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Abstract: The aim of this study was to confirm the presence of BADH gene and control whether it plays an important role to protect
white clover (Trifolium repens L.) against oxidative, salt, and drought stresses. Three genotypes possessing BADH and 1 genotype lacking
BADH were selected, considering the expression levels of BADH in response to methyl viologen mediated oxidative stress. The genotypes
possessing BADH displayed significantly less ion leakage under oxidative stress treatment, compared to that lacking BADH. In order
to test salinity tolerance, the plants were treated with 300 mM NaCl for 2 weeks, and to mimic drought conditions, plants were grown
without irrigating for 5 days. Under the salt stress, the plants possessing BADH contained lower malondialdehyde levels and higher
chlorophyll contents than that of plants lacking BADH. Similarly, under the drought conditions, the plants possessing BADH were found
to have increased levels of glycinebetaine, proline, and high relative water contents than the plant lacking BADH. These findings indicate
that the plants having BADH exhibited enhanced tolerance to salt and drought stresses. These enhanced tolerances of plants possessing
BADH gene is attributed to its ability to induce glycinebetaine synthesis. Moreover, the plants possessing BADH were found to exhibit
higher relative feed value under both stress and normal conditions. These plants could be used as forage crops on marginal areas having

salinity or drought problems.
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1. Introduction

Salinity and drought stresses, also members of abiotic
stress factors, are the most important problems threating
agriculture in many areas of the world, as semiarid and
arid areas, which account for 30% of the world, and almost
50% of the irrigated lands of the world are under the threat
of salt stress (Mali et al., 2012).

Plants have evolved various strategies to deal with
stress. “Compatible solutes” with low molecular weight
and high-water solubility are one of the stress responsive
molecules in plants. These compounds generally stabilize
highly ordered biomolecules under stress conditions (Hare
etal,, 1998). Glycine betaine (GB) is an effective protectant
for various types of abiotic stresses (Chen and Murata,
2011). It effectively stabilizes the structures of proteins and
enzymes, thereby protecting the integrity of the membrane
under drought and salinity conditions. GB is naturally
found in plants, also in animals and microorganisms (Chen
and Murata, 2008). The GB biosynthesis is stress-inducible
and its concentration in vivo varies among plant species.
Moreover, the GB level has been shown to correlate with
stress tolerance (Saneoka et al., 1995). Many species, such
as wheat, arabidopsis, and barley are not GB accumulators
because they do not naturally produce GB with significant
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amounts under stress or nonstress conditions (Chen and
Murata, 2008; Ke et al., 2016).

Increasing evidences from the studies suggest that
GB performs crucial functions in plants which expose
to abiotic stresses (Ahmad et al., 2008; Li et al., 2014).
Thus, generating transgenic plants that can synthesize GB
at higher amounts have been the main target for many
studies (Hayashi et al., 1997; Sakamoto and Murata, 2000;
Chen and Murata, 2011; Li et al., 2014). BADH (betaine
aldehyde dehydrogenase) is a gene involved in the glycine
betaine production and plays an important role in abiotic
stress tolerance (Bao et al., 2011).

White clover (Trifolium repens L.) is a forage legume
with great importance for agronomy in the world due to
its high nutritional value. On the other hand, from the
agricultural perspective, one of the drawbacks of this plant
is its susceptibility to salinity and drought stress conditions.
Previous studies have demonstrated that yield and quality
of white clover grown under these stress conditions
significantly decreased (Wang et al., 2010; Khalid et al.,
2017). Therefore, there is a need for developing tolerant
white clover lines that can tolerate such abiotic stresses
without having any quality and yield loss. Developing
white clover germplasm with enhanced drought and salt
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tolerance would bring a long-term solution to forage
cultivation on marginal lands.

The aim of this study was to understand the effect of
BADH gene on physiological and biochemical properties
of white clover grown under oxidative, salt, and drought
stresses. In addition, the relative feed value (RFV) was
evaluated. This is the first report about the BADH gene in
white clover and its relation with RFV.

2. Materials and methods

2.1. Plant materials

Three genotypes (possessing BADH) and 1 genotype as
a control (lacking BADH) were selected out of 32 white
clover genotypes that were collected from the natural flora
of Turkey considering the expression levels of BADH in
response to oxidative stress for further evaluations.

The seeds were plated on 2MS medium (Murashige
and Skoog, 1962) containing 1% sucrose and 1% agar
(pH 5.8). The cultures were then placed in a temperature-
controlled chamber at 25 + 1 °C where the samples were
exposed to photoperiod for 16 h daily. Rooted plants were
placed in pots for 1 week before being transferred to soil in
the growth chamber.

2.2. Oxidative stress experiment
Oxidative stress analyses were conducted as previously
described by Kwon et al. (2002).

Six leaf discs collected from white clover genotypes at
the same position were floated on a solution containing
0.4% (w/v) sorbitol and 5 pM methyl viologen, followed
by incubating in the dark for 12 h to allow diffusion of the
methyl viologen into the leaves. The samples were then
subjected to continuous light treatment (150 pmol m~s™)
at 25 °C. The loss of cytoplasmic solutes that could possibly
formed after the methyl viologen treatment was measured
with an ion conductivity meter over a time period ranging
from 0 to 24 h. These conductivity measurements were
then compared with the total conductivity of the solution
obtained after tissue destruction. The extent of cellular
damage was quantified by ion leakage (Li et al., 2014).

2.3. Salt and drought stress experiment

The plantlets were transferred to pods grown in a
growth chamber having the following conditions: 16 h
photoperiod with an intensity of 100 pmol m= s light
and 60% relative humidity at 25 °C. Twenty-eight days old
plants that have visually similar were selected and they
were irrigated with 300 mM NaCl once in every 3 days for
15 days, followed by irrigation with tap water for 7 days.
The plants were exposed to drought stress by withholding
the water supply under the conditions of 25 °C and 100
mmol photons m~ s light intensity. Before withholding,
the plants were irrigated with an equal amount of water for

7 days. After 5 days of withholding, the plants were allowed
to recover drought conditions. Salt treatment (300 mM
NaCl) and drought time (5 days) were planned based on
the preliminary study where the most appropriate upper
limits of salt and drought were determined. Moreover,
similar treatments have also been used in previous studies
focusing on salt and drought stress in various plants (Li et
al., 2014; Wei et al., 2017).

2.4. Polymerase chain reaction (PCR) analysis

CTAB method was used to isolate the DNA from
white clover plants (Murray and Thompson,
1980). The extracted genomic DNA were mixed
with convergent primers complementary to the
BADH gene (F: 5-TCCAAATCCACTACGC-3', R:
5-TTCTGCTGCCCAACTA-3") for PCR reaction. The
PCR protocol was; 1 cycle (94 °C for 5 min), 30 cycles
(94 °C for 1 min, 60 °C for 30 s), 72 °C for 1 min, and a
final extension cycle of 10 min at 72 °C. Agarose gel (1% )
was used to separate PCR products. Four weeks old leaves
grown in soil were treated with 300 mM NaCl, 5 mM methyl
viologen, or 5 days water withholding to activate expression
of BADH. Total RNA was extracted and was treated with
DNase I (RNase-free) to remove any contaminating
genomic DNA. Theactin gene was used for semiquantitative
and quantitative BADH expression analysis. Moreover, the
actin gene was also used to generate the first-strand cDNA
using a reverse transcription PCR (RT-PCR) kit (Sangon
Biotech) following the manufacturer’s instructions. For
semiquantitative RT-PCR analysis, the PCR conditions
were the same for both actin and BADH as expressed in
the genomic PCR analysis, except for the extension time.
Moreover, the PCR products were separated and visualized
as described above. Quantitative RT-PCR (q-RT-PCR) was
performed by following the manufacturer’s instructions in
a fluorometric thermal cycler (Biorad Versafluor, Canada)
using the Ever-Green fluorescent dye. Transcript levels
were measured relative to the controls.

2.5. Chlorophyll content

A portable chlorophyll meter was used to measure the
chlorophyll contents from leaves. After salt stress, the
relative chlorophyll content was determined under growth
chamber conditions (photoperiod: 16 h, light intensity:
100 mmol m~s!, relative humidity: 60%, temperature: 25
°C).

2.6. GB content

Four weeks old plants were irrigated with 300 mM NaCl
or exposed to drought conditions for 5 days in order
to induce the expression of BADH gene. After 3 and 5
days of salt and drought treatments, respectively, the
samples were collected for GB content measurements. GB
extraction was performed with the method described by
Grieve and Grattan (1983). Glycine betaine was extracted
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from the dry leaf material with 70 °C distilled water. The
extract of 0.25 mL was mixed with 0.25 mL of 2 N HClI
and 0.2 mL of potassium triiodide solution. The contents
were then shaken and cooled in an ice bath for 90 min,
followed by addition 2.0 mL of distilled water and 20
mL of 1.2-dichloromethane. The 2 layers were formed
in the mixture. The upper aqueous layer phase was then
discarded and optical density of the organic layer was
measured at 365 nm (Malekzadeh, 2015).

2.7. Malondialdehyde (MDA) and free proline analysis
The lipid peroxidation was estimated by determining
the MDA contents with the thiobarbituric acid method
described by Horie et al. (2005) The absorbances were
measured with a UV-Vis Spectrophotometer (Shimadzu
UV-160A, Kyoto, Japan) at 450, 532, and 600 nm.

Proline content in leaves was determined using the
method described by Bates et al. (1973) at 520 nm using
toluene as the blank and calculated as ug/g FW via using
the ninhydrin acid reagent method.

2.8. RFV equation
The RFV, which is included in different quality indices
for the determination of hay quality, was calculated by
determining the acid detergent fibre (ADF) and neutral
detergent fibre (NDF) contents and by estimating the
potential energy value for ruminants. NIRSystem (6500,
Minnesota, USA) spectroscopy was used for the analysis
of ADF and NDF fractions (%). RFV was calculated using
the following equations (Mertens, 1987; Linn and Martin,
1989);

Digestible dry matter (DDM) = 88.9- (0.779 x ADF)

Dry matter intake (DMI) = 120/NDF

REV = (DDMxDMI)/1.29

2.9. Statistical analysis

All analyses were performed in triplicate. Statistical
analysis was carried out using SPSS version 22 (IBM Corp,
Armonk, NY, USA). In order to determine the differences
between samples, analysis of variance (ANOVA) was done
at o = 0.05. Tukey’s test was performed at the a = 0.05
level to see whether mean differences were statistically
significant.

3. Results

3.1. Determination of the genotype whether it contains
BADH

The initial screening of plants was achieved using BADH
specific primers. PCR analysis revealed that 7 genotypes
contained the BADH gene, whereas it was not found in
the control genotype (Figure 1). Moreover, the plants were
tested with quantitative RT-PCR analysis with primer
(BADH gene-specific) from methyl viologen-treated leaf
discs. After the methyl viologen treatment, the strongest
induction of BADH expression was determined in TI,
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Figure 1. Genomic DNA PCR analysis of the BADH gene from
white clover genotypes after methyl viologen treatment. *S: the
genotype lacking BADH gene as a sensitive, T1, T2, T3: the
genotypes possessing BADH gene as a tolerant.

T2, and T3 genotypes. Therefore, these genotypes were
selected for further analyses.

3.2. Tolerance to methyl viologen based oxidative stress
To evaluate the oxidative stress tolerance of the genotypes,
leaf discs obtained from 1- month-old genotypes were
treated with 5 uM methyl viologen solution for 24 h.
T1, T2, and T3 genotypes (possessing BADH) exhibited
significantly lower ion leakage against methyl viologen
stress (25%, 18%, and 28% in T'1, T2, and T3, respectively),
compared to S genotype (lacking BADH) (54%) (Figure
2a). After oxidative stress, the expression patterns of
BADH were evaluated using q-RT-PCR. In T1, T2, and T3
genotypes, the BADH transcript levels were significantly
higher than S genotype (Figure 2b), providing further
proof that the BADH expression enhances the tolerance to
methyl viologen based oxidative stress.

3.3. Tolerance to high salinity stress
In order to determine the salt stress tolerance, 28-days-
old plants were subjected to 300 mM NaCl for 15 days,
followed by visually evaluating the plant growth. Although
salt stress negatively altered the growth of all plants, T1,
T2, and T3 genotypes were found to show enhanced
tolerance to 300 mM NaCl stress, compared to S genotype.
After the salt treatment, the BADH transcript levels
significantly increased in T1, T2, and T3 genotypes (1.62,
1.88, and 1.96 before the treatment; while 6.14, 4.23,
and 8.76 after the salt stress, respectively), as evaluated
by q-RT-PCR (P < 0.05) (Figure 3a). The GB contents
of the plants were also quantified to evaluate whether
increased BADH expression after the salt treatment led
to any changes in GB content. Before the salt treatment,
the GB content in the leaves of S genotype was 6.12 pumol
g! (Figure 3b) (indicating that white clover species is a
natural GB producer), and it was found that salt stress did
not change the GB content of S genotype, T1, T2, and T3
genotypes revealed significantly increased GB contents
after salt stress treatment (the GB contents of T1, T2, and
T3 genotypes were 6.20, 8.57, 8.75 umol g before the
treatment; while 15.12, 14.99, and 23.44 pmol g' after the
salt stress, respectively) (Figure 3b). These results show that
the BADH gene had a dramatic impact on GB contents.
In addition, chlorophyll and MDA contents were
measured to evaluate the effects of salt stress. Before
salt stress, there was no significant difference between
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Figure 2. Effects of oxidative stress for white clover genotypes.
a) Analysis of ion leakage in the genotypes under 5 uM methyl
viologen treatment for 0 and 24 h. b) Transcript levels of BADH
gene expression (The BADH expression level was normalized
to that of the actin gene as the internal control). Data represent
mean + SD of triplicates. Asterisks indicate a significant difference
between S and T genotypes (Figure a) or control and stressed
genotypes (Figure b) at *P < 0.05 or **P < 0.01. *S: the genotype
lacking BADH gene as a sensitive, T1, T2, T3: the genotypes
possessing BADH gene as a tolerant.

chlorophyll contents of T1, T2, and T3 genotypes (97.11,
97.96, and 98.19%, respectively) and S genotype (98.54%)
(Figure 3c). Salt stress conditions caused a drastic decrease
(3 times) in chlorophyll contents of S genotype (33.11%).
Collectively, these results indicate that the expression of the
BADH gene protected the photosynthetic mechanism of
T1, T2, and T3 genotypes under the salt stress conditions.

The MDA contents were similar to those of S genotype

in T1, T2, and T3 genotypes before salt treatment.
However, S genotype were significantly higher than those
of T1, T2, and T3 genotypes after salt treatment in terms of
MDA contents (Figure 3d).

3.4. Tolerance to drought stress

The performance of T1, T2, and T3 genotypes against
drought stress were evaluated to determine whether the
BADH expression enhances drought tolerance of white
clover. After drought stress, the BADH transcript levels in
T1, T2, and T3 genotypes significantly increased (Figure
4a). Moreover, after the drought stress, GB contents of the
leaves of T1, T2, and T3 genotypes significantly increased,
compared to nonstress conditions; whereas there was no
change observed in S genotype (Figure 4b).

Since the drought conditions cause plants to lose
water, the relative water contents (RWC) of the plants were
analysed after drought stress. T1, T2, and T3 genotypes
were found to show higher RWC than S genotype (Figure
4c¢), showing that T1, T2, and T3 genotypes were able to
preserve more water during the drought conditions which
is required to maintain the growth.

Proline content of the plants was also measured in
drought treated plants. In normal conditions, there was
no significant difference in all genotypes in terms of the
free proline contents. However, after water withholding for
5 days, T1, T2, and T3 genotypes were found to contain
higher free proline amounts than S genotype (Figure 4d).

3.5. RFV in genotypes after stress conditions

Here, the effects of salt and drought stress on RFV, which
is an important parameter to determine the forage quality
in plants, were determined. In normal conditions, T1,
T2, and T3 genotypes showed significantly higher RFV
values, compared to S genotype (Figure 3e, 4e), further
demonstrating that the presence of BADH in white clover
may increase the digestibility. After the salt and drought
stresses, T1, T2, and T3 genotypes were able to protect
their RFV. However, a dramatic decrease was observed
in the RFV of S genotype (Figure 3e, 4e), indicating that
the BADH gene plays a significant role in determining the
forage quality of plants.

4. Discussion
The increasing popularity of white clover as an important
forage is attributed to its high nutritional value and its
ability to fix nitrogen from the atmosphere. On the other
hand, its susceptibility to salinity and drought stress
conditions restrict its cultivation in marginal lands.
Therefore, there is a need for breeding of white clover
plants tolerating abiotic stress conditions. In this study,
white clover genotypes possessing BADH gene were
confirmed for the first time to show enhanced oxidative,
salt, and drought stress tolerances.

The current results revealed that T1, T2, and T3
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Figure 3. Salinity stress analyses of white clover genotypes. a) Relative expression levels for BADH gene (The BADH expression level was
normalized to that of the actin gene as the internal control) b) GB contents of the leaves of the genotypes c) Relative chlorophyll contents of
the leaves of the genotypes d) MDA contents of the leaves of the genotypes e) RFV of the shoots of the genotypes. Data represent mean + SD
of triplicates. Asterisks indicate a significant difference between control and stressed genotypes (Figure a) or S and T genotypes (Figure b, ¢, d,
e) at *P < 0.05 or **P < 0.01. *S: the genotype lacking BADH gene as a sensitive, T1, T2, T3: the genotypes possessing BADH gene as a tolerant.

genotypes had lower extent of visible damage in leaf discs
and lower levels of ion leakage under methyl viologen
mediated oxidative stress, further indicating that these
genotypes had enhanced tolerance to oxidative stress.
These are consistent with previous findings (Li et al., 2014).

The results showed that T1, T2, and T3 genotypes
exhibited an enhanced tolerance to oxidative, salinity, and
drought stress. This was mainly attributed to the fact that
BADH gene stimulates the GB synthesis. Similar results
were also observed for transgenic plants overexpressing the
BADH gene (Zhou et al., 2008; Fu et al., 2011; Fan et al,,
2012; Di et al., 2015). Moreover, BADH gene was found to
promote more GB synthesis under the stress conditions in
T1, T2, and T3 genotypes.

Cell membrane homeostasis of the plants was also
compared by measuring ion leakage and MDA contents of
white clover genotypes. Although there was no difference
observed under normal conditions, T1, T2, and T3
genotypes had lower ion leakage and MDA contents,
compared to S genotype under stress conditions; further
indicating that increased GB synthesis protects the cell
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membrane from stress-based damages (Meloni et al., 2003).

In this study, T1, T2, and T3 genotypes showed higher
chlorophyll contents than S genotype under the salinity
stress conditions. Having higher photosynthetic activity
was the result of GB synthesis in T1, T2, and T3 genotypes
compared to S genotype. This indicates that GB protects the
photosynthetic system in chloroplasts. GB’s mechanistic
effects on stress signalling remain unclear due to the lack
of direct evidences supporting the impacts of GB on the
antioxidative defence system (Li et al., 2014).

There are evidences that high levels of salinity cause
ion toxicity and osmotic stress in plants (Aung et al,
2015; Bao et al,, 2016; Asci and Acar, 2018; Kaymak and
Acar, 2020). The high salt concentrations cause problems
for roots to take water. In addition, they can be toxic for
protein synthesis and enzyme activity. A variety of plants
accumulate osmolytes such as proline when they were
subjected abiotic stress. These osmolytes allow the plant
to tolerate stress factors (Rajasheker et al., 2019). In this
study, the proline contents were measured, and the stress
conditions were found to cause increases in proline
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Figure 4. Drought stress analyses of the white clover genotypes. a) Relative expression levels for BADH gene (The BADH expression level
was normalized to that of the actin gene as the internal control) b) GB contents of the leaves of the genotypes c) Relative water contents of
the genotypes d) Free proline contents of the leaves of the genotypes e) RFV of the shoots of the genotypes. Data represent mean + SD of
triplicates. Asterisks indicate a significant difference between control and stressed genotypes (Figure a) or S and T genotypes (Figure b, ¢, d, e)
at *P < 0.05 or **P < 0.01. *S: the genotype lacking BADH gene as a sensitive, T1, T2, T3: the genotypes possessing BADH gene as a tolerant.

contents. Furthermore, the highest increase in free proline
contents was observed in T1, T2, and T3 genotypes, which
was statistically higher than those detected in S genotype.
This suggests that increased free proline contents possibly
contributes to enhanced drought tolerance in white clover
plants. The high levels of free proline could be the result of
enzyme activities in the presence of GB under abiotic stress
conditions from the protective effects. A variety of studies
indicated that GB stabilizes membranes, and enzymatic
activity in stress conditions (Sakamoto and Murata, 2000;
Quan et al., 2004; Goel et al., 2011; Li et al., 2014; Ke et al,,
2016).

In the present study, T1, T2, and T3 genotypes had
higher RWC, which could be another contributing factor
to its higher tolerance against drought stress conditions,
suggesting that T1, T2, and T3 genotypes exhibited less
water loss than S genotype during the dehydration process.
Similar results were indicated in GB-synthesizing plants (Li
et al., 2014; Ke et al., 2016).

Another important finding of the current study is that
T1, T2, and T3 genotypes possessing BADH gene were
shown for the first time to have higher RFV in stressed

and nonstressed conditions, compared to S genotype.
This is mainly due to the lower fibre contents of T1, T2,
and T3 genotypes. This finding suggests that increased
BADH expression affected the fibre synthesis. On the other
hand, an increase in the fibre content was observed in S
genotype. The increased fibre content might be due to the
existence of lignin as a component of plant defence system,
being distinct from developmental fibre, which is induced
by stress factors such as salinity and drought (Stange Jr et
al., 2001). This is in an agreement with a previous study
where alfalfa plants were shown to possess increased fibre
content as a result of defensive response against abiotic
stress (Zhang et al., 2016).

5. Conclusions

The results reveal that T1, T2, and T3 genotypes used in
thisstudy have great potentials for white clover production
in marginal areas. The T1, T2, and T3 genotypes
possessing BADH gene had significantly enhanced RFV
and abiotic stress tolerance. Moreover, it was shown for
the first time that BADH expression increases RFV in
plants. Such plants might have greater importance for
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digestibility. Moreover, GB was demonstrated to have
essential roles in photosynthetic mechanism under stress
conditions. Such information could be used to develop
new white clover plants possessing BADH that tolerate
oxidative, salt and drought conditions; thus, it can be
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