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Abstract: One of the challenges in rootstock breeding programs is the combination of tolerances
to different abiotic stresses in new interspecific hybrids adapted to a wide range of environmental
conditions. In this work, two Prunus L. rootstocks: Myrobalan ‘P.2175" (P. cerasifera Ehrh.) and the
almond x peach hybrid ‘Garnem’ (P. amygdalus Batsch x P. persica (L.) Batsch) were subjected to
drought during 24 h to understand their drought response mechanisms. The study was conducted
monitoring leaf water potential (LWP), stomatal conductance (gs), relative water content (RWC), and
electrolyte leakage (EL); as well as the abscisic acid (ABA) content in roots. The relative expression of
five drought-relative genes was also studied. The obtained results allowed examining the drought
tolerance potential of ‘Garnem” and Myrobalan ‘P.2175’, demonstrating the great potential of ‘Garnem’
as drought tolerance source in future selections in breeding. Furthermore, based on the obtained
data, the transcription factor Myb25-like could be a good biomarker of drought sensitivity for use in
Prunus rootstock breeding programs.
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1. Introduction

Prunus L. is an economically important genus, which includes approximately 200 species,
most of which are cultivated in the temperate zone, and some in the tropical and subtropical
regions [1]. Prunus species cultivated for commercial production requires the use of
rootstocks derived from different members of the same genus. Rootstocks are responsible
for water and nutrient uptake, as well as being able to adapt to different environmental
conditions and agronomic practices [2]. Almond x peach hybrids such as ‘Garnem’,
‘Felinem’, and ‘Monegro’ (which derive from the cross ‘Garfi’ x ‘Nemared”) show high
vigor, resistance to nematodes, as well as good adaptation to calcareous soils [3]. Currently,
the goal in Prunus rootstock breeding programs is the selection of a new generation
of interspecific hybrids by crossing almond x peach hybrids with plum genotypes to
incorporate a higher number of abiotic tolerances, offering new challenges in Prunus
breeding programs [4].

Climate warming impacts negatively by increasing the frequency of extreme drought
periods [5] and causing changes in regional climates, such as in the Mediterranean basin,
where water scarcity is becoming more and more severe [6]. These adverse conditions
prejudice crop growth and yield. Therefore, selection of rootstocks adapted to drought
conditions is crucial.

In plants, the reduction in water availability produces a drop in hydraulic conductivity
in the roots that prepares the plant for water deficit conditions, increasing resistance to
water flow and, thus, reducing evaporation losses [7]. Under drought stress, plants trigger
different response mechanisms associated with the regulation of different physiological and
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biochemical processes, affecting plant morphology. By regulation of stomatal closure and
an osmotic adjustment, a decrease in leaf expansion and photosynthetic activity occurs, and
growth is regulated to minimize water loss [8-11]. This physiological response has been
studied through numerous parameters including stomatal conductance (gs), leaf water
potential (LWP), leaf relative water content (RWC), and cell membrane stability (CMS)
and their relationships, which give a significant overview of the capability to tolerate the
drought stress for the plant [11-13]. Abscisic Acid (ABA) signaling is one of the most
important pathways that regulates stomatal closure [14] and induces the expression of
diverse drought-responsive genes with protective functions [15]. This phytohormone
is accumulated firstly in roots exposed to drought stress. Then, ABA acts as a root-to-
shoot signaling molecule transporting the stress signal to the leaves promoting stomatal
closure [16,17]. In addition, ABA triggers a cascade of molecular processes that allow
the maintenance of the cellular homeostasis, leading to the drought adaptation of the
plant [15,18,19]. These processes involve regulatory genes such as transcription factors
(TFs), kinases and phosphatases, and enzymes for phytohormones biosynthesis; and
effector genes including chaperones, late embryogenesis abundant (LEA) proteins, enzymes
for osmolytes biosynthesis, and water channel proteins [15,20].

The purpose of the present work was to characterize the different physiological, bio-
chemical, and molecular responses to drought stress and the capability of adaptation in two
Prunus genotypes: the drought-tolerant hybrid ‘Garnem’, and the drought-sensitive plum
Myrobalan ‘P.2175". This study will allow the evaluation of the potential of both genotypes
as parental material in the selection of new Prunus rootstocks tolerant to drought stress.

2. Materials and Methods
2.1. Plant Material and Stress Conditions

A total of 28 plants from the almond x peach hybrid [P. amygdalus Batsch x P. persica
(L.) Batsch] ‘Garnem’ and 20 plants from the Myrobalan plum ‘P.2175" (P. cerasifera Ehrh.)
were considered for the experiment. This plant material was in vitro propagated at the CITA
(Agrifood Research and Technology Centre of Aragon) facilities in Zaragoza, Spain. After
the in vitro step, the plants were maintained in 20-cm diameter pots with a mix of turf, 30%
coconut fiber, and 20% sand, in a greenhouse at CITA facilities (41°43'28.6"” N, 0°48'31.1" W),
for six months until the drought experiment for their acclimation. One month before the
experiment, the plants were placed in 20-cm diameter pots with perlite [21] and maintained
in a growth chamber with a temperature regime of 20/10 °C (day/night) and a 16-h
photoperiod. Light was provided by cool white fluorescent tubes, 17 umol m~2 s~ 1.
During this month, the frequencies of the irrigation and fertilization were daily (discharge
rate 2 L h~!—dry irrigation system) and twice a month, respectively, for maintaining good
water and nutrient status.

Drought treatment was performed with an experiment design of two randomized
blocks: control (16 plants from ‘Garnem’—12 plants from Myrobalan ‘P.2175’) and stressed
(12 plants from ‘Garnem’- 8 plants from Myrobalan ‘P.2175"). The experiment was carried
out in the same growth chamber keeping the light and temperature conditions. Plants
from the control group were watered until field capacity to maintain soil water content
throughout the experiment, while stressed plants were not irrigated for 24 h. Samples of
root tissue were collected from the control and stressed plants at 0 h, 3 h, and 24 h of the
drought stress period (Figure 1). These samples were immediately frozen at —80 °C for
subsequent analysis: ABA content determination and a gene expression study.

2.2. Plant Water Status Evaluation

The plant water status was controlled by four physiological parameters: leaf water
potential (LWP), stomatal conductance (gs), relative water content (RWC), and electrolyte
leakage (EL) in control and drought-stressed plants at three time points: 0 h, 3 h, and 24 h of
the drought experiment. LWP was measured in duplicate in leaves using a Scholander-type
pressure chamber (Soil Moisture Equipment Corp., Santa Barbara, CA, USA) [22]. Stomatal
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conductance was also determined from the leaf of each plant with a Leaf Porometer
(Decagon Devices Inc., Pullman, WA, USA). RCW was determined in duplicate as per
previously published methods [23]. RWC was calculated following the Equation (1):

W —-DW

RWC /Ozmx

100. (1)

EL percentage was measured from cell membrane stability (CMS) rate. CMS was
evaluated in duplicate following previously published protocols [24]. Then, CMS and EL
parameters were calculated according to the following Formulas (2) and (3):

11
CMS % = N 12 5100, ()
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‘P.2175’
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Figure 1. Representative images of the water status of the stressed plants of the studied genotypes (‘Garnem’ and Myrobalan

‘Garnem’

‘P.2175’) throughout the drought experiment for each time-point: (a) aerial part and (b) roots at 0 h; (c) rooted parts at 3 h;
and (d) aerial part and (e) roots at 24 h.

2.3. Abscisic Acid Determination

ABA extraction: Abscisic acid (ABA) was extracted from lyophilized root samples,
which were homogeneously grinded in a 6875 Freezer/Mill® High Capacity Cryogenic
Grinder (SPEX® SamplePrep, Inc., Stanmore, UK) with liquid nitrogen. ABA extraction
was performed following the instructions detailed in Bielsa et al. [12].

ABA determination by mass spectrometry: ABA identification and quantification
by mass spectrometry was performed in an ACQUITY-TQD tandem quadrupole mass
spectrometer (Waters) following the instructions detailed in Bielsa et al. [12].

ABA analysis was carried out in MRM (Multiple Reaction Monitoring) mode, mon-
itoring the transactions for [?Hg]-ABA and ABA at m/z 269—159, 225; and 263—153,
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219, respectively. The raw data were compiled and processed with a MassLynx 4.1
software (Waters).

ABA quantification: The standard addition method was used. Aliquots of the extract
obtained were added ABA standard in a concentration of 0, 0.05, 0.1, and 0.25 ng puL—1.
A concentration of 0.1 ng uL~! [?Hg]-ABA was added as internal standard, which was
prepared according to Gémez-Cadenas et al. [25].

2.4. RNA Extraction and Gene Expression Analysis

A total of 0.5 g of root tissue for each time point was used for the total RNA extraction
following the CTAB method described previously [26] with minor modifications [27-29].
Extracted RNA was quantified using a NanoDrop® ND-1000 UV-vis spectrophotometer
(NanoDrop Technologies, Wilmington, DE, USA). RNA integrity was verified by elec-
trophoresis on a 1% agarose gel. DNase I (TURBO DNA-free™, Ambion, Life Technologies,
Carlsbad, CA, USA) was used to remove contaminating genomic DNA following the man-
ufacturer’s instructions. cDNA was synthesized from 2500 ng of RNA utilizing SuperScript
II First-Strand Synthesis System (Invitrogen, Life Technologies) in a total volume of 21 puL
according to the manufacturer’s instructions.

Two microliters of 30x dilution of the synthesized cDNA were applied for each
amplification reaction in a final volume of 10 pL. qRT-PCR was performed in triplicate
for each of the two biological replicates on an Applied Biosystems 7900HT Fast PCR
System using iTAQTM Universal SYBR Green Supermix (Bio-Rad, Hercules, CA, USA). The
amplification conditions consisted of an initial denaturation at 95 °C for 10 min, followed
by 40 cycles of 15 s at 95 °C for denaturation, and 1 min at 60 °C for annealing and extension.
Amplification was followed by melting curve analysis by evaluating the specificity of the
PCR reaction. Primers for a translocation elongation factor gene (I'’EF2), designed from the
available P. persica TEF2 DNA sequence (Gene Bank accession number TC3544), were used
as an internal reference control reaction for the qRT-PCR experiments. The specific primers
for the five drought-related genes studied are listed in Table 1. Relative gene expression
was quantified by performing the relative standard curve procedure. For amplification
efficiency determination, the slope of the standard curves for both housekeeping and target
genes was used. The standard curves were obtained from a 5-fold dilution series of a pool
of the cDNA samples.

Table 1. Primer sequence list used in the RT-qPCR analysis.

Gene Name Forward Sequence (5'—3') Reverse Sequence (5'—3') Annealing Temperature (°C) Size (bp)
Ca?*-transporting ATPase plasma GCAACCTCTGTTCCTGCAAT — ACAGTTGAGGGATGGGTTCA 6031 120
membrane-type-like
Myb25 Transcription factor TGTGCTGTGGAGATGGAAGA AGCGTTACGGATCATTTTGG 60.18 154
WRKY54 Transcription factor TTTCCGTCTTCCTCTCATGG ATGACCTGTGGGCAGTTGTT 60.31 132
Universal stress protein A-like AGCCTCCCAAAGCTACCAAT TATCAAGAACCTCCGGATCG 60.07 135
Late embryogenesis abundant protein D-34-like TCTCGGGTGCTACTGAGAAA ACGGCAGGAAATCACATCTT 59.08 181

2.5. Statistical Analyses

Statistical analyses were performed with SPSS 21 software package (IBM SPSS Statis-
tics, USA). Firstly, the normality of all data was determined by the Kolmogorov-Smirnov
test. ANOVA was used to test for significant differences between treatments, genotypes,
and among hours in data with a normal distribution. Statistical significance was assessed
with Tukey’s test (p < 0.05). Data in which the assumption of normality was not met
at the level of 95% confidence were undergone to non-parametric Kruskal-Wallis’ test
(p < 0.05). Student’s t-test (p < 0.05) was applied to analyze the statistical differences be-
tween treatments and between genotypes for each time point of the previous confirmation
of normal distribution.

In addition, in order to determine the relation among physiological parameters and
biochemical response, Pearson correlation coefficient for parametric data and Spearman
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(Rho) correlation coefficient for non-parametric data (p < 0.01) were calculated, as well as
each regression analysis for each correlated parameter.

3. Results and Discussion
3.1. Physiological and Biochemical Changes in Response to Drought at Short-Term

Under drought stress, plants survive to unfavorable environmental conditions devel-
oping different response mechanisms that lead to drought resistance. These mechanisms
are classified into three strategies: escape, avoidance, and tolerance to drought stress [30].
Depending on the strategy followed by plants during drought exposure, different changes
at physiological, biochemical, and molecular levels will be activated as a result of triggering
numerous signaling pathways [9,31]. Abscisic acid (ABA) is a crucial phytohormone that
acts as a secondary messenger regulating several physiological responses, including stom-
atal closure to reduce transpiration rate [32,33], which result in an improvement of drought
avoidance, as well as inducing the most important drought-stress-responsive gene network
in plants that allow for osmotic adjustment, cell membrane stability, and regulation in plant
growth [34,35] to enhance the drought tolerance of the plant. Several of these response
mechanisms can be studied as a result of physiological effects to drought stress evaluated
by the determination of the stomatal conductance (gs), the leaf water potential (LWP), the
relative water content, (RWC), and the electrolyte leakage (EL). These parameters have
been extensively applied to assess drought stress conditions in plants [12,13,36].

In the present work, during the drought stress period, drought-stressed plants of
both genotypes showed a significant and exponential increase in their root ABA content
from 2 ng gfl (Oh) to 27 ng gfl (24 h) in ‘Garnem’ and from 4.2 ng g*1 (Oh) to46 ng gfl
(24 h) in Myrobalan ‘P.2175” (Figure 2). Therefore, the root ABA content in the plum was
significantly higher than the ABA content in ‘Garnem’ roots in both time points: 3 h and
24 h. On the other side, root ABA content was constant without statistical differences
throughout the experiment in well-watered plants, presenting an average ABA level of
2.79 ng ¢! in ‘Garnem’ and of 3.50 ng g~ ! in Myrobalan ‘P.2175’ (Figure 2).

(0]
o

B 'Garnem' Control
'‘Garnem' Stressed
50 {— e 'P.2175 Control T
o —  P.2175 Stressed 1% - —0
40 - 7

30 - /

ABA content (ug g'1 DW)

ARIITIINNNY-

. ) , .
Oh 3 h 24 h

Figure 2. Abscisic acid (ABA) content during the drought experiment. Error bars represent the

o

standard error of the mean. (MS = dried weight). *: significant differences (p < 0.05) following the
Student’s t-test between genotypes (‘Garnem’ vs. Myrobalan ‘P.2175’) for each time point of the
experiment (0 h-3 h-24 h); t: significant differences (p < 0.05) following the Student’s ¢-test between
treatments (control vs. drought stress) for each time point of the experiment. h = hour.
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During the non-irrigation period, stressed plants experienced visual symptoms such
as leaf decline and desiccation, which were more evident at 24 h of drought stress in both
leaves and rooted part of ‘Garnem” and Myrobalan ‘P.2175" (Figure 1). Drought-related
physiological rates including LWP, gs, RWC, and EL were evaluated, and their results are
shown in Figure 3. In stressed plants from both genotypes, LWP decreased significantly
at 3 h of drought treatment, while control plants maintained stable their LWP values for
the duration of the experiment, which confirms water stress exposure (Figure 3a). At that
same time point, statistically significant differences were also observed between genotypes
in stressed plants. Stressed Myrobalan ‘P.2175” plants reached a significantly lower LWP
rate (—1.64 MPa) than stressed ‘Garnem’ plants (—1.48 MPa) (Figure 3a. At 24 h, the
LWP rate in stressed ‘Garnem’, increased close to control plants but showed significant
differences in comparison to the control plants. However, Myrobalan ‘P.2175" decreased
until the lowest value of —1.73 MPa (Figure 3a). During the drought experiment, the gs
values presented significant differences between treatments at 3 h and 24 h, and between
genotypes in each treatment at 24 h (Figure 3b). Stressed plants declined significantly their
gs values in comparison to control plants, but without differences between genotypes at 3 h
of drought stress (Figure 3b). These statistical differences were observed at 24 h of drought
stress when the gs value in stressed ‘Garnem’ was similar as the gs value reached at 3 h,
meanwhile Myrobalan ‘P.2175" dropped until a gs value of 27.18 mmol m~2 s~ (Figure 3b).
The high increment of ABA content in the roots together with the gs values reached in
drought-stressed plants of both genotypes during the drought exposure (Figures 2 and 3)
indicated a rapid long-distance hydraulic signal from root to shoot, inducing the stomatal
closure [37] at 3 h and then, avoiding the water losses during the drought exposure.
Indeed, the stomatal conductance (gs) dropped at 24 h of drought stress (Figure 3a), which
would suggest a rapid control over the gas exchange during drought stress, as previously
demonstrated in grapevine [13]. However, the water losses were different between drought-
stressed genotypes. When the RWC and EL rates were evaluated, significant differences
between treatments were only observed at 24 h of drought exposure in both parameters
(Figure 3c,d). While stressed plants of ‘Garnem’ showed an RWC rate of 60.66%, the RWC
rate in stressed Myrobalan ‘P.2175" was 48.11% (Figure 3c). In addition, although EL rates
were similar at 3 h in both treatments and genotypes, at 24 h of drought stress, the EL rate
of Myrobalan ‘P.2175" increased dramatically until a value of 56.74%, showing significant
differences in comparison to the other time points in the experiment. However, stressed
‘Garnem’ reached a lower EL rate of 31.9% (Figure 3d). All these data suggest a better
osmotic adjustment and a higher cell membrane stability in ‘Garnem’, which maintained
its water status, than in the Myrobalan, both processes triggered by ABA accumulation [11].
In a recent study, Bellvert et al. [38] also observed that ‘Garnem’ is able to maintain high
water potentials under depravation water regimens, in contrast to other rootstocks having
Myrobalan plum as one of their parents such as the ‘Rootpac’ series, confirming in that
way our results. The authors suggest that these evidences are related to the different vigor
and capability of water absorption by the root system.

Pearson correlation coefficient (r) between the physiological parameters was analyzed
showing a high correlation (r < 0.70) between the LWP and the gs values (r = 0.788; p < 0.01)
(Figure 4a) and between RWC and EL rates (r = —0.927; p < 0.01) (Figure 4d). The gs values
showed a moderate correlation (0.30 < r < 0.70) with the RWC and the EL rates (r = 0.619
and r = —0.616, respectively; p < 0.05) (Figure 4b,c). In addition, when the correlation
between physiological and biochemical parameters was analyzed, a high correlation was
found between ABA values and LWP and gs values (r = —0.773 and r = —0.814, respec-
tively; p < 0.01) (Figure 4e,f), as well as a moderate correlation shown between ABA values
and RWC and EL rates (r = —0.613 and r = —0.670, respectively; p < 0.05) (Figure 4g,h).
These results indicated the high relationship between the physiological and the biochemical
response to drought stress, in which the stomatal closure is regulated by the ABA accumula-
tion to maintain the leaf water status [13,37]. Similar correlation between the physiological
and the biochemical responses has been reported in grapevine [13] and almond [39].
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Figure 3. Evolution of (a)

leaf water potential (LWP); (b) stomatal conductance (gs); (c) relative water content (RWC); and

(d) electrolyte leakage (EL) during the drought experiment. Error bars represent the standard error of the mean. *: significant
differences (p < 0.05) following the Student’s t-test between genotypes (‘Garnem’ vs. Myrobalan ‘P.2175’) for each time point
(0 h-3 h-24 h) and for each treatment (control vs. tressed) of the experiment; t: significant differences (p < 0.05) following
the Student’s t-test between treatments (control vs. drought stress) for each time point of the experiment. h = hour.

3.2. Gene Regulation during Short-Term-Drought Response

A transcriptome approach conducted in a previous work resulted in a set of differen-
tially expressed genes during a short-time drought stress in ‘Garnem’ roots [40]. Briefly,
the gene encoding a Ca?*-transporting ATPase plasma membrane-type-like (Ca’*-ATPase
like) as a secondary messenger; two transcription factors (TFs): the MYB25-like TF and the
WRKY54 TF; a gene encoding an universal stress protein A-like protein (uspA-like); and
a gene encoding a late embryogenesis abundant protein D-34-like (LEA-D-34-like) were
selected (Table 1) to study the changes in gene expression patterns responding to drought
stress in two different Prunus genotypes, the drought-sensitive Myrobalan ‘P.2175" and the
drought-tolerant ‘Garnem’.

In the present study, differences in gene expression were found in stressed plants
compared with the expression level in well-watered plants, except for uspA-like that did not
show differential changes in its expression in both genotypes and treatments (Figure 5a).
The uspA is a family of proteins present in multiple organisms with the capability to
respond to abiotic stresses [41]. In plants, the role of these proteins in improving the
tolerance to drought, salt, and extreme temperatures has been widely demonstrated [42—45].
However, in these previous studies, plants experienced a long-term exposure (days) to
adverse conditions. Based on that, the lack of uspA-like differential expression in our
genotypes could be because the drought exposure was at short-term (24 h) conditions.
Then, there was not enough time to induce the response to drought stress for this gene.

Calcium (Ca?*) plays an important role as a second messenger in abiotic stress re-
sponse. When stress stimulus is produced, Ca?* channels are activated in the plasma
membrane and ions mobilized into the cell, causing a Ca?* accumulation. This Ca2* binds
to calmodulin (CaM) and calcium-activated phosphatases/kinases triggering a signal trans-
duction cascade in plants. As a result, induction of stomatal closure and production of
reactive oxygen species are provoked under drought stress [46-48]. Ca?*-ATPases are
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found among enzymes involved in Ca?* signaling pathway in response to drought and
salinity. These enzymes are implicated in the modulation of the low Ca?* concentration
in the cytosol [49]. The expression of a Ca®*-ATPase-like, homologous to AtACA4, was
found differentially overexpressed from 3 h of the drought exposure in both genotypes
reaching the highest levels of expression in Myrobalan ‘P.2175” in comparison to ‘Garnem’
(Figure 5b). Geisler et al. [50] confirmed that AtACA4 is activated by CaM and protects
against osmotic stress in yeast. In addition, aca4 and acall knockout mutants in Arabidopsis
activated SA-dependent programmed cell death pathway in response to salinity [51]. Our
results would evidence that Ca?*-ATPase-like was also involved in drought stress response
in Prunus.
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Figure 4. (a) Relationship between leaf water potential (LWP) and stomatal conductance (gs);
(b) relationship between gs and relative water content (RWC); (c) relationship between electrolyte
leakage (EL) and gs; (d) relationship between RWC and EL; (e) relationship between LWP and abscisic
acid (ABA) content; (f) relationship between ABA and gs; (g) relationship between RWC and ABA;
finally, (h) relationship between EL and ABA. Each value is a single measurement.
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Figure 5. Relative expression of (a) universal stress protein A-like protein (uspA-like); (b) Ca’*-transporting ATPase plasma
membrane-type-like (Ca**-ATPase-like); (c) Myb25-like transcription factor (Myb25-like TF); (d) WRKY54 transcription factor
(WRKY54 TF); and (e) late embryogenesis abundant protein D-34-like (LEA-D-34-like). Expression levels were compared to the
TEF2 gene. The relative value of 1 was assigned to the sample on hour 0 (control time-point value). Data show the average

relative expression of two biological samples with three technical replicates of each one. Error bars represent the standard

error of the mean. Asterisks (*) indicate significantly different expression values (p < 0.05) following the Student’s t-test

between treatments (control vs. drought stress) within each genotype (‘Garnem’ vs. Myrobalan ‘P.2175’) for each time point

of the experiment (0 h-3 h-24 h).

The ABA-related TFs Myb25-like and WRKY54 were evaluated showing a different
response between well-watered and stressed plants in both genotypes (Figure 5c¢,d). The
expression of Myb25-like TF was 6x significantly higher in stressed Myrobalan ‘P.2175’ plants
than in well-watered plum plants at 24 h of drought stress. At 24 h, ‘Garnem’ showed
statistical differences between well-watered and stressed plants (Figure 5c); however, as
these differences presented a fold of change (FC) of 1.5, they were not relevant to evidence a
differential change (FC > 2) in Myb25-like expression in stressed Garnem’ plants compared to
well-watered ‘Garnem’ plants (Figure 5). This gene, homologous to AtMyb44, is implicated
in growth and developmental processes in P. persica [52] and G. hirsutum [53]. Although
there are evidences that overexpression of Myb44 improves drought tolerance by stomatal
closure via ABA signaling [54], the role of this gene in drought response is controversial.
Thus, Jaradat et al. [55] demonstrated that AtMyb44 is a negative regulator of ABA signaling
in order to maintain growth processes during abiotic stresses. Based on this assumption,
the overexpression of Myb25-like in stressed Myrobalan ‘P.2175” plants could cut off the
signal induced by ABA accumulation blocked the adaptive response in this genotype.
While in ‘Garnem’, Myb25-like was not expressed to allow for drought adaptation. In case
of the expression of WRKY54, the values reached by stress plants in both genotypes were
not relevant to imply a differential change in its expression in comparison with the values
showed by well-watered plants (Figure 5d). WRKYs, implicated in ABA-mediated stomatal
closure, consequently increases in drought tolerance [56]. This TF acts as an inhibitor of
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dehydration-inducible genes negatively regulating the response of drought tolerance via
Brassinosteroids (BR) signaling pathway [57]. In addition, wrky54 Arabidopsis mutants
exposed to dehydration showed ABI5 induction, indicating a BR-regulated ABA signaling
under drought stress via WRKY54 inhibition [57,58]. In our experiment, the lack of evident
changes in WRKY54 expression under drought stress could indicate that the ABA signaling
was not impaired by BR-regulation, allowing the stomatal closure and then, the response
to drought stress in stressed plants of both Prunus genotypes.

Finally, the relative gene expression of a LEA-D-34-like was analyzed in this work,
finding significant changes in its expression at 24 h of drought exposure in stressed plants
in both genotypes. The plum reached an expression level 60 x higher at 24 h in comparison
to well-watered plants, and 4x higher compared to the LEA-D-34-like expression level
found in ‘Garnem’ plants at the same time-point (Figure 5e). The osmoprotecting role of
LEA proteins during abiotic stresses has been extensively demonstrated in many plant
species [59-62]. In our work, the overexpression of LEA-D-34-like together with the high
ABA accumulation levels and the capability to maintain the water levels found in stressed
plants of ‘Garnem’ suggest an adaptive response to drought for this genotype. However,
although Myrobalan ‘P.2175’ triggered a molecular response by ABA accumulation under
drought stress, this genotype was not able to perform an osmotic adjustment, resulting in a
higher water loss.

4. Conclusions

The observed changes in physiological parameters, the ABA concentration and the
changes found in expression of drought-responsive genes analyzed in our work suggest
that ‘Garnem’ activated the response to stress from the first hours of drought submission,
resulting in a maintenance of its homeostasis and finally, in an adaptation to drought. In
Myrobalan ‘P.2175’, the response to stress was also initiated; however, the plum did not
develop a drought-tolerant response under dehydration stress. The high overexpression of
drought-responsive genes including Ca?*-ATPase-like and LEA-D-34-like, is not enough to
produce an osmoprotectant response. As consequence, Myrobalan ‘P.2175" is not able to
perform as osmotic adjustment. These results evidence the great potential of ‘Garnem’ as a
drought tolerance source for further crosses in breeding. In addition, based on our data,
we propose the Myb25 TF as a biomarker of drought sensitivity for use in Prunus rootstock
breeding programs.
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