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Isolation of complete coding sequences and regulatory regions is critical for the complete
characterization of a gene. Efficient methods to obtain complete genomic or regulatory is important in
the process of isolation. The utility of the available genome walking methods are influenced by factors
like the size of the genome and the length of the desired sequence. This study utilizes a genome
walking method - random amplification of genomic ends (RAGE) efficiently to obtain the 5' — regulatory
sequence of a rice stress inducible gene OsAsr1 and to obtain the full length sequence and promoter of
the HetR gene of Cylindrospermum stagnale (Cylindrospermum sp. A1345). We demonstrate that this
technique can be used for cloning of full length gene and promoters in organisms where whole genome
data is unavailable utilising very little sequence information. Our studies show that RAGE can be a
strong tool in functional genomics especially in the study of promoters

Key words: RAGE, genome walking, promoter, Oryza rufipogon, Oryza malampuzhaensis, Anabaena,
Cylindrospermum, Asr1, HetR.

INTRODUCTION

The isolation of coding and regulatory genomic sequen-
ces is an important part in the study of any gene. The
genomic regions flanking the coding sequence contain
important information about the character of the gene and
influence its expression. The 5' sequence contains impor-
tant regulatory elements and structurally is composed of
the promoter region. The eukaryotic genes contain un-
translated (UTR) regions at both the 5' and 3' region
which are important for their expression. Isolation of pro-
moter regions and flanking regions of genes in humans,

*Corresponding author. Email:boneykuriakose@gmail.com. Tel:
+27 792709391. Fax: +27 12 844 0276.

plants like rice and Arabidopsis and some other organi-
sms has been made easier by the availability of the
sequenced genome. While complete genomes are avail-
able for many commercially important organisms and a
number of model organisms, they are still not available
for most other organisms like cyanobacteria. In these
organisms, the isolation of genes and promoters are still
a tedious and sometimes complex process. The use of
heterologous primers to screen organisms for similar
sequences is one approach to clone these sequences.
Many of these genes can have similar coding sequence
but entirely different regulatory regions. For example, the
polyubiquitin is a family of genes each having different
lengths of coding sequences depending on the number of
repeats of the ubiquitin coding sequence (Callis et al.,
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Figure 1. A Schematic representation of the use of RAGE for isolation of 5

genomic region and promoters. GSP is designed to bind to top strand. GSP =
Gene specific primer, AP = adapter specific primer, * = amino blocking.

1995). Each of these different genes within a family can
have totally different promoters (Wei et al., 2003). In such
cases, the use of heterologous primers for amplification
of the full length sequence including its regulatory regions
is ruled out using conventional PCR. There are also in-
stances where isolation is approached by primers design-
ned at the conserved regions and in these cases full
length sequence of the gene(s) is not always obtained.
Even in prokaryotes with relatively simple genomes and
gene sequences, the isolation of genes could be difficult
with the above hindrances. It would be thus ideal to have
efficient tools to isolate genes with regulatory sequences
if partial genomic sequence or cDNA sequence is known.

Several techniques have experimentally evolved for
the purpose of cloning flanking sequences and walking
on genomic DNA. In the inverse PCR the restricted DNA
molecules are self ligated prior to PCR (Ochman et al.,
1988). In the ligation mediated PCR, the restricted DNA
is ligated to a DNA cassette and then PCR is carried out.
These techniques were limiting in their specificities and
so several modified procedures were developed. In
another method, after ligation, a single strand is extended
with a single biotin labeled primer, streptavidin coated
magnetic beads were used for separating the specific
fragments before PCR amplification was carried out
(Rosenthal and Jones, 1990). Zhang and Chiang (1996)
used a single gene specific primer to extend the desired
product. A known oligonucleotide was ligated to this

single stranded product using RNA ligase and this was
subsequently amplified. The TAIL PCR (thermal asym-
metric interlaced PCR) method used a long specific
primer and small non-specific degenerate primers for am-
plification. The cycling program was designed with a low
stringency cycle followed by two high stringency cycles
(Liu and Whittier, 1995; Liu et al., 1995). This was used
for cloning the Pal and Pgi promoters of yam (Terauchi
and Kahl, 2000). The suppression of non-specific pro-
ducts in a ligation mediated PCR can be achieved by the
careful design of the ligated DNA (Siebert et al., 1995).
Kits such as the Genome Walker Kit (Clontech, Palo Alto,
Calif.) have been used earlier in the cloning of the 5'
regulatory sequences of genes of human and plant genes
(Siebert et al., 1995; Filichkin et al., 2004; Gong et al.,
2005; Hong and Hwang, 20086).

Here, we describe the extension of this technique for
isolation of two stress inducible promoters from Oryza
rufipogon (Accession no. DQ885913), Oryza malam-
puzhaensis (Accession no. DQ885914), wild relatives of
rice using sequence information from its homologous
gene OsAsr1 in rice. We also used the technique in a
prokaryotic system for cloning the full length HetR gene
from a partial genomic clone of a Cylindrospermum
species (Accession no. DQ439538). See Figures 1 and 2
for schematic description of the technique.

We also used relatively simple assay procedures to
test the function of the plant promoter using transient
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Figure 2. A Schematic representation of the use of RAGE for isolation of 3'
ends of genes. Here GSP2 binds to the bottom strand. GSP = Gene specific

primer, AP = adapter specific primer, * = amino blocking.

assays. A transient expression study does not give an
accurate and conclusive picture of the expression pattern
in the plant finally, but it could be used as a quick tool for
assessing the functionality of an isolated promoter
sequence, especially when the plant analyzed takes
several weeks or months for growth and development
(Dekeyser et al., 1990). Earlier, either electroporation
(Fromm et al., 1985) or PEG treatment (Shillito et al.,
1985) were used for the transformation of the DNA to
plants. The presence of these DNA molecules in the cell
as extra chromosomal molecules reduces the interaction
of the sequences with chromosomal elements (Werr and
Lorz, 1986). This reduces the so called "position effects”
and "gene silencing" in these experiments in comparison
to stable transformants. Later biolistic and Agrobacterium
mediated transient assays were also developed for the
purpose. Transient assays have been used extensively
for promoter analysis in model plant systems like tobacco
(Yang et al., 2000) and in other plants (Wroblewski et al.,
2005).

Our studies of using the same tool on two distantly
related organisms- a higher plant O. rufipogon and a
cyanobacterium Cylindrospermum stagnale demonstrate
that RAGE is an efficient tool for the isolation of promo-
ters. It can also be used for cloning full length genomic
sequences where information is available for only a part
of the gene.

MATERIALS AND METHODS
Isolation of genomic DNA

Genomic DNA was isolated from O. rufipogon and O. malampu-
zhaensis using the CTAB method by Rogers and Bendich (1994).
Genomic DNA from Cylindrospermum stagnale cells was isolated
using the method by Chen and Kuo (1993). The DNA was electro-
phoresed on 0.8% agarose gels in 0.5 X TBE buffer to check
intactness and was quantified by UV spectrophotometer at 260 nm.

Digestion of genomic DNA

Genomic DNA from O. rufipogon and O. malampuzhaensis (5 ug)
and Cylindrospermum (2 ug) was digested with different blunt cut-
ting restriction enzymes Dra |, EcoR V, SnaB |, and Ssp | (all
enzymes were from MBI Fermentas). The reactions were carried
out in 100 pl volumes with 50 units of enzyme in the appropriate
buffers and incubated overnight at 37°C. The digested DNA was
analyzed on 1% agarose gel in 0.5X TBE buffer.

Ligation of adaptors

The digested DNA was purified by extraction with a mixture of
phenol : chloroform (1:1 ratio) and precipitated with 95% ethanol.
After washing with 70% ethanol, the DNA was air dried and dis-
solved in sterile deionised water. Adapters were synthesized
commercially (Metabion GmbH, Germany), based on the method by
Siebert et al., 1995. The individual adapter strands that were syn-
thesized were as follows. Long strand 5'- CTAATACGACTCACAT
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AGGGCTCGAGCGGCCGCCCGGGCAGGT-3' and short strand - 5
ACCTGCCC -NH-3'. The individual strands were dissolved indivi-
dually and annealed to obtain the adapter solution. The ligation
reaction contained digested DNA (5 ug), adapter 5 yM, 1X ligase
buffer (MBI Fermentas) and ligase 10 units (MBI Fermentas). The
reaction mixture was incubated at 22°C overnight.

RAGE- PCR reaction

The RAGE-PCR for wild rice was carried out using gene specific
ASRGSP1 (5'-GAATGCGGCCGCCGTAGGAGTCTACTCCGGTG
G-3') (custom synthesized at Sigma Genosys, Bangalore, India)
and an Adaptor Specific ADAPrimer1 (5'- GGATCCTAATACG
ACTCACTATAGGGC-3') as the primers. The ligation mix was
diluted in 1:10 ratio with sterile deionised water. 1 pl of the diluted
mix was used as template in a 50 pl reaction containing the
following components: 0.4 uM of the primers (Metabion GmbH,
Germany), 200 pM dNTPs (Amersham Biosciences), 1X XT-20
buffer (Bangalore Genei, India) and 2 units of XT-20 PCR
Polymerase (Bangalore Genei, India). The reactions were carried
out under the following conditions: initial denaturation 94°C for 4
min, denaturation at 94°C for 1 min followed by 35 cycles of a
single step annealing and extension of 68°C for 3 min and final
extension of 68°C for 7 min. The PCR products were analyzed on
1% agarose gel in 0.5X TBE buffer.

The PCR product was diluted 1:50 and 1 pl was used as
template for a 25 pl reaction using nested primers ASRGSP2 (5'-
CCTTCTTGTGGTGGAACAG-3') and (ADAPrimer2 (5'- AATAGG
GCTCGAGCGGC-3') (Metabion GmbH, Germany). The reaction
contained 0.2 pM of the primers, 200 pM dNTPs (Amersham
Biosciences), 1X Taqg polymerase buffer (Bangalore Genei, India)
and 1 unit of Taqg DNA polymerase (Bangalore Genei, India). The
reactions were carried out in the following conditions. Initial dena-
turation 94°C for 4 min, 25 cycles of denaturation 94°C for 1min,
annealing 60°C for 30 sec and extension 68°C for 1 min 30 s. Final
extension of 68°C for 5 min was added. The PCR products were
analyzed on 1% agarose gel in 0.5X TBE buffer.

The RAGE-PCR for isolating C. stagnale HetR promoter and 5'
region was carried out using the primers HET GSP1A (5'-
GATCTGATCCATCGCACTGGGGYCAAGAC-3') (Sigma Genosys,
Bangalore, India) and ADAPrimer1. The ligation mix was diluted in
1:10 ratio with sterile deionized water. 11 pl of the diluted mix was
used as template in a 50 pl reaction containing the following
components: 0.4 uM of the primers, 200 uM dNTPs (Amersham
Biosciences), 1X XT-20 buffer (Bangalore Genei, India) and 2 units
of XT-20 PCR polymerase (Bangalore Genei, India). PCR condi-
tions were as follows: initial denaturation 94°C for 4 min, 30 cycles
of 94°C for 1 min, annealing 65°C for 1 min and extension 68°C for
3 min. Final extension of 68°C for 10 min was added. The PCR pro-
ducts were analyzed on 1% agarose gel in 0.5X TBE buffer.

The PCR product was diluted 1:50 and 1 pl was used as tem-
plate for a 25 pl reaction using nested primers HET GSP1B (5'-
GCACTGGGGCCAAGAC-3') (Sigma Genosys, Bangalore, India)
and ADAPrimer 2. The reaction contained 0.2 uM of the primers,
200 pM dNTPs (Amersham Biosciences), 1X Taq polymerase
buffer (Bangalore Genei, India) and 1 unit of Tag DNA polymerase
(Bangalore Genei, India). The reactions conditions were denatu-
ration at 94°C for 4 min, followed by 30 cycles of denaturation at
94°C for 30 s, annealing 45°C for 30 s and extension 68°C for 45 s.
Final extension of 68°C for 5 min was added. The PCR products
were analyzed on 1% agarose gel in 0.5X TBE buffer.

The RAGE-PCR for isolating the C. stagnale HetR 3' region was
carried out under the same conditions except for the primers used.
The gene specific primer used for the primary RAGE PCR reaction
was HET GSP2A (5'-CGTACCTGGGCAGATAAATATCACCAAG-
3) and the nested primer used was HET GSP2B (5-GATAAA
TATCACCAAG-3') (both custom synthesized by Sigma Genosys,

Bangalore, India).

Cloning of the PCR products

The amplified products obtained from the secondary nested PCR
reaction were purified from the gel using Perfectprep® Gel Cleanup
kit (Eppendorf AG, Germany). About 50 ng of the purified product
was used for ligation in a 10 pl reaction using InsT/Aclone™ PCR
Product Cloning Kit (MBI Fermentas). The ligation reaction was per-
formed at 22°C overnight. The reaction mixture was transformed
into competent Escherichia coli DH5a cells. The colonies obtained
were screened by plasmid mini prep extraction (Sambrook et al.,
1989).

Sequencing of the clones and sequence analysis

The clones were sequenced commercially at the Department of Bio-
technology, National Sequencing Facility, University of Delhi South
Campus, New Delhi, India using M13 primers. Alignments of the
forward and reverse sequences were carried out using Bioedit soft-
ware (Hall TA, 1999) and full length sequence was reconstructed.
The plant promoter analysis was carried out online using PLACE
tool (Higo et al. 1999). Restriction analysis of large DNA sequen-
ces which were used for in silico analysis was carried out using the
online tool NEB Cutter v 2.0 (http://tools.neb.com/NEBcutter2).

Agrobacterium mediated transformation of tobacco leaf discs

The putative promoter was cloned into a plant binary vector pPCAM
BIA 1305.1 (CAMBIA, Canberra, Australia), by replacing the CaMV
35S promoter driving the GUS gene. The plasmid pCAMBIA 1305.1
was digested with Ncol and Smal to release the CaMV 35S vector.
The RAGE-PCR product of putative Asr1 promoter from O. rufipo-
gon was digested with Ncol and ligated to the vector to obtain the
construct pSBKA 301. This construct was used mobilized into
Agrobacterium tumefaciens LBA 4404. Tobacco leaf discs were
transformed according to Horsch et al. (1985).

Histochemical assays for the GUS activity

Promoter activity was analyzed by staining for GUS enzyme activity
according to Jefferson et al. (1987). Tissues were first vacuum-
infiltrated in a staining solution consisting of 2 mM 5-bromo-4-
chloro-3-indolyl-B- glucuronic acid (X-Gluc), 50 mM sodium phos-
phate (pH 7.0), 10 mM EDTA, 1 mM potassium ferricyanide and 1
mM potassium ferrocyanide. The tissues were destained using
methanol and were observed under light microscope and photo-
graphed.

RESULTS AND DISCUSSION

Isolation of the OrAsr1 promoter from wild rice O.
rufipogon

The rice OsAsr1 (Accession No. AF039573) gene en-
codes a protein which is induced under abscisic acid,
salinity and water stress (Vaidyanathan et al., 1999) and
was isolated in our group from a salt tolerant coastal rice
cultivar Pokkali. The tomato homologue of this gene is
well studied and has been shown to be expressed during
senescence and ripening (lucern et al., 1993, Amitai-
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Figure 3. Os Asr1 RAGE PCR gel using primer pair
GSP1 and AP1. Lane M, DNA-Hind Il digest and
X174 DNA-Hae Il digest (Finnzymes); lane B, Blank;
lane 1, O. rufipogon; lane 2, O. malampuzhaensis; and
lane 3-0O. sativa cv. Pokkali.

Zeigerson et al., 1995). The gene product is a Zn** and
sequence dependent DNA binding protein and is locali-
zed in both cytoplasm and nucleus (Kalifa et al., 2004).
The isolation of the Asri promoter was intended at
studying in detail about the expression and the signals
which drive the expression of the gene. We screened
stress tolerant wild relatives of rice O. rufipogon, O.
officinalis, O. malampuzhaensis and O. nivara along with
the salinity tolerant cultivar Pokkali for the presence of
the gene using primers designed based on Vaidyanathan
et al. (1999). The gene was also present in other wild
relatives of rice O. officinalis and O.nivara (data not
shown). O. rufipogon is a highly stress tolerant wild
relative of rice found distributed from South Asia to South
East Asia. The common cultivated rice, O. sativa is
thought to have evolved from the wild perennial O.
rufipogon (Khush, 1997). This information suggested that
the gene is probably conserved across these species.
Using a gene specific primer designed for OsAsr1 (ASR
GSP1), a RAGE- PCR was carried out on the adapter
ligated library constructed by digesting the genomic DNA
with Sspl. We obtained an 850 bp product from the library
constructed using O. rufipogon DNA and a 1.1 Kb
fragment in the O. malampuzhaensis DNA The Pokkali
DNA which was used as a control also amplified a 1 kb
product (Figure 3). The promoters were named as
OrAsrP and OmAsrP. The 1.1 Kb DNA fragment
contained part of the gene sequence and the upstream
promoter region (Figure 3).
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In silico sequence analysis of the OrAsrP and
OmAsrP promoters

We analyzed the sequences using the online PLACE
search tool to identify the cis elements on the promoter.
The study revealed the presence of elements that are
normal to all abscisic acid and stress inducible genes like
the abscisic acid response element (ABRE) and drought
response element (DRE) (Table 1). A number of cis
elements have been defined based on in silico and
functional analysis data on a large number of promoters
and is available in the database. The tools like PLACE
help in identifying these sequences based on homology
searches and help to predict function of a promoter.
When a promoter contains a cis element like the ABRE or
DRE, it implies that it is expressed during stress. A com-
bination of any of these elements with other factors would
lead us to the possible nature of gene expression, which
then can be ascertained by functional studies.

In case of the OrAsrP and OmAsrP, we carried out
homology with the rice genome sequence and the puta-
tive promoter sequence was deposited in the Genbank.
(Accession numbers DQ885913 and DQ885914).

Transient expression of the Asr7 promoter in tobacco
leaf discs

The final sequence isolated had to be functionally analy-
zed for confirming the promoter activity. We used an easy
but effective transient expression system for this purpose.
The function of the promoter was studied in transient as-
says using tobacco leaf discs using the construct pSBKA
301. The GUS staining assays showed the presence of
promoter activity of the isolated sequence (Figure 4). The
promoter after being completely characterized could be
used for expression of genes which might confer salinity
tolerance or other stress responses in plants.

Cloning of the promoter and 3’
Cylindrospermum stagnale HetR gene

region of

We used four different restriction enzymes (Sca |, Ssp |,
Dral and SnaB ) to digest the C. stagnale genomic DNA.
The RAGE-PCR gave different sized fragments for each
digestion (Figure 5). We cloned and sequenced the 650
bp fragment obtained with Dra | enzyme. The sequence
was reconstructed carrying the genomic clone of C.
stagnale HetR gene and its 5' upstream region.

Most of the previous studies with this technique were
for isolation of the 5' end of the genes including promo-
ters. We wanted to ascertain whether we could use it for
cloning a missing 3' end of a gene sequence. We had
previously isolated a partial C. stagnale HetR clone using
heterologous primers designed for an Anabaena varia-
bilis sequence. In order to demonstrate that the RAGE
technique could also be used to clone a full length gene
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Table 1. cis elements and motifs on the Asr1 promoter.

Motif Name/ Factor Position from ATG Sequence Predicted Function
-611 L )
ABRELATERD1 605 ACGTG Transcriptional regulation of ABI3- and ABA-
056 responsive genes (Simpson et al., 2003)
-611
-605
87 Inducti hydrati K-i
ACGTATERD1 256 ACGT nduction by dg ydration stress and dark-induced
611 senescence (Simpson et al., 2003)
-605
-587
-256
DPBECOREDCDC3 -705 ACACNNG bZIP transcription factors; induced by ABA (Kim
-195 et al., 1997)
Transcription activators that function in drought-,
DRE2COREZMRAB17 -652 ACCGAC high-salt- and cold-responsive gene expression
(Kizis and Pages, 2002)
) Dehydration-responsive element/C-repeat;
DRECRTCOREAT 709 RCCGAC drought; high-light; cold induced (Dubouzet et al.,
-652
2003)
MYCATERD1 687 CATGTG 2Dg:‘cr)zl)clration response elements (Tran et al,
-714
087 MYC ition site found in th ters of
507 recognition site found in the promoters o
MYCCONSENSUSAT %0 CANNTG the dehydration-responsive gene (Abe et al,
-714
2003)
-687
-507
-147 Tissue-specific and auxin-regulated expression
NTBBF1ARROLB 277 ACTTTA (Baumann et al., 1999)
R Proline- and hypoosmolarity-responsive
PREATPRODH 717 ACTCAT expression (Satoh et al., 2002)
SEBFCONSSTPR10A 64 YTGTCWGC Similar to the auxin response element (Boyle and
Brisson, 2001)
-277
-264
TAAAGSTKST -810 TAAAG Guard cell-specific gene expression (Plesch et
-163 al., 2001)
-146
-138
WBOXNTERF3 -926 TGACY \2/\(1)(())l:1r;d induced expression (Nishiuchi et al.,
WRECSAAO01 -578 AAWGTATCA | Wound induced expression (Palm et al., 1990)
WRKY710S -925 Binding of WRKY Transcription factors; positive
TGAC . . Y X
-62 and negative regulators of abscisic acid signaling
-36 (Xie et al., 2005)

when only partial sequence is available, we digested the carried out using specific primer (GSP2A) aimed at
C. stagnale genomic DNA with Ssp |, SnaB |, Dra | and amplifying the 3' region of the gene. Of the various frag-
EcoR V. After ligating the adapters, RAGE-PCR was ments obtained, we cloned and sequenced the 700 bp



Figure 4. Transient GUS staining in tobacco plantlets. A.
Control untransformed tobacco. B. Transformed leaf
indicating the wounded site showing intense staining.

product obtained in the Dra | digestion reaction (Lane 5,
Figure 5). The clone was sequenced and the incomplete
3' region of the C. stagnale HetR gene was deciphered.
We were thus able to use the RAGE PCR to clone both
the 5' and 3' flanking sequences of a partial genomic se-
quence from C. stagnale. The full length gene sequence
was reconstructed using the RAGE PCR product se-
quence and the partial sequence previously isolated and
deposited in GenBank (Accession no. DQ439538). The
full length gene along with the 5' region of the gene could
be cloned based on the sequence information available
and was used for expression studies after cloning into
appropriate expression systems (data not shown). This
showed that RAGE used for obtaining sequences using a
3’ genome walk similar to that carried out for the 5’
genome walk for isolation of 5° UTRs and promoters.

Specificity of RAGE-PCR

The RAGE-PCR proves to be an efficient technique as
the careful design of the gene specific primers confers
high specificity to the reaction. The fool proof design of
the adapter and adapter specific primer ensures that un-
less a specific template is available by the synthesis of a
strand using the GSP, no product will be amplified. The
vectorette and suppression features integrated into the
design of the adapters are important for the specificity of
the reaction (Siebert et al., 1995).

The ability of the RAGE-PCR to amplify products de-
pends on the location of restriction enzyme sites on the
genome. This was demonstrated efficiently in the experi-
ment using C. stagnale, where a product of different
length was obtained in all digestions. In experiments
involving O. rufipogon, a higher plant, however, we were
able to obtain good amplification only in two out of the
five enzymes used. This may be due to the presence of
too many sites for the enzymes in the genome and so the
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Figure 5. RAGE amplification of Cylindrospermum stagnale
DNA digested with various restriction endonucleases. Lane
M, Trackit 100 bp DNA ladder (Invitrogen); lanes 1 — 4, PCR
with GSP1A (1 = Dral, 2 = EcoRV, 3 = SnaBl, 4 = Sspl);
lanes 5 - 8 PCR with GSP2A (5 = Dral, 6 = EcoRV, 7 =
SnaBl, 8 = Sspl).

fragments obtained were too small to give a specific
amplification. This was ruled out since we did not see any
small sized products accumulating in the gel. Another
reason could be that the sites are too few and so the ef-
fective size of the digested DNA fragment is too long to
be amplified by the PCR. This reasoning could be valid
since we observed non-specific streaks in some reactions
(Data not shown).

We analyzed the genomes of rice and Anabaena in
order to obtain more information. We used random stret-
ches of sequence from Chromosome 10 and 11 from rice
genome and carried out restriction analysis in silico using
the five enzymes we had used for restriction digestion of
the DNA in RAGE PCR (Tables 2 and 3). The frequency
of restriction sites revealed that among the enzymes we
used, Dra | is the most frequently cutting enzyme in the
genome. Dra | however, failed to give rise to amplification
in the reaction involving rice DNA in our experiments pro-
bably due to non-availability of a site in the close vicinity.
Ssp | is the next most frequent cutter in the list, followed
by SnaB | and EcoR V. We obtained amplification with
Ssp | but SnaB | and EcoR V failed to amplify. The com-
plete genome of any member of Cylindrospermum genus
is not available and therefore we analyzed a part of the
closely related organism Anabaena genome (Anabaena
variabilis ATCC 29413 Accession No.-NC 007413) which
is fully sequenced. In this case, frequencies of restriction
sites were different for different enzymes (Table 3). We
obtained amplification with all the four enzymes used for
the RAGE-PCR. The Dra | gave the lowest size ampli-
fication in both the experiments, with EcoRV and Ssp|
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Table 2. In silico analysis for determining the average no. of restriction sites on rice chromosome 10 and 11.

Enzyme Chromosome 11 Chromosome 10 Aver?ge no.
1-300 kb | 300-600 kb | 600-900 kb | 1-300 kb | 300-600 kb | 600-900 kb | 900-1200 kb | of sites/kb
Dral 240 251 248 265 249 264 265 0.84
EcoRV 70 56 54 48 79 65 55 0.2
Scal 89 89 96 95 73 110 89 0.3
SnaBl 43 53 45 65 43 59 47 0.16
Sspl 254 250 221 259 248 252 232 0.81

Table 3. In silico analysis for determining the average no. of restriction sites
on chromosome of Anabaena variabilis ATCC 29413.

A. variabilis chromosomal DNA Average no.
Enzyme .
1-300KB | 1-1.55MB | 5-5.5MB | of sites/ kb
Dra | 206 230 202 0.7
EcoRV 97 98 92 0.3
Scal 83 54 49 0.2
SnaBl 38 36 34 0.12
Sspl 368 273 274 1.0

giving larger sized fragments. The frequency of restriction
sites of each enzyme on the genome seems to influence
the size of products obtained in the reaction, although
further studies with more organisms and with more
number of enzymes will have to be carried out to
substantiate the claim.

The frequency of digestions also explains why some
enzymes readily give amplification products while some
do not. Therefore, in silico studies with a number of res-
triction enzymes on related organisms could be helpful in
designing RAGE experiments. For example, in large
genomes a frequent cutter has to be used to obtain frag-
ments that could be amplified and in organisms having
smaller genome less frequent cutters could be used. This
was also observed in our experiments with wild rices,
where Ssp | digested genomic DNA library prepared with
ligated adapters were able to amplify fragments in RAGE
PCR whereas libraries using other enzyme digestions
failed to amplify or amplified only small stretches. In
another experiment using rice for isolation of an anther
specific promoter, we were able to obtain amplified
fragments only with Ssp |, although we tried other
enzymes; EcoRV, Hinc Il, Pvu ll, Stu | and Sma |
(Kuriakose et al., 2009). In Cylindrospermum, a cyano-
bacterium with smaller genome we were able to obtain
products with all the enzymes we tried. Our studies
suggest that frequent cutters like Dra | and Ssp | could be
used when shorter fragment like the missing portion of a
gene has to be cloned. In case of longer fragment like
regulatory sequences or full length genes less frequent
cutters could be used. Siebert et al. (1995) used adapter
ligated libraries for different enzymes and screened them.
We suggest a similar approach except that the screening

of libraries may be based on the information generated
by in silico restriction analysis of the same or related
organisms and decide— whether to walk short distance.

We also observed that the digestion of DNA was also
a very important factor. For this the quality of the extrac-
ted DNA has to be of good quality. The DNA from dif-
ferent plants can be of varying quality depending on the
plant and the growth conditions. The best method
available for that plant DNA extraction has to be used.
Our experiments showed that the classical CTAB method
(Rogers and Bendich, 1994) was the best for rice and
related plants. However, for other plants the best method
available for each species should be used.

Conclusion

Our studies demonstrate that the RAGE-PCR can be an
easy and efficient tool for isolating the uncloned 5' or 3'
regions of a known sequence. This can be a valuable tool
for isolation of promoters of genes from organisms whose
genomes have not been sequenced. This has been
demonstrated in this study with the wild relatives of rice,
where information from a heterologous sequence was
used to isolate the O. rufipogon and O. malampuzhaensis
Asr1 promoter. However, the technique is limited by the
complexity of the genomes especially the size. The
presence of multiple copies of target gene or if target
gene belongs to a family of homologous genes could also
lead to complex results. In such cases the design of the
gene specific primer has to be with utmost caution to
avoid mispriming from related sequences. In relatively
simple prokaryotic genomes like Cylindrospermum, these



may not be limiting factors as we obtained amplifications
with all the four different enzymes that we used demon-
strating the efficiency of the RAGE-PCR as a strong tool
in genomics.
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