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Review Article

ABSTRACT

Synthetic pathogen inducible promoters are used for the improvement and application of transgenic
techniques in research and to increase agriculture production. The promoter contains specific cis-
regulatory elements (W box, GCC box, Box S and D box) which induce anti pathogen molecular
cascades. Insertion of dimerized form of cis acting elements at upstream region of promoter in
promoter probe vector drives the expression of resistance gene or reporter gene. The expression
indicates that synthetic promoters are responded to fungal elicitors. Expression of resistance restrict
to infection sites which boost disease resistance in plants.

Keywords: Promoters; synthetic promoters; cis-actings elements; pathogen inducible promoters.

1. INTRODUCTION located to its downstream. However, promoter

sequences are also found within the transcribed
Promoter is a cis-regulatory DNA sequence region (gene) [1, 2,3,4]. It contains a TATA box
controlling the transcription of a region normally and serving as the start site of transcription [5].
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Transcription factors (TF) and RNA polymerase
recognize a promoter by its structural features
and associate with it to initiate transcription. In
this process, the newly formed complex positions
RNA polymerase at the transcription initiation site
and activates transcription [6].

The promoter can generally be divided in two
parts: a proximal part (3') and a distal part (5°).
The proximal part is believed to be responsible
for correctly assembling the RNA polymerase |l
complex at the right position and for drives a
basal level of transcription [7,8,9]. This
assembling is mediated by elements, such as
TATA and initiator boxes through the binding of
the TATA box-binding protein, and other general
TFs [10,11]. The distal part of the promoter is
believed to contain cis-acting elements that
regulate the spatio-temporal expression [12,13].
In addition to the proximal and distal parts,
somewhat isolated, regulatory regions have also
been described, both in plants and animals that
contain enhancer and/or repressor elements
[14,15]. The latter elements can be found from a
few kilo base pairs upstream from the TSS, in the
introns, or even at the 3’ side of the genes they
regulate [16,17].

Cis-acting elements found in the distal part of the
promoters, generally make up the transcription
factor (TF) binding sites. There can be multiple
elements each consisting of short sequences (5
to 20 nucleotides), thus representing a modular
structure. These elements can be dispersed or
can overlap. A constitutive promoter contains
elements recognized by basal and upstream
activators to initiate transcription in all tissues
and at all times. However, inducible promoters
are activated by one or more stimuli such as
hormones, chemicals, environmental
conditions/stresses and biotic stresses, where as
tissue-specific promoters control gene
expression in a tissue-dependent manner and
according to the developmental stage of the
plant. Hence the kind of cis-acting elements
within a promoter decides its nature of
expression. The merging of these regulatory
elements is often unique for most genes or
pathways.

Various stresses induce plants’ response in
terms of gene expression. Perception of a
pathogen by a plant triggers rapid defense
responses via a number of signal transduction
pathways. A major target of signal transduction is
the cell nucleus where the terminal signals lead
to the transcriptional activation of numerous
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genes and consequently to the de novo

synthesis of a variety of proteins and
antimicrobial compounds. Transcriptional
activation is brought about by binding of

transcription factors to the cis-acting elements
present in the promoter of pathogen responsive
genes. Such cis-acting regulatory elements are
recognized as W, D, Gst, GCC, S and Myb
boxes etc, which are the binding sites for various
transcription factors. These cis-acting elements
can alone mediate pathogen-inducible
expression in planta. When taken out of their
native promoter contexts, they retain pathogen
inducibility directing expression that is local and
that correlates with the extent of growth of the
pathogen.

To design and synthesize pathogen inducible
promoters that contain various copies of cis-
acting regulatory elements fused to a minimal
promoter. Effects of varying the number, order,
and spacing of such elements on their inducibility
have been established using synthetic
promoters. The activity of a promoter can be
monitored and characterized at the mRNA and/or
protein level of the gene it drives. The most
common approach to study the activity of a plant
promoter, however, is to employ a promoter
probe vector wherein the promoter to be tested is
fused to a gene coding for reporters, such as the
B-glucuronidase (GUS) [18], the luciferase (LUC)
[19], the chloramphenicol acetyl transferase
(CAT) [20], the green fluorescent protein (GFP)
gene [21] or XylanaseA [22,23] for monitoring the
expression of reporters in stably or transiently
transformed tissues. By this approach, the
expression pattern of a promoter can be
analyzed qualitatively and/or quantitatively in
plant tissues, and its expression pattern in
response to environmental conditions can be
characterized by exposing the transgenic plants
to those conditions.

2. PATHOGEN INDUCIBLE PROMOTERS

The ideal pathogen-inducible promoter would be
rapidly activated by a wide array of pathogens,
and be inactive under disease-free conditions.
Otherwise, the biosynthesis of abundant,
unnecessary recombinant proteins controlled by
strong constitutive promoters in transgenic plants
can represent a high metabolic cost and
eventually impact the energy allocated into traits
of interest such as yield and biomass [24]. Plant-
pathogen interactions can be split into non host,
biotrophic and necrotrophic based on the life-
styles of pathogens [25]. Plants respond to



pathogens using different signaling pathways.
Salicylic acid signaling pathways are usually
involved in response to biotrophic pathogens and
it has been shown that jasmonic acid and
ethylene-related signaling pathways control
defense against necrotrophic pathogens. The
signaling pathways have many cross-talks and
interactions. Wounding shows considerable
overlap with jasmonic acid and ethylene
signaling pathways [26]. A major target of signal
transduction is the cell nucleus where the
terminal signals lead to the transcriptional
activation of numerous genes and consequently
to the de novo synthesis of a variety of proteins
and antimicrobial compounds [27,28].
Transcription activation of pathogen-responsive
genes is mediated by pathogen-inducible
promoters. An ideal pathogen-inducible promoter
is the one that is activated rapidly to a wide
range of pathogens, and inactivated under
disease-free conditions. Also it should not lead to
spurious defense responses triggered by leaky
expression of the transgene [29], which
otherwise results into an uncontrolled spread of
gene expression; so called “run away cell death”.
Several pathogen-responsive transcription
factors (TFs) have been identified in recent years
[30]. Most prominently, the WRKY TFs are major
regulators in plant-pathogen interactions [31]. In
Arabidopsis (Arabidopsis thaliana), WRKY22 and
29 were described as downstream targets of a
flagellin-regulated  mitogen-activated  protein
kinase (MPK) signal transduction pathway
involving MPK3 and -6 [32]. MPK4 forms a
nuclear complex with MKS (for mitogen-activated
protein kinase substrate) and WRKY33. When
WRKY33 is released from this complex upon
phosphorylation of MKS by MPK4 and it
activates the transcription of target genes [33].

3. Cis-acting ELEMENTS OF PATHOGEN-
INDUCIBLE PROMOTERS

Hitherto, several pathogen-inducible genes and
their promoters have been identified in plants.
cis-acting regulatory elements are essential for
transcriptions of gene regulatory units because
they control various stress responses. Recent
advancements in such experimental techniques
as RNA interference, microarrays, RNAseq and
others have allowed identification and
investigation of promoter regions of target genes
but these techniques are expensive and
technically challenging. Therefore, computational
methods are being used to search the promoter
regions for different cis-elements responsible for
the regulation of the genes [34]. Different
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computer programs can also be used to look for
known cis-elements and to study their
organization. Such web-based tools as PLACE
[35], PlantCARE [36], AGRIS [37], TRANSFAC
[38] and PlantPAN [39], have been developed for
the analysis of cis regulatory elements in plant
genes.

3.1 W Box

In parsley genome, PR1 is a pathogenesis-
related protein encoded by a family of three
genes (PR1-1, PR1-2 and PR1-3). Down and up
regulation of function experiments in a transient
expression system demonstrated the presence of
two fungal elicitor responsive elements in each of
the PR1-1 and PR1-2 promoters. W1, W2 and
W3 elements contain the sequence (T) TGAC(C)
and disrupt of this sequence abolishes the
function by mutations. Loss- and gain-of- function
experiments showed that W boxes act as
important  elements required for elicitor
responsive expression of PR1-1 and PR1-2. W
boxes function independently of each other,
indicating a redundancy in function. Box WI and
Box W2 both contain TTGACC elements,
whereas Box W3 has two TGAC elements. The
W boxes are therefore different at the sequence
level. However, their similarity in function,
nuclear protein binding and binding by WRKY1, 2
and 3 suggests that they are similar elements
that are characterized by a TGAC core.

Not all W box—containing synthetic promoters
behave similarly. For example, both transient
expression experiments and results from
transgenic plants show that box W2 is much
stronger than box W1, even though both contain
the same TTGACC core element. W-box present
in the promoter of PcCMPG1 gene in
Petroselinum crispum does not respond to
wounding, but respond to pathogen, therefore
bear potential for new approaches to diseases
resistance breeding in crop plants [40]. WRKY1,-
2 and -3 proteins bind specifically in vitro to
functionally defined elicitor-response elements of
the W box type [(T)TGAC(C)], designated W1,
W2 and W3, present in PR1 promoters [41]. Park
et al. [42] reported that CaWRKY-a protein had
W-box binding activity and also involved as a
transcription factor in plant defense-related signal
transduction pathways [40].

There is increasing evidence that W boxes are a
major class of cis-acting elements responsible for
the pathogen inducibility of many plant genes
[43,44]. The significance of W boxes was



illustrated by studies of the Arabidopsis
transcriptome  during  systemic  acquired
resistance (SAR) [45,46]. In some cases,
clustering of W boxes may be associated with
inducibility by pathogens. In parsley, three
WRKY proteins bind specifically to functional W
boxes in the PRI-1 and PRI-2 promoters [44].
The binding site for members of the WRKY
family transcription factors is W box [(T)TGAC
(CIT) [44].

3.2 GCC Box

Biochemical analysis revealed that JERF1 bound
not only to the GCC box but also to the DRE
sequence. Expression of the JERF1 gene in
tomato was induced by ethylene, methyl
jasmonate (MeJA), abscisic acid (ABA) and salt
treatment, indicating that JERF1 might act as a
connector among different signal transduction
pathways. Further studies with transgenic JERF1
tobacco plants indicated that over expression of
JERF1 resulted in activated expression of GCC
box-containing genes such as osmotin, GLA,
Prb-1b and CHNS0 under normal growth
conditions and later resulted in increased
tolerance to salt stress. The three (Pfi4, Pti5,
Pti6) Pti proteins belong to the EREBP family of
transcription factors and bind in vitro to GCC box
and expressed specifically during stress but not
abiotic or hormonal stresses, suggesting a
specific role of Pti in plant defense against
pathogens [47]. In addition, the GCC-box is
implicated in ozone-pathogenesis-related PR1
protein gene via ethylene-dependent signaling
[48].

MeJA treatment and fungal elicitors rapidly
induce transcript levels of Orca2 and Orca3.The
ORCA2 and ORCA3 proteins regulate
overlapping but distinct sets of genes associated
with secondary metabolism via specific binding to
promoter elements called the jasmonate and
elicitor-responsive elements, which contains a
core GCC-box [49,50] reported that the GCC-box

plays a key role in conferring jasmonate
responsiveness to the PDF1.2 promoter.
However, deletion or specific mutations

introduced in to the core GCC-box sequence did
not completely eliminate the jasmonate
responsiveness of the promoter, suggesting that
the other promoter elements present
downstream from the GCC-box region may
contribute to expression of jasmonate
responsiveness.
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Ohme-Takagi and Shinshi [51] revealed that
ethylene-inducible pathogenesis-related protein
genes has GCC box, which is a 11 bp sequence
(TAAGAGCCGCC) was conserved in the 5
upstream region of in Nicotiana spp and in some
other plants. A number of proteins that bind to
GCC boxes have been isolated and found to be
members of the ethylene-responsive element
binding proteins (EREBP). These transcription
factors also bind to dehydration-responsive
element (DRE) present in the promoters of
drought related genes. Zhang et al. [11] by using
yeast one-hybrid assay isolated a cDNA coding
for the transcription factor Jasmonate and
Ethylene Response Factor 1 (JERF1) from
tomato. Biochemical analysis revealed that
JERF1 bound not only to the GCC box (Brown et
al, 2003) but also to the DRE sequence.
Expression of the JERF1 gene in tomato was
induced by ethylene, methyl jasmonate (MeJA),
abscisic acid (ABA) and salt treatment, indicating
that JERF1 might act as a connector among
different signal transduction pathways. Further
studies with transgenic JERF1 tobacco plants
indicated that over expression of JERF1 resulted
in activated expression of GCC box-containing
genes such as osmotin, GLA, Prb-1b and CHN50
under normal growth conditions and later on
resulted in increase tolerance to salt stress. In
rice promoter regions, G-box, GCC-box, and H-
box of which, 53.5% were up- or down-regulated
when pathogens attack. The PICEs in the
promoters are critical for rice response to
pathogen infections. They are also useful
markers for identification of rice genes involved
in response to pathogen infections [52].

3.3 S Box

In parsley, ELI7 gene family members were
expeditiously transcriptionally activated by an
elicitor derived from the phytopathogen
Phytophthora sojae. Several cDNA and genomic
clones of ELI7 were isolated [53]. The deduced
amino acid sequences revealed close similarity
to fatty acid denaturases/hydroxylases, however,
the precise functions are still unknown. Analysis
of the promoters of two strongly elicitor-induced
family members, ELI7.1 and ELI7.2, indicated a
novel, independently acting regulatory region (S
box). In situ RNA/RNA hybridization using an
ELI7.1 gene-specific probe demonstrated that
expression of this gene is rapidly and locally
induced around infection sites in planta as well
[53].
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Fig. 1. Synthetic pathogen inducible plant promoters

3.4 D Box

Box D was discovered as a DNase1 footprint
from approximately -76 to -52 in the parsley PR2
promoter [54]. This region (box D short) had high
elicitor inducibility but was weak. Because the
exact extent of the element was unclear, a longer
version (box D) containing the next six bases
from the PR2 promoter at the 3’ end was
constructed. Box D longer was almost 30 times
stronger than 4x D short but inducibility was
reduced.

3.5 GST1

Interestingly, although more than one type of cis-
acting element is not required for pathogen
inducibility, some pathogen-inducible promoters
contain elements of more than one type. An
example is the Gst1 box, which contains both a
W box and an S box. This places the gst7 gene
under the control of WRKY and APETALAZ2
(AP2)/ethylene-responsive factors (ERF). The
potato gst1 promoter has been shown to be
activated transcriptionally in response to
pathogens [55]. It may be common that signaling
pathways operating via different transcription
factors can target the same gene. Similarly,
promoter of the parsley WRKY1 gene contains a
W box and a GCC box [41].

3.6 MYB Recognition Elements

Two motifs, MYBPLANT (A/CACCA/TAA/CC)
and MYBPZM (CCA/TACC) are the candidate
target cis-elements of MYB (myeloblastosis)
transcription factors in the anthocyanin pathways

in Antirrhinum [56,57] and maize [58]. In
Arabidopsis, Myb mRNA was induced by
dehydration and disappeared upon rehydration. It
also accumulated upon salt stress and with the
onset of treatment with abscisic acid. AtMyb2
bound specifically to a consensus sequences,
TAACTG found in maize bronze 1 and
Arabidopsis rd22 promoter [59].

Recent studies on ftransient transactivation
experiments with Arabidopsis leaf protoplasts
have confirmed the function of Arabidopsis MYC
(rd22BP1) and MYB (ATMYB2) proteins acting
as transcriptional activators in ABA and
dehydration inducible expression using a 67 bp
region of the rd22 gene promoter containing the
myc and myb DNA recognition elements [60].

3.7 G Box

Environmental cues such as ABA, light, UV
radiation and wounding as well as pathogen
signals regulates G box (CACGTG) function of
diverse gene [61]. G box is a member of the
family of ACGT-containing cis-acting elements
that respond to pathogen attack [62]. G box
functions in concert with H box in the promoter of
bean chalcone synthase (CHS) gene to regulate
floral and root-specific expression [63].

3.8 Ocs-element

The expression of pathogen genes in infected
plants and plant defense genes requires group of
promoter's i.e Ocs-elements. They were first
identified as 20 bp (CTGACGTAAGGGA
TGACGCA) sequences located less than 200 bp



from TATA of promoters of several opine
synthase genes of Agrobacterium tumefaciens
[64,65]. The promoters of three different DNA
viruses in the Caulimovirus group also contain
ocs-element [66]. Lam et al. [67] called it as AS-1
element in case of 35S promoter of cauliflower
mosaic virus, and identified the activating
sequence factors (ASF) binding to this element.
However, ocs-element was very rare among
plants though found in the promoter of soybean
heat shock gene [68].

One class of bZip proteins that is linked to stress
responses comprises the TGA/octapine synthase
(ocs)-element-binding factor (OBF) proteins.
These bind to the activation sequence-1 (as-
1)/ocs elements, which regulates the expression
of some stress-responsive genes such as the
PR-1 and GLUTATHIONE S-TRANSFERSEG6
(GST6) [69]. The ocs-element functions as an
enhancer in dicot (tobacco) and monocot cell
(maize) [70].

Apart from these well known cis-elements,
several other elements or sequences that are
pathogen-inducible have been identified. Xu et
al. [71] isolated the genomic stilbene synthase
gene from Chinese wild Vitis pseudoreticulata.
Stilbene synthase transcripts were expressed in
the grape—powdery mildew interaction. Upstream
region of the VpSTS gene required for promoter
activity were recovered using deletion analysis.

Transgenic rice and wheat were developed with
defensin promoter fused to GUS reporters to
study the promoter activity [24]. Defensin
promoter was found to be active in various
tissues at different time of development. It was
strongly induced by wounding in leaf, stem and
grain of transgenic rice plants.

Pathogen and salt stress inducible promoter
(GmCaM-4) has been identified from soybean.
The expression cis-acting elements that regulate
the GmCaM-4 gene were identified, between -
1,207 and -1,128 bp and between -858 and -728
bp in the GmCaM-4 promoter. Assay with
transformed Arabidopsis protoplasts showed
higher GmCaM-4 promoter than did the
CaMV35S promoter after pathogen or NaCl
treatments [72].

Swpa4 peroxidase gene is induced by a variety
of abiotic stresses and pathogenic infections in
sweet potato To elucidate its regulatory
mechanism at the transcriptional level under
various stress conditions, a promoter region
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(2374 bp) of swpad was isolated and
characterized with a transient expression assay
in tobacco protoplasts with deletions from the 5'-
end of SWPA4 promoter fused to the beta-
glucuronidase (GUS) reporter gene. The -1408
and -374 bp deletions relative to the transcription
start site (+1) showed 8 and 4.5 times higher
GUS expression than the CaMV 35S promoter,
respectively [73]. In addition, transgenic tobacco
plants expressing GUS under the control of -
2374, -1408 or -374 bp region of SWPA4
promoter were generated and studied in various
tissues under abiotic stresses and pathogen
infection. Nuclear proteins from sweet potato
cultured cells specifically interacted with 60-bp
fragment (-178/-118) in -374 bp promoter region
was disclosed by gel mobility assay. In silico
analysis indicated that four kinds of cis-acting
regulatory sequences, reactive oxygen species-
related element activator protein 1 (AP1),
CCAAT/enhancer-binding protein alpha element,
ethylene-responsive element (ERE) and heat-
shock element, are present in the -60 bp region
(-178/-118), suggesting that the -60 bp region
might be associated with stress inducibility of the
SWPA4 promoter.

4. SYNTHETIC PROMOTERS

Technological advances in plant genetics
integrated with systems biology  and
bioinformatics has yielded a myriad of novel
biological data and insights into plant
metabolism. This unprecedented advance has
provided a platform for targeted manipulation of
transcriptional activity through synthetic promoter
engineering, and holds great promise as a way to
further understanding of regulatory complexity.
The challenge and strategy for predictive
experimental gene expression is the accurate
design and use of molecular ‘switches’ and
modules that will regulate single or multiple plant
transgenes in direct response to specific
environmental, physiological and chemical cues.
In particular, focusing on cis-motif
rearrangement, future plant biotechnology
applications and the elucidation of cis- and trans-
regulatory mechanisms could greatly benefit from
using plant synthetic promoters [74]. Synthetic
promoters provide an efficient and flexible
strategy to regulate transgene expression in a
desired spatial and temporal manner at the site
and time of plant-pathogen interaction and
reduce the complexity of the expression pattern
of natural promoters [74,75,54]. Two main
methods are applied during synthetic promoter
composition and analyses. They include



modification of distal promoter comprising cis
regulatory blocks and creation of two-gene set
including one gene encoding trans factor and
another gene, being influenced by this trans
factor [76].

The realization that pathogen-inducible
promoters contain cis-acting elements and
largely they are conserved across species [41],
has led to attempts on precise promoter tuning
by selectively including such elements that
contribute significantly to promoter strength and
activity. Randomizing these elements from
various sources could be done by synthetic
promoters. A range of pathogen-inducible cis-
acting elements can alone mediate pathogen-
inducible expression. When taken out of their
native promoter contexts and framed as
components of synthetic promoters, they retain
pathogen inducibility. Of the several cis-acting
elements known to be pathogen-inducible [25],
W, GCC, S, D and Gst1 boxes have been used
in synthetic promoters [54].

Synthetic promoter shuffling represents a fast
and efficient method for exploring the spectrum
of complex regulatory functions that can be
encoded by complex promoters. From an
engineering point of view, synthetic promoter
shuffling enables the experimental testing of the
functional properties of complex promoters that
cannot necessarily be inferred ab initio from the
known properties of the individual genetic
components. Synthetic promoter shuffling may
provide a useful experimental tool for studying
naturally occurring promoter shuffling [77]. Zhang
et al. [78] have developed a more efficient
approach, in which a library of synthetic
promoters for Lactococcus lactis is obtained by
randomization of the spacer sequence that
separates the consensus sequences of the
promoter. In this library, a wide range of
promoter activities is covered in small steps. A
consensus promoter sequence for L. plantarum
was derived by aligning its rRNA promoters, and
this sequence used as the basis for constructing
a synthetic promoter library for L. plantarum [79].
Investigations in tobacco have shown that the
use of synthetic promoters with minimal
sequence similarity could serve as a valuable
tool to overcome homology-dependent gene
silencing (HDGS) in plant transgenic strategies
[80]. The bidirectionality of plant promoters is a
phenomenon noticed in nature (e.g. oleosin
promoter) and applied into studies [81]. It allows
obtaining increased and more stable expression
of two genes in multigene constructs. This ability
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is used mainly to study plant disease resistance
and gene silencing [82]. Synthetic plant
bidirectional promoters could be obtained by
ligation of an opposite oriented promoter with the
5" end of the other promoter [81,76]. It was
proved that the orientation of core promoter
elements is essential for bidirectionalization and
should be consistent with the direction of a given
gene [82].

The combination of short directly-repeated
cassettes producing the strongest enhancement
of reporter activity were used to create two
synthetic promoters (SynPro3 and SynPro5) that
drive leaf reporter activities at levels comparable
to the CaMV 35S promoter. Characterization of
these synthetic promoters in transformed
tobacco showed strong reporter expression at all
stages of development and in most tissues [83].

5. FUNCTIONAL ANALYSIS OF
acting SYNTHETIC PROMOTERS

cis-

The putative promoter sequences are generally
validated for the activity. Transcriptional fusions
where putative promoter fragments are used to
drive reporter genes are generally employed for
functional analysis. The construction of such
fusions is greatly facilitated with the development
of promoter-probe vectors. These vectors have a
promoter less reporter gene encoding an easily
assayable protein, present downstream of one or
more restriction sites [84,85]. Putative segments
to be characterized for promoter activity are
ligated into these restriction sites, and the
expression of the reporter gene can then be
quantified under various conditions. Promoter
probe vectors, in order to be of the greatest use,
should (i) function in as many taxa as possible,
(i) show a high degree of sensitivity to detect
promoters that are of weak to moderate strength,
and (iii) be stable enough to be in vivo without
antibiotic selection.

Initial promoter-probe vectors used lacZ reporter
gene for use in Escherichia coli [86,87,88]. In
order for promoter-probe vectors to be more
versatile, they need to contain broad-host-range
origins of replication. Several such vectors have
been described [89,90,91]. Additionally, many
organisms are naturally resistant to varying
levels of one or more antibiotics [92]. Therefore,
promoter-probe vectors with wide variety of
antibiotic resistance genes prove useful. Some
promoter-probe vectors have been described in
which interference by read-through transcription
is largely reduced by the addition of one or more



transcriptional terminators upstream of the
multiple cloning site (MCS) [88]. Although
elimination of upstream transcription increases
the overall sensitivity of the vector, it is also
important to consider the sensitivity of the
reporter gene. The level of expression of some
reporter genes that have been fused to weakly
transcribed promoters may fall below the level of
detectability. Some reporter genes, such as inaZ,
which encodes a bacterial ice nucleation protein,
are substantially more sensitive than lacZ or gfp
(green fluorescent protein) [93]. The sensitivity of
the reporter gene is also an important
consideration when a low-copy-number plasmid,
such as a broad-host-range vector, is used. A
series of integrative and versatile broad-host-
range promoter-probe vectors carrying reporter
genes encoding GFP, catechol 2,3-dioxygenase
(XylE) or beta-galactosidase (LacZ) were
constructed and found promising for use in
methanotrophs. Vickers et al. [23] reported a
novel reporter for quantitative expression
analysis. Though synthetic, codon-optimized
xylanaseA gene (xynA) encoding xylanase
enzyme (endo-1,4-glucanase) was developed as
a reporter system in plants for accurate and
sensitive quantification in transformation studies;
the first effort on its use in promoter-probe binary
vector was reported by Miller et al. [94].

Medi et al. [95] isolated Sau3A digested DNA
fragments from tobacco and checked for
promoter activity using a promoter probe vector,
pGVL120 having a promoterless nptll reporter
gene. Mixture of recombinant plasmids
containing these fragments upstream of the
reporter was mobilized to Agrobacterium, and
used transformed tobacco protoplasts. By
kanamycin selection, transformed plant cell lines
containing nptll T-DNAs were isolated; eight of
these cell lines were regenerated and analyzed
for the levels of NPTIl activity in stem, root,
midrib, and leaf. NPTIl expression in various
tissues demonstrated novel tissue specific
promoters.

6. CONCLUSION
PERSPECTIVE

AND FUTURE

The dimerized forms of the cis acting element
alone and in combination have high potential for
the use of biotrophic and necrotrophic sensitive
elements within pathogen inducible promoter
structure. The synthetic promoters are
considered as useful tools to control more
specifically the expression of resistant genes in
transgenic plants. This technology has the
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potential to play an important role in plant
biotechnology applications in the future.

COMPETING INTERESTS

Author has declared that no competing interests
exist.

REFERENCES

1. Zhang SH, Broome MA, Lawton MA,
Hunter T, Lamb CJ. atpk1l a novel
ribosomal protein kinase gene from

Arabidopsis. Il. Functional and biochemical
analysis of the encoded protein. J. Biol.
Chem. 1994;269(26):17593-17599.

2. Gidekel M, Jimenez B, Herrera-Estrella L.
The first intron of the Arabidopsis thaliana
gene coding for elongation factor 1R
contains an enhancer-like element. Gene.
1996;170(2):201-206.

3. De Boer GJ, Testerink C, Pielage G,
Nijkamp HJ, Stuite A. Sequences
surrounding the transcription initiation site
of the Arabidopsis enoyl-acyl carrier
protein reductase gene control seed
expression in transgenic tobacco. Plant
Mol. Biol. 1999;39(6):1197-1207.

4. Dorsett D. Distant liaisons: Long-range
enhancer—promoter interactions in
Drosophila. Curr. Opin. Genet. Develop.
1999;9(5):505-514.

5. Dynan WS, Tjian R. Control of eukaryotic
messenger RNA synthesis by sequence-
specific DNA-binding proteins. Nature.
1985;316(6031):774-778.

6. Krebs JE, Goldstein ES, Kilpatrick ST,
Genes X. Jones and Barlett Publishers.
Inc, Sudburry, M.A. USA. 2008;609-629.

7. Nikolov DB, Chen H, Halay ED, Hoffman
A, Roeder RG, Burley SK. Crystal structure
of a human  TATA  box-binding
protein/TATA element complex. Proc. Natl.
Acad. Sci. USA. 1996;93: 4862-4867.

8. Nikolov DB, Burley SK. RNA polymerase |l
transcription initiation: A structural view.
Proc. Natl. Acad. Sci.,, U.S.A. 1997;94(1):
15-22.

9. Berk AJ. Activation of RNA polymerase |l
transcription. Curr. Opin. Cell Biol. 1999;11
(3):330-335.

10. Featherstone M. Coactivators in
transcription initiation: Here are your
orders. Curr. Opin. Genet. Dev. 2002;12
(2):149-155.

11.  Zhang H, Huang Z, Xie B, Chen Q, Tian X,
Zhang X, Huang R. The ethylene-,



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

jasmonate, abscisic acid and NaCl-
responsive tomato transcription factor
JERF1 modulates expression of GCC box-
containing genes and salt tolerance in
tobacco. Planta. 2004;220(2):262-270.
Tjian R, Maniatis T. Transcriptional
activation: A complex puzzle with few easy
pieces. Cell. 1994;77(1):5-8.

Fessele S, Maier H, Zischek C, Nelson PJ,
Werner T. Regulatory context is a crucial
part of gene function. Trends Genet.
2002;18(2):60-63.

Barton MC, Madani N, Emerson BM. Distal
enhancer regulation by promoter
derepression in topologically constrained
DNA in vitro. Proc. Natl. Acad. Sci. U.S.A.
1997;94(14):7257-7262.

Bagga R, Michalowski S, Sabnis R, Griffith
JD, Emerson BM, HMG I/Y regulates long-
range enhancer-dependent transcription
on DNA and chromatin by changes in DNA
topology. Nucleic Acids Res. 2000;28
(13):2541-2550.

Larkin JC. Oppenheimer DG, Pollock S,
Marks MD. Arabidopsis GLABROUS1
gene requires downstream sequences for
function. Plant Cell. 1993;5(12):1739-1748.
Wasserman WW, Palumbo M, Thompson
W, Fickett JW, Lawrence CE. Human-
mouse genome comparisons to locate
regulatory sites. Nat. Genet. 2000;26:225-
228.

Jefferson R. Assaying chimeric genes in
plants: The GUS gene fusion system. Plant
Mol. Biol. Rep. 1987;5(4):387-405.
Gorman CM, Moffat LF, Howard BH.
Recombinant genomes which express
chloramphenicol  acetyltransferase in
mammalian cells. Mol. Cell. Biol. 1982;
2(9):1044.

Steiner C. Advantages of firefly luciferance
as a reporter gene. Biotech. Forum Eur.
1992;9: 123-127.

Haseloff J, Amos B. GFP in plants. Trends
Genet. 1995;11(8):328-329.

Xue GP, Denman SE, Glassop D, Johnson
JS, Dierens LM, Gobius KS, Aylward JH.
Modification of a xylanase cDNA isolated
from an anaerobic fungus Neocallimastix
patriciarum for high-level expression in
Escherichia coli. J. Bacteriol. 1995;38
(3):269-277.

Vickers CE, Xue GP, Gresshoff PM. A
synthetic xylanase as a novel reporter in
plants. Plant Cell Rep. 2003;22(2):135-
140.

Hegde; AUBGMB, 3(1): 1-12, 2020; Article no.AJBGMB.52761

24.

25.

26.

27.

28.

290.

30.

31.

32.

33.

34.

35.

Kovalchuk N, Li M, Wittek F, Reid N, Singh
R, Shirley N, Ismagul A, Eliby S, Johnson
A, Milligan AS, Hrmova M, Langridge P,
Lopato S. Defensin promoters as potential
tools for engineering disease resistance in
cereal grains. Plant Biotechnol. J. 2009;
8(1):47-64.

Gurr SJ, Rushton PJ. Engineering plants
with increased disease resistance: What
are we going to express? Trends
Biotechnol. 2005a;23(6):275-282.

Gurr S.J. and Rushton PJ. Engineering
plants with increased disease resistance:
How are we going to express it? Trends
Biotechnol. 2005b;23(6):283-290.
Glazebrook J. Genes controlling
expression of defense responses in
Arabidopsis--2001 status. Curr. Opin. Plant
Biol. 2001;4(4):301-308.
Hammond-Kosack KE, Jones JD.
Resistance gene-dependent plant defense
responses. Plant Cell. 1996;8(10):1773-
1791.

Somssich |E, Hahlbrock K. Pathogen
defence in plants - A paradigm of biological
complexity. Trends Plant Sci. 1998;3(3):
86-90.

Mcdowell JM, Woffenden BJ. Plant
disease resistance genes: Recent insights
and potential applications.  Trends
Biotechnol. 2003;21(4):178-183.

Tena G, Boudsocq M, Sheen J. Protein
kinase signaling networks in plant innate
immunity. Curr Opin Plant Biol. 2011;14:
519-529.

Asai T, Tena G, Plotnikova J, Willmann
MR, Chiu WL, Gomez-Gomez L, Boller T,
Ausubel FM, Sheen J) MAP kinase
signalling cascade in Arabidopsis innate
immunity. Nature. 2002;415: 977-983.

Qiu D, Xiao J, Xie W, Liu H, Li X, Xiong L,
Wang S. Rice gene network inferred from
expression profiling of plants
overexpressing OsWRKY13, a positive
regulator of disease resistance. Mol. Plant.
2008;1:538-551.

Kaur G, Pati PK. Analysis of cis-acting
regulatory elements of Respiratory burst
oxidase homolog (Rboh) gene families in
Arabidopsis and rice provides clues for
their diverse functions. Comput Bio and
Chem. 2016;62:104—18.

Higo K, Ugawa Y, lwamoto M, Korenaga T.
Plant cis-acting regu-latory DNA elements
(PLACE) database: 1999. Nucleic Acids
Res. 1999;27:297-300.



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Lescot M, Dhais P, Thijs G, Marchal K,
Moreau Y, Van de Peer Y. PlantCARE a
database of plant cis-acting regulatory
elements and a portal to tools for in silico
analysis of promoter sequences. Nucleic
Acids Res. 2002;30(1):325-327.

Davuluri RV, Sun H, Palaniswamy SK,
Matthews N, Molina C, Kurtz M, Grotewold
E. AGRIS: Arabidopsis Gene Regulatory
Information Serveran information resource
of Arabidopsis cis-regulatory elements and
transcription factors. BMC Bioinfo. 2003;
4:25.

Matys V, Fricke E, Geffers R, Gdssling E,
Haubrock M, Hehl R, Hornischer K, Karas
D, Kel AE, Kel-Margoulis OV. TRANSFAC:
Transcriptional regulation, from patterns to
profiles. Nucleic Acids Res. 2003;31:374—
378.

Chow CN, Zheng HQ, Wu NY, Chien CH,
Huang HD, Tzong-Yi Lee TY. PlantPAN
2.0: An update of plant promoter analysis
navigator for reconstructing transcriptional
regulatory networks in plants. Nucl Acids
Res. 2015;gkv1035v1-gkv1035.

Heise A, Lippok B, Kirsch C, Hahlbrock K.
Two immediate-early pathogen-responsive
members of the AtCMPG gene family in
Arabidopsis thaliana and the W-box-
containing elicitor-response element of
AtCMPG1. Proc. Natl. Acad. Sci. U.S.A.
2002;99(13):9049-9054.

Eulgem T, Rushton PJ, Schmelzer E,
Hahlbrock K, Somssich IE. Early nuclear
events in plant defence signalling: rapid
gene activation by WRKY transcription
factors. EMBO J. 1999;18(17): 4689-4699.
Park CJ, Shin YC, Lee BJ, Kim KJ, Kim
JK, Paek KH. A hot pepper gene encoding
WRKY transcription factor is induced
during hypersensitive response to Tobacco
mosaic virus and Xanthomonas
campestris. Planta. 2006;223(2):168.
Raventos D, Jensen AB, Rask MB,
Casacubert JM, Mundy J, San Segundo B.
A 20 bp cis-acting element is both
necessary and sufficient to mediate elicitor
response of a maize PRms gene. Plant J.
1995;7(1):147-155.

Rushton PJ, Torres JT, Parniske M,
Wernert P, Hahlbrock K, Somssich IE.
Interaction of elicitor-induced DNA-binding
proteins with elicitor response elements in
the promoters of parsley PR1 genes.
EMBO J. 1996;15(20):5690-5700.

Maleck K, Levine A, Eulgem T, Morgen A,
Schmid J, Lawton K, Dangl JL, Dietrich

10

Hegde; AUBGMB, 3(1): 1-12, 2020; Article no.AJBGMB.52761

46.

47.

48.

49.

50.

52.

53.

54.

55.

RA. The transcriptome of Arabidopsis
thaliana  during  systemic  acquired
resistance. Nat. Genet. 2000;26:403—410.
Petersen M. Arabidopsis MAP kinase 4
negatively regulates systemic acquired
resistance. Cell 2000;103:1111-1120.
Thara VK, Tang X, Gu YQ, Martin GB,
Zhou JM. Pseudomonas syringae pv
tomato induces the expression of tomato
EREBP-lke genes pti4 and pti5
independent of ethylene, salicylate and
jasmonate. Plant J. 1999;20(4):475.
Grimmig B, Gonzalez-Perez MN, Leubner-
Metzger G, Vogeli-Lange R, Meins F, Hain
R, Penuelas J, Heidenreich B,
Langebartels C, Ernst D. Ozone-induced
gene expression occurs via ethylene-
dependent and-independent signalling.
Plant Mol. Biol. 2003;51(4):599-607.

Van Der Fits L, Memelink J. ORCA3, a
jasmonate-responsive transcriptional
regulator of plant primary and secondary
metabolism. Science. 2000;289(5477):295-
7.

Brown RL, Kazan K, Mcgrath KC, Maclean
DJ, Manners JM. A role for the GCC-box in
jasmonate-mediated activation of the
PDF1.2 gene of Arabidopsis. Plant Physiol.
2003;132(2): 1020-1032.

Ohme-Takagi M, Shinshi H. Ethylene-
inducible DNA binding proteins that
interact with an ethylene-responsive
element. Plant Cell. 1995;7(2):173-182.
Kong W, Ding Li, Cheng Jia, Wang Bin.,
Identification and expression analysis of
genes with  pathogen-inducible cis-
regulatory elements in the promoter
regions in Oryza sativa. Rice. 2018;
11:52.

Kirsch C, Takamiya-Wik M, Schmelzer E,
Hahlbrock K, Somssich IE. A novel
regulatory element involved in rapid
activation of parsley ELI7 gene family
members by fungal elicitor or pathogen
infection. Mol. Plant Pathol. 2000;1(4):243-
251.

Rushton PJ, Reinstadler A, Lipka V, Lippok
B, Somssich IE. Synthetic plant promoters
containing defined regulatory elements
provide novel insights into pathogen-and
wound-induced signaling. Plant Cell.
2002;14(4):749-762.

Strittmatter G, Gheysen G, Gianinazzi-
Pearson V, Hahn K, Niebel A, Rohde W,
Tacke E. Infections with various types of
organisms stimulate transcription from a
short promoter fragment of the potato gst1



56.

57.

58.

59.

60.

61.

62.

63.

64.

gene. Mol. Plant. Microbe Interact. 1996;9
(1):68-73.

Sablowski RW, Moyano E, Culianez-Macia
FA, Schuch W, Martin C, Bevan M. A
flower-specific Myb protein  activates
transcription of phenylpropanoid
biosynthetic genes. EMBO J. 1994;13(1):
128-137.

Tamagnone L, Merida A, Parr A, Mackay
S, Culianez-Macia FA, Roberts K, Martin
C. The AmMYB308 and AmMYB330
transcription factors from antirrhinum
regulate  phenylpropanoid and lignin
biosynthesis in transgenic tobacco. Plant
Cell. 1998;10(2):135-154.

Grotewold E, Drummond BJ, Bowen B,
Peterson T. The myb-homologous P gene
controls phlobaphene pigmentation in
maize floral organs by directly activating a
flavonoid biosynthetic gene subset. Cell.
1994;76(3):543-553.

Urao T, Yamaguchi-Shinozaki K, Urao S,
Shinozaki K. An arabidopsis myb homolog
is induced by dehydration stress and its
gene product binds to the conserved MYB
recognition sequence. Plant Cell. 1993;5
(11):1529-1539.

Abe H, Yamaguchi-Shinozaki K, Urao T,
lwasaki T, Hosokawa D, Shinozaki K. Role
of Arabidopsis MYC and MYB homologs in
drought-and abscisic acid-regulated gene
expression. Plant Cell. 1997;9(10):1859-
1868.

Menkens AE, Schindler U, Cashmore AR.
The G-box: A ubiquitous regulatory DNA
element in plants bound by the GBF family
of bZIP proteins. Trends Biochem. Sci.
1995;20(12):506-510.

Kim SR, Choi JL, Costa MA, An G.
Identification of G-Box sequence as an
essential element for methyl jasmonate
response of potato proteinase inhibitor Il
promoter. Plant Physiol. 1992;99(2):627-
631.

Faktor O, Loake G, Dixon RA, Lamb CJ.
The G-box and H-box in a 39 bp region of
a French bean chalcone synthase
promoter constitute a tissue-specific
regulatory element. Plant J. 1997;11(5):
1105-1113.

Willmitzer L, Dhaese P, Schreier PH,
Schmalenbach W, Van Montagu M, Schell
J. Size, location and polarity of T-DNA-
encoded transcripts in nopaline crown gall
tumors; common transcripts in octopine
and nopaline tumors. Cell. 1983;32(4):
1045.

11

Hegde; AUBGMB, 3(1): 1-12, 2020; Article no.AJBGMB.52761

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Willmitzer L, Simons G, Schell J. The TL-
DNA in octopine crown-gall tumours
codes for seven well-defined
polyadenylated transcripts. EMBO J. 1982;
1(1):139.

Bouchez D, Tokuhisa JG, Llewellyn DJ,
Dennis ES, Ellis JG. The ocs-element is a
component of the promoters of several T-
DNA and plant viral genes. EMBO J.
1989;8(13):4197.

Lam E, Benfey PN, Gilmartin PM, Fang
RX, Chua NH. Site-specific mutations alter
in vitro factor binding and change promoter
expression pattern in transgenic plants.
Proc. Natl. Acad. Sci. U.S.A. 1989;86(20):
7890-7894.

Ellis JG, Tokuhisa JG, Llewellyn DJ,
Bouchez D, Singh K, Dennis ES, Peacock
WJ. Does the ocs-element occur as a
functional component of the promoters of
plant genes? Plant J. 1993;4 (3):433-443.
Singh KB, Foley RC, Ofiate-Sanchez L.
Transcription factors in plant defense and
stress responses. Curr. Opin. Plant Biol.
2002;5(5):430-436.

Ellis JG, Llewellyn DJ, Walker JC, Dennis
ES, Peacock WJ. The ocs elements: A 16
base pair palindrome essential for activity
of the octopine synthase enhancer. EMBO
J. 1987;6:3203-3208.

Xu YH, Wang JW, Wang S, Wang JY,
Chen XY. Characterization of GaWRKY1,
a cotton transcription factor that regulates
the sesquiterpene synthase gene (+)-
{delta}-cadinene synthase-A. Plant Physiol.
2004;135(1):507-515.

Park HC, Kim ML, Kang YH, Jeong JC,
Cheong MS, Choi W, Lee SY, Cho MJ,
Kim MC, Chung WS, Yun DJ. Functional
analysis of the stress-inducible soybean
calmodulin isoform-4 (GmCaM-4) promoter
in transgenic tobacco plants. Mol. Cells.
2009;27(4):475-480.

Ryu SH, Kim YH, Kim CY, Park SY, Kwon

SY, Lee HS, Kwak SS. Molecular
characterization of the sweet potato
peroxidase @ SWPA4 promoter which

responds to abiotic stresses and pathogen
infection. Physiol. Plant. 2009;135(4):390-
399.

Venter M. Synthetic promoters: Genetic
control through cis engineering. Trends
Plant Sci. 2007;12(3):118-124.

Venter M, Botha FC. Synthetic promoter
engineering. Plant Developmental Biology-
Biotechnology perspectives. 2010;393-
414.



76.

77.

78.

79.

80.

81.

82.

83.

84.

Kinkhabwala A, Guet CC. Uncovering cis
regulatory codes using synthetic promoter
shuffling. PLoS One. 2008;3(4):e2030.
Jensen PR, Hammer K. Artificial promoters
for metabolic optimization. Biotechnol.
Bioeng. 1998;58(2-3):191.

Zhang H, Zhang D, Chen J, Yang Y,
Huang Z, Huang D, Wang XC, Huang R.
Tomato stress-responsive factor TSRF1
interacts with ethylene responsive element
GCC box and regulates pathogen
resistance to Ralstonia solanacearum.
Plant Mol. Biol. 2004;55(6):825.

Eulgem T, Rushton PJ, Schmelzer E,
Hahlbrock K, Somssich IE. Early nuclear
events in plant defence signalling: rapid
gene activation by WRKY transcription
factors. EMBO J. 1999;18(17): 4689-4699.
Rud I, Jensen PR, Naterstad K, Axelsson

L. A synthetic promoter library for
constitutive gene expression in
Lactobacillus plantarum. Microbiol.

2006;152(4):1011-1019.

Bhullar S, Chakravarthy S, Advani S, Datta
S, Pental D, Burma PK. Strategies for
development of functionally equivalent
promoters  with minimum  sequence
homology for transgene expression in
plants: cis-elements in a novel DNA
context versus domain swapping. Plant
Physiol. 2003;132(2):988-998.

Zhang C, Gai Y, Wang W, Zhu Y, Chen X,
Jiang X. Construction and analysis of a
plant transformation binary vector pBDGG
harbouring a bi-directional promoter fusing
dual visible reporter genes. J Genet
Genome. 2008;35:245-249.

Zheng H, Lei Y, Lin S, Zhang Q, Zhang Z.
Bidirectionalization of a methyl jasmonate-
inducible plant promoter. Biotechnol Lett.
2011;33:387-393.

Cazzonelli Cl, Velten J. In vivo
characterization of plant promoter element
interaction using synthetic promoters.
Transgenic Res. 2008;17(3):437-457.

Hegde; AUBGMB, 3(1): 1-12, 2020; Article no.AJBGMB.52761

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Medi VG, Bhat RS, Kuruvinashetti MS.
pVR37, a new binary promoter-probe
vector with xylanase reporter. Curr. Sci.
2009;96(10):1305-1307.

Raveendra GM, Bhat RS, Bhat S,
Kuruvinashetti MS. Construction and
functional validation of a new promoter-
probe vector (pRR21). Curr. Sci.
2009;96(8):1021-1022.

Casadaban MJ, Cohen SN. Analysis of
gene control signals by DNA fusion and
cloning in Escherichia coli. J. Mol. Biol.
1980;138(2):179-207.

Silhavy TJ, Beckwith JR. Uses of Jac
fusions for the study of biological
problems. Microbiol. Rev. 1985;49(4):398-
418.

Simons RW, Houman F, Kleckner N.
Improved single and multicopy /ac-based
cloning vectors for protein and operon
fusions. Gene. 1987;53(1):85-96.
Konyecsni WM, Deretic V. Broad-host-
range plasmid and M13 bacteriophage-
derived vectors for promoter analysis in
Escherichia coli and Pseudomonas
aeruginosa. Gene. 1988;74(2):375-386
Diaz E, Garcia JL. Construction of a
broad-host-range pneumococcal promoter-
probe plasmid. Gene. 1990;90(1):
163-167.

Ronald SL, Kropinski AM, Farinha MA.
Construction of broad-host-range vectors
for the selection of divergent promoters.
Gene. 1990;90(1):145-148.

Nikaido H, Vaara M. Molecular basis of
bacterial outer membrane permeability.
Microbiol. Rev. 1985;49(1):1-32.

Miller WG, Leveau JH, Lindow SE.
Improved gfp and inaZ broad-host-range
promoter-probe  vectors. Mol. Plant.
Microbe Interact. 2000;13:1243-1250.

Medi VG. Isolation and characterization of
novel plant promoters. M. Sc. (Agri.)
Thesis. Univ. Agric. Sci. Dharwad (India);
2008.

© 2020 Hegde; This is an Open Access article distributed under the terms of the Creative Commons Afttribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/52761

12



