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SHORT COMMUNICATION

GmWRKY53, a water- and salt-inducible soybean
gene for rapid dissection of regulatory elements
in BY-2 cell culture
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Drought is the major cause of crop losses worldwide. Water stress-inducible promoters are important for understanding
the mechanisms of water stress responses in crop plants. Here we utilized tobacco (Nicotiana tabacum L.) Bright Yellow
2 (BY-2) cell system in presence of polyethylene glycol, salt and phytohormones. Extension of the system to 85 mM NaCl
led to inducibility of up to 10-fold with the water stress and salt responsive soybean GmWRKY53 promoter. Upon ABA
and JA treatment fold inducibility was up to 5-fold and 14-fold, respectively. Thus, we hypothesize that GmWRKY53 could
be used as potential model candidate for dissecting drought regulatory elements as well as understanding crosstalk

utilizing a rapid heterologous system of BY-2 culture.

Among abiotic stress conditions, drought is the main culprit
that causes huge crop losses worldwide. Therefore, engineering
drought tolerance in plants is of major economic importance.
Many of the experimental systems that are used in attempts to
improve drought tolerance, for example the generation of trans-
genic plants, are time consuming. For this reason, systems of
reduced complexity that allows rapid screening of genes and pro-
moters for potential use in projects aimed at improving drought
tolerance are desired. One such system could be the tobacco
(Nicotiana tabacum L.) Bright Yellow-2 (BY-2) cell line."?
BY-2 cells can be easily transformed to a very high efficiency
using Agrobacterium tumefaciens and the cells subsequently can
respond to stimuli such as the plant hormone methyl jasmonate
(JA).? The use of BY-2 cells also has potential advantages over
other cell cultures, such as a highly synchronized growth rate,
good transformation after protoplastation or particle bombard-
ment, lack of leaky expression for promoter studies and easy
monitoring and analysis. BY-2 cell system is also an excellent
tool for sub-cellular localization studies. These characteristics
make BY-2 cells an excellent system for many procedures.” This
system of reduced complexity therefore has the potential to be
used to identify and better understand regulatory networks in
response to water deficit/drought conditions.

A number of reports have described using the BY-2 cell sys-
tem for promoter analysis utilizing either B-glucuronidase®* or

luciferase as a reporter,” for example stably transformed BY-2
cells have successfully been used to dissect JA-inducible promot-
ers.®” In addition, this BY-2 system can also be extended to the
testing of individual promoter elements and synthetic promoters
that respond to JA. Such a system would be a very useful tool for
the study of water stress-inducible gene expression for promot-
ers from other plant species. In addition, it would also be useful
if this system responded to a number of different water stress
inducing treatments, such as salt, polyethylene glycol (PEG) and
mannitol. Hence, in the present study a tobacco BY-2 cell sys-
tem for the rapid analysis of drought-inducible promoters is used
that accelerates the identification of stress tolerance mechanisms
from different crop plants.

Gene regulation at the mRNA level is considered as one of
the key regulatory check in many biological processes. In plants,
approximately 7% of the total plant genome constitutes of tran-
scription factors and they are integral part of the gene regula-
tion at mRNA level.® WRKY transcription factors are one of
the ten largest family of transcription factors across the green
lineage named after the highly conserved and almost invariant
60 amino acid domain with the signature WRKY sequence at
the N-terminus and a zinc finger motif at the C-terminus.”'
They show specific binding to their cognate DNA-binding
site the W-Box (T)(T)TGAC(C/T) that is found in the pro-

moter regions of many stress-inducible promoters of their target
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A GmWRKY53
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and GmWRKY53 was used.

Figure 1. (A) PEG treated BY-2 cells are alive and express GFP after incubation in medium containing 10% polyethylene glycol. (B) Multiple E-box se-
quences in the promoter region of the GmWRKY53. Potential promoter elements were identified using MEME. The scale bar represents 50 m for NtRS

genes.!! Several studies had reported the role of WRKY tran-
scription factors (TFs) in response to biotic stress but their role in
abiotic stress responses was relatively limited.' Hence, this study
was conducted toward understanding role of the GmWRKY53
in different stress and phytohormone signaling network during
water stress.

Potential promoter elements were identified using MEME."
Promoter sequences of 1 kb upstream of the predicted ATG start
codon were used with the settings as described in Tripathi et
al. (2012)." Promoter constructs were amplified by PCR using
genomic DNA from either tobacco or soybean as template with
Fail Safe™ PCR system (EPICENTER Inc.). Appropriate restric-
tion enzyme sites were added to the primer sequences to allow
cloning. The promoters were introduced into the MS23 vector'
and then sub cloned into the binary vector pGPTV-GUS-KAN
or pGPTV-GFP-KAN as previously described.” Cell suspension
cultures of tobacco (Nicotiana tabacum L.) cv Bright Yellow-2
(BY-2) were obtained from the University of Virginia. The sus-
pension cell culture was grown at 26°C on a rotary shaker in
modified Murashige and Skoog (MS) medium (Caisson Labs)
supplemented with 0.15 mM KH,PO,, 0.2 mg/l 2.4-dichloro-
phenyoxyacetic acid, 1 mg/l thiamine, 10 mg/l myo-inositol and
3% (w/v) sucrose. Cells were subcultured weekly by transfer-
ring 1 ml cell culture into 50 ml of fresh medium. For longer
term storage stocks of BY-2 calli were maintained in Petri dishes
on MS medium solidified with 1.5% (w/v) agar and supple-
mented with 0.15 mM KH,PO,, 0.2 mg/l 2.4-dichlorophen-
yoxyacetic acid, 1 mg/l thiamine, 10 mg/l myo-inositol and 3%
(w/v) sucrose and subcultured each month onto fresh plates.
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Agrobacterium tumefaciens (LBA4404) were transformed with
the various promoter constructs and grown in YEB medium
containing 50 mg/l rifampicin and 50 mg/l kan.”® One milliliter
of overnight culture was diluted with YEB plus antibiotics so
that the OD was 0.3. Agrobacteria were grown until the OD |
was 0.6. Cells were then pelleted and re suspended in 0.5 ml MS
medium. Four days after sub culturing of the BY-2 cells, three
transformation events were performed for each construct using
different amounts of Agrobacteria (50, 150 and 350 pl) added to
the BY-2 cell culture (3 ml). The cell cultures were transformed
by co-cultivation with Agrobacteria in a Petri dish in the dark
for 2 d. The cells were then washed two to three times using
15 ml fresh MS medium. 100 pl of the cell culture was then
plated at low density onto MS agar containing 50 mg/l kana-
mycin and 500 mg/l cefotaxime. Transformed calli are visible
after 3—5 weeks. Single transformed callus was transferred into
micro-wells (Greiner Bio-One six-well culture plate) with 5 ml
MS medium containing kanamycin and cefotaxime as above.
Cells were grown at 28°C for 4 d with shaking. One ml of cells
was removed and used to inoculate 5 ml of fresh medium and
the cells grown at 28°C for 3 d. For each promoter construct,
12 independent lines were chosen and cultured separately until
they were pooled for water stress treatments. Slide mounts of
the transgenic cell cultures were observed under Olympus AX70
compound microscope attached to Olympus AX70 digital cam-
era (Olympus). All the images of the cells were taken at 20x lens
objective with automatic exposure setting for bright field and 5
sec exposure setting for the fluorescence. Camera sensitivity was
set at ISO 200 and the filter used for GFP viewing of the cells
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Table 1. Water stress induction of tobacco NtRS (1139734) and GmWRKY53 (Glyma19 g26400) during dehydration time course in different tissue types

Roots
Gene
20 min 40 min 1h
NtRS (1139734) 1.44 1.29 3.06
30 min 1h 2h
GmWRKY53 (Glyma19 g26400) 3.42 4.55 8.76

was FITC filter set. Transformed cell lines of GmWRKY53 were
taken after 6 d of growth and subjected to 10% Polyethylene
glycol (PEG-8000, Fisher Scientific USA) and 0.5% or 85 mM
NaCl (Fisher Scientific) treatment. 0.1 ml of each 5 indepen-
dent lines was pooled with 4.5 ml of 10% PEG and 85 mM
or 0.5% NaCl in a 6-well plate and grown as “treated” while
for “untreated” 0.1 ml of each six independent lines were grown
in MS/V/C/K media at 28°C with shaking. The cells were
harvested with filtration method after 6 d and freezed in lig-
uid nitrogen before using for quantification. A 200 pl of five
transgenic lines from the micro-wells were pooled and sub cul-
tured to a 250 ml Erlenmeyer flask with 49 ml MS medium, 50
ml vitamins, 50 wl kanamycin and 100 pl of cefotaxime. Cells
were grown at 28°C for 2 d with shaking at 115 rpm. Ten mil-
liliters of cells from each flask were transferred in to new 250
ml flask with 40 ml MS medium containing 40 ml vitamins
without hormones (-2,4D). BY-2 cells were grown at 28°C for 1
day with shaking at 115 rpm. No antibiotics were added at this
time. After 1day BY-2 cells were treated with 100 wM ABA (for
ABA treatment purpose) and 100 wM JA (for JA treatment pur-
pose) dissolved in DMSO. 50 pM DMSO was added in control
sample used as untreated. Cells were harvested after 24 hrs of
treatment and freezed in liquid nitrogen and stored in -80°C
before using for quantification.

GUS assays were performed as previously described.”
GFP quantification was performed using a fluorescence assay.
Harvested cells were grounded in 1x lysis buffer (Cell Bio Labs
Inc.) supplemented with protease inhibitor (Roche). Standard
curve production and sample preparation were performed
according to the manufacturer’s instructions. 100 pwL of each
lysate was placed in a microplate along with lysis buffer as blank
and untransformed wild type BY-2 cell lysate and the fluores-
cence was determined at 485 nm excitation and 507 emissions
with top 50% optics and 100% sensitivity using a Synergy 2
microplate reader (BioTek Instrument Inc.). Protein was esti-
16 for treated, untreated and wild
type sample. The fluorescence/mg protein was calculated for

mated using Bradford assay

treated and untreated samples after subtracting the fluorescence/
mg protein of the wild type to subtract any background fluores-
cence. The values from treated and untreated samples, minus the
background fluorescence, were used to calculate fold induction.

We have performed extensive expression profiling at the
whole genome level (soybean) or gene space level (tobacco).
This included parallel experiments where hydroponically grown
soybean and tobacco plants were subjected to dehydration (data
not shown). This allowed us to identify several water stress-
inducible genes as good candidates for the identification of water
stress-responsive promoter elements. These genes included both
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Leaves
2h 4h 20 min 40 min 1h 2h 4h
14.68 16.32 1.37 1.51 2.2.6 32.79 370.25
3h 5h 30 min 1h 2h 3h 5h
9.07 11.09 1.34 1.57 4.74 20.34 25.30

galactinol synthase (NVtGolS; EC 2.4.1.123) and raffinose syn-
thase (IVtRS; 1139734; EC 2.4.1.82) from tobacco and several
WRKY genes from both tobacco and soybean. These genes all
showed an induction of at least 8-fold by water stress in either
leaves and/or roots. The promoters of these genes were isolated
by PCR and inserted upstream of either the GUS reporter gene
in pGPTV-GUS-kan or pGPTV-GFP-kan. The gene that
showed the most promise in the BY-2 cell system was the soy-
bean GmWRKY53 (Glymal9 g26400). The tobacco raffinose
synthase was used as positive control. They both show strong
induction by water stress in both leaves and roots (Table 1).

We next sought to establish a system of reduced complex-
ity for the rapid analysis of water stress-inducible promoter. We
based this system on the BY-2 cell system for the analysis of
jasmonate-inducible promoters.® This BY-2 cell system relies
on the observations that BY-2 cells can be stably transformed
to a very high level using A. tumefaciens and that these trans-
genic lines respond well to the plant hormone methyl jasmonate.
We attempted to modify this system for the analysis of water
stress-responsive promoters by adding polyethylene glycol to
the medium. We also added salt to establish whether the system
could be suitable for the dissection of salt-responsive promoters.
Extending our approach for better optimization, we also added
abscisic acid (ABA) and jasmonic acid (JA) to the system. In
addition, we employed two different reporter genes, GUS and
GFP to establish the most suitable reporter gene for the system.
Finally, we also used promoters from both tobacco and soybean
to establish whether the system could be suitable for the analysis
of promoters from different plant species.

BY-2 cells were transformed with promoter:GUS or
promoter: GFP constructs using the pGPTV binary vector
pGPTV-GUS-kan or pGPTV-GFP-kan. Hundreds of indepen-
dent transformed BY-2 cell lines were generated for each con-
struct and 12 were chosen at random for further cultivation as
cell cultures. For further analysis, six of the independent cell
lines for each construct were pooled into a single 5 ml culture.
This combined cell line was then subcultured into medium con-
taining different concentrations of PEG in order to establish a
concentration at which the BY-2 cells could respond to the stress
conditions but were not either plasmolyzed or killed. Figure 1A
shows that at a concentration of 10% PEG, the BY-2 cells showed
no signs of plasmolysis or cell death. The promoter: GFP con-
structs also directed a background level of activity as expected
from the oligo array analysis. Optimization experiments showed
that this concentration of 10% PEG appears to be best for our
purposes, as is 85 mM NaCl.

An in-silico analysis of the water stress-inducible promoter
from GmWRKY53 was performed for the identification of
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black color treated columns shows the average fold induction.

Figure 2. (A) GUS activity of Nt RS promoter:GUS in 10% Mannitol. The figure shows average of three independent experiments involving five inde-
pendent transgenic lines. The values on the top of black color treated columns shows the average fold induction. GUS assays were performed as previ-
ously described.” (B) GFP activity of GmWRKY53 promoter: GFP BY-2 in 10% PEG, 0.5% (85 mM) NaCl, 100 .M ABA and 100 .M JA. The figure shows the
average of three independent experiments involving five independent transgenic lines and bars represent standard error. The values on the top of

potential cis-acting elements using MEME."? GmWRKY53
was found to be enriched with multiple E-box like sequences
(5'-CANNTG-3"), the potential binding sites for members of
the basic-helix-loop-helix (b HLH) family of transcription fac-
tors (Fig. 1B).” Several genes from the bHLH gene family
show strong upregulation by water stress in both tobacco and
soybean (expression data not shown), suggesting that regulation
of GmWRKY53 by bHLH transcription factors may constitute
part of the signaling web involved in modulating water stress
responses in soybean.

A combined cell culture consisting of six independent
ProNtRS:GUS BY-2 lines were treated with 10% mannitol for
six days. Each individual experiment led to an inducibility of
at least 4-fold by mannitol and the average inducibility over the
three experiments was 5.07-fold (Fig. 2A), and hence provides
the proof of concept for the system. In addition, this level of
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induction should be sufficient for both loss of function and gain
of function promoter analyses.

Expression of the GmWRKY53 gene has been described as
being inducible by salt stress.’® The BY-2 systems have the poten-
tial to be utilized as a system for rapid dissection of regulatory
elements.”” Although GmWRKY53 is induced at least 10-fold in
soybean tissues by water stress, the promoter only directed a max-
imum of about 2-fold induction by 10% PEG in the BY-2 system
when the GFP reporter genes was employed (Fig. 2B). This was
similar to several other tested promoters (data not shown). By
contrast, addition of 85 mM NaCl led to inducibilities of about
10-fold in expression from the GmWRKY53 promoter, despite
the use of the GFP reporter gene (Fig. 2B). This suggests that
the BY-2 cell system, when used with 85 mM NaCl, is a useful
system for the testing and dissection of salt stress-inducible pro-
moters. An induction of 10-fold is sufficient for the dissection of
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complex promoter architecture with multiple cis-acting elements
because knock out of a single element that results in a 50% drop
in inducibility still leaves a 5-fold induction that is sufficient
for the analysis of remaining elements. Additionally, the use of
the GUS reporter gene rather than GFP may also result in even
higher levels of inducibility.

To extend the applicability of the BY-2 cell system and have
an idea regarding the potential cross talk during water stress the
soybean promoter GFP constructs was monitored after the two
major phytohormones, ABA and JA treatments. After working
on different concentrations of phytohormone, 100 wM of ABA
and JA were used for quantifying the promoter activity after
24 hrs of treatment. The GmWRKY53 performs better in both
treatments with explicit induction of approximately 5-fold after
ABA treatment and 14-fold after JA treatment (Fig. 2B).

Figure 2 supports that the BY-2 cell system can be used to
dissect some water stress-inducible promoters, such as /V¢RS, and
salt stress-inducible promoters such as GmWRKY53 (Glymal9
£26400). The system is relatively rapid, with the production of
transgenic cell lines taking just a few weeks and the testing of
inducibility taking just one week. This is considerably quicker
than the time taken to generate transgenic plants and the system
therefore has the potential to save considerable time in the dis-
section and analysis of plant stress-responsive promoters.

However, although the raffinose synthase promoter showed
5-fold inducibility by PEG with the GUS reporter gene, while
with the GFP reporter gene, 1.3-fold inducibility was obtained
and the best inducibility with any promoter was just 1.8-fold
(data not shown). The GUS reporter gene is more suitable for
this system than GFP. One of the reasons for this may be the
level of auto fluorescence found in cells. By contrast, the level of
GUS activity in cells is normally negligible.

One of the major observations that we present here is that the
promoter from salt inducible soybean GmWRKY53 directs about
10-fold inducibility by salt in the BY-2 cell system. Hence, it
shows that the GmWRKY53 promoter being a heterologous pro-
moter has potential for being used as a model for rapid dissection
of regulatory elements. Likewise, the performance upon ABA
treatment and JA treatment shows that GmWRKY53 is an ABA-
responsive promoter and could be a better candidate to explore
on crosstalk with JA as well as with salt stress. The expression
of GmWRKY53 at the mRNA level and its promoter activity on
ABA treatment provides evidence for its regulation in an ABA-
dependent manner. This observation was also confirmed by
examining the promoter through Plant Cis-acting Regulatory
DNA Elements database (www.dna.affrc.go.jp/PLACE/).?° The
GmWRKY53 promoter was found enriched with abscisic acid
responsive elements (ABRE), the potential binding sites of basic
leucine zipper (bZIP) transcription factors.”’ ABRE motifs are
well known for their involvement in regulation of drought or
water stress signaling in ABA-dependent manner.?” Thus the
enrichment of ABRE-like sequences, E-box like elements and
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W-Box in the promoter region of the GmWRKY53 suggests
the potential of protein-protein interaction to confer tolerance
against abiotic stress. Recently, Babitha et al. (2012) have shown
that co-expression of AtbHLHI17 and AtWRKY28 confers resis-
tance to abiotic stress in Arabidopsis.*® The transgenic lines show
enhanced tolerance to multiple abiotic stresses like drought, salt
and oxidative stress via regulation of more number of targets.
Thus, we hypothesize utilizing the current knowledge reported
in this study for GmWRKY53, which is a salt and water-stress
inducible gene has full potential for being used as suitable can-
didate that will provide novel insights toward functionality in
response to abiotic stress. The detailed functional analysis of
promoter using this rapid system of BY-2 culture will help in
understanding the co-operative behavior of the major transcrip-
tion factors in regulation of stress responses in crop species.

In conclusion, although the tobacco raffinose synthase
promoter showed sufficient inducibility by 10% mannitol for
promoter dissection using the GUS reporter gene (5-fold), no
tested gene showed similar induction using GFP. This suggests
that the BY-2 cell system preferably be based on the use of the
GUS reporter gene as previously shown for jasmonate-induc-
ible promoters.” Having established a working system for pro-
moter analysis, further optimization should now be possible for
GmWRKY53 promoter as a positive control for salt stress-induc-
ible promoters. With this positive control further variables such
as cell density, the presence or absence of plant hormones such
as auxin in the medium, the length of treatment. Subsequently,
further optimization of the amount of PEG or salt can occur.
In addition, examination of the system with plant hormone
abscisic acid (ABA), which is known to be a major player in plant
responses to abiotic stresses such as water stress shows that use
of ABA than mannitol would be better to answer water stress-
related questions. However, further optimization of BY-2 cell
system on gene-to-gene or promoter-to-promoter basis is highly
recommended.
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