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TE . R E kR S B A O SR YIE K Y (Herbivore induced plant volatiles, HIPVs) JEAE )36 by Pt
=9y, TR E R B EE, A CRGLE THEY HIPVs R 724 FEHIPLE B A . HIPVs #h
REZ, WMBWHEE . GHERY . FHEBRAEWE, BEAMRNA G, BAESRMY B HIPVs LT £
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JEZ R BIAGR, LASTE B A RN 5 SR s, VB 3% R O e 205 i HIPVs . X865 K W e BB i vh
FEM BRI R, 7R R A A 5 K EORA S AL B R N . B2, HEDW T HIPVs A9 5 RIS 18 0 68
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Research advances in the herbivore induced plant volatiles through

feeding and oviposition

YANG Hao-Cun, WEI Bing-Bing, CAO Shuai, WANG Hao-Ran, CAO Zhen, LIU Yi, NIU Chang-Ying"
(College of Plant Science & Technology, Huazhong Agricultural University, WuHan 430070, China)
Abstract: Herbivore-induced plant volatiles (HIPVs), elicited by insect feeding and oviposition, represent
evolutionary adaptations in plants that mediate ecological defenses against insects. Here, we systematically
review the components, production, induction mechanism, and application prospects of HIPVs. HIPVs
comprise a wide variety of compounds, including terpenoids, green leaf volatiles, and aromatic compounds,
which are synthesized via unique biosynthetic pathways. The mechanisms by which insects trigger plants to
release HIPVs are varied, such as elicitors or microbes in feeding and oviposition secretions, as well as the
related leaf damage and egg deposition. Plants recognize invasions through cell membrane receptors,
activate early defense signals and phytohormone transmission, upregulate defense-related genes, and
ultimately synthesize HIPVs. These volatiles act as toxins against pests in direct defense, while recruit
natural enemies and prime defense responses in neighboring plants in indirect defense. Collectively, while
significant progress has been made in basic research related to induced defense mechanisms of plant
volatiles, future studies should take advantage of biotechnologies like gene-editing technologies to promote
insect-resistant plant breeding, and integrate other green control measures for field applications.
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P AEAC I 03k i b, TR T 2 R0 B
AR R SR 28 F (Schuman and
Baldwin, 2016; FKIEFEAE, 2024), ik SEHEmEAR i
R R AT 43 g 2 il B B A RN 5 S B B A (Mithofer
and Boland, 2012) . 25 j% 784 B 1 3= SLAK A6 T A5 9
[ A 0 B 5 A2 R (Cribb et al., 2010) . i
3 8 75 0 D) 2 A A R M AR 2 I B ) B A S
W R G S S SR B A, JF T
FEEE PR B RO A AL AU (Truitt er al., 20045
Boutrot and Zipfel, 2017). 7558 B 140 £5 4 &P
B A FEISE S ER MY E LY (HIPVs) . A7
FEHMRAERIEHY) (Howe and Jander, 2008) ., H:
HHIPVs FP2E 2 0E, MRIRAE B 1B i fe 35 49
R TEAT A B Ry ARy B R RS S 1Y
TR L)

) 115 5 8 907 280 S 53 kg 2 75 0 R ) 45 B
T, T B A E A AR A R O R e B R A
K& H AR AL, TR] 2 B A 0 2 7 A 4 2 W
51 HU A K (Dicke and Baldwin, 2010). i
W5 B R W) A AL REBE VR M AL 53 WA 1) A 29
JoT B AR R R LR, T ELE BEAE N R S0 T,
TEAEB RGP ARE SR RIAMEBE R, s
TP B 3% 05 (Kessler and Baldwin, 2001) . #i
Y HIPVs TERE ) B A AR = b Hag DR 2 b, W]
B TR BT E Fh b Bupiiif, dE— PR mAk
A =3 o A SCERIR T E N A OC HIPVs 19 0F
GEHERE, BARAE Y . BT RS &
HAEA: = Iz e b A T g

1 HIPVs TERK 5

Y A HIPVs FE £ 65, 2452 8ER
R T FEA WA EG Y, B~ .
(E. E) —a-i&Jed . p—AifiiAn (E) -4,8-—H
FT-1. 3. 7-=0 (DMNT) 45 G4 & ¥
(E) —2-Chils. (2) -3-ChsmEf (Z) -3-2m
OIS Dy A RALar, anmsivk . KR s |
THIRMB T HB S (Turlings and Tumlinson,
1992; Tamiru, 2011),

IR AW (Terpenes) SRR T 5% M
IV S N A S N T B S 7 et
S, AW RZHENEYE LY (Lie .,

2023) . H: 3 T G A A A0 B I ) R R i AR
FJTE A H Y 2-C— B B —d - i A 1 B 4- R TR IR 422,
BI B 1 v MEP 3% 42 i 17 & M (Nagegowda and
Gupta, 2020). HHATHIAFSE & IER S HIPVs K53
I TR RS Y o AN i TE 52 B R R AR
Macrosiphum euphorbiaeﬁﬂﬁ\)ﬁ, SR B—R}J%ﬁ%
AT s BRI AR A 88 Diprion pini TEFARY L7~
IR AR = A (E) -B-1LJEMs (Coppola et al.,
2017; Hundacker et al., 2021),

L4 %Y (Green leaf volatiles, GLVs) £
B NOREE . B LI R RA N, EAEE Y
B A TR, O e N AR ) 52 B Ry A ok 1 a
(Matsui, 2006; Matsui and Engelberth, 2022) .
GLVs 3 i g S 45 Ml a4 A2 1 907 283 U JRR 7R HEA T 45 1
TE G ) 52 45 6] 1238 B A DR RIS L I ) N T
B G GLVs (Nakashima et al, 2013) (1),
TR FR Y, 3 29 00 SRR TR 2 F FLVETE I 4 & i
L T, FEREE ALY, BE)E 7 HAL AR
fifk T P 1 P A 807 R T 4 ) R R AR
T 75 Ttk P8 T 7 A TR o Dt ot 114 4 FH T 2 Ak kg 75 ik
B, JFTE ST B Tl A AL T T2 J0RH L 1) & 1 ik s
% (Engelberth et al., 2020),

L) 4% 5 ) b 18 05 A T A 5 ) 3 SR |
(Indole) A1 /K 47 Bg W Mg (Methyl salicylate,
MeSA) o AR W) By 4% & W) h A RESE ), 2
TPIR NZERERRIEFE AT (Maruri-Lopez et al.,
2019) o MeSA By = A SR A KL, KK
(Salicylic acid, SA) Eh 5 B A9 AH ) B A5 5 7
T, TESNFHA T RERE R R EG, S
SV PG S5 RN, R R-KGRAR
HEHIEE R IIOE T . SA FIEALIE B MeSA . T
FE R R A A BRI SIW-3 T M BER  (Indole—
3—glycerol-phosphate, 1GP), FI7E IGP %4 fi# B 1)/
HF, TR & Y5 AR B AR (Engelberth
et al., 2024) (F 1), X FHFEMPMF, FIH
HIPVs & B PR R i b5 By A 4% ) o — R
PRl o BRI 5 3 A v T ) P P G AR
[0 g B OCREBE P, AR H AT H AR XS T 22 4k A
P00 HIPVs 45 U AR B CR AN R, 20 X L8
% A DL HEAT SR A BB, I ] e 1
ZAKHEEE
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HMG-CoAJL J5 l, l l
HMG-CoA
reductase b4 B = 3161 WA B
¥R U_(Aﬁ R Hexacarbon aldehydes 1Gp KHi E’%EFEE
Mevalonic acid 2-C- 3D BER R 4- BTG Methyl Salicylate
MEP IGPZLfi#
l IGP lyase
SR IR EERERR TR T
Isoprene Hexacarbon alcohols = GLVS Indole
pyrophosphate
— F A T R IR CWHER A
DMAPP Acetyl lipids Plastid
AL
Cytoplasm

1 HIPVs Ak
Fig. 1 Main synthesis pathways of HIPVs

2 HIPVsiE&3kiR

fE VR R IR AR Y EAEY B A ERE, fE
VS RARY 7 2R R . (R I B B N
5 R ALY RS K P N AR B R 7 B BT R
B, MR A R S B A R R, MR R
BT IR A AE 22 RO R, X SRR Y T RE
P RS R, NS R A BT AT . A
A, FEY) AR 52 20 nE g 0 A R R T A Y
HAWEIR, DL R 3 i iy JR A AR, s ol
H A PE N IR R o . LLR B LE
7 | A W B A0 DS PR o
21 ERMERRAH W~ ENHE T

W) B R ) 32 1K (Pattern recognition
receptors, PRRs) 2 8 4 4 ffL % 11 (1) — 2 24K,
FEMAF RN EERRMAEHERX ST
HAMPs)

(Damage—associated

(Herbivore—associated molecular pattern,
[ VI (IS SV i
molecular patterns, DAMPs) “EEFE A1, MM
PTG B S E B o AR W) 3 A2 AR R R R R
BrET OIS, LA 1A PRRs 25 HAMPs i
DAMPs SE4545, BT T AR 9 97 400 AH O 18 %
(Upson et al., 2018). XL HE IS AF Yy B 18 A A =X
NTREGRRRECE T (Elicitor) (Diezel et al., 2009).

Wk T oy B NRITRRAT AR | A A

— B (Bonaventure et al., 2011), fPgid
E R O T O IR DR - 2 R R L i) (Fatty
acidamino acid conjugates, FACs), J& M EIf =25 %
438 (Oral secretions, 0S) HrE3], GBS
FEK Zea mays PAAER YIRS | KEL (Alborn et al.,
1997) . M EVER MMM E AL T, HEE
W OSHEAZFErh, B RAEY R SN, Qi ARK
AU Pieris brassicae %) B 73 B AT 2 (Y B~ 45 0
T i 7] 15 5 AF EA Y H K Brassica oleracea T Tl 5
RIS KEAHE (Morin et al., 2024)

WAL, AE T B R B A i ) e AR TR R
5, UNRARS 0 7 BRI A AE — B 44 24 Diprionin 1Y
SRUAEE I, AR AR G T A LA Y SR GA TS A
Yk (E) —-B-¥%JeMs (Hundacker et al., 2021),
¥ K E\ Nilaparvata lugens =51 430 04 B 85 5L 26 1 AT
VERBOR T, B EYIE R G, HRK
w R E LIt (Zengetal., 2023)., HujFEEEXTER
HOMRE W R OR AT TOESE, SR, R AR A
B U BRI 75 AR ) AR S B AR K R D
TEWCAEREAR SEAT AL 22 00 B EIFARG e, e ZEXT B
TGP IR 10 835 DI RE A TR A AT
22 EEAMERBXNMEY

P R R e aF A 5 R S Y i) 4
B, JFAE S Z BB EAE, Mt 1
P PR R - ) - AR 0 =3 Z R A B
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W, EHEERRETEMY LRESES, F
JH e 5 B G0 ) R A A ) B AR SN, N B S
F ML Myzuspersicae sulzer P36 AE T i 15 = 70 4330 22
44y W i) GroEL & M, 15 F Ul ’d I Arabidopsis
thaliana & M58 B & AN HIPVs [ B L (Chaudhary
etal., 2014); WAHh, —SRAEYIE R G 2
B SAEY R KW, DT W A B P B ROk i
g m o, mHAEE M E (Potato leafroll
virus, PLRV) RYUKFEG, sl BB EMN L
WAk, WS I BEEF Myzus persicae I HUE , AT
e VEIZIR T 1% HE  (Eigenbrode er al., 2002). iX
s 2E 3 ok 4 N A7 A S E B AR, DA ek 2R
PR B AU R R DR AT S BN TERLL, A TE
RAMSE .

2.3 M RBGAFIRTR

NELAEE =X A B UPE A7 A bR S it
R EHZ, R A0 2 R I — S8 N IR - A 4 i
BEH BEANER (1R DAMPs, DAMPs £ fish % i 4 5
A, A IHAA I &Y (Erb and Reymond,
2019) . FE 4 42 1 32 AR (Receptor kinases,
RK) I % i 3% %F DAMPs A9 i1 % ; RK i it 5
DAMPs 454, P72 A 5451, K5 91518 = T if
FFPTE — RSB BN, HH I fe W DA 4 240 i e
() 56 B Ve o T — P RE W B 2 A A2 UK RE D
THESEUST, AAUATLASN AR K i 1 40 200 it 3ok 21
e XGRS B SN, T EL S Y 20 R e R AL
J%4% (Bacete et al., 2022),

B PER MR FAY A F R ey, R
Hery e AR 5| B A8 1) 3 B0FE S B (Hypersensitive—
like response, HR) JfRE, X H 52Ny [ FE 5 EEAE
W 40 M AR QR ) A2 R E AT H U (Reymond,,
2013; Boutrot et al., 2017). fcit &I R B OPIT
FRAHOC I RE ) 2 AR 4 s T b LY — b L AL RE AR
AR lecRK-1.8, HAFTE RE I B 1L BP 7E 420
Mo B BRI UL A (Gouhier et al., 2019) .
Reymond 55 (2013) A& WA [FI4LLRE It it 2 % WU A5y
URE ORI A R ) HR FE RO R BT, i s
FH A L A A OCER A58 (GWAS)  %5E i — b
LecRK-1.8 3T [F] Y54 LecRK-1.1; & Bt BP $2 HL 4y
V55 HR SO 19 )™ 8 A% B2 A2 A6 5 LecRK-1.1 48 ¢
WAL ST A — 2 KK (Groux et al., 2021). HHYJ
X T AE P BRI DURR ) SZ AR R D, TR 2 T AR
A GWAS FOAR Y HY B 2 1Y LecRK-1.8 1T [R]
Y, IR 22 AR R K

3 HIPVsFFERIE SRR

3.1 EYESEE

L) A P A2 AT 4 52 3 B i aE 15 5 )
ROIR—RIVEBUN , ITPRAE 14128 2 T 7,
JFABCER RH L A B A AR TR B S S RO A )
B AV AH DA 5 ik AR g IR AR AN R i A R
B AIA TGS (Reactive oxygen species,
ROS) K&k . BEryZthitl . #9568 7Es sk, LI
22 B4R R I (MAPK) T& 4k i 4 Fhig
B, MYIPIE S wAE YR s,
B 2 A R G, 7 AR B A S K W)
(Erb and Reymond, 2019). LA XA 4 1 A1 5%
Re s eiiTmg (E2).

3.1 AR IIE SR

R PR3 32 1A 1) HAMPs A ) 13 1
SED TR, RO O SF H ) BE E A MAPK {5
S % (Howe et al., 2008) . 7E R H k8 04 iz
B, MAPKs T PERY b THos 45 2 Fl il s
Ik, T HE— 2 [ T i AR 1 P U J A~
He (A L3, 5T H MAPKs 7640 5 5 JA BB B
FJA B A0 30 P& A % DIHE & . MAPKs K05 b i i £
VR (MIPKs) (945 56 P FE g OB
T A R A KR R )P S META B BLUER
(Wuet al., 2007).

HIAE 5 P A M5 N AR Ca™ LIRS R T
IR R, %155 5 IR EARE T ARG
Ca” M55 WAL IB M 2 Fh Ca™ (LIRS, ALFEE5 I 2
(CaM) ., #5UZRFEE T (CMLs) FIE5 A F1
filf (CDPKs) s 1 7 200 M L 0 0 W% gk Ok A AL T
(RBOHs) {ifi 1 3% 2| 4 i it A1 Ca™ ¥ B A CDPKs
FIRZNE , SO Ca™ {5 5 SIS AL 196 P S i
YA X (Erb and Reymond, 2019), fltn, [k
FFEZE P b 3 Ca> i 37 LaCl 2 GdCl,, fE
il F1 2 Te 1615 2 AR TEVESARR A (Cui et al.,
2024)

3.1.2 MR IR 5 4s

FKAMR (Jasmonic acid, JA) {55 i@ HIEMY)
RN RO TIE S SP %o, 7
WESROE S, e JA FTIA JA-ile B2 21K JATI
Wiz 2 MW, 5& A JAZ F Coronatine
Insensitive 1 (COIl) W ZIKE A4 A, i
COIl 5 JAZ B AR, FEIAZ B 265 5H 1 B
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RS JAZ A EAE PR SR, 800 T 1t B 1 6
By ik, MRS B 22 % (Howe et al.,
2018; Erb and Reymond, 2019). #H &R HEE
A EYTEF A PTURY, JA 8 B AE (S S 1%
ORI NG AR ES I 6 S (S

SR BCEAT A BT AR, AL B L O
DUBUA I PTLA, A7 AR 19 SA B . an Rk
by WEAE 7 ORI 2 S LR aT i B SA B R
(Lortzing et al., 2019). {B#i# T2 B Pyrrhalta
maculicollis TE 77 BRI, FZF F 0t vy JA & &
OGS kB N (Hilker et al., 2002); A
[ Z Ab7E T, i 8 B A it F AR ™ B A 23 00 3 2
J T AR 5, 16 RH JA 15 5 e B HL ™ R i
JIC R ) AL 475 B Ry R, T SA {7 5 16l f ) B
ZEPX R R, (S L TR A

A EAE YD A R R R e S B AT —
AR S PE AR FOERE BRI R R T R 1
SR . R, AR ) R G T R
FER. CHFEHEYHERLSSPEGESH T,
TS S i PR JA B SA 5 3 R e A ) B
WAESE s, MNRERNEYMERES MY, N
T 35 55 0 Jo e A ) A A RN B i TG vh AT B 1R
S, LA RZOE (Thaler et al., 2012; Erb
and Reymond, 2019),
3.2 BEEXEREREA

HE )T G 5 55 5 DR RVRE T 977 A0 4 5 0 ) ok
FErf, G T 2RI SCEEN, BT R 2

ST AR 17
Egg deposition and Mechanical damage

R Elicitor

44 Microorganism
Sk

HAEMYS, Z B R RPaE, YRS PRRs
RN LR AR E L, W2k K PEPRI .
PEPR2 Fl PROPEP3 fEfNT IR J5 , ik 3
1 (Klauser et al., 2015). 15585 MY
FAR S, B AR O 3 PRI [ A Ak 30 o
YERT, N Ca> ™5 5 A5 3 061 T FH I Y BH 25 3l 1
J R 3 B3 T B PR ) S8 AR R A E A R R
BEMAELK (Qietal., 2010), kT M4 1
fF5M 5, ROSMMEEL FEZMM T U NADPH 4
fLl (RBOHs), 4n4BLEg I 1 rbohD B ILER IS, 40
FITMELIACPURR I 42 4% (Miller et al., 2009).

YRR, MENERFEL
2, A4S — S B H AH G % 8 1 5T RTET A
Y, ey ik DI R MY MR
A& s AT JA-Tle 5509 COIL 4 (Monte et al.,
2018) . Ifi SA A BB 5 — Lo R 5 5 - 1 3%
KA, A1 EDST HINPRI E %845 i 3% i SA 3 B%
FEN 25 (Liver al., 2002),

Sk R A RS EEZAEH, W MAPKs {5
S JE, Sk SR WRKYs B9k, M
P TR 5 R EZAER; e
VI E I JA AR, — BB R A S B A 44
KN SR T Rk A 2 BTG, gk R A
¥ EREB58 Wil i JA 55 900K, E %454 TPS10 5
3l -300 2 -200 X I M 1) GCC & AR 7 TPS10 3
ik, TPSI0#F— 1S ERELRY (E) -B-1LE
W (E) —a—F MR (Liet al., 2015).

Ectoplast PRRs
M —
Cytoplasm MAPK
P
.\@
O

EREB58

Membrane depolarization

[LES 24

2 5T B R R S R AR LA By A TR 8] A X

Fig. 2 Key induced signaling pathways and regulatory patterns of plant defense genes
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4 HIPVs IEEMIBA IR R1E

4.1 BEXH

HIPV s i i 47 55 Bt R SO EA T 4l £ B A S
[a]42851 (1) (Arimuraet al., 2005; Hilkeret al.,
2015) o B HUR T 25 S BUR 1 2 DRI 14 By A8 45 K
Yo AL kA W A, X SR R R
FLIRSE RGBT, Mg | R BT G DI
WHEM E K Chilo partellus 1 E K Fr7=00 )5, 15
SR Y 2| D Ar AR ag, DT ) A 32 R
UBAIEH & F  (Tamiru et al., 2011), SXFHRTHEIHE
W AN AE TAE D) e 3, A UL TR b S
FKAR W 1L Diabrotica virgifera 4l HUUE K AR B
R FHB () -7, Wegl B Huig 5Lk
W, R A % (Rasmann et al., 2005).
I, YRS R BORE EAE R
ARG, XSS R 5| AR AR T, LASE A
Yid iV o R A B R OK AR A A A AE X 0 A
KAF AL T 0o B A e 1) X (De et al.,
2018) .

HIPVs 7EAE ) AR IDRARIRAL, R He ™= B ek
BB ST Y - R 2R &), At i T
R AR SR (E, E) —a-ikJEM . B-
AVTEEZ MR EY) (Wegener et al., 2001).
FEXIARTR BV R o 3, MY R HIPVs 1Y 28 B
KGRI —E R e, ek mE
BYER Ry FR)G , 1557 A R Y X A
e 0 W 5] f A AE 2 % (Fatouros et al., 2012;
Cusumano et al., 2015). [FBFAEY) ™ WH5E & Pt
T2 8 IR Z M HEAT AL 1 TF AR T, AT A 2
S WAL AE B 2% OF 52 ) B A BE VR 3h &
(Sabelis et al., 2007). #Rif, B HREX LS5
S 2 Ry e 8 LA — o R IEE, E H ORAR
() 02 A= e 1) A LIRS AR 2 A 50 o i e O
FEIE L d A BE 3 d B R B A AR R SR
G Pk 2 d AN 4 d Y SR AL B X HIPVs i
T T MR B H (Hilker et al., 2002), X
MRl BV R 2 2%, NERALHRIEAR IR R .

4.2 FEERE =P

HIPVs TR W) ()42 B A8 v 2 $E 4R T, dLRE 4%
00 ot R R R A IO RN BR S M, AR 1 TR
(Dudareva et al., 2013)., — 3635 K YI1EtE YR N
FETEF 8 G UHT AR R R S e 75 2 1Y & il , 7E

MR 32 R s O A RO AR TE M R R T . AN
(Z) -3-CMEEa T 320 It b b 7= 4=
HA1E30~45 s I IKBIIEAE, BERIEIK (2) -3-C4
— - Hex—Ac I AE 2 5 min BFA B (. X FP ik
oy G AR AL A R R B AT R, A
RO HECE RO (D' Auria et al., 2007) . 40
i Fe3k HIPVs A BUOCHE 13HP 14005 T 5 AR 52 1
B A iBcs, HyrtElE Tt i Co BER R il
#: (Kandzia et al., 2003). Wik#sZefb 44 DMNT fig
B IR /NS MR Plutella xylostella o 7 ] I 4t 4
it iz 38 LR AP B B2 400 L M A I TR W A T 2L
ZHBET: (Chenetal., 2023).

WA, A B 4 S W) A B VA A5 A T B
IR A B e AR B R I e R S U]
YRR, VERiksear EHAE, AR B 4%
BT UWE S SO RES, R AUTA (Wang
etal., 2024). WFEIIREIT L1 ik BSMTT 23 il
D Ay B ) 7 B B ORE S B R W R T 7 |
OB H (Bolteret al., 1997; Grouxetal., 2014),
4.3 @Y R AR AR SRE Y B B B 1S B iR

HIPVs TEFUT ) Z GV B A0 vh o e 3] AR
FH (R 1) X 48R W) LA A% Ty 24 fik ] ok i H:
APy it 35 S HL R B AR SN, BORR S RAR
BifHl (Airborne defense, AD) (Gong et al., 2024),
AHRRAE ) AD [ W 2y HIPVs 5 B L, 1
HIPVs & Ak B W 9 A AL % I (Secondary
organic aerosols, SOA) BEEFIEEE B AHYIM AD J2
B (Yuetal., 2024), 5B B AN P J5H0A 15
SAEYIBIEZEAL, AU HIPVs,  fil % G
5590, A IR AR 5 BRI By A S
(Loreto and D'Auria, 2021). HHEJSH Y AD 5%
AU Z AR 8 S O E A G, IAELE I
SoE —Fh 44 0 ETR1 A3 K 4 8 206 45 5 32 1k
(Bleecker and Schaller, 1996). 154 7% /)
PTIAS [] (9 2, 00 40 M JBE A 1% e i AR TE 45 &
HIPVs W1 [R) A 45 F AR T, A0 & vk 3R
SABP2 J& — P E % P 25 U MeSA 1) OBP K%
W, B X EEL SRR TS A AR
PhABCG1 FYRAEUEW] , 45 % My i aod Jo A0t L
k%2 (Adebesin et al., 2017; Gonget al., 2023),
JUEINE, & THY) PPRs FE% 12 (R e 1 5 B AL
R VR Py B A8 % W O TN RAT R AT R, 5
TR 2035 BRI — 2D AE5E
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HIPVs L A i o 4 1% 19 77 AR AR & rh il A7 1%
1, WHLK %% Centaurea stoebe FIFR R4 KA L
W (E) -B—afri&i i, A% S W R a4
NIFRFBAL & ZEAA K (Geller et al., 2019). 7E
WEEW S ALY B D, R e U Y iR
F G2 O BOE A i R b XS A R T
BUVERS N, XM BRI R G AR AT B
SAR) (Fu et al.,
2013) o Mg B8 Ja 0 R T AR R A 0 BE 5 A

(Systemic acquired resistance,

SAR WY/ AE, 4B LB 42 Ry b S A AR A - RE
722 X5 U e T FL R B Hyaloperonospora arabidopsidis
FIIRBENE K 5599 18 Botrytis cinerea i) SAR,  H.J& Fil
FLAth A P [R) R Al 2 B il & SAR, R BAAH ) 0] g 4%
i F A TR X A B E B (Alfonso et al.,
2021; Stahletal., 2023). AWFFEAR I, HPIFET
HAUAEY) 7 /E SARI I P ARRELN S,
{HL X il 4% 3 S 75 4K 5 HIPVs i 3 + 1% 7 gk 17,
A FidE—L 50 (Stahl et al., 2016),

R 1 NEHER Y TEEHERS 170 84 55 48 s B 46

Table 1 Roles of different volatile compounds in direct and indirect defense

FhZ& Classification

T AEP I HE Direct defense function

[6] 422 F5 112 BE Indirect defense function

(@ B sl BELASICE ™ BT

Repelling or inhibiting feeding and oviposition behaviors (D 28 K EO a7 £ R 5

Q) B ) O A 5

Direct toxicity inhibits feeding and oviposition

Host recognition by generalist predators

@ W5 | S ) K

AL G @ ¥R B s o1k Attraction of natural enemies of higher plants
Terpenes Regulation of insect wing dimorphism @ FHRIFFIEGES
@ MHRRAEREE Provision of pest-induced early warning signals
Inhibition of insect growth and development (@) 0T I8 3T A A %) 3 0 52 7
& BH 1R B e 7 Activation defense responses in neighboring plants
Interference with pest localization
. — OL/GIEA: PN
() 5 7 e i BELAS BT ™ BRAT N , ,
- T FP— Attraction of natural enemies
epelling or inhibiting feeding and oviposition behaviors o A »
@ PR A 2 U SRR Br
. Activation defense responses in neighboring plants
L5 R W) Direct toxicity inhibits feeding and oviposition @ % b S (2
N e fagianN) NETEZ
GLVs @) S D SEX A A ) SAR 1 )
it o SR b ) ; Provision of pest-induced early warning signals
ctivation o in plants 1n response to pathogens A ‘ .
@ W1k o @ B Z SR, IREY RGNED
Intort S localizati Airborne dissemination to induce systemic defense in
t t t t
nterference with pest localization plants
' . OL/GIE A PN
(D S st S BEL £ =507 | o
Repelli < hibitine foedi dovivosition bohavi Attraction of natural enemies
epelling or inhibiting feeding andoviposition behaviors oA y
@ FHEEHE BB 2 SR ODT R P
e Activation defense responses in neighboring plants
FEBEY Direct toxicity inhibits feeding and oviposition @) S e
. L iy’ WEE 7
Aromaticity @) W A SR JA A SAR S )

Activation of SAR in plants in response to pathogens

(@) BH 113 Hf 5E

Interference with pest localization

Provision of pest—induced early warning signals
@ @2 AR, IR RS NED
Airborne dissemination to induce systemic defense in

plants

5 HIPVs7EAR N ERIN

BE& HIPVs WFFETR A, A0y L0 A 7 2 7

SR — AN E R M PR ) B A A T A
B HUAT o P AR ) S R AR, RETEAE I R
A AR A 2 B R 25 D7 T AR 7 % OB SR
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(Turlings et al., 2018). FEAEYIE R 7 1H, AL
W55 HIPVs 5 B I 45 AR OC 1 B PR R ek RAEY) 5
AN [EAE W) b b A 42 D R TIC b 1) 22 S 25 5 i L g
SIRFAIRE ST, 22 Bl L BF A A0 5, X ]
RE 2 PRI S 30 A2 S0 1 7 8 47 A 0 i s PR ) 2 38
(Gish et al., 2015). fln, R32HHRAR YL AL
LRSS S W aEE R A, (B
RYRTHI 5 5 ) R EL (Kariyat et al., 2012) .
WAL, Bl A8 T K A AR TR A B R OK 1
TRl SCHE B A BUHE R, a0 B~ A 6 LT 5 1Y
0 W, PR T AT T D 2k UG BE
(Kollner et al., 2008). FIHEH B A, 7ER
VEY) b8 i RIS AR L YA G I,
A R I B AR A ORI, A M TE
Az SR R R

AN, HIPVs AR yids S s ) 1] G i FO i A2
B &K F (Peiiaflor and Bento, 2013; Turlings and
Erb, 2018), @i AANG HL, K H B 7E/E Y it
b, TR ERTHEYHTRRCR . AMLnt, wT
FIHIVE W) BT HIPV s 3] 45 B & H R B 2 ik
PEORMEHEATBIIG , Qs | SO sREVE T, ARH0E B 5
BEA] DL A W 155 T W N T AR HE R OR
W, BIE RONT HAT KkEAE FH 0 4 & Wit A T 32
BEAAEY), A BN K ECA W5 | 07 B K it
THEBERY), fRdF%F BALkE B % (Pickett and
Khan, 2016).

J3—J5 I, HIPVsTEAR . b0 1 75 257 JEAH
YR 5 A K 2 TR P AR ) 4R B AE
UL T 3 i B A Sy A THE T A, (HIX T
AR B A g . I, R AR P B A
PEAT BRI, LG T IR KRR B A
PR e THAEME ) A KT I RE &, X AEW)
AR AN (Gishet al., 2013), MAh, fE
Py DX A Ay B — 1) it R ORE R HIPVs 23 % — 4R 55 i
WS R A T R R, (ELEIKRE R A feff A oD A
3 g R, WS RE 1T R, 4k

SO =B IR RIS (Vetet al., 1998),

6 INGEEREE
TEMEEVE R 5 2% o b R gk rh R

B fe a AR Y b HOR A R, i e U
PRRs PR £ 1 B BB R A4 2R 2R R ANk 1 2l

A SR A W25 9% 5 3 PTIL AR 0 PTT B A7 A6 P
PR AR, BRI B AR B 8 . HIPVsVE R
AL R I F P O A A, H ETx
HAp A= EALE R B Z 8056 . HIPVs )
REZ, FPOIEEEERARER, B
i BIE S R A 3 R R B A 15 5 AL i 5
452 HIPVs TEAN ] & ik 42 B Rs G al, 74
(4 R DI AR SR F Bk 2E R i 2 5 A8 ) 8 12 B A8 Fn
[ R, DO A BR IORRR A TR .

XF T HIPVs o o /) B 55 (B 455G T DL R N 45 -
(1) A TR Bk R O R 76 S &
YIRS, BRI A PRI AT R =,
— g 4 2% . RNAi J CRISPR-Cas9 %537 A it bt
L e B0 e oy S Ok TR S e TRk . (2) AW
T4 B A3 W A AE P A P 400 G 97 A 5z
mAN., ZREYE, ARTRRMASF. Bl
BT R R VRO TR T B R
il HIPVs B, (S He B 5500 - 4 a] 4 45 HE 9
Bl A 2 e/ (3) CRISPR—Cas9 43 A #2 5] 2 48
HIPVs JCHEA LB, 45 = FLAE A 9 b 19 6 ek
Be O I 7B = R NG WD B = e S S E /N G
AR BRI, X T B PR g R A 1 5 B A%
L FRGR AR ALY A P2 A TR R . (4) YR
iRt IR R e g R ), AR R AR 45 R
Wy 5| L [t AR A 24, T A80E) )
PRI BTG . BRI, Rkl 25 G AE Y B i 5 & )
B HAth 3 B AR M HEA T IR A S o &5 L
W, R R R S R 2 R 38 N B P 7R 7
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