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Abstract: The WRKY family is one of the largest and unique gene families in plants, and it is involved in
various aspects of plant growth and development, while there weren't reports on WRKYI12 in loquat. In
this study, the E;WRKYI2 gene was cloned from loquat buds and leaves using homologous cloning, and
its physical and chemical properties, protein structure, evolutionary relationship, and cis-acting elements
in the promoter region were analyzed using bioinformatics. The expression pattern of the gene was also an-
alyzed in combination with transcriptome data. The results showed that the E;WRKYI12 gene in loquat
was 711 bp in length and encoded 236 amino acids. The homologous genes obtained by comparison were
mostly related to flowering, suggesting that E;WRKYI12 may be involved in loquat flowering. Promoter
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analysis indicated that it might be regulated by light, MeJA, and auxin. EfWRKY12 protein was localized

in the nucleus. After exogenous GA; treatment, there was no significant difference in the expression level

and trend of E;WRKYI12 in leaves between the treatment group and the control group. However, in the

apical bud, the expression level of EjWRKYI12 in the control group was the lowest during the critical peri-

od of flowering. After GA; treatment, the expression level of the gene increased continuously with the ad-

dition of treatment time, indicating that it may be a transcription factor that inhibits flowering and pro-

motes vegetative growth. This study cloned the E;WRKYI12 gene and had guiding significance for further

elucidating the molecular mechanism of loquat flowering regulation.
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A (Eriobotrya japonica Lindl.) J& 7= T 3],
R R AR LA R R SRR A T
YL DU T e P 454 X, AR SR (e L Tl
i LA R — S . SR Y
F14) )8 A6 2 73 Bt ) 00 F A6 B [ 38 % AS A 6] — 4F P9 &
A X R AE SR B R SR PR A L
ATTHE B RK 245 46 28 10 3 Ak, A6 28 76 b KR UG 46 2
SERFIFA . HRAMEAE AL 25 204k 13 4R i ) 5 3
BB L ETE 6 AR 7 A BRI ZE N
RERESN ALK, TR . it x
FiRR IR 1 T 46 > 1 o 05 7R HLAE 0F Ak i A2 o AT 7= 2
T AN TR T H Al A A 0 49 1A 8 P ML

A AT LA b J BB B 1) O B A Ak
PEIFAE B 8 5 e A U B L W AE S RN O B R
(GAF S WREF R YIS . X F S 2 HA
MW, EMNHmFERERAGHETFES. W
FLOWERING LOCUS T (FT)Hl SUPPRESSOR
OF OVEREXPRESSION OF CONSTANS 1(SOCI).
WRKY12, WRKYI12 ZfWAEKEE LR —4
FHEMEZRN T, AT EL A EES R E R
SRR SR AL . WRKY12 2 i
WRKY ZWER 5L, H N 3 & A 57 Y WRKYGQK 3
BEBLLC & 14 G H, 5™ . WRKY 3K
FIGAFER ) 8 % B0 R e RIS TRk Z
— FEWEE TR T4 AR KRR A 100 £
A p R

TE6G E Wz, AAWRK Y12 2555 I i
FEAE PR AT LAAE S H IR A0 ARt TR A6 s 18 R
Z& AT, A(WRKY12 5 RGA-LIKEL (RGL1)
GA INSENSITIVE (GAD H £ ¥ /£ W F FUL
(FRUITFULL) Ji 8 F X 38 ) W-box, f& #f FUL
KR FESHEY T . SQUAMOSA PROMOT-
ER BINDING-LIKEI10 (SPL10) Wi it GTAC-
motif 5§ WRKYI12 i) 2 Mg sh ¥R B4 &A%
H#E kY F R, WRKY12 fl WRKYI13 #1015

SPLI10 %M EAEN WRKY12 1 WRKY13 15 HifE
T SPLI10, #ETi 845 miR172b ik, ¥l & H
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Table 1 Primer sequences used for cloning and

vector construction of E;WRKY12

BIEZE 73

. . S ol
Primer name Sequence(5 —>3")

EjWRKYI12-F ATGGAAGGAGATCAAAGAGG

EjWRKYI12-R CTAGAAAGAGCTAAAGCATTC

N e GTCGACGGTATCGATAAGCTTATGGAAG-
EjWRKYIZ-GFPF A GATCAAAGAGG
TCCCCCGGGCTGCAGGAATTCGAAAGAGC-

EJWRKYIZ- GFPR 1A AAGCATTC

1.2.2 EjWRKYI2 EEAWIERES

FFH ExPASy Translate toolChttps://web. ex-
pasy. org/translate/) Xt E;WRKY12 X [X i 17 #
1%, 3 A ExPASy ProtParam tool Chttps://web.
expasy. org/protparam/) 43 7 1% 2 F£ R 7 51 1) 55
8 (pD oy T (MW) A AR E PR R A . e
2k M % https://npsa-prabi. ibep. fr/cgi-bin/npsa_au-
tomat. pl? page=npsa_gord. html XF 2 H i) _ 2 2%
5 A7 B0 23 A £ https://swissmodel. ex-
pasy. org/ TN & 1 1) = 245 /AR, R 4K 14 Chi-
mera F3 AT AR AR 28R A0 = A5 .

FIF NCBI %4 /% Chttps: //blast. nebi. nlm. nih.
gov/Blast. cgD #r #8 5 EjWRKY12 & A A 5P
(28 LR 4 EJWRKY 12 28 5 % ¥ 51 15 A U & A
HEAT ELXT L FIH MEGAT 8 pe g i fe At

1.2.3 EjWRKYI2 EFERBHFRX &

FIFH TB-tools H . WML J& PR 4 v 4K Bt
EjWRKYI12 &I % 1% F L% 2 000 bp J& sl F X
I, B 72 M 3l PlantCARE Chttp: //bioinformat-
ics. psb. ugent. be/webtools/ plantcare/html/) 7
323 PR R 3l 1 81 08 B sF I 0T 1 35 e DLt — 20
G3HT
1.2.4 EjWRKY12 I 40 ffl 5E {52 53 #7

Cell-PLoc 2. 0 £ £k M ¥4 (http://www. csbio.
sjtu. edu. en/bioinf/Cell-PLoc-2/) #F 17 85 H i W4
L A T S AN B AR T EjWRKY12 4
i X 5 B 3] 35S-GFP AR rfv 1 ) 8 4 1) 8 44 Jo s
T A A T TR AR e oK A A SRS AR B R L R
(AR ERI P ILE D,

1.2.5 EjWRKYI2 EE KL

FIHI B A 35 0 A AR Bl A8 o 72 v 1Y 5% Sk 4 5K
PEOY R EjWAKY 12 3 R AE AR GA, AL RS T AL
FEZE i e i SR 1 LR AT 43 B . % Si AR08 A
PRI B RS & A 0. 1% (V/V) B R .
0.025% (V/V) i $riE X-100 (13 17D LA & 300
mg/L GA, K % W, X 18 2 A Bk 0 me 36 & A
0. 1% (V/VOBEBR AN 0. 025 % (V/V) i $ii8 X-100 fY
VWL 2 FRIWEN 1 YR (2019 4E 5 1 18 HE 8 A 10
HO O i A it e T80 2 2 47 M 304 R o I i, B
MR RO o AR AR ZF B S A T o & A AE 6 H
JEZE 7 HwY . . GA, &b B ZH At IR 2H 6 HURE
mE 5 H 25 H.6 H29 HAI S A 17 H,

2 ZER 55

2.1 EjWRKYI2 EEEE

DL i i e AR Ry bk, IBCTOE2F K i 4 BB
RNA, DL 5 5 A i #5519 cDNA Sy 88, F
PCR ¥ 14 E;WRKYI12 ) CDS &K 3., L&
HL UK R, PCR 77 ) 2%l /DN 5 556 TR 2 4 2 i i )
M — (B 1, A, i pMD19-T # K J5 #% 1k
KGR Z S 40 (DH50) L 3843 EjWRKY12
CDS &K JF% 45 3 i n EjWRKY12 3 CDS XK
JE4 711 bp. gt 236 PRI (E 1,B),
2.2 EjWRKYI12 #4547

J T HE— AR EJWRKY 12 45 0 F1 5 B (14 4%
PEK EJWRKY12 5 2 4 4008 19 A R & [ k17t
PR3 45 R R L HE S 1 EJWRKY 12 & 3 12 17 51
5ok HAE R AL R K G R 0 g O 45 H A WRKY 12
HA (A I3 ) 45 0 A X OR <F L R A B R SF Y
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WRKY 2530 (] 2, A, 453 88, EFWRKY12 &
MR MEERTUARAER /N HESKZE
KO PP P A Bk | 5 A A IR A R — RS B R &
IR FR B BT 7R B SIE A AR TR o R S SR R Y b

2000 B

1000 76
750
500 101

250 376

,‘—‘Aﬁ}ﬂé

BEAN B A5 3 B [a] 5 TR K 22 5 A A 56 L I
7~ EyWRKY12 2 (A 0] 68 2 GE 4R ~F . 4 H = 54t
iy WO

B 1 ATGGAAGGAGATCAAAGAGGGGTTCCGAATTACGAGGTTCAGATTTCGTTTTCGAGCACCCCACAACAAGCGATC
1 M EGD QRGVYVYPNYEVQISTFSSTPQQATI

76 CACGAAATGGGGTTTGTGCAGTTCGAAGATCAGCATCATCATAATCAGGTTTTGAGCTTCTTGGCACCCTCATCA

DNA mark EjWRKY12 26

HEMGTPFVQF ED QHHHNOGQVLSTFLAPSS

151 TCACCTGTACAAGTACAACAACAGCTGAACCCTAATAATTCTCACCATCATCATCAGCCTGCTGCTCTCAGCACC
S PV QVQQQLNPNNSHHHHQQPAALST

226 TCCTCCTCCGCCACCGCCACTGCCACCAGCAACGCCGCCACCATGGGGTTTAGTACAAGACCTTCTTGGAATAAT
S S SATATATS SNAATMGFS ST RPST WNN

301 AATAACGAGCAGGTGGGAACGTTGGATCCAAAGGGTGTTAGTGATGAAAATGGGACTGGTAATGCTAGTGATTGC
N NEQVGTLDPIEKGYSDENGTGNASTDTC

TCAAGCTCAGAGAAAAGCAAGATGA AAGCTTAGAGAGCCAAGA

100 126

A, SEREARE] EjWRKYI12 Ik E B, EjWRKYI12 1) CDS J¥ 31 }&%

AGCAACTCATGG'
S NS WWRSSSSEZ KSIKMEKYVRRIEKLTRETPR R

451 TTTTGTTTCCAAACCAGAAGTGACGTGGATGTGCTTGATGATGGTTACAAATGGAGGAAATATGGTCAAAAAGTT
151 FCFQTRSDVDVLDDGYZ KUWRTIEKTYGAQEKV

526 GTCAAGAACAGCCTTCATCCAAGAAGCTACTACAGGTGTACTCACAATAACTGTOGGGTGAAGAAGAGGGTTGAA
176 VKNSLHPRSYYRCTHNNTCRVYVEKTEKT RYVE

601 CGTCTGTCAGAAGACTGTAGAATGGTGATAACAACCTACGAAGGTAGACACAACCACTCCCCTTGTGATGACTCT
201 RLSEDCRMYITTYEGRHNHESPCDTIDS

676 ACCTCCTCTGAACATGAATGCTTTAGCTCTTTCTAG
226 TS SEHETCTPFSSTF=*

HEE AR .

K1 EjWRKY12 3:IH5ipess
A. Gel electrophoresis of the cloned EjWRKY12 gene; B. CDS sequence and its translated amino acid sequence of EjWRKY12.
Fig. 1 Gene cloning results of E;WRKY12
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A. Amino acid sequence alignment of WRKY12 proteins from different plant species, the WRKY domains

are marked by red lines; B. Phylogenetic analysis of homologous proteins of WRKY12 from different species.

Fig. 2 EjWRKY12 amino acid sequence and phylogenetic analysis

2.3 EjWRKYI2 ER4EMEERZESH
2.3.1 EjWRKYI2 EFEBELERD

FH ExPASy ProtParam tool Chttps://web. ex-
pasy. org/ protparam/ YWk X EjWRKY12 s i 2 5
AR 7 B R AT 245 K 43 A, EFWRK Y12 28 1 5 A X 20

oM 26,8 KD, 251 5 8. 17, 7 B fif 1Y B L BB (Asp
+Glu) 25, 1F HLfr 5% 3 S (Arg+Lys) Ny 27, HJE

FRECH 3 629,50 F 3K Clise Hi Nygy Oyry Sy Al 52
TN 30 h, A Fa g & i Linstability index (1D ]
48. 78, R E H T ATE .
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I6 75 7 81 (aliphatic index) Jy 43. 73, 4 F- 355
K (grand average of hydropathy, GRAVY) ¥4k
fHoh —1.022, & W EjWRKY12 HH N EKEH.
i3 ProtScale (https://web. expasy. org/protscale/)
T 26 N 3l 0 12 2 1 g /K PR AT 43 B, H SR KR 43 K
FHAI 4 (K 3, A), [A B 53E T ExPASy Prot-
Param tool 44k
2.3.2 EjWRKY12 EAS&HSH

X EJWRKY12 85 5T — 90 45 48 347 3 B o] 4,
ZE A RE I FE T W o BRIE . BT S R TN
2l % (FE 3.B). EfWRKY12 2 [ 5 — 4% 45 1

A ProtScale output for user_sequence
15
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Score
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Z S5 F Ry JC R B i, 60, 5996 Hik O gAT
B, 17 28.39% ;s A o BRI DL 5 1 11,025,
X EfWRKY12 #9243 1R 7 51 i 47 285 (B 3,0 5 »
TR A Chimera 43 87 3R A5 1% 8 1Y — 451
FMZE Y (& 3, D), H T 4548 1 15 0 R 3K &
R, A RRHK IR .

Wt X EfWRKY12 19 90 254 1 = gL 254 1Y
Sy AT BT LA EE A T RE A A 3 0 3 R B
(R 5E TS RN A S Py & - = RE ENS RN UN7W
IR AT Rl 23 i — 25 T s K 25 6], A R BE S
HoAth A= 53 F 45 A T R4 T fE .

A, EJWRKY12 B K M5 #7 » Score S{E K M8 53, AL B /K 43 5 B, 8 3 2 45 M BEL b i (65 1) h 30K o152
AEAFH e Fom AT R, HRMEOTH c FoREMEM ;C. HH = REMRTID. E X = HEE W RN,
K3 EjWRKY12 & H g K M 450 M = 20451 73 M

A. Hydrophobicity analysis of EfWRKY12. Negative scores indicate hydrophilic regions and positive scores indicate

hydrophobic regions; B. A schematic diagram of the protein secondary structure, in the sequence, the blue letters ‘h’

represent a-helix, the red letters ‘e’ represent f3-sheet, and the remaining yellow letters ‘¢’ represent random coils.

C. A schematic diagram of the protein tertiary structure; D. Surface structure of the protein tertiary structure.

Fig. 3 Secondary and tertiary structure analysis of EfWRKY12 protein

2.3.3 EjWRKYI2 EFEBZHFX oM

i TB-tools {4 AL AE 3 K £ 5 41 v 3k
B E;WRKYI12 IG5+ ATG i 2 000 bp iy
Ja 37 X e, 545 B NCBIChttp: //www. nebi.
nlm. nih. gov/), F#%1 ID 2§ OR476020, %4 PLACE
B 0 2 5 R RS 30 ) A DR S T R R
J¥. EjWRKYI12 30 )5 8 T8 506 & 125 SR
SE R S5 A8 T, FL L 4G 33 A 5 e SRl 4 M R
HHEH CAAT-box, LUK 23 NEE AW RNA BH
fil 1R S0 67 5 TATA-box J 8h F#.0oofh., W3k
2, WA, HAE&A TCT-motif ,GATA -motif . I-box, Box
4. AE-box &5 12 At ma R 7€ 4, 8 4~ 3 A B2 W g
(Methyl Jasmonate, MeJ A)if5 R I TGACG-motif (4
A FI CGTCA-motif (4 4~) , A Jz MYB £545 7 15 F1R

SIS 5 A K O X AR R Y o
AuxRR-core &, Z Ml 45 R W 7/R EjWRKY12 £ 1A
A RESZ 2D MeJ A K R NHMR ZE R JE .
2.4 EjWRKYI12 & B T 4 fd & i 53 #7
EiWRKY12 i 24 5 /R 7 ) 75 78 4k M 3 Cell-
Ploc 2. 0 #4725 A o2 V. 40 B =2 v T, 45 3R B 7~
EjWRKY12 5 {5 75 240 L% , £ 6 — e S IR R A
T UE T A5 R, 2 H M T 35S EfWRKY12-
GFP A4, 4 ) 7 0 1) 480 4 o r 38 ok AR A T 42 % 12
VG R R AL B R R, AEROE BT
A LA 3, 35S: GFP 23 2 O B S (056 Y6 (5 5 & A AE
20 Y0 S5 R 200 JHL A% T 35S: EjWRKY12-GFP Filt 45 75 1
FE AR A% (B 4D, 5T 25 3 — %, S5 R R,
EjWRKYI12 HEHTEAMIAZ IR 5 s EHT .
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Table 2 Cis-acting elements on the EjWRKYI12 promoter

M A FH e Bt AR PSS ke
Cis-acting elements Number Sequence Function
~ v T 2 [ b Ly A T 6 S A
CAAT BOX 33 CAAAT/CAAT L EESTTRRE TR RO R
Common cis-acting element in promoter and enhancer regions
HAZAEY) RNA R4/ TR
TATA-box 23 ATATAT/TATA Eukaryotic RNA polymerase [l recognition site
B I VTS S22 1 IR 2 T 9 42 7
CGTCA-motif 4 CGTCA _ BERA 1 FR P BB IS e i
Cis-acting regulatory element involved in the MeJA-responsiveness
S ks A [H G R 17 M () 17 S 455 7
TGACG-motif 1 TGACG L BHARNER R AR T
Cis-acting regulatory element involved in the MeJA-responsiveness
Box 4 5 ATTAAT YR W TG4 Part of a light responsive element
I-box 3 cCATATCCAAT S0 B TG Part of a light responsive element
GATA-motif 2 GATAGGG/AAGATAAGATT S W G Part of a light responsive element
TCT-motif 1 TCTTAC G % JC 4 Part of a light responsive element
AE-box 1 AGAAACTT S0 B JCA4 Part of a light responsive element
ARE 1 AAACCA - ARZEFOOAMPATTE
Cis-acting regulatory element essential for the anaerobic induction
AuxRR core 1 GGTCCAT o AR B FH A 15 e P .
Cis-acting regulatory element involved in auxin responsiveness
Myb-binding site 2 CAACAG MYB 454 1ii &5 Myb-binding site
CCAAT-box 1 CAACGG MYBHv1 4547 5 MYBHv1 binding site
MYB recognition site 1 CCGTTG MYB L5147 i MYB recognition site
H i
Rema/ir;iéfgjil{!mems 43 — 58 K B Research is inconclusive
it Total 125

35S:GFP

35S:EjWRKY12-GFP

Kl 4 EjWRKY12 & [ W40 i & iz &
Fig. 4 Subcellular localization of EfWRKY12 protein

2.5 EjWRKY12 ERERIZESH

MEAETE 6 AR shAE 2 71k, &5 GA, b3
MU IR S5 o HEAE B AE A2 B ABIF ST L
EjWRKY12 TEREAE B AE i A8 i % 5% 20 K als , 45
REW L EjWRKY12 16X} B4 (9 A AR T0 25 v, B A

(B I EjWRK Y12 3 [H 3 3k & i A%, (B 1E
GA, Kb BRI R, 12 55 P 3R 5K il 5 Ak 3B ) 4 A8 —
B ETHCE 5. A) 578 GA, AL BRAL RISt B 20 i A v i
EjWRKYI12 ikt IR EHABAKE 5,B),
M 1E Jiang 2 A OBEZE b 7R GA, b B S HEAR &b T
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W B 1Y 38 7 AR K R BERAES . R EjWRKY12
LR O] BE A0 I ALAE B AE L Wl e B AR AR W
YEH .

—A—%f (X ##) Bud (Control) ~ —@— I (Xf &) Leaf (Control)
—B- Z (4 H) Bud (Treatment) —O— FH(XbFE) Leaf (Treatment)
35r 30r
30 A B
25t
E =
2 25| ”
= =
20
20F ‘\A/A

. 5-25 6-29 8-17
HIA(H-H) Date

: 5-25 6-29 8-17
HH#i(A-H) Date
ACTETRZE i 3R 35 B B fE M i Rk i,

5 M RAE R B b Ej WRK Y12 B K (1) 23 1%
A. Expression level in the apical buds;
B. Expression level in the leaves.
Fig. 5 Expression of EjWRKYI2 gene

during the flowering process of loquat

31 ®

WRKY ZEH & A Ees 5. e 225
P ) 39 B8 A TP S N, R B I A K R B
SRR R I 5 AL 2 AR (9 ZE R A e
B TAHLAE EjWRKY12 3 iZ 3L A Y CDS X K &
RT11 AR X, g 236 N FE R, HLA R
WRKY F &5 RS 5 1 4 WRKY Z5 44
.8 T WRKY ZHEMRAZ—.

¥ EjWRKY12 W& IR T 57 NCBI 5 B2 4
R 3R BRI R R R AT LU X M R KR
TEFEAR &b T 8] — 3 52 09 2 B e B A 8 e (A DR
P T AT AT AT i S R B T RE . AR BIE ST SRR R

SE K
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