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PCR with End Trimming and Cassette
Ligation: A Rapid Method to Clone
Exon—Intron Boundaries and a 5'-Upstream
Sequence of Genomic DNA Based on a

cDNA Sequence

Hiroyuki lwahana, Toshiyuki Tsujisawa, Rumi Katashima, Katsuhiko Yoshimoto,

and Mitsuo Itakura

Otsuka Department of Clinical and Molecular Nutrition, The University of Tokushima, Tokushima 770, Japan

We described a method for PCR am-
plification of unknown flanking ge-
nomic DNA fragments. This method
is a combination of PCR with ‘‘end-
trimming method” and ‘cassettes
and cassette-primers method”’. In
this method, genomic DNA was di-
gested with three different groups of
restriction enzymes. DNA in group 1
was digested with BamH|, Bglll, Fbal,
or Mbol. DNA in group 2 was digested
with Binl, Nhel, Spel, or Xbal. DNA in
group 3 was digested with Sall or
Xhol. Digested DNA in each group
was end-trimmed with Klenow frag-
ment of DNA polymerase | in the
presence of only one dNTP; dGTP,
dCTP, and dTTP for group 1, 2, and 3,
respectively. The synthesized cas-
settes, C1, €2, and €3, had §' protrud-
ing sequences of 5'-ATC-3', 5'-TAG-3/,
and 5'-CGA-3’, respectively. Each
compatible cassette was ligated to
the end-trimmed DNAs in group 1-3,
respectively. Nested PCR was then
performed using an end-trimmed
and cassette-ligated DNA as a tem-
plate. Primers annealing to known
sequences and cassettes were used
for the nested PCR. The amplified
DNA fragments were electro-
phoresed on a polyacrylamide gel
and purified. The sequences of the
DNA fragments were determined af-
ter cloning into pBluescript.

The PCR method, which permits spe-
cific in vitro amplification of DNA frag-
ments, has found many applications in
molecular biology. However, the PCR
amplification of unknown flanking DNA
fragments is difficult, because PCR re-
quires two target-specific primers an-
nealing to both ends of the DNA frag-
ment to be amplified. To overcome this
limitation, several methods have been
developed.(1-10:.13-15

Inverse PCR™ involves restriction en-
zyme digestion and circularization by in-
trastrand end-to-end ligation. The fol-
lowing PCR using primers directing
toward an unknown sequence amplifies
the flanking sequence. Panhandle PCR®
and targeted inverted repeat amplifica-
tion® involve restriction enzyme diges-
tion of genomic DNA and ligation of a
complementary oligonucleotide to the
known core sequence. Denaturation and
reannealing form a stem-loop within
complementary strands with a 3’ re-
cessed end, followed by filling with tem-
plate-directed polymerization or ligation
of an oligomer. The presence of an in-
verted repeat at two sites permits PCR
amplification of the unknown flanking
DNA. Anchored PCR™ involves attach-
ment of a homopolymer tail to the first-
strand cDNA by terminal deoxynucleoti-
dyl transferase that undergoes template-
independent polymerization. PCR is
performed using one primer annealing

4:19-25©1994 by Cold Spring Harbor Laboratory Press ISSN 1054-9803/94 $5.00

to a known sequence and another
primer annealing to a homopolymer
tail. In ligation-anchored PCR,® T4 RNA
ligase is used to attach a designed DNA
oligomer instead of forming a ho-
mopolymer strand to the first-stand
cDNA.

An end-trimming method®” ampli-
fies a cDNA fragment using one compat-
ible primer to a known sequence and an-
other oligo(dT) primer. The PCR product
is end-trimmed by T4 DNA polymerase
in the presence of only one dNTP to cre-
ate a sticky end to a corresponding vec-
tor. Cassettes and cassette-primers
method,” cassette-ligation mediated
PCR,® capture PCR,” and vectorette
PCR,"? involve restriction enzyme di-
gestion of cDNAs or genomic DNAs and
their ligation to oligonucleotides or vec-
tor sequences to create universal primer-
annealing sites. PCR, in these methods,
utilizes one specific compatible primer
to a known sequence and another uni-
versal primer that anneals to the univer-
sal sequence. Roberts et al. have success-
fully defined the exon structure of the
entire human dystrophin gene, which
consists of 79 exons, using vectorette
PCR and direct sequencing.!*-*? PCR in
other methods makes use of nonspecific
or partially specific primers. Targeted
gene walking'® makes use of sets of spe-
cific and nonspecific primers to amplify
an unknown flanking DNA sequence. A
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single primer was shown to be useful in
cloning genomic sequences adjacent to a
known sequence."* Restriction-site PCR
to amplify an unknown flanking se-
quence to a known locus was performed
using a combination of a known se-
quence-specific primer and another
primer specific to a restriction enzyme
recognition sequence.'

We have described previously two
methods of end-trimming method and
cassettes and cassette-primers method to
amplify adjacent cDNA fragments by
PCR.©?) In this paper a new method for
PCR amplification of unknown flanking
DNA fragments is based on a combina-
tion of end-trimming method and cas-
settes and cassette-primers method,
which we named “PCR with end trim-
ming and cassette ligation (ETCL-PCR).”
Using this method we successfully am-
plified DNAs of exon—intron boundaries
and a promoter region of the rat ami-
dophosphoribosyltransferase (ATase)
gene.

MATERIALS AND METHODS
DNA Isolation

The rat genomic DNA was prepared from
the liver of a 7-week-old male Wister rat
by the standard method.*®

Synthesis of Oligomers

We have synthesized oligomers, which
are listed in Table 1, by an Applied Bio-
systems 392 DNA/RNA synthesizer (Fos-
ter City, CA). oRB613 is a main cassette
oligomer (MC oligomer) and has two re-
striction enzyme recognition sites of Sall

and Notl. oRB611, oRB659, and oRB658
are adaptor cassette oligomers (AC oligo-
mers). oRB183 and oRB185, of which se-
quences are the same as the rat ATase
¢DNA,” are primers annealing to the
known sequence of the rat ATase gene
hopefully in one coding exon, and
oRB404 and oRB656 are primers anneal-
ing to cassettes.

Constructing Cassettes

Cassettes 1-3 (C1-C3) were constructed
by annealing an MC oligomer of oRB613
to AC oligomers of oRB611, oRB659, or
oRB658, respectively (Fig. 1). Ten nano-
moles of oRB613 was mixed with 10
nmoles each of oRB611, oRB659, and
oRB658 in a total volume of 100 pl
These mixtures were heat-denatured at
90°C for 3 min and cooled on ice for 5§
min. Then, mixed oligomers annealed to
each other and formed a double-
stranded cassette. C1-C3 had the 5’ pro-
truding sequences of 5'-ATC-3', 5'-TAG-
3’, and 5'-CGA-3’, respectively.

End-trimming and Cassette-ligation
Method

The flowchart of PCR with end trimming
and cassette ligation is shown in Figure
2. The case of Binl digestion is depicted
as an example. All 10 enzymes used in
this study are listed in Table 2.

Step 1: Restriction Enzyme Digestion

The rat genomic DNA (0.5-1 pg) was di-
vided into three groups. DNA in group 1
was digested with 5-10 units of BamHI

TABLE 1 Sequences of Oligomers for Constructing Cassettes and

PCR Amplifications
Names Sequences Notes
0RB613 5'-CCTCTTCGCTATTACGCCAGTCGAC main cassette oligomer

GCGGCCGCAAATC-3'
oRB611 5'-ATCGATTTGCGGCCA -3’
oRB659 5'-TAGGATTTGCGGCCA -3’
oRB658 5'-CGAGATTTGCGGCCA -3’
oRB404
oRB656

oRB183

oRB185

5'-CCTCTTCGCTATTACGCCAG-3’
5'-AATAAGTCGACGCGGCCGCAAATC-3'

5'-CATCTATGAGAACAATTCTTTTGCC- 3’

5-TTAAAGTTGTCAGACAACACGCCGA -3’

adaptor cassette oligomer for C1
adaptor cassette oligomer for C2
adaptor cassette oligomer for C3
outer primer annealing to cassette
inner primer annealing to cassette

outer primer annealing to the rat
ATase gene

inner primer annealing to the rat
ATase gene

The underlined letters indicate the sequence to create restriction enzyme recognition sites for
Sall and Notl. The italic letters show the 5’ protruding sequence complementary to the end-

trimmed DNAs.
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[New England BioLabs (NEB), Beverly,
MA], Bglll (Takara, Kyoto, Japan), Fbal
(Takara), or Mbol (Takara) in a buffer rec-
ommended by the manufacturer in a to-
tal volume of 30 pl at 37°C for overnight.
In the same way, DNA in group 2 was
digested with 5-10 units of BInl (Takara),
Nhel (NEB), Spel [Boehringer Mannheim
GmbH, (BMG), Mannheim, Germany],
or Xbal (BMG), and DNA in group 3 was
digested with 5-10 units of Sall (NEB) or
Xhol (BMQG).

Step 2: End Trimming

To the restriction enzyme-digested DNA
in groups 1-3 in 30 pl, 1 pl of 5 mMm
dGTP, dCTP, or dTTP was added, respec-
tively. Then, 2 units of Klenow fragment
of DNA polymerase I (Toyobo, Osaka, Ja-
pan) in 0.5 pl was added to DNA in each
group and these mixtures were incu-
bated at 30°C for 15 min. Thus, restric-
tion enzyme-digested ends of DNA in
each group were end-trimmed only with
G, C, or T, respectively. Klenow fragment
of DNA polymerase I was inactivated by
heat treatment at 75°C for 10 min, fol-
lowed by ethanol precipitation.

Step 3: Cassette Ligation

Ethanol-precipitated DNA in each group
was ligated with 100 pmoles of C1-C3,
respectively, using a DNA ligation kit
(Takara) at 16°C, from several hours to
overnight in a total volume of 10 pl. Af-
ter the ligation reaction, DNA in each
group was ethanol-precipitated and dis-
solved in 10 pl of deionized and auto-
claved water (DA water).

Step 4: Initial PCR Amplification

The initial PCR amplification was per-
formed using a pair of primers of
oRB185, an outer primer designed to an-
neal to the rat ATase gene, and oRB404,
an outer primer annealing to cassettes,
and 1 pl of each end-trimmed and cas-
sette-ligated DNA as a template in a total
volume of 10 pl. Because the 5’ ends of
cassettes have no phosphate, the cas-
settes were ligated only to end-trimmed
DNAs at their 3’ ends. Therefore, only
oRB183 could work as a primer in the
first cycle of PCR, and oRB404 could
work as a primer only from the second
cycle of PCR. oRB611, oRB659, and
oRB658 have a mismatched A at their 3’
ends. Thus, they could not work as a
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oRB613 5'HO-CCTCTTCGCTATTACGCCAGTCGACGCGGCCGCAAATC-OH 3'
+
oRB611 5 'HO-ATCGATTTGCGGCCA-OH 3'
oRB659 5'HO-TAGGATTTGCGGCCA-OH 3'
oRB658 5'HO-CGAGATTTGCGGCCA-OH 3'
, Cassette for
C1 5'HO-CCTCTTCGCTATTACGCCAGTCGACGCGGCCGCAAATC-OH 3" Bam W, Bgl Il
3'HO-ACCGGCGTTTAGCTA-OH 5' Fpaland Mbo |
Cassette for
C2 5'HO-CCTCTTCGCTATTACGCCAGTCGACGCGGCCGCAAATC-OH 3' Bin |, Nhel,
3 HO-ACCGGCGTTTAGGAT-OH 5' Spe land Xba |
C3 5'HO-CCTCTTCGCTATTACGCCAGTCGACGCGGCCGCAAATC-OH 3 ' Cassette for

3 'HO-ACCGGCGTTTAGAGC-OH 5 ' Salland Xhol

FIGURE 1 Schematic presentation of the construction of cassettes. The main cassette oligomer
oRB613 was mixed with each of adaptor cassette oligomers oRB611, oRB659, and oRB658 in an
equal amount in molar value. The mixtures were heat-denatured and annealed by cooling on ice.
We named cassettes consisting of o0RB611, oRB659, and oRB658 as C1, C2, and C3, respectively.
Cl1 is a cassette for BamH]I-, Bglll-, Fbal-, and Mbol-digested and end-trimmed DNAs. C2 is a
cassette for Binl-, Nhel-, Spel-, and Xbal-digested and end-trimmed DNAs. C3 is a cassette for Sall-
and Xhol-digested and end-trimmed DNAs.
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FIGURE 2 The flowchart of PCR with end trimming and cassette ligation in the case of Blnl-
digestion. The rat genomic DNA was digested with Blnl and partially filled with dCTP using
Klenow fragment of DNA polymerase I. C2 cassette was ligated to the Binl-digested and end-
trimmed DNA. The initial PCR was performed using oRB183, an outer primer annealing to the rat
ATase gene, and oRB404, an outer primer annealing to cassette. oRB183 can work as a primer
from the first cycle of the initial PCR, but oRB404 cannot work as a primer until the second cycle
of the initial PCR, because the dephosphorylated 5’ end of C2 is not ligated to the genomic DNA.
The initial PCR product, diluted 10X, was used as a template in the nested PCR. The nested PCR
was carried out using oRB18S5, an inner primer annealing to the rat ATase gene, and oRB656, an
inner primer annealing to cassette. 0RB656 has two endonuclease recognition sites of Sall and
Notl. Solid lines, broken lines, and thick, bold lines indicate known sequence, unknown se-
quence, and cassette, respectively.

primer on the cassette sequence. The
PCR products of the initial PCR were di-
luted 10 times by DA water and used as
templates in the nested PCR.

Step 5: Nested PCR Amplification

The nested PCR was performed using a
pair of primers oRB183, an inner primer
annealing to the rat ATase gene, and
ORB656, an inner primer designed to an-
neal to cassettes, in a total volume of 10
pl. The initial and nested PCR amplifica-
tions were performed in a mixture con-
taining 1 uM each of two primers, 200 uM
each of four deoxyribonucleotides, 0.025
U/pl of Tag DNA polymerase (Kurabo,
Osaka, Japan) in buffer containing 10
mum Tris-HCI (pH 9.0 at 25°C), 50 mm
KCl, 1.5 mm MgCl,, and 0.1% Triton
X-100. Thirty cycles of the reaction at
95°C, §5°C, and 72°C for 1, 1, and 3 min,
respectively, were carried out in a Pro-
gram Temp Control System PC-700
(Astec, Fukuoka, Japan).

Electrophoresis and Detection of
PCR Products

The PCR products of the second PCR
were electrophoresed on an 8% poly-
acrylamide gel. The amplified DNA frag-
ments were visualized by ethidium
bromide staining and UV trans-illumina-
tion.

Isolation of PCR-amplified DNA
Fragments

The DNA fragments amplified by the
nested PCR were amplified again using
the same set of primers and template at a
scaled-up volume of 50 pl. To remove
overhanging nucleotide added by Tag
DNA polymerase at the 3’ end, 2 units of
Klenow fragment of DNA polymerase I
was added to the reaction mixture and
incubated at 30°C for 20 min. Electro-
phoresis was performed on an 8% poly-
acrylamide gel, and DNAs were visual-
ized with ethidium bromide staining
and UV trans-illumination. The ampli-
fied DNA fragments were cut out and ex-
tracted by the “crush and soak’’ method
with slight modification as described
previously."” The recovered DNA was
dissolved in 50 pl of DA water and quan-
titated using a DU-64 spectrophotometer
(Beckman, Fullerton, CA).
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TABLE 2 Combinations of Restriction Enzymes and Cassettes Applicable for PCR
with End Trimming and Cassette Ligation

Cassettes
Restriction Restriction Enzyme End and their
enzymes sequences digestion trimming 5’ ends
BamHI §'-GGATCC-3' | §'-G _, 5-GG
3'-CCTAGG-5' 3'-CCTAG-5' 3'-CCTAG-%
Bglll S-AGATCT-3' _ §'-A _, 5-AG
3'-TCTAGA-5' 3'-TCTAG-5' 3-TCTAG-5' 5S"-ATCG--3’ Cc1
Fbal S'-TGATCA-3' _ §'-T o516 C---§'
3'-ACTAGT-5' 3'-ACTAG-S' 3'-ACTAG-%
Mbol 5'--GATC--3"_ §'-- . 5--6G
3'--CTAG--5 3'--CTAG-S' 3'--CTAG-§
Binl §-CCTAGG-3' _, §'-C _ 5-CC
3'-GGATCC-5' 3'-GGATC-5' 3'-GGATC-§’
Nhel 5'-GCTAGC-3' _, §'-G - 5-GC
3'-CGATCG-5' 3'-CGATC-S" 3'-CGATC-5' 5'-TAGG--3' o)
Spel S'-ACTAGT-3' _, §'-A _, §"-AC C---5'
3'-TGATCA-§ 3'-TGATC-S' 3'-TGATC-5'
Xbal S-TCTAGA-3' _ §'-T 5-TC
3'-AGATCT-S' 3'-AGATC-5' 3'-AGATC-5
Sall §'-GTCGAC-3' _, 5'-G - 5-GT
3'-CAGCTG-5' 3'-CAGCT-5' 3'-CAGCT-5' 5-CGAG--3' c3
Xhol §'-CTCGAG-3' _, §'-C ., 5-CT C---5'
3'-GAGCTC-5' 3'-GAGCT-S" 3'-GAGCT-5'

Cloning of PCR Products

The amplified DNA fragment (0.01-0.02
ng) was digested with 5 units of Notl
(BMGQG) in the buffer recommended by a
manufacturer in a total volume of 10 ul.
pBluescript II SK(+) (0.1 pg; Stratagene,
La Jolla, CA) was digested with 5 units of
Notl and EcoRV (Takara) in the buffer

3 4

5 6 7 8 9

recommended by the manufacturer in a
total volume of 10 pl. The restriction en-
zyme-digested DNA fragment and pBlue-
script were combined and ethanol-pre-
cipitated. The DNA fragment and
pBluescript were ligated using a DNA li-
gation kit (Takara) in a total volume of 6
pl. The competent JM109 cell was trans-
formed with recombinant pBluescript.

10 11

bp

FIGURE 3 A gel image of the nested PCR products. The nested PCR was performed using oRB185
and oRB656, and its products were electrophoresed on an 8% polyacrylamide gel and visualized
with ethidium bromide staining and UV trans-illumination. (Lane 1) DNA size markers of Haelll-
digested ¢x174; (lanes 2—11) the nested PCR products starting from BamH]I-, Bglll-, Fbal-, Mbol-,
Binl-, Nhel-, Spel-, Xbal-, Sall-, and Xhol-digested and end-trimmed DNAs, respectively.
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Plasmid DNA was prepared by a small-
scale alkaline lysis method.'®

Nucleotide Sequencing and
Computer-Aided Analysis

Nucleotide sequence was determined us-
ing the Tag Dye Primer Cycle Sequenc-
ing Core Kit (401112) in the ABI 373A
sequencer. Cloned pBluescript was used
as a template. The nucleotide sequence
identity between the rat ATase cDNA and
part of newly cloned genomic DNA was
analyzed using the SDC-GENETYX ver-
sion 8.0 program (SDC, Tokyo, Japan).

RESULTS

As shown in Figure 1, constructed cas-
settes of C1-C3 have the 5’ protruding
sequences of 5'-ATC-3’, 5'-TAG-3’, and
5'-CGA-3’, respectively. Because these
cassettes have no phosphate at the 5’
end and their ends are not complemen-
tary to each other, they never ligate to
themselves.

DNA in group 1 was digested with
BamHI, Bglll, Fbal, or Mbol and end-
trimmed by partial filling with dGTP us-
ing Klenow fragment of DNA poly-
merase [. Their ends are complementary
to C1 but not to themselves (Table 2). In
the same way, DNA in group 2 was di-
gested with BInl, Nhel, Spel, or Xbal and
partially filled with dCTP with their ends
complementary to C2 (Table 2). The Sall-
or Xhol-digested and dTTP-filled DNAs
in group 3 have complementary ends to
C3 (Table 2).

Figure 3 shows the results of an am-
plified exon—intron boundary of the rat
ATase gene by ETCL-PCR. The rat ge-
nomic DNA isolated from the liver was
digested with BamHI, Bglll, Fbal, Mbol,
Binl, Nhel, Spel, Xbal, Sall, or Xhol. Each
of restriction enzyme-digested DNAs was
end-trimmed and cassette-ligated appro-
priately. The initial PCR amplification
was performed with a pair of primers of
oRB183 and oRB404 using end-trimmed
and cassette-ligated DNA as a template.
The nested PCR was performed with a
pair of primers of oRB185 and oRB656
using an initial PCR product diluted 10
times as a template. Lanes 2-11 of Figure
3 show the results from BamH]I-, Bgill-,
Fbal-, Mbol-, Binl-, Nhel-, Spel-, Xbal-,
Sall-, and Xhol-digested DNA, respec-
tively. Lanes 5-7 show promising bands.

The DNA fragments of lanes 6 and 7
of Figure 3 were amplified again in
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scaled-up volume of 50 pl and isolated
by the slightly modified crush and soak
method. The isolated DNA fragments
were cloned into Notl and EcoRV double-
digested pBluescript, and the nucleotide
sequences were determined (Figs. 4 and
5). As shown in Figure 4 (top), C2 was
ligated to the Binl-digested and dCTP-
filled DNA fragment. C2, as shown in
Figure 4 (bottom), was also ligated to the
Nhel-digested and dCTP-filled DNA frag-
ment.

Figure 5 shows the alignment of the
nucleotide sequence cloned by ETCL-
PCR from the rat genomic DNA with that
of the rat ATase ¢cDNA. The sequence
from 535 to 665 of the newly cloned
DNA was identical with that of the rat
ATase cDNA, whereas its 5'-end se-
quence differed from the sequence of
the rat ATase cDNA. The starting bound-
ary sequence in the unmatched se-
quence was AG, which was the consen-
sus sequence of mRNA splicing acceptor

site. This result suggested that an exon—
intron boundary of the rat ATase gene
was successfully cloned by ETCL-PCR.
Moreover, the newly cloned DNA
contained the connected sequence of C2
and Nhel recognition site and endonu-
clease recognition sites of Blnl and Mbol.
Therefore, it proved that the bands
shown in lanes 5-7 of Figure 3 were spe-
cifically amplified by ETCL-PCR.

DISCUSSION

In this paper we have described a
method of ETCL-PCR. Several other
methods to PCR-amplify unknown
flanking DNA fragments involve restric-
tion enzyme digestion followed by a li-
gation reaction,"=* 7719 but the genera-
tion of concatemers is a problem in
those methods. To avoid concatemer
formation, dephosphorylation by calf
intestinal alkaline phosphatase or redi-
gestion after ligation of oligomers was

performed but a restriction enzyme rec-
ognition site was not completely recon-
structed.*® We used several tactics to
prevent concatemer formation in ETCL~
PCR. First, the end-trimmed DNA in our
method does not ligate to itself, because
genomic DNA is digested with a restric-
tion endonuclease and partially filled
with only one kind of dNTP using Kle-
now fragment of DNA polymerase L. Sec-
ond, each synthesized cassette also does
not self-ligate, because it has no phos-
phates at the 5’ ends and no comple-
mentary ends to itself. Because of these
characteristics, the end-trimmed DNA is
expected to exclusively ligate to a com-
patible cassette.

Another merit of ETCL-PCR is its spe-
cific amplification of the desired DNA
fragment. Because the 5’ end of a cas-
sette has no phosphate, a cassette ligates
only to an end-trimmed DNA at the 3’
end of an MC oligomer of oRB613. In the
initial PCR, a primer targeted to a known
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FIGURE 4 Nucleotide sequences of the DNA fragments amplified by ETCL-PCR. (Top) ETCL-PCR was started from the rat genomic DNA, which was
Binl-digested, end-trimmed with dCTP, and ligated to C2. The nested PCR product was cloned into pBluescript, and the nucleotide sequence analysis
was performed. (Bottom) The rat genomic DNA, which was Nhel-digested, end-trimmed with dCTP, and ligated to C2, was subjected to the initial
and nested PCR and cloned into pBluescript. Nucleotide sequencing was performed using the recombinant pBluescript as a template.

PCR Methods and Applications 23


http://genome.cshlp.org/
http://www.cshlpress.com

Downloaded from genome.cshlp.org on June 23, 2026 . Published by Cold Spring Harbor Laboratory Press

Researchlli11 I EEE N B

Cassette\ Nhe |

‘CTAGCrTTTT

gDNA 1 CGCGGTGGCG GCCGCAAATC ATTGGTGGTG TGCTCATCCT TTTCCCAGTG TTTTAAACTG
p3luescript
gD NA 71 TTGTATCAAT TCCTTTGTGA GTTTCCATGG CCCTTCTTCT TTTCCTTGGA ATAGCCTATT TTCTTGTATT
gDNA 141 TCTGACTCTT CTTCATGGGG TCACACAGAA GAAGATAGCA TCTTATTTGA AAATCTATGG CCCCCACTTT
g DNA 211 TTAAAAAAGG ATAGAGCTGT TTTGTTAGCA TAGGCTTTCA ATCCCAGTAC TAGAGAAACC GAGGCAGAAG
Bin |
gD NA 281 CATTGTCATG GGTCAGAGGC CAGCCTAG AACATAGTGA AATACTTTTC CAGAAACAAG GTGACATTAT
gD NA 351 GAATGCATGC AGAATTTAGT GGTCATAGGT AGATGAGCAT GCTTACTTAG CTTCTACGTG AAAGAATAGT
g DNA 421 GCACATGTGC TATAGAGACA GTTACCTCAA GTGAATGAAT TGTCTCTCAA AGTCATGTTT
INTRORN & - = EXON 9

gD NA 491 TTAGGCCAGT TTTGCTACTA ACGTGCATTT ATTTCCCCTC GGCTGCCATA TGTGGAGGTG

* * *kk k% * * * khkkkkkhkkk khkhkkkhkhkhkhk*k
e¢DNA 1037 AGTTCCAGAA TCTGCCACGC CTGCGGCCCT GGGGTATGCG GGCTGCQATA/ IGTQGAGGTG

EXON § - » EXON 9
g DNA 561 CTGTGTAAGA ACCGGTATGT AGGAAGAACC TTCATTCAGC CAAACATGAG GCTAAGACAA CTTGGGGTTG
KREKKIIERF KEKEAREREE KAXXIIKRFT*KX hhhhhkkhhdd hhrkhrhhdkdd *rdhdrdkrhdx Fhdddrdrix
@DNA 1107 CTGTGTAAGA ACCGGTATGT AGGAAGAACC TTCATTCAGC CAAACATGAG GCTAAGACAA CTTGGGGTTG
g DNA 631 CAAAGAAATT CGGCGTGTTG TCTGACAACT TTAAATCAAG CTTATCGATA CCGTCGACCT
khkhkkhkhhhhhk khhhkhkhkhkhkhdhk hdhhkhhkhkhkdrk *kkhkhd * * * * pB]\u@@@fj@i
eDNA 1177 CAAAGAAATT CGGCGTGTTG TCTGACAACT TTAAA(&CAA AAGAATTGTT CTCATAGATG
oRB185 oRB183

FIGURE 5 Alignment of the nucleotide sequence of newly cloned DNA by ETCL-PCR with that of the rat ATase ¢cDNA. Asterisks (*) indicate the
identical nucleotide between these two sequences. gDNA and cDNA indicate the newly cloned DNA from the rat genomic DNA and the rat ATase
cDNA, respectively. The nucleotide sequence of the gDNA is numbered arbitrarily and that of the rat ATase cDNA is numbered as described by
Iwahana et al.””” The common DDBJ, EMBL, and GenBank accession number of the rat ATase cDNA is D10853.

sequence can work from the first cycle of
PCR, whereas a complementary primer
to a cassette can work only from the sec-
ond cycle of PCR. Therefore, a DNA frag-
ment, which elongates from a primer an-
nealing to a known sequence, is the only
specific fragment to be amplified. An-
other small tip is a mismatched A at the
3’ end of an AC oligomer that inhibits it
from annealing to a cassette as a PCR
primer. Because oRB656, a complemen-
tary primer to a cassette, has Sall and
Notl recognition sites, the PCR-amplified
DNA fragments can easily be cloned into
a plasmid such as pBluescript.

The average sizes of DNA fragments
produced by 4- or 6-bp recognition re-
striction enzymes are theoretically esti-
mated as 4*=256 bp or 4°=4096 bp, re-
spectively. We used one 4-bp cutter and
nine different 6-bp cutters (Table 2).
Therefore, it is estimated that there is
one 4-bp cutter recognition site in every
256 bp and there is one 6-bp cutter rec-
ognition site in every 4096/9=455 bp,
on average. Thus, the probability of am-
plifying a DNA fragment using ETCL-
PCR with these 10 different restriction
endonucleases is very high. The possibil-
ity that the designed primer overcrosses
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an exon-intron boundary could be over-
come by using multiple primers.
Following our previous cloning of rat
ATase cDNA,”” ETCL-PCR was applied to
amplify the intron sequences flanking
the exons of the rat ATase gene. As
shown in Figure 3, three DNA fragments
of 668, 384, and 224 bp were clearly am-
plified by ETCL-PCR wusing primers
oRB183 and oRB185, which annealed to
the known rat ATase cDNA sequence.
Nucleotide sequencing of these DNA
fragments revealed that a cassette, C2,
was ligated at the sites of Blnl and Nhel as
expected (Fig. 4). The alignment of nu-
cleotide sequences of the amplified DNA
fragments and the rat ATase cDNA
showed that sequence mismatch starts
from the sequence of AG, which is a con-
sensus sequence of an acceptor site of
mRNA splicing (Fig. 5). Using ETCL-PCR
and ordinary PCR we successfully ampli-
fied 20 exon-intron boundaries and a
promoter region of the rat ATase
gene.’” On the basis of the compiled
result, the genomic DNA sequence of rat
ATase consists of 11 exons and all exon—
intron boundaries conform to the con-
sensus splice junctions. oRB183 and
O0RB185 anneal to the sequence of exon

9, and the amplified DNA fragments con-
tain the boundary of intron 8 and exon 9
(Fig. 5).

The ETCL-PCR is useful because (1)
an end-trimmed DNA and a cassette do
not self-ligate and (2) a DNA fragment,
which elongates from a primer anneal-
ing to a known sequence, is the only spe-
cific fragment to be amplified; more-
over, (3) changing the 5’ end sequence
of AC oligomers makes it possible to ap-
ply ETCL-PCR to other restriction en-
zymes, which produce the §' end over-
hang, in addition to those stated in this
report.
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