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Abstract Floral scent emitted from many plants is the key
factor for pollinator attraction and defense for survival in
nature and is important industrial materials for perfumery as
well. It is a complex mixture of various organic molecules
with a high volatility or a high vapor pressure. In general,
floral scents are divided into three categories, aliphatics,
terpenoids, and phenylpropanoids/benzenoids, based on its
origin. About 1,700 scent compounds have been identified
and their biochemistry and molecular biology also have
elucidated their biosynthesis from various flowering plants
during the last ten years. In addition to improvement of vase
life, flower color and shape, and/or disease resistance, floral
scent is coming up to the major breeding target for improve-
ment of marketability. Therefore, metabolic engineering can
be an important tool in near future and may be able to
facilitate the breeding program for novel cultivar selection
and improvement of marketability of floricultural crops.
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A%HQ oA ARE oF F IUL thae et
20080l 9F U] R E FASFL QlrH(Table 1). A3}
2= (cut flowers), &3} (pot plants), %3} F(herbaceous flow-
ering plants), ¥4 (ornamental plants), $H=-3 (flowering
trees and shrubs), =2} (seeds) W L5 (bulbs and tubers)
5ol g Fom PEEo] A 3 gl Aol o =
AR7E o] Roj A =d|, Ao}, Rok 9 294R7F AEE A
O} oF 56%, vl o] 94%, Al o] 87% 5 AFA|SkL ¢l
Ch (MIFAFF 2009). -2uehes dfe] 5 7H6uT =
2ole 4zpuinl Bo] BAJRE 721 9=y, 48
s ZTHOZL xl—u] ;L'LQ. HHU]— A QAL okt S :‘TE?;"

T=E W o, o=

3 e 5o AW 0|7 REF HIAE veyal
9 Zu] =] whef WF, AR, WdRY = =
Ao FA3| Hodlel 25 F8 ARo| WasHe B
= Wb A ok (Fig. 1). AlAIA QL SHIAIE2 A 6-9%
o WAE UEhit AoE FAET glon, GAH
70l & ALz ook, F+H ol A
A e olEe] &4 Aoz YrkEal QI (van
Uffelen and de Groot 2005).

d

k7] AEE 32351 volatile organic compounds (VOCs)oj|
gt A7t G55t =4, ISI web of Knowledge
(www. isiknowledge.com)ol| Al 4 o] “floral scent”= 74
ot Al=9 & FrIdEel disk A+Anrt Frbskal
U AL d S ook 2 1047 230E Haee A
=1 3559, @8 3498, 7|eE x5 41001] HE dolA
St} (Fig. 2). A &E9 2x} thARAFEQl VOCs (volatile
organic compounds) ©f tst AJgA 2 EH/\P:‘E S A=}
of ¥gt Aystsl, EAYES) AeehA ¢l Htof it o
F-9] A7} G238 Z716HH A ( icke and Loreto 2010;
Kegge and Pierik 2009), A& 9] & &7] A& tfs}o] 4]
= Wol, AE-AE A2AE, o8 AR 4l 12
of et WA 5 22 F7] A2 AEH 7]l Het

H
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Table 1 Status of floricultural industry of Korea in 2008 (MIFAFF, 2009)

Production area Sales volume Sales
(ha, %) (million won, %) (0.1billion won, %)
Cut flowers 2,268 (32.1) 1,240 (63.7) 3,548 (39.3)
Pot plants 1,283 (18.1) 293 (15.0) 3,323 (36.8)
Herbaceous flowering plants 402 (5.7) 297 (15.2) 1,011 (11.2)
Ornamental plants 1,997 (28.2) 38 (2.0) 556 (6.2)
Flowering trees and shrubs 1,058 (15.0) 49 (2.5) 486 (5.4)
Seeds 28 (0.4) 19 (1.0) 70 (0.8)
Bulbs and tubers 39 (0.6) 12 (0.6) 45 (0.5)
Total 7,075 (100) 1,948 (100) 9,039 (100)
g w0 29 319} 4~E & (post-pollination) @] & HrAk, shA 1}
g o F71eke] A T 2 vt A ZokolA 37
dg'— g0l tisf thEaL ek 7] AR 242 fl8l AL
5 g AlEE theFstAl Uebu=d], Wt (Orchidaceae, 104
gmm_ corgsanthemum % 417%), %ﬂ‘a“éﬂr (Araceae, 1025 55%), oFXFLFT T} (Arecaceae,
g [ ‘ | | | [ | | 18< 40%), =1} (Magnoliaceae, 3< 26%), A1} (Rosa-
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Fig. 1 The amount of export of major floricultural crops from
Korea
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Fig. 2 Number of scientific articles extracted from the Web of
Science with key words for “floral scent” (searched on 8 February,
2010). Papers include research articles, reviews and etc

ZA9] ALyt FE o] F o] 231 Ut} (Herde et al. 2008;
Pichersky and Gershenzon 2002; Sasaki et al. 2007).
2o| YIRS Ao HAFE WA B

=
)

N

]oP

O 1T l—,_—‘:— e
(vapor pressure)o| L =2 -,—]‘?j_"*j% 7M1 Q)= thoksl o
7] sfaEe] TRe ojujsiu, o) @] 4Re %)

"= S}5HE (aliphatics), terpenoids, phenylpropanoids/benzenoids
5ot} (Pichersky et al. 2006). 1992 7}A] 2F 607 2} (family)
9] 17445 (genus), 441711 9] E& (taxon)o]] &£35}= A EE
25 FAHE 3= W<l head space 7]E S 0] &5}
22 9 =45 7000] & o|Aro] & AXo| Ha]w
(Knudsen et al. 1993). 71 3 head space 7]&°f &3] =714
o8 dezl FrIPEL 17006 Fo& F7t shgloen
(Knudsen et al. 2006), 3F A&of] tfgt A= & AL
ko] v AL B 29, % el uhare] 274

ceae, 845 24»;3—), A1Q14H 1} (Cactaceae, 1245 215), 2387} (Ruy-
taceae, 3< 21%), 7FX| T} (Solanaceae, 8 21%), A =1}
(Caryophyllaceae), 223} (Nyctaginaceae) 5©] 71 2ol
BAE T2 e, A4 H o s 3859] 90 Ju
o 91740] A8 FoA F JRo] BE 2| 54 2
B0 Tgt A7} o] F o] A ¢t} (Knudsen et al. 2006).
17000] 2] g7 HEE urt 47 ghetelr] 9 2
o 48 24 tatel B 428 FEow Vi a2
o2 BRI, 224 15 S HRLEL 4
%4 Zo)9} =2 e W 287 (aldehydes, acids, alchols,
esters, ether, ketones, alkanes, alkenes, ether/epoxides, chloro)
= /LR st & AFoE FESHSIH
St 2kEol thek thabsshd At 3o 2 d S 9
g Ao A BEE fAR A2y A4 FE
o]Fo] gkil, o]¢} HEo FHA A2 Ves EUE
Aot o) Fd, 29 ) s Z2 FE A Fol
Z 4ol wHA Sl ZLHL} F| ol vt £ 37 A
o A HRE AR W hAE RS0 B A A
019} Aol S oF 429 2de AT AR
£ =Yste = AR e A7t 2hs] o] oAl 9l
ﬂ- (Tanaka et al. 2005).

glgeel T #E 24

W s 50 dde 7Iessol EAst=d +
2 g1 3= (solvent extraction), steam distillation, head space
59 HHEL 0|85, head space®] ¢ solid phase

microextraction (SPME)E ©]-&3}% static head space, <3+
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A A AES 0]8-3F dynamic head space, S2HA| Q1 Tenax
TA (2,6-diphenyl-p-phenylene oxide <=A]) 5 ©]-8-3} trapping
5°] At} 7]eF WH O 2 = closed-loop, pull systems, push-
pull systemss-©] SQl=d] |23t 7|&S& o] &5t 3 &
2 FE5A Y &&8HA Elth(Tholl and Rése 2006).
AlE2HE WA= U RS &Sk head space
= A Yo R gt A9 A2 RE WEF
A& 57} 7He sttt SPME= §FaL 7Hsm 71 fiberE
o]-g-gttt. of fiber= &3t silica® g AJEI}F 72 34
diES F2sh7] SI't S polymer= A E ol gtk
2y 24S FE57] A% 14 == H549 Poly-
dimethylsiloxane (PDMS)7} @o] o] &, Divinylbenzene
(DVB)7} =35 PDMS-DVB fiber®] 7 241} vj=A]
i 5 7HAAL 7] diZol ARERISI7E WS A
= 7HA AL ok /718 E o83t Baket AA g 2
= AAA 7] "ol FEo e Aujy AleF ¢
I ZE vES e 5 ok =3, A2 2ol A
FAHE Aol Al 2 5ol dojd &Eo] A7)
ol AE /ol Zshm, ARg-o] hekslE A 0.05-0.3 ppb
2 ASTAE 7HAAL Utk AR} (metabolomics)
oA Tl A RE R4 s Aol ol o8&l

30 fMr lo & 1o

€3t Hedl, bFd e+ d& L8,

spectrometry, IR), SHZ}7]5 T ¥ (nucleomagnetic resonance,
NMRYET e BA77)eh Agtelo] 248 chyEo
2 sjAst7] 9 GCE o] &3kt GCE o] &3t +¢ ¥
39 FS U= A WHOR = GC-Olfactometry
(GC-0) A| A"l o]&317] & sh=d|, GCE °]&3f &2
3t I 20L& 13 (chromatogram)S AFE Q] &7F3} U] A
717] 1% B4 7HA AL Aok oF Aol ek Bt o]
JolE AEFR, HHEFE 59 37 24 5 o
o olgET Atk WIRAL AT FEII2 +49
0] 2317 < 7| (flame ionization detector, FID)7} 2 A&
ok FIDE B 29 f7]1& dsf =& 7HA 9l
Lo, g Aol £ b mA kon, g5 2
+ HE7R f2E 001 ng Y 24E AE0] 7te
3 ASE otk AARAT YFu A Zzte] BAS
o Bag Yusl 2y Augo TRubE ey
NA= B EEHN WS AT (retention time), 78 T4
BEK 720 AHol EolS o8}, Geo| ek
A 7] (mass spectrometry)E A3 GC-MSo| A= 919 A
Hot HEo] Alzrgo] o kg 7HAl o] ol -2
sh=Ao] o Aol Be ARE AL 4 A7) v ol
GC-MS] A4 52o] GCR T} T, GCMSE o &3t 3
4 BA A F0% AHE A AHEY (nas spectrum)

X o 1o

A, o= 7FEZo o] 22 AFHSHH] (mass-to-charge
ratio, m/z; ©]->2] AT (m)S HsHH] ()= Uie 4] o
A= Aoy A Lo A AegFdsiu| o] 4=2]of wh
2 5SSk AgEAAAE o] 2R Yol i3t A& ¢
o] With. AFHstu| Y groll o] 27tE FotH dAFS
AL 4= Qlth), Al2&dE A1 EE YErYol 1
23} gk Aoltt. AFAHEYL Fetguict £ (3}
AR AHELS 7M1 Q=

o] 7153l | 2+ electron ionization (EI)
gtojB g7k @] o] &5l gtk thE A<l ol e
2 ol Y ER7]E A4 (National Institute of Standards
and Technology)o] A 2}4 3t NIST 08 Mass Spectral Library
(http://www nist.gov/index.html), Wiley Registry of Mass Spec-
tral Data (9th Edition, http://as.wiley.com/WileyCDA/Wiley
Title/productCd-0470520353.html) S-0] A|HE 11 Q=g Z
A= 208F0] F, T Ab= 697b0] FO| BhetEo] gk A9
Efo] #55of 9o 7] HE5 sHst=H ol

o
% gk

A

M

7l g2 4

o2
ic]

0

A=) Wk A2 22F thAMHE R 57 5™, monoterpene
T} sesquiterpene 52 5} terpenoid (isoprenoid), malonic
acid pathwayo] o AMAOIA fajalE AWE S
&, shikimic acid pathwayS A]Z+O &2 AJAFE] = phenylpro-
panoids2} benzenoids, phenolic compounds WA 3}3HE aro-
matic compounds, 59¢| &2 o|F= FQ3F 3 QFo|th

Terpenoid#| 3} 3= W7] 91t A& A7HAITo=
A2, A%

& e
el "S- 317 = Sl=4 Au| (Rosa hybrida L. cv. Hon-

esty) ol A] rAbE] = monoterpene-> U 5=7]/ (diurnal rhythm)
Vel 7] = 3t} (Helsper et al. 1998). 1 drof = 7] A)
A (climatic conditions), % 9FAYE] (nutrient availability),
Ed|ae) Hro ueh ABRRE WEEE o il
F5o 452 240 228 49150 B 4
(Arimura et al. 2008; Gouinguene and Turlings 2002).
Linalool, limonene, geraniol, myrcene, trans-[-ocimene &
T} Z+2 monoterpene, farnesene, nerol, caryophyllene 5}
-2 sesquiterpeneF 2] 3FgHE0| terpenoid A 7] Q) o %
Aol AEEolth 1996 ol ml= ]z yo} 2|9
2} ZEQ1 Clarkia breweriZE-¥] terpenoid A wWaFA 313t
=9l S-linaloolS 1| 3l+= & 49l linalool synthase (LIS)E
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2 acetyl- CoA

gacetoécetybl;COA‘
|

i 3-hydroxy-3-methyl-glutaryl-CoA :

o |

] (Ry-mevalonate

dimethylallyl-diphosphate |

/] 1\

steroidal glycoalkaloid biosynthesis |

I geranyldiphosphate biosynthesis |

trans trans-farnesyl diphosphate

geranylgeranyld|phosphate :
biosynthesis i

biosynthesis

cis-zeatin biosynthesis i

@

| trans-zeatin biosynthesis |

D-glyceraldehyde-3-P pyruvate

| @8

| @

2-C-methyl-D-erythritol-4-P
|
| 4-(cytidine 5-diphospho)-2-C-methyl-D-erythritol :
l
| 2-phospho-4-(cytidine 5'-diphospho)-2-C-methyl-D-erythritol
|
i 2-C-methyl-D-erythritol-2,4-cyclodiphosphate
|

i 1-hydroxy-2-methyl-2-(E)-butenyl 4-P

=

Dimethylallyl-diphosphate : <—> Isopentenyl diphosphate

be—— |

Geranyldiphosphate biosynthesis

Polyprenyl Biosynthesis |

(b)

Fg. 3 MVA (a) and MEP (b) pathways for biosynthesis of IPP and DMAPP for plant volatile terpenoid production. Diagrams are extracted
and modified from Plant Metabolic Network (PMN), http://www.plantcyc.org: 1555/PLANT/server.html on www.plantcyc. org, February 20, 2010
Abbreviations are enzymes related to each step. For a) AACT, acetoacetyl CoA thiolase; HMGS, HMG-CoA synthase; HMGR, HMG-CoA
reductase; MVK, MVA kinase; PMK, MVP kinase; PMD, MVPP decarboxylase; IDI, IPP isomerase and b) DXS, 1-deoxy-D-xylulose
S-phosphate synthase; DXR, 1-deoxy-D-xylulose 5-phosphate reductoisomerase; MCT, 2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase;
CMK, 4-(cytidine 50-diphospho)-2-Cmethyl -D-erythritol kinase; MDS, 2-C-methyl-D-erythritol 2,4-cyclodiphosphate synthase; HDS, (E)-4-hydroxy-
3-methylbut-2-enyl diphosphate synthase; HDR, 1-hydroxy-2-methyl-2,4-(E)-butenyl 4-diphosphate reductase; IDI, isopentenyl diphosphate

isomerase

SAA7) 22 TA = o]d (Dudareva et
al. 1996), monoterpens synthase=of 33t AJ3}et4 E =AY
o4 A7t o] FolA gtk of7| Y AmozRE
32719] terpene synthase gene©] Y73 %S (Chen et al.
2003), &L (Artemisia annua)ol| A (-)-F-pinene 2] AYALo]
Bo5t= Q6H 57 A} (Lu et al. 2002), Nicotiana suaveolens
9] 1,8-cineole synthase (CIN) %2} (Roeder et al. 2007) &
2 42 oj9lo 4o ATE e o£ojAT ek

Terpenoids 2] A EHAd-2 mevalonate (MVA) pathway 2} monoter-
penes, Yk sesqulterpenes diterpenes, carotenoids, chlorophyll
9] HALE (side chain) 2 plastoquinone 2] A EAd o] H @3t
AFEA Ao AEo] 9 2-C-methyl-d-erythritol
4-phosphate (MEP) pathwayE 7 A AJgHA =t} (Eisenreich
et al. 1997). @2 ARE A Y AE AES MVA
pathway+= AJ3Z 2 (cytosol)o]| 4] isopentenyl diphosphate (IPP,
Cs) 9} dimethylallyl diphosphate (DMAPP, Cs)& A§AFStct.
A2 o] IPPO} DMAPP7L n EF Egjofof f-¢J&fof u]
EZ= g o} Yof A AASHE= terpenoid?] F7HEA g
S a7 Hul, SaAEE (plastid)] PP} DMAPP:
MEP pathway©] 2]l AJAFE] o] terpenoid = A 2HE T} (Rodriguez-

encoding =

Concepcion and Boronat 2002; Rohmer et al. 1996).
Monoterpene (Cy0)2} sesquiterpene (Cy5) 3HHE2] AEHA
2 Y3t Z7HEA (intermediate)-2 IPPL} IPP isomerase©]
—JoH 735 isomer?] DMAPPE terpenoid A2 £Q
3t A ©¥ (building block)©] t}. Monoterpene-2 plastid 2]
MEP pathway©f| 4| -+ %]+= IPP7} geranyl diphosphate synthase
(GPPS)o]| oJgt Z71+E29] W2]-712] A$ (head-tail conjugation)
Zu) 2185 3] FAE geranyl diphosphate (GPP, Cio) =2
HE st = GPPSo) 95 H A% GPP= monoterpene
of oJ3l| &ul] o] geraniol (geraniol synthase, GES),
(E)- B-ocimene (ocimene synthase, OCS), myrcene (myrcene syn-
thase, MYS), linalool (linalool synthase, LIS) 522 %%
ol Wis}E 37 Hr}. theFgt terpene synthase (TPS)of <]
3] &A% monoterpenoidE2 ThOF3 1B SFER
HE & 7| = 3k} (Lange et al,, 2000). Cytochrome P450 hydroxy-
lases & s}l Y A= (Catharanthus roseus)2] geraniol 10-
hydroxylase (G10H)+= geraniol®] 10 B4 E =3}A] A (hy-
droxylation) 10-hydroxygeraniol& TAd3dlH o] F7HEA S
terpenoid indole alkaloidE A gHAd sh=d o] &=} (Collu
et al. 2001).

synthase=
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U sesquiterpene-> F 7 2] IPP2} DMAPP 7} farnesyl di-
phosphate synthase (FPPS)o] ]3] Zuj&E= H3HleS &
5] &A% farnesyl diphosphate (FPP)= ¥ AT, AL
Ao A mevalonate (MVA) pathway S Eaf AJ&HA Hot (Me-
Garvey and Croteau 1995). geranyl geranyl diphosphate synthase
o &3] & H geranyl geranyl diphosphate (GGPP, Cap)=
diterpene F(Cy) 2} tetraterpene F(Cy) S o= 74 ©
Aoty A= whebAl = terpene synthase -4He] tf &
B 2}9] single nucleotide = o]0 9]3) sesquiterpene
9] FAo] thoFs x| 7] = SFth(Kollner et al. 2004).

Phenylpropanoid metabolism-2 E515t Ayststd 2 &
AT Slow, 4 GE RS S0l ek o 3Y
< @09, e s A o] Ak phenolics2t

Az P2 AR FHS AT FUEAY AL
A} flavonoidtt anthocyanini} -2 Ao A
o] &t}. Phenylpropanoids®= H|3|EAJ oL} 9 Bt A
7} aldehyde, alcohol, alkane® 2 wW3lslAy, WAL
(benzyl ring)2] hydroxyl”] Ei: 7F2E-A7|o] alkylZ] 7}
A71EH kA o2 H3shA = o) (Boatright et al. 2004;
Dudareva and Pichersky 2006). ¥4 $}3-&-2 tryptophan,
phenylalanine, tyrosine S04} -G-2li5h, t3E2]© & methylbenzoate,
isoeugenol, eugenol, methyleugenol, phenylacetaldehyde, 2-phen-

oX _O,L m g
Mr X rlo ml
o m_1

mlo
HJE o>
2,

SUREP

ylethanol, phenylethylacetate, benzyl alcohol, benzaldehyde,
methylbenzoate, benzylbenzoate 5= 9= & 4 U
Benzenoid 2] @} phenylpropanoid 4| &] 3]9tA] 3}3HE-2 ]-
0] 1= AFO] phenylalanine 2 F & =% &9 &
5t= 8 AEE0|t} (Dudareva and Pichersky 2006; P1chersky
et al. 2006). (G-oxidative pathway T+ non-[-oxidative path-
wayS 71319 phenylalanine @] propyl A A& (propyl side
chain)& 27| ¥4 ©9l2 SAA7|E Aor F5EI
Q. Nicotiana tabacum®] 1ol A4] benzoic acid+= benzoyl-CoAS
SLA]5}aL thioesteraseo]] 28] A5 benzoic acid® 7}E-3)
5}= Boxidative pathwayS 7 * phenylalanineo]| 4] =5
+ cinnamic acidZ25¥ AJAHETH (Ribnicky et al. 1998).
Hypericum androsaemum2] 73-9-0|+= nonoxidative pathwayo]] 2]
3l cinnamic acid”} benzaldehyde= A3} % 7]%= 3} (Abd
El-Mawla and Beerhues 2002), 37} 2 3 X% benzoic
acid7} benzoyl-CoA = A EHEI T} (Beuerle and Pichersky 2002).
A1 E-o] A benzoic acid®] g A2= YAS BHEH A
WA= FAT FHYEE EFAE o] SoxidativeL}
non Boxidatived 27} M F Holsle AL 7HARHo g o
4+ olth ARUCLE oz BoNs BNE T %
g A (flux analysis)S ©]8&3te] Boxidative@} non-S
-oxidative pathway WL5oJ| 4] benzenoidd 3}gh&E& AYAksH
=4, benzaldehydeE F2 Z7HEAZ 0]83F= non-f
-oxidative pathway 2] -F-%Fo] [-oxidative pathway2] & Hj o]
A} Zpo] 7}y, L-phenylalanineX} benzoic acid (BA) A}o]

of Al S1H=
et al. 2004).

#|F U oFof A Benzenoid AJ4hs 913 =8 ALEHS
benzoic acid ©|t}. HFELolo A 3-ketoacyl-CoA thiolase
(PhKATI) 7} benzenoid®] A 7 2 ¢} benzoic acid] A3
Atoll ol gttt PhKATIZ: benzoyl-CoAQt Ak oheh=
9] Ao 23t peroxisomeo] A= G A FE, PhKATI
o] A& (silencing)o] ¥ o{L}H phenylpropanoid®} T
T2 SgHEo] IS v A A &2 A benzoic acid?] AY
rhe AAISHA Hoh PhKATIS 29 So]2 o2 Wdlst
, BAL F71488 7FA 2L )tk (Moerkercke et al. 2009).
A& AUl ol A1 9] phenylacetaldehyde (PAA)S] ABEAdof 3
o] 3}= phenylacetaldehyde synthase (PAAS), methylbenzoate
o] AetAd o o]l benzoic acid/salicylic acid carboxyl
methyltransferase (BSMT), isoeugenol®] A gHAdof Tofsl=
isoeugenol synthase (IGSI), benzylbenzoate 2 phenylethyl
benzoate®] AYgHAgof| oj5t= benzoyl-CoA:benzalcohol/
phenylethanol benzoyltransferase (BPBT) 52| benzenoids A3
A3 Bholehie $ARe} T A%, A ARTh B
o] & A Qlthk BPBT+= benzoyl-CoA, benzyl alcohol, 2-
phenylethanol 2 ©]-8-3}0] benzylbenzoate?} phenylethyl ben-
zoate S AYAFSHCH(Boatright et al. 2004). BPBT L] &l o] &
A =] o] benzyl benzoate®] AYAto] 7FA3}H benzoic acid
poold} methyl benzoate @] BrAto] Fo]E11, 1 Wit S
2 AFLEFZA9l benzyl alcohol, benzaldehyde % 2-phenyl
ethanol @] d+&Fo] %7}‘8}7}] ) (Dexter et al. 2008; Orlova
et al. 2006). PhBPBT= #o]& A 9] W& 3}, PhBPBT
o] dtgo] ZrAslo) wal AFEQl benzyl benzoatet'E*/E_PE
ZHaghel. PhBPBT AALS] 242 A &9 =3 4
of 7| 2o e T2l ofEHdHoE JFS ‘?:}%Eﬂ,
Aol A= olddl Hefol ofs PhBPBTS] Wrd o] 5 7}st
o, A 22 U718 HEo] St (corolla) AR
(ovary) T} 2 A 7| o A= dojuhA HTh (Dexter,
et al. 2008). YF7|AL 7HA L Q1= HEY o2 PhBSMTI
3} PhBSMT2S] W e o|Pze] Zoke] o3 ol 4=
I A3 HE Yol 313+9] methyl benzoate?] AYAFa} BHA
o] ZFAasHA H Tl (Negre et al. 2003).

PAASE phenylalanine @] T 7} 22431} Absle] &= 7}
A 715 7FA A 9low, 24 S & homotetramerS &
Adli= A phenylacetaldehydeE AJAFSHT) (Kaminaga et
al. 2006). Zu] o] tfE A<l &F7] AJE-L phenylacetaldehyde
2} 2-phenylethylalcoholo] ©}. 1] (Rosa hybrida L. cv. Fra-
grant Cloud)®] RhPAASS] T2 Z 7]3ho) Eojx oz
dojur, A« ZolA Az IdsA "ot F ]
d&e AYAkmt RhPAASO] S dFTIAES e,
PAAS} PEAE AJAtsH o] B R+ aral04 yeastol] Au]
O] RhPAASE = QI31H PAAS} PEAS] A4S F Ao 5

A =2 benzylbenzoate7} ©]-&-H T} (Boatright

2o
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7} Al 71 cf(Farhi, et al. 2010).
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1996 A =0 Clarkia brewerio| X LIS7} H 22 54 & o]
]50] 8152 o] (Dudareva et al. 1996), 3F7] AHo
Aito] AwtEl @ FAATE EYEHAUL, 7]F0] HE
A gkok Buk op el F7] AR SHAI7I LA o] Het
FAAES e AE Tol =dste] 37 Ais 5
NAAY, gAA RS 2850 SJa A%ok ooz
ool 9.

Ftdjo) A2 Kl FFUT (Syzygium aromaticum, syn.
Eugenia aromaticum Y+= Eugenia caryophyllata)®] ©]5 9]
A el gt eugenol®] FHFol w9 w2 Aol A, HAY
A=l 2l = divked] A3kg 7doldS A3t 1
A(vassal life), A FE Sof, 2P E= FH 52 ¢
S SAHI ALEHHA BAo) F 4R AU 9
ATt (Zuker et al. 1998). Benzoic acidZ2HE TR E=
benzyl benzoate, phenylethyl benzoate, methyl benzoateg 3}
B-caryophyllene} 72 sesquiterpene F7} A A kAl E 9]
60%E A}A] 529k, Monoterpene = A4 o}A] o=
Z3tg 7l o)A &< ‘Eliat’ (Dianthus caryophyllus cv.
Eliat)o]] CaMV 35S 3 & W E{ o] Clarkia breweri®] LIS §-%&
A5 =Y5te] ALEZQ GPPo A monoterpene= AY3H
ot FAME =S =F oFlth (Lavy et al. 2002).
head space GC-MS7| &5 ©]-&3lo] PFAAS 22 lt
Zof| A] WA= linalool W 71 -8-E= 4| Q1 cis-linalool oxide,
trans-linalool oxideE 7 &3h=d AFsFI AT 2o
ZZE o A= trans-linalool oxide¥to] A& 9o} polHt
ol ]3] linalool o] WA AT A Fbo] 7t
A% 4 e WY pEont £YHA R

7hdlo] A 2] S-S ]3| flavonoids pathwayo] &
¥ & 49l Flavonon-3 hydroxylase (F3H) -+ ZFe] down
regulation OF7|sto] SFAS HIIAIY] FAXSHA ZF 3}
Aol Wol Fr7l 733t 2helofl A methyl benzoate ] FHeF
o] S7FE ATt (Zuker et al. 2002). op 3 o] A9 HA g
SlaFol| A methyl benzoate7} 2} A 8}= H|-&0] F 9%0] ]|
gk FEAASA F F oA Y HEo] oF 42, 45% 2
715ttt AnthocyaninAj $H4J I} benzoic acid AJAFY] AF
9] Z 20| phenylpropanoid ¥ 34 H=7F EAsH7] wf&
Aoz AZFEojA| L, o]k shul3 AL $%
te Bo) ABO T AR RIS 271 AT F A

I
derEel wilo] | sbsAe AXEY FA,
= F

N

N

%%

o
Or

off £l 9t PN o Ho ol
of
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1o
fo
z
A
o
oX,
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tlo
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T ]
X (o o

ol
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g 4 o

B0} (Petunia hybrida W115)0l| Clarkia breweri 2] S-linalool

synthase cDNAE CaMV 35S T2 g o] A Aslo] §HA}
2 Burdsts YAATA Y BE B SHAIL 2%
S 59, I = Y (leaf), 22 (sepal), 334 (corolla),
24 (ovary) 59 7] A linaloolS THAI 3T H oL, U AY
glucosyltransferasef] 2]} H|3]4FA 9] S-linalyl- ZD-glucopy-
ranoside @ Z3}-%] ¢l T} (Liicker et al. 2001). T2 A EE9]
terpenoid:= glucoside FE 2 ZA|3}7] W Eof &JF =2 &
APE A FE AR, o R (moiety) & 7HrE ok A
ol Bop-glycosidase d 7}5Fo] = 7} o] Ao A= linalool 2]
L5k 2717F YelR] k) (Licker et al. 2001; Watanabe
et al. 1993). Wa}A] glycosylation®] terpenoid®] HhAko] 2l
A Hele] d &= AR (Lavy et al. 2002), Y=
T} (Apocynaceae) A=<l ¥ AT (Wrightia religiosa)
I} Ao ZkAT (Ervatamia coronaria), Z-541 1} (Rubiaceae)
Q1 &} (Gardenia jasminoides)®] 3%2] A& FEFo| A
Ggalactosidase©] ZH/dof whet R/ WAke] Zpol7t
UERG T o]+ hydroxylase®] EHAJo] & Whalo] oS
WAE 2elo] © 4 otk A% AAelY 42 Fo o
2} Z}o)7} YEl= AL ¢A| Sk} (Suntornwat and Koo-
charoensap 2005).

A Eolx xR EQl E8 promoterd] Clarkia breweri
O] LISE A &3} EulE (Lycopersicon esculentum Mill.)
o] =¢3}o] a-tocopherol, y-tocopherol, lycopene, G-carotene,
lutein 53t 22 718} terpenoid®] Foll= FFSE FA
oA, A<t TpA o)A S-linaloold} 8-hydroxylinalool
= At FAASE A58tk (Lewinsohn, et al.
2001). o] AL EvtE= FHF A 2o)7t of g
(wild-type)+ ZHo] 7} LELIA] Qpskie, o] T2 wa
QUL WIS P4 e A BHIE ARUL 2]

m]I.

mE

e T oo U=
A7) 8712 A dTtel g 4 gov, Ay B
HE ZUE 913 B Fobd] b5 A BolRY

o 4 9t
Clarkia breweri®) benzyl alcohol acetyltransferase (BEAT)
geneS ZL =t R| (Eustoma grandiflorum cv. Royal Pink)o]
=95t ) AES A5t AF S A5 (Aranovich et
al. 2007), oA E 9 FAMALA AE EFo|A benzyl
acetate”t AEH WHE Y FEIE oFol WAE A gkokrh
a2y Agte] o] & AlES Adsty dEEA A4+=E
2l benzyl alcoholS 24A|7F F< FH3 9 S 7% benzyl
acetate @] ko] FA3| 7151t} hexanol, benzyl alcohol,
isoamyl alcohol, phenethyl alcohol, cinnamyl alcohol 53} 2
= 7|EF FEZA A4S 35T Fol e acetate A 9}
e Aol 7kt AFEdS 35T oMY
Al g e ATFO benzyl acetate?] AYTAo] Lojyte
tl, BEAT®} fARE 9-S 8l A
AL AT, 3 4Re] A4S 9ia
=]

LS
Ag shushy 2okt ol § 48 a9 A9

d



J Plant Biotechnol (2010) 37:1-11 7
72 ol Ao wet A4Ede] savterr: ol 4 glo, Hio|#AF o] §sto] oo fHAt
F7] Y] At ke 24 @ 5 Qe Aol 9 of gt 7|5e Eot wE At o] 58T 4 Qlek
o} 7Z+o wpw o M3} AlEo| thdt HLo] 283 7}538F  Z Virus-induced gene silencing (VIGS)S A& 97219
W, 7] Ao A4 HRE Aolehs, FAYEHE transeriptE YAt 1 {AAY] V)5S A 4 (e
A HEol W A7t o] FojAof & Aot} Zlsolth Al 71w dde e g2 AEY Aw

A= R o] g H = ANt oty thE dodE 9 EST A& &3 RAAY A AHEs A 5 glo]
of thgt thAL &3t A= BEs] o] FolX|AL Qlty. 53] Hold Aor oiH=d, olgdt sES AR o
AAACZ =2 AA 29 sl EntEY] A5, ¥ g 715 A3 fokol A

o 23 @4 F9| sluto]t} (Bruhn et al. 1991; Goff
and Klee 2006). a-Zingiberene synthase (ZIS)+= FPPZE ¥
sesquiterpene @1 a-Zingiberene2 AJgHAddl= a4 o)t} Y=
VA (Ocimum basilicum L)o)A E2131 ZIS ¢<DNAE- polygalacturoase
(PG) promotero]] AZAslo] EufEo] FAMLS st
(Davidovich-Rikanati et al. 2008). 7-epi-sesquithujene, sesqu-
ithujene, cis-a-bergamotene, trans-a-bergamotene, cis-/F-farnesene,
trans- 3-farnesene, a-acoradiene, curcumene, a-zingiberene, 5
-bisabolene, G-curcumene, S-sesquiphellandrene, trans-y<bisabolene,
cis- y-bisabolene X unknown compound 52| oA E EulE
A<t Aol = YEHGA] 9= 155 9] sesquiterpene 7t
102 2] monoterpene (a-thujene, sabinene, Fpinene, Smyrcene,
a-phellandrene, a-terpinene, trans-3-ocimene, J-terpinene, ter-
pinolene, terpinen-4-01)S MEA A4 sl= FAAZ A
0g YEs ik S5, FUAS BubEA A plastido] A
AJEHA Tl = tetratepene Q] carotenoid @] gHeFo] of A& o W]
il FAstgl=dl, Zis2] & o] monoterpene®] /it
Aol Qlar, A7 GPP7} ZISO| Aol JaFe mAaL
21&S AJAFSHEE Chamomile©] FPPS+= DMAPPX t} GPP
of dsf o &2 714 S 7ML Qe Aor 4
T3l Q) o (Adam et al. 1999), ©]+= sesquiterpene AY 34
EAEY HE /18 WAL AR 92S A
3 ABE ol g3 A W wA

W 4B SAFUL
4 (2 512 o8 AAE FAT 4
+ 7V =E €9 Utk (Citrus limon L. Burm. f)o] A
2] 3t gamma-terpinene cyclase (TER), (+)-limonene cyclase
(LIM) % (-)-beta-pinene cyclase (PIN) 5] monoterpene
cyclase $AAZ Fujo] Esto] Zrzke] FANS A
= 253 th(Licker et al. 2004). °o]5 FEAL H=&
o]-§3ff selfing®} crossinge &3l 3702 A7 Al
=50 e "HlE SE5ko], monoterpene 2}t 9]
P Fre THL vpRol Foich B3 fjrEo %
AABe] FAe PHUAS ol §FHuRE FUATAY
4L 9% 7122 Bt HEAA AT} o] RojHo}
ok Aol Azttt

ol

S

|

lo v

3 (crossing) S
SdsHA A5t

TR ZFel A A4 Hd HEE WA=
RNAIE o] &3t §4d4 LS AAsts FHAATAE

o 24719 75 Hrel7] Sl
7P el e F5S WS 5 Qe 7lso] VIGSolth
(Becker and Lange 2010). ¥ 7|3 HY el =2 silencing
A= 7}A 3L Q)&= Tobacco Rattle Virus (TRV) o 7|83t
HE 7} VIGSo]| o] o]-& % =tf|(Burch-Smith et al. 2006;
Liu et al. 2002; Ratcliff et al. 2001), TRV Tobravirus < o]
225} bipartite positive-sense RNAES 7}A| a1 )t} (MacFarlane
1999). TRVS] RNA1Z} RNA29] cDNAS 2L 35S 2w
Bl o} AZA5to] T-DNAo| 2 =2d 3t pTRVIZ}F pTRV22] H)
E]7} W a3ht} (Liu et al. 2002). pTRVIS] RNALS =7
"l 2] (replication proteins), ©]-5 T2 (movement protein)i}
16kD 9] Cys-rich T3 (Cys-rich protein) Y& 3} 3},
pTRV29] RNA2E= Qu el (coat protein)S Y E 3} )
1, YHARE AUt 7920 multiple cloning sites
(MCS)2 T4 o] gict.

pTRV29]| chalcone synthase (CHS, | %1 o} 2o 4] VIGS
aE HE517] Y3t control2 AFEE Y thH&l S-adenosyl
-L-methionine:benzoic acid/salicylic acid carboxyl methyltrans-
ferase (BSMT) gene®] H& A4S A4 EARAAE
Aredsto] #FUoto] gt CHS:BSMTS] VIGSTH S &
3] CHSY BSMT2] 432 oA 5}o] methylbenzoate (MeBA)
2} methylsalicylate (MeSA)2] AAto] A E = A-S 29l
St} (Spitzer, et al. 2007). Benzaldehyde, benzyl alcohol,
phenylethyl alcohol, phenylacetaldehyde, benzylbenzoate 2]
7o AR Aol A AA ge A, TR
St AR transcripte]] gt A IS LER O
§ Ee] A72 93 VIGSS] S8 A AAEHE
t}. 714l A2 phenylacetaldehydeE AJAFS|= phen-
ylacetaldehyde synthase (PAAS) A Z}9] transcriptof] off st
o Aol A5 a1, phenylacetaldehydeS 7| A& 3}o] g
A ]+ phenylethyl alcohol®] AJALE AA &= FH 7124 <Q]
aNE 714 ok E3F A AR} (transcription factor) %
Aofl tigt VIGS A& #1all A&l Al phenylpropanoid 3}
T A 2ASE ANARE A Y 0D0]
(Verdonk, et al. 2005)o] t3t 43S %3 benzaldehyde,
benzyl alcohol, phenylacetaldehyde, phenylethyl alcohol2]
AAbo]l FaEe AS Flste], & &9 Aatol #=
H Ao Atof tigt VIGS Y| A8 7He S Zlst
ot

BRI Ro] obd AB FoA F HE HTY 2
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WAl BAY FAAY T ol § 5 gl Y
0 /) HES WA 28 7pel T B
cDNAZolHeje] o] 7%, WANY 5 Fof 2 G/ 4
29 A7 E 93 W EST/H Lo om glov] @
& NBEAA A5 ABEo] Foul, FoRE ofo]

i3t d1= gL sold Aolth (Guterman et al. 2002;
Boatright et al. 2004). <3t ¥l FUof 29| - & A&
9] & benzoids©|t}. DNA-microarray 7|&< ©]&

& df
benzoid AJEA o] Trolsle S AR} WFEl L upabo] %13
HHA Z7}8l= F Al upregulation 51‘3} = 7 AR
& o] obgt A|7ho) AL HFE Aol ohieh o
Ato] ghdbo] o] Rojx= AlZtdjo] Ajzo] AAitE= A
o1& & 4= 9lt} (Verdonk et al. 2003). 3F7] S WhAbs AL
st gk ] EoIA oF 21000] 7S] GApe]
EST d|o] ¥ Hjo]~E F53ko], DNA 2 A= 3 4d
AL ool F gael §4 % 29 vy FAAES
Agtstel & Aeel ARAH BAH FB FAAES
Zrol Y ¢l o} (Guterman et al. 2002). ¥tk o}y g} An] 9]

7] AET BHH EST library (Channeliére et al. 2002),
W4 (Orchidaceae) 21591 Phalaenopsis bellina®} Phalaenopsis
equestris©] EST library 7-&-2 Z3F Monoterpene A 74 2
9] AL (Hsiao et al. 2006). o] =0 4] &) EST 2fo] H &g
= (Dudareva et al. 2000), MVA pathwayZ MEP pathway
—J YAME Al sl =22l lovastatin} fosmidomycinA] 2]
% GeneChip (Affymetrix) microarrayS ©]-83F W& 34
oAb Tt AT 58 Fol AR WA %
7] A& A A Ao AdAde ol ATt
3] o] Fof AL glow (Laule et al. 2003), &2t
Aol 22f AbEel gt A A R4S Fll A=
gelE AT 4 Qe 7 = AAIEAL ATt (Bottcher
et al. 2008; Ma et al. 2009).

goZo| My

Ag7HA ezl shgHEol sl oF s%muke) A=t
vho] & A Itk (Vainstein et al. 2001). 23U &Y &
Aol ek e, T4, 7159 A #uk opye}, oy
2 Jwtoz g §AAS} $HA AVE 7he] AEHE
3ol gt A7F ZEs] o] Foj A A g At
Ga oA B5HA Awe] W7k Holxa sl (Tanaka
et al. 2005). 3F7] A E Q] A 2HS st tjAzs H
g ohet 27 chAARR] tha hAESFA Sl WIS Y
sechy, 4] B oheh SX 252 oAlste] 27
Aol st BA P ERT SE 9lrh (Akiyama
et al. 2005; Gomez-Roldan et al. 2008; Umehara et al. 2008).

MVA pathway$} MEP pathway S 53f A3 & o] 7|4
o skl Fast d8E she A

FPPS-of o3l carbon flowe] %4, 9 FAA9] =9
=

S
=
s AT 54, 2R FAAY dioe 2d2E 3
AE 54, At+=d dFe U7 At BiAE
2O 245 FOAME terpenoid A4S ST 4 &

Zlo|t} (Aranovich et al. 2007, Wu et al. 2006).

7}]4] O]/ﬂ, X]—U], Oc}:q— Ejr_]_ 71—_9_ U]-_Q_ §:]-§A]X1—‘j_9_ ﬂ-xﬂ
(flower color), =8+ & #AA S (long life, shelf life,
post-harvest life), AHo|u} HoFa} Z+o A|ZHA 71X Zdf
(morphology), =45/ W W A4 (disease resistance) A}
Y Hio| 2H= ‘3%% & TR o A 2
AL E o] LIt} (Zuker e 1998) oot e SF TR
Eﬂoﬂ/ﬂ % Shojan z‘ﬂé S JHA 2 QA e z}xl

Rt} (Zuker et al. 2002)
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