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ABSTRACT

In higher plants, WRKY gene family plays a significant role in transcriptional regulation. They are widely involved in
biotic stress, abiotic stress, growth, development and metabolism regulation. In this study WRKY6 from tobacco is
cloned by homology cloning. 1647 nucleotide sequences were obtained. The deduced protein sequences show that this
protein belongs to the second group of WRKY family, only have one WRKY structure, and the zinc-finger structure is
C-X4-C-X53-H-X;-H. Phylogeny results show NtWRKY6 is much closer to NtWRKY1 generated 97% amino acids
similarity. RT-PCR analysis has revealed that expression levels of NtWRKY6 has increased rapidly at 3 h under NaCl
and PEG treatment. The results suggest that Nt(WRKY6 is an early responder and may be involved in NaCl and PEG

abiotic stress in tobacco.
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1. Introduction

WRKY protein was originally found in sweet potato and
named SPF1 [1], so far, this family protein was also
found in many plants such as Arabidopsis thaliana, po-
tato, Gossypium spp, Oryza sativa; Nicotiana tabacum
[2-6]. Until the 2005 year, WRKY homologues from two
non-plant eukaryotic species Giardia lamblia and Dic-
tyostelium discoideum were found [7]. WRKY proteins
have been reported to be involved in defense against
bacteria, fungi [8,9], wounding [10], senescence [11],
development [12] and abiotic stresses [13,14].

WRKY family proteins are characterized by one or
two highly conserved WRKYGQK domains, The WRKY
domain is about 60 amino acids in length and a Cys(2)
His(2) or Cys(2)HisCys zinc-binding motif [15]. The two
motifs of WRKY proteins are necessary for the high
binding affinity of WRKY proteins to DNA sequence
motif (W-boxes), which contain an invariant DNA se-
quence (T)(T)TGAC(C/T) [16].

Abiotic stress is an important factor which affects
plant growth, distribution, yield and quality in nature.
NtWRKY6 was identified in the native tobacco Nico-
tiana attenuate, whose wound responses was signifi-
cantly amplified when fatty acid amino acid conjugates
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(FACs) in larval oral secretions was introduced into
wounds during feeding [17]. The report of NtWRKY6
involved in abiotic stresses had not been seen.

The tobacco Varieties K326 is the main cultivated
species in the world, our researches first reported that
WRKY6 gene was cloned from the species, 1647 nucleo-
tide sequences were obtained. The deduced protein se-
quence showed that this protein belonged to the second
group of WRKY family, only had one WRKY structure,
and the zinc-finger structure was C-X4-C-X5;-H-X-H.
RT-PCR analysis had revealed that expression levels of
NtWRKY6 had increased rapidly at 3 h under NaCI and
PEG abiotic stress treatment.

2. Materials and Methods
2.1. Plant Materials and Sample Preparation

Tobacco (Nicotiana tabacum L.) K326 was used in this
study. Seeding was sown on MS medium under a 16-h
light/8-h dark cycle at 28°C. When the second leaves
were fully expanded, the tobacco tissues were collected
for investigation or frozen in liquid nitrogen immediately,
stored at —80°C for further analysis. For NaCI and PEG
treatment, the seeding when had second leaves were
transferred to MS medium with 250 mM NaClI or 300 m
M PEG for 0, 3, 6, 12, 24 h treatment.
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2.2. Isolation of the Tobacco WRKY6 Gene

The specific primers of NtWRKY6 were designed ac-
cording to the published sequences (Genebank accession
number: AY456272.1). The sequences of primers were
shown in Table 1. PCR product was purified and sub-
cloned into PMD-19T vector (Takara) for sequencing.

2.3. Bioinformatics Analysis

Sequence analysis was carried out by Blast software
(http://www.ncbi.nlm.gov/blast). Deduced anino acid se-
quences were aligned using Clustal W (http://npsa-pbil.
ibep.fr) software [18]. A phylogenetic tree was construct-
ed based on full-length amino acid sequences using the
neighbor-joining method [19] and was drawn using
MEGA Version 4.1 [20].

2.4. RNA Extraction and Reverse Transcription
RT-PCR

Total RNA was extract from fresh or frozen samples of
tobacco using Trizol reagent (Invitrogen) according to
the standard protocol. In addition, total RNA was also
extracted from tobacco seeding at 0, 3, 6, 12, 24 h after
NaCI or PEG treatment. First-strand cDNA was synthe-
sized with the extracted RNA using M-MLV reverse
transcriptase (Promega) at 42°C for 1 h and used as the
template for PCR [21]. Amplification was performed
using the following cycling parameters: 95°C for 5 min
followed by 35 cycles of 95°C for 30 S (denaturation),
55°C for 30 S (annealing), 72°C for 1 min and 40 S (elon-
gation). After the reaction, PCR products were analyzed
on 1.2% (w/v) agrose gels. Expression levels were as-
sessed using 18S rDNA as internal standards for normali-
zation of sample variation. The primers of NtWRKY6
and 18SrDNA for RT-PCR analysis are shown in Table 1.

3. Results

3.1. Amplification of Full Length cDNA of
NtWRKY6

To clone the full length cDNA of NtWRKY6. The full

Table 1. Primer sequences and their uses.

Primer name Nucleotide sequence (5' — 3') Purpose
NtWRKY6-F1  ATGAATTCTTTTACTAGCAA  Full length
cDNA
NtWRKY6-RI ~ TCAGTTAAGGAAAGAGCTGA amplification
NtWRKY6-F2  TTCTTTTGGTGACGAGGACA RT-PCR
expression
NtWRKY6-R2  CAAATCCTGA ATAACTTGAA  analysis
18SrDNA-F CCTACGCTCTGTATACATTA RT-PCR
expression
18SrDNA-R GTGTTGAGTCAAATTAAGCC analysis

Copyright © 2012 SciRes.

length primers of NtWRKY6 were used to amplify this
gene, RT-PCR products were analyzed on 1.2% (W/v)
agarose gels, and obtained the expected size fragment
(Figure 1). PCR product was purified and subcloned into
PMD-19T vector (Takara) for sequencing using three
positive clones. The result of sequencing had revealed
the amplification product of PCR had 1647 base pairs

(bp).

3.2. Homologous Alignment and Phylogenetic
Analysis of Nt\WRKY6

To better understand the structure of the deduced amino
acid sequence encoded by tobacco WRKY6, a homolo-
gous alignment was carried out with Clustal W program
using the amino acid sequences of WRKY6 and 19 pro-
teins (Figure 2). Sequence alignment revealed that all
proteins discussed above appeared to be rather conserved
in structure. These proteins all had only one WRKY
structure (WRKYGQK) and the zinc-finger structure is
C-X4-C-X23-H-X1-H. Additionally, the NtWRKY6
shared a very high identity of NtWRKY1 (BAA82107.1)
with 97%, and lower identity of ZmWRKY53 (NP
001147949.1) and Gm WRKY2 (XP 003526383.1) with
41%.

In order to determine the relationship between
WRKY6 and 19 proteins, phylogenetic analysis was fur-
ther carried out by Clustal W program with default pa-
rameters using the amino acid sequences. The phyloge-
netic relationship among 20 WRKY Protein (Figure 3)
showed that the NtWRKY6, NtWRKY 1, PcCWRKY1 and
HaWRKY?7 had relatively close relationship. Fourther-
more, the NtWRKY6, ZmWRKY53 and OsWRKY53
had a relatively far relationship.

3.3. Expression Levels of NtWRKY6 in
Different Tissues

In order to get an insight into the potential function of
NtWRKY6 in tobacco, tissue distribution of NtWRKY6

M 1

2000bp

1000bp
750bp
500bp
250bp
100bp

Figure 1. RT-PCR result of Nt(WRKY6. M DL2000 DNA
molecular marker, 1 product of RT-PCR.
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Figure 2. An Alignments of the NtWRKY6 conserved amino acid sequences with homologous 19 WRKY proteins. NtWRKY1
(GenBank accession no, BAA82107.1), DIWRKY17 (GenBank accession no, AEO31478.1), VVWRKY 33 (GenBank accession
no, XP_002264974.1), GmWRKY33 (GenBank accession no, XP_003544908.1), PcWRKY1 (GenBank accession no,
AAC49527.1), NtWRKY7 (GenBank accession no, AEX49954.1), Bh(WRKY33 (GenBank accession no, AC114397.1), At-
WRKY33 (GenBank accession no, AAM34736.1), NtWRKY2 (GenBank accession no, BAA77383.1), NtWRKY3 (GenBank
accession no, AAS13439.1), GmWRKY39 (GenBank accession no, ABS18436.1), OsSWRKY8 (GenBank accession no,
BAB61266.1), TaWRKY27 (GenBank accession no, ACD80363.1), HaWRKY7 (GenBank accession no, AFL91071.1),
TaWRKY10 (GenBank accession no, AAQ57645.1), OsWRKY53 (GenBank accession no, DAA05118.1), ZmWRKY53 (Gen-
Bank accession no, NP_001147949.1), AsWRKY1 (GenBank accession no, AAD32677.1), GmWRKY2 (GenBank accession no,
XP_003526383.1), were aligned by Clustal program version 1.83. According to the degree of conservation, dark gray and
light gray are indicated.
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Figure 3. Phylogenetic analysis of the deduced amino acid
sequence between NtWRKY6 and 19 WRKY protein.

was studied by semi-quantitative RT-PCR (Figure 4).
The results showed that NtWRKY6 was ubiquitously
expressed in tobacco tissues including root, stem, leaf,
and flower. NtWRKY6 transcripts seemed to be much
abundant in root, leaf, and flower. At the same time, the
lower expression level in stem.

3.4. Stress Induced Expression Patterns of
NtWRKY6

To further investigate whether the expression of
NtWRKY6 was induced by abiotic stresses, we first
monitored the mRNA transcript level of NtWRKY6 un-
der different abiotic stress treatments, including NaCl
and PEG by RT-PCR (Figures 5 and 6). As shown in
Figure 5, the expression level of NtWRKY6 transcripts
under NaCl stress reached the highest level at 3 h. It kept
at 6, 12 h and decreased at 24 h. As shown in Figure 6,
the expression level of NtWRKY6 transcripts under PEG
stress reached the highest level at 3 h. Then, decreased
gradually at 6, 12 h, and declined rapidly at 24 h. These
results revealed the expression level of the NtWRKY6
was increased rapidly at 3 h by the NaCl and PEG stress
treatment, suggesting NtWRKY6 was an early respond-
ers and may be involved in NaCl and PEG stress in to-
bacco. Clearly, this will be an important clue for future
investigation.

Copyright © 2012 SciRes.
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Figure 4. RT-PCR analysis of expression level of NtWRKY6
in tobacco tissues using the specific primers of NtWRKY6.
18S was used for endogenous control. 1: root; 2: stem; 3:
leaf; 4: flower.
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Figure 5. RT-PCR analysis of expression level of NtWRKY6
in tobacco seeding at 0, 3, 6, 12 and 24 h after 250 mM
NaCl treatment. 18 S was used for endogenous control.
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Figure 6. RT-PCR analysis of expression level of NtWRKY6
in tobacco seeding at 0, 3, 6, 12 and 24 h after 300 mM PEG
treatment. 18 S was used for endogenous control.

4. Discussion

According to WRKY domain number and zinc-binding
motif type, WRKY protein were divided three groups,
group I members contained two WRKY domains and
contained a Cys2His2 zinc-finger motif. Group II and
group III contained one WRKY domain, the second
group zinc-binding motif type was same to the first,
group III zinc-binding motif was Cys2HisCys zinc-finger
motif [15]. Its amino acids sequence was different from
group I and group II. At the present, most of WRKY
proteins were the number of the group II, it was specu-
lated that the first group WRKY proteins were produced
because of WRKY domain lost and mutation, the third
group was produced, probably H was mutated to C in
zinc-binding motif type of the second group. So group I
was the most conservative and group III was the most
active in evolutionary history of WRKY family [22].
Previous studies about some WRKY proteins of tobacco
had indicated their roles in biotic stress. For instance, the
expression level of NtWIZZ (Wound-induced Leucine
Zipper Zinc finger) was rapid accumulation at ten min-
utes and arrived peak at 30 min upon wounding [10].
NtWRKY1 and NtWRKY?2 had the same expression pat-
tern with NtWIZZ upon wounding [23].

NtTIZZ was an early responsive gene and hypersensi-
tive responders to tobacco mosaic virus, this protein
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maybe play an important role in defense response [24].
NtWRKY3 and NtWRKY9 were induced by pathogen
and salicylic acid, this suggested they were participated
in pathogen and salicylic acid pathway [6]. NtWRKY?3
was downstream genes of MAPK, silencing of tobacco
WRKYS8 decreased the expression of defense-related
genes and increased disease susceptibility to the patho-
gens Phytophthora infestans and Colletotrichum orbicu-
lare [25]. Only one report about WRKY from tobacco
was involved in abiotic stress, which had showed a
WRKY gene expression was active by drought stress and
heat shock together, but not by only one factors [26].

We had cloned NtWRKY6 from tobacco Varieties
K326, NtWRKY6 encoded a protein of 549 amino acids.
Phylogenetic analysis showed that the NtWRKY®6,
NtWRKY 1, PcC(WRKY1 and HaWRKY7 had a relatively
close relationship. RT-PCR analysis had revealed that
NtWRKY6 was ubiquitously expressed in tobacco tis-
sues including root, stem, leaf, and flower. To further
explore the function of NtWRKY6, RT-PCR was also
used to examine the expression of NtWRKY6 under
NaCl and PEG treatments for 0, 3, 6, 12, 24 h. we had
observed that the expression of NtWRKY6 reached the
highest level at 3 h. It kept 6, 12 h and decreased at 24 h
under NaCl treatment, indicating that NtWRKY6 was a
rapidly responder to NaCl stress. Previous studies had
detected that transcript levels of BceWRKY46 (Brassica
campestrisssp Chinensis.) was induced after 2 h of 150
mM NacCl treatment with real-time RT-PCR [27].

Drought is one of the major factors to limit the plant
growth and development in China, the expression level
of NtWRKY6 transcripts under PEG stress reached the
highest level at 3 h. Then, decreased gradually at 6, 12 h,
and declined rapidly at 24 h. This result showed that
NtWRKY6 was participated in drought stress. Recently
there are many researches about WRKY genes involved
in PEG stress, such as Zhang have showed the transcrip-
tion of HbWRKY1 (Hevea brasiliensis Muell. Arg.) in
leaves was gradually up-regulated and came to its peak at
12 h after 20% PEG 6000 treatment [28]. So, we can
conclude NtWRKY6 might be upstream regulator in salt
and drought pathway. When tobacco faces this two stress,
the expression level of NtWRKY6 rising will increase or
decrease downstream target gene expression, some re-
searches had reported the expression of BcWRKY46
(Brassica campestrisssp Chinensis.) and LtWRKY21
(Larrea tridentata) were both enhanced by drought and
high salinity [27,29]. On the other hand, under drought
and salt stress, no obviously change of the GhWRKY?3
expression was observed [30]. OsWRKY80 expression
was up-regulated by drought stress and there was no
change under 100 mM NaCl stress [31]. These results
suggested WRKY protein from different plants had many

Copyright © 2012 SciRes.

different expression patterns and functions.

In conclusion, we have isolated and characterized
NtWRKY6 from tobacco (Nicotiana tabacum L.), then
have examined the tissue distribution and expression
pattern of NtWRKY6 with RT-PCR. According to our
results, NtWRKY6 may play a vital role in the NaCl and
PEG stress of tobacco.

However, for further study, detailed investigations
should be carried out to clarify the function of NtWRKY6,
such as acquiring transgenic plants of over-expression
NtWRKY6 and prokaryotic expression NtWRKY6, these
experiments will be very important in our future work.
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