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T, B, A%, B, B, Fln, KHE
BeATE, B, T, KTH

WHTIHYE R A ar B2 22 e, &4 321004

WE  KHERSA)RED TR BEB G S 0T HYSAKE RS FSAMRUTERE K HAEY R A E R EE,
) v 255 A € R A (HPLC) R AH - 5 % 196 FH A (LC-MS) il 58 SA S &2 H A I 7 v, EAE LS8l @ & e . K
(Oryza sativa) T SAZG AU IEE H il M AR 82 MBI, SRR LK RESAM TR T AR R AF EEE L. %
N BV 3T SAE WAL B H Pk Acinetobacter sp. ADPWH_luxfili ESAKI /T H AT TR, 5L T /KFESAREEGH
ik, G TRERCRAERRIUL R, & B ARE . ST B I B O SSFERT D IR, AR R B FR, RIAHC
TRIE (17K R SAR U AR I8 A5 ARG IE T % 7 VAR AT ATHE, 8 25 150 1% T 45 -60 5 B /K R RAB IR e, SR1F— K H
SAE B R A B EB MG, KHHPLCIEN 5848 A ) JRSABEAT T B0AIE « 1% 75 15 7T F T SAFC I 98 45 Ak i 3% 57 ik S HAR
WHARSCEELE 2, SKRESIEYI I SAL I & AW Th s it 7t B BB S AN

XEiE  KRIE, VRS, Rl Rk, KR RAE, KAE

M, kAR, €, WA, WHE, FEBR, KEE, BFIrE, DHEE, 2% KAIE (2025). KRR R A R
BIRIEINE RS S M. A 60, 586-596.

K ¥ (salicylic acid, SA) X FRARER I HER, NahGH N M 5 3515 1 FE L R R AR v, SAFR R D,
118284F, ##[EHZ45 2% Johann Andreas Buchner A 7= % & 4i 3k 154 P HL 1% (systemic acquired resis-
MM (Salix babylonica) i1/ B Kt (—FE  tance, SAR), KW SAESAR™ L0 7RG 54> T
A9 7K ¥ 5L 1) 2 B- 4 4 B 7 ) LK (Ding and Ding, (Gaffney et al., 1993). XFSAHEW) Al ol B KB Fr
2020), £18594F, Hermann Kolbe® Vit A T. 77 1L 79 7+ (Arabidopsis thaliana) %< A8 14 ) & N BF 70 %
AR T SA. SAMERN—FhE R, w1, SAXHRHEALZ B Al K %% (pattern-trigge-
H I A R AR 25 (T 7532, 2001; Rivas-San  'ed immunity, PTIRIZUSIE Tk )% (effector-trig-
Vicente and Plasencia, 2011; Ahmad and Prasad, gered immunity, ETI)t81R # 2(Zhang and Li, 2019).
2012; #HHRSE, 2020; Koo et al., 2020; van But- HAr, Y CHISAG g1 EEA2%: 753
selaar and Van den Ackerveken, 2020: Saleem et XM & JlM(isochorismate synthase, ICS)i&f2MI%
al., 2021; Waadt et al., 2022; Shields et al., 2022). N 2 W fi# % B (phenylalanine ammonia-lyase, PAL)
SALLFE {4 5 (Nicotiana tabacum VFE kS HH 554 i & 1% (Dempsey et al., 2011). 7EH1KIEET, T
Wi (TMV) R0 3G 88 (White, 1979); [FIRF, 7E06JR SO & BB (ICS) AL BT 4 Hh (Y 73 SCIR B Ak 57t 70 5C
WAZ GG, MELAIEE N (Cucumis sativus )AE A& 41 i 1R, Ja# Ml Z A EZHPBS3 (AvrPphB Suscepti-
SAKF-ZJE T & (Malamy et al., 1990; Métraux et  ble 3)fEAL /™ 4= 5 7 S MR-43 A MR N & ¥ (1CS-9-Glu),
al., 1990; Rasmussen et al., 1991), £#SAtLZ SRIGH H K iR NSA (Rekhter et al., 2019). #£552
SR GRS . K AL KRR R KB, PALRIR A AR (Phe) ¥ b e AR IR
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(trans-cinnamic acid, t-CA), 2 J& B P4 I 4 g A
(cinnamoyl-CoA) % #% i (cinnamoyl-CoA Ligase,
CNL)fiEfb A s A B 4HEFA (Wang et al., 2024), )&
HW WA £ 4411 (abnormal inflorescence
meristem 1, AIM1)% {4 5 K H B2 (benzoic acid,
BA) (Xu et al., 2023), A5 iR 2K HR-2-¥2
1L (benzoic acid 2-hydroxylase, BA2H)%fBAF: 3
tk77 4 SA (Peng et al., 2021). H Hi % SAAEY&
IR KER 5 38 T30 pd 77 T ICSIB A2 I A T b, K FE
(Oryza sativa) bl Jz /N2 (Triticum aestivum)Z5E/EHI
SALEW) A S AR WA 1 B

T ) 2% 1) 5 1 R s AR A U RE 0 R AR
PR, AR AL 2 R A5 T7 A 2R
VAR, R AR 7 v R e T (PR S B
T4 5% £ [ A 2 HY (solid-phase  extraction, SPE)
ANE AL B S R, R U7k 2 ke, T E AL IR B
Y 9% I 5E ¥ (enzyme-linked immunosorbent assay,
ELISA). 7 i M 2 ¥ (high performance liquid
chromatography, HPLC). “fHf%i%(gas chromato-
graphy, GC). & A t& 1% - Jii 3% B¢ B (HPLC-mass
spectrometry, HPLC-MS). St % i 5 (GC-
MS) LAk B 411 Hi 3k (capillary electrophoresis, CE)
% (Liu et al., 2017). M 2 A8 A WA Bk 0 0 3=
(Sanders et al., 1989) % Ji& B GEKG I _E - FhAE P4 5
Yi(Yang et al., 2022). HHI, YA IESAE &1
E F E R #iHPLC 8{ HPLC-MS i (Verberne et al.,
2002; Aboul-Soud et al., 2004). {HIX 773k i 2
BT R85 2 B 5 A o 4 B SR vy, AN B
e, I HR ARSI E RN AR, R, ok
T KA ks ) 75 3K

Huang%%(2005)7F & | —FiSAE YL &2, fih
AR lux Rl 48 A A BT 15 # P Acinetobacter ADP1
FH, 44 NAcinetobacter sp. ADPWH_lux.
B\ TFluxfEES S/ B[R, 43 i RS 2 5% 2 Ik
(luxAFlluxB). ARG IERE, &5 EIuxC. i
luxDFI A BB UXE 58 -6 20 1 1) 5245 0 i ol s T
RN IAFAERT, TuxFE PR G B (1) 5% % i B 14 A P
s 2 7= A T R DA R K 299490 nm ) 4 .
luxCDEZ i 1) g 5 i i Ji7 il 526 0 U)K g 177 1 Sk
JER 8 0 W, AT ) BSCARE #A (1) S 82 A & (Meighen,
1993). %ML KA XTSA. HIFESARI& B SART

AW K TR B A = B 1 (Huang et al., 2005),
H k5 FE 5 SAR MR FEAEAR K3 BBl P A O (25 6 4%,
2009), i T YY) - SARE BT .

Huang %5 (2006) F| F 7K 7% BR 4 W) 4% 1% 2% 0 A 1
Prp R R B A RO ER A & . Marek%(2010)
F) F Acinetobacter sp. ADPWH_ lux > £, 5 7+ SAN
NI R AT T e s R e, UESE T 7 ik Re kil
P A AN [F) 2 R L (] SA/K P 1 2 57, W T SAKF
AR SRR I IR AL O . H AT X K RS EAT SAZE AR {4k
i 1% (R AR E B o FKFE I BOR HARBC T $ e Irt r
BN URAE, FTFLARHURE V5 K A8 A 96 FL PCRAR 4b 2 Jf:
ANTEFH, SIS IR /K B B A 56 SR 7% A P i i e 42
— o AT 50 P K RS O 0 7 v o AR AR S T KB
SAKIIRFE, FIFH CRISABAL IR BET T 364E, JF
I FHZ 7 15 DN il -6 0 55 2 i 5 175 A0 7K A 2R A% A P T ik
FISAT BRI R, T 527t .

1 MR5E5EE

1.1 #8

1.1.1  SEIeHH

FEAE A H ASES (Oryza sativa L. subsp. japonica
‘Nipponbare’) (NIP) & Hifi i F1IRBB7, 2 50043 H A&
% (NIP) F1 509 i F IRBB7 2 4 -60 5 28 48 51 15 28 1
M_2fCkk &, AR T 5% 1 5= K] R P R 4% A os sBhDMY/
NIP f it % ik #4 1 SSH1-OE, 34T i# Acinetobac-
ter sp. ADPWH_lux.

1.1.2  {UBF0RF
NaCIA H i (€83 2 ) ) B [ 24 45 14 2% 0 A BR 2
Al o SABRAE LG F V6 A% S B AR (IR S A TRA
Al o WERERRHUYIR AR R B R G R B (v
EN)ARAF

FOB A A A R B O LRI WA
(CCARME(EIg )R E R AR AT ) & ROAH 1
11260 (ZHEe R (P E)ARAR). 4 E SR
A (R E IR B IR A ) 2 I BEiRiE
P e ( FIF IR S AR A A w2V KR (L
BRI AR FRAKAE =M (L —EARARA
i) BEIE K6 A INFINITE 200 PRO (75 H (i)
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RAAR AT R %4 7 % 5% B 1 NanoDrop
2000c (FEER CH/REBH (P E)VERAR). 2 il
PR IRQB-208 (i1 7 HAR DURA S it A PR A7)
FGEIRAX (5 5 SRS 7 2 (it ) A IR A D)

1.2 A&

1.21  {HBEESE

# Acinetobacter sp. ADPWH_ lux i F £ T Hi LB
FRIZE, fEITCREFFFEH IR IE TR PRI TS, B
A5 mLEHLBIRE H. 37°CF220 r-min™ 4%
IRFEFR L2/ o SR G H1:20 (vIv) T LU Bl T, K
1 mL R EREAINE 20 mLEHILBIIS50 mLAfEH
i, 37°C P REIRKEFR2-4/ i, HZE0D=0.4.

1.2.2 HRAESE
KFEIE96FLPCRIR (B JE & V) E| A H) /K 35 2413 (5
BN 3FREF AR 18k oss5hDM/NIP #1 S5H1-OE
xR RERR KR T BT B 2K (AR SRR E Y
0.015g, HARMMEFRE, SHEBIMELH K
FEBTHL), B ZE A0 N 2 n600 pL LBIY96 4L
2 mLi 1, 96FLPCRHX 596512 mLAR AL B —— X .
¥969L2 mLIRTEIS CAF T /K305 8, HERE55>
BioRE 96 LA o 1 F B i 4 (e il A 5 5 IO ). 179641
2 mLAR g A R BB A H B RIS, W50 Lt
AR BV A 6) BT B A AR, AR AR 96 FL
2 mLAR AT B —— o I (e UG S 36 e AR /K G 1 e 24
) SRIG, W50 pLH b 0 B I N BEBRAR .
FEI7°ClEIRE FRAA T I B 559515/ . i Pl
SR AR R IS N 5 R e ML (o — A AR T U20K)
K b B L BRO6FLIR 96 s T LA IS, %R
T VR T 206 K WS 46 B O SAR B2, 16 B T BRAIC T NIP
J SAE B LI40% M E IR AT S 20k ik

1.2.3 BEEBX G RN AIRIES &

FT T B i e B A 2 A ORI 8+ Tecan i-control
(WA: 1.11.10). fEEMFE S “Measurements” ik
Wirp X “Luminescence” 29K, BHEEFR UL 2%
t. FLE “start” JRURKEIN.

1.2.4 BIUEHEERENESASE
HUK R F U B, FREZ90.1 gl O oK 1 B

f, N2 mLES G T, AT mL 80% HYEE ({41
all), A°C R 2 RS e F 4R IR I e R 214/if . 4°C
F18 000 xg & L2105 4#, W EIEW T HHI2 mLE
OEH, FIRVUEEHIANOC.6 mL 100% F (i
all), 4°C I 2 RS e 4R K e i I 514/ if . 4°C
18 000 xg&0107-8h, WL B3, RS B
TEWH, FEWACRT G300 ul 30% (1
4li), FHZ DhRsm etk 4 8, 4°C Rl £ Higle
FERR K e e IR 514/ NiF, 4°CTR 18 000 xg i 0210934,
BE0 A A mL— M TE T A A I B, A
0.22 pmyEMEId IE, K A3 SR BOBUBN AR BLAR K R
ffi, £5ll(Zhao et al., 2019).

1.3 RG-S

SIS HE BB I B BB IR R B 2 1E
i FlGraphPad Prism 9 (https://www.graphpad.com/)
AR BAE BEAT Gt o OR300 S A H e 3R AT
ZE i E T, P<0.05% /R £ R R #E, P<0.015
TN, P<0.001 R R 2 TR R

2 HRSWR

2.1 ##lAcinetobacter sp. ADPWH_IuxBE#keY
A B E i ERZ

T 56 ST Acinetobacter sp. ADPWH_lux ) /& 't 3 &
FRUEHIZE . B SAFRYE T INA600 pL LBIAWR +, f#3H
ZUWRFE Sy HIN01. 0.2, 0.4, 0.8. 1. 1.5, 2. 2.5.
3. 3.5. 4. 4.5%15 nmol-mL™". 4847 I SAkR
VR AV E T 96 FLIRALIR Y, 95°CF InFA304 4, ¥
HWE=FRG, WHS0 pLiR & (&) 2 B AR R
o, B IR A £ 47 1950 UL, 37°C T HE
FAMEREFR1.5/N) o FH G S 2 A IS s U R G AA
AT R RAE AN [F SAWKEE T IR G . R4 At
SR JE ST IR IZ R I RO R bR AR 42, T2 BoR
PRI PR (0 R 5 FE 5 SAUK S B AR G, T T SARIHL
WS PN € o

22 BREMNEKESASENRIERE

HE 4 75 31 A5 v il 28 (1%11), $0F) F] Acinetobacter sp.
ADPWH_lux# 37—~ KAtk & PR Pl 2 /K FESA S &
1777, B28 7R B R JE B9 XS KRG FE b Ad 22 DL R
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Y=235621X-77045
R?=0.9723

1200000 -
1000000 -
800000 -

600000 -

Luminescence

400000 -

200000 -

0 .- T T T T T T T T T T 1
0 0510152025 3.0354.0455.055
Salicylic acid concentration (nmol-mL-")
B1 Acinetobacter sp. ADPWH_uxTE#k i# 5 o't 5 B b vh ith 22
vt 28 5 FR A2 Y=235621X—77045, it ZHR?=0.9723.
i 9 PS5 E A hRE 2 (n=3).

Figure 1 Standard curve of luminescence of Acinetobacter
sp. ADPWH_lux strain

Equation: Y=235621X-77045, Coefficient of determination:
R?=0.9723. Data are means * SD (n=3).

ME MR RAE . 10k, R KIG AT R R,
G B R B ORI, JRAE R EF SR XK AR R T AT )
ik, EHUR T ST I 96FLPCRER Y,
oK KB mTKRBY T FER, H—
i AT, MR I e K B o AT A v A R
(K12). KRl —HEK B 1H70.015 ghf b BT B 1 i K
FEHHATHT R, 285 ecmft r2M, RS EBEHR T
BEAT I & 5 PO EURE, REANTR 7 HUREERE, ikt T
BT EORE I R I 1T S R A R A R A
96 FLIRFLIR (UL, & &2 mL) ENEURENR, AT (E4F
i B AP MR AELBYE W, SARBCEMIR, HEUHE
Je 196 FLIRFLIR ELHE N K i aR e, SRR (. ff
1L BEAN96 FLPCRR 1 /K FEFE it 75 2.5/ NN, £95°CF
AKHT0.5/N i FE R HEAT R — BROKFERE S HORE, 1X
BEA K] LAGT % 18 1~96 FL PCRAR [ /K R A &, ik
1 7004~ Bk KL o A& G IHPLCFILC-MSE I 52 A 1l
Sib B D B (75 5 R b AT SR BORIIR 4 25), I g 1A
i ISAT B 2 /D TS558, 1R Z 6852 961 HLik
PRI E . PR, AR5 KRR & T e 2% .

2.3 HRABIGEESETITHERIE
ZHT, ASZIGEHIE T KRG RS SAR AL N
2,5-DHBA[F#2 51k EEOsS5H1 M OsSE5H2 EL (K], H-A]

(1) Growing rice on 96-well PCR plates for 3 weeks

(2) Cutting two leaves with a length of 5 cm (equivalent
to ~0.015 g in weight) from each rice plant

(3) Putting into the corresponding 96-well 2 mL plate to
below the liquid level (600 pL LB in each well)

f u"..i'u”u'i'f’r' T | PPORVLLGGEEE
i )

T

U —

(4) Water bath at 95°C for 30 minutes

(5) Adding 50 pL leaf extract to the corresponding 96-well
black culture (50 uL of biosensor culture in each well)

(6) Incubation at 37°C for 1.5 hours

3

(7) Luminescence assay using a microplate reader

B2 FIHKZER(SA) LML k% Acinetobacter sp. ADPWH_
U Rk o 368 00 5 /K P S AR 1 F) o R R VR AR (25 Marek et
al., 2010)

(1) /KFETEI6FLPCRAR (B R Z VI EIAL 2 ) /K 55 203 (UM A3
RBP4, 18kossShDM/NIPAISEH1-OEfE AR HR); (2) BIHL
BHOKFETS cmBH 1 2440(£10.015 g); (3) 42 Ze A X )
£1600 pL LBI¥96FL.2 mLAR H', 96FLPCRAR 596FL.2 mLAR L
B——XtR; (4) ¥596FL2 mLILTEISC T /KIE305-44, 5
S 4iFE 96 FLAR 75 T =BT 76 1 (R 2 1 55 T T0UT); (B) £7964L
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2 mLAR A i A R BGR A A B =R SE, W0 pL A 3R EOR
FEARHTIMAS0 uLAE YL S 1 B AR b, B bai 596
L2 mLAR AL E — % R R SR B OKFE B 2 ), (6)
37°C MEIR ML Hr B B 77 1.5/0; (7) FH BRI G 2 A6 0 S0
AT R G (5 — EEARAR 75 21K ) o

Figure 2 Modified manipulating process for high-throughput
determination of salicylic acid (SA) content using SA bio-
sensor Acinetobacter sp. ADPWH_lux strain in rice (adapted
from Marek et al., 2010)

(1) Rice was hydroponic for about 3 weeks in 96-well PCR
plates (The bottom of tube was cut) (As controls, 3 wild type,1
0ss5hDM/NIP and S5H1-OE plants were added to each pla-
te); (2) Took two leaves of 5 cm (about 0.015 g) from each
rice seedling; (3) Kneaded the leaf into a 2 mL 96-well plate
with 600 pL LB, and the positions of the 96-well PCR plate
and the 96-well 2 mL plate were one-to-one corresponding;
(4) The 2 mL 96-well plate was bathed in water at 95°C for 30
minutes (the lid of the 96-well plate should be re-closed every
5 minutes, because high temperature would make the lid
open); (5) After the leaf extract liquid from the 2 mL 96-well
plate was cooled to room temperature, 50 uL of the extract
liquid was pipetted into the black enzyme-labeled plate that
had been added with 50 pL biosensor in advance, and the
position of the enzyme-labeled plate was one-to-one corres-
ponding to the 96-well 2 mL plate (two plates were repeated
for each rice seedling in each experiment); (6) Incubation at
37°C in a incubator for 1.5 hours in the dark; (7) The relative
luminescence value was measured with an enzyme-linked
immunodetector (each enzyme plate needs to be measured
twice).

1l 7 IK 5 OsSBEH1 1OsSEH2 3 [K] il 14 28 4% 44 0ss5h-
DM/NIP }; OsS5H1 1t £ iA#4 £t S5H1-OE (Zhang et
al., 2022), 0ss5hDM/NIPZ JiL Hi P Y5 ESA S =38 i,
S5H1-OE N R HL H AR HESAS BFFK. NIIE RIS
I KRG SABRAE R AL AT AT M, R Z A 7
§ £ A [ A (NIP). 0ss5hDM/NIP L 2 S5H1-OE )
SARIEHRIE, 45515174281 009.00. 450 300.00F7
136 309.67 (XI3A). f%£0.015g NIP. oss5hDM/
NIPH1S5H1-OE %) i it v #%: it I /K M 12 & 1 53
960.78. 89.52f136.21 nmol-g™", A% TNIP, oss5h-
DM/NIP ) & 65 FE Tt 75147 .28%, S5H1-OE /) Kt
FE F#{%40.41%.

itk — R B IE R O R B AT I 4 SR (R A 1, X [
—HENIP. 0ss5hDM/NIPF1S5H1-OE /K F& 40 i - i3k
17T THPLCAS M, &5 3 S R M SA S &4 5l A
73.50. 119.147/125.14 nmol-g™", 5FH:SAK St £ il
JE SRV G (BI3B), W0 772 mT DL T )5 4

600000 A
500000 - *
400000 -

300000 - —|_

200000 -

Luminescence

100000 -

Wild type o0ss5hDM/NIP S5H1-OE

-
™~
(=]

1
*

SA content (nmol-g-' FW)
(o]
o

Wild type 0ss5hDM/NIP S5H1-OE

B3 NIP. 0ss5hDM/NIPHIS5H1-OE (/K 2 (SA) & 't Ha
(A) XN EMSAE =(B)

IKFEAEIRE S FRE 9%, B9 &5 A MIF . B N P ehs
HEZE(n=3). fHEERIIEITZT %547, *P<0.05; **P<0.01

Figure 3 The salicylic acid (SA) luminescence (A) and SA
content (B) of wild type (NIP), ossShDM/NIP and S5H1-OE
Rice plants were cultured in greenhouse, and the culture
conditions were the same. Data are means + SD (n=3). The
statistical significances were calculated by t-test, * P<0.05;
**P<0.01

KA Rk

24 FIASREESEMNKERTHHITIFE

NESAIE KA R IE IHERG T, LlossShDM/NIPFIS5H1-
OE Jyxf i/, HEAT LA R340 ¥4 3KINIP (EUIRBB7),
0ss5hDM/NIP I S5H1-OE -1 ki B -1 i 1 3% F 7£ 96
FLPCRAR bty bric, HRA BRFEFM_2/AHK R
7. 8533 G FZ 7 K 96 fLPCRIR R f
IKFERISAK 3R IE (FIAA) o I 58 25 S 66 B FL R M
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[X 43 1 0ssShDM/NIP. S5H1-OEHIM_2/8 %45 44 .
Z I, BE T AT TR L K R RE S PR IE ) A% K SA
W5 J7 i mT A7

NIRER G T A KRR S A T 58 28 1 38 4% 07 sk
IR, %2 5004 -6 051 £k 45 57 175 28 NP Al
IRBB7HIM_21XHk RFEAT ik . 7E96FLPCRHR 51
25| F3RINIP (8(IRBB7). 2kioss5hDM/NIPHI2:
S5H1-OE/KFEF -, HAas—R5F1nM_2M0k &
IKFE 8RR T (R AL PRIE), BRIEFI271~96FLPCR
B, 10RAEFK, FLitiERI2284k, ki, ¥
A5 ENMAN = SAKT I AL AR FIAN L SAZK T 1 RAZ

&, 43 51°941-4A (high level SA). 133-3H (low level
SA). 134-6D (low level SA). 144-5B (low level SA)
F1144-5F (low level SA) (Kl4B). X &5 AR 44 Fr
FIEEANEFR KIS LI GRS, JF1N 5 EKAE96
R A E . K — IR RAR DO E SNIP (81
IRBB7). 0ss5hDM/NIPFIS5H1-OE#HT bk, [Fi
R b o 1 22 1T B0 H TR PR SATR B FE X B [ SATK
FE(B4B; #1), 4R KKN1.91. 0.36. 0.42. 0.52
#10.64 nmol-mL™", H1£10.015 gt {5 SATEKFE
ST R AR A R 5 ONT76.42.13.21.16.77.. 20.64
#125.44 nmol-g™" (#1). F1, 41-4A (high level SA)

A
WT wemm 0SSShDM/NIP == S5H1-OE == Mutants
600000
500000 -
[0}
£ 400000 -
2
2 300000 -
=
3 200000 -
100000 - ‘ ‘ ‘ ‘ ‘ ‘
0
B WT mem 0SSSADM/NIP s S5H1-OE == Mutants
600000
500000 - " ¥ * *
8 *k
§ 400000 - 7
(7]
2 300000 -
C
£ T [ | T T
3
| 200000 -1 * * * * *
100000 - o
0 = =
R X X R D
<§%$§1§; <§§“?2§h <§§b;2?“ <§%§F2§“ <§§$§2?“
e & K & F & e & e &
£ O £ o £ o & O £ oG
NN & & o & o &
O g P N4 N4
NS \ \ oS A
w > & W3 W
w > 3 N NG

B4  96FLPCRIR LA /KTaE /K IR (SA) K G (A) B i 16 15 0k T AR I SA R G I (B)
Hl A P BE AR EZE (n=8), It ST Gi it 2220, * P<0.05; **P<0.01; ***P<0.001

Figure 4 The salicylic acid (SA) luminescence of all rice on the 96-well PCR plate (A) and SA luminescence in the selected

candidate mutants (B)

Data are means + SD (n=3). Statistical significance was calculated by t-test, * P<0.05; ** P<0.01; *** P<0.001
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R1  RARIKGER(SA) KGR L AEFRAE 28 HonT B SAR BE I Al B K G SAS =
Table 1 The salicylic acid (SA) concentration corresponding to the SA luminescence of mutant in the standard curve and esti-

mated SA content in rice leaves

SA concentration in Estimated SA content

No. Sample name Luminescence extracting solution (nmol-mL™") in rice leaves (nmol-g™")

1 NIP 240906.67+33164.52 1.35£0.14 53.98+5.63
41-4A 373098.67+23587.55** 1.91+0.10* 76.42+4.00*

2 NIP 251577.33+48090.31 1.39+0.20 55.79+8.16
133-3H 7778.33+1563.11*** 0.36+0.01*** 13.2110.27***

3 NIP 253330.67+50076.11 1.40£0.21 56.09+8.50
134-6D 21748.67+2827.30** 0.42+0.01** 16.77+0.48*

4 NIP 232799.67+29917.16 1.324£0.13 52.60+5.08
144-5B 44528+4907.68*** 0.52+0.02*** 20.64+0.83***

5 NIP 232799.67+29917.16 1.324£0.13 52.60+5.08
144-5F 72798.67+7982.44** 0.64+0.03*** 25.44+1.36***

AR b v 22 SR B P I SAIRZ, HR4E0.015 guKAEM R b tH S T SAE o ROGHREHURE - B E +hr vl 22 (n=3). (It

Kegid AT i it“# 50 #r, *P<0.05; **P<0.01; ***P<0.001

SA concentration was calculated from the standard curve and SA content of rice leaves was calculated according to leaf mass
0.015 g. Luminescence are means + SD (n=3). Statistical significances were calculated by t-test, *P<0.05; **P<0.01; ***P<0.001
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Figure 5 Histogram of salicylic acid (SA) content in wild
type (NIP) and 5 SA rice mutant plants

FW: Fresh weight. Data are means + SD (n=3). The statistical
significance was calculated by t-test, **P<0.01; ***P<0.001
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Establishment and Application of a High-throughput Screening
Method for Salicylic Acid Metabolic Mutants in Rice

Can Ye, Linbo Yao, Ying Jin, Rong Gao, Qi Tan, Xuying Li, Yanjun Zhang, Xifeng Chen
Bojun Ma, Wei Zhang , Kewei Zhang

College of Life Sciences, Zhejiang Normal University, Jinhua 321004, China

INTRODUCTION: Salicylic acid (SA) plays an important role in the plant immune system. The quantitative analysis of SA
in plants is fundamental to studying SA metabolism and its biological functions. Although high-performance liquid
chromatography (HPLC) and liquid chromatography-mass spectrometry (LC/MS) are widely used for SA determination,
their low throughput limits their suitability for large-scale analysis. However, the SA biosynthetic pathway in rice is not
well understood, highlighting the need for efficient methods to screen SA-related mutants and elucidate SA metabolic
pathways.

RATIONALE: Current methods for measuring endogenous SA levels, such as HPLC and LC/MS, involve labor-intensive
sample preparation, making them unsuitable for high-throughput analysis. While a lux gene-based SA biosensor has
been successfully used in tobacco and Arabidopsis, a reliable and efficient method for SA detection in rice remains
unavailable. To address this problem, we optimized sample processing and operational workflows to enable high-
throughput SA quantification in rice plants.

RESULTS: We developed a streamlined, high-throughput method for SA quantification in rice, eliminating time-con-
suming steps such as sample weighing, tissue grinding, and centrifugation. This approach significantly simplifies the
process while maintaining efficiency and accuracy. We validated the method’s feasibility using published rice SA
metabolic mutants. We then applied it to screen a Cobalt-60 induced rice mutant library, identifying mutants with altered
SA metabolism. Endogenous SA levels in these mutants were confirmed using HPLC. The results demonstrate the
method’s effectiveness in screening SA-related metabolic mutants, providing a valuable tool for studying SA metabolism
and its roles in rice and other crops. The method was validated using known SA genetic materials. SA content-altered
mutants were successfully isolated for further research.

CONCLUSION: This study establishes a rapid and cost-effective method for measuring SA content in rice tissues using
the SA biosensor Acinetobacter sp. ADPWH_lux. Given the pivotal role of SA in plant defense, our method adopts
streamlined sampling process, requiring only leaf clipping and boiling in LB medium, and dramatically reduces the time
and effort associated with tissue collection and processing. This high-throughput approach is well-suited for large-scale
screening of greenhouse-grown or hydroponic plants, providing a powerful platform for advancing research on SA me-
tabolism and its biological functions in crops.
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(1) Growing rice on 96-well PCR plates for 3 weeks

(2) Cutting two leaves with a length of 5 cm (equivalent
to ~0.015 g in weight) from each rice plant

(3) Putting into the corresponding 96-well 2 mL plate to
below the liquid level (600 pL LB in each well)

T

(5) Adding 50 pL leaf extract to the corresponding 96-well
black culture (50 uL of biosensor culture in each well)

(6) Incubation at 37°C for 1.5 hours

3

(7) Luminescence assay using a microplate reader

Modified manipulating process for high-throughput determination of salicylic acid (SA) content using SA biosensor
Acinetobacter sp. ADPWH_lux strain in rice

Key words salicylic acid assay, biosensor, high throughput method, salicylic acid metabolism mutant, rice
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