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Cloning and Salt Tolerance Function Verification of Gene
RrWRKY47X1-2 from Rosa rugosa
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Abstract: Soil salinization is one of the main abiotic stresses that restrict plant growth. This study uses Rosa rugosa as a
material to investigate the salt tolerance function of the RrIWRKY47X1-2 gene in roses. The protein encoded by this gene
contains 440 amino acids and belongs to the WRKY Group IIb. It is located in the nucleus and has transcriptional activation
activity. Under 200 mM NaCl treatment, RriWRKY47X1-2 exhibits a strong response, with a bimodal expression pattern in
rose leaves (peaking at 4 h and 72 h). By heterologous overexpression of this gene in Nicotiana benthamiana, it is found that
compared to the wild type, the overexpressed line (OE47) has less leaf wilting than the wild type (WT), reducing levels of
malondialdehyde (MDA), significantly increasing superoxide dismutase (SOD) activity and soluble protein content, and
upregulating expression of salt stress-related genes. Virus-induced gene silencing (VIGS) of RriWRKY47X1-2 in R.rugosa
increases the plant's salt sensitivity and suppresses the expression of salt stress-related genes. The results indicate that
RrWRKY47X1-2(GenBank accession number: PX533116) may positively regulate salt tolerance by modulating the
antioxidant system, osmotic balance, and hormone pathways, providing a candidate gene for salt-tolerant rose breeding.
Keywords: Rosa rugosa; RrWRKY47X1-2; gene overexpression; gene silencing; salt stress
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Tt T Rk RAEE S . B (Rosa rugosa)
e RS R Y, A R RS KA
Gr . BUORE = THRERS ARG T ALK, BA
Sy AR LB R A IR R X, PRI MY R
D18, EAARR A 25 i 5 R 77, 2T
TR 553 F AL ) R AF b

TP i E I 52 2% 1) s S AL ) 6 a1
T H B AR BE RN, DA PRl 7 ok 4, e
b R ZRE S B S MAREES. EEbiET,
SMEINEE S 5SNIEKBE SMHEY S, It
Ca™ \ROS FAL 5 5, ) 4% s R 1 R AT B 5%
W, S R A O T R SR A, 8 B 1 S A ) 40
JfL B BB 02 R RE T e g i A B 4 A B T
RIS AR, B AR NG S I E
22 5535 0 i s R P AR AR 3t B P& 1A
DALE BRIE 78 BV 22 2R () e s R 7 S i 00t
h P8 R WA R A OE, W MYBLbZIP\NAC.bHLH
FTWRKY .

WRKY ¥ 5 1 5k & EAFAE T
eh, FEREL AR Bl W SR A K O T S 3
PEFE WHFLER I, fE A R, F 2 WRKY #
SR DA o T AR B AR B A RE T OB AR
AR SRR B & AR 5 G0, LR I A )
TaWRKY19 F: R W] 520 DREB2ARD29ARD29B
M1 Cor6.6 %5 He R 1% , NIRRT 35 T 5
A W i 2 . WRKY46 @it i ABAI4
PIFEAR AT KRG B R Sh e
IFLFE TR & B A AE K =A™, FeWRKY40
H i 4 SOS2 A1 P5CSI 1t 4 K (Fortunella
crassifolia) T I £ 14 i #5 1F ) 1 428 4 Y
SIWRKY 8 i it 1 15 # Aifi (Solanum Iycopersicum)
IPTEEA T LT & A R N IBE ) TR 5
A B i AT IR I Y. RtWRKY23 A
PG 4E R 20D (Reaumuria trigyna) 1 ROS
ABE PRI E S a2, M A 25 7
e e R R gE BT, WRKY JE R 5K
W)z 2 SHEY SR a r e . B E AR
SRR 52 AN RFNERE 77, SR AR 9 — P aER
T, 51 RE RrWRK Ys BRI 3 AH < (1) 431 A %%
T FOANTE R 2408 TAEER D o

A TN BORREAT T ERWE SEES , R INBCR
RrWRKY47X1-2 F R0} £ i 10 SO, H ik ik
PO, HENNZ R RE B b 2 5 dh iR, A

FHI 5 5 A A ) S VIGS J PR TR B
Huogedt it — b %5E.

1 RS

1.1 R

e Ry A AR BT T, TR R
B e Rk . SEEGHT B TR R4
TR 7, 55 78 5 6 A 16 holt /8 h JE I
B 25 °C/B0HR 23 °C) , AR E 60% , 1% 44 K
FH T J5 B2 5 R S B b ol R 2 (R R A 88 5 43
MTSESe . foFH — SR AR B4 1, O B R UER
FARBAT IR b7, L IRRE AR R T 1L 2R
Ak K ZEMR R IG E . FE IR 4 R B R A
AN 5 (Nicotiana benthamiana) i T V.28 i 52 A7
SIS R IR A SR B R D e 7, HLE R %
R _E R B AE A -

KW AT B B ik DHS o R A B B i GV3101.
P BE T 1R PR Y2HGold Y404 i i 1 2 P R
HIRAH] . v FE# 4K pCE2 TA/Blunt-Zero Vector
TR B B s 6 3 S S 05 R U R
(VIGS) # A& pTRV1 5 pTRV2 ] T % K 7T BR 52
96 F 40 R A #44 pB1121-GFP F T H ()£ [A]
ik 0K K A 7 47 43 A7 s pGBKT7 #ddk T %%
SO TS A I
1.2 EBMET RrWRKY47X1-2 EFERFRIE DR

{8 1 200 mM NaCl ¥ ¥ £ B AR R 3k 4T 8
i AL, 435 F 0 h4 h.8 h.12 h.24 h.72 h 2
HUH: 55 RNA 3 O 5 3K 45 cDNA

FI|FH Primer Premier 5.0 0441 S22 e g
HPCRIMCFH W R D NS HHEH
RrGAPDH, SES W B 3 XA ¥ B H . qRT-PCR
AR 5 e AR UL ME 2% ChamQ Universal
SYBR qPCR Master Mix 1t B 45, i f 22Tkt
SN IR B, 48 ] SPSS HEATHHE B E M bt o
1.3 RrWRKY47XI2EE R EREMEEF
S

MECH A AR R ELE RNA, 2 18 30 4% 5t
PGV AT 5200, & A cDNA 55— 25k, 2t
TR A 75145 B, FH Primer premier 5
ALV RrWRKY47X1-2 FE R 5 [ 1 45 5 1 5
WI(E D), LA BT cDNA AR H bR 3P A
EL3EAT PCR 41 , 72 W) 20 B g b v e P Yk 362 AE
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S A3 FF B I R i DN 44k 338 77) 6 1 47 [ i
aify,, BRI AN ES S RE
DNA 5 -Er i35 B me ot v ME B AR M RHR I 0 A PR
APt mOREE AL E I E R A BOE
if 5 min TA/Blunt-Zero Cloning Kit, 57 % &
pCE2 TA/Blunt-Zero Vector 3 A i , ¥4 % 5 41 7¢
Wi A + B i 4 3 42 P ) e A0 2 K B DHS o
RZ MM, WA T R REE = (Kan) (1) LB
PR RS F7 H AR |, 37 oC 18] B 1 77 3 % LA % FH
PERTR VK o BRI A IE W 1 5 B K AT TR
PCR YAIF , 444 565 UF PH 14 1) 5 e B V002 DU 7 2 ) 3
AT HIINE Ok H LR P 510 1%

I8 1 NCBI #0#5 E 5 MEGA 7.0 3k £, 3R HL
5 RrWRKY 47X 1-2 £ [ [F) 5P A i 1 A4
A& A7 51 R H R G0R 8 W B gk ik ¢
% ; ffi H DNAMAN 8.0 %X £ %} RrWRKY47X1-2
i IR (1) 45 R R AR 335 4T 43 5 df e £E 48 T H Prot-
Param FiUI 20 H7T RrWRK Y4 7X1-2 FE K 45 25 (4 )5
AR M R 5 SR 7E 28 40 i e A B A
WOLF PSORT X} RtWRKY47X1-2 & [ [ ¥ 7
AL DX IFEAT T o
1.4 RrWRKY47X1-2 §9 I 28 B £ i1 Fn 4% R
SE A I IE

¥ B2 BT 1 RrWRKY47X1-2 CDS 41,
5E [ #fi A pBI121-GFP # 1A ¥ @ & 41 3 1Ak
pBI121-RrWRKY47-GFP ( %% #{& pBI121-GFP &
XD A AR R AT I GV310 )5, BRI {2 4
4 JAES AR IO o B85 9% 60 h i , i/ 00 5
W T 2R B 41 M I B 2% 1 (ol BT 2B DAPL 45
- F 4Lt , 7E Nikon C2-ER 0%+t 58 £ B st
1) 488 nm 1405 nm # K T, 8 FH 20 £ 452 W 5%
2 e PR 2 A3 A

¥ RrWRKY47X1-2 4= £ CDS J7 41| il & 2
pGBKT7 £ /A1) GAL4 DNA 54 4 F s, 7 AL %

Y2HGold /&2 25 . Al ] SD/-Trp ¥ 7% £
1% BHYE R V% , F 1 mL Jo B ddH20 H & , OD600
W2 0.2, B J5 KR R 10 £ 4100 £% .1 000 £,
53 7 7£ SD/-Trp $% 77 3 Al SD/-Trp-Ade-His/X-a
-gal $5 773 AT ARG IR I BERE A KRN
X-o-gal Je oI5 LA W S0 T 1
15 HERAXRBEREEREEUKRNRE
S5hmastE

TELHEAE G b, B B A 2 (W) A [R5
FhFE AT MS 59525, 25 °C. 16 h /6/8 h g
AT EFR30 ARG LR . S 14 E
pBI121-GFP 5 pBI121-RrWRKY47-GFP 44 , %
FHAAT B B2 A e R 2, A8 5 Kan (1)
1% 97 ot 45 4L B0 B A R AT I R AR
BRI R . B HURE A 5 (R 4 DNA (S HE i i 3%
JE R ZH DNA $EHGR T &) , 4 PCR I UE H (124 4]
G PR RNA 3% 5% 4 ¢cDNA, 1@ i qRT-
PCR A H 1 5E PR (1) A %o 308 &, i ik A &%
RER IR R T /205 . RAR R,
F1200 mM NaCl &b H 4% 5L K 5 WT i %, T 0 h.
4 h\8 h.12 h.24 h.72 h HUFE (BN B[R] A Y 3 I
W EED , BRI G ,-80 CCIRTER .
1.6 #FHME THEER WSS EIREIRNLE
ESE v ol

1 FH 2% Ty 22 G-250 VR 52 A it AR Rl
B 0 R DY M I S R A )
B AR (SOD)IEME , 4l R AR 2 L2 2 (TBAD L
I E R S AR I A=) (MDA & &

JH 1I NbenBase Chttps: //nbenthamiana. jp) 3k
B A R e 5 DRT ZEL 5040 o7 22 R 2 1)) 35 2 A
% 3 [K| NbCAT3+ NbAPX2. NbNHXI+ NbP5CS-
NbSAPK2. NbGPX. NbAREB. NbLEA J¥ %1 , LA
NbActin NN ZFE K, 18 1d qRT-PCR f il % 5
THELSZ 31 3 Ab B 5 A OCHE R ) A AR A 35

® 1 KEHRSIFIIE AR

Table 1 Primer sequences involved in this study and their purposes

ElE R

Primer name

AT 7 41(5'-3")

Nucleotide sequence

ik

Purpose

RrWRKY47X1-2-F
RrWRKY47X1-2-R

ATGGATGAACAACGCTGTGAC
TTAGGTGGTGGAGAAAGTGGTAC

RrWRKY47X1-2 K vie

P-RrWRKY47X1-2-F
P-RrWRKY47X1-2-R

gagaacacgggggactctaga ATGGATGAACAACGCTGTGACTT
ggactgaccacccggggatccGGTGGTGGAGAAAGTGGTGCA

pBI121-RFWRKY47X1-2 # AR Ky 1k

T-RrWRKY47X1-2-F
T-RrWRKY47X1-2-R

tgeecgggectcgagggatccCTAGTTGAATCCCCAATAAAAGAAGA
aaggttaccgaattctctagaGATCAAGATTGCTGTCTTCTGCAC

pTRV2-RrWRKY47X1-2 Z A5
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Primer name Nucleotide sequence Purpose
pBI121-F GACGCACAATCCCACTATCC .
pBI121-R GTAAAACGACGGCCAGTGAA pBI121 SASE % 14

TRVI1-F TTACAGGTTATTTGGGCTAG
TRVI-R CCGGGTTCAATTCCTTATC
TRV2-F TGGGAGATGATACGCTGTT TRV 4+ Rl
TRV2-R CCTAAAACTTCAGACACG
GFP-F ATGGTGAGCAAGGGCGAGGA
GFP-R CTTGTACAGCTCGTCCATGCC
qRT-RrWRKY47X1-2-F TTTCTGGGGCTCAGTAGTA SRR R 2R
qRT-RrWRKY47X1-2-R CTTCGTATTCTCGCTGTAAC
qRT-RrGAPDH-F TTCTGCCTGCTCTCAATG L B
qRT-RrGAPDH-R TGCCTTCTTCTCAAGTCTG
NbCAT3-F CCAAATCCAAAGTCCCA
NbCAT3-R ACACCGAGATCATCAAACA
NbAPX2-F TGATGTTCCCTTTCACCC

NbAPX2-R TCAGATAGACCCATTTGCTT

NbNHX1-F ACCGCTGGATAAATGAGTC

NbNHXI-R ATGGCTGGAGCAAATGTA

NbP5CS-F GCACTTGGAAGATTGGG

NbP5CS-R ATCTAAGCCGCTGACGA e

NbSAPK2-F AACCCAAATCTACAGTAGGAAC

NbSAPK2-R AACCCCACAAGACCAAAC
NbGPX-F GATGCTAAGGGTAATGATGTC
NbGPX-R TTCCTGCCCACCAAACT

NbAREB-F TTGCTGGTGGAAATGTAAGTGC

NbAREB-R GGAATGTAACATCCTTTGAGTATCG
NbLEA-F GGATCTAATTGACAAGGCGAAG
NbLEA-R CTCGCCGCTATAAGAGAGAG
NbA ctz.n—F GGCTTACATTGCTCTTGACTATGAAC A Py B3

NbActin-R ATCAGGCAGCTCGTAGCTCTTCT

RrHKTI-F ACCTTTTCGTTTCCTACTCT

RrHKTI-R TCCTGGTTTTGTGACCCT

RrGA2o0x7-F TTGAAGGACTTGGAATGC
RrGA2ox7-R CCACTTACCCTCTTTTGATC
RrGAI-F AGGAGCAAGAATCTGGAAG
RrGAI-R CGGATGGGTTGTAATGAA R

RrSAPK-F CATTCACAACCCAAATCAAC BCREHHAAXER QRTPCR

RrSAPK-R CATCTGCTATCTTCCCATCA

RrGPXI-F TATAAAGCCGAATACCCC

RrGPXI1-R GTCACCTAAGAAACCTCCC

RrNHXI-F GCATTATGTCAGACCCACCCTC

RrNHXI-R AACAAAACCCCGACCACCA

bd-RrWRKY47X1-2-F tcagaggaggacctgcatatg ATGGATGAACAACGCTGTGACTT DGBKT7-RAWRKYA7X1-2 4 big e
bd-RrWRKY47X1-2-R ccgetgeaggtegacggatccGGTGGTGGAGAAAGTGGTGCA

s /ING Ry [ 5 R 2E AL I A bR R s 1 [ B s R RIZR R S € tetaga” (XbaD Fl ¢ ggatee” (BamHID i pBI121+
PTRV2 B AR F e i 2 A AL BT FH B VA 25, ¢ catatg” (NdeD) #1 ¢ ggatec” (BamHI) A pGBKT7 43 A4 4 2 i 284 AL By FH B VA 2 o

Note: The lowercase letters represent the homologous sequences at the upstream and downstream ends of the vector during
homologous recombination construction; in the underlined sequences, 'tctaga' (Xbal) and 'ggatcc' (BamHD) are the restriction enzyme sites
used for linearization when constructing the pBI121 and pTRV2 vectors, and 'catatg' (NdeD) and 'ggatcc' (BamHD) are the restriction
enzyme sites used for linearization when constructing the pPGBKT?7 vector.
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1.7 HFEFESEERETER(VIGS) X HIREEH

IhRERIE

e H A3 B b i 280 bp 45 7 B A
2l TRV2-RrWRKY47-GFP # A4k , # 4k 4% #T
GV3101. &K — B —F A BB,
H A BB R Y B BR M AK , JE 35 25 KPa, &F#k Ab
ﬁz min. AbEE5E G AR RIS AL EE 24 he J5

SR XA R B IEE R, 24410d

)ﬁ,ﬁﬁﬁ LUYOR-3415RG MU K 2¢ e 5 K
JEUEAS I GFP %'t I 38 3 qRT-PCR Ao il 77 B J
(1) 2% 2, e B AT U0 B s A PR 2R 1T 200 mM
EhHhiE AbEE

4y SI4E 0 ha4 h 8 h.12 h.24 h AT HUEE,
H 3NN EE T QRT-PCR 43 #7 H 12 K]
B TR AT 5 Bl B 8] 2R 1 Dl S R

i 106 A0 6 By 18 AH 5¢ B K] RrHK T« RrGA20x
7-RrGAI.RrSAPK .RrGPXI .RrNHXI ¥ %) , i it

qRT-PCR A il J5 PRI Y70 2R i BO 3 52 265 e Ak 2 5
AH I IE A ) R IE AL
1.8 SitothaE*E

FARIE W 3 IR A B S R DE I ER
71 3 B 50 MK FH SPSS 21.0 B4R 3T B IR R
Zo M, R 48 B Origin 2021 Bk, B 2#1:

7K H P<0.05.
2 FER59R

2.1 RrWRKY47XI2 EEZEREMEEF
T

CAECER T A 1) cDNA AR , o B 45 21 B 11
LK RrWRKY47X1-2. IR RrWRKY47X1-2 %
4K 1-1323bp (B 1D, AT Ya it 440 NRIERL , &
H—> WRKYGQK R~ &5 i35, AR 4 I R~ 4544
H2EAY, %% RreWRKY 47X 1-2 1344 Group Ib.

gat gaa caa cgc tgt gac ttg aaa cac ttg cac tcg gac cag agc ttt ctg ggg ctc
M|ID E Q R ¢C DLKHTU LHS D QS F L G L

agt agt agt tcc gat cat cgt cta gtt gaa ccc cca ata aaa gaa gaa aca tta ttc aaa
S §$S S s D HRUL V E P P T K E ETUL F K

gag atc aaa gaa gtt gat ttc ttt tcc aat aat aga ctt ccc gat caa ccg gcg cct ggt
E I K E VvV D F F S NN RUL P D QP A P G
cat gca gag ctg acc act ctt cag ctt caa gtt gag tta cag cga gaa tac gaa gag aat
H E Q L Y N

T T L

v

E

caa aag ctc aga acc atg ttg gac caa atc acc aaa agc tac aat ggg ttg cag gct cag
N G L A

K L R T M L D

T K S

ctg cgc atg atc aga ctt caa aag cag ctg caa act tgt gca gaa gac agc att aat ctt
Q T

L R M I R L Q K

A E D S I N L

gat ccg aag tta tcc ttc cta cat gat gac caa tcc ccc aaa agt agt tct cat cac gat
D P K L S F L HDD QS P K S S S H H D
cat gat caa gaa caa gtt ctt gct gct act gat cat gat cag gtt cct tca aga agg gct
H T S

D Q E Q VL A A

D H D Q P

agg gtc tcc gta cga gca aga tcg gaa gct ccc atg att age gat gga tgt caa tgg agg
R V S V R A R S A P M I S D G C QLW_R

E

c
N T T S
cat cat cta a

S

a

ct aac ¢

H H
atg gcc a
M A
cct aa
P N P N P N

S
age gec
S A
t

a

C aca tca gca gca gca gcc atg ttg ata tcg ggt tca aca acc agc aag gaa
A A A L I S G S T T S K E

ca cac cct aca ggc ttg ttc tct tct ctt cag ccg ctc tat ggt
L T H P T G L F S S L Y G
cc ttt tca acc tct gca cca ttt ccc aca atc aca ctg gac atg acc
T F S T S A P F P T 1 T L D M T
ct aac cct aat ccc atg cag ttc atg cac agt agt gct aca ttt cct

F M H S A T F P

t cct ttg cag ggt tat aat cat ccg ctt ata aag cac ccc ttg tgt ttg aat atc cct
P L Q G Y N H P L

K H P L CL NI P

I
cga cat aat cat gca gcg cta aca cca gcg gea atg caa cta gca gat ctg cag cca ttt
L T M

R H N H A A
L

L A D Q P F

cta gaa caa ccc cac ggt tcg atg gtt ggg aca ata act gca gcc att act tct gac ccg
P H S T I

T S D P

aag ttc act aca gcc cta gcet gct gcc atc tca agt aga atg aat aat att gag aat att
K F T T A L A A A I S S R M N N I E N I

aat gct gga tta caa gga agt acc aat gat att agt tcc ctt aac agt aat ggg aat gag
N A GL QG S TNUDTISSLNSNG N E

gtt tgc gca gca tta tct gge tcc cca cag ctt cct caa tcc tgt acc act ttc tcec acce
v _Cc A A L S G S P L P Q S C T T F S T

acc
T

1 RrWRKY47X1-2 2 F CDS 5| R H S £ F 5
Fig. 1 CDS sequence of RrWRKY47X1-2 and its amino acid sequence
TE : ATG GRARERS 1) A TAA (25 1% 1) W WRKY LR57 45115 WRKY GQK -Gk FF 41 S BE i 40 CL 73 il FH 40t B (AR €

ENRREg AT

Note: The ATG (start codon) and TAA (stop codon), WRKY conserved domain, WRKYGQK heptapeptide sequence and zinc finger

are marked in red, blue and purple, respectively.
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15 FH I 5 1E 6 B RrWRKY47X1-2 3 K 4 5
8 41, 75 NCBI £ 5 R 21 H 3 K 1 1]
PWEAFY . 17 %A FYFH WRKY47 &
7 51 5 3B ReWRKY47X1-2 5 [ 7 41 EE X .
AT P A1 EEXE 6 5% 5 5 B MEGA 7.0 32 FH 4B 4%
A ReWRKY47 5 H 7 5 2 A 1) R itk Ak
o bt B R, HZERcWRKY47X2 H H
5 5 A4 BB ReWRKY47X1-2 5 A B N A — %
X, DA ORG R R A s kB PaWRK Y47 5 B B

100

100

# FYWRKY47X1 HH 5 Bk s A LR
IR ; HE PmWRKY47 & H M il — AN 50 55
B ReWRKY47X1-2 £ F KI5 4% 0 R M 5
17T ¥ %) VaWRKY47X1 5 3 & B R W 19
WRKY47 & H R RN — 3 B RrWRKY47X1-
2 50 A] TeWRKY47. 1 55 DzZWRKY47 & H 4
FBEEAMEE X R (B 2. fH
WoLFPSORT 7£ £k # {1 fiil #lll RrtWRKY47X1-2 &
HEAIAZ hRIL

[*RrWRKY47X1-2, Rosa rugosa_|

RcWRKY47X2 (XP 024189125.1), Rosa chincnsis

PaWRKY47(XP 050373794.1), Potentilla anserina

FyWRKY47X1(XP 011467193.1), Fragaria vesca subsp. vesca

PmWRKY47 (XP 008227774.1), Prunus mume

VuWRKY47X1 (XP 047149407.1), Vigna umbellata

63 |—

85

GmWRKY47X2 (XP 006604765.1), Glycine max

100 D,
100] | GSWRKY47X1(XP 028216932.1), Glycine soja
98 | GmWRKY47X1 (XP 006604764.1), Glycinc max

MrWRKY47 (KAB1224094.1), Morella rubra

JrWRKY47 (XP 018843155.1), Juglans regia
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Fig. 2 Phylogenetic tree of RrWRKY47X1-2 and other homologous WRKYs
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Note: The scale bar at the bottom left indicates the evolutionary distance (an average amino acid substitution rate of 0.050 per site,

which is used to measure the degree of sequence divergence). The numbers below the branches represent bootstrap support values (ranging
from 0 to 100, reflecting the reliability of the branch clustering). The red box indicates the target protein.

2.2  RrWRKY47X1-2 EE i THIRIEERR
S

{8 1 200 mM NaCl &b 3 — 4 A48 B A T4 B
TR, @it qRT-PCR 434 H 1) 3% K 7E 26 i da
PFRaEE N G5 R K RrWRKY47X1-2 X%} 25 1)
e BAREL BTN BB, fE 4 hik

B8 — NG , AR IRZHI 8.7 4%, 72 his 3% —
AN WEAE , ook IR A 149 5 CIE 3D . i

RrWRKY47X1-2 %} E pie A 58 Z o .
2.3 RrWRKY47X1-2 B%% 8058 & 14 & I 48
M E L

7 pGBKT7-RrWRKY47X1-2 B Ak , e AL %



. 884 - AR K2R SRR 557 %

RrWRKY47X1-2 3R RE B T DLIEH 4B K, H
1 X-a-gal {EFH N2 84, Ui B Rr(WRK Y47X1-2 B
4L B SBOETE T (B 4)

—
=)
1

EEEES

-

10 - s sk
59F i l 10 10 10 107
0 48+
9 EqL i S
xes 5
é ; sk S|
=8
£t
=]
1+ RE
e &
ge =3
0% 4 8 12 24 72 B3
-
ime ot costment 14 REWRKY47X1-2 B036 SRR B M BT
Fig. 4 Verification of transcriptional activation activity
&3 EhAME T RrWRKY47X1-2 IFRIXHER of RFWRKY47X1-2
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Fig. 5 Subcellular localization of RrWRKY47X1-2
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Note: GFP represents the green fluorescence signal, while DAPI, when combined with DNA, can trigger blue fluorescence, indicating
the location of the cell nucleus; Bright field and Merge refer to the bright field signal and the merged signal, respectively.
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Fig. 8 Relative expression trends of RriWRKY47X1-2 in
transgenic Nicotiana benthamiana under salt stress
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Fig. 9 Physiology changes in transgenic Nicotiana benthamiana leaves under salt stress
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proteins Changes.* indicates 0.01<P<0.05, ** indicates 0.001<P<0.01, *** indicates 0.000 1<P<0.001, **** indicates P<0.000 1.
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Fig. 10 Salt-stress-related gene expression changes in
transgenic Nicotiana benthamiana leaves under salt stress
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Fig. 12 Expression analysis of target gene RriWRKY47X
1-2 before and after silencing under salt stress
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Fig. 14 Expression of salt-stress-related genes in Rosa rugosa after RrWRKYs silencing
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