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Cisgenesis and Intragenesis: New tools For Improving Crops

Espinoza C, Schlechter R, Herrera D, Torres E, Serrano A, Medina C, Arce-Johnson P.

Departamento de Genética Molecular y Microbiologia. Facultad de Ciencias Bioldgicas. Pontificia Universidad Catélica de Chile. Santiago, Chile.

ABSTRACT

Genetically Modified Organisms (GMO) could be the answer for many relevant problems affecting crops. However, improving crops
through GMO is also often associated with safety concerns, environmental risks and health issues due to the presence of foreign DNA.
These limitations have prompted the development of alternative technologies. Recently, cisgenesis and intragenesis have been developed
as new tools aimed to modify crops. While cisgenesis involves genetic modification using a complete copy of natural genes with their
regulatory elements that belong exclusively to sexually compatible plants, intragenesis refers to the transference of new combinations

of genes and regulatory sequences belonging to that particular species. So far, application of cisgenesis and intragenesis as alternatives

to conventional transgenesis are limited to a few species, mainly due to the lack of knowledge of the regulatory sequences required. The
grape is one of the most cultivated crops worldwide and is the most economically relevant crop in Chile. Its genomic sequence has been
completed, making available new sources of information to improve grape traits by genetic manipulation. This review is focused on the
current alternatives to transgenesis in plants, including new approaches to develop marker-free crops, their application to economically
relevant crops and future perspectives in the area. Also, the identification of grapevine promoters with a wide range of expression profiles
is shown. The expression pattern of these genes was analyzed in different tissues and developmental stages, as well as under several
stresses and stimuli, giving a broad range of expression patterns, including genes expressed exclusively during ripening, in response to
sugars, senescence and biotic stress, among others. Genes with strong and constitutive expression were also identified. Functional analysis
using reporter genes has been conducted in order to confirm the promoter’s transcription activity, opening new possibilities for developing

cisgenic/intragenic grapevines.
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INTRODUCTION

Plant biotechnology refers to the development of technologies
based on biological systems to improve agricultural practices.
The hallmark of green biotechnology is the genetic modification
of crops in order to confer new traits, by either the expression
of a foreign gene or the suppression of an endogenous
protein to modify a function. Such organisms are known as
Genetically Modified Organisms (GMO). In 2012, the global
area of biotech crops was 170 million hectares, including 28
countries that adopted this technology since 1994 (Clive, 2012).
Genetically modified crops include herbicide-tolerant and
pest-resistant plants developed to improve crop yields and to
reduce environmental impacts. For example, the adoption of
Bt transgenic cotton, a pest-resistant modified crop, resulted
in a 24% increase in crop yield per acre and a 50% increase in
profit among smallholders over six years (2002-2008) in India
(Kathage and Qaim, 2012). In China, a reduction in pesticide
usage, exposure and poisoning has been observed since the
adoption of Bt cotton (Pray et al., 2002). Globally, the adoption
of GMOs since 1996 is associated with an 18.3% reduction in the
environmental impact in cultivated areas and a reduction of 8.9%
in pesticide and herbicide usage (Brookes and Barfoot, 2013).
The first genetically engineered crop commercialized
was the Flavr Savr™ tomato in 1994. These tomatoes had
a longer shelf life through the expression of an antisense
RNA to regulate the level of a polygalacturonase enzyme
involved in fruit ripening (Kramer and Redenbaugh, 1994).
Nowadays, transgenic crops include different traits, such
as conferring tolerance against pesticides, herbicides, biotic
and abiotic stresses and the production of proteins to modify

metabolic pathways and/or to gain a new function to add
nutritional value. For example, the Bt transgenic crops contain
the CRYIAA, CRYIAB and/or CRY1AC genes to encode a
d-endotoxin from Bacillus thuringiensis for pest control (Estruch
et al., 1997; Roh et al., 2007). In soybean, canola, cotton and
maize, herbicide-resistant transgenic lines were introduced
in 1996 to simplify weed-control practices. The glyphosate-
tolerant crops carry in their genome a gene derived from
a strain of Agrobacterium tumefaciens encoding the enzyme
5-enolpyruvylshikimate-3-phosphate (EPSP) synthase, which
is insensitive to the inhibitory effect of glyphosate (Owen
and Zelaya, 2005; Funke et al., 2006). In rice, a carotenoid-
accumulating variety (Golden Rice) was generated by the
manipulation of the provitamin A biosynthetic pathway,
helping to treat vitamin A deficiencies (Beyer et al., 2002). Also,
transgenic approaches are being taken to handle drought,
mineral deficient-soils and soil salinity. Expression of vacuolar
transporters such as NHX1, SOS1 and AVP1 are examples of
generating salt tolerance in plants by sequestration of ions into
the vacuole (Yamaguchi and Blumwald, 2005).

Although transgenic crops are a promising tool
for agriculture and have shown to improve economic
development, they have been a major concern for public
opinion since their introduction in the 1990s. Public acceptance
is an important factor for the successful development of a
technology, and both ethical concerns and risk perceptions
have emerged about biotech crops, mainly due to most of the
approved GMOs containing genetic elements derived from
non-compatible species and containing selectable markers
for antibiotics or herbicide resistance (Purchase, 2005). In
addition, there are several limitations for the production and
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commercialization processes of genetically modified crops. For
example, the total cost of the development and authorization
of a new transgenic crop is estimated to be around US$ 135
million (Clive, 2012), concentrating the establishment of
this technology exclusively in multinational corporations.
The regulation of these crops is based on the methods used
to insert genetic material instead of an assessment on the
potential risk of the modified traits (Bradford et al., 2005).
Moreover, most of the risk assessments deal with the potential
ecological and human health effects upon the release of a GMO
to alleviate the arising concerns of the public about the impact
on biodiversity and the expression of potential allergens in
GMOs (Singh et al.,, 2006). These constraints clearly establish
market barriers to the commercialization of GMOs worldwide.

CISGENESIS AND INTRAGENESIS

Considering public concerns about safety issues regarding
transgenic crops, cisgenesis and intragenesis have been
developed as new tools in crop modification and plant
breeding (Figure 1). The term “cisgenic plant” was first
introduced a few years ago and it refers to “a crop plant
that has been genetically modified with one or more genes

(containing introns and flanking regions such as native
promoter and terminator regions in a sense orientation)
isolated from a crossable donor plant” (Schouten et al., 2006b).
Basically, it implies that the genetically modified cisgenic crop
contains genes maintaining their natural genetic composition,
i.e. a perfect complete copy a natural gene with all its
regulatory elements. The source of a cisgene is the same plant
species or a sexually compatible species as used for traditional
breeding. However, unlike traditional breeding, cisgenic
crops contain exclusively the gene or genes of interest and no
undesired genetic elements.

On the other hand, intragenesis refers to GMOs where the
introduced intragene also originates from the same species
or a crossable species, but in contrast to cisgenes, intragenes
are hybrid genes, which can have genetic elements from
different genes and loci (Rommens et al., 2007). As a result,
the expression of a certain gene can be modified with the
use of different promoter or terminator regions. Intragenesis
allows the construction of new genetic combinations,
introducing variability for gene expression, the creation of
novel expression patterns and consequently new GMOs
with innovative properties. Based on the use of native genes
in comparison with the use of hybrid genes, cisgenesis can

Figure 1. Schematic representation of different strategies used for genetic modification according to definitions of cisgenesis,
intragenesis and transgenesis. In cisgenesis, expression constructs must contain complete genetic elements from a sexually
compatible gene pool (promoter, coding sequence including introns and terminator). In intragenesis, expression or silencing constructs
can contain genetic elements from different genes within a sexually compatible gene pool. In transgenesis, expression constructs with
genetic elements derived from both sexually compatible and incompatible gene pools are designed. When an Agrobacterium-mediated
transformation method is used, P-DNA or T-DNA borders can be inserted into the plant genome to generate cisgenic or intragenic
approaches; while for transgenic approaches, T-DNA borders are commonly inserted. Adapted from Holme et al. (2006).
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be considered much closer to traditional breeding than
intragenesis. RNA interference (RNAi) approaches using
native DNA sequences are also considered as intragenesis.

Another key difference between cisgenesis and intragenesis,
is regarding the T-DNA borders or other sequences finally
transferred to the plant as a consequence of the Agrobacterium-
mediated transformation process, a topic which is not exempt
from a certain degree of controversy (Holme et al., 2013). While
some authors agree in the fact that intragenic and cisgenic
plants should be generated using border sequences originating
from the crossable gene pool, others have proposed that the
source of border sequences is not a limiting factor; opening
the possibility to use canonical T-DNA borders similar to
any GMO. Plant-derived sequences with similar properties
to T-DNA, also known as plant transfer DNAs or P-DNAs,
have been identified in several plant species (Rommens et al.,
2005). Arguments favoring the use of T-DNA claim that those
sequences can be found within plant genomes, and since they
are by nature non-coding sequences, they should be safe to use
(Schouten et al., 2006a). In this regard, P-DNAs used to replace
T-DNA sequences are essentially identical to T-DNA (Rommens
et al., 2004; Schouten et al., 2006a).

Cisgenic and intragenic plants should also be free from
other non-plant sequences, such as vector backbone and
selection markers. Several strategies to either avoid or remove
marker genes have been described, mainly based on the
target plant and the efficiency of the transformation method
used. For instance, when the transformation efficiency is
high, the use of selection markers can be avoided. Then
transformed lines are selected by the presence of the specific
gene sequence introduced, but this requires the analysis of
numerous plants and is both expensive and time consuming.
To overcome this, marker deletion methods based on site-
specific recombination have been developed. In those cases,
marker selection genes are flanked with specific recombination
sites (R/Rs system), and later, when transformed plants have
been selected, the recombination activity is induced with
the consequent release of the marker gene. Marker excision
can be further confirmed by molecular biology techniques.
Cisgenic and intragenic apples (Joshi et al., 2011; Vanblaere
et al,, 2011) as well as intragenic strawberries (Schaart et al.,
2004) have been obtained using this marker-free technology.
Co-transformation is another alternative to produce marker-
free plants. This method is based on the integration of the
marker gene and the transgene of interest in different positions
of the plant’s genome, allowing the segregation of both genes
in different progeny. Co-transformation can be done using
two transformation vectors, one including the gene of interest
and one with the marker gene. Such an approach has been
successfully used to generate cisgenic barley plants (Holme et
al., 2012) and durum wheat (Gadaleta et al., 2008).

The scientific community has interest in promoting less
stringent regulations for cisgenic/intragenic crops. For instance,
the European Commission (EC) requested the European Food
Safety Authority (EFSA) to determine the hazards of cisgenic/
intragenic crops compared to transgenesis or traditional
breeding (EFSA Panel on Genetically Modified Organisms,
2012). This report states that hazards associated with cisgenesis,
intragenesis, transgenesis and conventional breeding originate
from the source of the gene, the phenotype and possible genome
rearrangements as a result of the modification. Moreover, it
was proposed that cisgenesis could imply similar hazards
to traditional breeding, while transgenesis and intragenesis
are less predictable. In the USA a similar situation occurs;
the Environmental Protection Agency (EPA) is discussing the
regulatory framework for these crops (Holme et al., 2013).
Cisgenic and intragenic crops were intended to facilitate the
approval of the stringent regulations of transgenic cultures, but
unfortunately the current situation places both technologies in
the same category as transgenic crops.

APPLICATION OF CISGENESIS AND INTRAGENESIS TO IM-
PROVE TRAITS IN RELEVANT CROPS

Several traits have been incorporated to relevant crops by
cisgenic or intragenic approaches. These species include potato
(de Vetten et al., 2003; Rommens et al.,, 2004; Rommens et al.,
2006; Rommens et al., 2008; Haverkort et al., 2009; Chawla
et al., 2012), apple (Joshi et al.,, 2011; Vanblaere et al., 2011),
strawberry (Schaart et al., 2004), alfalfa (Weeks et al.,, 2008),

perennial ryegrass (Bajaj et al., 2008), poplar (Han et al., 2011),
barley (Holme et al., 2012) and durum wheat (Gadaleta et al.,
2008). Some examples reported in the literature are described
below.

The first intragenic potato was developed to produce high
amylopectin content (de Vetten et al., 2003). This approach was
based on the silencing of the granule-bound starch synthase
gene (GBSS), which is responsible for the synthesis of amylose
in potato. The starch composition in potato is an important
trait, and currently it is difficult to obtain the cultivated
tetraploid potatoes with the desired content of amylose and
amylopectin. Thus, strategies to silence either amylose or
amylopectin synthetic genes open the possibility of obtaining
tetraploid cultivars that contain all the desired traits present
in the original cultivar (Holme et al., 2013). This potato was
released to the field in the EU in 2007 (B/NL/07/04) by
the company AVEBE and contains T-DNA borders and a
GBSS terminator from potato or a nopaline synthase gene
terminator from Agrobacterium tumefaciens for regulation of
gene expression. Therefore, the question arises whether it can
be considered as fully intragenic. Other intragenic approaches
have addressed potato processing qualities. For instance,
enzymatic browning was diminished by the silencing of a
polyphenol oxidase gene (PPO), which catalyzes the oxidation
of cytoplasmatic polyphenols causing the precipitation of
black melanin and compromising tuber quality during storage
(Rommens et al., 2004). Another important potato trait is
cold-induced sweetening, which is caused by high starch
degradation triggered by low temperature during storage.
To prevent this, intragenic potatoes silenced in two genes
involved in starch degradation, water dikinase (R1) and
amyloplast-targeted phosphorylase-L (PhL) were constructed
(Kawchuk et al.,, 1999). Subsequently, the PPO, R1 and PhL
genes were all silenced in potato, producing tubers with
remarkable properties (Rommens et al.,, 2006). Induction of
tolerance to the most important potato disease, late blight
caused by the oomycete Phytophthora infestans, is one of the
main challenges in potato research. Resistance genes (R-genes)
present in wild potatoes have been transferred into potato
varieties by traditional breeding, but this is limited due to
the differences in the ploidy levels between potato species
(Haverkort et al., 2009; Park et al., 2009). For this reason, the
Durable Resistance against Phytophthora (DuRPh) program
intends to introduce several R-genes from wild potatoes, with
their native regulatory sequences, into cultivated potatoes
(Holme et al., 2013). This cisgenic approach also took into
account the use of marker-free technologies (de Vetten et al.,
2003; Haverkort et al., 2009).

In the case of fruit trees, the most important apple disease
is scab, which is caused by the ascomycete Venturia inaequalis.
All cultivated apples are susceptible to this pathogen, and
recently the HerVf2 gene present in the scab resistance locus Vf
was introduced in apple cv. Gala (Vanblaere et al.,, 2011). The
transferred gene contains its own regulatory sequences, i.e.
promoter and terminator and in fact, this study claims to be the
first report of the generation of a “true cisgenic plant” (Vanblaere
et al., 2011). An intragenic approach also aimed to induce scab
resistance used the same HcrVf2 gene (Joshi et al, 2011), but
in this case, the resistance gene is controlled by the promoter
and terminator of the small subunit of the apple rubisco gene.
However, scab resistance in apples has not yet been shown.

Modification of tree architecture and growth rates is a
major concern for the woody plant industry. Based on this,
a cisgenic approach developed in poplar seeks to address
both issues (Han et al., 2011). For this, genes coding for
gibberellic acid biosynthesis enzymes together with their
native regulatory sequences were overexpressed in poplar
trees, leading to an increase in tree growth rate. In agreement
with this, overexpression of catabolic genes as well as negative
regulators results in reduced growth and tree size. Therefore,
cisgenic or intragenic strategies could be useful for plants
with long lifetimes and high heterozygosity levels, in which
traditional breeding is very limited.

Cisgenic barley was developed by the introduction of
several copies of the native phytase gene (Holme et al., 2012).
Phytase catalyzes phosphate release from phytic acid, making
phosphate available to be absorbed by animals. This strategy
has been shown to be promising in increasing phosphate
bioavailability, and therefore could represent an alternative to
avoid the addition of microbially-derived phytase to feed, and
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to reduce the current environmental pollution derived from
phosphate.

CISGENESIS AND INTRAGENESIS IN GRAPES

So far, application of cisgenesis and intragenesis as alternatives
to conventional transgenesis is limited to a few species, mainly
due to the lack of knowledge of the regulatory sequences
required. For several relevant crops, the current knowledge
of full genomic sequences has opened up new possibilities to
use genes and their native regulatory sequences to improve
important traits. For instance, the grape is one of the most
important crops worldwide, with a significant economic
impact for many countries; to date, no cisgenic or intragenic
grapevine plants have been described. Species such as grapes
are especially sensitive to transgenesis due to the concerns
of vintners about the introduction of foreign genes into
elite grape varieties and their potential effects on enological
characteristics and wine attributes. Thus knowledge about
native genes suitable for genetic manipulation will help to
improve grape characteristics by transgenic technologies. In
this scenario identification of promoters is crucial, but it is
even more important to characterize their expression patterns.
For this reason, we have studied a wide range of grape
promoters and also conducted functional analyses. These
approaches have allowed us to identify regulatory sequences
with a broad range of expression patterns, including genes
expressed exclusively during ripening, in response to sugars,
senescence and biotic stress, among others; as well as genes
with strong and constitutive expression. Some examples of
these promoters are discussed below.

In Vitis vinifera, berry development and ripening occur
together with an important accumulation of sugars in
mesocarp cells, mainly from veraison onwards, a state that
defines the beginning of ripening (Deluc et al., 2007). Synthesis
and accumulation of anthocyanin, phenolic compounds and
aroma precursors also occur during ripening, processes that
are strongly correlated with sugar accumulation (Figure 2)
(Agasse et al., 2009). It has been shown that glucose and
fructose present in berries induce anthocyanin biosynthesis, in
both cell cultures as well as fruit discs (Larronde et al., 1998;
Zheng et al., 2009). This induction is mediated by transcription
factors that regulate the expression of structural genes of the
anthocyanin pathway. Among them VoMYBA1, which belongs
to the R2R3MYB family, is essential for anthocyanin synthesis
through the regulation of the gene coding for UDP-glucose
3-O-flavonoid:glycosyltransferase (UFGT) (Kobayashi et al.,
2002; Walker et al., 2006; Walker et al., 2007; Cutanada et al.,
2009). VuMYBA1 transcript levels were analyzed through
berry development (Figure 2B) and it was observed that
VoMYBALI is expressed from veraison to ripening, in parallel
with the increase of soluble sugars. On the other hand, sugar
transporters are essential to facilitate sugar movement to
the cell where these molecules, mainly as monosaccharides,
accumulate in the vacuole (Williams et al., 2000; Agasse et al.,
2009). In grapes, six putative monosaccharide transporters
have been cloned, named VvHTI1-6 (Fillion et al.,, 1999;
Vignault et al., 2005; Hayes et al., 2007). Most of them are
localized in the cell membrane. However, less is known about
monosaccharide transporters located in the vacuole membrane
or tonoplast. We have characterized the VvHT6 gene. The
predicted protein has a central loop, which is characteristic
of the Tonoplast Transporter proteins in Arabidopsis (Wormit
et al., 2006). Therefore, VoHT6 was named as VoTMT2 (Vitis
vinifera Tonoplast Monosaccharide Transporter 2). VoTMT?2
expression during berry ripening reaches a maximum level
at veraison, with a decrease at the ripening stage (Figure 2C).
This expression pattern correlates with the increase in berry
sugar content. In silico analyses of VoMYBA1 and VuoTMT2
promoters using the GRAPE-Hunt program (unpublished),
reveal the presence of cis elements that are related to sugar
regulation, suggesting the expression of both genes might
be controlled by sugars (Figure 2B and 2C). Both VoMYBAI
and VoTMT?2 constitute examples of genes expressed during
grape ripening. This kind of regulation opens the opportunity
to use these promoters to express genes at specific stages
during berry development, reducing the risk of altering other
aspects of berry maturity. Moreover, pathogen resistance could
also be specifically induced at certain berry ripening stages.
Commercial grape cultivars are highly susceptible to a variety

of pathogens. For instance, fungal diseases cause severe
yield losses in economically important varieties worldwide.
Powdery mildew (Erysiphe necator) (Gadoury et al., 2012),
downy mildew (Plasmopara viticola) (Gessler et al., 2011) and
grey mold (Botrytis cinerea) (Dean et al., 2012) are the most
prevalent diseases that cause major crop losses around the
world. These pathogens can seriously infect grapes either
during maturity or post-harvest life. Hence, triggering the
synthesis of antifungal compounds at specific stages could
provide more efficient pathogen resistance strategies without
detrimental effects on fruit quality.

For other biotechnological approaches, strong and
constitutive endogenous promoters are needed. Searching for
other alternatives to drive gene expression in a constitutive
manner and based on previous transcript profiling data
(Espinoza et al.,, 2007; Vega et al.,, 2011), we have identified
a grape gene with remarkable characteristics. The gene
VoGRIP24 showed high expression level in grape leaves
and berries infected with virus (Grapevine Leafroll Virus-3),
but also in healthy or non-infected tissues. Therefore, under
the evaluated conditions VoGRIP24 is strongly expressed,
independent of the treatment applied. This gene has been
previously described as a Grape Ripening-Inducer and
it was shown to be highly expressed in old leaves and in
early stages of berry development (Davies and Robinson,
2000) VoGRIP24 belongs to the metallothionein-like protein
family, present in mammals, cyanobacteria, yeast, nematodes
and higher plants (Robinson et al., 1993). Metallothionein
proteins are low molecular weight proteins, characterized
by high cysteine residue contents; they play an important
role in metal homeostasis and detoxification (Robinson et al.,
1993; Liu et al., 2002). The classification of metallothionein
proteins is based on the position of the cysteine residues and
all plant metallothioneins belong to Class II, which is further
divided into four types considering the arrangement of these
residues (Xue et al., 2009). VoGRIP24 encodes a 63-amino
acid protein belonging to type three (Davies and Robinson,
2000; Xue et al., 2009). In order to characterize this gene and
its promoter we performed a VoGRIP24 expression analysis
in different tissues of the red cultivar Cabernet Sauvignon by
Real Time PCR (Figure 3). VoGRIP24 is strongly expressed
in all evaluated tissues (leaf, pulp, seed, root, berry and
flower). Interestingly, VoGRIP24 expression was higher than
VvG3PDH, a widely known grapevine housekeeping gene, in
most of the studied tissues. This shows the potential use of the
VuGRIP24 promoter as an endogenous constitutive promoter
in grapevine. To study the VoGRIP24 promoter we performed
an in silico analysis of the cis regulatory elements present 2
kb region upstream of the start codon, using the GRAPE-
Hunt program (unpublished). Significantly overrepresented
elements are interestingly grouped from -1 to -1000 bp as
shown in Figure 4. Several cis elements that respond to
different stimuli and conditions are present in this region of
the VoGRIP24 promoter. Tissue-specific expression elements
represent about 31% of the total number of significant motifs
present in the VuGRIP24 promoter, while metal responsive
elements correspond to 19% of total motifs. Metal responsive
motifs include CURECORECR, related to the copper response
(Quinn et al., 2000) and the SURECOREATSULTR11 element,
which is associated with the sulfur response element SURE
(Maruyama-Nakashita et al., 2005). Using public transcript
profiling databases to analyze the expression of VoGRIP24, we
found that this gene is strongly expressed in several abiotic
stresses such as osmotic stress, salt stress and low temperature,
as well as during berry development (VV1 and VV5
experiments; www.plexdb.org). Similarly to the VoGRIP24
gene, metallothionein GhMT3a from cotton (Gossypium
hirsutum) is up-regulated by several conditions such as high
salinity, drought, low temperature, stress induced by heavy
metals, abscisic acid, ethylene and also reactive oxygen
species (ROS) (Xue et al., 2009). The wide range of VoGRIP24
responses could be explained by the presence of numerous and
diverse cis regulatory elements in its promoter region (Figure
4). To characterize the VoGRIP24 promoter activity, the 1000
bp upstream sequence was cloned upstream of the reporter
gene uidA and used to transform the model plant Arabidopsis
thaliana. VoGRIP24 promoter activity through GUS. Staining
was observed in cotyledons, leaves, roots and flowers, and
this pattern was maintained in adult leaves mainly associated
with vascular tissues; no GUS staining was detected in seeds
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(Figure 5). We also performed a transient expression of the
VuGRIP24 promoter with the reporter GUS by agroinfiltration
in grape tissues (Figure 6). GUS staining was detected in
embryogenic tissues of 110 Richter rootstock, in Cabernet
Sauvignon roots and leaves and in Thompson Seedless berry
discs. These results strongly suggest that 1000 bp of VoGRIP24
promoter is sufficient to drive reporter gene expression in a
wide range of tissues.

Ubiquitin is a small (76 amino acid) protein found in
all eukaryotes. It is also highly conserved, with only three
amino acid variations described among sequences from
higher plant and animal species (Callis et al., 1990). Ubiquitin
is expressed in the form of different precursors; one of
these is a linear fusion protein consisting of five or more
ubiquitin copies (polyubiquitin), and it is also produced as
an N-terminal fusion to the ribosomal proteins 527a and L40,
where it acts as a chaperone assisting the formation of the
holoribosome (Catic et al., 2007). Ubiquitin gene promoters
have been isolated from a variety of plants and tested for

their ability to drive gene expression in tomato (Hoffman et
al., 1991), Arabidopsis (Norris et al., 1993), rice (Lu et al., 2008),
switchgrass (Mann et al., 2011) and potato (Carbarino et al.,
1995). Little is known about the ubiquitin promoter in grapes.
Recently, the transcription activity of 31 gene promoters from
various grape genotypes was reported (Li et al., 2012). Those
promoters greatly differ in their activity, and additionally
showed variations in the expression pattern of the reporter
genes. Here we characterized the VoUBI-L40 promoter, a gene
widely used as reference for normalization of gene expression
by RT-qPCR (Reid et al.,, 2006). Similarly to the VoGRIP24
promoter, a region of 1000 bp upstream of the VoUBI-L40 start
codon showed a high density of motifs associated with a wide
range of responses such as light, hormones, tissue specific
expression and abiotic stress, among others (Figure 4). The
expression pattern of the Vollbi-L40 promoter was evaluated
through beta-glucuronidase (GUS) activity in different tissues
and developmental stages in transgenic Arabidopsis thaliana
plants (Figure 5). The VolUbi-L40 promoter is able to drive

Figure 2. Stage-specific gene expression during grape (Vitis vinifera) berry development. (A) Measurement of soluble
sugars (°Brix) in berry mesocarp at three developmental stages. Relative expression of VWMYBA1 (B) and VVTMT2 (C) at three berry
developmental stages, including an in silico prediction of putative motifs in the promoter region (2 kb length) of each gene. For RT-gPCR
measurements, VVG3PDH was used as the housekeeping gene. Berry ripening stages E-31 (setting), E-35 (veraison) and E-38 (harvest)
were defined according to Coombe et al. (1995). For in silico promoter analyses, the GRAPE-Hunt (Genetic Regulation Analysis by
Promoter Elements Hunting) software was used (unpublished). For this, a 2 kb region upstream of the corresponding start codon was
searched for transcription factor binding sites (TFBSs) obtained from the PLACE database (http://www.dna.affrc.go.jp/PLACE/). GRAPE-
Hunt calculates a Poisson p-value by comparing observed and expected values, which can be estimated by the presence of those TFBSs in
a 10 kb randomly-generated sequence based on the grapevine genome composition.
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relatively high levels of GUS reporter expression in cotyledons,
roots, siliques and young leaves. In adult leaves we observed
a decrease in GUS staining in comparison to young leaves,
and this phenotype was more evident in older leaves. No GUS
staining was detected in flowers. Analysis of transient activity
of the Volbi-L40 promoter with the uidA reporter in grapes
showed very limited GUS staining, which was only evident in
embryogenic tissues and roots (Figure 6).

Therefore, we have identified two native grape promoters
with expression in different tissues and under several
conditions. Both promoters are functional in Arabidopsis and
grapevine tissues. However, further analyses are needed in
order to define clearly their expression patterns by stable
transformation in grapes and for developing their use in
different approaches to improve agronomic traits in grapes.
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Figure 5. Histochemical localization
of B-glucuronidase (GUS) activity

in transgenic lines of Arabidopsis
thaliana plants transformed

with VVGRIP24::GUS or VvUBI-
L40:GUS. A GUS activity assay

was performed in transgenic plants
expressing VVGRIP24::GUS (A-E) or
VVvUBI-L40::GUS (F-J) at different
developmental stages and tissues.
Assays were performed in cotyledons
(A, F), rosette leaves (B, G), roots (C,
H), mature leaves (D, 1) and flowers

(E, F). Images are representative

of three VVUBI-L40::GUS and two
VVGRIP24::GUS transgenic Arabidopsis
lines, which were generated using the
PKGWFS7 vector (Karimi et al., 2002).
Bar=1mm.

Figure 6. Histochemical localization
of B-glucuronidase (GUS)

activity of pVvUBI-L40::GUS and
pVVGRIP24::GUS in different

grape tissues through transient
expression. A GUS activity assay was
performed in plant tissues transiently
expressing VVGRIP24::GUS or VvUBI-
L40::GUS. Assays were performed

in 200 mg of 110 Ritchter rootstock
embryogenic tissue, Cabernet
Sauvignon leaves and roots and
Thompson seedless berry discs. The
same tissues were agroinfiltrated
with a 355::GUS construct as positive
controls and non-transformed tissues
were included as negative controls.
Images are representative of five
transient expression assays per tissue
for each promoter. Constructions were
generated in the pKGWFS7 vector
(Karimi et al., 2002). Bar = Tmm.
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