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Research Progress of Plant Defense Signal Molecule — B-Ocimene
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Abstract: To adapt to the complex environment, plants developed a highly sophisticated defense system, like
the animal immune system during the long-term evolution process. It has been reported that diverse signal mol-
ecules play pivotal roles in defense response. In this paper, the structure, nature distribution, synthesis, the role
in palnt defense and signalling of the B-ocimene are summarized, which provides good reference for the further
basic study and agricultural application of the signal molecule.
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RS A R v, A T A7 RO kA R 3
55, SERCE ARG W, ket T B0 5
A MEBEMPI MRS, CHFRRHMEDES
N EY I ia LA AR a G, SRR — e
PEW T, oK i (salicylic acid, SA). EF I (jas-
monic acid, JA). Z¥i(ethylene, ET)FI i 7% % (ab-
scisic acid, ABA)%% (PicherskyflGershenzon
2002), JXLE(F T o1 EGIMER RE NS S0 SR (1) B4
SN, 5 B AE 400 T 0] A 455 P Julp A ;[ s 8 e
R S e 3 S s i 5 1y F A R A L 9 0 g B B
WS 15 33X 48 T o 5 1R R L, DT i 58 ST A 400 1) 1]
P20 5 1 R4 (TakabayashiflIDick 1998; Kessler#ll
Baldwin 2001).

BT AR, R B S Y IR ) e
BB — S R PE . — SR TR RS 2R
U )% B B I 5 15 R 45 R
Yy ) 35 4 (Bohlmann%5:1998; Degenhardt
FlGershenzon 2000; Arimura®$2004), 455254
Jit(E)-B- 2 ##i [(E)-B-ocimene] i 4 A W H (1) 1
T 4y 2 —(Paréf Tumlinson 1999; Pichersky#l

Gershenzon 2002). #5713 W (E)-B- 2 & & —Fp
SV G s VI GG 50 1. BEAIEE
TR R R A g D B e RS B R L,
W B — SRR TARIET R 5 1812 (1 R I8 KK
[F) A A e A8 AR ) TR A S ARk o1, HEBZ
FEAE A 5] FEL ) PR S0 8 45 7 (Dicke%$1990a, b,
1999; Arimura?5:2000, 2002).
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Fig.1 The chemical structural formula of cis-/trans-f-ocimene
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WAEC T WEIVFZ M IAN & H 286, ©
FZAAAE TP e RSB AR T (K.
T A AS 5 5 A 10 2 8004 1 o3 2 B 0 A T A &%
ar B IR KR, o Duarte“%(2008) 1
XA YT JE A ) Eugenia dysenterica N [F] i,
PR ST W70 R I, A5 LU(E)-B- % 8k by
Ty ) AR 2R ) S B B RS R R
T RESA. IO TR, AMUEREY ) E
Ty vty AR SE b B A B gy, AR R )
MR SR bt R I T 2 0 (A7 AE . Haghiss
(2010) 55 1T A0 AP B S b X R BT — FhoAd 4 B
B & (Artemisia dracunculus), F| FHGC/MS 52 iX Ff
R RS ), R (B)-B- 2 B 75 oy
11.0%, (Z)-B-Z ¥ 156.9%. XL HR#RR ], &
G EAL) Tz A AN AR, i H AL

ZALTE TR &AL
3 TEGEHENE AR

Hull A R e — N BRI KR, Rt b
TR B A WG . B-2 Wk 2 — Fh Bl 4
RYEFENA, DG B2 0G24 i, o
G 4B (monoterpene synthases, monoTPS), Y Fx
FE I B (monoterpene cyclases), & Huil A4 &
J ) K B R (Bohlm A5 1998) o i 288 5 WAL U5 Tty
KA, DALY HIARBLE 40% 0y FEENE L0 4
TPS-a~TPS-g 7AW Mk . Bl 514345 T-TPS- by
TPS-d. TPS-fHITPS-g 4/~ 5 % (Bohlm%51998;
Dudareva®$2003). HLifii 75 i I K 1A 52 A= )i
I, KR ELLH N IR A S AR e, g
o ARG DEIGG I, PR IT H R RS
W A R N R IE B P RS s IR
(MG AR B B LA (LuA52002; Chen452003)

Aubourg®5(2002) 38 ik X6t 48 5 7155 R 17 41 43
BT R B 7+ 5 A3 40 D TPSSALIE K], FFKix 40
AEALES R AL 1 1) SR 0 i %4 I AtTPS K ik . ILAT Tt
FRI, PRI AA2MN KM ATPSHE R —
AtTPS10F1AtTPSO3HE W5 (E)-B- 2 i 111 5 1o
AtTPSO3BEDR Y i BpLinli 15 1, oo AR e I A A7
HE IR (GPP)AE i B- 2 )47 (Jenny 55£2003) . 5T
RI, AtTPS10M & ™ )b, (E)-B-Z ik it 5 i
1720%; 1M AtTPSO3 (1) 45 B4 3 2 4 (E)-B- % )
i, 5 2194% . AtTPS03 5 GEHF 1 Gt 5 A1 45

K1 BEIRACRY 5 A

Table 1 The distribution of ocimene in plant

EL/EHES R MR 15y SCHR
Alpinia speciosa (H#k) (Z)-B-%' #h)ds Ho%52010
Chrysanthemum coronarium (1 &) (Z)-B-Z #145(5.2%) Tawaha%2010
Limnophia aromatic (75 % {H5) (Z)-Z #1H5(39.21%) Bhuiyan%2010
Betula pendula (FEFHE) (E)-B-Z #hi4ds Holopainen%2010
Brachanthemum (%55%9) (E)-B-Z #14(3.6%) Shatar%:2010

Citrus reticulate (M)
Cunila incana (Y145 JE&FHY))

Artemisia dracunculus (7515

Tagetes zipaquinensis (J1 77 % J& )
Salvia officinalis (Z5 ] i B )

Machilus philippinensis (JE /3 SRR
Echinophora platyloba (FL 3L A FY)
Eugenia dysenterica ('] 7 J& %))

(E)-B-2 )i
(B)-B-%' #1475 (10.36% +/- 0,48)
(E)-B-Z' 1M (11.0%)
(Z)-B-2¥11%(6.9%)

(Z)-B-2 ¥11%(18.8%)
(E)-B-Z' 145 (9.4 %)
(Z)-B-ZHI%(7.0%)

(Z)-B-2 ¥11%(38.9%)

(E)-B-%' #1)%(20.3%H121.7%)

KasaliZ#2010
AgostiniZE2010
Haghi%$2010

Hernandez-Lo%52010
Soleymani%2010
Ho%$2010
Hassanpouraghdam#£2009
Duarte“$2008
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Fig.2 Phylogenetic analysis of the TPS gene family
in Arabidopsis thaliana

4 T EGTEREYREE T R E R
(E)-B- % § 4 7 — M 55 W 40 905 180 5 ) 25 DT AH
KNG 577, RIS FRIR. Eh
W5 B BB R R, AR S 52 B B Sh ) A
“E(Farmer 2001).
4.1 HEYEZ BN RRILE ERRT #9115
ArimuraZ§(2004) 3 i 6 7 kAR JE A4 Lotus
Jjaponicus W55 & I, LjE-B-OS (Lotus japonicus

E-B-ocimene synthase)Z 15 1 Hi RIS )
VKA RIS, FEAIRETB T (E)-B-2 45, 76 B
kA, LiE-B-OSH 4 i 5= 4298% (E)-B-2 )14 Fl
2% (2)-B-Z" 0k o W v LR 1 LA S AR Tt ALA
HB e MR (8] 34 INLJE-B-OS % sk K ~F- o X L8 15 W]
LJE-B-OS%4fi5 (1)(E)-B-F il 2 5 T H kA X} 41 5
B AEIAE ] . Navia-Gine%5(2009) & I, # F AU
B EER E 16 (Medicago truncatula)™ BB
(E)-B-Z i L AR B A v 18 i i 2485 . MEE-B-OS
(Medicago truncatul B-B-ocimene synthas){F I}
FEAEARAC ALl Rk, (AR e, 250 R A
ZRIE . LR R AR SRR R i DL A
I VP e R TR0 45 7 MEEBOSTE 5 32 1 1 4
B AEAE R EZAEH . Toome%5(2010)iz [
willow-leaf rust system 4 F MBS B - H 8 G AR A= 06
() L TR R G S5 5 R R TS 0, &5 AR B, EUAR
B R A S YR T A 5 AR A, (BAE
IG5 9> T HIZ)-B- B G AL R S 5 B
LTbe XYW, (2)-p-F G S T IR AE
FAVELH B EGTTE . BEAh, OpitzZ5(2008) 1A {E
(Gossypium hirsutum)iF 530 B, 559 1 H) 52
B R SEBr b — AN IE W B0 O B2, Ak
ZRINUI . HUH KORFR R A B S, E-B- 2 )i
()7 e dpe e RS 154
4.2 SMES HiGEEIR SEY B BE

KR SEEG W, At 2 ) R SR S A B
ML, B oRASHTAN SRR BE )T . Kishimoto®%
(2006) B 5T A IR, {1501 2 yds ab BRI FL G Tt e,
T B 3 R LR K R A R TR 22 AR K2 BT,
ol 22 )0 340 e 175 AL I T 40 i R R A 7 20 21
VAR JTA o ) 200 A B sk (R 400w P v oA ot
A LA SR Pt 1 2R B8 A 1 3 R i B2 S a2 vy 1ok
Ab IR R Fr o AR, PR T R AR Rketrl-1
Jarl-1Fnpri-12 5 DG AL F 5, B3 a0 K5
B AR HT T o X LR B 0 A% e 5 U R T
(RIFLTE N . Godard45(2008)iz FH 5E R 40 bt
DL GE BEPCRIFF IR W], A -4 B )G A B2 h
J&, MeJAZERLE T 2H 23 TP K & B 3G, U R 11
coil MlaocT AR T B 8145 15 (R AH DGR DA (1)
FILBFAK . Arimura%(2000)F FH (E)-B- 2 )4 b
PR, RIS T R S SRRV 2 S
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Table 2 The release of ocimene in plant affected by external stimulation

LERZEUES

R R SR (B )/ B10) Sk

£ K(Zea mays)
WpAt(Gossypium hirsutum)

5 JK(Cucumis sativus)

F| -y 5 (Phaseolus lunatus)
HurHHERA (Pinus pinea) A5
JH ¥ (Nicotiana tabacum)
#LFF T (Arabidopsis thaliana)
1 kM (Lotus japonicus)
=M (Trifolium pratense)

ek ivss

it (Lycopersicon esculentum)
WM (Prunus persica)

%542 18 (parasitic wasps)
TSk (Spodptera exigua)

BRI S (Phytoseiulus persimitis)
B sl Tetranychus urticae)
BRI S (Phytoseiulus persimilis)

T BN (Pseudomonas syringae)

KBEUH( Tetranychus urticae)
Wit/ Mifi(Spodoptera littoralis)
S2.0 di(lervae of Trichoplusia ni)
BelF(Myzus persicae)

Turlings%$1990
LoughrinZ51994; Paréfll
Tumlinson 1997
Takabayashi% 1994
DickeZ51999
HoriuchiZ£2001
LoretoZ£2000

De Moraes“52001
FaldtZ$2003
ArimuraZ$2004
Kigathi%$2009
MiresmailliZ§2010
Staudt52010

YIHUIEA DG I BE R4S 3215 Rk, Hoh 5 SARE
JA Bl AL PR1 (pathogen related 1)K DA &
SA G ) B FE X PAL (phe ammonia lyase)[f] 4
kRF Bt

X AR, AR )52 B 50 ) M f s it
B G J5 H 5RO B I e s m i P,
1M HL AR it 2 st 5e 15 S A0 8 sh D i pL ), $2
AP BT RE ), AR ) S G T R FA G
5 TG SEMEMEEESIREMNEKR

TP AE B ) —Ff Bl i 12 B KA 2800 e A
FIFAEE i, A K — B 2505 1P
WAL . AP R S R sh Y i, Y
I 10 s B = A SE K IR (SA) . LIR(ET)FIZE
FIMRJA) 3545 516 FI&1E, [FIIN 35048 L A 47
TERG AT . fEIX=FIEYIE ST, SARIBR R
G343 Pl (systemic acquired resistance, SAR) %
(5 54 T (Ryals2%1996), JAFIET (JA/ET) 1% %
1755 24 P11 (induced systemic resistance, ISR)[]
KHE T o SAHIZL ¥ B 180 s N 5 HRBUd A48 5%
RO Ji B 1) 52 Qe DIAH O TAJET ORI i) 977 480 ¢
N 55 HRUAE AR S 77 2 Jir 1R PR 45 G B R IR )
FH%(Gaffney51994; Durner%$1999; Glazebrook%
2005; HoweAllJander 2008). HSA. JAFIET(E 5
5T TG T SRR Z MAFAE R 2 A8 1
7 (cross-talk) FLifil(Spoel fllDong 2008; Grantfll
Jones 2009; Pieterse%$2009; Verhage%$2010),
SA. JAFIETAS " 4% T A2 2 A (A8 FL R 5 f2

W) G P ) TR B R ML o AHE, TR B T
YER A AFAEA 8 e, L5 St 6]
(R A HL A 15 0 T HEL 4 140 977 40 28] i 15 A 2 A AN [
(RRRARE . N, 7EdBlp I+ A TR B, SABTEAE
IR A B Re I TA RO R AR AR, XA
BAEAEG 7 00T 5% IEL W 248 2 LRI R4k (Spodoptera
exigua) (Cipollini%$2004)F14y LU gk (Trichoplusia
ni) (Cui%:2005){I3EHT 11; SR Zarate5(2007) FHITF
ORI, — Lot B R R I A RE S T HESA,
RN T B AR AR B0 R B A8 B HUms &
MITALGE S a&4E, MR IR T A8 4 (1) 61403 7 10 3
1.

Arimura?$(2000) 7 Nature | % A4 15T
BCR, UERAB- 2 e 75 T K IR A S I P
K214 . Farmer4s (200 )4 Al AT] A4t A
1) S5 5 &85 B 45 2152 7 I W I O i
TR A B B- 20 By s 2 — b B R ) 7 A
FIE YRG5 7o EREE T TR K
R, gmbth(E)-B- 2 i X il B4R TH5 22 1 45 i v 0t
ANl SR DA i H R OB I e N . (HAZ L
I I AT R ACC (1-aminocyclopropane-1-car-
boxylic acid) A fEHE FIMIEBOS ) #% % 7K - (Na-
via-Gine%$2009). HuangZ%(2010)H]coronalon (—
Tl N L& B SR RTRR A, A T 5 T AL SR IR
FAD)AEFE20~30 h)5, 274 SR EE T 20
A LU(E)-B- 2 B0 D 32 oy (4 Kk
W), Horp e A B ) 2 AR A B Ws, i Col-04E 75
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M b HAMERN S SRR, A
ACCHEIE 230 5 RHR 1 T AH K 145 Kk ), He
AL H5 (Z2)-F1(E)-B- 2 )4 (Horiuchi“52001) . 42
MITE D A A EE2 hG, MeJAZERLr SR L2
N, SR T coil Flaoc 58 AR AN KL R I H 2 i)
15175 IR AH G HE DR (1) 3K K. Zhang%5(2009)
Tl R AU ER AL B R R DR R 03 W 48 7 AR 5 AR
IS At F R —HE, AT ki 15 AH O 1
JAR =28, R BRI T 20 TA TR 2 1R R 3R,
Forp— Mgl 2 ) 5 G R (B)-B- B i O il . IX
SERE T AR W 2 G A5 S @ AR T RE 5 SARITA/
ETIRAEAF (R4 B3 IR, Xl A 7T 2 30443 1)
5T AR T ARG i L

K T D WB- 2 i S SA, JA/ET(E 5
AR TR IEE R, LiuZ5(2004) ) ] B- 2 44 hb 3 4k
PRI, 1 O IB- B Wk e s S TA/ETiR 42
[F) 45 7~ HEFIPDF1.2 (plant defensin 1.2)FISA&42 )
FR/RFER PRI A R IE . VF 2 W R HA YA
FAZ RIS AT TAMCH I B 480 s AT 540 /E HT, SAHK
I FTPE DI TAHOH L BT (Pieterse%5:2001; Kun-
kelF1Brooks 2002; Glazebrook%$2003; Rojo%5$2003;
Bostock 2005; BeckersHlISpoel 2006; Koornneef#ll
Pieterse 2008). 4L, AMIESA KAl H GE &
BANHITA/ETAS 5 &2 b id 28 IPLANT DE-
FENSIN 1.2 (PDF1.2)fIVEGETATIVE STORAGE
PROTEIN 2 (VSP2)[{] %% (KoornneefZ£2008; Le-
on-Reyes%$2009, 2010; ZanderZ5$2009), £ #nnAl
N, SARZE 4 )acibenzolar-S-methyl (ASM)
BIAF 548 2 MAFAE R BUAE H (Doherty“51988;
Liu%2008). Liu% 13X — R I UL I A h A7
550 TR IR IA/ET 5 SART 5 b (5 BT
YE R AB 2R AE IX — BRI RS i AL e ot ik —
2T I
6 RE

H R, FEYDE DU A B e B v (R i 5T
o TR AT, X — A R AR S TR K
(R g, (HRMK IRAAE G VF 2 ) B e A il o e A
IXHTA/ET S SATR AR Z IS Pt B B LA
LI B 1 (Pieterse52009; Verhage52010).
HE, NATDR A5 5 00 1 2 [ R A8 BAE F 3k A
T 7 10 D e R A AR R, BAAGEAT WAL AR 5

T REMEPRIA/ET 5SAZ [MF5Hi/EH, JA/ETH
S A TH) F55 470 A1 FH 2 ] gt ok 25 1) S0 77 A 45 IR
o HAR CLEATVE 2 AUE R 3K W1 B- 2 B A AE A By
Whae LA — 2 MEH, (HOXRE R A5 68 E %
F DB 5 5 AR B HE S 5
MBS 5 @A A AFIE ] o AR BAT T R I
B- T ik i FIA/ETIR A2 (1) 5 75 L I PDF 1.2
SAIRFR R /R FE PR [A] I ik, WM (55
ST R R R TA/ET 5 SASE B 5 Th IS B4 ],
(HZEWAE X — BRI G TS 5 L AT A2 B
B- B iy A T L — S A BT [R5 5 AR & AR K
BOE B ZR S, RS TA/ET AR AP AR ¢
LRI UNPDF 1.2 RS AMCAS (1) 0P AH SGHE BRI PR 13E
K27 IXH T B IR S T L)
o2 BTSRRI ) JBE, ) T I ) S YR AT
FOREAS W B 5 NATTRE R P B 4804 5 20 7 IR,
N B B8 47 R R FE AR 400 £ B 40 4 28 D 285 4y A
TAFEEFRAGH B 5 ERE S .

S0k

Agostini G, Souza-Chies TT, Agostini F, Atti-Serafini L, Echeverriga-
ray S (2010). Essential oil composition of Cunila incana Benth.
(Lamiaceae). J Essential Oil Res, 22 (5): 432~434

Arimura G, Ozawa R, Kugimiya S, Takabayashi J, Bohlmann J (2004).
Herbivore-induced defense response in a model legume. Two-
spotted spider mites induce emission of (E)-beta-ocimene and
transcript accumulation of (E)-beta-ocimene synthase in Lotus
Japonicus. Plant Physiol, 135 (4): 1976~1983

Arimura G, Ozawa R, Nishioka T, Boland W, Koch T, Kuhnemann F
and Takabayashi J (2002). Herbivore-induced volatiles induce
the emission of ethylene in neighboring lima bean plants. Plant J,
29: 87~98

Arimura G, Ozawa R, Shimoda T, Nishioka T, Boland W, Takabayashi
J (2000). Herbivory-induced volatiles elicit defense genes in
lima bean leaves. Nature, 406: 512~515

Aubourg S, Lecharny A, Bohlmann J (2002). Genomic analysis of the
terpenoid synthase (AtTPS) gene family of Arabidopsis thaliana.
Mol Genet Genomics, 267: 730~745

Beckers GJM, Spoel SH (2006). Fine-tuning plant defence signalling:
salicylate versus jasmonate. Plant Biol, 8: 1~10

Bhuiyan MNI, Akter F, Chowdhury JU, Begum J (2010). Chemical
constituents of essential oils from aerial parts of Adenosma capi-
tatum and Limnophila aromatica. Bangladesh J Pharmacol, 5 (1):
13~16

Bohlmann J, Meyer-Gauen G, Croteau R (1998). Plant terpenoid syn-



108 FEA A P 23R

thases: molecular biology and phylogenetic analysis. Proc Natl
Acad Sci, 95: 4126~4133

Caroline J, Bolter, Marcel Dicke, Joop JA, Van LJH (1997). Attrac-
tion of colorado potato beetle to herbivore-damaged plants
during herbivory and after its termination. J Chemical Ecol, 23:
1003~1023

Chen F, Tholl D, Auria JC, Farooq A, Pichersky E, Gershenzon J
(2003). Biosynthesis and emission of terpenoid volatiles from
Arabidopsis flowers. Plant Cell, 15: 481~494

Cipollini D, Enright S, Traw MB, Bergelson J (2004). Salicylic acid
inhibits jasmonic acid-induced resistance of Arabidopsis thali-
ana to Spodoptera exigua. Mol Ecol 13: 1643~1653

Cui J, Bahrami AK, Pringle EG, Hernandez-Guzman G, Bender CL,
Pierce NE, Ausubel FM (2005). Pseudomonas syringae manipu-
lates systemic plant defenses against pathogens and herbivores.
Proc Natl Acad Sci, 102: 1791~1796.

Degenhardt J, Gershenzon J (2000). Demonstration and characteriza-
tion of (E)-nerolidol synthase from maize: a herbivore-inducible
terpene synthase participating in (3E)-4,8-dimethyl-1,3,7-nona-
triene biosynthesis. Planta, 210 (5): 815~22

Dicke M, Gols R, Ludeking D, Posthumus MA (1999). Jasmonic acid
and herbivory differentially induce carnivore-attracting plant
volatiles in lima bean plants. J Chem Ecol, 25: 1907~1922

Dicke M, Sabelis MW, Takabayashi J, Bruin J, Posthumus MA
(1990a). Plant strategies of manipulating predator-prey interac-
tions through allelochemicals: prospects for application in pest
control. ] Chem Ecol, 16: 3091~3118

Dicke M, van Beek TA, Posthumus MA, Ben Dom N, van Bokhoven
H, de Groot AE (1990b). Isolation and identification of vola-
tile kairomone that affects acarine predator-prey interactions.
Involvement of host plant in its production. J Chem Ecol, 16:
381~396

Diezel C, Von Dahl CC, Gaquerel E, Baldwin IT (2009). Different
lepidopteran elicitors account for cross-talk in herbivory-induced
phytohormone signaling. Plant Physiol, 150: 1576~1586

Doherty HM, Selvendran RR, Bowles DJ (1988). The wounding re-
sponse of tomato plants can be inhibited by aspirin and related
hydroxyl-benzoic acids. Physiol Mol Plant Pathol, 33: 377~384

Duarte AR, Costa ART, Santos SC, Ferri PH, Paula JR, Naves RV
(2008). Changes in volatile constituents during fruit ripening of
wild Eugenia dysenterica DC. J Essential Oil Res, 20 (1): 30~32

Dudareva N, Martin D, Kish CM, Kolosova N, Gorenstein N, Faldt J,
Bohlmann J (2003). (E)-Ocimene and myrcene synthase genes
of floral scent biosynthesis in snapdragon: function and expres-
sion of three terpene synthase genes of a new terpene synthase
subfamily. Plant Cell, 15: 1227~1241

Durner A, Shah J, Klessig DF (1999). Salicylic acid and disease resis-
tance in plants. Cri Rev Plant Sci, 18 (4): 547~575

Farmer EE (2001). Surface-to-air signals. Nature, 411: 854~856

Faldt J, Arimura G, Gershenzon J, Takabayashi J, Bohlmann J
(2003). Functional identification of AtTPS03 as (E)-p-ocimene
synthase:a monoterpene synthase catalyzing jasmonate- and
wound-induced volatile formation in Arabidopsis thaliana.
Planta, 216: 745~751

Gaffney T, Friedrich L, Vernooij B, Negrotto D, Nye G, Uknes S,
Ward E, Kessmann H, Ryals J (1994). Requirement of salicylic
acid for the induction of systemic acquired resistance. Science,
261: 754~756

Glazebrook J, ChenW, Estes B, Chang HS, Nawrath C, Metraux JP,
Zhu T, Katagiri F (2003). Topology of the network integrating
salicylate and jasmonate signal transduction derived from global
expression phenotyping. Plant J, 34: 217~228

Godard KA, White R, Bohlmann J (2008). Monoterpene-induced
molecular responses in Arabidopsis thaliana. Phytochemistry, 69
(9): 1838~1849

Grant MR, Jones JDG (2009). Hormone (dis) harmony moulds plant
health and disease. Science, 324: 750~752

Haghi G, Ghasian F, Safaei-Ghomi J (2010). Determination of the es-
sential oil from root and aerial parts of Artemisia dracunculus L.
cultivated in central Iran. J Essential Oil Res, 22 (4): 294~296

Hassanpouraghdam MB, Shalamzari MS, Sepehri N (2009). GC/MS
analysis of Echinophora platyloba DC. essential oil from North-
west Iran: a potential source of (Z)-beta-ocimene and alpha-
phellandrene. Chemija, 20 (2): 120~123

Hernandez-Lozano DC, Fontecha-Garcia J, Peralta-Bohorquez AF,
Quijano-Celis CE, Morales G, Pino JA (2010). Composition of
the essential oil from leaves of tagetes zipaquinensis grown in
colombia. J Essential Oil Res, 22 (4): 371~372

Ho CL, Hsu KP, Wang EIC, Lin CY, Su YC (2010). Composition
and anti-wood-decay fungal activities of the leaf essential oil of
Machilus philippinensis from Taiwan. Nat Product Commun, 5
(2): 337~340

Howe GA, Jander G (2008). Plant immunity to insect herbivores.
Annu Rev Plant Biol, 59: 41~66

Ho JC (2010). Chemical composition and bioactivity of essential oil
of seed and leaf from Alpinia speciosa grown in Taiwan. J Chi-
nese Chem Soci, 57 (4): 758~763

Holopainen JK, Heijari J, Oksanen E, Alessio GA (2010). Leaf vola-
tile emissions of Betula pendula during autumn coloration and
leaf fall. J Chem Ecol, 36 (10): 1068~1075

Huang MS, Abel C, Sohrabi R, Petri J, Haupt I, Cosimano J, Gersh-
enzon J, Tholl D (2010). Variation of herbivore-induced volatile
terpenes among Arabidopsis ecotypes depends on allelic differ-
ences and subcellular targeting of two terpene synthases, TPS02
and TPS03. Plant Physiol, 153 (3): 1293~1310.

Horiuchi J, Arimura G, Ozawa R, Shimoda T, Takabayashi J, Nishioka



HEEE: KB R 5 231 B- 2 A (KT Uk i 109

T (2001). Exogenous ACC enhances volatiles production medi-
ated by jasmonic acid in lima bean leaves. FEBS Lett, 509 (2):
332~336

Kappers IF, Verstappen FWA, Luckerhoff LLP, Bouwmeester HJ,
Dicke M (2010). Genetic variation in Jasmonic Acid- and spider
mite-induced plant volatile emission of cucumber accessions and
attraction of the predator phytoseiulus persimilis. J Chem Ecol,
36 (5): 500~512

Kasali AA, Lawal OA, Abanikannda OTF, Olaniyan AA, Setzer WN
(2010). Citrus essential oils of nigeria Part IV: volatile constitu-
ents of leaf oils of mandarins (Citrus reticulata Blanco) from
Nigeria. Rec Nat Pro, 4 (3): 156~162

Kesler A, Baldwin IT (2001). Defensive function of herbivore-induced
plant volatile emission in nature. Science, 291: 2414~2144

Kigathi RN, Unsicker SB, Reichelt M, Kesselmeier J, Gershenzon J,
Weisser (2009). Emission of volatile organic compounds after
herbivory from Trifolium pratense (L.) under laboratory and field
conditions. J Chem Ecol, 35 (11): 1335~1348

Kishimoto K, Matsui K, Ozawa R, Takabayashi J (2006). Analysis of
defense responses activated by volatile allo-ocimene treatment in
Arabidopsis thaliana. Phytochemistry, 67: 1520~1529

Knudsen JT, Tollsten L, Bergstrom LG (1993). Floral scents — a
checklist of volatile compounds isolated by head-space tech-
niques. Phytochemistry, 33: 253~280

Koornneef A, Pieterse CMJ (2008). Cross-talk in defense signaling.
Plant Physiol, 146: 839~844

Kunkel B N, Brooks D M (2002). Cross talk between signaling path-
ways in pathogen defense. Curr Opin Plant Biol, 5: 325~331

Leon-Reyes A, Du Y, Koornneef A, Proietti S, Korbes AP, Memelink
J, Pieterse CMJ, Ritsema T (2010). Ethylene signaling renders
the jasmonate response of Arabidopsis insensitive to future
suppression by salicylic acid. Mol Plant Microbe Interact, 23:
187~197

Leon-Reyes A, Spoel SH, De Lange ES, Abe H, Kobayashi M, Tsuda S,
Millenaar FF, Welschen RAM, Ritsema T, Pieterse CMJ (2009).
Ethylene modulates the role of NONEXPRESSOR OF PATHO-
GENESIS-RELATED GENESI in cross talk between salicylate
and jasmonate signaling. Plant Physiol, 149: 1797~1809

Liu C, Ruan Y, Guan C (2004). The model of defense gene expression
induced by signaling molecule B-ocimene. Chinese Sci Bull, 49
(24): 2643~2644

Liu C, Ruan Y, Lin Z, Wei R, Peng Q, Guan C, Ishii H (2008). Antag-
onism between acibenzolar-S- methyl-induced systemic acquired
resistance and jasmonic acid-induced systemic acquired sus-
ceptibility to Colletotrichum orbiculare infection in cucumber.
Physiol Mol Plant Pathol, 72: 141~145

Loreto F, Nascetti P, Graverini A, Mannozzi M (2000). Emission and

content of monoterpenes in intact and wounded needles of the

Mediterranean pine, Pinus pinea. Funct Ecol, 14: 589~595

Loughrin JH, Manukian A, Heath RR, Turlings TCJ, Tumlinson JH
(1994). Diurnal cycle of emission of induced volatile terpenoids
by herbivory-injured cotton plants. Proc Natl Acad Sci, 91:
11836~11640

Lu S, Xu R, Jia JW (2002). Cloning and functional characterization of
a pinene synthase from Artemisia annua that shows a circadian
pattern of expression. Plant Physiol, 130 (1): 477~486

Miresmailli S, Gries R, Gries G, Zamarc RH, Ismana MB (2010).
Herbivore-induced plant volatiles allow detection of Trichoplu-
sia ni (Lepidoptera: Noctuidae) infestation on greenhouse tomato
Plants. Pest Manag Sci, 66: 916~924

Navia-Gine WG, Yuan JS, Mauromoustakos A, Murphy JB, Chen
F, Korth KL (2009). Medicago truncatula (E)-beta-ocimene
synthase is induced by insect herbivory with corresponding in-
creases in emission of volatile ocimene. Plant Physiol Biochem,
47 (5): 416~425

Opitz S, Kunert G, Gershenzon J (2008). Increased terpenoid accumu-
lation in cotton (Gossypium hirsutum) foliage is a general wound
response. J Chem Ecol, 34 (4): 508~522

Paré PW, Tumlinson JH (1997). De novo biosynthesis of volatiles
induced by insect herbivory in cotton plants. Plant Physiol, 114:
1161~1167

Paré PW, Tumlinson JH (1999). Plant volatiles as a defense against
insect herbivores. Plant Physiol, 121: 325~331

Pichersky E, Gershenzon J (2002). The formation and function of
plant volatiles: perfumes for pollinator attraction and defense.
Curr Op Plant Biol, 5: 237~243

Pieterse CMJ, Jurriaan Ton, Van Loon LC (2001). Cross-talk between
plant defence signaling pathways: boost or burden? Ag Biotech
Net, 3: 1~8

Pieterse CMJ, Koornneef A, Reyes AL, Ritsema T, Verhage A, Joos-
ten R, DeVos M, Oosten VV, Dicke M (2008). Cross-talk be-
tween signaling pathways leading to defense against pathogens
and insects. Biol Plant-Microbe Inter, 6: 1~9

Pieterse CMJ, Leon-Reyes A, Van der Ent S, Van Wees SCM (2009).
Networking by small-molecules hormones in plant immunity.
Nature Chem Biol, 5: 308~316

Pieterse CMJ, Loon LC (1999). Salicylic acid-independent plant de-
fence pathways. Trends Plant Sci, 4 (2): 1360~1385

Rose USR, Manukian A, Heath R, Tumlinson JH (1996). Volatile
semiochemicals released from undamaged cotton leaves. A
systemic response of living plants to caterpillar damage. Plant
Physiol, 111: 487~495

Ryals JA, Neuenschwander UH, Willits MG (1996). Systemic ac-
quired resistance, Plant Cell, 8: 1809~1819

Shatar S, Adams RP, Todorova M (2010). The essential oil of the ge-

nus brachanthemum from Mongolia. J Essential Oil Res, 22 (5):



110 FE A P 23R

409~412

Spoel SH, Dong X (2008). Making sense of hormone crosstalk during
plant immune responses. Cell Host Microbe, 3: 348~351

Staudt M, Jackson B, El-Aouni H, Buatois B, Lacroze JP, Poessel JL,
Sauge MH (2010). Volatile organic compound emissions induced
by the aphid Myzus persicae differ among resistant and suscep-
tible peach cultivars and a wild relative. Tree Physiol, 30 (10):
1320~1334

Taipalensuu J, Falk A, Rask L (1996). A wound- and methyl jas-
monate-inducible transcript coding for a myrosinase-associated
protein with similarities to an early nodulin. Plant Physiol, 110:
483~491

Takabayashi J, Dicke M, Posthumus MA (1994). Volatile herbivore
induced terpenoids in plant-mite interactions: variation caused
by biotic and abiotic factors. ] Chem Ecol, 20 (6): 1329~1354

Takabayashia J, Satob Y, Horikoshic M, Yamaokac R, Yanoa S,
Ohsakid N, Dickee M (1998). Plant effects on parasitoid

foraging:differences between two tritrophic systems. Biological

Control, 11: 97~103

Tawaha K, Hudaib M (2010). Volatile oil profiles of the aerial parts of
Jordanian garland, Chrysanthemum coronarium. Pharmaceutical
Biol, 48 (10): 1108~1114

Toome M, Randjarv P, Copolovici L, Niinemets U, Heinsoo K, Luik
A, Noe SM (2010). Leaf rust induced volatile organic com-
pounds signalling in willow during the infection. Planta, 232 (1):
235~243

Turlings TCJ, Tumlinson JH, Lewis WJ (1990). Exploitation of
herbivore-induced plant odors by host-seeking parasitic wasps.
Science, 250: 1251~1253

Verhage A, Van Wees SCM, Pieterse CMJ (2010). Plant immunity: it’s
the hormones talking, but what do they say? Plant Physiol, 154:
536~540

Zander M, La Camera S, Lamotte O, Métraux J-P, Gatz C (2009).
Arabidopsis thaliana class-11 TGA transcription factors are es-
sential activators of jasmonic acid/ethylene-induced defense

responses. Plant J, 61: 200~210



