T4 Journal of Plant Protection, 2020, 47(2): 332-338 DOI: 10.13802/j.cnki.zwbhxb.2020.2019060

HBREHEEEERHTIRMFES
B FENESESER

AR & X HE4a' ZRF FLTT ONKRHEY

(L HbR KR 24 B, T RAE YR BE AR YIBG TR ARG L, ERA X Aol TR AR
WGy, R 071001 ; 2. HERRREBEFFR A BE, AL AT 100081)

. A9 BOLE % 5 H Streptomyces roseoflavus # #k men-myco-93-63 #& PEAX # 7= # roflamy-
coin #» men-myco-A (i # RM )% 335N = £ FUR M 0915 5 #5812, R Uk &k 5k
JE ik A 52 B R 2 PCR &, M R vt 6 BOR S 4 F W AR~ 4 RM G NPT R P K R &2 Ao g
BB E M, ARG BRAZ 5 55518 12 Fe UM KA BRAS 5 #5820 45 &AW ——NPRI .PR-1a.
CTRI W%k %, ZREAW MR FTEERA FTEAMZHRME 120 h, 58T § AR R4 F
KB A, A 7.22 pglg, AT 17545 R AR R B H S AR S RM S 12 h, BT A
MRS B A B E VA B 1A, A 52.69 Ulg, & 3T B9 13245, 5F FLJE 120 h MRS & T 28
A O 45 B B AR RMJG , NPRI #= PR-1a 3 B #9482+ ik 5 L, % KA 5 %1 4 0.99
Fo1.35, 20 %) & AT BB 649 2.24 45 F2 12,0945 A2 d7h) CTRI A W 69 & ik . ENHRF /T ARM =0
RM i it 7K A% B2 38 %4 | T M 18 84 m R A BR 38 3425 Bl i T30 NI A 1E T 35 1815

KEBIE: BOLTHER ; THEARM T HIN; BT HFREZ; Fak

Signal transduction pathway of disease resistance induced by active metabolites
RM of Streptomyces roseoflavus in cucumber
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Abstract: To study the signal transduction pathway of disease resistance in cucumber induced by active
metabolites roflamycoin and men-myco-A (RM) of Streptomyces roseoflavus men-myco-93-63, the con-
tent of endogenous salicylic acid (SA), the activity of lipoxygenase (LOX) and the expression of NPRI,
PR-1a and CTR1, marker genes of salicylic acid signal transduction pathway and ethylene/jasmonic ac-
id signal transduction pathway in cucumber leaves after sprayed with active metabolites RM of S. roseo-
flavus were determined by high performance liquid chromatography, spectrophotometry and real-time
fluorescence quantitative PCR, respectively. The results showed that the content of SA in cucumber
plants increased significantly after sprayed with active metabolites RM of S. roseoflavus, reaching the
highest value of 7.22 ng/g at 120 h, 1.75 times that of the control, and the activity of lipoxygenase reach-
ing the highest value of 52.69 U/g at 12 h, 1.32 times that of the control, and the overall activity was
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higher than the control within 120 h. Sprayed with active metabolites RM of S. roseoflavus could induce

up-regulation of NPRI and PR-Ia gene expression, reaching the maximum of 0.99 and 1.35, which

were 2.24 and 12.09 times higher than the control at the highest expression levels, respectively, but in-

hibited CTRI gene expression. It was presumed that the signal transduction pathway of RM-induced dis-

ease resistance was accomplished through salicylic acid pathway, ethylene pathway and jasmonic acid

pathway.

Key words: Streptomyces roseoflavus; antimicrobial metabolite; cucumber; signal transduction path-

way; induced disease resistance
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ALAPEVERS 8 g ALEDIKY 15 g FoKHK 8 g A Abah
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4 g FRIRES 3 g B2 M1 0.2 g 7&K EARE1 L,

i /] : TransZol Up Plus RNA Kit, TransStart
Top Green qPCR SuperMix , b 5 &304 =Y ARG
FR A ] 3 2% Tag PCR MasterMix , b 5t 378 5% 4= W F)
A PR F] 5 5%All-In-One RT MasterMix, fill & K
ABM A\ F ; SaA-4-Q /K12 & s il & \LOX-2-W
NRAA B S, MBS E Y H AR R AR HE
{58l B /i B s ES e o e [
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H F R A BN ) s Kromasil C18 FORH (a3, Fi i
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PrHa A%, 15 [F Biometra 23 &) 5 B I A EE IS 7K SF Ha ik
R AL BN —AES T G:BOX T BRI AR AN , T Hs it
A BR 2> ] 5 LightCycler” 96 SE I %3¢ 't € 1t PCR %
4t , Bt Roche /A 1 ; RE-2000A Jghh 758 &AL, I ifE5e
T LEABAY 28 ; Eyela FDU-1110 ¥ %5 T 4L, H 4%
EYELA /7 ; Centrifuge 58 10R = 3 275 5.0 AL,
Eppendorf /A 7] ; DL-8M IR V3 VR 5.0 AL, it
B U FE T A BRZA 7] s WH-861 iEHR TR A # , K
O ES M) ; METTLER-TOLEDO # i 2 %1 %
AP XS 237 RF L UV-1800 28 4M 0 G EE i, H A
EHEAF],

1.2 Fik
1201 BORF 4B E RS HRMA 4] &

W A4 T DR A 11 BB B B 5 B PR R Men-myco-
93-63 7 PDA L iGifb355% 7 d Al Wl B4+
T, i v Bl 5x108CFU/mL F4 1 2L V7 W, B
200 pL fEFETFR K HEE A BI2EAT 100 mL & BEk:
FRHEM 500 mL = AN, T30°C 200 r/min 557F T
PEIRYRG 155 5 d 5 UL TR T 4 500 r/min T 2500
30 min, 5% LW, UUUE B 22 29 345 R B i
W TR P A TR AL 3 30 min, JEATLT IR K
75 2 €0, FH ISR VR, TE T2 7% AN rh T 50 °C e H T ik
FEZET AT & LR TR, ARG, LR
G E OB AR FUZ Wb HE 2 h, s 2
0k AR W 5, B R AR 7 0 RM(ZE 3 7 4
2017),
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FEMEER N 15 om WE SR B R ER L
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FE5 L B B A ST 56 2 SR SRS 2/3 Btk A T
IR FREX 10 mg RM, F 1 mL F BV 0, TG

TR KR Lo BE R B 100 png/mL , WA 44 5
Wit 22 B N b, 2 R A b AR R, LA
M it 1) 45 Ik B Y IS ok %o B, A A PR B 3 IR
B HAEE3IWRENE .. 20 THES 0.4.8.,
12.24.48.72 120 h UGE KA 7, AL 4555 A PR 2
WA M 25 b FR R BT, 3 A ARG GF, T -80°C
VKFE TR ORAE , FH T oK IR Fr i RN 48045 s M)
RAHKIE K 1 23R8t
123 FRrH A PRI 4B Ao g B A B & MM 2

Fie UK IR & e A G Ul B UK IR |, R
FH B RCHRR €0 R A AE 240 nm P KR Rk b7 82 &
i, FH O AR S il s bn v i e, AR AR g T AR
e BE A 26 PE ¢ 22 1=30.056x+0.915 (R?=0.999 9) 315
IKIGIR  fe o ¥ MR AR5 Tl s U Y A3 H IR 4
BB B , R HTER AN EETTAE 280 nm ST
W B G B AL 0 R S A = D WO E L 25C
Hhdeg s ZH 2V M MR GRS A 0.0 LB 2 14
it 15 B4 o
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B I L RNA $2 B cDNA 2R F2 i B
RNA $2 5tz 7] £ TransZol Up Plus RNA Kit 38 45
SRS [m] A2b BRI [a] 0 v I R, el ]2 O6 B 4G
T HL 2 B VR BE L 4 RNA B T =80 °C kA T RAE
DIARE Y S5 RNA Ry 5 57 S | 4% i 5x All-In-One
RT MasterMix 357 & 15 B 5 817 s 3% % . 20 uL Jx
B SRR ZR £ 500 ng/pL AT RNA 3 uL ., 5xAll-In-One
RT MasterMix 4 uL,RNase free H,O #p /& % 20 pL.
PCR JZ W 27 : 25°CHFF 10 min; 42°CHFH 15 min;
85°C A 5 min. K S % sk A5 B ) cDNA T-
20°CIRAFAE

H A 5L 8 B PCR A3 - S 3 Uk it 5 1 9 i
B S, DASURE S cDNA P23 B Aot BT 5 1)
HATH AL PCRY 1, 10 pL PCR WA Z  #id cD-
NA 0.5 pL IEJZ 145514 0.5 uL . 2xTag PCR Mas-
terMix 5 pL.ddH,0 3.5 uL., PCR ¥4 5514 : 94°C i
AR PE 5 min; 94°C 25 P4 1 min, 56°C B, 53°CiE & 50 s
(P LR NPRI . CTRI 3R JR S 56°C, 3L ]
PR-1a {A3B KR FE N 53°C) , 72°C 441 30 s, 35 MG
5 72°CTHAEAH 10 min, T 19% SR HHEE S H % PCR
PR AT, I8 PCR =M 26 A TAE ) TR ( |
) BeAR A7 FRAA FIHEA TN LU X o

S 2 72 & PCR 43 M7+ 20 pL &2 R 1K & -
100 ng/uL cDNA 2.0 uL.10 pmol/L IFJZ[015 |41 (F£ 1)
£%0.5 uL . TransStart Top Green gPCR SuperMix 10 pL,
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ddH,O #M 2 220 pLo W R : 94°CHAE M 300 s5
94°C 7 1 10 s, 56°C B8 53°C 1B k 15 s (H A R X
NPRI .CTRI W3R KL EE R 56°C, L [H PR-1a 1R K
TN 53°C), T2°C HEMH 20 s, 45 DGR 5 95°C 15 it
10's, 65 CHEfF 60 s, 97 CHEfE 1 53;37°CRAHI30 s, LA

Actin §NS: B3 AMAEYFER . ARG W%
s e i 22 s A2 75 T, MR S92 2 3 B PCRAX
KB (4 CT L 5 B8 2700k |+ A [ b B ]
5 JI - rf H §9 5L NPRIPR-1a . CTRI BIAA RS 2

PELy 18

&1 ERRHKEEEPCRSH
Table 1 The primers of the quantitative real-time PCR

GL/EA S 531 (5-3") FEAI Py
Primer name Primer sequence (5'-3") Sequence length/bp PCR product
Actin-F TCCACGAGACTACCTACAACTC 100 WZ RN Actin F B
Actin-R CATCCATTCAGGCGTTCCAG 100 Segment of Actin reference gene
NPRI-F TTACTGATAAGGGCAAGAAGGCC 279 LR NPRI A BE
NPRI-R AAAGTTCACAAAGAGCAGGATGG 279 Segment of NPRI gene
PR-1A-F GAACTCTGGCGGACCTTA 180 LN PR-1a Fr B,
PR-1A-R GCATCTCACTTTGGCACA 180 Segment of PR-1a gene
CTRI-F GCTCATACGGTCAGCGAT 200 FH CTRI | B
CTRI-R AAACACGTCGGATAAATATGGCTT 200 Segment of CTR/ gene
1.3 BIESH S RS 7F 120 hEHASIE KA, R 7.22 ng/g,

>k FH Excel 2016 Fi1 SPSS Statistics 21.0 #1714k
PGt 34, b H] Duncan [ &M% 22 159047 22 7 ik
FER

2 ERESH

2.1 BEERMIGERM A hkipER S =3

Xof BEAL BRI | B v 8 KA R i 22 S
TR FEAR A Fa A, Bt I 48 h, B B il K A g
ErimR B, M 6.61 pg/g; BUGECR & A5 %
PERIE P24 RM S 0~24 h, 385 T F iRk A R 7
RS, BT 24~120 h, #5KHF ok R

i 2 T IR (P<0.05, [ 1-A) , A%t BB AY 1.75 4%,
FWIRMIAE S5 [ T 8 TR R N IR S B A3
2.2 BIERM/GE/NM F FiERSEEHETH

W ot FAC B B B B T TG AR I RMU 12 h,
I A IR SR A R Mk B i KA, 4 52.69 Ulg,
W 2 3 = T R (P<0.01) , X HEALBRJS 24 h, 35
J IR A B T R B KA, o 42.25 Ulg, [EAIK
5 it BV B R A T PRI ) RM I iR A8 Tl
TP AR it R B R TR TS AR R RM
A EE I - H B 4R A TG P34 v 1 X R AL B 4 i 4
AEEGE(E1-B),

n B B EIE AT MIRM  Sprayed with active metabolites RM of Streptomyces roseoflavus
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Fig. 1 Changes of salicylic acid content (A) and lipoxygenase activity (B) of cucumber leaves

after sprayed with active metabolites RM of Streptomyces roseoflavus
Pl T B dl b P B bR v 22 o L 03] 378 48 Duncan [CRT 2 1 22 13K 30 7E P<0.05 5 P<0.01 K122 5+ . % . Data are

mean+SD. *, ** indicate significant difference at P<0.05 or P<0.01 level by Duncan’s new multiple range test, respectively .
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2.3 BIMERM/EE/NMH A FHEXERERNRIETW

M it FAC B 5 R T T PEAC I R RMU 8T
M5 P NPRIFEF N O h B4R 35, 12 h B AR X 36
KRB AAE, M 0.99, 1% 25 5 T F BV Rou) e
(P<0.01), AXF AR 2.24 1%, 2 Ja AT Fak it 2R~
K% ,48 hJ5 FRFARS%, 5 X0 BRIY NPR1 LR A XS F 3k
25 NI 3 5 RN o N NPR1JE R AR 3
INTETE 0~12 hA /MR EE R EE T, 12 hak Bl KAE,
0.44, Z J5 /MR FE i S22 4k (181 2-A) o 26 I it
TRAL B |, #5 JT F P NPR T 3 RIAR X 3¢ 35 1 2%
AN, T M S e A TR TS A I RMUS
BN Fr P NPR SRR R RS

M it FAC R e R T T PEAC I I RMU BT
i N PR-1a 3T IR TR ZIFEGE , 4 h B AT 3Rk
IRF A, A 1.35, 4% 35 v 1 P Vs TR R (P<
0.01) , X RERY 12,091, BEJ5 2U8 T F%, 12 hilf PR-1a
FEPRAR X R35 1 5 6 BEOKSE AR S, S8 )5 B A R R

120 = o
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030 ¢
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X RILE Relative expression level

0.15
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0.00
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- ETFE, 48 hJ5 P AE XS ek i B 35K T FF s o)
M (K 2-B), %fHEALFE 4 hiv}, & )N N PR-1a 3%
PRI AR G e 3k i [ 22 eI, 13O 011, 2 J5 2808 b Tt
A8 it Rk m i E , Z R W E I —Er 7
Bl (HAXT TR 0 B (1 Fe ik AL AN I
Yot BB 2 N Fr v CTRI JE R A AR 6 1A 1 B2 4
HAIN 5 BEAR A AR AL a3 7E 4 h P AR XS 26k i 2 3
i, 8 h AR Fe ik ik B B KAE , 4 0.23, I 3 = T
TR e A R YA ) RM AR ik 1 (P<
0.05), 12 h )i 2 /MAb B CTRI RE AR ik 22 1]
TG 3 22 5 5 e BACH e A A B NG R R ) RM
J5&i 0~120 h, # )M F v CTRI FE AR ik 2 2%
ARk IR A K IE 12 Wiy, CTRI R AH X ik
Tk Bl d KAE, S 0.10, [EATHG T B S WO BRI
CTRI FE AT Fe ik fa (K 2-C) , 2 AT jifts BB e e
B IS RM MBI A {d CTRI 3L 1 3
IR, BOMANE] T CTRI FER 3Rk .
1.60
1.40
1.20 F
1.00
0.80 |
0.60 |
0.40 |

0.20
0.00

B

0 4 8 12 24 48 72 120

] ¢k
I BB B R R VA A RM

Sprayed with active metabolites RM
of Streptomyces roseoflavus

EXAERT[A] Sample time/h
B2 BERBREESREERE Y RMEE/NM F R NPRI(A). PRI-a(B). CTRI(C)ERMHENRIEE
Fig. 2 The relative expression of NPRI (A), PRI-a (B), CTRI (C) of cucumber leaves after

sprayed with active metabolites RM of Streptomyces roseoflavus
Pl S hg P BB 22 o %L+ 43 I 3R 45 Duncan [GHTE M 22 10K B0 7E P<0.05 8 P<0.01 K-V 22 5+ 3% . Data are

mean+SD. *, ** indicate significant difference at P<0.05 or P<0.01 level by Duncan’s new multiple range test, respectively.

3 iTig

KR F TR A A2 RGBT
FEE BT, HK I G0 RGO O 1
SRS AR R s S R R N 2

A R — R AR g0 A5 3 T HIESE (Malamy et
al., 1990; Gaffney et al., 1993) , A< fiff 5% i 1 ) 2 &
P, BB v A v T ME AR P RM O] i 5 TR
PRINIEKAAIR & e B & T, W, PRI-a B RVE R
KGR 5 A% s A5 1 B A5 75 3 R AE it RM 5
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Rk g 2RI, BRI X KRG T iR, M
KRG B S S T SO e s MR )
RM 75 S Hii 8 . A 2E 745 (2008 ) 38 i 53t i
S BT AR TS ISR AT R Al g0 Uk S B A il 2
ARG L R, . AW Z5 3R RM b3
J E I 7 rb B S Tl G M S S R R AT R
BRI, S R, S | R AR S BT
Mo CTRIFEK R OIGZ K T UHE 7% =iy —1
TRIERF TR OHREZ LT A T BRI R
LW Z AR T 454 CTRI HE A CTRI K&K % 259
M, M5 5B BT (Zegzouti et al., 1999 ; Bleeck-
er & Kende, 2000) , ASHIF 57 B8 0 5k 5 b 15 PR AR
A RM A T CTR1 FE Y3k, WA T &4
WG58 . AT o0& | WS TR RS
PRI R I 25 SRR B KR R AT A a1
SRR 3ME SIS T BOR B R TG
A1) RM 155 3 8 I P A ot

S FEAH DG IE R HE F 3k 7 NPR1 JEH & H TS
LU RE e (5 5 1% Sl A8 58 SO AR 2 —
(Pieterse & van Loon, 2004, Sun et al., 2018; Skelly
etal.,2019) % KAEAE T AU MAZ A AN T, 7220
MuA% b NPR1 5E 2400 2 P i) IR R 5L ], /KA
R A5 5 i 1 BARSE AR HE M) 77 A R AR
P, B0 HE Z M e 5L 40 PRI PR2 F1 PR5 4% .
FEAHM BT, NPRT BRI 2 5 3 FTR/ M /3 1Y
T 251k, Pieterse et al. (1998) W 5T & BUAE nprl
RAR S RGP A REROE T L, [T,
NPR1IERAZ 5K G IR FISERIR 55 5%
TR R 55 V- o BB w8 TR T P A Q™ ) RML Ak
FRJG , BN P NPR I3 R ) 63k 1 KIS, 3¢
W] NPRI 5 K 2 55 21 B 90 2 55 55 A 15 PEACIH™ )
RM 19175 S H0ie )L, I i — 20 R IR IR 5 A
R/ s Z MAFAEIR R o SRTAE B T 1 15 55 ik
PR 52 2R, RGeS 1) ) G R b
B — 5T, NPRI FE AR ik S8 05 5 55 T ik
e A ST R A T B ST I A
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