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ABSTRACT 

Salt stress considerably limits plant development and growth and it has detrimental effects on crop production. Potato is 
also one of the moderately sensitive crops to salinity and it is very important to improve new potato varieties conferring 
salt tolerance. In vitro micro tubers are valuable materials for evaluation and in vitro selection of potato germplasm. The 
main aim of this study was to reveal the effects of different salt concentrations (100, 200 and 300 mM) on 
microtuberization of four potato cultivars i.e., Slaney, Granola, Rasin Busset and Agria. In addition to detect expression 
levels of dehydration-responsive element binding 2 (StDREB2) transcription factor involving in the transcriptional 
regulation of gene expression to various salt stresses in potato. On average, in all the potato cultivars the production of 
microtubers was drastically affected and decreased with increased salt intensity. The highest explant ratio forming micro 
tuber (66.6 %) and the highest number of micro-tubers (0.88) micro tubers / explant) were observed in cultivar Slaney. 
However, Granola could not produce any microtuber under salt stress conditions. The RT-qPCR regarding StDREB2 
relative gene expression levels showed noticeable differences among potato genotypes for various NaCl concentrations. 
StDREB2 gene relative gene expression level was also up regulated at 100 mM and higher salt concentrations for almost 
all the cultivars except cv. Granola. 
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INTRODUCTION 

 Potato (Solanum tuberosum L.) is one of the 
most important crops grown throughout the world despite 
the popularity of low carbohydrate foods. Potato crop can 
meet the increasing hunger problem and balanced diet 
and the crop is becoming increasingly popular 
worldwide.  Abiotic and biotic stress factors have 
important disruptive impacts on crop production. Potato 
can also be severely and negatively influenced by 
different biotic and stress abiotic factors during the 
growing period. Although improvements of new varieties 
is slow due to the genetic complexity of potato (Su et al. 
2019), there is an urgent need for new resistant potato 
varieties against stress factors. Salt is an extremely toxic 
substance for plants (Zhu, 2007) and salinity in arable 
lands has been increasing in the world. Therefore, salinity 
is one of the most important abiotic constraints on field 
and horticultural crops production (Evers et al., 2007). 
The severity of salt stress varies according to plant 
species, salt type, duration of salt stress, plant genotype 
and stage of growth/development. Plants give a complex 
respond to salt stress at physiological, metabolic and 
molecular levels (Chinnusamy and Zhu, 2002). Under 
salt stress conditions, some important genes encoding 
proteins belonging to osmolite synthesis, ion channels, 
signal factors and salt response enzymes are activated 

depending on the genetic characteristics of the plant 
species (Kreps et al., 2002; Tuteja, 2007; Zhu, 2007; 
Çulha and Çakırlar, 2011). Plants have complicated 
mechanisms to regulate the expression of defence-related 
genes against biotic and abiotic stress factors. 
Transcription factors (TF) also have an important role in 
a regulation network of plant defence responses (Van 
Verk et al., 2009). They are functional in regulating 
downstream gene expression via specific binding to 
target sequences (Yamaguchi-Shinozaki and Shinozaki, 
2006). There are many TFs regulating the expressions of 
stress genes in enhancing stress tolerance (Liu et al., 
1999; Behnam, et al., 2006; Behnam et al., 2007; 
Bouaziz et al., 2012; Mizoi et al., 2012; Reis et al., 2014; 
Bouaziz et al., 2015; Charfeddine et al., 2017). The 
dehydration responsive element binding proteins (DREB) 
are also one of the members of a larger family of 
transcription factors and these TFs are involved in the 
transcriptional regulation of gene expression in plant 
response to environmental stresses as cold, drought, 
improved oxidative, freezing and salinity and they have 
an important function in regulating stresses tolerance 
pathways (Stockinger et al., 1997; Thomashow, 2001; 
Yamaguchi-Shinozaki and Shinozaki, 2006; Gutha and 
Reddy, 2008; Xu et al., 2011; Bouaziz et al., 2012; El-
esawi and Alayafi, 2019). The DREB factors encodes a 
functional protein against different abiotic stress factors 
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and induce the expression of some target genes 
controlling metabolism (Lata and Prasad, 2011; Hussain 
et al., 2011; Bouzaziz et al., 2012). DREB TF belonging 
to AP2/ERF family contain DREB1 and DREB 2 
(Yamaguchi-Shinozaki et al., 1994; Stockinger et al., 
1997; Mizoi et al., 2012; El-esavi and Alayafi, 2019) 
have been recently identified in different plants such as 
Arabidopsis (Stockinger et al., 1997), potato (Bouaziz et 

al., 2012), rice (Dubouzet et al., 2003), hot pepper (Hong 
and Kim, 2005), soybean (Chen et al., 2007), Caragana 
korshinskii (Wang et al., 2011). Salt stress induced 
StDREB2 transcript accumulation in potato and 
overexpression of StDREB2 in transgenic potato plants 
increased tolerance to salt and cadmium (Bouaziz et al., 
2012; Charfeddine et al., 2017). The saline lands have 
been threatening the production of potato due to the 
increase of the irrigated areas in the world. Potato with its 
rich nutritional composition is also one of the moderately 
sensitive crops to salinity under in vitro and in vivo 
conditions (Maas, 1984; Saif-Ur-Rasheed et al., 1998, 
Katerji et al., 2003). Many different metabolic and 
physiological changes also occur under salt stress and 
gene and transcription factors are involved in these 
processes in potato (Batelli et al., 2012; Shimazaki et al., 
2016; Uranbey et al., 2017) and tolerance to salt varies 
significantly depending on varieties of potato.  
 

 In vitro techniques and micropropagation are 
very fast, reliable an actual methods for screening of 
potato varieties under salinity stress (Byun et al., 2007, 
Ahmed et al., 2016). In vitro micro tubers in potato are 
valuable materials for disease-free, long-term 
preservation and transport of genetic material, evaluation 
and suitability of germplasm for in vitro selection 
(Uranbey et al., 2017) and also an important source of 
explants for genetic transformation studies (Uranbey et 

al., 2005; Ahmed et al. 2018). Microtuberization of 
potato is highly related to external factors such as 
temperature, light source and intensity, photoperiod, 
sugar type and concentrations, solidifiers, growth 
regulator types, basal media (Coleman et al., 2001; 
Zhang et al., 2006; Aryakia and Hamidoghli, 2010). 
There are limited literatures about salinity effects on in 

vitro microtuberization of potato (Amerian and Esna-
Ashari, 2011; Ahmed et al., 2016, Koçak et al., 2016).  
The goal of this experiment was also to reveal the effects 
of various salt concentrations on microtuberization of 
different potato varieties and to detect the expressional 
levels of the StDREB2 transcription factor response by 
qRT-PCR. 

MATERIALS AND METHODS 

Plant material: Four potato cultivars (Slaney, Basin 
Russet, Agria and Granola intensively cultivated in 
Turkey) were used in the study. 

Tuber sterilization and sprouting: The fresh harvested 
tubers of the potato cultivars were washed with tap water 
and surface sterilized using 5.0 % NaOCl for 20 min. The 
tubers were rinsed with sterile double distilled water.  
The tubers were stored and sprouted at 24 °C under dark 
conditions for 4-6 weeks. Then, the tubers were kept at 
4ºC in a solution containing 100 ppm GA3 for 60 minutes 
for breaking the dormancy. The developed fresh sprouts 
(approximately 0.5 cm length) after 4-6 weeks were 
excised and sterilized with 1.25% NaOCl for 20 min and 
rinsed four times with sterilized distilled water. Then, the 
apical buds were transferred to MS medium (Murashige 
and Skoog, 1962) containing 30 g L-1 sucrose with 0.3% 
gelrite and incubated under 16/8 h photoperiod 149 μmol 
m−2 s−1 photosynthetic photon flux density at 24°C. Shoot 
cultures were established from sprouts and propagated by 
single-node stem explants. The explants were transferred 
to fresh media at three weeks interval.  

Microtuber induction, salt stress and ABA 

treatments: Single node stem segments (0.5-cm length) 
with single-leaf in 4-5 weeks-old plantlets were excised 
and cultured on only MS medium or MS medium 
containing 0, 100, 200, 300 mM NaCl, 2.5 mg/ L Kinetin, 
60 g/L sucrose and 7g/L agar for microtuberization 
studies. Moreover, single node with single leaf were also 
cultured on MS medium containing 0, 100, 200, 300 mM 
NaCl., 1 mg/L 6-Benzylaminopurine (BAP) 30 g/L 
sucrose with 7g/L agar for qRT-PCR studies under white 
fluorescence at 24 ° C. Roots of plantlets with 8 weeks-
old were exposed to 1000 ppm Abscisic acid (ABA) 
hormone to induce TF. All cultures were maintained 
under dark conditions at 22-24 °C. 

RNA isolation: Leaves of plantlets grown under salt 
stress conditions were cut and frozen in liquid nitrogen & 
stored at -85 °C for RNA extraction. Total RNA was 
isolated from leaf tissue using TRIzol kit (Invitrogen) and 
treated with DNase (#EN0521 Thermo Scientific) to 
eliminate genomic DNA contamination. 

qRT-PCR analysis: Total RNA was used to make first-
strand cDNA with the ReversAid First Strand cDNA 
Synthesis Kit (#K1622 Thermo Scientific) using oligo-dT 
primers. PCR was performed using cDNA created with 
Oligo (dT) primers (R) 5’- 
GTCGATTCTGGAAAGTCGACC-3’, (F) 3’- 
AATGTCAATGGTGATACCACGC-5’ for amplification 
of EF1a (Elongation factor). EF1a was used as house-
keeping control and gene-specific primers were designed 
using the specific gene primers designed for StDREB2 as 
described by Bouzaziz et al., 2012.  The PCR reaction 
(20 μl) composed of 1X SYBR Green master mix, 2 μg 
cDNA, 7 μM Forward Primer, 0.7 μM Reverse Primer, 
3.5 μl H2O. The PCR conditions were 2 min at 96 °C 
followed by 40 cycles at 96 °C for 20 s, 60 °C for 20 s, 
72 °C for 20 s. qRT-PCR reactions were performed in 
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triplicates (three biological) using SYBR Green PCR kit 
(Qiagen) described by the company’s protocol. The 
melting curve was continuous monitoring of fluorescence 
between 60 and 95 °C with 0.5 °C cumulation after every 
30 s. ΔCT data were processed in Roche Light Cycler 
software. As a result of PCR, Ct (Cycle Threshold) 
values were obtained for each sample. Expression levels 
of StDREB2 were calculated and estimated using the 2 (-

Delta DeltaCt) method. 

Statistical methods: The experiments were conducted as 
a Completely Randomized Design (CRD) (two-way 
ANOVA) with two factors (fixed affected) in three 
replications. We used Levene’ s test to check homogenity 
of variances before ANOVA tests. Differences between 
the means were compared by Duncan’s multiple range 
tests using MSTAT-C computer programme (Michigan 
State University) as stated by Düzgüneş et al., (1983). 
Data given in percentages were subjected to arcsine (√X) 
transformation before statistical analysis. 

RESULTS AND DISCUSSION 

Microtuberization capacity of potato genotypes under 

salt stress: Microtuberization started from the bottom of 
the axillary buds after 3 weeks culture initation from the 
control explants and secondary microtuber formations 
occurred on the developed stem after about 2 weeks. 
Initiation of small and weak microtubers appeared within 
5-6 weeks at higher salt concentrations (100-200 mM) for 
Slaney, Basin Russet and Agria cultivars. The number of 
micro tubers per explant and the explant ratio forming 
micro tuber were scored after 10-12 weeks culture 
initation. There were statistically significant differences 
in terms of microtuberization capacity among potato 
cultivars (P<0.01) and there were interactions between 
cultivars and salt concentrations. Each salt concentrations 
were compared for each cultivar (Table 1). The cultivars 
showed various microtuberization responses at the 
different salt concentrations. 
 MS medium containing KIN resulted in robust 
micro tuber proliferation in control plantlets of the all 
cultivars tested. Microtuberization of all potato cultivars 
tested was delayed up to 3-4 weeks days at higher salt 
concentrations (at 200-300 mM NaCl). Slaney cv. had the 
maximum explant ratio forming micro tuber and the 
highest number of micro tuber per explant on MS 
medium without NaCl. The highest explant ratio forming 
micro tuber (66.6 %) and the highest number of micro 
tubers (0.88 micro tubers / explant) were also determined 
in Slaney cv under salt stress conditions at 100 mM 
NaCl.  Microtuberization decreased drastically at 100 
mM and higher concentrations of NaCl in Slaney. 
However, it was observed that the cultivar was able to 
form microtubers with weak and small diameter 
(diameter less than 0.2 mm) even at 200 mM NaCl 

concentration. Microtuberization was completely 
inhibited at high concentrations of NaCl (200-300 mM) 
in other cultivars and we observed that the stolon growth 
of the all cultivars was not negatively affected by salt 
concentrations. Basin Russet and Agria showed also 
microtuberization performance at 100 mM NaCl. 100 
mM and higher concentrations of NaCl inhibited stolon 
growth and microtuberization of both cultivars. 
Microtuber production drastically decreased as increasing 
salt intensity for all genotypes as reported by Koçak et al. 
(2016).  Three salt concentrations used in this experiment 
revealed that salinity has significant negative effects on 
potato microtuberization. Slaney exhibited best 
microtuberization capacity when compared to the other 
genotypes. Salinity causes reduction of the water and 
CO2 assimilation, osmotic imbalance, nutritional defects 
in plants (Chinnusamy and Zhu, 2003).  Osmatic pressure 
reduction probably may resulted in CO2 assimilation in 
the leaves and in the cells of stolon and storage tissues. 
Osmatic stress also reduces the yield power of water and 
salinity has suppressive effects on growth, development 
and tuberization of potato under in vitro and ex vitro 
conditions. High salt concentrations prevent intake of 
nutrients and water and most likely negatively affects 
microtuberization as indicated in the study.  

Table 1. The influence of NaCl doses on 

microtuberization of potato cultivars. 

 
Slaney The number of tubers 

per explant 

The explant ratio 

forming micro tuber 

0 3.13 a 100.00 a 
100 0.88 b 66.6 b 
200 0.77 b 13.3 c 
300 0.00 c 0.0 c 
Basin 

Russet 

The number of tubers 

per explant 

The explant ratio 

forming micro tuber 

0 2.88 a 93.3 a 
100 1.33 b 27.6 b 
200 0.00 c 0.00 c 
300 0.00 c 0.00 c 
Agria The number of tubers 

per explant 

The explant ratio 

forming micro tuber 

0 2.66 a 100.0 a 
100 0.66 b 33.3 b 
200 0.00 c 0.00 c 
300 0.00 c 0.00 c 
Granola The number of tubers 

per explant 

The explant ratio 

forming micro tuber 

0 1.46 a 83.3 a 
100 0.00 b 0.00 b 
200 0.00 b 0.00 b 
300 0.00 b 0.00 b 
*) Values within a column followed by different letters are 
significantly different at the 0.01 probability level using 
Duncan’s multiple range test 
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StDREB2 expression in potato genotypes under salt 

stress: Although no morphological differences and 
relative deterioration were observed at all salt 
concentrations for all cultivars tested. Moreover, shoot 
length, number of node, number of leaflet, leaflet length, 
leaflet width, number of root, root length, fresh root 
weight, dry root weight, fresh plantlet weight, dry plantlet 
weight were negatively influenced as previously reported 

by Ahmed et al., (2016) (Fig. 1). All cultivars were 
morphologically affected by salinity doses (Fig.1). It was 
observed that Slaney were less affected by salt 
concentrations (Fig.1a), however, Granola was negatively 
affected by salt and developed weakly (Fig 1.b). Salt-
tolerant Slaney cv exhibited significant phenotypic 
differences from the control plants. 

 
Figure 1. Plantlet growth and development on MS medium containing different concentrations of NaCl (0, 100, 

200, 300 mM NaCl) a) Slaney cv b) Granola cv (I) Control, (II) at 100 mM NaCl. (III) at 200 mM NaCl 

(IV) at 300 mM NaCl.  

 
 Level of StDREB2 expression was affected by 
salt concentrations in all genotypes tested. Figure 2. 
represents StDREB2 relative expression in all cultivars at 
the different salt doses. Real-Time PCR data for each 
cultivar were normalized according to their control. 
StDREB2 expression statistically and significantly 
increased in the Slaney and Agria cultivars at 100 mM 
NaCl application compared to the control plants (Fig. 2. 
a-b). StDREB2 expression decreased compared to the 
100 mM NaCl and then increased again at 300 mM NaCl 
concentrations in Slaney. It was also observed that 
StDREB2 expression increased about 4-fold at 300 mM 
NaCl treatments in Slaney compared to the control 
plantlets (Fig. 2a). The maximum StDREB2 expression 
was also observed for Agria and Basin Russet cultivars at 
100 mM NaCl. Whereas, StDREB2 expression increased 
at a low rate at 200 mM and 300 mM NaCl 
concentrations for both cultivars. StDREB2 expression 
levels in Agria significantly and markedly decreased at 
200 and 300 mM NaCl when compared to 100 mM NaCl. 
Almost identical trend was observed with regards to 
Basin Russet (Fig. 3c). There was also no statistically 
significant expression level compared to the control for 
Basin Russet. Contrarily, totally different pattern was 
observed, where StDREB2 expression decreased in 

Granola under salt treatment compared to control 
plantlets (Fig. 3d) at 200 and 300 mM NaCl. However, 
low positive expression of StDREB2 was observed at 100 
mM NaCl. StDREB2 relative expression did not 
markedly change and the results indicated that there was 
no significant difference between all salt concentrations 
and control for Granola. 
 The results indicated that levels of StDREB2 
relative expression were remarkably influenced in all 
cultivars treated with salt when compared to the control 
plants. The RT-qPCR regarding StDREB2 relative 
expression levels in the all potato cultivars revealed that 
there were noticeable differences among potato cultivars 
and between each NaCl concentration. Level of 
StDREB2 expression was significantly up-regulated at 
100 mM and higher salt concentrations for all cultivars. 
These findings are in agreement and parallel with 
microtuberization studies of the cultivars evaluated in 
terms of salinity under salt conditions. StDREB2 
expression under salt stress conditions was positively 
correlated with microtuberization capacities of the potato 
genotypes in the current study. Rensink et al. (2005) 
reported that potato cDNA microarray allowed 
identification of genes encoding transcription factors 
under cold, heat and salt stress conditions. StDREB2 
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transcription factors expression are also involved in the 
regulation of salt stress in potato and other plants 
(Bouzaziz et al., 2012; Bouzaziz et al., 2015; 
Charfeddine et al., 2017; El-esavi and Alayafi, 2019). To 
induce expression of the StDREB2, plantlets were 
exposed to ABA in the study. Bouzaziz et al., (2012) 
indicated that the transcription of StDREB2 gene could 

give a response to ABA treatment with changeable 
expression patterns in potato. The role of StDREB2 
against salt stress was revealed by analysis of its 
expression pattern after exposing to ABA in the study. 
Overexpression of StDREB1 cDNA in transgenic potato 
plants exhibited an improved salt and drought stress and 
StDREB1 was markedly induced by salt.

 

 
 

 
Figure 2. Effects of different salt concentrations on relative expression of StDREB2 a) Slaney cv, b) Agria cv, c) 

Basin Russet cv and d) Granola cv 

 
 In conclusion, the results suggested salt 
treatments and increasing salt doses dramatically up 
regulated expression levels of StDREB2. StDREB2 
expression could manifold salt stress tolerance and 
microtuberization capacity of potato. These results also 
showed that Granola is the most salt sensitive genotype 
and Slaney and Agria cultiars are salt tolerant genotypes 

with up-regulation of StDREB2 transcriptions factor 
playing important role in the regulation of salt stress. 
Further study of the role of the StDREB2 in responding 
to salt stresses may also contribute to improve a new 
varieties, salt tolerant transgenic plants and deeper of 
understanding of its stress-tolerance signal-regulating 
mechanisms.
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