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Abstract Barley (Hordeum vulgare L.) is well known for
its relatively high salt tolerance among cereal crops.
However, the genetic variation of cultivated barley
becomes narrower due to continuous artificial selection and
breeding processes. Compared with cultivated barley, wild
barley contains wider genetic variation and abundant
sources for abiotic stress tolerance, considering as an elite
resource for mechanism study on salt tolerance. In this
study, Tibetan wild barley accession XZ113 identified with
high salt tolerance, was used to investigate ionic responses
and to identify proteins involved in salt tolerance in roots
and shoots at early stage of salt stress, during 48 h.
Exposed to salinity, shoot growth is more sensitive than
root growth. Conversely, K/Na ratio in the shoots was
larger than that in the roots, and both were above 1.0.
Steady-state K™ flux experiment showed XZ113 had a
strong K*-retaining ability under salt stress, maybe con-
tributing to its good performance of the absolute growth
rate. Proteomic results suggested that monodehydroascor-
bate reductase and peroxidases related to reactive oxygen
species scavenging in the roots and phosphoglycerate
kinase, triosephosphate isomerase and sedoheptulose-1,7-
bisphosphatase associated with photosynthesis and meta-
bolisms in the shoots, played important roles in salt toler-
ance at early stage of salinity in wild barley.
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Introduction

Salt stress is one of major abiotic stresses restricting crop
production and yield worldwide. Currently, around 20 % of
irrigated land has been affected by salinity, and moreover
the soil salinization is expanding rapidly due to unreason-
able farming and unavoidable geological factors (Munns
and Tester 2008; Rengasamy 2010). To fight against salt
stress, development of crop cultivars with high salt toler-
ance is considered as a most effective method. Plant spe-
cies differ widely in salt tolerance, and most cereal crops
are glycophytes (Glenn et al. 1999; Horie et al. 2012).
However, barley (Hordeum vulgare L.), ranking the fourth
in terms of planting area in the world among cereal crops,
is well known for its relatively high salt tolerance. Hence,
barley is commonly planted in the saline soil where other
cereal crops cannot grow well, and meanwhile it is fre-
quently used in the studies on the mechanisms of salt stress
tolerance in plants (Munns and Tester 2008; Munns et al.
2012). But the physiological and molecular mechanisms
underlying salt tolerance in barley still remain largely
elusive, especially osmotic and ionic stresses at early
phases. On the other hand, the genetic background of
cultivated barley becomes narrower with development of
intensive planting, thus resulting in the loss of elite genes,
including those related to salt stress tolerance.

Comparatively, wild barley (Hordeum spontaneum)
contains a wider source of genetic variation for abiotic
stress tolerance (Ellis et al. 2000; Nevo 2007). Wild
barley relatives have stronger adaptive ability to various
abiotic stresses including cold, drought and salt salinity
than cultivated barley. A recent study confirmed that Tibet
is one of the centers of domestication of cultivated barley
(Dai et al. 2012). Meanwhile, it was found that nearly
70 % of 189 Tibetan wild barley accessions showed
higher salt tolerance than a well-known tolerant cultivar,
CM72 (Wu et al. 2011; Qiu et al. 2011). Obviously,
Tibetan wild barley is highly valuable in breeding for the
cultivars of barley as well as other crops with high salt
stress tolerance, and it is quite imperative to understand
the tolerant mechanisms.

High concentration of soluble sodium (Na) initially
causes osmotic and ionic stresses to plants (Zhu 2002;
Munns and Tester 2008). Osmotic shock starts immediately
when plant roots are exposed to salt solution at a certain
threshold level, approximately 40 mM NaCl for most
plants (Munns and Tester 2008). Osmotic stress signifi-
cantly reduces water uptake and tissue growth rates of
plants, leading to reduced development and productivity in
later phases (Horie et al. 2012; Han et al. 2015). Ionic
stress is mainly caused by Na accumulation at a toxic
concentration, which causes leaf senescence and cell death
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(Munns and Tester 2008). Therefore, the effective strate-
gies of fighting against salt stress for plants are to keep low
cytosolic Nat concentration at the cellular level and low
shoot Nat concentrations at the whole plant level in
response to salt stress at the early phases (Horie et al.
2012). Previous studies also revealed that high cytosolic
K*/Na" ratio, especially in shoots is crucial for salt tol-
erance for glycophyte plants (Gorham et al. 1990; Blum-
wald 2000; Chen et al. 2005; Shabala et al. 2010). For
example, a salt-tolerant rice genotype, PL177 showed
significantly less salt damage, higher K™/Na™ ratio in
shoots and lower Na™ translocation from roots to shoots
than the sensitive genotype, IR64 (Wang et al. 2016). It is
also suggested that salt tolerant genotypes are capable of
maintaining a higher xylem K*/Na™ ratio by HKT trans-
porter localized in plasma membrane and sequestering Na™
in vacuole by tonoplast-localized Nat/H" exchangers in
barley (Shabala et al. 2010). In short, the current studies
demonstrate the importance of salt-induced ionic changes
in the development of salt stress tolerance in plants.

There are complex signaling and metabolic pathways in
plants to cope with salt stress (Zhang et al. 2012a, b).
Physiological studies indicated that increased energy meta-
bolism such as glycolysis and tricarboxylic acid cycle (TCA)
were necessary to alleviate osmotic and ionic effects caused
by salt stress (Kosova et al. 2013a), but little is known on the
relationship between signaling and metabolism at the whole
plant level (Wang et al. 2016). So, it is imperative to deter-
mine the molecular responses to salt stresses in order to
understand signaling and metabolic pathways associated
with salt tolerance. Obviously, among these molecular
components, proteins play direct roles in biological meta-
bolisms and set up the tolerant system in response to salt
stresses. Therefore, proteomics analysis is powerful and
useful in studies on abiotic tolerance in order to identify the
key genes associated closely with stress tolerance (Kosova
etal.2011,2013b). Zhang et al. (2012a, b) summarized 2,171
salt-responsive proteins in 34 plant species by proteomic
studies including those linked with photosynthesis, reactive
oxygen species (ROS) scavenging, ion homeostasis, osmotic
modulation, signaling transduction and protein synthesis.
Those stress-induced proteins may be helpful for obtaining
an entire knowledge of molecular networks and beneficial
for mining salt-associated genes. However, few attempts
have been conducted to investigate the ionic and proteomic
responses of wild barley to salt stress, although it shows
much higher salt tolerance relative to cultivated barley.
Therefore, the current research was done in order to under-
stand ionic responses to salt stress at early stage, and to
identify proteins involved in ionic changes and salt tolerance
using a Tibetan wild barley accession XZ113, which is high
salt tolerant (Qiu et al. 2011).
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Materials and methods
Plant materials and hydroponic culture

Seeds of Tibetan wild barley accession XZ113 were sur-
face sterilized with 3 % H,0O, solution for 20 min and
rinsed thoroughly with distilled water. Seed germination
was conducted according to Wu et al. (2014) in a growth
condition (22/18 °C, day/night; 14/10 h, light/dark).
Seven-days-old seedlings were transplanted into 5 L black
plastic containers containing 1/2 Hoagland solution. Aer-
ated hydroponic solution was renewed every 5 days (pH
6.0). Seven days after transplanting, the treatment of
200 mM NaCl was initiated and the solution without NaCl
addition was used as the control. For non-invasive MIFE
(Microelectrode Ion Flux Estimation) experiments, seeds
were placed vertically into floating filter papers in an aer-
ated basic salt medium (BSM) containing 0.1 mM CaCl,
and 0.5 mM KCl, and kept in a growth chamber for 3 days
without light until use for measurement.

Root K* and H' flux measurement

Root net ion fluxes were measured using MIFE technique
(Chen et al. 2007). One hour prior to measurement, a root
of 3-days-old barley seedling was immobilized to a slide
and placed horizontally in a Perspex container with 10 ml
BSM. The calibration and operation of K™ and H' ion-
selective microelectrodes were followed according to the
protocol described by Shabala et al. (2010). The electrode
tips were positioned 40 pm above the surface of mature
root zone (~ 10 mm from the root tip). Steady-state net K+
and H' ion fluxes were measured at each time point of 0, 2,
6 and 24 h after 80 mM NaCl was added into BSM solu-
tion according to Chen et al. (2007). Six biological repli-
cates were measured in this experiment. The different
significance among treatments was tested by SAS 9.1
software and the difference at p < 0.05 and p < 0.01 were
considered as significant and highly significant.

Growth and element concentration determination

Before sampling, roots were thoroughly rinsed with deion-
ized water for several times. Three biological replicates of
roots and shoots were sampled at 0, 2, 6, 24 and 48 h after salt
treatment. Fresh weight (FW) of roots and shoots were
measured using an electronic balance (Sartorius BSA124S,
Germany), then dried at 80 °C for 72 h, and weighed.
Absolute growth rate (GR) was calculated according to the
formula: GR (mg/h) = (DWt — DWy)/T, here T is the
treatment time. Tissue relative water content (RWC) was

calculated by the formula: RWC (%) = (FW — DW)/
DW x 100 %. For element extraction, dried samples were
digested with 6 ml HNO; and 200 pl 30 % H,0, in boiling
tubes using a microwave digestion instrument at 200 °C for
1.5 h (Multiwave 3000, Anton Paar GmbH, Australia). Then
the contents of Na, K, Ca and Mg in the extracted solution
were determined using an ICP-OES spectrometer (Optima
8000 series, PerkinElmer Inc, USA). The different signifi-
cance was also tested by SAS 9.1 software, as mentioned
above.

Protein extraction and purification

Fresh tissue of roots and shoots were sampled at 48 h
after salt treatment, frozen immediately in liquid nitro-
gen, and then stored at —80 °C before use. Total proteins
were extracted from 3 g fresh tissue and purified using
ReadyPrep™ 2-D cleanup kit (BIO-RAD, Hercules,
USA). The Bradford kit (BIO-RAD, Hercules, USA) was
used to determine the concentration of proteins.

Two-dimensional electrophoresis

Two-dimensional electrophoresis was conducted accord-
ing to the method described by Cheng et al. (2009). IEF
was carried out on a 24 cm IPG strip (pH 4-7). A total
of 460 pl rehydration buffer containing 200 pg (for gel
image) or 1200 pg (for MS analysis) protein sample
mixed with loading buffer solution (1 % DTT, 1 % IPG
Buffer, 1x BPB and rehydration buffer) was loaded in
the gels. The gel electrophoresis was set in a total volt-
age of 52 kVh with variable programs in Ettan IPGphor
3 system (GE Healthcare, Germany) according to Wu
et al. (2014). After IEF, the strips were equilibrated in an
equilibration buffer for 15 min and placed in the dark for
another 15 min. The second dimension of SDS-PAGE
was performed on top of 12.5 % running gel, with first
voltage of 2 W for 45 min and second 17 W per gel for
5 h. Then the gels were strained with silver staining
method and CBB G-250 staining method for further
analysis.

2-D gel image analysis

For gel images analysis, 2D gels were scanned by a GS-800
2-DE scanner (BIO-RAD, Hercules, USA) and analyzed by
Image Master™ 2D version 5.0 (Amersham Biosciences)
according to automated matching and manual editing.
Protein spots were analyzed according to Wu et al. (2014).
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Results

Growth performance of XZ113 in response to salt
stress

Tibetan wild barley accession XZ113 is identified as a salt-
tolerant genotype in a previous study (Qiu et al. 2011). To
understand physiological and molecular responses of
XZ113 to salt stress, we firstly determined its growth
performance in terms of absolute growth rate (GR) and
relative water content (RWC) in a time-course of salt
treatment (200 mM NaCl) during 48 h. Obviously, salt
treatment caused a significant decrease of GR in roots and
shoots, and the decreased extent was more obvious with the
treatment time (Fig. 1a). During 24 h treatment, nearly
eightfold decrease of GR was found for both roots and
shoots, and then kept a low GR after 24 h (Fig. la).
Compared with the roots, shoots showed larger inhibition
of GR in each sampling time, indicating that shoot growth
is more sensitive to salt stress than root growth. Mean-
while, salt stress only caused a slight water loss in roots,
merely 2 % of RWC decrease after salt treatment. While
shoot RWC showed less significant change during 48 h
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Fig. 2 Steady-state K* (a) and H* (c) fluxes measured by MIFE
from the mature root zone of 3-day-old seedlings exposed to 80 mM
NaCl for 0, 2, 6 and 24 h. The results in b, d are averaged over

treatment (Fig. 1b). Surprisingly, root RWC increased at
6 h to reach a maximum value and then decreased over the
treatment time (Fig. 1b).

Dynamic changes of element concentration in roots
and shoots in response to salt stress

The effect of salt treatment on ionic change was significant,
and differed between roots and shoots (Table 1). In roots,
Na concentration showed significant increase at 2 h after
treatment, followed by a slight decrease at 6 h, and then
kept rising to 20.6 mg g~' DW at 48 h, nearly twofold
higher than that at 2 h. The change of Na concentration in
roots was completely opposite to that of root RWC. In
contrast, K concentration decreased from nearly 40 mg g~'
DW at 0—6 h to 21.39 mg g~' DW at 48 h (Table 1). In
shoots, ionic change was slower and less in response to salt
stress in comparison with roots. Until 24 h after treatment,
Na concentration showed significant increase relative to the
control, and then continued increase, reaching to
142 mg g~' DW at 48 h, nearly 1.5 fold higher than that
at 24 h. While shoot K concentration remained less change
during the whole treatment (Table 1). In terms of K/Na
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significant between treatment and control at p < 0.01 by Tukey HSD
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ratio, it showed the opposite change as Na concentration
did in both roots and shoots. The value of K/Na ratio in
roots and shoots was above 1.0 and was larger in shoots
than in roots at 48 h after salt treatment (Table 1). In
addition, in comparison with control, Ca and Mg concen-
trations decreased by 39.1 and 26.8 % in roots, and by 11.8
and 21.0 % in shoots, respectively, at 48 h after salt
treatment (Table 1).

In order to reveal the effect of salt stress on K" -retaining
ability in XZ113, steady-state K* and H" flux in the roots
exposed to 80 mM NaCl was measured using MIFE tech-
nology within 24 h (Fig. 2). The result indicates that K*
efflux was significantly reduced under salt stress, falling into
—20 nmol m—2 s~ " at 2 h and into —100 nmol m~2 s~ " at
6 h exposure. However, at 24 h exposure, Kt efflux was
obviously recovered (Fig. 2a, b). Meanwhile, a fast H'
efflux was observed at 2 h exposure, being sixfold increase
compared with that at starting time, and become twofold
increase at 24 h (Fig. 2c, d). Apparently, H' recovered more
quickly and effluxed more than K* in the roots of XZ113
when subjected to salt stress. Hence, XZ113 may maintain
relatively high K concentration under salt stress, resulting in
high K/Na ratio after salt stress, contributing to its salt
tolerance.

Identification of salt stress induced proteins in roots

A total of 8 differentially expressed protein spots were
successfully identified in roots of XZ113 under salt stress
(Table 2; Fig. 3a). Among these protein spots, 4 up-regu-
lated protein spots were putative monodehydroascorbate
reductase (Ay;), putative class III peroxidase (Ay,, Ays)
and porin family protein (Ays), respectively. Meanwhile,
the spot abundance of succinyl-CoA ligase beta-chain
(Ap;), predicted protein (Aps), hydroxyacylglutathione
hydrolase (Aps) and dehydroascorbate reductase (Aps)
were greatly reduced (Table 2). Here, 5 proteins mainly
participated in ROS scavenging, were listed as Ap4, Aps,
Ayt, Auz and Ayy. Among them, Ay and Ayy showed
protein abundance specifically under salt stress (Table 2;
Fig. 4), indicating highly active ROS activity at early stage
of salt stress.

Identification of salt stress induced proteins
in shoots

In shoots, there were 8 differentially expressed proteins
identified under salt stress when compared with its control
(Table 3; Fig. 3b). Three protein spots showing reduction
under salt stress were characterized as chloroplastic ATP
synthase (Bp;, Bpo, Bps), belonging to two types of sub-
unit groups, alpha and gamma. On the other hand, 5
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Fig. 3 Two-dimensional gels of differentially expressed protein spots
isolated from roots and shoots of XZ113 under 200 mM NaCl
treatment or control for 2 day. a 2-D gels of root proteome; and b 2-D
gels of shoot proteome. Arrows indicate the location of differentially
expressed protein spots. Numbers in gels showed different abundance
of proteins in roots or shoots after salinity. As D2 and U3 were not
identified in MS analysis, they were not discussed in this study

significantly increased proteins were identified as chloro-
plastic ATP synthase alpha subunit (By;, By4), phospho-
glycerate kinase (Byy), triosephosphate isomerase (Bysz),
Sedoheptulose-1,7-bisphosphatase (SBPase, Bys) (Table 3;
Fig. 5). Here, 5 ATP synthase subunits (Bp;, Bp, Bps,
By and Byy) were identified, indicating important roles of
ATP synthases in response to salt stress in shoots. In
addition, SBPase (Bys) showed the maximum change (7.29
folds) as a key enzyme in Calvin cycle of plant photo-
synthesis, while By, and Byj are two key enzymes in the
pathway of glycolysis, indicating the enhanced activity of
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Table 3 The differentially expressed proteins in the shoot of XZ113 in response to salinity

Spot  Accession Protein homologue Mass (kDa) PI MASCOT No. of Coverage CK T Fold
no. no. (Theor./Exper.)  (Theor./ score peptide (%)
Exper.)

Bp;  gil118430385 ATP synthase (subunit 55.29/55.32 6.32/6.32 406 21 36 0.0490 0.0201 0.41
alpha, chloroplastic)

Bp,  gill18430385 ATP synthase (subunit 55.29/55.32 6.32/6.32 421 21 43 0.0234 0.0171 0.73
alpha, chloroplastic)

Bps;  gil285014508 ATP synthase subunit 39.75/40.01 8.18/8.18 119 7 18 0.0830 0.0327 0.39
gamma, chloroplastic

By,  gil118430385 ATP synthase (subunit 55.29/55.32 6.32/6.32 373 16 38 0.1167 0.4075 3.49
alpha, chloroplastic)

By,  gil326522650 Phosphoglycerate kinase — 40.19/40.22 5.39/5.39 179 5 14 0.0234 0.0883 3.78

Bus  gil326496613 Triosephosphate 32.30/32.68 7.04/7.04 306 16 50 0.1182 0.2896 2.45
isomerase

Bys  gil118430385 ATP synthase (subunit 55.29/55.32 6.32/6.32 491 27 47 0.3786 0.8755 2.31
alpha, chloroplastic)

Bys  gil326495216 Sedoheptulose-1,7- 42.09/45.58 6.17/6.17 189 16 32 0.0191 0.1392 7.29

bisphosphatase

See more details from Table 2

metabolisms were occurred in shoots of XZ113 under salt
stress.

Discussion

Salt tolerance in plants involves complex components of
signaling and metabolic regulation networks, and also
toughly depends on species, organ, dose and time of salt
exposure (Deinlein et al. 2014; Ellouzi et al. 2014). Up to
date, most studies on salt resistance are concentrated on a

@ Springer

long-term or high salt level, so as to reveal the diverse
mechanisms mainly linked to metabolic and ionic adjust-
ment, but few studies were done to understand osmotic and
ionic regulation at early stage of salt stress (Munns and
Tester 2008; Deinlein et al. 2014). Our previous studies
demonstrated that Tibetan wild barley had high salt toler-
ance (Qiu et al. 2011; Wu et al. 2011, 2013a). In this study,
we used a wild barley accession with high salt tolerance,
XZ113 as material, to reveal the ionic and proteomic
responses to salt stress at early exposure stage. It is inter-
esting to note that the plants could survive well under
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Fig. 5 ‘Spot view’ of the abundance of differentially expressed
proteins in shoots of XZ113 exposed to salt stress for 2 day. Green
circles with black arrows indicate spots showing decrease (listed as

200 mM NacCl, although growth was significantly inhibited
relative to control, (Fig. 1a), indicating its extraordinary
salt tolerance at seedling stage, and confirming the previous
finding (Qiu et al. 2011).

Ionic concentrations were significantly changed under
salt stress, especially for Na and K. On the whole, the
response to salt stress is characterized by increased Na
concentration and decreased K concentration in plant tis-
sues. Maintaining of a high cytosolic K/Na ratio is nor-
mally considered as a key feature of salt tolerance in plants
(Maathuis and Amtmann 1999; Tester and Davenport
2003; Shabala and Cuin 2008). Moreover, a K/Na ratio of
around 1.0 is regarded as a minimum value for keeping ion
homeostasis (Maathuis and Amtmann 1999). For example,
a salt-sensitive accession of Tibetan wild barley, XZ169
showed K/Na ratios in roots and shoots less than 1.0 even
under 150 mM NaCl at germination and seedling stages
(Wu et al. 2013b). In the current study, K/Na ratio in roots
and shoots of XZ113 was 3.48 and 1.04 at 48 h salt
exposure (Table 1), respectively, indicating the capacity of
maintaining an optimal K/Na ratio for conferring its salt
tolerance. Otherwise, most glycophytes prefer to prevent K
loss from cells rather than Na™ exclusion (Shabala 2000;
Chen et al. 2007; Zhang et al. 2012a). Chen et al. (2005)
estimated salt tolerance by K' flux measurement and
suggested the parameter of KT efflux is a reliable and
heritable indicator of salt tolerance in barley. In this study,
we found XZ113 had a strong ability of maintaining K*,
i.e. keeping a low level of efflux under salt stress and even
being able to recover slow efflux in the late stage of salt
exposure (Fig. 2a, b).

Meanwhile, some salt stress induced proteins were noted
in both roots and shoots by 2-DE (Tables 2, 3). In roots,
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Protein spot ID corresponds to spot number in Table 3 and Fig. 3b.
(Color figure online)

Control

four induced proteins showed extremely expressed changes
in comparison with controls, referred to Aps, Ay, Ays and
Ays, respectively (Table 2; Fig. 4). Most of them are
involved in ROS scavenging. Wu et al. (2014) identified
that monodehydroascorbate reductase (Ay;) and class III
peroxidase (Ay, and Ay,) showed nearly 2 and 0.2 fold
changes of protein level at 48 h after 200 mM salinity in
CM72, a well-known salt tolerant cultivar. Here, the above
two proteins performed more fold increase of protein level
in roots of XZ113 than that in the previous study, after salt
treatment. Obviously, these proteins may be attributed to
dramatic oxidative activity caused by salt stress and rapid
development of antioxidant defenses system in the plant
tissues of XZ113. Additionally, Ap, is an important com-
ponent of TCA, and A p; may be helpful for plasma
membrane stability. Ays belongs to porin family, which is
well known as transmembrane proteins and has the func-
tion in cell protection as anion channels (Geiger et al. 1999;
Wen et al. 2011). Besides, aquaporins are members of
porin family, which transport water and low-molecular
weight neutral compounds (Tyerman et al. 2002; Maurel
et al. 2008; Horie et al. 2012), enhancing salt tolerance in
Arabidopsis (Guo et al. 2006). It may be assumed that ATP
synthases act as a pioneer in response to salt stress in
shoots of XZ113, and five proteins identified in this study
belong to two types of subunits (Table 3; Fig. 5). Here,
four subunit o displayed the same molecular mass
(55.32 kDa) with different electric charges, identified as
Bpi, Bps, Byi and Byy (Table 3; Fig. 5). These subunits
belong to CF1 complex (Kohzuma et al. 2013). Wu et al.
(2014) indicated that H"-ATPases participated in devel-
opment of ion homeostasis in salt-tolerant barley geno-
types. Interestingly, fast H efflux activity was observed in
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the roots of XZ113 (Fig. 2c, d), which may help keeping
balance voltage and pH in a proper range. Kosova et al.
(2013b) suggested that many CF1 subunits in both halo-
phytes and glycophytes involved in salt tolerance under salt
stress. In addition, C3 photosynthesis cycle enzyme,
SBPase (Listed as Bys) increased by 7 folds in comparison
with control under salt stress (Table 3), hence leading to
improved photosynthesis (Rosenthal et al. 2011). Similar
result was also found in cultivated barleys, a salt-tolerant
genotype Afzal had more up-regulation of SBPase than a
sensitive genotype L-527 (Rasoulnia et al. 2011). There-
fore the higher SBPase activity should be helpful for
enhancing carbon assimilation in leaves of XZ113 under
salt stress. Moreover, phosphoglycerate kinase (By,) and
triosephosphate isomerase (By;) involved in glycolysis
pathway were significantly up-regulated after salt stress,
indicating that the metabolism level of glycolysis was
enhanced by salt stress in shoots of XZ113 as consistent as
other findings (Rasoulnia et al. 2011; Wu et al. 2014).

In conclusion, XZ113 showed relatively less growth
inhibition in early stage of salt stress exposure, as reflected
by the positive GR and relatively high water content. Its
high salt stress tolerance may be attributed to the capacity
in maintenance of optimal K/Na ratio and high K con-
centration in plant tissues. Meanwhile, proteomic analysis
showed that the wild barley could set up rapidly ROS
scavenging enzyme system in roots when meeting an early
and transient oxidative burst caused by salt stress. In
shoots, ATP synthases were pioneers for tolerant devel-
opment at early stress exposure stage, and they belong to
different subunits, with SBPase contributing to relatively
stable photosynthesis and assimilation under salt stress.
Further studies are still needed to reveal the exact roles of
those proteins whether acting as essential components of
salt tolerance in wild barley.
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