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Primed defence of tobacco (Nicotiana tabacum) plants against
Spodoptera litura (L epidoptera: Noctuidae)
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Abstract [Objectives] Herbivore induced plant defenses play a key role in protecting plants against herbivore damage.
Plants suffer herbivore damage frequently in nature, however, it is unclear if damaged plant have primed defensive
mechanisms that allow them to mount a stronger defense against repeated herbivore attacks. [Methods] Experiments were
conducted on tobacco plants Nicotiana tabacum to see if there was a difference in the plant defenses induced by single, or
repeated, episodes of attack by Spodoptera litura larvae. Concentrations of jasmonic acid (JA), salicylic acid (SA) and abscisic
acid (ABA) were measured to monitor hormone levels. Secondary metabolites were also measured to reveal the key
metabolites involved in defense against herbivores. [Results] —Caterpillar damage induced a defensive response from tobacco
plants and repeated damage induced a stronger defensive response than a single episode of damage. Compared to healthy
plants, plants subject to repeated herbivore damage had significantly higher concentrations of JA (78.9%), but similar levels of
SA and ABA. Herbivore damage significantly increased the concentration of nicotine, chlorogenic acid and trypsin inhibitors;
plants subject to repeated herbivore attacks had higher concentrations of all three metabolites than those subject to an isolated
attack. [Conclusion] Tobacco plants have evolved primed defense against herbivores which allows them to mount a stronger

defensive response to repeated herbivore attacks.
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A Wy A S HE A Y TE A 52 1% SN W Y R B
FEJ 5 383k 08 5 (875 200 J52 7 LA S B F oy %o A 7
W1, 5EBENXAET, 5P E
FE A% A1 S 7 BRI B0, 1T 8 97 A A A
W) T ST R T — S B . FERE A AR R
T, Y SmEEAFAY . ARG, X
YU R A AR . KB REEE . A
Nk ST EZN ) SERR S TR UR ANl SN NIk
RNk B ORI BFEEE T, A B 5%
o TR B TR PR TR R AR I, RE SR U R
W BTN (Crisp et al., 2016 ), REZXFEE
220 e SE AR W) 1) A B M AT T 2538 ( Bruce
etal., 2007; Conrath, 2011 ), #R1fij, JTFE&R);
TG Z 8 T TR R 5 L 988 L R
it O RN AR Ak N A IR AR ) B B 7 T

( Virlouvet et al., 2014; Wang et al., 2014;
Virlouvet and Fromm, 2015 )., #F5C 0, 7%
5 SRR KA L, BT AL R Kk
Yy oK FERG I 56 AR (Y He BT A ] b
M (Yao etal., 2023 ), [FIFE, $EHTHEE TR 2UA
S YITPREY) , 2H52 3) B R I 2 R
=k R SEATRR  (Jasmonic acid, JA), JFBEK
W 3% &Y (Engelberth et al., 2004 ), If:
HAUEIER, X FE B a] LIS e, X
oo 3 IO P B A1 AT P 1) % A R AL ) I X 5
Hh . RBEE . T R SRR YA

(Scoville et al., 2011; Rasmann et al., 2012 ), X
L 8 RS WY 25 B s ok 5 A QRN A 45 S5 AR
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('Vriet et al., 2015 ), ) —FhiRf el i s gy
R, B E BUR M . DNA H AL
S5, R KR DR 2R GA T 4E RF AR W) A SN

(Eichten et al., 2014 ), 4RI, H#{X TAEYE
BB Z & TAEY N T EHEA P, O
TR ) IR AE £ B H A5 A ) 3 ) S 9 A

W HGER D

ERSHEYCR, MR T ESRGE hHE
MAERE R BRI TE, 1985 ), TEAEY) S M
B 3.5 {ZAE P IRl B b, S T —
FIVE T B 2O F RGP ALH ( Hernan
et al., 2019; BT #E 4%, 2019;Visakorpi et al.,
2019; Dalling et al., 2020 ), AHHI7E 7 B RS
SEME AR, 23 )5 S5 B SO Chen, 2008;
Orrock et al., 2015; Lucas-Barbosa, 2016;
Mauch-Mani et al., 2017; Zhang et al., 2021; 5K

45, 2021; MiES, 2022), IFEFAEYARARAAR
B AR . w2 . MR AbTR S E P E e
Pt 0 o) 590 2 ) T v, TS I L A A AR RN
%58 (Lietal., 2002; Kessler and Baldwin, 2004;

van Loon €t al., 2006; Kliebenstein et al., 2012;
FKMLAE, 2012; Sun et al., 2019; Lai et al., 2022 ),

5 DA — i R I% AR BLAS Y B8 5 =X, W LA
A 1T GEUR , EAF T A B AR KRB 2
(8] BUAL AT K 2 (Kettles et al., 2013; 5K IR 7555,
2013; Ziist and Agrawal, 2017 ). 32 7EAE ) T
B IR 175 S 7 A v A 45 0GB /R T ( Conrath
etal., 2002; Berens et al., 2017 ), A4 W %} PELIEE =
B A A 875 00 s 07 38 ) R AT PRI AR S (Fu et al,
2021), 7EMEE AR RIRE R, FYEN JA
22 W TR (Mao et al., 2017 ), P2 5286 %
B, JA WA Sz e JA BREG R AHEY), Fel
2 WH = B U B, B AR E U A AR P
FRERZ R E 0, R ™ S5 13X A %t
FEEPER AT, X RVASEFIIR B4 Al a4
HFEFEFRAENRW YA B (Kessler et al.,
2004 ). TEHSRG, MY SHEAZ R AR Z IR
1, SR, YT SZ R v R AR AR FR R
57 BB, FY R S AR A B, Bt
755 B iR B %) B AR S v o 6 4 B

JHE Nicotiana tabacum ZHF 73 M SHH &
Pk B BS54 ) FAE B B Joo et al., 2021; Liet al.,
2021; Sun et al., 2021 ), FLK ik Spodoptera
litura P27 FIEET40T 12, BRERBCE AR
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T o FEAER TR, AR S b 8 32 RSO A AR
R EANFE (Zong and Wang, 2004; Gao
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1 #MR5AHE

1.1 #iEminER

TR 56 T FH A 0 R Ry 3 3 S 35 A 5 Nicotiana
tabacum cv. Samsun, F§UHE R RN TS
s PR (28£1) °C, HHXHEE 65+£5%,
JiI 141 : 10D], LUEFRERMRIGE , Pl
BT Y 3 BT & 9E - ( Growing Media
Europe AISBL, Belgium ) FIZ2EA 3 1 11RA
IEFTK, PR S — B M R AR R T T
TR0 T ) AL S0 i 40 L FR Tl R B = AR W R
A RARSAE, A THBRE (F K8 200 g,
KK 100 g, BEEERY 12 g, BilR 15 g, HidRim
MR 1g, IWALR2 g, XPEREIRHRPEE2 g, &
Be kA 20 15 mL, BEWE 50 g, 7518 7K 1 000 mL ),
TAFRIREEHy (28+2) °C, HXHBIE 65%+5%,
JEHH 14L : 10D,

1.2 CIgAME

FRAEER 6 AP e, R 15 ke &Ik
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(el T: XTHE (499.2+412.6) mg/g, HLWHIL;
(498.7+18.4) mg/g, M3 (505.3+16.5) mg/g,
F,6=0.055, P=0.947; Z¢JfR . %R (185.4+
23.5) mg/g, MM (196.6£20.5) mg/g, H
¥ (216.3+21.9) mg/g , F,6=0.138, P=0.874;
E AR . %R (0.37£0.06 ) nmol/mg, #l
WA 5 (0.3940.07 ) nmol/mg, H’E (0.41+0.03 )
nmol/mg, F,=0.144, P=0.869 ), 15d LlJ5, H
R REIRER 7 B R T A AL ER, % 15 3k
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( Eppendorf, Germany ) F£531#>] 5 min; 4) ¥
BB .OHL, 4 °C, 13 000 g B0 15 min;
5) BUBBLA, AW I 800 nL [ig It
HRIHNEOET; 6) i e LT
B SR B B R A
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Shimadzu ); 6 ) AR GACE 1) 1) e A 1 Ui
K. Bl T(260 nm), £FEFR(320 nm), H4b
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1)BECH] 25 mL (440 B A AR 5E R Sigma, 1.8%
(m/V)E T 0.1 mol/L Tris-HCI (pH 7.6)) F-7E
50 CHKHEH; 2) mERHIIMA 50 pL 1
mg/mL R A, VENR &2 EIA 12 cm
x 12 cm S 3R M 3) FFTFLARAEREIR L3T
AN 4 mm (9T 4) R oI A SR B AR
Br AR R 8 AR AR TR (K R
I, W51 0.30, 0.15, 0.075, 0.037 5
F10.018 7 mg/mL ); 5) KIGFFMELA 4 CUKFH
16-18 h; 6) HUIGFFMHLE, FIA 25 mL G4t il
( 12 mg Fast Blue ¥ T 125 uL 7K ;6 mg ) APNE
(' N-acetyl-DL-phenylalanine B-naphthyl ester,
Sigma) T 5 mL —HETM; —# 5 20 mL
0.1 mol/L Tris-HCI (pH7.6){R& %) ); 7) KiF& 1

15 37 CHAE 1 h, SRR @, R Kb
et 8) JHliFhR = RAEEH TPT i Bl Y ELA
HEEGIRERAFI AR B 3 A ER,

1.7 #HIESH

AR SUTR R AR B R A R 1 3 3R R AR AR
WY F A, il SPSS 19.0 #/FHE4T One-way
ANOVA ) Duncan [KZ 5 AT 08T o

2 ZRESHSH

21 BREFESHEENRIEEREENZIT

RSB A0 o B 2B RSO i 4 B
T 75 100 AR 57 0 52 17 8 3 AT T AR SO e 1Y)
A, X FR L TERIEOR ikl RO RS 3 KT IR
B RITAVES 3 K, RIS URE S
FHEM TR BB R B R ), HiEZ %
U IBUET 1) R L T 2 — YR BB ) R AR R 1Y) B
A2 S B, BRSO S A )
ST Mk A B BR AR BRI R RE T 36.4% N1
15.4% (Fy 57=20.117, P<0.000 1), EHMIEH
55 4 K, B RRE B T AR R SR
IR AE S, ELBCE Wi S H— A SR
() AR S M A . LU o FRAR 43 5 R % T 30.3%
Fl 14.6% (Fy ,,=14.377, P<0.0001) (& 1),

22 EHAMEXEEERNENRR

EXF ARG, 7 S R 1 R R A A
RNE JA FE, HZKIESH—KIBESH JA
EREIN 78.9% (Fy ¢=11.514, P=0.009 ), H4X
—KIEFHMESESH ML 2ER RRE, A1
— IR LR BRI 171.4% (&1 2:
A), SXTRUCHAA LG, RO — R TR IR
AT SA S B IA M Fy, ¢=0.051,P=0.951)
(F 2: B)o FATENME T RIEIEF A
ABA &, S5 R KR BT ABA &l
WA (Fye=0.411, P=0.680) (Kl 2. C).
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Fig. 1 Effectsof plant primed defence on the
performance of Spodoptera litura

Con+Con: X} H&+X} 18 ; Wou+Lar: HULBR+EIRIES;
Lar+Lar: B GG+ RFES . B HEURE P ERE
e, BRI SRR R R A PR 22 e 3 (R
#7247, Duncan [CEZEKE ), & 2 FE 3 [,
Con+Con: Control+Control; Wou+Lar: Wouding+Larva;
Lar+Lar: Larva+Larva. Data in the figure are mean+SE.
Different letters above broken lines or bars indicate significant

differences (One-way ANOVA followed by Duncan’s
multiple range test). The same for Fig. 2 and Fig. 3.

M 33.3%, H WIS — Wk T W3 1
30.2% (Fy, ¢=23.709, P=0.001) (K 3: A), B
HUb P 25 50 R P SR E IR I S R, 5K
V5 SRR B AL FRAR ., ks S 3 R N i R
BRI B (Fy, ¢=7.848, P=0.021) (& 3. B),
B b 2 hn 1 RS TPL ) & e, HEE R
WiF F A HL L —RiE A TPL S
(Fy 6=24.274, P=0.001) (Kl 3. C).
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( Costarelli et al., 2020; Walling, 2000; Fu et al.,
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Fig. 2 Effectsof plant primed defence on hormone concentration of JA (A), SA (B) and ABA (C)
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Fig. 3 Effectsof plant primed defence on secondary metabolisms of nicotine (A), chlo acid (B) and TPI (C)
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2021 ), WFFE A BE, RS0 e IR 56 48 A BT
Nicotiana sylvestris 5, & MRHE JA &ETE3 h
MR 10 F%, FHES JA &R T 3.5 £ ( Baldwin
etal, 1997 ), A, RRUREH R ERE T
AR, WSS T JA S THE
Fi2 re MR T L) B ARV o R il A ) 5
AL 38 M RLAE N 0 Z2 R A ) v E S ) B AR
&% (Sagili et al., 2005; Tamhane et al., 2007 ),
TEARZFP I P 2 B JA BB SHI ) 3 I 1 1
F&E ET (Rakwal et al., 2001; Casaretto et al.,
2004 ), GAFEMHFLp, MHFL KM Manduca sexta
Wy R I AL PRRE S S R AR AR JA B
i T, IS R E E R G A R (van
Dam et al., 2001 ), ARCHBFFTLREERY, B
BERERERMT JA WES, JFHAENEZER;
ARV o SR AR P A A R S R R U R
W d ey o IXHEZE IR, RISUROK A R B
hE, BEMOE BRI SR AR5 kA%, Jf
M 73| A R J A 1 A o 590 P 4 o

TEHRA, MY 2R R 2 ki
B MY E R Y, BB LR A
( Bruce et al., 2007; Conrath, 2011 ), USRS
HHFRUH B, AR B SN 23 B EGE | B AEURR
( Herman and Sultan, 2011; Walter et al., 2011 ),
H Tl ¢ T A8 )5 25 7 A8 A A 90 22 4 v T X6 A
FARAEYIIAE , O T AR N B AR A ) iaE
ARG B 5 85/ (Crisp et al., 2016 ), YY)
V& BT LARS AL . filtn, b —fCR B
5 AT DA 4 5 | A T 5 7 00 52 1 o7 Xof i I 1Y)
Bridi (van Hulten et al., 2006 ). JA AbFHAGFDT-XF
HEER B prrEss® (Worrall et al., 2011), b
— AR ST R FH R 5 P LA S A A
SRIPIME, JF H AR JA iR DE T —
1R 3t ( Rasmann et al., 2012 ), FATHYSL 845
T, HEY) ) 2 5 A mT LATE W] — 1A vp
FEAE , 52 B RIBCR 9 M B4 e ) b
S — IR B MR AL B AR RE ) B0

TR AR AR 5 o T TRV A 1 % A
iR dU e b & B ZAEH ( Loake and Grant,
2007; Buscaill and Rivas, 2014; Nejat and Mantri,

2017 ) R 2 BYIESE R B W AR S
5 Z M AFE S BUMEH ( Robert-Seilaniantz
etal., 2011; Aerts et al., 2021; Varshney and Majee,
2021 ). B BUMHRY BT O FAUR IR 20755 SA
BEIHIE JA &4 (Kempema et al., 2007;
Zarate et al., 2007 ), [ KR A FE e I [R5 5
T SA FlJA #%4% ( Girling et al., 2008 ), FA 1
S5 R R A R T JA
i, (HEA R SA Fll ABA B i, XSz R
BT JA TEME L A AR SR IR I A 4 B A

U AR 2 A ) B 0 . i) e B
A rh 32 B0 YR A A JoT 045 A ) R 13 2
A% (Keinanen et al., 2001 ), v, LI T
R AR 3R I R R R A AR e AR AR R
B AR, TEM R R SR R g R i
YEA (Baldwin and Preston, 1999 ), &xJE 1% 2 4H
S EEE RKEENZHAEEY (Heetal,
1999 ). MYTEEZHME, BHELEY S ES
B (Rani and Jyothsna, 2010 ), HA W5
KU S ENHMRESEEERINERATE
B HFAHE (Huang et al., 2014 ), A1 HCE 00
Je, JHE RS BRI T 56.8% (Fu et al.,
2010 ), FEFATHY AL h A R MIEE R, Bl
BRI R B P e ol T R SR i R 7 it b 2
o, HZWRiER iAW Eg e £, 3]
Je s T R gk i R AE B ML i R A O B AR s g
B B S R AR

PR /W 25 o BT 2RI, RS 52 31 52 B g 1Y
5 0T PR 1 7K 18 77 80 2 X AR 1 2 ™ A
TR, I H R A TR = AU B 1 0 T X By A
BLHI A S AR 2 25 o R 2 B AR AL T —
AN T 04 77 2R R AR B P B L A gl ) LA
— TR 3 ShALH , 7R 52 3 B d et g g
WM SRFIAY S N, IEANZE AT B, MRS 2
U2 B B B I, 255 AR R B T i A
AU BT o I X R A B Oy =, AEA AT LA
TE S — I [0 B AT A R B8 (Heil and
Baldwin, 2002 ). i) )& o5 B AL 75 208
1 BERKE R 3 KBS — 2P R

FATHWF TG R E R AL | R AR
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