PO AL AE W 27 4% . 2023,43(6) :0948-0955
Acta Bot. Boreal.-Occident. Sin.

doi:10. 7606/j. issn. 1000-4025. 2023. 06. 0948 http://xbzwxb. alljournal. net

REERTRET S EAREAENNETR

oM LExXm L H ALK ERT.REALE T

(1 RWIHE T RY AP SEARYE . RY 65050052 28 BB A%, /R HE 67500033 =54 417 4Ol FE 24 0F 58
B, B2 650021)
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W (Pseudomonas syringae pv. tomato DC3000, Pst DC3000)—4H H B /E 2 45 6 B, K600 T 956 J 1 1= L %o 4K o
SRFAA OGP 3R AA M52, IR AR T R R F R W o o D T AR K DL B AL T BE R M 4 Al & (reactive oxygen
speciess ROS) & 5 1 8 W LA B HLEE . 45 R KW . (1) Pst DC3000 Ab ¥R 5 T MR EE A B2 4 M (NtSNATI) fls%
(NtPMTRID) FEH Rk, HAMGAR B R A FBEAL T 0 A R R & . (O SRR YA, JFE KT
GmSNATI H D g 8@ T AN MR i B RS &M NePMTRI f3R35, HE R RN M E i iy Ps
DC3000 T V& £ 2 T R (3) SR SRR 2 3R RN 40 T M 6 4 1 22 Ik (1922 AL BI5 - 1 B A 28 0 A e DR AR 5 T2 40 i o
ROS 774 M AL G T, Ho A% LD A P 00 s B R A [1g22 55 19 AL G FT R ROS 7™ Az L BT A B R T iUsk . 45 1
ik, W 5T 3% U 48 R 2R ) R SE i 2 AR NePMTRIL A 5 A5 5 i 42 02 3 Ok T4 ROS 77 A, i 5 AL G T L DI [
{95 JFU B Pst DC3000 [ AR .
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Functional Analysis of Melatonin in the Regulation of

Tobacco Plants Resistance to Pseudomonas syringae

CAI Nan', MA Wenna', XIAO Lin', ZHANG Jiarong'*, SONG Zhongbang®, CHEN Qi'"
(1 Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500, China; 2 Yunnan
Modern Vocational and Technical College, Chuxiong, Yunnan 675000, China; 3 Yunnan Academy of Tobacco Agricultural
Science, Kunming 650021, China)

Abstract; To analyze the function and regulatory mechanism of melatonin ( N-acetyl-5-methoxytryptamine) in
plant innate immunity, this study used the interaction between the pathogenic bacterium Pseudomonas sy-
ringae pv. tomato DC3000 (Pst DC3000) and tobacco as a model system. The study examined the influ-
ence of pathogen invasion on the expression of tobacco genes related to melatonin and analyzed the effects
and regulatory mechanisms of melatonin on pathogen grwoth, stomatal aperture, and ROS (reactive oxy-
gen species) content in plant leaves. The results showed that: (1) Pst DC3000 treatment increased the ex-
pression of tobacco melatonin biosynthesis (N:SNATI1) and receptor (N¢:PMTRI) genes, and exogenous
melatonin treatment reduced the bacterial contents in plant leaves. (2) Overexpression of the soybean Gm-

SNATTI significantly increased the endogenous melatonin concentrations and expression of N¢tPMTRI in
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transgenic tobacco plants GmSNATI-OE2 and GmSNATI-OE5, and the Pst DC3000 bacteria growth

number was significantly decreased. (3) Exogenous melatonin and bacterial flagellin peptide flg22 treat-

ments induced the production of ROS and stomatal closure in both wild-type and transgenic tobacco guard

cells, and the transgenic plants were more sensitive to melatonin- and flg22-induced stomatal closure and

ROS production than the wild-type plants. Taken together, this study found that melatonin could reduce

the bacteria invasion, which may probably be associated with promoting ROS production in guard cells and

inducing stomatal closure via NtPMTR1-mediated signaling pathway.

Key words: melatonin; ROS; stomatal immunity; pathogen resistance; tobacco

T A A 2 52 22 o 35 A9 52 W) L )™ o e S A
Yy AR e 4 e S e R B g o
R b, e T 52 2% T e 2000 R A AR G R VL Ah
R AR . MY R A 2 e R e R,
£, 35 #5520 1H 51 32 {K (pattern-recognition receptors,
PRRs) /1 F 15 R fiill & %2 %% (pattern-triggered im-
munity, PTD FIIE N T IRES Gl E S AR EH 2
& (nucleotide-binding domain leucine-rich repeat
containing receptors, NLRs) 4 5 14 %L N fith & 4 &
(effector-triggered immunity, ETD), 84 5%t X
935 2 A 1k 40 B 3R 1T ) PRRs J88 1995 T A AN sk A= 9 4
x4y 7 X (pathogen-associated molecular pat-
tern/metabolism-associated molecular
PAMP/MAMPs) 5 JH 8" . T & B3P I AT B 7 il
9 A Fh ( Pseudomonas syringae pv.
DC3000, Pst DC3000) /& — i i 732 1Y 45 2 [L ]
PETA A2 W TS ) — AR ) AR RV W) o K A g
IR . Pse DC3000 1= G Fil 24 1 $E & 25 11 177 2F
Z K (11g22) A BT, Al Wy i o 981 59 AL G HAT LBy 4
o 5L AT A AR TR iR A ) 0T i D T M L X R S B By
TGRS AL e e s FL B A 2 R R R
H (receptor like protein, RLP) Fl 5% {4 # fiff (recep-
tor like kinase, RLK) 2 A% () 4 g 2 I 50 3% A2 14 £
TR W = G o AN B N fi i 2 AR NLR 45 5
TR A% 328 380 40 JHL P ) 2 15 T L PR g AR A
72 s b K S AR 5 RS T i S SR g S
FL A P8 I P B 8 LA IR AE o D T A AR 0400 o g Dt T
I

WS T 1958 AREAE A IR R R B 7 HE
S e EL A R BN R R A G 2 A AR T
¥ E 48 B & Z K (melatonin receptor 1, MT1)
T 1994 4= A Y TCUE g s e ok, 164k,
TEMFLEh Y rh LGB T 3 PR R R Z K s MT1
(Mella) \MT2(Mellb) il MT3(ML2)""", MT1 #i
MT2 J&F G & H B2 /& (G protein coupled re-
ceptor, GPCR) # 5 & L 511", %F 4 8 38 HLA7 3 o

patterns,

tomato

FJ7 50 MT3 X #8209 26 R ) 341K Ji 1 R A i
B R

1995 45, JLAN ST 552 56 25 78 4 45 R 9 b 4G ) 3
MR H Rl R G Y AR 4 S
O A e 1 s | [P R N =W L
(TDC) o i-5-F2 AL i (T5HD L 5-3% {0 - N - 2, B 3
R (SNAT) L N - ok JE-5-F2 (0 Jiie- B L 7 75 1l
(ASMT) %, (2 R 4 (A -5 AL I e fk oy 5%
SR . 5-F% (0 e 26 33 (0 520 R B0 R i A s 6 A8 Ry
MyER., 5-BOM-N-2 B3 % B — 2% v
FHEALA W S WY R R N-C B E-5- 5 A
- L RS WA LA o pR R R Sk
L AR BRSNS TR B 7 R A
T B A 4 4B BB & 37K 1 (phytomelatonin receptor 1,
PMTRD) P&, 58 o+ #00G G & H/NADPH &
LR 51 ROS & ol if MAPK {55 84255
KALEH A AL g

AR EW BB REMYEREE KA
Py AL W 30 0 25 bt R AR . 2R
FASF Tk AR TE SNATI JE K 843 1 %% 3L K A 4
X B BT L R & GmSNATIL FIil B I
AtSNATI LR L8RI5 S 50 P x40 B30 1 Bt
P R A L R GE Rk VoSNAT2 A,
PO AR PR 3 i T LA 3 DR A R e b
AR AN IR AR A A PR RE AR B K R e 2 R R
TR 57 1 A /K e A0 T I 2R BB I L B R AT =
L BB | SR B A B R BURETT snarl 527
A P VR AR PR A AR, X T A B M R Pt
DC3000 HYEUR M T s MR AE  GRSNATI Wi 8k
REEALR T X I T A6 5% 25055 1 p0 1 1T A/ 52 i 2 3R 4
AT X IR B P . Yang %5 i e =&
FLLRE I P (0 F 5 & B, A 2R 2Rl ot 32 /K PMTR1
P4 ROS 4 & fl MAPK {5 5@ 1215 S/ fL KA
J2 B Lk i PR AR I 2 By 2, H R R A AR
FLS2(flagellin sensing 2) 1 BAK1[ brassinosteroid

insensitive 1(BRI1)associated kinase receptor 1]4%
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T flg22 S AL R WA T PMTRI,

R RN Uil AR R E R ) S R B g
ARSI LAKHE R AL A 1 T 2 B PR B GmSNAT 1-
OE2 Fl GmSNAT 1-OE5 , i@ 5 % Pst DC3000 4b B Ji5
(995 L AT 2 S AL U A 45 T B IR
T RN A/ AR B 2R A 5 R A PO A AILERL , A R ) R R
R 5 M RE 2 B s,

1 MR IT
1.1 HEYHRESE

WFIE AL KL B S AH 5 ( Nicotiana tabacum cv.
xathi) i3 3K GmSNATI 0y 3 I &Ll TR AE %
ALY, HEF A (W LT, £ GmSNATI
i KM Y I T (GmSNATI-OE2 #l GmSNATI -
OES5) FH 2585 /K i it 4 5 F% P Ae 2k o vp (g Ay
Bk s B =31 1B TG FRAE 12
h 9[100 pmol/(m” « 5),28 ‘CJ/12 h K (28 *C)
AT 3 9% 3~4 Ji T 06 5L 4= 44 . RT-PCR,
SALIFRE AR T 40H ROS & f fi: 4l R 2 5 |46
I3
1.2 RNA i2El#1 RT-qPCR &3 #7

Bo.1 gt B TR A PR, Trizol i 5
(Takala) #2BUH F . RNA i f§ PrimeScript™ RT
reagent Kit with gDNA Eraser (Takara) [ % 5%
¢DNA, Jfl SYBR Premix Ex Tag™u i 7] & (Taka-
ra) Fl CFX96 (BIO-RAD, 2 [#) ¢ )t € & PCR (L
DA SE L kK-, FH Primers 8 5E31H514 .
RT-qPCR FF 81 # W3 1. %A 2 7 Fkils

AF R 3 R 2k K,
#£ 1 RT-qPCR 3| #1F 73l

Table 1 Primers for RT-qPCR analysis
EE/ER S 1975

rimer name rimer sequencelo <
p P q (5'—>3"

NtActin-F CTGAGGTCCTTTTCCAACCA

NtActin-R TACCCGGGAACATGGTAGAG
NtPMTRI-F ACAGACCTTTCTTATCTCAACACT
NtPMTRI-R TGAGGCCATATACTCCGGTT
NtSNATI-F TATCCACTTCTCCCGTTACTGC
NtSNATI-R TTGCAGGGAAATGGCAATGG
GmSNATI-F TGTCCTAGTTGATCCAGGCTACCAG
GmSNATI-R TGCCAATGTCCCTTTGCAGAAGAGG

1.3 EYMAFERBRRSENE
FEL 4 4 2R B BRI B ARG 2 Li 4
Tkt AT . WO AR R 300 mg . AW

A 3 mL HEEC75%0) , i/ T 1 500 r/min #HE 30
min. BH 3 WG (R 5 min) 7E 13 000 g 1 4 °C %
FF B0 15 min, BBV 3 mL, il A &l R
(RayKol EVA Mini, &8 T4 /5 A 200 L 30%
LTRTEE Y, W E 5 min(1 500 r/min), @ 3
min JG7E 13 000 g Fil 4 “C 400 F &L B RS
A 3 ng/g HJ B2 2E-d4 (sc-207849, SantaCruz Bio-
technology) 0. 45 pm ¥ 6 58 Y% J5 fF FHE8 /&5 R0 A
o 1% {% ( Waters Acquity UPLC, Milford, MA,
USA) F1 = 5 DU AT 52 B BT 1% 1 (Waters,, Xevo TQ-
MLS) A5 ) A 5 A 2 3R 5 o
1.4 SILFE®RN

W1 AR A AR T R E TR S
M (50 mmol/L KCI, 0. 1 mmol/L CaCl,, 10
mmol/L. MES-KOH, pH = 6. 15) #, )¢ & [ 100
O IEE 3 h LT RITH . KRR
Jin 10 pmol/L A KK 5 pmol/L flg22 (Fh b 5
BHESCA Y RHA R A Rl A SO LB 2 h, 78 W 3B
(Olympus BX60) T WL AL IF B2, I & <AL K
JE R E BE L IF T G R /KR Ll DA B AL N
1.5 BAEAERERABERESIW

i1 H MR R R R 4B T2 vl (50
mmol/L KCIl, 0. 1 mmol/L CaCl,, 10 mmol/L
MES-KOH.pH=6.15) # 6 3 h[100 pmol/(m?
«s) LRI A 10 pmol/L B E 5 5 pmol/L
flg22 A ¥R 2 h, B 5 #4 R J SR A B S A 25 pmol/
L2, 7- 28 a9 K — ¢ (H2DCF-DA, —
Fft ROS 9% 6 #8 4 . Sigma-Aldrich) 8 35 Bz 2% h o,
FERRRE PR R 30 min, SR OB LR £ B
BT (NIKON TI-E-A1R) W2 £ 140 g ' H2DCF-
DA 56K EE cex =488 nmyem =535 nm) , fifi
FH Tmage] A% 53 Hr AH X 26 68 BE
1.6 Pst DC3000 25216

B — 80 ‘CAR1E Ry Pst DC3000 W fh 16 & A
1. 5% EIR (W /V)OHI 50 mg/mL F 4% #Y King’s B
(KB, 20 g/L & ™1 %, 10 mL/L H i, 1. 5 g/L
K,HPO,,1.5 g/L. MgSO, « 7TH,O) [f & 1 3% 4 I
VI IE I G PRIBCR % T % A 50 mg/mL Rl 8 °F
B KB R B 32 36 rp, 28 “CHEFE 2 d, B0 UEETE
A, 48 ] 10 mmol/L iy MgCL, W (& 0.02% V/V
Silwet L-TD W BHE A ZE OD g, =0.2 %M. BUEK
3~4 RSB MR A 10 pmol/L AR JE 5k
1/10000(V/V)YDMSO %5 (¥ 551 Xof R Ak 25 ) 155 it 4
B 2 h 5 A Pst DC3000(OD 5, =0. 2) W i

pmol/(m” «
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P, BRI R 5. A 75%(V/V) &
T T EE AL FRAE 0 K0 DRI 3 K3 DM AL
BHAAR 0.7 e MFTFL A BURE, FTHLA A4 A 10
mmol/L. MgCl, W&, # B B 5 I 4 T &% 50 mg/
mL Fl4EF ) KB 833 (1. 5% W/V Bi§) .28
CHiFFAA TR 2 d BG4
1.7 HESH

RIS BHE R Excel-2015 347 &b B F1 43 #7 ,
GraphPad prism #5347 1F B R 825 P8 57 0 . A (R
FHRERR P<0.05 B EMES,

2 HER5rHr

2.1 Pst DC3000 RLEMEEREZSHER
NiSNATI T 7 Z 4 NtPMTRI By3%Ki%

WK N:SNATI Fi NePMTRI K 25k
i Py PR AR BB R {5 5 % Pse DC3000 132 44 (1 i) 1
5% (-MT-Pst )M I, Pst DC3000(+ MT+ Pst)
PR 2 hJ§ NtSNATI il NePMTRI 33k K 43
WIEERE T 84, 6 %A 28, 2 £ AR AL FR 8 h Al
24 h JEH R R X ROKCE (B D

150 r @-MT-Pst O+MT-Pst B-MT+Pst B+MT+Pst
pnd
®E 100} g
''E~
ZEE sl c
5g -
I 2 F
~
=D
<= °
E
=,
iy
5
.’D'_{ 2~
Eoy
o
Mo X
~ =,
EE%
=2
=,
RLIE T (8]
Treatment time/h

BAE AT EELESE=3) , R FHFRER
B3 (P<<0.05, T,
B 1 RREZE A Psr DC3000 XFHHE M NeSNATI
A NePMTRI 3 R 235 19 52
Data are presented as means = SE (n = 3). Different letters
indicate significant difference (P<Z 0.05). The same as below.
Fig. 1 Effects of melatonin and Pst DC3000 on the
expression of NtSNATI and NtPMTRI

in tobacco leaves

MR (+ MT-Pst) A ¥ 8 h 55 T Ni-
SNATI #l NtPMTRI ik, Hit— e T Ps
DC3000(+MTH Pst) AL FE 4 h Al 8 h X 3% P 4~ %k
PRk 5 5 (B D,

H AT L, Pse DC3000 13 44 RE fi% bl e 375 S o4 4
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2.2 SMEHREZRBEMEEN R Pst DC3000 &=

S BiF Y AR B 2R A R AR T B D R, A1 R AR
BRI 2 h 50 R BEiE Pse DC3000, 73 81 it A
F TR B # Y% T2 BB L (colony forming units,
CFU) LA i £ 0F F o B p & 2000, 5 X 8 41
CMTOA 88 B2 (+MT) Fi AL B 0 Bt 5 |
R 9 it T T 7 B BRI T 88 00 (81 2)

10°F a
< 10} i b
2 10 B
B o 100
= L
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M 1
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Fig. 2 Effects of melatonin on the Pst DC3000 contents
in tobacco leaves
2.3 XKL GmSANTI ERFE 1 mEE EEE RN IR
HMEEEE

S5 A BUAH 48, GmSNAT 1-OE2 1 GmSNAT 1-
OE5 BEJEPMHE I b GmSNAT 1 HyHE R £ ik %
P, NI B R & i B 48 T 3.2 F1 3.5
£ NePMTRI 133K K- P 72 6 45 (& 3).
2.4 TRIZEGmSANTI EEERSHEERHFEEN
Pst DC3000 #9114

AHFFEBE 5 18 ] GmSNATI % 5 PR B g bf
Bh BRI PN TR R A A R LB R T AR
I fE .

XA CMT) , AR R R (+ MT) il ik
B2 h 5, B A R REE L R ek R Y Pse
DC3000 WK BETHE L,

A ToAR R AL #EAE OL N .GmSNATI-OE2
M GmSNATI-OES5 M 7 v (%) 7 v B34 25 A T B
A TUAE Y . R T DL, A R R P R R R R
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Fig. 4 Effects of melatonin on the Pst DC3000 content
in leaves of wild type (WT) and GmSNATI-overexpressing
(GmSNATI-OE2 and GmSNATI-OE5) tobacco plants
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A. Effects of melatonin and flg22 on stomatal opening based on fluorescence map of reactive oxygen species in guard cells;

B. Fluorescence intensity relative to ROS; C. Fluorescence map of reactive oxygen species in guard cells.

Fig. 5

Effects of melatonin and {lg22 on stomatal aperture and ROS production
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