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ABSTRACT

As sessile organisms, plants are exposed to a wide variety of abiotic and biotic stress. In this case, plants put very
complex molecular mechanisms into action against these adverse environmental conditions. Especially at the gene level,
it alarms many genes (transcription factors, promoters, miRNA, lncRNA, structural genes, transposons etc.).
Transposons, which are among these genes, have recently been studied for their functions. However, it is not known
exactly how the plants show the transposons activity, especially in abiotic stress situations. In this respect, expression
situations of diverse transposons in plants are still very curious. In this study, various transposon genes belonging to
different plant species (tobacco-specific Tto-1, Tto-5 and Tnt-1, Excoecaria agallocha-specific EARE1, rice-specific
Tos17, barley-specific BARE1, melon-specific Reme1, Triticum-specific Ttd1a) were used to measure horizontal transfer
activities and the expression levels of these transposons were measured by q-RT PCR in sensitive and resistant melon
accessions treated with drought stress. Additionally, chlorophyll content, glutathione reductase (GR) activity and some
morphometric data were measured in these melon accessions under drought stress. Sensitive and resistant accessions
showed significant differences in terms of both gene expression and physiological parameters, indicating the possible
role of transposons in drought conditions.
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INTRODUCTION

Most eukaryotic genomes mainly consist of non-
coding regions including introns, intergenic DNA and
repetitive elements. High copy number of transposable
elements account for large part of repetitive elements in
eukaryotic genomes. Transposable elements (TEs) are
mobile genetic elements capable of changing their
position within the genome. With the strategy of
horizontal transfer, TEs can jump among organisms or
species via a transfer vector such as a tick or virus
(Ivancevic et al. 2018). Retrotransposons have an
inherent ability to jump or transfer between species as
they do within genomes (Peccoud et al. 2017). In the
light of more than 700 genome data from plants, fungi
and animals, it is known that horizontal transfer is not
limited to certain types of retrotransposons.

TEs can be divided into two main classes based
on their transposition mechanisms. While Class 1
elements known as retrotransposons transpose via a ‘copy
and paste’ mechanism, Class 2 elements (DNA
transposons) move as DNA through a ‘cut-and-paste’
mechanism (Bourque et al. 2018). Both classes can be
subdivided into subclasses based on mechanism of
chromosomal integration. Class 1 elements commonly
called as retrotransposons are the predominant TEs in
plant genomes and often contain Long Terminal Repeats

(LTR). The abundance of TEs vary in size. Some TEs
including short interspersed nuclear elements
(SINEs) can be as short as 80 bp while other TEs such as
helitrons can be as long as 15 kb. Helitrons are known
that one of three groups of eukaryotic class 2 replaceable
elements (TEs). For instance, TEs make up 85% of maize
genome (Schnable et al. 2009), 20% of Arabidopsis
thaliana genome (Slotkin and Martienssen 2007), 60% of
Gylcine max genome (Oliver et al. 2013) and two third of
human genome (de Koning et al. 2011; Karakülah 2018).

The epigenetic mechanism can cause a dynamic
process, especially such as the hypersensitivity reaction
(HR) in plants, and also cause the modifications of
chromatin structure and also have a powerful influence
on plant morphology, contributing to the adaptation of
plants to stress (Thiebaut et al. 2019). In nature, plants
are constantly subjected to both biotic and abiotic stress
negatively affecting plant growth and productivity. In
contrast to animals, plants cannot move to avoid stressful
environmental conditions; instead, they have established
several mechanisms based on plasticity or enough genetic
diversity for adaptation (Chevin et al. 2010). TEs induced
changes are a potentially rich source of variation because
their insertions affect coding regions or cause genomic
rearrangements through mutations (Casacuberta and
González 2013). The expression level or expression
pattern of plant genes can be altered by TEs through
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several mechanism including disruption of cis-regulatory
sequences, alteration of chromatin structure or providing
novel regulatory information (Elbarbary et al. 2016; Mita
and Boeke 2016).

TEs have been reported to be activated under
adverse environmental conditions, and this activation is
often considered as evidence for involvement of TEs in
response to the stress factors (Casacuberta and González
2013; Chénais et al. 2012; Negi et al. 2016). Several
recent studies have revealed molecular mechanism
behind the activation of TEs under stress. The
involvement of some TE families in stress responses
mainly occurs by altering gene expression and
mobilization (Bucher et al. 2012; Huang et al. 2017;
Hummel et al. 2017). Many stresses responsive gene in
Arabidopsis have TEs in their promoters. For example,
expression of the tobacco Tnt1 element can be induced
under biotic and abiotic stress conditions (Grandbastien
et al. 2005) or activation of mPing DNA transposon
element of rice may take happen as a response to cold or
salt stress (Yasuda et al. 2013). The ONSEN retro
transposable element of Arabidopsis thaliana is activated
by heat stress (Cavrak et al. 2014). In some cases,
activation of TEs can be followed by repression of TEs
(Secco et al. 2015). It is very complicated to determine
which one of the silencing or activation mechanisms will
be activated. For example, cold responsive TEs in
Arabidopsis thaliana were analyzed in ten different
ecotypes. For seven ecotypes a big part of TEs (65-80%)
showed increased level of expression under stress
compared to non-stress conditions. On the contrary, for
the other three ecotypes, the majority of TEs (63-79)
showed reduced expression level in stress compared to
non-stress conditions (Barah et al. 2013)(Walsh et al.
2013) . The aim of this study is to observe some
morphological, biochemical and molecular changes in
two different melon accessions exposed to drought stress.
Expression profiles of transposon genes belonging to
different plants in melon accessions exposed to drought
stress and whether these genes have inter-species
transferability are important purposes of this study.

MATERIALS AND METHODS

Plant Material and Stress Treatment: The seeds of two
melon (Cucumis melo L.) accessions, 45 (drought-
susceptible, DS) and 8 (drought-tolerant, DT) were
obtained from a collection of melon accessions preserved
at the department of Horticulture, Siirt University.
Surface-sterilized uniform seeds were planted in drainage
free plastic pots with 15 cm height and 10 diameters.
Each pot was filled with air dried, sieved (0.5 mm) and
uniformly mixed peat loam soil. Plants were raised in a
greenhouse with controlled environment: relative
humidity 60%-70%, temperatures were 42/22 °C
(day/night) and photoperiod (14 h). The seedlings were

thinned at 2 true leaves stage and 3 plants per pot were
kept. The experiment was performed in triplicate using
three plants per cultivar. When the seedlings reached to
four leaf stages (28 days-old), the control group was
irrigated with a 4-day interval and stress groups were not
irrigated. Plant samplings and measurements were carried
out at the 21st day of the drought treatment.

Determination of Physiological Parameters: The
chlorophyll content of the leaves was determined
according to the method suggested by (Arnon 1949).
Accordingly, 200 mg fresh leaf samples were
homogenized in 80% acetone and filtered, and the final
volume of solution was completed to 10 ml with acetone.
The absorbance of the solution was taken at 645 nm and
663 nm for chlorophyll a and b against the solvent (80%
acetone) blank. Calculations were made using the
following formulas by (Lichtenthaler and Wellburn 1983)

Chlorophyll a = 12,7 x A663 – 2,69 x A645

Chlorophyll b = 22,9 x A645 – 4,68 x A663
(A: measured absorbance value).

Glutathione reductase (GR) activity was
determined based on the glutathione-dependent oxidation
of NADPH, as described by (Cakmak and Marschner
1992). Accordingly; 0.1 ml 0.5 mm oxidized glutathione
(GSSG), 0.1 ml 0.12 mM NADPH, enzyme extract and
50 mM phosphate buffer (Ph = 7.6) containing 0.1 mM
EDTA were added to the reaction medium and
absorbance at 340 nm was recorded.

Determination of leaf relative water content
(RWC) was conducted according to the method offered
by (Sánchez et al. 2004). Right after harvest, fresh leaves
were weighed to determine fresh weight and then leaves
were kept in pure water for 4 hours and turgor weights
were determined after this period. The dry weight (DW)
was determined by drying the leaves in an oven at 65°C
for 48 h. RWC of each leaf was calculated according to
the following formula.
(Fresh Weight-Dry Weight) / (Turgor Weight-Dry
Weight) X 100

Morphological parameters: In order to determine fresh
and dry weight, randomly selected 3 plants were weighed
in analytical balance and their fresh weight was
determined. Then; same samples were air-dried and
placed in an oven at 65°C for 48 hours. Dry samples were
weighed in analytical balance and dry weight was
determined.

Three plants per sub plot in total of three plants
per treatment and three fruits per plant were randomly
selected and used to measure some growth parameters
including mean fruit weight, shell thickness according to
Sari et al. (2018). Stem diameter was determined in mm
(± 0.1) with the help of numerical compass.
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Gene expression analyses (RNA isolation, cDNA
synthesis and q-RT PCR analysis): Total RNA
isolations from control and stress-treated leaves were
performed using Trizol (Invitrogen) reagent.
Accordingly, after the leaf tissues were milled, they were
homogenized in sterile tubes containing 1 ml of TRIzo1
reagent. After, the samples leave five minutes at room
temperature (RT), 0.2 ml of chloroform was added per 1
ml of TRIzol reagent. Then the caps of the tubes were
well closed and mixed by shaking vigorously 15 sec.
After incubation at room temperature (RT) for 2-3 min,
tubes were centrifuged at 15000 rpm 20 min under the
40C. Then, supernatant was transferred to a new tube and
0.5 ml isopropyl alcohol was added and samples were
leave at RT for 10 min. then it was centrifuged at 14000
rpm at 40C for 10 min. After centrifugation, the
supernatant carefully removed. Then, 70% ethanol equal
to the equal volume of TRIzol reagent was added on the
pellet and the pellet floats. Then, it was centrifuged at
10000 rpm at 40C for 5 min. After centrifugation,
supernatant carefully removed and pellet leave for dry
and dissolve the RNA in 30 µL sterile water and quality
of RNA samples were checked with 2% agarose gel and
nano-drop spectrophotometer. Then RNA samples were
stored at -800C.

For the cDNA synthesis from total RNA; cDNA
Synthesis Kit |(Sigma-Aldrich) was used. According to
manufacturer recommendations: 1 µl of 50 pmol/µl oligo
dT(20) primer, 1-5 µg total RNA and 10 mM dNTP
mixture were transferred to nuclease-free sterile tubes
and the final volume was completed to 12 µl with sterile
water. The mixture was kept at 65°C for 5 min and then
placed on ice. Next, 2 µl 0.1 M DTT, 1 µl RNase
inhibitor and 4 µl first chain buffer were added and the
contents were mixed gently, then incubated at 42°C for 2
min. Next, 1 µl (200 units) Superscript III reverse
transcriptase enzyme was added. The prepared mixture
was incubated: 90 minutes at 50°C, the reaction was hold
at 70°C for 15 minutes in PCR and then terminated.

The Picoreal (Thermo) qPCR system was used
to measure the expression profile of transposons. Primers
were designed using the Primer 3 program (Rozen and
Skaletsky 2000). The primers used in this analysis are
described in Supplementary Table S1. The qPCR reaction

was performed as previously described (Inal et al. 2014).
Briefly, 0.1 µl of gene-specific primer, 2 µl of cDNA and
10 µl of SYBR Green I Master Mix (Thermo) were
mixed and the final volume was completed to 20 µl with
dH2O. In order to obtain a stronger modeling result for
normalization, 18S rRNA were used as reference genes.
For data analysis, the 2–∆∆Ct method, which was widely
used in previous studies, was used (Livak and Schmittgen
2001).

Statistical Analysis: The drought experiment was
conducted using a completely randomized experimental
design with two factors (drought and cultivar).
Treatments had five replications, with five explants each.
Data were subjected to ANOVA and the means were
separated using the LSD multiple range test at p ≤ 0.05.
All statistical analyses were performed using the JMP8
software package. Student-T analysis test was used to
compare the cultivars and treatments.

RESULTS AND DISCUSSION

The effects of drought stress on various growth
parameters of the two melon accessions are presented in
Table 1. Accordingly; average fruit weight, stem
diameter, plant fresh and dry weight were reduced under
drought treatment as compared to control plants whereas
outer shell thickness slightly differed (Table 1). Drought
stress negatively affected all above-mentioned
characteristics related to fruit. Our findings are in
consistent with the results of previous studies by
(Gonzalez-Dugo et al. 2007; Ismail 2010), reporting
drought-induced decrease in yield related parameters
under drought conditions. Under severe water deficiency,
negative changes in growth parameters and yield
components may be due to infrequent application of
water resulting in a lack of moisture in active crop root
zone, inadequate moisture conservation, and poor nutrient
utilization, which affects net assimilation, thereby
decreasing the production and allocation of carbohydrates
to the epigeous plant parts including the fruits (Huang et
al. 2011). No significant difference was observed among
growth parameters as a result of LSD test indicated on
Table 1.

Table 1. Effect of the drought stress and cultivars interaction on plant growth parameters (LSD test, P=0.05).

---NS: nonsignificant

Parameter Control Treatment
8 45 8 45

Fruit weight (g) 1447.0 883.7 809.3 677.7
Stem diameter (mm) 12.6 14.2 11.9 13.1
Shell thickness (mm) 3.16 2.86 4.28 4.38
Plant fresh weight (g) 241.0 181.7 204.0 151.9
Plant dry weight (g) 89.2 75.1 73.3 50.6
Relative water content (%) 77.8 64.7 68.5 55.7
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We observed that RWCs were ranged from
55,68 to 77,81% in two cultivars. While the highest value
was detected for control plants of cultivar 8 (77,81%), the
lowest value was recorded for plants of cultivar 45 under
drought stress (55,68%) (Table 1). RWC is accepted as
an strong indicator of plant water statues and high RWC
indicates plant tolerance to drought stress (Sade et al.
2015). Therefore, decreases in RWC of accessions could
be correlated with plants' ability to absorb water from the
soil as an indicator of their tolerance.

The chl a and b content of both cultivars were
decreased with different levels. Drought tolerant cultivar
8 reduced chl a and b content with 5,16 and 93,41%
respectively while decrease in drought sensitive cultivar
45 was 49,31 and 61,81%, respectively (Figure 1(a)).

There is a strong link between chlorophyll content and
drought resistance of plants. Change in total chlorophyll
content depends on duration and severity of stress and
developmental stage of plant. For many species, no-
change or decrease in leaf chlorophyll content under
drought induced conditions has been noted (Anjum et al.
2011). As expected, the chlorophyll a content of the
resistant cultivar changed less than the susceptible
cultivar. The decrease in chlorophyll b content was
sharper compared to the chlorophyll a content. Reduction
in chl a and b content is seen as a part of drought
response mechanism to decrease capacity of absorbing
and conversion of light energy by chloroplasts (Cui et al.
2004; Pastenes et al. 2005).

Fig. 1 Chlorophyll a and b content (a) and glutathione reductase activity (b) (C: Control, T: Treatment).

In the present study, no significant difference in
GR activity was observed (Figure 1 (b)). The effects of
drought stress reported in the literature on GR activity are
contradictory and can vary depending on plant tolerance
and the form of stress (Contour-Ansel et al. 2006).
Drought stress leads to oxidative stress and generation of
reactive oxygen species (ROS) which are highly reactive
and toxic. Under favorable conditions, there is a balance
between formation and consumption of ROS. If this
balance is disturbed, ROS could attack lipids, proteins,
carbohydrates and nucleic acids, impairing normal cell
functions and perturbing cellular integrity and finally
leading to cell death (Gill et al. 2012). In order to
maintain vital cellular functions, plants have possess

various antioxidant enzymes including glutathione
reductase (GR) (Noctor and Foyer 1998). GR has a key
role in maintaining the supply of reduced glutathione
(Pastori et al. 2000).

q-RT PCR expression profile of transposons:
Expression levels of Ttd1a, BARE1, Tnt1, EARE-1, Tto1,
Tto5, Tos17, Reme1 retrotransposons in two different
melon accessions (45 (drought-susceptible, DS) and 8
(drought-tolerant, DT)) exposed to drought stress were
analyzed by q-RT PCR. The changes in the gene profile
obtained from the analysis result are shown graphically
(Figure 2) below and discussed.

Gene expression level for Tto1 retrotransposon
increased in treatment groups of both accessions
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compared to control groups. Expression of the Tto1
element could be activated by viral attacks, wounding,
salicylic acid and jasmonate (Hirochika et al. 1996;
Takeda et al. 1998). In Tto1, a repeated 13-bp motif
which shares characteristic with motif found in the
several defense related genes and these similarities
explain molecular background of induction of Tto1 by
stress (Grandbastien 1998).

When susceptible melon accession 45 and
drought resistant accession 8 were compared under
drought stress, higher level of Ttd1a retrotransposon
genes expressions was found in the susceptible accession.
Ttd1a activity under stress and light stress have been
shown to be regulated by transcription factors able to
bind the promoter of Ttd1a (Woodrow et al. 2011).
Likewise, in our case, it seems likely that Ttd1a was
involved in defense responses by creating polymorphism
through mobilization. As a result, it was predicted that
Ttd1a gene plays an important role in the drought
resistance mechanism of melon. In many previous
studies, it has been found that retrotransposon in plants
under abiotic stress shows a dynamic expression profile
(Woodrow et al. 2010).

Reme1 gene expression exhibited variable
expression between cultivars and treatment groups.
Compared to the control groups, the expression level
decreased in the resistant cultivar while it increased in the
susceptible cultivar (Ramallo et al. 2008). There are very
few studies in the literature when we can compare our
results. Our results are in contradiction with earlier
findings (Ramallo et al. 2008). who has reported that no
detectable change was observed in the levels of Reme1
transcripts in melon leaves exposed to wounding or water
stress, however upon UV light treatment, a significant
increasing was recorded. The differences between the two
studies may have resulted from the resistance of the study
material and the parameters used in this study (duration
and intensity of stress).

Another retrotransposon analyzed in the context
of this study is BARE1. The expression profiles of
BARE1, Tnt1 and Tos17, were found to be similar with
little differences (Figure 1). It was found that the
expression level of these genes was significantly higher
in control groups of both resistant and susceptible
accessions than treatment groups. That great variations in
copy number of BARE1 was observed between different
habitats and the presence of BARE1 promoter of ABA
(abscisic acid)‐response elements was found in the genes
induced by water stress (Suoniemi et al. 1996). These
result indicates that this transposon is stress-induced
(Kalendar et al. 2000). Therefore, the BARE1 transposon
is known one of the clearest examples of stress-inducible
variation in TEs.

Transcriptional activation of Tnt1 by biotic and
abiotic stress factors including wounding, freezing,
salicylic acid, CuCl2 or oxidative stress was reported in
Arabidopsis, tobacco and tomato (Hernández-Pinzón et
al. 2009; Mhiri et al. 1997). It has been reported that
specific responses to different stress conditions originate
from sequence variation in the 3′ untranslated region of
Tnt1 (Beguiristain et al. 2001). Our results are in
complete agreement with (Fox et al. 2018) who found
drought induced transcription of Tnt1-94 in Pinus
halepensis during recovery in which Tnt1–94 was the
most dominant retrotransposon.

To the best of our knowledge, there is no study
in the literature to evaluate and compare Tos17 activity in
terms of drought stress. But, it is known that Tos17, a
member of copia-like retrotransposon, is one of the few
active LTR-retrotransposons in plants and could be
induced by tissue culture (Hirochika et al. 1996) and
suppressed by DNA methylation (Cheng et al. 2015).
Furthermore, there is a correlation between its
transcription and transposition (Cheng et al. 2015).
Specific epigenetic, developmental or environmental
factors could affect the LTR_RT life cycle and thereby
LTR-TR transcription (Ito et al. 2011; Mirouze et al.
2009) and this seems to be the most potential scenario for
the differences recorded between control and treatment
groups.

The Tto 5 and EARE 1 genes also showed a
similar expression profile. Both genes showed high
expression in resistant and sensitive accessions exposed
to drought stress. While the Tto5 gene expression level
was found to be more in the treated group of the sensitive
accession, the EARE1 gene was found to exhibit a higher
gene expression profile in the drought exposed group of
the resistant accession (Figure 1). It has been reported
that EARE 1 expression was slightly upregulated upon
cold treatment and wounding. Moreover, 5′ LTR
of EARE-1 contains some TATA-boxes and CAAT-boxes
involved in stress (Huang et al. 2017). Similar expression
profile was observed in our study (Huang et al. 2017).
(Todorovska 2007) observed that Tto 5 retrotransposons
was activated after viral attack. In addition, another
important point that the transposon genes in current study
belong to different plant species, so it was determined for
the first time with this study that different origin
transposon genes were expressed in different melon
accessions. In other words, the transfer of transposon
genes between species has once again been
experimentally achieved with this study. It has been
previously suggested that transposon genes can be
transferred between species in many species other than
melon.
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Figure 2 Gene expression results in melon seedlings grown under drought conditions. X axis:
Cultivars/Treatment, Y axis: Relative Gene Expression (Fold change-log2); (D: Drought treatment, C:
Control).
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Conclusion: Results of current study showed important
contributions to how different physiological,
biochemical, molecular and physiological mechanisms
work against drought stress of melon plant. In addition,
another important aim of the current study is that the
different transposon elements which originating from
different plant species (Tto-1, Tto-5, Tnt-1 tobacco origin,
EARE1 Excoecaria agallocha origin , Tos17 for rice
origin, BARE1 for barley origin, Reme1 for melon origin ,
Ttd1a for Triticum origin ) showed expression profile in
different melon accessions. It has once again been
confirmed that the chlorophyll and glutathione reductase
enzymes are important molecules especially under
drought stress in plants. In this study, transposons that
were identified and characterized in different species
were investigated in melon accessions. Further studies are
needed for the inter-species transfer and the expression of
these transposons under stress conditions.
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