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Analysis of the response intensity of Arabidopsis immune-related
gene promoters to the immune signaling molecules

LUO Xiao, GAN Shuang, XIE Guoli, GUO Jinya, CAIl Yi’
(College of Life Science, Sichuan Agricultural University, Ya’an 625014, China)

Abstract In order to compare the response intensity of different plant resistance genes to plant immune elicitors and
screen reporter gene with high response intensity, the promoters of 5 plant immune related genes ( WRKY33, FRKT,
WRKY29 ,PR2 and PDF1.2) were cloned from Arabidopsis thaliana in this study. Luciferase expression vectors driven
by target gene promoters were constructed and transformed into Arabidopsis protoplasts for transient expression. After
the treatment with plant immune elicitors (FLG22 and PEP1),LUC activity was detected to determine the activation of
the target promoters,and the response intensity to immune signal molecules was analyzed. The results showed that after
treatment with FLG22 and PEP1, the response intensity of WRKY33 in Arabidopsis protoplasts was the highest, which
was 11.2 times and 4.5 times higher than that of control, respectively. It was followed by that of WRKYZ29,which was
10.0 times and 3. 1 times more respectively; Compared with WRKY , the response intensity of FRKT was significantly
lower,but neither PR2 nor PDF1. 2 displayed apparent response. The above results indicated that WRKY33 efficiently
responded to plant immune elicitors in the protoplast transient expression system of Arabidopsis and the
PWRKY33 . . LUC protoplast expression system could be used as a highly efficient PTI reaction reporting system for the
screening and identification of novel plant immune elicitors.
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TR . LR IT B L AT O BE PR 8l 0 0 2 A5 5 53 B4 W 1oz 5 JEE 3 A 1

o3 JEL G A 0K A ) £ 42 28 4 ™ L T AR 1Y) AR
KR E 3 A Az 7 E A AR 4 O T AR ™
W48 75 s I TR AR L AT ) 1 43 LR AR 1S B B B
G R BT SR TR A9 4R U X T B RO A 7 B
LR HE SRS, CAPRTE R A Y AT LR 5 4
JiE 2 m A X I 9 52 /K (Pattern recognition
receptors, PRRs) 3 5l 5 JiL I AH ¢ 43 7 & =
(Pathogen-associated molecular patterns, PAMPs)
Ja 31 PAMPs filt & % & /& [ ( PAMP-triggered
immunity, PTD™* . PTT 2B AE A #4062 10 55 —
JZ B AL, E 38 i A R A2 AR R PAMPs, 4]
L2 R HE R AR L IR 2 W TR R A R OBE R LT
A, TR i R Ak e i A 4 R i CHIRD B L T PE
AR & (ROS) BF RGBT 04 0 AR 1 22 28 s 3% 4k 38 11 34
fiti (Mitogen-activated protein kinase, MAPK) [ /i
b AP PURE R 097 A DL S — S BT A G 2 A i
K e AR IR SR BRI AR, PTT R Ry A] DA BY
E KT I 2 00 96 D A 2 s X0 i s A 1 1 i
P HA R AR g .

HERZE R E R PAMPs /b, 55 S MR A1
2N R 1 (flagellin) N BERY 22 AN PRST R L R
J¥3l—FLG22, 1999 4F Felix K H B F % BLHEE &
FE N o BEE A Y e s RS T
— BT T HIR M # (Pseudomonas syringae ) #
BHE TIOR8 22 DS E BRI 2 0K 1% 2 k]
LA SR 0 A 1 P AR (ROS) | 8 50 2 A G 35 1)
F5 L DR BT A OB A B AR S . X FLG22 TIRERY
B W5 kB FLG22 (1 C KB 43 1y 15 A5
By 5 FLG15, 475 4R Be 0% 7 il 09 50 8 =0, {H
NGO S I 0 e W . Gomez SN AXT
FLG22 AU 400 R I 28 42 1A v [ A6 5 e 4R A5 —
ASEA M AN E & &R B &2 (Leucine rich repeat,
LRR) 2544 185 19 2 32 1R # i (Receptor like kinase.,
RLK) % & i b1 3£ FLS2 . Chinchilla 25" 3 i
ZAR-TCAR LS & 73 HrukEse FLS2 2 FLG22 (5214 .

BROMIE PAMPs Sh, A ) A Bt 22 70 6 — 28 1)
JEAE S #t45 AH 5 4y T AR 2 (Damage associated
molecular patterns, DAMPs) , 485 ¥ 40 Jig 15 35 T 5% 14
TEH] DAMPs J5 7] fi % PTI J b, Huffaker
UL SR o BL— B DAMP 4
PEP1(AtPEP1), AtPEP1 2—"MUFA 23 PE AR
FR /NI PEAU R I T KRS 8 A G L 7 S T
P58 PAMP 235 % K 1 3 4~ i 5t PEP1,PEP2

FPEP3 ¥4 #3k . i@l 5 AcPEPL 1 [F I¥
G TE ER B T 1 A FEEE N —ZmPEPL ,
HEy ZmPEPL B HA Y5 & £k PTT 2 W 1Y
P 2B B 5E K K. AcPEPs 7 4 i B 3% T
i LRR-RLK %1k % PEPR1 f1 PEPR2M%) , PEP1
5 PEP2 g gt PEPRI i PEPR2 1L[&]iH 51, PEP1
B PEPR2 2 500, PEPs #f 40 B 37 1k
PEPR 5l J5 . 512 BAKT #1 BIK1 f @k AL - i
2 i B A S B E AT i & PTT R i f g
BT

HI A7 5 437 il 04 A ) B 9% B & O SR B AR
I T R A TR R A 1 45 L L R Y e g A OC KR
Z 5 H ptse1d O FRK1 ( FLG22-INDUCED
RECEPTOR-LIKE KINASE 1) 2 H i A1\
PTT @42 pbr s P 5 3L P, 3Rk %2 FLG22 Y15
Sl ZEFEFHIBR (Jasmonic acid.JA)i&4#&H PDFI. 2
EHGE B AR RS . B R B, PDFL. 2 B A ¢
S H13Z JA FI 245 (Ethylene, ETHD (¥ 45 . 2 548
YR RO 5 — B T IZ B ) e g A
KIERJE PR RGN . M) 3205 I W) 1= 22 i 25 175
§ PR £3K. H 5 MY R 583843 £ BT Pk (Systemic
acquired resistence, SAR) Ml & & 5 5 M it
(Induced systemic resistance, ISR) [ & 37 %% Y] #H
K WRKY GGG 5% I 1E /LY e 5 5 1 1%
Sobol kM E RN E MY H . B IT
ArWRKY29 j2 MAPK 2 141 5 19 18 %) 55 J5L 19 By
D Fs2 7 1 o 2H A A3 o AR UL RS T i BRI Rk
4 5 HLeE T B T A BT . WRKY 33 [
25 7Y PR 5 B0 A W 5w = G
BT WRKY33 42 5 MPK4 JE L& &K 124
AT MPK Y MKST ., 24 1 1) 9l 5t 8 2%
ge, &2 G KBS . MKST B 2 fk . MPK4-MKS1-
WRKY33 & & K 8 i IR, WRKY33 #¢ B i 7
PAD3 ik, fiE {6 & il ff = (Camalexin) , H T 4K
PR T 1R R

TERE W) B0 T 22 B B 5% o s B 5 A
T R 922 R OC ks [RT 1Y 3R 35 155 100 Ok S5z AR ) S 2 £ 5
T Y OO0 . O 32 Y BE A8 R R 0 ) A
PEAR 54 I et B DAL 0 T 7 8 AV W PO TR
DL R R ARV AW B0 43— L ] 0% T 50 A 4138
A 5% AL ST R v B 5 S R A e A Ok 3 A
(WRKY33,FRKI \WRKYZ29 ,PR2 #l PDF1.2)#]
JA 378 Al E A R RS 37 5K 8 1 52O R
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(Luciferase, LUC) ik #k & , H-4¢ H 4% 1k 2 0l 5 I
JEA T, AR W) o R Bk T (FLG22 5 PEPD) 4b #
Ji s #E 4T LUC W& PRI, 430 b3k B /Y 3 8 5 8+
(AU T 100 L BORT B 988 15 5 B4 i 17 52 B2 5 ZE XS AN
[Fi) P AL P 0 A K 56 DR 6T A 0 88 T8 &~ ) W) 7
JE o DA 7 36 14 e 17 5 J5 208 vy %) i 45 R R, T A
)BT 2N AR ) S (5 53 I T B0 1B L

1 RS

1.1 e #

LR IT Col-0 SAF AL, Bl 4 °C HFAL G s
THEHE U Jifty & 9% 2R B 98 B . fe i
22 °C 3B 40% . 5¢E B8 90 ;Lmol/(mz «s).12 h )¢
HR/12 h BRWE 25 F F H g% 4 S T2 4 DNA
i HC R ot PR i A A

*1

L2 REH*

e 5 A A W) % g A Gk I FRKI, PR2,
PDFI. 2 WRKY33 #1 WRKY29 g 3 F ¥ 3 43
B5 LUC 45 07 5 mil A&, # gt BE B 3 5k 210K
Promoter. . LUC., ¥4 3 Promoter. . LUC # &
535S ::GUS(NZ # k) — AL Bl p Ir Col0
P R 240 L D A T A R R Gk . A i A TR D A
PAMP FLG22 5% N iE DAMP PEP1 43 )5,
i X LUC f GUS 3 P17 € kil .

12,1 #éiA B2 DNA #48R

K Omega 5 & N 4 J #1481 5+ Col-0
I F i 4 UL B 41 DNAL MRS Genbank v H (9 3
PR By 90 Bt R s e gl (R DL DUEE R4
DNA B, 5e B - b5 AH O L A Y 13 3l 5 15 971
pFRKI . pPR2 . pPDFI. 2 . pWRKY33 il pWRK Y29,

51 ¥ 5l

Table 1 Primer sequences

P S

& GenBank

Primer name .
accession No.

1951 (5—3)

Primer sequence (5—3)

F:CCTGCAGGCTCTAGAGGATCCCTGACAGTGAACTTCATTGTTCAAGC
R: TGTTTTTGGCGTCTTCCATGGGCTGCTTTCTCTGGGCTAGAGC

BamH T-pFRK1-Nco 1 AT2G19190

F.CCTGCAGGCTCTAGAGGATCCGCCGAACCAATATTCTATCAAGG

BamH I-pPR2-Nco 1
GAA

AT3G57260 R:TGTTTTTGGCGTCTTCCATGGTTTCTTGATTTTTCTATGATTCTGT

F:CCTGCAGGCTCTAGAGGATCCTCTACCAAAAATCTTTGGTGCTTG

BamH T-pPDF1. 2-Nco 1
AATGTATAG

AT5G44420 R: TGTTTTTGGCGTCTTCCATGGGATGATTATTACTATTTTGTTTTC

F:CCTGCAGGCTCTAGAGGATCCCGCTGCTTTTTCGAGATAGATAGAT
BamH IFpWRKY33-Nco I  AT2G38470 R:TGTTTTTGGCGTCTTCCATGGACGAAAAATGGAAGTTTGTTTTAT

AAA

F.CCTGCAGGCTCTAGAGGATCCCAATGAAAACACAAGAAGTCAAGA

BamH I-pWRKY29-Nco I AT4G23550 ACC

R: TGTTTTTGGCGTCTTCCATGGATAAGCCACCTCACCCATATATCTCTC

1.2.2 #H Mk

i i VazymeClonExpress II One Step Cloning

A v BT & B RS h 7 R B A 3
& HBT95 .. LUC ", ¥ i H (1 5 H 5 3 7 3K 3

B LUC BB Rk 8k (B D,
1.2.3  #@3 R £ AR B e 4210

M4 JEE LR IF Col-0 ™ A Fp 32 B A TR
&, R PEG v 5 1 J5 A M Ak 7 100 L
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BamH 1 Neo | 2 zjn: % 5 ﬁ*ﬁ

BamH | Neo 1 2.1 Promoter: :LUC & #33E

j = | G DL A 36 I 40 DNA W B4R . s e3R8 5 A

Bf”- “"“‘ p HEL) 5008 4G 32 1R 119 7 3 T )5 91« pFRKI L pPR2

o g - pPDFI. 2. pWRKY33 Fl pWRKY29 ; H 4% # 4 5
DWRKY29 I . J2781.1513.1 541.1 665 il 2 113 bp. 454 Fid

BamH | Neo | j(/J\(lzl 2>o 4%Lﬁﬁ@%’?ﬁu%%”5 HBT95 . .

"

B 1 Promoter: :LUC BiR} R iIZHEHMHE
Fig. 1 Construction of Promoter: .LUC

transient expression vectors

Ji A= Jo A4 v e R — o B LGB A B RS B
K sh ) LUC BBt 33k 804K Promoter . . LUC 5%
FIREAR 35S, .GUS 1y ki gt 10 pL(Promoter: :
LUC : 35S::GUS ERRIL 7 ¢ 3) iR R B IR A G
AR PEG-Ga A S 4k, A58 iU » 53 5
W25 JE AR AR R S P om A1 pmol/L flg22 K&
1 pmol/L pepl #E47 4L, I LUim A KRR H,O
Ak BRAE Ay 9 4 % R AL R 22 °C AR O EE 4006
FEHE 40 pmol/(m* « o) 54 F 5% 12 h J7, #
440 r/min B 5T B0 U TR U
12,4 B R A R AR BE B 45 AL 2R 40 )

B HBT95: : GFP #{K 3] J5t 2k B ik v
FigR 12 h J5  BORE SR I e A 380 . il 901t ik Bl
B G AL IS 04 J AR O AR 4 i GFP 28O i 3R ik
1500 gt [ — PR N K3k GFP 2 6 Y 48 A %k
CEU NS = AR R T &
1.2.5 BGEWMNE T 5N

A 2L % W ( Tris-phospate 25 mmol/L, DTT
Immol/L, DCTA 2 mmol/L, Glycerol 10%, v/v,
Triton 1%, v/v) & fif J5 A= 3 1R 40 Jifd e, >R FH 55 [
Promega 23w i LUC #5057 &, % T 5 Sigma
NEIY GUS ik 550 5 b 28, fd i b AU LUC
MGUS § 35k SEAT I , B b B 8 3 AR )
FHEE VBRI HET 3 REARESL
1.2.6 HHEALEE 54

B /) LUC B 1B -5 GUS B 1R 50
O ARGHAE H R G 3 793 T LUC 41
XKk = LUC 1K ¥AE/GUS 1M . i H] SPSS
22. 0 BRAE AT HOHE Kb R 2 O 22 53 #

LUC AR 347 H 20 % H2 M gt oy B A B 3 3K
Shi) LUC By 32k 24K Promoter . : LUC, #HUH
1Y BRI AT DNAJF 51000 7 o I 45 3R 55 | ik
AR AR

bp

15000
10 000

7500

Maker pFPKI pPR2 pPDFI1.2 pWRKY33 pWRKY29

5000

- -

2300 — e T

pe— 2113 bp
1 665 bp

- W
1513 bp 1 541 bp

1 000

B2 BWERBEZFFT PCRY G
Fig. 2 PCR amplification of target gene

promoters sequences

2.2 BRERGEHULEEST

SRy Bt 5 ST SR FH 0 0L A T D A T R R A AL R
A R EIAE R . AT B A EAR 1L
TRV 5 DAAR [R] 7 3 s A HBT95 . : GFP 34k,
BigR 12 h J5 A5 b SO T A D R AR 0 1R e Ak AL
K3y, 45 AT UL, A A B i 5 AL AR R
88 %6 it FH % J A o AR e Ak 3R 8 mI A AT B 5
PR A 1 Ff 32 35
2.3 AEREEXEEARHFREERESSF

B 38 LB

Ry LE AN TR) B 928 4 DG JE DRI B0 X AE ) S 9 T
KT (e o7 5 B2 S )4 AN TR] g5 A DG R IR S
IR LUC Bt 25204k Promoter . . LUC 5
35S ::GUS 1A NS AL 23U B IF Col-0 5 AR ik
g ik, 49 Ho OB PEXT ) (FLG22 FI
PEP1 4bHUS , MR LUC ik E 1 0L, 38 7R % %
AH G I R 30 1 900 A L AT 40 A H AN T
PEMISC I G sh 7% FLG22 5 PEP1 (%00 Jo 38 i .
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(a) 3% Bright

(b) %256 Fluorescence

B3 MEFEEREBENENLIEFRRA 200 pm)

Fig. 3 Transient transformation efficiency of protoplast in Arabidopsis (Scale bar is 200 pm)

P H, O ghBEAE R AR S (B LUC M X ik &k
L) OB [A] B 88 AH DG 56 K 3l F 43 il 7 FLG22 5
PEP1 AbBEF A9 3G F2 B (I 4 MR 5) . 25 R WK .
£ FLG22 b3R8 25T . WRK Y33 i Jif 58 J3 fe (= »
I H AR 11,0 %, 2 7 B (P<T0. 01);
WREKY29 i [y 558 B R Z » 290 AR Y 10,0 %, 22
St @ 3% (P<<0. 01) ; FRK1 5 PR2 () [ 5% Ji 7
W — K. 4 AR 5.0 Fil 4.5 5. 25 B %
(P<C0.05);1ff PDFI. 2 JL~F JCW K , i N 5 5
HATEAN TR — K (8 4) 578 PEPT &b PR &4 T .
WRKY33 [a] k32 30 H f i 1) o 1o 58 2, 24 2 FLAR IR
M) 4.5 %, 2% B F (P<<0.05); WRKY29 i [ 7%
JEL) R EAJK 3.1 %510 FRKI 5 HA KA -
P 1.8 5. PR2 L 1.4 £5; PDF1. 2 5H AR
B 22 55 (| 5).,

u Promoter::LUC+pepl

Promoter::LUCFE{L R 1A 5 Zepep L AL P
g Promoter:LUC+H,0

Promoter::LUCKE AL/ E Btk 22 H, 040 B

12F ¢

LRI UN Ty
Relative expression

FRKI PR2

PDF1.2 WRKY33 WRKY29
H:[H Gene
AT P AR NG 7 B3R 28 57 3K B 3 K F (P<<0. 05) . T 1A,
Different capital letters within the same row mean significant

differences at 0. 05 level. The same below.
B 4 flg22 4038 T A %X EENE S A EE
Fig. 4 Signal response intensity of different immune

related genes under {lg22 treatment

- Promoter::LUC+{1g22
Promoter::LUCKE LI [ 15 220122 b 1
- Promoter::LUC+H,0
) Promoter::LUC"f’é’ftJEiE{Z’i);ﬁ‘ ZH,04b 3

LiIROESSENTY
Relative expression
Now A W

,_
T

(=]

FRKI PR2

PDF1.2 WRKY33 WRKY29
HLIR Gene

5 pepl RIETAFREEXERNGESWEEE
Fig. 5 Signal response intensity of different immune

related genes under pepl treatment

3 it i

th¥) PTI 2 W #% PAMPs 8f DAMPs filt % )5
A A AR I R I R R O i PR 2 Tk
PO AL AR T B R Bl A — R A AR A SR
KARDUIR B YR ZE . ) a0 . MAPK 3006 . 36 T 8% &
FUPEIG ot B 2R 45, JF vl 3E 2o K 4 B2 (Salicylic acid,
SA) A1 [ R (Jasmonic acid, JA) {5 5 i 1% i 2% £k
A A S X i T Y B RO . FLG22 fih & 1Yy
PTT A2 S 2 4 150 WF 58 5 W AL ) e i 15 5
7%, FLS2 R 5] FLG22 J5fil &% MEKK1-MKK4/5-
MPK3/6 {5 5 1& 3 i& 12, i e K PTT f 2% 15
S 534k, PEPL AE g — Bl R I 4 F K B
PEPR PUjll )5 . 31 PEPR. fil &t Y e . 5
flg22-F1L.S2 4y i §% 25 1, PEP1-PEPR 1 /) 7
191 592 SO 4 HCORE T BAKL Al BIKL By @Rk . B
ABFFEAE 52, WRKY 52 1 4% 5% [ 38 i 72 MAPK



5 6 3]

TR . LR IT B L AT O BE PR 8l 0 0 2 A5 5 53 B4 W 1oz 5 JEE 3 A 15

ZEWMESHESTEEEEHEMNES S PTI R
P OARHIF T 45 R s . WRKY33 il WRKY29
7E FLG22 Fil PEP1 4R 447 1 3 iy ma iy, 5 3
TG PR R B, o T WRKY33 7E A A
PAMP F1py ¥ DAMP2 B i & F 09 30 8 T #0 5oR
HH A5 f T Y, A 7 (L 4 R 5) . BB WRKY K
J& S FERI R WRKYS3 J& —F i 2L 4 4 PTT
& EEH

A ARG 2 L R A [R] 92 A O JE IR X [
— AP T AR E N 2R, TEH
FLG22 5% PEP1 &b ¥ RS 7 I A= iR B, WRKY %
5 2 3 PR ) o o o B B 3 v T LA R L B R
T 0 PTT Jz i i 45 Je A FRKT . 7 A 5 i 22
S 0 i AL RT BB AE T AN [m) B0 88 AH DG L I 7E PTI (R 5
3 rh o e A B R DR RO [R5 . WRKY
K sk N1 PTTL ik f2 Al g T FRKI 1 |
U PRt s HEXT S 85 5 40 F e 1 5 FRKT A [
BN A A, H A ST K B, PDFL. 2 2 54
Y N A2 ) JA R ET By 980, 4K T 76 48 9
HPE % F FLG22 5 PEP1 &b )5 PDFI. 2 ¥k
I FE L X AT Be & T PDFL 2 finfE JA
PEAE Sl % 5 FLG22 L ) PEPI fill & iy 4 PTI
G5 5 (S 5 s AR W W JC B A BAE
PRI I A 4 PTT A 98 B o 980 R 38 B o 1K R
FEAR o BE L &= O B W A, M Ah o FLG22 5
PEP1 kb 35 fe %% A1 5 JE R Aty e 7 A% B8 F A7 % B
RN H] PEPL Kb B 5 G 93 AH G e DA 04 o Jo7 A2 22
PRAR T 1 FH FLG22 4bBEAY 25 3 3 il RE 2 i TAE Y
XA E PAMP R DAMP B4 5 AR {5 5
M) S 328 %

iz A B B S e 00 HRPUN I s A W i 4= 28
MR AR  R R T . BIL, T A WIRE
FUR A BE WO A ) S 2 AR S5 W ot T B 2 4
AR EYARZ . TR RS S FE D R Sk
& 7 G R RN 0 R R L 6 O A R A W
BEME FRHAREME L, AR THWEY
PWRKY33 . . LUC L J5i fk 3% 35 7k & vT /R — Fh
A PTT S e & 48, T8 AR W) 4 92 8K
T 1) 7 35 RS
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