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T-cassette Ligation: A Method for Direct
Sequencing and Cloning of PCR-amplified

DNA Fragments

Hiroyuki Iwahana, Katsuhiko Yoshimoto, Toshiyuki Tsujisawa, and Mitsuo Itakura

Otsuka Department of Clinical and Molecular Nutrition, School of Medicine, The University of Tokushima,

We describe a method to ligate a
PCR-amplified DNA fragment with
T-protruding cassettes, which have
multiple sites for endonuclease, pro-
moter sequences of T3 and T7, and
annealing sites for the universal M13
forward and reverse primers. This
method, which we named T-cassette
ligation, substantially facilitated di-
rect sequencing and subcloning of
PCR products. Two T-cassettes with a
protruding T at their 3’ ends were ob-
tained by annealing adaptor oligo-
mers to Xbal- or Xhol-digested pBlue-
script. A DNA fragment amplified by
the first PCR was ligated separately
to one of the two T-cassettes. The sec-
ond PCR was performed using a
primer complementary to one of the
two T-cassettes and one of the two
primers used for the first PCR to am-
plify the ligation product in low
abundance. The resultant two DNA
fragments had the T3 and T7 pro-
moter, and an annealing site for the
universal M13 forward and reverse
primer, respectively. These DNA frag-
ments were applicable to direct se-
quencing. For the purpose of sub-
cloning, the third PCR was carried
out with two primers each comple-
mentary to each of two T-cassettes
and two PCR-amplified DNAs by the
second PCR, as templates. The PCR
product of the third PCR had multi-
ple sites of the pBluescript polyclon-
ing site at both ends, facilitating its
subcloning into pBluescript.

Tokushima 770, Japan

PCR selectively amplifies a discrete
DNA segment from genomic or comple-
mentary DNA. However, subcloning of
an amplified DNA fragment into a plas-
mid is often troublesome and time-con-
suming. Because Taqg DNA polymerase
used for PCR has the template-indepen-
dent terminal transferase activity,"’ liga-
tion of a PCR product to a blunt-ended
vector is not effective.”” To overcome
this problem, blunt-ending of PCR prod-
ucts with the Klenow fragment of DNA
polymerase 1,'*' or creation of sticky
ends by introducing restriction endonu-
clease recognition sites at the 5" ends of
the two amplification primers, is often
used.** In addition so-called T vectors
were devised,'>””’ because the Tag DNA
polymerase has strong preference for
dATP in the template-independent ter-
minal transferase activity."’ Two differ-
ent ligase-independent methods to
clone amplified DNA fragments with
long annealing sequences and unligated
gaps were reported.’® ' The trimming
methods for making specific sticky ends
were reported, in which both a PCR
product and a cloning vector were
trimmed using T4 DNA polymerase and
Klenow fragment.*1!'?

Here, we developed a highly efficient
T-cassette ligation method by incorpo-
rating a PCR amplification step after li-
gation. T-cassettes with a protruding T at
the 3’ end have multiple sites for endo-
nuclease recognition, the T3 and T7 pro-
moter sequences and annealing sites for
the universal M13 forward and reverse
primer. Because of these sequences, both
direct sequencing and subcloning of a
PCR-amplified DNA fragment are greatly
facilitated.

3:219-224©1994 by Cold Spring Harbor Laboratory Press ISSN 1054-9803/94 $5.00

MATERIALS AND METHODS
Genomic DNA Isolation

High molecular weight DNA was pre-
pared from peripheral white blood cells
from a healthy volunteer and a lung can-
cer cell line of Lu6S by the standard
method."» Lu65, which was provided
by S. Hirohashi (National Cancer Center
Research Institute, Tokyo, Japan), has a
point mutation of the K-ras gene at
codon 12 [GGT(Gly) — TGT(Cys)]."*

Synthesis of Oligomers

Two adaptor oligomers oRB729(Xbal)
and oRB730(Xhol) to construct two
T-cassettes, pBluescript annealing prim-
ers of oRB14, oRB15, oRB399, and
oRB401, and primers of FIM-1 and FIM-2
to amplify the K-ras gene are listed in
Table 1. These oligomers were synthe-
sized by ABI 392 DNA/RNA synthesizer
(Applied Biosystems, Foster City, CA).

Construction of Two Annealing
T-cassettes

T-cassettes with a protruding T at their 3’
ends were constructed by the sequential
steps shown in Figure 1. pBluescript 1I
SK+ (0.5 pg; Stratagene, La Jolla, CA)
was digested with 5 units of Xbal [Boe-
hringer Mannheim GmbH (BMG), Man-
nheim, Germany} or Xhol (BMG) in a to-
tal volume of 20 ul. Five microliters each
of oRB729(Xbal) (10 pmoles/pl) and
oRB730(Xhol) (10 pmoles/pl) was added
to the Xbal- and Xhol-digested pBlue-
script, respectively. The molar ratio of an
adaptor oligomer to a linearized plasmid
was 200:1. The mixtures were heated at
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TABLE 1 Sequences of Oligomers Used for T-cassette Construction and PCR

Names Sequences Notes

oRB729(Xbal) S-ATCCACTAGTTCTAGT-3' adaptor for Xbal-digested pBluescript
oRB730(Xhol) S-TACCGT CGACCTCGAT-3’ adaptor for Xhol-digested pBluescript

oRB15 5'-GTTGTAAAACGACGGCCAGT-3' forward primer complementary to pBluescript
oRB399 S'-CGATTAAGTTGGGTAACGCC-3’ forward primer complementary to pBluescript
oRB14 5'-ACAGGAAACAGCTATGACCA-3’ reverse primer complementary to pBluescript
oRB401 S-TTATGCTTCCGGCTCGTATG-3' reverse primer complementary to pBluescript
FIM-1 S'-GGCCTGCTGAAAATGACTGA-3’ forward primer to amplify the K-ras gene
FIM-2 S'-GTCCTGCACCAGTAATATGC-3' reverse primer to amplify the K-ras gene

95°C for 3 min and annealed by cooling
to room temperature. We named the
oRB729(Xbal) annealing cassette cBT1
and the oRB730(Xhol) annealing cas-
sette cBT2.

PCR amplification and Ligation with
Two Annealing T-cassettes

The flowchart, as shown in Figure 2, in-
cludes the first PCR, ligation with one of

| pBluescript |
A 4

M13 Forward Primer

oRB399,  oRB15 _ 17 promoter

the two annealing T-cassettes, the sec-
ond and third PCRs. To amplify a 162-bp
DNA fragment of the K-ras gene in the
first PCR, mixture was made in 10 pl
containing 1 upM each of FIM-1 and FIM-2
primers, 200 pm of dATP, dCTP, dGTP,
and dTTP, 100 ng of human genomic
DNA as a template, and 0.025 U/ul of Tag
DNA polymerase (Kurabo, Osaka, Japan)
in 10 mm Tris-HCI (pH 9.0 at 25°C), con-
taining SO0 mm KCI, 1.5 mm MgCl,, and

(o]
>
14
<]
(3}
w

Hinc 1l
Ban Il

Digestion with Xba | or Xho |

M13 Forward Primer

oRB399,  oRB15

m T7 Promoter

0.1% Triton X-100. Thirty reaction cycles
at 95, 55, and 72°C for 1, 1, and 2 min,
respectively, proceeded in a Program
Temp Control System PC-700 (Astec,
Fukuoka, Japan). After the last cycle, po-
lymerization at 72°C was extended to 10
min to complete the elongation reac-
tion. After PCR amplification, electro-
phoresis was performed on an 8% poly-
acrylamide gel. A 162-bp band was cut
out and DNA was extracted by the ‘“crush

Polycloning Site of pBluescript Il SK+

T3 Promoter Y orB14 ¥ oRB401
M13 Reverse Primer

5! GGGGATCCACTAGTT Xbal -
Xba |- or CCCCTAGGTGATCAAGATC  djgested
Xho |I-digested
pBluescript reeacerceaceerarcea — I 5' Xhol-
CAT 4
CCAGCTGCCATAGCT T3 Promoter oo ~ ___ digested
M13 Reverse Primer
Heat Denaturing and
Adaptor Annealing
i ATCCACTAGTT
M13 Forward Primer G@@?@@({XE@@]» cBT1
5t ORB399, OoRBIS. 17 promoter Ge arccacracrrcracm Cassette
Adaptor- CCCC TAGGTGATCAAGATC 180 bp
annealed
T-cassettes TCGAGGTCGACGGTATCGA ———— ] 5! cBT2
9 AGCTCCAGCTGCCAT CT T3 Promoter W - Cassette
@@7@@({2&@@” G oRB14 ORB401 215 bp
A M13 Reverse Primer
CCAGCTGCCAT

FIGURE 1 Schematic presentation of the construction of T-cassettes. A plasmid of pBluescript Il SK+ was digested with Xbal or Xhol. The adaptor
oligomer of oRB729(Xbal) or oRB730(Xhol) was added to the Xbal- or Xhol-digested pBluescript, respectively. The mixtures were heat-denatured and
annealed by cooling to room temperature. We named oRB729(Xbal) annealing cassette as cBT1, and o0RB730(Xhol) annealing cassette as cBT2.
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FIM-1

B - K-ra
Human Genomic DNA s
FIM-2
First PCR +
First ' K-ras
PCR 162 bp 5, 2
Product
ATCCACTAGTT Ligation with cBT1 or cBT2
cBT1
S.ORBsggk ORB1S o 66 ATCCACTAGTTCTAG K-ras A
CCCCTAGGTGATCAAGATC 5'
FIM-2
_FIM-1 K-ras
5& /ATCGAGGTCGACGGTATCGA 5

? AGCTCCAGCTGCCAT CT§——  ~——
G

oRB14 oRB401

Second PCR * ccz;c;c-:.'t:;cczﬂ'ZIL cBT2
0RB399; ORB15‘ cBT1 K-ras
5 T A
Second A A - 9 242 bp
PCR FIM-1 K-ras Fil-2
Products 377 bp i’ ’ﬁ c
2 9 5I
_ ] cBT2 " oRB14 ORBA401
Heat Denaturing and Annealing *
oRB399  OoRB15 K-ras
5| ’_|J JA CBT2
cBT1 A T ‘__‘__5'
) oRB14  oRB401
Third PCR *
oRB399
5 — cBT1 ,,J_ K-ras A cBT2 A
- A A T ‘__5'
Third
Thir 557 bp oRB401
oRB15 K cBT2
Products o — -ras ; A
A A T —
cBT1 464 bp oRB14

FIGURE 2 PCR amplification and ligation with two T-cassettes. The first PCR was performed with a pair of FIM-1 and FIM-2 primers using a genomic
DNA as a template and a 162-bp DNA fragment of the K-ras gene was amplified. The T-cassettes of cBT1 or cBT2 were ligated to the amplified K-ras
gene. The second PCR was performed using one of primers complementary to T-cassettes (0RB399 or oRB401) and one of the primers comple-
mentary to the K-ras gene (FIM-1 and FIM-2). The K-ras gene ligated to ¢cBT1 or cBT2 was used as a template. The third PCR was carried out using
a pair of primers of o0RB399—0RB401 or 0cRB14-0RB15 complementary to T-cassettes. The second PCR products, which had c¢BT1 or cBT2 at the 5

end, were mixed and used as templates.

and soak” method"® with slight modi-
fication. Briefly, gel slice was crushed
and suspended in about 2 volumes of
elution buffer containing 0.5 M ammo-
nium acetate, 10 mM magnesium ace-
tate, 1 mm EDTA (pH 8.0), and 0.1% SDS.
The crushed gel was incubated at 37°C
for several hours with shaking and cen-
trifuged at 15,000 rpm for 2 min at 4°C.
The supernatant was transferred to a
fresh microcentrifuge tube. The pellet
was resuspended in about 0.5 volume of
elution buffer and centrifuged again.
Two supernatants were combined and
centrifuged. The supernatant was etha-
nol-precipitated twice. The recovered
DNA was dissolved in 10 wl of deionized
and autoclaved water (DA water). From
3.3 to 3.7 ng of the amplified and ex-

tracted K-ras gene in 0.5 pl and 20 ng of
cBT1 or cBT2 T-cassette in 0.5 pl were
ligated using a DNA ligation kit (Takara,
Kyoto, Japan) in a total volume of 6 .l at
16°C for 1 hr. The molar ratios of a PCR
product to a T-cassette used in the initial
ligation were 3.0-3.4:1.

The second PCR was performed using
primers (0RB399 or oRB401) comple-
mentary to T-cassettes and one of the
primers (FIM-1 and FIM-2) complemen-
tary to the K-ras gene, in a total volume
of 50 pl. One microliter of the K-ras gene
ligated to ¢BT1 or ¢BT2 was used as a
template. Forty-five microliters of the
second PCR product was electrophoresed
on an 8% polyacrylamide gel and DNA
was isolated by the slightly modified
crush and soak method. The remaining 5

wl was diluted 10 times with DA water
and used as a template for the third PCR.

The third PCR was carried out using a
pair of primers (oRB399-0RB401 or
oRB14-0RB15) complementary to T-cas-
settes in a total volume of 50 ul. The sec-
ond PCR products, which had ¢BT1 or
¢BT2 at the 5’ end, were mixed and used
as templates. The amplified DNA frag-
ment was electrophoresed and extracted
as described above. The resultant DNA
fragment was digested with Notl (BMG)
and Xhol (BMG) and cloned into pBlue-
script.

Endonuclease Digestion

Five microliters of the second or third
PCR products was digested with 5-10
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units of Kpnl (BMG), Xhol (BMG), Hin-
dIll [New England Biolabs, Inc. (NEB),
Beverly, MA], EcoRl (BMG), BamHI
(NEB), Xbal (BMG), Notl (BMG), or Sacl
(NEB) in a buffer recommended by a
manufacturer in a total volume of 20 pl.
Electrophoresis was performed on an 8%
polyacrylamide gel, and bands were vi-
sualized with ethidium bromide staining
and UV trans-illumination.

Nucleotide Sequencing

Nucleotide sequence was determined us-
ing the Taq Dye Primer Cycle Sequenc-
ing Core Kit (401112) in the ABI 373A
sequencer. The DNA fragment, which
was amplified by the second PCR and ex-
tracted by the slightly modified crush
and soak method, was used as a template
for direct DNA sequencing. The DNA
fragment, which was amplified in the
third PCR and cloned into pBluescript,
was also used as a template.

RESULTS

As shown in Figure 1, T-cassettes of cBT1
or cBT2 with a single protruding T were
constructed by digesting pBluescript
with Xbal or Xhol, heat-denaturing, and
annealing with the adaptor oligomer
oRB729(Xbal) or oRB730(Xhol).

As shown in lane 2 of Figure 3, a 162-
bp DNA fragment of the K-ras gene con-
taining codon 12 was amplified by PCR
using a pair of primers of FIM-1 and FIM-
2. The 162-bp band was cut out from the
gel and extracted. The amplified K-ras
gene was ligated to the T-cassette of cBT1
or cBT2 and used as a template for the
second PCR. The second PCR was per-
formed using a pair of primers of
O0RB399-FIM-2 or oRB401-FIM-1. A 342-
bp DNA fragment, which was amplified
with oRB399-FIM-2 (Fig. 3, lane 3), con-
tained the T7 promoter sequence, the
annealing site for universal M13 forward
primer, and multiple endonuclease rec-
ognition sites of Kpnl, Apal, Drall, Xhol,
Sall, Accl, Hincll, Banlll, Hindlll, EcoRV,
EcoRl, Pstl, Smal, BamH]I, and Spel. The
DNA fragment was clearly digested, as
expected, with BamHI, EcoRl, Xhol, or
Kpnl (Fig. 3, lanes 4-7). A 377-bp DNA
fragment, which was amplified with
oRB401-FIM-1 (Fig. 3, lane 8), contained
the T3 promoter sequence, the anneal-
ing site for universal M13 reverse primer,
and multiple endonuclease recognition
sites of Sacl, BstXI, Sacll, Notl, Eagl, Xbal,
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2

6 7 8 9 10 11 12

FIGURE 3 A gel image of the first and second PCR products. The first and second PCR products
were digested with various endonucleases, electrophoresed on an 8% polyacrylamide gel, and
visualized with ethidium bromide staining and UV trans-illumination. (Lane 1) DNA size markers
of Haelll-digested dx174; (lane 2) a 162-bp DNA fragment of the K-ras gene amplified by the first
PCR; (lane 3) a 342- bp DNA fragment amplified by the second PCR with oRB399-FIM-2; (lanes
4-7) the 342 bp DNA fragment was digested with BamH]I, EcoRl, Xhol, or Kpnl, respectively; (lane
8) a 377-bp DNA fragment amplified by the second PCR with oRB401-FIM-1; (lanes 9-12) the
377-bp DNA fragment was digested with Hindlll, Pstl, Notl, or Sacl, respectively.

Spel, BamHI, Smal, Pstl, EcoRl, EcoRV,
Hindlll, Banlll, Hincll, Accl, and Sall. The
DNA fragment was clearly digested, as
expected, with Hindlll, Pstl, Notl, or Sacl
(Fig. 3, lanes 9-12).

The DNA fragment amplified with
ORB399-FIM-2 and the DNA fragment

amplified with oRB401-FIM-1 were di-
luted 10 times with DA water and used as
templates for the third PCR. The third
PCR was performed using a pair of prim-
ers of oRB399-0RB401 or oRB14-0RB15.
DNA fragments of 557 and 464 bp were
amplified with 0oRB399-0RB401 and

6 7 8 9 10 11 12

FIGURE 4 A gel image of the second and third PCR products. The second and third PCR products,
which were digested with various endonucleases, were electrophoresed on an 8% polvacrylamide
gel, and visualized with ethidium bromide staining and UV trans-illumination. (Lane 1) DNA size
markers of Haelll-digested bx174; (lane 2) a 342-bp DNA fragment amplified by the second PCR
with 0RB399-FIM-2; (lane 3) a 377-bp DNA fragment amplified by the second PCR with oRB401-
FIM-1; (lane 4) a 557-bp DNA fragment amplified by the third PCR with o0RB399-0RB401; (lanc
5) a 464-bp DNA fragment amplified in the third PCR with ORB14-0RB1S; (lanes 6-12) the 557-bp
DNA fragment was digested with Kpnl, Xhol, EcoRl, BamHI, Xbal, Notl, or Sacl, respectively.
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oRB14-0RB1S, respectively (Fig. 4, lanes
4 and 5). They had a single site for Kpnl,
Apal, Drall, Xhol, Xbal, Eagl, Notl, Sacll,
BstXI, and Sacl and two sites for Sall,
Accl, Hincll, Banlll, Hindlll, EcoRV,
EcoRlI, Pstl, Smal, BamH]I, and Spel. Lanes
6-12 of Figure 4 show that the DNA frag-
ment amplified with oRB399-0oRB401
could be cut with Kpnl, Xhol, EcoR],
BamHl, Xbal, Notl, and Sacl, respec-
tively.

The second PCR products, which were
amplified with oRB399-FIM-2 or
o0RB401-FIM-1 using genomic DNA iso-
lated from peripheral white blood cells
of a normal control or a human lung
cancer cell line of Lu65, were subjected
to direct DNA sequencing. As reported
previously,'* Lu65 was shown to have a
point mutation of the K-ras gene at
codon 12 [GGT(Gly) — TGT(Cys)] (Fig. 5).

The third PCR products, which were
amplified with o0oRB399-0RB401 or
oRB14-0RB1S, were extracted from poly-
acrylamide gels and double-digested
with Notl and Xhol. These DNA frag-
ments were easily cloned into the pBlue-
script double-digested with Notl and

Normal Control

oRB729(Xbal)

Xhol. Their nucleotide sequences were
identical with that of the second PCR
products (data not shown), which con-
firmed that the K-ras gene was cloned
successfully.

DISCUSSION

Because Tag DNA polymerase has an ac-
tivity of template-independent terminal
transferase, a DNA fragment amplified
with the polymerase has a single nucle-
otide at the 3’ end.'” The added nucle-
otide is almost exclusively an A because
of the strong preference of the poly-
merase for dATP.'"’ Taking this character
into consideration, so-called T-vectors
with a protruding T at the 3’ end of the
cloning site, were devised.””~”’ We used
T-vectors, which are commercially avail-
able as a cloning kit (TA cloning kit of
Invitrogen, San Diego, CA), but subclon-
ing by this method was not effective in
our hands probably because of low effi-
ciency of ligation.

The principle of a T-cassette ligation
method, as outlined in Figures 1 and 2,
includes the PCR amplification of the

VFIM-1

AGC&]CGGGGGATC%ACTAGTTCT“GTGGCCT

oRB729(Xbal)

W FIM-1

AGC&CGGGGGATC%ACTAGTTCT&GTGGCCT

T-cassette ligated product in low abun-
dance. We synthesized adaptor oligo-
mers oRB729(Xbal) and oRB730(Xhol),
which were annealed to the Xbal- or
Xhol-digested pBluescript to construct
T-cassettes of cBT1 or ¢BT2, respectively,
with a single protruding T at the 3’ end.
A PCR amplified DNA fragment, which
had a protruding A at the 3’ end, was
ligated to cBT1 or cBT2, independently.
In the initial ligation, a T-cassette would
be ligated to both ends of the first PCR
product. The second PCR was performed
using a primer complementary to pBlue-
script and one of the primers used for
the first PCR. Therefore, the second PCR
amplified a DNA fragment that was li-
gated to a T-cassette and it uses one of
the two T-cassettes ligated at both ends
of DNA fragment for PCR amplification.
The resultant PCR product of the second
PCR had either the T3 or T7 promoter
sequence, the annealing site for univer-
sal M13 forward or reverse primer, and
those multiple endonuclease recogni-
tion sites that are present in the pBlue-
script polycloning site. These PCR prod-
ucts could be used as a template for

GCTGG1EDGGCGTAG

GCTTG{BOGGCGTAG

FIGURE 5 Direct sequencing of the second PCR products. The second PCR products with oRB399-FIM-2 using genomic DNA isolated from
peripheral white blood cells of normal control or human lung cancer cell line of Lu6S as a template were subjected to direct DNA sequencing.
Arrowheads show the complementary T to the overhanging A at the 3’ end of the PCR-amplified K-ras gene. The asterisk (*) shows T substituting

for G at codon 12 of the K-ras gene of Lu65.
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direct DNA sequencing using commer-
cially available primers such as T3, T7, or
universal M13 primers. Because these
PCR products have either the T3 or T7
promoter sequence, RNA could also be
synthesized in vitro for various pur-
poses. The final PCR product amplified
by the third PCR had two different T-cas-
settes, cBT1 and cBT2, at both ends.
Then, subcloning of the PCR-amplified
DNA fragment could be accomplished
by double digestions with two different
endonucleases, which would make sub-
cloning of the PCR product easy and ef-
ficient in the confined direction into pB-
luescript or other plasmids.

Although this method quickly sup-
plies a template for sequencing or DNA
fragments suitable for subcloning, it is
necessary to confirm the sequence of
PCR-amplified DNA fragment with Tag
DNA polymerase, because the poly-
merase lacks the 3’ — 5’ proofreading
exonuclease activity and creates both
single base substitution errors and
frameshift errors during in vitro DNA
synthesis.'® Using this method, we
have successfully cloned DNA fragments
of the genomic DNA of rat and human
amidophosphoribosyltransferase (Honda
et al, in prep.).
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