NARDI FUNDULEA, ROMANIA
www.incda-fundulea.ro

ROMANIAN AGRICULTURAL RESEARCH, NO. 40, 2023
First Online: October, 2022. DIl 2067-5720 RAR 2022-16

ACCUMULATION OF DEHYDRIN TRANSCRIPTS CORRELATES
WITH TOLERANCE TO DROUGHT STRESS IN SUNFLOWER

Angela Port*", Steliana Clapco®, Maria Duca®, lon Burcovschi', Maria Joita-Picureanu®®

'Center of Functional Genetics, Moldova State University, Academiei str., no. 3/2, MD-2028, Chisinau,
Republic of Moldova

“National Agricultural Research and Development Institute Fundulea, 915200 Fundulea, Cilarasi County, Romania

*Romanian Academy, Center of Study and Research for Agroforestry Biodiversity “Acad. David Davidescu”,
Calea 13 Septembrie no.13, District 5, 050711, Bucharest, Romania

“Corresponding author. E-mail: portang@yahoo.com

ABSTRACT

Present study was focused on the analyses of phenotypic traits (across field and laboratory trials) and
transcriptional changes in cotyledons and roots of sunflower hybrids, exposed to different levels of drought
stress. By comparing the level of dehydrins genes (DHNSs) expression in tolerant and sensitive genotypes as
response to drought and of the correlations between physiologic responses in laboratory and field screening, an
efficient and easily manageable experimental test system for sunflower seedlings was established. Thus, DHNs
genes (Rab18-like, Xerol and CORA47-like) differentially expressed under induced hydric stress could be used
as a proceeding for estimation of plant drought survival, hence, improving the pre-screening trials in the
breeding programs aimed on plant tolerance to water-deficit stresses.
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INTRODUCTION

limate change, characterized by an

increase in temperature and reduced
water  availability, drastically  affects
agricultural production and global food
security. Among strategic oilseed crops,
sunflower, grown as a source of premium oil
and dietary fiber throughout the world
(Adeleke and Babalola, 2020), with annual
production of 47 metric tonnes, is one of the
most important (FAOSTAT). In the Republic
of Moldova, it occupies 25% of the cultivated
land and ranks third after wheat and corn
(NBS).

Drought is a major abiotic stress that
limits yield and product quality (Skoric,
2009). Although sunflower is a deep-rooted
crop, exposure to water stress poses serious
challenges for plants and causes the reduction
or delay of seed germination, compromises
seedlings establishment and their
particularities (volume and lengths of root,
lengths of shoot and coleoptiles, dry and
fresh weight) and, finally, decreases the seed
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and oil production (Petcu et al., 2001; Ahmad
et al., 2009; Saensee et al., 2012; Li et al.,
2013; Chachar et al., 2016). According to the
warm scenario, in all regions of Eastern
Europe, including Moldova, a potential
reduction in sunflower production of around
12-14% is expected in 2030 if current climate
trends continued (Debaeke et al., 2017).

Genetic improvement of crops with
enhanced tolerance to drought is one of the
most effective and economically feasible
approaches to minimize the adverse effects of
stress on yield and to contribute to successful
sunflower production, especially in water
deficit areas. Evaluation of available germplasm
to identify drought-tolerant genotypes using
accurate, rapid and effective screening
methods is a key element for breeding
programs and development of new cultivars.
A series of agronomic, morphological,
physiological, and metabolic traits, which are
modified in response to stress, may serve as a
potential approach for selection (Ashraf et al.,
2006; Ahmad et al., 2022).

An efficient and rapid way for primary
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screening to drought tolerance in a laboratory
is the application of polyethylene glycol
(PEG 6000) in order to create osmotic stress
consequences of drought condition. Many
breeders successfully used the agro-
morphological traits, as well as plant
responses to PEG induced drought stress and
stress  tolerance indices derived from
germination percentage (GSI), dry matter
(DMSI), plant height (PHSI) and root length
(RLSI) as significant parameters for the
selection of sunflower drought-tolerant
genotypes (Kaya et al., 2006; Ahmad et al.,
2009; Vassilevska-lvanov et al., 2014;
Razzaq et al.,, 2017; Sauca et al., 2017;
Darbani et al., 2020).

Conventional  breeding for drought
resistance is time consuming and is greatly
constrained by inadequate screening methods
and lack of knowledge of the genetics and
molecular base of drought resistance. To
overcome such barriers, the molecular
approach focused on the identification of
reliable markers associated with drought
tolerance, which could accelerate the genetic
enhancement of drought tolerance may be
used (Nirmal Raj et al., 2019).

Dehydration stress induces significant
molecular responses involving changes in their
transcriptome, proteome, and metabolome
(Fernandez et al., 2008; Fulda et al., 2011;
Hanin et al., 2011; Sun et al., 2021). In recent
years, various physiological investigations
have highlighted the positive relationship
between cellular accumulation of dehydrins
(DHNs) and increased plant tolerance to
water-deficit stresses, especially cold, drought,
and high salinity (Hernandez-Sanchez et al.,
2017; Zhang et al., 2018; Sun et al., 2021).
DHNs share a number of structural features,
the most notable being three types of conserved
sequence: K-(EKKGIMDKIKEKLPG),
Y-([T/V]DIE/Q] YGNP) and S-(serine-track)
motifs, among which K- is the core segment
of amphiphilic o-helixes located at the
C-terminal end of the proteins (Cuevas-
Velazquez et al., 2014). Also, biochemical
studies indicate the K-segments are the
functional parts of DHNs that mediate
cellular stress tolerance (Drira et al., 2013),
bind the dehydrins to cell membranes

(Eriksson et al., 2016), or maintain enzyme
activity (Yang et al., 2015). Based on the
presence of the K-, S-, and Y-segments,
DHNSs are classified into the Kn, SKn, KnS,
YnKn, and YnSKn structural subgroups (Sun
etal., 2021).

In the model plant Arabidopsis thaliana
genome several DHNs genes have been
annotated. They include RAB18 (Y2SK2-
type), RD29B (Kn-type), COR47 (SK3-type),
ERD10 (SK3-type), ERD14 (SK2-type) that
may be found in many subcellular locations
(Sun et al., 2021), for example in nucleus
(Kalemba et al., 2015), cytoplasm (Cui et al.,
2020), or in both (Sanchez et al., 2017).
Different type of dehydrins, such as RAB18,
CORA47 and XEROL are differential expressed
in cotyledon, shoot and leaf apex, inflorescence
meristem, petal, petiole and other plant
structure as response to cold, heat, water
deprivation, being considered abiotic stress
marker genes (Hernandez-Sanchez et al., 2017).

Aspects of molecular responses of sunflower
to drought stress have been analyzed at the
gene expression level by many researcher
(Cellier et al.,, 1998, 2000; Kane and
Rieseberg, 2007; Roche et al., 2007
Fernandez et al., 2008; Liang et al., 2017).
Thus, the increase of two dehydrins, HaDhnl
and HaDhn2 was correlated with the decrease
of midday leaf water potential during
progressive stress and mainly up-regulated in
a drought tolerant line (Cellier et al., 1998).
An oscillation of HaDhnl in a diurnal way
with a peak of mRNA at midday was
ascertain. In contrast, the increase of HaDhn2
transcript was independent of day/night
cycles (Cellier et al., 2000). Also, an
association between physiological response
to water stress and differential expression of
DHNs genes in leaves, were revealed by
assessing of four sunflower recombinant
inbred lines and parental lines contrasted in
their responses to dehydration and rehydration
(Kiani et al., 2007).

Recently, as a result of sunflower
(HanXRQr2.0-SUNRISE) genome
sequencing, three DHNs genes have been
annotated: Rab18-like (Gene ID:
118488043), Xerol (Gene ID: 110908988)
and CORA47-like (Gene ID: 110910634).
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These dehydrins have been the subject of the
present transcriptomic study in context of
association of the molecular markers with
physiological drought tolerance at the
seedling stage. The germination is one of the
critical growth stages of crop plants that are
very sensitive to drought. There will be no
germination if osmotic potential reaches up
to -5.0 bars (Ahmad et al., 2009).

The research presents the analysis of the
data convergence of a field and laboratory
trials on sunflower in order to identify
contrasting genotypes by the physiological
and molecular response (differential DHN
gene expression) to water stress for the
opportunity to identify of the easy-to-test
indices in  drought-resistant  genotypes
screening.

MATERIAL AND METHODS

Plant growth and stress treatments

Thirteen experimental sunflower hybrids
created by the Company AMG-Agroselect
Comert have been tested in comparative trials
in the experimental field during 2019 and
2020 years according to the conditions
mentioned by Duca et al. (2022). Data was
recorded for ten plants (n=10, 4 repetitions),
selected from central rows, for eight
quantitative traits: Plant Height (PH, cm),
Number of Leaves (NL), Head Diameter
(HD, cm), Number of Achene per Head
(APH), Achene Weight per Head (AWH, g),
1000-Seed Weight (TSW, g), Hectoliter Mass
of Seeds (HMS kg/hl) and Seed vyield (SY,
kg/ha). Data was collected during vegetative
stage (PH and NL) and after being harvested
(HD, APH, AWH, TSW, HMS, SY).

Two hybrids were tested against hydric
stress at germination and seedling stages
under laboratory conditions. The first hybrid,
conventionally noted as 413S, presented
significant reduction of the majority of
analysed agronomic traits in 2020
(characterized by low precipitation quantity,
especially in the most critical stages of
sunflower development) compared to 2019
(Duca et al.,, 2022) and supposed to be
sensible. The second one (1718R), showed

stable productive indices in the same
conditions and was supposed to be resistant
to drought.

Polyethylene glycol 6000 (PEG-6000)
solution of 10% and 20% (osmotic potential
of -0.55 and -1.60 MPa, respectively) was
used to induce drought stress. The experience
has been performed according to the
methodology described by Clapco et al.
(2018). Number of germinated seeds were
counted daily and data was recorded for 8
days. After this period the number of
germinated seeds were recorded and the
germination rate (GR), promptness index (PI)
and germination stress index (GSTI) was
calculated according to George (1967), using
following formulae:

GR = Germinated seeds/Total Seeds x 100;

Pl = nd2(1,0) + nd4(0,75) + nd6(0,50) +
nd8(0,25), where: nd2, nd4, nd6, nd8,
represent the number of germinated seeds at
2" 4™ 6™ and 8" day, respectively.

GSTI = (PI of stressed seeds/PI of control
seeds) x 100.

The shoot and root length were measured
in cm with a ruler after 8 days of the start of
the experiment. Plant dry weights were
recorded after drying at 70°C at a constant
weight. Based on these measurements the
plant height stress tolerance index (PHSI),
root length stress tolerance index (RLSI) and
dry matter stress tolerance index (DMSI)
were calculated according to Ashraf et al.
(2006), as following:

PHSI = (Plant height of stressed plant/
Plant height of control plants) x 100

RLSI = (Root length stressed plant/Root
length of control plants) x 100

DMSI = (Dry matter of stressed plant/Dry
matter of control plants) x 100.

RNA extraction and cDNA synthesis

The cotyledons and roots of drought-
stressed (PEG-treated) and control (distilled
water only) sunflower 10-day old seedlings
were collected and immediately frozen in
liquid nitrogen and stored at -80°C. Total
RNA was extracted using TRI Reagent
(Ambion, Applied Biosystems) according to
the manufacturer’s protocol. The quality and
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yield of the RNA samples were assessed
through gel electrophoresis and UV
spectrometry.

For reverse-transcription reactions the
purified RNA samples (1 pg) were treated with
DNAse |, RNAse-free (Thermo Scientific).
First strand cDNA was synthesized using
RevertAid RT Kit (Thermo Scientific), oligo
(dT)18 and random hexamer primers,
following the manufacturer’s instructions. The
experimental design comprised three biological
replicates of each experimental variants.

Quantitative Real-time PCR analysis

Three genes related to drought stress
response were analyzed by quantitative real-
time PCR (gRT-PCR) using cDNA as
template. The specific primers for target and
reference genes were designed based on the
published H. annuus sequences using
Primer3Web v.3.0.0. (Untergasser et al.,
2012) (Table 1).

Each Real-Time PCR reaction (total
volume of 20 pl) included: 2 pl of template
(1:6 diluted in RNAse free water cDNA), 2 x

Maxima SYBR Green/ROX PCR Master
Mix (Fermentas), 0,4 uM of each reverse and
forward primers. The thermal cycling
conditions programmed at the thermocycler
Applied Biosystems QuantStudio 5 (Thermo
Fisher Scientific) were: initial denaturation
at 95°C for 10 min, followed by 40 cycles of
15 s at 95°C and 40 s at 60°C. The gene-
specific amplification products were assessed
by melting curve analysis, followed by
agarose gel electrophoresis. All reactions
were performed in triplicate, including the
non-template controls.

The cycle threshold (Ct) method was used
to present relative gene expression.
Normalized expression data were computed
as Z-ACt, where ACt = (Cttar et gene ~ Ctreference
gene). Fold change (FC= 2°“") was used to
compare the dehydrin genes expression in
two different samples (PEG treated/untreated
control, tolerant/sensitive hybrid in response
to drought). In case of 2*4%'<1, the negative
inverse of 2744 (-1/2"*2" was considered as
the fold change of reduction in gene
expression (Schmittgen and Livak, 2008).

Table 1. Genes and primers used in the study

DHN Genes Transcript Primer sequence (5" —3")

(GeneBank 1D) (length, nt) Forward Reverse
Rab18-like (118488043) XM _035985091.1 (1089) caaaaccaacccagtgccac tcctecttgeccatcatect
Xerol (110908988) XM _022153993.2 (843) aggatgatggagagggaggc attcaccaccgcctacagtg
CORA47-like (110910634) XM _022155250.2 (1108) tcagatgttcacgcaccacc tccgctttcttgtgaccacc
Actin (reference gene) AF282624.1 (1134) gctaacagggaaaagatgactc actggcataaagagaaagcacg

Statistical analysis

Primary data was subjected to descriptive
statistical analysis. Difference significance of
mean values was analysed by Student’s t-test
(n=3, p<0.05). Data was graphed as mean
+ SDs. Genes with a p-value lower than 0.05
and FC>1.5 (upregulated) or <-1.5 (down
regulated) were considered to be differentially
expressed.

RESULTS AND DISCUSSION

Growth and yield of sunflower hybrids

in the field trial

According to observation data (Figure 1),
in experimental hybrid 413 all analyzed
parameters, except HMS which shown a

small increase (by 2.7%), were significantly
lower in 2020 compared to 2019. Reduction
of plant height, leaves number and head
diameter was less pronounced and constituted
4.3%, 3.6% and 4.5%, respectively.
Unfavorable  environmental  conditions
especially influenced the yield related traits,
such as number and weight of seeds per head,
1000-seeds weight, as well as yield. Thus, in
the second year, these parameters have
decreased by 17.9-46.3%, the most affected
trait being AWH. Consequently, the yield
decreased by 20.6%.

Contrary, hybrid 1718 presented a high
tolerance to drought and even some parameters,
such as plant height, leaves number and head
diameter were even lower (by 4.8-10.0%) in
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2020, yield related traits (especially TSW and
HMS), as well as yield indicated higher
values (by 3.1-12.5%) than in 2019, the
differences being statistically insignificant at
5% probability level. 1000-seed weight is one
of the most important quality factors, of
which grain sturdiness and filling (Radi¢ et
al., 2013).

According to Abolhasani and Saeedi
(2004) seed number was the most important
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stressed or unstressed condition. The reduction
in the number of seeds per head and seed
weight after water deficit periods was also
reported by Goksoy et al. (2004) and Pourtaghi
etal. (2011).

In our research, both hybrids showed a
similar decrease of APH and AWH (25.5%
and 25.7%; 46.3% and 45.7%, for 413 and
1718, respectively) under drought conditions.
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Note: Means with different letters are statistically different between each other at 5% probability level (p<0.05, Student’s t-test).

Figure 1. Agronomic traits of hybrid 413S and 1718R during two experimental periods (2019 and 2020)

Stress tolerance indices of sunflower

genotypes

The, germination rate (GR) of sunflower
hybrid studied decreased considerably with
the increasing of hydric stress severity,
(Figure 2).

Thus, if at -0.55 MPa, osmotic potential
GR in hybrid 413S decreased by 25%
compared to untreated control, in the case of
-1.36 MPa, osmotic potential was 41.6%
lower. In the drought tolerant hybrid 1718 a
reduction of GR by 6.7 (statistically
insignificant) and 16.7%, respectively, was
observed. Previously, many researchers
concluded that increasing drought stress levels
progressively reduced seed germination in
sunflower genotypes (Kaya et al., 2006;
Ahmad et al., 2009; Saensee et al., 2012;
Clapco et al., 2018).

Promptness (PI) and germination stress
tolerance (GSTI) indices used to interpret
differences in the rate of germination due to
osmotic stress indicated more pronounced
divergences among genotypes. The drought

tolerant hybrid showed higher values for both
levels of applied osmotic potential: PI - 35.7
and 30.3%, respectively, for -0.55 and -1.36
MPa osmotic potential, compared to 24.1 and
13.3% in the sensible hybrid; GSTI - 84.6
and 71.7%, compared to 55.3 and 30.6%,
respectively (Figure 2).

These results were in accordance with
those of Ahmad et al. (2009) who reported
that water stress (induced with PEG solution)
at germination and seedling growth stages
reduced the GSTI in six sunflower
hybrids/breeding lines. Decrease in tolerance
indices was explained by the delay in
seedling emergence due to slower cell
division and plant metabolism disturbance
under water deficiency (Ayaz et al., 2000;
Ahmad et al., 2009).

Promptness index and germination stress
tolerance index were also found as reliable.
indicators to screen drought tolerant maize
hybrids at seedling stage (Partheeban et al.,
2017; Nirmal Raj et al., 2019).

19, %
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Figure 2. Effect of different PEG concentrations on final germination rate (GR),
promptness index (PI) and stress tolerance index (GSI) in sunflower hybrids

The physiological indices such as plant
height index (PHSI), root length stress index
(RLSI) and dry matter stress index (DMSI),
also were used to evaluate the response of
sunflower hybrids to PEG-induced water stress.

A significant reduction of all analyzed
parameters, except root length of 1718R
hybrid, was observed with the increase of
PEG concentration in both sunflower genotypes
(Figure 3).

In the case of hybrid 413S the most
affected traits were root length (by 55.7 and
76.0% lower comparative to control for -0.55,
and -1.60 MPa osmotic potential, respectively),
followed by plant height (39.1%). Contrary to
the aforementioned, the effect of hydric stress
on root elongation in drought tolerant hybrid
1718R was insignificant and greater values
were observed in PEG treated samples as
compared to control (by 18.6% at -1.60 MPa
osmotic potential). In the same time, a
significant decrease (by 37.4 and 63.0% lower
comparative to control for -0.55, and -1.60 MPa
osmotic potential, respectively) in seedling
length was observed in the resistant hybrid. A
similar extension in root length concomitant
to the reduction in shoot length has been also
described in other agronomic species
(Guoxiong et al., 2002; Shabbir et al., 2015).

It is known that higher root growth is

linked with better drought tolerance, helping
plants to explore deeper soil layers and
ensure a supply of water under dry
conditions. Sharp and Davies (1989) noted
that the development of the root system in
dry soil is usually less inhibited than shoot
growth, and may even be promoted. This trait
IS under genetic control and constitutes a
benefit to maintain an adequate water supply
in plants (Sponchiado et al.,, 1989).
According to Nejad (2011) better root growth
at seedling stage would result in perfect root
architecture at maturity.

Both hybrids responded similarly to
drought stress by decrease of dry matter
values, the effect being more pronounced in
drought tolerant genotype (by 31.1% lower)
comparative to sensible one (-19.4%) at 20%
PEG6000 treatments. It should be noted that
if seedling dry weight did not change
significantly, the fresh weight decreased along
with the increase of PEG concentration,
ranging between 73.5-76.3% and 37.6-54.6%
to the control in resistant and sensible hybrid,
respectively. The results are in accordance
with those reported by Clapco et al. (2018),
Ahmad et al. (2009) and Saensee et al. (2012)
and suggest that water stress induces
especially a reduction of water content in
seedling, not the seedling mass accumulation.
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Figure 3. Effect of different PEG concentrations on plant height, root length
and dry matter stress tolerance indexes (PHSI, RLSI and DMSI) of some sunflower hybrids

Analysis of physiological indices showed
significant difference among genotypes only
for root length stress tolerance index (RLSI)
that suggests this trait is an important
criterion for selection.

Dehydrins gene expression assay by

qRT-PCR

Two experimental hybrids of sunflower
(1718R and 413S) with different sensitivity
to drought showed a various steady-state of
DHN transcripts amount in  normal,
unstressed seedlings and much more
differentiated level in response to induced
hydric stress. The differences of mMRNA
quantities are determined not only of
biological contrasting responses of plants, but
also by the type of studied dehydrins. Thus,
in both untreated hybrids the dehydrin Xerol
gene is more transcriptionally active in roots
than in cotyledons, compared to Rab18-like
and COR47-like whose transcripts accumulate
much more in cotyledons than in roots
(Figure 4).

It is also important to note that in control
plants the highest content of transcripts
(except those of dehydrin Rab18-like in
cotyledons) was those of the dehydrin Xerol
(maxim values of relative expression 1.79 for
cotyledons and 3.37 for roots). In contrast,
the lowest values were identified in the case
of the dehydrin COR47-like gene (maximum
values of 0.049 for cotyledons and 0.002 for
roots) compared to the other two DHNSs
investigated.

Quantitative changes in expression of
DHN genes of drought tolerant plants 1718R
versus sensitive 413S plants were detected.
Thus, analysis of the relative gene expression
ratio of control plants 1718R versus 413S
revealed a higher concentration of Xerol
transcripts in cotyledons (19.65-fold) and
roots (10.28-fold). Also, the drought-tolerant
hybrid differs from the sensitive one by the
higher content of the transcripts of the other
two genes studied Rab18-like (1.51-fold) and
CORA47-like (2-fold), but only in roots. The
differences in transcript amounts in cotyledons
of 1718R versus 413S are not significant for
Rab18-like gene (FC=1.13; p=0.29) and
CORA47-like gene (FC=1.15; p=0.38) (Figure 5).

The molecular responses, of two divergent
sunflower genotypes by their physiological
response to PEG-induced and naturally, in
the field hydric stress, are similar in some
cases and different in others, depending on
seedling tissues and dehydrin genes (Figure 4).
According to fold changes used to compare
the dehydrin genes expression in studied
hybrids due to PEG-treatment, the 1718R
showed increased amount of Rabl8-like
transcript in both seedlings’ tissues, in
cotyledons (4.70- and 6.98-fold in variants
with -0.55 and -1.60 MPa, respectively) and
roots (2.40- and 6.87-fold in case of -0.55
and -1.60 MPa, respectively). Interestingly,
another response expressed by Rabl8-like
MRNA relative amount variation due to PEG
treatment is ascertained in case of the
sensitive genotype 413S.
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Figure 4. Relative expression levels of DHN genes in seedlings cotyledons and roots under normal
and induced hydric stress conditions

Thus, in this hybrid, level of Rab18-like
expression revealed upregulation in samples
treated with 10% PEG (3.95-fold in
cotyledons and 4.8-fold in roots) and down
regulation under 20% PEG treatment (-1.5-
fold in cotyledons and -3.6-fold in roots).

A differentiated expression of genes was,
also, highlighted at Xerol mRNA level,
which is upregulated in all stressed samples
of 413S, up to 6-fold related to untreated
samples. In contrast, the drought-tolerant
genotype 1718R showed a variable molecular
response for cotyledons and roots depending

of intensity of induced hydric stress.
Increased amounts of dehydrin  Xerol
transcript were identified, only, in the

cotyledons (2.76-fold) under 20% PEG and
roots (6.87-fold) of samples treated with 10%
PEG, revealing a higher hydric stress
sensitivity of the roots comparative to
cotyledons. In the other analyzed variants
(cotyledon and roots under 10 and 20% PEG
respectively) the change of the dehydrin

Xerol transcript concentration is statistically
insignificant.

A molecular response of the seedlings
under hydric stress different than that
revealed at the genes Rab18-like and Xerol,
have been established in the case of the
CORA47-like - the gene that showed the
smallest amounts of transcript in control
samples of both genotypes. Thus, in the
cotyledons of both hybrids analyzed under
stress, there is a lower content of dehydrin
CORA47-like transcript, especially in samples
treated with 20% PEG, 2-fold in the resistant
genotype and 8.6-fold in the sensitive one. In
contrast, in the roots of the treated sensitive
hybrid, this gene showed a higher expression
level of 5.6-fold (-0.55 MPa) and 20.2-fold
(-1.60 MPa). In the seedling roots of the
resistant hybrid, the mild intensity stress
causes upregulation (FC=2.0), while the one
of higher intensity induce down regulation
(FC=-2.0) of the expression of dehydrin
CORA47-like mRNA (Figure 5).
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Figure 5. Quantitative changes of DHN genes expression in drought tolerant (1718R) versus sensitive (413S) plants
under normal and hydric stress conditions

In conclusion, all three dehydrins analyzed
changed their transcript content due to PEG
treatment, both in the cotyledons and in the
roots. However, there is a higher response
reaction in the roots compared to cotyledons,
especially in the 413S sensitive genotype.
Also, it is obvious the general character (the
same change trend for all treated samples of
the same genotype) of upregulation in
dehydrin expression of Rab18-like in case of
tolerant genotype and of Xerol in case of the
sensitive one. A more contrasting response
due to the induced stress is highlighted for
expression of dehydrin COR47-like depending
on all experimental factors (genotype, PEG
treatment, seedlings tissues).

Quantitative  variations of  DHN
transcripts, in normal conditions and as
response to drought, mostly upregulated than
downregulated in a tissue-specific manner
and depending on severity of stress. This
indicates that studied genes may have
different functions as part of distinct
mechanisms for hydric stress tolerance. The
previous investigations showed that in
Arabidopsis, AtCOR47 is  expressed
constitutively in all tissues in response to low
temperature (Puhakainen et al., 2004). The
biological processes have been established
for AtCORA47, such as ion and water-binding,
cryoprotective activity, metal-binding (Hara,
2010; Sun et al.,, 2021). The Arabidopsis
DHN AtRAB18 is also upregulated and

accumulates under low temperatures,
drought, salinity, and ABA, revealing that it
is involved in these stress responses
(Nylander et al., 2001; Alsheikh et al., 2005;
Hundertmark and Hincha, 2008).

The amounts of COR47-like transcripts are
less compared to the other two dehydrins
(Rab18-like and Xerol mARN), analyzed in
control conditions. This is evidence that
suggests variations in dehydrin accumulation
patterns with respect to plant development
stage. For example, it has been established
that the dehydrin profiles of winter wheat at
seedling, tillering, jointing, and anthesis
stages differ from each other (Zhang et al.,
2013).

Another important conclusion is revealed
from the analysis of quantitative changes of
DHN genes expression in drought tolerant
(1718R) versus sensitive (413S) plants under
hydric stress. Thus, the genotype that showed
resistance to hydric stress in the laboratory
and field trials differs essentially by the
higher content of dehydrin Xerol transcripts,
both under normal conditions and in those of
induced hydric stress (-0.55 and -1.60 MP
osmotic potential). Moreover, the 1718R
genotype differs from the 413S by the mRNA
amounts of the Rab18-like and COR47-like
dehydrins which are higher in the roots of
untreated seedlings and remained unchanged
or higher (with one exception) despite the
variations in steady-state level of DHN genes
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expression under hydric stress conditions
(Figure 5).

The obtained data are in agreement with
other comparative studies on plant varieties
with different stress tolerance that provide
evidence for a positive correlation between
DHNs gene expression or protein
accumulation and physiological responses
(Hanin et al., 2011). Thus, a correlation
between drought tolerance and accumulation
of dehydrin proteins were found in Populus
popularis (Pelah et al., 1997). Similarly,
positive correlations between Dhn3 and Dhn4
transcript accumulation and several traits
associated with drought tolerance were
revealed in a set of Korean barley cultivars
(Park et al., 2006). Other examples that can
be mentioned are the correlations between the
level of dehydrin transcript and drought
tolerance in two differently tolerant cultivars
of durum wheat (Labhilili et al., 1995).

Evidence that high levels DHNs can be
used as a plant molecular marker in screening
of tolerance at various related water-deficit
stresses are obvious from transgenic studies
that have widely demonstrated the positive
effect of DHNSs expression in order to survive
changing conditions. Thus, some studies
(Brini et al., 2007) highlighted that the
expression of the durum wheat DHN-5 in A.
thaliana led to an increase in salt and osmotic
stress tolerance. Also, have been shown that
overexpression of the wheat dehydrin
PMAB8O enhances rice tolerance to drought
and salt stress (Cheng et al., 2002).

It should be noted that the positive relation
between plants overexpressing DHNs and
high tolerance to abiotic stress is not always
found. For example, the overexpression of
AtRAB18 in Arabidopsis did not enhance the
freeze and drought tolerance (Lang and
Palva, 1992), but the co-expression together
with AtCor47 led to improved freeze
tolerance but not drought tolerance
(Puhakainen et al., 2004). These findings
suggest that under certain physiological
conditions, synergistic activity rather than
individual activity of some DHNs will
improve stress tolerance.

It is also important to mention that for
most plants, including sunflowers, the level

of comparability between the research results
on resistance to abiotic factors is so far quite
low due to the different study approaches
(microarrays, gPCR, proteome analysis
techniques), with  different  materials
(immature embryos, seedlings, plants in
different ontogenetic phases), in different
conditions (in vitro, greenhouse or field tests,
different stress intensities, etc.).

CONCLUSIONS

The presented evidence confirms that
drought adaptive responses result from
differences in the regulation of expression of
specific genes. By comparing the level of
DHN genes expression of tolerant and
sensitive genotypes in response to drought,
and identifying the additional correlations
between physiologic responses in laboratory
and field screening was established an
efficient and easily experimental test system
for sunflower seedlings. Thus, it is suggested
to use differential gene expression of DHNs
Rab18-like, Xerol and CORA47-like in
sunflower plants grown under induced hydric
stress as a proceeding for estimation of plant
drought survival, hence, improving the pre-
screening trials in the breeding programs
aimed on plant tolerance to water-deficit
stresses.

ACKNOWLEDGEMENTS

The authors would like to acknowledge
the contribution of the Government of the
Republic of Moldova for supporting the
implementation of this research, which was
done in the framework of the project within
the National Program 20.80009.5107.01 -
Genetico-molecular and biotechnological
studies of sunflower in context of sustainable
management of agricultural ecosystems, and
the seed company ,,AMG-Agroselect Comert”
LLC, for conducting field experiments and
data recording.

REFERENCES

Abolhasani, K., and Saeidi, G., 2004. Relationships
among agronomic traits of some safflower



11

ANGELA PORTET AL.: ACCUMULATION OF DEHYDRIN TRANSCRIPTS CORRELATES
WITH TOLERANCE TO DROUGHT STRESS IN SUNFLOWER

genotypes in moisture-stressed and non-stress
conditions. Iranian Field Crop Research, 1: 127-138.

Adeleke, B., and Babalola, O., 2020. Oilseed crop
sunflower (Helianthus annuus) as a source of
food: Nutritional and health benefits. Food Sci.
Nutr., 8(9): 4666-4684.

Ahmad, S., Ahmad, R., Ashraf, M., Ashraf, M., Waraich,
E., 2009. Sunflower (Helianthus annuus L.) response
to drought stress at germination and seedling
growth stages. Pak. J. Bot., 41(2): 647-654.

Ahmad, A., Aslam, Z., Javed, T., Hussain, S., Raza,
A., Shabbir, R., Mora-Poblete, F., Saeed, T,
Zulfigar, F., Ali, M.M., 2022. Screening of wheat
(Triticum aestivum L.) genotypes for drought
tolerance through agronomic and physiological
response. Agronomy, 12: 287.

Alsheikh, M., Svensson, J., Randall, S., 2005.
Phosphorylation regulated ion-binding is a
property shared by the acidic subclass
dehydrins. Plant Cell Environ., 28: 1114-1122.

Ashraf, M., Akhter, K., Hussain, F., Igbal, J., 2006.
Screening of different accessions of three potential
grass species from Cholistan desert for salt
tolerance. Pak. J. Bot., 38(5): 1589-1597.

Ayaz, F., Kadioglu, A., Urgut, R., 2000. Water stress
effects on the content of low molecular weight
carbohydrates and phenolic acids in Cienanthe
setosa. Canadian J. Plant Sci., 80: 373-378.

Brini, F., Hanin, M., Lumbreras, V., Amara, I,
Khoudi, H., Hassairi, A., Pages, M., Masmoudi,
K., 2007. Overexpression of wheat dehydrin
DHN5 enhances tolerance to salt and osmotic
stress in Arabidopsis thaliana. Plant Cell Rep., 26:
2017-2026.

Cellier, F., Conéjéro, G., Breitler, J., Casse, F., 1998.
Molecular and physiological responses to water
deficit in drought-tolerant and drought-sensitive
lines of sunflower. Accumulation of dehydrin
transcripts correlates with tolerance. Plant
Physiol., 116(1): 319-328.

Cellier, F., Conéjéro, C., Casse, F., 2000. Dehydrin
transcript fluctuations during a day/night cycle in
drought-stressed sunflower. J. of Experimental
Botany, 343: 299-304.

Chachar, Z., Chachar, N., Chachar, Q., Mujtaba, S.,
Chachar, G., Chachar, S., 2016. Identification of
drought tolerant wheat genotypes under water
deficit conditions. International Journal of
Research, 4(2): 206-214.

Cheng, Z., Targolli, J., Huang, X., Wu, R., 2002.
Wheat LEA genes, PMA80 and PMA1959,
enhance dehydration tolerance of transgenic rice
(Oryza sativa L.). Mol Breed., 10: 71-82.

Clapco, S., Tabara, O., Mutu, A., Gisca, 1., Port, A.,
Joita-Pacureanu, M., Duca, M., 2018. Screening of
some sunflower hybrids for drought tolerance
under laboratory conditions. Lucrari Stiintifice.
Ser. Agronomie, 61(1): 205-210.

Cuevas-Velazquez, C., Rendon-Luna, D., Covarrubias
A., 2014. Dissecting the cryoprotection mechanisms

for dehydrins. Front. Plant Sci., 5: 583.

Cui, H., Wang, Y., Yu, T., Chen, S., Chen, Y., Lu, C.,
2020. Heterologous expression  of  three
ammopiptanthus  mongolicus dehydrin  genes
confers abiotic stress tolerance in Arabidopsis
thaliana. Plants, 9(2): 193.

Darbani, S., Mehrabi, A., Pordad, S., Maleki, A,
Farshadfar, M., 2020. Effect of drought stress
on agro-morphological traits in sunflower
(Helianthus  annuus L.) genotypes and
identification of informative ISSR markers.
Plant Genetic Resources: Characterization and
Utilization, 18(2): 49-62.

Debaeke, Ph., Casadebaig, P., Flenet, F., Langlade, N.,
2017. Sunflower crop and climate change:
vulnerability, adaptation, and mitigation potential
from case-studies in Europe. OCL, 24(1), D102.

Drira, M., Saibi, W., Brini, F., Gargouri, A,
Masmoudi, K., Hanin, M., 2013. The K-segments
of the wheat dehydrin DHN-5 are essential for the
protection of lactate dehydrogenase and [-
glucosidase activities in vitro. Mol. Biotechnol.,
54: 643-650.

Duca, M., Port, A., Burcovschi, 1., Joita-Pacureanu,
M., Dan, M., 2022. Environmental response in
sunflower hybrids: a multivariate approach. Rom.
Agr. Res., 39: 139-152.

Eriksson, S., Eremina, N., Barth, A., Danielsson, J.,
Harryson, P., 2016. Membrane-induced folding
of the plant stress dehydrin Lti30. Plant Physiol.,
171: 932-943.

FAOSTAT. Food and agriculture data, available at
http://www.fao.org/faostat/en/#data/QC (Accessed
February 2022).

Fernandez, P., Rienzo, J., Fernandez, L., Hopp, H.,
Paniego, N., Heinz, R., 2008. Transcriptomic
identification of candidate genes involved in
sunflower responses to chilling and salt stress
based on cDNA microarray analysis. BMC Plant
Biology, 8: 11.

Fulda, S., Mikkat, S., Stegmann, H., Horn, R., 2011.
Physiology and proteomics of drought stress
acclimation in sunflower (Helianthus annuus L.).
Plant Biol (Stuttg.), 13(4): 632-642.

George, D., 1967. High temperature seed dormancy in
wheat (Triticum aestivum L). Crop Sci., 7: 249-253.

Goksoy, A., Demir, A., Turan, Z., Dagiistii, N., 2004.
Responses of sunflower (Helianthus annuus L.) to
full and limited irrigation at different growth
stages. Agric. Water Manag., 87: 167-178.

Guoxiong, C., Krugman, T., Fahima, T., Korol, A.B.,
Nevo, E., 2002. Comparative study on
morphological and physiological traits related to
drought resistance between xeric and mesic
Hordeum spontaneum lines in Israel. Barley
Genetics Newsletter, 32: 22-33.

Hanin, M., Brini, F., Ebel, C., Toda, Y., Takeda, S.,
Masmoudi, K., 2011. Plant dehydrins and stress
tolerance: versatile proteins for complex mechanisms.
Plant Signal Behav., 6(10): 1503-1509.



12

Number 40/2023

ROMANIAN AGRICULTURAL RESEARCH

Hara, M., 2010. The multifunctionality of dehydrins.
Plant Signal Behav., 5: 1-6.

Hernandez-Sanchez, I., Maruri-Ldpez, 1., Graether, S.,
Jiménez-Bremont, J., 2017. In vivo evidence for
homo- and heterodimeric interactions of
Arabidopsis  thaliana  dehydrins  AtCOR47,
AtERD10, and AtRAB18. Sci. Rep., 7: 17036.

Hundertmark, M., and Hincha, D., 2008. LEA (Late
Embryogenesis Abundant) proteins and their
encoding genes in Arabidopsis thaliana. BMC
Genomics, 9: 118-139.

Kalemba, E., Bagniewska-Zadworna, A., Ratajczak,
E., 2015. Multiple subcellular localizations of
dehydrin-like proteins in the embryonic axes of
common beech (Fagus sylvatica L.) seeds during
maturation and dry storage. J. Plant Growth
Regul., 34: 137-149.

Kane, N., and Rieseberg, L., 2007. Selective sweeps
reveal candidate genes for adaptation to drought
and salt tolerance in common sunflower,
Helianthus annuus. Genetics, 175: 1823-1834.

Kaya, M.D., Okcu, G., Atak, M., Cikili, Y., Kolsarici,
0., 2006. Seed treatments to overcome salt and
drought stress during germination in sunflower
(Helianthus annuus L.). Eur. J. Agron., 24: 291-295.

Kiani, S., Grieu, P., Maury, P., Hewezi, T., Gentzbittel,
L., Sarrafi, A., 2007. Genetic variability for
physiological traits under drought conditions and
differential expression of water stress-associated
genes in sunflower (Helianthus annuus L.). Theor.
Appl. Genet., 114(2): 193-207.

Labhilili, M., Joudrier, P., Gautier, M., 1995.
Characterization of cDNAs encoding Triticum
durum dehydrins and their expression patterns in
cultivars that differ in drought tolerance. Plant
Sci., 112: 219-230.

Lang, V., and Palva, E., 1992. The expression of a
rab-related gene, rabl18, is induced by abscisic
acid during the cold acclimation process of
Arabidopsis thaliana (L.) Heynh. Plant Mol Biol.,
20: 951-962.

Li, H., Li, X., Zhang, D., Liu, H., Guan, K., 2013.
Effects of drought stress on the seed germination
and early seedling growth of the endemic desert
plant Eremosparton songoricum (Fabaceae). Excli
J., 12: 89-101.

Liang, C., Wang, W., Wang, J., Ma, J., Li, C., Zhou,
F., Zhang, S., Yu, Y., Zhang, L., Li, W., Huang,
X., 2017. Identification of differentially expressed
genes in sunflower (Helianthus annuus) leaves and
roots under drought stress by RNA sequencing.
Bot. Stud., 58(1): 42.

NBS. National Bureau of Statistics of the Republic of
Moldova. Stat bank Agriculture: Plant production,
available at https://statbank. statistica.md/PxWeb/
pxweb/en/40%20Statistica%20economica/
(Accessed February 2022).

Nejad, T.S., 2011. Effect of drought stress on
shoot/root ratio. World Academy of Science,
Engineering and Technology, 81: 598-600.

Nirmal Raj, R., Gokulakrishnan, J., Prakash, M., 2019.

Assessing drought tolerance using PEG6000 and
molecular screening by SSR markers in maize (Zea
mays L.) hybrids. Maydica Electronic Publication,
M-19.

Nylander, M., Svensson, J., Palva, E., Welin, B., 2001.
Stress-induced accumulation and tissue-specific
localization of dehydrins in Arabidopsis thaliana.
Plant Mol Biol., 45: 263-279.

Park, S., Noh, K., Yoo, J., Yu, J., Lee, B., Kim, J,,
2006. Rapid upregulation of dehydrin3 and
dehydrind in response to dehydration is a
characteristic of drought tolerant genotypes in
barley. J. Plant Biol., 49: 455-462.

Partheeban, C., Chandrasekhar, C.N., Jeyakumar, P.,
Ravikesavan, R., Gnanam, R., 2017. Effect of PEG
induced drought stress on seed germination and
seedling characters of maize (Zea mays L.)
genotypes. Int. J. Curr. Microbiol. App. Sci., 6(5):
1095-1104.

Pelah, D., Wang, W., Altman, A., Shoseyov, O.,
Bartels, D., 1997. Differential accumulation of
water stressrelated proteins, sucrose synthase and
soluble sugars in Populus species that differ in
their water stress response. Physiol. Plant, 99:
153-159.

Petcu, E., Georgescu, F., Arsintescu, A., Stanciu, D.,
2001. The effect of hydric stress of some
characteristics of sunflower plants. Rom. Agr.
Res., 16: 15-22.

Pourtaghi, A., Darvish, F., Habibi, D,
Nourmohammadi, G., Daneshian, J., 2011.
Effect of irrigation water deficit on antioxidant
activity and yield of some sunflower hybrids.
AJCS, 5(2): 197-204.

Puhakainen, T., Hess, M., Makel4, P., Svensson, J.,
Heino, P., Palva, E., 2004. Overexpression of
multiple dehydrin genes enhances tolerance to
freezing stress in Arabidopsis. Plant Mol.
Biol., 54(5): 743-753.

Radi¢, V., Mrda, E., Jockovi¢, M., Canak, P.,
Dimitrijevi¢, A., Joci¢, S., 2013. Sunflower 1000-
seed weight as affected by year and genotype.
Ratar. Povrt., 50(1): 1-7.

Razzaq, H., Tahir, M.H.N., Sadagat, H.A., Sadia, B.,
2017. Screening of sunflower (Helianthus annuus
L.) accessions under drought stress conditions, an
experimental assay. Journal of Soil Science and
Plant Nutrition, 17(3): 662-671.

Roche, J., Hewezi, T., Bouniols, A., Gentzbittel, L.,
2007. Transcriptional profiles of primary
metabolism and signal transduction-related genes
in response to water stress in field-grown
sunflower genotypes using a thematic cDNA
microarray. Planta, 226: 601-617.

Saensee, K., Machikowa, T., Muangsan, N., 2012.
Comparative performance of sunflower synthetic
varieties under drought stress. Int. J. Agric. Biol.,
14(6): 929-934.

Sanchez, I., Maruri-Lopez, |., Graether, S., Jimenez-
Bremont, J., 2017. In vivo evidence for homo- and
heterodimeric interactions of Arabidopsis thaliana



13

ANGELA PORTET AL.: ACCUMULATION OF DEHYDRIN TRANSCRIPTS CORRELATES
WITH TOLERANCE TO DROUGHT STRESS IN SUNFLOWER

dehydrins AtCOR47, AtERD10, and AtRAB18. Sci.
Rep., 7: 17036.

Saucd, F., and Anton, F.G., 2017. Screening of some
sunflower genotypes (Helianthus annuus) for
drought stress using PEG 6000. Merit Research J.
of Agric. Science and Soil Sciences, 5(3): 54-59.

Schmittgen, T., and Livak, K., 2008. Analyzing real-
time PCR data by the comparative C(T) method.
Nat. Protoc., 3(6): 1101-1108.

Shabbir, R., Ashraf, M., Waraich, E., Ahmad, R.,
2015. Combined effects of drought stress and npk
foliar spray on growth, physiological processes
and nutrient uptake in wheat. Pakistan Journal of
Botany, 47(4): 1207-1216.

Sharp, R., and Davies, W., 1989. Regulation of growth
and development of plants growing with a
restricted supply of water. In: Jones, H., Flowers,
T., Jones, M. (eds.), Plants under stress. Cambridge
University Press, Cambridge: 71-93.

Skoric, D., 2009. Sunflower breeding for resistance to
abiotic stresses. Helia, 32(50): 1-16.

Sponchiado, B., White, J., Castillo, J., Jones, P., 1989.
Root growth of four common bean cultivars in
relation to drought tolerance in environments with
contrasting soil types. Experimental Agriculture,
25: 249-257.

Sun, Z., Li, S., Chen, W., Zhang, J., Zhang, L., Sun,
W., Wang, Z., 2021. Plant dehydrins: expression,
regulatory networks, and protective roles in plants
challenged by abiotic stress. Int. J. Mol. Sci., 22:
12619.

Untergasser, A., Cutcutache, I., Koressaar, T., Ye, J.,
Faircloth, B., Remm, M., Rozen, S., 2012.
Primer3-new capabilities and interfaces. Nucleic
Acids Res., 40: el115.

Vassilevska-lvanov, R., Shtereva, L., Kraptchev, B.,
Karceva, T., 2014. Response of sunflower
(Helianthus annuus L) genotypes to PEG-mediated
water stress. Cent. Eur. J. Biol., 9(12): 1206-1214.

Yang, W., Zhang, L., Lv, H., Li, H., Zhang, Y., Xu,
Y., 2015. The K-segments of wheat dehydrin WZY2
are essential for its protective functions under
temperature stress. Front. Plant Sci., 6: 406.

Zhang, H., Zhang, L., Liu, L., Zhu, W., Yang, W.,
2013. Changes of dehydrin profiles induced by
drought in winter wheat at different developmental
stages. Biol. Plant., 57: 797-800.

Zhang, H., Zheng, J., Su, H., Xia, K., Jian, S., Zhang,
M., 2018. Molecular cloning and functional
characterization of the dehydrin (IpDHN) gene
from ipomoea pes-caprae. Frontiers in Plant
Science, 9: 1454.



