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Brassica juncea BjuWRKY71-1 accelerates flowering by
regulating the expression of SOC1

DENG Qinlin"?, WANG Yuanda'?, FENG Junjie"?, WEI Dayong"?, WANG Zhimin'?,
TANG Qinglin"*

1 College of Horticulture and Landscape Architecture, Southwest University, Chongging 400715, China
2 Chongqing Key Laboratory of Olericulture, Chongqging 400715, China

Abstract: Brassica juncea (mustard) is a vegetable crop of Brassica, which is widely planted in
China. The yield and quality of stem mustard are greatly influenced by the transition from
vegetative growth to reproductive growth, i.e., flowering. The WRKY transcription factor
family is ubiquitous in higher plants, and its members are involved in the regulation of many
growth and development processes, including biological/abiotic stress responses and flowering
regulation. WRKY71 is an important member of the WRKY family. However, its function and
mechanism in mustard have not been reported. In this study, the BjJuWRKY71-1 gene was cloned
from B. juncea. Bioinformatics analysis and phylogenetic tree analysis showed that the protein
encoded by BjuWRKY71-1 has a conserved WRKY domain, belonging to class II WRKY
protein, which is closely related to BraWRKY71-1 in Brassica rapa. The expression abundance
of BJuWRKY71-1 in leaves and flowers was significantly higher than that in roots and stems,
and the expression level increased gradually along with plant development. The result of
subcellular localization showed that BjuWRKY71-1 protein was located in nucleus. The
flowering time of overexpressing BjuWRKY71-1 Arabidopsis plants was significantly earlier
than that of the wild type. Yeast two-hybrid assay and dual-luciferase reporter assay showed
that BjuWRKY71-1 interacted with the promoter of the flowering integrator BjuSOC1 and
promoted the expression of its downstream genes. In conclusion, BjuWRKY71-1 protein can
directly target BjuSOC1 to promote plant flowering. This discovery may facilitate further
clarifying the molecular mechanism of BjuWRKY71-1 in flowering time control, and creating
new germplasm with bolting and flowering tolerance in mustard.

Keywords: Brassica juncea; BjuWRKY71-1; expression pattern; BjuSOC1; flowering
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Table 1 Primers used in this study

R (U — O T iR, B3RE 7 d BURE), $2ECRNA
I K e s Jm AT 9O E i R A W 6 X R
(real-time fluorescence quantitative polymerase
chain reaction, RT-qPCR). qPCR Fr{ii F it i 571 &5

H“YEASEN”, JWAKZ A 20 pL KR, XN
“CFX96tm real-time PCR detection system
(Bio-Rad)”, ¥ ¥k A m e ki, BIF T
95 °C 5 min; 95°C 10's, 60 °C 30 s, 3t 40 MEH
FHEMA R R kS 27 i
SPSS ¥ i#kAT WM, WK 0=0.05,
AWFFE R FH G QPCR 514 L& 1.

1.5 FiriE

MRYEHE CDS AW sakEs 9, 439
FAEETF 32 BUWRKY7L (I EE ek Ak | B3
FARFIRCI R B A 2 AR5, 51k 1 fr
o LAHPE] TR A pEASY-BjuWRKY71 )5
WL R R AT 5, I TR I s B ) A
I R AR TEA TSRV, M FL K S 43 ) TR R /N I
W4y, dE—fF Solution T #ERFIE T4
P HE ALK AT R o Bk BH 4 K - 7 B

Name Sequences (5'—3') Used for experiment
BjuWRKY71-F ATGGATGATCAGGTTGACCACAA Gene cloning
BjuWRKY71-R TCAAGATTCATGCTTCAAGAATTT Gene cloning

BjuWRKY71-qPCR-F
BjuWRKY71-qPCR-R
BjuACTIN-qPCR-F
BjuACTIN-qgPCR-R
AtTUB2-qPCR-F
AtTUB2-qPCR-R
pBin35SRed3-WRKY71-F
pBin35SRed3-WRKY71-R
p1300-WRKY71-F
p1300-WRKY71-R
pGADT7-WRKY71-F
pGADT7-WRKY71-R
pGreenll 62-SK-WRKY71-F
pGreenll62-SK-WRKY71-R

ACAGCCCCTATCCAAGGAGT
CGTCGATGGGATTGGATGGT
GCTGACCGTATGAGCAAAGA
GTTGGAAAGTGCTGAGGGAT
ATCCGTGAAGAGTACCCAGAT
AAGAACCATGCACTCATCAGC
CGCGGATCCATGGATGATCAGGTTGACCA
CCGGAATTCTCAAGATTCATGCTTCAAGAATTT
TGCTCTAGAATGGATGATCAGGTTGACCA
CGGGGTACCAGATTCATGCTTCAAGAATTT
CGCGGATCCATGGATGATCAGGTTGACCA
CCGGAATTCTCAAGATTCATGCTTCAAGAATTT
CGCGGATCCATGGATGATCAGGTTGACCA
CCGGAATTCTCAAGATTCATGCTTCAAGAATTT

qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
Overexpression
Overexpression
Localization
Localization
Y1H

YIH

LUC

LUC

The restriction enzymes are underlined.
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BjuWRKY?71-4 (BjuB029455)
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] ]
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L ]

B

BjuWRKY71 QK AVEN SBY PR SY YRCTIOK 197
BniWRKY71 Sam:iRaneq ( CTIQKCHVEKRY . 204
eSS AW F D] EDGYRYRK YGOK AVKN SEYFR SYYRC VKKRVERS 204
RsaWRKY71 SiniRaned] A /PRSYYRC VKK 197
BraWRKY71 San: By CAVKNSBYPRSYYRC VKKRVER SFQDPREY ITTYEGKHFHPT PSTL R
FNAYA:US @AM SFIDH FDGTRYRKVGC SYYRCTEQKC 199

C

BraWRKY71-2 (BraA09g035200)
BnaWRKY71-3 (BnaA09g26610D)
BoWRKY?71-2 (Bo5g061050)
BnaWRKY71-4 (BnaC05g22810D)
® BjuWRKY71-5 (BjuA034817) — e
@ BjuWRKY71-4 (BjuB029455) — mmms———————
BniWRKY71-2 (BniB044026-TA) ————— e
—+————— AtWRKY71 (AT1G29860)

@ BjuWRKY71-2 (BjuO010732)
BniWRKY71-1 (BniB031400-TA)
BoWRKY71-1 (Bo7g044930)
BnaWRKY71-2 (BnaC07g09430D)
BnaWRKY71-1 (BnaA07g07600D)

A BjuWRKY71-1 (BjuA023161)
BraWRKY71-1 (BraA07g010810)

® BjuWRKY71-3 (BjuA001698) —

1 BjuWRKY71-1 £ RE K1

Figure 1 Characterization of BjuWRKY71-1. A: BjuWRKY71 gene structure. The green parts indicate exons,
the black lines indicate introns. The white box represents missing sequences, and the black box represents extra
sequences, compared to BjuWRKY71-1. B: Alignment of the amino acid sequences of BjuWRKY71 with
BniWRKY71, BnaWRKY71, BsaWRKY71, BraWRKY71 and AtWRKY71 (partial sequences). WRKY
domain and C2H2 structure are marked in the graph. C: Phylogenetic tree of WRKY71 proteins from different
species. The solid gray circle indicates homologous proteins of BjuWRKY71 in Brassica juncea, and the solid
red triangle indicates protein studied in this article. The red box indicates the WRKY domain. Genes ID are
shown in the bracket.
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glo a
H L
e —
ol | O ||
§ I I it v

Figure 2 Expression patterns of BjuWRKY71-1 in Brassica juncea. A: Relative expression of BjuWRKY71-1
in different tissue during flowering under normal photoperiod condition. B: Relative expression of
BjuWRKY71-1 in different periods from vegetative to reproductive phase under long-day condition. I, II, III and
IV represent 8, 15, 25 and 35 days of seedling age, respectively. Different letters above columns indicate
significant differences (P<0.05).
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2.4 BjuWRKY71 £FRFERIE(RHFE RITFAERAL(E 4), ARBFFEILIRA 6 ML

T M E BJUWRKYTL-1 (A2 RBITRRR, B TR T3 AR T K H B3R
fiE, H5HAH A F] pBin35SRed3 HIK(35S FBEh T B FAMTHEM . LM, BjUWRKY71-1 7F
gy, IFEARMIT I RIR, WS BIggT i k(8 4A | 4B), I ELEEREDIAE

GFP RFP BF Merged

355-GFP

20 pm

BjuWRKY71-1-GFP

3 BjuWRKY71-1 EH T ENL
Figure 3 Subcellular localization of BjuWRKY71-1 protein. RFP: Red fluorescent protein (reference for
nuclei); BF: Bright-field; Merged: merged image of GFP, RFP and BF.
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-
& 256 xs 40
oy 128 i ]
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5 32t =
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g 8T 2
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E 1 e 0
= WT OE WT OE
o

50 - 201
=11} (5]
= - e
£ 40 o g
2 a0k E
£ 30 .
2 20r r
A 3
g 10r- 2
0
WT 35S: BjuWRKY7I-1 WT OE

4 RiRidERIE BjUWRKY7L-1 R #HMEFTF &

Figure 4 Overexpression of BjuWRKY71-1 promotes flowering of Arabidopsis thaliana. A: PCR identification
of T1 generation positive transgenic lines. PC: Positive control; 1, 2, 5, 7, 8, 10, and 11: Transgenic plants; WT:
Wild type. B: BjluWRKY71-1 expression, days to bolting or flowering, and number of rosette leaves respectively
in transgenic lines and WT plants. OE: BjuWRKY71-1 overexpression lines, WT: Wild type. Asterisks indicate
significant differences between WT and transgenic lines (n>10, *: P<0.05; **: P<0.01, ***: P<0.001, by
Student’s t-test). C: 35S:BjuWRKY71-1 exhibits early flowering than WT. WT: Wild type.
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Figure 5 Expression analysis of flowering related genes in BjuWRKY71-1 transgenic lines. RT-qPCR analysis
of genes involved in flowering between wild-type and transgenic Arabidopsis, including AtFT (A), AtSOC1 (B),
AtFUL (C) and AtLFY (D). OE: BjuWRKY71-1 overexpression lines. Asterisks indicate significant differences
between WT and transgenic lines (n>10, *: P<0.05; **: P<0.01, ***: P<0.001, by Student’s t-test).
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Figure 6

Interaction between BjuWRKY71-1 proteins with BjuSOC1 promoter. A: pGADT7-BjuWRKY71-1

was co-transformed into Y1H yeast strains in combination with pAbAi-ProBjuSOCL. The transformed strains
all grew on SD/—Leu selective medium containing AbA (700 pg/L). B: The comparison of luciferase activity.
The transcriptional activity of these infiltrated tobacco leaves based on the ratio of LUC to REN was
investigated with a dual luciferase reporter gene assay kit. “*” represents significance at P<0.05 comparing

with Negative control (NC).
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