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Abstract C3HC4-type RING zinc finger proteins essential 
in the regulation of plant processes, including responses to 
abiotic stresses. We previously isolated and examined the 
C3HC4-type RING zinc finger protein (BrRZFP1) from 
Brassica rapa under abiotic stresses. To elucidate the role of 
the BrRZFP1 transcription factor in gene regulation, we 
transformed tobacco plants with the BrRZFP1 gene. Plants 
were regenerated from 82 independently transformed callus 
lines of tobacco and analysed for transgene expression. Trans-
gene integration and expression was confirmed by Southern 
and RT-PCR analyses, respectively. T2 plants displayed 
more tolerance to the bacterial pathogens Pectobacterium 
carotovorum and Ralstonia solanacearum, and the tolerance 
levels were correlated with BrRZFP1 expression levels. 
These results suggest that the transcription factor BrRZFP1 
is an important determinant of stress response in plants and 
its overexpression in plants could increase biotic stress 
resistance.

Keywords abiotic stress, biotic stress resistance, disease 
resistance, stress response, zinc finger protein

Introduction

Zinc finger proteins are a superfamily involved in many 
aspects of plant growth and development. They have been 
classified into nine types according to their structural 
and functional diversities: C2H2, C8, C6, C3HC4, C2HC, 
C2HC5, C4, C4HC3 and CCCH (C and H represent cysteine 
and histidine, respectively) (Berg & Shi 1996; Takatsuji 
1998; Moore & Ullman 2003; Jenkins et al. 2005; Schumann 
et al. 2007). Many zinc finger proteins have been confirmed 
to be involved in abiotic and biotic stresses (Sakamoto et 
al. 2004; Ham et al. 2006; Oh et al. 2006; Ciftci-Yilmaz 
et al. 2007). 
  The RING (Really Interesting New Genes) finger was 
defined as a novel zinc finger domain (Freemont et al. 
1991) which has been found in proteins involved in various 
signal transduction pathways and regulatory pathways 
(Saurin et al. 1996; Vij and Tyagi 2006). Among the RING 
finger domains, C3HC4-type is a cysteine-rich domain of 
40–60 residues that coordinates two zinc ions (Haas et al. 
2002; Alexandrov et al. 2006). C3HC4-type RING finger 
genes comprise a large family in the plant kingdom and 
play important roles in various physiological processes of 
plant life. C3HC4-type RING finger proteins have been 
studied on a genomic scale in Arabidopsis (Stone et al. 
2005). Arabidopsis RING-HC proteins with predicted or 
known biological functions include AtTED3 (light signaling) 
(Pepper and Chory 1997), AtRMA1 (secretory pathway) 
(Matsuda et al. 2001), AtXB3 (root development) (Wang et 
al. 2006), AtHUB1 and AtHUB2 (chromatin modifications) 
(Liu et al. 2007), and AtSDIR1 (stress tolerance) (Zhang 
et al. 2007). The C2H2-type zinc finger protein Z at 12 (res-
ponsive to high light zinc finger protein 12 of Arabidopsis 
thaliana) plays a central role in reactive oxygen and abiotic 
stress signaling in Arabidopsis (Davletova et al. 2005). 
  The C3HC4-type RING finger proteins have been studied 
on a genomic scale in Arabidopsis, and nucleotide sequences 
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from ends of several BAC clones of Brassica rapa are 
similar to Arabidopsis genomic sequences, yet there has 
been no examination of these genes in B. rapa (Ma et al. 
2009). In this study, we transformed tobacco plants to over-
express C3HC4-type RING zinc finger protein (BrRZFP1), 
which is derived from B. rapa (Chinese cabbage or 
‘Baechu’ in Korea), and assayed the level of resistance to 
pathogen attack in the transgenic tobacco plants.

Materials and Methods

Plant material

Tobacco seeds (Nicotiana tabacum cv. NC89) were obtained 
from the National Horticultural Research Institute (RDA, 
Suwon, Korea). The seeds were surface-sterilized in 1% 
(v/v) NaOCl at room temperature for 10 min, followed by 
three times rinse with sterilized distilled water for 5 min. 
Seeds were then germinated on MS agar medium (Murashige 
and Skoog 1962) and kept in a plant growth chamber 
under a 16 h photoperiod at 25℃ for 2 weeks.

Tobacco transformation

The full-length C3HC4-type RING zinc finger protein 
(BrRZFP1) gene was amplified from the pGEM-T easy 
vector containing BrRZFP1 with the primers BrRZFP1-F1 
(5′-ATGCCTTCTTCTGGAGATCCC-3′) and BrRZFP1-R1 
(5′-TTAAACAAATGGCATAGTTTTAC-3′). The identity 
was confirmed by sequencing, after which it was inserted 
into the BamHI and KpnI sites of the pBI121 plant binary 
vector system for overexpression under the control of a 
modified cauliflower mosaic virus (CaMV) 35S promoter. 
The pBigs plant binary vector containing complete coding 
sequence of BrRZFP1 was introduced into tobacco seedlings 
via Agrobacterium tumefaciens-mediated transformation 
according to the procedure of Horsch et al. (1985).

PCR analysis of transgenic tobacco plants

Four week old tobacco seedlings were analysed using 
PCR amplification to select transgenic lines. DNA was 
extracted from the leaves of the tobacco seedlings using 
the cetyltrimethyl ammonium bromide (CTAB) method 
(Rogers & Bendich 1994). The primer set for the PCR 
amplification and the probe for the Southern blot analysis 
were BrRZFP1-F2 and BrRZFP1-R2. The PCR amplifica-
tion profile consisted of an initial step at 94℃ for 5 min 

followed by 30 cycles of 94℃ for 1 min, 58℃ for 1 min, 
72℃ for 2 min, and a final step at 72℃ for 10 min.

RNA isolation and Real-time PCR

Total RNA from leaf tissue was extracted using Trizol 
reagent (Invitrogen, USA) according to the manufacturer’s 
protocol. The specific primers for the analysis of BrRZFP1 
expression of germinating seeds were: BrRZFP1-F3 5′- 
ATGCCTTCTTCTGGAGATCC-3′ and BrRZFP1-R3 5′- 
GTTCGTTGGACGATGAAGGT-3′. Real-time PCR was 
performed using a Bio-RAD I Cycler IQ5 machine as pre-
viously described using RT pre-mix (TOYOBO Co., Japan) 
(Ali-Benali et al. 2005). The threshold cycle (Ct) values of 
PCR reactions from three independent biological replicates 
were averaged and the relative quantification of the expres-
sion levels was performed using the comparative Ct method 
for all experiments (Livak et al. 2001). The fold change in 
total RNA of a target gene relative to the reference gene 
(actin gene) was determined by the following formula: 
fold change = 2－∆∆Ct, where ∆∆Ct = (Ct target gene －
Ct actin gene) transgenic plants － (Ct target gene － Ct actin gene) 
wild-type plants.

Pathogen tolerance assay

The bacterial pathogens of Pectobacterium carotovorum 
subsp. carotovorum and Ralstonia solanacearum were 
provided and identified by the National Horticultural 
Research Institute (RDA, Suwon, Korea). Cultures of P. 
carotovorum subsp. carotovorum and R. solanacearum were 
incubated in YEP medium at 30℃. After being adjusted 
to optical density (at 600 nm) 0.01, 0.1% Silwet was added 
to the bacterial suspension, where transgenic tobacco plants 
were dip inoculated, as described by Zoubenko et al. 
(1997). The inoculated plants were transferred to a growth 
chamber and incubated at 28℃ under continuous light. 
For the bacterial growth count, 0.5 cm leaf disks were 
ground with 1 ml of 10 mM MgCl2 solution and layered 
onto selective medium in 9 cm Petri dishes. The number 
of colony-forming units (cfu) was counted after 4 days of 
growth. In vivo screenings were monitored in 3, 5 and 8 
days after inoculation for Pectobacterium carotovorum 
subsp. carotovorum and in 7, 14, and 21 days for Ralstonia 
solanacearum. Disease symptom was scored using the 
disease rating scales as follows: +++, highly susceptible; 
++, moderately susceptible; +, susceptible: and -, resistance.
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Fig. 1 Construction of the plant expression vector and generation of transgenic plants. (A) Diagram of the full-length BrRZFP1 cDNA 
cloned into the plant gene expression vector pBI121. (B) T2 progenies grown in soil. Seeds of wild-type (WT) and transgenic lines 
were planted in soil contained in a pot and grown for seed production. Photos were taken during the fruit development stage.

 

Fig. 2 PCR, RT-PCR and realtime PCR analyses of transgenic tobacco plants. (A) PCR analyses were performed on transgenic T0 
tobacco plants, using NPTII and BrRZFP1 gene-specific primers. M, 1 kb DNA ladder (Invitrogen, San Diego, CA); C, Control plants; 
Nos. 1–42, 10 independent transgenic lines. (B) RT-PCR analysis of T1 progeny, (C) BrRZFP1 messenger RNA expression in 
transgenic T2 tobacco plants. Ten independent transgenic lines and a control plant were subjected to realtime PCR analysis. Total 
RNA was extracted from fully expanded leaves of 5-week-old tobacco plants. Vertical bars indicate standard deviation (n = 3)

Results

Analysis of the 35S:: BrRZFP1 plants  

Tobacco plants (Nicotiana tabacum cv. NC89) were suc-
cessfully transformed to express the BrRZFP1 gene under 
the control of a cauliflower mosaic virus 35S promoter. 
Figure 1A describes the vector structure. A total of 33 
regenerated calli were recovered from the shoot regenerating 
medium, and then transferred to shoot elongation and 
rooting medium. The T1 seeds were harvested after 8–10 
weeks, and rooting transgenic plants were acclimated in 
pots containing sterilized soil. The transgenic T2 and T3 
progeny plants did not show any obvious differences in 
growth and development with the wild-type plants, and 

control plants transformed with empty vector (Fig. 1B). 
The presence of the BrRZFP1 gene in the transgenic tobacco 
plant genomes was confirmed by PCR for the NPTII and 
BrRZFP1 sequences. All of the tested lines showed the 
expected 0.7 kb band of NPTII and 1.2 kb band of 
BrRZFP1, implicating the successful transformation of the 
BrRZFP1 gene into the tobacco genome (Fig. 2A). The ex-
pression level of the BrRZFP1 transcript in the transgenic 
plants was analyzed by RT-PCR analysis (Fig. 2B). Although 
all of the transgenic lines expressed the BrRZFP1 gene, 
the level of expression varied among the lines. Among the 
ten independent transgenic lines, the expression level was 
highest in five lines (1, 12, 13, 19 and 39) and lowest in 
three lines (24, 26 and 31) (Fig. 2C). 
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Fig. 3 Temporal development of soft rot in transgenic tobacco plants when the leaves were inoculated with Pectobacterium 
carotovorum subsp. carotovorum (A) and Ralstonia solanacearum (B). WT: wild type, TG1-TG24: transgenic homozygous lines

Table 1 Response of transgenic tobacco plants with BrRZFP1
against Pectobacterium carotovorum subsp. carotovorum

Bacterial strain Type of plant 
Days after infection
3 5 8 

Pectobacterium 
carotovorum subsp. 
carotovorum

Wild type +++ +++ +++
TG 1 − + ++
TG 2 + ++ +++
TG 12 ++ ++ +++
TG 19 + + +++
TG 24 − + ++

Disease symptom was determined by disc assay as described 
by Zoubenko et al. (1997). Disease symptom was scored using 
the disease rating scales as follows: +++, highly susceptible; 
++, moderately susceptible; +, susceptible: and -, resistance.

Table 2 Response of transgenic tobacco plants with BrRZFP1
against Ralstonia solanacearum

Bacterial strain Type of plant 
Days after infection
7 14 21 

Ralstonia 
solanacearum

Wild type + ++ +++
TG 1 − + ++
TG 12 − + ++
TG 19 − + +
TG 24 − − +

Disease symptom was determined by disc assay as described by 
Zoubenko et al. (1997). Disease symptom was scored using the 
disease rating scales as follows: +++, highly susceptible; ++, 
moderately susceptible; +, susceptible: and -, resistance. 

Enhanced resistance to P. carotovorum subsp. carotovorum 
and R. solanacearum

To examine whether the transgenic plants have enhanced 
resistance to bacterial pathogens, we inoculated the wild 
type and transgenic plants with P. carotovorum subsp. 
carotovorum and R. solanacearum and monitored the bac-
terial growth. In case of P. carotovorum subsp. carotovorum, 
3 days after inoculation, the control plants and transgenic 
plant lines showed no difference in bacterial growth. 
However, after 5 days two transgenic lines displayed 
increased resistance, with bacterial growth two-fold lower 
in line TG1 and eight-fold lower in line TG24 than in 
the wild type plants (Fig. 3A, Table 1). In case of R. 

solanacearum, 7 days after inoculation, the control plants 
and transgenic plants showed no difference in bacterial 
growth. However, after 14 days two transgenic lines dis-
played increased resistance, with bacterial growth two-fold 
lower in line TG19 and eight-fold lower in line TG24 than 
in the wild type plants (Fig. 3B, Table 2). Disease symptoms 
correlated with bacterial growth, where leaves of the wild 
type tobacco plants exhibited severe chlorosis, which is 
significantly reduced in the transgenic plants (data not 
shown). Transgenic lines exhibited a delay in the appearance 
of disease symptoms and a significantly lower mortality 
rate compared with controls. These results demonstrated that 
the enhanced resistance to P. carotovorum subsp. carotovorum 
and R. solanacearum may be conferred by BrRZFP1 
overexpression in transgenic plants.
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Discussion

Transcription factors have been shown to play important 
roles in signal transduction and gene expression under 
plant stress responses to salt, cold and drought (Chen et 
al. 2002; Shinozaki et al. 2003; Bartels & Sunkar 2005; 
Yang et al. 2008). A better understanding of stress-regulated 
transcription factors through cloning and characterization 
will be highly valuable in improving plant stress tolerance 
(Wang et al. 2003). The C3HC4-type RING zinc finger 
proteins play important roles in a variety of plant pro-
cesses, including regulation of growth and development, 
protein-protein interactions and signaling networks (Freemont 
1993; Borden et al. 1995; Tsuge et al. 2001; Wang et al. 
2006). In addition, these transcription factors have been 
linked to abiotic stress processes for cold and salt (Lee et 
al. 2001; Xiong et al. 2002; Mukhopadhyay et al. 2004; 
Huang et al. 2011). Importantly, several studies have also 
linked RING domain containing proteins to E3 ubiquitin 
ligase activity and these same abiotic stress-regulated pro-
cesses (Lyzenga & Stone 2012), e.g. zinc finger proteins such 
as ZFP1 from Artemisia desertorum (Yang et al. 2008). 
  Our cloned BrRZFP1 gene encodes the C3HC4-type 
RING zinc finger transcription factor, which is a nuclear- 
targeting protein and functions as a transcription regulator 
(Jung et al. 2013). Here, we showed that transgenic tobacco 
plants overexpressing BrRZFP1 exhibited enhanced resis-
tance to the bacterial pathogens P. carotovorum subsp. 
carotovorum and R. solanacearum, thus demonstrating the 
important role of BrRZFP1 in plant defense. Combined 
with our previous report of enhanced tolerance to bacterial 
pathogens of transgenic tobacco by overexpressing BrRZFP1, 
our new finding of enhanced disease tolerance of transgenic 
tobacco plants adds substance to the idea that BrRZFP1 
may play a similar role in the defense response of all 
Solanaceous species. Although we do not have an overall 
understanding of gene regulation by BrRZFP1, our data on 
massive change of BrRZFP1 expression levels may enable 
us to identify the essential genes for these protective actions. 
We plan to identify the target genes directly regulated 
by BrRZFP1 and its promoter sequences, characterize the 
associated trans-acting factors and eventually develop mul-
tiple stress-resistant plants using the knowledge gained.
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