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Herbivore resistance induced by Spodoptera litura (Fabricius) ( Lepidoptera:
Noctuidae) and its relation to the JA signaling pathway in Chinese cabbage

( Brassica campestris L. )

HU Liu-Cheng, CUI Wei, WANG Xia, LOU Yong-Gen " (Institute of Insect Sciences, Zhejiang University,
Hangzhou 310029, China)

Abstract; When attacked by herbivores, plants produce defense responses, and the jasmonic acid (JA)
signaling pathway plays an important role in this process. So far, however, little was known about the
herbivore-induced defense responses in Chinese cabbage ( Brassica campestris L. ). Therefore, the defense
responses of B. campestris attacked by Spodoptera litura (Fabricius) and their relations to the JA signaling
pathway were studied through assaying the contents of JA and trypsin protease inhibitors ( TrypPIs) in B.
campestris plants. The results showed that infestation by S. litura resulted in systemic increases in levels of
both JA and TrypPlIs in B. campestris plants, of which the level of TrypPIs could also be systemically
induced by exogenous application of methyl jasmonate ( MeJA). Moreover, body weights of S. litura
caterpillars fed on leaves treated by MeJA or infested by the herbivore decreased significantly, only 67.5%
and 60.2% of that fed on control leaves, respectively. Treatment with wounding plus the caterpillar oral
spit (OS) could cause the increase in JA and TrypPIs level in the treated leaves, but its induction efficacy
was similar to that induced by wounding plus water (W) and far lower than that induced by the herbivore
infestation. The levels of JA and TrypPIs in OS- or W-treated plants were 68.4% and 62.9% , and 22.4%
and 36.9% of those in control plants, respectively. We also found that there was no significant difference
in the induction efficacy between the treatments “wounding once” and “wounding multiple times”. The
results suggest that the defense responses of B. campestris plants induced by the herbivore are related to the

JA signaling pathway, and elicitation of the responses is probably involved in the specific feeding behavior
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of the herbivore.
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HEYEZEEERRKE, SEWHE., b
S5 07 A R M T B B BN, DA T S A
HREMAK. BT . L 51 (Arimura et al.,
2005; Mewis et al., 2005; Lou and Baldwin, 2006) ,
FEH B 55 7 0 S s T AE D R A B B e
G343 W ) R IR F (elicitor ) BRG],
SREE IS R N RFTR . KRR M55 2R s
SRR, Bl A B SN (B A R Rk K
VBT B e AR R . Bt EF) (Howe and
Jander, 2008) , &4, HEMR AN E A FEXE
T Z#p, I FACs (fatty acid-amino acid conjugates ) .
B-#j% B B . inceptin A Bruchins 4§ ( Howe and
Jander, 2008) , FEAMIZFESH SFERES, X
FIR(E 57 PRI P RN R E H.OE
F (Paschold et al., 2007; Howe and Jander, 2008 ;
Zhou et al., 2009) ,

YIS E Y FEARERAE LS
Bt EE B, KA EEZEWRILEY . Bk
EP L R ERMSmALEY; BifieE AN F 2
SIS 20 a0, TEREAEK
Al BEERMJLT BifE5E (Chen, 2008) . 2 H A
TR AR B & IR B &, BASR
R, R R HR AR B R gh R i R R
) Rl T P T 5 e — e g3 A3 B S R AR K R
B 5777 (Tamhane et al., 2005; Bhattacharyya et al.,
2007; Zhu et al., 2007) ; EHEMHFIZEEHR
HICE | RIFERERY . PLBIR G L R A5 5 r F 4k
IR KBHIR . L4 BB V& PR AL B 45 19 75 R B
(van Dam et al., 2001; Casaretto et al., 2004) , H
THEABMER N EZRIER, REEDHR R
45, tnFih Solanum lycopersicum . $\Fg 5% Arabidopsis
thaliana . ¥ Nicotiana tabacum %5 B35 1 B
FIE T AR AAE S 28 B AE )5 T B AR S ) — N EE
FEFR(Ryan, 1990; Qu et al., 2003)

V3% Brassica campestris L. J2& 7 [E & B B HITHUEH
YEY), Z BRIk Spodoptera litura ( Fabricius) F1
H Y5 5F Brevicoryne brassicae ( Linnaeus) 2542 fh 2 it
o, MR RE R EE . REHRTEEM
BT Arabidopsis thaliana . Y{EL Nicotiana tabacum Fl
F9ih Solanum lycopersicum EAEYI IR T KEHEY

755 Bl 10 = b B BF 28 T 4E ( Kessler and Baldwin,
2001; Park et al., 2001; Botelho-Junior et al.,
2008) , {HAEMIZE bW R AT AHEBESR . R IRAT]
DA SE-RE SRR R B FT 0 5, LA R 3 A o 591
(trypsin protease inhibitors, TrypPls) /E & 2% X 1l 3¢
BRPURERAERRR, WE T RS8R N F 5
SEPT AU RN R AR I BRI IR A R AL, IR T
X LR AL 5 RESOROR E R 53 WA LA B ISR AT RR 1R
SHRIFBREMRR ., XWHRXFHRREDS S
RN WANRR R SHEYWEERR L K
FFR 3R E UG RLER, Pt RN
BHERAEER L,

1 ##ITTE

1.1 ftimse

{9, Yl 3¢ Brassica campestris L. [ Fh fy #r XU
738, FhFIEAEE R P (5 3.8 cm, £ 27.2 cm,
$20.6 cm) , B FIEHREE 4 (B 28 £2°C, RH
80% , JLJAIMA 121 12D) iRy, 772 i Fite 2
FEBHEEIRZE (RE 28 £2°C, RH 80% , SL/AM
121 12D) fp i, B A PO — SR RIBR &2
TR (20 1) I BIR & HCE TR 2 (ER 24 om,
520 cm) B, AT EARRRIAE, EHIDOKIENE, REN
MM R 7 BT A .
1.2 #EH

fit i B B # 8 %K Wk Spodoptera  litura
(Fabricius) 2 ¥4} 1, H[A] 2R 4R B R QORI BR R
BT ISR AHRIEE A BB R, BT
JERRIE SR A (IR E 28 £ 2°C, RH 80%, St A i
121:12D) Hr 2 4 Ak, K B4k B &) U 2 9% 4
WEHRFRAES, HATERIRSE, 2 @4 T 5
B, arsh i A TSR, ShaUbiEeT, BoE kR
Fle xR EERIE W EARER, ATFReAmE,
It FIBHRIE SR LSS BB KA R E 5. PLIE
FERFEARE TR T4 i s R 270 8 LA =B
1.3 hEaE
1.3.1 RISRIRgh d b B 7ESRERE 2. 3 MH(LI%E
LRI 1R RS 1 i, 2R 2 KR
ANF2, 3, 4 iH5F) B35 LRISRIRPI 4 2,



9 B A RHECROR S B T TS B MO SR E SRR R R 1003

FERTURZE, LABT RS ki, SRATRR & & S5
B, LLO h RACERRRVE X B JEE o 0 50 &
Mg SEaH, DL I ) sORAL BRRVE % R
1.3.2 UL, EEGRE RV
FESENURIA o —REDLH M5, BNAE [R)— B[R]
W, ZEMISESE 2. 3 M b, A B HRE R E T S iRk
e H 7 [ A 8 453K 16 &P (B R 4 h
— RN, J5E 08 h — RN ) 5 %
SERURE G, BRA>HI7EMISEEE 2. 3 ity B E
W BT S PRKEE TR R 2 KOS, H5E
[E]fE 0.5 h, FEXS MR #ATHFEE IS, B
Z4hE8 hj5, BBUA 8 &Kl 16 KM (R
EHAhESHMBG, J5E R 8 h ES LA
) o DAL far b B AR AR A S X B
1.3.3 RISk 4h R O s i A B A 40
EWERIBRIR 4 WS R O . 1Y)
BT -20CKFERFF. TEMMRSE 2. 3 it AT
WEEXT B i R AT 6 ARSI BKFAT I R LR
3, SRIGTERN A R AR AL 2 B R TR R 5 A5 Y
HEW 10 wLo LAAARIHLARI 45 /5 IR 4K 10 wl XZEK
FIXTHR
1.3.4 SRHFRRFPEALEE: 7EMSEMSE 2. 3 i iR
PRAEFRFTRR P e (MeJA) 3-8 (lanolin) 10 L,
FRATTRF BRI 3 N B . 150 ng/20 pL, 75
pg/20 WL F137.5 ng/20 pl, PURHA & ERBRH
B P B AR 1 M SEARLARAE R 0 B
1.4 mEEFEBENEFSENUE

X HEALFRR . RS S A AL BAR . SRATRR
BEAL BRI B FCAH N A% B Ak, 7EALH)S 1, 3, 5d
SRR 1, 3, 4 i R [E 7 AL 1 Ak 2 ik B
HXTRME T AL IR)E 5 d BUEE 3 iy, & Ab B A& B ) A5
S W, BUHERT EBRIBK, Z9H0.2 g it r, #F
A BCRJE SN TR E BB AT, IERA
RS, —80C KA RAERI

TS R A 1 T A 1 7R 5 g R R AR 1) R
¥ (radial diffusion assay), H /K J5 2 Lou
Baldwin (2006) 75 ¥ #6147, JB 2R I B0 1 37) A ok
J& F§ nmol/mg protein I,
1.5 MEREANFRFEBRSENNE

HEAEREAEF 1, 2, 4, 8, 24 h 537 E
51,3, 40, LLO h REBRMERXS IR OB
AbERE KoK A BEARAEAL B H9 0.5, 1, 2, 4, 8 h BL
553 0, LLO h ARALERAE X R s R [R] 77 LA
akb Bk T3R5 4. 8 h BUEE 3 it, DL O h ARhbz

YE X R, AL PRAS B E] R EE AT 5 IR, BURERT bR
ARk, Z9E0.2 g it HEAEBCT JE 7 B F AR B
FRMGHERT, IFERATEAFE, -80C vk
PRAFRFI

TSR SR AR IR, ZEB A (1 mL)
fINA 328 ng *H,-JA (4 [ T ¥ 1k 2 A 25 2 B 5 BT
lan T. Baldwin Z#5E) VE R WbR, IREBUTES
Park 45 (2001) M J7 %6, FRATRR & & 10 & X
TP ER AL, EHTE 280°C 1 GC Hhiie, Bk
&R 1 pl, EREHEF A HPS-MS B4EH (30 m x
0.25 mm ID, JEE 0.25 um) , HiEFABRFIE,
60°C (4 min) & 300°C, FE®EE 20C/min, £
300°C, f£#F 10 min, 3/ 1R & 280C ;
EI B TR, HESRET70 eV, LA 99.999% w4 M
REA, HERE 1 mL/min,
1.6 SEBIHEIN AL E X ih S5 R %R0

FEMSESE 2. 3 ih i b3 3 SRl LUR Ik 2 14
W, BRE3 dEEENFENYR, HFES 1. 40 E
B8 2 AR RSO RS R . ERTUEE, LIBTIE
ghiiiki%, THAUS 3, 6 f9 d X HIAFRE, DI
FRIMSEAAMRIR SRS R B, A E R 15 1K,
1.7  SRHIER A B 40 2 3 SE it R i A S N

B 150 pg/20 pL SRFTERACHRALEE 3 d MRt 7,
RTRFERISOR BRI L B, B EFR IR 3
S, IR IR A — 2 3 it R 20 A UG
B, EMIEN R, LAARIES) B kT 78 2 o
TR dJE ¥ AR A MBI TRRE . X IR LIFEE
B b B3 AE vk S A R AR BRI R R, B E A
30 K,
1.8 HEFIt5HH

A Statistic %X 4 # 47 & 11 4 ¥ ( Statistica,
SAS, Institute Inc., Cary, NC, USA), $hH HEFH
FHRFR S &, MR ACRREESASESO0h
HEAT ¢ K35 DU B5 S SR FTRR & &, 433X 2
i b BEAR [R] Bf 18] s BEAT ¢ K30, AH [R) AL B [R] e 1]
H5 O h 317 %, BEBIHH &, MHE
] AR I EFEAT O7 22504, Jr 20 B, 3t
7 Duncan [RZE HLEL, FIF ¢ KBk Il MeJA 4b3H
Bl FUBCE N RIS kgl AR KR

2 ZREH5MH

2.1 AELEXHEARMAMH AR JA SEH
2]
RO R F BE R BOhSE R Fi A &
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HE. TN JA SRR EFE(E L
A), BIEKRE, SBRAZFEXRHNEFENM (0 h)HE
te, 3 AN JA SREHFELS RN ER 1 h iR
LT, 2 -4 h RBIHEE, ZEEE TR,

MU 055 B /K AR BN 1 s A s AL B, 3478
SEAC B ARARN JA SRETHE, JFE B
JEH 1 -8 h BE R TEREREANN JA &
(0h), HEERAAESHNIASERAEREER (B

8007 A

T 4b¥8rt E{70t Upper leaf
[0 47 Treated leaf
I AbEH R A2 Lower leaf

1: B), JFENFEFH JA SEHKE, WERF I
REFHTHREFIHN(EL: A),

FATRME T A R YL G5 77 2300 SR A
JA SHREE . G5REY, ZUWESHM I
AR REE S E R JA &8, M,
A —ERERN TR, REWEEZERFAEE
(E1:C),

0
6007 B

sk
400 .
P *
* o ’_Y_l—'—‘ |_\Lt_'_i o *k T *k
j=sann 108 ENS IS 0EN |
1 2 4

8 24

[ HUBdRH+7K Wounding+water

E % N LR+ 540 Wounding 105
i £ 300 1 o ok
G & D
‘Eﬁ _C . . a a a a a a
® %
0
0 0.5 1 2 4 8
8007 C
[ J—&H#45 Wounding once
I 5% 42135455 Wounding multiple times
400 1 a a a
a * ok
0 4 8
ff 8] Time (h)
BT ARARZRE SR M A SR AR & i (395 + AR iR B2
Fig. 1 Changes in JA levels (mean + SE) in Brassica campestris leaves with different treatments

A BB k4 d1 G F Herbivore infestation; B HLARIR5 0 O &40 ¥4k B Wounding plus oral secretions (OS) of Spodoptera litura; C: MR i
Wounding. OS: BHSUTR ik 4h B3 i) 1 Ji 23344 Oral secretions collected from S. litura larva. [a]—Bf[E] S AR ERHFRREFBE (¢ LK, P<0.05);
o a " RRARIBTREMHBEAHES 0 h T W ER B E (P <0.05) itk B EF (P <0.01), Different letters at the same time indicated

significant differences between treatments (¢-test, P <0.05). Asterisks indicates significant differences between members of a pair (each treatment time

vs 0 h; t-test, *, P<0.05; #x, P<0.01).

2.2 HERNMEGRGLETHE TrypPls 221
2]

SRR REAREL, FR A F3 S dA]
BERB O F M LT A A TrypPls B & &, {2
FeRF MR LA, TrypPls SRR 1, 3 X5
SEEAREESR, 55 REHREZERT X HE

(E2),

SAE % B PRI O K A BEAR B, HLARAR
i F s o3 3A ) b PR BB S 1 S A A TrypPls 5
B BT AR, FEALE AT 1 d AAR BRI TR
ML BEIE S d, 1S WA AR B A B K AR B Y
TrypPls & #UE TRE(E 2: B, C) . SALBIIRS
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FRAR L, BIUARA O 07K A A0 1 fs 238 g ALk B AR
fEfE—ER B LS TrypPls &Y L7, IFEH X
AR 5 R ROR S F BN F IR, HEA L
X 2 FhAk PR P RCRER R 55 T OV E T
R, JUELIHURAR G5 O R 530 ) A 275 S 8OR B

A
0.10

0.05

0.00

0.22 1

0.11

0.00 -

0.16 7

0.08

Level of trypsin protease inhibitors

JBEEE R & B (nmole/mg FW)

0.00 -

0.2 7

0.1 7

.|w

B(E2),

SRR EEAR G, 8 h — WML 15 FE
SEMLRIR AR AR BT LA S0 B, AbEER: b RFTT
fiirtHp TrypPls & & H EE LT, EWRERHEEAE
BEER(E2: D),

XFH8 Control
o W5 +7K Wounding+water

U5+ 1 2504 Wounding+0S

1 EALHE Herbivore infestation

B 1] Time (d)

— Xf & Control
== —HEH Wounding once
SRS Wounding multiple times

a

a a
ab
a a
-T_- b 1 b
0.0 T T T T T
UL

TL LL

B4 Phyllotaxic position
2 AFAEFEA R ML R A BRER B IR S (P38 = ARER) iR fk
Fig. 2 Changes in levels of TrypPls (mean +SE) in Brassica campestris leaves at different phyllotaxic positions with different treatments
A: fbFEH F 470 Upper leaf, UL; B: AbFEA{ Treated leaf, TL; C: AbHRITF{M Lower leaf, LL; D: ARIEFE R HHLMIRA Y5 Different wounding
(8 h). OS: Oral secretions. [f]— ] [8] & 8% [7] — L A RIEEFERZF B Z (Duncan [KEZE L, P <0.05), Different letters above bars at the

same time or leaf position indicated significant differences between treatments ( Duncan’ s multiple range test, P <0.05).

2.3 FERFAESALIE XY i3k TrypPls & BRI

3 bR JBE AR TR Y i Ak B AT 5 3 T SRAE R
R TrypPls & HE AR ZI (K 3) o SALEM K
BT AL, 3 b B SR AT ER R R AL B

Hixt TrypPls S RCR R, WEAEE 1, 3
5 dBERR TrypPls K& & 16 3 FSRFR T
Bave BE R, MILL 75 we/20 wL X TrypPls fi75 -3 AE
MR (E3).
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A 3 XFH& Control
#EJR Lanolin

0.6 1

1.0 1

0.5 1

JRE A EHDHIE &R (nmole/mg FW)
Level of trypsin protease inhibitors
)
=

0.30 7

0.15 1

0.00 -

FRARFEE MeJA, 37.5 pg/20 plL
SRFTRFER MeJA, 75 pg/20 pL
N CEHTFR R MeJA, 150 pg/20 pL

ab

Bt ) Time (d)

B3 MeJA AbFHAN[R - for i A JBR R 1 T ) 5 B (P39 = iR ) 221k

Fig. 3 Changes in levels of TrypPlIs (mean +SE) in Brassica campestris leaves at different phyllotaxic positions with MeJA treatment
A: A7 Upper leaf; B: AbFN Treated leaf; C; "Nzl Lower leaf. [R]— B[] 5 ARl F & F R 25 8 3 (Duncan KRB EHE, P<0.05),

Different letters at the same time indicated significant differences between treatments ( Duncan’s multiple range test, P <0.05).

2.4 FRFVER FPERALIE X i S IS RO R
GR(E4: A) R, BURSRFTRR F Fe4b 2t
FHRSORELIH, 9 d 5 AR E HECE R Ab B,
FRARAL T SRR B AR, MR TR
REETHEESR
2.5 4R ENR N S R R
GURFW], BRI AN BN E R R R4
H, 75 3 KM 6 RIIKE, SEEARAIEMN F
GmTREESR, BESI XN, fENEERE
EFHWRTIEE (E4: B),

3 W i

THSTEZ BRSO S G, HR2HFN R
HEFHPRFRSERE (B L: A), IFE

VE B 22 B A A -0 4 R A 1 I o 5P 5 R e 2
Fi R TR Bm(E2: A, B, C), 14,
AN 3 ek BE SR FTRR FF R b BV SEAR AR, T LA
A7 A5 Iy o = N ol N o o % A Y S Bl s s )
EF(E3) o XEEEERBY, MR RIS
HE, BBRGEERIEMAN R RARE S 2E
£, It TS R SRR B I R & B R
SGirERE i (FEZ F 0w LA RO, B 2: A),
YEJHEIAN S XN ERESHIRE, K
HRME S FEREEESHR RS RAEY B
BL R & ¥ % B EAE A (Walling, 2000) , JfH7ERZ
FiAEY) T K LR FTRR BB 1 SFAE ) 2 B 50 & &
b F+ (Rakwal et al., 2001; Casaretto et al., 2004;
Botelho-Jinior et al., 2008) , ANFEMHEL H, JHBELR
1% Manduca sexta %)) k3 J L MER AbFR RES T 40 5L
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A
0.2 -
=
£
>
g g 0.1 { = -
o é Hox
KE =
3
0.0 . . r
xR ¥R RARTER
Control Lanolin MeJA
Ab3E Treatment
B
0.4 -
1%} B8 Control
.;ED . 3 A0 Herbivore infestation
) 'g *k
IS
@ E 024
3
SE
3
00 — |
3 6 9
i} [8) Time (d)

B4 AR FHER RSN HUATE (FR%L £ TruER) BISE IR
Fig. 4 Mean body weight (mean + SE) of Spodoptera litura
larvae fed on plants with different treatments
A: MeJA b3 Plants were previously treated with MeJA; B: R I

4l S EUET AL P Plants were previously infested by S. litura larvae.
“ " IR E]— B TR AL R SR R 22 AR B (0 i B, P <0.01),

Asterisks at the same time indicate significant differences between

treatments and control ( s , t-test, P <0.01).

MR PIRATR & & b, IS R 65
BN (van Dam et al., 2001), — 4L ¥ Chilo
suppressalis 16,35 [ SCINH] LOX B B FUKFEJE , KA
PR RN Jig 2 1 Rl 4 0 50 9 % B B R (Zhou et all.,
2009) , Fik, 5HAMBRHE RS REM, ER
OB 4 M BR85S 2 1 A A A 3R B
, RARESHIFBRBEEEEIEM,

AP —NEEAERENERE, REOREL
R FERRFERZEMN EAL AR & & EF (B
1), HEEEHBEMHE RN S®HIA LA, EETHR
(E2); WS HZRFTRR F Ea b 2 X AE 52 A7 i rp
JEREE E BN S A LA (B 3) . -TASCRR
bt B RS SRIFHE —Kith, FEES
HEERATAEK, FHik— 1 rlaemEREZE, 543
& N VAL i L O o Ay e SR O S 87
A REWE H BN . ASCH, Z2F M A7 A
155 R R AT BR VR BE R /2 400 ng/g FM, SEAK T3K
FITR FF T Ak 2 v S AR F TR 1 0 BE (SR AR MR B
37.5 pg/20 pl) . WIFERXFKE LWER, B
BT WRRFEMSE R, SR, ZFEH B ERE

HEFM SRS A LA EERR WA R —2R
ABFF

A HEHM S0 bt e E SR 2 MR FTE
5Z(Ryan, 1973; Macedo et al., 2002; Sagili et al.,
2005 ; Tamhane et al., 2007 ; Oliveria et al., 2007;
Wang et al., 2007) . ACHIBFFEERBWRY, RF]
P P i Ao R AR SO e 4 U R Bk BEAE R R
EHEHNH S RO REESM(E 2, 3); MRE
RS B A, TS R RO R
L R TR Y R (B 4) o 0B AR 1 A ) 55
] BB R TSR Fh AR Ik 4l R B2 B AL = )
BZ—o

ERREZMRERY, HErkR R OBy
MLy, BUFRER T (elicitors) BB FHE M) R
PR AN [R) TR A5 B A4 5 ) 8 52 I ( Arimra. e
al., 2005) , SRV, ASCHIBFFTEERANRY], LRI
P tm K B8 10 Js 43 U5 A X Vi SR AT BR B 2R 1 g
MEFEEOEWEA BEES, JFEMLTRE
BE, BRI RRER(EL, 2) X470
RSB I 41 1L 1 S D ) 7 355 TSR 14 83 80 S g
HRTREIF AR E . MR BT 45 R A HoAth— SuAE
Y-HEEHR AR RGP EAE LKA, WHEEZ
HUER 15 7K 845 48 B8 Helicoverpa armigera I 53
WAL, TR A B2 57 (Yan e
al., 2005) , BRH—LBKF, 41 FACs X D 5L
Phasrolus lunatus L. F1¥g £ Gossypium spp. FI3E & )
WA 7 54E A (Mithofer et al., 2005), FiL, BHE
) 1 JES 43 WA S 75 TEAE A 5 5 B 40 B P RS BB &
FHEM, ATl TR R 5HY Z H /A E
YER

o T B SRR AR 5 1R 5 SO R B AT REAE
A, BATHE T — AU 5 5 2 R LA 45 2 [F]
S SRRV, ZWHBIRGIFA L —RPLAR
A% T 5 5 ) S L B ., A S A AR A i ([
1,2) o BRATHUHI 5 RESOR S 52 PRECE
JI i BRI HLBRR G A [T B T AR R 45 5%, B2
X T T N T Be— AU A — 320 B H B R VR
BT ETRE S, X TR EE— LR B,
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