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(57) Disclosed 1s a method for producing double-stranded DNA comprising treating double-stranded DNA having a
homopolymer part or parts at one or both ends with a restriction enzyme to partly or fully eliminate at least one of the
homopolymer part or parts. The restriction enzyme 1s capable of cleaving double-stranded DNA at a cleavage site
separate from a recognition site therefor. Disclosed 1s a method for determining a nucleotide sequence of
double-stranded DNA utilizing one or both strands of the double-stranded DNA as a template, wherein the
double-stranded DNA used as the template 1s double-stranded DNA prepared by the above method of the present
invention. The present invention provides a method for producing double-stranded DNA a part or all of which
homopolymer part, which may inhibit nucleotide sequence determination, 1s eliminated, and a method for determining
a nucleotide sequence utilizing as a template the double-stranded DNA prepared by the above method of the present
invention, whose homopolymer part 1s partially or fully eliminated.
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ABSTRACT OF THE DISCLOSURE

Disclosed is a method for producing double-stranded DNA
comprising treating double-stranded DNA having a homopolymer
part or parts at one or both ends with a restriction enzyme
to partly or fully eliminate at least one of the homopolymer
part or parts. The restriction enzyme is capable of cleaving
double-stranded DNA at a cleavage site separate from a
recognition site therefor. Disclosed 1is a method for
determining a nucleotide sequence of double-stranded DNA
utilizing one or both strands of the double-stranded DNA as
a template, wherein the double-stranded DNA used as the
template is double-stranded DNA prepared by the above method
of the present invention. The present invention provides a
method for producing double-stranded DNA a part or all of which
homopolymer part, which may inhibit nucleotide sequence
determination, 1s eliminated, ‘and a method for determining a
nucleotide sequence utililizing as a template the double-
stranded DNA prepared by the above method of the present
invention, whose homopolymer part is partially or fully
eliminated.
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METHOD FOR PRODUCING DOUBLE-STRANDED DNA WHOSE TERMINAL
HOMOPOLYMER PART IS ELIMINATED AND METHOD FOR DETERMINING
NUCLEOTIDE SEQUENCE

- BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a method for producing
double-stranded DNA whose terminal homopolymer part has been
partly or fully eliminated, and a method for determining
nucleotide sequence using double-stranded DNA obtained by the
foregoing method.

Related Art:

‘Inaddition to preparation of full-length cDNA libraries,
nucleotide sequence determination is also an essential
technique for analyzing a gene transcript as a functional unit
in the medical and biological fields. For identification of
genes and functional analyses thereof, it is extremely
important to obtain cDNA clones, of which number is said to
be about one hundred of thousands in humans and mice, and to
identify their locations on genomes.

A number of methods have been proposed for the
preparation of cDNA libraries. The inventors of the present
invention proposed a method affording high synthesis
efficiency of full-length cDNA, which will be explained below,
‘and are continuing further studies for practical use of the
method.

In that method, a first cDNA strand is synthesized by
using poly(A) RNA as a template, and oligo dT having a specific
restriction enzyme site in the 5’ end sequence and an anchor
site in the 3" end sequence as a primer, and an oligo dG is
added to the 3’ end of the obtained first cDNA strand using
an enzyme such as terminal deoxynucleotidyl transferase. Then,
a second cDNA strand is synthesized by using oligo dC having
a restriction site in the 5’ end sequence as a primer. Those
strands are 1ntroduced into a vector using the restriction
sites present at the both ends of the cDNA. The process is
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elaborated so that only the restriction sites at the both ends
should be cleaved during the introduction into the vector by
using methylated dCTP instead of dCTP as a substrate for the
synthesis of the first cDNA strand, and using a restriction
enzyme sensitive to hemimethylation. The detail of the
protocol for preparing full length cDNA libraries by such a
method is described in WO 98/20122; Carninci, P. et al.,
Genomics, 37, 327-336 (1996); Carninci, P. et al., DNA Res.,
4, 6l-66 (1997) and the like, and an enormous number of full
length cDNA clones have actually been obtained. Moreover, the
analyses of nucleotide sequences of the obtained full length
CDNA clones are well under way. The locations of cDNA on
genomes are ldentified by these works.

However, cDNA in such a cDNA library as obtained by the
aforementioned method has homopolymers of 0oligo dA:dT and oligo
dG:dC at the both ends. That 1s, one strand of the
double-stranded cDNA excised from the vector with a restriction
enzyme has oligo dA:dT, and the other has 0ligo dG:dC (usually
11 to 16 base pairs). The oligo dA:dT originates from the poly
A chain, which is originally possessed by mRNA, and the oligo
dG:dC originates from a dG tailing, which is introduced during

the production of double-stranded DNA as a site to which the
primer is attached.

However, it was found that, when the sequencing was
performed by using the double-stranded cDNA as a template to
determine 1its nucleotide sequence, the aforementioned
homopolymer part inhibited the sequencing. As the sequencing
method using double-stranded cDNA as a template, there are the
dideoxy method using a DNA polymerase based on the Sanger method,
and the transcript sequencing method using an RNA polymerase,
which was developed by the inventors of the present invention.
Both of these methods determine a nucleotide sequence based
on terminal nucleotides and chain lengths of reaction products
obtained in the presence of terminators interrupting the chain
elongation by polymerase.

However, the presence of a homopolymer part at the end
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of double-stranded cDNA causes a problem that reading of the
sequence becomes to be difficult. The cause of this problem
1S not necessarily certain. Furthermore, when the double-
stranded cDNA is amplified by PCR before the sequencing, the
polymerase may fail to correctly reflect the length (repeating
nucleotide number) of the homopolymer part in the synthesis.
Thus, there may be obtained fragments of different lengths
having a certain nucleotide as the terminal, which must have
the same lengths. This means that fragments of a certain
length contain those having different terminal nucleotides,
and 1t makes the sequencing impossible. In particular, when
double-stranded cDNA having oligo dG:dC at one or both ends

1s used as the template, this tendency is more strongly
observed.

It has been turned out that the aforementioned problem
1s very serious 1n the nucleotide sequence determination of
DNA. Moreover, the aforementioned problem makes it difficult
to determine a nucleotide sequence efficiently, rapidly, and
accurately for an enormous number of clones in a ¢cDNA library,

and 1t also makes it difficult to identify a location of each
gene in a genome.

The above problem may be alleviated to some extent by
using oligo dA:dT and oligo dG:dC of a shorter chain length.
However, 1t is not easy to use o0ligo dA:dT and oligo dG:dC of
a shorter chain length in the actual reaction. As mentioned
above, the bligo dA:dT originates from the poly A chain
originally possessed by mRNA, and therefore it is theoretically
possible to make the o0ligo dA:dT shorter by using a shorter
oligo dT in the primer used for the transcription reaction.
However, a shorter 0ligo dT in the primer may disadvantageously
reduce the yield of transcription products, and thus it is not
practical. On the other hand, the oligo dG:dC originates from
a dG tailing, which is introduced during the production of
double~stranded DNA as a site to which a primer i1is attached,
and therefore it 1s also theoretically possible to make the
oligo dG:dC shorter by using a shorter oligo dG tailing.

= S absiel Vi it At gl o m e 1 e e s
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However, 1t 1s also actually difficult to control the chain
length of the dG tailing within a desired range.

SUMMARY OF THE INVENTION

Therefore, the object of the present invention is to
provide a method for preparing double-stranded cDNA whose
terminal homopolymer part, which may inhibit the nucleotide
sequence determination, has been partly or fully eliminated.

A further object of the present invention 1s to provide
a method for determining nucleotide sequence using as a
template double-stranded DNA obtained by the foregoing method,
l1.e., double-stranded cDNA whose terminal homopolymer part or
parts has been partly or fully eliminated.

The present invention relates to a method for producing
double-stranded DNA comprising treating double-stranded DNA
having a homopolymer part or parts at one or both ends with
a restriction enzyme to partly or fully eliminate at least one
of the homopolymer part or parts, wherein the restriction
enzyme 1s capable of cleaving double-stranded DNA at a cleavage
site separate from a recognition site therefor.

The present invention further relates to a method for
determining a nucleotide sequence of double-stranded DNA
utilizing one or both strands of the double-stranded DNA as
a template, wherein the double-stranded DNA used as the
template 1s double-stranded DNA prepared by the aforementioned
method of the present invention. '

According to the present invention, a nucleotide
sequence of cDNA clone can be accurately determined by

eliminating a part or whole of homopolymer that exists at a
DNA terminus.

BRIEF EXPLANATION OF THE DRAWING
Fig. 1 represents a gel electrophoresis pattern for
double-stranded oligodeoxyriboside 50-mer subjected to a
restriction enzyme treatment. As restriction enzymes, BbvlI,

BsmFI, BspMI, Hgal, and SfaNI were used. The concentrations
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used were 0.5 units for Lanes 1, 3, 5, and 7, and 5 units for
Lanes 2, 4, 6, and 8. As the double-stranded oligomers, used
were 100 ng each of 0ligo I + oligo II for Lanes 1 and 2, m-011go
I + oligo II for Lanes 3 and 4, oligo I + m-oligo II for Lanes
5 and 6, and m-oligo I + m-oligo II for Lanes 7 and 8. The
letters of A, B, C, and D indicate the migration locations of
double-stranded oligodeoxyribosides, oligo I + oligo 1T,
m-oligo I + oligo II, oligo I + m-oligo II, and m-oligo I +
m-0ligo "II, respectively, when they were not subjected to the
restriction enzyme treatment.

PREFERRED EMBODIMENTS OF THE INVENTION

The method for producing double-stranded DNA according
to the present invention is characterized in that double-
stranded DNA having a homopolymer part or parts at one or both
ends 1s treated with a restriction enzyme cleaving double-
stranded DNA at a cleavage site separate from a recognition
site therefor to partly or fully eliminate at least one of the
homopolymer part or parts.

The double-stranded DNA having a homopolymer part or
parts at one or both ends, which 1s to be treated with this
invention includes double-stranded DNAs having a homopolymer
part of oligo dG:dC or oligo dA:dT at one end. The
double-stranded DNA also includes double-stranded DNAs having
a homopolymer part of oligo dG:dC or oligo dA:dT at one end
and a homopolymer part of o0ligo dG:dC or oligo dA:dT at the
other end. In the case of double-stranded DNA having
homopolymer parts at both ends, in general, 1f the homopolymer
of one end is.oligo dA:dT, that of the other end 1s dG:dC.
However, double-stranded DNA may have at both ends homopolymer
parts of oligo dG:dC or homopolymer parts of oligo dA:dT. The
chain length of the homopolymer part is not particularly
limited and is generally in a range of 5-20. A restriction
enzyme cleaving double-stranded DNA at a cleavage site separate
from a recognition site therefor may be selected in view of

the length of the homopolymer part. When the homopolymer is
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partly eliminated, the chain 1length of the remaining
homopolymer is determined considering facility of sequence
determination of the resulting DNA.

The method for producing double-stranded DNA according
to the present inventionutilizes a restriction enzyme cleaving
double-stranded DNA at a cleavage site separate from a
recognition site therefor. The “restriction enzyme cleaving
double-stranded DNA at a cleavage site separate from a
recognition site therefor” means a restriction enzyme that
cleaves double-stranded DNA at a cleavage site on the DNA, which
is far from a recognition site for the restriction enzyme. As
such a restriction enzyme, for example, class IIS restriction

enzymes have been known.

For example, BbvI, one of the class IIS restriction
enzYmes, acts on double~stranded DNA having a recognition site
which consists of 5’/ -GCAGC and its complementary strand, and
( v

a cleavage site o) at a location separating from the

recognition site as shown below.

57 - GCAGC NNNNNNNNYNNNN-N
CGTCG NNNNNNNN-NNNN,N

Specific examples of the class IIS restriction enzymes
include, for example, AlwI, AlwXI, Alw26I, BbsI, BbvI, BbvII,
BcefI, BccI, Bcgl, BciVI, BinI, BmrI, BpmI, Bsal, BseRI, Bsgl,

BsmAI, BsmBI, BspMI, BsrDI, BstF5I, Earl, Eco31lI, Eco57I, Esp3I,

Esp3I, Faul, FokI, Gsul, Hgal, HinGUII, HphI, Ksp632I, MbolI,
MmeI, MnlI, NgoVIII, Plel, RleAI, SapIl, SfaNI, TaqII, TthlllIT,
BsmIs, BsrIs, BsmFI, BseMII and the like (see Szybalski, W.
et al., Gene, 100, 13-26 (1991); and New England Biolab, Inc.,
Catalog: http://www.neb.com).

Recognition sites and cleavage sites of several
restriction enzymes are as follows (parenthesized are
recognition site and cleavage site): BbvI (GCAGC 8/12), Hgal
(GACGC 5/10), BsmFI (GGGAC 10/14), SfaNI (GCATC 5/9), and BspM
I (ACCTGC 4/8).

s ——



CA 02286850 1999-11-03

According to the preparation method of the present
invention, double-stranded DNA having a homopolymer part or
parts at one or both ends 1s used as a starting material to
prepare double-stranded DNA at least one of which homopolymer
part is partly or fully eliminated. The starting material,
double-stranded DNA having a homopolymer part or parts at one
or both ends, can be prepared by, for example, the methods
disclosed in WO 98/20122; Carninci, P. et al., Genomics, 37,
327-336 (1996); Carninci, P. et al., DNA Res., 4, 61-66 (1997)
or the like. However, the preparation method of the present
invention utilizes the aforementioned restriction enzyme
cleaving double-stranded DNA at a cleavage site separate from
a recognition site therefor. Thus it 1s necessary to use
double-stranded DNA having a recognition site for the
restriction enzyme at the end of the homopolymer part. Such
double-stranded DNA can be prepared by using as primers the
homopolymer and another sequence containing the sequence of
the recognition site that is not the homopolymer.

The double-stranded DNA to be treated with the
restriction enzyme may be, for example, double-stranded cDNA.
Further, the double-stranded DNA to be treated with the
restriction enzyme may also be artificially modified
double-stranded cDNA or chemically synthesized double-
stranded DNA.

Furthermore, as the double—s'tranded DNA to be treated
with the restriction enzyme, one having chemical modification
1n a part of one of the strands other than the homopolymer part
may also be used. The chemical modification may be, but not
particularly limited to, modification by methylation. The
method for the methylation i1s well-known to those skilled in
the art, and a method utilizing a methylated nucleic acid as
a substrate for the synthesis of the first strand of the
double-stranded DNA or the like can be used. Such chemical

modification can be i1ntroduced into any nucleic acid. Since
methylated cytosine and methylated adenine exist in nature,
and methylated cytosine 1s commercially available, methylated
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cytosine and methylated adenine are preferably used.

In order to amplify full-length cDNA in the preparation
of a full-length cDNA library, a host is transformed with a
plasmid carrying double-stranded cDNA. Thus at least one end
of the double-stranded c¢DNA must be a cohesive end. However,
1f the cDNA contains a cleavage site for the restriction enzyme
used for the preparation of the sticky end, the double-stranded
cDNA itself may be cleaved during the preparation. Therefore,
in order to prevent such cleavage of the double-stranded cDNA
during the introduction of sticky end, there has been proposed
a method wutilizing methylation of one strand of the
double-stranded <c¢cDNA and a hemimethylation-sensitive
restriction enzyme for the introduction of sticky end (Carninci,
P. et al., Genomics, 37, 327-336 (1996); Carninci, P. et al.,
DNA Res., 4, 6l-66 (1997)). In this method, methylation is
introduced into one strand of double-stranded cDNA during the
preparation of a full-length cDNA library by introducing a
homopolymer part having a specific restriction site into the
both ends, provided that a primer without methylation is used
for the sequence for the preparation of stickyend. As aresult,
when a hemimethylation-sensitive restriction enzyme 1is
allowed to act on such double-stranded cDNA introduced with
the methylation into 1ts one strand, the internal restriction
site of the cDNA is not cleaved, but a sticky end is formed
due to the primer without methylation. This method utilizing
the introduction of hemimethylation into cDNA is based on the
method for differentiating réstriction enzyme sensitivity as
for primer/linker sites and internal sites of cDNA during the
cDNA synthesis (Huse, W.D. et al., US Patent No. 5,681,726
(1997)) .

Also in the preparation method of the present invention,
a hemimethylated c¢DNA in which one strand is methylated can
be used as the double-stranded DNA to be treated with a
restriction enzyme. However, while a number of restriction
enzymes exhibiting sensitivity to methylation for the both

strands have been known, few restriction enzymes have been
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known as those exhibiting sensitivity to the hemimethylation.
Restriction enzymes exhibiting sensitivity tomethylation for
the both strands do not necessarily exhibit sensitivity to
hemimethylation (Paroush, Z. et al., Cell, 63, 1229-1237
(1990)). Therefore, according to the present invention, when
the double-stranded DNA to be treated with a restriction enzyme
1s a hemimethylated cDNA one of which strand has beenmethylated,
a restriction enzyme sensitive to hemimethylation is used as
the restriction enzyme cleaving double-stranded DNA at a
cleavage site separate from a recognition site therefor.

As long as the investigation 1s carried out under the
conditions mentioned in the example described hereinafter,
among the aforementioned class IIS restriction enzymes, at
least BbvI (GCAGC 8/12), Hgal (GACGC 5/10) and Gsul (CTGGAG
16/14) are sensitive to the hemimethylation (parenthesized are
recognition site and cleavage site).

The method for preparing double-stranded DNA whose
terminal homopolymer is eliminated will be explained
hereinafter with reference to the following scheme, which

exemplifies a case of hemimethylated cDNA.
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e V¢ SMeC

6GEGEGCE6EGE NMTTTTITITITTIGAGCTC GA) (1)
- SMe Sl SMe
C C C |
‘v Synthesis of second strand
{GA}S GCAGCCCCCCCOCCCC AAAAAAAAAAAACTCGAG icr (2)
CT)5C6 TCGEEGECEEEGEE , NHTTTTTTITTTTIGAGCTC (GA
Sihde Siie Mo
C C C
‘v Restriction enzyme treatment with Bbv |
AAAAARAAAAAACTCGAG scrga (3)
EXIITTITTTTTTTIGAGCIC (GA)g
SMe Shde e
C C C
‘ Exonuclease treatment
AAARARAARAAACTCGAG 5(:1’ 8 ( 4)
RATITTTITITITIGAGCTC (GA
e Shie SMe
C C C
,', Ligation of linker
AAARAAARRMAACTCGAG Cl‘;g (5)
TTAAG RNITTTTITTTITIGAGCTC (GA)g

-‘ Restriction enzyme treatment with Xbv |

ARAAAAAAAAANC
RNTITTTTTITTTTGAGCTC (6)

SMec SMec e

Single-stranded DNA (1) 1is prepared. The single-
stranded DNA (1) has hemimethyl groups which have been
partially introduced into a part other than the homopolymer.
The single-stranded DNA (1) has oligo dG at the 3’ end and oligo
dT at the 5’ end. The single-stranded DNA (1) can be prepared
by, for example, the methods described in Carninci, P. et al.,
Genomics, 37, 327-336, (1996); Carninci, P. et al., DNA Res.,
4, 6l1l-06 (1997) or the like. In the above scheme, single-

10
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stranded DNA having oligo dG at the 3’ end and oligo dT at the
5" end 1s exemplified. However, the present method can be
épplied to single-stranded DNAs having other oligo chains as
the homopolymers. .

Then, double-stranded DNA (2) having homopolymer parts
1s prepared by using the single-stranded DNA (1) as a template,
and a homopolymer complementary to o0ligo dG of the single-
stranded DNA (1) as a primer. In this case, the primer has
at the 5’ end a non-homopolymer sequence which contains a
recognition sequence for a restriction enzyme used for the
elimination of the homopolymer part, for example, BbvI (see
the above scheme). The homopolymer part of at one end of the
synthesized double-stranded DNA (2) (left side of DNA(2) in
the scheme) is composed of the homopolymer consisting of oligo
dG:dC and the non-homopolymer containing the recognition
sequence for the aforementioned restriction enzyme such as Bbvl.
Another end of the synthesized double-stranded DNA (2) (right
side of DNA (2) in the scheme) is composed of the homopolymer
consisting of oligo dA:dT and a non-homopolymer. The non-
homopolymer may contain a recognition sequence for a
restriction enzyme. In this case, any restriction enzyme
selected from Class II enzymes including class IIS enzymes can

be used. If the non-homopolymer attached to the oligo dA:dT
contains a restriction site for a restriction enzyme used for

eliminating the homopolymer part of the left side such as BbvlI,
both ends of double~stranded DNA (2) can be cleaved

simultaneously.
The aforementioned double-stranded DNA (2) is treated
with a restriction enzyme cleaving double-stranded DNA at a
cleavage site separate from a recognition site therefor, BbvI
in the scheme to eliminate a part or whole of the homopolymer
part of the left side. As a result, double-stranded DNA (3)
whose homopolymer part 1s eliminated can be obtained.
' The obtained double-stranded DNA (3) can be amplified
by introducing it into a plasmid vector and culturing a host
transformed with the plasmid. To this end, a linker with an

11
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extruded end of dGGGG 1s ligated to the obtained double-
stranded DNA (3). The linker has at the opposite site of the
oligo dG a cohesive end for EcoRI for easy introduction to a
vector. By the ligation of the above linker to the DNA (3),
double-stranded DNA (5) with a cohesive end for a restriction
enzyme. In this case, preparation of DNA (4) is skipped.
Alternatively, the double-stranded DNA (3) can be
treated as follows. The single-stranded DNA of its end (left
side of DNA (3)) produced by the restriction enzyme treatment
1s specifically digested with an enzyme that has exonuclease
activity specifically exerted on single-stranded DNA to obtain
double-stranded DNA (4) with a blunt end. A suitable linker
such as a linker having a cohesive end for EcoRI is ligated

to the blunt end of the DNA (4) to form double-stranded DNA
(5) with a cohesive end.

The right end of the resulting double-stranded DNA (5)
(the end not processed with the restriction enzyme BbvI (dA:dT
homopolymer end in the scheme)) is treated with a suitable
restriction enzyme such as XholI. Any restriction enzyme
selected from Class II enzymes including class IIS enzymes can
be used. The obtained double-strxanded DNA can be introduced
into a suitable vector and amplified.

In addition to the above methods, the obtained
double-stranded DNA (2) may be amplified by PCR using the
double-stranded DNA (2) as a template.

The length of the homopolymer eliminated by the
aforementioned process is determined depending on the kind of
the used restriction enzyme cleaving double-stranded DNA at
a cleavage site separate from a recognition site therefor.
Thus the restriction enzyme may be suitably selected
considering the length of the homopolymer contained in the
homopolymer part. Further, the sequence of the non-
homopolymer part containing the recognition site for the
restriction enzyme can be suitably selected depending on the
kind of restriction enzyme to be used.

Furthermore, by using a restriction enzyme not acting

12
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on double-stranded DNA having chemlical modification in 1its
recognition site or cleavage site, only the homopolymer part
or parts at one or both ends of the double-stranded DNA can
be eliminated, even 1f a recognition site for the restriction
enzyme 1is contained in the double-stranded DNA. As such a
restriction enzyme, a restriction enzyme that does not act on
a site of double-stranded DNA having a methyl group as chemical
modification can be used. Partially introducingmethyl groups
as chemical modification into double-stranded DNA other than
the homopolymer part and using such a restriction enzyme
prevent cleavage of the double-stranded DNA. Examples of the
restriction enzyme that does not act on a site of double-

stranded DNA having a methyl group as chemical modification
include BbvI , Hgal and Gsul.

Method for determining nucleotide seguence

The method for determining nucleotide sequence
according to the present invention is a method for determining
nucleotide sequence of double-stranded DNA utilizing one or
both of strands of the double-stranded DNA as a template, and
characterized in that the double-stranded DNA used as the
template is double-stranded DNA prepared by the method
éccording to the present invention explained above.

More precisely, 1n the method of the present invention,
a nucleotide sequence of double-stranded DNA whose homopolymer
part or parts at one or both ends 1s (are) eliminated 1is
determined by utilizing one or both of strands of the
double-stranded DNA as the template. The double-stranded DNA
used as the template should be used as the template after
amplified by microorganisms or PCR. Both of the methods for
amplification are well known in the art. When double-stranded
DNA used as the template is amplified by PCR, a part or whole
of the oligo dG:dC of the double-stranded DNA is preferably
eliminated.

As the sequencing method utilizing double-stranded DNA
as a template, for example, the dideoxy method using a DNA

13
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polymerase based on the Sanger method, the transcript
sequencing method using an RNA polymerase (disclosed in, for
example, WO 96/14434) and the like can be used. Both of these
methods determines a nucleotide sequence based on terminal
nucleotides and chain lengths of reaction products obtained
in the presence of terminators interrupting the chain
elongation by polymerase.

The determination of nucleotide sequence can be attained
by, for example, preparing nucleic acid transcripts - of
double-stranded DNA in the presence of terminators for the
nucleic acid transcription, and analyzing the obtained nucleic
acid transcripts. As an enzyme catalyzing the aforementioned
nucleic acid transcription, an RNA polymerase can be used. The
transcript sequencing method using an RNA polymerase 1is
particularly preferred, since the product amplified by PCR can
be sequenced without purification, and it enables quick
sequencing with a small amount of sample.

The transcript sequencing method 1is a method for
determining a nucleotide sequence comprising, for example,
allowing reactions of one or more of ribonucleoside-5'-
triphosphates including'ATP, GTP, CTP,'UTP.and derivatives
thereof, and 3’ -deoxyribonucleoside—5’ -triphosphates
(3’ dNTPs) including 3’ -dATP, 3’-dGTP, 3’ -dCTP, 3’'-dUTP, and
derivatives thereof in the presence of an RNA polymerase and
DNA fragments containing a promoter sequence for the RNA
polymerase to obtain nucleic acid transcription products,
separating the obtained products, and reading the nucleotide
sequence from the separated fraction. The DNA fragment
(double-stranded DNA) used as the template contains a promoter
sequence for the aforementioned RNA polymerase.

Further, mutant RNA polymerases which consist of a
wild-type RNA polymerase at least one of which amino acid is
modified so that its ability to incorporate the aforementioned
3’ -dNTP derivatives should be increased compared with that of
the corresponding wild-type RNA polymerase or any other
wlild-type RNA polymerases.

14
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In the method for determining nucleotide sequence of the
present invention, double-stranded DNA 1in which the
homopolymer part, which may inhibit the sequence reading, 1s
partially or fully eliminated is used as the template. Thus
the accuracy of the nucleotide sequence determination can be

improved.

EXAMPLES
The present invention will be further explained

hereinafter with reference to the followlng examples.

Example 1
An oligodeoxyriboside 50-mer: 5’ -GAGAGAGGGACGCAGCGAC
GCGCATCACCTGCGAGAGAGAGAGAGAGAGA (0ligo 1) and its

complementary strand (oligo II) containing a recognition site
for each of BbvI (GCAGC 8/12), Hgal (GACGC 5/10), BsmFI (GGGAC
-10/14), SfaNI (GCATC 5/9), and BspMI (ACCTGC 4/8) among class
IIS restriction enzymes (parenthesized are recognition site
and cleavage site) were prepared (ESPEC OLIGO SERVICE) .
Metylated oligo I (m-oligo I) and methylated 0ligoII (m-oligo
ITI) were also prepared by using 5-methylcytosine instead of
cytosine (ESPEC OLIGO SERVICE) . These oligomers were used
after purification by polyacrylamide gel electrophoresis
(Sambrook, J. Fritsch, E.F. and Maniatis, T., Molecular
Cloning: A Laboratory Manual, 2nd Ed. 1989, Cold Spring Harbor
Laboratory). Two kinds of oligomers were labeled and annealed
by using RI 1labels and DNA 5’ end labeling kit (TAKARA
MEGALABEL) utilizing T4 polynucleotide kinase and vy -**P-ATP
(Amersham). Two kinds of the oligomers (10 ng each) 1in each
of the following combinations were added to 20 pl of reaction
mixture. The combinations consisted of following four kinds
of combinations: 1) oligo I + oligo II, 2) 'm-oligo I + oligo
IT, 3) oligo I + m-oligo II, and 4) m-oligo I + m-oligo II.
After the reaction, the kinase was 1nactivated by a heat
treatment at 65°C for 20 minutes, each reaction mixture was
gradually cooled at 45°C for 20 minutes and then at 37°C, and
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double-stranded oligomers were collected in a spin column.

The collected double-stranded oligomers (100 ng) was
added with 0.5 or 5 units of one of the five kinds of the class
IIS restriction enzymes (BbvI, Hgal, BsmFI, SfaNI, and BspMI,
all produced by New England Biolabs), and restriction enzyme
treatment was performed at 37°C for 1 hour (20 pl of the reaction
mixture, the reaction composition except for enzyme and
oligomer was according to the attached instruction of New
England Biolabs). Then, the reaction mixture (3 npl) was
subjected to polyacrylamide gel electrophoresis, and bands
were detected by Bioimaging Analyzer BAS2000.

As a result, as for BbvI, the oligomers were not cleaved
in Lanes 3 to 8 as shown 1in Fig. 1, and thus they were sensitive
to methylation including hemimethylation. As for HgaI, the
oligomer was not cleaved in Lane 1, whereas it was cleaved in
Lane 2. Therefore, Hgal functioned as a restriction enzyme
when 1its concentration was controlled. However, 1t was
sensitive to methylation including hemimethylation since the
oligomers were not cleaved in Lanes 3 to 8. In contrast, as
for BspMI, the oligomers were not cleaved 1n any of Lanes 1
to 8, and 1t was turns out that it did not work as a restriction
enzyme under the conditions of this example'. As for BsmFI and
SfaNI, they cleaved the oligomers in Lanes 1 and 2, and cleaved
the hemimethylated oligomer in Lane 4. Thus, they were not
found to be completely sensitive to hemimethylation.

Therefore, 1t is possible to eliminate at least a part
or whole of the homopolymer present at an end of double-stranded
DNA using BbvI, BsmFI, HgalI, or SfaNI. However, when a
recognition site for a class IIS restriction enzyme to be used
1s contained in the double-stranded DNA, the double-stranded
DNA must be protected by chemical modification such as
methylation, since 1t may be otherwise cleaved by the
restriction enzyme. Therefore, when hemimethylated
double~stranded DNA 1s wused 1in order to protect the
double-stranded DNA from cleavage, a part or whole of

- homopolymer part at its end can be eliminated by using BbvI
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and Hgal, which were demonstrated to be sensitive to
hemimethylation by the above experiments, without cleaving the
double-stranded DNA. In addition, 1t has been demonstrated
by other experiments that Gsul can also be used as the
restriction enzyme in place of BbvI and Hgal.

The nucleotide sequence determination of a full-length
CDNA library can be performed more quickly and correctly by,
for example, préparing the ¢DNA library as follows. That 1is,
as shown in the above scheme, full length cDNA whose homopolymer
ends are introduced with a restriction enzyme site for BbvlI,
Hgal, Gsul or the like is prepared, treated with a restriction
enzyme such as BbvI, Hgal and Gsul to remove the homopolymer,
and ligated with a linker required for cloning to obtain a full
length cDNA library. More specifically, a full length cDNA
library can be prepared by treating cDNA with a restriction
enzyme such as BbvI, Hgal and Gsul, ligating to the resulting
extruded end a 1linker with a cohesive end for EcoRI or the like,
and cloned into a suitable wvector. Alternatively, a full
length ¢DNA library can be prepared by treating cDNA with a
restriction enzyme such as BbvI, Hgal and Gsul, making a blunt
end through treatment with S1 nuclease or the like, ligating
with a linker having an cohesive end for EcoRI or the like,
and cloned into a suitable vector.

17
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WHAT WE CLAIMED IS:

1. A method for producing double-stranded DNA comprising
treating double-stranded DNA having a homopolymer part or parts
at one or both ends with a restriction enzyme to partly or fully
eliminate at least one of the homopolymer part or parts, wherein
the restriction enzyme is capable of cleaving double-stranded
DNA at a cleavage site separate from a recognition site
therefor. '

2. The method according to claim 1, wherein the double-
stranded DNA 1s double-stranded cDNA.

3. The method according to claim 1, wherein the double-
stranded DNA is artificially modified double-stranded cDNA or
chemically synthesized double-stranded DNA.

4. The method according to claim 1, wherein the homopolymer
part or parts comprise(s) a homopolymer and a non-homopolymer,
and at least a portion of the non-homopolymer constitutes the

recognition site for the restriction enzyme.

5. The method according to claim 1, wherein the homopolymer
contained in the homopolymer part of the double-stranded DNA
1s an oligo dG:dC pair or an oligo dA:dT pair.

6. The method according to claim 1, wherein the restriction

enzyme 1s a class IIS restrictlion enzyme.

7. The method according to claim 6, wherein the class IIS
restriction enzyme 1s selected from the group consisting of
AlwI, AlwXI, AlwZ26I, BbsI, BbvI, BbvII, Bcefl, Bccl, Bcgl,
BciVI, BinI, BmrI, BpmlI, Bsal, BseRI, Bsgl, BsmAI, BsmBI, BspMI,
BsrDI, BstF5I, EarI, Eco311l, Eco57I, Esp3I, Faul, FokI, Gsul,
Hgal, HinGUII, HphIl, Ksp632I, MboII, MmeI, MnlI, NgoVIII, PleI,
RleAl, Sapl, SfaNI, TaqglI, TthlllII, BsmI, BsrI, BsmFI and
BseMI1I.
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8. The method according to claim 1, wherein the double-
stranded DNA contains chemical modification in a part of one
strand other than the homopolymer part.

9. The method according to claim 6, wherein the double-
stranded DNA contains chemical modification in a part of one
strand other than the homopolymer part.

10. The method according to claim 8, wherein the chemical
modification is methyl substitution.

11. The method according to claim 9, wherein the chemical
modification is methyl substitution. ’

12. The method according to claim 8, wherein the chemical
modification is introduced into cytosine or adenine.

13. The method according to claim 9, wherein the chemical

modification 1s introduced into cytosine or adenine.

14. The method according to claim 10, wherein the chemical

modification is introduced into cytosine or adenine.

15. The method according to claim 11, wherein the chemical

modification is introduced into cytosine or adenine.

l6. The method according to claim 8, wherein the restriction
enzyme 1s a restriction enzyme that does not act on
double-stranded DNA having chemical modification at the
recognition site or the cleavage site.

17. The method according to claim 9, wherein the restriction
enzyme 1s a restriction enzyme that does not act on
double-stranded DNA having chemical modification at the
recognition site or the cleavage site.
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18. The method according toclaiml1l6, wherein the restriction
enzyme 1s a restriction enzyme that does not act on

double-stranded DNA having a methyl group as the chemical
modification. |

19. The methodaccording toclaiml1l7, wherein the restriction
enzyme 1s a restriction enzyme that does not act on
double-stranded DNA having a methyl group as the chemical
modification.

20. The method according toclaim 18, wherein the restriction
enzyme 1s BbvI, Hgal or Gsul.

21. The method according toclaim 19, wherein the restriction
enzyme 1s BbvI, Hgal or Gsul.

22. A method for determining a nucleotide sequence of
double-stranded DNA utilizing one or both strands of the.
double-stranded DNA'as a template, wherein the double-stranded
DNA used as the template 1s double-stranded DNA prepared by
the method according to claim 1.

23. The method according to claim 22, wherein the prepared
double~-stranded DNA 1s amplified by PCR or by using a
microorganism, and the nucleotide sequence determination is

performed by using the amplified double-stranded DNA as the
template.

24 . The method according to claim 22, wherein o0ligo dG:dC

of the prepared double-stranded DNA has been partly or fully
eliminated.

25. The method according to claim 23, wherein oligo dG:dC
of the prepared double-stranded DNA has been partly or fully
eliminated.

20




CA 02286850 1999-11-03

26. The method according to claim 22, wherein the nucleotide
sequence determination is performed by forming a nucleic acid
transcript of the double-stranded DNA in the presence of a
terminator for nucleic acid transcription, and analyzing the

resulting nucleic acid transcript.

27. The method according to claim 23, wherein the nucleotide
sequence determination is performed by forming a nucleic acid
transcript of the double-stranded DNA in the presence of a
terminator for nucleic acid transcription, and analyzing the
resulting nucleic acid transcript.

28. The method according to claim 26, wherein the nucleic

acid transcription is performed by using an RNA polymerase.

29. The method according to claim 27, wherein the nucleic
acid transcription is performed by using an RNA polymerase.

21
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