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Abstract: Objective To clone a transcription factor gene PgWRKY22 from Panax ginseng followed by bioinformatics, subcellular
localization and expression in response to external phosphorus supply were performed. Methods According to Panax ginseng
transcriptome database to design the specific primer, by PCR to amplify the cDNA sequence of PgWRKY22, which was named as
PgWRKY22, and its bioinformatics was analyzed. Enhanced green fluorescent protein (eGFP) fused expression vector
PgWRKY22-eGFP was constructed and subcellular localization of PQWRKY?22 was observed by Agrobacterium tumefaciens transient
expression method in tobacco. Quantitative real-time PCR (gRT-PCR) was used to detect the expression specificity of PQWRKY22 in
plant tissues and its expression in response to external phosphorus supply. Results The cDNA sequence of the Panax ginseng
transcription factor gene PgWRKY22 was 975bp, encoding 324 amino acids; PQWRKY?22 protein was a WRKY superfamily protein
with a typical WRKY binding domain. It was an unstable hydrophilic protein with random coils as its main component; PgQWRKY22
protein has high homology with Salvia miltiorrhiza SmMWRKY, Vitis vinifera VVWRKY22, Catharanthus roseus CrWRKY?22, Striga
asiatica SaWRKY27 protein, and has a close phylogenetic relationship with Panax quinquefolius PQWRKY1, PQWRKY?2, Panax
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ginseng PQWRKY1, PgWRKY3, PgWRKY4; subcellular localization shows that PQWRKY?22 was localizted to the nuclei; real-time
fluorescence quantitative PCR showed that PgWRKY22 was highly expressed in the lateral roots and main roots of Panax ginseng,
followed by the leaves and stems; the expression at exogenous phosphorus concentration of 2 mmol/L was significantly higher than that

at other phosphorus concentrations. Conclusion The cDNA sequence and expression information of PQWRKY22 were obtained by

cloning, which could provide reference for gene function identification and phosphorus nutrition regulation in Panax ginseng cultivation.

Key words: Panax ginseng C. A. Meyer; transcription factor; bioinformatics; subcellular localization; expression analysis

A% Panax ginseng C. A. Meyer A TNk £ 4
AERORAEY), B CHEZ T MEEE, EARR
Mz R E . HE. HARZEBZE. A
SIS ER S AR 2. Zk%, H
NS BHENNS P EBEERSY, BT
YL S AT AR B S R I SV R, HRT OB
2. NSAE B IR AERET=, HAE
WA ORI AR SO 52 B A K IR B & A AR AT
AV A AT, X SRR A, A
PRAH DGR R 22 JE BRIk, DAtk RO 5l

e S DR - LE R ) AT P A= P A A AR ) o 1)
i I R 3 S E . WRKY & — 28 E B #%
KT, TS SN K G A R, WRKY
FEATE N #HEE T WRKYGQK ZEfH, 1E C iy
HEHEILF Cx4-5Cx22-23HxH Bt Cx7Cx23HxCIl,
WRKY ARAFE LR AT 5309 3 26 (L 1A D .,
WRKY & Hidid 5 H 30 7 X4 W-box o (T)
TGAC (CIT) FpSihgh Aok i L R e 5%, 1X
BEHeE (T) TGAC (CIT) A& N A=Yy iria
¥k R BI TGAC #0741, fTbL TGAC #4074
WA RETE A 37 X 30 AR 2 5 7 48 A DG EE A
MR BhRIE . KR M N R Sh 25 A 5258 O F B
WRKY ZE 631 W-box 22 7] (R AH ELAE FH DL S A8
WA KR B RS E s AR Y RS B
WEBEARMKE, EEDFS54KEE S
B WRKY B SR 7 O 2 Pl 4 % e ok,
HAR I 744, KFEHA 103 A, BUEEEE A
B 86 4N, KE A 197 4, 3% e 54 B,
Ak, WRKY B sk 2 5K R B IR
e S ML g it — 2B o . i, FERLRE T,
AtWRKY12 A] LB 43/ 5 GAS X 8L i T AL s [ Al
KA BE Y B 0 R #E AE H B AtWRKYS3 |
AtWRKY54. AtWRKY70. AtWRKY71 % 5 5%
e 1214, e KR, OsWRKY71 @idifi¥s ~
i L 5 R A [ R 5 K R ) g FE RS, PR A
WWRKY30 1314 R7E S Wria N R AR PTEN
TETEFRARAE R S /,  AIsn 7 Hox $h e

PPTERel, fER G ERERA S TP R, 66 4
GMWRKY i 37 £ i i s AN ], Hor 12 A
TRFEL, 354 T, 19 A B,
BREYLFHREEFR TR, EHITS
H5ZMARuERE, HEEKREEESCEEN
VEF o R 400 oF B8 A0 53 11 o 7 0, 47 T2 285 2 B L ikt A
SR FRE e, B, BEE AR, &
R AT A SRR . TR I (1) 43 b DA S AR 45 4
() B AR 0T, (AR IR 12 52 2 P R 4%, 7EANIH]
IR ARAE R, IR L R R IA AN [F] 120, G e 7K A
o, I B S B IR B s U T KL OsPHR2
(phosphate starvation response 2) il it B L TR 75
S 3EK PHT1 (phosphate transporter 1) 53 i3
)7 X ) PABS(PHR1 454 541 : GNATATNC)
Bep i aRr22, DR R A B R B ) R 123281,
WA FAE TR, KGR0, AR RB K 23238
AN = (YL sk T =K /P R S ENSNA B )N
HlB4Y, BT WRKY B FEFHA W-box (#
TTGAC ) HEAfrmIRmooty, Bk, e
JHRIE T R I S DR 1 R 8 5 Bl e ds A DG R [
JA BT 1) W-box AHES &, T2 5 s Ak b a
Wi 3. o ZEFL R 7, ACWRKY6. AtWRKYa , AtWRKY42
¥Ihe5 AtPHOL EH B8l 145G, S S5iiie
i, AtWRKYb. AtWRKYc. AtWRKY28 %
5 APHOL R 3k 4, D B i i1 ki 7 5
At WRKYd. AtWRKYe. AtWRKY42, At WRKY45
SR nE N SRS PHT, 180 PHTL; 4 (H
£, S 505 FHARB 8 (1155 T B2 BS-371, - g Ak,
7EKFE T I %k OsWRKY21 A1 OsWRKY108 fig
3 25 S DA B 3 SR A TR KRR A A B AR R
TR IX 2 AN 35k B A8 A 7K R A 9 o AR R i VB =
B8, JKAER) OSWRKY75 A KL ThRE, i
FiE OsWRKY75 AMUfE &3 F2 mK g xr i L& Y
i 520, s K REAR R A b3 A A 0 B L R 5
B ETEAERBL, ¥KT WRKY 7E0 NG
MEEEH, AT PQWRKY22 JEH 7%, 4
M A E A . AR TS S I IR R E,



» 4288 »

¢ 8% 2023E7H H54% H 134  Chinese Traditional and Herbal Drugs 2023 July Vol. 54 No. 13

DT WRKY BUFESR IR 1R N S8 TR
()5 FHLE PR AR 22K -
1 #RERF
1.1 ##

THEEASHRAANS IR ERETREAN
S, Zrp ER R BRI AT R R
HIF 8 4 8 N TUMB L ARE) N2 P. ginseng C. A.
Meyer.
1.2 RF B REE

RNAsimple Total RNA Kit {75 & (RIBAER
A PR A A ) Fastking gDNA Dispelling RT
SuperMix {5l (CRIREVEF AR AR ); 2X
Trans Tag®High Fidelity (HiFi) PCR SuperMixIl (4t
HEAXEEMBE AR LA D) TIANgel Midi
Purfication Kit {77 & (CRARZEVIRH A RAFD;
pEASY ®-T5 Zero Cloning Kit i{#)& (Jbni4é
EEHEAER AT,
2 HiE
2.1 HmALIE

F P FE LT RN 2 BT 5000 = I R e
NTAMEE GRE 20, Y6l 2000 Ix) AEF AR
WRIEHVER 2 KB IROHATKR:, W& 5 MEREK
“FALEE: PO (0 mmol/L). P1 (0.5mmol/L). P2 (1.0
mmol/L). P3 (2.0 mmol/L). P4 (4.0 mmol/L), &4~
W 3 RER, B ASHKEEZH 8 & 1 PR
22 RNARZERS4ik

Z I RAR Y RNAsimple Total RNA Kit 7 &
PEHURE AL RNA Jalifh, R MEZIR & A
BRI B VKA RNA i, RIS KR
WA IR A & 1) Fastking gDNA Dispelling RT
SuperMix 12756 1 B2k 47
2.3 PgWRKY22 EE A 5 bE R

BT ARSI = AT AL il I T R
AR, Tk PQWRKY22 R N#EH,
DNAMAN F1 Primer Premier 6 #3114 1 5|4
(PGWRKY22-F: 5-ATGGGAGAATTTGTTAGTAT-
GGAG-3’ , PgWRKY22-R : 5-TTACCTAAAAT-
GTTCCGTAGAGCA-3"). UASIZE cDNA NI
B, FEoHl N K Z&R: 12.5 uL 2 X Trans Taq ®High
Fidelity (HiFi) PCR SuperMixIl, #5141 (10
umol/L) %% 1 uL, 4R 1 uL, 9.5 uL ) ddH.0. PCR
P48 R NARF A 95 CHAEPE 4 min; 95 C. 30s,
51 ‘C. 30s, 72 C. 90, #4735 MiE¥k; 72 C.

7 min. SN 45 TR FE B TR B I FL ORI D i 4t
=Y PCR 7241, {#iH pEASY ®-T5 Zero Cloning
Kit 77 S0k B 1 Bod#28) 75 ik b, #k
F 5 DHS o B2 A MR, B PH 1 B R B2 U5
Frik b AR T .
2.4 PgWRKY22 EFEMEMEE S

¥ PQWRKY22 J K| 2 50 11 2 B 12 7 971 4 il 2
22 ¥ NCBI 1 Protparam _E 7F £k 43 Afr e Ak 5
SOPMA 75 #1 £ [ — 4t 4544 ; K SWISS-MODEL
FEL TR AT = 4EFYR R TMHMM 7E £ Fil
P I SE R Ik SMART 7828 4 # {57 &5 3k
DNAMAN # {4 % PQWRKY22 5 H Al 41 7 WRKY
T EHMR IR H AT E RS R
MEGAG6.0 #fF#d PQWRKY22 & A X k1 & 4;
HEAA
2.5 PgWRKY22 £ [E #9740 E {1

FR 5 PQWRKY22 £ [A1 ] CDS X #1175 EcoRl
A1 Xbal BN S5 (PgWRKY22-EcoRIF:
5’-GGAATTCCATGGGAGAATTTGTTAGTA-3"
PgWRKY22-XbalR: 5’-CTCTAGAGCCTAAAATG-
TTCCGTAGAG-3’; I or NlVIAL D, 1L (R
V54 7V %E R E pCAMBIA2300-35S-eGFP #i 44
ff) EcoRl #1 Xbal EgYIAr sl (8], 3R45 5 4H )5 kL
pCAMBIA 2300-35S-eGFP-PgWRKY22, #RJFiE#
PEASY ®-T5 #MRFAL KA BRI, HRELPH 1 7
B R AT I 5 36 AIE o 4 I 5 1 A %) 28 A 08 I R AT B
GV3101 MSyEgHEEr Fr, AR AR A0 I [E]
TSR, SRR R S R e e R R B, T
BOGIL R B T %L eGFP /5 5.
2.6 PgWRKY22 EFERYZHLR KX 8 RIL 571

{4 Fi] LightCycler®96 sir 7% ) 72 & PCR 41X (Hf
1) 4341 PQWRKY22 JE [RI7E N S AN [RI4H 23 K T
B FREEA. K PQWRKY22 ) CDS [X it
gRT-PCR ¢ R % 51 ¥ ( PgWRKY220-F :
5"-TCATTCGGTTCACTGGATTACA-3’ ; PgWRK-
Y229-R: 5’-GCTCATCTAACTCATCCACAAG-3’),
PL GAPDH AW Z3:[K (GAPDH-F: 5’-ATGGA-
CCATCAGCAAAGGAC-3’; GAPDH-R: 5’-GGT-
AGCACTTTCCCAACAGC-3"). [ 3k % Ay FastStart
Universal 2X SYBR Green (£:Af%F; b5 12.5uL,
LRSI 0.5 ul (10 pmol/L), cDNA #i#% 1 pL,
10.5 uL (¥ dd Ho0, [FIIFBA Tul () dd HoO R E AR 1
RBAPEST IR, RNFERS: 94 C. 2min; 94 C. 15s,



¢ 8% 2023E7H H54% H 134  Chinese Traditional and Herbal Drugs 2023 July Vol. 54 No. 13

= 4289 »

55 ‘C. 20s, 72 ‘C. 30s, #E{T 40 MME¥F; 72 C.
7 min. FEAMEER S BIWE 3 AR E A,
SR 27ACHEIO B AR RIA K
3 HR59%
3.1 PgWRKY22 EREH 5 RFFISH

BT S0 = W A5 ) e Sk AL B PR R v 3
519, VAT cDNA fUEHGHEAT PCR 4714,
193] PgWRKY22 (#1477 (B 1. #4 PCR /=4
DI gk [ 3+ 238 pEASY®-TS 4k, #ibiz
SRR . PQWRKY22 JE R 42Ky 975 bp,
gt 324 NMEAER (K 2).

1

M 1

2000 bp

1000 bp 975 bp

M-Marker 1-PgWRKY22 [A[\ 275
M-Marker 1-PgWRKY22 recovery band
1 PgWRKY22 B9 PCR F=4R% [E1U5T B Sk A&
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61 ACCGATTATTTTGATGATCCGACTATTTCTTCATTCGGTTCACTGGATTACATTCAGAAT
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I T PKSPS

721 TCGGTCAATACCAGTACTATTGTGGCAACACCCAAAGACTCCAGTTGCTCTCCAACATCA
241S V NT S TI VATPKDSSCSPTS
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The boxes represent the starter and terminator, respectively
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Fig. 2 Deduced amino acid sequence of PgWRKY 22 and overall length ¢ DNA sequence
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A 1 50 100 150 200 250 300
Query seq EEE—_—

ific hi WRKY
Specific hits
Superfamilies WRKY superfamily
B . ) ;

] S S . |

50 100 150 200 250
K /bp
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Fig. 3 Secondary structure (A, B) and predicted tertiary
structure (C) of the protein encoded by PQWRKY 22
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AN R A RE WL 223 GFP (55 (& 6-B), ¥WIbE

A 1 50 100 150 200 250 300
Query seq, I E—————— N ————
Specific hits
Superfamilies RKY superfamily

B 1.2

1.0
, 08
% 0.6
= 0' 4 transmembrane inside outside
0.2
0
50 100 150 200 250 300
Rfi/bp
] ?RK?
0 100 200 300

B4 PgWRKY22 {RIZERRFEELEME (A) MIRTLEN
W4 (B)
Fig. 4 Analysis of the transmembrane domain (A) and
conserved domain (B) of the protein encoded by PgWRKY22
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AZ PgWRKY9 (KU144582.1)

TH¥ES PQWRKY3 (AEQ29016.1)
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Fig. 5 Amino acid sequence alignment of PQWRKY 22 and other plants (A) and phylogenetic tree analysis (B)
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