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Abstract: Systemic acquired resistance to TMV, Pseudomonas syringae pv. tabaci and

Alternaria alternata in tobacco elicited by 90 kD extracellular elicitor protein, a hypersensitive
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responses (HR) elicitor on tobacco leaves purified from the culture filtrate of Phytophthora
boehmeriae was studied. Inoculation of TMV at 24 h after infiltration of tobacco leaves (cv.
Samsun harboring N gene) with the elicitor at dosage of 10 nmol/L, resulted in fewer and
smaller visible necrotic lesions on treated leaves than that on buffer-infiltrated ones. Fewer
lesions were also observed on the 1st and 2nd upper or lower leaves of the elicitor-treated leaf
on the same plant when TMV was inoculated, but the average diameter of necrotic lesion did
not significantly differ from that of the control leaves. The reduction rates in lesion number
were about 40. 9% — 53. 1% and the induced resistance lasted for about seven days. All the
dosages ranging from 0. 5 to 100 nmol/L tested could trigger the resistance significantly and the
resistance level (34.9% —58. 2% ) was positively correlated with the dosages used. Whereas,
the elicitor only provided low level of induced resistance to TMV (4 %) when the treated leaves
were inoculated immediately or at seven day after elicitor applied. Similar induced resistance by
elicitor protein against Pseudomonas syringae pv. tabaci and A. alternata was also found in this
study. When inoculation with P. syringae pv. tabaci or A. alternata performed on tobacco
plants (cv. W38) at 48 h after elicitor treatment, smaller or fewer lesions which significantly
differed from the control were observed on treated leaves and their upper and lower non-
elicitor-treated leaves. Results showed that the induced resistance of tobacco by 90 kD
extracellular elicitor protein from P. boehmeriae was typically a systemic acquired resistance
(SAR) characterized by systemicity, durability and a broad-spectrum, which indicated the $0
kD protein elicitor is a kind of natural specific trigger for SAR. Results also indicated an
endogenous mobile signaling mechanism be elicited and functioned between treated leaves and
their upper or lower non-elicitor-treated ones, where it induced strong responses without HR.

Key words: Phytophthora boehmeriae; 90 kD protein elicitor; tobacco; systemic acquired

resistance

B EHRECEPHDAERNTFE-RIIBENSHIRERRXNER, E— K4 T REE
B AT LA B R S 33k , AT AR 9 7= 4 R 48 3R 18 1 ¥ (systemic acquired resistance, SAR)® 53X —
VLRI M FIB T AR EEHBE EXBREG R AREAREARNMSBEARSRAVEN B, T
HAEXRZMBMNARERINENIMEYREEMTHOMEIRS. REREFENEEFAI#ES
WY BB ERGEMNT=AERBHHED . BAT,%E Eden £Y AR F B Erwinia MEF K hrp
HEE ™Y harpin WA FHESHEYWREBIURENMER, RO HE harpin B TRk A 7= 5 3k B
BEMHEYIRE.

HEETENEABRFAIUIANER BEAMER 3 K&K, HP—HFH elicitin WK
H¥AEF.2FEAN 10 kD, AI 5 BB ME S +FEEHE Y 60 BUR R, R 8 o] 5% A9 ™=
HEXTER B . E B 40 B AR EE Y SAR . Kamoun ZFUPHE B Xt elicitin BiRBIRE THEXN T2 EH K
95 B (Phytophthora infestans) R IEF 4.

B R IEXAEFREMNMBERRE P. boehmeriae 135 3% 3 W 7 a1k — b 8 49 B M 3 B9 3%
AF .G FEIIOKD,AIFZEFEFETHYRE~EIBRN, Bl B BEEN BRRE 5.
EXXNIZMEFHEFREN TMV REF KIS HE (Pseudomonas syringae pv. tabaci) M B
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B %5 i (Alternaria alternata) MPIHHTHR . B TR EAM K FREHEXMER SAR LI
BN BHERNPEIE, LN RE 0 kD A A FEAMNAHRMRIGRER.
1 B EF®

1.1 SR ABEHE KD AN EANE FHIRMS

90 kD MM E QB A TR P. boehmeriae SR PR ZEAME FRRHAS
RkKFEXREWU e, RAanEARE FH% A 000 nmol /LEF FRBKBEF(—70C),
1.2 #ifEE

WIEIHE (Nicotiana tobaccum L. ) F =4 Ml (cv. Samsun NN)HFI W38, il & Fr+
Z 0% ZEAEHE 60s JFHEA 0. 525 % MR EARPBBR T BN 15 min, HKEHKF LM F 2 K.
BHREHFHFEAMS EREC LR L. BRENEF(25~28C.14 h 5 10 h BEZHE),
FAHEKE 3 FEH B ARIILIL AEA K% A BEHF N, Hoagland T2 EFREH
B 2 K, BRBBEK.FHKE 7T FEEMBHMN A, AR,
1.3 90kD EQHME FAEBRE

BREKFRECN I . EH A=A Hed , EAB A GF 4 A EFERFN & 5 —
MECEBASEN 10p, BEMRERA 7 mm; 38 W38 HER , EAH PR EI EHKH
MESEH DA, BAEEN 15 o, RERERL 10 mm,
1.4 X TMV HHEHRE

At TMV B3R OREX 0.5 pg/mLBEM =AM, MM SFEA TSR
R RAEENAP LTS 2 At BFe 0 RHESNEN (600 BOBERFEMNEEN T L,
FAMBELREE 10 pl TMV BRRBSRBWENE L AFHEETH L RBEREN. BHEMW
HHAARKEBRME.EEE 2 C.EAREFT 2h GHBDREEHT. S4BER 3 #RHEE,
REWE FHBABMERERNF TMVAERR,ABRER 1 K, EMS5dEHEITHBER, BB
MR BUVHRR=[GIHEMNF LA B A HABEEO /XM A B BEH] < 100%.
1.5 AEAREN KD ERAHMEFESEEN TMV SR E

5 1.4 BAMHER., ARSI UHKE X 0.5,1,2,10,20,100 nmol /L ML FIE®
AbER =AM, 40 F )5 24 h FH TMV By EE SR LM A,
1.6 2RMBEESBEXN TMV HiiERE

PA 10 nmol/L A FHEBREN R =4HT e EA1dEERLEBAHEEREN SR
HMEARRE F EF 2 RENEF N LEEMMTHE 1.2.4.8.12.16 d HF#H TMV, DLESH 1 K
WETHHEEEMN TMV ERXE., EHENEERME S E L4 8E. 8488/ 3 #%E
B ABREE 1R, 5d GEMESFE 1.4 S BEECGTEBIRE.
1.7 MEEHFAFEAENRE

{63 A B BF K %5 B8 Pseudomonas syringae pv. tabaci (AR K AGHE - HE®)ZE LB BHERK T
WFGHEIF(25C. R4 h, AREKEEBREKERE 10° cfu/mL StEMHH. BEARE 7&K
1.3M G EEN WIS HEME 3 FEMMNTH. &85 48h AHRN FETENERFTARE,
EEFHBEFOLEBRT R EWERSAERETFEHAS~4om, BB F—AHMTF—&
H AR SEEREWN, G R ER 2 DA ENERNERERNBERERY 10 mm, T4t
EMGEILHNACSENHBEMEN AR SO ESTEMN 6 BRER, URSH K FoEmEEE
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FEFAREENRE, BERENEHRFRERE . ERXREHREK—-K . RREF 1KR,.54d FH&
MEBRBRETNYT BKRAD.
1.8 WHEBEREFERENE

HRIEE A B IR W Alternaria alternata QLRI KR T E - WO PSAN SR F
W E(@=60 mm)#FF25C . B , KHENERE BRALTTEO R 10dEST4 5
ERTF ARXEKEWNRFIFRENRFESIBRMENA. SEAREATFHR L3N T ELAH
W3S HEMFE I AN  AHEE 48h AGIMESUABEEFABERESERTFEERETHIE
BEHOE2EE., SAHEBMEER 6 RRAE, URSEA TLHAHENBEEEMNREREAE R,
BEMHEHNHEEERECSC. BB .RH>100%)EE 24 h B A RERET . SXEBEK—K, R
BEX 1K,.5d EMRZiIcERBBEMAREH.

2 HBREALH

2.1 BEEMETFES=SH TMV gtk

2.1.1 ¥ TMV 8§ A4 EAHME H 10 nmol/L EHM A FEHSFBHEEPTHHH 24 h JF,. L
Mo EHEE T& 25k FEEEMH TMV,5d ENEEREE . BREAFLHEHESSEAE 1 om
RO AHEEHNRTERMNEARE TS 2 A LS A RS a4 R] B
THEEMRTRERAE 0.01 K FRBELTFXR.E LR A HIBESVHEBERN 40. 9% ~53.0%
ED,BA4HEHAFSHRE.THA ERAHBERENZHZRABE(E 2), LR RIEH IR
FTABESMAESE—-FAUE L TEINESNEBBMEH D LR FRTERTTRES,
MMiBEREETEE RAMERE OKD EHAER FIESHBEES TMV R —FE
SR HUE. R TMV 7 d B — 508 R T4 FHE N B X B B 40 4~ TMV 3
HER.ARLEIAHY FARBEFIERN1.23 mm, 25 BE/NFXHEM A FHETY

B 2.97 mm((P<0. 0 AR FHER/N 58. 5% s HA B A L. FTHA ENHEFHES Y
2.8 mm, SHMKMM BN FHNHREERBREBEES.

eor 4.0p
~& sof < 3.5F
5 § A-% 3. -
SERYT $_§ g2
ﬁ E:E 30 g_g 5 2.
-
ﬁ é S 20} & g‘ i
"o @ :
< 1or = 0.5}
o LB = i 0.0 1 1 1 ]
2 U1 Tr Bl B2 B D
M {if (Leaf possition)
B1 OKkDEAKARTES =AM H3 OLDEAMARTFLENHERRMER
St TMV ) R g His Fig. 3 Effects of 90 kD elicitor protein
Fig.1 SAR to TMV induced by 90 kD elicitor on necrotic lesion diameter

A & B Y (reated leaf); B: ¥ M # (control buffer-
infiltrated leaf); C: AL E M A # £ . F M Cupper and
lower non-elicitor-treated leaves nearby A); D. Xt M B
#) £. T ™ (upper and lower buffer-infiltrated leaves
nearby B).

protein on Samsun NN tobacco plants
U2: t 2 M-(the second upper leaf); Ul: £ 1 M (the first
upper leaf)y Tr: 4bF M (treated leaf); Bl: F 1 M (the first
lower leaf); B2: T 2 M (the second lower leaf),
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A2 9ookDEAHETAR=
HMEI TMV B R G K
B

Fig. 2 SAR against TMV on

Samsun NN plants induced by

90 kD elicitor protein

LR BR TR, THYR. F—

BRAT R 3 B ] — M Bk .

The top row leaves from an elicitor~

treated plant and bottom row leaves

from  non-elicitor-treated plant.

T2u K b1l Leaves in different row f{rom the
H b T reated a IR} 9 Al T S i
The second lower e The Tinst Tower leal Treated leat Ll Birst uppel ted The second upper leaf same plant.

2.1.2 #HHFiegersgid B 10nmol/L BEEMAFENLHEG TR ELEE 1.2.4.7,
15 d7ZEAbHEny EEERM TMV, SRE AHE 1.2.4d 8F TMV P4 A B ESr 518 90. 4,
114.6,125. 0 /0, 3B L TMV EXHREBERA 179. 2, BRI BAMEAFLAEE 1~4d
AT BEBADRBEH(P<0.0D), TIAME /G 7 B A HEE 7d #F TMV AR BRBEEITS
MREASERGE D, EPHZEATFLAES 1dB4d AMEBE B SEEX TMV =4 847
BPitE, B 7d A FHEFAREXN TMV WREBIHNEEH (KR D. RIRBEFHEF=4EMH
X TMV it AR — 8BTS,

1 KD BAMEFHES =S TMV M EH
Table 1 Durability of induced resistance to TMV on Samsun NN tobacco plants by 90 kD
elicitor protein at dosage of 10 nmol/L from Phytophthore boehmeriae

W% F AL HR S HFE R R E D R CPE RS ‘TR OD
Delay between treatment and inoculation Necrotic lesion number(mean + SD) Resistance-inducing efficiency
%} B (Control) 179. 2£10. 4
0 171.7£3.5 4.7
1 90.44+9.0*" 50.4
2 114.6+10.3*" 36.0
4 125.04£11.5"" 30.2
7 172.718.5 3.6

CRIAMETLAHEM A LHRRERS S RE R EFER (P<0.0D),

**Indicated the mean lesion numbers on the elicitor-treated leaves differ significantly from that on control at the 1 percent

level.

2.1.3 FEREFFBES TMV SHEHE SHLIHEBEESX 0.5.1.2.10.20.100 nmol/L #%¥ %
FRBCHEPAE M ERENBISOIEOE ., 4R E,0.5~100 nmol /L IRFEHNEHAKETFH
EEREERBR AR EERENERRBIR A ETHR . ERRFEZRAEE —ENER X PUKE

BEH 100 nmol/L MEBR#M A FTABEESEMN TMV WS MW RRD, B4 WPiEAE
B RPN 58. 2% (% 2),
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%2 AEARENBETES=ZSHEAN TMV i ER

Table 2 Comparison of induced resistance to TMV by various doses of 90 kD elicitor protein

4 BV BE (ool /L BRI CEH L RER) FFIE O
Dosage Necrotic lesion number(mean=+SD) Resistance-inducing efficiency

% | (Control) 189+£10.7 A —

100 79+13.5 B 58.2

20 91+8.5 BC 51.9

10 93+ 4.3 BC 50.8

2 96+6.0C 49. 2

1 97+6.3C 48. 7

0.5 123+8.3D 34.9

*RFi Duncan’s FIEREZHURERBEN FEHARFEHFHREC. 0L KPFLEXBEER.
* The mean lesion numbers followed by the same letter are not significantly different at 0. 01 level according to Duncan’s

new multiple range test.

2.1.4 2AhhBHEETRE

st TMV # SAR K& F 5 # 6or o XM (one time tr.)
$ M e %em Ll 10 nmol/ g 50 ~4— 2% 2 (twice tr.)

L R TRmEa e EmE  E2 0T

GRS 4+dEBERAHE Efgg”‘

AWERKENSRNE BI5200

HMET . ES 2 KEHE  § 10

Sy B ST BV EF AT 1.2, o
4.8.12.16 d Ef# TMV, 90 kDZE MR T 43 5 Herbet 1] (@)

DE:3 Qd' 1 {K B{] }w E: % ﬁ: Day after treatment with 90 kD protein elicitor

TMV fERXT . &RILEAE
4L, Z 2 RAEENBERES 1
WAEBEMAEN F E TMV
MEHREEHTHEAR
EEHN,RERE 2 REHFWHEAEHREBNENEERAEK.
2.2 %S W38 HE X Pseudomonas syringae pv. tabaci Bt

¥ 10 nmol/L AR FHEMBEMN 5 2 d HATEEFR P. syringae pv. tabaci I B R, ¥
MsdEREEARAR FTAHENBEETF AR E. TEINHERREL SR RAEXIEHS.2%
AFALEH R ERECETFA L. THRARREYBYMF S mm, X BAREFHT BT

20 mm, WA BARBETLAESHRZEFERBELR RHRYK T E S HEEXEF A
AW E RFRBHHE.

2.3 %S W38 HE X Alternaria alternata W3 Hi1E

# 10 nmol /L AR FHESHEEMHIE 2d BEBER A. alternata 3 HEWF, BRI E D HH
3.2X10° A~/ml f11X10* A~/ml, ¥ F 5 . 12d FRELHYBAEGHF RHE L. T& 1 HHRAK
B ERALE 6, AWK FLENTARBERESA/NMIBEPTHEH K (E 4,8 6, Hi

BHHAEFRNE—-—FRFHT-—HAHTHFNRRERLBEEL TR, FREE A FTi5ESFHEEX A
alternata FFAE RAFKBHE.

B4 90D BHABET 2 WEIZAHMX TMV HHH#
Fig. 4 Acquired resistance on Samsun NN tobacco plants

to TMV by twice induction of 90 kD elicitor protein
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A 30 KB BE S | R B R N — R
BAMERE 00 kD lBAMNEAMA FiBEFMAE
X TMV . BF K% B8 i ok B B RS bk
OTHR.GREAZBATFTIHESHEEX
TMV S AREMBEE AR RESE RS
G P IEB X i P E D BR TR d.

ESEHEEREU~4AEB BEOME
H3EMERF  HP—H40FERKN 10 kD KK
elicitin WEBABA TAHFHEEINSPE. X
B HEFRENRSEREIE, B RIEHS
FBHRE OKD ANE BB A TFEEYS elicitin
LR FBILIIEE . Devergne VA K a i &

£

A B

£3 KD EAMEZFERBE
BARENRERBRE
Table 3 Systemic acquired resistance to Pseudo-
monas syringae pv. tabaci on tobacco (cv. W38)

leaves triggered by 90 kD protein elicitor

M-fii (Leaf position) % BT K /s (Lesion size)(mm) *

%t B8 (Control) 22.3%x2.5
4bFIH- (Treated leaf) <1.0

F 1 M- (First upper leaf) 2.6%+1.6
T 1 M- (First lower leaf) 2.9+1.3

" BE K /3 B R B 40 8 3 9 BE 8 B K /s (Lesion size
indicated extended radii of bacteria in leaves after the

infiltration of Pseudomonas syringae pv. tabaci),

SOKD ERWMR FABRE (WO HAREMIES
t7/8

Fig.5 Acquired resistance against Pseudomonas syringae pv.

tabaci on tobacco leaves (cv. W38) triggered by 90

kD elicitor protein

ANXER.BAIBETFAE. BFFLHAHEHNERRFICHSEE A
HBEHBREER.

A: CK, B: Leaf treated by elicitor. Arrows indicated the marker line
draw immediately after the infiltration defining the limit of bacterial

liquid spread.

R4 VKD FAREFESEENFRERMNRGERBEY

Table 4 Systemic acquired resistance to Alternaria alternata on tobacco (cv. W38)

leaves triggered by 90 kD protein elicitor

3.2ZX10%5 4~/ml #Fh 1X 104 4~ /ml #fh
B3 (Leaf position) Inoculation with 3. 2X 105 spore/ml Inoculation with 1 104 spore/ml
gt ERER Lot RBEHEL (mm)*
Lesion number Lesion size Lesion number Lesion diameter
%t B (Control) 92.3+7.87 A >33.3 17.8+£2.78 A 8.21£3.41 A
AL M- (Treated leaf) 30.5+7.34 B <10 7.5+1.04 B 2.9+1.38B
1 1 M- (First upper leaf) 48.01+6.60 B <10 — —
T 1 M (First lower leaf) 43.7L£8.09C <10 — -

* B W3R 2(See the footnotes of table 2),

" RRERERE S 42 H R E 2 % (Extent of lesion produced by A. alfernata in percent of the total leaf area),
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M6 90kDEABAE TABEBEEWIDXKE
WHE MR TN

Fig. 6 Acquired resistance against Alternaria
alternata on tobacco leaves (cv. W38) triggered
by 90 kD elicitor protein

ARBETAE, GLFENEREFBETIIENT
B R B AR,

A. Leaf treated by elicitor, arrows indicated lesions

were produced due to hypersensitive response of

tobacco leaf induced by the elicitor; B: CK.

A B

(P. cryptogea) =4 # elicitin—Cryptogein o] MACBEERAE S AEE S 1w - T3 M EAE Y ™
ARG KRBT, BRE Keller FPM LKL Cryptogein ZEHEA N RNEEHZ, B WE =%
B ft 7 B K ¥ BR (salicylic acid, SA). Dorey MM AR S E TR IR ICHREE 7F —26 32 kD ¥
EAEHZHEA RRR FIES GO0, AL BB iRk SA BEY ™4 SAR
H—TREBESSTFULERERCIEH SA R—FMRNEBINES ST, Costet ZUIIA N
elicitin ] P AL BMIAL M £ —F R AW RAE S ML EIL BN IBEEEY N REIK
BHE . XMESERRE SA U AR H.O,, &ABFFH 90 kD EHMA FHEHNLH AN 5, 4B H
AR ETHAA#HESTENRE AENEENREREGNT. BRXMREREBRETEN
RGEBSHTREAERFE—BHR.

AR PARBERESS WK 90 kD EAM K FHRRIFRMEEI P. nicotianae PN,
WA E R AT g, X RS A MEET AT, XHBSFTLENT B SHE
W= 41 elicitin #1 32 kD BEE A A FHLLL(BRERM TMV FFERMFEBERK/MAF . 32 kD B
BEHEATEESSERNAE &G TS EEE ABEY FRES A, HERAMEER S
BEAHSER" ,MALSER AN EL4BEES, At L TFH AR ER/DNTXRE
BWUY, AP 0D BEHMAK PR A B BMAT N LB LK TMV B ERZE
FATME,MAELESY F EWHEREEYEREXM B LEELZR (A 3. FREINIE SA BSHE
FEXMRENAERA T SAW THEEEAFENERHAMFFENFRL AW TNEANRSEIE
BN S BB RRBENDY, AR PRATLAEY PERNEREE NTRBEARARES
Ht A hHBRTEE KN SABXEGFt—4iEH.

BB IFEFTEN SAR —BAl4R 1 AZJLDA . ABHE 2 kD BE AKX FIIM 10 kD
) elicitin® i R MME A SAR T4 2 . AR 0KkD MAEFIBE XM SAR BAKERA 1 A
EH-BRZMEATLEEHE 74X TMV WiBSTHHERF 4%(E D, XHZAKEFHEEY
SAR BFAMREBEE AN HETCENEE FE &,

AXRMBRE 90 kD EHAMAE FIASHE SAR MO THLEEFH— LB,
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