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Summary

Salinity is one of the several abiotic factors affecting 
grape productivity and quality. Transcription factors 
belonging to AP2/ERF family play an important role in 
abiotic stress response. Based on the in silico analysis of 
salt stress libraries of grape ESTs, a transcription factor 
VviERF073, having a single AP2/ERF conserved domain 
was identified. The sequence of VviERF073 was analyz-
ed in 'Thompson Seedless'. VviERF073 belonged to the 
B2 subfamily of ERF transcription factors. Under salt 
stress, the relative expression of VviERF073 increased 
2.7  fold in the leaves of grafted grapevine within six 
hours of salt stress. The expression increased to 8.7 fold 
at 15 days of salt stress, thus indicating its role in early 
as well as late response to salt stress. However, expression 
of VviERF073 did not change significantly in grapevines 
raised on own roots. The expression varied in the roots 
of 'Thompson Seedless' but not in the roots of '110R'. 
Under salt stress conditions, GAPDH and EF1α for 
grafted vines and Actin and Tubulin for own root vines, 
were identified as the stable reference genes for qPCR 
data normalization.

K e y  w o r d s :  grape; AP2/ERF; VviERF073; salt 
stress.

Introduction

Plants face several abiotic stresses like soil salinity, 
drought, extreme temperatures, and radiation etc. during 
their life cycle. Soil salinity is considered to be a major 
constraint to improve food production. Salinity not only 
affects yield but also reduces arable area. According to an 
estimate, about 20 % of agricultural land in the world is 
saline (Flowers and Yeo 1995). Due to their sessile nature, 
plants evolve several strategies to survive under biotic and 
abiotic stresses  (Munns and Tester 2008). Salt stress is 
a genetically complex trait, often modulated by multiple 
biosynthetic and signaling pathways. 

Grape (Vitis vinifera L.) is one of the most economically 
important fruit crops in the world and is mainly used for the 

production of wine and distilled liquor products. It is also 
used for fresh consumption, raisin, juice, grape seed oil and 
processed for pharmaceutical uses. Grape is mainly grown 
in semi-arid regions and thus suffers not only water deficit 
but also is prone to salinization (Cramer 2010). Various 
workers have ranked grape as sensitive (Prior et al. 1992)  
to moderately sensitive (Shani et al. 1993) to salinity stress. 
Early effects of salt stress in grapevine result in reduced 
photosynthesis rate and stomatal conductance leading to 
subsequent loss of vigor and yield (Walker et al. 2010). 
To confer improved salt tolerance to scion variety, several 
Vitis species and their hybrids are used as rootstocks for 
commercial grape production. These rootstocks have sodium 
and chloride ion exclusion properties. Rootstock '110 Rich-
ter' ('110R') has been shown to have Na and Cl exclusion 
properties under Indian grape growing conditions (Upadhyay 
et al. 2013)  and considerably improves performance of table 
grape varieties under saline soil conditions.  

Plant response to abiotic stresses i.e. drought, salinity, 
extreme temperature and radiation is modulated by regu-
lation of gene expression by transcription factors (Singh 
et al. 2002). Putative role of several transcriptional factors 
under stress conditions has been studied in different crops. 
The APETALA2/ethylene-responsive element binding fac-
tor (AP2/ERF) family containing well conserved domain 
region consisting of 50-60 amino acids, is a large group 
of plant-specific transcription factors involved in abiotic 
stress responses by regulating gene expression (Mizoi et al. 
2012). AP2/ERF TFs have been identified in various plant 
species like Arabidopsis, rice, tomato, soybean, wheat and 
grape (Nakano et al. 2006, Xu et al. 2007, Zhuang et al. 
2009). This family comprises of five sub families i.e. AP2, 
RAV, ERF, DREB and other proteins (Sakuma et al. 2002). 
Among these, transcription factors belonging to the ERF 
subfamily containing a single conserved domain have been 
shown to be involved in salinity stress response in many 
plant species (Ayarpadikannan et al. 2014, Dong et  al. 
2012). These transcription factors recognize and bind to 
core GCCGCC sequence present in the promoters of target 
genes (Ohme-Takagi and Shinshi 1995). 

In grape, genome wide analysis identified 132 putative 
genes belonging to AP2/ERF family. These genes were 
classified into four subfamilies i.e. AP2, DREB, ERF, RAV 
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and a soloist (Zhuang et al. 2009).  In another study,  Licausi 
et al. (2010) reported 149 sequences belonging to AP2/ERF 
superfamily and analyzed their expression in vegetative 
and reproductive tissues. Zhu et al. (2013) reported role of 
three ERF factors from Vitis pseudoreticulata in different 
biotic and abiotic stress-responsive pathways.  However, the 
role of ERF TFs in salinity stress response in grape is not 
studied so far. In this paper, we describe the identification of 
a salt stress responsive ERF TF based on in silico analysis 
of salt stress ESTs of grape. This ERF TF was identical to 
VvERF057 reported by Licausi et al. (2010) and has been 
annotated as ERF073 in NCBI Vitis vinifera Annotation 
Release 101 (updated December 2014). We named this gene 
as VviERF073 following the gene nomenclature system sug-
gested by Grimplet et al. (2014). We report the sequencing 
and characterization of VviERF073, its expression analysis 
in leaf and roots of 'Thompson Seedless' variety of table 
grape in response to salt stress. Expression of this gene 
was also analyzed in different parts of field grown vines 
of 'Thompson Seedless'. We also compared expression of 
this gene in own-rooted and grafted grapevines to study the 
effect of rootstock on its expression under salt stress. Though 
several reports have described the stability of reference genes 
in different vegetative and reproductive stages of grapevines 
as well as biotic and abiotic stresses, these reports pertain to 
grapevines raised on own roots. We have not come across 
any report on the effect of salt stress and rootstock on the 
expression of reference genes. Therefore, the most stable ref-
erence genes suitable for qPCR data normalization for gene 
expression analysis under salt stress were also identified.

Material and Methods

P l a n t  m a t e r i a l ,  s t r e s s  i m p o s i t i o n  a n d 
s a m p l i n g :  Sixteen-month-old potted vines of grape 
variety 'Thompson Seedless' grown on its own root and 
grafted on '110R' rootstock were used for this experiment. 
Field capacity was calculated and 38 % moisture content 
was maintained by frequent irrigation. Salt treatment was 
imposed by irrigating vines with 150 mM NaCl salt solu-
tion. The control vines were irrigated with potable water 
(EC ≤ 0.7 dSm-1). Young leaves and roots were sampled 
from control and treated vines at 6 h, 24 h, 48 h (early re-
sponse), 7th d, 15th d (late response) after treatment. Samples 
were snap frozen in liquid nitrogen and stored at -80 °C till 
further use. Sample from single vine was considered as one 
biological replicate.

For expression analysis in different plant parts, buds, 
leaf, petiole, stem, flowers and young berries were col-
lected from field grown grafted and own-root raised vines 
of 'Thompson Seedless'. Samples from single vines were 
pooled and considered as one biological replicate.  

I d e n t i f i c a t i o n  o f  s a l t  r e s p o n s i v e  t a r -
g e t  g e n e  a n d  p r i m e r  d e s i g n :  16,785 salt 
stress EST out of total > 350 thousand grape ESTs were 
downloaded from public domain database (www.ncbi.nlm.
nih.gov) and processed. The process involved sequence 
cleaning, repeat masking, vector masking, organelle mask-
ing and sequence assembly of the data using EGAssembler. 

Blast2GO (Conesa and Götz 2008) was employed for their 
annotation. For the filtered unknown proteins, Phytozome 
8.0, a comparative platform for green plant genomics was 
used to BLAT against Vitis vinifera followed by FGENESH 
gene finder tool to identify the genes. The length of contigs 
was extrapolated on left and right in search of gene. The cis 
regulatory elements in the promoter region of the candidate 
genes were obtained from PLACE database and Plant Tran-
scription Factor Database (PlnTFDB) V 2.0 were further 
used to find the transcription factors present in assembled 
EST data. InterproScan and PANTHER were employed for 
motif identification. 

S e q u e n c e  a n a l y s i s  o f  V v i E R F 0 7 3 :  Ref-
erence genome sequence of Vitis available at NCBI was used 
to design sequencing primers for the region covering entire 
coding region of VviERF073. The total genomic DNA from 
'Thompson Seedless' was used for PCR amplification using 
Phusion HI-Fidelity DNA Polymerase (NEB Inc., USA). 
The PCR products were purified and sequenced using ABI 
big dye chemistry 3.1 (Applied biosystems). The sequence 
of all PCR products were aligned and aligned sequence 
was blasted against Vitis genome sequence. The complete 
sequence was used for gene prediction using FGENESH 
(Solovyev et al. 2006).

The predicted protein was used for homology search 
using blastp. A phylogenetic analysis of the VviERF073 and 
various heterologous AP2/ERF genes was performed using 
MEGA 6 software (Tamura et al. 2013) and a phylogenetic 
tree was constructed using Neighbour joining method. ERF 
domain of VviERF073 and heterologous genes was aligned 
using Clustal W (Larkin et al. 2007). Secondary structure 
of ERF domain was predicted using Quick2D (http://toolkit.
tuebingen.mpg.de/quick2_d). Interaction of VviERF073 
with other proteins was analyzed using STRING V9.1 
(Franceschini et al. 2013).

R N A  e x t r a c t i o n  a n d  f i r s t  s t r a n d  c D N A 
s y n t h e s i s :  70-100 mg of frozen leaves were used for 
RNA extraction using Spectrum™ Plant total RNA kit 
(Sigma – Aldrich, USA) following manufacturer instruc-
tions.  On-column DNase digestion was performed before 
RNA elution. For RNA extraction from roots, the method 
described by Tattersall et al. (2005) was used. Three bi-
ological replicates for each time point were used for RNA 
extraction. RNA concentration was measured by recording 
absorbance at A260 using a nano-spectrophotometer (Im-
plen, Germany) and absorbance ratio A260/A280 (> 1.8) 
and A260/A230 (> 2.0) were used for estimating its purity.  
The RNA integrity was tested by electrophoresis on 1X 
TBE agarose gel. 

One microgram of total RNA was used for cDNA syn-
thesis using Superscript III (Invitrogen) as per the manufac-
turer’s instructions. The synthesized first strand cDNA was 
diluted to 200 µL with RNase free water, mixed thoroughly, 
aliquoted and stored at -20 °C till use.

P r i m e r  d e s i g n i n g ,  R e a l  t i m e  P C R  a n d 
d a t a  a c q u i s i t i o n :  Specific primers for VviERF073 
were designed using web based software Primer3Plus (Un-
tergasser et al. 2007). The specificity of primer pair was 
confirmed by the presence of a single peak in melt curve 
analysis and no primer-dimer peaks in no-template-control 
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(NTC) reactions. The primer sequence and other details 
are given in supplementary Tab. 1. The qPCR reaction 
in 20 µL contained 3 µL of diluted cDNA, 200 nM each 
primer (forward and reverse) and 1 x Absolute qPCR SYBR 
Green Mix (Thermo Scientific, USA). No-template controls 
were included for each primer pair. Liquid handling system 
QIAgility 2000 (Qiagen, USA) was used for setting up 
qPCR reactions. Aliquots from same cDNA sample were 
used with all primer pairs. Reactions were performed on 
three biological replicates in duplicate. Real time PCR was 
performed in Rotor-Gene Q (Qiagen, Valencia, CA, USA) 
with the following temperature profile: initial denaturation at 
95 °C for 15 min, 45 cycles of step 1, 95 °C for 20 s; step 2, 
60 °C for 30 s and step 3, 72 °C for 30 s, hold at 72 °C for 
2 min. At the end, a melt was performed at 50-99 °C with 
increase of 1 °C at each step, held 90 s for first step and 5 s 
for each step afterwards. 

Rotor-Gene Q software ver 2.3.1 was used for the data 
acquisition and analysis. The amplification plots were ana-
lyzed with default threshold value and amplification cycles 
(Cq) were obtained. Five point serial dilutions of one of the 
cDNA in triplicate were used to generate standard curve. The 
slopes of the standard curve were used to determine PCR 
efficiency and correlation coefficient for each primer pair. 
The reaction efficiency was calculated using the equation 
E = 10[-1/slope] – l, where E is the reaction efficiency and slope 
is the gradient of the best fit line in the linear regression.

I d e n t i f i c a t i o n  o f  s t a b l e  r e f e r e n c e  g e n e 
f o r  q P C R  d a t a  n o r m a l i z a t i o n :  Eight candidate 
reference genes i.e. GAPDH (Glyceraldehyde 3-phosphate 
dehydrogenase), Actin, α-Tubulin, SAND (SAND family 
protein), EF1α (Elongation factor 1-α), SuTra (Sucrose 
transporter), AqPo (Aquaporin) reported by Reid et al. 
(2006) and UBI (Fujita et al. 2005) were evaluated for their 
expression stability under salt stress in own rooted as well 
as grafted vines of 'Thompson Seedless'.

The expression stability of eight candidate reference 
genes was estimated by geNorm (Vandesompele et al. 
2002) and NormFinder (Andersen et al. 2004) methods. The 
optimal number of reference genes for data normalization 
was estimated as described by Vandesompele et al. 2002. 

E x p r e s s i o n  a n a l y s i s  o f  V v i E R F 0 7 3 : 
Relative expression of target gene VviERF073 in treated 
vines at different time points was estimated using REST2009 
(Pfaffl et al. 2004). Iteration was set to 10000 for the analy-
sis. A pair-wise fixed reallocation randomization test is used 
to determine whether the difference in expression is signif-
icant. Two most stable reference genes based on geNorm 
ranking were used for the data normalization. Expression of 
VviERF073 in different plant tissues was estimated by 2-ΔCT 
method (Livak and Schmittgen 2001). 

Results and Discussion

I d e n t i f i c a t i o n ,  s e q u e n c e  a n d  p h y l o g e -
n e t i c  a n a l y s i s  o f  V v i E R F 0 7 3 :  In silico analysis 
of 16,785 salt stress ESTs of Vitis vinifera identified gene 
bank accession XM_002272428 as one of the candidate salt 
stress responsive transcription factor and was selected for 

detailed analysis in variety 'Thompson Seedless'. This gene 
is located on chromosome 7. 

A sequence of 1166 bp was obtained for 'Thompson 
Seedless' which included 39 bp 5’ region, coding region 
and 3’ region. FGENESH predicted a protein of 316 amino 
acids in this sequence. The predicted protein contained two 
exons and one intron. The amino acid sequence of predicted 
protein contains a single AP2/ ERF conserved domain (Sup-
plementary Fig. 1). The protein had 100 % homology with 
grape predicted protein ERF073 (XP_002272464.1). We 
named this gene as VviERF073. The sequence information 
of VviERF073 has been submitted to NCBI genebank (Gene 
bank ID KP256369).

NCBI BLAST analysis of this protein showed high 
homology with ERF genes from several other perennial 
fruit species. VviERF073 protein showed 53 % and 54 % 
homology respectively with ERF071 and ERF073 proteins 
of Malus domestica. Similarly, homology with several ERF 
proteins of Prunus was above 50 %.  Amino acid sequence 
of VviERF073 had more than 50 % homology with ERF pro-
tein of other tree species like Populus. The conserved AP2/
ERF region of VviERF073 had more than 90 % homology 
with conserved domain of the AP2/ERF family of proteins 
of a large number of plant species. Seven conserved amino 
acid residues i.e. Gly-4, Arg-6, Glu-16, Trp-27, Leu-28, 
Gly-29 and Ala-38, characteristic of ERF family proteins in 
Arabidopsis (Nakano et al. 2006) were also present in Vvi-
ERF073. The 14th and 19th amino acid residues in conserved 
domain, which determine the DNA binding specificity, were 
alanine and aspartic acid respectively.

A phylogenetic analysis of VviERF073 with heterolo-
gous ERF proteins of Arabidopsis, wheat, soybean, tomato 
was performed using MEGA6 (Tamura et al. 2013). ERF 
proteins representing all the subfamilies B1-B6 of Arabi-
dopsis (Nakano et al. 2006) were included in the analysis. 
Phylogenetic tree (Supplementary Fig. 2) showed that Vvi-
ERF073 is a B2 subfamily gene within ERF family. Analysis 
showed close relation of VviERF073 with Arabidopsis ERF 
proteins AtRAP2.3, AtRAP2.12, AtRAP2.3, soybean ERF 
proteins GmERF3 and GmERF7, wheat protein TaERF1 
and tomato ERF proteins LeJERF1 and LeJERF3. The AP2/
ERF domain of VviERF073 was compared with related 
B2 proteins and its secondary structure was analyzed. ERF 
domain of these proteins formed three β-sheets and one 
α-helix (Supplementary Fig. 3).

Sequence analysis confirmed that the selected gene 
VviERF073 belonged to ERF family of AP2/ERF class of 
plant specific transcription factors. ERF family is further 
subdivided into DREB and ERF main groups (Sakuma 
et al. 2002). Peptide analysis of VviERF073 revealed that 
conserved amino acid at 14 and 19 residues are specific to 
ERF group and not DREB/CBF group. AP2/ERF transcrip-
tion factors are known to play a pivotal role in plant growth, 
development and abiotic stress response. The ERF family is 
considered to be the largest among AP2/ERF transcription 
factors (Nakano et al. 2006). Several studies have demon-
strated the role of transcription factors of ERF family in salt 
stress acclimation in many plant species (Ayarpadikannan 
et al. 2014, Dong et al. 2012, Zhai et al. 2013)  either as a 
modulator of transcription or a component of signaling path-



way. Overexpression of ERF genes such as JERF3 (Wang 
et al. 2004) and Sl-ERF.B.3 (Klay et al. 2014) in tomato, 
Tsi and OPB1 in tobacco (Park et al. 2001) and AtERF71/
HRE2 in Arabidopsis (Park et al. 2011) conferred tolerance 
to salt in transgenic plants. Similarly, overexpression of ERF 
genes in tomato and Chinese cabbage improved tolerance 
to drought and salinity of transgenic plants (Lu et al. 2011).

In Arabidopsis, ERF group is further classified into 
six subfamilies B1-B6 (Sakuma et al. 2002). In phylogeny 
analysis, VviERF073 grouped with ERF of other plant 
species belonging to B2 subfamily. Transcription factors 
belonging to B2 group are characterized by the presence 
of N-terminal MCGGAII/L sequence. Deletion studies in 
wheat (Xu et al. 2007) and tomato (Tournier et al. 2003) 
indicated that N-terminal sequence is required neither for 
nuclear/subcellular localization nor for transcriptional activ-
ity. However, its role in protein kinase interaction has been 
demonstrated (Xu et al. 2007).

I n t e r a c t i o n  o f  V v i E R F 0 7 3  w i t h  o t h e r 
p r o t e i n s : The probable interaction of this protein with 
other proteins was analyzed using String V9.1 (Franceschini 
et al. 2013). Analysis identified 16 different proteins which 
are likely to interact with VviERF073 (Supplementary 
Fig. 4). Majority of these proteins have not been assigned a 
function in Vitis, hence the role of interacting proteins was 
determined based on their homology to Arabidopsis thaliana 
(Supplementary Tab. 1). VviERF073 was predicted to in-
teract with RD22-B (responsive to dehydration 22) protein, 
CPR5, a regulator of expression of PR genes, OPR2, an en-
zyme involved in jasmonic acid synthesis, several hormone 
receptors, enzymes involved in hormone metabolism, auxin 
binding and inducible transcription factor. 

Plant hormones such as salicylic acid, jasmonic acid eth-
ylene and ABA have been found to be involved in signaling 
crosstalk under abiotic and biotic stress conditions (Fujita 
et al. 2006). ABA is involved in both, synergistic and antag-
onistic cross-talk between abiotic and biotic stress conditions 
(Asselbergh et al. 2008). In protein - protein interaction 
analysis, VviERF073 is predicted to interact with several 
proteins involved in hormone binding and response, thus 
suggesting that this gene may be a component of hormone 
mediated response to salinity stress in grapevine.

I d e n t i f i c a t i o n  o f  s t a b l e  r e f e r e n c e 
g e n e s  u n d e r  s a l t  s t r e s s  c o n d i t i o n s :  Gene 
expression analysis using real-time PCR (RT-PCR) is widely 
used to understand several biological processes. Selection 
of stably expressed reference gene for data normalization is 
considered to be one of the most critical factors for success 
of RT-PCR based quantification. Normalization of RT- PCR 
data with multiple internal control genes validated for their 
expression stability is recommended (Gutierrez et al. 2008). 
In recent years, identification of stable reference genes has 
been reported in a wide range of experimental conditions 
and/or tissue types for several plant species. In grape, stable 
reference genes for different berry stages (González-Agüe-
ro et al. 2013, Reid et al. 2006),  biotic stress (Monteiro 
et al. 2013) and abiotic stress (Coito et al. 2012) have been 
reported, however no report on stable reference genes under 
salt stress is available. In our experiment, amplification effi-
ciency (E) of candidate reference genes ranged from 92 % 

(Actin) to 105 % (SAND). The correlation coefficient (r2) 
of linear standard curve varied between 0.98-0.99 (Supple-
mentary Tab. 2). The product of all the primers resulted in 
single peak in melt curve analysis. The box plot of Cq data 
(Supplementary Fig. 5) indicated that the variation in ex-
pression was more in leaf samples of grafted vines for most 
of the reference genes as compared to own root samples. 
Since rootstocks are known to influence gene expression 
in the scion variety, the stability of eight reference genes 
under salt stress was estimated separately for samples from 
own rooted vines and grafted vines (Supplementary Fig. 6).

In the set of own root samples, geNorm identified Actin 
(M = 0.050) and Tubulin (0.051) as the two most stable 
genes although the M value of other genes except EF1α was 
on par with top two genes. However, NormFinder ranked 
Actin and Aquaporin as the two most stable genes in this set. 
On the other hand, GAPDH and EF1α were ranked as the 
most stable genes in grafted samples both by geNorm and 
NormFinder method. This is in accordance with Monteiro 
et al. (2013), who reported different sets of stable genes in 
leaf tissue for biotic stress in two genotypes but EF1α as a 
common stable gene in different samples. On the contrary 
Selim et al. (2012) reported EF1α as one of the least stable 
genes in leaf under biotic stress. Such conflicting reports 
about the stability of reference genes further strengthen 
the case for standardization of reference genes for each 
experimental condition. GAPDH and Actin/tubulin were 
ranked as the most stable genes in all sample set by both the 
algorithms. Our results demonstrated the effect of rootstock 
on the stability of reference genes under salt stress. Con-
sidering this, appropriate reference genes should essentially 
be identified for expression analysis in different stock-scion 
combinations.  

Use of two or more reference genes for qPCR data 
normalization has been suggested by several researchers 
(Tricarico et al. 2002). Estimate of pairwise variation (V) 
in geNorm is used to determine the optimal number of refer-
ence genes suitable for data normalization. The estimation of 
optimal number of reference genes (Supplementary Fig. 7) 
indicated that the use of two reference genes is ideal for data 
normalization in own root set. The pairwise variation V2/
V3 (0.10) was below the recommended value of 0.15.  In 
the set of grafted samples, V2/V3 (0.18) and V3/V4 (0.17) 
were above 0.15, the value below this mark was obtained 
with V4/V5 suggesting that the use of 4 reference gene may 
be needed for normalization of real time PCR data for this 
set. However, in grafted samples, the stability value of top 
ranked three genes was statistically on par whereas M value 
of fourth ranked genes was significantly different from top 
two ranked genes. The relative expression values of target 
gene VviERF073 with two, three and four reference genes 
were statistically on par at 6 h, 48 h and 7 days (Fig. 1). 
At 24 h and 15 days expression values with three and four 
reference genes were on par. Based on this observation, we 
considered use of two or three most stable reference genes 
to be appropriate for data normalization even though the 
V2/V3 and V3/V4 are slightly more than the cutoff value. 
Higher V value has been considered for determining optimal 
number of reference genes by other workers (Silveira et al. 
2009) for different tested data sets.
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E x p r e s s i o n  o f  V v i E R F 0 7 3  i n  r e s p o n s e 
t o  s a l i n i t y  s t r e s s :  Expression of VviERF073 
was analyzed in response to salinity stress in leaves and 
roots. In leaf, the Cq value of VviERF073 ranged between 
18.37-23.92 with a mean value of 21.35 ± 1.50 in grafted 
vines whereas in own root samples, the mean Cq value 
of the VviERF073 gene was 20.66 ± 0.62 and it ranged 
between 18.55 to 21.77. In roots of 'Thompson Seedless', 
the mean Cq value was 21.52 ± 1.28 and ranged between 
19.06 to 24.68 whereas in roots of '110R' rootstock, the Cq 
value ranged between 20.51-31.31 with a mean value of 
23.25 ± 2.74.  The relative expression of VviERF073 was 
estimated in leaves and roots of salt stressed grapevines and 
the results are presented in Fig. 2.

E f f e c t  o f  r o o t s t o c k  o n  t h e  e x p r e s s i o n 
o f  V v i E R F 0 7 3  u n d e r  s a l t  s t r e s s :  In leaves of 
'Thompson Seedless' vines grafted on rootstock '110R', the 
relative expression of VviERF073 increased in salt stressed 
samples at all the time points. There was more than two 
fold (2.7 fold) increase in its expression as early as 6 h of 

salt stress, which increased further at 24 h (4.8 fold). The 
expression levels in treated samples remained high at 48 h 
(2.1 fold) and 7 d (1.7 fold) as compared to control vines, 
although this increase was found to be statistically non-sig-
nificant. At 15 d, there was a sharp increase in relative ex-
pression of VviERF073 and its expression increased 8.7 fold 
in leaves of salt stressed vines. On the other hand, in leaves 
of grapevines with own root system, the relative expression 
of VviERF073 did not change significantly at 6 h (1.2 fold) 
and 24 h (0.85). However, expression decreased at 48 h 
(0.76) which was statistically significant. The expression 
at 7 d (0.94) was not different from control samples. The 
expression level decreased further at 15 h (0.66) and was 
the least among all the time points.

O r g a n  a n d  g e n o t y p e  s p e c i f i c  e x p r e s -
s i o n  o f  V v i E R F 0 7 3  u n d e r  s a l t  s t r e s s :  The 
expression analysis of this gene in roots of 'Thompson 
Seedless' and '110R' indicated organ and genotype specific 
expression pattern. In roots of 'Thompson Seedless', the 
expression varied at different time points. The expression in 
roots of treated vines was 2.11, 1.5, 0.36, 1.23- and 2.15-fold 
of control at 6 h, 24 h, 48 h, 7 d and 15 d respectively. The 
expression was significantly up-regulated at 24 h and 15 d, 
while down regulated at 48 h. Contrary to this, expression 
of VviERF073 in the roots of '110R' did not change in re-
sponse to salt stress.

E x p r e s s i o n  o f  V v i E R F 0 7 3  i n  d i f f e r e n t 
t i s s u e s :  The expression of this gene was analyzed in 
vegetative ( leaf, petiole, buds, stem) and reproductive 
(flowers and young berries (4-6 MM) tissues of field grown 
vines of 'Thompson Seedless' raised on own root as well as  
grafted on '110R'. The expression was estimated as relative 
to reference genes. The data in Fig. 3 indicated that this 
gene is expressed in all the tissues of grapevine although 
its expression pattern varied between own root and grafted 
vines. While in own rooted vines, highest expression was 
in reproductive tissues (flower and berries), the expression 
was the highest in the leaf of grafted vines. These results 
are in accordance with Licausi et al. (2010) who reported 
variable expression of this gene in different vegetative and 
reproductive tissues of grapevine cv. 'Corvina'. 

In our analysis, expression of VviERF073, which was 
selected based on the analysis of salt stress EST libraries, 
increased rapidly several folds in the leaves of salt stressed 
vines. The increase was observed as early as six hours after 
imposition of salinity stress with further increase at 24 h. 
The expression of this gene in many tissues of field grown 
vines suggests its role in developmental processes, however, 
increased expression under salt stress indicated that this gene 
may have a positive function in salt stress response. Early 

Fig. 1: Effect of number of reference genes on the relative ex-
pression of target gene VviERF073 in the leaf of salt treated 
grafted vine. The qPCR data was normalized with two, three or 
four reference genes.     indicates that the difference in expression 
level in salt treated samples was statistically significant at p < 0.05 
determined using REST software.

Fig. 2: Effect of salt stress on the expression of VviERF073 in leaves 
and roots of grafted and own-root grapevines. The bar illustrates 
the fold change in expression in treated vines versus control vines.        
     indicates that the difference in expression level in treated vines 
was statistically significant at p < 0.05 determined using REST 
software.

Fig. 3: Heat map of expression of VviERF073 in different parts 
of grafted and own-root raised vines of 'Thompson Seedless'. The 
expression was estimated relative to two reference genes using 
2-ΔCT method.



and rapid increase in the expression of salt-responsive ERF 
has been reported in peanut (Chen et al. 2012) and wheat 
(Dong et al. 2012). ERF TFs of B2 group are shown to be 
responsive to multiple stresses including salt stress in wheat 
(Xu et al. 2007), soybean (Zhai et al. 2013) and other plant 
species. The change in expression in leaves in response to 
salt stress was substantial as compared to roots, suggesting 
organ specificity of the gene. 

Rootstocks are widely used in fruit crops mainly to pro-
vide resistance to soil-borne pests and diseases, to improve 
fruit quality, to increase tolerance to abiotic stresses and to 
improve crop productivity (Gregory et al. 2013). Rootstocks 
are known to affect yield, productivity, quality and various 
physiological processes in the grape scion variety (Corso 
and Bonghi 2014, Marguerit et al. 2012). Salt tolerant grape 
rootstocks prevent uptake of Na+ and Cl- and translocation 
to other parts in the plant. Different rootstocks differ in their 
ability to exclude salts and response of the scion to soil salt 
varies according to the exclusion capability of the rootstock 
genotype  (Fisarakis et al. 2001). Differential activation of 
genes of different pathways as affected by rootstock has been 
reported by several workers. Extensive transcriptional repro-
gramming in shoot apical meristem of grafted grapevines 
was reported by Cookson and Ollat (2013). Marè et al. 
(2013) also observed influence of soil and rootstock on the 
transcriptome of leaves of scion and differential activation 
of genes related to phenylpropanoid pathway, carbohydrate 
and energy pathways as well as stress response mechanism. 
In our analysis, also rootstock was found to influence the 
expression of VviERF073 as differential expression of this 
gene was observed in the leaf of grafted and own root vines. 
This transcription factor gene, as a part of plant defense 
system, may be involved in rootstock mediated changes in 
other developmental processes in grafted vines which are 
better adapted to salt stress as compared to own root vines.  

Conclusions

Transcription factor VviERF073, selected based on in 
silico analysis of EST database, was differentially expressed 
in response to salt stress. Varying level of expression was 
observed in two stock-scion combinations as well as two 
types of tissues i.e. leaf and root. The extent of its role in 
imparting salt tolerance at plant level needs further inves-
tigation. Analysis of stability of different candidate genes 
identified not only the stable reference gene under salt stress 
but also stock-scion combination specific stable reference 
genes. Based on our analysis we recommend use of two or 
three reference genes for data normalization. This analysis 
helped us to estimate expression of target gene with higher 
level of confidence. 

Acknowledgements

A part of this work was conducted under the project grant no. 
BT/PR4830/PBD/16/968/12 from Department of Biotechnology, 
Government of India, New Delhi.

References

Andersen, C.; Jensen, J.; Orntoft, T.; 2004: Normalization of real-time 
quantitative reverse transcription-PCR data: a model-based variance 
estimation approach to identify genes suited for normalization, applied 
to bladder and colon cancer data sets. Cancer Res. 64, 5245-5250.

Asselbergh, B.; De Vleesschauwer, D.; Höfte, M.; 2008: Global switch-
es and fine-tuning - ABA modulates plant pathogen defense. Mol.
Plant-Microbe Interact. 21, 709-719.

Ayarpadikannan, S.; Chung, E.; Kim, K.; So, H.; Schraufnagle, K. R.; 
Lee, J.; 2014: RsERF1 derived from wild radish (Raphanus sativus) 
confers salt stress tolerance in Arabidopsis. Acta Physiol. Plantar. 
36, 993-1008.

Chen, N.; Yang, Q.; Su, M.; Pan, L.; Chi, X.; Chen, M.; He, Y.; Yang, 
Z.; Wang, T.; Wang, M.; Yu, S.; 2012: Cloning of six ERF family 
transcription factor genes from peanut and analysis of their expression 
during abiotic stress. Plant Mol. Biol. Report. 30, 1415-1425.

Coito, J. L.; Rocheta, M.; Carvalho, L.; Amâncio, S.; 2012: Microar-
ray-based uncovering reference genes for quantitative real time PCR 
in grapevine under abiotic stress. BMC Res. Notes 5, 1-12.

Conesa, A.; Götz, S.; 2008: Blast2GO: A comprehensive suite for func-
tional analysis in plant genomics. Int. J. Plant Genom. 2008, 619832.

Cookson, S.; Ollat, N.; 2013: Grafting with rootstocks induces extensive 
transcriptional re-programming in the shoot apical meristem of 
grapevine. BMC Plant Biol. 13, 147.

Corso, M.; Bonghi, C.; 2014: Grapevine rootstock effects on abiotic stress 
tolerance. Plant Sci. Today 1, 108-113.

Cramer, G. R.; 2010: Abiotic stress and plant responses from the whole 
vine to the genes. Aust. J. Grape Wine Res. 16, 86-93.

Dong, W.; Ai, X.; Xu, F.; Quan, T.; Liu, S.; Xia, G.; 2012: Isolation and 
characterization of a bread wheat salinity responsive ERF transcription 
factor. Gene 511, 38-45.

Fisarakis, I.; Chartzoulakis, K.; Stavrakas, D.; 2001: Response of Sultana 
vines (V. vinifera L.) on six rootstocks to NaCl salinity exposure and 
recovery. Agric. Water Manage. 51, 13-27.

Flowers, T.; Yeo, A.; 1995: Breeding for salinity resistance in crop plants: 
Where next? Funct. Plant Biol. 22, 875-884.

Franceschini, A.; Szklarczyk, D.; Frankild, S.; Kuhn, M.; Simonovic, M.; 
Roth, A.; Lin, J.; Minguez, P.; Bork, P.; von Mering, C.; Jensen, L. 
J.; 2013: STRING v9.1: protein-protein interaction networks, with 
increased coverage and integration. Nucl. Acids Res. 41, D808-D815.

Fujita, A.; Soma, N.; Goto-Yamamoto, N.; Shindo, H.; Kakuta, T.; Koizumi, 
T.; Hashizume, K.; 2005: Anthocyanidin reductase gene expression 
and accumulation of flavan-3-ols in grape berry. Am. J. Enol. Vitic. 
56, 336-342.

Fujita, M.; Fujita, Y.; Noutoshi, Y.; Takahashi, F.; Narusaka, Y.; Yamagu-
chi-Shinozaki, K.; Shinozaki, K.; 2006: Crosstalk between abiotic and 
biotic stress responses: a current view from the points of convergence 
in the stress signaling networks. Curr. Opin. Plant Biol. 9, 436-442.

González-Agüero, M.; García-Rojas, M.; Di Genova, A.; Correa, J.; 
Maass, A.; Orellana, A.; Hinrichsen, P.; 2013: Identification of two 
putative reference genes from grapevine suitable for gene expression 
analysis in berry and related tissues derived from RNA-Seq data. 
BMC Genom. 14, 1-12.

Gregory, P. J.; Atkinson, C. J.; Bengough, A. G.; Else, M. A.; Fernán-
dez-Fernández, F.; Harrison, R. J.; Schmidt, S.; 2013: Contributions 
of roots and rootstocks to sustainable, intensified crop production. J. 
Exp. Bot. 64, 1209-1222.

Grimplet, J.; Adam-Blondon, A.-F.; Bert, P.-F.; Bitz, O.; Cantu, D.; Davies, 
C.; Delrot, S.; Pezzotti, M.; Rombauts, S.; Cramer, G.; 2014: The 
grapevine gene nomenclature system. BMC Genom. 15, 1077.

Gutierrez, L.; Mauriat, M.; Guénin, S.; Pelloux, J.; Lefebvre, J. F.; 
Louvet, R.; Rusterucci, C.; Moritz, T.; Guerineau, F.; Bellini, C.; 
Van Wuytswinkel, O.; 2008: The lack of a systematic validation of 
reference genes: a serious pitfall undervalued in reverse transcrip-
tion-polymerase chain reaction (RT-PCR) analysis in plants. Plant 
Biotechnol. J. 6, 609-618.

Klay, I.; Pirrello, J.; Riahi, L.; Bernadac, A.; Cherif, A.; Bouzayen, M.; 
Bouzid, S.; 2014: Ethylene Response Factor Sl-ERF.B.3 is responsive 
to abiotic stresses and mediates salt and cold stress response regulation 
in tomato. Sci. World J. 2014, 167681.

Larkin, M. A.; Blackshields, G.; Brown, N. P.; Chenna, R.; McGettigan, 
P. A.; McWilliam, H.; Valentin, F.; Wallace, I. M.; Wilm, A.; Lopez, 
R.; Thompson, J. D.; Gibson, T. J.; Higgins, D. G.; 2007: Clustal W 
and Clustal X version 2.0. Bioinformatics 23, 2947-2948.

	170	 M. P. Shinde et al.



	 Identification, characterization and expression analysis of ERF transcription factor VviERF073	 171

Licausi, F.; Giorgi, F.; Zenoni, S.; Osti, F.; Pezzotti, M.; Perata, P.; 2010: 
Genomic and transcriptomic analysis of the AP2/ERF superfamily in 
Vitis vinifera. BMC Genom. 11, 719.

Livak, K. J.; Schmittgen, T. D.; 2001: Analysis of relative gene expression 
data using real-time quantitative PCR and the 2−∆∆CT method. Methods 
25, 402-408.

Lu, C. W.; Shao, Y.; Li, L.; Chen, A. J.; Xu, W. Q.; Wu, K. J.; Luo, Y. B.; 
Zhu, B. Z.; 2011: Overexpression of SlERF1 tomato gene encoding 
an ERF-type transcription activator enhances salt tolerance. Russ. J. 
Plant Physiol. 58, 118-125.

Marè, C.; Aprile, A.; Roncaglia, E.; Tocci, E.; Corino, L. G.; Bellis, L. 
D.; Cattivelli, L.; 2013: Rootstock and soil induce transcriptome 
modulation of phenylpropanoid pathway in grape leaves. J. Plant 
Interact. 8, 334-349.

Marguerit, E.; Brendel, O.; Lebon, E.; Van Leeuwen, C.; Ollat, N.; 2012: 
Rootstock control of scion transpiration and its acclimation to water 
deficit are controlled by different genes. New Phytol. 194, 416-429.

Mizoi, J.; Shinozaki, K.; Yamaguchi-Shinozaki, K.; 2012: AP2/ERF family 
transcription factors in plant abiotic stress responses. Biochim. Bio-
phys. Acta (BBA): Gene Regul. Mechan. 1819, 86-96.

Monteiro, F.; Sebastiana, M.; Pais, M. S.; Figueiredo, A.; 2013: Refer-
ence gene selection and validation for the early responses to downy 
mildew infection in susceptible and resistant Vitis vinifera cultivars. 
PLoS ONE 8, e72998.

Munns, R.; Tester, M.; 2008: Mechanisms of salinity tolerance. Ann. Rev. 
Plant Biol. 59, 651-681.

Nakano, T.; Suzuki, K.; Fujimura, T.; Shinshi, H.; 2006: Genome-wide 
analysis of the ERF gene family in Arabidopsis and Rice. Plant 
Physiol. 140, 411-432.

Ohme-Takagi, M.; Shinshi, H.; 1995: Ethylene-inducible DNA binding 
proteins that interact with an ethylene-responsive element. Plant 
Cell 7, 173-182.

Park, H.; Seok, H.; Woo, D.; Lee, S.; Tarte, V. N.; Lee, E.; Lee, C.; Moon, 
Y.; 2011: AtERF71/HRE2 transcription factor mediates osmotic 
stress response as well as hypoxia response in Arabidopsis. Biochem. 
Biophys. Res. Commun. 414, 135-141.

Park, J. M.; Park, C. J.; Lee, S. B.; Ham, B. K.; Shin, R.; Paek, K. H.; 
2001: Overexpression of the tobacco Tsi1 gene encoding an EREBP/
AP2–type transcription factor enhances resistance against pathogen 
attack and osmotic stress in tobacco. Plant Cell 13, 1035-1046.

Pfaffl, M.; Tichopad, A.; Prgomet, C.; Neuvians, T.; 2004: Determination 
of stable housekeeping genes, differentially regulated target genes 
and sample integrity: BestKeeper – Excel-based tool using pair-wise 
correlations. Biotechnol. Lett. 26, 509-515.

Prior, L.; Grieve, A.; Cullis, B.; 1992: Sodium chloride and soil texture in-
teractions in irrigated field grown Sultana grapevines. II. Plant mineral 
content, growth and physiology. Aust. J. Agric. Res. 43, 1067-1083.

Reid, K.; Olsson, N.; Schlosser, J.; Peng, F.; Lund, S.; 2006: An optimized 
grapevine RNA isolation procedure and statistical determination of 
reference genes for real-time RT-PCR during berry development. 
BMC Plant Biol. 6 (art. 27), 1-11.

Sakuma, Y.; Liu, Q.; Dubouzet, J. G.; Abe, H.; Shinozaki, K.; Yamagu-
chi-Shinozaki, K.; 2002: DNA-binding specificity of the ERF/AP2 
domain of Arabidopsis DREBs, Transcription factors involved in 
dehydration- and cold-inducible gene expression. Biochem. Biophys. 
Res. Commun. 290, 998-1009.

Selim, M.; Legay, S.; Berkelmann-Löhnertz, B.; Langen, G.; Kogel, K. 
H.; Evers, D.; 2012: Identification of suitable reference genes for 
real-time RT-PCR normalization in the grapevine-downy mildew 
pathosystem. Plant Cell Rep. 31, 205-216.

Shani, U.; Waisel, Y.; Eshel, A.; Xue, S.; Ziv, G.; 1993: Responses to 
salinity of grapevine plants with split root systems. New Phytol. 
124, 695-701.

Silveira, E.; Alves-Ferreira, M.; Guimaraes, L.; da Silva, F.; Carneiro, 
V.; 2009: Selection of reference genes for quantitative real-time 
PCR expression studies in the apomictic and sexual grass Brachiaria 
brizantha. BMC Plant Biol. 9, 84.

Singh, K. B.; Foley, R. C.; Oñate-Sánchez, L.; 2002: Transcription fac-
tors in plant defense and stress responses. Curr. Opin. Plant Biol. 5, 
430-436.

Solovyev, V.; Kosarev, P.; Seledsov, I.; Vorobyev, D.; 2006: Automatic 
annotation of eukaryotic genes, pseudogenes and promoters. Genome 
Biol. 7 (Suppl 1), S10.1-12.

Tamura, K.; Stecher, G.; Peterson, D.; Filipski, A.; Kumar, S.; 2013: 
MEGA6: Molecular Evolutionary Genetics Analysis version 6.0. 
Mol. Biol. Evol. 12, 2725-2729.

Tattersall, E. A. R.; Ergul, A.; AlKayal, F.; DeLuc, L.; Cushman, J. C.; 
Cramer, G. R.; 2005: Comparison of methods for isolating high-qual-
ity RNA from leaves of grapevine. Am. J. Enol.Vitic. 56, 400-406.

Tournier, B.; Sanchez-Ballesta, M. T.; Jones, B.; Pesquet, E.; Regad, 
F.; Latche, A.; Pech, J. C.; Bouzayen, M.; 2003: New members of 
the tomato ERF family show specific expression pattern and diverse 
DNA-binding capacity to the GCC box element. FEBS Lett. 550, 
149-154.

Tricarico, C.; Pinzani, P.; Bianchi, S.; Paglierani, M.; Distante, V.; Paz-
zagli, M.; Bustin, S. A.; Orlando, C.; 2002: Quantitative real-time 
reverse transcription polymerase chain reaction: normalization to 
rRNA or single housekeeping genes is inappropriate for human tissue 
biopsies. Analyt. Biochem. 309, 293-300.

Untergasser, A.; Nijveen, H.; Rao, X.; Bisseling, T.; Geurts, R.; Leunissen, 
J. A.; 2007: Primer3Plus, an enhanced web interface to Primer3. Nucl. 
Acids Res. 35, W71-74.

Upadhyay, A. K.; Sharma, J.; Jogaiah, S.; 2013: Influence of rootstock on 
salinity tolerance of Thompson Seedless grapevines. J. Appl. Hortic. 
15, 173-177.

Vandesompele, J.; De, P.; Pattyn, F.; Poppe, B.; Van, R.; De, P.; Speleman, 
F.; 2002: Accurate normalization of real-time quantitative RT-PCR 
data by geometric averaging of multiple internal control genes. Ge-
nome Biol. 3 (7), RESEARCH0034.

Walker, R. R.; Blackmore, D. H.; Clingeleffer, P. R.; 2010: Impact of 
rootstock on yield and ion concentrations in petioles, juice and wine of 
Shiraz and Chardonnay in different viticultural environments with dif-
ferent irrigation water salinity. Aust. J. Grape .Wine Res. 16, 243-257.

Wang, H.; Huang, Z.; Chen, Q.; Zhang, Z.; Zhang, H.; Wu, Y.; Huang, D.; 
Huang, R.; 2004: Ectopic overexpression of tomato JERF3 in tobacco 
activates downstream gene expression and enhances salt tolerance. 
Plant Mol. Biol. 55, 183-192.

Xu, Z. S.; Xia, L. Q.; Chen, M.; Cheng, X. G.; Zhang, R. Y.; Li, L. C.; 
Zhao, Y. X.; Lu, Y.; Ni, Z. Y.; Liu, L.; Qiu, Z. G.; Ma, Y. Z.; 2007: 
Isolation and molecular characterization of the Triticum aestivum L. 
ethylene-responsive factor 1 (TaERF1) that increases multiple stress 
tolerance. Plant Mol. Biol. 65, 719-732.

Zhai, Y.; Wang, Y.; Li, Y.; Lei, T.; Yan, F.; Su, L.; Li, X.; Zhao, Y.; Sun, 
X.; Li, J.; Wang, Q.; 2013: Isolation and molecular characterization 
of GmERF7, a soybean ethylene-response factor that increases salt 
stress tolerance in tobacco. Gene 513, 174-183.

Zhu, Z.; Shi, J.; Xu, W.; Li, H.; He, M.; Xu, Y.; Xu, T.; Yang, Y.; Cao, J.; 
Wang, Y.; 2013: Three ERF transcription factors from Chinese wild 
grapevine Vitis pseudoreticulata participate in different biotic and 
abiotic stress-responsive pathways. J Plant Physiol. 170, 923-933.

Zhuang, J.; Peng, R.; Cheng, Z. M.; Zhang, J.; Cai, B.; Zhang, Z.; Gao, 
F.; Zhu, B.; Fu, X.; Jin, X.; Chen, J.; Qiao, Y.; Xiong, A.; Yao, Q.; 
2009: Genome-wide analysis of the putative AP2/ERF family genes 
in Vitis vinifera. Sci. Hortic. 123, 73-81.

Received March 7, 2016
Accepted September 23, 2016




