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Plant growth and the expression of two transporter genes; PoHKT1 and PoVHA
transcripts in root and shoot tissues were studied under salt stress of three Portulaca
oleracea s.l. taxa.  The study showed no significant differences in ratios between root
lengths in saline and non-saline treatments of the three taxa, which was correlated with a
clear down-regulation of the PoHKT1 transcripts in the root after 150mM NaCl. All
measured growth parameters except root length increased in P. oleraceae, decreased in P.
granulatostellulata and remain unchanged after 100mM NaCl in P. nitida compared to
control under saline conditions. The result was consistent with the type of taxon which
had significant effect on the shoot length, number of leaves and dry weight (P< 0.05). All
measured growth parameters except root length showed a significant negative correlation
with the shoot fold change of PoHKT1 transcripts (r = -0.607, -0.693 and -0.657
respectively). The regulation of PoVHA in root and shoot tissues in the three taxa are
significantly different. Under salt stress, both decreased uptake of Na+ into the cytosol by
decreasing the expression of PoHKT1 and increased vascular compartmentalization
ability of Na+ by inducing the expression of PoVHA seem to work more efficiently in P.
oleraceae and P. nitida than in P. granulato-stellulata
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INTRODUCTION
Soil salinity considered a major risk to global food security. Approximately 20% of the

world’s irrigated land, which produces one third of the world’s food, is salt affected
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(ABOGADALLAH, 2010). Under salt stress the osmotic pressure in the soil solution exceeds the
osmotic pressure in plant cells due to the presence of high salt, and thus, reduces the ability of
plants to take up water and minerals like K+ and Ca2+ (MUNNS, 2006). Moreover, excessive uptake
of ions mainly Na+ and Cl- result in nutritional imbalances and finally interfering with various
metabolic processes (HASEGAWA et al., 2000; ZHU, 2001, MUNNS and TESTER, 2008). The high
uptake of Na+ and leakage of K+ result in an imbalance in the Na+ / K+ ratio in the cytosol, which,
in turn, leads to many imbalances in enzymatic reactions of the cell. These primary effects of
salinity stress may cause some secondary effects like reduced cell expansion, assimilate production
and membrane function, as well as decreased cytosolic metabolism and production of reactive
oxygen intermediates (ROSs). As a result, in extreme cases these adverse effects contribute to
plant growth inhibition and even plant death.

Plants have evolved varying degrees of adaptation processes to Salt stress. The essential
processes leading to plant adaption to salt stress include control of water loss through stomata,
metabolic and osmotic adjustment, and toxic ion homeostasis (MUNNS and TESTER, 2008). Plants
enforce osmotic stress by reducing the soil water potential leading to limiting the water uptake.
Plant responses to the osmotic and ionic components of salt stress are complicated and involve
many gene networks and metabolic processes. Such responses depend mainly on the inherent salt
tolerance of the plant, the harshness of salt stress and the duration of exposure of the plant to the
salt (MUNNS and TESTER, 2008).

Portulaca oleraceae (Purslane) has been ranked the eight most common plants in the
world (LIU et al., 2000) and listed in the World Health Organization as one of the most used
medicinal plants (SAMY et al., 2004). It has been proved to be more salt-tolerant than any other
vegetable crop (YAZICI et al., 2007) and can produce enough biomass under moderate salinity
stress compared to other vegetable crops (KAFI and RAHIMI, 2011). P. oleraceae is highly
adaptable to various stress environments and this characteristic gives it competitive advantages
over many other cultivated crops. It exists as a polymorphic species and able to maintain high
levels of genetic diversity (ELBAKATOUSHI et al., 2013). Therefore, P. oleraceae could be a novel
plant to be grown in saline soils for providing both novel biologically active substances and
essential compounds for human nutrition (CARVALHO et al., 2008).

Determining the level of highest salinity that a salt-removing species can survive without
reducing its yield is important for management. P. oleraceae had almost no yield reductions in
moderate saline environments (KILIC et al., 2008). It is well known also that abiotic stresses,
through regulation of both gene expression and protein turnover, alter the abundance of many
transcripts and proteins indicating that transcriptional and posttranscriptional regulation play an
essential role in the adaptation of cellular functions to the environmental changes (JIANG et al.,
2007). Research facilitated by advances in molecular genetics has identified genes involved in salt
adaptation and linked these to critical mechanisms and processes. Under NaCl salt stress, the key
to plant existence is keeping a low cytosolic Na+ level or Na+ /K+ ratio (MAATHUIS and AMTMANN,
1999). The way to maintain a low cytosolic Na+ concentration is to minimize the influx of Na+

into the cytosol. Na+ influx can be restricted by means of selective ion uptake. Non-selective
cation channels (NSCCs) are suggested to be the dominant pathways of Na+ influx in many plant
species, nevertheless the molecular identity of these NSCCs is still unknown (ROBERTS and
TESTER, 1997; TYERMAN et al., 1997; BUSCHMANN et al., 2000; DAVENPORT and TESTER, 2000;
DEMIDCHIK and TESTER, 2002; DEMIDCHIK et al., 2002; KADER and LINDBERG, 2005). It has also
been suggested that high-affinity K+ transport systems are essential for preventing Na+ toxicity.
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High-affinity potassium transporters (HKTs) were also proposed to mediate a substantial Na+-
influx in some species (UOZUMI et al., 2000; HORIE et al., 2001; GOLLDACK et al., 2002; MÄSER et
al., 2002; GÁRCIADEBLÁS et al., 2003). In a recent study, it was demonstrated that K+-selective
channels play a significant role in Na+ uptake in salt-sensitive rice (KADER and LINDBERG 2005).
With some exceptions, plant species have multiple HKT transporters. In rice, eight functional
HKT homologues (OsHKT1, OsHKT3–9) have been recognised (GARCIADEBLAS et al., 2003;
KADER et al., 2006; JABNOUNE et al., 2009). All of these functional genes encode proteins with
distinct transport activities, which might be expressed in various tissues.  In Oryza sativa, OsHKT1
gene is a Na+ transporter (HORIE et al., 2001; MÄSER et al., 2002; GÁRCIADEBLÁS et al. 2003). In
Arabidopsis thaliana, AtHKT1 gene is a Na+ -transporter and plays a crucial role in controlling
cytosolic Na+ detoxification (BERTHOMIEU et al., 2003; RUS et al., 2004; SUNARPI et al., 2005).

Another way for plant cells to deal with high cytosolic Na+ is to transport it out of the
cytosol, either into the vacuole or into the apoplast. Vacuolar grouping is an efficient approach for
plant cells to manage with salt stress (APSE et al., 1999; BLUMWALD, 2000; CHAUHAN et al., 2000;
HAMADA et al., 2001; TESTER and DAVENPORT, 2003; FUKUDA et al., 2004). The candidate protein
for grouping Na+ in the vacuole is the tonoplast Na+ /H+- antiporter, which is energized to do so by
the vacuolar H+-ATPase (VATPase or VHA).  Both VHA and pyrophosphatase are generally
required for the maintenance of intracellular pH and ion homeostasis (PADMANABAN et al., 2004).
Through the hydrolysis of ATP, VHA produces a proton motive force that increases secondary
transport across the vacuolar membrane under high salt conditions. VHA was shown to be
important for salt tolerance in many plant species (e.g. GOLLDACK and DIETZ, 2001; KLUGE et al.,
2003; SENTHILKUMAR et al., 2005; VERA-ESTRELLA et al., 2005).

Plant growth under low K+availability or salt stress requires control of K+ and Na+

uptake, long-distance transport, and accumulation through functional genes encode proteins with
distinct transport activities, which might be expressed in various tissues. Previous studies proved
that P. oleracea S.l. is highly tolerant and the growth of its accessions greatly varied in their
responses to salt stress (AMIRUL ALAM et al., 2015). Therefore, this study was carried out to relate
the performance of three P. oleracea S.l. taxa under various salt concentrations with the
expression patterns of two transporter genes; PoHKT1and PoVHA using real-time reverse
transcription polymerase chain reaction (RT-PCR).

MATERIALS AND METHODS

Plant material and salt stress applications
Three Portulaca  oleracea s.l. taxa (P. granulatostellulata, P. oleracea and P. nitida)

used in this study were collected from different locations of Egypt and well morphologically
identified  according EL-BAKATOUSHI et al. (2013). Seeds were sown in plastic pots (20 cm x 30
cm) filled with a mixture of sand and clay (2:1) and grown with 30/20°C of day/night. Plants were
irrigated with tap water as and when necessary and no fertilizer was used. Four levels of salinity
(0, 100, 150 and 200 mM) were used in this study, which were prepared using NaCl and distilled
water. Salt treatment was initiated according to the treatments 30 days after planting and continued
one month. In each pot, 200 mL of saline water was applied on alternate days according to the
treatment. The control plants received 200 mL of distilled water. Shoot and root tissues were
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collected from five representative plants of each treatment. Both root and leaf tissues were stored
at -20°C for further use.
Growth parameters

After 30 days of NaCl treatment, five plants from each group were divided into separate
shoot and root fractions. Root and shoot lengths were measured and number of leaves were
counted. The samples were then dried in an oven at 70°C for 72h, and dry weights were
determined. Dry weights of the whole plants for each treatment and replication were recorded.

RNA extraction and cDNA synthesis for qRT-PCR
RNA was isolated from the shoot and root tissues of three Portulaca taxa. Total RNA

were extracted using total RNA kit according to manufacture's instruction (Biobasic, USA). The
RNA was dissolved in diethylpyrocarbonate (DEPC) treated water, quantitated
spectrophotometrically and analyzed on 1% formaldehyde agarose gel. Reverse transcription
reactions were performed using oligo dT primer (5\TTTTTTTTTTTTTTT-3\). Each 20 μl of
reverse-transcription mixture contained 3µl total RNA, 2µl reverse transcriptase buffer, 1 µl
dNTPs, 5 µl oligo (dT)-primer and 0.2µl (1U) reverse transcriptase. The samples were incubated at
42ºC for 60 min, and then at 72ºC for 10 min to inactivate the reverse transcriptase, this method
was modified from Carginale et al. (2004). cDNA samples were stored at -20ºC for subsequent
PCR reactions.

Expression of the (PoHKT1) and (PoVHA) with the following sequence-specific forward
and reverse oligonucleotide primers were used: 5´-GAGTCGTCTCAGAAATGA-3´and 5´-
CTTCTGGCAATCTTGGAG-3´ (PoHKT1) and 5´-CAGTGTAGACGAAGTGCA-3´ (PoVHA).
Genes were determined by quantitative RT-PCR; Applied Biosystems 7300) with the SYBR Green
I reagent (RealMODTM Real-time PCR Master mix Kit (2X)).The relative expression levels of the
target genes, (PoHKT1) and (PoVHA), were determined on the basis of normalization with the
constitutive gene (β- actin gene: F 5- GAGACTTTCAATGCCCCTGC-3, R 5-
CCATCTCCAGAGTCGAGCACA-3). The PCR reactions used is the following protocol: 95◦C
for 2min (1 cycle), 95◦C for 15 Sec., 60◦C for 40 Sec. (40 cycles). PoHKT1 and PoVHA were
amplified for 40 cycles, for samples from both the roots and shoots of P. oleracea S.I.

Statistical analysis
Statistical analysis was carried out using Analysis of Variance (GLM) technique using

SPSS 16.0 Statistical Analysis Software. The data entered were the identity of plant (taxon), the
type of treatment (0mM, 100mM, 150mM and 200mM), root and shoot lengths, number of leaves
and dry weight of plants.

Ratios of saline/non-saline lengths of root and shoot, number of leaves and dry weight
were calculated for each treatment per taxon. All data were subjected to standard One-way
analysis of variance (ANOVA) using SPSS 16.0 Statistical Analysis Software. Comparisons of the
main effects were performed using the Duncan’s test at 5% level. . In all the figures, the spread of
values is shown as error bars representing standard errors of the mean ratios.

Expression level of target genes was normalized using in-run beta actin gene as internal
control. Relative transcript levels (RTL) were calculated as follows: RTL = 2-ΔCt, ΔCT = CT
(target gene) − CT (constitutive control gene).
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RESULTS
Mean ratios of root and shoot lengths, number of leaves and dry weight for saline / non saline
treatments

Differences between the studied taxa were examined as the mean ratio of root and shoot
lengths, number of leaves and dry weight for saline / non saline values (Table 1 and Fig. 1). The
shoot length and the number of leaves are not correlated with dry weight (r = 0.664 and 0.706
respectively). Using ratios, One–way analysis of variance (ANOVA) and Duncan’s test was
applied to compare each pair of taxa for levels of salinity (Table 2). There were no significant
differences in ratios between root lengths in saline and non-saline treatments of taxa. Ratios
between shoot length in saline and non-saline treatments for P. oleracea was significantly different
from P. granulatostellulata and P. nitida at 200mM NaCl (P = 0.001, P = 0.00 respectively) and
was significantly different from them at 100mM NaCl (P = 0.014) for ratios between oven dry
weight in saline and non-saline treatments. Ratios between number of leaves in saline and non-
saline treatments for P. granulatostellulata was significantly different from P. oleracea and P.
nitida at all salinity treatments. The performance of P. oleracea expressed by dry weight was the
best among the studied taxa, as it is significantly  increased by elevated salinity and reached four
times the control (untreated) at the highest salinity level (200mM NaCl).

Table 1 Effect of different concentrations on mean ratios of root and shoot lengths, number of leaves and dry
weight for saline / non saline treatments on Portulaca oleraceae taxa

*Each value is a mean of five replicates with standard error. Values followed by the same letters within each column are
not significantly different at p<0.05 (ANOVA and Duncan’s multiple range test).

Analysis of Variance (GLM)
The data showed that there was significant variation in root and shoot lengths, number of

leaves and dry weight between studied taxa (P< 0.05) (Table 3). The saline treatments were non-
significant for all measured growth parameters between taxa (Table 3). There were significant
interaction between saline treatments and the identity of taxon for shoot length, number of leaves

Taxa Root length (cm) Shoot length (cm)                                Number of leaves                     Dry Wt (gm)

100mM    150mM     200mM     100mM    150mM      200mM       100mM     150mM    200mM      100mM     150mM

200mM

P.granulatostellulata

P. oleracea

P. nitida

1.22a

±0.43

0.95a

±0.19

1.35a

±0.33

0.99a

±0.44

0.95a

±0.10

1.05a

±0.38

1.17ba

±0.35

0.91a

±0.09

1.08a

±0.17

0.81a

±0.14

1.46b

±0.36

1.12ab

±0.22

0.80a

±0.12

1.66b

±0.54

0.97ab

±0.14

1.02a

±0.16

1.54b

±0.15

1.02a

±0.24

0.73a

±0.15

1.52b

±0.48

1.41b

±0.32

0.73a

±0.36

1.92b

±0.68

1.07b

±0.22

0.70a

±0.13

1.80b

±0.54

1.33b

±0.29

0.64a

±0.26

2.72b

±1.04

1.92ab

±1.22

0.57a

±0.11

3.74b

±1.20

1.14ab

±0.25

0.80a

±0.23

4.96b

±1.80

1.09a

±0.40
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and dry weight (P< 0.05), which means that the type of taxon had significant effect on the shoot
length, number of leaves and dry weight.

Table 2 Analysis of variance (ANOVA) between and within Portulaca oleraceae taxa in root and
shoot lengths (cm), number of leaves and dry weight (g).

Parameters Sum of
Squares df

Mean
Square F Sig.

Root Between Taxa .398 2 .199 2.132 .131
Within Taxa 3.919 42 .093
Total 4.317 44

Shoot Between Taxa 3.812 2 1.906 27.767 .000
Within Taxa 2.883 42 .069
Total 6.694 44

Number
of Leaves

Between Taxa 7.992 2 3.996 29.173 .000
Within Taxa 5.753 42 .137
Total 13.745 44

Dry
weight

Between Taxa 80.961 2 40.480 37.454 .000
Within Taxa 45.394 42 1.081
Total 126.355 44

Expression of PoHKT1 and PoVHA
The transcript levels of PoHKT1 (a Na+-transporter) and PoVHA (an energizer for

tonoplast Na+/H+ antiporter under salt stress) were quantified using real-time RT-PCR in the three
P. oleracea s.l.  taxa (P. granulatostellulata, P. oleracea and P. nitida) after100mM, 150mM and
200mM of NaCl salt stress. PoHKT1 transcripts displayed variable expression with different
concentration of NaCl stress in both root and shoot tissues of P. oleracea taxa (Fig 2). Although
the PoHKT1 transcript displayed an up-regulation compared with the control expression in the root
at 100mM NaCl in P. granulatostellulata and P. oleracea, there was clear down-regulation of the
transcripts in the root after 150mM NaCl in the three taxa. In the shoot tissue, the up-regulation
increased noticeably in P. granulatostellulata at 200mM NaCl. There was an induction of
PoHKT1 in the shoot of P. oleracea at 100mM NaCl and the induction was noted in the root at the
same concentration (Fig. 2). Afterwards, the transcript was down- regulated in the shoot at 150
mM NaCl, and then gave some induction again at 200 mM NaCl. Under NaCl stress conditions, in
shoot tissue of P. nitida, there was down-regulation of PoHKT1 at 150mM and 200mM of NaCl,
but with lesser degree of down-regulation at 200mM NaCl.
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Table 3 Analysis of variance (GLM) for root and shoot lengths (cm), number of leaves and dry
weight (g) under salt stress (100, 150 and 200mM NaCl) in three P. oleracea taxa.

Source Variable
Sum of
Squares df

Mean
Square F Sig.

Corrected Model Root 6.634a 11 .603 2.190 .031

Shoot 14.258b 11 1.296 6.425 .000

leaves 127.933c 11 11.630 7.668 .000

dwt .041d 11 .004 5.868 .000

Treatment Root 2.128 3 .709 2.577 .065

Shoot 1.025 3 .342 1.693 .181

leaves 8.600 3 2.867 1.890 .144
dwt .004 3 .001 1.989 .128

Taxa Root 2.300 2 1.150 4.177 .021

Shoot 7.716 2 3.858 19.124 .000

leaves 43.033 2 21.517 14.187 .000

dwt .016 2 .008 12.324 .000

Treatment * Taxa Root 2.205 6 .367 1.335 .260

Shoot 5.517 6 .919 4.558 .001

leaves 76.300 6 12.717 8.385 .000

dwt .021 6 .004 5.657 .000

Error Root 13.216 48 .275

Shoot 9.684 48 .202

leaves 72.800 48 1.517

dwt .030 48 .001

Total Root 473.050 60

Shoot 507.310 60

leaves 3340.000 60

dwt .281 60

a. R Squared = .334 (Adjusted R Squared = .182), b. R Squared = .596 (Adjusted R Squared = .503), c. R Squared = .637 (Adjusted
R Squared = .554)d. R Squared = .574 (Adjusted R Squared = .476)
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Figure 1. Mean ratios of root and shoot lengths, number of leaves and dry weight for saline / non saline
treatments in P. granulato-stellulata, P. oleracea and P. nitida.

Figure 2.  Expression analysis of PoHKT1 by means of real-time RT-PCR amplification of RNA from root
and shoot tissues of P. oleracea, P. granulato-stellulata, P. nitida under salt stress (100, 150 and
200mM NaCl). Amplifications of PoHKT1 were compared with the expression under control
condition.
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As shown in Figure 3, the regulation of PoVHA in root and shoot tissues in the three taxa
are significantly different.  There was an induction of PoVHA in both roots and shoots of P.
oleracea after salt stress. The induction of PoVHA transcript at 200 mM NaCl was 7-fold higher
than that of the control. There was also an up-regulation of PoVHA in root tissue of P.
granulatostellulata after 150mM and 200mM of NaCl and not at 100mM NaCl. In P.
granulatostellulata shoot tissue; there was significant down-regulation of this transcript under all
salt treatments. In the shoot tissue of P. nitida, a significant up-regulation of the transcript was
found at salt treatments, representing 3-4-fold higher expression than that of control (Fig. 3). On
the other hand, down-regulation was noted in root tissue under saline conditions. The down-
regulation of this transcript in the root tissue was less after 150mM NaCl.

Figure 3. Expression analysis of PoVHA by means of real-time RT-PCR amplification of RNA from root and
shoot tissues of P. oleracea, P. granulato-stellulata, P. nitida under salt stress (100, 150 and
200mM NaCl). Amplifications of PoVHA were compared with the expression under control
condition.

DISCUSSION
Growth parameters, that is, root length, shoot length, number of leaves and dry weight, in

three untreated and salt treated P. oleracea s.l.  taxa were investigated in this study.   Induction of
PoHKT1 and PoVHA in both, the root and the shoot tissues of P. oleracea s.l.  taxa under high
NaCl conditions were also estimated.

Ratios of saline/non-saline lengths of root and shoot, number of leaves and dry weight
were calculated for each treatment due to vast diversity among the untreated P. oleracea s.l.  taxa
collected from different locations. The ability of the root system to control entry of ions and the
evaluation depending on root and shoot length traits is of crucial importance in salt stress
sensitivity (JAMIL et al., 2006). The current study showed no significant differences in ratios
between root lengths in saline and non-saline treatments of the three taxa. Plants root are
potentially the first sites of damage or line of defence due to the direct contact with soil solution
and the first to encounter excess salinity. Previous study by REWALD et al. (2013)   included 12
accession of P. oleracea S.l. concluded that root cortical tissues were not affected by augmented
salinity levels in case of all the studied accessions   and the root transverse section of most
accession did not show any detrimental changes or cell collapse in the cortical tissues at all the
salinity levels. Similarly AMINI and ABDI (2014) studied P. oleracea under salinity and confirmed
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that there was no significant different between seedling root length of P. oleracea in 100 and
150mM NaCl salinity levels and the seedling root length was reduced after 200mM. On the other
hand, BOUGHALLEB et al. (2009) found that the root cortex thickness was promoted under 100–
200mM NaCl in the xerohalophyte shrubs Nitraria retusa and Atriplex halimus. However, in some
cases, salinity forced a reduction in root cortex development. KAFI et al. (2011) reported that the
main root length and total root length of P. oleracea S.l. decreased with salt concentration 120 and
240mM NaCl. AKRAM et al. (2002) reported a decreased size of the root cortex under salinity
stress in three varieties of Triticum aestivum; the most salt-sensitive variety showed a more
pronounced decrease.

Ratios between shoot length in saline and non-saline treatments for P. oleracea was
significantly different from P. granulatostellulata and P. nitida at 200mM NaCl and was
significantly different from them at 100mM NaCl for ratios between oven dry weight in saline and
non-saline treatments. It was noticed that all measured growth parameters except root length
increased in P. oleracea, decreased in P. granulatostellulata and remain unchanged after 100mM
NaCl in P. nitida compared to control under saline conditions. The result was consistent with the
type of taxon which had significant effect on the shoot length, number of leaves and dry weight
(P< 0.05). This indicated that shoot is more sensitive than roots. NASEER (2001) reported that the
reduction in shoot length is due to excessive accumulation of salt in the cell wall which modifies
the metabolic activities and limits the cell wall elasticity. Further, secondary cell appears sooner
and cell wall becomes rigid, as a consequence the turgor pressure efficiency in cell enlargement
decreases, This processes may cause the shoot remain small (NASEER, 2001). These findings are
parallel to those of JAMIL et al. (2006) on vegetables species, RAHMAN et al. (2008) on wheat and
BYBORDI and TABATABAEI (2009). Previous study by ALAM (2014) indicated that the dry matter
production was found to increase in some P. oleracea accessions from lower to higher salinity
levels but others were badly affected. Suppression of plant growth by salinity stress reported in
OKCU et al. (2005). The reductions of dry weight due to salinity stress have also been investigated
by several scientists in several species in tomato (MOZAFARIYAN, 2013) in pepperweed (Lepidium
Perfoliatum L.) (GANEPOUR et al. 2014). MUNNS and TESTER (2008) stated that salt-sensitive plants
have reduced survival, growth, and development when exposed to even low to moderate salinities,
whereas salt tolerant species are able to grow and reproduce even at oceanic salinities. The
Increase-decrease in growth under salt stress was noted before by YAZICI et al. (2007) in P.
oleracea S.l. plants under 140mM NaCl than 70mM NaCl.  Kafi, 2011 indicated that root cells of
P. oleracea S.l. are less sensitive than shoot cells to salt concentration or more water availability in
the soil could improve the adverse effect of salinity. It is hypothesized that increase salinity could
restrict the synthesis of plant growth promoters such as cytokinins and increase the production of
inhibitors such as abscisic acid (MUNNS and TESTER, 2008). It seems that the suitable growth
response of P. oleracea at moderate salinity may be largely the consequence of an increased
uptake of solutes that are required to induce cell expansion, since this may help maintain the
pressure potential in plant tissue, while at high salinity level, growth reduction might either be
caused by a reduced ability to adjust osmotically as a result of saturation of the solute uptake
system, or because of excessive demand on the energy requirements of such systems (MUNNS et
al., 1983; FLOWERS and COLMER 2008).

Plant responses to the osmotic and ionic components of salt stress are complicated and
involve many gene networks and metabolic processes. Transcriptional and posttranscriptional
regulations play an essential role in the adaptation of cellular functions to the abiotic stress. The
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current study detected two transporter genes; PoHKT1 and PoVHA in the genome of P. oleracea
S.l. and the three taxa of P. oleracea S.l. regulate the expression of PoHKT1and PoVHA
differently from each other. Although the PoHKT1(a Na+ transporter) transcript displayed an up-
regulation compared with the control expression in the root at 100 mM NaCl in both P.
granulatostellulata and P. oleracea, there was clear down-regulation of the transcripts in the root
after 150 mM NaCl in the three taxa. The down-regulation of PoHKT1 expression explains the
salt-tolerance of this species by decreasing uptake of Na+ into cytosol. A down-regulation of
PoHKT1 in response to salt stress according to salt-tolerance ability was also shown by HORIE et
al. (2001) and GOLLDACK et al. (2002). The result was consistence with non- significant variation
in root length of the three taxa under saline conditions compared to the control. Reduction of
HKT1 expression decreased Na+ uptake into wheat roots and increased plant salt tolerance (LAURIE
et al., 2002).  In the shoot tissue, the up-regulation increased in P. granulatostellulata at
200mMNaCl and reached 2-fold the control. There was an induction of PoHKT1in the shoot of P.
oleracea at 100mMNaCl and the induction was noted in the root at the same concentration. Later,
the transcript was down- regulated in the shoot at 150 mM NaCl, and then gave some induction
again at 200mM NaCl. Under high NaCl condition, Na+ competition at binding sites for K+ may
result in K+ deficiency (MAATHUIS and AMTMANN, 1999), and thus, might cause the induction of
PoHKT1 in both P. granulatostellulata and P. oleracea, as we observed. KAFI et al., 2011
confirmed that salinity imposed a negative effect on root and leaf K/Na ratio in P. oleracea plants.
HORIE et al. (2001) also suggested that under high NaCl, when excess Na+ enters the cytosol, it
increases the optimal ratio of cytosolic Na+/ K+ that cells might realize as K+ deficiency, and thus,
induces the PoHKT1.  It has also been shown that OsHKT1 specifically mediates Na+ uptake in
rice roots when the plants are K+ deficient (GARCIADEBLÁS et al., 2003), and is induced by low K+

conditions (HORIE et al., 2001). Since the P. oleracea plants were grown without an optimal K+

concentration in the growth medium in this study, there may be K+ deficiency. Under NaCl stress
conditions, in shoot tissue of P. nitida, there was down-regulation of PoHKT1 after 150mM and
200mM of NaCl, but with lesser degree of down-regulation at 200mM NaCl. The growth
parameters (shoot length, number of leaves and dry weight) showed a significant negative
correlation with the shoot fold change of PoHKT1 (r = -0.607, -0.693  and -0.657 respectively).
Recent studies of Arabidopsis thaliana mutants with extreme NaCl sensitivity have shown that
suppression of this phenotype by a defect in AtHKT1 leads to lowered Na+ influx. Physiological
characterization of HKT1 in Arabidopsis thaliana established that AtHKT1 controls plant Na+

homeostasis and is not a K+ transport system. Therefore, AtHKT1 could be the major protein for
Na+ uptake (RUS et al., 2001).  High- and low-affinity Na+ uptake into rice (Oryza sativa) roots is
decreased by at least two independent OsHKT transport systems (GÁRCIADEBLÁS et al., 2003).
HKT function in the control of Na+ acquisition in shoots through a proposed mechanism in which
the transport system loads Na+ into the shoot phloem and facilitates recirculation of the ion from
the shoot to the root and removal of Na+ from the root phloem occurs by efflux down the
electrochemical potential (RUS et al., 2001, MÄSER et al., 2002; BERTHOMIEU et al., 2003)

Controlling Na+ content of the shoot is a necessary salt adaptation strategy that restricts
apoplast accumulation and net influx across the plasma membrane to coordinate effective
compartmentalization by the NHX vacuolar Na+ /H+ antiporter (MUNNS, 2002; MUNNS et al.,
2002). In addition to Na+ -influx, P. oleracea S. l. might maintains K+/ Na+ homeostasis in the
cytosol by Na+ vacuolar grouping. Upon salt stress, there was an induction of PoVHA in both roots
and shoots of P. olearacea and the induction of PoVHA transcript at 200mMNaCl was 7-fold
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higher than that of the control. The PoVHA transcript was induced in root tissue of P.
granulatostellulata at 100mM NaCl, and then it was down-regulated at 150mM and 200mM of
NaCl. The high concentration of Na+ in the vacuole might have reduced PoVHA induction (KADER
et al., 2006).  Although, there was down-regulation of PoVHA transcript in P. granulatostellulata
shoot tissue, in the shoot tissue of P. nitida, a significant up-regulation of the transcript was found
at all salt treatments. However, in root tissue of P. nitida a down-regulation was noted under saline
conditions and the down-regulation of this transcript in the root tissue was less after 150mM NaCl.
The induction of VHA possibly compartmentalized cytosolic Na+ into the vacuole or the induction
of VHA might be correlated with the increased volume of vacuole upon NaCl stress, as was found
by Kader et al. 2006 in Oryza sativa. Salinity offer a high amount of Na+ into the vacuole which
may give a signal to the cell to reduce the induction of VHA and the regulation of this process is
taxa dependent. VHA was shown to be important for salt tolerance in Saccharomyces cerevisiae
(HAMILTON et al., 2002) and in many plant species (GOLLDACK and DIETZ, 2001; KLUGE et al.,
2003; SENTHILKUMAR et al., 2005; VERA-ESTRELLA et al., 2005). The variable expression of
OsVHA in course of time under salt stress in two Oryza sativa cultivars were observed by KADER
et al. 2006 and he suggested that increase-decrease-increase induction of OsVHA in Oryza sativa
cultivars might indicate certain limitations of the vacuole as a sink for cytosolic Na+.

Responses of the three P. oleaceae S.l. taxa to salt treatment were very different from
each other and did not follow any particular trend, indicating vast diversity among the taxa
collected from different locations in Egypt. However, to fully understand the mechanism for K+/
Na+ homeostasis in rice, expression pattern of other members of the HKT family needs to be
investigated under NaCl stress. Under salt stress, both decreased uptake of Na into the cytosol by
decreasing the expression of POHKT1 and increased vascular compartmentalization ability of Na+

by inducing the expression of POVHA seem to work more efficiently in P. oleracea and P. nitida
than P. granulato-stellulata. However, investigation of other members of HKT family and its role
in K/Na homeostasis in P. oleracea S.l. as a moderately salt tolerance is recommended.
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Izvod
Vršena su ispitivanja porasta biljke i ekspresije dva transporter gena; ispitivaani su transkripti
PoHKT1 i PoVHA u tkivima korena i biljaka kod tri Portulaca  oleracea s.l. taxa u uslovima stresa
zaslanjnosti. Nisu utvrđene značajne razlike odnosa dužine korena, zaslanjenosti i nezaslajenosti
kod sva tri ispitivana taksona, što je u korelaciji sa odsustvom regulacije transkripta PoHKT1 u
korenu posle primene 150mM NaCl. Parametri rasta biljke se razlikuju kod sva tri taksona kada se
uporede sa kontrolom. Rezultati su konzistentni sa tipom taksona koji je imao značaan efekat na
visinu biljke,, broj listova i težinu suve mase (P< 0.05).  Regulacija  oPoVHA u tkivu korena i
biljke je  statistički značajno različita kod sva tri taksona. U uslovima stresa je smanjeno usvajanje
Na + u citozol smanjenjem ekspresije PoHKT1 kao i povećanje sposobnosti vaskularne
kompartmentalizacije Na + indukovanjem ekspresije PoVHA izgleda da je efikasnije kod P.
oleraceae i P. nitida nego kod P. granulato-stellulata.
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