIIS 5043147 ar. PR Srapple. @ commonly

ukallahathidueY ameshita & KeyamMdnk 061 Manipubatenraf ey between two
chain length de&e{)migairflon mechanism of cis-pregyltrar‘lsferas%s. FESSJ. .

gppemgs, digested by different restriction enzymes by mo ecular hybridization with the
nucleic acids of the present invention. Another example is to search for a polymorphism by
using PCR to amplify, on the genomes to be compared, all or part of a nucleic acid of the
present invention from primers complementary to the nucleic acid of the present invention
in order to identify, after PCR amplification, a size polymorphism between the two
genomes. The polymorphism can also be revealed after digestion of said PCR products by

one or more restriction enzymes which produce fragments of different size between the

compared genomes.
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10 Kt:diner TG, O'Maille PE, Gatto N, Boland W, Gershenzon J,
Degenhardt J. (2006) Two pockets in the active site of maize
sesquiterpene synthase TPS4 carry out sequential parts of the reaction
scheme resulting in multiple products. Argh. Biochem. Biophys.

%@%ﬁ%zpolymorpm%aﬂer@ﬁg@ MQ'%%%&%VISQ%Q&P@&Y%%Q&%@, to identify

elongation enzymes. Biosci. 15Biotechnol. Biochem. 63:1671-16

Iiairg dpls kb anP Agapig ation (zouey SivattreohbeheasiBm dadriuriction ofd a variety
RrEpYRANSReR$he 8333 233P4 the nMRIRNRIB AL A BYANL S tion is desired.

(2004) CD-Search: protein domain annotations on the fly. Nucleic Acids

Res. 32(W):327-331. 20McMillan J., and Beale M.H. (1999) Dipterpene
RIRSYINBBIS 1N CQRPIRNERRIME PAAl PIRAYRIR ORERYS Y, Eé?ﬁg’ﬁfbogﬁuemes of S
including carotenoids and steroids Vol. 2, D.D. Cane, ed (Amsterdam, The

Rietreslaiias, ereliep 3p.21nd 43 syntiventbre aon-Tarkdisysspppbboyppecies by
Reysiannen, oha selalnear is09eniaandheskerossirCRRIRARL MR RHown to one

lines containing most of the Lycopersicon hirsutum genome 25inan L. )
S&dlpd ituherat KgIBURE R Borf 6 g8 mBaHing ‘afls JERdisebwetle it possible to
Genemias #3:303-&h3ainin@thRIin IS K e RV IRB 1K 809 & o(#0Q) species. During

Molecular cloning, expression, and functional analysis of a

S BPeTyRAAPRIBIES BT AORY RASBIRG pEISTSAIR AA Ui BISaTRs R farg sthispinated. Hybrid
BigsyRiRasiSrelaiBial e @Mo AR B48 - L3A8RSARAUIEHR Ghd2098) of the present

Farnesyl Diphosphate Synthase. A Paradigm for Understanding Structure ‘
HHEERCSh R dtorRRiE N E LS oy BrEs PEIBRGSHItaIE SPhthageye encoding zFPS

Rindoohenm. IRevigw 2xkéRBs S8 synthReANgUSIFCQBCepPsib -Borenat
A. (2002) Elucidation of the methylerythritol phosphate pathway for
isoprenoid biosynthesis in bacteria and plastids. A metabolic milestone

anbigyecHronghaenonies rEllasd REyaialell 3043} 104283 nShatens@sacl organism,
éhalit M, I%%/dman A, Bar E, Holland D, Or E, Lavi U. Lewinsohn 5 E, . |
VATSYCIi2B08) ExfE%HNPHRE S BB RGRIS HRSe s WisrRIBR Mixture is blocked

byrietionalcharaeies zationmachdevegnmrerial iRgu AR COHS #d®@Mt invention
gene in the production of the sesquiterpene aroma compound valencene. .

PidiE 55 B8a%72E @ SE SiRiiase 1w dinia Peagrienkintggen or both genes. The
Metesular oloRing, @xRECSSIOBe afddrutifisation:of uoageaaprenyhiques known to one

iphosphate synthase. No sequence similarity between E- and 10Z-prenyl )
gﬁg&é@dﬂafgesﬁﬁha 5. 57Bivl “Eh ,é@ﬁﬁ%ﬂ%‘-‘i@%l@m SeMillsachy chemical

MGaBiennan fd, BHeK DeHRAROGLIdantticatiany ofoaishart (GaRUEBINr interrupted
-isoprenyl diphosphate synthase and a homologous long (C50) chain
'%SFEHW%EBH%‘&B’H%?&%%%‘&%% §ESBECRADIM e E58isan aipibe blocked by
@he@?%&%B?@ﬂﬁgﬁlﬁg aﬁsiﬂl'[lsibigbry @ﬁ;ﬁbrﬁﬁulﬂtdﬁé Efﬁlbﬁt@@ﬁlﬂﬁmﬁlr}%@ is an RNA
994) Crystal structure of 15recombinant farnesyl diphosphate synthase
ST 0 dEo0OR, BB REACy AE OB TRy o STrREE AR Aot 7 me. an
Rerpebé: synihasesapd thairegulationeidiversiyhandbisiagicabiles: Ghecificity with
1%%r[gene metgrpqlism. Cuni3 Obqin Pif]mt Biol. 9:297-304. Thompson,
,%‘?B%%W, 'Jt,iﬁ%e\'ﬁﬁi = f@gﬁ ougin, F, and Higgins, DG. (1997)

The present invention also relates to a nucleic acid that can reduce or suppress the
expression of a gene encoding a Z,Z-FPP synthase. In fact, an inhibitor RNA which can be
in the form of a double-stranded RNA, an antisense RNA, a ribozyme, an RNA abie to
form a ftriple helix, and which has some complementarity or specificity with the gene
encoding Z Z-FPP synthase, can be prepared on the basis of the teachings of the present
invention. For instance, the present invention relates to an inhibitor RNA of the gene

encoding a Z Z-FPP synthase comprising at least 21, 30, 40, 50, 60, 70, 80, 90 or 100
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20The ClustalX windows interface: flexible strategies for multiple

sequence alignment aided by quality analysis tools. Nucleic Acids Res.
24:4876-4882. Tissier A, Sallaud C. Rontein D. (2004) Promoteurs
vegetaux et utilisations PCT/FR 05/02530.; Tissier A, Sallaud C,

RoneinRe (200R) pysierred rgdugton dgrt%rfp%ngg gﬁi@ﬁ@?? ps!@&%l&%ﬁ(:e thereto.

French patent application FR 05 00855.  van Der Hoeven RS, Monforte
Ak Brissd it DN VFEHREIE5 8D, Stéffehge I 4 7000) Fleetide Mg Geineti least 21, 30,

contral apd eyelugion af SESquiieReRERIRRYNESE L YSPREESICOB No. 1 or of a
esculentum and L. hirsutum. Plant Cell. 12:2283-2294. Wallaart TE,

BORNITIEEREEY HOY MiNee ShEsShiRganhititHfe faenGP(Z00) Alntstsisae encoding a Z,Z-
3% Llliene $Ypihass: SRR AndduncHonal eXpiessiQnRhRERY siowing down the

enzyme in the biosynthetic pathway of the novel antimalarial drug

AERREMIRRIBIM0 D P 48465 SeSANEHBRS ObNtia X! (1999)g 1PP and DMAP
IAnien inatian; ism,efi ' FPP. P
Ghaissienggh deferninatipnimeshanismefisepgny lﬂ?ﬁ%;@zsg%&pggof 7, 7-FPP. For

synthases and implications for molecular evolution. 24 : Wise

RGN RO 90 Y MBRBIBIHEIE BigsyHthEsigiresnipréiremspdction level of

Btk BRI CY GBRMIStYafSORFRNIHS REMEINGFRMOISROJISAND RIS therefore
Vol. 2, D.D. Cane, ed (Amsterdam, The Netherlands; Elsever), pp.97-153.

Fitfirelor SR CLISRENHER T CEYB 1Y Mk Hrduishe P RIS SR Fant PP syntbase has
peeipRiasts iy betetrisdialdsidlania 10138324 40 g@iﬂiiﬂés&)@qm‘j interference,

for producing SB type sesquiterpenes or derivatives thereof from Z,Z-FPP
FPACCRAIHIRInG A8 H CE RN AP 1RACHSE OB JM el supsiAtrsariRRgion. Thus the
e said Cellarpensirvick Raying REEXRIBSSIOM EASEEHR: ARMPAIRIRG & sl transeenic
gene encoding a Z, Z-farnesyl diphosphate synthase (zFPS) with at least
QWH@ﬁtﬂg/ﬁ%iéEQ ID No. 2 and a construct having an expression

cassette comprising a second gene encoding a SB synthase with at least

80 % identity to SEQ ID No, 4; b) culturing the transfolmed cell in

SHRABIE 8B AFIME YOI e eijsre ek i rEa fravalsitrrshibed seprgduce or suppress

genegrandeichoptionalbhGAllRsting S B iR Seslidier RANesi8 deYaA e ich can be
111}11 %Leeoio%glngatj%egowb?ea}is?rggéle%ng{\%\ina%hgn(%ysléggg Eﬁ%? g];ribozym@, an RNA able to
form a tiiple helix, and which has some complementarity or specificity with the gene
encoding a SB synthase, can be prepared on the basis of the teachings of the present
invention. Thus, the present invention relates to an inhibitor RNA of the gene encoding a
SB synthase comprising at least 30, 40, 50, 60, 70, 80, 90 or 100 consecutive nucleotides
of SEQ ID No. 3. Likewise, the invention relates to the use of a polynucleotide comprising
at least 21, 30, 40, 50, 60, 70, 80, 90 or 100 consecutive nucleotides of SEQ ID No. 3 in
order to inhibit the expression of the gene encoding a SB synthase. The inhibition of this
enzyme can be useful for stopping the synthetic pathway of a SB type sesquiterpene
mixture and making Z Z-FPP available for another synthetic pathway of interest requiring a
supply of said compound, for example for preparing Z, Z-FPP derivatives, for example, Z,Z

farnesol, or other sesquiterpenes which are the product of synthases that use Z Z-FPP as

substrate.

The present invention therefore relates to cells or transgenic organisms in which the gene
encoding a SB synthase is inactivated. The inactivation can be achieved by RNA

interference techniques, gene deletion, chemical mutation or inactivation by homologous
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wherein SB type sesquiterpenes are a mixture of sesquiterpenes

composed mainly of alpha-santalene, epi-beta-santalene,

cis-alpha-bergamotene, trans-alpha-bergamotene and

15endo-beta-bergamotene. 2- An isolated gr recombinant protein having
%ﬁnﬁ@ﬁh%@f%&%ﬁ%ﬁt%?%%!b%%‘é&f&i?é&%%t Iﬁ%fg%aﬂ%éq'educed in said
SEQ ID No. 2. 203- The protein according to claim 2, characterized in that

s e ALHARI MY SEFEREBY0 SEQ ID No 2. 4- An isolated or recombinant

protein capable of producing a mixture of sesquiterpenes composed

mainly of alpha-santalene, epi-beta-santalene, cis-alpha-bergamotene,

tFARSPESEIb HEYSEHENTOtENE IS df db BEtE e feHsRIHE B ATZZorPR other genes
%ﬂ%ﬁ@%@ﬁ@@%@l‘é@%@%@%gﬁgg{ﬁég%ﬁ%éﬂ}%@@@ﬁh‘&h@f Peéts in which a

isolated or recombinant nucleic acid comprising a nucleotide sequence

SRy Bprstraeording ol Elalits 246 ar 300 somsesiviegardpotides of sequence

casgslte NeMpHsMa-aipdsalatRd Rr jRGARRINANLRHEIRIC RS BCSPWING IR 4 sample a
claim 5, 7- A vector comprising an isolated or recombinant nucleic acid

SEElRIG BreransS erPahle st Sreudiirins stbhesaib avdihg té anpeplg.can be for

AxhagiicellRAmBTiSiG DR ISUBISE A TARATRIMARG IUEIBICAGIH SCGREINY The method
to claim 5, an expression cassette according to claim 6, or a vector o
SERSIUTHY 5 B W rsin tHerReraeit4tie Sihitertidgbas sdacted Asquence. This

RONHGHRRREANSHE R QFEANISIHIERMNIIHING aRJseiaiad oif8ePmBiNRALe alignment,
nucleic acid according, to claim 5, an expression cassette according to

Eirire Y odSiaEedtaRgd®aim 7 or a cell according to claim 8,
wherein the nucleic acid is heterotogous. 10- The transgenic organism
according to claim 9, characterized in that the organism is a plant having ]
Qﬁ?au?a??ﬁ‘éha gAuratarapiy ol tREFFEMULRROHANY Jr Seigpeimpparent in the
IditAvmetheehiprerogtRingads Zofasne syt giphRsphale (IstritBh @hd not by way of
%%rfivatives thereof from 1PP and DMAP in a cell having an IPP arid
Yburce, comprising: 10a) introducing into said cell a construct
having an expression cassette with a nucleic sequence encoding a protein
according to claim 2 or 3; h) culturing the transformed cell in suitable
conditions for the expression of the gene; and c) optionally, collecting
the derivative(s) thereof contained in said cell and/or in the 15culture
medium. 12- Use of a protein according to claims 2 to 4, of a nucleic acid
according to claims, of a host cell according to claim 8 or of a transgenic
organism according to claim 9 or 10 for preparing Z,Z-FPP,
alpha-santalene, epi-beta-santalene, alpha-bergamotene, beta-
20bergamotene, and endo-beta-bergarnotene or derivatives thereof such
as alpha-santalol, epi-beta-santalol, alpha-bergamotol, beta-beraamotol
and Z,Z-famesol.
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13- A cell or non-human transgenic organism, characterized in that the
synthetic pathway of SB type sesquiterpene is blocked by inactivation of
the gene encoding a protein 25according to claim 2 or 3, or of the gene
encoding a protein according to claim 4, g5 both genes. 14- Use of

melectiar markers comprising all or part of a nucleic acid with at least 80
%iﬁ”e‘ﬁﬂﬁ“t‘y to SEQ ID No. 1 or SEQ ID No. 3 for identifying a genomic

polymorphism 30 between S. hahrochaites and species of the Solanum
et iqas aretemataligadoiphitible dith & éBsdchanes so as to control the
introgression of the corresponding genes in said species. 42 15. Use

gé%%iﬁg&@o@&@w@fmﬁ@@@mé@fn(ﬁ@émw rebeculatidiarkérsHirsutum LAI777)
%%mgQ%@t&h‘%N%'&%é&%?ﬁ%%ﬁ.ﬁ%é@%ﬁﬂﬁ@éﬂ%@a&&@ &%mr%%?&&g%g cDNA was

-. A method consisting of introducing the :FP‘ gene encoding v
withhasieak 0oy Bigetitny TS EQ ToNe. Zohd BreSB Sy gereeerasaing @nscriptase

gBaynthage with alleast 8Q Po)identify 1o, SEQID Now AR SPEFESRAMed by the

sexually compatible with Solanum habrochaites by protoplast fusion.
PAfFRBASE for producing Z Z-famesol by dephosphorylation of Z,Z-FPP
obtained 10according to the method of claim 11 by a phosphatase.

@@&%@G%ﬁé@lﬁ% e%%e?%%%%ﬁh-l TGS 10z RRAEHYT s?aénthase (Sh-
<120> GENES ENCODING Z,Z-FARNESYL DIPHOSPHATE SYNTHASE

ARD SynTiaksririraierPRPRODUCTS AND USES THEREOF
A SESQUITERPENE <130> <160> <170> <210> <211> <212> <213>

BRS6IRGHORAEMIAG nucleotide sequences of the two genes Sh-zFPS and Sh-SBS were
cloned from the publicly available sequence data in the EST library of 8. habrochaites
tomato leaf trichomes (Van der Hoeven, er /., 2000, unpublished,) available on the SGN
website (“SOL Genomics Network™, http://www.sgn.cornell.edu/).

The SH-zFPS (SEQ ID No. 1) and SA-SBS (SEQ ID No. 3) sequences of were obtained by
PCR from tomato leaf cDNA using the primers 5-
ACCATGOGGTTCTTTGGTTCTTCAATGTTGGA-3 (SEQ ID No. 5) and 5'-
ACTCGAGATATGTGTGTCCACCAAAACGTCTATG-3 (SEQ ID No. 6) for sequence
ID No. 1 and the primers 5 -TCCATGGTAGTTGGCTATAGAAGCACAATCA-3 (SEQ
ID No. 7) and 5’-TCTCGAGCATAAATTCAAATTGAGGGATTAATGA-3” (SEQ ID
No. 8) for sequence ID No. 3. Restriction enzyme sites (Ncol and Xhol) were added at the
5" end of the primers to facilitate cloning the ¢DNA downstream a promoter. PCR
amplification was carried out with 0.5 units Taq polymerase (Eurogentec) in the buffer
supplied by the manufacturer. The PCR product was purified on a Qiaquick column
(Qiagen) and cloned by ligation with T4 DNA ligase (NEB) into the pGEM-T cloning
vector (Promega). Clones having the expected sequence were selected after complete
sequencing of the inserts.

The Sh-zFPS nucleotide sequence (SEQ ID No. 1) is 912 bases long and codes for a
protein of 303 amino acids (SEQ ID No. 2). A conserved protein domain of the type cis
{Z)-isoprenyl diphosphate synthase (cis-IPPS) or also known as undecaprenyl synthase
(UPPS) was identified “in silico” with the CCD system (NCBI, Marchler-Bauer A, Bryant
SH (2004}. Amino acid sequences similar to SA-zFPS were searched in the SwissProt and

GenBank protein data bases using BlastP software (Altschul ef ¢/, 1997). The highest
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<220> <221> CDS <222> (1)..(912) <400> 1 atg agt tct ttg Met Ser Ser

Leu 1 att tta lle Leu caa caa Gin Gin 20 aat aca tca ata tcc atg ggt gca ttc
aaa ggt att Asn Thr Ser lle Ser met Gly Ala Phe Lys Gly lle 2530 96 tat
gag gat aat gat aat gat ctt gat gaa Tyr Glg(ﬁsp Asn Asp ASn Asp Leu Asp

g%gcggmamgé oA Ai9A8109h FRLAYY R AR RUIR MBI AR EN B ecapreny!
diphosphate synthases but whose functions have not been demonstrated (Table 1). For
example, Sh-zFPS has 42% and 39% identity, respectively, to the putative UPPS of
Arabidopis thaliona BAAYT345 and AAC63349. It can also be seen that the Sh-zFPS
sequence has a very low percent identity (24 %) to Z, E-FPS of Micrococcus tuberculosis

(053434),

Organism PiD Function *
identity
Arabidopsis thaliana BAAQT7345 Putative UPPS 42
Arabidopsis thaliana ~ AAOB3349  Putative UPPS 39
Arabidopsis thaliana AAD42764 Putative UPPS 39
‘Anabaena sp. PCC 7120 DP58563 Putative UPPS 37
Oryza sativa NP_915561  Putative UPPS 38
Synechococcus elongatus Q8DI2g9 Putative UPPS 35
‘Micrococeus luteus 082827 Putative UPPS 34
Gloeobacer violaceus ~ Q7NPE7  Putative UPPS 32
Micrococeus tuberculosis P6047% UPPS 30
‘Micrococcus tuberculosis 053434 EZ-FPS 24

Table 1: Sequences with the highest percent identity (% identity) obtained by homology search
using BlastP 2.2.13 program (Altschul ef al., 1997) against the SwissProt and GenBank libraries
with the $h-zFPS sequence.

The Sh-SBS nucleotide sequence (SEQ ID No. 3) is 2334 bases long and codes for a
protein of 777 amino acids (SEQ ID No. 4). A conserved terpene cyclase protein domain
was identified “in silico” with the CCD system (NCBI, Marchler-Bauer A, Bryant SH
(2004). Amino acid sequences similar to Sh-SBS were searched in the SwissProt and
GenBank protein libraries using BlastP software (Altschul er af., 1997). With the exception
of a tobacco sequence of unknown function (60% identity), the best homologies were
obtained with plant diterpene synthases (Table 2) with approximately 40 to 45% identity to
sequences encoding kaurene synthases of different plants (drabidopsis thaliana, Cucurbita
maxima, Stevia rebaudiana, Oryza sativa). Sh-SBS also shows less homology (26-33%
identity) with terpene synthases of known function such as abietadiene synthase and

taxadiene synthase and alpha-bisabolene synthase.
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tta gac gta tcc Leu Asp Val Ser 100 gaa ggt cac aaa cat Glu Gly His Lys
His 105 ctc ttt cca aaa Leu Phe Pro Lys tta Leu 110 aaa gag336 Lys Glu
att lle gca Ala tgt gac att Cys Asp lle 115 ttc tct act Phe Ser Thr 130 tct tct
aaa ttg gga ata caa gtt atc act gct ttt384 Ser Ser Lys Leu Gly lle Gin Val
lle Thr Ala Phe

%
Organism P Funciion identity
Nicotiana tabacum AASHBG12 Putative terpene synthase &0
Arabidopsis thaliana AAC39443 Kaurene synthase 44
Lactuca sativa BAB12441 Putative kaurene synthase 43
Cucurbita maxima (39548 N Kaurene synthase 43
Medicago troncatula ~ ABE8S7878  Putative terpene synthase = 43
Stevia rebaudiana AAD34294 Kaurene synthase 42
Oryza sativa AAQ72559 Kaurene synthase 41
Hordeum vulgare ~ AAT49056  Kaurene synthase 36
Abies grandis AAC24192 Alpha-bisabolene synthase 33
Abies grandis ~ AABD5407 o Abietadiene synthase 27
Taxus baccata 2211347A Taxadiene synthase 26

Table 2: Sequences with the highest percent identity (% identity) obtained by homology search
using BlastP 2.2.13 program (Altschul ef of., 1997) against the SwissProt and GenBank libraries
with the SA-SBS sequence.

Production of $h-zFPS and §4-SBS recombinant proteins

The nucleic sequences encoding Sh-zFPS and Sh-SBS (SEQ ID No. 1 and 3, respectively)
were separately introduced into the pET-30b expression vector (Novagen). To allow
purification of the recombinant proteins, the STOP codons of these sequences were deleted
in order to create a fusion protein with a 6-histidine tail at the C-terminal end. The Sh-
zFPS-pET30b and §A-SBS-pET30b vectors so obtained were introduced by electroporation
into Escherichia coli cells modified for expression of recombinant proteins (BL21-
CodonPlus, Stratagene). To produce the proteins, E. coli cultures (500 ml) were initiated at
37°C until reaching an optical density of 0.5 at 600 nm. At this stage, the culture
temperature was lowered to 16°C and ethanol (1% V/V) was added to the medium. After 1
h incubation, IPTG was added to the medium at 1 mM concentration to induce expression
of the recombinant protein. The culture was then incubated for 18 h and stopped by
centrifuging the cells at 4°C. The cell pellet was resuspended in 200 mM phosphate
buffer. Cells were lysed with a French press (AP = 19 bar) and lysates were centrifuged at
15,000g. Supernatants containing soluble proteins were desalted on a PDI0 column
(Amersham), equilibrated with 50 mM phosphate buffer, pH 7, and loaded on nickel-
nitrilotriacetic affinity resin (Ni-NTA, Qiagen) in strict accordance with the manufacturer’s

elution protocol. The fractions with the highest amounts of Sh-zFPS-6His and Sh-SBS-
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120125 gaa aat tgg aaa cga gcc aag ggg gag gtt gat ttc432 Glu Asn Trp
Lys Arg Ala Lys Gly Glu Val Asp Phe 135140 gta aga gtg tct Val Arg
Val Ser att att get tgt aaa lle lle Gly Cys Lys 165 acc gac ctc Thr Asp Leu
170 cca atg aca Pro Met Thr 175 tta528 Lkgu caa aaa tgc ata gca Gin Lys

GyadIE-AaL 801G IFRH TPSDS-PAGE, then desalted on a PD10 column equilibrated
with 50 mM HEPES buffer, pH 7.8, 100 mM KCl.  An approximate 20-fold enrichment

was obtained for the two proteins as compared to the erude protein fraction.
In vitro enzyme activity test of the Sh-zFPS and Sh-SBS recombinant proteins

Activity tests were carried out in the following buffer: 50 mM HEPES, pH 7.8, 100 mM
KCL 7.5 mM MgCla, 5% (w/v) glycerol, and 5 mM DTT. For the activity tests, 25 or 50
ng of protein from the enriched fraction were incubated for 2 h at 32°C with the subsirates
iPP, DMAPP, GPP, FPP, GGPP (Sigma), alone or in combination, each at a concentration
of 65 pM.

For tests carried out with Sh-zFPS-6His, the reaction products were dephosphorylated by
addition of 20 units calf intestine alkaline phosphatase (New England Biolabs) for 1 h at
37°C. Terpene alcohols, which are phosphorylation products, were then extracted with a
chloroform/methanol/water mixture (0.5/1/0.4). The aqueous and organic phases were
separated by addition of water (0.5 vol) and chloroform (0.5 vol) and centrifuged at
2,000g. The organic phases were collected and dried under a stream of nitrogen gas, taken
up in pentane and analyzed by gas chromatography coupled with mass spectrometry (GC-
MS 5973N, Agilent Technologies). The terpene alcohols were identified by comparing
their mass spectra with those of the National Institute of Standards and Technology (NIST)
data base, and by merging their retention times to those of geraniol, farnesol and

geranylgeraniol reference standards (Fluka).

For tests carried out with Sh-SBS-6His, the terpenes produced in the reaction were directly
extracted (three times) from the reaction mixture with pentane (volume-to-volume). The
three pentane extracts were pooled, concentrated under a stream of nitrogen gas, and
analyzed by GC-MS. The terpenes produced were identified by interrogating the NIST
data base and comparison with a chromatogram of the extract of a Solanum habrochaites

exudate.

The Sh-zFPS-6His recombinant protein was incubated with the substrates IPP+DMAPP or
IPP+GPP  (see Table 1). Only the first combination (IPP+DMAPP) led, after

dephosphorylation, to the formation of a single terpene alcohol with 15 carbon atoms
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B0563PC SEQ LIST ST25 gaa gag act aca aag gga Glu Glu Thr Thr Lys
Gly 185 aac aaa Asn Lys 190 gga576 Gly ctt cac ctt gtg att Leu His Leu
Val lle 195 caa gca aca aaa agc Gin Ala Thr Lys Ser 210 gta gaa gat atc
aac Val Glu Asp lle Asn 225 tgt cca aat Cys Pro Asn cct gat tta ctt ata agg

F(@l ﬁs%g!;’e HEHSQ%&@&‘}FIQ%@Q&“& 2§ ra.AﬁﬂlE)Qﬁ" b?g%%‘fﬁahggn-rm%gthe standard

ttt LeU Phe 275 cct gat ttt gga gag Pro Asp Phe Gly Gl gaa gat ctt
éaacgﬁguggat@‘ lNKsE g b_@;g Gliente P88 ag@ation time was compared to a farnesol

standard containing a mixture of the four farnesol isomers (£, E-farnesol; £, Z-famesol; Z E
farnesol and Z Z-faresol). The farnesol produced by Sh-zFPS-6His had a retention time

identical to that of Z, 7-farnesol.

The Sh-SBS-6His recombinant protein was incubated with the substrates GPP, FPP and
GGPP. Regardless of the substrate used, no new terpenes could be detected, indicating that

the enzyme is inactive on trans-allylic substrates {Table 1).

Sh ZFPS absent DMAP PR Ax
ShzFPS ahsent E-GPP PP

abserd . . ShoBs EGPP No

abgent | SHSES EEFPP No

afigent. T SHSES . EEEGGPP T
Sh-zFPS Sh-SBS DMAPP PP B,CDEF
Sh-zFPS Sh-SBS GPP PP -

*: after dephosphorylation

Table 3: Summary of in vifro enzyme activity tests obtained on Sh-zFPS-6His and Sh-SBS-6His
recombinant proteins with different 1soprenoic substrates. A, Z Z-farnesol, B, alpha-santalene; C,
epi-beta-santalene; B, endo-beta-bergamotene; E, cis-alpha-bergamotene; F, frans-alpha-
bergamotene.

The Sh-zI'PS-6His and Sh-SBS-6His enzymes were incubated together with the substrates
DMAPP and IPP or GPP and IPP. The reaction product was not treated with phosphatase,
but extracted with pentane in which all olefins are soluble. With DMAPP and IPP as
substrates, the chromatographic analysis of the extract revealed the presence of several
terpene compounds (Figure 5). The GC profile was compared with that of the exudate of
the TAS517 tomato line, a near isogenic line obtained from the parents S. lycopersicum and
S. habrochaites (Monforte and Tanksley, 2000). The TA517 line contains an introgression
fragment of S. habrochaites responsible for the biosynthesis of class II sesquiterpenes (van
der Hoeven et al, 2000). The two GC profiles were identical, confirming that the
recombinant enzymes have an activity strictly identical to those present in tomato (Figure
6). The major component (Figure 5, peak 2) was identified as alpha-santalene by
comparing its retention time and mass spectrum with that of the TA517 exudate extract. In
decreasing amounts, alpha-santalene (peak 4), endo-beta-bergamotene (peak 35), and

alpha-bergamotene (peak 1) were also identified. The Sh-SBS-6His enzyme is therefore an

enzyme whose activity leads to the formation of multiple products.
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lle ata aac lle Asn 290 <210> <211> <212> <213> ttt caa caa agg cat
aga cgt Phe Gin Gin Arg4 H.s Arg Arg 295 2 303 PRT Solanum
abutiloides ttt ggt gga cac aca tat tga912 'he Gly Gly His Thr Tyr 300
<400> 2 lle Leu Gin Gin Asn Thr Ser llg ger Met GIy Ala Phe Lys Gly lle

20a2x ggoyt%llfé’iﬁde%%ﬁl&él Aésgh%% O{r:%x% L&y I Thr G?fxbﬁljgﬁé%%yto produce a

354045 Leu Asn Lys | ys Ser Leo Ser Leo
©hesbbesdged compound of farnesyl diphosphate type The retention time was identical

to the (Z Z)-farnesol standard, indicating that the farnesyl diphosphate produced by Sh-
zF'PS is characterized by a Z 7 configuration type. The fact that Sh-zFPS-6His was inactive
on f-geranyl diphosphate in combination with IPP indicates that this molecule is not an
intermediate of Sh-zFPS-6His and produces at least one Z type bond by combining one
DMAPP and one IPP. Sh-SBS was only active on the farnesyl diphosphate compound
produced by Sh-zFPS, but produced at least four clearly identified sesquiterpenes, the main
one being aipha-santalene. Lastly, the presence of a 6-histidine tag and spacer at the C-
terminal end had no effect on enzyme activity as compared to the native enzymes of the

original plant (Figure 3).

Expression of the Z,Z-FPP synthase ($/-zFPS) and SB synthase ($4-SBS) genes in

tobacco

A trichome-specific tobacco promoter (eCBTS02, Tissier et al, 2004) was cloned
upstream of the Sh-zFPS and Sh-SBS coding sequences to form the constructs eCBTS1.0-
Sh-zFPS [#1] and eCBTS1.0-SA-SBS [#2]. These two constructs were introduced into a
same binary vector for fransformation by Agrobacterium, containing a kanamycin
resistance gene, yielding to the pLIBRO-064 binary vector (Figure 2A). Contruct #2 was
also introduced separately into a pLIBRO-065 binary vector (FFigure 213). The vectors were
introduced into Agrobacterium strain LBA4404 by electroporation. Strains harboring the
different vectors were used to carry out genetic transformation of N. sylvesiris by the leaf

disc method (Horsch ef al., 1985).

T-DNA carrying the transgenes was introduced by genetic transformation inio a M.
sylvesiris transgenic cell line (source line ihpCBTS) in which expression of the CBTS gene
was inhibited by RNA interference (Tissier ef af., 2005). In this line, the amount of CBT-
diol in the leaves is very low. N sylvestris, a wild tobacco, does not produce
sesquiterpenes corresponding to those of tomato. Approximately 25 kanamycin-resistant
plants were obtained for each construct. The presence of the transgenes in each plant was
confirmed by PCR on leaf genomic DNA. The level of transgene expression in the leaves
was checked by real time quantitative PCR on mRNA from tobacco leaves. The level of
Sh-SBS transgene expression was compared to that of an actin gene constitutively

expressed in tobacco leaves. The results are exemplified in Figure 3. Results indicate that
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Tyr Glu Asp Asn Asp Asn Asp Leo Asp Glu Glu Leo Met Pro Lys His

65707580 lle Ala Leo lle met Asp Gly Asn Arg Arg Trp Ala Lys Asp Lys
Gly 859095 Leo Asp Val Ser Glu Gly His Lys His Leu Phe Pro Lys Leo
Lys Glu 100105110 B0563PC SEQ LIST;$T25 lle Cys Asp lle Ser Ser

Idyessjc?éﬁtchM%s%We %Lé%-ﬁh&@ %% %1 %@e&é@g g%@%i T L (1%1“{ to 50 for the

Asn Trp Lys Arg Ala Lys Gly Glu Va
MetPHe- it Gstret Tyd Asprdiip @Hé@éhm@@&@%i@mﬁﬂﬁ@%@m the actin
e Val Ser lle lle Gly Cys Lys Thr Asp Leu Pro met Thr Leu 165170175
in Lys Cys lle Ala Leu Thr Glu Glu Thr Thr Lys Gly Asn Lys Gly
180185190 Leu His Leu Val lle Ala Leu Asn Tyr Gly Gly Tyr Tyr Asp lle
YeurlgBao0zesHPAlEST i Lyl atide laclasiuiesn thys watMtetéec @iy lestitted by the

E%fa‘%pe?é-ggé@%g@ el @&%ﬁﬁpeﬂea&?&fﬂér@% &%ﬂl?&?g ?&J %usample of the

eu Glu Ser Lys 225230235240 Cys Pro Asn Pro Asp Leu Leu lle Arg T
@W(@qugpvgﬁq (;@f@ugfeq 20 5pEgPKation circuit containing a SuperQ® ﬁller {Altech)

which adsorbs olefinic terpenes. The molecules were then eluted with 1 ml pentane and
analyzed by GC/MS. Figure 7 illustrates an example of chromatographic profile of volatile
molecules emiited by a transgenic plant. It shows that line #3877 expressing the Sh-zFPS
and 5h-SBS genes contained several new peaks with a molecular ion signature 93, 94, 121
and 204 characteristic of this class of sesquiterpenes. The chromatographic profile was
compared to that obtained on the exudate of TA517 tomato line which naturally produces
these compounds (Figure 7). The two profiles were identical and the mass spectrum of
each peak was identical to that of the peaks of the TAS517 line. The plants expressing the
two transgenes Sh-zFPS and Sh-SBS produced alpha-santalene, epi-beta-santalene, cis-
alpha-bergamotene, frans-alpha-bergamotene and endo-beta-bergamotene whereas the
transgenic lines having integrated the SA-SBS gene alone did not produce any of these
compounds. These results indicate that the presence of both genes is necessary for the
synthesis of sesquiterpenes of SB type. They confirm the data obtained in vifro with the
recombinant enzymes. In conclusion, the Sh-zFPS and Sh-SBS genes are responsible for
the biosynthesis of sesquiterpenes of tomato located at locus Sst2 described by van der

Hoeven er al., 2000.

2 PS gene polymorphism between S, lycopersicum and 8. habrochaites

The complete zFPS gene was amplified by PCR from genomic DNA of S. lycopersicum, S
habrochaites and TAS517 using the primers
ACCATGGGTTCTTTGGTTCTTCAATGTTGGA  (SEQ ID No. 9y  and
ACTCGAGATATGTGTGTCCACCAAAACGTCTATG (SEQ ID No. 10). Two products
were amplified in the two genomes, indicating that there are at least two copies of the gene
in the two genomes (Figure 8). One of the two products with a size of approximately 3000
nucleotides (band A) is common to the two genomes. The second product has a size of
approximately 2000 nucleotides (band C) in S. lycopersicum and approximately 2500
nucleotides (band B) in S. habrochaites. The profile of the TAS517 line is identical to that

of S. habrochaites. These results indicate that gene B specific of S habrochaites has been
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Ser Asn Phe Leu Leu Trp Gin Leu Ala Tyr Thr Glu Phe Tyr Phe Thr
260265270 Lys Thr Leu Phe Pro Asp Phe Gly Glu Glu Asp Leu Lys Glu
Ala lle 275280285 lle Asn Phe Gin Gin Arg His Arg Arg Phe Gly Gly His
Thr Tyr 290295300 <210> 3 <211> 2334 212> DNA <213> solarium

qg@&%ﬁ@@tﬁtﬂ%thea?%@{% i a§g GG 'ﬁ%aéfc Cxlo%agt-gjr(yi%‘ ”e T ik ALf c:ﬂrresponds to the

His Pro Lys 1015 tca tcc aat gc att tt€ cag aga tca sn
RHEGRemrgiswri?Bd0batincd bt mubammateggmcr@agehat BOS6FPS gene of S

FERIIREAT SR S MY NRALAGGYS ReDHISREY THE FLp,2enSer, z%to phism which

Asn Gly Phe 354045 gaa gat gca agg gat'aga ata agg gaaagt ttt g

Gre GabehEaoDtic s pta AT gongp e Hle Arg Glu Ser Phe Gly Lys vaI
Glu Leu 505560
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aga gca Arg Ala gga gtt Gly Val 210 tta cag aat gag ttc acg agg aat att
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tgg aag gaa ata ata Gly Glu Leu Cys Asp Trp Lys Glu lle lle 215220 agg
caa aat ggt tca tta ttt gat tca cca gcc act get gca get Arg Gin Asn Gly Ser

Leu PhWﬁépI@E[ %%é@lTﬁfﬁTh( 1©®ﬁlﬁgﬁétéégré3%igg§gglgﬁa |ﬁ14ocomprehensive

atc ttg caa caa cac aaa aat tgg gtt ccc act atg tat cca aca’aag816 lle Leu
G GInEg s Ay almEsirigviee giRreaTeienysipeodesorrddaty ol. 2, D.D.

eohicRI0 G0 R 010 ATRALI82 PALEH Gappiaded lle His Ser Leu
Leu Cys Leu Val Asp Thr Leu Gin Asn Leu Gly Val 275280285
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cat cgg cat ttt aaa tca gaa ata aag a%§ gct cta gat gaa ata tac912 His Arg

His Phe Lys Ser Glu lle Lys Lys Ala Ceu Asp Glu lle Tyr 290295300 agg
Ciaftif 199 caa caa aag aat gaa caa att tic tca aat gtc acc cat960 Page 4
—30563PC SEQ LIST ST25 Arg Leu Trp Gin Gin Lys Asn Glu Gin lle Phe

Ser Asn Val Thr His 305310315320 tgt gct atg gct ttt Cys Ala Met Ala Phe
1- /8w ihgr dop aduanECPIEPGIFSIYECFpRieR O35 ivgH it Bharaolitg Mg THT in
a celi G ALGME!FINAIRLORP 03 ahBaAEHTS Val Glu lle 360 tec1008

er

a) introducing into said cell a construct having an expression cassette comprising a
first gene encoding a Z Z-farnesyl diphosphate synthase (zFPS) with at least 80%
identity to SEQ ID No. 2 and a construct having an expression cassette comprising
a second gene encoding a SB synthase with at least 80 % identity to SEQ ID No. 4,

b) culturing the transformed cell in suitable conditions for the expression of said first
and said second genes; and,

¢} optionally, collecting 8B type sesquiterpenes or derivatives thereof contained in
said cell and/or in the culture medium;

wherein SB type sesquiterpenes are a mixture of sesquiterpenes composed mainly of
alpha-santalene, epi-beta-santalene, cis-alpha-bergamotene, irans-alpha-bergamotene and

endo-beta-bergamotene.

2- An isolated or recombinant protein having Z Z-FPP synthase activity and a sequence

with at least 80% identity to SEQ ID No. 2.

3- The protein according to claim 2, characterized in that its sequence corresponds to SEQ

1D No 2.

4- An jsolated or recombinant protein capable of producing a mixture of sesquiterpenes
composed mainly of alpha-santalene, epi-beta-santalene, cis-alpha-bergamotene, frans-
alpha-bergamotene and endo-beta-bergamotene from Z Z-FPP and having a sequence with

at least 80% identity to SEQ 1D No. 4.

5- An isolated or recombinant nucleic acid comprising a nucleotide sequence encoding a

protein according to claims 2 to 4.

6- An expression cassette comprising an isolated or recombinant nucleic acid according to

claim 5.

7- A vector comprising an isolated or recombinant nucleic acid according to claim 5 or an

expression cassetie according to claim 6.

8- A host cell comprising an isolated or recombinant nucleic acid according to claim 35, an
expression cassette according to claim 6, or a vector according to claim 7, wherein the

nucleic acid is heterologous.



A

10

15

30

35

atal056 lle gcal104 Ala tca caa ttg gct att gat cat gag aaa gat gac att ttg
gat aag att1152 Ser Gin Leu Ala lle ép His Glu Lys Asp Asp lle Leu Asp

9. Amﬁ'ﬁuﬂ%ﬁ%@’gﬂ% Aiaga Sg]_a éﬁqg-g 1 dh(?r %%%%]%Q&%gg\}%ﬁgielc acid

tca aaa aag Arg Met SerLys Lys 40 caa Glu Gin gag gtg
accopfiln i GrTa> aak BETgETIR 00y eistslindsn AinGly 395400 gasoetting to

claifiCh g ?%I%@g%g%é%iaﬁﬂ é‘%h@éé&%é—%ﬁéé@ acid is heterologous.

10~ The transgenic organism according to claim 9, characterized in that the organism is a

plant having glandular trichomes, preferably from the genus Nicotiana or Solanum.

11- A method for producing Z Z-farnesyl diphosphate (Z Z-FPP), or derivatives thereof
from IPP and DMAP in a cell having an IPP and DMAP source, comprising:
a) Introducing into said cell a construct having an expression cassette with a nucleic
sequence encoding a protein according to claim 2 or 3;
b) culturing the iransformed cell in suitable conditions for the expressicn of the gene;
and
c) optionally, collecting the derivative(s) thereof contained in said cell and/or in the

culture medivm.

12- Use of a protein according to claims 2 to 4, of a nucleic acid according to claim 3, of a
host cell according to claim 8§ or of a transgenic organism according to claim 9 or 10 for
preparing Z Z-FPP, alpha-santalene, epi-beta-santalene, alpha-bergamotene, beta-
bergamotene, and endo-beta-bergamotene or derivatives thereof such as alpha-santalol,

epi-beta-santalol, alpha-bergamotol, beta-bergamotol and Z Z-farnesol.

13- A cell or non-human transgenic organism, characterized in that the synthetic pathway
of SB type sesquiterpene is blocked by inactivation of the gene encoding a protein
according to claim 2 or 3, or of the gene encoding a protein according to claim 4, or both

genes.

14- Use of molecular markers comprising all or part of a nucleic acid with at least 80 %
identity to SEQ ID No. 1 or SEQ ID No. 3 for identifying a genomic polymorphism
between S. habrochaites and species of the Solanum type that are sexually compatible
with S. habrochaites so as to control the introgression of the corresponding genes in said

species.
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ttt tat acc ata tct gat cta gca gaa aat aga aga tgt ata aag tcal296 Phe Tyr
Thr lle Ser Asp Leu Ala Glu Asn Arg Arg Cys lle Lys Ser 420425430 tac
gaa gag aac aat ttt aaa Tyr Glu Glu Asn Asn Phe Lys 435 atc tta aaa lle
Leu Lys 440 gca gct tat agg tca Ala Ala Jyr Arg Ser 445 cct1344 Pro  tta

1 fgtsaagerdhn iewBys Gin Ala-Bin 465 SAUERTRPRIRR A1 %%ﬁré@%?%%{nprise the

GUI Leu 470 caa caa ttc GIn Gin Phe 475 aag agg tgg1440 Lys
nyGglc sequences corresponding te SEQ ID No. 9 ard 10.

16-. A method consisting of introducing the zFPS gene encoding a zFPS with at least 80 %
identity to SEQ ID No. 2 and the SBS gene encoding a SB synthase with at least 80 9%
identity to SEQ ID No. 4 in a species not sexually compatible with Solonum habrochaites

by protoplast fusion.

17- A method for producing Z.7-farneso} by dephosphorylation of Z.7-FPP obtained

according to the method of claim 11 by a phosphatase.



a gat tat aga ttg gac caa Phe Glu Asp Tyr Arg Leu Asp Gin 485 ctc
gtggaLeg Gly 49% attgg%a gaa cga lle Ala Glu Arg tat atal488 Tyr lle 495
cat gat act His Asp Thr tcc gat gct Ser Asp Ala 515 gtc gat gat Val Asp
Asp 530 tac tta tgt gct gtt att gtt Tyr Leu Cys Ala Val lle Val 500 505 cgt
ctc ttg tac gcg aaa tac Arg Leu Leu Tyr Ala Lys Tyr 520 cag ttc gac agt ttt

gca tct Gin Phe Asp §§¢5§E}£€§9§§§¢§§§ LIST sT25

<110> LIBROPHYT

<120> GENES ENCODING Z,Z-FARNESYL DIPHOSPHATE SYNTHASE AND A SESQUITERPENE
SYNTHASE WITH MULTIPLE PRODUCTS AND USES THEREOF

<130> BOS63pPC
<160> 10

<170> Patentin version 3.3

<210> 1
<Z211> 912
<212> DNA

<Z213> solanum abutiloides

<220>
<221> DS
<222> (1)..(912)

<400> 1

atg agt tct ttg gtt ctt caa tgt tgg aaa tta tca tet cca tct ctg 48
Met Ser Ser Leu val Leu GIn Cys Trp Lys Leu Ser Saer Pro Ser Leu

1 5 10 15

att tta caa caa aat aca tca ata tce atg g%t gca ttc aaa ggt att 13
Ile Leu GIn Gln Asn Thr Ser Tle ger Met Gly Ala Phe Lys Gly Ile
20 5 30

cat aaa Cctt caa atc cca aat tca cct Ctg aca gtg tct got cot g%a 144
H1s Lys Leu GIn Ile Pro Asn Ser Pro Leu Thr val Ser Ala Arg Gly
35 40 45

CtC aac aag att tca tge tca ctc agc tta caa acc gaa aaa Cctt tgt 192
Leu Asn Lys Ile Ser Cys Ser Leu Ser Leu Gln Thr Glu Lys Leu Cys
50 55 60

tat gag gat aat gat aat gat ctt gat gaa gaa ctt atg cct aaa cac 240
Tyr Glu Asp Asn Asp Asn Asp Leu Asp Giu Glu Leu Met Pro Lys His
G5 70 75 80

att gct ttg ata atg gat g%t aat agg aga tgg gca aag gat aag g?t 288
ITie Ala teu Ile Met Asp G Y Asn Arg Agg Trp Ala Lys Asp Lys Gly
85 9 95

tta gac gta tcc gaa ggt Cac aaa cat ctc ttt cca aaz tta aaa gag 336
Leu Asp val ser Glu Gly His Lys His Leu Phe Pro Lys Leu Lys Glu
160 105 110

att tgt gac att tct tct aaa ttg gga ata caa gtt atc act gct ttr 384
TIle Cys Asp Ile ser ser Lys Leu Gly Ile GIn val Ile Thr Ala Phe
115 120 125

gca ttc tct act gaa aat tgg aaa Cga gCC aag ggg gag gtr gat tte 432
Ala Phe Ser Thr Glu Asn Trp Lys Arg Ala tys Gly Glu val Asp Phe
130 135 140

ttg atg caa atg ttc gaa gaa cte tat gat gag trt tcg agg tct gga 480
Leu Met GIn Met Phe Glu Glu Ley Tyr Asp Glu Phe Ser Arg Ser Gly
145 150 155 160

gta aga gtg tct att att g?t tgt aaa acc gac ctc cca atg aca tta 528
val Arg val ser Ile Ile G Y Cys Lys Thr Asp Leu Pro Met Thr Leu
165 170 175
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caa
Gin

ctt
Leu

caa
Gln

gta
val
225

tgt
cys

agt
ser

ddd
Lys

ata
Ile

aaa
LYys

CaC
His

gca
Ala
210

gaa
Glu

cCa
Pro

aac
Asn

aca
Thr

aac
Asn
290

<210>
<Z211>
<Z212>
<213>

<400>

535 gtc ccc gag cct Val Pro GUI Pro 510 gtc ttg ctc ctg Val Leu Leu Leu
525 aca gat gaa tgt Thr Asp Glu Cys 540 gca agt gta ggt tat1680 Ala Ser
val Gly Tyr 560 ttg tac aaa tca atal728 Leu Tyr Lys Ser Ilg 575 B0O563PC
SEQ LIST ST25 Glu Glu Leu Val Thr lle Ala Glu lle Lys Gin Gly Arg Ser
Val Lys 580585590 aat cac ctt ctt aat ttg Asn His Leu Leu Asn Leu 595

¥ 5 Lys L
tgg Cthga &egg gig ag&ttgﬁ%ﬁé &tgﬁl@ﬂﬁ@g@??ﬁ Leuvallysieu
rn@tLBlb Ghr Glu Gég Thr Thr Lys Gly é;g Lys G?y

1

CLt gtg attr gca cta aac tat g?t ggc tat tat gac ata ttg 624
Leu Val Ile Ala Leu Asn Tyr Gly Gly Tyr Tyr Asp Ile Ley
195 200 205

aCa aaa agc art gtt aat aaa gca atg aat ggt tta tta gat 672
Thr Lys Ser Ile val Asn Lys Ala Met Asn Gly Leu Leu Asp
215 220

gat 4atc aac aag aat tta ttt gat caa gaa ctt gaa age aag 720
Asp Ile Asn Lys Asn Leu Phe Asp Gin Glu Leu Glu Ser Lys
230 235 240

aat cct gat tta ctt ata agg aca gga ggt gat caa aga gtt 768
Asn Pro Asp Leu Leu Ile Arg Thr Gly Gly Asp Gln Arg val
245 250 255

Trt ttg t1g tgg caa ttg gcot tat act gaa Tt tac ttc acc 816
Phe Leu Leu Trp GIn Leu Ala Tyr Thr Glu Phe Tyr Phe Thr
260 265 270

Ttg TTTt cct gat ttt gga gag gaa gat ctt aaa gag gca ata 864
L;u Phe Pro Asp Phe Giy Glu Glu Asp Leu Lys Glu ala ITe
275 280 285

Tttt caa caa agg cat aga cgt ttt ggt g?a cac aca tat tga 912
Phe Gin GIn Arg His Arg Arg pPhe Gly Gly His Thr Tyr
295 3C0

2

303

PRT

SoTanum abutiloides

2

Met Ser Ser bteu val Leu Gln Cys Trp Lys Leu Ser Ser PBro Ser Leu
1

Ile

His

Leu

Tyr

65

Ile

Leu

Leu

Lys

Asn

50

Glu

Ala

Asp

5 10 15

Gln Gin Asn Thr Ser Ile ser Met Gly Ala Phe Lys Gly Ile
20 25 30

Leu Gln Ile Pro Asn Ser Pro Leu Thr val ser ala Arg Gly
35 490 45

Lys Ile Ser Cys Ser Leu Ser Leu Gln Thr Glu Lys Leu Cys
55 60

ASp Asn Asp Asn Asp Leu Asp Glu Glu Leu Met Pro Lys His
70 75 80

Leu Ile Met Asp Gly Asn Arg Arg Trp Ala Lys Asp Lys Gly
85 90 a5

val Ser Glu Gly His Lys His Leu Phe Pro Lys Leu Lys Glu
100 105 110
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tat ttg tat gtt aca tct ata aca ttt ggt Tyr Leu Tyr Val Thr Ser lle Thr Ph_e Gly
625 630 gca aga ttg Ala Arg Leu 635 aca aca Thr Thr caa tat ttt Gin Tyr
Phe 645 ctt gga ata aaa ata tcc gaa gat att Leu Gly lle Lys lle Ser Glu Asp

le Tyr
lle 650 tta Leu 655 gaal968 Glu agt gat gaa ata tat Ser Asp Glu |

” eu C%ys Asn Cys Thr Gly Arg 665
LIST ST25

ITe GIn val Ile

660 ggt tta tgc aac tgt acc
Ile Cysggﬁguﬁaalbeu @ZQ(ﬂyQZQ%
1

Ala Phe sep
130

Leu Met GTn
145

val Arg val

GiIn Lys Cys

Leu His iLeu
195

Gin Ala Thr
210

val Glu Asp
225

Cys Pro Asn

Ser Asn Phe

Lys Thr Leu
275
Tle Asn Phe
290
<210> 3
<211> 2334
<Z212> DNA
<213>
<220>
<221> (Cpbs
<222> (1)..
<400> 3
atg ata gtt
Met Ile val
1

cta ggc aat
Leu Gly Asn

tgt aga gta

Thr Gluy
Met phe

Ser Ile
165

Ile Ala
180

val 1le
Lys Sep
Ile Asn

Pro Asp
245

Leu Leu
260

Phe Pro

Gln GIn

(2334)

ggc tat
Gly Tvyr
5

ggg aaa
Gly Lys
20

aga tgc

Asn

Gly

156

Ile

L.eu

Ala

Ile

Lys

L.eu

Trp

ASp

Arg

aga
Arg

aca
Thr

agce

Gly

Thr

Leu

val

215

Asn

Leu

Gin

Phe

His
295

sotanum habrochaites

agc
Sepr

att
Ile

cac

Lys

Leu

Cys

Gy

Asn

200

Asn

Leu

Ile

Leu

Gly

Arg

aca
Thr

tca
Ser

agr

:

g
0

i

Arg

Tyr

Lys

Glu

185

Tyr

Lys

Phe

Arg

Ala

265

Glu

Arg

arc
Ile

tece
ser
25

ace

O

695
9

Ala Lys

Asp Glu

Thr Asp
170

Thr Thr

Gly Gly

Ala Met

Asp Gln
235

Thr Gly
250

Tyr Thr

Glu Asp

Phe Gly

ata acc
Ile Thr
10

aat gca
Asn Ala

CCt tca
Page 3

Gly

140

Pha

Ley

Lys

Ty

Asn

220

Glu

Gly

Glu

Leu

ctt
Leu

att
Ile

tca

125

Glu

Ser

Pro

Gly

Tyr

205

Gly

Leu

ASp

Phe

Lys

His

tct
Ser

Tee
Phe

atg

Thr aAla pPhe

vai

Arg

MeT

Ash

180

ASp

Leu

Glu

GIn

Tyr

270

Glu

Thr

cat
His

cag
Gn
30

aat

ASD

Ser

Thr

175

Lys

Ile

lLeu

Ser

Arg

Phe

Ala

Tyr

cet
Pro
15

aga
Arg

ggr

Phe

Gly

Leu

ASp

Thr

aag
Lys

tca
ser

ttc

48

96

144



aaa gat ata ttt tgg agg Lys Asp lle Phe Trp Arg 740 aca agc aac tgg gct
gat ttc Thr Ser Asn Trp Ala Asp Phe 745 att tat lle Tyr 750 tta2256 Leg
caa act gat gga tat aga att gca gag gaa atg aag aaft cac att gat2304 Gin
Thr Asp Gly Tyr Arg lle Ala Glu Glu Met Lys Asn His lle A_sp 755760765
<210> 4 <211> 777 <212> Pic <213> Solanum habrochaites <400> 4 Met

Cys Arg II@aVa,L@IyCWr Arg Ser TR IR TR a%d eé E;% $3ro§ I;)r/%égé 15 Leu Gly

A¥n Gly Lys Thr lle Ser &er Asn Ala I8 Pha 6 Cys Arg
Pro Ser Ser met Asn Gly Phe
gaa gat Vg%a’“ﬁ%&%%ts%r ng%er Thrgaa agt Tttt ggg aaa g¥a gag tia 192
Glu Asp Ala Arg Asp Arg Ile Arg Glu Ser pPhe Gly Lys val Glu Leu
50 55 60
LCt cCt tet tec tat gac aca gca tgg gta gCt atg gtc cct tea aaa 240
Ser Pro ser Ser Tyr Asp Thr Ala Trp val Ala Met val Pro Ser Lys
65 70 75 80
cat tca cta aat gag cca tgt ttt cca caa tgt ttg gat tgg att att 288
His Ser Leu Asn Glu Pro Cys Phe Pro Gln Cys Leu Asp Trp Ile Ile
85 90 95
gaa aat caa aga gaa gat gga tct tgg g?a cta aac cct agc cat cca 336
Glu Asn Gln Arg Glu Asp Gly ser Trp Gly Leu Asn Pro Ser MHis Pro
100 105 110
ttg ¢tt Cic aag gac tca ¢t tct Toe act ot gca tgt ttg ctt gea 384
Leu Leu Leu Lys Asp Ser Leu Ser Ser Thr Leu Ala Cys Leu Leu Ala
115 120 125
Cta acc aaa tgg aga gtt g?a gat gag caa atc aaa aga g?c ctt g?c 432
Leu Thr Lys Trp Arg val Gly Asp Glu Gln Ile Lys Arg Gly Leu Gly
130 135 140
Lt att gaa acc cag agt tgg geca att gat aac aag gatr caa attr tca 480
Phe Ile Glu Thr Gln ser Trp Ala Tle Asp Asn Lys Asp Glin Ile Ser
145 150 155 160
Cct cta gga ttt gaa att ata ttt ccc agt atg atc aag tct gca gaa 528
Pro Leu Gly Phe Glu Ile Ile phe Pro Ser Met Ile Lys Ser Ala Glu
165 170 175
daa cta aac tta aat cta gca att aac aaa aga gat tca aca att aaa 576
Lys Leu Asn Leu Asn Leu Ala Ile Asn Lys Arg Asp ser Thr Ile Lys
180 185 190
d4ga gca tta cag aat gag ttc acg agg aat att gaa tat atg agt gaa 624
Arg Ala Leu GIn Asn Glu Phe Thr Arg Asn Ile Glu Tyr Met Ser Glu
195 200 205
gga gtt ggt gaa tta tgt gat tgg aag gaa ata ata aag tta cat caa 672
Gly val Gly Glu Leu Cys Asp Trp Lys Glu Ile Ile Lys Leu His Gln
210 215 220
agg caa aat ggt tca tta ttt gat tca cca gcc act act gca get gcc 720
Arg GIn Asn Gly Ser Leu Phe Asp Ser Pro Ala Thr Thr Ala Ala Ala
225 230 235 240
Ttg att tac cat cag €at gat aaa aaa tgc tat gaa tat ctt aat tca 768
Leu Ile Tyr His Gln His Asp Lys Lys Cys Tyr Glu Tyr Leu Asn Ser
245 250 255
atc ttg caa caa cac aaa aat tgg gtt cce act atg tat cca aca aag 816
Ite Leu GIn Gln His Lys Asn Trp val Pro Thr Met Tyr Pro Thr Lys
260 265 270
ata cat tca tig ¢ttt tgc ttg gtt gat aca Ctt caa aat ctt g?a gta 864
Ile His Ser Leu Leu Cys Leu val Asp Thr teu Gln Asn Leu Gly val
275 280 285
cat cgg cat ttt aaa tca gaa ata aag aaa gct cta gat gaa ata tac 912
His Arg His Phe Lys Ser Glu Ile Lys Lys Ala teu Asp Glu Ile Tyr
290 295 300
4gg cta tgg caa caa aag aat gaa caa att ttc tca aat gtc acc cat Se0
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Arg
305

tgt
Cys

tca
ser

agt
Ser

tca
Ser

aac
Asn
385

ttc
Phe

Tttt
Phe

tac
Tyr

aacC
Asn

tta
Leu
465

ttt
Phe

cat
His

tcc
Ser

gtc
val

atc
Ile
545

dadad
Lys

gag

Page 6 35 B0563PC SEQ LIST ST25 4045 Glu Asp Ala Arg Asp Arg lle
Arg Glu Ser Phe Gly Lys Val Glu Leu 505560 Ser Pro Ser Ser Tyr Asp Thr
Ala Trp Val Ala Met Val Pro Ser Lys 65707580 His Ser Leu Asn Glu Pro
Cys Phe Pro Gin Cys Leu Asp Trp lle lle 859090?538 ﬁsn (L3|n ﬁrag (EI;JSAsp
Gly Ser Trp Gly Leu Asn Prq Ser His Pro 1001 eu Leu Leu
cessmserian ST SERK O A AR aLzg1zB o T
Lys Trp Arg VaBBly Asp Glu Gin lle Ly Arg Gly Leu Gly 130 35140 e

i in lle Ser
llggly, Ihr.Gin Sar Lip Ala lle Asp Asn Lys Asp Gin | o8
gﬁgl&%ﬁéﬂlé go L Gly ggﬁ% %ﬁa Igﬁle%ﬁe-ﬁ?ﬁogér fist f3ys Seid
Ala Glu 1635470175 Lys Leu Asn B&@ Asn Leu Ala lle Asaisys Arg Asp Ser

i rg Asn lle Glu
gat Tdwdle tys,28048519Q %é%ﬁﬂ-%ﬂg'Eaé‘sgag"éte:h%t-rthrgéagata 1056
ASDW@&MME&QS@ﬁ@HGTB9BQQ Asp Glu Glu His pPhe phe Ala Tle
40 345 350
ggg aaa tat aca agt cat gtt gaa att crt gaa ctc cac aaa gea 1104
Gly Lys Tyr Thr Ser Wis val Glu Ile Leu Glu Leu His Lys Ala
355 360 365
caa ttg get att gat cat gag aaa gat gac att ttg gat aag att 1152
GIn Leu Ala Ile Asp His Glu Lys Asp Asp Ile iLeu Asp Lys Ile
370 375 380
aat tgg aca aga aca ttt atg gag caa aaa cte tta aac aat ggc 1260
Asn Trp Thr Arg Thr phe Met Glu GIn Lys Leu Leu Asn AsSn Gly
380 395 400
ata gat agg atg tca aaa aag gag gtg gaa ctt gct ttyg agg aag 1248
Ile Asp Arg Met Ser Lys Lys Glu val Glu Leu Ala Leu Arg Lys
405 410 415
tat acc ata tct gat cta gca gaa aat aga aga tgt ata aag tca 1296
Tyr Thr Ile ser Asp Leu Ala Glu Asn Arg Arg Cys Ile Lys Ser
420 425 430
gda gag aac aat ttt aaa atc tta aaa gca gCct tat agg tca cct 1344
Glu Glu Asn Asn Phe Lys Ile Ley Lys Ala Ala Tyr Arg Ser Pro
435 440 445
att rac aat aag gac ttg ttt ata ttt tca ata CgC aac tit gaa 1392
Ile Tyr Asn Lys Asp Leu Phe Tle phe Ser Ile Arg Asn Phe Glu
450 455 460
tgC caa gct caa cac caa gaa gaa ctt caa caa titc aag agg tgg 1440
Cys GIn Ala GIn #is GIn Glu Glu Leu Gln Glin Phe Lys arg Trp
470 475 480
gaa gat tat aga ttg gac caa ctc g%a att gca gaa cga tar ata 1488
Giu Asp Tyr Arg Leu Asp Gin Leu G y I'te Ala Glu Arg Tyr Ile
485 490 495
gat act tac tta tgt gct grt att grt gtc ccc gag cct gaa tta 1536
Asp Thr Tyr Leu Cys Ala val ITe val val Pro Glu Pro Glu Leu
500 505 510
gat gct cgt ctc ttg tac gcg aaa tac gtc ttg ctc ctg act att 1584
Asp Ala Arg Leu Leu Tyr Ala Lys Tyr val Leu Leu Leu Thr Ile
515 520 525
gat gat cag tic gac agt ttt gca tct aca gat gaa tgt cte aac 1632
ASp Asp GIn Phe Asp Ser Phe Ala Ser Thr Asp GTu Cys Leu Asn
530 535 340
att gaa tta gta gaa agg tgg gat gac tat gca agt gta ggt tat 1680
Ile Glu Leu val Glu Arg Trp ASp Asp Tyr Ala ser val Gly Tyr
550 555 560
TCt gag aag gtt aaa ¢gtt ttc ttt tca act ttg tac aaa tca ata 1728
Ser Glu Lys val Lys val Phe Phe Ser Thr Ley Tyr Lys Ser Ile
565 570 575
gag Cctt gta aca att gct gaa att aaa caa Gga cga tct gtc aaa 1776
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Glu

aat
Asn

gaa
Giu

tat
Tyr
625

aca
Thr

agt
Ser

atc
ile

gta
val

ata
Ile
705

aaa

Lys

aaa
Lys

caa
Gin

gaa
Glu

Gly Val Gly Glu Leu Cys Asp Trp Lys Glu lle lle Lys Leu His Gin
210215220 Arg Gin Asn Gly Ser Leu Phe Asp Ser Pro Ala Thr Thr Ala Ala
Ala 225230235240 Leu lle Tyr His Gin His Asp Lys Lys Cys Tyr Glu Tyr
Leu Asn Ser 245250255 lle Leu Gin Gin His Lys Asn Trp Val Pro Thr Met
Tyr Pro Thr Lys 260265270 lle His Ser Leu Leu Cys Leu Val Asp Thr Leu

i Ley Gly.ya 5Aq ISR H TPﬁEZEys Ser Glu lle Lys Lys
Gm%&f&%%\?& GI%Li eLT?yr %6&5 AF@ ¥r6r@|r§§§ @&Js ‘A& Glu Gin
lle,Phe Ser Asn val Thr His Page 7 B0O563PC SEQ LIST ST25

cac

3 1 srAfa Mgt g P FPLELEAR Q\/I‘é‘t%@ftg’yr Tyrl&ap

" S\Eﬂ%ﬁr 32%%%%%5 Serixésép%g% Lg% ﬁgéﬁ/j% §5 ﬁ\sp GGl His
Pghd%Aal Il 340t345350 Ser G s Tyr Thr Ser His val Glu lle Leu

RCRE b e CLéﬁdA@gﬁeﬁsgngs@a Lys A5

610 Asp lle Leu Asp Ly§1L‘é 370375380 Asn Asizdrp Thr Ar he Met Glu
trg GlkLysdavd quAsR Asnp Gl . gyt gca aga ttg att cct cte 1920

Leu Tyr val Thr ser Ile Thr phe Gly Ala Arg Led Ile Pro Leu
630 635 640

aca caa tat ¢ttt ctt g%a ata aaa ata tcCc gaa gat att tta gaa 1968
Thr Gin Tyr Phe Leu Gly Ile Lys Ile Ser Glu Asp Ile teu Glu
645 650 655

gat gaa ata tat g?t tta tgc aac tgt acc ggt aga gtc ctt cga 2016
Asp Glu ITe Tyr Gly Leu Cys Asn Cys Thr Gly Arg val Leu Arg
660 665 670

CXt aat gat tta caa gat tcc aag aaa gaa caa @ag gag gac tca 2064
Leu Asn Asp Leu GIn Asp Ser Lys Lys Glu GlIn Lys Glu Asp ser
675 680 685

act ata gtc aca tta cta atg aaa agt atg tct gag gaa gaa get 2112
Thr Ite val Thr Leu Leu Met Lys Ser Met Ser Glu Glu Glu Ala
690 695 700

atg aag ata aag gaa atc ttg gaa atg aat aga aga gag tta ttyg 2160
Met Lys Ile Lys Glu Ile Leu Glu Met Asn Arg Arg Glu Leu Leyu
710 715 720

atg gtt tta gtt caa aaa aag g%a agc caa ttg cct caa ata tgce 2208
Met val teu val GIn Lys Lys Gly Ser Gln Leu Pro Gln Ile Cys
725 730 735

gat ata tit tgg agg aca agc aac tgg gct gat ttc atr tat tta 2256
Asp I'le Phe Trp Arg Thr Ser Asn Trp Ala Asp Phe Ile Tyr Leu
740 745 750

act gat g%a tat aga att gca gag gaa atg aag aat cac att gat 2304
The Asp Gly Tyr Arg Ile A13 Glu Glu Met Lys Asn His Tle Asp
755 76 765

gtc ttt tac aaa cca ctc aat cat taa 2334
val phe Tyr Lys Pro Leu Asn His
770 775

<210> 4

<21l> 777

<212> PRT

<213> Solanum habrochaites

<400> 4

Met
1

L.eu

Ite val Gly Tyr Arg Ser Thr Ile Tle Thr Leu Ser His Pro Lys
5 10 15

Gly Asn Gly Lys Thr ITe ser Ser Asn Ala Tle phe Gln Arg Ser
20 25 30

Cys Arg val Arg Cys Ser His Ser Thr Pro Ser Sar Met Asn Gly Phe
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385390395400 Phe lle Asp Arg Met ser Lys Lys Glu Val Glu Leu Ala Leu
Arg Lys 405410415 Phe Tyr Thr lle Ser Asp Leu Ala Glu Asn Arg Arg Cys
lle Lys Ser 420425430 Tyr Glu Glu Asn Asn Phe Lys lle Leu Lys Ala Ala
Tyr Arg Ser Pro 435440445 Asn lie Tyr Asn Lys Asp Le_u Phe lle Phe Ser
lle Arg Asn Phe Glu 450455460 Leu Cys GIn Ala Gin His Gin Glu Glu Leu
Gip Gin Phe Lys Arg Trp,485295475880'PRE & @i\sp Tyr Arg Leu Asp
GIn Leu Gly lle Ala Glu Arg Tyr lle 48549039855|130Assp W’Iw TX\TaL,(z\lrngLyesu
e \al Pro Glu Pra Glu Leu 50 er Asp :
ot éépfﬁ%&%‘;%ﬁéﬁyg %yréj\g& ALE% quliﬂ C&l ThF |@i§1§5§o‘é’*j5 R/ A8p Asp Gin
Phe Asp Ser Phe Ala Ser Thr Asp Glu Cys Leu Asn 530535540 lle lle Glu

45550555560 Lys

Lesrvak Gy Arg SPASP Y @% r‘VNgI Gj\}/ Tyr 5

65 S%rkGlu Lysﬁ/az(%{/%al Phe Ek}]ée @er zﬁ Leu Ty Lyd Seifie 5570575
30563PC SEQ LIST 5T25 580585590

His Ser Leu Asn Glu Pro Cys Phe Pro Gln Cys Leu ASp Trp Ile Ile
85 30 95

Glu Asn Gln Arg Glu Asp Gly ser Trp Gly Leu Asn Pro Ser His Pro
100 105 110

Leu Leu Leu Lys Asp Ser Leu Ser Ser Thr Leu Ala Cys Leu Leu Ala
115 120 125

Leu Thr Lys Trp Arg val Gly Asp Glu GIn I7e Lys Arg Gly teu Gly
130 135 140

Phe ITe Giu Thr Gln ser Trp Ala ITe Asp Asn Lys Asp GIn Ile ser
145 150 155 160

Pro Leu Gly Phe Glu ITe 1le Phe Pro Ser Met Tle Lys Ser Ala Giu
165 170 175

Lys Leu Asn Leu Asn Leu Ala Ile Asn Lys Arg Asp Ser Thr ITe Lys
180 185 190

Arg Ala Leu GIn Asn Giu Phe Thr Arg Asn Ile Glu Tyr Met Ser Glu
195 200 205

Gly val Gly Glu Leu cys ASp Trp Lys Glu Ile Ile Lys Leu His Gln
210 215 220

Arg Gln Asn Gly Ser Leu phe Asp Ser Pro Ala Thr Thr ala Ala Ala
225 230 235 240

Leu Ite Tyr His GIn His ASD Lys Lys Cys Tyr Glu Tyr Leu Asn Ser
245 250 255

Ile Leu GIn GIn His Lys Asn Trp val Pro Thr Met Tyr Pro Thr Lys
260 265 270

Ile His Ser Leu Leu Cys Leu val Asp Thr Leu GIn Asn Leu Gly val
275 280 285

His Arg His Phe Lys Ser Glu Ile LYS tys Ala Leu Asp Glu Ile Tyr
290 285 300

Arg teu Trp Gln GIn Lys Asn Glu 6In Tle Phe Ser Asn val Thr His
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Asn His Leu Leu Asn Leu Trp Leu Glu Leu Val Lys Leu Met Leu Met

595600605 Glu Arg Val Glu Trp Phe Ser Gly Lys Thr lle Pro Ser lle Glu

Glu 610615620 Tyr Leu Tyr Val Thr Ser lle Thr Phe Gly Ala Arg Leu lle

Pro Leu 625630635640 Thr Thr GIn Tyr Phe Leu Gly lle Lys lle Ser Glu

Asp lle Leu Glu 645650655 Ser Asp Glu lle Tyr Gly Leu_ Cys Asn Cys Thr

Gly Arg Val Le#lﬁ\\rg 6606696 %0Pfe Ty INST ASP2Eeu Gin Asp Ser Lys Lys
u

30> Glu Gin Lys GIu Asp Ser 675680685 Val Thr lle Val Thr Leu BEYU Met Lys
Ser Met Ser Glu Glu Glu Ala 690695700 Ile Met Lys lle Lys Glu lle Leu .
Cys Ala T nﬁ‘iﬁA%@fA’%@gAlL&‘GlheEeﬁﬂ_ge@ SEI0T15720°LY5ME Vaereu Val Gin

Lys Lys Gly Ser Gin Leu Pro Gin'lle Cys 725730735 Lys Asp lle Phe Trp

Thr Ser Asn Trp Ala Asp Pile lle Tyr Leu 740745750 Gin Thr Asp Gly
hse %K/Q#A%é&eﬁ St B Vet (V8 ASH Fﬁﬁmé’h%ﬁ%s?;@%% Glifval Pile
Tyr Lys Pro Leu Asn His 770775 <210> 5 <211> 31

Ser Gly Lys Tyr Thr ser His val Glu Ile Leu Glu Leu His Lys Ala
355 360 365

Ser

ser Gln teu Ala Ile Asp His Glu Lys Asp Asp Ile Leu Asp Lys Ile
370 375 380

Asn Asn Trp Thr Arg Thr phe Met Glu Gln Lys Leu Leu Asn Asn Gly
385 380 395 400

Phe Ile Asp Arg Met Ser Lys Lys Glu val Glu Leu Ala Leu Arg Lys
405 410 415

Phe Tyr Thr Ile Ser Asp Leu Ala Glu Asn Arg Arg Cys Ile Lys Ser
420 425 430

Tyr Glu Glu Asn Asn phe Lys ITe Leu Lys Ala Ala Tyr Arg ser Pro
435 440 445

Asn Ile Tyr Asn Lys Asp Leu Phe Ile Phe Ser Ile Arg Asn Phe Glu
450 455 460

Leu Cys Gin Ala Gln His Gln Glu Glu Leu Gln G1n Phe Lys Arg Trp
465 470 475 480

Phe Glu Asp Tyr Arg Leu Asp GIn Leu Gly Ile Ala Glu Arg Tyr Ile
485 490 495

His Asp Thr Tyr Leu Cys Ala val ITe val val pPro Glu Pro Glu Leu
500 505 510

Ser Asp Ala Arg Leu Leu Tyr Ala Lys Tyr val Leu Leu Leu Thr Ile
515 520 525

val Asp Asp GIn Phe Asp Ser Phe Ala ser Thr Asp Glu Cys Leu Asn
530 535 540

Ile Ile Glu teu val Glu Arg Trp Asp Asp Tyr Ala Ser val Gly Tyr
545 550 555 560

tys Ser Glu Lys val Lys val phe Phe Ser Thr Leu Tyr Lys Ser Ile
565 570 575

Glu Glu Leu val Thr Ile Ala Glu IlTe Lys Gln Gly Arg Ser val Lys
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<212> DNA <213> artificial sequence <220> <223> primer <400> 5

accatggagtt ctttggttct tcaatgttgg a31 <210> 6 <211> 34 <212> DNA <213>

artificial sequence <210> 7 <211> 31 <212> DNA <213> artificial

sequence <220> <223> primer <400> 7 tccatggtag ttggc a ag aagcacaatc

a3l <210> 8 <211> 34 <212> DNA <213> artificial sequence <220>

<223>pgHmer <400> 8

ASn H1s Leu Leu Asn Leu Trp

Glu Arg
610

Tyr Leu
625

Thr Thr

Ser Asp

Ile Leu

val Thr
690

ITe Met
705

Lys Met

Lys Asp

Gin Thr

Glu val
770

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

<220>
<223>

<400

585

Val

Tyr

Gln

Glu

ASn

675

Ite

Lys

val

Ife

Asp

755

Phe

5
31
DNA

Glu

val

Tyr

Ile

660

Asp

val

Ile

t.eu

Phe

740

Gly

Tyr

Trp

The

Phe

645

TV

Leu

Thr

Lys

val

725

Trp

Tyr

Lys

Phe

Ser

630

Leu

Gly

Gln

Leu

Glu

710

Gin

Arg

Arg

Pro

BOS63PC SEQ LIST ST25

Lay
600

585

Glu

Ser Giy Lvs

615

Ile

Gly

Leu

Asp

Ley

695

Ile

LysS

Thr

Ile

Leu
775

artificial sequence

primer

5

Thr

Iie

Cys

Ser

680

Met

Leu

Lys

Ser

Ala

760

Asn

Phe

LYS

ASH

665

Lys

Lys

Glu

Gly

ASTi

745

Glu

His

accatgggrt ctrttggttct tcaatgttgg a

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

6
34
DNA

artificial sequence

Leu vatl

Thr 17e

Gly Ala
635

Ile ser
650

Cys Thr

Lys Glu

Ser Met

Met Asn

715

Ser Gln
730
Trp Ala

Glu Met

Page 9

Lys

Pro

620

Arg

Giu

Gly

Gin

Ser

700

Arg

Leu

ASp

Lys

Ley

605

ser

Leu

Asp

Arg

Arg

Pro

Phe

AsSn
7G5

590

Met

Ile

Ile

val

670

Glu

Glu

Glu

Glin

Ile

750

His

Leu

Glu

Pro

Leu

655

Leu

Asp

Glu

Leu

Ile

735

Tyr

Ile

Met

Glu

Leu

640

Arg

Ser

Ala

Leu

720

Cys

Leu

Asp

31



tctcgagcat aaattcaaat tgagggatta atga34 <210> 9 <211> 31 <212> DNA
<213> artificial sequence <220> <223> primer <400> 9 accatgggtt
ctttggttct tcaatgttgg a31 <210> 10 <211> 34 <212> DNA <213> artificial
sequence <220> <223> primer <400> 10 actcgagata tgtgtgtcca
ccaaaacgtc tatg34
<220>
<223> primer

<400> &
actcgagata tgtgtgtcca ccaaaacgtc tatg

BOS63PC SEQ LIST ST25

<210> 7

<Z211> 31

<Z212> DNA

<213> artificial sequence
<220>

<223> primer

<400> 7

tccatggtay ttggotatag aagcacaatc a

<210> &

«<211> 34

<212> DRNA

<213> artificial sequence
<220>

<223> primer

<400> 8§

tCtcgagcat aaattcaaat tgagyggatta atga

<210> 9

<211> 31

<212> DNA

<213> artificial sequence

<220>
<223> primer

<400> 9
accatgggtt ctritggrict tcaatgttgg a

<210> 10

<211i> 34

<212> DNA

<213> artificial sequence
<220>

<223> primer

<400> 10

actcgagata tgtgtgtcca ccaaaacgtc tatg
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