Wi B B4k Chinese Journal of Applied Entomology 2012,49(1) :259—267

frf ’%)
LR 'ﬁl.% 3

‘%m%mmm -w..mf”

R REERMRARER

Ket”

warT

(b BE2E BE S O TE BT Al i BUE SR A BT Y K R S dbat 100101)

B OE ENZHLLOR, D H R AR R

BEAT T2 MR A B 58, 1 2 0T 19 25 4 1 48 %E T IR

%00 B B LA R S W T — BRI TR o K 4% 1L Helicoverpa armigera (Hibner) fh T f& 3 = EAG % K. A

MCERR T AR (S B
Py
KR MR

, TEREWI T, RBUEE, EWEIL,

VR SR M O AR AR BIMLED A 2 o D) REAE I AR S AR, D it —

WA 2

PR, FIALE, DhEeE

Progress in research on the sex pheromones of Helicoverpa

armigera ( Hiibner)
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Abstract Sex pheromone of insects were studied profoundly in half past a century, especially in Lepidoptera. Helicoverpa

armigera (Hiibner) ( Lepidoptera: Noctuidae) was a serious pest in the world, we provide a comprehensive overview

about sex pheromones of H. armigera in this paper, mainly focusing on the methods of pheromone extraction and

identification, biosynthesis, regulation, reorganization and the role of each components. Future research prospects are also

discussed.
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sex pheromone, extraction and identification,

biosynthesis, regulation,

A, vk T AR E i 3 2 R AR 42 L e 3 Y
FUAY o A5 W 5 Bl 3 A 4% L A T &
B AE B Y W B A IR ICTS Qe AR
P e b 2 e SO A TE N A QS P

1999) . ¥ BT KA T HOf A9 i BLRE 2245 A1
TR A 45, 5 2 76 4R 2R 25 5 ¢ b i 3 I A

Py 1) b A EURAS S T R B U R R T O
ZHR(Wu et al., 2008) , i E AT 5% Z AT 4y %
2V I BE , VA5 S B B O R S N e,
A% TS MR B BT B R E AU
IR 6 0 4t 1 75 3, B A 1 ol TR B A A
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NATTIIRE A 28 H A 77 o 4 el 5 R R A D AR =X
B HORMIE ST HAEAR B W 5T A4 A= -6 ORI AL
(Wang et al. , 2005 ; De Santis et al. , 2006; Wang
et al. , 2008 ; Hanin et al. , 2011)

1 REHREESWRAS

A E RO S R B B (Z) -11-
hexadecenal , T3 8 FI %5 9 i 45 17 (] I 45 HU 3R 15
(Piccardi et al. , 1977) . MJ5HREEEEAT 1 A~
B R 2 — AR I E T 7 A4 53, 40 /9 7870
LA i 22 58 . AR M R AR AR 42 12, 53 4
A ARG A A 7 . JRgeit, E AT AR
JE RE A% 5 S A 2% H e 0 AT O S L B PR AR B B A
A8 B, TEWER 1, AL IEA 4 Fh BT AR S B
O e i A rh H IS S (B R R AT AR W DU AR T
SE A BENE 51 R kAT A B A VAR R R ik )
Jii (candidate sex pheromone) , 7 L% 2,

ek 1M 2 MBFSEARIE , Z11-16: AL Z AR 4%
HHEFERY RS EREZ WA, HinZ THES

oo BRI A K 2 A 5 IF A2 F AT AT 24 1Y)
79-16: Al 1fij /& Z11-16: OH,{H Z11-16: OH Jf {2
PER G IER  TE & A e A4 E B, A
Z11-16: OH 56 W VE R , A i 5 XU v /] LA 7
A SEEE B PEAT R RN, AR A D 8 B s
170 R 32 B4 (8 557 4%, 1995) . 79-16: Al
M 516: OH F116: Al H A HGE A9 HL B, 31X 515 & 41
USSR 45 AR — 3, AR AEAE L RR 3 i
TP o, AN R TE A BT 22 5, X AT Rg R i FEE A
[t DX R 358 55 0, KO0 U R ks e BT 3. 5
A, F) R [T AR e A O 4R B, %5 5 T A5 3 9 41 4y
A B WAL T A Sk IR R SR UL (B B AR,
2001 ) , W] D B A 45 B vk 2 4R BOPE 15 B T A
UFEY TR o T VEAR S W Y S — R T ARUOM
038 F T 3% 356 FH AL (GC-MS) |, Sk 8 22 43 + 5 FMUE
ae A, I B = W B — B Bt ( dimethyl disulfide,
DMDS) fi5 4= & 5 ff 22 WU A9 17 & ( Buser et al.
1983) o I FHACHH (38 R FH A AR 580 A 325 mT 0

e

x1 RBELANERYREEASRELH

Table 1

Components and ratio of sex pheromone in Helicoverpa armigera

(EREFSEN ) el

Sex pheromone chemicals Ratio (% )

2% 3CHk

References

( Piccardi et al. , 1977 ; Gothilf et al. , 1978 ; Rothschild, 1978 ; Dunkelblum et al.

(Z)-11-hexadecenal
100.0 1980; Kehat et al.
(Z11-16: Al)

(Z)-9-hexadecenal ( Dunkelblum et al.

, 1980; Nesbitt et al.
and Dunkelblum, 1990; Wu et al. , 1997; & T /&K%, 2001; Wang et al. , 2005)

, 1980; Nesbitt et al.

, 1980; Konyukhov et al. , 1983; Kehat

, 1980; Wu et al. , 1997; & 78 %,

2.54.5
(79-16: Al) 2001; Wang et al. , 2005)
7.) -7-hexadecenal
(Z)-7-hexadecena 0.6 (Kehat and Dunkelblum, 1990; & F A%, 2001; Wang et al. , 2005)
(Z7-16: Al)
( Nesbitt et al. , 1979 ; Dunkelblum et al. , 1980; Kehat and Dunkelblum, 1990; Wu
Hexadecanal (16: Al) 4.0 "
et al. , 1997; & F 8%, 2001)
7)) -9-tetradecenal
EZ;—MZCAT)( coena 1.5 (Kehat and Dunkelblum, 1990; & 7% | 2001)
1-hexadecanol (16: OH) 3.5-6.0  (Nesbitt et al. , 1979; Dunkelblum et al. , 1980; Wu et al. , 1997)

(Z)-11-hexadecenol
(Z11-16: OH)
(Z)-11-tetradecenal

5.5-8.8

(Nesbitt et al. , 1979 ; Konyukhov et al. , 1983; Kehat and Dunkelblum, 1990; Wu
et al. , 1997; & E7R%:, 2001; Wang et al. , 2005)

Gothilf et al. , 1978; Konyukhov et al. , 1983)

(Z11-14: Al)

2 MEREEBRYMREDE R RRE
F#% L SE N AR 5 0 Helicoverpa zea AT o

Helicoverpa assulta T2 AP E AL, M 1ME(E B9 Ik
B9 A )6 1 R P R AR SR TS A A 25 5 TEE
FEM R DA B S5 %
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x2 MEAEFEYREEYM R ELLF
Table 2 Candidate sex pheromone in

Helicoverpa armigera

PR B R EILEY

Candidate sex
References
pheromone chemicals
& E R G,
Tetradecanal (14: Al) -
2001
Wang et al.
(Z)-9-hexadecenol (Z9-16: OH)
2005
Konyukhov
(Z)-11-tetradecenyl-1-0l (Z11-14: OH)
et al. , 1983
Konyukhov
(Z)-I1-hexadecenyl acetate (Z11-14: Ac)
et al. , 1983

H i 22 B B0 L T BE FNOG BRAE — R 51 P 1R RN
NSRS AR e X NS/ NN RER /R & DN )]
PRI B R AR R A 7 A FURE IO th 0 I R
GEFER,20 {20 80 AEARAIAE H. zea iR — WA
TR, T — AR A R AR B R A
8 AT 2R 58 400 5, 2 00 J5 7 WG 391 RO 0 B A A L (HL ]
TE 391 A 8 T3 300 i bk 2 o R R AR R R Y R AR
(Raina and Klun, 1984), J5&#— &5 4k,
UESEZ Y B B 33 A Z BE R 4 L Ik, 7E - e L
ol gl 2 [ oo A4 Py S A D 2 5 b R, OF HLER HAT —
A IR AL, BIAE C S A — PR ST 9 TR S5 44
Tyr-Phe-Ser-Pro-Arg-Leu-NH, , Jtt. # 4% #4) /& 4% L {K
PR 00 1) EL A 3 SIS O 1 Y B R R A R T RE 68
PR B R A, B HOR Z W) o BR g M A iR AR
YA R 1 M 2 K ( pheromone  biosynthesis
activating neuropeptide, PBAN) ( Raina et al. ,
1989 ; Raina and Kempe, 1990) ,

PBAN 5716 THEMR N 9 PBAN 321K 255, 45
SR SO Y O S A DI T S B X |
i A1 E5 B 5 1 40 B PN R Bl B S B T Uk R Y T
e R R L BB K ATP % 4k h o 36 IR
2 cAMP, FEi 5 26 A5 cAMP BT 25 1 i 51
BEAREE , i e TR 07 R S R 2R th £ Tt A il
A RAGTE, B S R EE A R AL B0 TE P, L 2
B4l A AR LN R A ERA i AL TR TENR TR &
B ZR (FAS) B4R HI T & AR A0 i+ 75 B A+ N
KPEME RS A, WK 1 /s (Tang et al. , 1989;
Roelofs, 1995) . 7EAf £ HUF1 56 PN AR 22 HufR Py 19 +
ISR B A R A 2 KA A AR 8 R R

TLEGEAE R, e fb ol 41 53 (Z) -11-hexadecenal ; |
IR G T Tl A DU 235 A 11 A9 M, B e
A4 (Z) - 9 -hexadecenal F1(Z) -7-hexadecenal
2 AN Ay, UK 2 Bk (Choi et al. , 2002) , 7834~
1 P B R G R R

Br T PBAN &b, A 4% iR b £ 21 3R (juvenile
hormone, JH) i@ 1 |18 PBAN 2 (&% (19 &, 4k
5 B 46 B Bl 2 5 4E ] (Fan et al.
1999 ; Rafaeli et al. , 2003) . ¥& & 156 BBAE R 41
VPR -t X P AR B 57 A — S Y S ) i
I O TR 0T 8 o A 4% A PR R T A% 4 A B
(B EARSE, 2002)

3 MEHEUERYEREMRTE

A A% A Lo il i ) A6 Y H A I M B R
AR AR EEER ST RN ERZ
Ze3) 7T HIS AR GRS . 4 H IR 7w A
6 /NI A2 AT VEAT B BT & A B o AR S B
I 301 B4 225 SR 0 2D (Miing et al. , 2007) o A #%
HUOR e SV AE BR S B R A Y S, B
Ja A WG HL (Ming et al. , 2007) , BEF H i35 m
R % Hh MR 056 7 09 B SR Y 4 R RS, HL
JF UG Wy B A& B #2557 (Kou and Chow, 1987 ; Ming
et al. , 2007) . 75 HAUAR A A SR ARAT S Ak
FRERE AT HERA BE K E S (Ming e al.
2007) o T ARG HOECA SRAAT Ry, I 30 1R] 1
A B A D R P E B B, ] 2 ~ 6 h Y
17 0 B i BR, i B 8] VA5 B W BT ik B L 3k 3 e
& ( Kamimura and Tatsuki, 1993) ., 14k, K {8 #1
A SRAE PRI A 08 7 1 A o 0 1 £ L 00 I
T4 5 W 20 3 JC . PR 25 5 (Park er al. , 1996)
PR b A 00 ' RO M £ IR ) o e 4 A AR R A
FH 165 391 I A7 Ak 2 e g 0 7 AR M A B W B, R AE
SRAB I PR A5 B A B 3

X A2 IE | S5 P AR S W A AR A I A 2 A
TR, KE 5B 5E A S 28 BC 2o 1) M gk 158 AN
PP AR BT M R ST A M R
FERARIT, Ab L M AL B 25 A BT Ok
F T e B ) 22 O B 05 ) RO i AN 5 A
{5 B % (Kingan et al. , 1995; Wedell, 2005) ., 4k
T A 6 3R W 0 57 e 4k e ik 7E PR S 9 26 3 A
WA B W BT & B e 2, LLTR] B 28 T 2o 1
k2 93% Fe A, 2 TC I M Bk 209 9 1R AR S W B
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B 1 PBAN 5 RZMEE (AR E (Roelofs, 1995)

Fig. 1

Proposed model for the interaction of PBAN with a receptor on the sex pheromone gland

of a corn earworm female( Roelofs, 1995)

ot I BRATG , — R 2 B I I 4 R (H S IC S 5 3
KA NG PR 52 B 5 Ak Lo ME B AH T AR AR B R R
(Raina et al. , 1986; Ahn et al. , 2002) ., X &2
SEHC I B e g M £ B R IH AR SR L, iE SR B A W]
PLAkS B, X Al LLBE 5 02 177 AR Z S I A K
TRZWFFEIN A A 45 4 4% R 78 N RO i B e, 32
TiC o A 0K S e e e 326 O B L D ) P B O 5
G, AR PR A2 T 1 Dy 4 T He L IR 1) 45 1 Y E L
KB A (Hou and Sheng, 1999) o B % A
SEWCAT Hy, TERIE RS AL, (HAR 7 A 2R B0 A
SRR B A ) 1 T 2l O eSS B . X 2 W] A2 D
I ) LR RIORS 0 7 52 TBC 2 vh B FE A AN 2 5
B HFE WA Ay A0 A R kA A R, 4 O3 R R
N S RS T 00 B (2 R A, 2002) o T
TX 8 2 I F) i A VR RE 8% (07 0HE R D SR A e D 45 11

FERCEAR B W BT A0 7 0P S5 AT Sy, TR i ek BR
7 A Ak 4 ME R B4 B, PR R R AR R S R
K ( pheromonostatic peptide, PSP ) B #4: ik ( sex
, 1995) . iz o Al
VA 3o 900 O 1 3R 1 A A A, AT ke 45
R BRI, b3 Ah, R Y Pk K ( Drosophila
melanogaster sex peptide, DrmSP) |, W] DL B # 4 1
Fi 2% HL PBAN X 1 {5 B 9 5t 19 4E ¥ & A ( Fan
et al. , 1999, 2000) ,{HiZY i i) /E AL A 155
E— 2B BIESE . O JE 3 A5 B 0 % I 9 B A 2
P B (sex peptide in H. armigera, SP-R)” 7 #if
S LU Y R IR KT 5 3B R o v — R B
B0 SOGIWIAR LL, 7 W 30 HfE U9 Ao 28 R B A A% o
697N N ol N =SS T o ' 9 =
TR 5 A M R T P 2R R SR KK B

peptides, SP) ( Kingan et al.
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16:Acid 18:Acid
All A9

All

Z11-18:Acid Z11-18:Acid

-2C -2C
Z11-16:Acid 79-16:Acid Z727-16:Acid
Reduction

Z11-16:Acid 79-16:Acid Z727-16:Acid

B2 EZEWNBEHAAEESYRENSHEFEKEE(Choi et al. , 2002)

Fig. 2 Proposed pathways for the biosynthesis of pheromone components produced by females of the corn

earworm ( Helicoverpa zea) (Choi et al. , 2002)

&, W e 0 R 98 ( Hanin et al. , 2011)

SRR 1 M g A 3 b Y A b S SO AR B BT
FNAT A B OAE | e s S mT BE Ry 1 PR AP B A B
T8 SEIE I 7™ A B T S ol 10 J5, I H4 3X Fob 00 Jo s e
TE M MEAR SR, Y T % W BT 0 7 AE A A5 A g A
5 30T T O

4 MREAME2YEAIRSIE

BB H R b — 2 Rz A e
AR SR R TR Sy 7 A il A B A IR R
RS A ML B g LA LU LA 2688 . B IR AR |
HEJE A% RDIE Ik L B J0 JR 08 R s A a2 (A
TR, 2002) o AWK 3 1 R IR R R R Y BlAL B
EREHEN, BESHERERESEGEB
( pheromone-binding protein, PBP) 4% & W & & ¥,
SR 2 Jok J A4 U T VR B 38 R 2 AR, AR 2 R 2
FROT , PREE I KR R, PR A SR LA,
BE S5 RS> TR R AT, SRS TE — £ A B A AR
N B f#% (Hildebrand and Shepherd, 1997)

SRR TR 52 44 i o] X 0K 43 1 2 AR
FEA LT 2 FELE 1) Ky PBP £7 7518 J5 8 Al

AALALEY 2 FhEAY A SR A VR A, B B
BRSSPIk TR PSS S R ESY TN
BRI R 2 AR 25 5 5, 15 B R 45 & 8 1t 2R 0 5
A ALY (Ziegelberger, 1995) o 2) 7 B Hi fif (19X
RS2 A, A5 SR 4> T FURR Z IR 2 5 W B Y
pH B % AR Bl s, T 51 e ROBR 45 A AR AR
xS B AR #E BE L ( Damberger et al. , 2000;
Laughlin et al. , 2008) ,

FATE A 40 Z R (5 B R4 & & 0L W o
B, EATHR B AT K2 144 A SERR A 20 > & SR
ES AR, 70 F 829 15 ~20 ku, BA 3 4> G
SCHEMA (BRI, 2005) o AR A4 HUAHEAE B
KRG EA2K 952 bp, #14 162 A HEM LA,
Horb 45 20 4> 2 B W2 15 5 Ik (Wang et al.
2004) , FRES IR Y PBP (% B K 3 3K R 7E R
BT 4 K7 BB PR T — K 2P A I8 B 3R 2 1Y)
1o IR IR, O FLBE i Y Rk B T OMEME (£ A,
1999 ; Wang et al. , 2004) , PBP fF7E T fr & 1Y I
gk i £y 144 7R AR 7% (sensilla trichodea ) F1H 43
T2 /N B IR 2 s, B TE HE IR B R (sensilla
basiconica) AT A, SK T 75 Ml Sk 71 b 0 AR Sz
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PBP HLJE A7 75 HE IR A% F b 45 KON 1 B B I 48
RN AR TR BB R A T (Wang et al.
2004 )

H1 T PBP 7 i HOP AL i JL K BRI 3R 3k (Wang
et al. , 2004) 77 M sk PBAN BY4E ¥ & A% — &5
VERT B % tE de BN = 7E A6 1 (BR 1 H %)
(Rafaeli et al. , 2003) , 15 A AR 4% du i wT LLH 51 A%
HOBETIC PR A B W o, (HL I AR B HUR RS AR W &
B A X Y T,

FEAR T B L A b R R 1 2 A R R R AN
AR AETE 25 T VAR B BRI S Ak v oy
Pl ZEXPEAR B BT B SR 23 38 m, DA T R B
TSR DA B A PR AR B B R e T L)
o ) B 5 A ] Y (Anderson et al. , 2007)

5 MRHEMEEEYREEDINEEE
H

T FE R AR B W B SR A SR LAy 5
T, 0 B AT T A B, BRI R 1) v
Ty B VA AR B H, X T R R S R 1 D RE AR IR A
KREWFTE, K B 5 2 3 22 KR D €, H (A3
5 AR TS AT O SR

Z11-16: Al A At i 5 4 JBOSE 7 Y A % 1R 1
FERIZY BRI REAE B AT AL, 0. 1.1 F
10 wg B2 BT 2 HE 5 | S Ak 0 14 2% 75 52 7 ( Gothilf
et al. , 1978) , B fdi {132 W) o g 175 2 /0 i I gk,
T FAH A0 SR A 3K B AR [R] 1 2 0 5 B Z9-16:
AL (IR B2 28 1 Z11-160 Al & 310 A5 DL B (R
A%, 1993) ., Roelofs and Cardé (1977 ) ¥ GE % 7&
7 HE S Y L | R R 8 Y AT A S I M Y X S ) T
B~ F 4 43 (primary components) , H & 20 43 Bk
IR BE 5 1R 24T Sy, A AT BB AE I R B 00 T i 3
PR3 R A2 AEAE L IS 34 O 58 LSS B AT
Jy, 3 S8 W) Rk O W #E A 3 (secondary
components) , EZWFTFEY Z11-16: Al ZHH4 H
MEB XM EEHS (Piccardi et al. , 1977;
Gothilf et al. , 1978 ; Rothschild, 1978 ; Konyukhov
et al. , 1983) o WE 4y 79-16: Al fil fi% 1 i 175 ik
H 90% ~99% 1) Z11-16: Al 510% ~ 1% 11
79-16: ALIR A&, J2& H B H 8] 175 8 380 S A i S 1E
It HAE A b5 HE 5 08 7 i A6 A2 7 F T ( Kehat
et al. , 1980; Nesbitt et al. , 1980; Kehat and
Dunkelblum, 1990) . iy 2 Ff 455 S 5] J2: 75 | ik A gk o

X 2 o BT b ) 38 Bl B B %) 32 P ZR ( Tamhankar
et al. , 2003) ,

R 79-16: Al SR % H AR rp i 35 A7 22 b
H oy W T I ey B BAR DI REAE T, B FTAY AT 5T
A ALRR T DR GE Y B 5 0 3 3 40 43 v, R A% 1Y
M SR P /5 W R TE - A0 Z11-14: ALFETRT 10 pg
FRFR) R RE S R ME R 2 Ay X W) TS Z11-16: Al
R G 75 H ) IR A AR & 1 5 1 ROCR: (Gothilf et al.
1978) . fEHEIK 4% ~T% 1y 16: Al Jin A3 Z11-
16: Al 5 79-16: Al 1y 5 AT Lo v, B8 6% 31 Jin % i
it HIE ISR IF A B3 (W et al. , 1997) 8K
TE AU 3 56 v 16+ AL JF R k2 3 19 2804 HT ((Kehat
and Dunkelblum, 1990) ,

79-14: A1 FEAS[R] 1) Ml X 3 30 3 400K R 2 1) 1
FH AW A S AP RE v, 3240 o6 2 14 0 51 75 RCR
ffE M (Rothschild, 1978) . fH7E LI 51 Fh 7 th
P AN B A 3 B 1 S0P R T R 240 ) %
B (Gothilf et al. , 1978) , 1% 5% BZY) Im A
B fe A Lo 09 TR & 1 v R i 1 32 FE AT A W b g b
(Kehat and Dunkelblum, 1990) .

77-16: Al fEAS[R] (4 Le A5 26 10 B ik ) 69 7 H
AL XA S o 1% 27-16: AL ZRNE] 2 mg
AIARE S b D S RE RN AT h o 1% %) B
TNE] 10 g B9 5 W75 05 b, D88 52 e B R AT A
(Kehat and Dunkelblum, 1990) . 7F H[a]¥ 2.3%
Z7-16: AL TN B AR TE S 0 v BRI BCA 38 0 B A ek
ik (Kehat et al. , 1980)

TERFAR TR 7= ) vh B i e ALK T Z11-16:
Al ) BT & Z11-16: OH iz W) 5t 78 B A WY I 410 ]
YEH ( Kehat and Dunkelblum, 1990; %% 5 ¢ 4%,
1995; Wuet al. , 1997) ., [A]J& TEERY) RN 16:
OH -t HLAT ol 20 75 M6 %5 it 149 7 H (Nesbitt et al.
1980) . R A28 W) ot AN AR R P15 B R B9 44y,
(7 It 8 26 ) T3 1 - ST A 1 00 st 4 ) 0
% (Teal et al. 1986)

Br 7 B KRR B RS, & A 79-16:
OH(Wang et al. , 2005) , 14: Al (& £ 4% ,2001)
Z11-16: Ac #1 Z11-14: OH ( Konyukhov et al. ,
1983) 3 4 F A £ i P 45 B 1 Jo M s W) X4 1 M
i v B IO S (H R T R X 45 W B AT i AT
SR , TRt D BEAE FH o TC I AT, R AN RE il
PR B RA S MRS AR P AT DG B
WL Y A A SRR E . £
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FER 2L 28 3ok A= 0 1 T 18 BoA IE Ak (5
) ik etk ) B9, A R A AR 4
4 £ 00 S 7 0 R T 5 L AR A TR A BR Y R AR
R, anid 22 38 g 51 RCR 09 W) o 2 ) A oA R T
S B A R A7 I B W R A P R R A 2
B8 BN A4 BERE 3R RE B 7 A2 2 R VA5 B W) i ek
A5 B B Yy e 7 X R B R A g 2 A R
HIRAFAE o AT T3 S8 R R R ), A 15 T — 20
st
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