IRANIAN JOURNAL of GENETICS and PLANT BREEDING, Vol. 6, No. 1, Apr 2017

Comparative expression profiles of four salt-inducible genes from

Aeluropus littoralis

Sahar Faraji"", Hamid Najafi-Zarrini', Seyyed Hamidreza Hashemi-Petroudi?, Gholam Ali Ranjbar"

'Department of Plant Breeding, Sari Agricultural Sciences and Natural Resources University (SANRU), P.O. Box:

48147-78695, Sari, Iran.

2Genetics and Agricultural Biotechnology Institute of Tabarestan, Sari Agricultural Sciences and Natural Resources

University, Sari, Iran.

‘Corresponding author, Email: sahar.faraji@rocketmail.com. Tel: +98-1135660515. Fax: +98-113822493.

Abstract

Abiotic stresses such as salinity influence
agricultural  production. Plants generally
respond to stimulus conditions in a complex
manner involving many genes and proteins.
In the evolution process, halophyte plant
Aeluropus littoralis has been proven to have
abiotic stress-tolerance capacity. A. littoralis is
a salt-resistant halophyte providing a wealthy
genetic resource for developing salinity
tolerance in crop plants. In the present study,
the expression of four candidate ESTs from
PKL, 5PTase, NUC-L2 and GLY | genes, in
A. littoralis shoot and root tissues exposed to
multiple time points of 600 mM NaCl stress
and recovery condition, were analyzed via
quantitative Real-Time PCR. Al5PTase gene
showed the highest significant up-regulation in
shoot and root tissues. However, a significant
down-regulation was found for AIGLY I gene in
root tissues. Furthermore, we found the unique
up-regulations for AIPKL and AINUC-L2 genes
expression magnitudes in root tissues under
recovery conditions. These results may provide
useful information for further understanding
of the role of A. littoralis genes and their
regulatory pathways, revealing important
genetic resources for crop improvement.

Key words: Aeluropus littoralis, Genes expres-
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Abbreviations

PKL: PICKLE, 5PTase: Inositol polyphosphate
5-phosphatase, NUC-L2: Nucleolin-like2, GLY I:
Glyoxalase 1.

INTRODUCTION

Salinity is one of the severe environmental factors
limiting the plant growth and production, in arid and
semi-arid regions (Flowers and Colmer, 2008). Besides
the enormous financial cost of production, there are
other serious impacts of salinity on infrastructure, water
supplies, social structure and stability of communities.
The significant areas of cultivated lands are affected by
salinity in more than one hundred countries. Thus soil
salinity poses a serious threat to crop yield and food
production in future. A wide range of plant species,
including the majority of our most important crops,
grow in moderately saline environments (Flowers and
Colmer, 2008). High concentrations of salt ions result
in a hyperosmotic shock and ionic imbalance (Flowers
and Colmer, 2008; Moller and Tester, 2007). Also,
these effects can lead to the secondary stresses such as
nutritional imbalance and oxidative stress (Moller and
Tester, 2007).

The plant responses to high concentrations of
salt are complex and comprehensive; they include
many different processes, which should be correctly
coordinated. Salt tolerance appears to be due to a suite
of genes and proteins, which contribute in salt and
osmotic regulation in different parts of the plant cells in
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order to maintain photosynthesis, reproduction and seed
generation under saline conditions. Notwithstanding
negative influence of salinity on plants, many plant
species, so called halophyte, can survive under high
salinity circumstances. According to Flowers and
Colmer (2008) halophytes are characterized as the
plants having potential capability of desalination and
restoration of saline soils, thus can survive and reproduce
in environments where the salt concentration exceeds
200 mM of NaCl (~ 20 dSm™). These species form
nearly 1% of the world’s flora (Barhoumi et al., 2007,
Flowers and Colmer, 2008), which are completing their
life cycle under highly saline situations. These plants
encompass various protective mechanisms, which allow
them to cope with unfavorable environments to achieve
the continued survival and growth. Cellular responses
to saline environments are well-studied (Barhoumi et
al., 2007), but the complex systems are far from being
completely understood yet.

Despite the application of halophyte plant
Aeluropus littoralis as a valuable cash crop, there is
only little information regarding the salt impacts on
gene expression profiles and responsive mechanisms
in this genus. This plant with a small genome (2n=14)
is capable to endure salt (NaCl) stress (Modarresi
et al., 2013) and can be a rich genetic source for
gene manipulation, which makes it helpful for
crop improvement. Therefore, investigation of the
mRNA variation profiles and characterization of the
momentous stress related genes may be potentially
useful for identification of significant genetic resources
for genetic engineering of crop species.

Plants employ different nuclear and cytoplasmic
mechanisms such as signaling pathways, stress-related
protein production and compatible solutes synthesis
in dealing with the multiple stimuli. In the present
study four genes comprising of PICKLE, inositol
polyphosphate 5-phosphatase, nucleolin and glyoxalase
I, involved in stress signals transduction, stress sensing,
and carbohydrate metabolism and compatible solutes
synthesis, were selected to investigate their expression
levels in response to salinity (600 mM NaCl) and
recovery after stress removing, in Aeluropus root and
shoot tissues. These genes have extremely been proposed
to play important roles in salt tolerance of multiple plant
species, but no available studies described the responses
of these genes under salinity stress in A. littoralis yet.

MATERIALS AND METHODS

Plant materials and stress treatments
The seeds of A. littoralis were collected from Isfahan

province in Iran and cultured in the greenhouse. A
same aged clones selected and sterilized in 0.2%
(w/v) sodium hypochlorite for 1 min (Murashige and
Skoog, 1962) then were transferred to 1/2 MS medium
(Murashige and Skoog, 1962) supplemented with
3% sucrose and 0.7% agar and growing at controlled
conditions: 25-30 °C temperature, 70-80% relative
humidity and 8/16 h night-day photoperiod. After four
weeks, seedlings were moved to half and then full-
strength Hoagland nutrient solution (Hoagland and
Arnon, 1950) for further growth. The nutrient solution
was exchanged once a week. Two-month-old seedlings
were subjected to 600 mM NaCl treatment. NaCl
concentration in the culture medium was increased by
100 mM day-1 to avoid osmotic shock. Salt-treated
plants were harvested after 6 h, 24 h and 1 week time
courses, as well as 6 h, 24 h and 1 week after stress
removing (Stepinski, 2012). Non-treated seedlings
were also considered as the control sample. Collected
root and leaf samples were frozen immediately in
liquid nitrogen, and stored at -80 °C until use.

RNA isolation and ¢cDNA synthesis

Total RNA was extracted using Trizol reagent
(Invitrogen, USA) according to the manufacturer’s
instructions. The purified total RNA was qualified and
quantified by agarose gel electrophoresis and Nano-
Drop ND 1000 Spectrophotometer (Wilmington,
USA), respectively. DNase I treatment was performed,
to eliminate genomic DNA contamination, using
ThermoFisher (ThermoFisher Scientific) DNase
Kit, as the producer’s instructions. DNase I-treated
RNA was used for first strand cDNA synthesis using
the QuantiTect reverse transcription kit (Qiagen,
Germany) and oligo (dT) primers in a 20 pL final
volume, according to the manufacturer’s instructions.
RT-PCR was performed using 3 pL RNA, 1 pL of
specific primers, 10 uM dNTPs, 5xPCR-buftfer and 1
puL RiboLock RNase Inhibitor. The no template control
(NTC) was used as a control reaction that contained
all essential components of the amplification reaction
except the template, to detect the contamination due
to contaminated reagents or foreign DNA. Finally,
the PCR reaction was performed and the products
were separated on 1% agarose gel to check the true
amplification of the gene fragments. The first strand
cDNA mixtures were utilized as the templates for
Real-Time PCR analysis.

Primer designing and quantitative Real-Time PCR
analysis

The EST sequences of the A. littoralis AIPKL
(JK671232), Al5PTase (JK671224), AINUC-L2
(JZ191093) and AIGLY I (JZ191094) genes were
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Table 1. Specific primers (Forward and Reverse) used for gene expression by the gReal-Time PCR. B-actin and Effa were

used as two housekeeping genes.

Primer name

Length of amplicon Tm

EST accession number (5'— 3" Sequence (bp) (°C)
S SN AT o
et SSCONSAATICNNEC o o
2191093 NUGL2R  Coccartretertoccerte 79 63
2191094 GLYIR  GCOTGGCATGACAGAGGATT 72 64
g CISomenceITC g 5
90077 EaR  CTTCTCCACACTCITGATGACTCE 0 65

selected and retrieved from NCBI (http://www.ncbi.
nlm.nih.gov/) database. Specific primers were designed
using Oligo software (Rychlik, 2007) for the internal
controls and the candidate genes, based on 4. littoralis
EST sequences (Table 1). Two housekeeping genes:
p-actin and elongation factor 1-a (Efla) were used as
the internal controls (because their expressions had not
been influenced by stresses) for data normalization in
leaf and root samples, respectively.

Quantitative Real-Time PCR (qPCR) was performed
in a 20 pL volume containing: 1 uL of cDNA (50 ng),
5 pL of 2xSYBR Green Master Mix, 0.3 pL of each
10 uM primers and 3.4 pL of RNase-free water. The
amplification reactions were carried out in a two-step
thermal cycler protocol (Thermo Scientific), according
to the company’s procedures as follows: 10 min initial
activation step at 95 °C followed by 40 cycles of 95
°C for 15 sec and 60 °C for 1 min. After 40 cycles,
the specificity of the amplifications was checked based
on the melting curves by heating the amplicons from
55 to 95 °C. All amplification reactions were repeated
twice under identical conditions in addition to a
negative control and five standard samples. To ensure
that the PCR products were generated from cDNA
and not from genomic DNA, proper control reactions
were carried out without reverse transcriptase. For
quantitative Real-Time PCR data, relative expressions
for AIPKL, Al5PTase, AINUC-L2 and AIGLY I genes
were calculated based on the threshold cycle (CT)
method. The CT for each sample was calculated
using the CFX96 manager software (Bio-Rad) and
Larionov et al. (2005) method. Accordingly, fold
expression of the target mRNAs over the reference

3

values were calculated by the 24T equation (Livak
and Schmittgen, 2001).

To increase the reliability of the gene expression
analysis, Real-Time PCR experiments were performed
with two identical technical replications. Data analyses
were carried out using SPSS version 18 and Microsoft
Excel program software.

RESULTS AND DISCUSSION

Amplification specificity for the candidate genes
The melting curve analysis demonstrated that all
the curves were similar and showed a single peak,
suggesting specific amplification (Figure 1). The
detailed transcription rates of the candidate genes
dealing with stress were as follows:

The AIPKL mRNA expression level

The AIPKL gene expression level at 600 mM salt
concentration is shown in Figure 2. After salinity
exposure for 6 h, the significant up-regulations of PKL
expression was observed in A. littoralis shoot tissue
(3-fold) compared to that of the control. Although
approximately a 2-fold increment was observed in
the recovered shoot samples (at 24 h after recovery),
there was a highly substantial reduction in the gene
expression one week after removing salinity compared
with the control. Meanwhile, the A/PKL mRNA
expression increased 2-fold compared to the control
conditions after exposure to salinity for 6 h in root
sample. However, one week after salinity treatment,
a significant decrease was observed. Whereas, 4/PKL
showed remarkably significant increments in transcript
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Figure 1. The melting curve analysis results obtained
from the AIPKL, Al5PTase, AINUC-L2 and AIGLY | genes
amplifications under 600 Mm NaCl stress by the Real-Time
PCR technique. All four meltingcurves revealed almost the
same and single temperature peak, showing the absence of
the non-specific amplifications.

expression 6 h and one week after recovery with
approximately 3- and 7-fold, respectively, compared to
that of the control.

Aichinger et al. (2009) reported that PKL mediated

activation of PcG genes seem to be restricted to
primary roots and has not been observed in aerial parts
of the seedlings. PICKLE genes are the evolutionary
conserved chromatin factors, which define cell identity
by regulating the expression of key developmental
genes (Schuettengruber et al., 2007). The PKL genes
in Arabidopsis and rice genomes were identified to
play critical roles in the regulation of a series of genes
involved in developmental or stress response processes
(Hu et al., 2014). It was reported that the AtPKL in
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Figure 2. Relative expression levels of AIPKL gene after
exposure to 600 mM NaCl stress and recovery conditions
in A. littoralis shoot and root tissues. X axis shows the
elapsed time from salt treatments and Y axis displays
relative expression calculated via 2-22° formula according to
the B-actin and Ef1a genes as the internal reaction control in
shoot and root tissues, respectively.
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Figure 3. Relative expression levels of AI5PTase gene after
exposure to 600 mM NaCl stress and recovery conditions
in A. littoralis shoot and root tissues. X axis shows the
elapsed time from salt treatments and Y axis displays
relative expression calculated via 2-22° formula according to

the B-actin and Ef1a genes as the internal reaction control in
shoot and root tissues, respectively.

Arabidopsis is a necessary factor for the regulation of
ABSCISIC ACID—INSENSITIVE3 (ABI3) and ABIS
genes in response to ABA (Perruc et al., 2007). This
may be implicating the possible involvement of the
PKL protein in osmotic stress response. Also, the
microarray data sets from the rice genome revealed
that the expression of CHR729 (a rice PKL gene) was
resulted in the up-regulations of many stress-responsive
genes (Hu et al., 2014), suggesting the possible role of
.this protein in stress responses

Transcription level of the AI5PTase gene

The wvariation profile of the Al5PTase mRNA
expression in 600 mM NaCl treatment is shown in
Figure 3. The significant up-regulations (an up-ward
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trend) were observed in the 4/5PTase gene expression
in response to both salinity and recovery situations in
both shoot and root samples. The maximum expression
level of the gene was found one week after exposure
to salt stress in shoots with approximately 13-fold
compared with the control sample. The recovered
shoot tissues exhibited significant increases regarding
time duration, so that an increment of about 15-fold
was detected 24 h after recovery, compared with
that of the control. Transcription level of this gene
also revealed approximately a 2-fold increase at the
beginning of salinity stress in root samples, while an
increment of 10-fold was observed at the last sampling
time (one week after recovery), comparing to the
control condition.

Regarding the 5PTase gene expression pattern under
salt stress, a deficiency of SPTase protein can lead to a
disruption in phosphatidylinositol pathway (Xue et al.,
2009), which may result in many metabolic disorders in
stressed plants. According to DeWald ez al. (2001) the
Arabidopsis plants revealed the substantial increases
in SPTase protein synthesis in response to treatments
with NaCl, KCI and sorbitol, suggesting an important
role of phosphatidylinositol pathway in plant salt
tolerance. Functional analysis of the four 5P7ases from
Saccharomyces cerevisiae showed that although they
are not essential for viability under normal conditions,
they have an important role in osmotic stress tolerance
(Ooms et al., 2000). In fact, 5PTase gene regulates the
plant NADPH oxidase activity (Munnik and Vermeer,
2010), leading to an increase in ROS (reactive oxygen
species) generation and finally overexpression of
the other stress responsive genes. Therefore, it can
be mentioned that the 5PTase acts as the signaling
molecule under stress conditions. Kaye et al. (2011)
reported that, the AtSptase mutants in A. thaliana
failed to induce the RbohJ gene, which is responsible
for ROS production during salt stress; this resulted
in the reduced induction of the other salt-responsive
genes such as RD29 and RD22. Recent studies revealed
that mutation in 5P7ase genes led to an increased salt
sensitivity in A. thaliana and O. sativa (Kaye et al.,
2011), revealing the importance of 5P7ases for stress
coping in A. littoralis and the other important plants.

The AINUC-L?2 stress response pattern

The AINUC-L2 expression pattern in response to
NaCl and recovery conditions is shown in Figure 4.
A significant increase of about 4-fold was detected in
transcription level of AINUC-L2 gene in A. littoralis
shoot tissue, after 6 h of exposure to NaCl, compared
with that of the control. This level dropped to 3.5-fold
with recovery after stress removing in comparison
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Figure 4. Relative expression levels of AINUC-L2 gene after
exposure to 600 mM NaCl stress and recovery conditions
in A. littoralis shoot and root tissues. X axis shows the
elapsed time from salt treatments and Y axis displays
relative expression calculated via 2-22° formula according to
the B-actin and Ef1a genes as the internal reaction control in
shoot and root tissues, respectively.

to the control. Transcription level of A/INUC-L2 in
root samples followed the same pattern as A/PKL; it
means that the expression level of this gene reached
almost to the control level with the onset of salinity.
24 hours after stress a 2-fold increase was observed in
root compared to the control, but a substantial down-
regulation of A/INUC-L2 was detected one week after
NaCl exposure. An interesting enhancement of the
AINUC-L2 gene expression occurred one week after
stress removing, which transcription level of this gene
increased to approximately 43-fold compared to the
control condition.

On the basis of the obtained results, it can be
supposed that nucleolin level was correlated with
transcriptional activities of the nucleoli of active cells
in A. littoralis tissues. The same results also reported by
Stepinski (2012) regarding the root tissue of soybean
plants subjected to chilling stress (10 °C) and recovery.
This study showed that the transcriptional activity of
the soybean nucleolin-like 2 gene under chilling stress
was considerably reduced in root samples, while it
was significantly higher during recovery after chilling,
in comparison to the control. Furthermore, there are
numerous reports for increased expression level of
NUC-L2 under abiotic stress conditions in various
plant species. Sripinyowanich et al. (2013) reported
that OsNUC-L1 and OsNUC-L2 play important roles
in salt resistance during salinity stress in rice plants.
Accordingly, OsNUC-L genes were shown to be
highly expressed in rice leaf blades during salinity
(Sripinyowanich et al., 2013), indicating a potential
involvement of nucleolin protein in salt stress
responses. Pontvianne et al. (2007) suggested that
NUC-L2 is required for coping with multiple stresses
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in A. thaliana. Many studies showed that simultaneous
disruption of NUC-LI and NUC-L2 is lethal to plants,
while NUC-L2 can fulfill some essential functions of
NUC-LI under stress situations (Pontvianne et al.,
2007; Durut et al., 2014).

The variation profile of AIGLY I gene

The changing profile of 4/GLY I gene under 600 mM
NaCl concentration is shown in Figure 5. The higher
expression level of AIGLY I gene (6-fold) was observed
in A. littoralis shoot tissues exposed to 6 h salinity,
compared with that of the control. But no substantial
increases occurred in the expression level of AIGLY
I transcripts among the shoots recovered groups at
the fifth to seventh sampling-times. Significant lower
expression profiles of A/IGLY I gene were detected in A.
littoralis root tissues after exposure to both salinity and
recovery circumstances, which were not considerable
compared with the control.

This likely represents a minimal potential of A/GLY
1 gene in Aeluropus root tissues to deal with salt stress.
These mean that glyoxalase 1 activity in 4. littoralis
root tissue, unlike the A. thaliana and O. sativa
orthologous genes (Mustafiz et al., 2014), probably
cannot be the main factor in salinity tolerance. Since
the responsiveness of this gene was very substantial
in leaf samples, glyoxalase pathway in A. littoralis
aerial parts may play a key role for stress tolerance
(Saad et al., 2010). Mustafiz et al. (2014) revealed
that OsGLY I gene in salt resistant Pokkali cultivar is
considered as one of the most responsible genes for
salinity and heavy metal stresses. Also, the transgenic
tobacco plants over expressing GLY [ gene in leaves
exhibited high resistance to salinity and metal stresses
(Veena et al., 1999). Moreover, it was proved that the
enzyme activity and glyoxalase I transcription can be
enhanced by some abiotic and biotic stresses such as
NaCl, mannitol, osmotic, Zinc, Methylglyoxal (MG),
Aspergillus flavus, etc (Lin et al., 2010; Mustafiz et al.,
2014).

Therefore, plants reveal various responses to the
biotic and abiotic stresses including salinity. Changes
in gene expression play a central role in the plant stress
responses (Kawasaki et al., 2001), so understanding
the potential salinity tolerance of cereal related families
may help the breeders to develop new salt tolerant
varieties. The Real-Time PCR results suggested that
AIPKL, Al5PTase, AINUC-L2 and AIGLY I genes
might play defense functions during NaCl exposure,
particularly in the aerial parts of A. littoralis. Among
the studied genes, Al5PTase revealed the best
expression pattern in response to both salt and recovery
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Figure 5. Relative expression levels of AIGLY | gene after
exposure to 600 mM NaCl stress and recovery conditions
in A. littoralis shoot and root tissues. X axis shows the
elapsed time from salt treatments and Y axis displays
relative expression calculated via 2-2* formula according to
the B-actin and Ef1a genes as the internal reaction control in
shoot and root tissues, respectively.

conditions in shoot and root samples. It revealed that
the Al5PTase coordinates plant responses to multiple
stresses by modulating the interactions in the cellular
protein-lipid network (Xue et al., 2009). In addition,
SPTase gene can be potentially suitable as a biomarker
for indication of different stresses. Recovery condition
can also improve salt tolerance of 4. littoralis probably
by restoration of the other responsive genes (Stepinski,
2012). These findings indicated that the candidate
genes have distinct expression patterns, which are
related to their varied roles in response to stimuli.
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