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ABSTRACT

The aim of this study was to identify the highest expressing antifungal gene
(AF} promoters (AF-PRQ) from the tissue of germinated seedlings of kidney bean
{(Phaseolus vulgaris, L.), to drive high-Hevel and preferably stage-specific transgenic
protein expression in tobacco plants. New AF-PRO promoter was cloned by using
several approaches, including the construction of a cDNA library and use of genome
walking technique. PCR analysis of AF-PRO mRNA expression clearly showed that
these promoters exhibited the highest activity at the germination stage of plant
development. GusA expression was used as a reporter of promoter activity in tobacco
{Nicotiana tabacum var. xanthi) plants that were transformed with the constructs
using an Agrobacterium-mediated transformation strategy. Transformed tobacco
seedlings expressing B-glucuronidase under control of the AF-Pro promoter region
{AFb-Pro promoter from bean) showed stress specific responsive activity that
depended on the type and concentration of the stress and the type of infection. These
findings further the understanding of the regutfation of AFb-Pro expression and provide
a new stress-inducible promoter system in transgenic plant.

The mRNA level of gusA was quantified in transformed plants. The obtained
data demonstrated that the promoter most active in seedlings under native conditions
was also most active in transgenic constructs at the same stage of plant development.
Piant promoter architecture is important for understanding regulation and evolution of
the promoters. Several promoter elements including TATA box, and several types of
transcriptional reguiatory elements have been found to show local distribution within
promoters, and this feature has been successfully utilized for extraction of promoter
constituents from piant genome.

Keywords : promoter isolation- ¢loning -kidney beans- defensin gene promoter.

INTRODUCTION

Genetic transformation is a powerful tool for production of crop plants
with increased resistance to phytopathogens. A number of transgenic
cultivars with elevated tolerance to economically important pests and disease
agents are in commercial production. However, in most of them the
transgene is driven by a powerful constitutive promoter, such as the
cauliflower mosaic virus 355 (CaMV 358) and its derivatives, and is
expressed at high levels even in the absence of. pathogen invasion.
Continuous synthesis and high accumuiation of transgene products,
especially toxins, couid interfere with plant retabolic pathways and the
overall expression of other valuabie traits. In contrast, the use of promoters of
plant defensive genes has distinct advantages because maost of them are
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activated only when the plant is attacked by pests or pathogens. The use of
native plant promoters can also help to avoid transgene silencing often
associated with the presence of promoters of non-plant origin in the plant
genome (Yevtushenko st af,, 2004; Vieweg et al., 2004; Nishiuchi et al., 2004
: Ross et al., 2004, Matarasso ef a/,, 2005 and Rubio-Somoza, et al., 2006).

Plants have developed a variety of physical and biochemical defense
barriers against pests and pathogens. Mechanical wounding of plant tissue
(mimicking pathogen invasion or insect chewing) leads to the accumulation of
mRNAs that encode proteins thought to be involved in plant defense
(Yevtushenko et al, 2004 and Bowles, 1990), and provides a convenient
system to isolate and study defense-related genes and their upstream
regulatory regions in transgenic host (Clarke et al.,, 1994 and Hollick and
Gorden, 1993). Potato plants cah be engineered for broad-spectrum disease
resistance by expression of antimicrobial peptides under control of a
constitutive CaMV 358 promoter( Osusky et al,, 2000).

It has previously been shown that certain promoters are able to direct
RNA, synthesis at a higher rate than others. Certain promoters have also
been shown to direct mRNA production at higher levels only in particular
types of cells and lissues. Those promoters that direct mRNA production in
many or all tissues of a plant are called constitutive promoters. Previous wark
had shown that the 35S promoter from the cauliflower mosaic virus
{CaMV35S) is a strong constitutive promoter in plants (Odell et af, 1985;
Jensen et al., 1986, Jefferson et al., 1987 and Sanders ef al., 1887). This had
been shown by demonstrating measurable levels of reporter gene proteins or
MRNAs in extracts prepared from the leaves, stems, roots and flowers of
transgenic plants. As a result, the CaMV35S promoter has been widely used
by scientists in the field of plant genetic engineering.

In recent years, concerns over genetic modification issues have resulted
in regulatory authorities requiring comprehensive analysis of transgene
insertion events in the plants that are to be commercialized. Recent studies
.have suggested that applied and modified a genomic walking method that
combines vectorette and suppression PCR walking. Some studies have
suggested that stable expressed transgenes comprise relatively simple T-
DNA arrangements flanked on at least one side by plant DNA and that
unstably expressed loci tend to be composed of multiple T-DNA copies
(Iglesias et al., 1997). Several PCR-based walking methods are available
{Ochman ef al, 1988; Rosenthal and Jones, 1980, Riley ef al, 1990
Lagerstrom et al., 1991; Parker et a/., 1981, Trugba and Johnscn 1996 and
Jones and Winistorfer 1993). However, these methods generally have not
been applied in determining T-DNA insertion sites because they are too
inefficient and/or complicated.

Conventional PCR allows the amplification of sequences within known
boundaries. Several methods have been developed for the amplification of
DNA sequences that flank regions of known sequences. These include TGW-
PCR (targeted gene walking PCR) (Parker et al, 1991) UP-PCR
(unpredictably primed PCR) (Dominguez and Lopez-Larrea 1994) and
inverse PCR (Triglia et al., 1988; Ochman et al., 1988; Silver and Keerikatte
1989). Inverse PCR allows the ampilification of sequences that lie outside the

4632



J. Agric. Sci. Mansoura Univ., 33 (6), June, 2008

boundaries of known sequences by inverting the unknown sequence. This is
done by self-ligating digested DNA and opening the circuiar DNA molecules
at a different site.

The genes which encode the various components of the pre-mRNA
splicing or rRNA processing machinery provide a rich source of promoters for
transgene expression in plant biotechnology. As most genes are organised in
multigene families with great variability in expression fevels and patterns, a
novel approach has been developed to allow the identification and isolation of
promoters with the required expression characteristics. This approach will
prove valuable for future promoter isolation and exploitation (Sunter et af,
2003 and Van ef af., 2002}

MATERIAL AND METHODS

Plant material and growth conditions

Seeds of kidney bean were grown at 25+2°C for 7 days in dark and
grown on MS medium .The harvested material were immediately frozen in
{iquid N.» ang stored at -70°C. For plant transformation studies, tobacco was
grown at 25+2°C in 16 hrs light and 8 hrs. dark in the tissue culture
conditions.

Isolation of plant genomic DNA

Genomic DNA was isolated on a mini-prep scale as mentioned by

Murray and Thompson {1980) with some modifications.

Isolation of total RNA

Total RNA from piant tissues were isolated as mentioned by Chomeczynski
and Sacchi (1987) with some modifications.

The target PCR product was cleaned up by Gel extraction kit (Promega)
and cloned into the pGEMT vector kit (Promega), then transformed inta £
cofi DHSa. Positive clones were confirmed by restriction analysis and
sequencing.

Preparation of competent cells and transformation

DHSa Competent cells were made by the protocol of Hanahan (1985).
Spectrophotometric estimation of nucleic acids

The quantity and quality of the nucleic acid was determined by
measuring the absorbance at 260 nm and 280 nm. For DNA the absarbance
was caiculated taking Azs=50 pg/ ml and for RNA its A=40 ug/ ml. The
purity of the nucleic acid was determined by calculating the ratio of Azso; Azso
for each sampie
Isolation of plasmid DNA

This method was adopted from Sambrook et al. (1989).
Purification of DNA fragment from agarose gel

After restriction enzyme digestion of plasmid, the digested product was
electrophoresed on an agarose gel. By using standard molecular wt. marker
the desired fragment was identified, cut and purified by one of the following
methods:By Qiaquick gel extraction protocol (from Qiagen GmbH).
Polymerase chain reaction

Tag-polymerase, dNTPs (deoxynucleotide triphosphate) and convergent
primers achieved amplification of the DNA fragment. The reaction condmons
for PCR involved denaturation at 94°C for 30 seconds, anneafing at 52°C for
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30 seconds and extension at 72°C for either 30 seconds (for AF promoter
amplification) or 2 minutes (for AF-PRC + GUS fusion). After 30 cycle of
amplification an aliquot of this reaction mix. was loaded onto a 0.8 % agarose
gel and checked. '
Analysis of nucleotide sequence

Sequence analysis was performed using software from University of
Wisconsin, Genetic computer Group (UWGCG) sequence analysis software
packag, PC/GENE (Intelligenetics), and BLAST (Hobohm and Sander, 1995,
and Stultz e al., 1993).Constructions of plant transformation vectors.
1-pBi121-AF-promoter

Plasmid vector pBi121 was used for cloning AF-pro 1 and Ca pro 1+2
promoter in front of Gus gene Fig.1. These constructs were then utilized for
tobacco transformation. Te generate the pBI121- AFb-pro construct,
containing the 300 and 600 pb length from ca promoter which cloned in
pGEM-T first by using PCR , was cloned in plasmid pB1121.

ATG
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Fig. 1: pBl121 plasmid map and positions of restriction sites

Primer contain BamH1 and Hindlll site for digested and clone in pBi121
was digested W|th BamH1 and Hindlil also . T,. DNA ligase. Ligation was
done overnight 14°C and then transformed to DH5a competent cells.

2-pBl121-Gus-AF-Promoter
Transformation of Agrobacterium tumefacien

Agrobacterium tumefaceins (LBA 4404) celis were transformed with
recombinant pBl 121 sense or -antisense clones by freeze thaw method. A
single colony of Agrobacterium tumefacien (LBA 4404) was inoculated to
YEM (0.04 % yeast extract, 10 % mannitol, 0.01 % NaCl, 0.02 %
MgS0,4.7H,0 and 0.05 % K,HPO, at 28°C for vigorous shaking for two days.
Competent cells of Agrobacterium were prepared by moculatlng 1 mlof a
fully-grown culture in fresh 4 mt YEM medium and grown at 28°C tiil an OD of
0.5-0.6 was reached. The cells were harvested by centrlfugatlon at 3000 x g
for 10 minutes at 4°C.The pellet was resuspended in 1ml of 20 mM CaCl,
(chilled). Aliquot's of 0.1 ml were made and frozen at —80°C. Transformation
of Agrobacterium with sense and antisense pBl 121 was done by adding 1pg
of recombinant plasmid to 0.1 ml of Agrobacterium competent cells, mixed
gently and immediately frozen in liquid N.. Thereafter incubating the
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Eppendosf tubes at 37°C for § minute to thaw the ceiis. Following thls 1 ml of
YEM was added and the Eppendorf tubes were incubated at 28° C for 6
hours with slow shaking. The revived cells were plated on YEM-agar plate
contamlnq 50 pg/ml Kanamycin and 25 pgfmi Rifampicin and incubated at
28°C. Transformed colonies appeared after 2-3 days and were further
analyzed eiti.er by PCR or colony hybridization.

Agrobacterium mediated plant transformation

Tobacco transformation was done according to Horsch et al. (1985), with
little modification. Tobacco seeds were surface sterilized by washing with 1 %
bleach and 0.1 % Tween-20 for 5-10 minutes and then with 70 % ethanol for
1-2 minute. Washing with sterile water (9-10 times) followed this. Seeds were
piated on MS-Basal medium [3.44 gm MS-salt (Sigma, USA), 3 % sucrose,
and 1 x Gamborg B5-vitamins (Sigma, USA}). Leaf discs of uniform size were
made using a cork-borer and then immersed in a 1. 30 diluted fully grown
Agrobacterium cudture in MS-Basal liguid (without agar). This was incubated
for £-10 minutes and then leaf discs were blot dried and placed on MS-Basal
mcdiim. These  explants were allowed to grow (co-cultivate) with
Agrobacterium fcr 3-4 days.

Selection, regeneration and growth of transgenic plants

After co-cultivation steps, the explants were briefly rinsed in MS3-basal
solution containing 500 ug/ ml Carbenicilline blot dried and plated onto MS-
basal-agar plates containing 300 pg/ m! Kanamycin and 500 pg/ ml
carbenicillin, and 1 mg/ liter BAP and 0.1 mg/ liter NAA. After three to four
week, several shoots were separated from regenerating explants and placed
in separate jar bottles for rooting in MS-basail-agar medium. Once the piants
hardened, they were transferred to potted soil and then to giass house for
further growth .

GUS hstochemical assay:

This method for screening the transgenic planis was done according to
{Jefferson, 1987) and allowed for the verification of the expression of uid A
gene in transgenic plants. Leat tissue from wild type and transgenic plants
was collected and rinsed in 50 mM Na-phosphate buffer (pH 7.0). Then the
tissue was stained with 2 mM 5-bromo-4-chloro-3-indolyl glucuronide (X-gal
frum Biosynth. Inc) in 50 mM of Na- phosphate buffer (pH 7.0), followed by
brief vacuum infiitration and placed at 37°C for overnight in dark. After
staining, tissues were rinsed extensively in ethanol to remove chiorophyll
hefore examination.

GUS spectrophotometric assay:

For GUS spectrophotometric analysis, frozen tissue was ground in liquid
nitrogen and was suspended in 600 pi of GUS extraction buffer containing 50
mM NaPQ,, pH 7.0, 10 mM BME, 10 mM Na,EDTA, 0.1 % sodium lauryi
sarcosine {w/v) -and 0.1 % Triton X -100 (w/v). This suspension was
sonhicated twic. The extract was clarified by treatment with insoluble PVP
and centrifuged at 10,000 x g for 20 minutes at 4°C. GUS act:wty was
determined by fluorimetric assay as described by Jefferson (1987), in which
4-methyl umbelliferone glucouronide (MUG) was used as a substrate. Total
proteins were measured using the Bradford's solution (Bradford, 1976) and
GUS specific activity was recorded as picomoles of 4-methylumbellifercne (4-

4635

3



Mahmoud, Eman A. et al.

MU) formed per minute per milligram of protein from the initial velocity of the
reaction {Jefferson ef al., 1987 and allan et al., 1993).
Analysis of nucleotide sequence

Sequence analysis was performed using software from University of
Wisconsin, Genetic computer Group (UWGCG) sequence analysis software
package (Deverexu et al, 1984), PC/GENE (Intelligenetics), and BLAST
{Hobohm and Sander 1995 and Stultz ef af., 1993).

RESULTS AND DISCUSSION

Identification and cloning of novel plant promoter

Plant promoter architecture is important for understanding regulation and
evolution of the promoters, but the current knowledge about plant promoter
structure, especially with respect to the core promoter, is insufficient. Several
promoter elements including TATA box, and several types of transcriptional
regulatory elements have been found to show local distribution within
promoters, and this feature has been successfully utilized for extraction of
promoter constituents from piant genome. Promoters of various sirengths and
specificities are required for expression of foreign genes in plants for analysis
of gene function or for biotechnological improvement of crop species. To
meet such reguirements and to have maximum precision in expression, a
range of promoters with different expression levels and patterns is desired.
Keeping this in mind, the present program was begun with isclation of plant
promoters and characterize them for their suitability to express foreign genes
using tobacco as a model system. One of the promoter {AFb-PRO) isolated
was for a gene that code for an antifungal protein from beans.
Cloning of AF-PRO gene promoter

The isclation of urknown DNA sequences flanking known regions is
critical for gene expression analysis. Several protocols have been developed
to isolate an unknown DNA sequence (promoter) adjacent to DNA fragments
of known seguence (cDNA) by PCR (Hui et al, 1998). A number of
modifications were developed to isolate ine unknown 5 and Z' flanking
regions of the DNA. Usually, PCR was carried out with restriction enzyme(s}-
digested genomic DNA fragmenis after ligation (Siebert et ai. 1995) or
cloning into a vector (Niu and Fallon, 1999} or ligated to double-stranded,
partially double-stranded (lwahana et a/., 1994 and Willems, 1998). or single-
stranded oligonucleotide cassettes (Kilstrup and Kristiansen 2000}, In these
cases the amplifications were carried out with locus-specific primer’s) and a
vector/oligonuclectide cassette specific-primer to amplify a fragment
contiguous to the known sequence. In this method all the template mclecules
are likely to be amplified linearly leading to the generation of a lot of noise. In
this study we have followed a protocol developed by Reddy et al.. {2002) that
involved the use of restriction digestion of genomic DNA followed by partial fill
that prevent self ligation between fragments. In addition, th present protocol
also utilized the use of biotinilated primers that enrich specific temglate prior
to nested PCR. Also, one of the adopter strands was blocked by at the 3' end
by attaching an amine group. Following this method a number of unknown 3’
and 5' regions of AF-PRO gene promoter were isclated Figs. 2. 3 and 4.

4636



J. Agric. Sci. Mansoura Univ., 33 (6), June, 2008

A 730 bp fragment that corresponds to the 5' upstream region of AFb-
PRO genes from bean, were isolated following this new method. The
overlappirg 80 and 70 nucleotides showed a 50 and 60 bp difference from
the AFb-PRO cDNA 5 UTR. The major transcript was found to initiate from
"C", 270 bases upstream of the translation initiation site. The minor transcript

was found to initiate from “c’, 150 nuclectides upstream of the translation
initiation site,

A

Souzk Rawid

Fig.l. [selation of AFB-PRO promater

(A) Genontic DNA was digested partzlly with Soud A BemHT  Balll and Bel., end-filled and ligated with specific adapter-primer.

(B) Inthe Primary PCR amplification the adepter ligated genomic ONA was amplified with T7 and AFb R gene as reverse
specific premers. Theamplified v were rumon 0.8% agrose 2el

IC} Secondary amplitication by using v ricus dilutions of the Primary PCR products wing 7 and second gen: specific AFb R2

[ v

= =

=

NEhy
Fig3. (A -PCR confrmataon of AF genz fom beans, (B} Figd, Fhotogaph of 4 gel showing PCR podicss for e ful-
AFb-PRO Promater mgments of after PCR length T30 bp of AFB-PRO) from bears (A) , Fholograph of a gl
amplification wing different primers hefore cloned mio showmg the parfication of the PCR peoducts from befiare poing
pGEMT veciog 10 pEMT chonng and sequences.

A Similar result has been obtained by Reddy et al. (1999), in which
they isolated genomic DNA fragments from tobacco and pea containing
promoter region of DNA topoisomerase | (fop /) using similar PCR based &'
genomic walk. In case of pea they isolated 1140 bp and in tobacco a 482 bp
upstream of ATG -5' flanking region of tobacco topoisomerase | using PCR-
RACE based approach. We have also shown a putative promoter region,
which is present in various plant regulatory motifs Fig. 5 and Table 1.
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1 CTTTAGAATA AATAAAAATTTCAAATCCAA ATATCTGTTATTATACTC TAAATACTAA

61 AAAATATATG TTAATTATAA ACATTTATTT ATTATTTTCT ACAAAAAAGA CTCTTTAAAA

121 AAGATTAAAA ARATTCCTCTATTTTTTCAT GTGCTCCCCT CCTCCAAACC TCTCCCCTAT
181 CCCTTCCCTA CTTTTGTTTAATTACTCTTT TATATATGAG ATGCATATTA TTGAATTTAT
241 TTTATCGATT ACTTTTGGGA AAATTACATG ATTAATTATC ACAAACAAAT CGAATGGAGA
301 ATTCAAATTG AATTGTTGCA TACTATATTT GTCTGTCTCC ATATATAGCA TTAATTATAT
361 GTTGATAAGC TCCACTCTAG CTTCCACGCC CCACACTATT GACTTTTCAT CATGAAAATA
421 CAAACTTGGG TAATAAAATA TGCTGCCACA TCAATCCGTT TCTTGTGGTT TCTTCTAGCT
481 TCTCAAACTT CATTTTCAGA TTAATAATAA TATTTGTTCA TTTCTCTTAC TAGTCAAGCS
541 CCGGCCAAAA AAGGGAAGGG GAAGAAATCG CTTTTGGCCC TTTTTFTGGG GGGGGGGCGAC
601 CCAAARAAAA AAAATGGCAG CCAAGAGTTT TTTTTCCCTT CCCCTTTTTG TGGCGCCAAA
661 AACACAACAA AATTAATGAT ATGTTTATAT AGTCTCTTTA ATAGATCATT GTTACTGCTG
721 AATACTTTAT AATT

Fig. 5. Promoter sequence of AFb -PRO.

The sequence will depesited in Genbank .The cis-acting elements are
listed in next tabie 1.

Tahle 1: Cis-acting elements found in the AFb-PRO promoter.

Motif Found in Site [Sequence] Reference
Position
CAATBOX1 Sequences responsible fond52 CAAT [Shirsat, et ai,
the tissue specific promoter (1989)
activity of a pea legumin
lgene.
GATABOX GATA motif in CaMV 353678 GATA |Rubic-Somoza,
romoter ef al., (2006)
LECPLEACS2 chlorophyll a/b bindiag |34 TAAAAT [Matarasso et al.
protein the promoter of AT | (2005)
Petunia
OSE2ROOTNODULE {One of the consensusi524 CTCTT |Vieweg, et al,
sequence motifs of organ- (2004)
specific elements
[TATABOXS [Supstream region of pea B85 TTATTT [Tjaden, et al.,
glutamine synthetase gene {1995)
WBOXNTERF23 ‘W box" found in the K00 TGACY [Nishiuchi et al,
B romoter region of a (2004}
transcriptional

repressor ERF3 gene in
tobacco; May be involved in
activation of ERF3 gene

by wounding
TATABOX2 [Supstream region of peaf237 TATAAA [Tjaden, et al., ,
legA gene T__[(1995)
IARR1AT IARR1; Response regulator 498 NGATT [Ross et al.,
(2004)
ROOTMOTIFTAPOX1 Motif found both  inf225 ATATT [Elmayan  and
romoters of rolD Tepfer, (1995)
IGT1ICONSENSUS Consensus GT-1 binding|251 GRWAA [Zhou, (1999)
site in many light-requlated W
genes,
GT1CONSENSUS GT-1 binding site in many@29 GRWAA |Le Gourrierec
light-regulated genes W et al., (1999)
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The putative cis-acting elements found in the AF-PRO promoter along
with their positions are listed. These elements were identified using the Signal
Scan Program at PLACE  (http:/fwww.dna_affrc.qo.jp)

Database assisted promoter sequence analysis

The sequence homaology of the untranslated region (UTR) of the AFb-
PRO gene isolated in the present study (Fig. 5 and 6) revealed the existence
of differences with the reported sequenge

10000 bp  — »
3000bp —»
1000bp —

500 bp R
300 bp —_—

Fig. 6: PCR based cloning of the coding region of an isoform of the
defensin gene from beans (lane 1) and chickpea (lane 2) using
the full-length primer set.

This could be due to the fact that the AFb-PRO existed in multiple copies and

the difference could be due to isolation of promoter for the gene other than

the one that was previously reported by (Siva Reddy from ICGEE personal
communication).

The analysis of regulatory sequences is greatly facilitated by database
assisted bioinformatic approaches. The TRANSFAC database contains
information on transcription factors, their origin, functional properties and their
sequence-specific binding activities {http:/www.sphinx.rug.ac.be:
8080/PLANTCARE/). By employing software tools it is possible to screen the
database with a given DNA sequence for interacting transcription factors. If a
requlatory function is already aftributed to this sequence the database
assisted identification of binding sites for proteins or protein classes and
subsequent experimental verification may establish functionally relevant sites
within this sequence. The binding transcription factors as well as interacting
factors may already be present in the database. The putative cis-acting
elements present in the AFb-FPRO promoter were identified using PLACE
(Higo et al., 1999; http:/fwww.dna.affrc.go.jp; Fig. 5 and Table 1).

A search for putative cis -acting elements in the promoter for AFb-PRO
revealed the presence of the CAAT Box, TATA Box and CATA Box, light
regulatory elements or LREs (CCA1, GATA, GT-1). The cis acting elements
are listed in Table 1. Interestingly, the AFb-PRO promater has a TATA Box
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near the 5" end of the AFb-PRO gene. The first TATA-like elemen detected is
at 237 and the second TATA Box was at 685. The presence of CAAT Box1
motifs in the promoter of AFb-PRO correlates with higher expression in
leaves as compared to roots. Similar motifs have been reported in the
promoter of the /egA gene of pea (Shirsat et al., 1989).

The presence of light regulatory elements has the consensus GT1 motif
binding site in many light-regulated genes (Le Gourrierec et al., 1999). in the
AFb-PRO promoter one light regulatory element are seen, at 251 to 258. In
the AFb-PRO promoter two GATA Box elements were seen, one at 678 fo
682 and the other at =320 to -325. Similar cis-acting elements have been
reported in CaMV 35S promoter and in the promoter of Petunia (Benfey and
Chua 1990 and Gilmartin et al, 1990). The presence of light regulatory
elements and tissue specific elements accounts for the tissue specific light
regulation of AFb-PRQO. Three putative Dof binding sites are present in the
region between 703 to —706. Dof proteins are unigue to plants and contain a
highly conserved DNA binding domain that binds to a core AAAG sequence,
In maize, Dof1 is constitutively expressed in roots, leaves and stem and acts
as a transcriptional activator while Dof2 is expressed in roots and stem and
acts as a transcriptional repressor (Yanagisawa and Sheen 1998) for light
mediated expression of C4 photosynthetic phosphecenclpyruvate carboxylase
{CAPEPC). Thus Dof proteins may have tissue specific effects. Dof proteins
have also been implicated in regulation of hormonal responses and pathogen
attack (Yanagisawa and Schmidt, 1999 and Yanagisawa, 2000). The AFb-
PRO promoter sequence also has a "Box |I" box sequence at 231 to 234
sites. Similar cis-acting elements have been reported to be present in the
tobacco (N.t.) plastid atpB gene promoter (Kapoor and Sugiura 1999).

Vector design to test the AFb-PRO promoter activity

In order to test the promoter specificity and the strength, we have used
genetic transformation procedures following Agrobacterium mediated
methods in tobacco (Horsch ef al, 1985). The binary vector pBl121
(Clontech, USA) was used for this purpose. The pBI121 is a derivative of
pBin1g vector developed to express foreign genes in stably transformed
plants (Bevan 1984). The pBI121 contained within the left (LB) and right (RB)
border sequences, a selectable NPTl marker under the regulation of NOS
promoter and NOS terminator. The T-DNA of the binary also had the reporter
uidA (GUS) gene under the reguiation of CaMV 355 promoter and NOS
terminator. In the pBI121 vector, multipie cloning sites were present to
replace 35S promoter conveniently with any other plant promoter to test.
Therefore, we have utilized Hindlll and BamHI sites present in the vector to
clone our AFb-PRO promoter. Three different constructs were created that
differed in their length. The AFb-PRO1 is the smallest promoter that
contained only 350 base pairs, the AFb-PRO2 contained 500 base pairs and
the longest promoter, AFb-PRO 3 contained 720 bp. All the promoters were
cloned into the same Hindlll and BamH]I sites for a better comparison. As a
controi, pBI121 having 35S promoter was used Figs. 7 and 8.
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Fig. 7: Strategy used to prepared the pBI121-AF clone. In pBI121, the
355 promoter is replaced by a different fragment of AFb
promoter{AF1,AF 142 AF 1+3).Restriction endonuclease
cleavge site are indicated.

Fig. 8 . Photograph of a gel showing restriction
digests of pBI121 plasmid containing the 358
promoter ‘o replace by AFb-PRO  using Hindlll
and Xbal Enzyme (lane A undigested and lane B
digested plasmid).

AFb-PRO promoter strength

The CaMV 355 is a strong and constitutive promoter and used most
extensively to express foreign genes in plants. Under 355 promoter, GUS
expressed in all tissue types and at all developmental stages of tobacco plant
growth, The expression was strongest in leaf tissue. The expression of GUS
was abserved under all three promoters (AFb-FRO). The expression was
strongest in the leaf followed by stem and roots. Among the three constructs,
AFb-PRO 3 were high followed by AFb-PRC 2. The expression was low
under AFb-PRO 1. However, the expression pattern for various tissues was
similar in all the constructs. When compared to 3558 promoter, the high
expressing AFb-PEO2 promoter activity was 20-30% less and may find it's
use in transgene expression in crop plants as shown in fig. 9.
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Fig. 9: Gus assay shown the promoter strength

Generation of stable transgenic plants to test the promoter activity
Agrobacterium mediated leai disk method was followed for
transformation. Kanamycin at 100 - 200 mg/L was used to select a range of
transgenic plants for GUS expression. A total of 50 independently
transformed plants were selected and screened for the presence of GUS,
AFb-PRO promoter sequences and the GUS expression. A frequency of 5-20
plantlets were obtained per explants, which was comparable to control vector
(pBEI121) transformation frequency, indicating that the cloning of AFb-PRO
promoter had no adverse effects on the overall transformation frequencies
Transformed plants rooted normally and no abonormalities associated with
the transformation was observed. Transformed shoots rooted in the presence
of 100 mg/L kanamycin and all the plants that were transferred to greenhouse
grew normally and set seeds. However, the cbtained results referred that the
successful transformation in tobacco plants as shown in fig. 10.

Fig..10. Establishment of the Protocol for Culture Conditions and  dgrobacierium — Mediated
Transformation for Tdacco. (A)-Tobacco explants after infecting the wounded plant tissue with
Agrobacterium carrying the pBI121. (B)-Transformed cells divide and grow: these are transferred
to medium te allow shoots to develop. (C)- Shooting and elongation medium, (D)- Shoots are
placed on another medium to promote root development, so that small plantlets are produced.
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The identification and isolation of novel specific piant promoters with
customer-defined expression profiles is one of the most new applications
technology. This is a highly efficient gene expression profile analysis
technology for the detection of those genes that are exclusively expressed in
tissues or conditions of interest. With our expertise in long-range linker-PCR
for the cloning of upstream and downstream elements from a given
expressed sequence, we able to identify any gene (known or unknown), and
isolate and characterize the corresponding promoter and terminator regicons,
that match the predefined expression criteria.

The activity of the AFb-Pro gene promoter of bean a cysteine-rich
antifungal peptide was investigated in transgenic plants with the gus gene as
a reporter gene. Quantitative GUS activity analysis of the transgenic plant
leaves showed the average activity of the bean AF-Pro gene promoter was 2-
to 3-fold higher than that of the CaMV 35S promoter, with maximal
expression being 3-fold higher. Beans AFb-Pro gene promoter activity was
about 2-fold that of the CaMV 35S promaoter. Histochemical GUS staining of
the transgenic plants indicated that the bean AFb-Pro gene promoter was
active in almost all reproductive organs and the highest level was in the roots.

Functional analysis of promaoter 5'-deletion series indicated that
promoter activity of a 355 nucleotide fragment (-355 to the transcription
initiation site) and a 460 nuclectide fragment (460 to the transcription
initiation site) were 2-fold and 3-fold stronger than that of the fuli-length AFb-
Pro promoter respectively. These results demonsirate that the bean AFb-Pro
promoter is a strong inducible and near-constitutive promoter in plants and
has great application potential for plant genetic engineering studies. Although
the CaMV35S promoter appeared to be a strong, constitutive promoter in
assays involving cell extracts, detailed histological analysis of a reporter gene
product that is detectable at the cell and tissue level showed a rather high
degree of variability of expression of this gene product. This histological
analysis revealed an unknown and unexpected variabiiity in the expression of
a gene product driven by the CaMV35S promoter. This variable level and site
of expression is believed to have two primary causes. The first is that
variability is an intrinsic property of the CaMV35S promoter (Rubio-Somoza,
et al, 2006, Matarasso et al,. 2005, Vieweg, et al., 2004; Nishiuchi et al,
2004; Tjaden, et al., 1995 and Ross et al., 2004).
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