2 0 Egypt. J. Bot. Vol. 59, No.1, pp. 269 - 282 (2019)

Salt Stress Induces Changes in Genetic Composition, Proline
Content and Subcellular Organization in Potato (Solanum
tuberosum L.)
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EVERAL abiotic stresses including salinity impact plant growth and reduce the productivity

of many plants and field crops. Plantlets produced in vitro by tissue culture technique offer
a direct and fast approach to investigate the mechanism of stress adaptation. The present study
estimated the survival percentage of two potato (Solanum tuberosum L.) cultivars (Spunta and
Valor) under salt stress as abiotic stresses. Some biochemical alterations and ultrastructural
responses of plantlets were examined. Moreover, genetic diversity was also studied using RAPD
technique. The results showed that, with the increase of external stress there was a significant
decrease in the survival percentage, significant accumulation of osmoprotectants (proline) and
induction of DNA damages. Furthermore, there were closing of stomatal apertures, changes
in chloroplast ultrastructure and cell intercellular spaces markedly decreased. Additionally,
high salt stress (150 and 200mM NacCl) caused complete inhibition of plantlet growth. The
present work provides insight view for the adaptation of potato plantlets to salt stress through
accumulating of osmoprotectants and change in molecular and ultrastructure traits.

Keywords: Potato plantlets, Saline stress, Morphological characters, DNA polymorphism,
Ultrastructure changes.

Introduction

Plants are always subjected to several abiotic
stresses, such as salinity, drought, chilling,
freezing and several types of radiation, which
could disrupt growth and development, and
in severe instances may cause plant death
(Krasensky & Jonak, 2012). Cells use different
strategies to avoid and /or tolerate the adverse
effects of these stresses (Sairam & Tyagi, 2004
and De Oliveira et al., 2013). Plant defence
mechanisms against abiotic stresses can be
either spontaneous or inducible under stress
conditions (Freeman & Beattie, 2008). Cellular
responses to stress include changes in cell cycle
and cell division, adjustments in the membrane
system and cellular organelles, as well as
alterations in gene expression profiles (Al-Safadi
& Nakar, 2016). Salt stress is one of the major
environmental stresses drastically affecting plant
growth and productivity and it is estimated that
more than one third of the world’s irrigated lands
is affected by salinity (Munns & Tester, 2008).
Salinity is considered the major abiotic stress to
crop production, affects on different plant levels

including physiology, morphology, biochemistry
and molecular pathways in any plant system
(Shavrukov, 2013). In the case of salt stress, the
cells undergo membrane phase changing. As a
result, they accumulate organic non-toxic solutes
such as sugars, proline, mannitol, sorbitol and
amino acids in the vacuoles of the cytoplasm,
even if cells do not produce such compounds
under normal conditions (De Oliveiraetal., 2013).
Consequently, these solutes are used to achieve the
osmotic balance and to protect enzyme activity.
Furthermore, plants could produce glutathione
which acts as scavenger of free radicals produced
by salinity (Zhu, 2007 and De Oliveira et al.,
2013). As a plant system exposed to salt stress,
the reactive oxygen species are produced which
attack the molecular molecules including DNA
resulting in genomic DNA mutations (Gill
& Tuteja, 2010). There are several tools to
study the effects of stresses on DNA. The most
widely used is randomly amplified polymorphic
DNA-polymerase chain reaction (RAPD-PCR)
technique. RAPD is considered as an initial
bioscreening way to identify a genetic marker
resulting from PCR amplification of specific
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DNA segments recognized by random primers
of arbitrary nucleotide sequences (Williams et
al., 1990). It is the simplest and fastest of DNA-
based techniques in genetic similarity studies
(Gwanama et al., 2002). Yaycili & Alikamanoglu
(2012) used RAPD as a tool to detect the genetic
variation induced by sodium chloride (NaCl).

Moreover, electron microscopy is a standard
method for imaging cellular structures with very
small resolution (John & Lonnie, 1992), very
useful in localizing any damages in cells and
cellular alterations of organelles under stresses
(Zahra et al., 2014). The cellular organelle such
as chloroplast appears to be the major target of
the stress (Mitsuya et al., 2000). Changes in
chloroplast ultrastructure observed under salinity
were reported by Yamane et al. (2012) who
found that chloroplast protrusions (CPs) are often
observed under environmental stresses, similar
structures surrounded by double membranes were
observed in the cytoplasm and vacuole.

In this study we intended to use potato as a
system to investigate the effects of salt stress
manily NaCl at cellular and molecular levels.
potato (Solanum tuberosum L.), is a critical crop
in terms of food security. Its tubers are starch-rich
and it is the fourth most important crop (Byun et
al., 2007) after rice, wheat, and corn, with a yearly
production of 300 million tons (Byun et al., 2007),
but nowadays the production of it more than that.
It is the most important tuberous plant, and its
varieties are sensitive to many environmental
stresses such as temperature, drought and salinity
due to their scarce and short root systems. There is
significant loss in plant growth and product yields
when potato is grown under any biotic or abiotic
stress (Yaycili & Alikamanoglu, 2012). Several
physiological and biochemical parameters are
negatively affected by the presence of salt stress
(Fidalgo et al., 2004). The development of
efficient in vitro culture methods (tissue culture
technique) has facilitated the study of any cellular
and molecular changes within the cell under stress.
It had been described that the in vitro selected
salt-tolerant potato cell line differed genotypically
from the counterpart control (Ochatt et al., 1999).

The objectives of this study are to investigate
the effect of NaCl as stresser on different
growth pramaters, the genetic variation and the
biochemical changes arose within the in vitro
two potato cvs. (Spunta and Valor) and study
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ultrastructure of chloroplasts, intercellular spaces
and stomata for Valor potato cv.

Materials and Methods

Materials

The potato tubers Solanum tuberosum L.)
Spunta and Valor cultivers (these cultivars were
available in healthy and uniform tubers) were
obtained from Agriculture Research Centre, Giza,

Egypt.

Murashige and Skoog (MS) medium
supplemented with 0.2mg" 6-benzylamino purine
(BAP), 3% sucrose and 8g’agar. the pH of the
medium was adjusted to 5.8. Then, the following
sodium chloride concentrations were added to the
media (50, 75, 100, 150 and 200mM).

Media autocleaving
The media were sterilized by autoclaving at
121°C and 20 psi for 30min.

Eperimental design

Buds of the two cultivars were surface
sterilized by dipping in Clorox (30%) for ten
minutes followed by three rinses in sterile distilled
water. Then, the buds were cultured in MS medium
(Murashige & Skoog, 1962) without hormone.
Micropropagation began after 6-8 weeks when the
plantlets were about 10-12cm high. The culture
was maintained by cutting into single nodes and
transferring them onto MS medium supplemented
with 0.2mg"' 6-benzylamino purine (BAP), 3%
sucrose and 8g!agar, then pH of the medium was
adjusted to 5.8. Potatos materials were treated with
the different NaCl concentrations and divided into
two group as follows:

Control (group a)

Potato segments (seven segments in each
jar/for total 15 jars) were cultured on the the
previous MS medium supplemented with 0.2mg"!
6-benzylamino purine (BAP), 3% sucrose and 8¢
agar.

Salinity treatments (group b)

Potato segments (seven segments in each jar/
for total 15 jars) were cultured on the MS medium
supplemented with 0.2mg™ 6-benzylamino purine
(BAP), 3% sucrose and 8g"agar. Different NaCl
concentrations (50, 75, 100, 150 and 200mM)
were added.
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All The cultured jars (group a &b) were
incubated in growth chamber at 254+2°C under
16h/8h photo/dark-period.

Methods

Determination of some morphological
characters

The effect of the different treatments on bud
survival percentage and some other morphological
characters (such as mean of shoots, mean of nods,
mean of leaves and mean of shoot length) of
Spunta and Valor cvs was evaluated.

Biochemical analysis:Estimation of proline
content

Proline content of control and treated potatos
was determined using the method of Beatles et
al. (1973). Proline content of 0.5g plant materials
was extracted by 3% aqueous sulfosalicylic
acid. The proline extracts were reacted with 2ml
acidninhydrin, 2ml of glacial acetic acid and 4ml
toluene, then the reaction was terminated in an ice
bath. The absorbancy was read at 520nm using
spectrophotometer (Jasco V530). Toluene with
other reactants without potato tissues were used
as a blank.

Molecular analysis

DNA extraction: Genomic DNA of control
group and treatment groups of Solanum tuberosum
Spunta and Valor cultivars was extracted according
to Doyle & Doyle (1990). A weight of 1.5g from
young and fresh plantlets was grinded in liquid
nitrogen and 10ml of preheated extraction buffer
(100mM Tris-HCI, 500M NaCl, 50mM EDTA,
1.25% SDS and 3.8g sodium bisulphate). DNA
samples were purified by chloroform/phenol
(24:1) solution, precipetated by isopropanol,
washed in 70% ethanol, then dissolved in 0.5ml
TE buffer (pH 8.0). DNA was tested by 1.5%
agarose gels electrophoresis in TE buffer at 120V
for 1h, finally DNA samples were stored at —20°C
for RAPD analysis.

Random  amplified  polymorphic ~ DNA-
polymerase chain reaction (RAPD-PCR) analysis:
RAPD-PCR  amplification was performed
according to Williams et al. (1990) using 8
random 10 mer arbitrary primers synthesized by
Operon biotechnologies, Inc. Germany. The PCR
amplification was performed in a 50ul reaction
volume containing 10ul My Taq Red buffer, 0.5ul
Taq polymerase, 2ul DNA, 1ul primer, 34ul dH,0
and 2.5ul DEMSO. Amplification was carried out

in a Programmable Thermal Controller (model
PTC-100 ™). The reaction was subjected to one
cycle at 94°C for 3min, followed by 34 cycles at
94°C for 1min, 32.3°C for 30sec, and 72°C for
90sec, then a final cycle of 72°C for 7min. PCR
products were run on 1.5% agarose gels to detect
polymorphism between control and treated potato
cvs under study. Gene ruler™ (100bp) DNA
Ladder (Fermentas #SMO0328) was used. The
bands were visualized by ethidium bromide under
UV transilluminator, photographed and analyzed
by using Gel Doc Vilber Lourmat system. The
polymorphism between control potato cvs and
their treatment were estimated. The similarity
between them was recorded by using NT-SYS
PC 2.1 software based on Jaccard’ s coefficient of
similarity (Rohlf, 2000).

Scanning electron microscopy (SEM)

The leaves samples were gold sputtered
for 12min by using the ion sputtering device
model JEOL (JFC 1100 E). The sample surface
were investigated by using scanning electron
microscope JEOL-5400 in National Center for
Radiation Research and technology.

Transmission electron microscopy (TEM)

Leaves specimens were prepared for TEM
analysis acording to John & Lonnie (1992). About
Imm?of Valor leaves (control and plantlets treated
with 100mM of NaCl ) were fixed in 1% potassium
permanganate for Smin at room temperature, then
washed three times in distilled water for 15min for
each. Subsequently, specimens were dehydrated
in graded ethanol (30% to 90%), then in absolute
ethanol followed by passage through a graded
propylene oxide ethanol series finally, maintained
in pure propylene oxide. Dehydrated specimens
were embeded in an epoxy resin composed of,
20ml dodecenyl succinic anhydride (DDSA)
(hardener), 16ml nadic methyl anhydride (NMA)
(softener) and 8ml 2, 4, 6-dimethylamin-ethyl-
phenol (DMP) (accelerator). Finally, sampels were
polymerized in oven at 60°C for 48h. Sections
(1um) were cut with Leica Ultra-microtome,
mounted on copper grids and stained with 0.5%
uranyl acetate and lead citrate for 15min (for
each) according to Reynolds (1963) in Electron
Microscope Unit, Center for Mycology and The
Regional Biotehnology, Al Azhar University.
Observations were carried out using JEOL TEM
100 CX, transmission electron microscope at
80kV in National Center for Radiation Research
and technology.

Egypt. J. Bot. 59, No.1 (2019)



272 SHAIMAA S. SOBIEH et al.

Statistical analysis cultivers causing complete death of growing
When it possible, the data were statistically plantlet (Table 1 and Fig. 1 a,b). Therfore, these
analyzed using ANOVA analysis to determine the two salt concentrations were excluded from the
level of significant differences between treatments rest of the study.
means as compared to the control at P< 0.05 level
of significance. The statistical software Costat Biochemical analysis
(http://www.cohort.com/costat.html) was used for Estimation of proline content
all analyses. Different NaCl concentrations (50, 75 and
100mM) caused enhancment of proline production
Results on both cultivers (Spunta and Valor). Proline
content increased in the treated Spunta cultivar
In this study the tissue culture technique was more than Valor cultivar as can be seen in Fig. 2.
used to propagte the in vitro model to facilitate The proline content was significantly increase at
the study of NaCl effects on potato plants. The P> 0.05 in treated Spunta reached to 64.31, 76.25
propagated treated plants were severly affected by and 83.59mg/100g fresh weight, respectively
NaCl as compared with their counterpart control. by increase in salt concentrations. As well, The
usage of different NaCl concentrations induced
Determination of some morphological characters significant increase in the proline content in Valor
All the investigated morphological characters cv reached to 70.51, 73.99 and 80.11mg/100g
were signficantly decreased in treated Spunta and fresh weight, respectively as compared with
Valor cultivers after treatment with the different their control. Moreover, there is no significant
NaCl concentrations as compared with their difference between the proline content in both
respective control. The two concentrations 150 treated cultivars.

and 200mM induced a leathel effects in both

TABLE 1. The effect of different NaCl concentrations on bud survival percentage and some morphological
characters in Spunta and Valor potato cultivars.

No. of growing Bud survival Mean of Mean of nods Mean of Mean of shoot
Salinity plantlets percentage shoots leaves length plantlets
concen-
tration Spunta Valor cv. Spunta Valor Spunta Valor Spunta Valor Spunta Valor Spunta Valor cv.
cv. cv. cv. cv. cv.  cv. cv. cv.  cv. cv.

Control 100°£0.48 101*£0.45 95.2*% 96.2*% 2 2 5 5 8 8 7.5°+0.45 8.26*0.49

50mM  65°+0.35 60°+0.75 61.9*% 57.1'% 28 28 52 5 8 8 2.0°40.58 2.3°+0.22
75mM  504£0.48 4140.59 53.5% 48.5% 1° 1° 52 5 8 6° 1.8%+0.07 1.5%£0.44

100mM  37%+0.63 349t0.79 35.2%% 32.4% 1° 1° 40 40 6° 6* 1.69+0.07 1.0%+0.10
150mM 0 0 0 0 0 0 0 0 0 0 0 0
200mM 0 0 0 0 0 0 0 0 0 0 0 0

Values (mean+sd) followed by different letters are significantly difference at P<0.05 level

(2) (b)

Fig. 1. The effect of different NaCl concentrations on bud survival percentage and some morphological characters
in Spunta (a) and Valor (b) potato cultivars.
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Fig. 2. Effect of different NaCl concentrations on proline content (mg/100g fresh weight) in Spunta and Valor
cultivars [Values followed by different letters are significantly difference at P<0.05 level].

Molecular analysis

RAPD is a genetic marker resulting from PCR
amplification of DNA segments recognized by
random primers of arbitrary nucleotide sequences.
It is a fast and simple technique. Different
levels of DNA damage may be increased due to
exposure to different inducers and can be detected
by changes in RAPD profiles. Table 2 and Fig. 3
illustrted the RAPD patterns of Spunta and Valor
cvs treated with different NaCl concentrations.
Spunta cv showed 52 amplified bands, 34
bands were monomorphic, 13 bands were
polymorphic and 5 bands were unique bands.The
polymorphism percentage was ranged from 0% to
70% with an averge of 28.62%, while the average
polymorphism percentage of treated Valor cv
was 32.43%. There were 48 reproducible bands
amplified by the 8 used primers; 31 of them were
monomorphic bands, 13 bands were polymormic
and only 4 bands were unique band.

The RAPD analysis exhibited average
polymorphism percentage indicates moderate
level of genetic diversity between control and
treated groups.

Cluster analysis represented the polymorphism
in a graphic dendrogram. UPGMA analysis based
on RAPD profile showed that control group is
very near from the least tratment dose and very
distant from the highest treatment dose (Fig. 4).
In Spunta cv the treatments and control were
divided into two main clusters at about 434. The
first cluster contained control Spunta only. While,
the second cluster includes all treated Spunta cv
with different NaCl concentrations 50, 75 and
100mM. The second cluster was divided into two

sub clusters at about 304. In the first subcluster
Spunta treated with 10mM, which were separated
from the other treatments. Valor cv also showed
two clusters, which divided at 400. Each cluster
was divided into two subclusters. In the first sub
cluster there were control valor and treated valor
with 50mM, which were similar. While treated
valor with 75 and 100mM presented in the second
subcluster and seprated at about 258.

Ultrastructure analysis of Valor cv
Pre-ultrastructure  analysis revealed the
resemblance effect of NaCl on both cultivars
subcellular organelles, therefore we choose Valor
cv to complete the rest of ultrastructure analysis.
The ultrastructure analysis of treated Valor cultivar
revealed the change in the structure of stomata and
the some internal organs of the cells as compared
with their control. Electron micrograph (Fig. 5 a,
b) revealed that the majority of the stomata of Valor
control plantlet leaf were opened and in normal
shape. Figure Sc illustrated the ultrastructural
of mesophyll cells and chloroplasts. Mesophyll
cell was intact and integrated chloroplasts were
still closely arranged along plasma membrane.
There was large intercellular space between
mesophyll cells. However, under salt treatment
all stomata were closed and swollen (Fig. 5 d, e).
Also, mesophyll cells showed some alterations;
the intercellular spaces were reduced, as cells
appeared to be linked together without space as
compared with control (Fig. 5f). Chloroplasts
showed irregular shape and decreased in number.
The chloroplasts membrane was ruptured and
there were deformation of internal structure of
chloroplasts and thylakoids structure (Fig. 5g).
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Fig. 3. The RAPD profiles of Valor and Spunta cultivars under salt stress.
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Fig. 4. Cluster analysis of potato (Solanum tuberosum L.) plantlets growing under different NaCl concentrations

using data from RAPD-PCR (a) Spunta cultivar and (b) Valor cultivar.

Discussion

Plant tissue culture technique provides a
powerful tool to study fundamental processes in
plants. One of the most important reason of tissue
culture is the production of insect and virus free
plants particularly for valuable vegetative plants
such as potato, garlic,banana and sugar cane
(Shukla et al., 2017). Abiotic stress, especially
salinity stress is considered as the most serious
growth limiting factor for potato crop (Vinocur
& Altman, 2005). Al-Safadi & Nakar (2016)
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used tissue culture techniqe for potato tissue to
investigate the way that potato plant perform
to face salinity stress. Salt stress showed many
adverse effects on various morphological
parameters of both potato cultivers depending
on the dose as reported previously by Sangle et
al. (2011). The addition of NaCl to the culture
media of potato caused depression in the osmotic
potential of the media causing adverse effect on
potato and other plants growth as documented
by Pour et al. (2009) and Aazami et al. (2010).
Khenifi et al. (2011) reported that shoot growth
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and length were significantly decreased in six
potato cultivers grown in vitro with different
NaCl concentrations. The accumulations of
osmoprotectants, including proline, adapt the cell
under stress by balancing the cytosolic osmotic
strength with that of the external environment
(Huang et al., 2013). Proline is important
compatible solutes, which can be used in plant
cell as scavenger of hydroxyl (OH’) radical and
can interact with cellular macromolecules such as

DNA, protein and membranes where it stabilizes
the structure and function of such macromolecules
(Kavir et al., 2005). The high proline content has
been reported during in vitro salt treated potato
in many other works (Fidalgo et al., 2004 and
Szabados & Savouré, 2009). The accumulation of
proline therefore could be used as an important
trait in selecting tolerant species or genotypes
(Ruffino et al., 2010).

(g) 10um  330x

Fig. 5. Electron micrographs showing: (a) The normal surface structure of control Valor Leaf epidermis (SEM),
(b) The normal shape opened stomata, (c) Mesophyll cells of control Valor leaf (TEM), (d) Effect of salt
concentration 100mM on Valor leaf epidermis (SEM), (e) Closed stomata under salt stress (SEM), (f) Effect
of salt concentration 100mM on mesophyll cells of Valor leaf (TEM), (g) Effect of salt concentration 100mM
on chloroplast of Valor leaf (TEM) [ch: Chloroplasts, cw: Cell wall, is: Intercellular spaces, st: Starch grain].
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Moreover, RAPD marker can also be used
effectively to determine the variation among
treated potato cultivers and control. It had
been reviwed that RAPD technique is using to
determine the genetic effects of NaCl in potato
at the DNA level (Ochatt et al., 1999 and Yaycili
& Alikamanoglu, 2012). Likewise, salinity could
induce change in gene expression pattren in the
genome via histone modification, thus activating
some genes and/or silencing others (Kim et al.,
2012). It could also induce irregularities in the
mitotic division and aberrations in the mitotic
chromosomes (Barakat, 2003) thereby change
the genome epigenetically (changes in the
chromatin) and genetically (changes in DNA) as
reported by Al-Safadi & Nakar (2016). Afrasiab
& Igbal (2010) stated that RAPD markers were
efficient in discriminating somaclonal variants
of potato. Different levels of DNA damage may
be increased due to exposure to gamma rays and
can be detected by changes in RAPD profiles
(SenthamizhSelvi et al., 2008). The main changes
in the RAPD profiles of potato cultivers under the
effect of salinity were attributed to the appearance
or disappearance of different bands (Ganapathi et
al., 2008). Dehgahi & Joniyasa (2017) reported
that the variation in orchids by gamma radiation
may correlate with the production level of DNA
template after treatment which can reduce the
number of binding sites for Taq polymerase.
Danylchenko & Sorochinsky (2005) reported
that appearance of new bands is usually resulting
from different DNA structural changes (Breaks,
transpositions, deletion....etc). Afrasiab & Igbal
(2010) informed that the presence of polymorphic
bands in variants and mutants on RAPD profile
showed the presence of genetic variation in all
the treatments as compared to the control (Mohd
et al., 2004 and Ashraf et al., 2014).

The changes in chemical contents could result
in ultrastructural alteration in leaf cells. There
are few reports on the effect of salinility on cell
ultrastructure for tissues grown on in vitro culture
(Queirods etal., 2011). The reduction of chloroplast
number with swelling and distorted thylakoids,
accompanied by movement of chloroplasts to the
cytoplasm center are the same effect of salinity
on plant cells (Shu et al., 2013). Additionally, the
decrease in the intercellular spaces between cells
with the increase of external salt concentration
was also reported in potato cultivars by Navarro
et al. (2007). Sodium ion could be used directly
for osmotic adjustment under low external salt
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concentration (Ma et al., 2012). However, with
the increase of NaCl concentration >50mM, there
will be high accumulation of Na and Cl in plant
leaves, leading to water loss of cell, plasmolysis
and decrease of intercellular spaces in the leaves
of potato plantlets as described by Kim & Park
(2010). The rupture of potato membranes after
exposure to high NaCl concentration may be due
to that salt inhibits absorption of calcium ion,
leading to instability of cell membrane and cell
wall. The destruction of the membrane structure
caused alteration in ion homeostasis, affecting
osmotic potential and inducing ion toxicity (Gao
etal., 2014). The structural integrity of chloroplast
is a basis of photosynthesis process for plants.
Therefore, salt stress reduces photochemical
efficiency and electron transport due to altered
structure of thylakoids (Parida et al., 2003).

Stomata is another major structure on plant
leaves that orients plant to adapt to different stress
through the opening and closing of the stomatal
pore (Schliiter et al., 2003). Stomata responded
quickly to the environmental changes by reducing
their dimensions and areas (Mehri et al., 2009).
Furthermore, Imtiyaz et al. (2012) reported that
changes of stomata aperture can be used for
reliable survival of mutagenic progeny in in vitro
and field systems. However, some studies have
shown that abiotic stress treatments have no effect
on stomatal number and area (Celik et al., 2014).

Conclusions

In conclusion, the adaptation of plants to abiotic
stress including salt stress is a complex process. In
the present study, several parameters were studied
to demonstrate cellular and molecular responses of
the two potato (Solanum tuberosum L.) cultivars
(Spunta and Valor). Spunta and Valor plantlets
tried to face the salinity stress by accumulating
proline as one of osmoprotectants, changing the
molecular level by producing a moderate level of
genetic polymorphism and changing organelles
ultrastructure.
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