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Sea-rocket (Cakile maritima) is a halophytic plant that possess many unique genetic characteristics
contributing to plant’s ability to withstand and tolerate salinity conditions. It is a member of the
Brassicaceae family, with a small genome size ( 720 Mb) and a short life cycle, making it of value for
conducting genetic studies to understand molecular bases of salinity. In the present work, we exposed
C. maritima seedlings to different salt treatments in combination with different exposure time to identify
new salinity-responsive genes. One group was directly treated with different salinity levels (0, 100, 200,
300 and 400 mM NaCl2) for 4, 8, and 12 hrs.; while the second group was subjected to a gradual
increase of salt concentration. Some of the transcripts that differentially expressed in response to the
salinity stress were isolated using the differential-display reverse transcription-PCR (DDRT-PCR)
technique. Fourteen re-amplified fragments were selected, and were bioinformatically analyzed and
annotated. The genes were categorized according to their proposed function into two major categories,
the first group of genes contains those that were related to cellular membranes stabilization {Rho
GTPase-activating protein, β-galactosidase gene, Arabinogalactan (AGP) genes, and ATP-Binding
Cassette transporter (ABC transporter) C family member 10). The second group of genes include genes
involved in pathways directly or indirectly involved in stabilizing cells under salinity stress {receptor 3
from Toll-like protein (TLR3), 4 fragments homologues to different Alcohol dehydrogenase (ADH),
Polybromo protein, 3-hydroxyisobutyryl-CoA hydrolase gene, MOR1 gene and 2 fragments homologue
to sulfite reductase (SiR) gene}.
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INTRODUCTION
Abiotic stresses are major factors negatively
influencing plant development and productivity
worldwide (Gupta and Huang, 2014). They cause
extensive agricultural production losses worldwide
(Barnabas et al., 2008 and Athar and Ashraf,
2009). Among abiotic stresses, i.e., drought,
salinity and extreme temperatures (also known as

dehydration-inducing stresses) are the major
environmental constraints that limit the distribution
of plants worldwide. It has been estimated that
they may be responsible for over 50 % yield
reduction in major crops (Wang et al., 2003)
Athar and Ashraf (2009), reported that up to 26%
of the world arable lands are drought affected and
over than 20 % of the irrigated lands are salt-
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affected. Furthermore, increased salinization of
arable land is expected to reach a staggering 30%
land loss over the next 10 years and up to 50% by
2050 (Wang et al., 2003). This would be a
challenge to continuously growing world
population, especially that the majority of
commercially important crops are usually
categorized as glycophytes “sensitive to high
concentrations of sodium ions”.
According to Aronson (1989) and Flower et al.
(2010), there are about 350 plant species that can
be called halophytic plants that can survive and
complete their life cycle in the presence of at least
200 mM NaCl2 in the roots growing zone or
irrigation water. One of those halophytes is Cakile
maritima that is also known as sea rocket. It is an
annual succulent, obligated halophytic diploid
species (2n = 18) that belongs to the
Brassicaceae family. It is closely related to
Arabidopsis thaliana, with a genome size of about
719 Mb (Bailey et al., 2006) “about 4.5 times the
genome size of Arabidopsis thaliana”.
C. maritima is found on seashores and sandy
habitats along the coasts of North Atlantic and
Mediterranean Sea, Canary Islands, southwest
Asia and Australia, with climates ranging from arid
– humid, where it contributes to sandy dune
fixation due to its deep root system (Clausing et
al., 2000). C. maritima is considered as a model
halophytic plant and it possesses a lot of
characteristics that render it as a genetic
candidate resource to study plant salinity
tolerance ( Debez et al., 2013). It has a short life
cycle (three months from seed to seed), produces
large number of seeds (could reach up to several
thousand/plant), and relatively small size (1.0-1.2
m, making it manageable under lab conditions).
In order to understand plant response to elevated
salinity levels, in the current study, the obligated
halophytic plant Cakile maritima was in vitro
grown under different salinity concentrations for
different time. The differential-display reverse
transcription-PCR (DDRT-PCR) technique was
then applied to identify and isolate genes that are
deferentially expressed in response to salinity.
MATERIALS AND METHODS
Plant material
The Egyptian seeds of Cakile maritima
(Brassicaceae) were collected from two locations
in the, Sabakhat-North Delta, location (N 31 21
93, E 31 01 05) and location (N 31 18 58, E 31 57
43). Three collection trips were conducted to
geographically locate populations of the targeted

plant to collect seeds from those populations at
the proper time.
2. Methods
A. Seeds preparation and germination
Cakile maritima seeds are typically covered with a
thick woody coat that protects the seed from
harsh environment. Therefore, the first step was
to peel-off the seed coat using a sharp scalp,
followed by 60 sec rinsing in 70% ethanol solution
and 15-20 mins soaking in 15% commercial
bleach solution (under aseptic conditions and
continuous stirring). Seeds were then washed 5-6
times with sterilized distilled water to ensure
removal of disinfecting residues. Sterilized seeds
were placed into jars containing germination
medium composed of MS basal salt mixture
(Murashige and Skoog, 1962), supplemented with
Gamborg’s B5 vitamins (Gamborg et al., 1968) +
30.0 g/l sucrose and 7.0 g/l agar.
In general, all cultures were incubated in growth
rooms, under the following conditions (25 ± 2 ºC;
16/8 hrs light/dark photoperiod). All tissue culture
media were prepared using ddH 2O, pH was
adjusted to 5.7 and sterilization was conducted by
autoclaving at 121 ºC for 20 mins.
B. Salinity experiments
Six-weeks old seedlings with well-established
rooting system were removed from the solidified
germination agar medium under aseptic
conditions, gently and thoroughly washed with a
sterilized double distilled water. Each seedling
was transferred to a gar containing sterilized liquid
half strength MS medium. The seedlings were left
to recover for 3-4 days, before being divided into
two main groups (A and B). The first group
(consisted of 75 seedlings) was subdivided into
three subgroups A1, A2 and A3 of 25 seedlings in
each group, five different concentrations of
sodium chloride 0, 100, 200, 300, and 400 mM
was used (5 plants for each concentration). In A1,
A2 and A3 the seedlings were exposed to salinity
for 4, 8 and 12 hrs, respectively. At the end of the
experiment, the tissues were harvested in liquid
nitrogen for RNA extraction.
In group (B) the seedlings received a gradual
increase in salt concentration every 3 days, i.e., 0,
100, 200, 300 then 400mM NaCl2. Samples were
collected from 5 plants at the end of each of the 3days treatment for each salt concentration.

Bioscience Research, 2018 volume 15(2): 850-861

851

Osman et al.,

DDRT-PCR to identify salt-induced transcripts

C. Differential Display-Reverse TranscriptionPCR (DDRT-PCR)
C.1 RNA isolation and cDNA synthesis
Harvested Cakile tissues were grinded in liquid
nitrogen using RNase-free mortars and pestles.
Total RNA from plant samples were extracted
using the Ambion purelink RNA mini kit (Cat No.
12183018A) according to the manufactories
instructions.
Total RNA was quantified using a Nanodrop
apparatus (BioRad, Cat # AM 1907 USA), by
measuring the nucleic acid absorption of 1.0 μl
from an RNA sample at optical density 260 and
280. The isolated RNA was subjected to DNase
treatment using TURBO DNA-free™ Kit from
Ambion Company (Ambion, Cat # AM1907).
Then, the MMLV-RT enzyme (Promega, Cat No.
M170B), was used for cDNA first strand
generation. The following components were
added in an ice chilled PCR tube: 1.0 µg RNA, 1.0
µl 10mM anchored primer (T11A), 1.5 µl dNTP’s
(10 mM) mix and 11.5 µl dd H2O in a total reaction
volume of 15.0 µl. The tube was incubated at 70
ºC for 5 min, then immediately chilled on ice for
few mins. Then, the following components were
added: 0.25 µl Ribonuclease inhibitor (10unit), 4.0
µl 5x RT buffer, 1.0 µl RT enzyme, in a total
volume of 20.0 µl. The components were gently
mixed, centrifuged and incubated for 60 min. at
42ºC. The reaction was terminated by heating at
70ºC for 5 min. Then, the reaction conditions were
optimized to synthesize the second strand. The
reaction was comprised of: 0.5µl of 10.0mM
dNTPs mix, 1.5µl of 25.0mM MgCl2, 4.0µl of 5X
PCR buffer, 1.0 µl of 10pmol. anchored primer,
1.0 µl arbitrary primer (10 p mol), 9.7 µl dd H2O,
0.3 µl Taq (5.0 U/µl) and 2.0 µl first strand cDNA
in a total reaction volume of 20.0 µl).
The PCR reaction was carried out using an BIO
RAD T100 Thermal Cycler. programmed as
follows: an initial denaturation cycle for 3min at 94
ºC, followed by 35 cycles of denaturation for 30
sec at 94 ºC, annealing for 50 sec at 36 ºC, and
extension for 60 sec at 72 ºC) and a final
extension at 72 ºC for 5.0 min.
C.2 Differential display of the amplified cDNA
on sequencing gel
The amplified fragments were resolved on a
Sequi-gen®
Sequencing
Cell
)Bio-Rad
Laboratories, CA, USA) using 6.0 % denaturing
polyacrylamide gels and stained with silver nitrate
as described by Bassam et al. (1991).

C.3 DNA elution from polyacrylamide gels.
Bands showing differential display were carefully
excised from the polyacrylamide gel and
immediately incubated in 200 µl diffusion buffer for
2.0 hrs at 55°C. The diffusion buffer consisted of
0.5 M Ammonium Acetate, 10.0 mM Magnesium
Acetate, 1.0 mM EDTA pH 8.0 and 0.1% SDS.
The tubes were then spun down, and the
supernatant was transferred to a new tube for
DNA isolation and precipitation using the
innuPREP gel extraction kit (Analytikjena. Cat No.
845-KS-5030050, Germany)
C.4 Reamplification of the DNA fragments,
PCR purification and sequencing.
The reaction conditions were optimized and a
master mixture appropriate to the number of
samples was prepared as described previously for
nd
the cDNA 2 strand synthesis. The QlA-quick
PCR purification kit (Qiagen Cat NO. # 28104)
was used for PCR purification. The reaction was
carried
out
following
the
manufacturer
recommended procedure. The DDRT selected
fragments were sequenced using an automated
sequence service (Colors medical labs – Egypt)
using the suitable arbitrary primers (AP2, AP3,
AP4 and AP6) for the different fragments. The
GeneBank (http:// www.ncbi.nlm.nih.gov/BLAST/)
database were used to identify the fragments
homology.
RESULTS AND DISCUSSION
Differential display reverse transcription-PCR
(DDRT-PCR) of Cakile maritima shoots under
salt stress
In the present investigation, seedlings of the
halophyte C. maritima were subjected to two
different regimes of salt treatments. One group
was exposed to different concentrations in three
experiments (A1, A2 and A3) while, the second
group was subjected to a gradual increase of salt
concentration.
In this respect, Ben-Hamed et al. (2016), used
similar salt concentrations however, the
treatments were for 21 days, in a greenhouse and
the plants were grown in sand.
After the salt treatments all the treated and
the untreated control plant shoots were cut off and
frozen in liquid nitrogen. Then, the total RNA was
isolated and used in the RT and –ve RT reactions.
One anchored primer (T11A) was used to
synthesize the first strand cDNA as a first step in
the differential display experiments.
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Table 1. Primers used in preparation of first
and second strand cDNA
Primer name
Anchored primer
T11A
Arbitrary primers
AP1
AP2
AP3
AP4

Primer sequence
5'- TTTTTTTTTTTA -3'
5'- AAGCTTGATTGCC -3'
5'- AAGCTTCGACTGT -3'
5'- AAGCTTTGGTCAG -3'
5'- AAGCTTCTCAACG -3'

AP5

5'- AAGCTTAGTAGGC -3'

AP6

5'- AAGCTTGCACCAT -3'

AP7

5'- AAGCTTAACGAGG -3'

The same anchored primer (T11A), in
combination with different seven arbitrary primers
(AP1, AP2, AP3, AP4, AP5, AP6 and AP7), in the
presence of the Go Taq DNA polymerase
(Promega) were used to target the mRNA poly A
tail at the 3’ end of the treated and untreated
plants to synthesize cDNA. Four out of the seven
arbitrary primers (AP2, AP3, AP4, and AP6)
generated informative results in the two main
groups of experiments A (A1, A2 and A3) and B.
The PCR products were separated on 1.5 %
agarose gels. The size of the PCR products
ranged between 250 and 1500 bp.
Detection of the differentially expressed DD
cDNA fragments / genes.
The DD-PCR products which revealed
informative results on the agarose gels were
loaded on 6% sequencing gel to resolve the cDNA
fragments (Figs. 1-3). In the present investigation,
a total of (364) bands were observed and fourteen
differentially expressed fragments were selected
for subsequent molecular analysis as shown in
Table (2).
Seven fragments were recovered from
experiment A (A1: 4hr treatment with 0,100, 200,
300 and 400 mM NaCl2). Fragments A1 (AP3)1
and A1(AP4)3 were present in the control sample,
up regulated at 300mM salt then down regulated
at 400mM, Figure 1 A and B respectively. Also,
A1(AP3)2 and A1(AP4)4 fragments were up
regulated at 300, 400 mM NaCl2, Figures 1 A and
B respectively, while, EXP. A1(AP4)2, Figure 1 B
and A1(AP6)1 figure 2 A, fragments were up
regulated at 400 mM NaCl2. However, the A1
(AP3)2 fragment was up regulated at 300mM.
Five
fragments were
obtaining
from
experiment A2 (8hr treatment with sodium

chloride 0, 100, 200, 300 and 400 mM NaCl2). The
A2 (AP2)1, (AP2)2, (AP2)3 and (AP2)4 fragments
were up regulated (Fig. 2B) and isolated at 200
mM sodium chloride. While, the A2 (AP4)1
fragment was up regulated at 100, 200, and 300
mM but down regulated at 400 mM.
The A3 (AP4)1 fragment was gradually up
regulated at the different salt concentrations with
a clear in band intensity. Only one differentially
expressed fragment was selected from the group
B seedlings that received gradual increase in salt
concentration namely B (AP4)1. This fragment
was up regulated at the different salt
concentration, Figure (3).
3.
Re-amplification
of
the
selected
differentiated fragments and sequencing
The re-PCR was performed for the selected
cDNA fragments using the same primer and the
same PCR conditions. The PCR products were
resolved in 1.5% agarose gels. The size of the reamplified fragments ranged between 250 and 900
bp (Figs.4 and 5).
4. Sequence analysis using bioinformatics
tools.
The sequence data were compared against
the
Gene
Bank
data
base
(http://
www.ncbi.nlm.nih.gov/BLAST/) to identify the
homology between the differentially expressed
cDNA fragments and the sequences on the Gene
Bank database.
The (AP3)1 fragment showed homology with
Rho GTPase-activating protein with score=122
bits, E-value=4e-24 and 78% identity. The (AP3)2
fragment demonstrated homology with Betagalactosidase with score=353 bits, E-value=2e-93
and 83% identity. While, A1 (AP4)1 fragment
showed homology with Arabinogalactan protein
with score=421, E-value=7e-114, and 84%
identity. Fragment A1(AP4)4 had a homology with
ABC transporter C family member 10 with score
475 bits, E Value= 4e-130. And 88% identity.
Also, the A1(AP6)1 fragment revealed a high
similarity with protein polybromo at score=590, EValue=1e-164 and 94% identity. However, two
fragments A1(AP4)2 and A1(AP4)3 in addition to
A3(AP4)1 and B (AP4)1 expressed the similarity
to Alcohol dehydrogenase (ADH) gene, Alcohol
dehydrogenase class-3 with score=132, E value=
8e-27, 67% identity; score 58.4, E- value=2e-04 ,
93% identity ; score=407, E-value=2e-109, 86%
identity and score=784, E-value=0.0, 91% identity,
respectively.
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Figure. 1 (A) Differential display profile as revealed by arbitrary primer AP3. Experiment A1.
Fragments (AP3)1, (AP3)2. EXP.A1 (4 hr treatment with 100, 200, 300 and 400 mM NaCl2), AP3:
Arbitrary primer AP3, M: 1Kb Marker, lane 1: control, lane2:100 mM, lane 3: 200mM lane 4:300mM and
lane 5: 400mM. (B). Differential display profile as revealed by arbitrary primer AP4. Experiment A1. (AP4)
fragments A1(AP4) 1, A1(AP4) 2, A1(AP4) 3 EXP.A (EXP.A1, 4 hr. treatment with 100, 200, 300 and 400
mM NaCl2), AP4: Arbitrary primerAP4, M: 1Kb Marker, lane 1: control, lane2:100 mM, lane 3: 200mM
lane 4:300mM and lane 5: 400mM.

Figure. (2) (A). Differential display profile as revealed by arbitrary primer AP6. Experiment. A1 (4hr
treatment with 100, 200, 300 and 400 mM NaCl2), Arbitrary primer AP6. fragment A1(AP6)1 M: 1Kb
Marker, lane 1: control, lane2:100 mM, lane 3: 200mM lane 4: 300mM and lane 5: 400mM. (B) Differential
display profile as revealed by arbitrary primer AP2. experiment A2. (treatment for 8 hr. with 100,200,300
and 400 mM NaCl2) fragments A2(AP2)1, A2(AP2)2, A2(AP2)3 and A2(AP2)4, M: 1Kb Marker, lane 1:
control, lane 2: 100 mM, lane 3: 200mM lane 4: 300mM and lane 5: 400mM.
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Table 2. Expression patterns of the obtained DD fragments.
Fragment
No.

Submission
number

Fragment Symbol

1
2
3
4
5
6
7

2048070
204871
2048072
2048355
2048358
2048361
2048362

EXP. A1 (AP3)1
EXP. A1 (AP3)2
EXP. A1 (AP4)1
EXP. A1 (AP4)2
EXP. A1 (AP4)3
EXP. A1 (AP4)4
EXP. A1 (AP6)1

1
2
3

2048363
2048364
2048365

EXP. A2 (AP2)1
EXP. A2 (AP2)2
EXP. A2 (AP2)3

4
5

2048366
2048367

EXP. A2 (AP2)4
EXP. A2 (AP4)1

Control

100mM

200mM

EXP. A1
+

+

300mM

400mM

++
+
+

+

+++
+

+
+
++
+
+

EXP.A2

1

2048368

1

2048369

EXP.A3
EXP. A3 (AP4)1
+
EXP.B
EXP. B (AP4)1
+

+
+
+

+

+
+

++

+

++

+++

++++

+++++

++

+++

++++

+++++
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Concerning, the five fragments belonging to
Experiment A2, we found that the A2(AP2)1
showed
significant
homology
with
3hydroxyisobutyryl-CoA hydrolase with score=793,
E-value=0.0 and 89% identity. Fragment A2
(AP2)2 had a homology with MOR1 protein with
score=514, E-value=1e-141 and 84% identity. A2
(AP4)1 showed homology with receptor 3 (TLR3)
with score=647, E-value=0.0 and 99% identity.
However, two fragments A2(AP2)3 and A2(AP2)4
showed homology to Sulfite reductase (SiR) with
score=158,
E-value=3e-34,
identity=70%;
score=412,
E-value=6e-111,
identity=90%,
respectively.
Therefore, the present results revealed that
out of 14 selected fragments two fragments
showed homology to sulfite reductase (SiR), four
fragments revealed homology with ADH. While,
the other fragments had homology with different
proteins and enzymes that are known to play a
role in protecting plant cells under salinity-induced
conditions. All of the reported fragments here in
are being reported for the first time in C. maritima.
5. Functional annotation of differentially
expressed genes.
In general, the re-amplified fragments from C.
maritima could be categorized according to their
proposed function into two major categories,
genes related to cellular membranes stabilization,
and genes involved in pathways that are directly
or indirectly involved in stabilizing cells under
salinity stress.
5 -A Genes involved in stabilizing the cellular
membranes.
One of the fragments, A1 (Ap3)1 had a
significant homology to genes encoding for Rho
GTPase-activating protein. The Rho GTPaseactivating proteins are found in eukaryotes plasma
membrane, Golgi, endosomes, endoplasmic
reticulum and endomembrane (Michaelson et al.
2001). According to their functions, the GTPaseactivating proteins are classified into 5 subfamilies, Ras, Rab, Rho, Ran and the Arf family
(Wennerberg and Channing 2004).
In general, Rho-GTPase proteins are believed
to be involved in several signaling pathways,
microtubule dynamics, vesicle trafficking, cell
cycle, growth, and apoptosis (Chi et al. 2013). It
also has been proposed that Rho GTPases
proteins are directly involved in regulation of many
abiotic stress related genes, protecting cells from
ROS that is generated under abiotic stresses,
therefore, helping the cell to reach its redox

potential (Mitchell et al. 2013).
The A1(AP3)2 fragment, was found to be
homologue
to
β-galactosidase
gene.
βgalactosidases represent one of the cell wall
hydrolases enzymes along with α- galactosidase,
and acid phosphatase. These enzymes play an
important role in cell elongation and growth, as
hydrolases enzymes are required for cell wall
polysaccharides
degradation
(Mimic
and
Jounanin, 2006). In accordance, with the present
results reported that expression level of
hydrolases enzymes decreases in commercially
domesticated plants under salinity conditions,
which could explain the decrease in growth under
salt stress (Singn and Prasad, 2009). On the other
hand, Le Gall et al. (2015) reported that βgalactosidase in particular is considered as a
member of plant stress-responsive proteins which
enable plant cells under severe stress to use
carbohydrates in the cell wall as a source of
soluble-sugars to maintain cell osmotic balance.
Hmida-Sayari et al. (2005) also reported an
increase in β-galactosidase in potato in response
to salinity.
The A1(AP4)1 fragment reveled high
homology
to
published
sequences
of
Arabinogalactan
(AGP)
genes.
The
Arabinogalactans (AGPs) is a complex, high
molecular weight glycoproteins-family located in
the cell walls, plasma membranes, tonoplast, and
intercellular spaces in plants (Ellis et al., 2010).
AGPs play an important role in plant-tissue
development, somatic embryogenesis and
calcium capacitors (Lamport and Varnai, 2013).
Their expression level tends to increase
dramatically in response to salinity (Lamport et al.,
2006). Recently, it has been suggested that AGPs
may work as Na+-carriers between plasma
membrane and tonoplast (Olmos et al. 2017).
The A1(AP4)4 fragment demonstrated
homology to ATP-Binding Cassette transporter
(ABC transporter) C family member 10. The ATPbinding cassette (ABC) superfamily is found in the
plasma membrane of all living organisms, ranging
from bacteria to humans (Higgins, 1992). In
Arabidopsis, the ABC proteins are encoded by a
total of 60 open reading frames (ORFs) (Davies
and Coleman, 2000), they contain exporters and
importers involved in different biochemical,
physiological and developmental processes
(Saurin et al., 1999). Under stress conditions,
ABC-transporters act as transporter for ions,
organic molecules, complex lipids, small proteins
and peptides against its chemical gradient (Hyde
et al., 1990).
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Fig. (4) Experiment A1. Re-PCR, experiment A1 (treatment 4 hr with 100, 200, 30, 400 mM NaCl 2) M:
Marker (A. (AP3)1 Fragment Re- PCR, B (AP3)2 Fragment Re- PCR, C. (AP4)1 Re- PCR Fragment, D
(AP4)2 and (AP4)3 Re-PCR Fragments and E (AP6)1 fragment Re- PCR).

Fig. (5) Experiment A2. Re- PCR: experiment A2 (treatment for 8 hr. with sodium chloride 100, 200,
300, 400 mM NaCl2), using Arbitrary primerAP2 M: Marker lane 1 fragment (AP2)1: lane 2 fragment
(AP2)2 lane 3 fragment (AP2)3 and lane 4 fragment (AP2)4.
Interestingly, four fragments A1 (AP4) 2, A1
(AP4) 3, A3 (AP4)1, and B (AP4)1 were found to
5-B Genes involved in pathways directly or
be homologues to different members of Alcohol
indirectly involved in stabilizing the cells
dehydrogenase (ADH) gene family. It is a wellunder salinity stress.
known fact that under stress conditions,
The fragment A2 (AP4)1 showed homology
fermentation cycle within the plant cell is active to
with receptor 3 from Toll-like protein (TLR3).
generate NAD for glycolysis which in turn, would
According to Bell et al. (2005), TLR gene family is
generate two ATP molecules from each glucose,
known to be involved in Innate immunity in human
and the energy of this process is provided by the
and animal. Yet Ryan et al. (2007) reported the
ADH enzyme. It has been reported that ADH
presence of different intra cellular TLR in the
expression is induced under different abiotic
Arabidopsis genome, which is believed to serve
stresses including cold and osmotic stresses
as sensors in plant pathogen defense. Based on
(Shiao, et al. 2002; Muller et al. 2012 and Myint et
the present results, it could be suggested that
al. 2015) and in different tissues (Zhang et al.,
under salinity stress, plants may be more
2015).
susceptible to pathogens, therefore, it is important
The A1 (Ap6)1 fragment showed high
to induce other biotic responsive genes like TLRs
homology to the gene encoding Polybromo
to help induce plant defense mechanism.
protein. Polybromo protein is one of several
Bioscience Research, 2018 volume 15(2): 850-861
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chromatin remodeling proteins that act in
nucleosome mobilization and facilitate the
recruitment of transcription factors (Eberharter
and Becker 2002 and Wang et al., 2004). It is a
well-established fact that plant cell response to
abiotic stresses (extreme temperatures, drought,
and salinity) requires chromatin remodeling
(Chinnusamy and Zhu 2009 and Kim et al., 2015)
as well as changes in DNA methylation (Sokol et
al., 2007 and Ferreira et al., 2012), which would
be the first step for transcription activation of
stress-induced genes.
The A2 (AP2)1 fragment was found to be
homologue to the 3-hydroxyisobutyryl-CoA
hydrolase gene. Valine is one of the major amino
acid, that also plays a role as an osmolyte under
salinity conditions (Burg and Ferraris, 2008) 3Hydroxyisobutyryl-CoA hydrolase, which has been
reported to exhibit an increase in transcript in
response to dehydration stresses (Abebe et al.,
2010 and Ding et al., 2014), function by inhibiting
the toxic accumulation of valine in the cytosol by
removing CoA from 3- hydroxyisobutyryl-CoA in
the catabolic pathway of valine (Shimomura et al.,
1994, and Nedjimi, 2011).
The A2(AP2)2 fragment was found to be
homologue to the MOR1 gene. The MOR1 gene
encodes for a protein that is a member of the
MAP215 family of microtubule binding proteins,
that function in organization of the microtubules in
plant cells. (Twell, et al., 2002). Nakajima et al.,
(2004) suggested that under stress-conditions,
many of the microtubule binding proteins tend to
degrade at high rate. In Arabidopsis sos1-mutants
that are super-sensitive to salinity, Shoji et al.
(2006) reported that orientation of microtubule
fiber in roots was very random, when compared to
wild-type plants. Therefore, increasing production
of microtubule binding protein under salinity stress
could be part of the stress-adaptation
mechanisms in halophytic plants.
Two fragments A2 (AP2)3, A2 (AP2)4 were
found to be homologue to Sulfite reductase (SiR)
gene. It is a well-known fact that part of the
damage that plant go through under salinity stress
is the accumulation of ROS in cell that is coupled
with the inability of the cell to degrade these
reactive species. Under normal-unstressed
conditions, plants are equipped with enzymes to
degrade ROS that are produced as secondary
metabolites
(Yarmolinsky
et
al.,
2014).
Interestingly, Wang et al. (2016) reported that
knocked-down Arabidopsis mutants in sulfite
reductase were more sensitive to oxidative
stresses compared to wild type, indicating the

involvement of Sulfite reductase in ROSscavenging system during biotic and abiotic
stresses.
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