Jue D et al. (2022)
‘ l Notulae Botanicae Horti Agrobotanici Cluj-Napoca Q—M
Volume 50, Issue 4, Article number 12916

Notulae Botanicae Horti

AcademicPres DOI:10.15835/nbha50412916 Agrobotanici Cluj-Napoca

Research Article

Cloning and function analysis of D/IWRKY?9 gene in longan

(Dimocarpus longan)

Dengwei JUE"?, Yuxin XIA? Qigao GUO', Huan LIU? Xuelian SANG*

'Southwest University, College of Horticulture and Landscape, Chongqing, 400715,
China; juedengwei@126.com; qgguo7S@swu.edu.cn
2Chongging University of Arts and Sciences, College of Landscape Architecture and Life Science, Yongchuan 402160, Chongging, China;
2669924069@4q.com; anyuel 220@126.com (“corresponding author)

Abstract

WRKY is one of the largest plant transcription factors (TFs) which is widely involved in plant growth,
development, and responses to stresses. In the present study, a WRKY TF DIWRKY9 was cloned from longan
(Dimocarpus longan). The coding sequence (CDS) of DIWRKY?9 is 762 bp in length and encodes 253 amino
acids. It has a typical WRKY domain and zinc finger structure which belongs to type Ila WRKY protein. The
molecular weight of DIWRKY?9 protein was 30.27kda and the theoretical isoelectric point (PI) was 5.24. It is
an unstable hydrophilic protein. The secondary structure of DIWRKY?Y protein consists of helical structure
(17.39%), extended chain (8.70%) and other structures (turn and random coil) (73.91%). The amino acid
sequence of DIWRKY?Y protein had the highest similarity with DIWRKY9 (xp_006450293.1) of citrus
Clementina. DIWRKY9 gene promoter elements contain light, abscisic acid, gibberellin, jasmonic acid and
other response elements. The results of qRT-PCR showed that the relative expression level of DIWRKY9 gene
in pericarp was higher, followed by young fruits and floral organs. Meanwhile, D/IIWRKY?9 gene specifically
down-regulated in the early stage of flower induction in ‘Sijimi’ (§]) longan. The results of transient expression
of Arabidopsis protoplasts showed that the fluorescence signal was mainly concentrated in the nucleus.
Moreover, overexpression of DIWRKY9 in Arabidopsis promoted eatly flowering. These results provide useful
information for revealing the biological roles of D/IWWRKY?Y in longan and increase our understanding of the
WRKY family in fruit trees.
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Introduction

Flowering is a crucial developmental process in the plant life cycle (Shabala ez /., 2014). Flowering at
the right time and having the enough flowers is directly linked to production whenever seeds or fruits are
harvested, especially for fruit tree (Jue ez al., 2019). To date, huge progress has been made in understanding the
physiological and molecular mechanisms underlying flowering time in plants. The flowering molecular
mechanisms of Arabidopsis is a complex gene regulatory network which containing at least six flowering
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pathways and several flowering-related genes, such as flowering locus T (FT), CONSTANS (CO), flowering locus
C (FLC), and LEAFY (LFY) (Moon et al., 2005). Meanwhile, since TFs have the ability to regulate the
expression of gene by binding its specific promoter regions, some TFs also play important roles during plant
flowering by activating or inhibiting the expression of flowering-related genes (Hwang ez al., 2019). For
example, AtMYB33 can regulate Arabidopsis flowering by binding to a specific 8-bp sequence in the LFY
promoter (Gocal ez al., 2001). In tomato (Solanum lycopersicum), silencing SIMYB33 leads to delayed flowering
by affects the expression of some genes controlling flowering, including ANANTHA (AN), FALSIFLORA
(FA), ELOWERING-PROMOTING FACTORI (FPFI) and FLOWERING TIME CONTROL LOCUS A
(FCA) (Zhang ez al., 2020). Overexpressing NTL8, one member of NAC (NAM, ATAF1/2, CUC2), the
transgenic lines exhibited delayed flowering. Meanwhile, the expression of F7 and its downstream genes was
significantly reduced in the transgenic plants (Kim ez 4/., 2007). Similar results also obtained in other TFs, such
as MADS-Box TFs (Lee ez al., 2013), CCAAT-Binding TFs (Cai ez al., 2007),and WRKY TFs (Liez al., 2016;
Ma et al., 2020b).

WRKYs are one of the largest TFs in plant (Rinerson er 4/., 2015). After the first WRKY gene was
cloned in sweet potato, the WRKY gene family has been identified in several plants, such as Arabidopsis
thaliana (Rushton ez al., 2010), Oryza sativa (Ross et al., 2007), Vitis vinifera (Guo et al., 2014), longan (Jue ez
al., 2018), and Black raspberry (Wu ez al., 2022). The main defining feature of WRKY proteins is their
conserved WRKY domain (WDs) and a zinc-finger motif at the C-terminus of about 60 amino acids in length
(Chen ez al.,2017). Based on the number of WDs and the structure of zinc-finger motifs, WRKY proteins can
be classified into three main groups: groups I, II, and III. Group I contain WRKY proteins with two WRKY
domains including a C2H2 motif. Group II WRKY proteins containing a single WRKY domain with a C2H2
motif and can be further divided into five subgroups: Ila, IIb, IIc, I1d, and Ile. The remaining WRKY proteins,
containing a WRKY domain along with a C2HC motif, belong to group III (Ling e al., 2011; Phukan ez 4l.,
2016). An increasing number of studies revealed that WRKY TFs play a crucial role in plant growth and
development, and response of plants to abiotic and biotic stress (Wani ez a/., 2021; Wu et a/.,2022). In addition,
previous studies shown that some WRKY TFs members participated in plant flowering regulation. For
example, in A. thaliana, the lines overexpressed Glycine soja WRKY20 (GsWRKY20), Miscanthus
lutarioriparius WRKY12 (MIWRKY12), Chimonanthus praccox WRKY71 (CoWRKY71), AtWRKYI13 and
AtWRKY71 exhibited flowering earlier than the wild-type lines (Huang ez 4/, 2019; Ma et al., 2020b).
Overexpressing AtWRKY13, the transgenic lines shown a delay flowering phenotype (Li ez 4/., 2016). In rice,
under long-day (LD) condition, knock-down of D/fI (OsWRKY11) expression exhibited early flowering (Cai
etal.,2014).

Obtaining a stable annual fruit yield is the key factor that affecting the healthy development of longan
industry (Jue ez al., 2019). However, the irregular flowering of longan which triggered by many environmental
conditions, such as spring frost and high temperature and moisture in winter, usually cause a unstable
production (Wiinsche and Ferguson, 2005; You ez al., 2012). previous study shown that potassium chlorate
(KCIO3) had the ability to regulate longan tree flowering time and obtain a stable high yield (Zhang ez 4L,
2016). However, the induction effect varies in different regions and varieties (Jue e al., 2019). Therefore, the
key to solve this problem is to identify the flower induction-related genes and analyze their regulation
mechanism. In our previous study, 55 D/IWRKY genes were identified in longan genome (Jue e 4/.,2018). The
expression pattern of these 55 DIWRKY genes in different longan tissues, flowering stages and the response to
different abiotic stress were examined. We found some D/IWRKY genes may be involved in the flower
induction of longan, including D/WRKY9. However, the detailed functional analysis for DIWRKY?Y is still
limited. In this work, D/WRKY?9 was isolated and its potential function was investigated by overexpressing in
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transgenic Arabidopsis plants. Our findings indicated that D/IWRKY9 plays important roles in the flowering

induction of longan.

Materials and Methods

Plant materials

The longan cultivars of ‘S]” and ‘SX’ (‘Shixia’) were grown in the same orchard located in Mazhang
district (110°16' E, 21°10" N), Zhanjiang, Guangdong Province, P. R. China. Three developmental flower bud
samples were obtained during different periods from November in 2016 to February in 2017: the dormant
apical bud period (T1), the floral primordia differentiation period (red bud) (T2), and the floral organ
formation period (T3). For tissue expression analysis, nine ‘SJ” longan tissues (flower, flower bud, leaf, pericarp,
pulp, root, seed, stem, and young fruit) were collected from November in 2016 to April in 2017. The samples
were frozen immediately in liquid nitrogen and stored at -80 °C.

RNA extraction, qRT-PCR and DIWRKY9 gene cloning

Total RNA was extracted from different longan tissues or WT and transgenic Arabidopsis lines by using
a quick RNA Isolation (Huangyueyang, Beijing, China) according to the manufacturer’s instructions, and the
quality of the RNA were detected as described of our previous study (Jue ez al., 2019). The cDNA synthesis
was performed with the PrimeScript First-Strand cDNA synthesis Kit (TaKaRa, Bio, China). qRT-PCR was
performed by using the LightCycler® 480 Real-Time PCR System (Roche, Germany) and SYBR Green II PCR
Master Mix (Takara, Dalian, China). The amplification program was performed as described in our previous
study (Jue ez al., 2018). The longan Actinl gene (Dlo_028674) was used as an internal control for
normalization (Jue e a/., 2018). The gene-specific primers used in this study are listed in Table S1. The relative
expression levels of the candidate genes were calculated by the 2744 method. The analysis included cDNA
from the three biological samples for each tissue, and all the reactions were run in triplicates.

The cDNA extracted from ‘SJ’ leaves was used as template for DIWRKY9 gene cloning, The primer for
DIWRKY?9 gene cloning was designed by using primer 5.0 according the sequence of Dlo_015501.2 (Lin ez 4L,
2017) and listed in Table S1.

Sequence alignment and bioinformatic analysis

The BioXM 2.6 software (http://cbi.njau.edu.cn/BioXM/) was used to calculate the MW, the number
of amino acids, the ORF, ORF length, and isoelectric point (pI) of DIWRKY9 protein. The domain of
DIWRKY9 protein was predicted by using Simple Modular Architecture Research Tool (SMART;
htep://smart.emblheidelberg.de/). The secondary and tertiary structures of DIWRKY9 protein was predicted
by using predictprotein (https://predictprotein.org/) and SWISS-MODEL (https://swissmodel.expaty.org/).
Transmembrane analysis and signal peptide analysis were performed by using CBS online tools
(htep://www.cbs.dtu.dk/services TMHMM-2.0/  and  http://www.cbs.dtu.dk/services/SignalP/).  The
PlantCARE software (http://bioinformatics.psb.ugent.be/webtools/plantcare/html/) was used for searching
the cis-acting elements. Multiple sequence alignment of the DIWRKY?9 protein was performed by using Clustal
X version 1.83. Based on this alignment, a phylogenetic tree of DIWRKY9 was constructed by using the
neighbor-joining (NJ) method with MEGA 6.0, with 1000 bootstrap replicates (Tamura ez al., 2013).

Subcellular localization and transcriptional activation activity analysis of DIWRKY9

The full coding sequence (CDS) of DIWRKY9 gene without the termination codon was amplified using
primers ProDIWRKY9-S and ProDIWRKY9-A (Table S1). Plasmids pBWA(V)HS-osgfp (negative) and
pBWA(V)HS-DIWRKY9-o0sgfp were constructed and introduction into Agrobacterium tumefaciens strain
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GV3101, separately. Then, the pBWA(V)HS-osgfp vector and pBWA(V)HS-DIWRKY9-osgfp vector were
transfected into Arabidopsis thaliana protoplasts by PEG mediated method (Yoo e 4/., 2007). After dark
incubation at 28 °C for 24-48 h, fluorescence signals in protoplasts were examined by using the Olympus
FluoView FV1000 confocal microscope software (Olympus, Tokyo, Japan).

Transformation of DIWRKY?Y into Arabidopsis and phenotype analysis

The full-length CDS of D/IIWRKY9 was cloned and inserted into the BamHI and Sacl sites in pBI121
under the control of the CaMV35S promoter to construct the overexpression vector. Then the pBI121-
DIWRKY?9 and pBI121 constructs were introduced into Agrobacterium strain GV3101 for Arabidopsis
transformation using the floral dip method (Clough, 2005). Seeds were collected and sown on Murashige and
Skoog (MS) agar medium containing 25 ug:mL™" hygromycin for selection. Seven transgenic plants
overexpressing D/WRKY?9 were obtained and further confirmed by RT-PCR analysis. Two T3 generation
homozygous lines (OE2 and 6) were used for further functional analysis. The Arabidopsis ecotype Columbia
(Col-0) plants used for transformation were maintained in our laboratory. The flowering time and number of
rosette leaves of the transgenic, W'T, and empty vector-transformed Arabidopsis plants (which were used as

controls) were recorded or measured under long-day (LD) conditions.

Results

Isolation and sequence analysis of DIWRKYY in longan

By using ‘SJ” leaves cDNA as the template and W9-S/W9-A as the specific primers, a PCR fragment
with a size about 800bp was amplified (Figure 1). After sequencing, we found the nucleotide similarity between
DIWRKY?9 isolated from ‘SJ]” and DIWRKY?9 sequence (dlo_015501.2) of ‘Honghezi’ longan is 99.88%. Only

one base is different: the base at position 617 changes from T to C.
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Figure 1. PCR amplification of D/IWRKY?9 gene in longan

The cDNA length DIIWRKY9 was 762 bp, encoding a 253 amino acid protein, with a pI value of 5.24,
and a MW value of 30.27 kDa. There are no signal peptides and transmembrane structures in DIWRKY9
protein. The instability coefficient of DIWRKY?9 protein is 52.37, the aliphatic amino acid index is 56.64, and
the average hydrophilicity index (gravy) is -0.880. Thus, DIWRKY?Y is an unstable hydrophilic protein (Figure
2A). The SMART analysis showed that DIWRKY9 possessed one WRKY conserved domain and one C-Xy_s-
C-Xo3-HXH zinc finger structure (Figure 2B). This result indicated that DIWRKY9 protein belongs to Group
ITa subgroup of WRKY TFs. Predictprotein and SWISS-MODEL analysis showed that the secondary structure
of DIWRKY9 was composed by 17.39% helix, 8.70% extended strand, and 73.91% other structure (turn and
random coil) (Figure 2C). Meanwhile, the predicted results of the tertiary structure of DIWRKY?9 protein are
consistent with the predicted results of the secondary structure (Figure 2D).
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Figure 2. Prediction of hydrophilicity/hydrophobicity and structure of DIWRKY9 protein

(A) Prediction of hydrophilicity / hydrophobicity of DIWRKY9 protein; (B) Prediction of the secondary structure of
DIWRKY?Y protein (Blue: Helix; red: Extended strand; yellow: other structure); (C) The secondary structure
prediction results of DIWRKY?9 protein; (D) Prediction of tertiary structure of DIWRKY?9 protein

Phylogenetic analysis of DIWRKY9 with other DIWRKY9 proteins

To study the phylogenetic relationships between DIWRKY9 and other plant WRKY proteins, a
phylogenetic tree was created. As shown in Figure 3, DIWRKY?9 is clustered with WRKY of dicotyledonous
plants, and is closest to CcWRKY40 (XP_006450293.1) of citrus Clementina. Whereas the relationship
between DIWRKY9 and the WRKY of monocotyledonous plants is far, such as ZmWRKY40
(NP_001147760.1) of Zea mays. Thus, the result suggesting DIWRKY9 may have the highest similarity with
CcWRKY40 of Citrus in evolution.

HbWRKY69 (Hevea brasiliensis, XP_021675819.1)
{ HbWRKY65 (Hevea brasiliensis, XP_021646582.1)
JcWRKY35 (Jatropha curcas, XP_012082905.1)
PaWRKY65 (Populus alba, XP_034904067.1)

PpWRKY 69 (Prunus persica, XP_007201365.1)

| — 4 DIWRKY9
L CcWRKY6S5 (Citrus clementina, XP_006444508.1)

— TcWRKY?22 (Theobroma cacao, XP_017969931.1)
L GWwRKYS3 (Gossypium hirsutum, ATE43843.1)
VvWRKY9 (Vitis vinifera, XP_010648680.1)

AtWRKY 18 (Arabidopsis thaliana, NP_567882.1)
—: AtWRKY60 (Arabidopsis thaliana, NP_180072)

VvWRKY 10 (Vitis vinifera, CB121069)

— AtWRKY40 (Arabidopsis thaliana, NP_178199.1)
L vywRrKY30 ( Vitis vinifera, CB125166.3)

Figure 3. phylogenetic tree analysis between longan DIWRKY9 and similar sequences in GeneBank
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Cis-element analysis of DIWRKY9

The Cis-elements in the 2.0-kb upstream sequences of start codon of the DIWRKY9 gene were analyzed
by using PlantCARE. As shown in Figure 4, besides the basic elements, such as W-box, CAAT-boxand TATA-
box, the promoter of D/WRKY9 gene also contains several light response elements (such as I-box, ATC-motif,
G-box, MRE, Sp1 and Box-4), abscisic acid (ABA) response element (ABRE), gibberellin response element
(GARE-motif and P-box), jasmonic acid response element (CGTCA-motif and TGACG-motif) and
anacrobic sensing element (ARE). These results suggesting that the expression of DIIWRKY9 gene may
regulated by light signal, gibberellin, ABA, jasmonic acid and other signals.

+ \TTTAART GICTTTTCAT TTAAGAATTT TTTITTTCCT TTTGACTTIT

+ ARTTATGAGT ACTTTTAAGT TATAGATATA MARTTAGITT TAATTTGITA GARAGCTGIT TIGAATTCAC

+ ARAGCARAGC TACATGTGIT GTGGCTTACA TTTGCACAGA

AAATAAACAG TCTGATGCTT ATTTT TGTTCCT AAARAGCG GTACARATT:

+ TTAACTTCAG TGGGTGGITG TIGGGGCCAG TATARTTGTA TTAARATATA GAAAATTTAR TATT(

AGT. TAAGTTTC ATTTTTCAAA ATTATTCAGT TTIGIC T TTAR GTGGTIT

+ ATCCAATATG ARAGGCTTGE AACTCATAAT TGAATTTITA ARAACTCATC ATAGGATTTT TTTITTTTIT

+ TCTCTTTCCA AGTTTAAAGA ATTTTTAGAT TAGITTGAAT CAAATTCAGA TCTGTTTACA CTGATARAAT

EETCTICTIT CTITIG

+ TTGAATACAA AATTGITITA TAATCICIGG ACAATGGAA GCREEENCAT CACATATT

+ TTATGAAATG CTTTTCAAGT CTAAAGCATT TGAAAGITTA TAGGTACAAA GCTARATCAA ATTCAGTTCT

+ ATT T TARARGCAAG AACACHNICRTATATTT GGCTTCACAT ATC T

ATGICACARA TICGAAGTTC AATTTGAATC TAATIGITAA TARTATATCT ATATICACTT

+ ATEENEENCA CAAATTTAAC ATTTARENACAGATCGA TCTAATATCC ACAATCAAAA AGGTCANNEN

EEERNTATCCAC ATTTCATT TTACAGATTA CTGITTTIGA T AAAT ATT
+ ATCCATCCX AT GAGATGAATG GAATCATAAT TTGGAGCT( TTCATIT
+ TTTGTCCCCA ARACTICGCT 2 TTTTAATA

AATCAARG TCCACTAGGT AAGTTIT TCAATAAR ARACATAACG
+ AATAARARAC TTGATCAGTC TCGGGCTTGA CCTTGACAGA CAATTTCAAT ATTCAARAGT

+ GGTACCACTC GTACATGGAT CAATGACTTT CTCACGGTJMCCTGTC TCTAGARAAT ACACAATAAT

+ TGTTATTTTA TIGTATTCCA TAAAATATAG ACAACTIENMECCAATICCA AATT( TCTT

+ CGACTTICCA CCTACTTICC CIGTAAARAT TTAATAATAT TATTTAAATC CTGARAACCC CTICTGICCG

C TICTATATAT TTCCTTGATT TTGAGGGARA TTTCTTGTA(

+ G ARA CATCAAAATA AAAARAARTA ARAARAA AGTTCTIGT TCTGIGIGTT CTTCTATT(

. AGCGETGE GCTEARCCT CTCTGGATA TTTACAGAGR

TGGTT 11 TGTCAGT

+ GIGAGTTTGT TTGITIGIIT GTTTTTTGGT ATGIGARTGT TCAT T CAGTTAATAT TTTIGIAT

+ AATTTTGATT TTTGATTTIT TTTTTTTTGG GTTTAAAATT CAGGGGTTTT

+ TIGAATCGGG TAAGTAGTGA GAACAAGAAG CTGACAGA
P-box Box 4 GARE-motif [l CGTCA-motif [l ARE
M ATC-motif EIMRE W Sp! B TGACG-motif

Figure 4. DIWRKY9 gene promoter component analysis

Tissue-specific expression of DIWRKY9

By using nine ‘SJ” longan tissues, including flower, flower bud, leaf, pericarp, pulp, root, seed, stem, and
young fruit, the tissue-specific expression of D/IWRKY9 was analyzed. The result of qRT-PCR shown that the
expression of DIIWRKY9 can detected in the nine tissues, with the highest expression displayed in the pericarp,
followed by the young fruit and flower, and the lowest expression in the pulp (Figure 5). This result indicates
that the expression of DIWRKY9 gene is tissue-specific and may specifically regulate the development of longan

pericarp, young fruit, flower, pulp and other organs.
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Figure 5. Relative expression levels of DIWRKY?Y in different longan tissues

Subcellular localization of DIWRKY?9

In order to determine the subcellular localization of DIWRKY?9 protein, recombinant plasmid pBWA
(V) HS-DIWRKY9-0sGFP was generated and introduced into Arabidopsis protoplasts. As shown in Figure 6,
the fluorescence signal from the DIWRKY9-GFP fusion protein was mainly detected in the nucleus under
confocal laser scanning microscopy, whereas the GFP control was detected in both the nucleus and cytoplasm.
These results demonstrated that DIWRKY?Y is a nuclear protein.

GFP Chloroplast Bright Merged

35S:DIWRKY9-GFP

35S:GFP

Figure 6 Subcellular localization of the DIWRKY9-GFP fusion protein in Arabidopsis protoplasts
Scale bar= 10 pm.
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Overexpression of DIWRKY9 promoting plant flowering

To further investigate the function of DIWRKYY, the overexpression vector of DIWRKY9 was
constructed and introduced it into Arabidopsis (Col-0). Meanwhile, WT plants and WT plants transformed
with the pBI121 empty vector were used as negative controls and positive controls, respectively. Two
homozygous T3 transgenic lines were randomly selected from the seven independent transgenic lines for
phenotype analyzing. Compared with the control plants, the transgenic plants flowered earlier (Figure 7A and
7B). The flowering time ranged from 20 to 22.2 d in the transgenic plants, and from 29.6 to 30.4 d in the
control plants (Figure 7A and 7B). The average number of rosette leaves in the WT plants is 8.0 which is lower
than transgenic (between 8.4 and 8.9), although the difference is not obvious (Figure 7C).
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Figure 7. Flowering phenotype of DIIWRKY?Y transgenic Arabidopsis
(A) Phenotypes of WT Arabidopsis, DIWRKY9-overexpressing Arabidopsis and transgenic pBI121 empty vector
Arabidopsis; (B) Flowering time analysis; (C) Analysis of rosette leaf number.
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Discussion

As one of the largest TFs in plant (Rinerson ez 4/., 2015), WRKY proteins have been identified and well-
studied in higher plant (Wu ez al., 2022; Wu ez al., 2022). In our previous study, 55 D/WRKY genes were
identified in longan genome (Jue ez 4/., 2018). meanwhile, we found some D/IWRKY genes may be involved in
the flower induction of longan. However, due to the long generation time, the function and their regulation
mechanism during plant flowering is lagged behind those in other higher plant. In this study, D/IWRKY9 which
may be involved in the flower induction of longan was isolated and its potential function was investigated.

WRKYs in plants appear to be deferentially expressed in different tissues and organs (Jue ez 4/., 2018).
For example, more than half of VvIWRKY displayed tissue-specific expression (Guo e 4/., 2014). In mulberry,
13 WRKY genes exhibit the highest expression in root tissue (Baranwal ez al., 2016). consistent with these
studies, in this study, the expression level of DIWRKY9 varied in different tissues with the highest expression
in the pericarp, followed by the young fruit and flower, and the lowest expression in the pulp. As the expression
level of genes can reflect their role in the development of plant organs and tissues (Rishmawi ez al., 2014), we
speculate that D/IWRKY9 may specifically participate in the development of fruit and flower organs.

Our previous study shown that D/WRKY9 was down-regulated in the early stage of induction of
floweringin ‘SJ’ longan, which suggesting D/IWRKY9 may involve in regulating flower induction in longan (Jue
etal.,2018). To better understand the function of DIWRKY9, the DIWRKY9 overexpression Arabidopsis lines
were conducted. Many studies shown that overexpression different plants WRKY genes resulted early
flowering, For example, overexpressed WRKYI12, WRKY71, GsWRKY20 and MIWRKYI2 gene in
Arabidopsis, the transgenic lines flowered earlier than WT (Ma et al., 2020a). Consistent with these studies,
overexpressed DIWRKYY in Arabidopsis, the transgenic plants flowered eatlier ranged from 8 to 10 d than the
control plants. This result indicates that DIIWRKY9 gene may be positive regulating plant flowering. The
mechanism of WRKY participating in the regulation of plant flowering is relatively complex. WRKY TFs of
different subgroups can interact not only with their own promoter regions but also with the promoter regions
of other WRKY transcription factors. For example, the promoter region of PAWRKY 1 of celery (Petroselinum
crispum) has many W-boxes elements. Other WRKY TFs can combine with three W-boxes in the non-coding
region of PcJWVRKY 1, thus promoting the transcription of Pe/WRKY 1 gene. However, the interaction of its own
promoter region will inhibit the transcription of PeWRKY1 (Turck ez al., 2004). WRKY12 and WRKY13 of
Arabidopsis can participate in the regulation of flowering through gibberellin pathway by forming a complex
with DELLA protein. Like Pc/WRKY 1, the upstream TFs SPL10 and its homologous genes can directly bind
to the promoter GTAC-motifs of WRKY12 and WRKY13, then positively regulate the expression of
WRKY12 and negatively regulate the expression of WRKY13. At the same time, WRKY12 and WRKY13 can
directly bind to the W-box of the downstream GAI, RGLI1and FUL promoter regions to promote or inhibit
flower formation (Ma e al., 2020b). AtWRKY7I can affect flowering of plants by directly binding to W-boxes
in FT, LFY and API promoter regions (Yu et al., 2016). In this study, we found that there were also a large
number of W-box and gibberellin response elements (GARE-motif and P-box) in the promoter of DIIWRKY9
gene. Subcellular localization analysis showed that DIWRKY?9 protein was localized to the nucleus. Therefore,
how DIWRKY?9, a typical transcription factor, performs the function of promoting plant flowering needs
further research.
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Conclusions

In the present study, a longan DIIWRKY9 gene was isolated and its gene and protein features were
characterized by bioinformatics approaches. This gene encodes a typical Group IIa subgroup of WRKY TFs,
and possesses one WRKY conserved domain and one C-Xy_s-C-Xp3-HXH zinc finger structure. Expression
pattern analysis showed that DIIWRKYY is preferentially expressed in fruit and flower organs. Meanwhile,
overexpressing DIWRKY9 in Arabidopsis, the transgenic lines shown an early flowering phenotype. This study
provides useful information for identifying D/WRKY9 function during flower induction.
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