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Water-use eﬃciency (WUE) is a quantitative measurement of biomass produced per volume of water transpired
by a plant. WUE is an important physiological trait for drought response to mitigate the water deﬁciency. In this
work, a cisgenic construction from Citrus sinensis was developed and its function in the improvement of WUE was
evaluated in Arabidopsis. Sequences of the CsMYB61 coding region, a transcription factor implicated in the
closure of stomata, together with a putative stomata-speciﬁc promoter from CsMYB15, were identiﬁed and
cloned. The protein encoded in the CsMYB61 locus harbors domains and motifs characteristic of MYB61 proteins. In addition, a 1.2 kb promoter region of the gene CsMYB15 (pCsMYB15) containing regulatory elements
for expression in guard cells and in response to Abscisic Acid (ABA) and light was isolated. In Arabidopsis,
pCsMYB15 directs the expression of the reporter gene GUS in stomata in the presence of light. In addition,
transgenic lines expressing the CsMYB61 coding region under transcriptional control of pCsMYB15 have a
normal phenotype under in vitro and greenhouse conditions. These transgenic lines exhibited a smaller opening
of the stomata pore, lower stomatal conductance and respiration rate, enhanced sensitivity to exogenous ABA,
and high drought stress tolerance. Our results indicate that stomata-speciﬁc expression of CsMYB61 enhances
water use eﬃciency under drought conditions in Arabidospis.

1. Introduction
Regulation of the opening and closing of stomata is a key physiological function for the proper development and survival of plants (Taiz
and Zeiger, 2002). Water use eﬃciency (WUE), which relates biomass
generation to water use (Tardieu et al., 2018), is a common metric of
plant performance under drought stress. Advances in biotechnological
tools have generated plants that consume less water and perform superiorly under water deﬁcit conditions. The use of such engineered
plants promises agricultural beneﬁts through reduced water demand
and oﬀers the potential for establishment of crops in less exploited arid
zones (Cominelli et al., 2010; Cominelli and Tonelli, 2010). Citruses are
one of the most important fruit crops in tropical and subtropical
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regions, but citrus producing areas are frequently subject to water deﬁciency, aﬀecting both vegetative and reproductive processes (Vu and
Yelenosky, 1988). Considering that water scarcity will likely increase as
a product of global climate change, drought tolerance is a desirable
characteristic for citrus sustainability and/or expansion. Among plant
strategies for drought stress tolerance, higher regulation of stomata
could be a good physiological strategy (Blatt et al., 2017).
Transcription factors that participate in the control of stomatal
movements have been identiﬁed and characterized. The MYB transcription factors represent one of the largest families in plants and share
the MYB DNA binding domain. In Arabidopsis, four transcription factors of the R2R3-MYB family that are involved in the modulation of
stomatal movements have been characterized: AtMYB15, AtMYB44,
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2.4. Histochemical staining analysis

AtMYB61, and AtMYB60 (Cominelli et al., 2005; Liang et al., 2005;
Jung et al., 2008; Ding et al., 2009; Galbiati et al., 2011). The ﬁrst three
play a role in stomatal closure, while MYB60 participates in stomatal
opening. Previous studies in our laboratory contributed to characterization of the MYB60 gene in Vitis vinifera where its participation in
stomatal opening was demonstrated (Galbiati et al., 2011). In contrast,
AtMYB61 is expressed speciﬁcally in the guard cells where it acts as a
transcriptional regulator of stomatal closure, having a role in the regulation of stoma pore size through an ABA-independent pathway and in
the light-to-dark transition (Liang et al., 2005). Thermography analysis
revealed that 35S:MYB61 plants were approximately 0.5 °C warmer
than WT plants, whereas myb61 mutant plants were approximately
0.5 °C cooler than WT plants. This suggests that MYB61 alone is necessary and suﬃcient for the partial closure of stomata (Liang et al.,
2005).
Transcription factors that participate in the regulation of stomatal
opening and closing in the citrus genus have not yet been described.
Identifying citrus MYB61 homologs is relevant to developing genetic
tools for WUE improvement in these water intensive fruit crops. In this
work, the coding sequence of MYB61 and 1.2 kb of the putative promoter of the MYB15 – a light- and ABA-inducible gene – from Citrus
sinensis was identiﬁed and cloned. A cisgenic construction using both
sequences was developed and its role in WUE improvement and
drought tolerance was evaluated in Arabidopsis plants.

The expression of pCsMYB15 in Arabidopsis vegetative organs was
investigated by analyzing glucuronidase (GUS) activity staining signals
in four independent promoter:GUS reporter lines in light and dark
conditions. Histochemical GUS activity staining was performed according to protocol described by Aquea et al. (2010) at 37 °C for 12 h
and cleared in 70% ethanol before the visualization under a scope.
2.5. Measurement of density and stomatal aperture
The abaxial side of mature leaves was used to prepare an impression
with the application of a dental silicon layer (2 leaves per plant, 3
plants per line, n = 3). Once the silicon had dried, the impressions were
covered with transparent nail polish. This ﬁlm was then carefully detached from the leaf, placed on microscope slides and covered with
coverslips. Stomata number per 0.001 mm2 surface per plant was recorded (3 ﬁelds per print, 18 ﬁelds per line), using a NIKON Eclipse
80ie optic microscope and the stomatal number per mm2 was calculated. The stomatal aperture was measure placing the detached leaves
(from ﬁve-week-old plants) in the stomata opening solution (50 mmol/
L KCl, 10 mol/L CaCl2, and 10 mmol/L MES, pH 6.15) for 6 h (three
hours in darkness and three hours in a lighted growth chamber [PAR
70–80 μmol m−2 s−1] with 95% humidity at 22 °C) as described by (Pei
et al., 1997). Subsequently, leaves were placed on a slide using water
and were observed and photographed in an optical microscope coupled
to a digital camera using a total increase of 400X.

2. Materials and methods
2.1. Plant material

2.6. Analysis of pCsMYB15:CsMYB61 plants with ABA and drought stress
condition

Arabidopsis thaliana (Col-0) were grown under long day conditions
(16 h light/8 h dark cycle and 70–80 μmol m−2 s−1) on Petri dishes
containing 0.5X MS salts, 1% w/v sucrose and 0.7% agar. Fourteen dayold Arabidopsis plants were transferred to pots with sterile substrate
(peat:vermiculite 2:1) and irrigated regularly with tap water supplemented with B5 mineral nutrients.

The pCsMYB15:CsMYB61 plants were evaluated under ABA and
drought treatment using ﬁve-week-old plants. Transgenic lines and WT
plants were sprayed with 10 μmol/L of ABA, and leaves were harvested
after 3 h of incubation and ﬁxed in 2.5% glutaraldehyde (v/v) in sodium cacodylate 0.268M pH 7.2 at 4 °C for 3 h. Leaves were subsequently rinsed with sodium cacodylate 0,268M pH 7,2 and dehydrated
with increasing concentrations of acetone (50, 70, 95 and 100%, 1 h
each immersion). Leaves then underwent a critical point drying and
were mounted on an aluminum support for application of a gold bath
using the variam/vacuum division equipment (vacuum evaporator PS
100E). The observation was made in 400X and 3000X magniﬁcations in
the SEM LEO 1420VP Scanning Electron Microscope. Control samples
were collected just before the treatments. A one-way ANOVA and Tukey
test with p ≤ 0.05 were used to compare means. In order to assess
potential drought tolerance of pCsMYB15:CsMYB61 plants, six-weekold WT and transgenic plants were grown in mixed soil (peat and
vermiculite 1:1) deprived of water for two weeks and then watered
once. The rates of plant survival were recorded one week after watering. To compare the water loss rates of WT and CsMYB61 transgenic
lines, the relative water content was determined at 0, 5, 7 and 11 days
of treatment by genotype using WT plants as control. For this, leaves
were taken from each plant and their fresh weight (FW) was obtained
using an analytical balance. Then, the leaves were left in a petri dish
ﬂoating in distilled water for 4 h at 22 °C in a growth chamber, and then
reweighed on the analytical balance to obtain their weight in turgor
(WT). Finally, the leaves were completely dehydrated in an oven at
60–70 °C for at least 48 h, after which their dry weight (DW) was recorded. The RWC was calculated according to the following equation:

2.2. Cloning of genomic sequences of pCsMYB15 and CsMYB61
The genomic sequences of pCsMYB15 and CsMYB61 were identiﬁed
using the Citrus sinensis Annotation Project (Huazhong Agricultural
University) and Phytozome (http://www.phytozome.net/). The promoter region (1242 pb) of MYB15 from C. sinensis was ampliﬁed by
high ﬁdelity genomic PCR using the speciﬁc primers (Table S1). The
resulting fragment was inserted by recombination in the vector
pKGWFS7.0 that contains the GUS reporter gene. For preparing MYB61
overexpression lines, MYB61 cDNA from C. sinensis was ampliﬁed by
RT-PCR with the speciﬁc primers (Table S1). In the same way, the
terminator of MYB61 from C. sinesis (1000 bp fragment) was ampliﬁed
by high ﬁdelity genomic PCR using the speciﬁc primers (Table S1). The
resulting fragments were cloned into the plasmid vector pMF1. The
correct assembly of the diﬀerent sequences (promoter MYB15, CDS
MYB61, and terminator MYB61) was conﬁrmed by sequencing of DNA.
The
two
constructions
(pKGWF7:pCsMYB15:GUS
and
pMF1:pCsMYB15:CsMYB61) were used to transform Arabidopsis using
the ﬂoral dip method (Clough and Bent, 1998). Homozygous transgenic
lines were selected in the T3 generation and used in subsequent experiments.
2.3. Quantitative RT-PCR analyses
RNA was extracted as described by (Cañon et al., 2013). The realtime PCR analysis was performed using SYBR Green Master Reagent Kit
(Agilent Technologies, Santa Clara, USA). The CLATHRIN gene was
used as internal control. The PCR reaction used 40 cycles with three
biological replicates. The primers qCsMYB61-Fwd and qCsMYB61-Rev
(Table S1) were used to analyze the expression of CsMYB61.

RWC (%) = [(FW-DW) / (WT-DW)] × 100

2.7. Physiological parameters
Physiological parameters was determined in vivo on attached leaves
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3.2. Citrus sinensis MYB61 homologous gene

from the second to fourth node of shoots using a portable CO2 infrared
gas analyzer (Licor LR6400, LI-COR Bioscience, Inc., Lincoln, Nebraska,
USA) equipped with a cuvette which controlled the light source
(300 μmol m−2s−1), temperature (20 °C), humidity and CO2. External
CO2 from air was applied to obtain a reference concentration of
400 ppm with a ﬂow rate of 300 mL min−1 and 80% external relative
humidity. Net photosynthesis (μmol CO2 m−2 s−1), stomatal conductance (gsmol H2O m-2s-1), transpiration rate (E, mmol H2O m-2s-1),
and instantaneous water use eﬃciency (EUA, calculated as A/E, mmol
CO2/mol H2O) were also determined.

Selection of a candidate citrus homologue of the AtMYB61 transcription factor was based upon an in silico search in the Citrus genome
database followed by ampliﬁcation of the gene by PCR, cloning, and
sequencing. A schematic representation of the gene sequence is shown
in Fig. 2a. The translated amino acid sequence showed 57.2% and
50.3% similarity with AtMYB61 and AaMYB1, respectively (Fig. 2a). A
phylogenetic tree of MYB61 from diﬀerent plants species was created,
revealing thus homology with trees species (Fig. 2b). The exon–intron
structure reveals that CsMYB61 has 3 exons and 2 introns. This genetic
structure is also present in AtMYB61 and the size of the exons is almost
identical in the 2 genes analyzed (Fig. 3a). To determine whether the
putative transcription factor homologue could control stomata closing
during the day, the pCsMYB15 sequence was assembled into a transformation vector upstream of the putative CsMYB61 gene generating
the cisgenic construction pMF1-CsMYB61 (Fig. S2). Additionally, a stop
codon was cloned 1000 bp downstream of CsMYB61 to serve as a
transcriptional terminator. Arabidopsis plants were transformed with
construction and numerous lines resistant to kanamycin were selected.
Nine lines yielded a PCR ampliﬁcation product of the expected size of
approximately 1230 bp corresponding to CsMYB61 (data not shown).
The expression level of CsMYB61 was analyzed by qRT-PCR and ﬁve of
them showed detectable levels, with line L5 demonstrating the highest
expression (Fig. 3b). The four lines of higher expression were selected
for subsequent evaluations.

3. Results
3.1. Tissue-speciﬁc expression of putative CsMYB15 promoter
Genetic regulation of stomatal movement depends mainly on an
eﬃcient gene expression control system. Previous reports have shown
that the promoter of MYB15 is active not only in vegetative and reproductive organs but also in the guard cells of stomata in Arabidopsis
during the day (Ding et al., 2009). With the aim to drive speciﬁc expression of a transcriptional regulator of stomatal closure, a putative
promoter (1.2 kb upstream of the annotated ATG start codon) of MYB15
from Citrus sinensis was ampliﬁed and cloned (pCsMYB15). The sequence obtained was analyzed in silico and showed at least 10 binding
motifs for Dof zinc ﬁnger transcription factors ((T/A)AAAG), which
play a critical role in guard-cell expression of KST1 promoter activity in
potato plants (Plesch et al., 2001). In addition, other elements related to
ABA- and light responses are present in pCsMYB15 (Table S2; Fig. S1).
To monitor the speciﬁc activity of this genomic sequence, pCsMYB15
was ampliﬁed by PCR and cloned into a GUS reporter vector and
transformed into Arabidopsis plants by ﬂoral dip. Eight transgenic lines
were selected and GUS activity was evaluated during plant development in the presence or absence of light. Fig. 1 illustrates that GUS
activity is observed in stoma but only in presence of light. The activity
of this promoter was not observed in darkness, suggesting that the lightresponsive elements identiﬁed in the promoter sequence are functional.
GUS activity was also observed in roots (data not shown).

3.3. Functional evaluation of pCsMYB15:CsMYB61 in Arabidopsis
The ability of these lines to regulate stomata opening and closing
under basal conditions was assessed using the print of their stomata in
enamel. No signiﬁcant diﬀerences between the WT lines and the nine
transgenic lines with CsMYB61 gene were observed with respect to
stomatal density (Fig. S3). However, the transgenic lines L1, L2, L5 and
L6 showed signiﬁcantly lower opening of their stomata compared to the
WT plant (Fig. 4A). In these lines stomatal opening ranged from 1 to
1.7 μm compared to the WT plant in which stomata were opened 2.8 μm

Fig. 1. Histochemical assays of the expression pattern of GUS under the control of the CsMYB15 promoter in pCsMYB15–GUS transgenic Arabidopsis. A
non-transgenic WT plant was used as a control. Both plants were grown in darkness and light during 24 h before the histochemical assay.
56
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Fig. 2. Sequence and phylogenetic analysis of
CsMYB61. A) Alignment of the putative CsMYB61
protein with its homologous proteins from
Arabidopsis and Artemisia annua. The R2 and R3
domains are marked in green and yellow respectively. The signature of subgroup 13 is marked in
blue. Identical amino acids are marked with an asterick. B) Phylogenetic analysis of CsMYB61 and
other MYB61 proteins from diﬀerent species. The
amino acid sequences were subjected to Clustal W
using the neighbor-joining method in MEGA 7.1. At,
Arabidopsis thaliana; Cs, Citrus sinensis; Zm, Zea
mays; Aa, Artemisia annua; Ad, Arachis duranensis;
Cp, Cucurbita pepo; Pa, Prunus avium; Cc, Citrus
clementina; Me, Manihot esculenta; Qs, Quercus
suber. (For interpretation of the references to colour
in this ﬁgure legend, the reader is referred to the
Web version of this article.)

In order to evaluate if transgenic plants showed higher WUE, a stop
watering assay was performed. We selected three transgenic lines and
were grown under optimum conditions of light and soil moisture
(maintained at ﬁeld capacity) for 35 days. After this time, the transgenic and WT plants (ﬁve replicas per line) were subjected to water
withholding for 11 days. The L1 line has the lower reduction in the
stomata opening and not was considered in further experiments. Net
photosynthesis (AN), stomatal conductance (gs), and transpiration rate
(E) were evaluated and the WUE was determined. Stomatal conductance (Fig. 5B) and transpiration rate (Fig. 5C) were signiﬁcantly
lower in the transgenic line 2 compared to WT. Net photosynthesis
showed higher values in transgenic plants after 11 days of irrigation
cessation compared to the control plant (Fig. 5D). In respect to WUE,
the transgenic lines 2 and 5 showed a greater value after 11 days of
water withholding (Fig. 5E). Rehydration followed this treatment, and

on average. The stomatal-to-opening ratio with respect to the length of
the stomata is signiﬁcantly lower in the same lines (Fig. 4B). To evaluate ABA sensitivity, the selected transgenic plants were grown in optimal conditions under an irrigation regime and treated with foliar
application of 10 μm of ABA. Leaves were collected, ﬁxed, and analyzed
with a scanning electron microscope 4 h after treatment. Distilled water
was used as control. Both the WT line and the transgenic lines showed
lower stomatal opening in response to ABA compared to the control
condition. However, stomatal closure was more pronounced in transgenic lines, especially in lines L2 and L6 (Fig. 4C). Quantiﬁcation of this
phenotype showed signiﬁcantly lower opening than the control plant
(0.013 μm), ranging from values of 0.004 μm for lines L2 and L6 to
0.007 μm for line L1 (Fig. 4D). In addition, the selected transgenic lines
showed a decrease in their relative water content (RWC) with respect to
controls after 11 days of irrigation cessation (Table 1).
57
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the phenotype was recorded after 5 days. The WT plants failed to recover, whereas the transgenic lines expressing CsMYB61 returned to a
nearly normal phenotype (Fig. 5A). Taken together, our results show
that regulation of stomatal opening through the tissue-speciﬁc expression of transcription factor CsMYB61 in Arabidopsis signiﬁcantly increases WUE in water deﬁcient conditions.
4. Discussion
Harnessing transcription factors, which regulate the expression of
the stress-responsive genes, represents a powerful strategy to modulate
drought resistance and prevent plant productivity loss. In the present
study, the expression of CsMYB61 under transcriptional control of
pCsMYB15 in Arabidopsis signiﬁcantly increased WUE under water
limited conditions. The higher pCsMYB15:CsMYB61 expression lines
exhibited signiﬁcantly lower opening of their stomata compared to the
WT plant and this response is sensitive to ABA application (Fig. 4). In
addition, these plants showed greater photosynthetic assimilation
paired with lower stomatal conductance and transpiration rate (Fig. 5),
suggesting that this genetic construct has the potential to improve yield
under water-limited conditions. The 35S promoter is frequently used to
evaluate the function of a gene; however, unusual phenotypes are observed under normal conditions in some cases (Hsieh et al., 2002). In
this work, we constructed a stoma-speciﬁc CsMYB61-expressing vector
and generated pCsMYB15:CsMYB61 transgenic Arabidopsis plants. This
promoter was chosen due to its tissue speciﬁcity and its activity in light.
Analysis of GUS activity under transcriptional control of the CsMYB15
promoter revealed the reporter gene to be expressed predominantly in
stomata in presence of light (Fig. 1). This pattern of expression agrees
with the literature, where AtMYB15 participates in the regulation of
stomatal closure (Cominelli and Tonelli, 2010; Ding et al., 2009).
CsMYB61 is the Citrus sinensis AtMYB61 (At1g09540) homologous gene,

Fig. 3. A schematic representation of the exon-intron structure of the
genomic sequence of AtMYB61 and CsMYB61 and expression in Arabidopsis
transgenic lines. A) The exons and introns are represented with boxes and black
lines, respectively. Numbers above exons refer to their size in nucleotides. The
distribution of the R2 and R3 repeats of the DNA binding domain MYB is
highlighted in dark gray and light gray, respectively. B) The transcript abundance was normalized to the lowest expression for this gene. Bars represent
means of three plants ± standard error.

Fig. 4. Stomatal opening analysis in A. thaliana
transgenic lines expressing the CsMYB61 transcription factor under water limited conditions.
Stomatal response to ABA applications in A. thaliana
lines overexpressing CsMYB61. a) Stomatal opening
(pore width) determined through optical microscopy
complemented with a representative image of the
appearance of the stomata in these conditions in WT
plants and those overexpressing CsMYB61. b) ratio
between the stomatal opening and the length of the
stoma for the transgenic lines overexpressing
CsMYB61. Asterisks show signiﬁcant diﬀerences
with respect to WT. Statistical diﬀerences were observed after performing a one-way ANDEVA and
Bonﬀeroni test that compared the lines with respect
to WT. *p < 0.05; **p < 0.01; ***p < 0.001;
****p < 0.0001. a) Visualization of the stomata by
scanning electron microscopy (SEM) in response to
exogenous application of ABA in transgenic lines and
WT (3000 X magniﬁcation, bar = 30 μm). 100 μm of
ABA was used. b) Stomatal opening of WT and
transgenic lines of A. thaliana overexpressing
CsMYB61. The bars represent the mean ± SD
(n = 90 stomata per plant) ≤ 0.05.
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observed. In order to evaluate tolerance to drought conditions, a water
withholding experiment was performed. The transgenic lines showed
less water loss compared to control plants, with a decrease of RWC
ranging from 10% to 39% in comparison to WT plants, which RWC
decreased by more than 55% (Table 1). This results agrees with the
hypothesis that plants with smaller stomatal pores have lower water
loss by transpiration, as has already been demonstrated in Arabidopsis
for similar conditions (Cominelli et al., 2005; Liang et al., 2005;
Galbiati et al., 2011). Similar result happen when barley plants with
signiﬁcantly reduced stomatal density show an improve in drought
tolerance without impacting on yield (Hughes et al., 2017). A higher
expression of transgene is not correlates with a higher RWC. The L1 line
showed a higher expression of MYB61 RNA transcripts than line 2,
however did not shown a good physiological response in parameters
such as stomata conductance, transpiration and photosynthesis. It is
possible that in this line there is not a good correlation between the
RNA abundance and the protein content encoded by MYB61. It is also
possible that the localization of the insertion of the transgene in the
genome in this line is aﬀecting the phenotype. This phenomenon is also
common in the developing of transgenic plants.
Plants with smaller stomatal pore openings and decreased transpiration exhibit decreased photosynthesis. In C3 plants such as
Arabidopsis, the inﬂux of CO2 from the atmosphere to the leaf is less
than the eﬄux of water from the leaf into the atmosphere. This is partly
due to diﬀerences in concentration and the size of CO2 and water molecules as well as the fact that ﬁxed CO2 must cross the plasma membrane, the cytoplasm of mesophyll cells, and the chloroplast envelope.
However, there are several reports showing that a decrease in stomatal
conductance could increase WUE without aﬀecting photosynthesis.
Expression of the maize malic enzyme in tobacco plants (Laporte et al.,
2002) mutations of the transcription factor GTL1 in Arabidopsis (Yoo
et al., 2010) and expression of AtHXK1 in guard cells in Citrus fruits
(Lugassi et al., 2015) are examples of how lower stomatal conductance
produces an increase in WUE. Therefore, our strategy to increase WUE

Table 1
Relative water content (RWC) in transgenic lines with transcription factor
CsMYB61 and wild type plants (WT) under drought stress. Relative water
content in the lines subjected to drought stress treatment at 0, 5, 7 and 11 d of
cessation of irrigation until the water content was invariant.
Line

WT
L1
L2
L5
L6

RWC average (%)
Day 0

Day 11

Decrease

95.44
95.58
93.87
94.29
86.99

42.62
58.13
84.36
75.03
52.84

55.34
39.19
10.14*
20.43*
39.26

* Asterisks indicate signiﬁcant diﬀerences with respect to WT plants on the
same day. Five plants per line and WT were used.

which potentially controls resource acquisition and allocation in plant.
AtMYB61 expression was both suﬃcient and necessary to bring about
reductions in stomatal aperture with consequent eﬀects on gas exchange (Liang et al., 2005). The results obtained in this work are consistent with our hypothesis that speciﬁc expression of a gene that participates in the closing of stomata normally during the night will
contribute to a lower stomatal opening when expressed during the day.
Accordingly, our results are consistent with those reported for the
constitutive over-expression of AtMYB61 in Arabidopsis in which the
opening of the stomata pore was partially reduced (Liang et al., 2005)
and of AaMYB1, an orthologous gene to AtMYB61 in A. annua, in which
stomata were generated with 45% less pore opening compared to the
WT plant (Matías-Hernández et al., 2017). In our experiments, the
transgenic plants showed increased sensitivity to ABA in comparison to
non-transformed plants (Fig. 4). As ABA mediates plant response to
drought stress, this results suggests that expression of CsMYB61 under
transcriptional control of the promoter CsMYB15 should be increased in
water limited conditions and induce enhanced stomatal closing, as was

Fig. 5. Physiological parameters of A. thaliana
transgenic lines expressing the CsMYB61 transcription factor under drought stress treatments
at the beginning (day 0) and end (day 11). a)
Phenotype of transgenic lines after 11 days of treatment (b) Stomatal conductance, (c) CO2 assimilation,
(d) Transpiration, (e) Instant water use eﬃciency.
The averages ± SD of 5 plants per genotype (n = 5)
are shown. Asterisks indicate signiﬁcant diﬀerences
with respect to WT in the same days (one-way
ANOVA and Bonferroni test; *P < 0.05 and
**P < 0.01).
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by decreasing stomatal conductance without signiﬁcantly aﬀecting
photosynthesis is possible as supported by our results and examples in
the literature.
In conclusion, our observations regarding transgenic Arabidopsis
expressing CsMYB61 under the CsMYB15 promoter showed that stomaspeciﬁc expression improved WUE. Manipulation of CsMYB61 in Citrus
could have promising applications in stress management and plant
performance. Further experiments are now needed to characterize the
eﬀects of pCsMYB15:CsMYB61 in citrus and evaluate its stomatal regulatory mechanism in a fruit tree.
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