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Role of systemin and jasmonic acid in systemic
wounding response of tomato
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Abstract: Plants produce systemic wounding signals in the wounding site which leads to the expression of systemic
defense gene when plants receive the mechanical wounding or insect attack. Among the systemic defense gene, prote-
ase inhibitor gene is a representative sample. Tomato is a good model plant in studying the systemic wound response,
Three type of wound-response mutants have been identified in tomato plant at present time, through the function a-
nalysis of the tomato wound-response mutants and the reciprocal grafting experiment among them, the results indicate
that systemin and jasmonic acid activate defence gene systemic expression through a common signaling pathway .
Systemin or its precursor protein prosystemin act at or near the site of wounding to increase jasmonate acid synthesis
to a level that is required for the systemic response and jasmonic acid or its derivatives act as a mobile wound signal to
induce the systemic defense gene expression. The systemic wound signal pathway in plant can be regarded as the in-
flammatory response in animal, they have lots of similarities.
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HREBE R Y F (Kessler & Baldwin, 2002) .
XEYRHFEZERESRENAE, FEQHE
BS B4 fE8 A=A,

HYZENMEEXR RN BGEN B3 —F
P 5 A T B i, 7 0 R A AL B A
7= 5 B £ )2 [ (local defense response) , iiif H 7F 3% {5
R B9 A ¥t 2 7= A2 B A ) W (systemic defense
response) , X R B Z i FES 0 FHTESR
. HHEYZIBR LK ER,S3E-RIIEE
BFRE, FEEFREE . (DESREPHER, XK
HEFEHYZIHEE 0.5 h FRREER W B HEIK, 2
~3 h JEik B & KME, H 05X 28 B B AR AE B O
H:[H (early response gene), Ul JR & 4i & (prosyste-
min) 8§ 8. & B (lipoxygenase, LOX) . A ~HE R
4 & B (allene oxide synthase, AOS) .50 & H
(calmodulin, CaM) &2 K ; (2) B E R, BI1ER
hEE 2~4 h FFIfRX,5~8 h X B M AME, H
I XCFR R a7 3k B (late response gene), i1 H
Eg 0 H R E B B D M5 (cathepsin D inhib-
itor,CDD) .4 J& ¥ AKX B& W 1 3 (metallocarboxypep-
tidase inhibitor,CP1) 4; (3) — #: { B 3L H (Ry-
an, 2000),

s R E A M EMP R RE R
REMGESBFH— MR, £E% FREK
BLOUEKZPNMMRGRBERGER 2 b, EE8H
il 7 2 B & ™ £ &R 4R X (Ryan, 2000),
Green & Ryan(1972) el R K tifs 54 FEX
A E, BT EHE, RATERER M. &
RNV SHEY) R G B 5L B4 W E(E
SHTTERARAWHE . BEMNXEESHTFZ
AR EAE A R KBRS LRz E b,

Y & (systemin) Hl 3% #j B (jasmonic acid,
JMBIAARE TR EREBES. RARKHE
FEEMe JADEABERSRIERED BRI
R AXRFRERGEEVGESPEEEEEN
REET —NEBEMIES, B IF 2 AR, 55
TE T A FR G040 L 28 A8 1A A 4 HH TR R RO A R A
RN EFAREADGES FEMERE T
BB (L 4,2002), KEAYLEMRE
FUBRRARKEEZEMRFARER —H{ESEBF,
FE PMERE S E QBRI GIN SE AR SR A H AR
B RERRREBOMNTHEHDHEESH LI, BE
WES 4T, BB BUE 18 Bk e MR 12 (octade-

canoid pathway) 3@ {5 3¢ Fi B8 89 5 A, #F T 8016 8
S T 340 4 50 S 4 % Bl 480 2 B B9 R 3% (Ryan, 2000) . &%
IREEFEVGESHBENER, ERALERT R
KR FARERTRAGES PIIBHENAR.,

1 M & o R

FinmEM— LR Z R G EN A5 RE
HEAHAEENRAEEZS. ERAENRE
(Green %,1972) , XfE N —MERRGE R R
REHESHH, Baig Z . & QB H
R-EESULEBRY N TFTEREEAST.C6
5B ENEABEEDOEE Y BT
KA, 10 B A I8 4, A T BEL OB 208 55 2R B B b
FEARMKR FRAERFAR . ERK. SO, I
Ab 28 R 50 0 T OE A T AL G A R OR A I ok
ERE, NI ETHE B A RS B R .
BEHBWHNERY Y MEYFR 25 E. |
RIEEY P EDH 10 26, R 1 VB THYHHEN
R H B ] 5 2K % (Ryan, 1990) .

*1 HYRBEHEQRIME FRE (Ryan,1990)
Table 1 Protease inhibitor families in plant tissue

1. K G B B 1 B 0 4 F & 3% (Soybean trypsin inhibitor
(Kunitz) family)

2. Bowman-Biirk % & 8§30 % F %% 1% ( Bowman-Biirk inhibitor
family)

3. K FE B B B i T 2 1k (Barley Trypsin inhibitor family)
4. DS MBI # F 1 K 3% (Potato Inhibitor 1 family)

5. DB 3 (B W %) T 1T & B% (Potato Inhibitor 11 family)

6. M1 N 13 B8 H F % #% (Squash inhibitor family)

7. WS IR — Ok W 2 BE R AN i) F &K % (Ragi 1-2/Maize

bifunctional inhibitor family)

8. FAKAS A, B il T % % (Carboxypeptidase A, B inhibitor
family)

9. 2 bk S8R B (5 B W #l F F % (Cysteine proteinase inhibitor

family (cystatins))

10. X4 B E B B30 H F & % (Aspartyl proteinase inhibi-

tor family)

2 RER XARKEMTEDES
HGETFREFEENAE

AEERRHYZII RO EREMRE P ™4
HEAGFESERYENNESKY R, E&H 181
HERABNWERE BEHIARREREREMN CXK
WK AR BT R (Pearce %6,1991) ., REGER
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200 MEEMAR, BEKE. FRERAZENE
Heg 11 M EF. HPaE 5 A~ EE R KR HR
(McGurl %,1992), R2FHTHEMFHERLEE
HMAGEREERFS.

WELEB AMIERRURER(RREEE
BEMGESTHEEFEEMARC . (DERLENER
REREEZAFT NS FEEERAEERER

HEAE HRAFEMNEARAZINOERMBERFL
B2k I A B H R . £ B 44 (polyphenol oxi-
dase, PPO)SAH X E, #MER L X B R
i (McGurl 4,1994) .
BEEEYEEORARRELEY FTECER
FEEJA) . FEE A (methyl-JA,MeJA U R E
TRy AT & 12-E A-A-10, 15-48 ¥ — 4% BR (12-oxo-

phytodienoic acid, 12-OPDA) (Farmer & Ryan,
1992 ; Doares & Syrovets,1995),

B0, X R R E R A SR, B
(McGurl %,1992), Q) EBHPIREMELEE

£2 BHIERZEE . REENEEMFET (Clarence & Ryan,2000)

Table 2 Amino acid sequence of systemin and prosystemin in tomato

MGTPSYDIKNKGDDMQEEPKVKLHHEKGGDEKEDIIEKETPSODENNKDTISSYVLRDDTQEIPKMEHEEGGYVKEKIVEKE
TESQYIIKIEGDDDAOEKLKVEYEEEEYEKEKIVEKETPSQDINNKGDDAQEKPDVEHEEGDDKETPSQDIIKMEGEGALEITK

VVCEKIIVREDLAVQSKPPSKRDPPKMQTDNNKL
i TRRNRERBERFI.

( U

Wili#E  Linolic Acid

Note: Underlined sequences indicate the systemin amino acids.

w -G RE I ZURl
w -Fatty Acid Desaturase

Cingt
3

YEFRBE Linolenic Acid

115 4 -
W2tk LK R
Li 7
Chioroplas + ipoxygenase
Tary
s, N —
Rt
A ISR &
Allene Oxide Synathase / o \
A 4 —
o bt ) XA
- o pURCREA L 2E
= . FHE  Jasmonic Acid
£ Peroxisome
iR ,
@] (TT"\:UI{ZVAM fd. IEPRLIL
. Allene Oxide Cyclase OPDA 5t 3 cycle B-Oxidation
m\} OPDA Reductase 0
UL > &C\_/,:,\,m.w

\ 12-50{C-Mi-10,15- #4415 BR ()Pj \

B 1 RO RN /A BRPEIMEE . ERMA S RER T GE, bR E— R 8L R M JE i OPDA, OPDA % i3 3 #
HMAERXANGEH L A&, REE T OPDA B FEM 3 X B EABLBANEHR. BThBRTEMPRE =YKk
EEMMBELEENE XBHERRE(ERRE, 2005,

Fig.1 The octadecanoid pathway for biosynthesis of jasmonic acid. The reactions from linolenic acid to OPDA take place in the
stroma of plastids, then OPDA is exported from the plastid and imported into the peroxisomes through an unclear mechanism, the fol-
lowing reactions occur in peroxisomes by OPDA reductase and three cycles of B-oxidation, the chemical structure of the intermediate

and the enzyme are shown in the figure.

RAREL I8 MEREEASR,. TR 18 Bk
BRIREMATY, FTiE 18 BRIRE R 2 24 M T FRER

HFEFHBHEREBEE D, EP2 51 THKE
(linolenic acid, LA) ] 12-OPDA X — it 8 # JL4
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XEHNE, BERE S . N HELY S B
B & S Y 0§ (allene oxide cyclase, AOC) &
FEMFH &, R REHMEENFRINRAE
Y& ROPIH L EAOA LA 8 OPDA 6 B #
WH R TE i G & o #E 47 #Y (Schaller, 2001; 3= %
%,2005), MIFHILTM ., B OPDA #4L K FIBR
B BN E S Y B AR AL, BRI S BB
FEARWT A X — B A EEF R LS UE 4% . OPDA
Se#% 12-OPDA if J& B (12-oxo-phytodienoic acid re-
ductase, OPR) 4L 4E B8, 3-EAC-2 UM 2'-fuds 38)-3F 1%,
f-1-3 B8 (3-0x0-2-(2' (Z)-pentenyl )-yclopentane-1-

octanoic acid, OPC-8:0) , A J§ 431 3 # B-& 4k (B-oxi-
dation) 4 R A P Y SR AR (ZE H R4, 2005)

WERUERERRAFRFIREEZMGESHTEEREE
BIPE A () FIAMIR SR FBR AL FEAE Y BE /B B AH X B 49
EEAMFRES, SHERNERYZINNEBRGRER
M et 4k (Farmer & Ryan,1992), (2)4
YZBhEXRRRE, NERFARSTEHMN.
QIFFHRE MR R R & Z BB
B R BUE B AR BE R 3V & A I R R EAE R B
B Ry 2R 3% AR ) 3 05 F 45 5 UK (Howe 48,1996
Li ,2004),

T3 BEMELKNGESREE (Anthony %,2005)

Table 3 The systemic wound response mutants in tomato plants

44k 33 2 Biochemical process £ ¥ Name FHE™ Y Gene product %% R References
F F B -5 B JA biosynthesis defl KA Li %,2002

acx1 BEEE B A H LB (Acyl-CoAoxidase) Li %,2005

aoc =512 E 35 4L B (Alleneoxidecyclase) Stenzel % ,2003

spr2 o 1 R it 2 B (w-3fattyaciddesaturase) Howe %,1999
FEFRRIRLH JA sensitive jail COI1, F-box % K (COI1, F-boxprotein) 1i % ,2004
# 4: % J&Hl Systemin sensitive sprl 2 A1 (unknown) Lee %,2003

3 BEHUETREAK

AT EMAGES REEEMRGES R
FESFEHESTRER. BRlEERLUT R
% E R UM A5 E (Lightner 5,1993) ;5 finsb
TERFRRER (Li 55 2004) %% 35S IRAK R EHF Y
(35S;prosystemin) ¥ AB M, ZEEHEFHNEAE
BAHZEMGFE B AET| R O B 57 S5 A 5K By
ERMHHARBEIL (Howe & Ryan,1999), LR
SRR B 32 4 B 0T 0 2 0 0 2 U0 2 2
B TR R SERTREXIGEN, IARETIRER
BB EHAERNRAERE, NERAMGFR
B HUR

HACEFIPIHEEH=MERHEESR
R (FE 3 (DFRFERA MR ZRK, 40 spr2 (suppres-
sor of prosystemin-mediated response 2) , 1% %€ % {& Xt
RERERVGES O FARBUR, BXIRFA R A A
WEVMBR, ZREEZI G EN, ARIREOE
MEREHBERNRE, ARRTEMEFERE
T E R, KRERENRREREMARGE
SHFHEE BEFRFERMI REMHGES LTI
B RF M 18 BRI R BRI EHES

BTN CLi 45,2002) . (2) 3 70 MU K1 28 2,
jail (jasmonic acid-insensitive 1), ZETE I R L K
FEMGES 5 FMRF R XHETE YA,
FRAEZEGES, ARESEE S B H R &b
HERNRE. HEREEMFEMEMELE
BEZRERRPEHAEWMEZHRUTERS
HBESHTF . BEREMNREGES 2 FHEML
£%,2002), (DRGFHEINBERZIK, 0 spr 1(suppres-
sor of prosystemin-mediated response 1), 1% % 45 {f Xt
RAEEMENAMEERREREABR EREEES,
SMERBR AR TR F R AR R X E B B 1)
SHXMERNRE, BEREENHEN—&
FEHES 4 FURERE ERES S, B EEN
RAGRBEECOBMFINRENENREREEN
BS54 (R BB, % BB S M LT A5 (Ryan,
1992) . KB I A 3 we 32 45 TR AL B 4 B A0 1 59)
EPMERMERE, EEEWEZHBAUHEHESD
MG EMERNRE., HAREERMBER
FMHERE, TRERKRARREREEEZWGH
FEMERMAEZWHESHERA, EEERERA
GLETEZ P AR AL W L A AR R, DA T A BE 3808 36 A AR
YR ERFTBRA A B A B 5IRER
G LR EKYE (Lee 4,2003),
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4 RAEF XAREFHGET &
S HMHEK R

Farmer fll Ryan @ HHE Y GG S ER F 35
HEAGEMEETHNENFESH F(REES
(Doares % ,1995) fEAE YW Z A FBAL 7=, BT @
BiE 18 BRIERR B R AR E R A BRE S 8L, BETT 518
EEBNMHNEHAHHERNRE(E 2D, FH

Z4541 )7 Wounded leaves

RAE: (DRERBEFMH FPRARN S B
fM(Conconi %,1996), (2)18 BB ERL M T
ﬁﬂﬂ(*ﬁ@(salicylic acid) (Doares %,1995) . —~ 2 &
ZHACE E H B L (diethyldithiocarbamate) (Farm-
er F, 19D S RNMHARERBE I HEEN R
B, QOOFEFREBUREE RABRBARTMAEI R
SR NEF AR, AR R 3 K B B I & ) S5 4H %
B 1 2 5 49 3% 35 (Howe %,1996)
MRRY , RBRRERM—LEYE BRFH

BUbR A5 ol B b B i

Wounded or herbivore attack

~

RIS RYH

Systemin or prosystemin

A T

Unidentified compounds

o
<1
[
g
spr2 8 Z
: z
£
def 1 __g. &
acx 1 2 &
5
aoc K S
v
AR
JA

l

HFTRR B H A

JA or a derived thereof

N

fRIRBE. RN
OGAs

e Xy |

ok B

Defence gey

\

ET-Z o0

Unwounded leaves

[ RS

Defence genes

jai1 —P

KRR ILAT L

JA or a derived thereof

l

_/

Vasculature system

——p KHAET LT JA or a derived thereof ————%

B 2 FHiih REQIG1E SRR, R QIG5 S A F %4 &k FIHA R if (Johannes %,2003)

Fig. 2
dicated in italics

BR B B AR € L 7R 4R R A0 A8 b, {8 R 8 B 7 300 o) 59
S5 H 5% B 1 2 (R R E <R AT 1A 40 B B0 IS L R R
HALFARBH, B TRHGESOSTHARER
HRE, NMIENGEESRER BRI FE K4
FHR MEETAR L& BORF R XS R
KA, RIGRARY BE2, B ImEH AARE
BERABMENSEHEEHER. AEAIBRIRK
RERB LN ARRBREEZKEG R UX KN
SR160, R TRERERER ZAHMEEFR, E—1
160 kD BYIRE 3 . 45 1 ML T RSN RE S BCIAAH T

The model of the systemic wound signal in tomato. Mutation that block various steps in the wound-signaling pathway are in-

ERNESRERNMELESHELRR) 1 NMBELE
WA 1 ML THME) Ser/ Thr HEE MR (FEH R
% ,2005;Scheer %5,2002), RE X &I MHESE
H HEER,SIRB—RINREGESEH. SFBE A
Ba B o 45 B F R BE B B AR 4L R | HY-AT-
Pase SR T% , #1812 2 MR IE 1L B A B 5§ (mitogen-
activated protein kinase, MAPK) % # (Moyen %,
1996,1998; Stratmann %5, 1997 ; Schaller 4&,1999) &,
WIEBEIRES , B BRI L A 2K AR 26 & iR AT R
HOHT & — AR BR , 2 TR 18 BR BRI & R F
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BR , SR AT BR B AT A 9 22 IS B B BRI I R S AE 2%
By #9 #9 % 3k (Farmer 4£,1992)

HYEF GRS EQBMH NS HER
HRIEFECHR SEMENEYERNES (Le-
on %,2001;Sagi %,2004), HATEMNR YHEYFZ
AGENR BRRER/FARGESRAEINEEHZ
M BT R E 415 5k % 5 & B B0 &R S 4
XEEERPRE. KARGBESHFAERBLEN,
CEHEGERNETEYFESEREE . REMNH—
A0 R ER 43 (Devoto %8,2005; Gfeller ,2004),

5 MR T 5 5 M 3RAE B AR A

BRGE KA SRR,
Yesh ¥y B 5 40 | A X 40 Mg o s TR A L 3F A L Y R E
R W (inflammatory response) (Bergey %%, 1996),

. i
fidy. sy REICESE sz

Plant: Trauma Systen]in

, EMRGHI@EN

Plant Systemic Defense

(%) (Blood)
—_—

YIRS, — B RAREF——TNF-a,
fih & A4 B8 (arachidonic acid, AAY (20 M8k, 4 X
SO M Sh 4 R b R, 51 R AT S IR K (prosta-
glandin, PGYM & M. K e . RIER R, FArtH %
BB R @Bt B, 77 A B9 B T RRER (18 AN B%, 3 X
ST REY BB AMEFNRS S YR 51
R E AL (Samuelsson %,1978).

MY RGHESERERSYHESFHAEN R
/i Cacute-phase response) 1 3 3 H 1R £ 59 45 {8l 55
(Haumann %,1994) (® 3), Ysh¥ Z 8 = FEH# Y
BRGEMEBFR, ENMRGES LAE R
B FERBREN, RS E - RIIE R AL
B AELR MEBEENELE YK
SEHRMT, 2D 25N ERERRAKERIE.
TE R Bh YA SRR 3 AR ) B 455 B AR S0
LRERMRE, AEEABR. ZABMHRNE, €

Transport

(#1748 (Phloem)
—_—

Jasmonic¢ Acid

WK EE >
Linolenic Acid

AH{HRFEHA SWRPs
(#3720 FEREH) (About 20 Proteins)

TE B
Arachidonic Acid

Prostaglandins

R &34 Transport
i e Release AME T
Animal; Trauma Cytokines
RAER

—— ;
Inflammation

 —

BYEMIRRIEL  APRs
(#3520 f4EE)D (About 20 proteins)

B3 Y IR - SR AR GESATHYRERALGRNEN. BSINAA R Atk MR ES

(Clarence %,1998)

Fig.3 Comparison of some features of trauma responses in plants and animals Wound signaling pathways leading to the

synthesis of systemic wound response proteins(SWRPs)in plants and acute phase response proteins(APRs)in animals

—HERNT B, —HERN TGN EE.
6 RZ

B C AT REY REVE TR — MR
Y. RAER KAREEMAEGFESTREEEN
fefl. Howe XWMEXFM ALV F 5 H®I;L K
R LR R B R 587 L& Ryan
EIREMRAERESKOUMEINSHAMNUES
HE. SEXTHYARSRGHESHUFE EHE
FEUTILIE Y R B E R NBNESEF
HEM R G R REABH AR LRG0 2
BB SRFTRR A F 0 4515 S LR B9 AT AR IR Z 4K

MBS SR MEBRAE XN T T ER =YL
FRAMBESEEMAMESRENHVEER. BH
WENERTEREE EYLE AREYFET B
M55 I8 T A X AR R B9 R AR 21T 404

5% 3Tk

HARIMINGR L AL 4. 2005, BMALIHRENEER
5. deER2E[]]. 50(16) .1 677—1 683
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