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1 GENES ENCODING Z,Z-FARNESYL DIPHOSPHATE SYNTHASE

AND A SESQUITERPENE SYNTHASE WITH MULTIPLE PRODUCTS

AND USES THEREOF 5 Field of the Invention The present invention

relates to two genes responsible for the synthesis of a mixture of

SesquIeTRSIEN @O IV h i 21 Fa, RNPSYR DUPFMUSFHNUDEBISNTHARE AND A

OrgamWSOYBUER BE NI SENE yastsvaimaiael T BrdiDBRBDIICTS AND USES

Introduction Terpenes are moleculesrEagesin all living organisms such

as bacteria, fungi, animals and plants. They form the largest class of

Pl alfpredusisdiidine living world. In plants, these molecules play a role

in primary metabolism as hormones (gibberellins, 15 cytokinins,

brassinosteroids and abscisic acid) or as compounds involved in.

Photpsynthesisc{taiotelaricso chloroptudlssplasiideifends anaipRigal), amixture of
oteln rené/latl cesses, and in membhrane structure (sterols). h
PrSOLUAP TS FRDLDUIGE Wis dhrapra i B SRaRg B o h KR Qs such as

tercrads] nidhe stiveilcalldiel sikynef. this class of molecules. The so-

called secondary terpenoids play a role mainly in environmental

interactions such as for 20 example attraction of insects beneficial to the

blanddpotiaation and predators of phytophagous insects), defense

against pathogens and insects and protection against photooxidative

stress (El’holl 20066) ele% es %ge%?mlf)%ﬁeg\%mul Ies of 5- c%

|sopreny? gnrfs cedrd INg o number of |sop T containe

mnpmiearai@leiass|‘ﬂfhdya&mmﬁnetmngesleda(mnfpmmnd}spﬂﬂmm1teﬁleémbog world. In
%nés GCS:éLOl)‘fO? (g%lter enes Flfl)') %%%geneséggzlogfn eSt%rti‘e O%Qses(gmberelhns

erpenes Of ratcrpene ANA50 Oh. The UnVersal
py&dumnssmﬁaiind)er@enﬁsaadalﬂnmmd/] diphasphaterdP Rvahad in photosynthesis

foaro Iyla(ll'lgll hOS '\{I(')AE)HPO -Ié\év%n ﬁﬁt@pmgﬁgﬁllﬁl@%&t\g&mn Processes,

as rBacterla fungi,

fmaton of e mev
mnhtednnrﬂbmnytﬁplmm‘c céfsterdda}yﬁtmmmﬂs mltul&:mmotﬂmwm mmhyk@@ secondary

eré’%'l%'tf’ Ma%cl?cgl%?%\fvrﬁ?oroo RW égr.eﬂ oné(r?a 0 trill?sacrllg éJ mole%ules The so-

ere I Is'loca lasts rguez- cepcion an oron
2&1@&23 sésﬂoukrbigtep@andchllmag gends Imnbdmgetheienmﬂnesmmtstepwch as for
Ienxgrlﬁﬁe tWt?reP %I(r)]l\}/v S Flsectl© ene%maqe%alrtlhréunlber ?polhnatmn and predators of
phytophagous insects), defense against pathogens and insects and protection against

photooxidative stress (Tholl, 2006).

Terpenes are composed of multiples of S-carbon isoprenyl units. According to the
number of 1soprenyl units contained, terpenes are classified as monoterpenes (compounds
with ten carbon atoms or C10), sesquiterpenes (C15), diterpenes (C20), sesterterpenes
(C25), triterpenes (C30), tetraterpenes (C40), and so on. The universal precursors of all
terpenes are isopentenyl diphosphate (IPP) and dimethylallyl diphosphate (DMAPP). Two
separate pathways lead to the formation of IPP and DMAPP. One, the mevalonate (MEV)
pathway, is located in the cytoplasm of eukaryotic cells while the other, the methyl-
erythritol (MEP) pathway, 1s known only in some bacteria and plants where it is located in
chloroplasts {Rodriguez-Concepcion and Boronat, 2002). All the steps and all the genes
encoding the enzymes of the steps in these two pathways are known in a certain number of

organisms.
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organisms. 2 The first step of terpene biosynthesis from the common
precursors IPP and DMAPP is carried out by prenyl diphosphate
synthases (or prenyltransferases) which, by condensation of a
homoallylic precursor, IPP, and an allylic precursor (DMAPP, geranyl

diphosphates famesy! girhaspiaais QF slaesaeraoMosrand AR SRR ors 1PP and

%enerate prenyl 5 diphosphate chains of varying length. There are two

M Bl dseaarpreny PripiashHaBosimtsasayhais gt sreresesesy which, by

£RRpyiRnsierasesand iiansRIEaMIransiarRees M precursor (DMAPP, geranyl
prenyltransferases. Cis-prenyltransferases lead to the formation of a

dinhsierbaise farersybeh %, Anleeemiapleniatdndrehageaieadegerate prenyl

pHosprationHlR daubls ReNddbiHr ane ORI WRALARIHAYIBA A9 %hyr Afiphosph
ingtan(?gt,%sequential addltio% of g/vo units of IPP 10 tolDMAPP by a }E Prosphate

FEHEARGTH SRS Srith 450 oy i ans 13l qeE rupsmprsgyf transferases or £-
?&QH?RFB@E@&@&TP@Rp@ﬁ?ﬁrﬁﬁ?e%g‘ ielgngatind feashiasmbaoinadbbeond in cis

ormation of an allylic cation after elimination of the diphosphate ion to _
SR ST AR C Yhélsyfr Ris R o aperassa deadnitn tBfefapapiessief a double bond in

eHminatianof A BrqtesakRoson 2He: fRrmR-ReW facktiRond@ad 8MOW units of IPP
double bond in the product. The repetition of this stereospecific 1

5
tondehdRioRoraPPttHEs Sty HPBRSRY I GiphEEpRSte M abid Tthaiclds £ E-farnesyl
Ayprdesinef (@ prepy, diphospbate.whassehrin 18NaBneBthins by the formation of an

stereochemistry are specific for each enzyme. In particular, the chain

rEIhgth BRAR #flel pradtet eanldy HBReRBAIBIPTANGIE RBrlkslts prenyl. Next, one
(weranylidiphesphatedde,toaipNRRaMLHIBReSpRAtRSAVRIEIAIE2 to form a new C-C

recursors of natural latex composed of several thousand carbon atoms.

6 Ks FEnfORRY LBl R iHhriSferBIEhn B diGRIEYSPhwtis stercospecific

differanhasneHa fRRIlie R age O pie SIRFROSPRIISUYR OHR) §ii8sis of a prenyl
double bond formed after each elon%%tion cycle (Poulter, 2006; Liang et

SipiRsehyter mbest (i iricherRraRd Stresshesnisly BHsBEiy 1Y treFh enzyme. In
swntbaris ohshRrstchaiphpseat Phesphates (G o oM Navingsthefing from C10

configuragion. Examples include geranyl 25 diphosphate synthase (GPS),
{58y BipRoHRLRE QAR ERER Y d BbosRb RS A AR GLpHERgTs of natural latex

synthaseal (FGR okl astaRiaaYheiphesphate synthase (OPS), solanesyl
diphosphate synthase (SPS) and decaprenyl diphosphate synthase (DPS)

which respectively catalyze the synthesis of (E)-GPP.(CIQ), (E,E)-FPP .
(C15), (Eg}gi}t@@ﬁﬁat@()gr?gy f@}ﬁfﬁ?@?@)‘iw (&Yﬂéj{d mto two different genetic
(EaliRdE HasedEdn) thP RidledSle@nd(E(E or Z) of the double bond formed after each

elongation cycle (Poulter, 2006; Liang ef al., 2002).

The E-prenyltransferases characterized to date lead to the synthesis of short chain
prenyl phosphates (C10 to C50) having the E configuration. Examples include geranyl
diphosphate synthase (GPS), farnesyl diphosphate synthase (FPS), geranyl geranyl
diphosphate synthase {(GGPS), octaprenyl diphosphate synthase (OPS), solanesyl
diphosphate synthase (SPS) and decaprenyl diphosphate synthase (DPS) which
respectively catalyze the synthesis of (E)-GPP (C10), (£ .E}-FPP (C15), (& E E)-GGPP
(C20), (EEEEEEE-OPP (C40), (EEEEEEEE)-SPP (C45), and (£
E.E EEEEEE)y»-DPP (C50). It should be noted that, in general, (E, £)-FPP is the substrate
of the prenyltransferases responsible for the synthesis of chains with more than 20 carbons.
The first characterized gene encoding an (£)-prenyltransferase was that encoding the FPS

of rat (Clarke ef al., 1987). Alignment of the FE-prenyltransferase coding sequences has
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30 E,E,E,E,E,E,E,E)-DPP (C50). It should be noted that, in general,
(E,E)-FPP is the substrate of the prenyltransferases responsible for the
synthesis of chains with more than 20 carbons. The first characterized
gene encoding an (E)-prenyltransferase was that encoding the FPS of rat

(Claske $5R! o RBR: AYFREH DR B Yiiransietanm eRIN8I structure of an E-

sequences has 3 revealed two conserved motifs of DDXXD type. The

meaxlannermenalesarurnad for e Erspiemgibrnsiemase tdteemmeoTshthBS (Tarshis
frspfimeogyX-raveiysigliogranhy it iR dlaishisu gt el nd994hAenvelht the two

as site-directed mutagenesis studies, have shown that the two DDXXD

RBatX Brenatéivar irsabstala sisijanindiogcaidiab cataiant sefithyyic activity.

D dsastly, ihbasdesn shovwn thata smabaunbsiohseesificRmingaatbupsiream the
located ugstream the first DDXXD motifs, determine the length of the

epre Ry nddpadmvandRedmiuhe, suueyy TRkt shirsized (Wang &
eneedingiaghprenyltransferase was cloned in Micrococcus luteus

(Shimizu et al., 1998). This gene codes for an undecaprenyltransferase

(UPS) which uses 10 E-FPP as substrate to form a 55-carbon prenyl
diphospR&t&ifitRea T ocaeiibenérifeiirrrrdsisforine sompbiVedfifrarccys luteus

peRtidoglyeans piogynthesisef esdayallinsamebastenarafsReme which uses

seéguence characterized in Arabidopsis was shown to be responsible for )

fh P%’yﬁm&%tmfe-@m@n%ﬁ&aﬁsgwﬁ@hgwhasrbe%%%acéﬁoﬁereochemisfry-

s RBuRt AlintBRRU iﬁmmpeﬁﬁ%ggwmﬁo@mly@ég QFthese 8NZYReSe bacteria.
t

did not reveal any homology to the E 15 prenyltransferases (Koyama, .
fobemqlogRiticHIICETRMNpRIsHETd r@sfé@é&fﬂsflwg%seé?%&%Wespomlble for the
acifindel protifs. (RSP MipeveRAemseNMed 18aions @b LHWhighnBqIenos: al., 2000).

less play a role in substrate binding and catalysis thereof have been

EHBn et A fateneraADitia e AEs TramEtetidetto ata! nihogisdosy to the £-
prenyldipiesbatas awiag soobainepgithisherihrniresfaldRd2o not possess

carbons with the exception of a Z,E-FPS of 20 Mycobacterium

fiBaTiEIBsiS Uit PP As SMsonsa s Yorni I s Bh s Bkt amqre or less

Slapla 2000 AuBaent Sieddifecied pBEeNasissludreNtRSigdMeied. All the Z-
luteus identified several amino acids that play a key role in the number o

. f .
BISRYAIN IR SBIIESB S Sy Fetraiy D RtHesiDE k fipRp whacsBBeye @ chain
Thedsopiany diphosphalpsiane sebstaienof atlassof enepmas, diea Z E-FPS of
terpene 25 synthases, which_catalyze the formation of the basic cyclic or

ABAROHSH BEHE BURAsBIsE W RO SROIB RO R (SdORthterpind) (Sehulbach er
GO (itsrperakARd CRe(EterReRed{&sanudy on UPS of M. luteus identified several

amino acids that play a key role in the number of elongation cycles of the isoprenyl chain

synthesized (Kharel ef af., 2006).

The isoprenyl diphosphates are substrates of a class of enzymes, the terpene
synthases, which catalyze the formation of the basic cyclic or acylic terpene backbones in
C10 (monoterpene), C15 (sesquiterpene), C20 (diterpene), and C30 (triterpene) (Cane
1999; McMillan 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 theoretically possible according to the
stereochemical éonﬁguration of the double bonds at positions 2 and 6 of the molecule (F, E,
ZE E Zor Z 7). However, to date, all the sesquiterpene synthases whose genes have been
characterized use E,E-FPP as substrate. This is the case for example of the 5-epi-

aristolochene synthase of tobacco (Facchini & Chappell, 1992), (F)-alpha-bisabolene
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1999; McMillan 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 theoretically possible according to thg 30 stereochemical configuration

%tmﬁﬁowﬁwangﬁaﬁbﬂoﬁﬁ%%ﬂ@ gqu i@ﬂﬁ!&?fﬂ&g&g ’AZantEageoéf chicory

Z). However, to date, all the sesquiterpene synthases whose genes have

Peetrekasieterize2 060 FmarpR-4d subenaantheis igfthandfermwood (Wallaart

p he S-epi-.aristel t f 0,(FAcChiig
R s CORmE e M cuopon

teehnsmeh dranal o¥gymyeenthfreaheen dyntise. oichirggpcene synthase of orange
(Bruwmessieret abo200dnaMALRN 3 foldat iﬁﬂ@gﬁ@b@ﬁéﬁ‘ REAPHe sesquiterpene

Wormwood (Wallaart et al., 2001), germacrene C synthase of tomato

roBhsp et ard 1 9b8yh catpbisRyIbpsyBistiasd armnbrhs o dfirstiqranet accepted
17 2092), andvalenerRa RYIhas0hH 6T ange-By (SRR SR &l8LidRRRY synthases

Nonetheless, a recent study reported that a maize sesquiterpene ]

sopihase pRwrvplesr dBaaIyZEsHR &y AaheURIGF d1matse apag of the sesquiterpene
quiterpenes acesnied £ArpPP and Z,E-FPP (Kollner et al., 2006),

thereby showing that sesquiterpene synthases could use isomers other

than E,E-FPP as substrates. However, none of the sesquiterpene

synthadls kel selpdykusttichanms ofoSphenfpeibrgielitiipaformerly known as
irichomes:oh S9lanym habrashaias Asmes Iy KoawRi Ry dCOREASI M Ibnging o two

hirsutum) secrete large amounts of sesquiterpene olefins belonging to two

diffsrer drsssesClapds onrivaiss gurag-Ehiwtisalticans, daw dlacnfpins among
caRtainp RN StRe SRt R-SRRiaRRe RN dRIDRBPBIIAMRIA N Between a cultivated

Segregation analysis between a cultivated tomato genotype .
IPTEHD SEIbP R SLUEHIETHSEI &SI TEBh ETsRAUAY Bh SRR )58 1351 a wild-type
iemate genadme (Lyesrersieanhisidsm = 3elanum habrechakes) showed that the

showed that the biosynthesis of these two different sesquiterpene classes

RQTRERSTEPEINGS BTt HRIROCS{EsRIARSAE Sapsshin PR dy two different loci
pilfarsntLhRmesRMBH fvantder digenen Stdlm@&RWs The SSUAJOEMS 48 ul., 2000).

located on chromosome 6, and the genes at this locus are responsible for

abeumrlation T E1daeicdedr hErpheg e Therad thagsre b ES i Mgk altets sponsible

Reatadan2shsemasP e & ceaireis dheraecysmulation of Slagdibchaites located on
sesquiterpenes such as alpha-santalene but also cis-alpha-bergamotene,

thRRIaRoRE: Serpifbidifarptetanntaets Sigsosiis Magaitai phg-santalene
Qtﬁeﬁl%‘i@%ﬂéﬂ%@ﬁ-%@hﬁﬁ%ﬁpU%~Wﬁﬁ@é@£ﬂ%%ln9ﬁwaﬁﬁ§]@ﬁe and beta-
the genes at the Sst1.A locus have been identified (van der Hoeven et al.

Q@@@)nﬁtﬁgiqsaﬁgtother unidentified minor compounds. Whereas the coding sequences of
the genes at the Sst1A locus have been identified (van der Hoeven er al. 2000), this is not

the case for those at the Ssi2 locus.

Summary of the Invention

The present invention 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.
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the case for those at the Sst2 locus. 25 Summary of the Invention The
present invention relates to two genes responsible for the synthesis of a
mixture of sesquiterpenes composed mainly of alpha-santalene,
epi-beta-santalene, cis-alpha- bergamotee, trans-alpha-bergamotene,

'M'(gree g}g:%l tegﬁ%%g%@g%{] %@MB}?H&ESBEES@E :%&)egtl%'égﬂ%ﬁs&ﬂd characterization of

diphospha and to the use thereof for preparing said

tompougsdst |ﬁ hbﬂzigay#gamgmmab@s foactheizyptwsis, enitisas déIIS dibrochaites
Bé%ﬁeﬁae%rq zﬁ:'gﬁﬁg}/er@ee?)r %&Q%Hﬁ‘f&l@l@n gﬁscﬁgpg%érﬁmotene frans-alpha-

identification andBﬁ haracterization of two geneso S. habrochaites

hesponeible fordtisadsyheheder pirapiesc pRoRamBekRitedideshlidpeaieged to as 5B
g?’b%'@sﬁﬂﬂ Es ﬁ%‘r %ﬁ&@%ﬁpge%ﬁn%?%?ﬁf YAUNQIEAGder of the text. The first

trans-alpha- bergamotene and endo-beta-bergamotene among others)

m@w@ﬁufweare?&@mwﬂsi@%nwé sedhaiernends qerosdriedleraudiple product
Bargampiens) inhe ermaindes ofihe et henlisghaens ﬁ@gﬁﬁtﬁo%dmtmn of the

Z,Z-farnesyl diphosphate synthase and the second for a multiple product

SEHEENRIIEA T eSAITHIBE RReteiRSeseyeRIed ey aiptrsepiatesns profile obtained in
SHPS IR FAoHCTRR Qxﬁ?&l&?ﬁfﬁ%@ﬂl% regomiipant proteins revealed

that the sesquiterpene profile obfained in vitro is identical to that
controlled by the tomato Sst2 locus. 10 The invention relates to the

gRevimalicactivities Rvalvedinthebiosrthesiswied tf R dIRER_aY Z Z-FPp

DMAP on one hand, and of a mixture of sesquit %fenes composed main

|
Som BRRADIAR shppehanshivdetie, WRIBhalBeTRIRBtERRS composeg mainly of
URRa-alRhachergpmaieneaat endg-beliaieigamoiane rom 4ignERBedsotene and

well as to the peptide sequences responsible for 15 said activities and to

derbelaibeaginséisetiens edddthngsuitl prpitide difgse s cs responsible for
nyenianifwihelrelnigs uRISHaeR Usintsaid BREYMEAEIMIYRSHRAE sequences. The

producing said compounds or derivatives thereof. The present invention
fheratite farhes tslatvhetp oagtiogrodtiBihg alinisiay@er aghvities for producing said

SERPHLRLRISR RIS eRRRASsed of alpha-santalene, epi-beta-santalene,
cis-alpha- bergamotene, trans-alpha-bergamotene and

endo-beta-bergamotene, from Z,Z-FPP in a cell having an IPP and DMAP
SO CEreSAMPAISKIAI R IHIEPAURINGJRIesSal GellRARSIMEL PRINERN a mixture of

expression cassette comprlsmg a

sesquiterpenes, mainly composed of alpha-santalene, epi-beta-santalene, cis-alpha-
bergamotene, frans-alpha-bergamotene and endo-beta-bergamotene, from Z Z-FPP in a cell
having an [PP and DMAP source, comprising:

a) introducing into said cell a construct having an expression cassette comprising a
first gene encoding a Z Z-FPS according to the present invention and a construct
having an expression cassette comprising a second gene encoding a sesquiterpene
synthase named SBS according to the present invention;

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

c) optionally, collecting the Z Z-FPP or the sesquiterpenic products of the SBS

enzyme or derivatives thereof contained in said cell and/or in the culture medium.

The present invention relates to an isolated or recombinant protein having Z Z-FPS

activity. Said protein preferably has a sequence with at least 80% identity to SEQ ID No. 2.
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first gene encoding a Z,Z-FPS according to the present invention and a
construct 25 having an expression cassette comprising a second gene
encoding a sesquiterpene synthase named SBS according to the present
invention; b) culturing the transformed cef in suitable conditions for the

os ¢ aaid i ; ond . % ).on .
e B e T e B sgguomce ncoding
ehdlymetoinderiyatyesntisarauibto afdinkddirisgithertiangsoiiactiecendigiens.
medium. The present invention relates to an isolated or recombinant
protein having Z,Z-FPS activity. Said protein preferably has a sequence
Whh atdesst BogstiganatsotaSED D Mo iolstefheringentbinanédrelatedaying a SB
3y eielc acid comprising, AU leQtifR SRAURHCS RREPdIRg, RUANPTRIFING ID No. 4.
or a sequéence capable of hybridizing thereto in stringent conditions. The
dresémedniiemtibio drjatrsl et todnifsatdetpoimasbmpinastoststeircAavg encoding
?&éﬁpﬁ)@mﬁa%éag\{?&l@@uxﬁxb?@Qmﬁ@aég%@a%w&n JBeSRBns.
identity to SEQ ID No. 4. The invention also relates to a nucleic acid
comprising a nucleotide sequence encoding such protein, or a sequence

qapahie of yRrifiging etelP AR SIERAERL CORMUIANSHIRRRESSAk eic acid according

invention relates to an expression cassette comprising a nucleic acid .
5. ABPAME N IR MBS SR ARG OBRPABI AR s e 5 re 84l asibaeeording to
o2 RYEIRIGAGHBECOLHING A% BB Y aNtian, BRQSLFEILLRAMRANSIAG 8r a nucleic acid

vector, an expression cassette or a nucleic acid according to the o
iRfreHtios, tntha HORIHiRRar Nt hs9eri BrgaHRIRLEDIA EHYSH cepmgrising a cell, a

\RELeF, ﬁnﬁg%%ﬂp&&med{ea A ALGeIF ACGEREOMING R hgion.

invention. 15 The present invention also relates to a method for producing
7,Z-farnesyl diphosphate (Z,Z-FPP), or derivatives thereof, from IPP and

BNASTAGA: RN OMiN% AR IR RIA P VAR TSRS 1F8MRIISING: Afarnesyl diphosphate
introducing into said cell a construct havin% an ex%ression cassette with a

hGeddie Tdeaudsite e Hifg of Ao b dirfecprarbhpRARBnd DMAP
20k culbuiingittie transformed cell in suitable conditions for the

expression of the gene; and c) optionally, collecting the derivative(s) . )
therdbf BERMINEE ST AFARMEPIHREhRING & hfedERTioBeppetle with a nucleic

presentiveRtiomRIies 17 e pee QirINRIRINh & fHsiaIG acigkigdhost cell
b) culturing the transformed cell in suitable conditions for the expression of the gene;
and
¢) optionally, collecting the derivative(s) thereof contained in said cell and/or in the

culture medium.

The present invention relates to the use of a protein, a nucleic acid, a host cell or a
transgenic organism according to the invention for preparing ZZ-FPP or SB type
sesquiterpenes, such as alpha-santalene, epi-beta-santalene, cis-alpha-bergamotene, trans-
alpha-bergamotene and endo-beta-bergamotene, or derivatives thereof such as alpha-
santalol, epi-beta-santalol, cis-alpha-bergamotol, frans-alpha-bergamotol and beta-

bergamotol.

The present invention relates to a cell or a non-human transgenic organism, characterized

in that the synthetic pathway of class Il sesquiterpenes is blocked by inactivation of either
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transgenic organism according to the invention for preparing Z,Z-FPP or

SB type sesquiterpenes, such as alpha-santalene, epi-beta-santalene,
cis-alpha-bergamotene, trans- alpha-bergamotene and

endo-beta-bergamotene, or derivatives thereof such as alpha- santalol,

SR el sanialgl, cis-ARhe-PegamalglUans-ARBAIRA AAMAIOLEAY BRiBaing o 5B
30 bergamotol. The present inventionrelates to a cell or a non-hiuman

warbgenis orgirgsmtisharssierized dhabatirgergmthetic pathway of class

Il sesquiterpenes is blocked by inactivation of either 7 the gene encoding

a Z,Z-FPS according to the invention, or the gene encoding a SB
MrhasecacEvrentgna i ipltstionthsr ee o batiyanie sacihdqsrdaitying molecular

ipveRieR Rlsadg lﬁ@é@&?eg%%ﬁ%ﬁ&g&@&?@&ﬁ%@&@ﬁmmg&&@%Hl%Eher species

5 markers allowing the corresponding genomic sequences to be

iptryaeiees infocstHeriep derasiol Yelrates b ontiviatee) tdmake @sfarunf the present
I RRREERICHR b dhgieQatrxh ol g Bresaqs. iDYRaten. 1he MHEIaRlgiereof can also be
sequences SEQ ID No. 1 and No. 2 or variants thereof can also be used )
A9 G16 cimelephitk R Her infidgIedoEs ST 8hit fssjdePRBETSES diierother species or
SREcieS, QF Navieties f.cultivated tomato. 10 Thus, the present invention

relates to 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

geneMit ReMMQRRIRBPRIMES oSnRRISE AR AN SRRRIES AlItBR part of a nucleic

Solanum type sexually compatible with S. habrochaites so as to introduce )
tdcwirb shinainky Yeadertintosaffn Boseclest YRE iHYtichiaisguiidraag a genomic

R MEIHRdsoRsiRileg iR inoRueg theAaP $,8RdSBS (BeNSHIMAA type sexually
species which is not sexually compatible with Solanum habrochaites by

SFOTERIRE SN Thehpredere nteitfol? kB Ieisfe & SPRRPRYIRE 2énes into said
e?@&%m@ wamesalyrtldaphosihryylaionsahé b-FRBdiag the zFPS and SBS
P

osphatase. Legends of Figures Figure 1: Possible stereosiomers of )
RS ARGt SHRODFA PN SRR e S BIdal s esRs o nt i ds Yplorumy habrochaites by
IBMéBBstTstﬁjé}{e only E,E-farnesyl diphosphate synthase (1)
characterized in many organisms, and Z,E-farnesyl diphosphate synthase
(2) of Mycobacterium tuberculosis (Schulbach et al., 2000), were known.

(Bhe TRRRUQIZ HrainEesyAiBhGSRI&Ie 1o a method for producing ZZ-farnesol by
dephosphorylation of Z Z-FPP by a phosphatase.

Legends of Figures

Figure 1: Possible stereosiomers of FPP. All stereoisomers of FPP are biosynthesized from
IPP and DMAPP. To date only E [E-farnesyl diphosphate synthase (1) characterized in
many organisms, and Z E-farnesyl diphosphate synthase (2) of Mycobacterium
tuberculosis (Schulbach et al., 2000), were known. (3): Tomato Z Z-farnesyl diphosphate
synthase according to the present invention; (4): E Z-farnesyl diphosphate synthase: no

enzyme having this activity has yet been described.

Figure 2: Drawing of T-DNA carrying the Sh-zFPS and Sh-SBS transgenes. Km:
kanamycin resistance gene; 35S: CaMV 358 gene promoter. CBTS-ter: CBTS terminator
gene; ¢CBTS1.0: 1kb promoter of the CBTS gene fused with the enhancer of the CaMV

35S promoter. Sh-zFPS: coding frame of the gene encoding tomato zFPS (S. habrochaites



10

15

20

25

30

synthase according to the present invention; (4): E,Z-farnesyl diphosphate

synthase: no enzyme having this activity has yet been described. 30

Figure 2: Drawing of T-DNA carrying the Sh-zFPS and Sh-SBS

transgenes. Km: kanamycin resistance gene; 35S: CaMV 35S gene

promotsr G RES- LGP R e TPiat s GGPD R SHKRRRMOE! Hiprochai

the CBTS gene%&%eél gitr%#?eggnhga%%%%%ﬁe _C%MV 35S p?g‘moterk.%r aorochaties

SHZHPE: B dihd ieimbs b tbeslgre iR nEdaing tosiatborfiepsiSs-ter: CaMV 358 gene

ahrnchaites, 8 hALLLN SRR Coding fRme, 95N A8ReEREAiNG s terminator.

tomato SB synthase (S habrochaites A1777),LB: T-DNA left border;

Rizure3nA - hisgiernteShe pldBRV @IS yenscettmifigiore ABs-teNA fragment

B@H@igg[ms&&gpq,&%grobacterium tumefasciens terminator.

Figure 2: T-DNA fragment of the pLIBROG64 binary vector; Figure 2B :

T-DNA fragment 5 of the pLIBROG65 binary vector. Figure 3: Sh-SBS
SEXEQLRING, ANALGIR Wi FRURER YIS 1PRARCL:IGAYE A LS REGSSIOR $Pression is

determined by real time quantitative ng%sin fluorescent probes
deyrmanpd Ay, 1a8 1o suBTdBEYTS Shdtifieiner Hersioprakassgihd WikleN, ABI).
HROHRSSS SRR RS e 9Rae80 LA aLhin 9ank @RNIRLIBNGECTRE for the tobacco

ordinate axis values represents the potency 2 ratios of the values )
et ssacvientiel ssre B 3 oiditstthasts sBtHRaERmEs el iRipRshe ratios of the

(2DsS{2A%RLdTRis BHOSXPIRSSRHLNG Q5 RMRB S HRBSISAG: probe (257522,
expression to that of actin. The abscissa axis values indicate the number

dihindatarguriechibe rigure Fad AT drenne wwrdesnonie dhghohertin. The abscissa
inteotaigdsthieiRRZ SN E NP AR Hansganes ! ?ﬁ%&ﬂfsé)&ﬁr%{?genic tobacco
y

3B: 15 Transgenic tobacco lines having integrated on e Sh-SBS .
fiapsderiginBrReededy HgireuawCinSnromesserzsZpldipBEP04). Figure 3B:
e rﬁ’@tmﬁcf@ér!ﬁ%?|&‘ﬂﬁ%%@ég§ﬁﬂ@@%§ﬁﬂhésm®trfﬂ RAPLIERO-065).
gray chromatogram (m/z: 69) corresponds to the product obtained in vitro

with the Sh-zFPS-6His recombinant protein. Sh-FPS-6His was incubated

20:0ith PR apeb e oirbﬁﬁ%@%lﬁﬂl‘%@@@%&@ﬁﬂ%ﬂ%ﬂdﬂds (mixture of
dephosphorylated in alcohol and purified by liquid chromatography. Peak

IXBREE oINS T faritss SL2T ne ISIRo8RBmdRGEr & (RYgegwyds to the product

CREEESRPNAS 1R thefamese! standard ceraRAsaehe b BiXIWR FORUEHEY was incubated
(E,2)- andéE,E)-farnesol isomers (Fluka). Peak 2 corresponds to a

WiUTRNALP EdaABPE erdirBEaAndiposphate agishrhasofieplyispborylated in

4BoMasmanastfy Qj(f %éﬁ%%m&&%&mgﬁmdingo@e@g&m-tg igWSarnesol. The
4C: Mass spectrum of (Z,Eg))— and (E,Z)-farnesol )
black chromatogram (m/z: 69} corresponds to the farnesol standard composed of a mixture

of (Z,F)-, (£,2)-, and (£, E)-farnesol isomers (Fluka). Peak 2 corresponds to a mixture of
(Z,E)- and (F, Z)-farnesol and peak 3 to (£, E)-farnesol. Figure 4B: Mass spectrum of (Z,2)-
farnesol corresponding to peak 1. Figure 4C: Mass spectrum of (Z E)- and (F, Z)-farnesol
(mixture) corresponding to peak 2. Figure 4D: Mass spectrum of (£ E)-farnesol

corresponding to peak 3.

Figure 5: GC/MS profile of in vitro activity tests carried out with Sh-zFPS-6His and Sh-
SBS-6His recombinant proteins. The two recombinant enzymes Sh-zFPS-6His and Sh-
SBS-6His were incubated together with IPP and DMAPP. The reaction mixture was
extracted with pentane and analyzed by GC/MS. Figure 5A: Chromatogram of the product
obtained in vitro with Sh-zFPS and Sh-§BS. Peak 2 is the major product and corresponds to

alpha-santalene. 1, cis-alpha-bergamotene; 2, alpha-santalene; 3, frans-alpha-bergamotene;
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(mixture) corresponding to peak 2. Figure 4D: Mass spectrum of
(EE)-farnesol corresponding to peak 3. Figure 5: GC/MS profile of in vitro
activity tests carried out with Sh-zFPS-6His and Sh- 30 SBS-6His
recombinant proteins. The two recombingnt enzymes Sh-zFPS-6His and

h- SBS-6His were incubated tqgether with IRP an PP. Th .
o S e B R Lo, Bl S MRS Gy comesponding
Rigurd 3AteGhrohalpgramefethesproduct (optdined 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,
Finw-alphedeeddniomnéls vitbpirbdtatsahtalend 75 yirro with recombinant enzymes
§H$§ﬁ§ﬁﬁ?%§’§ﬂi§§§:@%‘l 3 %;kMﬁ?a%%??%‘%‘i“?‘i&&ééﬁ?&%@%@‘ntzﬁn tomato line.

(left) an right) d

peak 2 alpha-santalene structure . Figure 6: Merged GC

phfils nithqprodwetsidbtdinetincitontdtirrécorhbinanldinsypredigd in vitro by Sh-
§}3ng ﬁl‘%.' %ﬁ-‘f(ﬁ”%1§$k5§:%a%¥é‘so@ﬁ*5&§WCﬂ§}£%e%ﬁcT 'ﬁééj 'f,o«gﬁ—rg%garhb/%r%%motene 2,

recombinant tomato line. The tracings correspond to the extract
pphayaytabiedinsJprotaved imyihe gyndtengr P S, ardi-BhicSnBligok; S, endo-beta-
exHdalsof JAS17 isogenic line. 1, cis-alpha-bergamotene 2,

alpha-santalene; 3, trans-alpha-bergamotene; 4, epi-beta-santalene; 5,

endo-beta- bergamotene. 10 Figure 7 : GC/MS profile of volatile

mlGauies emided By, A AISOaRIG LAY (HFRREL Db asing s, 'r?i'éjﬁﬁm (#3877)

and Sh-SBS transgenes. Transgenic plant #3877 was cultivated for 2

Hbeont dhed/ashBSpmeré/in T tituraerambiensydiiidamoiedilesvas cultivated for
emjiigd ?x&ﬂ&oﬁé%@%%ﬁ&@@%%%@é&&%@%@@mé (hliec andited by the

analyzed by GC/MS. The 15 chromatogram (7A) shows several peaks )
PIRAISIgYRIEL 6P BRAr QBteYiSHOBRS B typeligeddliterbbnad. mudkecdidne GC/MS. The

Hﬁ@ﬂf&?&%@éﬁ?oﬁﬂﬂ rm\%eiger@%&@ti E‘aﬂ@%&ﬁ%@}ﬁ?@?e&{%&éﬁkﬁéo%‘% SB type

of the TA517 line (7B). 1, cis-alpha-bergamotene 2, alpha-santalene; 3,
s ytaTpeREb At Biesa danigigh ByaceamaBretbsir retention times and mass spectra

eﬁ&%@@g@zﬁeﬂ&amw%%ﬁ%% 8/sZhFIR. SRS RBNMOIDDISIL REMEER:. 3, rans-

S. lycopersicum (Sl) and S. habrochaites (Sh): The complete zFPS gene
labaabsprmaateyert RirotagBRiHsreDN Ango-Setydwpstsietane. S.
habrochaites and TA517. Separation of the PCR products on a 0.8%
agarose gel identified 3 bands, A, B, C, with a respective size of

Eppiskintately378002en5 00008 B0 hudiebtiefss. The Poreprisdict (S) and S,
‘Egyﬁﬁpﬁﬂg}r@ﬂ? %Q@(ﬁlﬁé@%@ﬁ@ %EHéewas amplified by PCR from genomic DNA of

S. lycopersicum, S. habrochaites and TAS17. Separation of the PCR products on a 0.8%
agarose gel identified 3 bands, A, B, C, with a respective size of approximately 3,000,
2,500 and 2,000 nucleotides. The PCR product corresponding to band B is specific of the

S.h genome and corresponds to the zFPS gene described herein. kb: kilobases.

Abbreviations and Definitions

mRNA: messenger ribonucleic acid

DNA: deoxyribonucleic acid

cDNA: complementary DNA produced by reverse transcription of mRNA.
CaMV: cauliflower mosaic virus

DMAPP: dimethylallyl diphosphate

CBT-ol: cembratrien-ol
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25 S. h genome and corresponds to the zFPS gene described herein. kb:
kilobases. Abbreviations and Definitions mRNA: messenger ribonucleic
acid 30 DNA: deoxyribonucleic acid cDNA: complementary DNA
produced by reverse transcription of lel\@' CaMV: cauliflower mosaic
ggl}%g%ﬁl@%ﬂ%@%&h&& I giphosphate BT-ol: cembratrien-ol 10
: Cembratrien-ol"synthase GPP: geranyl diphosphate FPP: farnesyl

dipRogphatd daBogdmichromatography 5 GGPP: geranyl geranyl
gpﬁpﬁ)ﬂ%ﬁq éj@% jdt'einterfering intron hairpin RNA IPP: isopentenyl

iphosphate : mass spectrometry PCR: polymerase chain reaction 10
RACEs rhpithatogiifibation of cDNA ends A, R, N, D, C,Q,E, G, H, I, L, K,
MG'T_)PP %a lger%n \(ﬂf,@@%@lrﬂecode of amino acids according to the
unlvers% no% nclature 3.ncbi.nlm.nih.giov/Taxonomy/Utils/v rint c.c
igriRhotesineE T iBronHATNnN RS V,W,Y: standard code of bases

aee0rding tohestiyersal. 15 nomenclature
www3.rﬂggi.rﬂ%}.n%%o%ﬁl’aionomy/miIs/wprintaac I?mode=t RFLP:
rdStrickonspegimantizngth polymorphism "Z,Z-farnesyl diphosphate

%ﬁh%ﬁ%ﬁé&?@&ﬁ?@é&%nefem' refers to an enzyme capable of
producing Z,Z-farnesyl diphosphate [(2Z,6Z)-farnesyldiphosphate or

&§@EF@P‘1}1 ﬂ@ﬁiifwﬁ@c@péfm@h%@@ﬁosphate (IPP) and dimethyl allyl
QLPR%R@}@ (gwﬁ\@; H% i.ZLE %‘?T@?WWS@E l’\ﬁe‘i!’,@!%@nﬁgfgréo& %nino acids

production of Z,Z-farnesyl diphosphate from IPP and DMAPP. Z,Z-FPS
aetividale Hee evargateldbyenelssyang the formation of Z,Z-farnesyl

Wﬂbﬁtﬁim.nih.gov/TaxonomWUtiis/wprint,c_{c.cgi?mode,:t
A,C.G,T, B.DHLKMN.R,S,V.W,Y : standard code of bases according to the universal

nomenclature www3.nchbinlm.nih.gov/Taxonomy/Utils/worintge.cgi ?mode=t

RFLP: restriction fragment length polymorphism

“Z Z-farnesyl diphosphate synthase™ or zFPS, as used herein, refers to an enzyme capable
of producing Z Z-farnesyl diphosphate [(2Z, 6 Z)-farnesyldiphosphate or cis,cis-FPP], from
isopentenyl diphosphate (IPP) and dimethyl allyl diphosphate (DMAP). “ZZ-FPS
activity”, as used herein, refers to the production of Z Z-farnesyl diphosphate from IPP and
DMAPP. Z Z-FPS activity can be evaluated by measuring the formation of Z Z-farnesyl
diphosphate.

“SB synthase” or SBS, as used herein, refers to an enzyme 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. “SB
type activity” refers to the production of SB type sesquiterpenes from Z Z- farnesyl
diphosphate. SB type activity can be evaluated by measuring the formation of one or more
SB type sesquiterpenes. An example of determining SB type activity is described in the

exampies.
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25 "SB synthase" or SBS, as used herein, refers to an enzyme capable of
producing a mixture of sesquiterpenes composed mainly of
alpha-santalene, epi-beta-santalene, cis-alpha- bergarnotene,
trans-alpha-bergamotene and endo-betzggergamotene from Z,Z-FPP. "SB

ty: ctivity" refers to.the production of type sesguiterpenes from Z.Z-
FABAIT GIERALTSIS SB e Aty KA D el et By reeHL P RG R composed
formdtionOf alpbosmaler8) SBitYpe-sesgldterpenesiphndragapietofe, rans-alpha-

ggi%gmg}g@lg ?:%9{{21%_%% %%ga%%&@ed in the examples. 11 "SB type

uiterpene”, as use n, refers to a mixture of sesquiterpenes
composed mainly of alpha-santalene, epi-beta-santalene,

clsr - e, frans-alph n . o .
o R o AR s A ucleoride of 4 giyon size and
foacpoly suleonideonf digivercaibenand bseqadrioe astimgertreomeaiumeximately 5°C

TR YN LA SR PR L e cocion

mixture, by walppbiprotsiedlidendrits ikeroplpplerheitiigrrideridization conditions for
Qyé:f@g{ﬁﬁ?e&(lj?ﬂu%?&qmg Qﬁﬁ‘ QL FUMEMOP { Hﬁéeﬁ}} H@dcﬁﬂl%eaﬂeé@éﬁ?ﬁiﬁg 118%%16 size and

one ski in the art according to the siZze and 10 the base composition of
the pekmdelepttidon quetiorodidieiretidinmpositiestiohthenchyibridizatimsition of the

WK%FLEQ%R GEHCHIAL (PA_I }%?QC\HQ}C gH%h})Ihﬂggr‘gHW %H%ﬂ&ﬂ%y conditions

include a wash step with 0.2xSSC buffer at 65C. The stringent
myBHdZaneshcorplitiohd describbalbs ol 6 T4n be adapted by one skilled in

e %ﬁﬁg&&‘ﬂ%ﬁi&l%ﬁi&?50‘9!5489@&&5%@& AbSPAEr P SEsda by one skilled in the

accordance with the relevant 15 teachings known to one skilled iri the art,

dedenipelyvpaitlaniibiSerrbhigiceparmatgniniteclilacclstngs, with the relevant
LRI, MR R b SOl BRI RO HaIROg MARAT 5§l 3B M&*&gg‘g@ al., 1989,

0

Cloning, A Laboratory Manual, Cold Spring Harbor Lab. CSH, N.Y. USA,

dilobselar thorseentrdeditieiy Yhifesthidakd Augingetéarher:Bgniagoss of., 1982,
GHISURTOIBARRIS, A Malseulay Rialady, EhrPtel (Gaene PHPISHIRON Y. USA, or
and Wiley-IntersCience, N.Y.). 20 "Heterologous", as used herein, is

qReleisisotrteineaditinastiisigehambipben itk stdcelidintd3Pe Ealrmsyt Protocols in
genelaisnginRe e nlifamRe RIGREAL I SRiRCMAa Wi IEDIAMesemal farRy.).

The gene can originate from a source different from thé cell in which it is
introduced. However, the gene can also come from the same species as

th@e@&ul&mﬁ,hag Ssed herein, is understood to mean that the gene has been introduced
into the cell by genetic engineering. It can be present in episomal or chromosomal form.
The gene can originate from a source different from the cell in which it is introduced.
However, the gene can also come from the same species as the cell in which it is
introduced but it is considered heterologous due to its environment which is not natural.
For example, 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 location. 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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25 introduced but it is considered heterologous due to its environment
which is not natural. For example, 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 whigh differs from its natural

lﬁ%ggﬂov}; ht%é?P ?&fg‘%ﬂ My GRAfalN ﬁiﬁ@gp gF %%%919369&%19@ [eRKIQY; gnment for

to introduction of the heterologous'gene or it may not contain an
sthishehoLactuspy. iSontyubevhereths "DercestieRemityo beavrsspmisl as caleulated
rhlé?éﬁﬁ:eiiqg %mﬂ&@%q’ix‘%ﬂ%% E?ifs%r{f‘s tﬁ’e%@ﬁcﬁmm%ﬁc acid or amino acid
nucleotides or amino acid residues which are identical between the two .
SEHURIHES B 5@%@%&@&{, @_B’f_élﬁibé“éft‘é\‘ mmmigmem@ms after optimally
RersaRAgR ke E&Qd%&}}!ﬁé@ﬂ%%%&h%d&%gﬁ&ﬁe& tl‘?"%ﬁ@o%eommparison in
%?ﬁ%éjences being distributed randomly and 12 throughout their length.
h&si¢arHnard SPBparUATHIFAIRBH PSSP ATRHETEY . BEfefcthmanually. the

RefeeRLddeRHK DEPNBEM INAIMeSEAURRCERIBRR FOMPAEHASS the local homology
calculated hereatfter, is the highest. Sequence comparisons between two

rlRgeitacRd Srathirslabiefcsaandhtth Afslcorventatilf ddflelvotenys of the local

Q%Bﬁ%)ga Qtﬁﬁ%?'&%ﬁi@fﬁn%ﬁ'\ﬁﬂ}{@@'{g@m Eh%@@ﬂi 48: 443), by means
comparison being done by segment or by window of comparison in order

ofideniRmmecsorapisie Trtapreglohesbrsectiid lde il i8s BddpfedNatl. Acad. Sci.
MRUANY 2 H19) SRAHRNEES £ @9@8}@0&-@'&%@%&&%@%@@@5&8@?@ BESTFIT,

means of the local homology algorithm of Smith and Waterman (1981

(KIS AHrnd R AP B30 e nBsrnsniisrstss Rofomnef arisgtnHepetics Computer
Nrgaeman auchWumsclickR), (Vo BiRl 48t AElibhaeans 4hafibeic acid or

homology search method of Pearson and Lipman (1988) (Proc. Natl.

ABHRC 865 Wasrss Ia4aicnyingd dscorusripathicsp iXarr iipHlgangd sequences
YU ARSI Tn FASTAARGERAS hAciBithe WISCHMH acid sequence to

Genetics Software Package, Genetics Computer. Group, 575 Science Dr.,

DR ARBPRTOF EhEOFRRESH PIEHATS BeARS RN RiMeIO dhsd elerapsmerquence for an

WEBLOHENGasIS HatesmNNGdby RoMBaLng:thegpdwr RBHMAMANIREdalculated by
sequences 15 by windows of comparison in which the region of nucleic

QG aRen B adiebelehddBlitE EomibRed thayiekn Piis8urntigRsoGramino acid
delativnssredativelosbeviier@rcaeequanaedor sp aptimal aignMeiber of identical

between these two sequences. The percent identity is calculated by

doitionsiRy the WotahBEMGFTRRhResisBEItL HErsP wPRER AR & Viosofbid By multiplying
JRIR@EK) 1esigusritidenfitaiawrenthedwesasiteass shdir tiddRicnces.

said number of identical 20 positions by the total number of positions in
the comparison window and by multiplying

PDetailed Description of the Invention

The present invention therefore describes for the first time the genes encoding the enzymes
involved 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, frans-alpha-bergamotene and endo-beta-bergamotene,
from Z Z-FPP. In addition, the invention further relates to the characterization of Z Z-
farnesyl diphosphate synthase (zF'PS) 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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the result by 100 in order to obtain the percent identity between these two
sequences. 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.sesquiterpenes. In particular,

t S {n ion relate he_char iZati t .
T
enableshhepprdduitionotampixads slesesduflimrperesi it s a6 SBinesol. The

%ﬂq&iﬁ@@f%@ﬁpﬁa_ SRRASE L NAID IRk %ﬂ?gﬁ%ﬂ%@nﬂ%S&ang Z.7-FPP in

sa_nta ene, _CIS- _ergamotene, trans-a )
endocbegenisary dmdtsite y80stronaikl 15 pwpe| acueitiods theplantmpiessessing glandular

meﬂanréaslat;?Sségrg@c?r)(;r@ﬁ%pt?ﬂéaﬁ%@ét%i%’ofp%gsgbqwggs%aé%terpene mixture or
synthase (zFPS) of tomato which enables the production ofZ,Z-FPP" from

|@%@@Mﬁ@dﬁﬁé§eﬂ@ﬁz9ﬁm@§@@ﬁdb§ @g_@@r;@sp@oaup@ss f@pe@_xamplﬁ tomato, by
SRQUIETRANGS Ui ofrids TTF b MHQRAIRIVIME, I HARRISRICOL ARSI A tified in the

recombinant microorganisms’or cells. Transgenic organisms, cells or _
Tereurgaisiiing stcchsalibiuealijsassniogtlasngmpias snsedarpiannes having

SRS a0 AADRERNIE ARITAS AL PR AR GONBIYRIR TR SIS OP IR Sotymorphic

the production of compounds derived from Z,Z-PPP such as Z,Z-farnesol.

Trelepniah saarsTrthesr dae el pntidledo Aredn e usksdcinoteigartendingfelPS and SB
REPRMGEING £ 26 T Rl Bk dMiF T ROLGBIISIIS HRARIR 18, §RSEIANh B ¥RCcorresponding

compounds in plants possessing glandular 5 trichomes of secretory type.
Trechroalistrniie 658 SBeafpB ecaheiteEnpant hiatrsi ey oaéﬁ%mv@i tomato (Solanum
t}}g@gm Iso be reduced or suppressed in plants, for example tomato,
g% 3&% extinction techniques or b%/ mutagenesis. In addition, the

quetites idenfirstish HROSHRS Rt inmIISAPSAS userlierse idettifprgntly it is not
AHRLAANING SERBR CREORIN Qﬂgﬂﬁ%ﬁf}@ eestA AN ¢SS IBharacterized to

other species of organisms, in particular plants. Finally, polymorphic 10

e difaliafkersitah HeoiddetiiEntroin e necasmstehcamngr e -FPP has
%ant%B 1sythase apdilmake L RapsitisiQ menitanihe dEadusionef is the only

e corresponding functional genomic sequences into other species or

VaREIS ShEudrrsidttoatd eenaminh UskoperéiédiR), 2y -rpmspgerpene synthase

Q%HE@:?QF&F@I?W)$§§@1HE%Q§Q§EFPW%WM %ft%ﬁﬁﬁd&%y%%esis, and the
commercially available, Although the majority of sesquiterpene sg/nthases

chariRieayEhay deneited b thispptpidmelercameifethoraprogrcing said molecule

cammatsially svaiirblieZ 44RE has greatly limited its use for
experimental 5purposes. Cotton cadinene synthase is the only )
Furthermore, SB type sesquiterpenes contain alpha-santalene, itself the direct precursor of

alpha-santalol. Alpha-santolol is one of the characteristic constituents of sandalwood oil.
Sandalwood o1l is highly valued in the perfume industry and its prices have risen sharply
over the past 10 years due to the overexploitation of sandalwood, primarily in India. This
overexploitation poses a threat to the viability of natural sandalwood resources. Alpha-
santolol can be obtained from alpha-santalene by a simple hydroxylation.
The present invention therefore relates to a method for producing SB type sesquiterpenes
or derivatives thereof from ZZ-FPP in a cell having a source of DMAP and IPPP,
comprising:
a) introducing into said cell a construct having an expression cassette comprising a
first gene encoding a zFPS 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;
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example that describes the preferential use of Z,Z-FPP by a
sesquiterpene synthase (Heinstein et al., 1970). In this case Z,Z-PPP
was produced by chemical synthesis, and the 20 Z,Z-FPP synthase
described in this patent provides a methqd for producing said molecule in
d |ne ensw manner. Furth ore Uiterpenes
con R Rl B SR P ST SRR of s frs
Alpha- mudtofto‘l fscmmé gtthe ehdracteristic constituents of sandalwood oil.
Sandal I is hj v the erfu e mdustr and ts
v e L A e TS B R ot gprainea
sandalmddpbmm‘éwﬂynn}mdwétuT&hrseomexplonatlon poses a threat to the
a f natur nd W odr ur a ne
S S S B ER BE SHRE n e
ﬂhewﬁoferr@diaﬁe@@dimmettf@@ﬁrtmodmng@%myp&s@mmm@négroselected in the
?g&%@"&gﬁﬁ@ﬁﬁ of fomy ﬁllﬁl@ celling g/r! AcRyce of % %Hl%tenc beta-
PP, comp ising: a ntro ucing into sal fia construc avm
éﬁrgot@@n@neeagé@tméccbmptbsnggmom geme@hoommgcaiﬁ@@aémﬁdm@e produced
g?@@é% ﬂh&'}‘ 8@&%@&9&? gl Q@‘Qﬂ&ﬁ%ﬁ%&?%ﬁ%}l%ﬁﬁﬁ?ﬁﬁerest such as
com

sing ond gene encoding a SB synthase according to t
pir@%ﬁmm}ehnbh alﬂlﬁ@f@@sﬂtmmgom@@r@néhﬁn%’d taleinesgitibfeene derivatives are

CoRdIugNg, Ik theexprassion A said NGyt & p%ﬂé@éﬂtﬁﬁﬁon 806 ML) cis-alpha-

optionally, collecting the SB type sesquiterpenes or derivatives thereof
Gorgameialiir saidiodl-haweninahand inde atsdhgrgagiptod particular
embodiment, the produced SB type sesquiterpenes are collected in step

c). In a preferred embodiment, the SB type sesquiterpenes that are ‘
E)‘Po%i@@éfdc&l% sabetbarenitHbe pospréonsistiny ot hiishdosantng for producing SB

o do éﬂ;[&?é} [N, PHARGLIRRRIE PR RERZ RS BAMOLEN G AN a source of DMAP

eta-bérgamotene. In another particular embodiment, the produced
OBl A seerjplisines are starting products to obtain other compounds

of InferRl Ak a5 AR et e Arelatrec BRI e 0%, R8ing a 1P

type sesquiterpene derivatives are selected from the group consisting of
alpha-stseatingelsi-hetarsamvaion aisom shd-ceseamdieicrologous gene encoding a SB

trans- ago,gglg%rmgqlgqgdh%rtggqg(ﬁtﬁlp&{ggmotoI In a particular

embodiment, the present invention relates to a method for producing SB
b) culmrmg said 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.

In a preferred embodiment, said cell produces 7, 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 mvention relates to an isolated or recombinant
polypeptide having 7 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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15 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 zFPS
according to the present invention and asgcond heterologous gene

: <B ing t t SN '
gg ugllr%g fg%l 3&%%%%2‘%%%%%% REFSEL ﬂwﬁny%&% embodiment, the

| _ ' itions for the expression of said first and
saididseeongrifenas; amdist) ebtienatigvavieSiity IRe8B Jypwid polypeptide can also

§8§ﬂﬁlig%r9ﬁ' 0831851 @‘é&gé/ﬁc% %%Eﬁgtﬁ%%rﬁﬁi@cﬁﬂjg 8?%@@(&&}%‘ example a

culture medium. 25 In a preferred embodiment, said cell produces$

RZFRRME apoiei shbodrmerrs TRIFPR S dgipphiaw wrife cell. In a

particular embodiment, the two expression cassettes are carried by a

same construct. In another embodiment, the two expression cassettes

Ak cangrent by 1R igB pHFatEctERsHOCES. iSOated prekentividertionisiages nucleotide

E%@l&ﬁ%@'%%@cﬁﬁé%%@?@%@rH!@lBé‘QViﬂgﬁ?%ﬁaﬂﬁs@%@?hﬁﬁ?ﬁ%ﬂﬁ%ﬂ@ sequence

particular, the invention relates to an isolated or recombinant polypeptide
SSEBHINo. 2 or &

Reving ZzsFPP s hhastddetiviyalid avitiy seqiihicEisiivata

S0%en@0%ipaBio o £ 824 LRI dEbL IR REGHIRDR. 2 P of a nucleic
the polypeptide has a 15 sequence with at least 95% identity to SE Oé? 859 90%

RO42S ragieitiatih comBEEnS ERCARESIRDAGE SIMPHSY s tolsamt
e sesuenegen 5L NG A aNaly Perlde Cap AlnSRMPHES AR quence thereof.

additional sequence facilitating the purification of the enzyme, for example

d bagPregieriBEcsbftprisiigsdoerdl dotacutiiekistiamd sAmldadlstgridizing in
Iheaniesenirinyaniamalseyalresivian iégateﬂcaaﬂ%iﬁ %@Jggﬁmﬂéisﬂﬁﬁﬁg Z,7-FPP
,Z-FPP synthase

nucleotide sequence encoding ala{)olyp_eptide having Z o s
SERRy aeliNHYiRB st Srbaapithcairsiig SomEIsSonIgmleasbySdyey 98% identity

A8%E0y B9%Jdeniiy: 10SERAIRNSFRER, BRONGIER GeRRRIBBFises or consists of the

hybridlzinarthereto in stringent conditions. An example of a nucleic 10 acid
ReARDeREA I P difplisiNe drresrdidinentPa aquESIEs IR TS RESEigo, cassette, a

§edrdW%oPU1 37 % 128 Qh O dHRAlIYIRRERIR NeeldiOradid according to the

complementary sequence thereof. The present invention relates to an
iSBIEREATucleic acid capable of hybridizing in

The nucleic acids can be genomic DNA, complementary DNA (¢DNA) or synthetic DNA.
Nucleic acids can be in single stranded or duplex form or a mixture of the two. In the
present invention, the transcribed nucleic acids are preferably intronless ¢DNA. The
transcribed nucleic acids can be synthetic or semisynthetic, recombinant molecules,
optionally amplified or cloned into vectors, chemically modified or comprising non-natural
bases. Typically they are isolated 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 activity and having sequence with at least 80%, 85%, 90%, 95%, 97%, 98% or
99% identity to SEQ ID No. 4. In a particular embodiment, the polypeptide comprises or
consists of the sequence SEQ ID No. 4. In this case, the present invention relates to an
isolated or recombinant polypeptide having SB synthase activity and having sequence with

at least 95% identity to SEQ ID No. 4. Said polypeptide can also comprise an additional
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conditions of high stringency to a nucleic acid encoding a polypeptide
having Z,Z-FPP synthase activity and said polypeptide having sequence
with at least 95% or 98% identity 15 to SEQ ID No. 2. In a particular
embodiment, the nucleic acid comprises g consists of the sequence SEQ

. dhe. ' ion r 0 [ -
e e e o8 comprisng
accurdieeptociieydivetidion apdnphgidsicleic acids can be genomic DNA,
complementary DNA (cDNA) or synthetic DNA. Nucleic acids can be in
single stranded or duplex form or a mixture of the two. In the present
iRveriieserthéntenisyriod naldsic bcias sdgrdfarabfjcirmeohlesypDng, a nucleotide

Eélﬁl@'ﬁ@@%ﬁg&ﬁq Qgﬂ?ﬁﬁ%qngg g@@ﬁ%@é §&W1@’QM§Wing sequencewith at

recombinant molecules,” optionally amplifiéd or cloned into vectors,

smieatly hbdifi€looP EmBrisingSermhafial Eatases STl pr a sequence
%Séﬁf%'%%P&ﬁ?ziﬂg'ﬁ%%ﬁ?ﬁwmgé{%%@%{&%@C&HiQ%Mﬁ@'a@ QHESWRIC acid is a

known to one skilled in the art. The present invention also relates to an
RS ReIdr cEBIPBHHN PP SRASEBHEe Hav ity SBCa phithateleastiiBy anth e, 90%, 95%,

baving sea4ense; Wit akleasi 88 %m» 8R%0.39974, Qé%laﬁ%fce&?%oegﬁeé@e, thereof. The
99% identity to SEQ ID No. 4. Ina gartlcular embodiment, thé polypeptide

PERPpH JBECHieBAslatesdp ik iselg BE@Y Mpablapihikbesdangm conditions of

HE&E%@}%‘@W?@ selatesdaan dselaiad Qrp@%%tﬁiﬁ@ﬁﬁﬂﬁgfg@ id@hase activity and

having SB synthase activity and havin% sequence with at [east 95%

iefish PR YR ELS (B LAY aptrdst iy a0 8uifeiitaip adilibRdyo. 4. In a
HerrRequenssaciiating Rudfication %BFH&%@%W@OJ%@W{@%@SE&E: SEQ ID No.
e

segguence comprising several consecutive histidine amino acids.
BreSen PrsvEHtB AEaT sl claten B SR @I TSI HERF o rApiRsiay & host cell or a

RYEIERHHE R SR AMERERPRARIING. AR YRERIEEDAYRY BB sYaihase
acti\%%/ ang%aving sequen%%%ith at least 80%,r 85%, 90%1, 95%, 97%,

98% or 99% identity to SEQ ID No. 4 or a sequence capable of
hylerigizing: theretadn SHRISALEANAIHOR AR examRIaq! UaBsuCiRi6r a transgenic

acid 1s a nucleic acid comprising or consisting of a sequence with at least )
SIS SIS0 HRlEi0dsidconPsitiBAtily btarloamnscwerey cncoding a
9@[?8&%@&?&!‘@%1%5% nGadheraRtiviie Af RIgsRR! IBYBANIQN KRGS IaN80%, §5%,
ISO atedonucleoic acid capable of hybridizing in conditions of high .
Mirgdncy & Eondésic it eikodinga %E?Qdéb%é fianhg SEclsihpridgomprising a
activityoands said:pa¥PeRtide-aying, SeRpeacenith 2t FeAHE %W A& activity and
identity to SEQ ID No. 4. In a .

having sequence with at least 80%, 85%, 90%, 95%, 97%, 98% or 99% identity to SEQ ID
No. 2. In a particular embodiment of the invention, the transgenic organism is a plant, and

in particular a plant trichomes.

The present invention also relates to a vector, a host cell or a transgenic organism
comprising a nucleic acid comprising a heterologous sequence encoding a polypeptide
having SB synthase activity and having sequence with at least 80%, 85%, 90%, 95%, 97%,
98% or 99% identity to SEQ ID No. 4.

The present invention also relates to a vector, a host cell or a transgenic organism
comprising a nucleic acid comprising a heterologous sequence encoding a polypeptide
having Z Z-FPP synthase activity, preferably having sequence with at least 80%, 85%,
0%, 95%, 97%, 98% or 99% identity to SEQ 1D No. 2.
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particular embodiment, the nucleic acid comprises or consists of the
sequence SEQ ID No. 3. The present invention also relates to an
expression cassette, a vector, a host cell or a 15 transgenic organism
comprising a nucleic acid according to thg invention. The present
invention more particularly relates to a vector, a host cell or a transgenic
organism comprising a nucleic acid comprising a heterologous sequence

dhequRsga Ipuippeptgesaing BehsphinBrodsag anl RavAr§ssuHamsass mixture
Witheh 18 ARL 8% %0 PrRAYd Mﬁ%&%ﬁﬁg&grc%ﬁ%tﬂ@tw hPERAAP with a

ID No. 4 and a nucleic acid comprising a heterol ogous s

BHESEthE S SoRPepealitly %‘Z@W@})ﬁﬁﬁéséé@\/&ygr(& HaGing 7. 97%. 98%
SE9YeNEEMID % least B9 8P IRY 0P (Lo NBR-AT 9B%eRBALAYith at least

to SEQ ID No. 2. In a particular embodiment of the invention, the

ﬁ%ﬁsg‘gén’i)c %‘Pg’arﬂérﬁugé/w%ﬁ% A peFRETI SHRNM Rofsstskipgonditions

RRaSepliiBuaptioBIsRE8IABS 9@ VELiMeAbRAS! ¢oHkRI@ HRaReEe IR es thereof. The
organism comprising a nucleic acid comprising a heterologous sequence

BHESHRTY B pe s eSAifgPSBIShtiase ARIVIRN A haVing sdisenugh at least
Wi 24 035608709 8306 PRYAG Y, 6996, 1886 @I8YADIINOBER IPpurifcd or

No. 4. 30 The éresent invention also relates to a vector, a host cell o

fRSREYUARR P ETHEASSOHRIAeRs AB@eR> XeidWnibriaind 4- r%%é?aro%%@gdemty to

SEQYENCREACOSH NS:BRRIY REPYdp H VNG ke rhehELSXMRASe @GiNitWves thereof from
referably having sequence with at least 80%, 85%, 90%,95%,97%,98%

1Bagog ']i)y to SEQ ID No. 2. 17 The present invention relates to a
method for producing a SB type sesquiterpenes mixture or derivatives

thereof from_IPP and DMAP comprising contacting IPP_and DMAP w
PURTRIGSPTdRSRiRnGt B Epp %‘:‘Eﬁgs@WHFPQP‘Fé%%tZs%&P%S%d%WWGS thereof

820, 9¥P0,83%0 oK BO%brdanity teSiHELNIPB and anuriedsgih a purlﬁed or
recomhinant SB synthase with at least 80%, 85%, 90%, 95%, 97%

oGRS TNt &L lEaBlebShatiods 4%t cOVactya (585 or 99%

WQOSMW:)SW@%W@@I@eﬁuﬂ%@h@%ua&ws@cth@em JMN&ned Z Z-FPP or
ti lates to th @ f ifi binant Z,Z-FPP synth
invention relates to € use Or a puriiie /g)r recompinan syn %%’% obtained

iV at resdhesenss, QBeaneihy,sus et fudher CraRHASHEBIHRAINS £

Nah2 andi@ pHiRedORIR asopHigantas syiathaseewity arleamt@Q%h, The present
85%, 90%, 95%, 97%, 98% or 99%_identity to

invention relfates to the use of a purified or fecombinant Z Z-FPP synthase with at least
80%, 85%, 90%, 95%, 97%, 98% or 99% identity to SEQ ID 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 II sesquiterpenes
or derivatives thereof from Z Z-FPP comprising contacting Z Z-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 in suitable conditions and collecting a obtained SB type sesquiterpenes
mixture or derivatives thereof. The invention relates to the use of a purified or recombinant
SB synthase with at least 80%, 85%, 90%, 95%, 97%, 98% or 99% identity to SEQ ID No.

4 for preparing a mixture of class Il sesquiterpenes or derivatives thereof from Z Z-I'PP.

Generally, an expression cassette comprises all the elements required for gene transcription
and translation into a protein. In particular, it comprises a promoter, optionally an

enhancer, a transcription terminator and the elements for translation.
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SEQ ID No. 4 for preparing a SB type sesquiterpenes mixture or

derivatives thereof from IPP and DMAP. The present invention relates to

a method for producing Z,Z-FPP or derivatives thereof 15 from IPP and

DMAP comprising contacting IPP and DMAP with a purified or

recombinant Z,Z-FPP synthase with at least 80%, 85%, 90%, 95%, 97%,

98% or 99% identity to SE%‘}E No. 2 in suitable conditions and collecting .

thes apeer 47 -pbplet Werirabioss tabrdttr optioRkiyitibentathdd Ripfayotic, the

pRIMRJISe S INChLALRGILIZHRPRbRIpES Withidirallniastingiat@liingromoters: Lacl,
ggosphatase and collecting Z,Z-famesol. The present 20 invention relates

Risee bf BRuriHER/or REAd M BIR AR 2, PORBReEARRENBANR & hagispiophage T3 or

§9%0h85%61,98Ai0 WD, SRYPRI SO idantitvie SEQMIMNOPRA. If the cell is
preparing Z,Z-FPP or derivatives thereof from IPP and DMAP. The | |
préaBiftinatian fthtdl DL MRIB T o P DrRFET Y M2t Haseofisting of the

SEBSWItRIPERase2d el dalimatiasthereol fresR pforRRCompESHIghplex virus (HSV)
contacting Z,Z-FPP with a purified or. recombinant SB synthase with at

BXTSES,, A8 JUORRYSHe, TP gHY, BFG0ds MitHiGAED SECRID RGPl mouse
suitainencangitiongantheellegiingla obtaingthaB tpaisesqdiiespengsons of certain
mixture or derivatives thereaof The invention relates to the use of a purified

B TR BB £ SB I Ra SO & RAGPROIBTEB0ISTo00R otbiiog7gp, the art can

2804101 RB%6l il esTtily: SorRERH IR N B a3ebfolar prapRuingiaIgNyreraflsdagstie methods
sesquiterpenes or derivativ%s ther?of from Z,Z-FPP. Generally, an

de¥raReton g%f’s%’é’ﬁ‘é%‘ﬁ’rﬁﬂ ket tiéBehnents required for gene

transcription and translation into a protein. In particular, it comprises a
romoter, optignally an enhancer, a transcription terminator and th
AT Qe BHEIES T i S KA HBCF RS Hb Wk def Ay BAC, an
axaoalaeifiieptelbissaitkayolibe he@promopesfeab hecoripated koot tere elements
grour sisting of the follawing promoters: Lacl, LaeZ, pLacT, ptac,
S D2 BRSBTS LB IR IRty %ﬁci‘éﬁo%ﬂl&z;%%?b? garker can be
3 Trcihg tpolybedrinhirp metduche PReascBblpraipater ohlarbdagiiaggethl can be a
e cellis eukaryotic and animal, the promoter can be selected from th

SECHTRIAL ot e OB prOTOEhs, QYRCTRERE 50 SN, oy - ECTP.
Praraaleieharpiastsidpiex bitds:(tSMYatay midinedkinase. pramaterkiriapreferably a
40 virus IS%}MO% early or Iate promoter, mouse. r etallothionein-tE
SFISHAB AP L FrE RGBT Ep S GO BT g ell For example.
b Quittisas. Ho enkiaiin idicheose, aisuiable psemaiekendéskijleddndbembodiment,
aﬁt can . ) , . ..
the vector is a plasmid. Examples of prokaryotic vectors include, but are not limited to, the
following: pQE70, pQE60, pQE-9 (Qiagen), pbs, pD10, phagescript, psiX174, pbluescript
SK, pbsks, pNH8A, pNHI6A, pNHI8A, 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:
pWLNEO, pSV2CAT, pPICZ, pcDNA3.1 (+) Hyg (Invitrogen), pOG44, pXT1, pSG
(Stratagene); pSVK3, pBPV, pCl-neo (Stratagene), pMSG, pSVL (Pharmacia). Viral
vectors include, but are not himited 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 eukaryvote can be a lower

eukaryote such as a yeast (for example, Saccharomyces cerevisiae) or filamentous fungus
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advantageously refer to the work of Sambrook and Russell (2000) or else
to the methods described in the work of Ausubel et al. (2006). The vector
can be a plasmid, a phage, a phagemid, a cosmid, a virus, a YAC, a BAC,
an 15 Agrobacterium pTi plasmid, etc. T@e vector can preferably

!

. ool t el oo o
&%?%%g% O@‘?f%r{{‘cﬂﬁ% %S&?”?%g%@ﬁ@ o Bt ?%écaﬁgé‘ra%ﬂggagh as an insect

ultip ning site'anda ma ?rﬁar er ca
whiompliod wecedeatdsibciiiclecdignalbT hendetewtibiesiyhat carmpesa COS, CHO cell

r ignal, ining A li Issl oTi sy nere an and non-
o L A P S o
em?r’yheimé“ﬂﬂ@rz@élpﬁefé@iﬂyl@t@b Bolestonndrkeewhishsefers The cells can also
%Q“Pdfg{#i%&‘%b!ﬁl {:?rﬁk?t‘}‘é?xc%pﬁ%{l??eCﬁgnﬁ)%%a@%?gemg gﬁi’ﬁ‘?afsa%r transgenic

be a kanamycin, neomycin, etc. resistance gene. In a préeferre
elabediment, the vector is a plasmid. Examples of prokaryotic vectors
include, but are not limited to, the following: pQE70, pQE60, pQE-9

(Qiagen), pbs, pD10, phagescript, psiX174, pbluescript SK, pbsks, o
PRHBIES P HIY SR NI LoD NHRSAStrairigeAdPr dre duainp io 2 813 opFerivatives

B ESnAPR AP DABRESZ, 06 RRIR 4F PEsAGBMRP L ANQYaAG ) rising:

and pQE-30 (QIAGEN). Examples of etkaryotic vectors include, but are ~
not imiECbIcing 181w COHNL rometyusEREIETab PYRESHOD NASCItqcomprising a

Hyg (INVIHOGEMIREP$7%-PEP LyRRGe EUAIRIETE hERUKRPRRY;

pCl-neo (Stratagene), pMSG, pSVL (Pharmacia). Viral vectors include,

but BrecHstTingtE toaadenaihasBdn AnRbisYDIERaUT iRk EIcetsprgerion of the gene;
Preferqﬂgﬁ, the expression vector is a plasmid or a viral vector. The host

cell can be a prokaryote, for example Escherichia coli, Bacillus subtilis,

Stréptoiijesslisp, g wiseyvmbrael$h or dainanstehaalcehepjord in said cell
can be g loywey, eukanglesushas a yeast (for example, Saccharomyces

cerevisiae) or filamentous fungus 19 (for example from theﬁgenus

Rsgergitiss)ar enthgrBREtkdigotetiRR asatinsdett, crlleriataiarsep prantn another

pelticthe @lkamhhef mampalipp ??&'d&@é@%@fﬂfées@a&%spféh@tc{%“ obdRn another
4,889,803; US 5,047,335). In a particular embodiment, the cell is

romRRAATAREISSNSUShB oA EaTRRO b IPE SR aRPISo Fated D Cak M praYRTied to Z Z-
eutitesmadiymnbapneells camalsoR. becamprissd mg@mém%ﬁer at step a) the

example non-human transgenic animals or transgenic plants. The present
IRVERHSHM Sefofe TG TRy W EnEIP BB AIEHSH Z 2Irprsige a gene encoding a

ﬁél%ﬁ{-ji\(&'s%, theraqf fiem il and.RMARIE clldhaing ard R Adpresent invention
MAP source, comprising: ) o
therefore relates to a method for producing Z,Z-FPP or derivatives thereof from IPP and

DMAP in a recombinant cell having an [PP 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 zIPS

according to the present invention;
b) culturing the cell in suitable conditions for the expression of said gene; and,
¢) 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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10 a) introducing into said cell a construct having an expression cassette
comprising a gene encoding a Z,Z-FPP synthase according to present
invention; b) culturing the transformed cell in suitable conditions for the
expression of the gene; and., c) optionadly, collecting the Z,Z-FPP or

derivati reof contai in_sal ' i r i "
LS oA aEL o D AR s
In anothere pestiduiandibydihsentaaiednzZ BRAPcprodusedtisthe starting

proglyc &9%83{_@&9%{&@&&9@989 L ineresh e 8t anesQoR Ut the gene:

example, PP can be converted to Z,Z- farnesol by a phosphatase.
Thus, tiiglmethod can further comprise at step a) the 20 introduction of a

Conc?)tr% E?l\cltﬁg %1?3&‘?{1?55_50@]gaaﬁ%ttgeggm%&gsargﬁﬂﬁrgn&owélgvﬁﬁves thereof

phosphatase, thereby allowing Z,7rfarnesol to be collected in step c). The
presentdniengdm shetetdrendlends thy sulisthsecfovProducing Z,Z-FPP or

dervativesithereeb iiemE RiandMAPIR %g%%&@&ﬂ%@%&%‘ﬂﬁ&mg collected in

IPP and DMAP source and comprising a heterologous gene encoding a

Fen PP Prsyiws e atisodimbotieprbsEatIR biitfore sTRéCH ppagsstire produced is
{puention thyRaglates tpaimeiefkiotrpdusI bt 1 "RCapRingRtalol. The
cell having'a IPPP and DMAP source, comprising: ag p_rowdln%a .

pEembinEte)| %@ﬁ@ﬁ?f@iﬁgi%t%et@r@w&%gg@ﬁ Wgsa YRAWe sesquiterpenes
ARSATAING RS RIS SRV RBHPR, RF PHllHING e GeldR iRRIG 2 Z Z-FPP source

conditions for the expression of said gene; and, 30 c) optionally, cg)llecting?1
e ZomppReng: #divlaines e fHF coaiied h Ridxehagharseidifgeto the present

culture.mediym, the.presentipyentian therefors relatpshiqia methddeng SB type
producing a SB'type sesquiterpenes mixture or derivatives thereof from
FeSAPAIDRIGE GBI prAVHY & horgob Braig el ESmip AdRierIonatineibhaving a £ £-FPP
e aaidygglkRigenstruct having an expression cassette comprising a gene
encoding a SB synthase according to present invention; b) culturing the
trar®foPHReEHE i SRAPEIEBhdifio rOTBPHRE B xprisEAse gdlkecncoding a SB

and, 5 &), qRiienally, gnlleciing areRBAYRE SRRSYIterpenes mixture or
derivatives thereof contained in said cell and/or in the culture medium.
b) culturing the cell in suitable conditions for the expression of said gene; and,

¢) 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 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 first gene encoding a Z Z-FPP synthase according to the invention and
a construct having an expression cassette 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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In a particular embodiment, the produced SB type sesquiterpene mixture
is collected in step c). In another particular embodiment, the SB type
sesquiterpene mixture produced is the starting product to obtain another
compound of interest such as alpha-santgjol. The 10 present invention

I 10 a r produc V. [ : -
e B g quierpones
DERRP epupcsimhdrosidimdsing an e logdics Gelne engootimgexi8Bsing a Z Z-FPP
SyRihAReREAIR IO BRIESPRLINERIGR TNPESRALIDERIRMNS the presen
rélates to a method for producing SB type sesquiterpenes or derivatives
i padbfromdZZUFR P dnaye donvoivamtica N TEs mg s B Z oF RiPriy8igendbereof in said
Méﬁig%%@n%&\éidinga 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;
%‘éuﬁlﬁ%ﬂ%@i&s OSSR %%ﬁotﬂ@& %1%%”19%@@%1@3%%@5 Qhixture in organisms
derivatives thereof 20 contained in said cell and/or in the culture medium.
THeckello captalgo s pamdr Lontnteaslar ofgaHisreator Brampieud plang SB type
QL ARRHHIA ARk RIS Gaen DRAEANLIRYA tRBJSIalES 0 a
method for preparing a multicellular organism comprising: 25 a)
introducing into a cell of the organism a construct having an expression
GARSHSeAANBING B ReRe RACAUING R L P R RINAS G AFELEAING: organism
to the invention and a construct having an expression cassette
ECOMPYEIRY a second gene encoding a SB synthase according to the
inveption;:aighil) ePastitytingan grgamisimframssaid ealapdaeleringion cassette
the transgenie organisms 30 expressing the two genes that were ) ]
introduCEBPRSBI PSRRI A Srgdm ST ib ashatrrdmericatiiprr sept invention;
examplg, the organism can be a mouse, rat, guinea pig, rabbit, etc. In
another preferred embodiment, the organism is a plant, preferably a plant

glarfluksceneHBIVBS 20T ERBIHFe SR iFRIE it h e reslsidipg dhsstignggenic organisms

method.for-Ruobiging g RRYPgSRSquiterpenes mixture comprising
providing a transgenic multicellular organism expressing a Z,Z-FPP

synthase according to the present invention and a SB synthase according

IPHOBBEESALHYENHRD AISGOISEINGIR PR DRERRIBILSINGNes BRI ves thereof
or derivatives thereof in said

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 satd 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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5 transgenic organisms. The method makes 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 prgsluce it. 10 The present

inve@tiorgct(q?s;ﬁm{gﬁ:gl? %%81 (t)rﬁ?%zf%r Péﬂl?%iwgc?egﬁﬂ i%ﬁ@"ﬂ%ﬁsgenic organisms

organism comprisihg: a) Thtroducing into a cell of the organism a
construetrassng dre expedusivreenssette  comprising a gene encoding a

%Eé?;r)t sé}{”ﬁ'il?e%‘?i&?%%gi ‘ a@&h%(@rﬁf%ﬁ“‘fﬁ{%%hu%ﬁfﬂds@ type sesquiterpenes

rec;o |tut|ng gn Qrganlsm rom Sal_ _ceI and‘ s_e ectlng e t(ansgenlc )
ongenisnes exprassingheredhieooncisingareyikhegpresemanviernioliaptylar organism

” g%tgsssff?gaa@@@%ﬁ%e%&?&lﬁg for %@fﬁ»@’#ﬁﬂﬁﬂé’ﬁﬁ%@ﬁ&ﬁ%@@ﬁ% a produced SB

rel
comprising providing a transgenic multicellular organism expressing a
ZyPERPRIS{RTIMEsS NKTIIMgleD tABVSFebermah Ve prignTarb et BARiING -

REOGMCER KodibER, AAGMAINESs @%&%Hﬁﬁ%‘%ﬁ[ﬁ{éﬁgﬁéﬁ%ﬂ&%@?%-dgganism can

one embodiment, the organism is a non-human animal. For example, th o
Syamensediat. 281 beacpia ot kattcg Lirrew ey, patibitedwenhpdingthkthe organism is a

pisiergd emhodiment e qiganist aes Pl RBRIARNARABIABING produce a

glandular trichomes. The method makes it possible to produce Z,Z-FP
i iGRAEHRTHRI NS E0R SEL8RINEDIMPBUIT dotdTREHEsSBitheompounds or to

IREURE A Lafib P RPIHGG ARG AIHBRISTR 1R 18 RESENHBEDAORms.

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

P ERPSIONFRSRE TRV ERMANRING R IeRE e R odINg13aB FHNBSGiies with glandular

according to the present invention; and 22 b) reconstituting an organism

frOPHUERS-CON argBtediistrase driHedemerokianisivis assre sERtipeiobacco, potato,
iB&&%ﬁlx‘,C@ggg%%- bs, Wﬁﬁﬁ&ﬁ&@é’@éﬁ@@za@%@%§&%@)rﬁﬁ@@9ﬁ?§ceae (mint, basil,

producing a SB type sesquiterpenes mixture or derivatives thereo

davRpfiRing preRiding: alfrariBgeriemis Reenerdier guliiier S axprassihgsg Solanaceae
ggrﬁmﬂgéé? R9rding {o the:preSeRt Ryenlion ARGEOIISSHRGA, PEAURSh, Petunia,
Datura, Atropa, efc., and in particular the genera Solanum and Nicotiana such as for
example the cultivated tomato (Solanum Ilycopersicum), the wild tomato Solanum
habrochaites, cultivated tobacco (Nicotiana tabacum), woodland tobacco (Nicotiana
sylvestris). In a non-limiting manner, the invention can apply to plants from the following
genera: Populus, Nicotiana, Cannabis, Pharbitis, Apteria, Psychotria, Mercurialis,
Chrysanthemum, Polypodium, Pelargonium, Mimulus, Matricaria, Monarda, Solanum,
Achillea, Valeriana, Ocimum, Medicago, Aesculus, Plumbago, Pityrogramma, Phacelia,
Avicennia, Tamarix, Frankenia, Limonium, Foeniculum, Thymus, Salvia, Kadsura,
Beyeria, Humulus, Mentha, Artemisia, Nepta, Geraea, Pogostemon, Majorana, Cleome,
Cnicus, Parthenium, Ricinocarpos, Hymennaea, Larrea, Primula, Phacelia, Dryopteris,
Plectranthus, Cypripedium, Petunia, Datura, Mucuna, Ricinus, Hypericum, Myoporum,
Acacia, Diplopeltis, Dodonaea, Halgania, Cyanostegia, Prostanthera, Anthocercis, Olearia,
Viscaria. Preferably, the plant is a plant from the Asteraceae, Cannabaceae, Solanaceae or
Lamiaceae family. In a more preferred embodiment, the plant belongs to the genera
Solanum or Nicotiana, preferably Solanum esculentum, Solanum habrochaites, Nicotiana

tabacum or Nicotiana sylvestris.
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type sesquiterpenes mixture 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

5 LRl AN BHERMEShd DenmeiRoghmakgs %Bﬁ%ﬁigieatﬁrmypglﬁ)%,g% expression,

type sesquiterpenes mixture by organisms which do not produce sai

eeriseRiN el iifcreasacdnangmoli icorla s Sl e BrIRET pEISk AhikRipeknown to
BrRdueediny the £rgpRigms, I patigylar, the invention is applicable to all

plants from families with glandular trichomes, for example Asteraceae

(sunflower, etc.), Solanaceae (tomato, tobacco, potato, 15 pepper,

S9ORIaNT B0, CRREFRAGRARIRY +FRNNARISSAINE) ARLEAMIAGRARainly in a given

(mint, basil, lavender, thyme, etc.). The invention is particularly adapted to

HisHEs BT 4Rk Eiokndeshal niRALS e sl axedvr PR Beprierally lower, in

DHEQUARRCS QIAEID 4126 Bt ORI NiAedRARIIA, AHORANCHEBt @8 DIk he invention is
gartlcular thiﬁ%enera Solanum and Nicotiana such as for example the

AftiatBdlt st S AR oeraRiGTh) SRAEIIdoto e  &61aR e Bp of glandular
Raoshaites. cultivaigddokages MNigRtianadabasiml. woprRiaNmbEaRAGESetions, and
(Nicotiana sylvestris). In a non-limiting manner, the invention can apply to
BIRREIFIA TS ¥BIBWIMG R SRR RIESHAMR BHARAHRY PdhSiwscparing of
ARiBrigpPsycholinehderautians, TRy santremund Mel¥Bogisiniesquiterpenes mixture
Pelargonium, Mimulus, Matricaria, Monarda, Solanum,  Achillea, . ) )
OaisRRE e TR, S sfls dseamdb e RAHMRE Bitpddiantiip particular in the
Rlacelia e xBuAvicenpiaadiasnatig hramkeniar kiseaniwntifasmiculum,

Thymus, Salvia, Kadsura, Beyeria, Humulus, Mentha, Artemisia, Nepta,

Geraea, Pogostemon, Majorana, Cleome, Cnicus, Parthenium,
Riieeeainesitiymennagavwamens REULp Riakels; koepialisocated upstream the
Plectranthus, Cypripedium, Petunia, Datura, Mucuna, Ricinus, Hypericum, .

{15 SpBHUE, CACAE iBTR eSS A AR A CJh SRBH Eene sbecifically

ProptasiherarAnoegreiBasdle atichodttY iseplirafsalersbiy the0oest is @ Wagner ef
plant from the Asteraceae, Cannabaceae, Solanaceae ?ggr Lamﬁigé:eae

Hmity -2 YHBFE YT T YEE e BB e FRAts B RS At BafSH S A ERRY gpecies have
selandenendicativhag pigtetablrsolapummssylantm, Raasididus gene in tobacco
habrochaites, Nicotiana tabacum or Nicotiana sylvestris. 23 In this

&i5BeEent, the genes are under the control of a promoter allowing an

expression,| peaieraiympecific, Ipke trichomeg«@étheaiant. Such

preyaateisnexist and are known tp one skilled jn the art (Tissier et all,

7094). Cotton Liu et al., 2000, BBA, 1487:106111

LTP6 Cotton Hsu ef al., 1999, Plant Science,
143:6370

wax9D Lipid transfer protein | B. oleracea | Pyee and Kolattukudy, 1995, Plant I.
7:4559

LTP1 Arabidopsis | Thoma et al., 1994, Plant Physiol. 105
3545

CYC71D16| CBTol hydroxylase | Tobacco Wang et 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 sylvestris 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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5 In the invention, "specific" promoter refers to a promoter which is active
mainly in a given tissue or cell group. It shall be understood that a
residual expression, generally lower, in other tissues or cells cannot be
entirely ruled out. A particular feature of #)e invention is based on the

ii ONSIFL specific. for .cel |
g e e
Sehations cane teotimparidingr 4d3eXkbfeswiheeeisutiengdnes of the present
invention allowing the preparing of a SB type sesquiterpenes mixture.

Thus, Z,Z-FPP, and the SB type sesquiterpenes mixture or derivatives '
et daw Becadlisbmentrohe e tHehomes SiiSatdpRamerive pasteuaciallowing to

ﬁ%@r&&@k@é&%s@ﬂgﬁt&ﬂ%@efﬂﬁgp&%@é SOMERLALGISR By gisWalienss promoter

15 For example, it has been shown that'a 1852 bp regulatory sequence,

ehrdopytrearngie TG 6Uthe G Pt clgetsatiiyeths ¢ihengnieskiaents of the

ef J0e YA IE RIS gens.gpecifically in the secretory cells of tobacco
trichomes (application US2003/0100050 Al, Wagner et al., 2003).

Moreover, several promoter sequences extracted from different species

havenheaNJeeN e A% REN g ARle hdiERaldhe SARESFIAR MR ntion into a cell or a

heterologous gene in tobacco 20 frichomes. Gene Name of gene Plant
Rierdréiftiss ingheingiariqerPs elobrriiubte: eprizdovitBnmnysgrihod kopwn to one

LiLRE(CaftanHH et Allu bR iF1apiserisncs: A3 RMRAWRBIMLIRtnt transgenesis
transfer protein B. oleracea Pyee and Kolattukudy, 1995, Plant J. 7:4559 _
keebrigissiaspwiel enma de see fighh aphrpmRyisiofor gsaapls the e @i ke bacteria

GBLolLbydronyiase dekascadMans adt, 2002, hiERnBRhesl 8XLARAAN by a viral

a preferred embodiment of the present invention, the promoter used in the
v5EKEtR ReTFRHYe Ao e e e R kpasvo Ag cosiskal ddndls AT the

Nicoliana sylvestris species showing a strong sequence similarity with
CYC-2 (CBT-ol cyclase; NID: AF401234). Said 25 promoter sequences _
SteemenEmm dedtsbettsHphtebrssPphEatibh W2t b0 4barcrivgierd gtobacterium

@z!am%@z@ﬁz)&s, consists mainly in introducing the construct of interest (nucleic acid, cassette,
vector, etc.) into the bacterium A. tumefaciens, then contacting this transformed bacterium
with leaf discs of the chosen plant. The expression cassette is typically introduced into the
bacteria by using as vector the Ti plasmid (or T-DNA), which can be transferred into the
bacteria for example by heat shock or by electroporation. Incubation of the transformed
bacterium with the leaf discs results in transfer of the Ti plasmid into the genome of disc
cells. These can optionally be cultivated in suitable conditions in order to reconstitute a
transgenic plant whose cells comprise the construct of the invention. For further details or
for variant implementations of the 4. tumefaciens transformation technique, one may refer

for example to Horsch ef al. (1985) or to Hooykaas and Schilperoort (1992).

Thus, in a particular embodiment, the expression cassette so constituted is inserted between
the left and right borders of transter DNA (T-DNA) of a disarmed Ti plasmid for transfer
info plant cells by Agrobacterium tumefaciens. The T-DNA also comprises a gene which
expression confers a resistance to an antibiotic or herbicide and which enables the selection

of transformants.
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24 Among the preferred terminator sequences, the NOS terminator
(Bevan et al., 1983), and the histone gene terminator (EPO 633 317) may
be mentioned. In a particular embodiment, the expression cassette can
comprise a sequence allowing to 5 incregse expression (“enhancer"), for

@ﬁ%@wgeﬁ@ﬁ?éﬁ, ‘%@f@g@ﬁ%cglgﬁ?s Qﬁ%\é‘?tgs?earﬁfpﬂ@ér(ﬁggoggt%%sion of the genes

synthase genes (US 5 290 924). Preferably, the enhancer elements of the
SProfetEpar HieprorhetiptroblinctiDiver CortHEpS IRIVIR B £ Z-TPP or

or PRl aenss ohdneimvanioninioaLell ok R A APIANCHEHE INBINAING @xudate and

seed or plant, can be carried out by any method known to one skilled in )
treting, iclheipeersnssisnibe sredishidsbrisassoim sprhsiudHsgératysis of volatile
RERRAHES Qe e i KR the eld. A, GaBMRITRE(8h SXamBI&NFJUREs. This can

of the bacteria Agrobacterium tumefaciens, electroporation, gene gun
e g egetran sredEBH By e VivEPaRERSF iANSarichIare dieEggpeenzymes of the

E}%Emm\mwﬁ@ skilled:in the A hAR QRS cOm MR tssd SRthash example by
a

sed on the use of the bacterium Agrobacterium tumefaciens, consists
ARAIRRINE IIROGCAg SpROBHRSEDIG oViFterectifiudiacatiar asbstle, The plants can

Mﬁﬁ&fal@%@@e@%@d@%@@ﬁw heateinefRcignsriRenspastingathis having improved
transformed bacterium with leaf discs of the chosen plant. The expression

ERBESHENdYPitally introduced into the 20 bacteria by using as vector the
Ti plasmid (or T-DNA), which can be transferred into the bacteria for

example by heat shock or by electroporation. Incubation of the | o
fartiereRIBcHRicteriiRHeRiAR A arRRsc R QN TH A aiRsfer UnBkis g a nucleic acid,

pipspidnin hegapemerLdissugells dihese Kasirmiarally be cultivated
in suitable conditions in order to reconstitute a transgenic plant whose

cells comprise the construct of the invention. For further details or 25 for

varighicnpiemenaiansetierdalnetaciens dransiermaiian ehnigidsent invention
one may refer for example to Horsch et al. (1985) or to Hooykaas and

aeRperBish [abe heeble dhsaiteofir bomnRliferRItFeUidingsgrgmic sequences

casselsse/ennstivicdtieinsaustyheivpablthelefeard taikergessigivated tomato
transfer DNA (T-DNA) of a disarmed Ti plasmid fgr transfer 30 into E’[(J!}Iant

EeII BRPRGHOBAL Rl TS ERAE TRECTIINRIRIS) LoRTHeba geRction of the
wanehpRxaress N Ganfets A saaIStanCs tg.an-amiielicigiohethigideantly compatible
\f/;\llzheiccigseg? p\flggettri]ees Sg%eggﬁir\]fatoefdtr&)rgefi%r?gntg}c%gersicum) and thus, for example, to
identify and select individuals produced from a cross between the wild species and a
cultivated species in which the introgression of nucleic acids of the present invention has
taken place. The use of the 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
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
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 (wo
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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Once regenerated, transgenic plants can be tested for heterologous
expression of the genes of the present invention or the production of a SB
type sesquiterpenes mixture, Z,Z-PPP or Z,Z-farnesol in the trichomes.
This can be achieved by collecting the legf exudate and testing for the

esence of the product.of.interest,in said exudate. Analysis of volatile,5 Cr
g i S LIRS Py 1R At (R B DIE. o identify
codmpdumdsn ThiEcpopdlshedond by mmralyzingtte preSehek of lorizoand a variety
RIS RRiseag “%%”%%@%%ésgfo‘i%f rgﬁﬁ&%&%"a%?ﬁé'so i ‘%é?e%‘{?ﬁv%qgﬁn is desired.
more particu arIC, in the trichome cells (for example by analyzing m
or genomic DNA with specific primers or probes). The plants can
%ﬁ&ﬂ@%%@c?%:?%%diiﬁ;&ﬁ§&g ’r%'igl%%egd e- iﬂtp({%%t{gnog [H)IQHES sequences of S.
having improve expression levels. Another object of the invention Is
distrbelsathonmaplarg eFB8eahdohibrisinbrscniieinaeis xuatiexorapsitie species by
ig&%%t%ef %El?s)’ﬁacgj%%&ﬁ 6}%9%‘?5'%}%9&&19%?@595{& i RRIEEL Anown to one
t eo id of t

e Invention relates to the u nucleic a € present invention

akifivgldoular matkerstorenable/ thié. intdtiUdden of te dBRBspardirge it possible to
IEORIIG BRAUENS SR P immiddBIRshallsR J0iQ. Aieh s ally M@Qﬁ"%ecies. During

species’or varieties of cultivated tomato (S. lycopersicum). In fact, saic '
MvarRerdmaksdnps syisleremespire | inamstrsdot tioh tvfothec@esrespdigingted. Hybrid

QENORICREUENRES ﬁi@cﬁl%%’&ﬂﬂé?%%?léﬁﬂ?}r §&¥t‘dﬂﬁ¥g¢9ﬁép@é@f§ 6P the present

species or varieties of cultivated tomato lycopersicum) and thus, for

eeFnpre eenithentify aplgeedely iRdRdyias prodisedeong aiclesgene encoding zFPS
beprean e wild SReCRI AR Spcuiivaled SPeGBSNG WHIGHHIRE at once.

introgression ‘of nucleic acids of the present invention has taken place.
The use of the nucleic acids of the present invention as molecular markers

caR. Re.carriad utiby anyletidUEKIOWg loQng %ﬁ%&ﬂ&ﬁ%ﬁ&sg&gc organism,

example, a commonly 25 used technique is based on identifying a ban

SERATETERtSnN( R L by e tistie Mg ehehieS Bigastedsayitimeignmixture is blocked
resHURMERA PSR RuPelecuiak hvendizatiop Wb AuAlgIGaRI05 et invention

the present invention. Another example is to Search for a polymorphism by
WSitly RER tadipry, DB tatheworrgdnpdadinparerntdirsngan o both genes. The

yelelcagid,plhe g%ﬁ%%eﬂéﬂnt{@%ie&ﬁ&”ﬁypmﬁgmﬂ%eﬁﬁw@sﬂkﬁom to one

nucleic acid of the present invention 30 in"order to identify, after PCR

alfiprficatioticadize Pulyarogshisth tawdedeieHe fdaendfessxpple, by chemical
RebUReRRRST£ANRIRA hadauea ed@liehdigesionalisald RERBEIAVS interrupted

by one or more restriction enzymes which produce fragments of different

dirscreantlanuiiaceTispadberyBissntes expression of said genes can also be blocked by

gene extinction by expressing an inhibitory transcript. The inhibitory transcript is an RNA
which can be in the form of a double-stranded RNA, an antisense RNA, a ribozyme, an
RNA able to form a triple helix, and which has some complementarity or specificity with

the transcript of the gene to be blocked.

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 able to
form a triple 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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26 Once the polymorphism is identified, this information is used, for
example, to identify individuals in an F2 population derived from a cross
between S. habrochaites and a variety of tomato in which the
introgression of the nucleic acids of the present invention is desired. 5

%&%g@ﬁﬁgj%'fgo@@e@%?nﬁﬁé r?ﬁt?\ﬁ)tolth@ri'?)tfog%iﬂﬁﬂlaﬁgﬁ@ﬂmg%quence thereto.

sequences of S. habrochailes encoding zFPS and SB synthase into

hokesesudlly sompiampielgpsciedhsyusasibn sobencliopéetiaumnrising at least 21, 30,
RIRtoplags: PE0teplaghuRioTiPCRNGUEE A e HIRWAGA Ope Shlehinile 1 or of a
art (Zimmermann et al., 1981, Bates et al., 1983), and make it possible to

CrEBricRyIN T cataveBrtdirmiccRro mbdoines b romgnig 8 tHehweciserroding a 7, Z-
$RECKSRAEING QiR QT @Hﬁ'@o@ﬁ‘%gﬁ{@%&B&W%@%W&Jﬁ%ﬂéﬁ%ﬁ%l@%ﬁ% Idown the

two species are eliminated. Hybrid cells having retained t romosoma

fraRihrais @y boiaipindiene R} dias srameipresanhnsisndcaniiesn Bg and DMAP

selacied %P&&H&i@g&ﬁ@ﬂ@@ﬁﬁ%&fi%?’ﬁ%&%%cﬁmﬁgi'ﬁ%éliﬁ? dBEQ-FPP. For
ID No.1) or that encoding SB synthase (SEQ ID No. 2) or both at once. 15

ThEpEsdnbibiontioh Bisoserates f9% kel dp fRovMERF R rHsgErduction level of
QIARSIThe %‘%’?Qﬁﬁﬂ%@@ﬁﬁ%&gﬁﬁl% RiRaticRatbM@y 8t 3RBef¥PBivention therefore
e

sesquiterpene mixture is bloc by inactivation of the gene encodin}gPa
ZeRIEplo BpRtRSRE QUEBIIMY W e presbishinle saen corafidga el -FPT synthase has

eReRding R RBuSHO 3RS A¢cAFINGAoth adNies Mty PR BHRR s Dt RBENE S ter ference,
The expression of said genes can be blocked by man,égavailable

BRI RnEGH EPb A BEARiNE diRF tatir Théyealoedsnproadivripn. Thus the
mﬁﬁ%ﬁzrzeFﬁmB%%m%ﬁmi%qﬁt@?ﬁ&@%ﬁ@&ﬂi‘gf&a@ﬂ%'MM@} said transgenic

Sulfonate or by ionizing irradiation) or interrupted (insertional
ﬁﬁ&?&@%‘ﬁ%gfsﬁ?%oreover, the expression of said genes can also be
blocked by gene extinction by expressing an inhibitory transcript. The
inhibitory transcript is an RNA which can be in the form of a

S RaLen HSPRREAT M MR AL FoAFIEs 40 iBBYGIRE asi SBaRFGA 1gferr suppress
formalpiR e snd Whiehiias SN sAMRIEMENAriY afsPesfIeRAWINch can be

the transcript of the giene to be blocked. The present invention also relates

£ UGBTI Yctidrablearrratet SO supb AadistHES BibestiBhBrRiget RNA able to
e6AdingiplL Kefnl Rusyriase ik fash QR dRPIRIRERMNA W G &S 3@h the gene

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

BRALRIe S P MMt HBIRE ATBRMSEIP RS discBmiNerisarkingy 6f the present

spesiticly iR the graRnensRAINEadakE RoSYRthassGaRs Brapareth®Rncoding a
the basis of the teachings of the present invention. For instance, th

presehtiAterriBATrERRet {52ahiRho0RMA BF:thE giher 100 Corsceutive 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 1D 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, 7
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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encoding a Z,Z-FPP synthase comprising at least 21, 30, 40, 50, 60, 70,

80, 90 or 100 27 consecutive nucleotides of SEQ ID No. 1 or of a

complementary sequence thereto. Likewise, the invention relates to the

use of a polynucleotide comprising at leagg 21, 30, 40, 50, 60, 70, 80, 90
9@90%%%&%9%%,%%'88&@3?@ ﬁ?@plp s_@gﬁu}t%gﬁ@quml%ghegéa@ﬁuced in said
s?agence thereto for inhibiting the expression of the gene encoding a Z,Z

SR Proyatbzesec MBSO of this enzyme can be useful for stopping or

slowing down the synthetic pathway of the SB type sesquiterpene mixture

and making IPP and DMAP available for another synthetic pathway of

ity aSEseuinMeNESUBHY 6tlzles PR, methesdvidemiibrortapng other genes
RBRYHF5AT, E@@ﬁ?ﬁﬂggé%@%es@ Wamred Bﬁmlﬁygeh%%{&}?&@gk%a% in which a

by tomato leaf glandular trichome cé€lls. The present invention therefore 10

diabe 1y B gevc [Grgtthishhs &r EsAPvaiiSR o RfsaBtvgdBiilsgtides of sequence
LEcRP9ynihase haspheriinastyaiaded iednrelvatian ey Be RENIEUEd sample a

by techniques of RNA interference, i%;ane deletion, chemical mutation or

iRaEiFOEABNSBYuRBEROISERIIS rebdmbikitios. Tl the esrentdrezszombp can be for

QPR y@&@%&%@%mﬁq%}iéwr@rfﬁ%&hﬁﬁg SRGRA AN SAUE EASYRBIGs, The method
organisms or cells. 15 Furthermore, the present invention also relates to a

reRIeRTRtiFtHRCddHipdalise v PEGhpRsST it Rprisssidcdr o gelfeted sequence. This
fagnding 35§E| synthaasrindesshiap, inhibier RNAWRIEh sandesdqulite atignment,

form of a double-stranded RNA, an antisense RNA, a ribozyme, an RNA
AP DA fGHHP ERBIBHMIRCEYI®which has some complementarity or
specificity with the gene 20 encoding a SB synthase, can be prepared on
the basis of the teachings of the present invention. Thus, the present

iR BRPREAL S8 90 KT ARHIBTHOIORNES oPRe ey elitiitidla beppainitpgéent in the
GBMRAING:RiAgas!, SAnfd: afd 60vefD 80 pABRELOBCONSREGHINE and not by way of
nucleotides of SEQ ID No. 3. Likewise, the invention relates to the use of
AiPdiHReotide comprising at least 21, 30, 40, 50, 60, 70, 80, 90 or 100
consecutive nucleotides of SEQ ID No. 3 in 25 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 2,,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-PPP as
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30 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 inactivatiom by homologous 28
E}%&E}%@aﬁon. Thus, the content of SB type sesquiterpene mixture can be
reduced in said cells or transgenic organisms. The present invention also
relates to a method for identifying or cloning other genes 5 encoding a

Fyubprsfiferatodesf SBNYAthdutberdindeny from another species in
which a probe having at least 15, 30, 50, 75, 100, 200 or 300 consecutive
AUENEOTaS SrtsededAuan Serio IR, (W BurespebtrRidgies prdpaidtsamg 141777)

Hsed toURaNtY Ot selRELINa SRMBIS AMIHAIROUHR SR UBRCE SRRAMNAIAE cDNA was
hybridizing with said probe. The sample can be for example a genomic or

STV BFA)SOFRYIFTAG HERIHINGRE SFomofelSlyAnRHIC! Thie YRiBth 8N fisc dignscriptase

cRmRRESecaR asditionnksienseh sharaeterizing fag identifliecher relsiednded by the

sequence. This additional step can comprise cloning, and/or sequencing,
ASEEfTence alignment, and/or a test of enzymatic activity. Other

aspects and advantages of the present invention will become apparent in

R nlrdAoving xRS WBIC FFr pivaR feh A PoseF PEIVAHAB N ynthase (Sh-
and not by way of limitation. 29 Examples Synthesis of tomato leaf cDNA

CB N bt Sahesy b roGiE e tIBatE: from tomato leaf (Solanum
habrochaites = L. Hirsutum LA1777) 5 using a total RNA extraction kit

(FRbIeasy, Minddl Li@aemliclifigONRRRABING AN R SYNBLSIE @HIOYA-SBS were

reverse transcription from a_polyT primer tg/}?using reverse transcriptase

erevere et igopdlishy 2y Wﬂﬁ%&@aﬁ'ﬁ ColtifisnstecoprRendet Bybrochaites

thmamaenfasiHghes Oninaiof peding sqayenasmiaingubicREI SYR@8Re on the SGN
(Sh-zFPS) and SB synthase (Sh- 10 SBS) from Solanum habrochaites

fuhais. (Thle SHapnais s hgRsiing RitRidetas St aRel s B ihe two genes
PhezEiRS2Rd SHIBSWWers aalosackironsite publsly:avaiablecseguenetobtained by

data in the EST library of S. habrochaites . .

PCR from tomato leaf cDNA using the primers 5%-
ACCATGGGTTCTTTGGTTCTTCAATGTTGGA-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 Sh-zFPS were searched in the SwissProt and

GenBank protein data bases using BlastP software (Altschul et al, 1997). The highest
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tomato leaf trichomes (Van der Hoeven, et al., 2000, unpublished,)
available on the SGN website ("SOL Genomics Network",

http://mwww.sgn.cornell.edu/). 15 The Sh-zFPS (SEQ ID No. 1) and
Sh-SBS (SEQ ID No. 3) sequences of wefe obtained by PCR from

RO SRS AR RURATS R seucuses shawine Smolgey to ndecaprenyl

APTGEAGATATGES TE TCOACHARBACBIFE TAT Ge3! (SRO1DrMed ) fdie 1). For

ce ' S . " \ "
S AR WL RS dntitafisiesi ol Risye UPPS of
endHipCT OGABCRTARAITCRAATACAB G ATIRAREALS (SEQHD the Sh-zFPS
%@MQrh%?%“%‘r%@ﬁ'&c@’nﬁﬁéﬁﬂ%‘?@4e%y{@%%t-‘?§’§'\b‘%%ﬁ8%3§'2£&s tuberculosis

e added at the' 5' end of the primers to facilitate cloning the cDN
dowitstfieam 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 25 (Qiagen) and
cloned by ligation with T4 DNA ligase (NEB) into the pGEM-T cloning
vector (Promega): Clones having the expected sequence were setectets;,
after cdngretemsequencing of the inserts. Pifé Sh-zFPSFractestide identit
sequence (SEQ ID No. 1) is 912 bases long and codes for a_protein of
303 anfirididensis {SH&@4D No. 2). A con§éRdrotein Beaiamibifhe type
cis 30 idpisopnemdidizhosphate synthagegisdPPS) eualse kirpen asag

undecapian suniinse.(UPPS) was idepyied gy Slcal e 55—
system. NCBF Marchler-Bauer A, Bryant _SH (2004). Amino.acli

sequerftEOBRAIER S APS were seaRiREPiA the SWddPFdlame 37
GenBafkypretgivadata bases using BlastP_softfédre (AlRsdivbatRRS 19973%.

The highestRR.parcenhidentities were opiasd With iankseapeaces 357
showi n%i-h%gg%é%g¥ -Eod-tg-n decaprenyl-dip I;S%%;&?te synt%ﬁf%ebﬂ& fé}mse
(1 aple

. a %
functions have not been demonstrated ( ). For_example, Sh-zFP

has 426ogabESeVHgERRY, respectively, B MEputative UEpPSIHPS 32
ArabidepiscdmalianaizAARdis45 and AA0GEIWI oIt can also be sees that 30
the ShygERS.gedienoplias a very low eigegt identity 249k~ 55—

,E-FPS.of Microcaccus tuberculosis. (053434). Qrganism PiD Function..........
iGNty PeasireparEhndrieb snpornsdetifitiVe isopigyobtained by homology search

using BlastP 2.2.13 program (Altschul ef al., 1997) against the SwissProt and GenBank libraries

with the Si-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 SA-SBS were searched in the SwissProt and
GenBank protein libraries using BlastP software (Altschul er al., 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 (Arabidopsis 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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Arabidopsis thaliana AA063349 Putative UPPS 39 Arabidopsis thaliana
AA042764 Putative UPPS 39 Anabaena sp. PCC 7120 DP58563 Putative
UPPS 37 Oryza sativa NP_915561 Putative UPPS 36 Synechococcus
elongatus Q8DI29 Putative UPPS 35 Migjococcus luteus 082827 Putative
UPPS 34 Gloeobacer violaceus Q7NPE7 Putative UPPS 32 Micrococcus
tuberculosis P60479 UPPS 30 Micrococcus tuberculosis 053434 E,Z-FPS

24 Table U Sequences with the highest percent identity (% identity) Yo
obtatmedtisrhomology search 10 esing BlastP 2.2.13 program §Adiaehwl| igbntity

at, ; » H rot @@g %?@Baﬂ'k”“ﬁbf’ rag-wwith-tre- Sl G
seqiﬁe%@g.The.%h-gBS nucleotide sequence (S E%[T@ﬁ%ﬂ%ﬁfs?ﬁﬁgf . 60 .
base¥IBIGPARABERSS for a protéf?Bf 4277 amino acids [SEEFING3. A 44
consentechterpene cyclase prot@aBdsrhain 15 wastidieatifiedrisregilicet 43

with g ffePhaygtem (NCBI, MargtdgisBauer A, Bryant KEL(SQO4hA¥HEN0 43
acid-sequences simjlar-to Sh-SBS were searched.in the-SwissProt-and--- -
Gen@gﬂﬁaﬂf’ot{gf}ﬁ fibraries usinq@%\%& %oftware %‘Rgt%eu% eé’ﬁ,s{é@ﬁ? 43
WithSiseiesebaptiens of a tobaccd8BetiHice of unknown HaEEEhSIBERSe 42
identitypathgikest homologies wexe7pfitained with plant diexpengnthase 41
synthipses (TaRg:2) with approximalelyA0 to 45% identigin 205 rihase 36

sequences.encoding kaurene ..s%%thases. of different plants. gArabl.dOpSi.S SR
thalidRESE8Gediita maxima, StedfeféBaudiana, BHFRGIRAYS Biftsises 33
also Atiewgdedis homology (26-33%P58@ntity) with terpemtedipnthaslsef 27

knoviid fil st UCH as dbistadisngayinthase and faxagigfenclaiiieeR 26

B e S R, S LOnD )AHAD ) M cperiony sarch
tisalia B AAT 393 48oauréndssimithash, 449 Dactuioat sbtivay BRB1 244 LenBank libraries
Ruipfivekanens syathase 43 Cucurbita maxima Q39548 Kaurene

synthase 43 Medicago troncatula ABE87878 Putative terpene synthase

43 Stevia rebaudiana AAD34294 Kaurene synthase 42
Production of $/-zFPS and $4-SBS recombinant proteins

The nucleic sequences encoding Sh-zFPS and SA-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 S/-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 |
h incubation, IPTG was added to the medium at I 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 PD10 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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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 2211347A Tagxadiene synthase 26 Table 2:

%ﬁ?&ﬁf&@&ﬁ s"%@hgcﬁ@ﬁ&fw) %@QE\I’A@F{M&? %@Qﬁéﬁyarppﬁaﬂyﬁﬂcg}'umn equilibrated
homology search using BlastP 2.2.13 program (Altschul et ai., 1997)

Againgt M dWBES bt dénBaniBrdds Clith iR BHSBS Sedirdpldecnrichment

WEOBUEHONBf PR ARPR AN é&aﬁ%@%@%@&@é@%ﬁa@&ﬁ&%‘eic
sequences encoding Sh-zFPS and Sh-SBS (SEQ ID No. | and 3,
respectively) were separately introduced into the pET-30b expression

Jaotrq RIRraBe AT tTialiest opthrishidf s and AroRbinespbinaisprateins

STOP codons of these sequences were deleted in order to create a

fusipppratginwith @ Srhistiding tal ahibefsterminalendaf he-pRddr 7.8, 100 mM
zFPS-pET30b and Sh-SBS-pET30b vectors so obtained were introduced

By-iechropdrafighlintorEseMb BbHig eolied fs mditied 1Epeirassighy dests, 25 or 50
recemhinant ReAtains Bttt GRERNPIMS SHAIBALAFY: DI RIOSHICEIR@ the substrates

roteins, E. coli cultures (500 msl) were initiated at 37C until reaching an ]
g%ﬂcal\ééﬁé’nﬁé’f?@.%?&: AneS EERHls AeRg Ot HE COUmbintien perhifra concentration

wessqwered to 16C and ethanol (I % V/V) was added to the medium.
After 1 15 h incubation, IPTG was added to the medium at 1 mM
concentration to induce expression of the recombinant protein. The

Eafiursthvertise I ctibhteb-15 beoklisn thstepassanyrediifighsyignbembrylated by
ahdiGod e sl RRIRLWAS LeSHORENMRE | pMenhQsPIae1 RS abs) for 1 h at

Cells were lysed with a French press (AP = 19 bar) and lysates were

edntrifdGEF A0boby Vi khPientaHRY RoE pYsisitasRpdracted with a
derpligganRERLGwRIbMRiZRLAMEsshem), emdliBiatedwihaS8BMe phases were

phosphate buffer, pH 7, and loaded on nickel- nitrilotriacetic affinity resin

aRpaEERd OtagetiirnsfichattiofdanceitadnelivanioretPer s obl i centrifuged at

RrowegoTHhe: fractions suith the ljghest anuoyAts hed-akBeHis @dgen gas, taken
Sh-SBS 32 61fis proteins were identified by SDS-PAGE, then desalted on

HIPD 19EBRIAH SHaiNBrdtaY SRttRMsoAOSERDPIE SoHake, Wilh7sse soeripmetry (GC-
K5 A approxisate anfeld garichmentwas atained $ithridwdried by comparing

proteins as compared to the crude protein fraction. In vitro enzyme activity

fhstionie serevepath s Els MetisnwbinsHirotéimgndards 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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5 Activity tests were carried out in the following buffer: 50 mM HEPES, pH
7.8, 100 mM KCI, 7.5 mM MgCI2, 5% (w/v) glycerol, and 5 mM DTT. For
the activity tests, 25 or 50 g of protein from the enriched fraction were
incubated for 2 h at 32C with the substratgs IPP, DMAPP, GPP, FPP,
B (o0 AR GOmBIRaHAN, L0 AL S CRRCERHAIAOAR Me standard

0 For tests carried out with Sh-zFPS-6His, the reactlon products were
depHBEphbr a8l daadigen (bfoamits” balrqktisin dmikaRsecompared to a farnesol

I%%%BHPE%%&N&%’%HQJ&EQ Sralalshf %1%ég(ﬁtls%%%r & Qﬁﬁﬁrﬁlﬁﬂh@%—f farnesol; Z,

which are phosphorylation ﬁﬁoducts were then extracted with a

ARIBPERb R Eetanbet itikearesed Bradosed PrcShqudbusidisdhadgasmgention time
RRARRS S IRaSSPAAIGEL By, pddition of water (0.5 vol) and chloroform (0.5

vol) and centrifuged at 15 2,000g. The organic phases were collected and

dried under a stream of nitrogen gas, taken up in pentane and analyzed

By D CHRS B oRGSTRDERANS SEPIRih VihasiS peat ﬁﬁéwf(@@lbmgis@@w FPP and

Agilen! REchaRdig)e HiBiRRaNe Alohels were deriilig o S0MmRR NG cating that
their mass spectra with those of the National Institute of Standards and

TR HMOIBIGY (NS Ty et drpiassall wisuh seegingatHeit ketention times to

those of geraniol, farnesol and 20 geranylgeraniol reference standards

(Fluka). FOE &St cartieq gt With ShggBr:bHIS, The Terpenes progged in

the reaeﬂgﬁ—weredﬁeeﬁ»g]:e*maaed—&h@eﬂ%ee}—#eg%eaeﬂeﬁ———
mixture With pe rpentane (vo ume-to volumeg The three entane extradls

were poolseaz toncentrat&dinder a stféam of nltrogen gas, and analyzed
by GC-MSPHe terpenés§ffoduced wEf#fdentified bydinterrogating the
NIST 25 datadpase andsesrsparison witr@e chromatogsam of the extract of
a Solanumylaaprochaites, gxudate. Hra:gBegFPS-6Hjg recombinant protein

was incuhatgdawith the gidastrates IPB#RMAPP or IRBP+GPP (segd@ble
1). Only tlge.z&p@t combngat;@gl (IPP+DMAPP) led, afteﬁp30 .

. S O
%E@@@'&Qi% 3 oﬁ@ilﬁ}r MQ%%&QQ%%;%P%%%A%Htgfﬁgihﬂzﬁﬁs%fﬁ@%%h SBS-6His
by-cnBRAipenMiRvile StRRGAE PRGN WBstRaibe MIST7data-base, (Figkintalene; C,
4pi-bhe-saientien tne was canpagedde s famesak- ﬂtﬂﬂﬁdﬁf@aﬁﬁiﬂ&ﬂmmg arrans-alpha-
misgaureteddhe four farnesol isomers (E,E-farnesol; E,Z-farnesol; Z,E
farnesol and Z,Z-farnesol.). The farnesol produced by Sh-zFPS-6His had
d hetShtindil SiroH i Hake YHeaBHH dRbt ofiZnzefaneesahcubated 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 TAS17 tomato line, a near isogenic line obtained from the parents S. [ycopersicum and
S. habrochaites (Monforte and Tanksley, 2000). The TAS517 line contains an introgression
fragment of 8. habrochaites responsible for the biosynthesis of class IT 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 5), 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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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). Enzl ERg2 Substrate IPP Products

ﬁr}ﬁ%%%g ARFUIMARIERBs RigeRR ARseH CHPIIBRAPSNIAPP 10 produce a
Sh-SBS E-GPP No absent Sh-SBS E,E-FPP No - absent Sh-SBS

Ehesphagppdnesperp sfdiusny pipirsmhatr e, Bie etagkorpige was identical

RNRBEGRRIR: staliardeniraphermation. 1frhalle dpRopmansRidiced by Sh-
vitro er%ﬁgr%agcﬁi\(l)ititests obtained og Sh-zFPS-6H@§andjSh-SBS- His o

reconmbRrarsrTshBYth diferbstiabprdibre Shedadibet RhzEERAfEsoyas inactive
Bn 20RassaNtaaRep CcSRI-RGIR SN a0e: Drendeheiaharaamneienul is not an

cis-alpha—ber%amotene; F, trans-alpha- bergamotene. The Sh-zFPS-6His

HierRdetese I Sis Al pefenrdnsateH tsastNer hith Biebsishagagnbining one
HRYARReREL P oG R B aReh PG hereacipmpregHsi wagpMbphate compound

treated with @QOS hatase, but extracted with pentane in which all olefins
i

Breciisfisbiy. Yhnth Bmp prafidcrdsidsasifputr ater! vd-amidid sfograjsrnenes. the main

analysiaohtheexiritjevealad the presence of sevaraldigep@Beind spacer at the C-
compounds hFi ure 5). The GC profile was compared with that of the
t

Biya i et mesates AR E BRI BY SRR s etp e Rigg mes of the
BAEBAAS SharyePRersicym and 20 S. habrochaites (Monforte and Tanksley,

2000). The TA517 line contains an introgression fragment of S.

habrochaites responsible for the bios\zgr}thesis of class Il sesquiterpenes

Eapregeion odvils &4rFBBoanthrseitfiGERtemad B sYathtcalSh-SBS) genes in

egmdikpaing 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 b% 25 comparing its retention

&SRR S IS IR O PIRBI S thE TR PP %ex st ekfratly, 1A0U4) was cloned

dpsieasing apounisralpha-sruRienfiine skdbeas e ietariRegamatens cCBTS1.0-
eak Eg and @a;%jtz)ha-bergiamotene (E#eak 1) were also identified. The
-Gk

R §iria s tribrdrordSah dnints WHO SO BN Watfsftirgiiced into a

formation.ef muliipte RRodHEISformation 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 (Figure 2B). The vectors were
introduced into Agrobacterium strain LBA4404 by electroporation. Strains harboring the
different vectors were used to carry out genetic transformation of N. syivestris by the leaf

disc method (Horsch et al., 1985).

T-DNA carrying the transgenes was introduced by genetic transformation into a N
sylvestris transgenic cell line (source line thpCBTS) in which expression of the CBTS gene
was inhibited by RNA interference (Tissier ef al., 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 resuits are exemplified in Figure 3. Results indicate that
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34 It may be concluded that Sh-zFPS is an enzyme that acts on IPP and
DMAPP to produce a phosphorylated compound of farnesyl diphosphate
type. The retention time was identical to the (Z,Z)-farnesol standard,
indicating that the farnesyl diphosphate groduced by Sh- zFPS is

ARRLRRIGEE AR BB CQUAGHERNAN HRE 1T DEHAAE NRLSRAERS 18515 BS50 for the

inactive 5 on E-geranyl diphosphate in combination with IPP indicates that

HishRélcletecprptcannihtermd diattd dpstie, PP A8 ehepprodstesdagie to the actin
. 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

Mgiflcoec DTy i Sant spktilasiylendasrdsendasia B ematicd by the
BAEPRER! AdRedd 10 Jerminghend AR NN RITGCLOMN BIGY EMABEVIN @8mple of the

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

ERPERIEN BRtheptapid S SprASEICONCHEPL \CAREHNIS S yhthaRa Q® filter (Altech)

GHIRBEI 608 RIMilORAFERA TN AMR-SRES lICIORRECRRIOMANE! 1 ml £entane and
(eCBTS02, Tissier et al., 2004) was cloned 15 upstream of the Sh-zFP

an BRISE LSRG Beyirehddestirtet s il sy ermagsapbic profile of volatile
RIbRERS [EhlRache GBLad:tnrRNpRBS I#dloRans: WQ: GORITUSISWEIRy the Sh-zFPS

introduced into a same binary vector for transformation by Agrobacterium
eBfehiv R SoRaIReresipsMceYerrakyiatifing tBoke i BRGGRIuUre 93, 94, 121

hiren) YA REWS SAMMIsONHICH AR AHINRIIHHCAN SRPRE 1érc‘f90ﬁle was
a pLIBRO-065 binary vector (Figure 2B). The vectors were 20 introduce

B RagraradtaohianedPraRRK sy Sletiopdritirodiraindiiciraatiyly produces

thesdlifferpbliveci@nswers) Usad v6asryRIbE aeneticdranafotniatiRnfidY - spectrum of
sylvestris by the leaf disc method (Horsch et al., 1985). T-DNA carr%/ing

fhshrarrdy sheddraiicaltis dhvef B)cgRsriiof A mAfidifintbhg Riants expressing the

swlyeshristansgrnig el hiide JaaaseptinauthRCRIR). iantleh, exnressiQilene, cis-
the CBTS gene 25 was inhibited by RNA interference (Tissier et at.,
S PHRHIOITE:; tHe AvioRhf BFERTUBRirAb ffstielergapioe whereas the

svesthie, BiodlhiORACHR HRESINGPSAKES ERSIMGBEPERERot produce any of these
corresponding to those of tomato. Approximately 25 kanamycin-resistant

n
BRARRS Yok Lheatnmabs dadirateristutic THESRES hIcBR tRenfiis gerssary for the
Ky edeh Pt epaisineddy ReR thdeabagnantic INAobhalVel oftro with the

transgene expression_in the leaves 30 was checked by real time

HARS PERTSH- R RORGHPRoBhe S iebfestnfheftedfeY gpnes are responsible for

the biosynthesis of sesquiterpenes of tomato located at locus Sst2 described by van der

Hoeven ef al., 2000.

ZF'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 TA517 using the primers
ACCATGGGTTCTTTGGTTCTTCAATGTTGGA  (SEQ  ID No. 9  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 8. habrochaites has been
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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 35 the selected lines all expressed the
transgene at variable levels ranging fromyd to 50 for the pLIBRO-064

GRRSIElAReram 41 tork foE e PHBR MBS ONStiThRelative QB sponds o the

actin gene. As olefinic sesquiterpenes are volatile molecules, the volatile

rhdlacerss «haitdbesyhee’s piliitta viste drarysarisiotontisiethe 275 gene of S
AUPRPDGES hA euliie ehainbels A SBRIE-Skihe mgﬁghﬁéep@%ﬁnorphism which

captured in a derivation circuit containing a SuperQ(r) filter (Altech) which
SUSEYBS BiRAThiBRENSeHEe AT BIEGERES were then eluted with 1 ml
pentane and analyzed by GC/MS. Figure 7 illustrates an example of
chromatographic profile of volatile molecules emitted by a transgenic

. ws that line #3877 expressing the Sh-zFPS 10 and Sh-SBS

genes eoridnE G apRerAlNemMaaky Wiadaolege|anden sigpature93ifhui Zhang,
121 and 204 characteristic of this class of sesquiterpenes. The

R0 N BRI Wbl ) IR Bhtah G0 RS ek S and. PS1-

BAzKTtomataligenahighhnaturalytipduesssthesa dorpRewds. (Rigtieec/Acids Res.
The two i)rofiles were identical and the mass spectrum of each peak was
ffentical 10 that of the peaks of the TA517 line. The plants expressing the

15 two r:apsgenes Giy#hP S, apR-bha S BSNROquosd)alphassaptaleng, Protoplasts by
epi-beta-santalene, cis%ﬂ%ﬁr amotene, trans-alpha-bergamotene

o B D bty sddkfe transgenic lines having
integraishtheushiSBEogene alase Ridnetqioduce any) of dheseid-based defenses in
compounds, These results indicate that the presence of both genes is ) )
AR IV OB SRS REH e B SR BIOPHEY Gbpn-inducible
- aiplaahtabadeh nsvitthandthdhe @Ak ce mbinant endyna5oln Sanclysian Sci, USA.

géesqi?pzﬁfi and Sh-SBS genes are responsible for the biosynthesis of

ite é es of tomato located at locus Sst2 described by van der

Hoevemetathns20Q0 1ZF RSdgere velymagiahisw, hehvges SiclfoopersisiWallaart TE.
. habrochaites The complete zEPS gene was am Iifiechb P%R.fro

SRR P S BEAIER <! 55 hARTOUN L Ar LR L s from

thecpAiMBIsntAGGAT QGG CIET TGGTTCTTCAATGTTGGA (SEQ ID No.

101, T B S MBE s S o g I clone

10). Twd'produidt piffEcLit e s genotREE inui d clone ot

theiecareophiersktyvatbopidraf Hecgda annua. Phytochemistry 61:523-529,
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comprehensive natural products chemistry, isoprenoids including carotenoids and steroids,
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in the two genomes (Figure 8). One of the two products with a size of
approximately 3000 30 nucleotides (band A) is common to the two
genomes. The second product has a size of approximately 2000
nucleotides (band C) in S. lycopersicum @nd approximately 2500

nucleofides{kaps Bhipihplnerhsigsncl igirefis ahtbBciOOhANNG! iSesquiterpene
identical to that of S. habrochaites. These results indicate that gene B

SpelamdbibarEh ated HAHedfi 85 otk Pt IS thb! $2517 line.

Sequepgingtefpreduct B.gonfirmed theBit CarkasPaNdStm s oz gensg gossypol.
described herein. ThIS result g odemonstrates that the zFPS gene.of S

HasrBeralitss Rhs¥alRatiute oqn%a% ) REPRTSRUPBYBERG e Biol “Chem. 245:

pehgn@pism which exists between the two genomes for this gene. 5
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122283n3d9%r WollagiHoT6h Biwaigentesdids It igedivRoppi ngadof V8B Z-FPP in
NC. (2001) Amorpha- 30 4,1 1-diene synthase: cloning and functional
BB R ess R VH AR S HREIEE pathway of the novel

?nt@?iﬁf#@ﬁwlﬂﬁ Qﬂl@rﬂﬁml&ﬂ%ﬁl&ﬁ@sﬁﬂﬁ ﬂ@Qrﬂ@?ﬂWﬁ;&@éfl%@h@M@e%mpnsmg a
1999) Chain-length determination mechanism |so renyl di

synthalEd ARESHETRGAENS for holBbl R BOSIRIH, SFnHs 2 SR 2 and o
ML, Cﬁ@&ﬁﬁéﬂua%a&iﬁg%hl\égpm@mrbﬁé@myaﬁine;alslﬂ@ aoa%tgf@gfﬁwencgdmg a SB
natural products istr oids i rofenoids and steroids

vol. 2, Wﬂ‘@?a‘fﬂéﬁ @g] /r?gﬁ%f’lﬁtﬁéolggtﬁeﬂi Isever),

pp.8Y- kﬁﬁuﬂmmermmﬂdlaﬁmfwﬁvﬁam&&ﬁdmhsflfBﬂtl&ﬂezypﬁéSi@thff said first

plant prot ts by 5 electrlccgelds. Planta 151:26-32. 40 Claims 1- A
metho&#‘iﬁ%@gﬁqﬁ’ & 8sRey;f8%esquiterpenes or derivatives thereof from

Z,Zdy Phpivnalkelebhving@ SButgseoidaMirandsiRP deamptisingh&a) contained in
introducin r] |d cel a co struct havmg an expression cassette
compn%fi‘hcgcﬁ 8&% ?188 HRE BYSEBE with at least 80% identity to

SEQ ID No 2 and a construct having an expression cassette comprising

ene encodinga SB s r???{? Wl? ?#ﬁ st 80 % |dent|
G N 8 R g D LB o W L Rarsc felighs Jaf o seauence
thiehexpeasstomadtisaiiohfinsiSHQ @hdvsaltl second genes; and, c) optionally,
collecting SB type sesquiterpenes or derivatives thereof contained in said
cell and/or in the culture medium.

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

ID No 2.

4~ An isolated or recombinant protein having SB synthase activity and having a sequence

with at least 80% identity to SEQ ID No. 4.

5- A nucleic acid comprising a nucleotide sequence encoding a protein according to claims

2 to 4.
6- An expression cassette comprising a nucleic acid according to claim 5.

7- A vector comprising a nucleic acid according to claim 5 or an expression cassette

according to claim 6.

8- A host cell comprising a nucleic acid according to claim 5, an expression cassette

according to claim 6, or a vector according to claim 7.
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2- An isolated or recombinant protein having Z,Z-FPP synthase activity
and a sequence 15 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 ID No 2. 20 4- An igplated or recombinant protein

baﬁnﬂoﬁﬁxﬁﬁaﬁhﬁt@@sg@mim@mm\daﬁ;ﬁ@ﬁ@@rxugeiei\dtbzcad leRst&a¥oto claim 5, an
identity to SEQ ID No. 4, 5- A nucleic acid comprising a nucleotide

SXRIGSHER EHEHHT PR SLEBHAnG YESLRiAS OB 028 B r a cell according

expraasin cassette comprising a nucleic acid according to claim 5. 7- A
vector comprising a nucleic acid according to claim 5 or an expression
cassette according to claim 6. 30 8- A host cell comprising a nucleic acid

A0caMgingale Giaimodg Alisax presaioN: qasselis samtdmﬁ@:@lairfh&; Oledrganism is a
ctor ac ord|n clalm 7.41 non-human transgenic anlsm
el i s g A
accordlng to claim 6, a vector according to claim 7 or a cell according to
he transgeni ams ordln to claj L
A K e e SRS 4 Ry derivatives thereof
ﬁr@feIHBIylﬂdthe gen usIM@ohm@PE@llﬁthmso%mmﬂmmg
prod cm%?éz farnets I d phate % Z- 11: , or derivatives theregt)tf INRF toi
PP AP e??h a‘ﬁo ueh B s A SOUrCe: comprising: Lo & ruciere
a) mtroshqmﬂg:w@csaldg:eIﬂaaammatrmtih@wa@lamﬂméssmn cassette with
Ielc sel odln otein. a ord| to cl
o S S PR Kot B B atiionyo he gene:
the germmd and c) optlonally, coIIecting the derivative(s) thereof contained

in s id cell anflrl/or | 15 cu ure me u) Brote n

Aot R SR Rl i SR o O A Y el apor in the

cell acemidingtediiaim 8 or of a transgenic organism according to claim 9

or 10 for

12- Use of a protein according to claims 2 to 4, of a nucleic acid according to claim 5, of a
host cell according to claim 8 or of a transgenic organism according to claim 9 or 10 for
preparing 7 Z-FPP, alpha-santalene, epi-beta-santalene, alpha-bergamotene, beta-
bergamotene, and endo-beta-bergamotene or derivatives thercof such as alpha-santalol,

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

13- A cell or nop-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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preparing Z,Z-FPP, alpha-santalene, epi-beta-santalene,
alpha-bergarnotene, beta 20 bergamotene, and endo-beta-bergamotene
or derivatives thereof such as alpha-santalol, epi-beta-santalol,
alpha-bergamotol, beta-bergamotol and Z2Z-farnesol. 13- A cell or

neNtEMBRLHANRS A6 NG RRIRNISAkrsharBetE iz eBatntiiabilec st helikers comprise the
pathway of SB type sesquiterpene. is blocked by inactivation of the gene

BHElSH R WA RS RNAR AR B NS -of 81bHbf the gene encoding
a protein according to claim 4, or both genes. 14- Use of molecular
markers%%n rising all or part of a nucleic acid with at least 80 ‘ﬁ identit o
45 S ARG COTSP BN RS 1 108 AL G B GRRBHRESAmOrSHISHY east 80 %
2 betweegI|) Habrshaited and spegiescafibedaglansm typtiibata® at least 80 %

sexually ¢ ible with S. habrochaites so as to contrql the .infrogressi X
HECr LRI gl MR TGhaeiae ot PAP B B g i idbrochaires

sharoldhlehdraniarized in that the molecular markers comprise the

nucleic sequences corresponding to SEQ ID No. 9 and 10. 16-. A method
consisting in introducing the zFPS gene encoding a zFPS with at least 80

% - Alaentitd tSECIUDING, 2 dncidhel 5B&pRogenstding of 3B syPthasained
with at least 80 % .identjty. to Sr@%ID 0. 4.in a species not sexually

BB TS o4 B Do a2 B Gplast fusion. 17- A

method for producing Z,Z-farnesol by dephosphorylation of Z,Z-FPP
obtained 10 according to the method of claim 11 by a phosphatase.



