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Abstract: Genetic transformation aims to introduce gene with desirable trait into plant for a particular purpose
and geographical location(s). According to need, the gene is transferred with specific promoter to obligate its
expression either all the time or at particular time and tissue. A variety of diverse promoters are convenient that
regulate the degree of expression of a transgene, obtained from various sources. The specificity of a promoter
is crucial in controlling expression of transgene in target tissue or in whole plant. Among the different plant
promoters, the constitutive promoter, like CaMV 35S is most commonly used in plant genetic transformation
particularly in dicots. However, the risk involved in the use of constitutive promoter is its release into the
environment through horizontal gene transfer causing adverse effects on non-target organisms and eco-system.
Therefore, the importance of inducible promoter is to increase the expression of genes in a particular tissue or
at specific developmental stage(s). Genetic engineered crops sometimes raise problem to biosafety concern
when selectable marker gene is used that causes adverse effects on organisms. So, it is the responsibility of
researchers to develop a baseline for the acceptance of risk free transgenic crop to the consumers.
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INTRODUCTION Genetic engineering is a powerful tools for transfer

Biotic and abiotic stresses cause markedly reduction plants. Among the different approaches to increase the
world widely in yield production of economically transgenic products, usually the use of various promoters
important crops such as cotton, rice, wheat, tomato and for control of transgens expression is practiced [4].
maize, etc. to cope with this problem, genetic engineering Depending upon the activity, promoters are mainly
assures the transformation of gene(s) that are regulated divided into three classes. A constitutive promoter is
under such stress conditions. used when the expression of gene is required all the time

The advances in the isolation and identification of and anywhere in the plant. Tissue specific promoters are
genes responsible to compete with biotic and abiotic used to control gene expression in particular plant tissue
stresses and sequencing plant genome are the advances at particular developmental stage. Inducible promoters are
in the molecular biology that gives hope to understand used for expression of gene at certain condition activated
the molecular basis of gene. Beside, genetic engineering by various stimuli like plant hormones, chemicals and
also makes sure to improve the nutritional quality of some various abiotic and biotic stresses.
crops  according  to  the  present world demand [1]. Selection of promoter is an important factor for the
Genetic engineering is used to manipulate the process of successful genetic transformation and the expression of
gene expression under stress conditions [2]. The vertical a gene [5]. Hence the combination of coding region of
gene transfer is a process which occurs through normal gene with sustainable promoter can improve and adjust
reproductive  manner  from  parents  to their offspring  [3]. the  expression  level   and   patterns of  foreign  gene  [6].

the foreign genes to improve the genetic resources of
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Promoters act as a gene switches which turn on the genes depend on time, space  and also in intentionally controlled
and every functioning gene used one or more promoters. mode have been studied by studying regulation of
Promoters are the modular structures that consist of transgene by using different promoters [12]. Constitutive
different signal parts which response the signal parts of promoters help to express the genes anywhere in the plant
other genes to determine  that  when, where, how much at all time that tend to express the reporter and selectable
and  how for  these  genes  were  remained  turn  on. marker genes for establishing an efficient transformation
Thus, promoters allow a gene to remain in contact with system of a desired crop plant. It has been concluded that
other  genes.  A  complex intercommunication network to reduce the adverse effects of genetically modified
was formed from these gene conversations that facilitate plants on useful organisms the proper stage of gene
the tens of thousands of genes to work in a coherent expression must be established in the suitable plant parts
mode in an organism [7]. Some elements of the promoter [6, 10]. The use of same constitutive promoter in a single
also make possible to response the promoter to plant for multiple transgenes [13-15] may cause
recombinase and other enzymes that have a role in homology- dependent gene silencing, while by using
combination, rearrangement, mobility and mutation [8]. different sets of promoters may reduce the chances of
The natural genetic engineering is reasonably accurate as gene silencing [16]. Many reports also revealed that gene
it regulates the organism in such a ways that needs a lot regulated by constitutive promoter is not always
of research work to expose it [9]. expresses in all tissue type [17, 18]. Gene expression in

A number of plant transformation vectors have been specific tissues may also be useful for regulation of food
used under the control of 35S constitutive promoter by safety [19, 20]. In certain instances, constitutive gene
many researchers. The reason of using this vector so expression under stress conditions has drastic effects on
continuously is due to its strong positive selection. But plant growth when there is no any stress [21-23].
35S promoter changed the phenotype of the transgene
because it has trans affected nature and altered the Use  of  Promoters  in  Plant Genetic Transformation:
expression pattern of transgenes. Therefore, to avoid the The choice of promoters mainly depends on their
misunderstanding of successive results to obtain the objectives designed in GMO projects. Different classes of
transgene, the 35S promoter in selectable marker genes promoters that can confer high expression of genes are
should be kept away from plant transformation vectors routinely used in genetic transformation experiments.
harboring during transformation [10]. Chimeric promoters Based on the activity, promoters can be categorized into
have been made from the diverse endogenous plant constitutive,   tissue-specific   and  inducible  promoters.
promoters. These chimeric promoters recommend a variety A  constitutive  promoter  contains elements recognized
of options for the development of transgene that were by basal activators or factors  to  initiate transcription in
designed for experimental and field use [6]. all tissues at all times. While,  inducible  promoters need

This review article mainly concentrates on plant to activate  when  certain  stimuli  like hormones,
transgene expression by using various gene promoters chemicals, biotic  and  abiotic  stresses. On the other
such as viral, bacterial and plant constitutive promoters, hand,  tissue-specific   promoter  is   tissue-dependent
plant inducible promoters and tissue-specific promoters. and works according to the developmental stage of a
It also focuses on the constraints in using 35S plant species.
constitutive promoters for transgene expressions and
possible remedies of removing such type of promoters Viral Origin Constitutive Promoters That Give
from biosafety point of view. Constitutive Expression: Plant genetic engineering’s

General Description of Promoters: Control of gene overexpress the gene and generate the target proteins.
expression at different levels affects the transcriptional The cauliflower mosaic (CaMV) 35S promoter is the
regulation and promoters ensure the control of transgene common plant origin promoter that is used for constitutive
expression. Promoters have specific sequences located on overexpression (CaMV) 35S promoter [24]. There is no
the upstream region of a gene that initiate transcription by significant differences in activities between the original
binding of different factors (enzyme) [11]. A lot of 35S promoter (-941 to +9 bp) [24] and -343 bp fragment
promoters already have been obtained from various when compared to each other. The interactions of plant
sources and used for genetic engineering. Promoters that cis- acting elements within 343 bp upstream of the
force transgene expression must follow the issues of promoter results in constitutive expression of target
biosafety concern. The advantages of gene expression sequences [25].

research results in the creation of transgenic plants that
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The activity and expression of the constitutive can be affected by hormones and wounding but still they
promoters dependent on plant’s genome, part of plant to are repeatedly used  in  transformation  of dicot plants.
which gene to be transformed and developmental stages The functional parts of the regulatory sequences that are
of  the  genotypes used [26]. For example, the leaves of associated  with  promoters  depend on its  orientation.
the   transgenic   tobacco   showed   greater  activity   of For example the mas promoters can be used as enhancer

-glucuronidase (GUS) from 35S as compared to GUS or silencers and they have the ability to bind with the
activity in leaves of transgenic canola, Arabidopsis and factors of nuclear protein from different plants [35].
alfalfa [17]. This promoter is derived from double-stranded
DNA viral genomes, which is dependent on host RNA Plant Origin Constitutive Promoters That Give
polymerase and help in the expression of various genes in Constitutive Expression: A number of constitutive
development of transgenics. Constitutive promoter promoters are obtained from actin and ubiquitin genes of
contains an element which responds to activators, plant that is used for high levels of constitutive transgene
transcription factors all the time. Constitutive promoters expression [36, 37]). The promoters like rice actin (Act1)
also help in expression of the downstream coding regions promoter [38]), maize alcohol 12 dehydrogenase1 (Adh1)
in all tissues irrespective of environmental and promoter [39], sugarcane bacilliform badnavirus (ScBV)
developmental factors [27]. Constitutive promoter promoter [40] and the maize ubiquitin (Ubi1and Ubi2)
regulates  the   interaction   of  cis-  acting  elements  to promoters [41] that utilized in monocots especially in
the  transcription  factors  present  in all  cells  [17, 24]. cereals. Act2 promoter was obtained from the actin gene
The CaMV 35S promoter involved in high levels of family in Arabidopsis which is the cytoskeletal
transgene expression in both dicots and monocots component   and   expressed   in   every   plat  cell  [42].
[28,29]) but the activity of CaMV 35S promoter is tenfold The transformation of Act2 back into Arabidopsis get
less in dicots as compared to monocot plants by using strong expression of a reporter gene in almost all regions
protoplasts transformation. [30]. But chimeric promoters of the plant  during development  with the exception of
showed high levels of constitutive transgene expression the seed coat, the hypocotyls, the ovary  and the pollen
in some dicots [31, 32]. It has been reported that the sac. The constitutive promoter Act1 expresses in all cells
transcription factors plays an important role in the activity of a plant. The cassette of rice Act1 promoter consists of
of the CaMV35S promoter in plants [33]. The vascular 5’ upstream region of actin, including the 5’ non-coding
tissues of cotyledons and leaves under 35S promoter exon 1, intron 1 and the 5’ part of the first coding exon.
showed better expression when it was compared to all Similarly the rice actin1 gene promoter has also brought
parts of cotton plants [18]. When the expression of GUS the expression of -glucuronidase (GUS) in almost all
gene under 35S constitutive promoter was observed in tissues when transformed back into rice [38, 43]. Both in
different parts of transgenic tobacco, the maximum level leaf and root of rice the actin gene drives high levels
of GUS expression was recorded in leaves and stem as expression of HVA1 that confers salt and water stress
compared to flower and seeds [17]. While, deviation in the tolerance on overexpression in rice [44].
results of GUS expression under 35S promoter was Various functions like cell cycle, DNA repair and
observed in transgenic canola and Arabidopsis [17, 34] stress shock are highly conserved in living organisms
where all parts showed the same level of GUS expression. [45]. The Ubi1 promoter was  present at upstream region

Bacterial Origin Constitutive Promoters That Give promoter was used for the expression of selectable marker
Constitutive Expression: Soil dwelling Agrobacterium gene in the transformation. There were ten possible loci
produces   hormone   like   compounds    called   opines encoding ubiquitin in maize, out of which two were
(i.e. mannopine, octopine and nopaline) under its own identified by Christensen et al. [46]. The sequence of the
promoter in natural  conditions through the use of the Ubiquitin is highly conserved among organisms from
host  plant  expression  machinery. Bacterium uses opine human to fruit fly. It is also reported in eukaryotic cells as
as carbon, nitrogen and energy sources. The promoters well. The Ubi1 gene promoter is located upstream of the
from nopaline synthase (nos), octopine synthase (ocs) structural genes and extends from -899 bp of 5’ to 1093 bp
and mannopine synthase (mas) genes have been isolated 3’ of the transcription start site. This sequence involved
and used to control the expression of desired gene by a TATA box sequence which is located at -30 and two
inserting them into the upstream of transformation sequences that are overlapped to each other and similar
vectors. Although their level of expression and activity to the consensus sequence. Maize alcohol

of the coding sequence of ubiquitin1 gene. This type of
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dehydrogenase promoter (Adh) is another constitutive or ripening. All of these examples point to the need for
promoter of plant origin. The source of Adh promoter is
maize  genome  and   used   in   monocot  transformation.
It activates in specific tissues like root, shoot meristems,
endosperms and pollen [47].

Medicago turncatula (a legume)  from  which a
novel, constitutively expressed gene MtHP was isolated.
In order to characterize its expression, MtHP promoter
was fused to a glucuronidase gene. Expression of GUS
gene in various parts in M. truncatula and Arabidopsis,
their pattern was same to that of CaMV 35S promoter [48].
The activity of recently identified constitutive promoter
from maize histone H2B gene was characterized in both
wheat and maize tissues by the use of GUS A and Bar
reporter gene.

Plant Inducible Promoters: The inducible promoters are
activated by hormones, chemicals, environmental
conditions and abiotic stresses. The operable expression
of genes linked to inducible promoters can be regulated to
function at certain stages of development of an organism
or a particular tissue under defined conditions. According
to the organism source and cells types in which they
regulate gene expression, there are hundreds of inducible
promoters [49, 50].

Different genes have cis- acting elements in their
promoter region for induction of abiotic stresses and have
dehydration- responsive element, or DRE (TACCGACAT)
[51] and  an  abscisic  acid (ABA)-responsive  element,
or ABRE (ACGTGG/TC) [52]. Why might such a system
be useful for transgene expression? To answer specific
questions, it might be necessary to develop promoter
systems where precise temporal regulation of transgene
expression is required. Examples include situations where
inappropriate gene expression is harmful or lethal,
especially during the development of the plant [53].
Inducible expression of the  desired  gene at specific
stages of development can contribute to the
understanding of the correlation  of  phenotype to
specific gene expression. Metabolite flow in plants with
altered expression of enzymes could be studied and
monitored with greater precision [54]. Switching
transcription off with specific promoters would allow
analysis of RNA or protein turnover, effectively replacing
use of actinomycin Dorcyclohexamide. Regulated gene
expression systems would also be valuable in
biotechnological applications such  as  conditional
expression  of ‘pesticide’  genes (i.e., Bacillus
thuringiensis Cry genes), targeted expression of herbicide
resistance genes, or induction of synchronous flowering

inducible promoter systems useful in the production of
genetically engineered plants.

Activation of cis-acting regulatory sequences that
spatially-regulated the expression of gene at different
parts  (i.e.  hypocotyls,   cotyledons  and  shoot  apex)
and  types  of  cell  of  the  same region of the embryos.
For example  two  upstream  activating sequences are
there in the major storage protein of beans which are
encoded by promoter of phaseolin gene. UAS1 (-295 to -
109) and UAS2 (-468 to -391). In the cotyledon and shoot
apex UAS1 activity was utilized while hypocotyl requires
UAS2. In the cotyledons and shoot apex both UAS1 and
the 35S enhancer fragment directed GUS expression UAS1
yielded much higher activity in storage parenchyma cells
and the 35S enhancer was mostly active in the procambial
strands [55].

The endogenous chemical inducible promoters also
give transgene expression in plants. Pathogen infection
and chemical elicitors such as benzothiadiazole are used
to induce PR-la promoter [56]  and other is the maize In2–2
(Inducible gene 2–2) promoter, which is induced by
benzenesulfonamide safeners (herbicide tolerance
increasing agrochemicals of plants) [57]. The application
of both the inducers is safe in field as well as in
laboratory. Description of physically inducible promoters
such as a peroxidase gene promoter is induced by
hydrogen peroxide, wounding and ultraviolet light
isolated from sweet potato. The use of wound-inducible
promoter of tomato (hydroxy-3-methylglutaryl CoA
reductase 2 (HMGR2)) gene as the basis of a commercial
inducible promoter system called MeGA-PharM
(Mechanical Gene Activation Post harvest
Manufacturing) allows switched on, in transgenes
encoding pharmaceutical proteins when the leaves have
been harvested and shredded [58]. The usefulness of the
endogenous inducible promoters is limited due to certain
reasons such as; they are leaky (there is low to moderate
background transcription). The induction (induction ratio)
creates low  level  of  stimulation  less than ten folds.
There may be a chance for the activation of other
endogenous genes by the same inducer. If this contact is
prolonged then the inducers used with many of these
promoters may be toxic.

Tissue-specific/enhanced Promoters: For transgenic
expression the development of tissue-specific promoters
help to fulfill the need. Due to the public demand of less
intrusive transgene expression the targeted expression
has become more important for the future development of
value-added crops [59].
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During the isolation of promoter the removal of more promoter (-2379 to +24 bp) drives high, seed-specific
distant 50 cis- acting enhancer elements cause the expression in tobacco. French bean b-phaseolin gene one
development of tissue-specific promoters for genetic have best-characterized and most commonly used seed-
engineering more complex. Random integration of the specific promoters [55, 71]. In transgenic tobacco
transgene into the host genome could also lose the expression of the b-phaseolin promoter is usually
potential trans interactions which is based on chromatin restricted to the developing  seed [72]. Several
structure or location within the genome. To improve the endosperm-specific hordein promoters in barley [73],
efficiency of transgene expression some knowledge on glutenin promoters from wheat [74] and zein promoters in
the functionality of both homologous and heterologous maize [75] have been studied extensively. Throughout the
promoters in target host plants is essential. For the fruit- grain-?lling process the Expression of the granule-bound
specific expression of transgene the promoters of fruit starch synthase1  (gbss1)  gene  in wheat is observed.
ripening-related genes have been targeted. Promoters This makes its promoter a good candidate for the study of
from the 1-aminocyclopropane-1-carboxylate (ACC) grain development and to drive transgene expression to
oxidase gene, the E8 gene  and polygalacturonase (PG) produce seeds of increased nutrient value. The expression
genes have been characterized from apple [60] and tomato of a 4.0 kb promoter fragment from gbss1 is restricted to
[61]. The analysis of ACC oxidase gene promoter region endosperm and developing kernel pericarp tissues [76],
indicates the presence of ethylene-responsive elements same to endogenous gbss1 transcription. The GUS
which  is  induced  by  the  application of  ethylene  [60]. reporter gene was used for fusion with chrysanthemum
In the transgenic tomato the promoter of ACC oxidase endogenous ubiquitin extension protein (UEP1) and
ranging from 21966 to 21159 bp from the start of checked for tissue-specific expression in chrysanthemum.
transcription were able to drive ripening-specific The high levels of expression was recorded in floral-
expression of a reporter gene in the tomato fruit and have enhanced manner for 1.45 kb promoter  of  UEP1 both in
no activities in the other tissues and mature green fruits. ray and disc ?orets, although 9-fold lower GUS expression
For target transgene expression and directing the could be detected in leaves [77]. The comparison between
expression of the virus-F protein as an oral vaccine to CaMV 35S and UEP1 promoter the UEP1 showed a 40–85-
induce systemic immunity in mice the promoter of the fold higher expression in the flower. The Arabidopsis
tomato E8 gene has been used successfully in a number thaliana eceriferum gene CER6 (involved in wax
of instances [62, 63]. Although it also drives expression of production in flower petals) when transformed into
the transgene in flowers (mainly anthers), its uniform chrysanthemum, bring the high, specific expression in
expression throughout the ripening fruit makes it very flower petals due to the gene promoter but have high
useful. The tomato  have  the characteristic  of easily variability as compared to the UEP1 promoter. So it is
transformed and produced the large fruits so it is used for become clear that the position effect play important role
the fruit-specific expression. The vitamin and in the ability of the CER6 promoter to direct consistently
micronutrient content of the ripe tomato also make it for strong expression [78].
the use of transgenic research [64, 65]. The biosynthesis of aromatic amino acids catalyzed

For the improvement of seed nutrient quality [66, 67], by enzyme 5-enolpyruvylshikimate-3-phosphate synthase
functional qualities of  milled  grain  [68]  and production (EPSPS) and its mRNA is also expressed at very high
of  industrial or  pharmaceutical compounds  [69]  the levels in petals of petunia flowers and faintly in petunia
seed-specific  transgene   expression   has  been  used. leaves. Benfey et al. [27] examined the tissue specificity
The promoter of seed storage proteins gene become the of a deletion series of petunia EPSPS promoter: GUS
attractive target for use in genetic engineering fusions. Deletion analysis showed that sequences
technologies  and  the  proteins  is  expressed at high between  21800   and   2800   bp   were   sufficient  for
levels during seed development. Dicot seed-specific petal-specific expression in petunia in  nearly  all cell
promoters have been extensively characterized and types in the limb of the flower and restricted to cells
several, well-conserved, seed-specific cis-elements have adjacent to and in the upper epidermis in the upper
been characterized. Soybean b-conglycinin genes is used portion of the floral tube. As the flower open the activities
to isolate the seed-specific promoters for seed-specific of the promoter also increases dramatically.
expression, where expression is restricted to the embryo For the extensive array of application the root-
during the mid-to late maturation phase [15] and the specific promoters are also important. The expression of
sunflower helianthinin genes [70], where a full-length recombinant proteins can be carried out in anything
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related to the root–soil interface, including protection combination of CaMV 35S with the manopine synthase
against drought, genetic engineering for bioremediation elements is also used. This shows that the promoter
of soil contaminants, increasing tolerance to salt, elements are interchangeable. So there are important
increasing resistance to root pathogens or macro-and implications   for     biosafety     of    transgenic   plants.
micronutrient  uptake.  In  the  total root  mRNAs  the The  recombination  of  CaMV  promoter with  the
root-specific mRNAs appear to represent only a small dormant, endogenous viruses has been done. By doing
percentage [79]. so there may create new infectious viruses in the

Promoters   and    Plant  Selectable    Marker   Genes: biosafety of transgenic plants containing the CaMV
To evaluate transformation efficiency several markers or promoter and related constructs is that, CaMV itself
reporter genes are available. To analyze the expression infects only dicots, its promoter is promiscuous; and
potential of different promoters in transformed tissues, functions efficiently in monocots, conifer cell lines [84],
marker genes have also been used. For example, in the rice green algae, yeasts and E. coli [85]. Horizontal transfer of
transformation the GUS gene 62 encoded by the uidA CaMV promoter not only creates instability in transgenic
locus  of  E.  coli  have  been  used  as  reporter  gene. lines but can also reactivate dormant viruses as well [82].
The expression of chimeric GUS gene is in the plant cell
and not in the cells of Agrobacterium tumefaciens, GUS Future Perspectives: The use of inducible promoters
gene with an intron in the N-terminal region of the coding which allow the expression of transgene at the time of
sequence is more useful [80]. In the rice transformation requirements is the solution. For example the
experiments the green florescence protein (gfp) has also DREB1/CBF3, a transcription factor coding gene,
been used as reporter gene. The differential growth of expressed at the time of osmotic stress by giving
transformed versus non-transformed tissues in the tolerance against stress while remain silent during normal
presence of a selection agent is the base for identification conditions. However, if osmotic stress-inducible promoter
of transformation events. In order to eliminate the – RD29A is used as a promoter, growth retardation stops
selection process it may  take  6 to 10 weeks or requires and gives resistance to many stress situations [86]. Similar
the use of different levels of selection agent. The most results have been obtained in crop plants. In tomato,
widely used selectable marker gene is hygromycin increased drought oxidative as well as cold stress
phosphotransferase (hpt) in agrobacterium resistance can be introduced by incorporating CBF1 gene,
transformation experiments. a transcription factor encoding gene of AP2/ERF family.

Current Challenges in Using Promoters for Plant growth is severely affected [22]. But when the same gene
Genetic Transformation: Many reports revealed the use was trialed under the control of synthetic promoter of
of 35S promoter in plant transformation vectors as it barely HVA22 gene it expressed under abiotic stress
confers strong positive selection. But it affected and without any retardation in growth [87]. Same approach
changed the expression  pattern  of  transgenes and was also tested for OsNAC6 gene of rice. The higher
altered the physical appearance of the transgenic plants expression of this gene under CaMV35S promoter
[5, 10, 81]. Through horizontal gene transfer to unrelated decreased  the  growth   and  productivity  of  plant.
species and cross pollination to related species, the While, the two stress inducible promoters LIP9 or
release of transgenic crops into  the open environment OsNAC6 showed best results of stress tolerance without
has raised the biosafety problems of spreading transgenic showing any negative effect on growth of the plant for
DNA [82]. The success of horizontal gene transfer may the same gene [23]. Under normal growth conditions
depend upon the nature of DNA, as the cells can take the stress dependent promoters usually sustain low levels of
naked DNA and DNA can persist in all environmental expression of the downstream genes but in certain
conditions. The CaMV promoter is present in all of the situation such as under the pleiotropic effects of the even
transgenic   crops   already   released  or  under   trials. this low levels of expression. A promoter of OsLEA3-1
The improved expression of transgenes has been carried gene of rice is only active in Abscisic acid drought and
by hybrids or combined promoters which are constructed salinity conditions and remains switch off under normal
from CaMV35S promoter [83]. Double 35S promoter is a conditions of growth [88]. The other drawback of this
hybrid which contains core 19s promoter from CaMV and promoter is its activation after six days of drought and
35S upstream enhancer. For the expression in monocots, eighteen hours of salt stress which are too delayed for a

transgenics [25]. Another factor which affects the

The plant becomes highly tolerance against stress but its



Am-Euras. J. Agric. & Environ. Sci., 15 (3): 664-675, 2015

670

competent reaction. The ideal inducible promoter has the selection,  greater  testing  of  transgene products   and
ability of being switch off at normal condition while the development and potential use of promoters that
activated in a very short interval of time after the onset of target transgene products in such a way as to help allay
stress. The promoter of the Arabidopsis AtMYB41 is the fears. The intelligent use of this technology will include
example of very useful promoter due to its ability of being the development of carefully crafted transgenic
silent in normal condition while its quick activation after organisms, which should include the selection of
the onset drought, salt and abscisic acid stress [89]. specialized promoters for the best expression of the
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