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The plant Cys2/His2-type zinc finger protein genes play critical roles in response to abiotic stresses.
However, the roles of the chrysanthemum Cys2/His2-type zinc finger protein genes in plant stress
responses are still not well known. In the present study, a full-length cDNA designated DgZFP2,
containing two conserved Cys2/His2-type zinc finger motifs with a plant-specific QALGGH motif in each
zinc finger domain, a L-box (EXEXXAXCLXXL), and an EAR-box (DLNL) at C-terminus, was isolated
from chrysanthemum by rapid amplification of cDNA ends (RACE). It encodes a protein of 178 amino
acids residues with a calculated molecular mass of 20.05 kDa and theoretical isoelectric point of 8.24.
The transcript of DgZFP2 was enriched in flowers and leaves than in roots and stems of the adult
chrysanthemum plants. The gene expression was strongly induced by NaCl, drought, cold, and abscisic
acid (ABA) treatment in the seedlings. We argued that DgZFP2 is a new member of the Cys2/His2-type
zinc finger protein genes, and it may be involved in the abiotic-stress response in plants.
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INTRODUCTION
Abiotic stresses, including drought, high salt, heat and
cold, can limit plant growth and productivity. To cope with
these stresses, plants trigger an orchestrated complex
network of signal events to protect cellular activities and
regulate whole plant physiological and biochemical
responses. During these responses and adaptations, the
expressions of many stress-related functional genes are
largely governed by specific transcription factors (Zhu,
2002; Shinozaki and Yamaguchi-Shinozaki, 2007;
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Abbreviations: ABA, Abscisic acid; NLS, nuclear localization
signal; RACE, rapid amplification of cDNA ends; qRT-PCR,
quantitative real-time reverse transcriptase-polymerase chain
reaction.

Nakashima et al., 2009). A number of transcription
factors belonging to different transcription factors, such
as AP2/EREBP, bZIP, NAC, MYB, MYC, WRKY and
Cys2/His2-type zinc finger proteins, have been well
characterized for their regulatory roles in plant stress
(Agarwal et al., 2006; Chinnusamy et al., 2006; Umezawa
et al., 2006). The Cys2/His2-type zinc finger protein is one
of the most abundant classes of transcription factors in
eukaryotes (Kubo et al., 1998). To date, a subset of
stress-responsive Cys2/His2-type zinc finger protein
genes from different plant species have been identified
and characterized. Many efforts have been reported to
improve stress resistance of plants by over-expression of
stress-responsive Cys2/His2-type zinc finger protein
genes such as STZ, SCOF-1, ZPT2-3, DgZFP, etc.
(Sakamoto et al., 2000; Kim et al., 2001; Sugano et al.,
2003; Mittler et al., 2006, Liu et al., 2010).
Chrysanthemum is one of the most famous ornamental
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species in the world, and environmental conditions,
especially drought, high salt and cold, affect
chrysanthemum growth and production in the cuttingchrysanthemum industry. However, isolation and characterization of novel stress-responsive Cys2/His2-type zinc
finger protein genes in chrysanthemum is aimed at
providing potentially excellent genetic resources for the
improvement of the resistance of chrysanthemum to
abiotic stresses. DgZFP, the first Cys2/His2-type zinc
finger protein gene identified in chrysanthemum was
induced by salt, drought and cold stresses, and could
improve salt tolerance in transgenic tobacco (Liu et al.,
2010). In this study, the isolation of a novel Cys2/His2type zinc finger protein gene, DgZFP2 from
chrysanthemum, is report here. In addition, DgZFP2 was
induced by salt, drought, cold and abscisic acid (ABA)
treatments.

GTGACTCCAATCACAGTTGAC-3',
and
reverse
5'GTATAATCGTTACTATATCATAT-3'.). The chrysanthemum actin
gene (GenBank accession number: AB205087) was used as a
reference (forward 5'-CCAGTGGTCGTACAACTGGCATT-3', and
reverse 5'-CAGTCAGATCACGACCAGCAAGATC-3'.). A 25 μl PCR
amplification mixture contained 10 μl SYBR Green PCR master
mix, 0.2 μM of each primer and 12 ng cDNA. The PCR was
performed as follows: an initial denaturation of 95°C for 3 min,
followed by 40 cycles of 10 s at 94°C, 20 s at 58°C, 50 s at 72°C,
followed by a final elongation of 10 min at 72°C. The resulting data
are represented by means ± SD of three replicates. Relative
－
expression levels were calculated by the 2 △△CT method, where
△△CT=(CT, Target－CT, actin gene ) the indicated time treatment－(CT,
Target－CT, actin gene )0 h treatment (Livak and Schmittgen, 2001).
The data were scaled by setting the expression of DgZFP2 in
untreated leaves at 0 h as 1.

RESULTS
Isolation of the DgZFP2 gene from chrysanthemum

MATERIALS AND METHODS
Plant materials and stress treatments
Chrysanthemum (Dendronthema grandiform) cv. Jinba seedlings
growing in greenhouse were exposed to air on filter paper for
dehydration, or subjected to 4°C for cold stress. For salt and ABA
treatments, seedlings were put in 200 mM NaCl, and 0.1 mM ABA
solution respectively. Each experiment contains three biological
replicate. All excised leaf samples of controlled and treated plants
were taken out by treatment for 0, 1, 3, 6, 12, and 24 h, respectively
and then were frozen immediately in liquid nitrogen, and stored at 80°C for RNA extraction.

Isolation of the DgZFP2 gene
For 3' rapid amplification of cDNA ends (RACE), one primer was
designed
GSP1
(5'-CA(A/G)GCI(T/C)TIGGIGGICA(C/T)-3')
corresponding to conversed regions of the amino acid QALGGH.
Primers
for
5'
RACE
were:
GSP2,
5'CGTCTGCTATTCACCTTCTTCAC-3',
and
GSP3,
5'TCATCATCAACTCTAAACTCGA-3'. The RACE reactions were
performed according to the manufacturer’s ptotocol (Invitrogen
RACE cDNA amplification kit, USA). A single full-length cDNA
sequence by combining the 5'-RACE fragment and 3'-RACE
fragment was obtained. Finally, a pair of primers (F1, 5'CCATTTGCTTACAAAATCCTACGTT-3',
and
F2,
5'AGTGAATAATAAAAAGTATAATCG-3') was then designed from
the putative 5' and 3' untranslated region (UTR) of the full-length
cDNA sequence. The resultant DNA fragments and RACE products
were purified by agarose gel and cloned into pMD18-T Vector
(Takara) and sequenced (Invitrogen, Beijing).

RNA isolation and quantitative real-time PCR assay (qRT-PCR)
Total RNA from various chrysanthemum tissues was extracted by
Trizol reagent (Mylab, Beijing) underlying with the manufacturer’s
instructions; putative genomic DNA contamination was removed by
DNaseI. The first strand cDNA was synthesized with 1 ug total RNA
and 1 ul superscript II enzyme (Invitrogen, USA) according to the
manufacturer’s ptotocol. Quantitative real-time PCR assay (qRTPCR) was performed using SYBR Green I (TOYOBO, Japan) by a
Bio-RAD iCycler iQ5 Machine. The primers were designed to
amplify a 128 bp fragment of the DgZFP2 sequence (forward 5'-

Based on the conserved regions of Arabidopsis ZAT12,
rice ZFP279, and chrysanthemum DgZFP, degenerate
primers to conduct the 3'-RACE were proposed to obtain
a 535 bp fragment from leaves of chrysanthemum. The
full-length cDNAs was obtained by 5'-RACE, and were
designated as DgZFP2 (Genbank accession No.
JQ031154). Sequence analysis showed that the DgZFP2
cDNA was 815 bp in length, including a complete open
reading frame of 537 bp flanking with a 5'-UTR of 123 bp
and a 3'-UTR of 155 bp (Figure 1). The predicted protein
of DgZFP2 is composed of 178 amino acids with a
calculated molecular mass of 20.05 kDa and its
theoretical isoelectric point was 8.24.
The predicted amino acid sequence of the DgZFP2
protein was compared to other plant Cys2/His2-type zinc
finger proteins from rice, soybean, chrysanthemum,
petunia, pepper, and Arabidopsis by DNAMAN (Version
6.0) (Figure 2). DgZFP2 contains two conserved
Cys2/His2-type zinc finger motifs with a plant-specific
QALGGH motif in each zinc finger domain, a L-box
(EXEXXAXCLXXL), and an EAR-box (DLNL) at Cterminus, but it lacks a B-box (KXKRSKRXR) domain in
the N-terminal region as a putative nuclear localization
signal (NLS). The plant Cys2/His2-type zinc finger
proteins were then retrieved for construction of a
neighbor-joining phylogenetic by MEGA 4.1 (Figure 3).
Phylogenetic analysis revealed that DgZFP2 was
clustered with ZFP179 and ZAT12, whereas other plant
Cys2/His2-type zinc finger proteins were categorized into
another big branch.

Expression analysis of DgZFP2
The spatial-specific expression of DgZFP2 in different
tissues at the adult stage was determined by real-time
(RT)-PCR. The result shows that DgZFP2 transcripts is
more abundant in flowers and leaves than in roots and
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Figure 1. Nucleotide and deduced amino acid sequences of DgZFP2 (GenBank accession No.
JQ031154). The Cys2/His2-type zinc finger motifs are underlined.

stems (Figure 4A).
To investigate the expression patterns of DgZFP2 gene
under stress such as high salinity, drought, low
temperature and exposure to ABA, the analysis with RTPCR was performed, respectively. The expression of
DgZFP2 kept at low affected level in normal conditions
(Fig.4B-E). By salt treatment, the expression level of
DgZFP2 began to increase 3 h after 200 mM NaCl
treatment and gradually accumulated up to 24 h (Figure
4B). For drought stress, the concentration of DgZFP2
mRNA was up-regulated 1 h and was maintained
constant up to 12 h by drought treatment (Figure 4C).
The expression of DgZFP2 peaked within 3 h and
gradually decreased in response to cold treatment
(Figure 4D). The expression of DgZFP2 peaked 1 h after
the beginning of the ABA treatment and thereafter
declining to a stable level by 6 h post the imposition of
ABA treatment (Figure 4E). RT-PCR analysis revealed
that the expression of this gene could be induced by salt,
drought, cold and ABA.

DISCUSSION
Some plant Cys2/His2-type zinc finger protein genes
usually play critical roles in response to abiotic stresses

(Ciftci-Yilmaz and Mittler, 2008). A plant Cys2/His2-type
zinc finger protein gene termed DgZFP2 from
chrysanthemum was isolated and characterized in the
present work. Sequence analysis showed that it contains
two conserved Cys2/His2-type zinc finger motifs with a
plant-specific QALGGH motif in each zinc finger domain,
a L-box (EXEXXAXCLXXL), and an EAR-box (DLNL) at
C-terminus, but it lacks a B-box (KXKRSKRXR) domain
in the N-terminal region as a putative nuclear localization
signal (NLS). The DgZFP2 was structurally similar to
ZAT12 which was isolated from Arabidopsis under abiotic
stresses (Rizhsky et al., 2004; Vogel et al., 2005;
Davletova et al., 2005). Phylogenetic analysis revealed
that DgZFP2 was clustered with ZFP179 and ZAT12, and
more closely related to the ZAT12. These results indicate
that DgZFP2 is a novel member of the plant Cys2/His2type zinc finger protein genes family.
The mRNA expression analysis showed that DgZFP2
was substantially induced by the treatment of NaCl,
drought, cold, and ABA. The expression patterns of
DgZFP2 were similar to ZFP179 and ZAT12 during
several different stresses (Rizhsky et al., 2004; Vogel et
al., 2005; Davletova et al., 2005; Sun et al., 2010). In
Oryza sativa, overexpression of ZFP179 enhanced the
tolerance to salt stress in transgenic lines (Sun et al.,
2010). The overexpression of another stress-responsive
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Figure 2. Comparison of the deduced amino acid sequence of DgZFP2 and other plant Cys2/His2-type
zinc finger proteins. The comparison was conducted by DNAMAN (version 6.0). The Cys2/His2-type
zinc finger motif, B-box, L-box, and EAR-box are indicated. Arabidopsis thaliana (ZAT10, AF250336;
ZAT12, CCA67232.1; AZF1, BBA85108.1; AZF2, AAG10143); Capsium annuunm (CAZFP1;
AAQ10954); Glycine max (SCOF1; AAB39368) and petunia hybrida (ZPT2-3; BAA05079); Oryza
sativa (ZFP179, AAL76091.1); chrysanthemum (DgZFP, GQ392036).
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Figure 3. Phylogenetic tree analysis of DgZFP2 and other plant Cys2/His2-type zinc
finger proteins. The tree was constructed by neighbor-joining method with MEGA
program (version 4.1). Branch numbers represent as percentage of bootstrap values in
1000 sampling replicates and scale indicates branch lengths. The accession numbers
as follows: ZAT10 (AF250336), ZAT12 (CCA67232.1), AZF1 (BBA85108.1), AZF2
(AAG10143), CAZFP1 (AAQ10954), SCOF1 (AAB39368), ZPT2-3 (BAA05079),
ZFP179 (AAL76091.1), DgZFP (GQ392036).
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Figure 4. Expression patterns of DgZFP2 in different organs and in response to various treatments. Mean values
and standard deviation calculated from triplicated assays. The relative expression of DgZFP2 in untreated leaves
was used as CK. (A) Expression patterns of DgZFP2 in roots, stems, leaves, and flowers under normal
conditions; (B) salt treatment; (C) drought treatment; (D) cold treatment and (E) ABA treatment.
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Cys2/His2-type zinc finger protein gene ZAT12 in
Arabidopsis has been reported to enhance the tolerance
to cold (Vogel et al., 2005; Davletova et al., 2005). Thus,
DgZFP2 may be involved in the abiotic-stress response
via the ABA-dependent pathway.
To date, this work is the first report for isolation and
characterization of the Cys2/His2-type zinc finger protein
gene termed DgZFP2 from chrysanthemum. Clarifying
the role of DgZFP2 in stresses response will be helpful
for the improvement of the resistance of chrysanthemum
to abiotic stresses. The possible function of DgZFP2 in
plant abiotic stresses tolerance needs further investigation.
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