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INTRODUCTION

In organisms whose genome has not yet been se�
quenced or little or no genome information is avail�
able, isolation of genes of interest remains a tedious
task even when these genes are tagged by insertion mu�
tagenesis or express sequence tags [1]. Similarly, in
these organisms, isolation of promoter sequences of
known genes, especially genes in the GC�rich regions
encounters the same challenge. Conventionally, a
standard method for isolating the promoter sequences
from known DNA sequences is through construction
and screening of genomic libraries using cDNA
probes. The conventional method is less desirable as it
is laborious and time�consuming due to the meticu�
lous experimental procedures. As a result, several
PCR�based methods have been developed and applied
in experiments to isolate gene promoter sequences.
Two of the popular methods are ligation�mediated
PCR [2, 3] and thermal asymmetric interlaced (TAIL)
PCR [4, 5]. 

For the ligation�mediated PCR technique, a few
commercial kits for genome walking have been devel�

oped including the GenomeWalker kit (“Clontech
Laboratories Inc.”, USA) and TaKaRa LA PCR in vit�
ro Cloning Kit (“Takara Bio Inc.”, Japan), which re�
quire restriction digestions of genomic DNA and liga�
tion of a double�strand DNA cassette. Unfortunately,
the GenomeWalker kit is ready to use only for human,
mouse and rat genomes [6]. In the case of algae, prep�
aration of a high�quality DNA extracts which would
be completely digested by endonucleases was reported
to be difficult [7, 8]. Michiels et al. [9] stated that the
effectiveness of ligation�mediated PCR is diminished
by undesirable amplification of PCR products that are
flanked by adaptor sequences at both ends. Further�
more, commercial kits are also laborious, time�con�
suming and costly to use. Therefore, several scientific
groups were engaged in development of simpler, more
reliable and cost�effective methods for the isolation of
promoter sequences. TAIL�PCR is currently one of
the most efficient methods for the isolation of flanking
regions from known DNA sequences. This method re�
lies on PCR amplification with use of a short arbitrary
degenerate primer coupled to nested known se�
quence�specific primers. 
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To our knowledge, although TAIL�PCR has been
successfully applied to isolate promoter sequences of
genes of interest from a number of organisms, only one
report on usage of TAIL�PCR for isolation of promot�
er sequences from algae has been published [5]. At the
time the present study was initiated, there was no re�
port on comparative studies of the efficiency of these
methods in isolating promoter sequences from algae
and other organisms.

The present study has two objectives, which are:
(i) to evaluate the efficiency of TAIL�PCR and liga�
tion�mediated PCR methods, as well as to examine
the versatility of TAIL�PCR, and (ii) to isolate a strong
native promoter, which could be used to construct ex�
pression vectors with high efficiency for genetic engi�
neering of green microalgae A. convolutus and other
algae species.

EXPERIMENTAL

Algae culture and genomic DNA isolation. Green
microalga Ankistrodesmus convolutus (A. convolutus)
was collected from axenic freshwater grown at 25°C
and 150 rpm shaking in an incubator shaker under
12:12�h light�dark cycle, and maintained in Bold’s bas�
al medium [10]. A. convolutus genomic DNA (gDNA)
was extracted as described in our previous report [11]. 

Primer synthesis. The nested specific primers, arbi�
trary degenerate (AD) primers and cassette primers
used throughout the study are shown in table 1. Based
on the known sequence of full�length AcRbcS cDNA
(GenBank no. ACQ99367), which was reported in our
previous study [11], three specific primers (RSP1,
RSP2 and RSP3) in nested positions close to the
5'�end of the coding regions of AcRbcS were designed
and synthesized. As calculated with the formula of
Mazars et al. [12], melting points (Tm) for primers de�
signed should be higher (60–62°C) than those (45–
48°C) for AD primers.

Isolation of AcRbcS promoter sequences using liga�
tion�mediated PCR. In order to isolate the promoter
region of AcRbcS gene using the ligation�mediated
PCR technique, a commercial genome walking kit,
TaKaRa LA PCR in vitro Cloning Kit, was used. The
method involves digestion of genomic DNA with suit�
able restriction enzymes, followed by ligation of the
restriction fragments with adapters, which can be am�
plified by PCR. Using the first�specific primer that an�
neals to a complement sequence and a cassette primer
C1 in this kit, which hybridizes to the adapter, an un�
known flanking genomic sequence can be amplified.
In order to improve the specificity, the second PCR
was carried out using a sequence�specific primer (Cas�
sette primer C2 in this kit), which anneals to the
adapter, and the previous PCR product as a template.
The manipulations were carried out according to the
manufacturer’s instructions, which are briefly de�
scribed in fig. 1. Approximately 7.5 µg of genomic
DNA was digested separately with 5 different restric�
tion enzymes EcoRI, HindIII, PstI, SalI and XbaI.
After purification, the digested genomic DNA was dis�
solved in 10 µL of sterilized distilled water (ddH2O)
and used for the cassette ligation reaction. The reac�
tion was performed by combining 5 µL of digested
products, 2.5 µL (20 ng/µL) of appropriate cassette,
15 μL of ligation solution I and 7.5 µL of ligation solu�
tion II. The mixture was then incubated at 16°C for 1 h
and precipitated by 0.1 volume of 3 M sodium acetate
and 2.5 volumes of cold absolute ethanol overnight.
After centrifugation, the products were suspended in
5 µL of ddH2O. In the first PCR reaction, approxi�
mately 100 ng of DNA�cassette ligation product was
denatured at 94°C for 10 min before adding 1X LA
PCR buffer II (Mg2+ plus), 400 μM dNTPs, 2.5 U LA
Taq polymerase, 0.2 µM C1 as a forward primer,
0.2 µM first�specific primer RSP2 as a reverse primer,
and ddH2O to a final volume of 50 µL. Thirty cycles of
15 s denaturing at 98°C, 30 s annealing at 60°C and

Table 1. DNA sequences of primers used

Primer Sequence (5'–3')

RSP1 CGCGATCTGCTCGTCGTTCA

RSP2 TTCACGGGCTGCCACACCAT

RSP3 TGAGACGGAGGGCCATTGCT

C1 GTACATATTGTCGTTAGAACGCGTAATACGACTCA

C2 CGTTAGAACGCGTAATACGACTCACTATAGGGAGA

AD1 (A/C/G/T)TCGA(C/G)T(A/T)T(C/G)G(A/T)GTT

AD2 (A/C/G/T)GTCGA(C/G)(A/T)GA(A/C/G/T)A(A/T)GAA

AD3 (A/T)GTG(A/C/G/T)AG(A/T)A(A/C/G/T)CA(A/C/G/T)AGA

AD4 AG(A/T)G(A/C/G/T)AG(A/T)A(A/C/G/T)CA(A/T)AGG

AD5 (A/T)GC(A/C/G/T)AGT(A/C/G/T)AG(A/T)A(A/C/G/T)AAG

AD6 A(A/T)GCA(A/C/G/T)G(A/C/G/T)C(A/T)GA(A/C/G/T)ATA

AD7 A(A/T)GCA(A/C/G/T)G(A/C/G/T)C(A/T)GA(A/C/G/T)ATA

5
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2 min extension at 72°C were completed, followed by
a final extension at 72°C for 10 min. The second PCR
was conducted using 50 ng of the first PCR product as
a template, 0.2 μM second�specific primer RSP3 as a
reverse primer, 0.2 µM C2 as a forward primer. The
other reagents as well as the cycling conditions used for
the second PCR were the same as the first PCR. All of
the PCR reactions were carried out using a PTC�200
Peltier Thermal machine (“MJ Research”, USA). Af�
ter separating the products by 1.2% (w/v) agarose gel
electrophoresis, target DNA bands were purified by a
QiaquickGel Extraction Kit (“Qiagen”, Germany),
cloned into a pGEM�T Easy Vector System (“Prome�
ga”, USA) and sequenced commercially.

Isolation of AcRbcS promoter sequences using
TAIL�PCR. In order to allow chromosome walking
beyond the known gene sequences into the unknown
5'�flanking regions, an alternative method called ther�
mal asymmetric interlaced polymerase chain reaction
(TAIL�PCR), originally described by Liu and Whittier
[13], was employed to isolate the promoter region of
known DNA sequences. By using a set of nested
known sequence�specific primers with a Tm of more
than 65°C in consecutive reactions together with a
shorter (15–16 nucleotides) AD primer with a lower
Tm (about 45°C) and 64–256 folds of degeneracy, the
relative amplification efficiencies of specific and non�
specific products can be thermally controlled [13, 14]. 

Basically, one low�stringency PCR cycle was car�
ried out to create an annealing site adapted for the ar�
bitrary primer within the unknown target sequence
flanking to the known segment. This sequence was

then amplified preferentially over nonspecific prod�
ucts by interspersion of high�stringency PCR cycles
with reduced�stringency PCR cycles. In this study,
TAIL�PCR amplification was carried out using the
nested sequence�specific primers RSP1, RSP2 and
RSP3 as reverse primers pairing with AD primers as
forward ones (fig. 2). The primary PCR reaction mix�
ture consisted of Taq polymerase buffer supplied with
the enzyme, 200 µM dNTPs, 0.2 µM RSP1 primer,
5 µM of any one of the AD primers, 1 U of HS Taq
polymerase (“Takara Bio Inc.”, Japan), and 50 ng of
genomic DNA. The secondary PCR reaction consist�
ed of Taq polymerase buffer supplied with the enzyme,
200 µM dNTPs, 0.8 U of HS Taq polymerase, 0.2 µM
RSP2 primer, 4 µM of the AD primer used in the pri�
mary reaction, and 50�fold dilution of the primary
PCR product. The tertiary PCR mixture consisted of
Taq polymerase buffer supplied with the enzyme,
200 µM dNTPs, 0.5 U of HS Taq polymerase, 3 µM of
the AD primer used in the previous reactions, 0.3 µM
RSP3 primer, and 10�fold dilution of the secondary
PCR product. The TAIL�PCR protocol was per�
formed according to the method described by Liu and
Whittier [13] with some minor modifications. The
thermal cycling conditions are summarized in table 2.
Finally, the products of the three PCRs were separated
by 1.2% (w/v) agarose gel electrophoresis, and the tar�
get fragments were purified by a QiaquickGel Extrac�
tion Kit (“Qiagen”, Germany) before cloning into the
pGEM�T Easy Vector System (“Promega”, USA) and
then sequenced commercially to get the promoter se�
quence of AcRbcS.

Genomic DNA

1
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4

C1 C2

Cassette

5'
3'

RSP3 RSP2

Ligation

Known region

Unknown region

Digestion with separate restriction enzymes
(EcoRI, HindIII, PstI, SalI and XbaI) 

First PCR (C1 and RSP2 as primers)

Second PCR (C2 and RSP3 as primers)

5'
3'

Known region

Unknown region Unknown region

Fig. 1. Schematic diagram of the ligation�mediated PCR method with use of the TaKaRa LA PCR in vitro Cloning Kit.
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RESULTS AND DISCUSSION

Isolation of high molecular weight DNA from algae
that is suitable for the isolation of promoters, con�
struction of a genomic library, as well as digestion with
restriction endonucleases, cloning, hybridization and
PCR amplification is considered as an important issue
[8, 15]. The diversity of cell wall, storage and second�
ary compounds further contribute to the difficulties
and complications of isolation of high quality genomic
DNA, especially in high quantities. Therefore, a

method that works with one algae species will often fail
with others. In this study, the genomic DNA extract of
sufficiently high quality, with no sign of degradation (data
not shown), in good supply has been obtained. The iso�
lated DNA sample was perfectly suitable for further ma�
nipulations on the isolation of A. convolutus RbcS pro�
moter sequences by using PCR�based methods.

In order to isolate the promoter sequences of the
A. convolutus RbcS (AcRbcS) gene using the ligation�
mediated PCR method, primers RSP2, RSP3 and five
different templates (resulting from digestion of ge�

RSP3 RSP2 RSP1

Known region

Unknown region

5'
3'

1

2

3

5'
3'

AD

AD

ADAD

AD

ADAD

AD

RSP1

RSP1RSP1

RSP2

RSP3

Primary reaction (AD and RSP1 as primers)

Secondary reaction (AD and RSP2 as primers)

Tertiary reaction (AD and RSP3 as primers)

Fig. 2. Schematic diagram of TAIL�PCR showing the amplification of the target (full line) with non�targeted (dashed line) products.

Table 2. Cycle settings used for TAIL�PCR

Reaction (Primer combination) Number of cycles Thermal cycling conditions

Primary (ADs/RSP1) 1 95°C, 1 min; 95°C, 1 min

5 97°C, 1 min; 62°C, 1 min; 72°C, 2.5 min

1 97°C, 1 min; 25°C, 3 min; ramping to 72°C, over 3 min; 72°C, 2.5 min

15* 97°C, 30 s; 68°C, 1 min; 72°C, 2.5 min

97°C, 30 s; 68°C, 1 min; 72°C, 2.5 min

97°C, 30 s; 44°C, 1 min; 72°C, 2.5 min

1 72°C, 7 min

Secondary (ADs/RSP2) 12* 97°C, 30 s; 64°C, 1 min; 72°C, 2.5 min

97°C, 30 s; 64°C, 1 min; 72°C, 2.5 min

97°C, 30 s; 44°C, 1 min; 72°C, 2.5 min

1 72°C, 7 min

Tertiary (ADs/RSP3) 20 97°C, 1 min; 44°C, 1 min; 72°C, 2.5 min

1 72°C, 7 min

* These are nine�thermal�segment supercycles, each consisting of two high�stringency and one reduced�stringency cycle.

5*
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nomic DNA with EcoRI, HindIII, PstI, SalI and
XbaI) were used. Among the amplification products,
the DNA fragment of approximately 800 bp in length
(fig. 3, lane 6), obtained from the second PCR product
using PstI�restricted gDNA as a template, was recov�
ered, cloned into the pGEM�T Easy Vector System
and sequenced. Unreadable segments of the obtained
DNA sequence were removed, and the residual 606 bp
fragment had a 44 bp sequence at the 3'�end, which
perfectly overlapped with the sequence at the 5'�end of
AcRbcS cDNA. This indicated that the fragment ob�
tained by ligation�mediated PCR method was un�
doubtedly a fragment of the AcRbcS gene promoter.

Using this method allowed us to obtain good amplifi�
cation only in one of the five templates derived from
restriction digestion of genomic DNA with different
enzymes. As may be supposed, too many or too few re�
striction sites for the selected enzymes in the genome
of A. convolutus are presented, so the restricted frag�
ments were too small to give a specific amplification or
the effective size of the digested DNA fragment was
too long to be amplified. In short, finding suitable re�
striction sites and subsequently ligating them is often a
trick, when using the ligation�mediated PCR method
is unfeasible because the information on restriction
sites of the fragment is usually not available in ad�
vance. In addition, there is no guarantee that the di�
gestion with a particular restriction enzyme will be
successful, thus making it necessary to try different re�
striction enzymes. The success of the ligation�mediat�
ed PCR to amplify target products greatly depends on
the quality of the genomic DNA and location of the
restriction sites in the genome.

Meanwhile, for the second experiment using
TAIL�PCR to amplify the AcRbcS gene promoter se�
quences, a total of 7 AD primers were screened (data
not shown). Out of them, four primers were found to
produce desired products. These AD primers were
used in combination with a set of nested specific prim�
ers (RSP1, RSP2 and RSP3). Four groups of amplifi�
cation products were obtained from three rounds of
TAIL�PCR, among them, the products obtained using
the AD7 primer were the best (fig. 4). As a result, the
DNA fragment of approximately 1.2 kb in length (fig. 4,
lane 12), obtained from the tertiary TAIL�PCR prod�
ucts amplified by the AD7 primer, was recovered,
cloned into the pGEM�T Easy Vector and sequenced.
After eliminating the unreadable sequences, a frag�
ment of 813 bp was obtained and then aligned with the
isolated AcRbcS promoter fragment as mentioned
above using the Bioedit 7.0.5 Software [16]. The se�
quence alignment results showed the 606 bp sequence
at 3'�end of the DNA fragment was in line with the
whole sequence of AcRbcS promoter fragment obtained
from ligation�mediated PCR. Herein, the 813 bp DNA
sequence was regarded as the target AcRbcS promoter.
This result indicated that the high specificity of the AD
primer is certainly one of the keys to success. It be�
comes possible if conserved motifs are found in the ho�
mologies with a known sequence and a set of arbitrary
degenerate primers is screened in order to determine
the most specific ones. According to Sahdev et al. [17],
it is difficult to amplify the GC�rich DNA sequences
with GC content greater than 65% by common PCR,
since GC�rich regions within a template generate a
complex secondary structure that prohibits denaturing
steps during the PCR amplification process. There�
fore, denaturating promoter regions of such GC�rich
genome in the green microalgae A. convolutus is not a
simple task. In order to minimize this problem and en�
sure the greater success of using the TAIL�PCR tech�
nique on the isolation of RbcS promoter sequences, we
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Fig. 3. Electrophoresis of products of ligation�mediated
PCR carried out with use of the TaKaRa LA PCR in vitro
Cloning Kit. The recovered fragment is marked with a
white arrow. Line M – 1 kb DNA ladder; 1 and 2 – prod�
ucts of the first and second PCR using EcoRI�restricted
gDNA as a template; 3 and 4 – products of the first and
second PCR using HindIII�restricted gDNA as a tem�
plate; 5 and 6 – products of the first and second PCR using
PstI�restricted gDNA as a template; 7 and 8 – products of
the first and second PCR using SalI�restricted gDNA as a
template; 9 and 10 – products of the first and second PCR
using XbaI�restricted gDNA as a template; 11 and 12 –
negative controls of the first and second PCR.

Fig. 4. Triple electrophoresis of the TAIL�PCR products.
The recovered fragment is marked with a white arrow. Lane
M – 1�kb DNA ladder; 1, 2 and 3 – products of the prima�
ry, secondary and tertiary TAIL�PCR using the AD1 prim�
er; 4, 5 and 6 – products of the primary, secondary and ter�
tiary TAIL�PCR using the AD3 primer; 7, 8 and 9 – prod�
ucts of the primary, secondary and tertiary TAIL�PCR
using the AD4 primer; 10, 11 and 12 – products of the pri�
mary, secondary and tertiary TAIL�PCR using the AD7
primer.
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have optimized the conditions using different combi�
nations of reagent concentration/denaturizing tem�
perature. For this, optimization of the concentrations
of AD primers and Taq DNA polymerase was per�
formed and high denaturing temperatures were used.
Once the conditions were optimized, the length of the
final amplified product was remarkably improved
compared with that of ligation�mediated PCR.

Taking all together, our results showed that the am�
plification efficiency of TAIL�PCR was higher than
that of the ligation�mediated PCR method with the
amplified promoter fragments of 1.2 and 0.8 kb in
length corresponding to the promoter sequences of
813 and 606 bp after eliminating the unreadable se�
quences. The suitable restriction enzyme for the sub�
sequent successful digestion was also selected for liga�
tion�mediated PCR. The presence of undesirable am�
plification of PCR products flanked with the DNA
cassette sequence at both ends is not favorable for am�
plification of the target sequence.

Although using of several commercial kits for the
isolation of regions flanking to a known DNA se�
quence helps to minimize this problem by modifying
the cassette structure [18], complete prevention of
PCR amplification of non�target sequences is diffi�
cult. Although TAIL�PCR is one of the most common
methods used for isolation of flanking regions from
known sequences, success is not always guaranteed be�
cause of problems with non�specificity and/or low
quantities of the amplified products that often occurs
in organisms with high�complexity of the genome,
such as green microalgae Chlamydomonas [19].

In conclusion, since its development, TAIL�PCR
has become an extremely valuable and versatile tool in
all research involving recovery of unknown genomic
sequences adjacent to known sequences. It is not only
utilized in functional genomics, detection of geneti�
cally modified material in food and screening of trans�
genic plants, but also in the isolation of promoter se�
quences. In comparison with the ligation�mediated
PCR technique, TAIL�PCR has been shown to be an
economical, efficient and rapid method for isolating
the promoter region of the RbcS gene from A. convolu�
tus. The results of the present study have shown that
the advantages and efficiency of the TAIL�PCR meth�
od make it the preferable approach for isolating the
promoter sequences of A. convolutus. This study has
successfully demonstrated the efficiency and useful�
ness of TAIL�PCR and ligation�mediated PCR meth�
ods for isolating the promoter sequences from green
microalgae A. convolutus and is the first report for this
species. The isolated promoter is being used for our
follow�up studies on the establishment of an alterna�
tive expression system using this microalga. Finally,
this study suggests that it is possible to isolate promoter
sequences from most algae species by using TAIL�
PCR method. This contributed to the advancement of
knowledge on isolation of promoter sequences from

algae and other organisms which have no genome in�
formation.
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