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Asample preparation apparatus for DNA analysis comprises 
a holder for separating speci?c primers on the basis of size, 
color, Weight, dimension, or degree of magnetization, the 
speci?c primers having base sequences complementary to a 
plurality of DNA fragments to be ampli?ed via PCR, and the 
speci?c primers being capable of binding respectively to the 
DNA fragments; and a reaction-solution-holding plate hav 
ing a concavity Wh1Ch accommodates one edge of the holder 
and a PCR solution containing a common primer capable of 
hybridizing With the base sequence of an oligonucleotide 
introduced into the 5‘-end of each of the DNA fragments, 
and the DNA fragments. The PCR ampli?cation of the DNA 
fragments is carried out by using the speci?c primers 
(immobilized on the surfaces of a plurality of mutually 
separable supports With respect to each DNA fragments) and 
the common primer (a mobile primer common to all DNA 
fragments) to produce PCR ampli?cation products inside the 
corresponding portions of the holder. The DNA fragments 
are derived from a plurality of DNAs to be ampli?ed by PCR 
under the same conditions at the same time to avoid undes 
ired mutual interference among the primers, and the PCR 
products can be separated and recovered for each of the 
DNA fragments. The sample preparation method for DNA 
analysis comprises the relevant amplifying, separating and 
recovering steps as described above. 
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SAMPLE PREPARATION METHOD AND A 
SAMPLE PREPARATION APPARATUS FOR DNA 

ANALYSIS 

[0001] This application is a contination application based 
on the pending application Ser. No. 09/587,613 ?led on Jun. 
5, 2000. 

BACKGROUND OF THE INVENTION 

[0002] A. Field of the Invention 

[0003] The present invention relates to a method for DNA 
comparative analysis in a plurality of samples and a sample 
preparation method for the DNA analysis. 

[0004] B. Description of the Prior Art 

[0005] With the progress of genome analysis, the ?rst 
stage of the genome project, Where the analysis of genome 
structures by DNA sequencing is the major subject, is going 
to the end and the genome analysis comes to the second 
stage of understanding gene functions. The genetic infor 
mation in genome sequences has to be translated to a protein 
through mRNA. The genes expressed in a cell at some 
moment can be determined by detecting mRNAs in the cell. 
Genetic characteristics of individuals are dependent on 
various differences in their genome sequences. The analysis 
of mRNAs in cells or tissues and the comparative analysis 
of DNA sequences for individual genes are necessary for 
understanding the gene functions. Especially the analysis of 
species and amounts of mRNAs in cells is important to knoW 
What is going on in the cells. Usually, cDNA (complemen 
tary DNA), Which is produced by complementary strand 
extension reactions With a DNA polymerase and a primer 
hybridiZing to each mRNA, is used for the analysis instead 
of mRNAbecause mRNAs are easily decomposed by RNase 
that is in cells. 

[0006] The scanning of all the cDNAs (or mRNAs) in 
cells or tissues is called as gene expression pro?ling. As the 
siZe of each cDNA is usually very long to be sequenced or 
to be analyZed by gel electrophoresis, a part of the sequence 
is selected as the signature sequence of the cDNA to be 
analyZed. Each of the signature sequences of cDNAs is 
ampli?ed and analyZed by gel electrophoresis or by hybrid 
iZation With a DNA probe array. At ?rst, the signature 
regions of cDNAs are ampli?ed by PCR (Polymerase Chain 
Reaction) and then the relative abundance of each signature 
fragment is analyZed. The key point of the method is hoW to 
amplify each of signature regions Without losing the relative 
abundance information. The relative abundance information 
is frequently lost during the PCR process because the 
ampli?cation factors of each PCR reaction are dependent on 
the precise conditions and the sequence of the target cDNA 
fragment. The PCR ampli?cation for plural of target DNA 
fragments should be carried out simultaneously to keep the 
ampli?cation conditions the same. HoWever, it is not so easy 
because the primers used for amplifying the target DNA 
fragments frequently interact With each other to produce 
undesired neW DNA fragments Which disturb the accuracy 
and reliability of the gene expression pro?ling. 

[0007] The present invention relates to a method for 
carrying out the simultaneous PCR ampli?cation of various 
cDNA fragments for quantitative cDNA analysis such as 
gene expression pro?ling. The invention also relates to the 
method for recovering PCR products and the sample prepa 
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ration for DNA diagnostics. In PCR ampli?cation, tWo 
primers are designed to hybridiZe on the template DNA at 
predetermined positions. The base sequence of the template 
DNA sandWiched With the tWo primers is ampli?ed by 
repetitive complementary strand extension reactions With 
the primers. The number of copies of the target DNA 
fragments increases by several orders of magnitude by PCR. 
In the case of gene expression pro?ling, a DNA sample 
contains various cDNAs fragment species. Many should be 
analyZed quantitatively. The method requires the PCR 
ampli?cation of plural of target cDNA fragment species 
simultaneously. When the PCR ampli?cation of a plurality 
of DNA fragments or sequences is carried out, arti?cial 
fragments are frequently produced through unexpected reac 
tions among primers and DNAs. HoWever, the isolation of 
the ampli?ed components is labor intensive. Consequently, 
only one pair of primers is used at a time for PCR ampli 
?cation. When many target DNA fragment species have to 
be analyZed, many PCR reactions are required. This is very 
labor intensive. 

[0008] On the other hand, the comparative analysis for 
tWo or more kinds of DNA fragments is an important subject 
and is extensively investigated. HoWever, since the ampli 
?cation rate in PCR depends greatly on the reaction condi 
tions, the comparison of groups of DNA fragments Which 
are obtained under different PCR conditions, namely, groups 
of DNA fragments Which are independently obtained by 
ampli?cation, has been disadvantageous in that it prohibits 
quantitative investigation. Factors capable of affecting PCR 
include the reaction temperature, the base sequences of 
primers, the amounts of reagents, the kinds and amounts of 
contaminants, etc. It is considerably dif?cult to make these 
factors the same for different reactions. 

[0009] A PCR technique for quantitative and comparative 
analysis for one DNA fragment species in various samples 
such as tissues has recently been developed. This method is 
called adaptor-tagged competitive PCR (ATAC PCR). NoW 
the target of the analysis is the same DNA fragment species 
in different DNA samples (for example, different sample 
numbers are used to identify those samples; sample number 
1—sample number 9). There are plural of samples contain 
ing various DNA species to be compared. The method can 
carry out comparative analysis of DNA fragment species 
belonging to different samples by putting tags depending on 
the samples. The tagging is taken place by changing the 
lengths of oligomers connected to the DNA fragments as 
folloWs. An oligonucleotide having a knoWn base sequence 
is connected to each end of the DNA fragment species. The 
knoWn base sequence is composed of a common base 
sequence for the hybridiZation of a primer and a tagging base 
sequence for discriminating the plurality of the samples 
containing various DNA species. To separate DNA fragment 
species produced from different samples, the tagging 
sequences are designed so as that their lengths are different 
from sample to sample. In ATAC PCR analysis, only one 
target DNA fragment species in various samples is analyZed 
at a time. Each sample contains the target DNA fragment 
sequences at different ratios. The priming site for PCR 
ampli?cation is also the same for different DNA fragments. 
The only difference in the targets is the lengths of the tagging 
sequence region. Consequently, all the target DNA frag 
ments can be ampli?ed at the same ampli?cation rate While 
the tagging sequences are kept tagged through the ampli? 
cation. At least one of the primers used in PCR ampli?cation 
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is labeled With ?uorophore. The ?uorophore labeled DNA 
fragment ampli?ed by PCR are analyzed by gel electro 
phoresis coupled With ?uorescence detection. The DNA 
fragments originated from different DNA samples appear in 
the different positions in an electropherogram Which is used 
for the comparative analysis of the gene expression. 

SUMMARY OF THE INVENTION 

[0010] ATAC PCR is effective When one target DNA 
fragment species in different DNA samples is comparatively 
analyZed. HoWever, When plural of target DNA fragment 
species in various samples are the targets of comparative 
analysis, the accurate comparative analysis becomes dif?cult 
because unexpected and undesired side reactions frequently 
occur in a PCR With plural pairs of primers. Various primers 
in the reaction mixture may interact With DNA fragments 
other than proper target DNA fragments and may produce 
unWanted products. This can be overcome by using tWo 
types of primers; the ?rst primer is common to all the target 
DNA fragments and free in a liquid phase, the second 
primers are speci?c to the target DNA fragments and is ?xed 
on solid supports. This prevents the interaction betWeen tWo 
different speci?c primers through a PCR reaction. PCR 
ampli?cation is carried out under the folloWing conditions: 
the primers speci?c to the target DNA fragments, respec 
tively, are immobiliZed on the surfaces of beads or the like 
so as to be separated on the basis of the kinds of the primers, 
and the primers having a common base sequence are mobile 
in a solution. Thus, the production and ampli?cation of 
undesired DNA fragments other than the target DNA frag 
ments are prevented. 

[0011] Thus, the target DNA fragment species are mixed 
and then subjected to PCR simultaneously. The base 
sequence of the priming site is the same for different DNA 
fragments, and most of the base sequences subjected to PCR 
ampli?cation are the same, and the reactions are carried out 
in one reaction vessel. Therefore, the target DNA fragment 
species are ampli?ed under the same conditions. Accord 
ingly, the ampli?cation ef?ciency of the target DNA frag 
ment species is constant so that a quantitative analysis of 
DNA fragments is possible. 

[0012] A speci?c example of analysis requiring quantita 
tive PCR is the above-mentioned cDNA analysis for moni 
toring gene expression. Sample cDNAs contain various 
DNA fragments, and information on gene expression as Well 
as gene function is obtained via quantitative analysis of 
these DNA fragments in various samples. Usually the copy 
numbers of target DNAs in samples are small, so that 
measurement is carried out after PCR ampli?cation. 

[0013] The PCR ampli?cation should be carried out so as 
to permit quantitative investigation, and the DNA fragments 
are preferably reacted at the same time in the same reaction 
vessel. The PCR conditions should not be different for the 
DNAs. The PCR ampli?cation of a plurality of DNA species 
at the same time has been attempted. But it is often unsuc 
cessful because of, for example, the production of unex 
pected PCR products. On the other hand, When the PCR 
ampli?cation is carried out for each DNA species indepen 
dently, the analysis is very labor intensive and troublesome. 
Further, in gene expression pro?le analysis, When a uniquely 
expressed DNA fragment is found, it is preferably taken out 
for precise analysis. 
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[0014] The recovery of such a DNA fragment from the 
mixed products has not been carried out because of its 
dif?culty. 
[0015] Such a situation is common to analyses for diag 
noses using genes. Quantitative PCR is important in gene 
diagnosis and gene expression analysis. The quantitative 
PCR can easily be carried out, for example, When there is 
only one target DNA species to be processed in order to ?nd 
out the presence ratio of the target gene in various environ 
ments or in various tissues. 

[0016] As described above, methods such as ATAC PCR 
invented for solving this problem are disadvantageous in 
that they do not permit simultaneous analysis for plurality of 
target DNA fragment species. It has been an important 
subject to develop a method for quantitative and compara 
tive analysis of a plurality of target DNA fragment species 
in various DNA samples, or a sample preparation method. 

[0017] The present invention is intended to provide a 
sample preparation method and a sample preparation appa 
ratus Which solve the above problems. In detail, the present 
invention is intended to provide a sample preparation 
method and a sample preparation apparatus, in Which mutual 
interference by primers is avoided, and arti?cial DNA frag 
ment production by primer extension is reduced, therefore a 
plurality of target DNA fragments from various DNA 
samples are ampli?ed by PCR simultaneously in one reac 
tion vessel. 

[0018] In the sample preparation method of the present 
invention, although a plurality of target DNA fragment 
species are ampli?ed in one reaction vessel, mutual inter 
action of primers is prevented by carrying out the PCR 
ampli?cation in mutually isolated places for the target DNA 
fragment species, respectively. Primers (speci?c primers) 
hybridiZing speci?cally to the target DNA fragment species, 
respectively are immobiliZed on surfaces of ?ne particles or 
beads, and target DNA fragment species are ampli?ed by 
PCR on the surfaces of the corresponding ?ne particles or 
beads. Each of the speci?c primers immobiliZed on ?ne 
particles or beads, and a primer (this primer is referred to as 
a mobile (or free) primer or a common primer) in the liquid 
phase are used for complementary strand extension. 

[0019] In addition, mutual interaction of the primers is 
prevented by localiZing the positions of holding the ?ne 
particles or beads in the vessel, depending on the kinds of the 
speci?c probes (primers) immobiliZed on the surfaces of the 
?ne particles or beads. After completion of PCR, the solid 
supports such as the ?ne particles or beads, ?bers or the like 
are separated and recovered, and DNA fragment species 
trapped on the surfaces of the solid supports are also 
separated and recovered. The speci?c primers have substan 
tially the same length but have different base sequences 
according to their target DNA fragment sequences. 

[0020] In analysis using the sample preparation method of 
the present invention, the discrimination of DNA target 
fragments in various DNA samples is made possible by 
bonding different kinds of oligomers as priming regions to 
the ends of target DNA fragments, respectively, according to 
the DNA samples. 

[0021] As to the recovery of the PCR products separately 
according to their kinds, ?ne particles or beads, Which can 
be discriminated from each other by a chemical or physical 
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property, are used. Each distinguishable ?ne particle or bead 
immobiliZes the speci?c primers, speci?c to a target DNA 
fragment, on the surface to hold the corresponding DNA 
fragments ampli?ed through PCR. The ?ne particles or 
beads having different chemical or physical properties hold 
the different kinds of DNA fragments (PCR products) on 
their surface and are separated by the chemical or physical 
properties. Consequently the different DNA fragment spe 
cies or DNA fragment groups produced by PCR are recov 
ered separately With the ?ne particles or beads. The recov 
ered DNA fragments are analyZed by gel electrophoresis or 
DNA probe array and so on. Of course the DNA fragments 
recovered from each kind of ?ne particles or beads contains 
DNA fragment copies originated from different DNA 
samples. The presence ratio of the target DNA fragments 
among the DNA samples is the same as that of the original 
one as eXpfained above. The DNA fragments originated 
from different DNA samples can be distinguished by their 
lengths because the lengths of the oligomers connected to 
the target DNA fragment termini differ from DNA sample to 
DNA sample. This permits the quantitative analysis of the 
target DNA fragment abundance in various DNA samples. 

[0022] The sample preparation method of the present 
invention can be utiliZed also for carrying out simultaneous 
PCR ampli?cation of various kinds of target DNA fragments 
in a plurality of DNA samples to be inspected each contain 
ing a plurality of target DNA fragments, and for separating 
the PCR products. That is, speci?c primers are immobiliZed 
on ?ne particles or beads and the reactions are carried out in 
one vessel, or the ?ne particles or beads are located in 
different compartments on the basis of the kinds of probes 
and the PCR ampli?cation is carried out for each of target 
DNA fragments so that mutual interference of primers may 
be reduced. After the ampli?cation, the PCR products can be 
separated and recovered on the basis of the kinds of the DNA 
fragments and can be analyZed. Of course a DNA probe 
array can be used as the speci?c primer support instead of 
beads. 

[0023] The sample preparation method of the present 
invention can provide a method Which is impossible accord 
ing to the referenced prior art, i.e., a method for amplifying 
the number of copies of a plurality of DNA fragment species 
derived from a plurality of DNAs ampli?ed While keeping 
the ampli?ed DNA fragment species quantitatively and 
comparatively analyZable. According to prior arts, the sepa 
ration and recovery of PCR ampli?cation products of target 
DNA fragment species require much labor and time and 
moreover, the separation and recovery are difficult because 
gel separation cannot be employed When the DNA fragments 
have the same length. On the other hand, the separation and 
recovery can easily be carried out in the present invention. 

[0024] In the sample preparation method of the present 
invention, When the base sequences of a plurality of ampli 
?ed DNA fragment species are determined, sample prepa 
ration for the plurality of the ampli?ed DNA fragment 
species is carried out in one lot in one vessel, and the 
products are separated and collected for each noted DNA 
fragment species. Then base sequence determination reac 
tion is carried out for each DNA fragment species, and the 
reaction products are subjected to gel electrophoresis, 
Whereby the base sequences of the plurality of the DNA 
fragment species can be determined very ef?ciently. 
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[0025] The characteristics of typical constitutions of the 
present invention are explained beloW. The sample prepa 
ration method of the present invention comprises a step of 
amplifying tWo or more kinds of target DNA fragments by 
PCR by using each of speci?c primers Which have base 
sequences complementary to the target DNA fragments to be 
ampli?ed and are immobiliZed on the surfaces of one or 
more mutually separable groups of supports so as to be 
separated on the basis of the kinds of the complementary 
base sequences, and a mobile (free) primer presenting in a 
solution; and a step of separating and recovering the PCR 
ampli?cation products, as groups each containing one or 
more kinds of target DNA fragments. 

[0026] The sample preparation method of the present 
invention is characteriZed also by the folloWing. The mobile 
(free) primer is a common primer that hybridiZes With the 
tWo or more kinds of the target DNA fragments in common. 
The common primer hybridiZes With the base sequence of an 
oligonucleotide introduced into the termini of each of the 
target DNA fragments. The supports immobiliZing the spe 
ci?c primers are a plurality of ?ne particles or beads, Which 
can be distinguished by speci?c gravity (Weight), color, or 
siZe. The kinds of the speci?c primers immobiliZed on a 
bead can be knoWn by the speci?c Weights, respectively, or 
siZes, of the supports, or colors. 

[0027] Alternatively, the supports are a plurality of ?bers, 
and the speci?c primers are immobiliZed near the ends of 
different ?bers so as to be separated on the basis of the kinds 
of the speci?c primers. In particular, the supports are a 
plurality of mutually discriminable ?ne particles or beads, 
Which are held in a single reaction cell. The supports are 
separately held in different compartments in a single capil 
lary. 

[0028] The ?ne particles immobiliZing the primers are 
separately held in groups through dummy beads or dummy 
?ne particles, Which separate a plurality of compartments. 
The supports are a plurality of ?ne particles or beads, Which 
can be discriminated as a plurality of groups Which can be 
discriminated on the basis of the difference of any of the 
siZes of the ?ne particles or beads, the speci?c Weights of the 
?ne particles or beads, colors given to the ?ne particles or 
beads, and the degrees of magnetiZation of the ?ne particles 
or beads. 

[0029] The sample preparation method of the present 
invention comprises a step of amplifying a plurality of target 
DNA fragments by PCR by using each of the speci?c 
primers Which have, respectively, base sequences comple 
mentary to the tWo or more kinds, respectively, of the DNA 
fragments to be ampli?ed, are immobiliZed on the surface of 
one or more mutually separable groups of supports so as to 
be separated on the basis of the kinds of the complementary 
base sequences, and a free primer in a solution; and a step 
of separating and recovering the PCR ampli?cation products 
on the basis of the kinds of DNA fragments. 

[0030] The free primer is a common primer that hybridiZes 
With the tWo or more kinds of the DNA fragments in 
common at an oligonucleotide portion introduced into the 
end of each DNA fragment. 

[0031] The sample preparation apparatus as another 
embodiment of the present invention can be made by a 
holder having a plurality of holes and a vessel having a 
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concavity for accommodating the edge of the holder. Prim 
ers speci?c to the target DNA fragment species (speci?c 
primers), respectively, are immobilized on the inner surfaces 
of the holes, or they are placed in the holes separately on the 
basis of the kinds of the speci?c primers after being immo 
biliZed on beads. A free primer common to the target DNA 
fragment species (a common primer) is mobile in the vessel 
together With a solution and other reagents (reaction sub 
strates and reagents necessary for PCR, such as enZymes). 

[0032] When the holder having a plurality of holes is 
immersed in the reaction solution contained in the vessel, the 
reaction solution enters all the holes uniformly to be sub 
jected to PCR. The use of immobiliZed primers (speci?c 
primers) speci?c to the DNA fragment species con?nes the 
PCR products in the holes. Therefore, by-products caused by 
the reactions betWeen tWo or more kinds of the speci?c 
primers in the PCR are not produced. 

[0033] As described above, according to the present 
invention, a plurality of DNA fragment species contained in 
each sample to be analyZed can be ampli?ed by PCR under 
the same conditions at the same time, and the PCR products 
can be separated and recovered on the basis of the kinds of 
the target DNA fragment species. 

[0034] By immobiliZing the speci?c primers on the sur 
faces of solid supports such as separate ?ne particles, beads 
or ?bers to separate them spatially from one another, the 
reaction area in the PCR can be restricted around the surface 
areas of the solid supports, and it is possible to prevent the 
production of undesired DNAproducts by the cross reaction 
among the speci?c primers. 

[0035] Thus, the quantitative and comparative analysis for 
a plurality of target DNA fragment species in each sample to 
be analyZed becomes possible. Furthermore, the method of 
the present invention saves the labor of sample preparation 
and permits the reduction of reagents for PCR reaction. 

[0036] The typical constitution of the present invention is 
outlined beloW With reference to FIG. 6. 

[0037] A plurality of DNA fragment species to be ampli 
?ed are present in a solution as a mixture. Reagents neces 

sary for PCR, such as common primers (free primer), 
reaction substrates and enZymes are added into the aforesaid 
solution to obtain a reaction mixture. Primers speci?c to 
DNA fragment species (speci?c primers) to be ampli?ed, 
respectively, are immobiliZed on beads, Which are placed in 
the holes 301-1,~, 301-9 of a holder 302 in distinction from 
one another on the basis of kinds of the speci?c primers. 

[0038] Needless to say, the alternative Way of holding 
speci?c primers is to immobiliZe them on the inner surfaces 
of the holes so as to be separately placed in different holes 
on the basis of the kinds of the speci?c primers. 

[0039] When the holder having a plurality of the holes is 
immersed in the reaction mixture contained in a vessel, the 
reaction mixture containing all the target DNA fragment 
species, the reagent for reaction and the common primer 
goes into the holes. When PCR is carried out in each hole, 
the reaction conditions are the same in all the holes and the 
target DNA fragment species to be ampli?ed are ampli?ed 
by PCR in compartments, respectively, spatially separated 
on the basis of the kinds of the target DNA fragments. 
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[0040] The reaction solution can go in and out of the holes 
freely and the various target DNA fragment species can be 
ampli?ed under the same conditions Without mutual inter 
action, by the con?nement of only the speci?c primer to the 
speci?c places. DNA fragments produced by the ampli?ca 
tion in each hole can, of course, be separately collected and 
can be analyZed. 

[0041] According to the present invention, mutual inter 
action of the primers can be avoided, target DNA fragment 
species in a plurality of samples can be ampli?ed by PCR 
under the same conditions at the same time, and the PCR 
products can be separated and recovered on the basis of the 
kinds of the target DNA fragment species. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 is a diagram illustrating the sample prepa 
ration and the notations used in the ?gures. Here plural of 
DNA samples are notated With i (i=a-f) and plural species 
of target DNA fragments notated With j=1—9). The 
sequences of oligomers connected to the target DNA frag 
ments have tWo parts common to all the target DNA frag 
ments and speci?c parts Which distinguish samples by their 
lengths. PCR ampli?cation of fragments are carried out at 
the same time and under the same conditions in a vessel by 
using ?ne particles or beads, Which are different in diameter 
and have primers speci?c to target DNA fragment species, 
respectively, on the surfaces. 

[0043] FIG. 2 is a diagram schematically shoWing simul 
taneous PCR ampli?cation of the plurality of the target DNA 
fragment species by the use of the ?ne particles or beads, 
Which are different in diameter and have speci?c primers, 
respectively, immobiliZed thereon, in Example 1 of the 
present invention. 

[0044] FIG. 3 is a diagram shoWing a method for sepa 
rating and collecting a plurality of target DNA fragment 
species on the basis of their kinds by separately collecting 
the ?ne particles or beads on the basis of their siZes by the 
use of a sheet having holes or a sheet having slits, in 
Example 1 of the present invention. 

[0045] FIG. 4 is a diagram illustrating a method compris 
ing immobiliZing speci?c primers on the surfaces of ?bers 
used in place of ?ne particles or beads, amplifying a 
plurality of target DNA fragment species by PCR at the same 
time, and separating and collecting the ampli?ed products of 
the plurality of the target DNA fragment species on the basis 
of their kinds, in Example 1 of the present invention. 

[0046] FIG. 5 is a diagram shoWing a structure for car 
rying out simultaneous PCR of a plurality of target DNA 
fragment species in a capillary by holding ?ne particles or 
beads, Which have speci?c primers immobiliZed thereon, in 
the capillary so as to locate the ?ne particles or beads in 
different compartments on the basis of the kinds of the 
speci?c primers, in Example 2 of the present invention. 

[0047] FIG. 6 is a perspective vieW shoWing the structure 
of a reaction device using a plate having hole-like reaction 
portion array for holding speci?c probes so as to separate 
them on the basis of their kinds, in Example 3 of the present 
invention. 

[0048] FIG. 7 is a cross-sectional vieW shoWing a Way of 
keeping ?ne particles or beads, Which have speci?c probes 
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immobilized thereon, in the hole-like reaction portions of 
the strip-form array shoWn in FIG. 6 in the present inven 
tion, so as to assign the ?ne particles or beads to the kinds, 
respectively, of the speci?c probes. 

[0049] FIG. 8 is a cross-sectional vieW shoWing a struc 
ture for immobilizing speci?c probes on the inner 5 surface 
of each reaction portion of the plate having hole array shoWn 
in FIG. 6 in the present invention, so as to separate the 
speci?c probes on the basis of their kinds. 

[0050] FIG. 9 is a cross-sectional vieW shoWing a Way of 
keeping ?bers immobiliZing speci?c probes, in the hole-like 
reaction portions, respectively, shoWn in FIG. 6 in the 
present invention, so as to assign the ?bers to the kinds, 
respectively, of the speci?c probes. 

[0051] FIG. 10 is a perspective vieW shoWing the struc 
ture of a reaction device using a grooved plate in Which 
speci?c probes are held so as to be separated on the basis of 
their kinds, in Example 4 of the present invention. 

[0052] FIG. 11 is a plan vieW of the grooved plate that 
constitutes the reaction device shoWn in FIG. 10 in the 
present invention. 

[0053] FIG. 12 is a cross-sectional vieW taken along the 
line A-A‘ of FIG. 10. 

[0054] FIG. 13 is a cross-sectional vieW illustrating a 
structure for separating ?ne particles or beads on the basis of 
their speci?c gravity in Example 5 of the present invention. 

[0055] FIG. 14 is cross-sectional vieW illustrating a struc 
ture for separating ?ne particles or beads by optical dis 
crimination among the colors of the ?ne particles or beads 
in Example 6 of the present invention. 

PREFERRED EMBODIMENTS 

[0056] Fundamentally, the present invention is character 
iZed in that the production of PCR by-products caused by 
interference or interaction undesired primers is prevented by 
using a free primer common to a plurality of target DNA 
fragment species (a common primer) and immobiliZed prim 
ers speci?c to the target DNA fragment species, respectively 
(speci?c primers), as primers for PCR ampli?cation of 
various target DNA fragments, and by locating the speci?c 
primers in spatially and mutually isolated places. Further 
more, the PCR products can be easily and separately col 
lected because they are in the mutually isolated places. 

[0057] The present invention is explained beloW in detail 
With reference to the draWings. 

[0058] A material (solid supports) for immobiliZing prim 
ers speci?c to target DNA fragment species, respectively, 
includes the folloWing materials such as ?ne particles or 
beads made of plastic, glass, ceramic or the like, magnetic 
?ne particles, magnetic beads, etc., Which can be discrimi 
nated as and divided into a plurality of groups based on their 
difference in physical or chemical properties. The ?rst 
primers at a plurality of speci?c primer pairs capable of 
hybridiZing speci?cally With the plurality of the DNA frag 
ment species, respectively, is separately immobiliZed on the 
above-mentioned solid supports so as to be separated on the 
basis of the kinds of the speci?c primers. 

[0059] The second primers of the plurality of species 
primer pairs are immobiliZed on the supports so as to collate 
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to the kinds, respectively, of the supports. Target fragment of 
DNAs are hybridiZed With the primers, respectively, and 
immobiliZed on the supports and the complementary strands 
are synthesiZed. Each second primer is in a solution and is 
a common primer Which hybridiZes With at least tWo of a 
plurality of DNA fragment species produced by the immo 
biliZed primers. Simultaneous PCR of the plurality of the 
target DNA fragment species by the use of the ?rst primers 
and the second primer is carried out. The products of the 
complementary strand synthesis or PCR can be separated 
and recovered on the basis of the kinds of the target DNA 
fragments of the DNA samples to be inspected, by moni 
toring the difference among the supports in the physical 
property. The kinds of the supports can be discriminated 
from one another by monitoring any of their speci?c 
Weights, colors, degrees of magnetiZation, shapes, siZes and 
the like as the physical property. 

[0060] As to the siZes of the ?ne particles or beads used 
here, their diameters are 0.5 pm to 500 pm. 

[0061] A method for preparing samples to be subjected to 
PCR ampli?cation is explained beloW. In the folloWing 
explanation, as shoWn in FIG. 1, DNA samples for com 
parative analysis are denoted by 201-i (i=a, b,~, f), and target 
DNA fragment species-j originated from the DNA sample 
201-i are denoted by 201-i-j (i=a, b,~, f; j=1, 2,~, 9). 

[0062] In each of the folloWing examples, a plurality of 
target DNA fragment species (e.g., cDNA fragment species) 
202 originated from a plurality of DNA samples are ampli 
?ed by PCR and separated and collected on the basis of the 
kinds of the target DNA fragment species. In each of the 
folloWing examples, the number of DNA samples is 6 and 
the number of target DNA fragment species is 9. Needless to 
say, the number of DNA samples and the number of target 
DNA fragment species are varied depending on a purpose of 
analysis. 

[0063] In the base sequence of the target DNA, target 
regions to be ampli?ed are determined, and primers (speci?c 
primer) 207-j=1, 2,~, 9) are prepared to hybridiZe speci? 
cally With the base sequences (speci?c base sequences), 
respectively, of the target regions to be ampli?ed. The DNA 
is cleared With restriction enZymes at the recognition sites 
present in each target regions. An oligomer having a knoWn 
base sequence is bonded to the end of each of the digested 
DNA fragments by ligation. Each target region betWeen the 
knoWn base sequence originated in the bonded oligomer and 
the speci?c base sequence is subjected to PCR ampli?cation 
to obtain samples for comparative analysis. 

[0064] In the examples explained beloW With reference to 
FIG. 1, FIG. 2 and FIG. 3, “201-i-j” are used to represent 
the single stranded target DNAs having no oligomers With a 
knoWn base sequence attached at the 5‘-ends of the fragment. 
Needless to say, an oligomer having a knoWn base sequence 
may be attached to the fragments. 

[0065] The examples shoWn in FIG. 1, FIG. 2 and FIG. 
3, are also applicable to double-stranded fragments and each 
region betWeen the knoWn base sequence and the speci?c 
base sequence can be subjected to PCR ampli?cation in the 
same manner as above to obtain samples for comparative 
analysis. 

[0066] The base sequence of the ligated oligomer having 
a knoWn base sequence comprises a common base sequence 
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208 and a discriminating base sequence 205-i (i=a, b,~, f) for 
discriminating the DNA samples, Which follows the 5‘-end 
of the common base sequence 208. The discriminating base 
sequence 205-i is a base sequence for discriminating target 
DNA fragments originated from the DNA sample-i by its 
length depending on the DNA samples. 

[0067] That is, the length of the discriminating base 
sequence 205-i (i=a, b,~, f) is the same for target DNA 

fragments 201-i-j (j=1, 2,~, 9) in the sample-i (i=a, b,~, The common base sequence 208 at the 3‘-end of each of 

target DNA fragment species 201-i-j (j=1, 2,~, 9) in the DNA 
sample-i (i=a, b,~, f) is the same irrespective of the DNA 
sample and the DNA target fragment species. A free primer 
208‘ for PCR ampli?cation Which is in a reaction solution 
hybridiZes With the common base sequence 208. 

[0068] The speci?c primers are immobiliZed at their 
5‘-end on the surfaces of separate solid supports such as ?ne 
particles or beads through linkers, respectively, so as to be 
separated on the basis of the kinds of the speci?c primers. 
Needless to say, a plurality of the speci?c primers of the 
same kind are immobiliZed on the surface of one solid 

support. 

EXAMPLE 1 

[0069] Example 1 is a case Where different DNA probes 
(primers) are immobiliZed on different beads, respectively, 
and various target DNA fragments are ampli?ed by PCR in 
distinction from one another, and the ampli?ed products are 
held on the beads and then separately collected. 

[0070] In Example 1, a method is explained Which com 
prises immobiliZing speci?c probes (speci?c primers) 207-j 
(j=1, 2,~, 9) capable of hybridiZing speci?cally With a 
plurality of target DNA fragment species 201-i-j (i=a, b,~, f; 
j=1, 2,~, 9), respectively, in each of a plurality of DNA 
sample-i (i=a, b,~, f) on the surfaces of ?ne particles or 
beads 206-j (j=1, 2,~, 9) having different diameters for the 
different target DNA fragment species; and dispersing the 
?ne particles or beads in a reaction solution to carry out PCR 
ampli?cation of the plurality of the target DNA fragment 
species 201-i-j (i=a, b,~, f; j=1, 2,~, 9) in each of the 
plurality of the DNA samples-i (i=a, b,~, f) by using each of 
the speci?c primers 207- j (j=1, 2,~, 9) and a common primer 
(a free primer) 208‘ capable of hybridiZing With at least tWo 
of the plurality of the target DNA fragment species in 
common. 

[0071] FIG. 1 is a diagram illustrating the sample prepa 
ration and the notations used in the ?gures. Here a plurality 
of DNA samples are notated With i (i=a-f) and a plurality of 
species of target DNA fragments in a sample are notated 
With j (j=1—9). The sequences of oligomers connected to the 
target DNA fragments have tWo parts, a part common to all 
target DNA fragments and a speci?c part Which distinguish 
DNA samples by their lengths. PCR ampli?cation of target 
DNA fragments are carried out at the same time and under 
the same conditions in a vessel by using ?ne particles or 
beads, Which are different in a physical parameter such as 
diameter or color and have primers speci?c to target DNA 
fragment species, respectively on the surfaces. 

[0072] FIG. 2 is a diagram schematically shoWing the 
simultaneous PCR ampli?cation of the plurality of the target 
DNA fragment species in each of the plurality of the DNA 
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samples, by the use of the ?ne particles or beads, Which are 
different in diameter in this example and have the speci?c 
primers immobiliZed thereon, in Example 1. 

[0073] First, the sample preparation method of the present 
invention shoWn in FIG. 1 is outlined beloW. FIG. 1 shoWs 
a case Where 9 kinds of the target DNA fragments contained 
in DNA samples 201-i (i=a, b,~, f) are ampli?ed by PCR and 
the ampli?cation products are separately collected. 

[0074] Each of DNA samples to be analyZed is cleaved 
With restriction enZymes. An oligomer is bonded to the end 
of each of the cleaved fragments by ligation. The oligomer 
is composed of a common base sequence portion 208 Which 
is the same for and common to all the target DNA fragments, 
and a discriminating base sequence 205-i (i=a, b,~, f) Which 
discriminates the DNA samples by their lengths. 

[0075] As shoWn in FIG. 1, 9 kinds (Which may be 
increased or decreased but an explanation is given here by 
taking the case of 9 kinds) of target DNA fragments 202 
(originated from the plurality of the DNA samples to be 
inspected) having various base sequences and lengths are 
produced for each of DNA samples. In FIG. 1, only single 
stranded DNA fragments each having the oligomer at the 
3‘-end are shoWn to simplify the procedure. In actual cases, 
the oligomers are ligated to double-stranded DNA frag 
ments, from Which single stranded DNA fragments are 
produced. The target DNA fragments used here are the 
single-stranded DNA fragments shoWn in FIG. 1. 

[0076] PCR ampli?cation is carried out by using a primer 
208‘ having a base sequence complementary to the terminal 
base sequence 208 of each of the plurality of the DNA 
fragments 202, and speci?c primers 207-j capable of hybrid 
iZing speci?cally With the target DNA fragments, respec 
tively. The speci?c primers 207-j are immobiliZed on dif 
ferent beads so as to be separated on the basis of the kinds 
of the speci?c primers 207-i, and hence are located in 
different places (beads), respectively, on the basis of the 
kinds of the speci?c primers 207-i. 

[0077] Therefore, the PCR products are produced also in 
the mutually isolated places. In the ?rst complementary 
stand extension reaction, the common primer 208‘ hybrid 
iZes With a target DNA fragment to form a complementary 
strand ((a) in FIG. 1). The speci?c primer 207-j hybridiZes 
With the formed complementary strand, and complementary 
strand extension takes place in FIG. 1). Thereafter, as 
shoWn in (c) and (d) in FIG. 1, the sequence region betWeen 
the common primer 208‘ and the speci?c primer 207-j 
(j=1,~, 9) is ampli?ed in the place only in Which the speci?c 
primer is located ((e) in FIG. 1). 

[0078] DNA fragments, Which have different terminal 
base sequences (discriminating sequences 205-i (i=a, b,~, 
f)), respectively, for the different samples-i (201-i (i=a, b,~, 
f)) are obtained are increased While maintaining the relative 
abundances of the fragments as in the original DNA 
samples. Since the ampli?cation is carried out at a localiZed 
area, the ampli?ed DNA fragments can be separately col 
lected on the basis of their kinds then utiliZed or analyZed. 

[0079] The above is an outline of the sample preparation 
method of the present invention shoWn in FIG. 1. A detailed 
explanation is given beloW. 

[0080] For separately collecting the PCR products by 
sorting, the speci?c primers 207-j are immobiliZed on the 
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surfaces of the ?ne particles or beads 206-j having different 
diameters or colors, so as to be separated on the basis of the 
kinds of the speci?c primers 207-j. The ?ne particles or 
beads 206-j (j=1, 2,~, 9) immobilizing the speci?c primers 
207- j are placed together in a reaction vessel 101. Aplurality 
of target DNA fragment species (cDNA fragments) 202 
(including all target DNA fragment species 201-i- j (i=a, b,~, 
f; j=1, 2,~, 9) in the plurality of the DNA samples) and 
reagents necessary for PCR such as enZymes and reaction 
substrates are added and PCR is carried out. 

[0081] As shoWn in (a) in FIG. 1, a strand complementary 
to the target DNA fragment species 201-i-j is produced by 
the extension reaction of the free primer 208‘ hybridiZed to 
the common base sequence 208 at the 3‘-end of the target 
DNA fragment species 201-i-j. As shoWn in (b) in FIG. 1, 
a complementary strand is synthesiZed from a speci?c 
primer 207- j immobiliZed on each ?ne particle or bead 206- j 
after hybridiZing to the complementary DNA strand pro 
duced by the common primer extension. 

[0082] The speci?c primer 207-j is hybridiZed Within an 
inherent base sequence portion 203-j (j=1, 2,~, 9) (not 
shoWn) of the DNA strand complementary to the DNA 
fragment species 201-i-j in the sample i (or the 3‘-end of the 
oligomer With a knoWn base sequence attached to the 5‘-end 
of the DNA fragment species 201-i-j) and the 3‘-end of a 
base sequence 205‘-j complementary to the discriminating 
sequence 205-i. 

[0083] As a result, the speci?c primer 207-j immobiliZed 
on the surface of the ?ne particle or bead 206-j is extended 
to make a complementary strand. Since the different speci?c 
primers (probes) 207-j are immobiliZed on the different ?ne 
particles or beads 206-j having different physical properties 
such as diameters or colors, different DNA strands are 
produced on the different ?ne particles or beads 206-j having 
different physical properties such as diameters or colors. 

[0084] As shoWn in (c) in FIG. 1, by the extension 
reaction of the primer 208‘ in solution, a strand complemen 
tary to the extended strand of the speci?c primer 207-j is 
produced. 

[0085] As shoWn in FIG. 2, the common probe 208‘ is 
hybridiZed With each of the DNA strands 107-1 and 107-2 
extended from the speci?c primers, respectively, immobi 
liZed on the surfaces of the ?ne particles or beads, and the 
DNA strands 108-1 and 108-2 extended from the common 
probe are produced. As shoWn in (d) in FIG. 1, PCR 
ampli?cation is carried out by utiliZing the produced DNA 
strands. 

[0086] The products obtained by the above reactions are 
double stranded DNA fragments as shoWn in (e) in FIG. 1. 
They are composed of a ?rst single strand immobiliZed on 
the ?ne particle or bead 206-j and a second single strand 
being produced by the common primer extension and having 
a base sequence complementary to the ?rst single strand. A 
?rst single strand has, at the 3‘-end side, the common base 
sequence 208 and the discriminating base sequence 205-i 
subsequent thereto for discriminating the target DNA frag 
ment species 201-i-j in the DNA sample 201-i, and has, at 
the 5‘-end side, the base sequence of the speci?c primer 
207-j. Thus, DNA copies derived from the target DNA 
fragment species 201-i-j (i=a, b,~, f; j=1, 2,~, 9) are 
obtained. 

Aug. 30, 2001 

[0087] As a result, for each target DNA fragment species 
j, DNA fragment groups 209-j containing copy DNA frag 
ments 201‘-i-j (i=a, b,~, f), respectively, are obtained for 
everyj (j=1,~9). 

[0088] In FIG. 1, the siZe of the ?ne particles or beads 
206- j is indicated by the symbol ., and for example, the siZe 
of 206-1 is indicated by the symbol 0, and the siZe of 206-9 
by the symbol A. Of course, color coding of ?ne particles or 
beads can be used instead of siZe coding. 

[0089] Complementary strands are synthesiZed by using 
the fragment groups 209-j obtained for the DNA fragment 
species-j, respectively, by replication, as templates and a 
?uorophore-labeled common primer 208‘ (capable of 
hybridiZing With the common base sequence 208), and are 
electrophoresed. The electropherograms are compared so as 
to decide the presence ratio of the target fragment species 
201 -i-j (f; j=1, 2,~, 9)) in each of the plurality of DNA 
samples 201-i (i a,~, 

[0090] As shoWn in FIG. 2, the ?ne particles or beads are 
dispersed in a PCR solution, so that effective reaction 
regions 103-j (j=1, 2,~, 9) around the beads 206-j holding 
the different speci?c primers 207-j are suf?ciently apart 
from one another. Since a single strand released from each 
DNA double strand Which is obtained as a complementary 
strand extension product, is present near the ?ne particle of 
bead, it hybridiZes With a speci?c primer on the bead to do 
PCR ampli?cation. The concentration of the complementary 
strand decreases With a distance from the ?ne particle or 
bead. As a result, undesired PCT products are hardly pro 
duced. To improve the ef?ciency, a substance having a high 
viscosity may be added to a reaction mixture to reduce the 
fragment mobility. Strands produced by ampli?cation by the 
use of only the common probe 208‘ are preserved, but 
strands other than those trapped by the ?ne particles or beads 
are Washed aWay after the reaction and hence have no actual 
undesirable in?uence. 

[0091] The beads may occupy the different areas from one 
another so that the probes (primers) immobiliZed thereon 
may be separated on the basis of their kinds. As the different 
probes are on the different beads, respectively, and the beads 
are coded by different physical characteristics such as siZe or 
color, the beads are separated after the PCR by utiliZing their 
characteristic (siZe or color), and then DNA fragments 
produced by the PCR ampli?cation are separately collected. 

[0092] FIG. 3 is a diagram shoWing a method for sepa 
rating and collecting plurality of DNA fragment species on 
the basis of their kinds by separately collecting the ?ne 
particles or beads on the basis of their siZes by the use of a 
sheet having holes or a sheet having slits, in Example 1. The 
reaction solution is diluted With a solvent after PCR, and the 
?ne particles or beads are separately collected on the basis 
of their siZes by the use of a sheet having holes or a sheet 
having slits While alloWing the dilution to ?oW. The diameter 
of the holes 109-j (j=1, 2,~, 9) for separating the ?ne 
particles or beads on the basis of their siZes, or the siZe of 
aperture of the slit 109-j (j=1, 2,~, 9) for separating the ?ne 
particles or beads on the basis of their siZes is such that the 
?ne particles or beads can pass through the holes or the slits. 

[0093] The dilution of the reaction solution after PCR is 
passed through the holes 109‘-j or the slits 109‘- j While being 
alloWed to How from left to right on the sheet having holes 












