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 E: Flg22 B ERN (flagellin ) N WfRF 1Y 22 MRS G MAKEL, A RTAEY) e b 08 7 v R E AR
FH, B TR i s BE 5T . T AT A A flg22 F kA fem , HopUBEib i 52 BR o PRk, AR B ST R 5T f1g22
R FAZ 3 R A RS TR S e T R, PPEAG R AR T f1g22 JERRM W ATk . BRI it G 1 pET32a-11g22 %
FIRENR, [LE 28 CH 37 CHERIME FWEARAME, HailKNE 1g22 MK RAFWKE 1g22 & AL AR 2
FiGPES (reactive oxygen species, ROS) M A4S, KiFHIIGE, 4R IR 28 TH g2 HEAEF M HEAEE ;
ROS MEZE SRR, 7F—EWELHN, ROS WM AER flg22 &AW NS, HE—3¥% 60, 600 pg/mL
1y flg22 FEHE I M 2.27 pg/mL flg22 5 R4 IAMEB I T AR R, 3 d J5, #RREZE S E0R 28 f Xam( Xanthomonas
axonopodis pv. Manihotis, Xam) IR, S5T0H /KA, 2 f1g22 Mol 1g22 40 I Ah 31 0 A ZEHE ik 24 22 B0 Hh X
Xam (9 8 EMEPCR, H 60, 600 pg/mL flg22 & BN HERCR Y RE LT 122 MK . ABFFE0I L0 1 ) f1g22 E41E
R AZ R IR A, IF0UE FLAE 15 S A B A i) 107 A9 B B 5 e B B AT — 3k, A DL flg22 Fd 2 PR AR A e kS it
H B AR YR
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Prokaryotic Induction of Recombinant FIg22 Protein and Functional
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Abstract: Flg22 is an artificially synthesized 22-amino-acid peptide derived from the conserved N-terminal region of
bacterial flagellin, playing a crucial role in regulating plant immune responses. Due to the high cost of artificially syn-
thesized flg22 short peptides and limitations for large-scale application, this study aimed to determine the suitable con-
ditions for prokaryotic induction expression of the flg22 protein and to verify its function, thereby determining whether
it could replace the commercially used flg22 short peptides. In this study, the pET32a-flg22 prokaryotic expression
vector was synthesized, and we then compared protein expression efficiency under induction at 28 ‘C and 37 ‘C. Addi-
tionally, we detected the dynamic burst of reactive oxygen species (ROS) in cassava treated with flg22 peptides and
flg22 proteins at different concentrations to validate the functions. The results indicated that 28 C was the optimal in-
duction temperature for inducing flg22 protein expression. ROS measurements showed that within a specific concentra-
tion range, the peak intensity of ROS increased with the increase in flg22 protein concentration. Furthermore, after
spraying cassava leaves with 60 pg/mL and 600 pg/mL of flg22 recombinant proteins, as well as 2.27 pg/mL of flg22
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peptides, for three days, we inoculated plants with the pathogen Xam (Xanthomonas axonopodis pv. manihotis, Xam).
Compared to treatment with sterile water, both flg22 protein and flg22 peptide treatments showed significant antibacte-
rial effects against Xam in cassava plants, with the 60 pg/mL and 600 pg/mL flg22 protein treatments showing notably
stronger antibacterial activity than the flg22 peptide. The results preliminarily identified the prokaryotic expression

conditions of flg22 recombinant protein and verified that its function in inducing plant defense responses is consistent with
that of the peptide, providing a theoretical basis for substituting commercial peptides with flg22 recombinant protein.

Keywords: prokaryotic induced expression; flg22; peptide; pathogen; reactive oxygen species
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(RER—TE B, B T 44t L A R 4 i 2 1 1)
GaESZ RS A W 20 M A R 3 37 AR R ST
() 995 JR AR A 6 4 7 45 X ( pathogen-associated
molecular patterns, PAMPs ) J5 1] L% PAMP
fih % %9 ( PAMP-triggered immunity, PTI) B!,
TEME ¥ 50 AR RS R b, MY C S
BT R (resistance ) KA, @i &1 TR
AR, BRAE R SPE TR e I T A% 338 1 S0
R, DT 375 S A 40 %) B 0 IS o Wﬁﬁf%ﬂ
RAPE (effector-triggered immunity, ETI) P, H
H PTL 2 AE W) 7 A5 [ G A o — 2 B R e, 11
w, R R R R . LT B L
AT A RN A2 ARG, TGS AR Y f
e BT

YR B AR N AR S S A O RS,
T R B 1 RSN B R B Bk
WA T AR ( Pseudomonas syringae pv.
Tabaci, Pst) HLEEHH B G 5 A2 i 6 2R
fil 2 19 o i X % A S5O A TR P HE R 2R 1T 8
5538, A T M B AR Y N A — B e
RSP, B 1220, Y flg22 whAt Yy s &
geiflE, AR EOEIE PUHE S E R, IR EEUr
g & IEPES (reactive oxygen species, ROS)
WK, RN IHFEHESIE MRS G515
fig E’J?Hﬁ fSJﬂﬁlUiT” %ﬁﬂﬁ*ﬁ%?ﬁﬁﬁﬂfﬁ)ﬁﬁi/\fx
1y “S—IER LT Y I, TAEY) e A O
i, flg22 A“%ﬁﬁﬁ@%% FUASTALLAH T2 S5 I
R AR IR b, B I R T A R
( Xanthomonas campestris pv. Campestris, Xcc)
MIEE AT N ¥ ((f1g22 ) 2 ME—Refl & LR
AR S 0L ) DX I, 00 P v 3 e H s R R A2
& FLAGELLIN SENSING 2 (FLS2) i3l flg22,

MﬁFﬂ%ﬁmﬂm]@mﬁﬁﬁ%ﬁr§%%
FERGIES, ol R s S om0,
%iﬁﬁjLﬂE;k,ﬁﬁdﬁmimuﬂg22‘T§i%§%ﬁﬂ+$E¢%Bﬁ%L
FRPEUY . Bildn, 24 flg22 Ab PRI R ST 4 T
I MAPK Z5 R s i 1200 >HED A% 5%
s | W5 T Y AR A AR R A DG R
RSN B FR ARk, R flg22 Wi if @Mi
UG WS 55 R B LA RS AR i o =
ﬁﬁ,wwml%ﬁwﬁﬁﬁ%ﬁﬂyZ%%%
ROS #%, WEHTAMEL (Nicotiana ben-
thamiana ) % T 75 i i i dodk

M f1g22 FHRHEYSER AT ER Oz
TS R R A A B B R AT e 1
HET M, ARRETHHEZRIERG L™
flg22 B M IR T 1T Wik S
M AR Tne, IS R AR AREET T L
BE NI f1g22 A& AR A AR Al 7 4
HESERECHE S . AR E A& 5 KT BE
P —BE AT T IRE, RIE SR AR et
CIERR RS

1 #RlER=E
1.1 ##

RIGA R AR oM R 124, JHROAS FOAR R,
P g 1) JE A% 22 3R 44 pET32a-f1g22 I FH IRYIIAE K
BB ABRAE CLUF R “ERAFT ). flg22
R A LT AR R RAEYEARERAR (LT
fBIFR AN ),
12 FHik
1.2.1 flg22 Ha#H AR & EiLERA A
B pET32a-flg22 7 H Rk #AAk , $HL pET32a-ﬂg22
Jks, DABURLAN , 973 pET32a-f1g22 Y B,
T BT i L VK S IE B RN
122 flg22&awifEF 145G pET32a-flg22
TR % A KT E DE3 1, H7% PCR Kk
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FHPESERE S A 5 mL LB (100 mg/mL & %34
) WAREEFRIE, BT 37 °C. 150 r/min ¥R H
ISR 10 h, BUEEFEKMAZE 20 mL LB
(100 mg/mL 2 FHiER ) WikEEFRE S, K
T ODgoo PHEE % 0.1~0.2 Ji5, LA 37 “C . 150 r/min
(FE IR AR S 1E 77 2 ODgoo fH M 0.5~0.6, LA IPTG
BAWE N 1 mmol/L, 433 T 28 ‘CHI 37 C.

150 r/min s57F T 523558 0h fl 6 ho WUERIT,
R I B0 B PIE RS UE, AT RSE
F ARG

123 Fopraikidée BUAFRMNEARERS
Sx FREZZE R (5 SDS. B-Fmdk L) fIARE
J a4 1IREE, 95 CAE#E 5min, K R HGHE
17 SDS-PAGE Hiyk, HIKZH G, BEIL% D
SEW LA (0.1%% DI sE i R-250, 50%HBE,
10%0K 208 ) Yt 2y 30 min, SR F % D
WAl (50%KLFR, 50% ) #HATHi
o, HEANEWOWER BB LR A&, iR
AT o

124 &% % (western blot) S
SDS-PAGE JyikAbFHER RS, MIKES R, B
SDS-PAGE # i % #2 %] PVDF B [ ( &5k i
280 mA, 15 min) , ¥ PVDF i A 1xTBS ¥k
(2 S%WIRWRY ) HEMAL 1 h, RIG5 P
B 2h, #ES5 PR E 1 h, B2 1xTBS Bk
3W (RS ) , BIK S min, Z5H 5B
AL PR PVDF X 1 min, KA R ECL fb2ek
Mk FEER R R G B .

1.2.5 ROS #HA&An  FATILARH & EA 6 mm

MRS AL, I 1 4 ) T K e K
JETAL I 12 b i SR RS % 96 LA (il bR Al
ALAINA 200 pL SUW [ 0.2 pmol/mL K34 |
10 g/mL HUR i E LW ( horseradish peroxidase,
HRP) K f1g22 & F/MAR], Hrh f1g22 %Ak ik
FE R 1 pmol/L (A2 4f5 AH XF 7 + it & 4 55
2.27 pg/mL ) , flg22 HHBHKIE N 60, 120, 240,
360, 480, 600, 720 pg/mL, SRJGHEERRCE T
2 R A E A2 RIS B, Ge it Ao
FE4:4] ROS Jg & £k
126 mBREAEFZ @A HMNZ B Xam
( Xanthomonas axonopodis pv. Manihotis, Xam)
PR FH VR 1 LB K557 36 4F 28 “C. 150 r/min $% K
B 12 h, BOWUERRER, HERER (& 1 mol/L
MgCl, ) HAETEIKE ODgoo fHH 0.8, fii TS %
PR TRRE S AR E M R, 5 FHR S 0 d
K 6 d BUEAR 12 mm M 4140, DRSS #
Wik, WA T LB [BAHR, 28 CHiFE 12 h J5IT
BT TR
127 smesr@Askit fEARZEHF FHEF Xam
bk 6 dJ5, XA AZLERA I F &0 X A IR,
R AL BRI 20 NS, [ Imagel B4
(v1.501 )il e BE AR, I EA7 25 55 0 2 00 T

2 ZBRESW
2.1 PpET32a-flg22 #HiEm&

pET32a-flg22 # Ak R ARG, LAEUA
Jokr AREAR Y 3% B R B, R FBIR BEEE L R
RO EATIRAE, W 1A BB FiR, P

3000

A: Ll pET32a-flg22 FikiP A PCR /4, M: DL 2000 bp DNA Marker; B: pET32a-flg22 k&,
A: PCR product amplified from the pET32a-flg22 plasmid, M: DL 2000 bp DNA Marker; B: Vector map of pET32a-flg22.
B 1 flg22 #HiEE

Fig. 1 flg22 vector construction
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Pyl RN T — 2, 3 W flg22 4t Fr 5 2 IE
i4fi A pET32a 2K, AR EHRLI) .
22 flg22 EBMIEZIEFRIE

w2 fros, BoEsEiEge (K 2A) 5
Western blot ( &l 2B ) 73 H7 {7~ A [A] i 36 B 34 g 175
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37°C

M: TRYE A ST 2 (19~117kDa) |,
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Emmma%mﬁﬁ%ﬁ%Liﬁ%QSC 1

WRERN f1g22 HinEAFK W R EREST
37 Cﬁ‘%?rmﬁao GERLRW], TE 28 CHAMFTHE
i A pET32a-flg22 HHMIEFERIE, WIEHE
28 “C 2}y pET32a-flg22 Ay HefEis SR IKIRIE .

Western blotfa: il % o v ]
p ) e} & cg.» &
'»'»'»”"» '1,'» ’»’»“”\?'\?
S I SIS
e u $PESESEEEEES
117—
90—
49—
35—
26 — -
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19—
0h 6h Oh 6h
28 C 37°C
kR HEEM .

M: Pre-stained protein molecular weight marker (19—117 kDa), and the arrow indicates the target protein.
B 2 pET32aflg2 ZAAFBRETHERFSRIE
Fig. 2 Protein induction and expression of pET32a-flg22 at different temperatures

2.3 flg22 = ROS =4

AW 5T R AL 2% BB T A [R) ok
pET32a-flg22 £ (60, 120, 240, 360, 480,
600, 720 pg/mL ) 5 2.27 pg/mL % Ik &b 3 A 22 -
)5 ROS #: & W ah 548k, LT K X R,
B f1g22 HH ¥ REMM & ROS Mgk . —F b
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EEWE N 60 pg/mL B, HiFE T 1 ROS &K
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2.4 5N flg22 EE X R EER NG

A B 5% 38 A 7E R B I E R W i G T K
(CK) . flg22 5k (2.27 pg/mL ) . A[R1H (60
@m@mJMﬂyM%ﬁsd J& HeRP Xam 407 ,

£50d H6d I 4 TR £ M BE T AR AR AL .
,%Eﬁyﬂyzﬁ%&ﬂy2§ELﬂmeﬁ
(A2 A SO BE AU . CK A B TR, H
BEMEYEE (60, 600 pg/mL) H4in, flg22 &
Ab B2 1 20 R AR S o B T RS AR T flg22
AR (K 4) o DIESSREN, f1g22 HE M f1g22
FIRR S BA MR AOR AR B f1g22 84 H ry )

RRCR B E LT fg22 Mk, Jf H flg22 & H Ay
BRSO Bt LR 32 A 38 i g o

3 iTig

TEREYIIR T flg22 5 S0 S S L e A )
YU B R e i R Pl G EEPE T, P E ReA
WZZ W BN, ARG ER A . B
IR R IK DL K RGNS 5L T4
flg22 Ji JIKH Bl AR A P o k5 v 19 v 305
U H S TR AR s B, R
AL R Y R, ARS8 i 7 0k flg22
HHEZREEEE S &M, JE SR
f1g22 5 IRTES S i P AU 2 s T AT Xt I
B ﬂg22 T A R A i, A i

ﬁiﬁﬁ?’?ﬂﬁ TrA B HIE AR
%%ﬂﬂ%%%élﬁﬁﬂﬁa@%l% AN [F]
) fXTEEB’J%%ﬁ%HIJJ B deE v, B
HKEW 37 CHESFEA LB WKIE R, Wi
20~28 °C Al {2 w5 e E A e 0 AT
SELE IR, 28 C o flg22 & & HINIA S IR,
SR 5 ZH R AR BV R — 8, FlnEAR
% MeCREB. /N TaWTGI. 3% Sml4-3-3
¥R 28 °c%ﬁ3§5rﬁé|éﬁi_ﬁhﬁr””3 T B
flg22 FH M EGE HERIRE S, Toit—2L 5k H
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-~ H,0 - 227 pg/mL f1g22 %Ghk - 60 pg/mL pET32a-flg22 - 120 pg/mL pET32a-flg22
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B3 flg22 EEXAE ROSKFHF M
Fig. 3  Effect of flg22 protein on ROS levels in cassava
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Fig. 4 Effects of exogenous spraying of flg22 protein on bacterial counts and lesion areas level in cassava

EYIREINRE . ARBFFELL ROS 4 & KGNS 5,
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NADPH 4B S 19 ROS 48 & 2 M1 W) i JU g
(A0 SN, KT RO'S 48 42 T T 422 S5 Mk £1g22
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T A5 K RE & R Z 0 /) ROS 3
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552 4

TR Flg22 EAEAMNEZES LS g22 KK DItE b 369

KRG, IK R SZ AR FE S OSRLCK 185 1E [ 45
f1g22 #5371 ROS Mgk, (A7 38 b
ROS FUE, Bt B B0 1) S e 5 5 v RE I &
ROS JERRHLHI,

T UL LIRS, fE AT f1g22 R B
BOR B S I, 43w PR MR B 4H( 60 pg/mL ).
M B 4H (600 pg/mL ) Al flg22 JE Ak ( 2.27 ug/mL )
F S, LLICEAK X IR, B TR R ]
W AT R KA ER, 3 NS 2H Y Ab BE Y X
Xam PRI H W3 M R RCR (P<0.05) , flg22
R R AR B Xam F) 41 il 55 S Bl 4 2 11V B 1 T
mitdns, HARWEEA (60 ug/ml) 5EikEH
( 600 pug/mL ) flg22 & [ 1 41 B A50C5R 0 0 T
flg22 Rk, BARFRINAREM Frh Xam 4H# %L
o G B I AR G D X 5 LT PR R S AR
JEEH% HOLFG1 7548 %) fo g5 Hh (0 B RE s T 75 235 SR AH
1, F 20 pmol/L flg22 4t F LR I+ A FC AR 5 )
KIPERERG s/, #28 HbLFGL nl #ili il B
f1g22 175 T (R HPE TN o 3E— 20 X6 SR ek il 45
5 f1g22 RN RS HEATLEA ST 2 B, TR
AR 1g22 R FTER & A L3RI o 3
h#. ULl LEFRERRIE, RBHHELERS
R SFEA A Z) g 120 96, FIERIEZY 15 mL
FAREE W, HBA A2l 2.0~2.67 JC/mg, i
Rk flg22 JERK (WA F AW AR, s>
95% ) A 600 JG/mg, WMAZERRIKN 225~300 %, it
Gh, WHLBLACA 7™ M % &, PRIk RS v]
T K IR F5 0 — A BRI B AR 2 AR
S, flg22 FAL R A 7EAR RUBLAE N FH
LA W B 4 U w4 A S A

i bk, FEREE S AT, R AR
flg22 & [R50 A IR AE g i5 5
he, HEBGSRBA .. Sl . TRELA ™1
PRI, R TF R T f1g22 F R S B Hi ) 28
FE RHESLA , AR A E R B Faifk T2,
P HAR e, A WSS

S % 3Lk

(11 T, 52, Kb, Wi, PRt BB JLT B
11922 753 A BRI 1 So K Sy £F B0 I AR (D], PYIL AR
Yy, 2024, 44(8): 1190-1200.

GONG X F, XU Y, SONG Z F, CHEN X, CHEN Q, HOU S
H. Characteristics of innate immune physiological response

induced by chitin and flg22 in pepper seedlings[J]. Acta

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

Botanica Boreali-Occidentalia Sinica, 2024, 44(8): 1190-
1200. (in Chinese)

FIRETE. A RIR G 5> T AT HEFE[T]. AL BT
7%, 2023, 29(8): 116-119.

WANG X Y. Research progress on molecular mechanism of
plant immune system[J]. Modern Agriculture Research, 2023,
29(8): 116-119. (in Chinese)

CHEN H, LI M, QI G, ZHAO M, LIU L Y, ZHANG J Y,
CHEN G Y, WANG D W, LIU F Q, FU Z Q. Two interact-
ing transcriptional coactivators cooperatively control plant
immune responses[J]. 2021, 7(45):
eabl7173.

Fa X, 208, BER, EVE, . YU L
HITFFEIE R[], FhF, 2006(2): 45-50.

LIJY, LI G, ZHAO H X, WANG X L, DU Y. Research
progress on the molecular mechanisms of plant disease re-
sistance[J]. Seed, 2006(2): 45-50. (in Chinese)

JURE, AeeE, BB, IR A AR e R S e STk
JE[D). 4> FAEYIERR, 2018, 16(3): 821-831.

YAN X, NIU X L, TAO J. Research advances on patho-
gen-induced plant innate immunity[J].
Breeding, 2018, 16(3): 821-831.(in Chinese)

T tet, ThiUE, TRIBRE. 20 TR HIEE B P S e A5
RO S [0]. v [ 2B W i b 2 2% 7, 2023, 36(6):
764-768.

XIANG T T, MA S M, WO E K. Research progress of bac-
terial flagellin as a vaccine adjuvant[J]. Chinese Journal of
Biologicals, 2023, 36(6): 764-768. (in Chinese)

FELIX G, DURAN J D, VOLKO S M, BOLLER T. Plants

have a sensitive perception system for the most conserved

Science Advances,

Molecular Plant

domain of bacterial flagellin[J]. The Plant Journal, 1999,
18(3): 265-276.

FiksE, =S8R, 20, 5. 1222 HRNMR T R4
O3 BT AR AR R AR A [T]. h E A TARRGE,
2014, 34(5): 30-38.

YU X X, GAO J J, L1 Y, LI J. Transcriptome analysis of
Arabidopsis thaliana and changes of glucosinolates metabo-
lism pathway induced by flg22[J]. China Biotechnology,
2014, 34(5): 30-38. (in Chinese)

TIREE. Flg22 AL IT % A b T il ARse e
M43HT[D]. FA/REE: ARALfOl R, 2014,

YU X X. Analysis of Arabidopsis thaliana transcriptome and
glucosinolates metabolism induced by Flg22[D]. Harbin:
Northeast Agricultural University, 2014. (in Chinese)

SUN W X, DUNNING F M, PFUND C, WEINGARTEN R,
BENT A F. Within-species flagellin polymorphism in Xan-
thomonas campestris pv campestris and its impact on elicita-
tion of Arabidopsis FLAGELLIN SENSING2-dependent de-
fenses[J]. The Plant Cell, 2006, 18(3): 764-779.



370

Fics 47 %

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

SRACE, IREE, KB, ZEH. AW RN IR SF 4
TR I AT T R[], AR B4R, 2025,
55(4): 700-714.

ZHANG S X, CUI L J, ZHANG M X, AN Y Y. Research
advances in pathogen-associated molecular patterns (PAMPs)
of phytopathogenic bacteria and their induced immune re-
sponses[J]. Acta Phytopathologica Sinica, 2025, 55(4):
700-714. (in Chinese)

Rasn, BB, WA, ANJAGO W M, BEFRR, #LF]
WE, 2, EAN. BELSE A PmCAL FIHIARY) PTI G )5
PEFERR IS BRG], R IR, 2025, 55(1): 65-75.
LIU HR, LU J Q, SHEN R B, ANJAGOW M, XUEY W,
WEI L H, JIUM, WANG N. PmCAL inhibits plant PTI im-
mune response and promotes pathogen infection[J]. Acta
Phytopathologica Sinica, 2025, 55(1): 65-75. (in Chinese)
KOUEF,LUOZX, YEJY, CHEN X, LU D, LANDRY M
P, ZHANG H L, ZHANG H. Sunlight-sensitive carbon dots
for plant immunity priming and pathogen defence[J]. Plant
Biotechnology Journal, 2025, 23(6): 2150-2161.

YANG B, YANG S, ZHENG W Y, WANG Y C. Plant im-
munity inducers: from discovery to agricultural applica-
tion[J]. Stress Biology, 2022, 2(1): 5.

CZEKUS Z, MARTICS A, POLLAK B, KUKRI A, TARI I,
ORDOG A, POOR P. The local and systemic accumulation
of ethylene determines the rapid defence responses induced
by Flg22 in tomato (Solanum lycopersicum L.)[J]. Journal of
Plant Physiology, 2023, 287: 154041.

YUAN M H, JIANG Z Y, BI G Z, NOMURA K, LIU M H,
WANG Y P, CAIBY, ZHOU J M, HE S Y, XIN X F. Pat-
tern-recognition receptors are required for NLR-mediated
plant immunity[J]. Nature, 2021, 592(7852): 105-109.

CHI Y, WANG C, WANG M Y, WAN D, HUANG F F,
JIANG Z H, CRAWFORD B M, VO-DINH T, YUAN F,
WU F H, PEI Z M. Flg22-induced Ca®" increases undergo
desensitization and resensitization[J]. Plant, Cell & Envi-
ronment, 2021, 44(12): 3563-3575.

TAKAI R, ISOGAI A, TAKAYAMA S, CHE F S. Analysis
of flagellin perception mediated by flg22 receptor OsFLS2 in
rice[J]. Molecular Plant Microbe Interactions, 2008, 21(12):
1635-1642.

THAPA A, SHAHNAWAZ M, KARKI P, DAHAL G R,
SHAROAR M G, SHIN S Y, LEE J S, CHO B, PARK I. Pu-
rification of inclusion body-forming peptides and proteins in
soluble form by fusion to Escherichia coli thermostable pro-
teins[J]. Biotechniques, 2008, 44(6): 787-796.

FIUT, X, £, £508, dmit, Bz, s 58
A, AR MeAHL3L kA v M HAE U A i e ik
SHAL. A E R, 2019, 17(5): 1430-1437.

[21]

[22]

(23]

[24]

[25]

[26]

[27]

WANG Y Y, LIU J, WANG S, FUS P,LIR M, YAO Y,
HU X W, GUO J C. Molecular cloning of cassava MeAHL31
gene and its expression and condition optimization in pro-
karyotic cells[J]. Molecular Plant Breeding, 2019, 17(5):
1430-1437. (in Chinese)

FB, X, FFANE, B, ZEEHE, Bhiz, WIEC, #8
. ARE MeCREB LN 7T Ve ke BILAE R AH i
HFEMIAL). TP E R, 2018, 16(10): 3168-3173.
WANG S, LIU J, FUS P, DUANR J,LIR M, YAO Y, HU
X W, GUO J C. Molecular cloning of cassava MeCREB gene
and its expression and condition optimization in prokaryotic
cells[J]. Molecular Plant Breeding, 2018, 16(10): 3168-3173.
(in Chinese)

dOCHr, BRiEE, SR, X EA, REYE. N
TaWTG1 WYJERZRIA | Akl 2902 RGO HT ). &
WA AR, 2019, 27(10): 1711-1719.

ZHANG W J,CHENH C,GUO L J, LIU X L, ZHAO H X.
Prokaryotic expression, purification and deubiquitinase ac-
tivity assay of TaWTGI in wheat (Triticum aestivum)[J].
Journal of Agricultural Biotechnology, 2019, 27(10): 1711-
1719. (in Chinese)

ifredn, LAbEL AR, VREE. J12 Sm14-3-3 S
velE . BB R R IB ). R E A,
2022, 47(18): 4886-4894.

SHI C J, WANG S W, PENG J M, XU H Y. Gene cloning,
induction, and prokaryotic expression of a Sm14-3-3 protein
from Salvia miltiorrhiza[J]. China Journal of Chinese Mate-
ria Medica, 2022, 47(18): 4886-4894. (in Chinese)

MACHO A P, BOUTROT F, RATHJEN J P, ZIPFEL C.
Aspartate oxidase plays an important role in Arabidopsis
stomatal immunity[J]. Plant Physiology, 2012, 159(4):
1845-1856.

EMONET A, ZHOU F, VACHERON J, HEIMAN C M,
TENDON V D, MA K W, SCHULZE-LEFERT P, KEEL C,
GELDNER N. Spatially restricted immune responses are re-
quired for maintaining root meristematic activity upon detec-
tion of bacteria[J]. Current Biology, 2021, 31(5): 1012-1028.
GUO J,PENGH, QI T, XU S D, ISLAM M A, DAY B, MA
Q, KANG Z S, GUO J. TaARPCS is required for wheat de-
fense signaling in response to infection by the stripe rust
fungus[J]. The Crop Journal, 2022, 10(1): 2214-5141.
WANG J C, LIU X, ZHANG A, REN Y L, WU F Q,
WANG G, XU Y, LEICL, ZHU S S, PAN T, WANG Y F,
ZHANG H, WANG F, TAN Y Q, WANG Y P, JIN X, LUO
S, ZHOU C L, ZHANG X, LIUJ L, WANG S, MENG L Z,
WANG Y H, CHEN X, LIN Q B, ZHANG X, GUO X P,
CHENG Z J, WANG J L, TIAN Y L, LIU S J, JIANG L,
WU CY, WANG E T, ZHOU J M, WANG Y F, WANG H



552 4

TR Flg22 EAEAMNEZES LS g22 KK DItE b

371

(28]

Y, WANG J M. A cyclic nucleotide-gated channel mediates
cytoplasmic calcium elevation and disease resistance in
rice[J]. Cell Research, 2019, 29(10): 820-831.

LIX,LISP,LIUY H, HE Q G, LIU W B, LIN C H, MIAO
W G. HbLFGl, a rubber tree (Hevea brasiliensis) lifeguard

protein, can facilitate powdery mildew infection by sup-

[29]

pressing plant immunity[J]. Phytopathology, 2021, 111(9):
1648-1659.

MAINALI P, CHUAM S W, TANDJ,LOOBL W, OW D
S W. Enhancing recombinant growth factor and serum pro-
tein production for cultivated meat manufacturing[J]. Micro-
bial Cell Factories, 2025, 24(1): 41.



