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I SIWRK Y4555 5% B F £ i fz (K iR #1128 P 0 Th s

sl A, T gigig 2 prER? RE=ET? BAW, He#?

VHE 2 KR RS, JE T16000; ZAE 22 KA @R B, BRI B R AT A
MAA L SR %, $E% 716000

WE  Eii(Solanum lycopersicum){E A KK B i FEHHE Z 2R T REE L MIEEDBEN M, WRKYH, XK 25
WY 2 AR R AR, 1 SIWRKY45TE 3 fidE A h TR AN TE 2. RERE SR, KR, TF
MIABAKLF LA T 55 35 5 5 SIWRK Y4511 3% 15, 133814 SIWRK Y450 1 i & it T 2 AR R TR 5208, 28 T S AMRIR AL BT,
W RIER R EATaRR UGBS A& (Pro) & & B 2 | T I AEBI(WT), &M A (ROS)MN i (MDA) & & & Ik
FWT. B AR AT WoR, SIWRK Y45 258 i 11 S A0 B s A0 e i) B34 42 A 5 32 it IR e iy B o X%k
FHGHR R AT R I, SIWRKYA5T] B #3805 SIPOD TR 1K« BEREXUZR A (Y 2H)FI XL 43 F 9 6 FAMNBIFC )il 36 45 SRR 1,
SIWRKY455SIWRKY46 AN EAF ] . 25 R, SIWRKY45T] g il i B 3R % i B A0 B 4 1% 1 5 1 30k R 28 0 A B 3 12k
IF AR AL O R AR T B B ik B R R

x| Fon, SIWRKY45, T-2ha, (R, S8l
BME A, FiE, Rigk RER BEE, BEW, IEth (2025). F i SIWRKY 454 55 K 118 i S AR IR T 5 i

HEIThRE. A 60, 186-203.

e ti(Solanum lycopersicum) EL A F & & F= 0T
B, WHFTEREKR, EEERS M 12 PO (FR R 2,
2023). EECE ERARHALR ST, 20224 2Bk F i
#141.86x10° t (FAO, https://www.fao.org/faostat/
en/#data, 2022). fifF N H 2 B R S KA
Wy, FEAE IR b 2 B SR A 8 R R )
AR TR RS, KRR, MAMRAERKIESE UL Kk
e R4, PEEN S EUE I T (B & %, 2024;
RXRMGEE, 2024) . 752 FIAN [R]85 B a7 5t vl i
REAERIEAS A AR SR L SR A 5 E S Y
ERITE(L et al., 2024), KEMFFERY, HxH T
g i o R E AR AL R B R IA, BRI S
3 2R, DT AR ASE R R 0T AN [ 385 A S e
(Baillo et al., 2019),

WRKY # 53¢ [A 7 [ HLWRKY 45 4 35 £, 5 75 5 {
SFI “WRKYGQK” i 1M % 44 (Wang et al., 2022),
I Y] 7£ B ¥ (Ipomoea batatas) ' # & Bl (Ishiguro

Wode H 391: 2024-07-08; #5252 H #1: 2024-10-14

and Nakamura, 1994). HHi{E/KfE(Oryza sativa)-

1l ¥4 I (Arabidopsis thaliana) . i 7% (Gossypium
hirsutum). . LR E(S. tuberosum)Hijii+(S.
melongena)® 2 i 7 v % 5 1 ik 2 WRKY #4 5%
T, FFHEAT TSR R D RERI T (AR AR SR, 2023).
ul, /K OsWRKY24/70/533% [F] 2 5 1 15 47 ki K/
(Tang et al., 2022). Hf % % (Fragaria vesca)
FVWRKY48:i it 5 1 S JKe R At Bty 5 Xl FvPLA Y R 3
T, RS LT 2 (Zhang et al., 2022b). #/R
(Cucumis sativus) CsSWRKY 1155 CsNPR 11371
/K ¥R (salicylic acid, SA)i% & K A i 4%(Zhang
etal., 2024). #{#(Citrus sinensis) CsSWRKY 23 it
Z5SAE &t 1M (reactive oxygen species,
ROS)H 2 M1 41 i BE 5 f,, 38 58 2R S X) 5 %5 T (Peni-
cillium digitatum) 1f] $it 14 (Wang et al., 2023).

SIWRKY31/4638 1 A [A] i 4% 25 5 1 4% 3 7 X K 85 1
(Botrytis cinerea)J#it4(Shu et al., 2021; Huang et

FGTH: €% R LRWHE 3T H (No. YDBK2019-42) BkE 4 B AR LA R 75 111l (N0.2022JQ-159) Bk 8 48 K27 A Al @1 Lkl

%414 (No.S202310719073)
* JEiRfE# . E-mail: shrpiacliu@163.com
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al., 2022a). fEIAEAYIME NN J7 T, MAWRKY115
W H B 45 A MARD22)3 3) F-, 1R 3 R (Malus
pumila) %t T 5 A1 % W) 18 (¥ i} 5% 7 (Dong et al.,
2024). MSWRKY 221 37 MsWRKY 1113815, %
Ei 1& (Medicago sativa) )it F 14 (Wen et al., 2021).

TaWRKY31i# it i FROS /b < LI HORT i 2 oy
A REE R RIS, AR BBEYNPTREN(Ge et
al., 2024), TaWRKY17i&E L i i Jii 7% i (abscisic
acid, ABA)/ROSHH 3 5 K Rl filp 38 i 97 56 [R] (1) K T4,
P H B PTE A RIEE 77, AT B 5 ik R4 e T
PL J2 /N2 (Triticum  aestivum) It i £5 14 (Yu et al.,
2023). MsWRKY33# it # i MSERF5 ) i 5% 1 4%
ROSHIE R, $em a7 i hit(Ma et al., 2023).

CsWRKY46i# it ABAK 5 145 42 18 425 ¥4 iy 18 87 25 5% (K]
205, M 42 m 28 K Bt %€ 1 (Zhang et al.,
2016). MdWRKY40i& it 5MdMYB15L 45 &, R
MdCBF21f) %3k, 4 i 3% B 1 i 7€ ¥ (Xu et al,,
2023). EjWRKY7HIEjCML19HH 5.1 5] 4% &AL 454
S ¥ HE AT (Eriobotrya japonica) 5 52 ¥4 55 Wi |3 i 2
(Hou et al., 2023).

IbAh, WRKY 555K 7 ohRe A B “«—HZ
BRIk OsWRKY451] [8) I 5 K R bt
W PEAIHTEE(Qiu and Yu, 2009). TaWRKY75-Al10
5] I 2 5 U8 42 /N 22 %o 1 52 0 38 19 T 32 74 (Wang
etal., 2013; Ye et al., 2021). i FIAGmMWRKY12w7]
I8 7 T R oK E(Glycine  max) % 1 I il & R
(proline, Pro)¢ &, F%1& A — 1 (malondialdehyde,
MDA) & &, 15 A AR T 5 A0 35 1 38 1R 52 14 (Shi
et al., 2018). it %Kik OsWRKY11H]#& /K iE4h i i)
TR 52 1k AT iR PE (WU et al., 2009). SF it & ik
ZmWRK Y651 3 55 A Ik DR 40 7 T 0] Ji Ak 2ot DA 2
FH. AR 2 AP P ia Pt (Huo et al.,
2021). TS FIEFVWRKY42 0] 8 55 4 3k K 0] B 7
XoF R 95 R0 22 Fh 5 3 38 (9 0P LA KOk ABAH) ik
PE(Wei et al., 2018).

EE W AR, FAIWRKY 5 5% K778 i T 5
AV IR S5 e ok 72 rp ok % B LR EH . SIWRKY80
S FTHR (jasmonic acid, JA)RRE 4R S
fige & s AN EFENG K RS, IE ) VA 45 26 At 6 e 11
Hitt(Shang et al., 2024). SIWRKY8/39/521F [ 4%
Zehx T2 A it (Sun et al., 2015; Gao et al.,

2020; Jia et al., 2023). SIWRKY81if it H,0. /™ S
AL IR PR TE 3 it 5 P e e e e e A 4R AR
(Ahammed et al., 2020). SIWRKY?2/6/8/33/45/46/50
(1R IA Z AR b8 2 2 % 5 (MR a4, 2018); Had
F1k SIWRKY33/50 1] 1 55 2 7t ALK IR ¥4 P (Guo et
al., 2022; Wang et al., 2024). Kit, IRAIZIE
FP R AN T 52 A5 A i A G FWRKY 6 s R, 1]
N ABAT 122 s DR R 1 B2 A R ML B B B AR R
(Y0308 76 00 o b £ 4t B BB R A

AP 57 5 T S G T A A 50 R Ul Ak L ) S 4L U
J¥(RNA-seq)$i#is, 5 ilid % @ #PCR (QRT-
PCR)f: M, %55 HFB ZMEM TR EZEHEFH
SIWRKY45%:[H . BARCH AR, SIWRKY45id
HJAS RAE 5 1 TR 5 G 1 35 o6 7 5 MR 45 2%
H (Meloidogyne incognita) i1 9t 14 (Huang et al.,
2022b), {HiZ# 3 F F{ERER AT 255 4R R Y bhia
HH T RE M AR R o FRA DB R AT AT 10 st
fEE4k, RT3 SIWRKY45(1 i KAk &R . @ xtid %
AR RIET RARIR A R, AR AL fe bR Al
RNA-seq 73 1 A S BAE 5 AL RE R i 1%k, A7) 28 W 1
T SIWRKY450] 1F [ Y425 7 it (1) 471 5 M AN I I 7

1 MR5ERE

1.1 MR R

B AR A A6 A Micro-Tom (Solanum lycoper-
sicum L. cv. ‘Micro-Tom’). 7EifJE R (26+2)°C, ¢/
B 916/NEE ' R /8 /NI BRI I AR K = B B B AR
RN BRI A RE o MHELATRL R AR S5 35 ORAF R A
QM %L (Nicotiana benthamiana Domin), 7E16/NEf
HH(22°C)/8/ NI IS (18°C) I LI A H 1 B .
EAFR B N AR R . 25, HL 8, Z)34
SRS W S R S B A S, TR E T A,
—80°CUKAH IRAF 75 H -

R B A B Rt i ok K = DU, 25 ) 4T ABA
(100 umol-L™"y (AbEEM i) 4: 0. 3. 6. 12. 247148
ANIF). fIGIEL(4°C) (MLFERIE] £ 0. 6. 12, 24148
/NEP)AT T 52 (20% PEG6000) (ZhBERS 8] &i: 04 3. 6.
12F124 /NP ) AR . DURASUAR FRAE Jy o 1, FEAS A I
&) 273 e B 6 R A W i R A e, B TR
1, —80°CUKAHPRAF 7% FH o
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1.2 WRKYZRZH RS F5 3t
MZEiSol Genomics Network (http:/solgenomics.
net/). NCBI (http://www.ncbi.nlm.nih.gov/) #1 TAIR
(https://www.arabidopsis.org/) 5 #& £ T~ # SIWRKY45
(Solyc089067360.3.1) & [ J7 41| Jx H [F I & A )T 471,
i X DNAMAN 8.0%1 {1 %) F7 51l #k 47 Lu Xt . I FIMEGA
5.0 4 5% FH 414315 (neighbor-joining method )4 % %
G 3L, BootstrapfE ¥ A1 000K,

1.3 RNAREL. R¥ERKqRT-PCR

fd H A ) % W 2 By i RNASR BGR 77) & (R #E, Cat
No.DP441) #2 B 3 i A [7] 41 41 Je AN [ Ak #2 R & 1)
RNA. f#i Ff{ StarScript Il First-strand cDNA Synthesis
Mix With gDNA Remover i 7] & (GenStar, Cat
No.A230)%_FIRRNAFE i #4755, & HicDNA.
fi FPrimer 5.0% 1 ¥ i+ qRT-PCR 145 7 4 51 4 (B
#1). ff FISYBR gPCR Mix Kit (GenStar, Cat
No.A303) fllApplied Biosystems StepOnePlus¢
SE 4T QRT-PCR. EASIEF1a (Solyc06g005060)
HHBER, G RRNESRES, FIFH274T 5%
(Livak and Schmittgen, 2001)it 53 Kl AH X ik
&, HttestibiT 2 7 &M .

1.4 SIWRKY45ky5E[E

L7 i A Y cDNACH B8, | H 2% SuperNova
PCR Mix (GenStar, Cat No.A064)i}t47PCRY 1. #
48 P 3% &2 5 B MK (pMD19-T) 1, %% L. DH5a°K
JRF BB A A A, PRI B 7 T PCRES I, ik
A A A ST . FEORBI 5 LR

1.5 BEBRHKEXE

M A F cDNAH 3% SIWRKY451f1CDS )T 41
F FHinNova RE Il One-Step Cloning Mix (GenStar,
Cat No.E104-01) 5 #4124 SIWRKY45/{]CDS ¥
51 1) 3 B pGBKT 7 # 44 1) EcoRIF BamH1 2 [i], 3k 15
#2H iR pGBKT7-SIWRKYA45., #5551 4 5 1 LBt 2
1. 4 pGBKT7 %% # Jit i (BH 1% X 1) . pGBKT7-
53+pGADT7-T (FH:%tHE)FIpGBKT7-SIWRKY457%)>
%% NY 2HGold B REAH i H o BRI BE T PCRAL I
Ja, ¥ FIRIFFHME R PER R 10045, B4 pLar i 2

SD/~Trp. SD/-Trp/-Ade/-HisFISD/~Trp/~His/~Ade+
X-a-gal} 723 I, 30°Cf# & 157535k .

1.6 SIWRKY45MEmBREFH L INER
F|fiGateway™ BP Clonase™ IlIfif(Invitrogen, Cat
No.11789100)# SIWRKY45[{)CDS/F 4 /i BN 14k
1ApDONR207 I-; FiF|fGateway™ LR Clonase™ ||
(Invitrogen, Cat No.11791020)K H 4y 7 31 3k 4 i
pGWB2. I, K135 415 kipGWB2-SIWRKY45. ¥ FH
PERL LR GVI10 TR AT, R A &/ =2 1
FEFEAL T i S M Micro-Tom (3F%#4E, 2023). FIH
CTABEHE UL 5 K & Al AN [ bk R 2 K ZHDNA, LA
R S PR 25 5 SIHEAT PCRY 8, 4 7 P 2 7 56 A
Fo AT A ILB 2 . SRR SE IR T bk &R 1)
RNA, F|H qRT-PCR & il A~ [F] #% %5 5] 75 7t bk &
SIWRKY45/) % ik .

1.7 FEIMTBELIET RIESIWRK Y4555 HEHEA
TEFI R PR S T 85 B it R 18 SIWRKY45%: 5 [H (SIWR-
KY45-OFE) ToACFIEF A= RU(WT) e h, 54K ignt
1, o BT T R AV AR

TR A Phik KA — 1 SIWRKY45-0E
MWTL AT T R A H, APk, HEID
A ER . OISR AR A KRB, IR D

fRIEALEE: Phik & HF AR —EU SIWRKY45-0OE
FMWTLI H T4 CARIR AL B, R AL EEORR, W E 3
ANEVIFEES . KBS R AERR G, R
SRR,

1.8 A IERNE
KRR IR AL 2 3R AT 52 AL 315K 1) SIWRKY45-OE
FIWTZ A Fr, 23 90 i N — 28 22 B4 i (diaminob-
enzidine, DAB) 1% #4 I M (nitrotetrazolium blue
chloride, NBT)4 i, fiiF 3307044, #EIGIR G467
I FHZS K BE3U; BANH LM+, 80°CuK
30708, FHZR TR /KIEEDE3IR . MLEEME B (40 I
73 R SEAR IR AN T 52 Ab BH 24 /N 1) SIWRKY45-
OE FIWT & #fi M Jv, FI H i % 1k ) i (peroxidase,
POD). # % LY)E1k s (superoxide, SOD). A .
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(malondialdehyde, MDA)&; &= Fl1fili & FZ (proline, Pro)&r
I E R S(ZR 3 )M EPOD. SODIE P & MDA
Profr&. KAttesti ARIAILIAT Z 7 BEE T

FIFH 6 A A% (Li-6400) AT -4 254 80 5 A (SPAD-
502)%3 5l 5 AL EL AT« KR AL F I KA R AL FET7 K (1)
SIWRKY45-OE MIWT & i | i1t A id 2. <AL
SRS R,

53 93l SR B A I A B T ARG I Ak 2 24 /)N B 1) SIW-
RKY45-OEFIWTZfilirt Fr, ZHEPMLEE(2018) 7%,
FIF H 5254 (DDBJ-350)i 5 - FRIAF NS L 52

1.9 SIWRKY45-OEFMWT KR IERIEHIRNA-
seq T

AR TE SIWRKY 4545 A1 5L 38 10 52 1) 47 WL, 3R
1% SIWRKY45-OE (OE#1)FIWTAIG 5. &b 5 Al AIMIC IR
b HE 3R I 7 it HEATHURE, AR AL R E 3 E
W ER, EE LT EEMELRE AR AR %
F TR R DR o 6 I AR 3 1SRG A R kAT
7€, 19%|Clean Data, 4% H tbxf 2 & AL K 41 2
ZRERNAFH, 155 Mapped Data, #K#EFPKM{E it
SR FIRE S 2 R () 22 S 56 IR, G ide bt A | log,(Fold
change) | 21, £ R &k %K IE J5 P<0.01. | H
Blast2GO # 1 Fl KEGG % #5 /% (http://www.kegg.jp/
kegg) 7> il ¥ % ¢ B R 34T GO Dy e i B FNKEGG &
ST (TS, 2022),

1.10 ML REFIREER LN

¥ SIWRKY451#1CDS ¥ 4. SIPOD1#1SIPOD - Ji
1.5 kb ¥ 51| 43 73 #4 2 % pGreenll 62-SK Al pGreenl|
0800-LUC# A+, $:1562SK-SIWRKY45, SIPOD1-
pro-LUCHISIPOD pro-LUCE H #Hifk . 554 F %)
WLBF 1o K H A AR5 75 AGV3101 (pSoup-p19)
KAFH, K SIPOD1 pro-LUCHISIPOD pro-LUC#:4k,
P53 1) 5 628K (914 % 1| ) F162SK-SIWRKY45 %%
WREWBAZ (VI BNR S TS, SR, 55
JERGEFR2R 5, A U O 2% Bl 15 Jik RS K77
(Beyotime Biotechnology, Shanghai, China)4 4
PE T B350 2 LUC/RENAH

1.11 BN
8 o [6 VE & 4 7 K SIWRKY46 il SIWRKY45 1)

CDSF 4143 5 ¥ 2 #|pGBKT7 FlpGADT7 % /4 EcoRl
FBamHIZ 18], 3k45 & 41 5 ki pGADT7-SIWRKY45
FpGBKT7-SIWRKY46. #5975 WLt %1. ¥
pGBKT7+pGADT7-SIWRKY45 ([ 1% #). pGB-
KT7-SIWRKY46+pGADT7 (A 14 %} ). pGBKT7-
53+pGADT7-T (FHYEXIE). pGBKT7-SIWRKY46+
pGADT7-SIWRKY454) 5l N Y2HGoldE% BE4H g
PRI BEFEAT PCRATIN J5, 4 bk 47 BH 4 B3 53 31
Fi%E10. 100H11 000f%, Hu4 pLsy 5l s 3 SD/~Trp/
—Leuf1SD/-Trp/-Leu/-His/-Ade 1% 7 3 I, 30°C1l
BIEFHR3I-5K.

112 WEFRIEEF

i L [ Y B 417 0K SIWRKY46 Fl SIWRKY45 (]
CDSF 414y il K9 % $pSm35s-cYFP llpSm35s-nYFP
WA, 345 E 4R nYFP-SIWRKY45 1 SIWR-
KY46-cYFP. HHX5IYF 5 W21 . Kt @ 1 (4%
A5 N GV3101 K AT B 4 B AS [F 41 & (nYFP-
SIWRKY45+cYFP (Ff1ExT#). nYFP+SIWRKY46-
CYFP (9114 %} B ) FinYFP-SIWRKY45+SIWRKY46-
CYFP) M) BT S FL 55068572 KA, R
T IR BB (Nikon C2-ER) MWL ARic M ) 58
BROE S IR

2 ERESH

2.1 SIWRKY45RFIESHT

XoF I 56 S A T ) 7 i A L Ak B RNA-seq 4 147 7
TR, RIMWRKY 4 35 K 7 5% H (1 SIWRK Y45
ARG B E T RE(ENA). NP 5
HBdE, AT T QRT-PCRS 1 SIWRKY451E (K iR
b FRAN [ B[R] SRR R i, RINZFE R I RIA R T
- Lotkass, Jo A48/t LN EE, LR
15434 715 (B 1B). 43 #T SIWRKY451E T F 403 T
RIARE S, KIPLZEF M RIAEE B, JLHE24
NI BN R, R HUA33.445(BI1C). 1
ABAKLFE T, SIWRKY45(1 )ik B3 LR, JLIHAE3
AN ER RN E R, BIRMEEOA31.165(BI1D). A
SIWRKYAS{EAN [F 223 (R I8 A, R Ik R b
R RIBEAR, AR AL FRIEEL RS, 5
Sl J A AR A £ 0 SR S b (1 20K 1 e (T E)
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Bl KEAE T SIWRKYSsH#R L M E (A) LA K SIWRKY457EKIR(B). T5(C). BVAER(ABA) (D)ALEE T AIA [FALLYE)H Rk
(B), (C), (D) SIWRKY45[{I %} F ik 84 M LA4°C. ABAFIPEGB0004L 310N % R (E) SIWRK Y4511 FH % 22 1% & DL ZE AR R .
** ROREP<0.01/KF LEREE,

Figure 1 Heat map of SIWRKYs under low-temperature treatment (A) and SIWRKY45 expression under 4°C (B), drought (C),
and abscisic acid (ABA) (D) treatments and in different tissues (E)

(B), (C), (D) The relative expression levels of SIWRKY45 at 0 h under treatments of 4°C, ABA and PEG6000 were utilized as
controls, respectively; (E) The relative expression of SIWRKY45 in stems served as the control. ** represents significant dif-
ferences at P<0.01.
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2.2 SIWRKY45HRREREMERED

DA M A A BB RNACH R R 45 l.cDNA, 3 LA
AR A TPCRY 1, 3K19750 bp/Ze 4 — H %
HTEA). ZIMFLAE, SIWRKY45(fCDSK AN
777 bp, it 258 2 IR, Tl 43 ¥ & A4 i s 5y
5l 4 29.3 kDa 1 5.6 . F| FH SMART M ik 43 #fr
SIWRKY45 185 H 251, KIS 11WRKY 41
1. 3 Xt SIWRKY45 H1 34N U 7 7 WRKY #4 3% [ 1
(AtWRKY18. AtWRKY40FIAtWRKY60) 2 (1 [ 51 i3k
T2 P AT, 45 31K L SIWRKY45 [ WRKY 45 14
BB S ERST R “WRKYGQY” #0754,
AL F 1A CoHo 8 AL (1 £ 48 45 44 (B 1’1 1B), & W
SIWRKY45/&8 T llaZ$ B IWRKY 5 3% K 1.

S AV 7% (1 44 407G TFWRKY 5 55 K 1 LUK SR I8
T ORI lall 5 (1112 M WRKY 5 3% K 1 (1 5 1 741
M R G, &5 i K 9L SIWRKY45 7 4] 5
CmWRKY19 (4% %) (ks Maileag, 2020).
GMWRKY27 (i 5 5 F1 £ fpid) (Wang et al.,
2015)FICsWRKY21 (Wi Biy2 i) (Mi et al., 2024)
YR B, A AR ABLEE #4176 50% LA L (FF 1 C), 1
RSIWRKY457] fig B A R D e

2.3 SIWRKY45R03EF5EM 247

FI % BF 2 5593 T SIWRKYA5%% 53% | 1 (s s 1k
W A 5 BipGBKT7-SIWRKY45. pGBKT7 % # i ki
(FA X} HE) AIpGBKT7-53+pGADT7-T (IFH 4 X} 18 ) %
B EEY2HGold4t e, 43 %1 s /ESD/~Trp. SD/-Trp/
—His/—Ade 1 SD/-Trp/—His/-Ade+X-a-gal % 3% 3& I
HEATREI . 25 A B, 7ESD/-Trpki %3t I, pGBKT7-

SIWRKY45. [ xf B ARH ) B8 g 1% AR K 7
SD/-Trp/-His/-Ade #1 SD/-Trp/-His/~Ade+X-a-gal
Rigedk b, pGBKT7-SIWRKY45F1BH M X} B IE & A4E K
HAZW, BV BANBEIE 5 A K (B2). 24 RE,
SIWRKY45%% 5% K -1 B A ¥ s i Pk

2.4 SIWRKY45-OEREEEMETEMETH

FRIR Y LIEFR

IR FLSIWRK Y457 F it i 36 1 B ok H (9 T e, 14
18 SIWRKY45 113 2 38 34 38t 4% 36 A0 3 A, I H
PCR% 5 B4 i 15 SIWRK Y451 #5351 % ik &
(#1. #2. #5H47) (Kt EI2A). F|FHQRT-PCRX} |ik4
AL AR R I SIWRKY 45K 5 & HEAT b, KL
SIWRKYA451E#1. #2. #5F#THFIRIEEWEE S
FEAERI(WT) (I EI2B), EEH#FI#2PIAN TR R AT
Je BEAH OGS

X} SIWRKY45-OE % 2 R FIWT 75 i 4 W 1647 T
B, 45 R R T RAFRT, SIWRKY45-OEH; 3
RIFIWTHE R R B R E 5 fEFF 487K, 10K
AM5KJ5E, SIWRKY45-OEHEERIMFE M F ()2 5 2
FERWT S5 B SR8 % (E13A) -

N T 5 M it 3k SIWRK Y4552 15 52 i 75 T 1
HRe, BT RABATE IR R SR AR
ML FE. SR KM, TFPHT, SIWRKY45-OE
HEIAIWT ()G 23 2 5, 544035, SIWRKY45-
OE# BN FE MMM 4R & & LSRRI T
BEETWT (K3B). Uik RIASIWRKY45%] 14
FET S hE R A re ) B EEAER

T KN 3k SIWRKY 455+ % HiiROSHH &

SD/-Trp/-His/-Ade

SD/~Trp
B2 SIWRKY45[1#E 36 B G

SD/-Trp/-His/-Ade+X-a-gal

pGBKT7-53+pGADT7-THIpGBKT7 4% 5 47 4 51l Sy B 4 o} [ [ 1k o 1R

Figure 2 Transcriptional self-activation of SIWRKY45

pGBKT7-53+pGADT7-T and the empty vector pGBKT7 represent the positive control and negative control, respectively.



192 HEYIFMR  60(2) 2025
A 7d
B 607 owro#m#z 30, owTo#m#
=
"6 *k Kk [T
3 E 40 i §>‘ IE 20 ] sk ol
o Q n =
> 9 8¢
Q5 20 2 £ 10
55 a8
(%] B %
0 2% 0
Before  After Before After
Drought treatment Drought treatment
D
—~ 30007 oWTo#1@#2 —~400 7 CWTE# D#2
Ig) T *%* lc'» *%
=2 2000 = 300 -
2 2
= = 200
& 1000 £
a a 100
o) / o
@ 0 & 0
Before  After Before After
Drought treatment Drought treatment

#2

-
=)
Q
-
2
4 O
(@]

After

> -
. K

DAB

250 1oWT @ #1 m#2

H*
-—
RS

200 -

Stomatal conductance
o O

o O O
1 1

After

(mmol-m-2-s7")
S &
Before
& &
&«

Before  After
Drought treatment

NBT
80 - OWT @E#1T#2 ~ 8001 owT n#1m#2
[}
- o dk kk
€ ~ & 600
< 60 =]
£b .
i g 40 é 400
o) E 5 g 200
e
0 a O
Before  After Before  After
Drought treatment Drought treatment

E3 T4 T SIWRKY45-OEHIER MWT H AR RE(A). JeETEHR(B). DABHMNBTHL {1 (C) [ L B A L4545 (D)
(B), (D) *RIRTEP<0.01/KF L Z R 3% . DAB: & IR, NBT: &5 D0M:; WT: BFA%Y; SOD: A (L)L, POD: it
FALYIES; MDA: TN ZE%; Pro: ARG, #AF#2 AN K E R . Bars=1 cm

Figure 3 Phenotype (A), photosynthesis indicators (B), DAB, and NBT staining (C) and physiological indicators (D) of
SIWRKY45-OE transgenic and WT tomato plants under drought treatment

(B), (D) ** represent significant differences at £<0.01. DAB: Diaminobenzidine; NBT: Nitrotetrazolium blue chloride; WT: Wild type;
SOD: Superoxide; POD: Peroxidase; MDA: Malondialdehyde; Pro: Proline. #1 and #2 are different transgenic lines. Bars=1 cm
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Figure 4 Phenotype (A), photosynthesis indicators (B), DAB, and NBT staining (C), and physiological indicators (D), (E) of
SIWRKY45-OE transgenic and WT tomato plants under 4°C treatment

(B)—(E) * and ** represent significant differences at P<0.05 and P<0.01, respectively. WT: Wild type. DAB, NBT, SOD, POD,
MDA, and Pro are the same as shown in Figure 3. #1 and #2 are different transgenic lines. Bars=1 cm

XF IR AR IR SIWRKY45-OF % 3 [K] 4 Ak Al
WT I P23 5033 7T DABFINBT Je (. 45 BRI, H
BN o#HROERTTHEER, [RLET, SIW-
RKY45-OFE # 5 [N M AR AIWT - Fr et ik, 2
SIWRKY45-OE #: WT 4 5 3% (&1 4C) . il 5& SIW-
RKY45-OEFIWTHIH: /i ff1SODMIPOD &, K I H iR
T = H SODAIPODE T & % % 7, (R ALFE T,
SIWRKY45-OE]SODMPOD;F 14 & % i TWT (&
4D); Kl SIWRKY45-OEFWTH F (MDA & #H
PG EMProd &, RKWER T - &ELEEER,
GIRALFE R, SIWRKY45-OE MDA & & F1 A % B 5
R EZCTWT, Prof & 23 m TWT (K4E). % 1
FH, IGIRALFE R, SIWRKY45-OE#% 3 R FREWT

FR 4 B SR AL A, Rt R AR Y TR T A

2.6 SIWRKY45-OE4#EEEAEIKIEME TH
RNA-seq 447

1) B SIWRK Y 4518 42 3 At AR IR W 18 1 73+ WL, 3%
IXHMEIR AL EE AT /5 7 SIWRKY45-OE (OE#1)AIWT it
1TRNA-seq. 7 HTRNA-seq##ls, KILH i TWT25
vs OE25 Ll 4 4H 1) 22 ¢ % 15 5 ] (differentially ex-
pressed genes, DGEs)}£2824, 190/ 3E A |-
W, 924N FEH T AREALEE R, WT4 vs OE4LLHH
[{IDGEs #8261, H 257 3K 11, 5694 %K
TiA(EBA). 5WT25 vs OE25HtL, WT4 vs OE4 L
B IDGESEITAP2 (15). WRKY (74 MYB (5



194 A% 60(2) 2025

AMHINAC (415555 R LK POD (124Y).
(1MMGST (AN )EPEEE A .
XfDGEs#E TGO REE B /i, KILWT25 vs
OE25F1WT4 vs OE4LL# 4 IDGESTE i # A ik
JR B T T A B 2 B R E R, HWT4 vs OE44H

SOD

BTWT25 vs OE257F i v 87 it #5 o J5& (R 42 0\
#(K5B). KEGGH /1K, DGEsF Z 5 1EX
A E A Bi(ko01110). MM EESHS
(ko04075) LA J2 AR & 12 (ko01100)%%; (B 1537 = 1

LA 1 H ALY B 512 (ko04146) X TE

A WT25 vs OE25 WT4 vs OE25
10.0- I L, 10.0-
L L]
' ' o Down: 92 * Down: 569
Not-significant . | - Not-significant
=18095 75 =18095
o « Up: 190 o o Up: 257
= =
© ©
T 7
Q Q. 50
2 e
(=] [o)]
o o
| 1
2.5 S _ |
0 -
T T T T T T
-4 -2 0 2 4 -4 -2 0 2 4
log, Fold change Total=18377 variables log, Fold change  Total=1789 variables
B WT25 vs OE25 WT25 vs OE25
[60:0005576] Extracelluar region _{ D [G0:0016491] Oxidoreductase activity ] .
[G0:0048046] Apoplast _| 5 [G0:0042493] Response to drug .
[GO:0019646] Aerobic electron transport chain ., 130:0020037] Heme binding._ .
[G0:0016491] Oxidoreductase activity _| ! [G0:0016705] Oxidoreductase activity, acting on paired donors, with
[GO:0004129] Cytochrome-c oxidase activity | incorporation or reducmn of molecular oxygen_ .
[G0:0015002] Heme-capper terminal oxidase activity | . O o es o simas] °
[GO:0016675] Oxidoreductase activity, acting on a heme group of donors ., [GO:0010200] Response fo chitin| «
[GO:0016676] Oxidoreductase achvlly arcsnng on a heme gruup . G.ezr:)e count [G0:0042221] Response to chemical o
[GO:0015988] Energy coupled promn nansmem rane transport, | - [GO:0046908] Tetrapyrrole binding . Gene count
[GO:0015990] Electron nﬂ%ﬁ coupled pﬂ?ﬁ'ﬁéﬁ'& - :gg [GO:1901700] Response to oxygen-containing compound 0 50
[G0:0005618] Cell wall - 3 Pl [GO:0008950] Response to stress | . © 100
[GO:0030312] External encapsulating structure — . value [GO:0004497] Monooxygenase activity-| o ® 150
[GO:0016762] Xyloglucan:xyloglucosyl transferase activity |« 9e-04 [GO:0009607] Response to biotic stimulus - . © 200
[G0:0000266] Mitochondrial fission -{ » 6e-04 [GO:0010243] Response to organonitrogen compound - = Pvalue
[G0:0010336] Gibberellic acid homeostasis - « 36-04 [G0:0010033] Response to organic substance .
[GO:0006123] Mitochondrial electron transport, cytochrome ¢ to oxygen | « [G0:0009813] Flavonoid biosynthetic process—| - 7.5e-05
[G0:0009505] Plant-type cell wall | . [GO:0009812] Flavonoid metabolic process « 5.0e-05
[G0:0055081] Anion homeostasis -| o [G0:0001101] Response to acid chemical 4 . 2.5e-05
[G0:0042937] Tripeptide transmembrane transporter activity | [G0:0009751] Response to salicylic acid-{ «
[G0:0042938] Dipeptide transport { [GO:0009611] Response to wounding—{ «
[GO:0071916] Dipeptide transmembrane transporter activity | « [GO:1901698] Response to nitrogen compound—|
[GO:0010411] Xyloglucan metabolic process o  « [G0:0009719] Response to endogenous stimulus - .
[GO:0071944] Cell periphery - . [GO:0009725] Response to hormone | .
[G0:0006857] Oligopeptide transport -| [GO:0006952] Defense response .
[G0:0042939] Tripeptide transport -{ « [GO:0051707] Response to other organism - .
[G0O:0009299] MRNA transcription | « {G0:0016708] Oxidoredluctase GO 0043207r]edstponse lomethal bur:!c snmullius A
[GO:0045277] Respiratory chain complex IV o « ug activity, a n paired donors, with incorporation or redu-_J
[G0:0014070] Response to organic cydlic compound 1, ction of molecular oxygen, NAD(P)H as one donor and |noor[pomllg;§‘§ ;-;‘16 Cztgr!;&f gl;:‘ v ng_ .
[G0:0020037] Heme binding - . [GO:0046677] Response to antibiotic=|
[G0:0009504] Cell plate o » [G0:0014070] Response to organic cyclic .
T T T T T
00 01 02 01 02 03 04
Gene ratio Gene ratio
c WT25 vs OE25 WT25 vs OE25
) ; [ko00073] Cutin, and wax bic .
[ko04075] Plant hormone signal transduction . [ko00940] Phenylpropanoid biosynthesis - .
[ko00804] Diterpenoid biosynthesis 4 [ko00592] Alpha-linolenic acid metabolism-
[k004260] Cardiac muscle contraction Gene count [ko01110] Biosynthesis of secondary metabolites - .
[ko01110] Biosynthesis of secondary metabolites | . : }8 [ko00591] Linoleic acid metabolism - . Gene count
3 30 [ko04075] Plant hormone signal transducuon E . .10
[ko01100] Metabolic pathways - D [ko00945] Stilbenoid, diarylt id and gingerol bi .0
[ko00592] Alpha-linolenic acid metabolism ] POW(IJ:e [ko00906] Carotenoid biosynthesis-  «
[ko00940] Phenylpropanoid biosynthesis 4« 8:83 [k000941] Flavonoid biosynthesis o « P value
X " P - 0.04
[ko00906] Carotenoid biosynthesis - 0.01 [ko00904] Diterpenoid biosynthesis < - 0.03
L [ko01040] Biosynthesis of unsaturated fatty acids | - g-gg
[ko03320] PPAR signaling pathway - - [ko00052] Galactose metabolism-  « g
[ko01212] Fatty acid metabolism - [ko04146] Peroxisome .
[ko04072] Phospholipase D signaling pathway - - [ko04976] Bile secretion o -
[ko00071] Fatty acid degradation - [ko00910] Nitrogen metabolism -«
) . [ko04620] Toll-like receptor signaling pathway - «
[ko00010] Glycolysis/Gluconeogenesis [ko00040] Pentose and glucuronate interconversions < .
[ko04621] NOD-like receptor signaling pathway - . [k002024] Quorum sensing{ .
T T T T T [ko04064] NF-kappa B signaling pathway - -
0.10.203040.5 ) j
X 01 02
Gene ratio Gene ratio

&5
Figure 5



PR K SIWRKY45 4 53¢ K716 MARE A T 2 e I Xhee 195

D 25 E
SISOD3/Solyc119066390 M 5o
15 147 aWT-25°C
1.0
SIPOD1/Solyc02g090470 8.5 12
=]
-05 2 101
-1.0 o
SIPODISolyc019006290 s
yeUlg -15 g8
[
2 5.
1.27 | SIWRKYB80/Solyc03g095770 56
12
44
SIMYB15/Solyc03g005570 0
0
SIERF20/Solyc099089910 SISOD3 SIPOD1 SIPOD SIWRKY80 SIMYB15 SIERF20

25°C 4°C
B5 SIWRKY45-OE 1k R A ATWTLE(RIR Ab B2 51 J5 IIRNA-seq 7 T
(A) Z5RILIEF(DEGs) KL E(LL . BEOFMKESHAAR LW, TIRHMTZERKEIER), (B) GORE(LOLE TMLFKIFHT
NEFEEHENE), (C) KEGGHE T (L2 5 E A br il K8 8% = HMEEK); (D) Phkf6DEGsHIREHME, (E) 64
DEGsHIARX ik & (LR R FTWT X *RRIEP<0.01KF LEREE . WT: BT . #AFH2I9 A F R AR R)

Figure 5 RNA-seq analysis of SIWRKY45-OE transgenic tomato and WT plants before and after low-temperature treatment
(A) Volcano diagram of DEGs (red, blue and gray represent upregulated, downregulated and undifferentially expressed genes,
respectively); (B) GO cluster (the red asterisks and lines indicate significantly enriched pathways); (C) KEGG enrichment (the
red asterisks and lines indicate significantly enriched pathways); (D) The heatmap of 6 selected DEGs; (E) The relative ex-
pression of the 6 selected DEGs (the relative expression of WT under normal temperature was used as control. ** represent
significant differences at P<0.01. WT: Wild type. #1 and #2 are different transgenic lines)
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Figure 6 Dual-luciferase reporter assays analysis of SIWRKY45 on SIPOD1 and SIPOD promoters activation

(A) Sequence analysis of the SIPOD1 and SIPOD promoters (the bold underlines represent W-box-like and W-box elements);
(B) Schematic representation of reporter and effector vectors; (C) LUC/REN analysis (62SK+S/POD1 pro and 62SK+S/IPOD
pro are the control groups. ** represents significant differences at P<0.01)
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Figure 7 Interaction of SIWRKY45 and SIWRKY46 via yeast two-hybrid (Y2H) (A) and bimolecular fluorescence comple-
mentation (BiFC) (B)

(A) pGBKT7-53+pGADT7-T represents a positive control, pGBKT7+pGADT7-SIWRKY45 and pGBKT7-SIWRKY46+pGADT7
represent negative controls; (B) From left to right, the yellow fluorescent signal, bright field image and merge image are shown,
nYFP-SIWRKY45+cYFP and nYFP+SIWRKY46-cYFP represent negative controls. Bars=20 ym
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M T ROSHIFRER, H v % ik DR /KR8 AU R I 1) Bt
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Fl4A). e A R RS R S BSOS K
ROSH R, Préafblgis . MDARIProft & &, RKI
B AL EE R, SIWRKY45-OE#: 3 [N HRFIROSH! 2
MMDA % &2 B Z L TWT, Y& 48kk. SODIE .
PODEME K& Prof & . 3% = TWT (K13, &l4). Fiksh

FRW, SIWRKY45n] fig i it $2 = b A A BigE 1 ek
A E A, RN SR M bk s E R Re /g, 4E
i AR, B3 snanka vk i HT 2
T AE UL 128

N T R I SIWRKY45TE F 3t K il o 36 1 72 o 1)
VEIEHUE], FRATHHE IR AL BT J5 SIWRKY45-OE i %
KIAE B MIWT#47DEGs. GOMKEGG & £ 43 #r, K
DUAH 3 TR IR AL #E AT, (RIRALHE FFWT4 vs OE4(H)
DEGs#ti %, H % 7E MmN At F b Bg s = 4
(BI5). Z45 Wil — B IRAIE T A B A AL 8 b AR DU 25
R, R SIWRKY 454 = 7 it (1 i 1 il 14 15 e S A
(5 5l 2 i AL Wl ) TE PR ROSIR 2 X M 5 . WRKY
3% IR 7 T3 o 5 R IR 1 X0 A e
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i JA Bl 1 43 A AU O A i SR AR I, R I
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SIWRKY45 1] fit 18 i 1 42 4 1] A 42 70 4014 Il 2 [R] 1)
FIK, B E A IR

AR, WRKY-WRKY ELE 2 K AH H
YEH, FERATRARCH Y Dike . JETT P llail ik
(1) AtWRKY 18/40/6 038 i N iy 1) 5 2 R 12 5% [X B4 1kt
AR, DUEZB AT XS5 0 AR 5 AR G 13K
Pi ABA(E S IE A FIAEAE Y B (Xu et al., 2006;
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AR, VIR ABARI IR 55 3= A 3 BBl A 0 AR
(Chen et al., 2010). #/iSIWRKY305SIWRKY81
AR, $LFEMEHSIPR-STH2I A, 45 & A%t 75 4
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2023), SZI = Fi 1 o 6 SIWRK Y46 (1) D fEHF ¢,
R I Ik % 98 12 6k DR R AR v A A 1 T o 1 (B R 4R
fit), SIWRKY46 5 SIWRKY45[H J& T-llall 5 i, #41E
R 45 2 o AR B e N, LY 5 PR B
ROSIEAAM K. AW 7L Y2HHBIFCSL 4, K I
SIWRKY46 5 SIWRKY 4577 7E A7 HAF F (K 7). B k3R
fITHEMI SIWRKY 4538 it 5 SIWRKY46 5 AF, a1
PUEACETXTROSHITE R, AT 3 5 25 A 1 i IR 1

AR RIS, INFEATWRKY 5 K7 K
o T R B Z AR . T R AABA R 3 15 5 R IA 1)
SIWRKY45., Xtid %1k SIWRKY45%% 3L K 75 itk R 71
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Functions of SIWRKY45 in Response to Low-temperature and
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INTRODUCTION: Tomato (Solanum lycopersicum), a significant warm-season and water-dependent vegetable crop, is
extensively cultivated worldwide. Whether grown in open fields or protected environments, tomatoes frequently encounter
various environmental stresses, including drought and low temperatures, which significantly impact their yield and quality.
Transcription factors play a pivotal role in plant stress responses by modulating the expression of specific target genes,
thereby transmitting perceived stress signals downstream. WRKY transcription factors in tomatoes are known to regulate
responses to multiple abiotic stresses. However, the specific role of the tomato SIWRKY45 in abiotic stress responses
remains unclear.

RATIONALE: Studies have demonstrated that WRKY transcription factors play a crucial regulatory role in plant responses
to abiotic stress. As an important economic vegetable crop, tomato is susceptible to various environmental stresses during
its growth and development. By genetically overexpressing SIWRKY45 in tomato and investigating its function under
low-temperature and drought stress conditions, the findings can provide a theoretical foundation for understanding the
complex regulatory mechanisms of WRKY transcription factors. Additionally, this research offers valuable candidate
genes for breeding stress-resistant tomato varieties.

RESULTS: Expression analysis revealed that low-temperature, drought, and abscisic acid (ABA) treatments significantly
induced the expression of SIWRKY45. Overexpression of SIWRKY45 enhanced the resistance of tomato plants to drought
and low-temperature stresses. Under drought and low-temperature conditions, the photosynthetic indices, antioxidant
enzyme activities, and proline (Pro) contents in SIWRKY45 overexpression lines were significantly higher than those in
wild-type (WT) plants. Conversely, the accumulation of reactive oxygen species (ROS) and malondialdehyde (MDA) levels
in SIWRKY45-OE plants was significantly lower than in WT plants under the same stress conditions. Transcriptome data
analysis indicated that SIWRKY45 regulates tomato's response to low-temperature stress primarily by influencing anti-
oxidant enzyme activities and stress response pathways. Dual-luciferase assays demonstrated that SIWRKY45 could
directly activate the expression of SIPOD1. Furthermore, the interaction between SIWRKY45 and SIWRKY46 was con-
firmed through yeast two-hybrid (Y2H) and bimolecular fluorescence complementation (BiFC) assays.

CONCLUSION: Our findings demonstrate that SIWRKY45 positively regulates drought resistance and low-temperature
tolerance in tomato. Additionally, SIWRKY45 can interact with SIWRKY46 and directly activate the expression of SIPOD1.
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These results offer valuable insights for further research into the regulatory mechanisms underlying abiotic stress res-
ponses and provide potential gene resources for genetic improvement through molecular breeding.

OE#1
WT

OE#2

Drought treatment

Phenotypes of SIWRKY45-overexpressing and wild-type plants under drought and low-temperature treatments

Key words tomato, SIWRKY45, drought stress, low-temperature stress, antioxidase

Fan B, Ren M, Wang YF, Dang FF, Chen GL, Cheng GT, Yang JY, Sun HR (2025). Functions of SIWRKY45 in re-
sponse to low-temperature and drought stress in tomato. Chin Bull Bot 60, 186—203.
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MIEIL SIWRKY45[1% 57511 (CDS) 7 [ (A) . WRKY & 7 51l 1) 2 F 51| EL X (B) AR SEE AL (C)

WO FXIBARWRKY S M. 206 E SRR ERT IR S .

Appendix figure 1 Coding sequence (CDS) cloning of SIWRKY45 (A), multiple alignment (B) and phylogenetic tree (C) of
WRKY proteins

The blue line represents the WRKY domain. Red asterisks represent highly conserved amino acids.

MiEl2 SIWRKY45-OE# A F Atk RIPCR (A)FIR1A(B) %52

(B) LAWTH SIWRKY45[H AT RiE BN IR, WT: BFAER, #1. #2. #5M#7 AR IERK R . *RREP<0.01KF
tEREE.

Appendix figure 2 PCR (A) and expression (B) confirmation of SIWRKY45 overexpressing lines

(B) The relative expression level of SIWRKY45 in the WT was used as control. WT: Wild type. #1, #2, #5 and #7 are
different transgenic lines. ** represents significant differences at P<0.01.

https://www.chinbullbotany.com/fileup/1674-3466/PDF/24-101-1.pdf
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Application

Primer name

Primer sequence (5-3")

Coding sequence (CDS) clone SIWRKY45-cds-F

gRT-PCR

Reference gene

Yeast vector construction

BiFC vector construction

Dual-Luciferase vector
construction

Overexpressing vector
construction

Overexpression tomato line
identification

SIWRKY45-cds-R
SIWRKY45-Q-F
SIWRKY45-Q-R
SISOD3-Q-F
SISOD3-Q-R
SIPOD1-Q-F
SIPOD1-Q-R
SIPOD-Q-F
SIPOD-Q-R
SIWRKY80-Q-F
SIWRKY80-Q-R
SIMYB15-Q-F
SIMYB15-Q-R
SIERF20-Q-F
SIERF20-Q-R
SIEF1a-F
SIEF1a-R
SIWRKY45-BD-F
SIWRKY45-BD-R
SIWRKY45-AD-F
SIWRKY45-AD-R
SIWRKY46-BD-F
SIWRKY46-BD-R
SIWRKY45-NY-F
SIWRKY45-NY-R
SIWRKY46-CY-F
SIWRKY46-CY-R
SIWRKY45-SK-F

SIWRKY45-SK-R
SIPOD pro-LUC-F

ATGGATACAAACTTGGGAGAC

TTAATTGAAAGGCAAATCATA

ACCATCCTCATCCATCCCAA

TGAAAGTAGGGCTGCTGGTT

AATCTTCACCACAACCAGCAC

AAGGGGTTTAGGGGTAGTGAC

CAGCTTCCATCACCTTTCGAG

TTGAGCAAATCCAAGGGTGTG

GGAGTTGTTTTGGCTGGAGG

GCCCCTGATAGAGCAACAAG

AGGAGAAGCAAGACCGTAGAG

CTTGATCGTACTTGTGGGTGC

TGGGATCACGAAGAAGACCAA

TCCCGGTAATCTTGCTGCTAT

GGCAGCTTATTCAATGAGGGG

GATGACGATGATGATGAAGCCA

GACAGGCGTTCAGGTAAGG

CCAATGGAGGGTATTCAGC
CATGGAGGCCGAATTCATGGATACAAACTTGGGAGAC
GCAGGTCGACGGATCCTTAATTGAAAGGCAAATCATA
GGAGGCCAGTGAATTCATGGATACAAACTTGGGAGAC
CGAGCTCGATGGATCCTTAATTGAAAGGCAAATCATA
GGAGGCCAGTGAATTCATGGGAAACAAGTCTTTTTTTA
CGAGCTCGATGGATCCTCAAAAAAGTAATCCTGAGATG
TCGAGGACGCCGGCGGATCCATGGATACAAACTTGGGAGACAAT
CTCTGCAGGTCGACTCTAGATTAATTGAAAGGCAAATCATATTCG
TTACAGGTACCCGGGGATCCATGGGAAACAAGTCTTTTTTTATTG
CCACCGCCGTCGACTCTAGAAAAAAGTAATCCTGAGATGGCTGT
ATTTGGAGAGGACAGCCCACCACCATGGATACAAACTTGGGAGACA

AGAGAGAGACTGGTGATTTCAGCGTTAATTGAAAGGCAAATCATATT
TTCTACTGATTTTTCCTCGAAATAAAGATAAATTAAAATGT

SIPOD pro-LUC-R TAGTGGATCTGGATTTTAGTTTATAGGCATAAAAACACGTTA
SIPOD1 pro -LUC-F TTCTACTGATTTTTCCTCGACAATATATATTTTGATAGTA
SIPODL1 pro -LUC-R TAGTGGATCTGGATTTTAGTAGGTGAAGACTTATAATTACT

SIWRYKA45-OE-F
SIWRYKA45-OE-R
pGWB-35S-F
pGWB-R

AAAAAGCAGGCTA ATGGATACAAACTTGGGAGAC
AGAAAGCTGGG TTAATTGAAAGGCAAATCATA
AGGCTTACGCAGCAGGTCT
GGCAGAGGCATCTTCAACG
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Appendix figure 2 Coding sequence (CDS) cloning of SIWRKY45 (A), multiple alignment (B) and phylogenetic
tree (C) of WRKY proteins

The blue line represents the WRKY domain. Red asterisks represent highly conserved amino acids.
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Appendix figure 2 PCR (A) and expression (B) confirmation of SIWRKY45 overexpressing lines
(B) The relative expression level of SIWRKY45 in the WT was used as control. WT: Wild type. #1, #2, #5 and
#7 are different transgenic lines. ** represents significant differences at P<0.01.



