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(57)  Abstract 
 
  A single molecule of single-stranded sample DNA (7) having a bead (5) at one end 

thereof and a magnetic bead (6) at the other end thereof is elongated and fixed in the 
field of view of a fluorescence microscope by a magnetic force (11) and a laser trap (3), 
a primer (8) is bound thereto, and an elongation reaction (10) is conducted with 
polymerase. Only a single chemically modified nucleotide (9) that is labeled with a 
fluorophore that is different for each base type is incorporated. Only the single 
fluorophore incorporated is measured, by evanescent irradiation from an ultraviolet 
laser (2), as a fluorescence microscopic image, and the base type is determined from the 
fluorophore type. By the evanescent irradiation (13) from the excitation laser (1), the 
fluorophore that labels the incorporated nucleotide is released, and the next nucleotide 
is incorporated. DNA base sequences are determined by repeating this process. Base 
sequence determination can be performed using a single DNA molecule, and base 
sequences can be efficiently determined for DNA having several hundreds of thousands 
of bases or more. 
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Specification 
 

Method for Determining Nucleic Acid Base Sequences and Apparatus for Determining 
Nucleic Acid Base Sequences 
 
Technical Field 
 This invention relates to an apparatus for analyzing DNA and RNA and the like, and 
more particularly to an apparatus that is effective for determining DNA and RNA base 
sequences or, alternatively, analyzing limited enzyme fragments or specific fragments. 
 
Technical Background 
 
 Techniques for analyzing DNA, RNA, and the like are important in the fields of 
medicine and biology, inclusive of gene analysis and genetic diagnosis. The determination 
or DNA and RNA base sequences, and the analysis of limited enzyme fragments and 
specific fragments, are both based on separation by molecular weight by electrophoresis. A 
fragment or fragment group is subjected beforehand to radioactive labeling or fluorescent 
labeling, and, after conducting electrophoresis, or during electrophoresis, analysis is 
effected by measuring molecular weight-separation development patterns. Recently, in 
connection with genome analysis, the demand for DNA base sequence determining 
apparatuses, in particular, has grown, and the development of such devices is on-going. 
DNA base sequence determination using fluorescent labeling is now described. Prior to 
electrophoretic separation, a dideoxy reaction is carried out by the Sanger method. A 
nucleotide having a length of approximately 20 bases that is complementary to a known 
portion of the base sequence of the sample DNA to be analyzed is synthesized and labeled
with a fluorophore [lit. a fluorophore is labeled]. This oligonucleotide is complementary-
chain bound to approximately 10�12 mol of the sample DNA as a primer, and a 
complementary chain elongation reaction is conducted using polymerase. At this time, four 
deoxynucleotide triphosphates are added as substrates, namely deoxyadenosine 
triphosphate (dATP), deoxycytidine triphosphate (dCTP), deoxyguanosine triphosphate 
(dGTP), deoxythymidine (dTTP), and, in addition thereto, dideoxyadenosie triphosphate 
(ddATP). When ddATP is incorporated by complementary-chain elongation, because the 
complementary chain is not elongated beyond that, fragments of various lengths and 
terminated by adenine (A) are prepared. Reactions are conducted independently wherein, 
instead of ddATP in the reaction noted above, dideoxycytidine triphosphate (ddCTP), 
dideoxyguanosine triphosphate (ddGTP), and dideoxyguanosine triphosphate (ddTTP), 
respectively, are added. However, while the primers used in each reaction have the same 
base sequence, four types of fluorophores, which can be mutually distinguished by 
separating fluorescence, are used for labeling [lit. are labeled]. 
 When the four types of reactant noted above are mixed, fragments complementary to 
the sample DNA, having a length of up to approximately 1000 bases, and with lengths 
differing one base at a time, are prepared, with four types of fluorophores being used in 
labeling [lit. labeled], according to the terminal base type. The number of fragments of 
each base length, respectively, is approximately 10�15 mol. Next, the samples prepared are 
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separated with a resolving power of 1 base by electrophoresis. In electrophoresis, wide use 
is made of a slab gel wherein acrylamide is polymerized between two glass plates separated 
by an interval of approximately 0.3 mm. When the sample is injected at the upper end of 
the slab gel, and an electric field is applied to the upper and lower ends of the slab gel, the 
sample migrates toward the lower end while separating. When a position approximately 30 
cm from the upper end is irradiated by a laser while conducting electrophoresis, separated 
fluorescently labeled fragments are excited as they pass the position of laser irradiation, in 
order from the shorter to the longer. When the emitted fluorescence is measured while 
being spectrally separated with the use of multiple filters, the terminal base types of all of 
the fragments can be determined, in order, from the shorter fragments to the longer, based 
on the change over time in the fluorescent intensity of the four types of fluorophore. With 
the order of these base types being in a complementary relationship with the sample DNA, 
the base sequence of the sample DNA can be determined. 
 A number of new DNA base sequence determination methods have been proposed 
which do not employ electrophoresis. With a first prior art, when a complementary-chain 
elongation reaction is conducted by polymerase using the sample DNA as a template, four 
types of base are added, in order, one at a time, and the base quantity incorporated into the 
complementary chain at each step is quantified by photoabsorption or fluorescence, 
whereupon the base sequence of the sample DNA is determined (TOKKAI [Unexamined 
Patent Application] No. H4-505251/1992, gazette). With a second prior art, using the 
sample DNA as a template, and employing four types of base labeled mutually differently, 
a complementary-chain elongation reaction is conducted by polymerase, after which one 
base at a time is released from the 3� end of the complementary chain synthesized by 
exonuclease, and the labels of the released bases are measured, in order, to determine the 
base sequence of the sample DNA (Journal of Biomolecular Structure & Dynamics 7, 301 – 
309 (1989)). With a third prior art, the base sequence of sample DNA is determined by 
repeating a cycle of steps, namely a step for conducting a DNA polymerase reaction using 
four types of dNTP derivative (MdNTP) having labels that can be detected, and that, 
incorporated into a template DNA as DNA polymerase substrate, can stop a DNA chain 
elongation reaction by the presence of a protective group, a step for then detecting the 
MdNTP incorporated, and a step for returning the MdNTP to an elongatable state. With this 
prior art, DNA chain elongation is stopped at the point in time when one base is elongated, 
oxygen and the substrate are removed from the system (solution) wherein the template, 
primer, and MdNTP are present, the MdNTP incorporated is detected, the protective group 
(and label) of the MdNTP incorporated into the template are released, and a condition is 
induced wherein DNA chain elongation is possible (Pat. Applic. No. H2-57978/1990). 
However, these proposals are at present in the idea stage, and there are no reports of them 
having been made practicable. 
 
Disclosure of Invention 
 
 Currently, insofar as practical methods of determining DNA base sequences are 
concerned, separation by molecular weight is conducted by electrophoresis. For DNA base 
sequence determination, a resolving power of 1 base length is required for separation by 
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molecular weight. The resolving power of electrophoresis ordinarily declines as the lengths 
of the bases to be separated become longer. That is, even though one base length can be 
separated between a base length of 50 bases and one of 51 bases, that does not mean that 
one base length can be separated between a base length of 500 bases and one of 501 bases. 
How long of a base length can be resolved by 1 base length, that is, the limit of base length 
separation, is determined by the electrophoresis conditions, that is, the composition of the 
separation medium, the electrophoresis path length, and the electric field intensity. In order 
to increase the limit of base length separation, various optimizations have been 
implemented to date, but there are no reports of a limit exceeding a length of 1000 bases 
(Electrophoresis 13, 495 – 499 (1992), Electrophoresis 13, 616 – 619 (1992)). The 
maximum of 1000 bases for the limit of base length separation has been theoretically 
explained (Electrophoresis 13, 574 – 582 (1992)). That is, insofar as electrophoresis is 
employed, the maximum length at which the base sequence can be determined from one 
sample DNA is a length of 1000 bases. With large-scale base sequence determination 
typified by genome analysis, on the other hand, the limit of base length separation holds the 
key to analytical efficiency (Science 254, 59 – 67 (1991)). The YAC clone, which is a 
typical large clone, for example, has a base length of approximately 1M bases, wherefore, a 
minimum of 1000 samples must be analyzed in order to analyze each base length of 1000 
bases. However, it is not possible to prepare fragments one by one having a base length of 
1000 bases, in order, from the end of a long DNA, without either excess or insufficiency. In 
practice, random fragments are prepared, these are randomly analyzed, and the base 
sequence of the original long DNA is reconfigured using overlaps in the base sequences of 
the fragments. This method, called the shotgun method, is the most widely used method 
today in genome analysis. However, in order to impart overlaps to random fragments so as 
to enable reconfiguration, it is necessary to repeatedly analyze the same base sequence, 
over and over, which is a problem. 
 The degree of this overlapping, which is called redundancy, increases as the base length 
wherewith one-time base sequence determination is possible becomes smaller, that is, as 
the limit of base length separation in electrophoresis becomes smaller. For a limit of base 
length separation of 1000 bases, a redundancy of approximately 10 is required. That is, it is 
necessary to conduct base sequence determination for a length that is 10 times that of the 
DNA for which the base sequence is to be determined. As a consequence, one must analyze 
approximately 10,000 samples in order to determine the base sequence for a base length of 
1M bases. The number of samples that can be analyzed in one day by one DNA base 
sequence determination device is 100 at most. To determine the base sequence of the entire 
base length of 1M bases with one apparatus would require 100 days. In order to practically 
conduct genome analysis, or the genetic diagnostics the importance whereof will increase 
in future, requires art whereby base sequences 1M bases long can be determined in a few 
days. 
 Another problem with the prior art is the necessity therewith of having many DNA 
samples in order to determine base sequences. In order to conduct the dideoxy reactions 
with the Sanger method, a DNA sample of approximately 10�12 mol is ordinarily needed for 
one sample. For that reason, it is necessary to refine and amplify sample DNA beforehand, 
using techniques such as cloning or PCR. Such procedures require time and effort, and 
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