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Table 1  Primers for RT-qPCR

1¥F51 (5" —>3")

Primer sequence

ElRZE S

Primer name

RT-qPCRStSnRK1F TATTTGGCCGTACCTCCACC

RT-qPCRStSnRKIR GTACGGAACAGTGCCCTCAT
RT-qPCRStEF1aF CAGAAGAAGGGGAAAGTGAACAG

RT-qPCRStEF1aR

R2 HEYREHEEESIMFET

Table 2 Primers for construction of plant expression vector

CCGCCTATCAAGTACCCAGT

314 % B G E1C5 3"
Primer name Primer sequence
GFP-StSnRK1F  GAGCTGTACAAGGAATTCATGGACGGAACAGCAGTG
GFP-StSnRKIR  TTAAAGCAGGACTCTAGAAAGTACGCGAAGCTGAGCA
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Fig. 1 Expression of StSnRK1 during P. infestans infection
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85 ku | . GFP-StSnRK1

a-GFP

26 ku ® GFP

Ponceau S

StSnRKireference
StSnRKlsequencing
ansensus

ATCARRATAT
ATCARRATAT
ATCRARATAT

SLSnRKIreference
StSnRK1sequencing
Consensus

GATTGTTCATGCATGETCATATTAGT
GATTGTTE ATCCTCATATTATA
GATTGTTE ATce TCATAT Thgal

SLSnRKireference
StSnRK1sequencing
onsensus

StSnRKireference
StSnRK1sequencing
Consensus

unmmnl:ml;l; GG ARTGGARTG
AT AGARAE G ARTGGARTG
ATAARRAC] nn.l‘ ARTGGARTG

SESnRKAreference
StSnRK1sequencing
onsensus

SESRKLr
StSlIRK‘lsgwucnci"E

SESnRKAreference
StSnRK1sequencing Th ACART 16 ARAT L]
onsensus WCGTTATTTGGC d i AAGAGGTGGT TARGA

960 avn 80 990 1000 1010 1020 1030 1040

TGARTTTCA

StSnRK1reference TCARAAT GAG
i AR T GG

Consensus
1120 1130
AT ﬂn".nll TATE

TCART TCTAATGAR
GATCARTTCTAATGAR
CARTTCTAATGAR

1200 1210
GARATAATGR
GARATAATGR
GARRTARTGAC

1320 1330 1340 1350

SLSnRKIreference
StSnRKlsequencing
onsensus

1300

StSnRKireference
StSnRKlsequencing
Consensus

1400 1410

ARAT TAACARAT
ARAT TAACAAAT
ARAT TAACAAAT

CARGT TTGARAG
CARAT T TGAAG
CARAT T TGRARAG

SLSnRKIreference
StSnRKlsequencing
onsensus

STTRMTTECATE
GTTAATTCCATG

1450 1460 1470 1530 1540 1545
TTACTTGACCTTCAG

|rl.|.nrl.l|l.|mr|m TIGCTTGACCTTCAG
CTTaCTTGACCTTCAG

SESnRKr
SESnRK] sequencing TC ‘i g
C TC GTTCCTCTTCC CTCTGTGCTGETTTTCTTRCTCAGCTTC GTACTTTGA

A. StSnRK1 JEFH G971 s B, B YIS GFP bR 89 SORL s C. I Fe 560 i 3 41 JORE B9 1E #4492 s D. Western blot $2iiE GFP-StSnRK1 I
GFP TEMLY) Y IE K18
A. Amplification of the StSnRK1 gene;B. Digestion of the plasmid fused with the GFP tag;C. Sequencing to verify the correct con-
struction of the recombinant plasmid; D. Western blot assays verify the expression of GFP and GFP-StSnRK1 in plants
Bl 2 StSnRK1 FRZEHFEMHESKIE

Fig.2 Construction and verification of overexpression vector of StSnRK1
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A. Overexpress GFP-StSnRKI and the control GFP in N. benthamiana »inoculate zoospores of P. infestans one day later,and then
irradiate with an ultraviolet lamp five days later to display the diseased areas. B. Statistical analysis of the diameter of the lesions,the error
bars represent the standard deviation (n= 10). C. Statistical analysis of the relative biomass of P. infestans ,the error bars represent the
standard deviation (n=3) ,statistical significance based on ¢-test, * * * indicates P<Z 0. 001

g 3 I RIESSnRKI I ARERBIFEEN G

Fig.3 Overexpression of StSnRK1 suppreses Nicotiana benthamiana resistance to P.infestans
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_ it T e
0~50% [50%~100%
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A AT 20 TR 6 45 4 R IR B T AR LE DI SR 8 43 3 AN 4545 B, fE i 35 GFP-StSnRK1 R ] GFP Mk h . i INF1 51 % ¥ 40
MIIRFE R R AL ; C. A0SR E SF R GE 1T 43T . R T (&1 T00 0 B0 40 A 29 FHT DA RS 36 09 IR 0 I 3 B 8. B3k o0 SR B 3 Wilcoxon Bk R AS: 55 .
® % FsR P<<0.01

A. Three grades of plant cell death were classified based on the proportion of necrotic area in the infiltration sites; B. Phenotypes of
INFI-induced cell death in Nicotiana benthamiana leaves transiently overexpressing GFP-StSnRK1 and control GFP plants. C. Statistical
analysis of cell death severity. Numbers above the bars indicate the total number of infiltration sites used for the analysis. Statistical sig-
nificance was determined using a one-sided Wilcoxon rank-sum test. * % indicates P<Z 0.01

4 StSnRK1 il INF1 5| & B ¥ A M 38 T PTI & 5%
Fig. 4 StSnRKI1 suppresses PTI response of INF1-induced plant cell death
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TEAR FCAR 1 BRI 33K GFP-StSnRK1 Fixi & GFP , H flg22 b3t fr . A BoRIEEK I ROS F B K T, RELFR 3 IREY¥E
B HIFRAEDE (n=23), B.C. 21 Y (L 46 M DEAR B DL AR SR %, iR ZLRER 10 WAV FEEMIRTEE (= 10), BEEBRMH &

WMk, x » » R P<C0.001

GFP-StSnRK1 and control GFP were transiently expressed in N. benthamiana and leaves were treated with {lg22. A. Reactive oxy-

gen species (ROS) burst levels were measured using the luminol-based method. Error bars represent the standard deviation from three

biological replicates (n=3). B,C. Callose deposition intensity was assessed by aniline blue staining. Error bars represent the standard de-

viation from ten biological replicates (n=10). Statistical significance was determined by a ¢t-test; * * % indicates P<C0. 001
5 StSnRK1 fMHIREHAHE (1222 B ESHEYEE R F LB KRITA

Fig. 5 StSnRKI expression suppresses flg22-induced reactive oxygen species (ROS) burst and callose deposition in plants
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1t Rk GEP-StSnRK1 ¥ Bt A% K 30 PE 8 A )
BB EES TXB GFP (K 3), %W StSnRKI
I A5 A FC A X 005 988 55 1 Pk (&1 3) 5 ik b 2=
5 D AT B AE T AN [ R 9 — o DU ELVE AR R Y
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T RE .
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T [ v 22 A S B B AR R NE A 9 S T IR S R
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A5 A 9 B B Y B AR RE 0. DN RE Sk A A
I, StSnRK1 A 2 A1 9y B A% 3 i O 5 98 4y
T, AT REAE BOR B B AR Y 5 A L O O S8 o I
R Y AE 09 B8 5 T oK L Gl 0 PTT SR . Bl
A AE Y AE B R T A BE ST FE . AR T L
1, StSnRK1 57738 o B R Ak & i PTI {5 5 it
TP SRR 1 T L I B AR LT Re L I 4 A
PTI [ R, J&%en] 38 if 8 (0 B AR 50 B o 2 1
M % 8 SFHAR IR A S StSnRK1 A B A

FHEY B A, i b 6l PTT R 2 /9 B4k 4
B

i LR ARSI R T StSnRKI fEFEY)
H5EomEHE LA T AR EDIRE, £ 5 T XY
SnRK1 % MYy fE 2 FEME DGR, Sy B A Y — A
JE B EAE AL AR S TR 0 B AR B . e N 2
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TV B0 928 5 1) 43 F HIL S Ay BEORS M | = R0 B R
W R AR LB

SEZ ik Reference:

[1] DEVAUX A,GOFFART J P, KROMANN P,et al. The
potato of the future:opportunities and challenges in sustain-
able agri-food systems[ ] ]. Potato Research ,2021,64(4):
681-720.

[2] WANG Z J,LIU H.ZENG F,et al. Potato processing in-
dustry in China: current scenario, future trends and global
impact[J]. Potato Research ,2023,66(2) :543-562.

[3] DONG S M,ZHOU S Q. Potato late blight caused by Phy-
tophthora infestans :from molecular interactions to integrat-
ed management strategies[ J]. Journal of Integrative Ag-
riculture ,2022,21(12) :3143-3159.

[4] PEREZ W,ALARCON L,ROJAS P,et al. Screening South
American potato landraces and potato wild relatives for no-
vel sources of late blight resistance [ ]J]. Plant Disease .
2022,106(7) :1845-1856.

[5] MAJEED A,SIYAR S.SAMI S. Late blight of potato: from
the great Irish potato famine to the genomic era-an
overview[ ] ]. Hellenic Plant Protection Journal, 2022,
15(1):1-9.

[6] WANG Y,PRUITT R N, NURNBERGER T,et al. Eva-
sion of plant immunity by microbial pathogens[]]. Nature
Reviews Microbiology ,2022,20(8) :449-464.

[7] NURNBERGER T,KEMMERLING B. Chapter 1 PAMP-
triggered basal immunity in plants[J]. Advances in Botani-
cal Research ,2009,51:1-38.

[8] NAITO K, TAGUCHI F,SUZUKI T,et al. Amino acid se-
quence of bacterial microbe-associated molecular pattern
{lg22 is required for virulence[J]. Molecular Plant-Microbe
Interactions ,2008,21(9) :1165-1174.

[9] KAMOUN S, LINDQVIST H.GOVERS F. A novel class
ofelicitin-like genes {rom Phytophthora infestans[]]. Mo-
lecular Plant-Microbe Interactions, 1997, 10 (8): 1028~
1030.

[10] BOLLER T,FELIX G. A Renaissance of elicitors: percep-



* 546 -

mode oK

W= ik

35 4

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

tion of microbe-associated molecular patterns and danger
signals by pattern-recognition receptors[ J]. Annual Re-
view of Plant Biology »2009,60(1):379-406.

COUTO D, ZIPFEL C. Regulation of pattern recognition
receptorsignalling in plants[ J]. Nature Reviews Immu-
nology -2016,16(9) :537-552.

TANG D Z,WANG G X,ZHOU J M. Receptor kinases in
plant-pathogen interactions: more than pattern recognition
[J]. The Plant Cell ,2017,29(4) :618-637.
BAENA-GONZALEZ E, ROLLAND F, THEVELEIN ]
M,et al. A central integrator of transcription networks in
plant stress and energy signalling [ J ]. Nature. 2007,
448(7156) :938-942.

RODRIGUEZ M, PAROLA R, ANDREOLA S, et al.
TOR and SnRK1 signaling pathways in plant response to
abiotic stresses: Do they always act according to the “Yin-
Yang” model? [J]. Plant Science,2019,288:110220.
WURZINGER B, NUKARINEN E,NAGELE T. et al.
The SnRK1 kinase as central mediator of energy signaling
between different organelles[J]. Plant Physiology 2018,
176(2):1085-1094.

HULSMANS S, RODRIGUEZ M, DE CONINCK B, et
al. The SnRK1 energy sensor in plant biotic interactions
[J]. Trends in Plant Science ,2016,21(8) :648-661.

HAN X Y,ZHANG L,ZHAO L F,et al. SnRK1 phospho-
rylates and destabilizes WRKY3 to enhance barley immu-
nity to powdery mildew[ J]. Plant Com munications ,2020,
1(4):100083.

LUO JJ, YU W Y,XIAO Y S,et al. FaSnRK1a mediates
salicylic acid pathways to enhance strawberry resistance to
Botrytis cinerea [ J]. Horticultural Plant Journal, 2024,
10(1) :131-144.

SHEN W, HANLEY-BOWDOIN L. SnRK1: a versatile
plant protein kinase that limitsgeminivirus infection[]].
Current Opinion in Virology ,2021,47:18-24.

SHEN Q T.LIU Z,SONG F M,et al. Tomato SISnRK1

protein interacts with and phosphorylates BC1,a pathogen-

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

esis protein encoded by a geminivirus f-satellite[ J]. Plant
Physiology »2011,157(3) : 1394-1406.

SRAVYA G,JEYARAJ] G,VADIVELU A.,et al. Molecu-
lar characterization of chilli leaf curl Ahmedabad virus:
homology modelling and evaluation of viral proteins inter-
acting with host protein SnRK1 and docking against fla-
vonoids-an in silico approach[ J]. Theory in Biosciences .
2023,142(1) :47-60.

WANG F,YE Y,CHEN X,et al. A sucrose non-fermen-
ting-1-related protein kinase 1 gene {rom potato,StSnRKI ,
regulates carbohydrate metabolism in transgenic tobacco
[J]. Physiology and Molecular Biology of Plants,2017,
23(4):933-943.

ZHU L,ZHANG N, WANG K,et al. StSnRK1. 1 protein
kinase positively regulates tuber dormancy release of pota-
tolJ . Scientia Horticulturae 2024 ,337:113505.

FAN G J.YANG Y.LI T T.et al. A Phytophthora capsi-
ci RXLR effector targets and inhibits a plant PPlase to
suppress endoplasmic reticulum-mediated immunity [ J J.
Molecular Plant ,2018,11(8) :1067-1083.
ZHU W Z, WU D Z,JIANG L X, et al. Genome-wide
identification and characterization of SnRK family genes in
Brassica napus [ J]. BMC Plant Biology . 2020, 20 (1)
287.

JIANG B H,LIU Y K,.NIU H L.et al. Mining the roles of
wheat (Triticum aestivum) SnRK genes in biotic and abi-
otic responses[ J]. Frontiers in Plant Science,2022,13;
934226.

AKBUDAK M A.,YILDIZ K,CETIN D,et al. Character-
ization of ZmSnRKI genes and their response to aphid
feeding,drought and cold stress[J]. Genetic Resources and
Crop Evolution ,2024,72(1) :735-749.

ZHU X,ZHAO Y,SHI C M. Antagonistic control of rice
immunity against distinct pathogens by the two transcrip-
tion modules via salicylic acid and jasmonic acid pathways

[J]. Developmental Cell ,2024,59(12) :1609-1622.



33 XSO BB B A 1 W TR SeSnRKT S 1) PTT SR 82 S5 1§ 428 L0 o 80008 Y28 46 1 0 M T 5 © 547 -

StSnRK1 Negatively Regulates Plant Resistance to
Phytophthora infestans by Inhibiting PTI Responses

LIU Zewen,DING Liwen, WANG Weihang.SA Ren,QIN Yalan, WANG Hongmei,
MENG Yuling and SHAN Weixing

( College of Agronomy,Northwest A&F University, Yangling Shaanxi 712100, China)

Abstract In this study,we investigated the role of potato SnRK1 ( StSnRK1I)in plant immunity and
its expression dynamics during P. infestans infection. Reverse transcription quantitative PCR (RT-
qPCR) was used to examine its expression pattern,and Agrobacterium tumefaciens-mediated transient
gene expression in Nicotiana benthamiana was conducted to assess its function,followed by inocula-
tion with P. infestans. The results showed that StSnRK1 was upregulated in the late stage of P. in-
festans infection. Overexpression of StSnRK1 reduced N. benthamiana resistance to P. infestans.
In addition,overexpression of StSnRK1 inhibited pathogen-associated molecular pattern (PAMP)-trig-
gered immunity (PTI) responses,including INF1-induced cell death, flg22-triggered reactive oxygen
species (ROS) burst,and callose deposition. In summary,this study demonstrates that the potato pro-
tein kinase gene StSnRKI negatively regulates plant resistance to P. infestans by suppressing PTI re-
sponses.
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