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ABSTRACT

Salinity is one of reasons causing the greatest yield-reducing factors leads various physiological 
and biochemical effects. Recently, long non-coding RNAs (lncRNAs) became prominent as 
crucial regulators in various biological processes, including developmental processes and stress 
responses such as salinity. In this study, physiological responses of four Hordeum vulgare L. 
cvs genotypes (Beyşehir 99, Hasat, Konevi 98 and Tarm 92) were assessed for 150 mM salinity 
treatment for 3 days germination period, maize (CNT0018772) and rice (CNT0031477) 
lncRNAs localizations in barley chromosomes via fluorescence in situ hybridization (FISH). 
Physiological responses of barley varieties, including root and shoot heights, fresh and dry 
weights, water content (WC) and protein content were affected differently by 150 mM salinity 
stress. The germination percentage of Beyşehir 99 and Tarm 92 reduced while Konevi 98 was 
slightly increased. However, proline content changed only in Beyşehir 99. According to FISH 
results, the localizations of CNT0018772 and CNT0031477 were revealed up 6 and 8 signals, 
respectively.  This study may contribute new insight into lncRNAs functions underlying the 
salinity tolerance mechanisms in different barley varieties.
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INTRODUCTION

Salt stress is one of the greatest yield-reducing fac-
tors, leading various physiological and biochemical effects 
on plants. Salinization is a global problem that effects 
approximately 20% of the globally cultivated and nearly 
half of the total irrigated land, also reduces crop yields 
significantly [1-3]. High salt stress, which causes growth 
inhibition, acceleration of development and senescence 
and death during prolonged exposure, influences plants 

in numerous ways such as water stress, ion toxicity, nutri-
tional disorders, oxidative stress, alteration of metabolic 
processes, membrane disorganization, reduction of cell 
division and expansion [4-6].  Therefore, salt stress toler-
ance shows extensive diversity in plants, especially cereals 
that rice (Oryza sativa) is considered as the most sensitive, 
and durum wheat (Triticum turgidum) is regarded as sen-
sitive and bread wheat (Triticum aestivum) is moderately 
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tolerant.  However, barley (Hordeum vulgare L.) is the most 
tolerant and is the fourth most important cereal crop in the 
world after wheat, maize, and rice [7-10].

In recent years, reports on the plant lncRNAs have dem-
onstrated they act as key regulatory elements in the diverse 
biological mechanisms played in developmental process, 
biotic and abiotic stress responses. Additionally, several 
molecular functions and biological processes have been 
regulated by lncRNAs such as vernalization, fertility, photo 
morphogenesis, protein re-localization, phosphate homeo-
stasis, alternative splicing, modulation of chromatin loop 
dynamics [11-14]. To date, 7970 among 19,908 lncRNAs 
have been annotated by CANTATAdb [15, 16]. Annotation 
and sequencing studies revealed that CNT0018772 had two 
exon and one intron, while sequencing data of cDNA did 
not contain any intron part, indicating that this lncRNA 
may undergo the excision of introns or alternative splicing 
[17]. According to our previous studies, expression analy-
sis of CNT0018772 and CNT0031477 demonstrated that 
these two lncRNAs were affected by salt stress. Expression 
levels of CNT0018772 were down-regulated compared 
controls on roots and shoot. Additionally, the expression 
levels of CNT0031477 in 150 mM salt applied groups were 
also down-regulated compared controls on roots and shoot 
except for Tarm 92 variety which was up-regulated [18]. 
In another study, Huang and colleagues [19] performed 
RNA-Seq analysis to reveal interactions between barley and 
Fusarium graminearum which causes reduction in bar-
ley production. They identified 604 lncRNAs as Fusarium 
head blight responsive. In 2019, Unver and Tombuloglu 
[20] reported ~8000 barley lncRNA related to boron stress.
Based on expression analysis, sensitive and tolerant variet-
ies indicated some lncRNAs were specific for the tolerant
variety contributing to boron stress response.

Barley is widely utilized for food, livestock feed and 
brewing beer, moreover, is an important crop research 
model with well-studied genetics analysis, including a 
sequenced genome, and physiological characteristics [8, 
21]. Due to higher salt tolerance of barley is considered as a 
good model for understanding the mechanisms of salt tol-
erance in cereal crops [9, 22]. In this study, salt stress was 
investigated at germination level to determine the differ-
ences between four barley (Beyşehir 99, Hasat, Konevi 98 
and Tarm 92) varieties (Beyşehir 99, Hasat, Konevi 98 and 
Tarm 92). Salt stress treatment was applied as control and 
150 mM NaCl. Physiological and biochemical responses 
were determined under salt stress conditions during 3 days 
of germination period. Salt stress application effects were 
evaluated in terms germination percentage, root and shoot 
growth, dry and wet weight, water content, total protein, 
and proline contents. Additionally, we carried out fluo-
rescence in situ hybridization (FISH) analyses in samples 
obtained from roots that were harvested after 72 h during 
germination period. We investigated maize (CNT0018772) 
and rice (CNT0031477) lncRNAs localizations under 

confocal microscope via in situ hybridization on barley root 
preparations.

MATERIAL AND METHODS

Plant Materials and Treatments
Grains of four different Hordeum vulgare L. cv. variet-

ies were utilized in this study: Beyşehir 99, Hasat, Konevi 
98 and Tarm 92 were obtained from different Agricultural 
Research Institutes in Turkey.  Beysehir 99 and Konevi 
98 were provided from Bahri Dagdas International 
Agricultural Research Institute, Tarm 92 was from Field 
Crops Central Research Institute and, Hasat were obtained 
from Directorate of Trakya Agricultural Research Institute. 
Grains were disposed randomly in Petri dishes containing 
filter papers saturated in (a) only H2O as control, (b) 150 
mM NaCl application. Salt treated groups were kept for 
72 hours at dark. Totally 180 barley grains were utilized 
for each control and salt treated groups (10 grains in each 
petri dish, three replicates for each treatment). The plants 
were grown under controlled growth chambers at 18-25°C 
with dark period. Relative humidity of growth chamber was 
kept at 60-75%. Roots and shoots were harvested separately 
after 72 hours treatment. Harvested samples were directly 
treated with liquid nitrogen. Afterwards, samples were 
stored at -80°C until RNA extraction and probe synthesis.

The Physiological Experiments
After 72 h of application salt stress, three replicates of the 

control and salt applied plants (three plants of each) were 
harvested. The root and shoot of each plant were collected 
separately for estimation of shoot fresh weight (FW) and 
height. The shoot FW and height were expressed as mg g-1 
plant-1 and cm shoot-1, respectively. Germination percent 
for the control and salt treated plants was also calculated. 

Water content (WC %) of plants as control and treated 
salt were evaluated after germination. After 72 h, the plants 
fresh weight was measured. The fresh plants were evapo-
rated in the oven for 3 days at 70°C and oven-dry plants 
weight (DW) were measured. Water content was calculated 
by using WC (%) = [(FW−DW)/FW] × 100 formula [23].

Total soluble protein content of plants was evaluated 
based on Bradford [24] using bovine serum albumin (BSA) 
as a standard. Controls and treated plants were homoge-
nized by liquid nitrogen. 1ml extraction buffer [50 mM PBS 
(pH 7.0), 0.1 mM EDTA, 4 % polyvinylpyrrolidone] was 
added per 0.01 mg plant material. The mixture was centri-
fuged at 14.000 rpm for 20 min at 4°C [25]. Supernatant was 
utilized for determination of soluble protein content, mea-
sured spectrophotometrically at 595 nm against a reagent 
blank and expressed as mg g-1 DW.

Proline content of plants was calculated according to 
Bates et al. [26] and Abraham et al. [27]. Approximately 
100 mg FW of plants was extracted in 3% sulfosalicylic 
acid (5 μL/mg fresh weight). The e xtract w as c entrifuged 
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at maximum speed for 5 min at RT. 100 μL from the super-
natant of the plant extract was mixed with 100 μL of 3% 
sulfosalicylic acid, 200 μL glacial acetic acid, 200 μL acidic 
ninhydrin solution (1.25 g 1,2,3-indantrionemonohydrate, 
30 mL glacial acetic acid, 20 mL of 6 M orthophosphoric 
acid) for reaction in a centrifuged tube for 1 h at 96°C. The 
reaction was stopped on ice, and mixture was extracted 
with 1 ml toluene. The chromophore-containing toluene 
was aspirated from the aqueous phase, and its absorbance 
was measured at 520 nm against a reagent blank. Proline 
content was calculated by using a standard curve (0-100 µg 
ml-1) and calculated as mg g-1 DW.

Results of the physiological and molecular experiments
were expressed as mean ± standard deviation (s.d.) and 
each data point is the arithmetic mean of triplicates (n=3). 
All the experiments were repeated at least three times start-
ing from different and independent RNA extractions. The 
significance of data was analysed by One-Way Analysis of 
Variance (ANOVA). Afterwards, Tukey test was utilized to 
compare the means (p<0.05 were considered significant).

Probe Design
For RNA extraction, plant samples (roots and shoots) 

were completely powdered using pre-chilled mortar and 
pestle, in the presence of liquid nitrogen. Total RNAs 
were extracted separately from root and shoot samples 
by using TriPure® (Roche Diagnostics) reagent based on 
manufacturer’s instructions with some modifications. 
Total RNAs were resuspended in RNase-free water and 
stored at -80°C. The quality of the extracted RNA samples 
was checked by agarose gel electrophoresis (2% agarose 
gel); three bands corresponding to ribosomal RNA (28S, 
18S and 5S) were apparent. The purity of RNA is roughly 
indicated by measuring the absorbance ratios for protein 
and reagent contaminations (A260/A280 and A260/A230 
nm ratios, respectively) by using NanoDrop 2000c UV-Vis 
spectrophotometer (Thermo Scientific).  A 260/280 and a 
260/230 ratio around 2 is usually interpreted as ‘pure’. For 
the removal of gDNA, 4 µg of total RNA was treated with 
five units of RNase-free recombinant DNase I® (Roche 
Diagnostics) based on the manufacturer’s instructions. 
DNase I® treatment reaction was incubated at 37°C for 15 
min and terminated by adding 2 µL of 0.2 M EDTA (pH 
8.0) to a final concentration of 8 mM and heating to 75°C 
for 20 min.

The first strand of cDNA was synthesized by using 
Transcriptor High Fidelity® cDNA Synthesis Kit (Roche 
Diagnostics) based on suggestions of the manufacturers’ 
instructions. Total RNA (4 µg) was processed with random 
hexamer primers. Obtained cDNAs were stored -20°C until 
use.

The probe amplification reaction of CNT0018772 and 
CNT0031477 (approximately 180 bp) were performed by 
using forward and reverse primers indicated in below. The 
probes for CNT0018772 and CNT0031477 were designated 

with GC% and Tm values as around 60 and between 
58°and 60°C by using IDT’s PrimerQuest© Tool (2012), 
respectively. The sequence of target lncRNAs was provided 
from CANTATAdb which a database of lncRNAs is iden-
tified computationally in 39 species, 36 plant and 3 algae 
(Szcześniak et al. 2016). The sequence of CNT0018772 was 
obtained from maize and, CNT0031477 sequence was pro-
vided from rice. Probe sequences are as listed below:

CNT0018772 F: 5’ – CACCCTTCTTCACAATCAC,
CNT0018772 R: 5’ – GTTATGGCAGGCGTAATG,
CNT0031477 F: 5’ – GATGAGGGCCAAGTGGAAG,
CNT0031477 R: 5’ – TTGGATCTCTGCCTCATCTTTC.

cDNA probe synthesis was carried out by using 
CNT0018772 and CNT0031477 lncRNAs as template 
mentioned above. The reaction was carried out in a total 
volume of 50 µl including 18.25 µl nuclease-free dH2O, 25 
µl of HotStart PCR Master Mix (Bio-Rad), 1.5 µl of each 
primer (10 µM/µl), 1.75 µl of tetramethylrhodamine-dUTP 
(TRITC) (1 mM), and 2 µl template cDNA (10 ng/µl). PCR 
conditions were as follows: 94°C for 5 min followed by 40 
cycles of 94°C for 25 s, annealing 55°C for 25 s and 72°C for 
30 s. The reaction was accomplished by a fi nal extension 
step at 72°C for 7 min.

Fluorescence in situ Hybridization (FISH)
The seeds of H ordeum vulgare L.cv. Hasat were dis-

posed on wet filter paper in a petri dish to germinate in 
an incubator at 18-25°C in the dark for 3 days. Root tips 
from 1-2 cm germinated roots were harvested and directly 
fixed in Carnoy fixative (ethanol:acetic acid solution, 3:1) 
without any chemical pre-treatment and stored roots at 
4oC. Chromosome preparations and FISH procedure were 
performed according to Jenkins and Hasterok [28, 29] with 
modifications. Th e sl ides we re ch ecked under th e light 
microscope (Olympus U-TVO.5XC-3) and kept in a freezer 
at -20 ºC. 

The FISH procedure was adopted from Jenkins and 
Hasterok [28, 29] with modifications. Chromosome 
spreads were scanned under ×40 objective light micro-
scopes to determine the number and quality of well-spread 
metaphase and anaphase plates, and then they were treated 
with 100 µg/ml of RNase at 37°C for 1 h. The hybridization 
mixture consisted of 20 µl of deionised formamide (50%), 
8 µl of dextran sulphate (10%), 4 µl of 20X SSC (2X SSC), 2 
µl of 10% SDS (0.5%), 10 µl of probe (75-200 ng/slide), 1 µl 
of blocking DNA (sonicated salmon sperm DNA) (25-100X 
probe) and added sterile distilled water to bring final vol-
ume 40 µl. The mixture was denatured at 85°C for 10 min 
and kept on ice for 10 min. A 40 µl aliquot of the hybridiza-
tion mixture was applied onto each slide, covered with a 
coverslip, and sealed with paper bond. Both chromosomal 
DNA and probe DNA on the slides were denatured together 
in a thermal cycler at 70°C for 6 min and hybridized with 
each other at 37°C overnight in a humid dark box.
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After hybridization the chromosome spreads were 
washed three times in 2X SSC: once 2X SSC to float cover-
slips off; once in 15% formamide/0.1X SSC, and again once 
in 15% formamide/0.1X SSC, each for 10 min at 42°C. After, 
slides were washed in 2X SSC for 3 min at 42°C. This step 
was repeated twice with fresh 2X SSC at 42°C. Finally, at RT, 
slides were washed three times in 2X SSC for 3 min. Later, 
slides were dehydrated in alcohol series (70, 90 and 100%), 
each for 1 min at RT and waited in the dark for 15-20 min. 
Vectashield-DAPI mounting-staining medium (7-10 µL) 
was dropped onto the chromosome spreads, which were 
then stored at 4°C until used.

FISH results were observed under confocal microscope 
(Leica DM5500). The wavelengths were used for fluo-
rescence detection: 551-575 nm for probes labelled with 
TRITC and 420-480 nm for DAPI. The different fluores-
cent images were acquired separately, and then they were 
merged into single composite images. The signal images 
were analysed by Adobe Photoshop CC 2014.

RESULTS AND DISCUSSION

Salt Treatment Affected Divergently Four Different 
Barley Cultivars 

Higher salt accumulations according to evaporation 
and capillary rise of water is one of the major problems in 
surface soils where barley germination and early seedling 
occur. Therefore, barley genotypes are more often exposed 
to higher salinity stress at germination and early stages of 
growth [30]. Understanding of salt effects on barley ger-
mination may contribute new insight for increasing the 
production of important cereals. In this study, four barley 
varieties were selected to investigate the response patterns 
on germination percentage, root and shoot growth, dry 
and wet weight, water content, total soluble protein and 
proline contents under control and salt stress conditions. 
According to results, 150 mM salt application significantly 
reduced germination percentages, root and shoot heights, 
fresh and dry weights, and WC while protein content 
increased. However, changes in proline content were only 
observed in Beysehir 99, indicating that barley varieties 

display distinct responses under salinity. In this regard, 
diversity of barley accessions to salinity offers a valuable 
tool for investigation of salt tolerance mechanisms [31]. 
Due to their direct connection with soil and absorption of 
water and nutrients from soil, roots, are the most sensi-
tive organ to salt stress and, are important to study salin-
ity effects on plants [32]. The effects of salinity on barley 
seedlings growth were investigated regarding differences 
in germination percentage, root and shoot fresh and dry 
weight content, and heights. Comparison of germination 
percentages demonstrated that there was no significant 
difference between barley varieties for control groups 
(p>0.05). However, salinity affected (p<0.01) germina-
tion percentage of Beyşehir 99, Konevi 98 and Tarm 92 in 
response to 72 h of treatment with 150 mM NaCl (Table 1) 
(Figure 1).

Interestingly, germination percentage of Hasat was not 
significantly affected by 150 mM salt treatment compared 
with control (p>0.05). Beyşehir 99 and Tarm 92 showed 
a reduction for germination percentage. On the contrary, 
germination percentage of Konevi 98 was slightly increased 
under salt stress conditions. Measurement of root and shoot 
heights of all barley varieties used in this study was per-
formed at the time of sample harvested. Moreover, 150 mM 
salt treatment remarkably reduced root and shoot heights, 
although differences between groups were observable in 
all varieties (p<0.01) (Table 2) (Figure 1). The extreme 

Table 1. Effects of salt application on shoot and root heights

Shoot heights (cm) Root heights (cm)

Genotype Control 150 mM Salt 
Treatment Control 150 mM Salt 

Treatment
Hasat 1,61±,02 0,43±0,01** 4,42±0,09 2,77±0,05**

Beyşehir 99 1,87±0,02 0,73±0,02** 4,57±0,07 3,19±0,05**

Konevi 98 1,97±0,02 0,62±0,04** 4,09±0,03 3,08±0,05**

Tarm 92 2,18±0,08 0,87±0,02** 4,26±0,07 2,80±0,06**

Data are presented as mean (n=3)±standard error (s.e.)
*p<0.05; **p<0.01 (data are different from control)

Figure 1. Morphological view of Hordeum vulgare L. cv. seeds germinated between filter papers at dark for 72 h. (1) Tarm 
92 control; (2) 150 mM NaCl applied Tarm 92; (3) Konevi 98 control; (4) 150 mM NaCl applied Konevi 98; (5) Beyşehir 99 
control; (6) 150 mM NaCl applied Beyşehir 99; (7) Hasat control; (8) 150 mM NaCl applied Hasat.
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accumulation of salts, which alter the metabolic activities 
and restrict the cell wall elasticity, may cause the reduction 
of the shoot heights. Furthermore, the cell wall becomes 
rigid and the turgor pressure efficiency in cell enlarges the 
damages [33, 34]. The reduction of plant heights may also 
be attributed to the decrease of physiological activities as 
a resultof water and nutrients stress which consequently 
might be related to reduction of plant growth and produc-
tivity [35-37]. However, our previous studies demonstrated 
CNT0018772 and CNT0031477 lncRNAs expression profile 
under salt stress were found to be down- regulated. In addi-
tion, comparison of CNT0018772 expression levels showed 
there was no significant difference between 150 mM salt 
treated barley varieties and controls (p>0.05). On the con-
trary, the alterations of expression levels of CNT0031477 

demonstrated there was statistically significant difference 
between 150 mM salt applied and control groups (p<0.05). 
To reveal significance between groups, Tukey test was per-
formed following to One-Way Analysis of Variance. The 
expression level of Konevi 98 shoot control was statisti-
cally higher than Tarm 92 shoot control [18]. Although 
CNT0018772 and CNT0031477 lncRNAs were found to be 
related to salt stress, these lncRNAs effect on salt stress may 
not be associated with barley cultivar.

Total FW for all varieties, was dramatically (p<0,05) 
affected by salinity andreduced significantly in response to 
150 mM NaCl salt application for 72 h. Control groups of 
Hasat, Konevi 98 and Tarm 92 demonstrated the highest 
total FW (94-100 g plant-1) (Table 3) and root FW (55-60 
g plant-1). However, Beyşehir 99 had lowest root FW, in 

Table 2. Effects of salt application on total FW, DW and WC

Genotype Control 150 mM Salt treatment

FW (mg g-1 ) DW (mg g-1) WC% FW (mg g-1) DW (mg g-1) WC%
Hasat 99,47±5,82 7,51±0,44 92,23±0,78 29,75±1,80** 4,42±0,38** 91,02±0,80
Beyşehir 99 87,06±7,84 8,48±3,80 91,05±0,50 34,66±3,27** 3,80±0,35** 88,63±1,68
Konevi 98 100,83±3,33 7,81±0,47 90,85±0,21 41,64±1,61** 4,79±0,08** 87,72±0,23**

Tarm 92 94,00±0,00 8,16±0,17 90,20±0,29 41,83±2,75** 4,86±0,48** 87,69±0,69**

Data are presented as mean (n=3)±standard error (s.e.)
*p<0.05; **p<0.01 (data are different from control)

Figure 2. FISH analysis showing CNT0018772 (maize) in nucleus and cytoplasm. DAPI-stained chromatin in the 
nucleoplasm was shown as blue fluorescence. Regions hybridized with TRITC-labelled probes were indicated as red 
fluorescence. Display of CNT0018772 with 6 signals in the nucleoplasm. FISH analysis is also showing localization patterns 
of lncRNAs in the cytoplasm. Scale bar=5 μm.
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contrast, shoot FW of Beyşehir 99 was the highest for con-
trol (see in Table 4 and 5). Hasat showed significant reduc-
tion in total and shoot FW compared to control and other 
three barley varieties. The root and shoot FW and DW 
also affected under salinity stress. Specifically, shoot FW of 
Hasat (Table 4) and root FW of Konevi 98 (Table 5) reduced 
in response to 150 mM salinity stress. However, root FW of 
Beyşehir 99 did not show significant differences between 
other control groups and salt applied Beyşehir 99 (p>0.05) 
(Table 5). Also, total shoot and root of DW dramatically 
reduced by 150 mM salt application (p<0.01), except Hasat 
showed no alteration compared as control group (p>0.05). 
FW and DW of shoots and roots for all four barley culti-
vars significantly reduced with 150 mM salt application for 
72 h (Table 4 and 5). The reduction fresh weight of shoots 
may depend on decrease of cell contents, development and 
differentiation of tissues, unbalanced nutrition, damage of 
membranes and disturbed avoidance mechanisms [38].

Significant reduction of total WC (%) was observed for 
Konevi 98 and Tarm 92 under 150 mM salt stress condi-
tions (p<0,01) (Table 3). On the contrary, salinity did not 
significantly affect total WC (%) of Hasat and Beyşehir 99 
(p>0.05). The root and shoot WC (%) were also determined 
that Hasat, Konevi 98 and Tarm 92 showed a significant 
reduced (p<0.05), however Beyşehir 99 did not affected 
by salinity and maintained the highest root and shoot WC 
(%), 90 % and 89 %, respectively. Furthermore, DW/FW 
is a measure of water intake associated with the WC [39]. 

The reduction of WC was demonstrated for Konevi 98 and 
Tarm 92. On the other hand, it was observed Hasat and 
Beyşehir 99 showed no alteration in WC. The reduction in 
WC due to salinity induce to utilize inorganic ions such as 
Na+ and K+ and, synthesize organic compatible solutes [40]. 
Maintenance of high WC might be important to prevent 
salt stress effects [41].

The soluble protein content of Konevi 98 (p<0.05), 
Hasat and Beyşehir 99 (p<0.01) were increased in response 
to 150 mM salt stress compared with controls. However, 
Tarm 92 did not show significant difference between treat-
ment and control (p>0.05) (Table 5). Differences of pro-
line content between salt treatment and control were not 
statistically significant in Hasat, Konevi 98 and Tarm 92 
(p>0.05). On the other hand, proline content of Beyşehir 
99 was significantly increased in response to salt stress 
(p<0.01) (Table 5). Summary of the comparison of physi-
ological effects on barley cultivars were demonstrated in 
Table 6. Alterations in gene expression and protein accu-
mulation, which are important to investigate differences 
between the varieties underlying the salt stress sensitiv-
ity and tolerance, are the first plant defensive response to 
salinity. Some reports showed that the protein content in 
salt stressed plants is generally reduced [42, 43]. On the 
other hand, our results demonstrated protein content was 
increased in three varieties (Hasat, Beyşehir 99, Konevi 
98) among four barley genotypes. However, protein con-
tent of Tarm 92 did not demonstrate significant difference

Table 3. Effects of salt application on shoot FW, DW and WC

Genotype Control 150 mM Salt treatment

FW (mg g-1 ) DW (mg g-1) WC% FW (mg g-1) DW (mg g-1) WC%
Hasat 30,80±0,18 3,17±0,29 90,23±0,28 4,61±0,09** 1,40±0,09** 74,07±1,60**

Beyşehir 99 42,53±9,08 3,00±0,21 90,74±1,60 9,08±0,80** 1,44±0,10** 86,25±3,50
Konevi 98 39,75±3,46 3,38±0,04 90,73±0,06 9,86±0,41** 1,55±0,09** 87,27±0,77**

Tarm 92 36,80±1,68 3,94±0,34 89,42±0,85 11,55±0,09** 1,53±0,21** 85,51±0,26**

Data are presented as mean (n=3)±standard error (s.e.)
*p<0.05; **p<0.01 (data are different from control)

Table 4. Effects of salt application on root FW, DW and WC

Genotype Control 150 mM Salt treatment

FW (mg g-1 ) DW (mg g-1) WC% FW (mg g-1) DW (mg g-1) WC%
Hasat 53,33±2,65 3,70±0,09 92,66±0,18 27,33±1,15** 3,58±0,08 91,02±0,80*

Beyşehir 99 43,84±7,43 4,43±0,38 90,10±1,39 34,44±2,22 3,45±0,23* 90,06±0,95
Konevi 98 53,83±6,42 4,58±0,52 92,75±0,01 23,28±1,80**   2,85±0,13** 90,33±0,40**

Tarm 92 55,19±2,13 4,20±0,18 92,76±0,28 29,61±2,33** 3,42±0,38* 88,45±0,58**

Data are presented as mean (n=3)±standard error (s.e.)
*p<0.05; **p<0.01 (data are different from control)
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between control and treated plants (Table 6). Accumulation 
of protein content may depend on genotype of barley or 
saline conditions. Proline accumulation is considered to 
occur under water deficit, salinity, low temperature, heavy 
metal exposure plays a significant role in reducing the 
damage of salinity and boosting of the repairing process 
following stresses [44, 45]. It was observed that proline 
accumulation in salt applied plants was a primary defense 
response maintaining the osmatic pressure in a cell [46, 
47]. Moreover, Ashraf and Foolad [48] reported proline 
contributed to stabilizing sub-cellular structure, dealing 
with free radicals and also, enhancing redox potential by 
buffering under saline conditions. Increase of proline con-
tent in plants was demonstrated under salt stress and other 
stress conditions [49, 50]. Similar result was observed for 
Beyşehir 99 which accumulated proline approximately 
two-fold than other barley cultivars in this study. Some 
reports showed that tolerant genotypes to salt stress have 
more ability to adapt salinity and accumulate proline act-
ing as a compatible osmolyte much higher than sensi-
tive genotypes [51, 52]. However, Hasat, Konevi 98 and 
Tarm 92 showed no alteration in proline content in this 
study. These barley genotypes may possibly survive by 
using other defense mechanism such as antioxidation, ion 
homeostasis and hormonal systems under saline condi-
tions [53-55].

FISH or RISH (RNA in situ hybridization) provide great 
potential to study of lncRNAs enable quantification and 
spatial resolution of single RNA molecules within cells via 
hybridization of multiple, labelled nucleic acid probes to a 
target DNA or RNA [56]. In this study, we also performed 
FISH analyses to observe the localization two barley 
lncRNAs and sequencing analyses to identify and evaluate 
the putative barley lncRNAs. Selected two barley lncRNAs 
localizations, are homologous with maize (CNT0018772) 
and rice (CNT0031477) lncRNAs, were investigated in bar-
ley chromosomes that samples obtained from roots were 
harvested after 72 h during germination period under con-
focal microscope. According to FISH results, CNT0018772 

and CNT0031477 probes were exhibited 6 and 8 signals 
(Figure 2 A-B and 3 C-D), respectively. However, cellular 
localizations were also exhibited under confocal micro-
scope via in situ hybridization on barley root preparations 
for CNT0018772 and CNT0031477. TRITC labelled probes 
for both CNT0018772 and CNT0031477 lncRNAs were 
obtained from cDNA. DAPI-stained chromatin structure in 
the nucleoplasm observed via confocal microscope that we 
observed 6 and 8 signals for CNT0018772 and CNT0031477 
lncRNAs in barley nucleus, respectively which is also con-
sistent with sequence analysis. Sequence analysis also 
showed CNT0018772 have six copies with some sequence 
differences in barley genome. However, copy number of 
CNT0031477 in reference barley genome is two accord-
ing to sequence analysis. These results are not consistent 
with FISH signals which were 8 for CNT0031477, suggest-
ing that copy numbers of these lncRNAs may be different 
between barley cultivars. Moreover, we were able to demon-
strate intracellular locations of two lncRNAs (CNT0018772 

Table 5. Effects of salt application on protein and proline 
contents

Protein content (mg g-1) Proline content (mg g-1)

Genotype Control 150 mM Salt 
Treatment Control 150 mM Salt

Treatment

Hasat 6,99±0,90 12,37±1,34** 1,60±0,16 2,03±0,33
Beyşehir 99 10,29±0,56 14,99±1,20** 2,41±0,40 4,33±0,38**

Konevi 98 8,81±0,38 12,69±2,09* 1,60±0,10 1,97±0,57
Tarm 92 8,44±0,36 8,42±0,39 1,86±0,23 3,30±1,16

Data are presented as mean (n=3)±standard error (s.e.)
*p<0.05; **p<0.01 (data are different from control)

Table 6. Effects of salinity stress on barley genotypes during 
germination [18]

Physiological features Most effected variety > least 
effected variety

Germination percentage Tarm 92 > Beysehir 99 > Hasat > 
Konevi 98

Shoot heights Hasat > Konevi 98 > Beysehir 99 = 
Tarm 92

Root heights Hasat > Tarm 92 > Beysehir 99 > 
Konevi 98

Total

FW Hasat > Beysehir 99 > Konevi 98 > 
Tarm 92

DW Beysehir 99 > Tarm 92 > Hasat > 
Konevi 98

WC Konevi 98 > Tarm 92 > Beysehir 99 > 
Hasat

Shoot

FW Hasat > Beysehir 99 > Konevi 98 > 
Tarm 92

DW Tarm 92 > Hasat > Konevi 98 > 
Beysehir 99

WC Hasat > Beysehir 99 > Tarm 92 > 
Konevi 98

Root

FW Konevi 98 > Hasat > Tarm 92 > 
Beysehir 99

DW Konevi 98 > Beysehir 99 > Tarm 92 > 
Hasat

WC Tarm 92 > Konevi 98 > Hasat > 
Beysehir 99

Protein content Hasat > Beysehir 99 > Konevi 98 > 
Tarm 92

Proline content Beysehir 99 > Hasat = Konevi 98 = 
Tarm 92
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and CNT0031477) by FISH probes. However, plant fluores-
cence microscopy is observed to be complicated by endoge-
nous auto fluorescence, which is minimal in root cells, thus 
they are especially used to image quantification of RNAs 
and determination of cell-to-cell variations [57]. By estab-
lishing FISH protocols, the relationship between sense and 
antisense transcription at the single cell and single locus 
level are able to be demonstrated. Furthermore, the ability 
to visualize lncRNAs at sub-cellular resolution can uncover 
nuclear or cytoplasmic localization, providing information 
for gene expression [58-60].

As a conclusion, understanding the salt stress response 
in plants is one of the key challenges for improving crop 
breeding. Evaluation of crops, wide crossed of crops and 
their wilt types for their response in salt stress will contrib-
ute to improve crop yield and quality. Combination of traits 
will enhance the screening for salinity stress tolerance at 
germination.
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