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approaches, there is a growing demand for valid bioinformatics methods to
define these proteins function. In this study, our objective is to identify the
function of unknown proteins from UCB-1 pistachio rootstock and specify
their classification using bioinformatics tools. In previous research, we
recognized 5 HPs in proteomic profile of the University of California at
Berkeley I pistachio rootstock leaf under salinity stress. Two of them had 2.95
and 2.29-fold up-regulation under salinity stress. In this study, the probable
function and characterization of these HPs were recognized using different
statistical methods and programs. According to our analyses, these HPs have
similarities with reverse transcriptase enzyme as well as helicase enzyme and
some responsive proteins to salt stress. These observations suggest a close
relationship between the overexpression of these enzymes and plant responses
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to salinity stress. These stress-responsive proteins could provide a novel plant
defense strategy in response to salinity.
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Introduction

Pistachio, with at least 11 species and as the
most important nut all over the world, belongs to
the Anacardiaceae family (Moazzzam Jazi et al.,
2017). P. integerrima, P. atlantica, and P. vera
are three of the most important pistachio species
that P. vera is used as cultivated species, while
P. integerrima, P. atlantica is used as rootstock
for P. vera cultivation (Moazzzam Jazi et al.,
2017). Hybrid UCB-1 pistachio rootstock was
produced with a cross between P. atlantica
female x P. integerrima male and by controlled
pollination in the University of California at
Berkeley (Ahmad et al., 2005). UCB-1 has better
salinity tolerance (Ahmad et al., 2005; Ferguson
et al, 2002; Akbari et al., 2018), better yields

(Ferguson et al, 2002), greater Verticillium
tolerance (Morgan et al., 1992) and better cold-
resistance (Epstein et al, 2004) than other
pistachio rootstocks.

When plants are exposed to salinity stress,
agricultural fertility and grow of them are limited
(Schwarz et al., 2010). The yield of pistachio,
which is classified as a salt-tolerant plant, is
significantly reduced by salinity stress
(Moazzam Jazi et al., 2016; Jamshidi et al.,
2019). In plants, physiological, biochemical and
molecular reactions are the controllers of
tolerance to salinity stress (Mostek et al., 2015;
Kiarash et al., 2018). Plant proteomic analysis is
a useful technique for a better understanding of
the plant's mechanisms in reaction to abiotic

m This work is licensed under the Creative Commons Attribution 4.0 International License.



Jamshidi Goharrizi et al., J Genet Resour, 2019;5(2): 72-82

stresses such as drought and salinity (Barkla
Bronwyn et al., 2013). In plants and under
various tensions, the proteomic analysis provides
essential information about the expression of the
proteins (Barkla Bronwyn et al., 2013).
Hypothetical proteins (HPs) or unknown proteins
are proteins that have not been linked to known
genes (Bharat Siva Varma et al., 2015), have not
been characterized (Bharat Siva Varma et al,
2015), and whose existence has been predicted
(Galperin 2001). Domains of HPs have known
proteins which have not any recognized
structural or functional domain (Bharat Siva
Varma et al, 2015). A big section of the
mammalian proteome is demonstrated by HPs.
Domain homology searches are able to predict
the function of HPs with different confidence
levels (Srinivasan et al., 2015). HPs have
conserved domains and it is possible that these
conserved domains be compared with the known
family domains. In this regard, HPs could be
categorized and determined into specific protein
families by homology modeling (Srinivasan et
al., 2015).

Many computational tools are used to predict
protein function in HPs. This has been attained
from information derived from phylogenetic
analysis, sequence similarity, active site residue
similarity, conserved domains, protein-ligand
interactions, protein-protein interaction, motifs,
gene expression profiles and phosphorylation
regions (Bharat Siva Varma et al., 2015). The
purpose of this study is to identify the function
of unknown proteins from UCB-I pistachio
rootstock and specify their classification using
bioinformatics tools. These data can be applied
to use these proteins as beneficial targets for the
engineering of the plant varieties tolerant to salt
stress conditions.

Materials and Methods
Selection of the hypothetical protein

In our previous study on changes in the
proteomic profile of UCB-1 pistachio rootstock,
5 HPs under NaCl stress were reported. Two of
these proteins were up-regulated 2.95 and 2.29-
fold under salinity stress (Jamshidi Goharrizi et
al., 2019). The results of the NCBI BLAST search
tool showed sequence similarities with
uncharacterized proteins named LOCI105974023
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from Erythranthe guttata and LOCI109219975
from Nicotiana attenuata. Therefore, these
proteins were selected for further analysis. The
overall methodology for the characterization of
HPs is presented in Fig.1.
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Fig.1 The overall
characterization of HPs.

The conserved domains analysis

Domains are often determined as (sequence or
structure) units, which can be thought of as
separate functional and/or structural protein
units. In the course of molecular evolution, it is
suggested that domains may have been used as
building blocks and have faced recombination to
regulate protein functions (Galperin 2001). A
domain or fold might also demonstrate a higher
conservancy degree as compared with the whole
sequence (Lesk and Chothia 1986). In this study,
five bioinformatics tools including CDD-BLAST
(Conserved Domain Database-Basic Local
Alignment Search Tool), PFAM, HmmScan,
SMART (Simple Modular Architecture Research
Tool), and SCANPROSITE were applied. These
tools are able to find the specified conserved
domains in the desired proteins’ sequences and
then can help in the putative proteins’
classification in a specific protein family.

Physicochemical characterization

ProtParam tool
(http://web.expasy.org/protparam/protparam-

doc.html) in the ExPASy server was used to
evaluate the physicochemical properties of HPs
(Gasteiger et al, 2005). Theoretical pl,
molecular weight, the total number of negative
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and positive residues, amino acid composition,
aliphatic index, GRAVY or the grand average of
hydropathicity, extinction coefficient, and
instability index are computed by ProtParam tool
(Gasteiger et al., 2005). A protein aliphatic index
is an indicator that is described as the
comparative content occupied by aliphatic side
fetter amino acids. The GRAVY value for a
protein or peptide is computed as the aggregation
of the hydropathy amounts of all of the amino
acids distributed by the number of rests in the
sequence. The amount of light that a protein
absorbs at a determined wavelength is shown by
the extinction coefficient. Instability index is an
indicator for calculating protein stability in a
tube. An instability index >40 is anticipated to be
unstable and a value <40 is anticipated to be
stable (Gasteiger et al., 2005).

Sequence analysis

To calculate sequence similarity, BLAST or
Basic Local Alignment Search Tool is frequently
used (Altschul et al, 1990; Amirmahani and
Jamshidi Goharrizi 2018). The FASTA sequences
of the selected proteins were the inquiry
sequences, and analogous proteins in various

databases were investigated for using the
BLASTP program. BLASTP is applied to
discover analogous sequences in protein

databases and to recognize a query amino acid
sequence (Altschul ef al., 1990).

PPI prediction

The Database of Interacting Proteins (DIP)
(http://dip.doe-mbi.ucla.edu) was applied to
predict the proteins’ interactions. It is a
biological database that gathered experimentally
defined interactions between proteins. It
combines data from a range of sources to make a
single, constant set of protein-protein
interactions (Salwinski et al, 2004). If the
protein of interest is not present in the database,
it is also practical to done sequence similarity
(BLAST) and motif searches to find closely
related proteins. The interaction pattern of them
might give insights into the potential but not yet
determined  query  proteins’  interactions
(Salwinski et al., 2004).
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HHPred model generation

Formal sequence quest procedures examine
sequence databases such as non-redundant
databases or UniProt; however, Hhpred searches
a vast diversity of databases such as CDD,
COGs, PDB, Pfam, SCOP and SMART (Varma
et al., 2015). Also, one of the fastest servers for
structure prognostication and remote protein
homology prognostication is HHpred. HHpred
acts based on the pairwise analogy profile of
HMMs or hidden Markov models (Varma et al.,
2015).

Three-dimensional structure

The computational prediction of a protein
structure from its amino acid sequences
considerably simplifies its function prediction,
subsequently (Gazi et al, 2018). An online
server PS’-v2 (PS Square version 2), a template-
based method was utilized for the structure of
the HP prediction. The protein modeling by this
online server proved the function of it latter.
Also, PFP-FunDSeqE has been applied to
evaluate the protein fold patterns based on
functional domain information and evolutionary
data combination.

The quality of the model was evaluated by
VERIFY3D by assigning a structural class
according to the location and environment of
each residue position and by comparing the
results to good structures. Environments of
residues correlated three parameters: the local
secondary structure, the residue area that is
buried and the side-chain area fraction covered
by polar atoms (Eisenberg ef al., 1997).

Functional prediction

Different tools were applied for accurate
functional assignments of the desired HPs such
as CDD-Blast, Pfam, HmmScan, SMART,
Scanprosite, MOTIF, INTERPROSCAN, CATH,
SUPERFAMILY, and Protonet.

PlantPReS website

PlantPReS  (http://'www.proteome.ir/) has a
proteomic database of over 35086 stress-
responding proteins of 577 virtual articles. It
contains over 10,600 proteins of the unique
stress response.
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This provides information about the plant type,
registration number, protein name, stress type,
tissue, and growth stage of all stress-response
proteins. PlantPReS also provides customized
BLAST tool searches for sequences with
common ancestors. In addition, a filtration mode
is provided in PlantPReS for several analyzes.
The text or graphic format of the results can be
displayed (Kumar and Shanker 2018).

Results
The sequence of hypothetical protein

HPs were subjected to NCBI Blast search to gain
the primary data. The sequences of our HPs were
chosen to specify their function by different
tools. The FASTA format of them are as follows:

LOC105974023:

MISQRGIEANPAKIEAITSMAPPTSIKKVQQLNGCL
AALNRFISRSADKGLPFFKILRGGKKFEWNEDCQRA
FTELKAYLTSPPLLTKPQPGDTLFLYLAISADAISA
VLIRDGEKGHQPIYYISRALQGPEHRYTNMEKLALA
LINAARKLRPYFQSHQVIVLTNYPLKQILRSPETSG
RLAKWATIELSEYGVEFKPRPATIKAQILADFVVEMTT
SEESTSIPTWAINVDGSSTATGGGAGIASNNEAEYE
ALTAGIRLALAAGARKLIVHSDSQLVVNQVLGNYEA
KEESMAKYLALALTLLSKLDSYEIKQVPRANNIDAD

KLARLGSSMASIGSRKITLLTASQPEIVSTDGVNCA
EESEPCWITPITNYLKSGELPTDIAQAKKIKVRAAR
FLMIGEDLYKRGFSSPYLKCLNPSAADYVLREVHEG
ICGNHLSGRNLALKILRQGYYWPTMHEDAKKLVQRC
KPCQEHANILHLPAALMQPIDSPIPFAQWGVDLVGP
FPPATGGRKFLIVAVDYFTKWVEAEPLARIR

LOC109219975:

MPRPVEFYEEEVDNTNRLIRDELRYNRRSLSKEHDEL
LIKLTLEQKSVYDRIITAVHEDKGGLFFLYGHGGTG
KTFIWRTLSSATIRSKGDIVLTVASSGIASLLLPGGR
TAHSRFAIPLNATEDSTCNIKQRSPLAKLIVETKLI
IWDEAPMMHRYCFEALDRTLRDILRFKDASNLDRPF
GGKIVVLGGDFRQILPVITKGTRQDIVNAALNSSYL
WNHCHVLKLTKNMRLEGNQVESHLNDLRQEFSDWVLA
IGDGMIENFVDGIEKVHIPDVLLINNCDDPISVIVE

Physicochemical characterization

In this study, we analyzed the physicochemical

characteristics of two HPs from UCB-1
pistachio rootstock for the first time. The
physicochemical features of the intended

proteins are summarized in table 1. Isoelectric
point (pl) of the HPs were 9.01 and 6.51. pl is
the pH at which the amino acid of protein
tolerates no net charge and therefore does not
move in a direct current electrical field.

Table 1. Physicochemical properties of the hypothetical proteins.

Properties Values

Hypothetical proteins LOC105974023 LOC109219975
Number of amino acids 535 288
Molecular Weight 58962.16 Da 32652.53 Da
Theoretical pl 9.01 6.51

Total number of negatively charged residues 53 38

Total number of positively charged residues 63 36

Ext. coefficient 67310 M ‘e’ 31190 M 'em!
Instability index 35.83 40.66
Aliphatic index 96.39 103.89

Grand average of hydropathicity (GRAVY) -0.134 -0.178

At 280 nm, the extinction coefficient of HPs
ranges 67310 and 31190 M'cm™. The presence
of a high concentration of Cys, Trp, and Tyr
shows a higher extinction coefficient of HPs.
The instability index value of the HPs was found
to be 35.83 and 40.66. It is suggested that a
protein will be stable whose instability index is
smaller than 40, a value above 40 predicts that
the protein will be unstable. The AI is the
relative volume of a protein occupied by
aliphatic side chains (A, V, I, and L) and is
considered as a positive factor for the raise of
thermal stability of globular proteins. The
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Aliphatic index for the HPs was 96.39 and
103.89. The GRAVY of HPs is -0.134 and -
0.178. The better interaction of protein and water
is occurring in low GRAVY.

Sequence analysis

The similarities of the protein sequences were
searched against the PDB protein structure
database and non-redundant
UniProtKB/SwissProt database. The results of
preliminary data revealed the possible
recognition of resembling proteins from various
organisms. The identities, similarities, and FE-
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values are given in table 2. The results of PDB
and UniProtKB/SwissProt  databases were
recognized RNase HI like and ATP-dependent
DNA helicase PIF1-like as domains hit of these
HPs. Sequences of the HPs were analyzed for
functional domain identification using five
bioinformatics tools namely CDD-BLAST, Pfam,
HmmScan, SMART, and SCANPROSITE. 1If the
given five tools showed similar domains for
proteins, we considered it a 100% confidence
level (Gazi et al, 2018). Various confidence
levels were determined on the basis of obtained
results of these web-tools. One hundred
percentage confidence level was considered
upon obtaining the same domains (RNase H-like
domain found in reverse transcriptase and N-
terminal domain of the DEAD-box helicase
superfamily) from the five different tools.

PPI prediction

Based on the results of the PPI prediction
sequence

through similarity search,

LOCI105974023 and LOC109219975 HPs
showed a link with Reverse transcriptase and
PIF1 protein (helicase), respectively (E- values,
6e-17 and le-12).

HHPred model generation

As shown in the above table, our HPs show
sequence similarities with few proteins of
recognized function. Therefore, HHpred was
applied to create distant homology models.

The homology derived model was gained by
HHPred using 4QDY as the template at the
Modeler server. According to the HHPred
results (Fig. 2), it can be concluded that similar
and new sequence similarities were obtained
with the unknown proteins, including, reverse
transcriptase, integrase, and DNA binding protein
for LOCI105974023 HP and proteins like
Exodeoxyribonuclease V, ATP-dependent DNA
helicase PIF1 and DNA helicase I/DNA complex
for LOC109219975 HP.

Fig.2 HHpred output displaying probable similarities of two HPs: A) LOC105974023 and B) LOC109219975

Three-dimensional structure

PS’ was used to determine the three-dimensional
structure of the HPs (Fig. 3). The server used a
2zd1A template to model these proteins (Fig.4).

Functional analysis

The results of the annotated function of HPs also
showed similarities with the RNase H-like
domain (in reverse transcriptase) and helicase
enzyme for HPs which confirms the previous
findings.
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PlantPRes analysis

Based on the results of PlantPReS, a list of 84
and 87 identical proteins was found for
LOCI105974023 and LOCI109219975 HPs,
respectively. They were related to different stress
responses. The first two proteins have the
highest similarity as summarized in Table.3.
Totally, 10 proteins were related to salinity
stress.
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Fig. 3.Three-dimensional structures of HPs by PS”: A) LOC105974023; B) LOC109219975
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Table 2. The output of the blastp searches for similar sequences against non-redundant UniProtKB/SwissProt sequences.

Hypothetical proteins Protein Organism Identity Similarity Score e-value
(bits)
Reverse transcriptase Retrovirus(from 67/222(30%) 109/222(49%) 93.6 1.00E-18
transposon opus)
Reverse transcriptase Retrovirus (from 59/194(30%) 95/194(48%) 85.9 3.00E-16
transposon 297)
Reverse transcriptase Retrovirus (from 54/193(28%) 82/193(42%) 77 2.00E-13
transposon 412)
LOC105974023 Gypsy retrotransposon integrase- Retrovirus (from 50/174(29%) 79/174(45%) 69.7 2.00E-11
like protein 1 transposon 412)
Retrotransposable element T2 Retrovirus 56/229(24%) 106/229(46%) 67 3.00E-10
ATP-dependent DNA helicase Nicotiana attenuata 249/288(86%) 268/288(93%) 525 0
PIF1-like
ATP-dependent DNA helicase Nicotiana sylvestris 247/288(86%) 262/288(90%) 508 4.00E-176
PIF1-like
LOC109219975 ATP-dependent DNA helicase Nicotiana tabacum 218/288(76%) 248/288(86%) 456 1.00E-156
PIF1-like
ATP-dependent DNA helicase Nicotiana tomentosiformis ~ 224/288(78%) 252/288(87%) 441 1.00E-150
pifl-like
ATP-dependent DNA helicase Capsicum annuum 202/288(70%) 239/288(82%) 420 1.00E-145
pifl-like
Table 3. The most identical proteins to our target proteins in response to abiotic stress.
LOC105974203
Protein ID Protein name Percent Spot Number Protein source Tissue Organelle Stres Expression
identity organism S
Q7XTU6 OSJNBb0034113.10 protein 46.67% 5 Rice (Oryza sativa) Root Cell S Upregulated
AS5CBB4 Putative uncharacterized 44.48% 14 Thellungiella Leaf Cell S Upregulated
protein (Thellungiella)
LOC109219975
Q10R18 Dehydration-responsive 44.82% OsNS-121 Rice (Oryza sativa) shoot Nucleus D Upregulated
element-binding protein 2E
QOWQJ7 ATP binding microtubule 42% HO1 Soybean Hypocotyl Cell S Upregulated

motor family protein

S= Salinity; D=Drought

T8-TL (T)S:610T “nosay jouan [ “1v J2 1ZLLIEYOL) IpIyswef
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Discussion

It is the first study that we analyzed the
properties of the UCB-1 rootstock pistachio HPs.

Based on the achieved results, the
RNase HI like and N-terminal domain of the
DEAD-box  helicase  superfamily  were

recognized as domains hit of these HPs by PDB
and UniProtKB/SwissProt databases. RNase H,
which is involved in DNA repair, transcription,
and replication, is an endonuclease that splits the
RNA strand of an RNA/DNA hybrid in a
sequence non-specific manner. The elementary
analysis revealed that one of the HPs has a high
similarity with reverse transcriptase enzyme in
different retrotransposons of retroviruses. The
upregulation of this protein in UCB-I rootstock
pistachio under salinity stress has been reported
in our previous study (Jamshidi Goharrizi ef al.,
2019).

To investigate the functional analysis, conserved
domains were observed because conserved
domains are functional units within a protein that
play as building blocks in molecular evolution
and recombine in different arrangements to
create proteins with various functions. The
information is then applied for putative
functional annotation of protein query sequences
according to matches to specific super-family
history, identification of proteins with a similar
domain. As it was presented in the results, one of
our uncharacterized proteins shows a similarity
with the RNase H domain and integrase protein
that is as transposon machinery elements
(Majorek et al., 2014).

According to our results, the other HP showed a
similarity with the helicase enzyme. DNA and
RNA helicases are enzymes unwinding duplexes
and play significant roles in almost transactions
of all nucleic acids (Sanan-Mishra et al., 2005).
Previous studies reported overexpression of pea
DNA helicase 45 (PDH45) gene in tobacco
(Amin et al., 2012) and rice (Oryza sativa L,
CV: IR64)(Sahoo et al, 2012) which confers
tolerance to salinity stress (Sahoo et al., 2012).
DEAD-box helicases are members of SF2
superfamily which have a conserved helicase
core (Ranji et al., 2011). The name of DEAD-
box helicase is because of their conserved motif
containing amino acid sequences of Asp-Glu-
Ala-Asp  (D-E-A-D)(Linder and Jankowsky
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2011). The DEAD-box helicases have many
roles in several aspects of metabolism and in
different biological processes in plants like
multiple abiotic stress response regulation
(Baruah et al., 2017). They are determined to
have roles in the activation of abiotic stress
tolerance participants in plants (Barak et al,
2014; Liu et al., 2016). Because stress decreases
the protein synthesis by the cellular gene
expression machinery affecting; therefore, it is
clear that molecules involved in the processing
of the nucleic acid such as translation
factors/helicases are likely to be influenced
(Sahoo et al., 2012).

We analyzed the physicochemical properties of
these HPs of UCB-1 for the first time. In Table 1
the physicochemical properties of HPs are
tabulated. The determined Pi will be useful
because solubility is minimum and in an electro
focusing system mobility is zero at pl. As well as
proteins become stable and compact at
isoelectric pH, in this regard, computed pl will
be beneficial for improving a buffer system for
purification by isoelectric focusing method.
Moreover, the quantitative study of protein-
protein and protein-ligand interactions in the
solution can be performed by using computed
extinction coefficients. The instability index
shows the approximate stability of proteins in a
test tube. The proteins with a very high Aliphatic
index may indicate stability in a wide
temperature range where lower Aliphatic index
proteins are not thermally stable and have more
flexibility. Besides these indexes, the GRAVY
value for a protein is computed by adding the
values of hydropathy of all the amino acids and
dividing it by the number of residues in the
sequence (Ikai 1980).

The PPIs are important to perform almost all of
the cellular functions. Mostly, proteins mutually
interact with another one in a dependent way to
carry out a common function (Islam et al., 2015).
It is possible to predict the function of a protein
according to its interaction with other proteins
(Laurie and Jackson 2005). It is very unusual
that proteins bring out function with any
interactions with other biomolecules. In this
regard, in this post-genomic era, PP/ databases
have become the most significant resource for
searching biological networks and pathways in
cells (Laurie and Jackson 2005). Therefore, a



Jamshidi Goharrizi et al., J Genet Resour, 2019;5(2): 72-82

predicted interaction with Reverse Transcriptase
enzyme and helicase enzymes can provide the
HPs potential as a part of Transposon elements
machinery as well as PIF] helicase. Pifl family
helicases are discovered effectively in all
eukaryotes, most of the eubacteria, and some
archaea bacteria (Bochman et al., 2010).
Whereas these enzymes' functions are different
within and between organisms, it is very clear
that Pifl family helicases are vital for the
maintenance of both nuclear and mitochondrial
genome for plant’ survival during stress
conditions (Bochman et al, 2010). Moreover,
the PS2 server was used to determine the three-
dimensional structure of the HPs. This server
used templates to model those proteins.

In addition, in this study, a similarity with some
stress-responsive  upregulated genes  was
determined using PlantPReS website. For
LOC105974203 HP, one of these proteins was a
nucleic acid-binding protein in rice (Oryza
sativa), as a part of the Retrotransposone
complex, involved in salt stress defense (Feng et
al., 2002). Also, a Putative uncharacterized
protein up-regulated under salinity stress in
Thellungiella (Thellungiella) showed sequence
similarity with this HP. Also, several similarities
with some stress-responsive genes were
observed for LOC109219975 HP. The highest
similarity was found with Dehydration-
responsive element-binding protein 2E Rice
(Oryza sativa), which is induced by abiotic
stresses and involved in stress responses of
plants (Agarwal et al., 2017). The other protein
was ATP binding microtubule motor family
protein, involved in key processes in plant cells
induced by stress conditions (Krtkova et al.,
2016). Similarly, the results of our previous
study revealed the upregulation of these proteins
under salinity stress conditions that can be
related to the retrotransposon and helicase
activation under salt stress conditions (Jamshidi
Goharrizi et al., 2019).

Transposon silencing is demonstrated under
normal development, while activation of them
was found under different biotic and abiotic
stresses in plants (Kimura et al., 2001; Wessler
1996). A close relationship between activation of
retrotransposons and plant defense responses
has already been reported (Grandbastien et al.,
1997; Grandbastien et al., 1994; Pouteau et al.,
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1994). Also, helicases that are known to express
under the effects of different abiotic stresses,
playing a significant role in growth stabilizing in
plants under stress conditions by some stress-
induced pathways regulating (Tuteja et al.,
2012). These observations suggest the existence
of unknown proteins like retrotransposons and
helicase in UCB-1 pistachio rootstock. These
results may indicate a survival strategy based on
the plant ‘s biology. By using these elements in
hand, researchers could use different strategies to
target these elements. Also, they can separate
responsible genes toward intended genotypes
between plants that are generated from cultured
cells of different plant species.

Conclusion

To our knowledge, this is the first in silico study
of UCB-1 rootstock pistachio uncharacterized
proteins ” identification. The results of this study

showed that most likely, the intended
uncharacterized proteins have similarities with
Reverse Transcriptase and some

Retrotransposon Elements machinery; as well as,
helicase enzyme which response to salinity
stress. The analysis of this research revealed that
these proteins have similarities with proteins that
have significant roles in response to salinity
stress. We have also assumed that their up-
regulation under salinity stress is related to the
activation of retrotransposon elements and
helicase enzymes. These observations suggest a
novel responsive mechanism to stress conditions.
Further studies are required to clarify its
promoter and ORF construction as well as
regulatory responsive elements. These results
proposed the transposon elements along with the
helicase enzyme as the producers of stress-
induced genetic diversity.
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