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Abstract

Drought stress is the main limiting factor of soybean yield. Currently, genetic engineering has been one important
tool in the development of drought-tolerant cultivars. A widely used strategy is the fusion of genes that confer toler-
ance under the control of the CaMV35S constitutive promoter; however, stress-responsive promoters would consti-
tute the best alternative to the generation of drought-tolerant crops. We characterized the promoter of
o-galactosidase soybean (GlymaGAL) gene that was previously identified as highly up-regulated by drought stress.
The B-glucuronidase (GUS) activity of Arabidopsis transgenic plants bearing 1000- and 2000-bp fragments of the
GlymaGAL promoter fused to the uidA gene was evaluated under air-dried, polyethylene glycol (PEG) and salt stress
treatments. After 24 h of air-dried and PEG treatments, the pGAL-2kb led to an increase in GUS expression in leaf
and root samples when compared to the control samples. These results were corroborated by qPCR expression
analysis of the uidA gene. The pGAL-1kb showed no difference in GUS activity between control and treated samples.
The pGAL-2kb promoter was evaluated in transgenic soybean roots, leading to an increase in EGFP expression un-
der air-dried treatment. Our data indicates that pGAL-2kb could be a useful tool in developing drought-tolerant

cultivars by driving gene expression.
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Introduction

Soybean (Glycine max L. Merr) is a valuable com-
modity due to its utilization in the pharmaceutical industry,
biodiesel production and food for humans and animals
(Tran and Mochida, 2010). Therefore, the global soybean
production was estimated to be 324.2 million metric tons in
2016/2017 (USDA, 2016), of which approximately 64% of
its production is concentrated in the USA and Brazil. De-
spite this, the yield and production of soybean has been im-
pacted by the occurrence of drought-stress. Recently, in
2012, the drought in the USA was the most intense since the
1950s, triggering a 20% loss of yield (Zulauf, 2012; Rip-
pey, 2015). In the same period, the loss of Brazilian soy-
bean production was approximately 13% due to drought
stress (Conab, 2012). Moreover, the most severe drought
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stress period in Brazil occurred between 2003 and 2005,
when the loss of soybean was greater than 20% of produc-
tion (Polizel et al., 2011). Therefore, the development of
drought-tolerant soybean cultivars is crucial and should
have high priority. Among the strategies available, the de-
velopment of transgenic crops by the overexpression of
drought-tolerant genes has been proven to be successful
and can have a significant impact on agricultural produc-
tion (Silvente ef al., 2012; Rahman et al., 2016).

The constitutive cauliflower mosaic virus 35S RNA
promoter (CaMV35S) has been broadly used to control the
expression of several genes responsive to drought due to
the strong and conspicuous activity presented when intro-
duced in plant genomes (Luo et al., 2013; Novak et al.,
2013; Bhauso et al., 2014; Withanage et al., 2015; Du et al.,
2016). However, the constitutive overexpression of genes
can affect plant development and metabolism (Hsieh et al.,
2002; Homrich et al., 2012). Indeed, the control of the ex-
pression of drought-tolerant genes by stress-responsive
and/or tissue-specific promoters has been used as alterna-
tive for the elimination of negative effect of constitutive
gene expression driven by the CaM V35S promoter (Chan
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Juetal,2012; Banerjee ef al., 2013; Yan et al., 2015). Re-
cently, stress-responsive promoters, such as the PeNACI
(Wang et al., 2016), ZmGAPP (Hou et al., 2016), BBX24
(Imtiaz et al., 2015), and GmNCED1 and GmMYB363P
promoters (Li ef al., 2014; Zhang et al., 2014), have been
characterized. Among gene promoters previously charac-
terized as drought-responsive, the A/RD29A4 promoter
showed stronger activity during water deficit stress in
transgenic plants when compared to the control plants
(Yamaguchi-Shinozaki and Shinozaki, 1993). Therefore, it
has been successfully used to drive the expression of
drought-resistant genes in different plant species (Kasuga
etal.,1999; Polizel et al., 2011; Datta et al., 2012; Saint Pi-
erre et al., 2012; Bihmidine et al., 2013; Engels et al.,
2013). However, the use of the AtfRD294 promoter is re-
stricted by patent protection (Shinozaki et al., 2007). More-
over, soybean promoters could be an alternative to avoid
the use of exotic DNA in soybean transgenic plants. There-
fore, the isolation and characterization of new drought-
responsive promoters from soybean are crucial and will
augment the set of tools available for the development of
drought-tolerant cultivars.

In previous studies, we identified a soybean drought
stress-responsive  gene, the a-galactosidase gene
(GlymaGAL) and characterized its expression pattern in
sensitive (BR 16) and tolerant (EMBRAPA 48) soybean
cultivars under drought stress conditions in the soil or hy-
droponic systems. GlymaGAL showed high expression lev-
els, especially in the leaves of a drought-tolerant cultivar
(EMBRAPAA48) submitted to water deprivation (Guima-
raes-Dias ef al., 2012; Guimaraes-Dias F, 2013, PhD The-
sis, Federal University of Rio de Janeiro, Rio de Janeiro).
At3g57520 (AtSIP2), the putative Arabidopsis homolog of
GlymaGAL, was originally annotated as raffinose synthase
(Taji et al., 2002). However, recently, AtSIP2 was charac-
terized as an alkaline o-galactosidase belonging to the
raffinose degradation pathway (Peters ef al., 2010). Studies
have shown that the raffinose oligosaccharide family is
present in large quantities in legumes and is involved in
seed desiccation, cold and drought responses (Sengupta et
al., 2015). In our current study, we isolated and character-
ized in silico the 1004-bp (pGAL-1kb) and 2010-bp
(pGAL-2kb) sequences upstream to the start codon of the
GlymaGAL. Moreover, we evaluated their activities in the
leaves and roots of Arabidopsis transgenic plants and soy-
bean transgenic roots under drought and osmotic stress.

Material and Methods

Cis-element analyses

The genomic sequences of pGAL-1kb and pGAL-2kb,
which are upstream of the start codon of the soybean o.-ga-
lactosidase gene of the soybean genome (GlymaGAL),
were obtained using the genome browser tool in the Phyto-
zome database v.9 (Goodstein et al., 2012). The cis-regula-
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tory elements related to the response to water deficit were
selected based on information from the literature (Urao et
al., 1993; Baker et al., 1994; Yamaguchi-Shinozaki and
Shinozaki, 1994; Iwasaki et al., 1995; Abe et al., 1997,
Busk and Pages, 1998; Abe et al., 2003; Dubouzet et al.,
2003; Narusaka et al., 2003; Tran et al., 2004; Behnam et
al., 2013) (Table 1). The presence and frequency of these
cis-elements in the pGAL-1kb and pGAL-2kb genes were
determined by the PLACE database (Plant Cis Program-
acting Regulatory) (Higo et al., 1999).

Isolation and cloning of the GlymaGAL promoters of
soybean

The promoter sequences of the GlymaGAL, pGAL-
1kb and pGAL-2kb genes were amplified using specific
primers (Table S1). The genomic DNA used as a template
was extracted from a drought-tolerant soybean cultivar
(EMBRAPA48) according to a CTAB-based protocol
(Doyle and Doyle, 1987). The amplification reactions were
performed in a 50 uL final volume, which contained 100 ng
oftemplate DNA, 0.3 uM of each primer, 2 mM of MgSO4,
0.3 mM of each dNTP, 1X Pfx amplification buffer and 1 U
of high fidelity platinum Pfx DNA polymerase (Thermo
Fisher Scientific, Carlsbad, CA, EUA) according to the
manufacturer’s instructions. The reaction mixtures were
submitted to the following cycling steps: 94 °C for 5 min,
followed by 30 cycles of denaturation at 94 °C for 30 s, an-
nealing at 50 °C or 55 °C (for pGAL-1kb and pGAL-2kb, re-
spectively) for 1 min and extension at 68 °C for 2 min. The
thermal profile ended with a final extension at 68 °C for 5
min. The PCR products were analyzed by 1% agarose gel
electrophoresis and visualized by UV fluorescence after
staining with ethidium bromide. Next, the PCR products
were purified using a DNA Clean and Concentrator kit
(Zymo Research CA, USA) according to the manufac-
turer’s instructions. The concentration and purity analyses
of each purified DNA were evaluated by a NanoDrop™
spectrophotometer ND-1000 (Thermo Fisher Scientific,
Wilmington, DE, USA).

The purified products were first cloned into a gateway
pENTR/D-TOPO entry vector (Life Technologies, Victo-
ria, Australia) and used in the transformation of TOP10
chemically competent Escherichia coli cells according to
the manufacturer's instructions, generating pGAL-
1kb::pENTR and pGAL-2kb::pENTR. The plasmids of the
positive colonies were extracted by a GenelJet Plasmid
Miniprep kit (Fermentas, Glen Burnie, MD, USA) accord-
ing to the manufacturer’s instructions, and the concentra-
tion and purity of each purified DNA were analyzed by a
spectrophotometer. At least three clones were sequenced,
and the sequence was compared with the expected pro-
moter sequence in the soybean reference genome
(Goodstein et al., 2012).

The pGAL-1kb::pENTR and pGAL-2kb::pENTR
constructs were subsequently cloned by recombination into
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Table 1 - Cis-elements responsive to drought stress in the pGAL soybean promoter.

Cis-regulatory element”  Core sequence

Number of Cis-elements

Description

1.0Kb

2.0Kb

(+) Strand (-) Strand (+) Strand (-) Strand

DRE ACCGAC 0
GBOX CACGTG 0
MYCATERD1 CATGTG 0
ABRE ACGTGTC 0
LTRECORE CCGAC 0
MYBCORE CNGTTR 2
ACGTATERD1 ACGT 3
MYCATRD22 CACATG 1
MYCCONSENSUAT CACATG/CACGTG/ 2
(CNNTG) CAGATG/CATGTG
ABRELATERD1 ACGTG 2
MYBIAT

(WAACCA) AAACCA/TAACCA/TGGTTA 1
MYB2 (YAACKG) CCGTTA

ABREATRD22 RYACGTGGYR

0

1
1
0

1 0 Dehydration, high salinity and cold re-
sponsive

1 0 Dehydration, high salinity, ABA and
cold responsive

1 0 Dehydration responsive

1 0 Dehydration, high salinity and low
temperature responsive

1 0 Low temperature, drought response

0 0 High salinity, ABA, heat, cold and de-
hydration responsive

4 4 Dehydration responsive

1 1 Dehydration and ABA responsive

2 2 Drought stress response

2 2 Dehydration responsive

1 0 Dehydration and ABA responsive

0 Dehydration responsive

ABA responsive

* The symbol W was used to represent A or T; the symbol R was used to represent A or G; the symbol Y was used to represent C or T; the symbol K was
used to represent T or A; the symbol N was used to represent A or C or G or T.

the binary vector Gateway” pKGWFS7 (Invitrogen,
Carlsbad, CA), which contained the uid4 (encoding the
GUS a, B-glucuronidase) and the EGFP (encoding the en-
hanced green fluorescent) gene sequences, generating the
pGAL-1kb::pKGWFS7 and pGAL-2kb::pKGWFS7 clo-
nes (with the GUS and EGFP genes driven by pGAL-1kb
and pGAL-2kb promoters, respectively). The recombina-
tion reactions were performed in a final volume of 8 puL ac-
cording to the manufacturer’s instructions under the fol-
lowing conditions: 1 pL of LR Clonase II (Invitrogen), 150
ng of pGAL-1kb::pENTR or pGAL-2kb::pENTR entry
clones, 150 ng of the destination vector PKGWFS7 and TE
buffer (1 mM EDTA, 10 mM Tris-HCI). After incubating
each mixture for 1 h at 25 °C, 1 puL of proteinase k solution
(2 ng/ul) was added, followed by incubation for 10 min at
37 °C. Next, 2 uL of each reaction was used to transform
TOP10 chemically competent E. coli cells. Then, positive
clones of each construct were confirmed by colony PCR re-
actions (using promoter-specific forward primers and the
EGFP-specific reverse primer) (Table S1). The plasmids of
these positive colonies were extracted by the GenelJet Plas-
mid Miniprep kit (Fermentas) according to the manufac-
turer's instructions and sequencing (Macrogen, Gasan-
dong, South Korea). The concentration and quality analy-
ses of each purified DNA were evaluated by a spectro-
photometer.

The AtRD294 (positive control) and CaM V35S (neg-
ative control) promoter sequences (Yamaguchi-Shinozaki
and Shinozaki, 1993) were cloned using the same vectors
and methods described above to the pGAL constructs, gen-
erating the RD29A::pKGWFS7 and 35S::pKGWFS7 clo-
nes, respectively (with GUS and EGFP coding sequences
submitted to control of the RD294 and 35S promoters, re-
spectively). We also used the DR5::GUS construct as a
negative control (with the uidA gene driven by the DR pro-
moter) (Chen et al., 2013).

Transformation and selection of transgenic plants

The pGAL-1kb::pKGWFS7, pGAL-
2kb::pKGWFS7, pRD29A::pKGWFS7 and pDRS5::GUS
constructs were introduced into  Agrobacterium
tumefaciens GV3101 by electroporation, which was subse-
quently transferred into Arabidopsis thaliana ecotype Co-
lumbia (wild-type) by the floral dip method (Clough and
Bent, 1998). The respective transformed plants,
pGAL-1kb::GUS, pGAL-2kb::GUS, pRD29A::GUS and
pDRS5::GUS were grown in a pot containing substrate, ver-
miculite and perlite (2: 1: 0.5) at a controlled temperature of
22 °C £ 2 under a 16-h light/8-h dark photoperiod with a
light intensity of 100 pmol m™.s ™' and 60% relative humid-

1ty.



Conforte et al.

Transgenic seeds with a single T-DNA were selected
by segregation rates on one-half MS medium (Murashige
and Skoog, 1962) agar plates containing 50 pg/mL kana-
mycin and maintained under the same conditions as men-
tioned above. The T1, T2 and T3 plantlets were transferred
to soil and maintained under the same conditions until the
seeds were collected. Then, three T3 homozygous trans-
genic lines expressing each construct were employed for
abiotic stress treatments.

The pGAL-2kb::pKGWFS7 and 35S:pKGWFS7
constructs were introduced into Agrobacterium rhizogenes
K599 by electroporation, which was subsequently used to
transform roots of the tolerant soybean cultivar (Embrapa
48) using the syringe method (Kuma et al., 2015). After
seven days of co-cultivation, the plants were transferred
into a selective medium of 100 pg/mL of cefotaxime and
100 pg/mL of spectinomycin, maintained under a 16-h
light/8-h dark photoperiod and cycled at 25 °C £ 2 for 10
days. Transformation was confirmed through a visual in-
spection of EGFP expression using a fluorescence stereo-
microscope (Leica M205 FA). Non-fluorescent roots were
not excised to avoid injury. Finally, three transgenic plants
for each construct (pGAL-2kb::GUS and 35S::GUS) were
employed for abiotic stress treatments.

Abiotic stress treatments

The activities of the pGAL-2kb, pGAL-1kb, pRD29A4
and pDR5 promoters in the transgenic Arabidopsis plants
under water privation stress were evaluated before and after
salt stress, air-dried and polyethylene glycol (PEG) assays.
In all experiments, the seeds harvested from pGAL-
1kb::GUS (lines L1, L2, L3), pGAL-2kb::GUS (lines L1,
L2, L3), RD29::GUS and DRS5::GUS transgenic plants
were initially surface sterilized and maintained in 4 °C for 4
days to break dormancy. Then, approximately 100 seeds
for each line/treatment were germinated on one half-
strength MS medium 1.2% agar in plates (150 mm diame-
ter), which were positioned vertically and cultivated until
15 days old. They were grown under a continuous light
photoperiod with a light intensity of 100 pmol m™=s ™', cy-
cled at 22 °C £ 2 and 60% relative humidity and then sub-
mitted to four different treatments.

In the drought treatment by air drying (air-dried), a set
of plates harboring 20 seedlings of each Arabidopsis trans-
genic line remained open for 6, 12 or 24 h (Rodrigues et al.,
2012; Nobres et al., 2016). Meanwhile, a set of plates with
control plants remained closed. For the soybean transgenic
roots submitted to the air-dried treatment, a set of Magenta
vessel GA-7 (Sigma) harboring 15 soybean plants re-
mained open for 24 h, while a set of Magenta vessels with
control plants remained closed.

In the PEG treatment, 15 seedlings of each
Arabidopsis transgenic line were transferred to plates con-
taining PEG 8000 (Verslues et al., 2006). In this case, after
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the seeds germinated on one half-strength MS medium agar
until 15 days old, the seedlings were transferred to plates
(150 mm diameter) with one half-strength MS medium
agar supplement (700 g PEG 8000 diluted in 1 L of water),
submitting the seedlings to a water potential (V) = -1.7
MPa. Meanwhile, control plants were maintained in a
PEG-free solution. The PEG-infused plates were incubated
overnight (approximately for 15 hours) before the plants
were transferred.

Subsequently, the salt-stress treatments with 20 mL
of 200 mM NaCl were added to cultivation medium harbor-
ing 20 seedlings of each transgenic line (Soussi et al.,
1998), which were submitted to this condition for 6, 12 or
24 h. Control plants were maintained in a NaCl-free solu-
tion.

In all treatments, control plants were collected at the
end of the experiment to rule out external changes or influ-
ences in the results. After the stress treatments, qualitative
and quantitative GUS analyses were performed. All treat-
ments were conducted with three independent biological
replicates.

Histochemical GUS assay of Arabidopsis transgenic
plants

The histochemical GUS assay was performed after
stress application in the transgenic seedlings for 6, 12 or 24
h in the air-dried treatment, PEG treatment or salt treat-
ments. The histochemical GUS assay was performed fol-
lowing the methods of Jefferson (1989) to assess the pro-
moter activity in roots and leaves of the treated seedlings.
The seedlings were observed under a stereomicroscope
(Leica S8 APO) with a magnification of 10X and photo-
graphed by a Leica EC3 camera, and the image was ad-
justed in high resolution using LASEZ software version 3.0
(Leica). The histochemical GUS assay was performed with
three independent biological replicates and three plants for
each line.

Total RNA isolation and transcript level analysis

To validate the results obtained by histochemical
GUS assay and to quantitatively analyze the pGAL-2kb ac-
tivity, qPCR assays were performed using root and leaf
RNA samples of three lineages (pGAL-2kb::GUS (L1, L2
and L3), pRD29A::GUS (positive control) and
pDRS::GUS (negative control)) submitted to the air-dried,
PEG or salt stress conditions at 24 h and the non-stressed
condition (control plants). The leaf RNA samples of each
line/treatment (a total of five plants for each line/treatment)
were extracted with Trizol Reagent (Invitrogen), followed
by TURBO DNase enzyme (Ambion, Thermo Fisher)
treatment according to the manufacturer’s instructions.
Meanwhile, the root RNA samples each line/treatment (a
total of 10 plants for each line/treatment) were extracted us-
ing the RNeasy Plant Mini Kit (Qiagen, Inc., Valencia, CA,
USA) followed by DNase treatment, as indicated by the
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manufacturer’s protocol. The total RNA concentration and
purity were determined using a spectrophotometer, while
the RNA integrity was tested by electrophoretic separation
in a 1% agarose gel. Three independent biological samples
were collected for the relative expression studies.

The cDNA synthesis reactions with leaf and root
RNA samples were initially performed using the Super-
Script III Reverse Transcriptase enzyme (Invitrogen) fol-
lowing the manufacturer’s instructions. The resulting
cDNAs were used for qPCR assays run in triplicate. For the
gPCR reactions, the uidA (GUS) gene-specific primers
were used (Table S1).

The qPCRs were carried out in optical 96-well plates
in a 7500 Fast Real-Time PCR detection system (Applied
Biosystems) following the manufacturer’s instructions.
The amplification reactions were performed in a 20 pL fi-
nal volume containing 10 uL ¢cDNA (1:50); SYBER"™ Green
1X (Thermo Fisher Scientific); 0.4 uM of each primer (for-
ward and reverse) (Sintese biotecnologia); 0.025 mM
dNTP; PCR buffer (-Mg) 1X; 3 mM MgCl,; 0.25 U Plati-
num 7ag DNA Polymerase (Thermo Fisher Scientific) and
0.4 uL ROX reference dye (Thermo Fisher Scientific).

The reaction mixtures were incubated at 94 °C for 5
min, followed by 40 cycles of 94 °C for 15 s, 60 °C for 10s,
72 °C for 15 s and 60 °C for 35 s. Subsequently, a melting
curve analysis was run from 30 °C to 100 °C for 1 min.

The melting curve and gel electrophoresis analyses of
the amplification products confirmed that the primers am-
plified only a single product of expected size (data not
shown). The primer set efficiencies and the Ct cutoff cycles
(cycle thresholds) were estimated for each experimental set
by Online real-time PCR Miner software (Zhao and Fer-
nald, 2005), and these values were converted into normal-
ized relative quantities (NRQs) by the program QBASE
version 1.3.5 (Hellemans et al., 2007). To determine the
most stable combination of the reference genes At4g34270,
At4g38070 and At5g12240 (Czechowski et al., 2005) we
used NormFinder software (Andersen ef al., 2004). As the
At4g34270 and At4238070 genes exhibited a stable expres-
sion pattern under abiotic stress, they were used as house-
keeping genes for the normalization of uidA expresion. The
quantitative expression data were analyzed statically by
Student’s #-test and variance analysis (ANOVA) methods
using Assistat v 7.7 software (Silva and Azevedo, 2002).

Results

In silico analysis of the frequency of water deficit
response cis-elements

In silico analysis of the 2-kb fragment of the
GlymaGAL promoter allowed us to identify 13 cis-acting
elements previously associated with the water deficit re-
sponse (Table 1) (Urao et al., 1993; Baker et al., 1994;
Yamaguchi-Shinozaki and Shinozaki, 1994; Iwasaki et al.,
1995; Abe et al., 1997; Busk and Pages, 1998; Abe et al.,
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2003; Dubouzet et al., 2003; Narusaka et al., 2003; Tran et
al., 2004; Behnam et al., 2013). The presence and fre-
quency of these cis-elements upstream of the start codon of
GlymaGAL revealed that the pGAL-1kb and pGAL-2kb se-
quences have several putative water deficit response cis-
acting elements (Figure 1). Among the 13 different cis-act-
ing elements identified as associated with the drought re-
sponse, only the ABREATRD22 motif was not found in the
GlymaGAL promoter. However, the frequency of cis-ele-
ments was distinct over each promoter fragment (Table 1,
Figure 1). The DRE, MYCATERDI, ABRE and GBOX
motifs were found exclusively in pGAL-2kb (Table 1).

Activity profile of the pGAL-1kb and pGAL-2kb
promoters in transgenic Arabidopsis under water
stress conditions

Three plants of each transgenic lineage were evalu-
ated for the respective promoter expression level by histo-
chemical GUS assay and photographed in bright field
microscopy after 6, 12 and 24 h of the air-dried, PEG and
salt stress treatments. Plants bearing the pRD29A::GUS
and pDRS5::GUS constructs were used as positive and nega-
tive controls, respectively (Figures 2-5).

Plants bearing the pGAL-1kb::GUS construct did not
show any GUS activity when submitted to stress treatments
(Figure 2). However, the pGAL-2kb::GUS transgenic
plants submitted to the air-dried treatments for 24 h showed
a strong GUS activity in roots and leaves. However, no sig-
nal was observed in these plants at earlier time points (6 and
12 h) (Figure 3A). PEG treatment of pGAL-2kb::GUS
transgenic plants triggered the same temporal expression
pattern as the air-dried treatment; GUS activity was ob-
served after 24 h (Figure 4A). qPCR analysis of pGAL-2kb
transgenic plants substantiated the histochemical assays,
showing that the uid4 gene was significantly up-regulated
(Student’s #-test * p < 0.05 and ** p < 0.01) in the leaves
and roots of transgenic lines when submitted to the air-
dried (Figure 3B, C) and PEG treatments after 24 h (Figure
4B, C). In contrast, no signal was observed in pGAL-
2kb::GUS transgenic plants under salt stress in leaves and
roots (Figure 5A). Again, this result was confirmed by
qPCR (Figure 5B, C).

Activity profile of the pGAL-2kb soybean promoter in
soybean transgenic roots under drought stress
conditions

To investigate whether the pGAL::2kb promoter is
also active in soybean plants, we performed a soybean root
transformation according to Kuma et al. (2015). Trans-
formed roots submitted to the air-dried treatment showed a
substantial increase in the EGFP signal when compared to
untransformed roots under the same stress condition (Fig-
ure 6).
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2.0Kb
-20&ﬂTAGTTATTTGACTGGATTCATTAACCTTATGTTTGGAGTGAGAAAAGAAAAAAAATTGAAATTG

-1936 GAATTAGAAAAAGAGGGAAAGGAAAGAAAAATTTAAATTTTTATAAATAAATTTTTTTCTATTT
-1872 TTTCTTAATAAAGCAAAAAATATATATATTATTATCCATGTTTTTCTTTCCTTCATACCAAATA
-1808 TACCATAAATTCTTATAACTCCATAAGCATGACTTTAGCCAATAAGAGCTGGAACAAGAATTCT
-1744 AACAAGTTTCATGTTTTCCTCTGACAAAAACTCTTGTATTTTTTCTAGAATAATATATGTTAAT
-1680 TTGACTAATGAGATTATTTTCATAAAATATAATATACTAGGTATTTTTTATTTTTGATAATTAC
-1616 TTGAATAAAAACATTTAATTTTTCTTATGACTCACAAATTGATGTATTTATCACACAACACTCT

MYCATR22/MYCATERD1

-1552 AGATTTTTTTTTCATTGTTCCGTGAATCAAGCTTCAACACTCATACATCACAATCACATGTGTC
ACGTATERD1

-1488 CACGTAATCATTTACATCTTTTGCGGCCGCCATTAGCATCAGATAGATTTTCCTTACTTTAATG
GBOX/ABRELATERD1/ACGTATERD1/MYCATR22

-1424 TCACAGGTCACACAATTTGTATTAATCATGAATGGATCGAACAGGT CACGATGCTICHACGTETd
-1360 AAAATCTGGAGCCACAGGAAGCCTGCAACTTTGC TATAA&MCGCTCC%CAG%AGTETR%ETCT CAG
-1296 TATCTCACCCCAAAATTTCAGAAGCTAGTGATCAATCATCAACACAGAGCTGAGTGTGTTGCTC
-1232 TGTGAATCCACCTTCTTCTTCCATTGGAGGACCATTTCCTCCTGGAATAGAAATACTACCACAC
-1168 TTTTCTTTTTTCACTTCTCTAAGTTGCTAAGTTAATTGCTCCTTCATTTTTTCACTCTTCGTTC
-1104 TCGCGTACCCGTGTCACGGTAACTCGGTAAGTCAGTTT%3%&?TA:??%?&EE%EXEZEEE%?%
-1040 AAAATATCGTGGAGGAGTTTATGAATTCTTGATTTGGAAApTAATCAAGCGTTGTTGTTGGGAA

976TTCTGGATTTGGTTAATTTTGTCTCTGTCTGTTTTCGGGGACAACAAGTAéXﬁgg$géGGGTCT

-912 TGCTAGATCTCTCCAGTTTCTATTTCTTAAAGTTGTCTTTTTTAGATGACAGAATTGCCCCTGT

MYBcore MYCATR22
-848 ATCTTGTGGAAACTACA - CCTGTGCTCATCCCAGATGATTTTTGATGGGTGTTAATAT

-784 TTTCTTTTGCCGCCACACAAAGTTTGACTCGTCCTTTGAGT%CAATATTCG&MCT
-720 AATCACTAATATTTGCTTAATTTTTAAATAAAAAGATTTTGAAGTTTTTATTTTGATCTTTCCT
-656 AGTGAAAATAGTTCATCCTCAGACTCARACTTCTTGATTTCACATGARATTCGGTTTTAACTTT
592 TCCTTTGTCTTTAATAGTAGTATACTTATTTTATATCGTTTGTGGATTTTCATTAAATTACAAA
508 ATTTCAGTTTATGAACTAGTAGGAGACCGGACCTGAGAAGATGTACCATAGTAAAGCAAAAGAC
-464 CACTAAACGACAAAGAAAAAAACAAAAGGACTAAACTCTATAGGTTCACTTTAGTGTTTGATTG
400 TTATTTTTCTTTCAATTTATTCGTTCAATTTGGGGTATATAGGTTAAAAAGGTGATGCTAAGGA

ACGTATERD1/ABRELATERD1
-336 CAACATCAATTCTTCCCACAACGTGGATTCCTCCTTCGCGTGAACCACATCGCAATCTATCTAA

ACGTATERD1/ABRELATERD1
272 CGTGTGCTTAACCTTTTACCATCACCATCATCATAAGTCCCTAGGTCTATATTACAAAACCTCC
-208 TTAACAATTTTTATGATGTAATAATATGTACCTTAGTAAAATTTGGGTTTCTTTGGTGTGTATT
-144 TTGTAGTTTACGAGTCCTAAAGGCTTAAACATTCAAATAATTGTAATTTTCATTACTATAGTCT
-80 TGTGATACAGTGAATTTTCATTACTATAGTAACATGTTTGTGCTATTTGCTATGGTGACACAGT

16 BETEAAETETTOGA A Rs:

Figure 1 - Genomic DNA sequence and different segments with different cis-elements in the drought-stress response of the promoter of the GlymaGAL
gene from soybean. The immediate upstream nucleotide of the start codon of GlymaGAL is designated as position 1. The sequence represents a sin-
gle-stranded DNA.
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Figure 2 - pGAL-1kb::GUS histochemical assay. Three transgenic lineages, pGAL-1kb::GUS (L1, L2 and L3), pRD29::GUS positive control and
pDRS::GUS negative control, were submitted to control and 6, 12 and 24 h of the air-dried, salt stress and PEG conditions. The order of the sample photos
is as follows: root, cotyledonal leaf, young leaf and totally expanded leaf. The data shown are representative of three independent lines (n = 3). Scale bars
=2 mm.
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Figure 3 - Histochemical analysis and expression profile analyses of the GUS reporter gene under control of the pGAL-2kb promoter. The order of the sam-
ple photos is as follows: root, cotyledonal leaf, young leaf and totally expanded leaf. A) The leaves and roots of plants grown under normal conditions and
air-dried treatment (6, 12 and 24 h) were compared to the pRD29::GUS and pDR5::GUS plants under normal conditions and treated (6, 12 and 24 h). The
data shown are representative of three independent lines (n = 3). B and C). The expression levels of uid4 mRNA in leaves and roots under control
(non-treated) and air-dried treatment. Values are means + SD (n = 3). The relative expression values, represented on the y-axis, were obtained by qPCR ex-
periments and calculated using the 2”**“' method. The At4g34270 and At4g38070 genes were used as endogenous controls to normalize data. Asterisks indi-
cate significant differences of samples under air-dried treatment and non-treatment (Student’s #-test * p < 0.05 and ** p <0.01). Total RNA was extracted
from the leaves and roots of three independent T3 lines of 2-week-old transgenic plants after 24 h of drought (air-dried) treatment. Scale bars =2 mm.
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Discussion under drought and salt stress. The pGAL-2kb promoter had

In this study, we evaluated the activity of pGAL-1kb high activity in the roots of Arabidopsis and soybean trans-

and pGAL-2kb promoter sequences of the soybean a.-galac-
tosidase gene in Arabidopsis and soybean transgenic plants  treatment (Figure 3 and 6). Similar results were also ob-

genic plants submitted to water deficit by the air-dried
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Figure 4 - Histochemical analysis and expression profile analyses of the GUS reporter gene under control of the pGAL-2kb promoter. The order of the
sample photos is as follows: root, cotyledonal leaf, young leaf and totally expanded leaf. A) The leaves and roots of plants grown under normal conditions
and PEG treatment (6, 12 and 24 h) were compared to the pRD29::GUS and pDRS5::GUS plants under normal conditions and treated conditions (6, 12 and
24 h). The data shown are representative of three independent lines (n = 3). B and C) The expression levels of uid4 mRNA in leaves and roots under PEG
treatment and no treatment. Values are means + SD (n= 3). The relative expression values, represented on the y-axis, were obtained by gPCR experiments
and calculated using the 2 method. The At4g34270 and At4g38070 genes were used as endogenous controls to normalize data. Asterisks indicate sig-
nificant differences of samples under PEG treatment and no treatment (Student’s #-test * p < 0.05 and ** p < 0.01). Total RNA was extracted from the
leaves and roots of three independent T3 lines of 2-week-old transgenic plants after 24 h of PEG treatment. Scale bars =2 mm.
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Figure 5 - Histochemical analysis and expression profile analyses of the GUS reporter gene under control of the pGAL-2kb promoter. The order of the
sample photos is as follows: root, cotyledonal leaf, young leaf and totally expanded leaf. A) The leaves and roots of plants grown under normal conditions
and salt treatment (6, 12 and 24 h) were compared to the pRD29::GUS and pDR5::GUS plants under normal conditions and treated conditions (6, 12 and
24 h). The data shown are representative of three independent lines (n = 3). B and C) The expression levels of #id4 mRNA in leaf and roots samples under
control (non-treated) and salt treatment. Values are means + SD (n = 3). The relative expression values, represented on the y-axis, were obtained by qPCR
experiments and calculated using the 2**“ method. The At4g34270 and At4g38070 genes were used as endogenous controls to normalize data. Asterisks
indicate significant differences of samples under salt treatment and no treatment (Student’s #-test * p < 0.05 and ** p < 0.01). Total RNA was extracted
from the leaves and roots of three independent T3 lines of 2-week-old transgenic plants after 24 h of salt treatment. Scale bars =2 mm.
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Figure 6 - Expression EGFP in A. rhizogenes transformed soybean roots submitted to 24 h of air- dried treatment. (A) 35S::GUS (B) pGAL-2kb::GUS.

served in Arabidopsis leaves submitted to the air-dried and
PEG treatments (Figure 3 and 4). However, the pGAL-2kb
promoter sequence did not show a significant change in the
activity of Arabidopsis transgenic plants under salt stress
conditions (Figure 5). These results showed that the
pGAL-2kb promoter sequence is able to drive inducible ex-
pression primarily by drought stress.

Our results showed that the pGAL-1kb sequence lacks
activity under the tested conditions, which is likely due to
the absence of specific cis-elements involved in controlling
the dehydration stress response (Figure 2). Other authors
have also shown the importance of distal promoter regions
in stress-associated responses (Behnam ez al., 2013; Imtiaz
et al., 2015). For example, the 3.0-kb AtNCED3 promoter
sequence was able to drive uid4 expression in response to
dehydration, while the 1.5-kb AtNCED3 promoter region
was not functional (Tan et al., 2003; Behnam et al., 2013).
Imtiaz et al. (2015) showed that the 2.7-kb CmBBX24 pro-
moter sequence of Chrysanthemum has activity in
Arabidopsis transgenic plants under drought and salt stress,
but the deletion of fragments from the promoter’s distal end
led to a lower promoter activity under drought stress. When
compared to the pGAL-1kb promoter sequence, pGAL-2kb
has four additional cis-motifs previously associated with
the response to drought stress, including one ABRE, one
MYCATERDI1, one GBOX and one DRE (Table 1). Previ-
ous results have shown that the presence of these cis-ele-
ments has been associated with the response to dehydration
and/or abiotic stresses (Abe et al., 1997; Narusaka et al.,
2003; Lata and Prasad, 2011; Behnam et al., 2013). How-
ever, only experimental data can validate the role of these
cis-elements in the GlymaGAL promoter.

Another possible explanation for the lack of activity
of the pGAL-1kb sequence is the frequency and the spatial
organization of its cis-elements. Furthermore, the promoter
activity analysis of pGAL-1kb was carried out in a hetero-
logous system, which may also explain the negative result.

Soybean and 4. thaliana evolutionarily split 90 million
years ago, so cis-elements and transcription factors and
promoter organization is likely to differ between these spe-
cies and to interfere in the regulation of pGAL-1kb (Shoe-
maker et al., 1996; Miihlhausen et al., 2013).

The use of the drought stress-responsive promoter
originally isolated from the soybean genome may have ad-
vantages as a biotechnological tool to improve drought
stress tolerance in soybean cultivars. Its use may minimize
the unexpected promoter activity caused by cryptic cis-ele-
ments introduced with the use of foreign DNA in soybean
transgenic cultivars. In addition to pGAL-2kb, two other
soybean promoters, GmNCEDI and GmMYB363, which
present activity in response to abiotic stresses, were re-
cently characterized and patented (Li et al., 2014; Zhang et
al.,2014).

The activity of the GmNCED1 promoter was signifi-
cantly induced by salt stress in the roots of tobacco trans-
genic plants (Li et al., 2014). The GmMYB363 promoter
activity was induced in soybean transgenic roots under
PEG 6000 treatment (Zhang et al., 2014). Compared to
pGmNCEDI and pGmMYB363, the soybean pGAL-2kb
promoter is active in roots as well as in leaves during
drought stress. The promoter activity in both organs may
represent an advantage to provide wide and effective pro-
tection under water deficit when driving the expression of
drought-tolerant genes in transgenic plants. Nevertheless,
pGmMYB363 and pGmNCEDI have shorter sequences
than the pGAL-2kb promoter (1,384 and 1,253 bp, respec-
tively), which is an important characteristic. However, we
identified a high number of cis-elements in the pGAL-2kb
promoter between 1000 and 1500 bp upstream of the start
codon. Furthermore, we did not find cis-elements in the dis-
tal region between 1,500 and 2,000 bp. Therefore, it is im-
portant to evaluate the 1.5-kb sequence of the pGAL
promoter to improve its use as a biotech tool. In addition,
other constructs containing pGAL-2kb deletions may also
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be active as drought-responsive, as efficient as the entire se-
quence. Imtiaz et al. (2015) showed that the deletion of the
1,162-bp fragment between -2,552 (full promoter) and
-1,390 significantly reduced promoter activity in leaves and
roots, while no significant decrease in promoter activity
was observed with further deletions from -1,390 to -780,
-780 to 600 and -600 to -480. Thus, further analyses will aid
in better characterizing the use of the pGAL-2kb promoter
as a new drought stress-responsive promoter. Here we
showed that the full-length pGAL-2kb sequence is a poten-
tial candidate for use in genetic engineering to induce a re-
sponse to drought stress in soybean.
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