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REACTION TREATMENT DEVICE, AND METHOD FOR CONTROLLING REACTION

TREATMENT DEVICE

[TECHNICAL FIELD]

[0001] The present invention relates to reaction processors
used for polymerase chain reactions (PCR) and methods for
controlling the reaction processors.

[BACKGROUND ART]

[0002] Genetic testing is widely used for examinations in
a wide variety of medical fields, identification of farm products
andpathogenicmicroorganisms, safetyassessment for foodproducts,
and even for examinations for pathogenic viruses and a variety
of infectious diseases. In order to detect with high sensitivity
a minute amount of gene’s DNA, methods of analyzing the resultant
obtained by amplifying a portion of DNA are known. Above all,
PCR is a remarkable technology where a certain portion of a very
small amount of DNA collected from an organism or the like 1is
selectively amplified.

[0003] In PCR, a predetermined thermal cycle is applied to
a sample in which a biological sample containing DNA and a PCR
reagent consisting of primers, enzymes, and the like are mixed
so as to cause denaturation, annealing, and elongation reactions
to be repeated so that a specific portion of DNA is selectively
amplified.

[0004] It is a common practice to perform PCR by putting a

predetermined amount of a target sample into a PCR tube or a reaction
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processing vessel such as a microplate (microwell) in which a
plurality of holes are formed. However, in recent years, PCRusing
a reaction processing vessel (also referred toas “chip”) provided
with a micro-channel that is formed on a substrate is practiced
(e.g. Patent Document 1).

[0005] [Patent Document 1] Japanese Patent Application
Publication No. 2009-232700

[DISCLOSURE OF THE INVENTION]

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0006] In PCR using a reaction vessel of a reciprocating
channel type, in order to apply a thermal cycle to a sample by
movingthe sample inareciprocatingmanner inachannel, aplurality
of temperature regions each maintained at a different temperature
are set on the channel. 1In order to properly apply a thermal cycle
to a sample, it is necessary for the sample to stop accurately
in each temperature region. Variations in the stopping position
may prevent reactions from occurring, cause the progress of
reactions to vary according to the location of the sample, and
cause reactions such as amplification of DNA to be inaccurate,
whichmay leadtoerroneous judgment by workers and/or those engaged
in the work.

[0007] In this background, a purpose of the present invention
is to provide a technology capable of precisely stopping a sample
at a predetermined position in a temperature region in a reaction
processor capable of applying a thermal cycle to the sample by

moving the sample in a reciprocating manner in a channel in which
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different temperature regions are set.

[MEANS TO SOLVE THE PROBLEM]

[0008] A reaction processor according to one embodiment of
the present invention comprises: a reaction processing vessel in
which a channel where a sample moves is formed; a liquid feeding
systemthat moves and stops the sample in the channel; a temperature
control systemthat provides a first temperature regionmaintained
at a first temperature and a second temperature region maintained
at a second temperature lower than the first temperature in the
channel; adetectionsystemthat detectsthe sample passingthrough
a detection region that is set between the first temperature region
and the second temperature region of the channel; and a control
unit that controls the liquid feeding system based on a signal
detected by the detection system. When the sample moves from the
second temperature region to the first temperature region, the
control unit instructs the liquid feeding systemto stop the sample
when a predetermined first waiting time has passed from the time
when the passage of the sample through the detection region is
detected by the detection system. When the sample moves from the
first temperature region to the second temperature region, the
control unit instructs the liquid feeding systemto stop the sample
when a predetermined second waiting time, which is set
independently of the first waiting time, has passed from the time
when the passage of the sample through the detection region is
detected by the detection system.

[0009] Another embodiment of the present invention also
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relates to a reaction processor.

This reaction processor comprises: a reaction processing vessel
in which a channel where a sample moves is formed; a liquid feeding
systemthat moves and stops the sample in the channel; a temperature
control systemthat provides a first temperature regionmaintained
at a first temperature and a second temperature region maintained
at a second temperature lower than the first temperature in the
channel; adetectionsystemthat detects the sample passingthrough
a detection region that is set between the first temperature region
and the second temperature region of the channel; and a control
unit that controls the liquid feeding system based on a signal
detected by the detection system. Given that: when the sample
moves from the second temperature region to the first temperature
region, the moving speed of the sample in the detection region
is denoted as a first moving speed vi;, and the distance between
an end portion of the sample stopping at a predetermined position
in the channel that is closest to the detection region and the
center of the detection region is denoted as Xg1; when the sample
moves from the first temperature region to the second temperature
region, the moving speed of the sample in the detection region
is denoted as a second moving speed v,, and the distance between
an end portion of the sample stopping at a predetermined position
in the channel that is closest to the detection region and the
center of the detection region is denoted as Xp,; and when a fixed
period of time specific to the reaction processor is denoted as

te, the control unit instructs the liquid feeding system to stop
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the sample when a first waiting time defined by tg1 = Xo1/v1 —
t. has passed when the sample moves from the second temperature
region to the first temperature region and when a second waiting
time defined by tgz/2 = Xg2/v2 — t. has passed when the sample moves
fromthe first temperature regiontothe secondtemperature region.
[0010] Another embodiment of the present invention also
relates to a reaction processor. This reaction processor
comprises: a reaction processing vessel in which a channel where
a sample moves is formed; a liquid feeding system that moves and
stops the sample in the channel; a temperature control system that
provides a first temperature region maintained at a first
temperature and a second temperature regionmaintained at a second
temperature lower than the first temperature in the channel; a
detection system that detects the sample passing through a
detection region that is set between the first temperature region
and the second temperature region of the channel; and a control
unit that controls the liquid feeding system based on a signal
detected by the detection system. Given that: when the sample
moves from the second temperature region to the first temperature
region, the moving speed of the sample in the detection region
is denoted as a first moving speed vi;, and the distance between
an end portion of the sample stopping at a predetermined position
in the channel that is closest to the detection region and the
center of the detection region is denoted as Xg1; when the sample
moves from the first temperature region to the second temperature

region, the moving speed of the sample in the detection region
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is denoted as a second moving speed v,, and the distance between
an end portion of the sample stopping at a predetermined position
in the channel that is closest to the detection region and the
center of the detection region is denoted as Xj,; and when a fixed
period of time specific to the reaction processor is denoted as
te, and a and B are defined as correction coefficients, the control
unit instructs the liquid feeding system to stop the sample when
a first waiting time defined by tg1 = o * (Xp1/Vv1) — t. has passed
when the sample moves from the second temperature region to the
first temperature region and when a second waiting time defined
by taz;e = B * (Xg2/vz) — t. has passed when the sample moves from
the first temperature region to the second temperature region.
[0011] tc.may be time corresponding to the difference between
the time when the sample has actually passed through the detection
region and the time when the detection system has detected the
passage of the sample through the detection region.

[0012] The samplemay include DNA, a PCR reagent, and a reagent
that emits fluorescence. The detection system may include a
fluorescence detector for detecting fluorescence emitted from the
sample. Given that: the time the sample takes to pass through
the detection region when the sample moves from the second
temperature region to the first temperature region is denoted as
a first transit time tp;; and the time the sample takes to pass
through the detection region when the sample moves from the first
temperature region to the second temperature region is denoted

as a second transit time ty;, the control unit may obtain the first
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transit time ty; and the second transit time t,; based on the signal
from the fluorescence detector or a value obtained by performing
predetermined arithmetic processing on the signal and on a
predetermined threshold value, and the control unit may calculate
the first moving speed v; = L/ty; based on the first transit time
tpr and the length L of the sample and the second moving speed
vy = L/tp, based on the second transit time ty; and the length L
of the sample.

[0013] The control unit may change the threshold value
according to the progress of the reaction of the sample.
[0014] The control unit may control the liquid feeding system
such that the first transit time t,; and the second transit time
tp2 become predetermined target transit times.

[0015] Still another embodiment of the present invention
relates to a method for controlling a reaction processor that
comprises: a reaction processing vessel in which a channel where
a sample moves is formed; a liquid feeding system that moves and
stops the sample in the channel; a temperature control system that
provides a first temperature region maintained at a first
temperature and a second temperature regionmaintained at a second
temperature lower than the first temperature in the channel; and
a detection system that detects the sample passing through a
detection region that is set between the first temperature region
and the second temperature region of the channel. This method
comprises: instructing, when the sample moves from the second

temperature region to the first temperature region, the liquid
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feedingsystemtostopthe sample whenapredeterminedfirst waiting
time has passed fromthe time when the passage of the sample through
the detection region is detected by the detection system, and
instructing, when the sample moves from the first temperature
region to the second temperature region, the liquid feeding system
to stop the sample when a predetermined second waiting time, which
is set independently of the first waiting time, has passed from
the time when the passage of the sample through the detection region
is detected by the detection system.

[0016] Still another embodiment of the present inventionalso
relates to a method for controlling a reaction processor that
comprises: a reaction processing vessel in which a channel where
a sample moves is formed; a liquid feeding system that moves and
stops the sample in the channel; a temperature control system that
provides a first temperature region maintained at a first
temperature and a second temperature regionmaintained at a second
temperature lower than the first temperature in the channel; and
a detection system that detects the sample passing through a
detection region that is set between the first temperature region
and the second temperature region of the channel. 1In this method,
giventhat: whenthe samplemoves fromthe second temperature region
to the first temperature region, the moving speed of the sample
in the detection region is denoted as a first moving speed vy,
and the distance between an end portion of the sample stopping
at a predetermined position in the channel that is closest to the

detection region and the center of the detection region is denoted
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as Xp1; when the sample moves from the first temperature region
to the second temperature region, the moving speed of the sample
in the detection region is denoted as a second moving speed vy,
and the distance between an end portion of the sample stopping
at a predetermined position in the channel that is closest to the
detection region and the center of the detection region is denoted
as Xpz; and when a fixed period of time specific to the reaction
processor is denoted as t., the control unit instructs the liquid
feeding system to stop the sample when a first waiting time defined
by taz/1 = Xo1/Vv1 — tc has passed when the sample moves from the second
temperatureregiontothe first temperature regionandwhena second
waiting time defined by tgz/2 = Xo92/V2 — t. has passed when the sample
moves from the first temperature region to the second temperature
region.

[0017] Still another embodiment of the present inventionalso
relates to a method for controlling a reaction processor that
comprises: a reaction processing vessel in which a channel where
a sample moves is formed; a liquid feeding system that moves and
stops the sample in the channel; a temperature control system that
provides a first temperature region maintained at a first
temperature and a second temperature regionmaintained at a second
temperature lower than the first temperature in the channel; and
a detection system that detects the sample passing through a
detection region that is set between the first temperature region
and the second temperature region of the channel. Inthis method,

giventhat: whenthe samplemoves fromthe second temperature region
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to the first temperature region, the moving speed of the sample
in the detection region is denoted as a first moving speed vy,
and the distance between an end portion of the sample stopping
at a predetermined position in the channel that is closest to the
detection region and the center of the detection region is denoted
as Xg1; when the sample moves from the first temperature region
to the second temperature region, the moving speed of the sample
in the detection region is denoted as a second moving speed vg,
and the distance between an end portion of the sample stopping
at a predetermined position in the channel that is closest to the
detection region and the center of the detection region is denoted
as Xgz; and when a fixed period of time specific to the reaction
processor is denoted as t., and o and B are defined as correction
coefficients, thecontrol unit instructs the liquid feeding system
to stop the sample when a first waiting time defined by tg/1 =
o * (Xp1/Vvi) — te has passed when the sample moves from the second
temperatureregiontothe first temperature regionandwhena second
waiting time defined by ta,2 = B * (Xp2/Vv2) — t. has passed when
the sample moves from the first temperature region to the second
temperature region.

[0018] An explanation will be given regarding “the passage
of the sample through the detection region”. Since a sample that
issubjectedtoPCRhasafixedvolume, the samplehasapredetermined
length sectioned by an interfacewith the air in the channel. When
the sample subjectedtoPCRmoves inacertaindirection, the sample

has a leading end part including a leading interface and a rear
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end part including a rearmost interface. The expression “the
passage of the sample through the detection region” means that
the leading end part of the sample enters the detection region
and the rear end portion then exits the detection region when the
sample is moving in a certain direction.

[0019] The expression “the time when the sample has passed
through the detection region” means the time when the rear end
part of the sample exits the detection region. Further, the
expression “the transit time of the sample (through the detection
region)” means the time required from the time when the leading
end part of the sample enters the detection region until the time
the rear end part of the sample exits the detection region and
is the time required for the sample having a predetermined length
to pass through the detection region.

[0020] An explanation will be given now regarding “the
position of the sample”. 1Inthe present specification, etc., when
the sample in the channel moves in a direction getting away from
the detection region after passing through the detection region
or stops aftermovinginadirectionaway fromthe detection region,
“the position of the sample” is expressed by the distance X between
an interface belonging to the end part of the sample that is closest
to the detection region and the center of the detection region.
[ADVANTAGE OF THE INVENTION]

[0021] According to the present invention, a technology can
be provided that is capable of precisely stopping a sample at a

predetermined position in a temperature region in a reaction
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processor capable of applying a thermal cycle to the sample by
moving the sample in a reciprocating manner in a channel in which
different temperature regions are set.
[BRIEF DESCRIPTION OF THE DRAWINGS]
[0022] Figs. 1A and 1B are diagrams for explaining a reaction
processing vessel usable in a reaction processor according to an
embodiment of the present invention;

Fig. 2 is a schematic diagram for explaining the reaction
processor according to the embodiment of the present invention;

Figs. 3A and 3B are diagrams for explaining the stopping
position of a sample;

Figs. 4A,4B and 4C are a fluorescence signal chart diagram,
a sample position chart diagram, a sample speed chart diagram,
respectively, for a period from when a sample passes through a
fluorescence detection region until the sample stops after a
waiting time 1is set;

Fig. 5is adiagram showing changes in a fluorescence signal;

Fig. 6 is a diagram showing changes in a fluorescence signal
at apoint intime when a reaction has proceededtoacertainextent;

Figs. 7A,7B and 7C are a fluorescence signal chart diagram,
a sample position chart diagram, a sample speed chart diagram,
respectively, for a period from when a sample passes through a
fluorescence detection region until the sample stops while having
zero waiting time; and

Fig. 8 is adiagram showing the result of an experiment where

the transit time of a sample is controlled according to the table
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of Table 4.

[MODE FOR CARRYING OUT THE INVENTION]

[0023] Anexplanationwillbegiveninthe followingregarding
a reaction processor according to an embodiment of the present
invention. This reaction processor is a device for performing
PCR. The same or equivalent constituting elements, members, and
processes illustrated in each drawing shall be denoted by the same
reference numerals, and duplicative explanations will be omitted
appropriately. Further, the embodiments do not limit the
invention and are shown for illustrative purposes, and all the
features described in the embodiments and combinations thereof
are not necessarily essential to the invention.

[0024] Figs. 1A and 1B are diagrams for explaining a reaction
processing vessel 10 usable in a reaction processor according to
an embodiment of the present invention. Fig. 1A is a plan view
of the reaction processing vessel 10, and Fig. 1B is a
cross—sectional view of the reaction processing vessel 10 shown
in Fig. 1A that is sectioned along line A-A.

[0025] As shown in Figs. 1A and 1B, the reaction processing
vessel 10 comprises a substrate 14 and a channel sealing film 16.
[0026] The substrate 14 is preferably formed of a material
that is stable under temperature changes and is resistant to a
sample solution that is used. Further, the substrate 14 is
preferably formed of a material that has good moldability, a good
transparency and barrier property, and a low self-fluorescence

property. Assuchamaterial, aninorganicmaterial suchasglass,
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silicon (Si), or the like, a resin such as acrylic, polyester,
silicone, or the like, andparticularly cycloolefin are preferred.
An example of the dimensions of the substrate 14 includes a long
side of 75 mm, a short side of 25 mm, and a thickness of 4 mm.
[0027] A groove-like channel 12 is formed on the lower surface
l4a of the substrate 14, andthis channel 12 is sealed by the channel
sealing film 16. An example of the dimensions of the channel 12
formed on the lower surface 14a of the substrate 14 includes a
width of 0.7 mm and a depth of 0.7 mm. A first communication port
17, which communicates with the outside, is formed at the position
of one end of the channel 12 in the substrate 14. A second
communication port 18 is formed at the position of the other end
of the channel 12 in the substrate 14. The pair, the first
communication port 17 and the second communication port 18, formed
on the respective ends of the channel 12 is formed so as to be
exposed on the upper surface 14b of the substrate 14. Such a
substrate can be produced by injection molding or cutting work
with an NC processing machine or the like.

[0028] On the lower surface 1l4a of the substrate 14, the
channel sealing film 16 is attached. 1In the reaction processing
vessel 10 according to the embodiment, most of the channel 12 is
formed in the shape of a groove exposed on the lower surface 1l4a
of the substrate 14. This is for allowing for easy molding by
injection molding using a metal mold or the like. 1In order to
seal this groove so as to make use of the groove as a channel,

the channel sealing film 16 is attached on the lower surface 1l4a
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of the substrate 14.

[0029] The channel sealing film 16 may be sticky on one of
the main surfaces thereof or may have a functional layer that
exhibits stickiness or adhesiveness through pressing, energy
irradiation with ultraviolet rays or the like, heating, etc.,
formed on one of the main surfaces. Thus, the channel sealing
film 16 has a function of being easily able to become integral
with the lower surface 14a of the substrate 14 while being in close
contact with the lower surface l4a. The channel sealing film 16
is desirably formed of a material, including an adhesive, that
has a low self-fluorescence property. In this respect, a
transparent film made of a resin such as cycloolefin, polyester,
polypropylene, polyethylene or acrylic is suitable but is not
limitedthereto. Further, thechannelsealingfilml6émaybe formed
of a plate-like glass or resin. Since rigidity can be expected
in this case, the channel sealing film 16 is useful for preventing
warpage and deformation of the reaction processing vessel 10.
[0030] The channel 12 isprovidedwith a reaction region where
the control of temperatures of a plurality of levels is possible
by a reaction processor described later. A thermal cycle can be
applied to a sample by moving the sample such that the sample
continuously reciprocates in the reaction region where the
temperatures of a plurality of levels aremaintained. The channel
12 shown in Figs. 1A and 1B is formed in a linear shape. When
the reactionprocessingvessel 10 ismountedonareactionprocessor

described later, the right side of the channel 12 in the figures
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is expected to become a reaction region of a relatively high
temperature (about 95 °C) (hereinafter referred to as “high
temperatureregion”), andtheleft sideofthechannel 12isexpected
tobecome a region of a lower temperature (about 55 °C) (hereinafter
referred to as “low temperature region”).

[0031] InFigs. 1A and 1B, the reaction region of the channel
12 is formed in a linear shape. However, the form of the reaction
regionisnot limitedthereto, andthe reaction regionmay be formed
in a so—-called serpiginous shape where a turn is continuously made
by combining curved portions and straight portions. Inthis case,
theeffectiveareaofaheaterorthelikeconstitutingatemperature
control means described later can be effectively used, and there
are advantages that temperature variance in the reaction region
is easily reduced and that the substantial size of the reaction
processing vessel can be reduced, allowing the reaction processor
to be made small.

[0032] Figs. 1A and 1B show a state where a sample 20 is
introduced into the channel of the reaction processing vessel 10.
The sample 20 is introduced into the channel 12 through either
one of the first communicationport 17 and the second communication
port 18. The method for the introduction is not limited to this.
Alternatively, for example, an appropriate amount of the sample
may be directly introduced through the communication port using
a pipette, a dropper, a syringe, or the like. Alternatively, a
method of introduction may be used that is performed while

preventing contamination via a cone-shaped needle chip, in which
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a filter made of porous PTFE or polyethylene is incorporated. In
general, many types of suchneedle chips are soldandcanbe obtained
easily, and the needle chips can be used while being attached to
thetipofapipette, adropper, asyringe, orthelike. Furthermore,
the sample may be moved to a predetermined position in the channel
by discharging and introducing the sample by a pipette, a dropper,
a syringe, or the like and then further pushing the sample through
pressurization.

[0033] The sample 20 includes, for example, those obtained
by adding a fluorescent probe, a thermostable enzyme and four types
of deoxyribonucleoside triphosphates (dATP, dCTP, dGTP, dTTP) as
PCR reagents to a mixture containing one or more types of DNA.
Further, a primer that specifically reacts to DNA subjected to
a reaction process is mixed. Commercially available real-time
PCR reagent kits and the like can be also used.

[0034] Fig. 2 isaschematicdiagram forexplaininga reaction
processor 30 according to the embodiment of the present invention.
[0035] The reaction processor 30 according to the embodiment
is providedwith a reaction processing vessel placing portion (not
shown) on which the reaction processing vessel 10 is placed, a
temperature control system 32, and a CPU 36. As shown in Fig.
2, relative to the reaction processing vessel 10 placed on the
reaction processing vessel placing portion, the temperature
control system 32 is configured so as to be able to accurately
maintain and control the temperature of the right side region of

the channel 12 of the reaction processing vessel 10 in the figure
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to be about 95 °C (high temperature range) and the temperature
of the left side region thereof in the figure to be about 55 °C
(low temperature range).

[0036] The temperature control system 32 is for maintaining
the temperature of eachtemperatureregionofathermal cycle region
and is specifically provided with a high temperature heater 60
for heating the high temperature region of the channel 12, a low
temperature heater 62 for heating the low temperature region of
thechannel 12, atemperature sensor (not shown) suchas, forexample,
a thermocouple or the like for measuring the actual temperature
of each temperature region, a high temperature heater driver 33
for controlling the temperature of the high temperature heater
60, and a low temperature heater driver 35 for controlling the
temperature of the low temperature heater 62. Information on the
actual temperature measured by the temperature sensor is sent to
the CPU 36. Based on the information on the actual temperature
of each temperature region, the CPU 36 controls each heater driver
such that the temperature of each heater becomes a predetermined
temperature. Eachheatermaybe, forexample, aresistance heating
element, a Peltier element, or the 1like. The temperature control
system 32 may be further provided with other components for
improving the temperature controllability of each temperature
region.

[0037] The reaction processor 30 according to the embodiment
is further provided with a liquid feeding system 37 for moving

the sample 20 inside the channel of the reaction processing vessel
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10. The liquid feeding system 37 is provided with a first pump
39, a second pump 40, a first pump driver 41 for driving the first
pump 39, a second pump driver 42 for driving the second pump 40,
a first tube 43, and a second tube 44.

[0038] One end of the first tube 43 is connected to the first
communication port 17 of the reaction processing vessel 10. A
packing material 45 or a seal for securing airtightness is
preferably arranged at the junction of the first communication
port 17 and the end of the first tube 43. The other end of the
first tube 43 is connected to the output of the first pump 39.
In the same way, one end of the second tube 44 is connected to
the second communication port 18 of the reaction processing vessel
10. A packing material 46 or a seal for securing airtightness
is preferably arranged at the junction of the second communication
port 18 and the end of the second tube 44. The other end of the
second tube 44 is connected to the output of the second pump 40.
[0039] The first pump 39 and the second pump 40 may be, for
example, micro blower pumps each comprising a diaphragm pump. As
the first pump 39 and the second pump 40, for example, micro blower
pumps (MZB1001 TO2 model) manufactured by Murata Manufacturing
Co., Ltd., or the like canbe used. While thesemicro blower pumps
can increase the pressure on a secondary side to be higher than
a primary side during operation, the pressure on the primary side
and the pressure on the secondary side become equal at the moment
when the pumps are stopped or when the pumps are stopped.

[0040] The CPU 36 controls the air supply and pressurization
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from the first pump 39 and the second pump 40 via the first pump
driver 41 and the second pump driver 42. The air supply and

pressurization from the first pump 39 and the second pump 40 act
on the sample 20 inside the channel through the first communication
port 17 and the second communication port 18 andbecome a propulsive
force to move the sample 20. More specifically, by alternately
operating the first pump 39 and the second pump 40, the pressure
applied to either end surface of the sample 20 becomes larger than
the pressure applied to the other end, and a propulsive force
relating to the movement of the sample 20 can thus be obtained.
By alternately operating the first pump 39 and the second pump
40, the sample 20 can be moved in a reciprocating manner in the
channel so as topass through each temperature region of the channel
12 of the reaction processing vessel 10. As a result, a thermal
cycle can be applied to the sample 20. More specifically, target
DNAinthe sample 20 isselectivelyamplifiedby repeatedlyapplying
a step of denaturation in the high temperature region and a step
of annealing and elongation in the low temperature region. In
other words, the high temperature region can be considered to be
a denaturation temperature region, and the low temperature region
can be considered to be an annealing and elongation temperature
region. The time for staying in each temperature region can be
appropriately set by changing the time during which the sample
20 stops at a predetermined position in each temperature region.
[0041] The reaction processor 30 according to the embodiment

is further providedwith a fluorescence detector 50. As described
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above, a predetermined fluorescent probe is added to the sample
20. Since the intensity of a fluorescence signal emitted from
the sample 20 increases as the amplification of the DNA proceeds,
the intensity value of the fluorescence signal can be used as an
index serving as a decision material for the progress of the PCR
or the termination of the reaction.

[0042] As the fluorescencedetector 50, anoptical fiber-type
fluorescence detector FLE-510 manufactured by Nippon Sheet Glass
Co., Ltd., can be used, which is a very compact optical system
that allows for rapidmeasurement andthe detectionof fluorescence
regardless of whether the place is a lighted place or a dark place.
This optical fiber-type fluorescence detector allows the
wavelength characteristic of the excitation light/fluorescence
to be tuned such that the wavelength characteristic is suitable
for the characteristic of fluorescence emitted from the sample
20 and thus allows an optimum optical and detection system for
a sample having various characteristics to be provided. Further,
the optical fiber-type fluorescence detector is suitable for
detecting fluorescence froma sample existing in a small or narrow
region such as a channel because of the small diameter of a ray
of light brought by the optical fiber-type fluorescence detector.
[0043] The optical fiber-type fluorescence detector 50 is
provided with an optical head 51, a fluorescence detector driver
52, and an optical fiber 53 connecting the optical head 51 and
the fluorescence detector driver 52. The fluorescence detector

driver 52 includes a light source for excitation light (LED, a
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laser, or a light source adjusted to emit other specific
wavelengths), an optical fiber-type multiplexer/demultiplexer
and a photoelectric conversion device (PD, APD, or a light detector
such as a photomultiplier) (neither of which is shown), and the
like and formed of a driver or the like for controlling these.
The optical head 51 is formed of an optical system such as a lens
and has a function of directionally irradiating the sample with
excitation light and collecting fluorescence emitted from the
sample. The collected fluorescence is separated from the
excitation light by the optical fiber-type
multiplexer/demultiplexer inside the fluorescence detector
driver 52throughtheoptical fiber 53 andconvertedintoanelectric
signal by the photoelectric conversion element.

[0044] In the reaction processor 30 according to the present
embodiment, the optical head 51 is arranged such that fluorescence
from the sample 20 in the channel connecting the high temperature
region and the low temperature region can be detected. Since the
reaction progresses while the sample 20 is repeatedly moved in
a reciprocating manner in the channel such that predetermined DNA
contained in the sample 20 is amplified, by monitoring a change
in the amount of detected fluorescence, the progress of the DNA
amplificationcanbelearnedinrealtime. Further, inthereaction
processor 30 according to the embodiment, an output value from
the fluorescence detector 50 is utilized for controlling the
movement of the sample 20, as described later. The fluorescence

detector is not limited to an optical fiber-type fluorescence
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detector as longasthe fluorescence detectorexhibits the function
of detecting fluorescence from a sample.

[0045] Figs. 3Aand3Barediagrams forexplainingthe stopping
positionofasample. Asdescribedabove, inthereactionprocessor
30 according to the embodiment, in order to apply a thermal cycle
to the sample 20 by moving the sample in a reciprocating manner
in the channel, a plurality of temperature regions (i.e., the high
temperature region and the lower temperature region) each
maintained at a different temperature are set on the channel 12.
In order to properly apply a thermal cycle to the sample 20, it
isnecessary forthesample20tostopaccuratelyineachtemperature
region. Variationsinthe stoppingpositionmayprevent reactions
from occurring, cause reactions to vary according to the location
of the sample, and cause reactions such as amplification of DNA
to be inaccurate, which may lead to erroneous judgment by workers
and/or those engaged in the work.

[0046] As shown in Fig. 3B, the channel 12 is provided with
a connection region for connecting the high temperature region
and the low temperature region. The optical head 51 of the
fluorescence detector 50 is provided so as to detect fluorescence
from the sample 20 passing through a partial region 65 (referred
toas “fluorescencedetectionregion 65”) inthis connectionregion.
The fluorescence detector 50 detects a fluorescence signal from
the sample 20 in the fluorescence detection region 65 and transmits
the signal to the CPU 36 every 0.01 second. The CPU 36 receives

the fluorescence signal, performs arithmetic processing such as
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smoothing of the fluorescence signal value and averaging such as
moving average, comparison with a predetermined threshold value
(hereinafter sometimes collectively referred to as “evaluation
and the 1like”), and the like, and provides a stop or operation
signal to the liquid feeding system 37 based on the result thereof.
[0047] In Fig. 3A and Fig. 3B, the fluorescence detection
region 65 is arranged close to the middle part between the high
temperature region and the low temperature region; however, this
is non-limiting. For example, the arrangement thereof may be
biased toward the high temperature region side or the low
temperature region side. Since the output of the low temperature
heater 62 arranged in the low temperature region may be lower than
that of the high temperature heater 60 arranged in the high
temperature region, it is possible to use heater parts that are
accordingly small or thin, and in that case, the optical head 51
can be also arranged while being biased toward the low temperature
region.

[0048] A case isnowtaken intoconsideration where the sample
20 is stopped at a position spaced apart from the center of the
fluorescence detection region 65 by a predetermined distance. A
distance X corresponding to the position (target stop position)
of the sample 20 to be stopped is represented by the distance Xj.
The distance Xy is the distance between an interface belonging
to the end portion of the sample 20 that is closest to the
fluorescence detectionregion 65 andthe center of the fluorescence

detection region 65 when the sample 20 stops at the target stop
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position after passing through the fluorescence detection region
65. When the sample 20 is present at the position indicated by
the distance Xy, the sample 20 is most appropriately heated and
maintained at a predetermined temperature, and this position is
determinedbasedonthe range andpositionof the temperature region
of the processor and the configuration of the reaction processing
vessel 10.

[0049] As described above, in the case, e.g., where the
position of the fluorescence detection region 65 is biased toward
either the high temperature region or the low temperature region,
the distance corresponding to the target stop position on the high
temperature region side and the distance corresponding to the
target stop position on the low temperature region side are
different. Hereinafter, when considering a general target stop
position, the target stop position is described as X,. However,
it is to be noted that, as described above, the distance
corresponding to the target stop position on the high temperature
region side and the distance corresponding to the target stop
position on the low temperature region side do not need to be the
same. In the present specification, the distance corresponding
to the target stop position on the high temperature region side
is represented Xp1, and the distance corresponding to the target
stop position on the low temperature region side is represented
by Xopz.

[0050] The flow for stopping the sample 20 is shown below.

(1) The sample 20 passes through the fluorescence detection region
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65 (the fluorescence detector 50 transmits a fluorescence signal
to the CPU 36).

(2) The CPU 36 detects the passage of the sample 20 based on the
fluorescence signal from the fluorescence detector 50.

(3) The CPU 36 transmits a stop signal for the first pump 39 to
the first pump driver 41 or transmits a stop signal for the second
pump 40 to the second pump driver 42.

(4) The first pump 39 or the second pump 40 stops.

(5) Sample 20 stops.

[0051] Using a chart diagram of Fig. 4, an explanation will
be given of a mode in which the sample 20 moving in the channel
12 at the speed v (mm/s) stops at the target stop position
corresponding to the distance Xy (mm) after a predetermined period
of time after passing the fluorescence detection region 65. The
chart diagram of Fig. 4 schematically shows a mode generally
occurring in the case of a control system as described above. In
this explanation, there is no distinction between the high
temperature region and the low temperature region on the channel
12, and the channel 12 having no temperature distribution within
the movement range of the sample 20 is considered.

[0052] Fig. 4A schematically shows a mode of a fluorescence
signal when the sample 20 passes through the fluorescence detection
region 65 (fluorescence signal chart). Fig. 4B shows changes in
the distance X corresponding to the position of the sample 20 in
atime seriesmanner (samplepositionchart). Fig. 4Cshowschanges

in the moving speed of the sample 20 in a time series manner (sample
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speed chart). The substantial area of the fluorescence detection
region 65 is assumed to be very small here. This is because the
area of the fluorescence detection region 65 corresponds to the
areaof irradiationwithexcitationlight collectedbyanobjective
lens and is therefore lmmor less in diameter, which ismuch smaller
than the length of the sample 20 and the distance Xj.

[0053] Fig. 4Ashows, usingasolidline, a fluorescencesignal
obtained by performing an operation such as moving averaging

processing of the CPU 36 on a fluorescence signal detected by the
fluorescence detector 50 when the sample 20 having a certain length
in the channel 12 passes through the fluorescence detection region
65. In an ideal case where thereisnotime lagin the fluorescence
detector 50, the CPU 36, or the like, a substantially rectangular
fluorescent signal as drawn by a dotted line, that is, a fluorescent
signal following the dotted line from a point A to a point B to
a point C to a point D and then converging to the baseline again
inFig. 4A should be detected. However, as described above, since
the CPU 36 receives a fluorescence signal every 0.01 second from
the fluorescence detector 50 and performs the evaluation and the
like on the signal, in reality, a fluorescence signal drawn by
the solid line accompanied with a delay corresponding to the time
required for the evaluation and the like is detected, that is,
a fluorescence signal that shows a peak (corresponding to a region
M) lagging behind the dotted line while following the solid line
from the point A in Fig. 4A and that then becomes reduced and

converges to the baseline toward the point E lagging behind the
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dotted line while following the solid line is detected.

[0054] In the present embodiment, based on the fluorescence
signal according to the mode as shown in Fig. 4A detected by the
CPU 36, it is necessary to determine in advance the condition of
the fluorescence signal that allows the CPU 36 to recognize that
“the sample has passed through the fluorescence detection region”
(hereinafter, referred to as “criterion for sample passage”).
Although the criterion for sample passage is not limited to this,
in the present embodiment, given that the half value (50% value)
between the baseline and the peak value of a fluorescence signal
is set as a threshold value, that a point at which a fluorescent
signal obtained every 0.01 second through the operation such as
moving averaging processing becomes equal to or higher than this
threshold value at the time of the rising of the fluorescent signal
is defined as point F, and that a point at which the fluorescent
signal becomes equal to or lower than the threshold value at the
time of the falling of the fluorescent signal is defined as point
G, the time corresponding to the point F and the time corresponding
tothepoint Ginthe fluorescence signal chart ofFig. 4A correspond
to the time when the CPU 36 has detected that the leading end part
of the sample has entered the fluorescence detection region and
the time when the CPU 36 has detected that the rear end part of
the sample has exited the fluorescence detection region,

respectively. Further, tgi:, which is the difference between the
time corresponding to the point C and the time corresponding to

the point G, can be considered as a delay time from the time when
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the sample 20 actually passed through the fluorescence detection
region 65 until the time when the CPU 36 detects that the sample
20 has passed through the fluorescence detection region 65. This
is also the time required for (1) through (2) described in the
above flow and is constant even if the moving speed of the sample
or the like is changed due to the control system or those that
are specific to the method of the evaluation and the like by the
CPU 36 described above.

[0055] Further, in the fluorescence signal chart of Fig. 4A,
it is to be noted that the time t, is the time required for the
sample 20 having a certain length in the channel 12 to pass through
the fluorescence detection region 65. When the moving speed v
of the sample 20 changes, for example, whenv increases, tydecreases,
and a substantially rectangular pulse-like chart of the
fluorescence signal chart changes toa formwhere the width thereof
is reduced. When v decreases, the chart appears as a chart of
the fluorescent signal whose width is increased, on the contrary.
[0056] In the fluorescence signal chart of Fig. 4A, a stop
signal is transmitted tg4, seconds after the time corresponding
to the point G to the liquid feeding system 37. The time from
when the pump driver of the liquid feeding system 37 receives the
stop signal until the pump stops can be ignored. The evaluation
and the like of the signal that has been received are not necessary,
and the pump that is used is not an inertia-driven type pump. The
time tg; i1s the time required for (2) through (3) described in

the above flow and is the time to be determined for controlling
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the processor, i.e., for the control for stopping the sample 20
at a predetermined position instead of being a delay time the
processor inevitably has.

[0057] In the sample position chart of Fig. 4B and the sample
speed chart of Fig. 4C, a delay time tgs; occurs from when the pump
(the first pump 39 or the second pump 40) stops at the time
corresponding to the point H until when the sample stops at the
time corresponding to the point K. This is because, in general,
it is hard to consider that a sample or the 1like having substantial
mass that is moving at a predetermined speed while obtaining a
propulsive force from the outside (exceeding the resistance such
as a frictional force) stops simultaneously when the propulsive
force is cut off. tg is the time required for (3) through (5)
described in the above flow.

[0058] In a reciprocating channel type PCR device provided
with the control system according to the present embodiment, at
the time corresponding to the point G in Fig. 4A, the CPU 36 and
the like can detect that the sample 20 has passed through the
fluorescence detection region 65. Therefore, by transmitting a
stop signal to the pump driver (41 or 42) of the liquid feeding
system 37 tg, seconds after this time, it is possible to stop the
sample 20 at the target stopposition corresponding to the distance
Xo. Thus, achallengeistospecificallydeterminethistimeperiod
taz. Since this time period tg; indicates how long the CPU needs
towait for the stop signal tobe transmitted, the time is referred

to as “waiting time”.
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[0059] From the chart diagrams of Figs. 4B and 4C, since the
moving speed times the time equals the distance, the following
equation (1) is established.

Vv K tgr VvV F tg VY tgs/2 = X (1)

Whenthisequation (1) istransformed, the followingequation
(2) is obtained.

taz = Xo/v — (tar + taz/2) (2)

In this equation (2), (tgq: + tg3/2) 1is an inherent time
dependent on the processor, sample, etc., and when this is defined
as “delay time” t., equation (3) is obtained.

taz = Xo/v — te (3)

[0060] The meaning of this equation (3) is now considered.
In general, in order to stop an object that is moving on an
observation point at a moving speed v at a position away from the
observation point by a distance Xy, the object needs to be stopped
atimeperiodof Xy/vafter theobject passesthroughthe observation
point. However, in the present embodiment, as can be understood
fromFig. 4A, it can be considered that the sumof the time required
for the evaluation and the like by the CPU 36 and the transmission
of the stop signal to the liquid feeding system 37 and furthermore
the time required for the sample 20 to stop completely after the
pump 39 or 40 stops, or the like is the so-called delay time and
appears as t. in the equation (3).

[0061] Before the waiting time tg, is specifically obtained,
a detailed explanation will be made regarding how to obtain the

moving speed v of the sample 20 based on fluorescence signal data
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that has been actually obtained. The sample 20 has a finite length
L (for example, around 40 mm) inside the channel. Therefore, if
the time t, the sample 20 takes to pass through the fluorescence
detection region 65 is known, it ispossibletocalculate themoving
speed v of the sample 20 using v = L/tg.

[0062] Fig. 5 shows changes in a fluorescence signal detected
by the fluorescence detector 50 and obtained as a result of an
operation such as moving averaging processing by the CPU 36. For
the symbols in the figure, the same symbols as those in Fig. 4A
showing the relationship between the time and the fluorescence
signal are used based on the correspondence relationship. The
fluorescence signal graph shown in Fig. 5 is for the beginning
of the reaction. In Fig. 5, the horizontal axis shows time while
setting the time before the sample 20 enters the fluorescence
detection region 65 and when the detection of a fluorescence signal
is started to be 0, and the vertical axis shows the intensity (in
a case where a photoelectric conversion element such as APD is
used as a fluorescence detection device, the direct output of the
fluorescencesignal isexpressedusingvoltage) of the fluorescence
signal output from the fluorescence detector driver 52. As shown
in Fig. 5, when the sample 20 passes through the fluorescence
detection region 65, the relationship between the time and the
fluorescence signal that is detected is such that the fluorescence
signal increases from zero or a baseline as the sample 20 enters
the fluorescence detection region 65 and the fluorescence signal

drops to zero or the baseline again as the sample 20 exits the
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fluorescence detection region 65.

[0063] In Fig. 5, as a graph showing the change of the
fluorescence signal at the time of sample passage, a graph of a
substantially rectangular shape (having a plateau-like peak) is
illustrated. However, in addition to this, for example, in the
case where air bubbles are mixed in the sample 20 or where there
is reaction variation in the sample 20, there is a possibility
that variation of various sizes appear in the flatness of the
plateau-like peak in the region M such as the occurrence of a steep
depression or kink. Further, when the length of the sample 20
in the channel is small or when the moving speed of the sample
20 is high, there is a possibility that a form may appear where
the flat part of the plateau-like peak in the region M becomes
narrow. Further, it is considered that a part that is rising from
the point A to the region M and a part that is falling from the
region M to the point E have a slanting form resulting from having
a fixed time constant due to the time spent for the evaluation
and the 1like by the CPU 36, as explained in Fig. 4A. 1In the present
embodiment, in order to obtain a stable fluorescent signal, the
previously—-described signal processing such as the evaluation and
the like by the CPU 36 is performed. However, this is an example
of electrical processing or evaluation, and the embodiment is not
limited to the presence or absence of such processing and the
evaluation method.

[0064] Based on the graph shown in Fig. 5, transit time t,

of the sample 20 passing through the fluorescence detection region
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65 is obtained. Since the transit time ty is a difference in time,
the transit time is not affectedby the delay time of the processor.
As the criterion for sample passage in the present embodiment,
50% of the difference between the baseline and the peak value is
set as a threshold value, the time corresponding to a point F in
Fig. 5 is set as entry time of (the leading end part of) the sample
20, the time corresponding to a point G is set as exit time of
(the rear end part of) the sample 20, and a difference between
the time corresponding to the point F and the time corresponding
to the point G is set as the transit time t, of the sample 20.
Those skilled in the art can arbitrarily and freely set the
percentage of the difference between the peak value of the
fluorescence signal and the baseline for the threshold wvalue.
Based on the known length L of the sample 20 and the transit time
tp of the sample 20, the CPU 36 can calculate the moving speed
v of the sample 20 using v = L/tg.

[0065] The sample 20 generates fluorescence from the
beginning of the reaction; however, it is not necessary to continue
using the same threshold value based on the fluorescence signal
graph for the beginning of the reaction and continue obtaining
the transit time t, from the beginning of the reaction until the
end of the reaction. By applying a thermal cycle to the sample
20, a predetermined DNA or the like is amplified, and thus the
intensity of fluorescence from the sample 20 and the fluorescence
signal increase inevitably. Thus, the threshold value may be

changed according to the progress of the reaction of the sample
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20 (i.e., the threshold value may be increased with an increase
in the difference between the baseline and the peak value in the
fluorescence signal graph).

[0066] Fig. 6 shows changes in a fluorescence signal at a
point in time when the reaction has proceeded to a certain extent.
In general, as the reaction progresses, the fluorescence signal
emitted from the sample 20 becomes stronger such that the peak
obtained at a point in time when the reaction has proceeded to
a certain extent can become 7 to 10 times or even higher than the
peak of the fluorescence signal graph for the beginning of the
reaction (see Fig. 5). A threshold value set for the 50% line
for the difference between the peak value and the baseline at the
beginning of the reaction becomes lower than the baseline in the
fluorescence signal graph obtained at a point in time when the
reaction has proceeded to a certain extent or corresponds to the
lower slopes of the peak shape such that the transit time t, may
not be able to be calculated based on the threshold value or the
transit timetymaybedeterminedtohavebecome longer. Bychanging
the threshold value according to the progress of the reaction of
the sample 20, it is possible to appropriately obtain the moving
speed v of the sample 20 while avoiding such a situation.
[0067] The threshold value that serves as the basis for the
criterion for the passage of the sample 20 and for the entry and/or
exit of the sample 20 is not limited to being determined directly
based on a fluorescence signal such as those described above. For

example, the criterion for the passage of the sample 20 may be
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determined based on the change of the fluorescence signal, and
thenthorderdifferential coefficient of the fluorescence signal,
for example, the first order differential coefficient of the
fluorescence signal (corresponding to the change rate of the
fluorescence signal) may be calculated so as to determine the time
for the entry or exit of the sample 20 by this differential
coefficient exceeding a certain threshold value in an increased
manner or decreased manner and determine the transit time of the
sample 20 based on the difference thereof. Further, inthis case,
the criterion for the passage of the sample 20 is determined based
onthenthorderdifferential coefficient of the fluorescent signal.
Therefore, it is also possible to determine that the sample 20
has passed through, for example, when there is a predetermined
difference in the rate of change (first order differential
coefficient) of the fluorescence signal at a certain point in time
compared to the rate of change at a point in time before the certain
point intime and to set the level of thedifference as the threshold
value. Since this can be also compared with the rate of change
of the fluorescence signal at an immediately preceding point in
time, the entry and exit of the sample 20 into and out of the
fluorescence detection region can be detected relatively fast.
[0068] Next, in order to obtain the waiting time tgz, t., that
is, the time tg; and the time tg; are studied. First, a system
is studied that transmits a stopsignal tothe liquid feeding system
37 so as to stop the sample 20 by stopping the first pump 39 or

the second pump 40 of the liquid feeding system 37 when the waiting
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time tg 1s zero, that is, at the same time the CPU 36 detects
the passage of the sample 20 through the fluorescence detection
region 65. Chart diagrams obtained at this time are shown inFigs.
7A to 7C. In the same way as in Figs. 4A to 4C, Fig. 7A shows
a fluorescence signal chart, Fig. 7B shows a sample position chart,
and Fig. 7C shows a sample speed chart. For the symbols and the
like in the figures, the same symbols and the like as those used
in Figs. 4A to 4C are used. Since the waiting time tg4; is zero,
a time corresponding to a point G and a time corresponding to a
point H are simultaneous with each other. Therefore, when the
distance corresponding to the stop position of the sample 20 is
denoted as X; and the moving speed of the sample 20 is denoted
as v, the following equation (4) is established based on the charts
of Figs. 7B and 7C.

vV X otgr vV *otgs/2 = Xy (4)

Whenthisequation (4) istransformed, the followingequation
(5) 1is obtained.

tar + taz/2 = Xi/v (5)

At this time, it is to be noted that the time tgq: and the
time tgs are the same as those of the above equation (2). This
is because the time tg; and the time tgs; are values unique to the
processor irrespective of the value of the waiting time tg;.
[0069] The inventors of the present invention used a voltage
(pump voltage E) applied to a pump that can change the moving speed
v of the sample 20 as a parameter and obtained the distance Xi,

which corresponds to the position where the sample 20 actually



5

10

15

20

38

stopped, the transit time ty, the moving speed v, X;/v through

an experiment or calculation. The results are shown in Table 1.

[Table 1]
pump voltage E (V) 14 13.4 13 12.2(111.8|11.5 11
distance X; (mm) 28.0 24 .2 20.5 |16.7]|112.6]110.7]18.1

transit time t, (s) 0.30 0.33 1] 0.39 {0.50]0.64]0.70(0.97

moving speed v (mm/s) |133.3|121.2|102.6|80.0|62.5|57.1|41.2

Xi/v (s) 0.21 | 0.20 | 0.20 [0.21|0.20|0.19]0.20

[0070] The sample 20 emitted sufficiently high fluorescence,
the volume of the sample 20 was accurately adjusted so that the
length L in the channel was 40 mm in any experiment, and the

temperature of sample 20 was constantly kept at 40 °C so as to
prevent the reaction fromoccurring. The distance X; was obtained
by measuring the distance from the center of the fluorescence
detection region 65 usingadigital caliper. Regardingthe method
of the measurement, measurement under a microscope equipped with
a reticle andmeasurement on a screen that uses a magnifiedmonitor
are also possible, but not limited thereto. As described above,
the transit time ty, of the sample 20 was obtained, and a stop signal
was transmitted to the first pump driver 41 and the second pump
driver 42 at the same time the CPU 36 recognized that the sample
20 exited. The moving speed v of the sample 20 was obtained using
v = L/ty. For the data in Table 1, an average value for 10 trials
was employed for each pump voltage E.

[0071] As can be seen from the results in Table 1, X;/v was
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0.19 to 0.21 seconds (about 0.2 seconds on average) even when the
moving speed v of the sample 20 was changed by changing the pump
voltage E. Since Xi/v = tg1 + tas/2 = t., the following equation
(6) is obtained, and the waiting time tg; can be specifically
obtained.

taz = Xo/v — te (6)

Inthe caseof thepresent embodiment, t.is about 0.2 seconds.
[0072] Therefore, even when tg; and tgs cannot be obtained
individually, it is possible to obtain the delay time t. by
performing a moving and stopping experiment while having tg; that
is set to 0. It is to be noted that the waiting time tg4; needs
to satisfy 0 £ tg. This is because the CPU 36 cannot transmit
astopsignal toaliquid feedingmeans before detectingthe passage
of the sample 20 through the fluorescence detecting region 65.
Therefore, it 1s necessary to determine the distance X
corresponding to the target stop position of the sample 20 and
the moving speed v of the sample 20 in consideration of t. so that
0 £ tg, is satisfied. tg; is the time required for the evaluation
and the like and the transmission of the stop signal by the CPU
36 and is constant regardless of the moving speed v.

[0073] The inventors of the present invention conducted a
verification experiment regarding the validity of the equation
(6). In the verification experiment, a sample 20 that emitted
fluorescence with sufficient intensity that allowed for the

measurement of the transit time t, and that had a volume such that

the length L in the channel was accurately 40 mm was introduced
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into the channel 12. During the experiment, the temperature of
the sample 20 was maintained at 40 °C so that the reaction did
not occur. Further, themoving speedv of the sample 20 was changed
by changing the pump voltage E. The moving speed v of the sample
20 was calculated using v = L/t, after obtaining the transit time
tp of the sample 20 based on the threshold value at 50% of the
difference between the peak and the baseline from the fluorescence
signal graph obtained for each pump voltage E. After the distance
Xg corresponding to the target stop position of the sample 20 was
set to 30 mm and t. was set to 0.2 seconds, the waiting time tg;
was set based on the above study result, and the distance X;

corresponding to the position where the sample 20 actually stopped
was measured. The measurement was performed using a digital

caliper in the same way as above and the average value of ten

measurements was employed. The experimental results are shown

in Table 2.
[Table 2]
pump voltage E (V) 13.5 13 12.5 12
transit time t, (s) 0.32 0.4 0.48 0.6
moving speed v (mm/s) 125 100 83 67
distance X; (mm) 31.8 31.2 31.4 31

[0074] As shown in Table 2, the distance X; corresponding
to the actual stop position was different by about 1 mm from the
distance Xy = 30 mm corresponding to the target stop position.

However, a difference of this degree is considered to be allowable
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in a reciprocating channel type PCR device. For example, even
if the stop position of the sample 20 to be subjected to PCR is
shifted by about 1 mm in the channel, in terms of the adjustment
of the design of the processor and the like and the input amount
of the sample, it iseasytoreducethe lengthof the sample subjected
to PCR such that the length becomes smaller than the length of
the channel corresponding to each temperature region by about 1
mm (or severalmillimeters inviewofmargin). Further, the reason
for why the above shifting of the stop position occurs can be
speculated as follows. Since the moving speed v of the sample
20 is calculated based on the transit time for passing through
the fluorescence detection region 65, a difference from the moving
speed of the sample until the stopping in any temperature region
after passing through the fluorescence detection region 65 arises
or variation, although in an extremely small range, in the delay
time tgs; relating to the stopping of the sample 20 occurs. As an
example of a measure for compensating for the shifting of the stop
position, the waiting time tg; may be determined based on the right
side of the equation (6), that is, Xo/v — t.. More specifically,
the waiting time tg4, may be calculated based on the right side
of equation (6): Xo/v -t.tobebasicwaitingtime, and the temporal
correction term tyx may be added so as to determine the waiting
time tg, based on the following equation (7).
taz = Xo/v — teo + tx (7)
[0075] In the above, reference was made to the difference

in the peak intensity of the fluorescence signal at the beginning
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of the reaction and when the reaction proceeded to a certain extent

(seeFigs. 5and 6). Whenapredeterminedpercentage (for example,

\

50%) of the difference between the peak intensity of the
fluorescence signal and the baseline is set as a threshold value
and the transit time t, of the fluorescence detection region 65
of the sample 20 is determined based on the threshold value, if
athresholdvalue for the beginning of the reaction is continuously
used, there is a possibility that the transit time t, obtained
based on the fluorescence signal graph becomes longer than the
actual transit time when the reaction proceeds toacertainextent.
[0076] Therefore, in a reaction processor according to
another embodiment of the present invention, the threshold value
for obtaining the transit time tymay be set as follows. The sample
20 is subjected to a thermal cycle by continuously reciprocating
between temperature regions of different set temperatures.
Therefore, the CPU 36 may obtain a time-series change of the
fluorescence signal for each cycle and obtain the threshold value
of thecyclebasedonthechange. Thereby, anappropriatethreshold
value can be obtained according to the progress of the reaction.
[0077] Further, the threshold value of a certain cycle may
be obtained based on the time-series change of the fluorescence
signal inthepreviouscycle. Themethodofobtainingthethreshold
value of a certain cycle based on the fluorescence signal graph
of the cycle as described above requires more rapidity in
calculation. Thus, theloadontheCPU36inevitablybecomeslarge,

and in order to reduce the load, the moving speed v of the sample
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20 may need to be adjusted to become smaller. Therefore, in order
to reduce the load on the control system including the CPU 36,
it is effective to obtain the threshold value based on the
fluorescence signal graph in the previous cycle. The difference
from the fluorescence signal in merely the immediately previous
cycle is very small. Thus, the probability that the calculation
of the transit time t, of the sample 20 is affected and, further,
the stop position of the sample 20 is greatly shifted is extremely
small.

[0078] When the threshold value for determining the transit
time tpy is fixed to the threshold value for the beginning of the
reaction, the following adverse effects may occur. Although the
sample 20 moves continuously and reciprocally inthe channel, there
may be a residue of the sample, which is not subjected to be moved,
on the inner wall of the channel 12 in the fluorescence detection
region 65. Since there is a possibility that fluorescence 1is
producedalso fromsuch a residue of the sample, if the fluorescence
islargerthanthethresholdvalue forthebeginningofthereaction,
the baseline may exceed the threshold value for the beginning of
the reaction and the passage of the sample 20 may not be detected.
[0079] The inventors of the present invention conducted an
experiment to obtain knowledge about the difference in stop
position of the sample 20 when the way of determining the threshold
value was changed. The experimental results are shown in Table
3. Inthisexperiment, inthecasewhereathermal cyclewasapplied

to a sample 20 containing DNA, a fluorescent probe, and the like
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so as to attempt the amplification of the actual predetermined
DNA, X;, which corresponds to the position where the sample 20
actually stopped when the moving speed v of the sample 20 at the
beginning of the reaction and the moving speed v when the reaction
proceeded to a certain extent (the latter stage of reaction) were
changed, was measured. Distances Xp; and Xy, which respectively
correspond to target stop positions on the high temperature region
side and the low temperature region side, were both set to 30 mm.
For the distance X; corresponding to the actual stop position of
the sample, X; on the high temperature region side was measured
so as not to be influenced by the difference in the temperature
range. In Table 3, a threshold value being fixed means a case
where the threshold for each cycle was fixed to a threshold value
for the beginning of the reaction, and a threshold value being
variable means a case where the threshold value for each cycle
was set to the threshold value for the previous cycle. As can
be seen from Table 3, when the threshold value is fixed, there
was a difference in X; between the beginning of the reaction and
the latter stage of the reaction. On the other hand, when the
threshold value is variable, X; at the beginning of the reaction
is almost the same as that at the latter stage of the reaction.
As can be seen from the verification experiment shown in Table
3, setting the threshold value to be variable is very effective
in reducing variation in the stop position of the sample 20.

[Table 3]
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pump voltage E (V) 13.5 13 12.5 12

moving speed Vv
125 91 80 65
(mm/s)
threshold

at the beginning
value: 31 31 31 32
of reaction

fixed
at the latter
42 37 37 35
distance stage of reaction
X1 (mm) moving speed v
125 95.2 | 83.3 |66.7
(mm/s)
threshold

at the beginning
value: 32 31 31 31
of reaction

variable
at the latter
31 32 32 31
stage of reaction
[0080] InPCRwherepredeterminedDNAorthelikeisamplified,

there is a case in general where a thermal cycle of about 40 to
50 cycles is applied to a sample containing the predetermined DNA
or the like. The time required for reciprocation between a

denaturation region (high temperature region) and an annealing
andelongation region (lowtemperature region) of a reactionregion
is now studied. If it is assumed that the time required for going
forwardand the time required for coming back are each five seconds,
when 50 cycles of the thermal cycle required for PCR are necessary,
the time required for moving between the high temperature and low

temperature regions can be estimated as 500 seconds. Further,
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if the time for going forward and the time for coming back can
be shortened to about 1 second, the time required for moving between
the high temperature and low temperature regions can be estimated
to be 100 seconds, and a considerable reduction in time can thus
be expected.

[0081] Therefore, under the constraints of the control system
and each driver, the moving speed v of the sample 20 is required
to be increased, and a stable moving speed v is also required to
be exhibited as a matter of course. Since the transit time t,
is inversely proportional to the moving speed v of the sample 20,
the transit time ty is desirably small and constant. The transit
time tycanbe calculated sequentially fromthe fluorescence signal
graph at the time of the movement of the sample 20, and the transit
time t, depends on the increase or decrease of the pump applied
voltage E. Therefore, by determining the target value (target
transit time) for the transit time t, and changing the pump voltage
E in accordance with a known control method such as P control,
PI control, or PID control, the transit time t, of the sample 20
can be brought close to the target transit time and maintained.
[0082] In a reaction processor according to still another
embodiment of the present invention, a CPU 36 may be provided in
advance with a table that determines the increase or decrease of
the pump voltage E according to the difference between the transit
time tp and the target transit time of a sample 20 for passing
through a fluorescence detection region 65 of the sample 20 in

addition to the PID control or the like. An example of the table
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is shown in Table 4.

[Table 4]
transit time t, (s) adjustment voltage AE (V)
3-999 1.5
2-3 1
1-2 0.5
0.7-1 0.2
0.6-0.7 0.1
0.5-0.6 0
0.4-0.5 -0.1
0.3-0.4 -0.5
-1-0.3 -1.5
[0083] In the table shown in Table 4, as an example, in the

case where the standard pump voltage E is set to 12.5 V, when the
transit time t, of the sample 20 falls within a range shown in
the left column of Table 4, the corresponding adjustment voltage
AE is to be added to the pump voltage E in the next cycle. The
target transit time is set to 0.5 seconds to 0.6 seconds in this
case. As the performance necessarily required for the reaction
processor, the transit time t, is preferably small (the moving
speed v is large). However, there is a case where the transit
time tp that is too small is inappropriate due to restrictions
such as the time constant of eachdriver. Inthepresent embodiment,
as an example, since the transmission of a fluorescence signal

from the fluorescence detector driver is performed every 0.01
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second (100 Hz) and there is also a time constant based on the
evaluation and the like of the data of the fluorescence signal
by the CPU 36, it is meaningless to set the target transit time
to be too small, and the target transit time was set to be about
2 to 10 times larger than t..

[0084] Further, since the sample 20 is an aqueous solution,
theviscosityof the sample 20 changes dependingonthe temperature.
For example, at high temperature, the viscosity becomes small and
easily flows in the channel. Therefore, the condition for the
movement of the sample 20 is different between a case where the
sample 20 moves froma low temperature region to a high temperature
region anda case where the sample 20 moves fromthe high temperature
region to the low temperature region. Therefore, in order to make
the transit time tp, of the sample 20 as constant as possible, it
is desirable to have separate control according to the moving
direction of the sample 20.

[0085] In a reaction processor according to still another
embodiment of the present invention, when a sample 20 moves from
a low temperature region to a high temperature region, based on
a first transit time t,; from the low temperature region to the
high temperature region in the previous cycle, the pump voltage
Eofapump40 (apump formovingthe sample 20 fromthe lowtemperature
region to the high temperature region by pressurization or air
blowing) in Fig. 2 is changed such that the first transit time
tp1 thereby converges to the target transit time. On the other

hand, when the sample 20 moves from the high temperature region
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to the low temperature region, based on a second transit time ty;
from the high temperature region to the low temperature region,
the pump voltage E of a pump 39 (in the same figure, a pump that
moves the sample 20 from the high temperature region to the low
temperature region) is changed such that the second transit time
tp2 thereby converges to the target transit time. Further, by
performing such control, it ispossibletoalloweachof the transit
times to reach the target transit time faster.

[0086] Fig. 8 shows the experimental result of controlling
the first transit time ty; and the second transit time t,; of the
sample 20 according to the table of Table 4. Regarding the target
stop positions, for distances corresponding to the respective
target stop positions, the distance corresponding to the target
stop position on the high temperature region side and the distance
corresponding to the target stop position on the low temperature
region side are denoted as Xp; and Xy, respectively, and Xp1 = Xg
=30 mm is established. InFig. 8, the horizontal axis represents
the number of cycles of thermal cycles, and the vertical axis
represents the transit time. The transit time t, is inversely
proportional to the moving speed v of the sample 20. It can be
understood from Fig. 8 that the first transit time t,; and the
second transit time ty,; are able to be controlled so as to converge
to the target transit time (0.5 seconds to 0.6 seconds).
[0087] In the above embodiment, the target value of the first
transit time t,; and the target value of the second transit time

tp2 were controlled to be in the same range, and it was confirmed
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that the sample 20 moved in a reciprocating manner in almost the
same transit time as a result. However, the target transit time
of the first transit time t,; and the target transit time of the
second transit time t,; may be controlled to be different from
each other such that the sample 20 is moved in a reciprocating
manner while havingthe first transit time t,; andthe secondtransit
timety,that aredifferent fromeachotherasaresult. Forexample,
when there is a tendency that a residue is produced on the inner
wall or the like of the channel 12 after passing through the inner
wall or the 1ike when the movement from the low temperature region,
where the viscosity of the sample 20 is higher, to the high

temperature region, an effect can be possible where such a problem
is overcome by setting the first transit time ty; relating to the
movement from the low temperature region to the high temperature
region to be longer than the second transit time t,; such that
the sample 20 is moved relatively slowly. Further, given that
the moving speed of the sample 20 from the low temperature region
to the high temperature region and the moving speed of the sample
20 from the high temperature region to the low temperature region
are denoted as v; and vy, respectively, and that the length of
the sample 20 in the channel is denoted as L, calculations of v;
= L/tp and vy, = L/ty, can be possible using the first transit time
tp1 and the second transit time ty;. Fromthis, independent moving
speeds can be used for controlling the moving speed of the sample
20 for the movement from the low temperature region to the high

temperature region and from the high temperature region to the
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low temperature region, respectively. More specifically, in the
reaction processor according to another embodiment of the present
invention, given that the waiting time when the sample 20 moves
from the low temperature region to the high temperature region
is set to a first waiting time tg4y/; and that the waiting time when
the sample 20 moves from the high temperature region to the low
temperature region is set to a secondwaiting time tgy,2, the second
waiting time tgz/2 is set independently of the first waiting time
tg2/1. Although the method of calculating the first waiting time
t42/1 and the second waiting time tgy/2 is not limited to this, the
first waiting time tg:,1 and the second waiting time tg,, may be
calculated separately based on the equation (6), and the first
waiting time tgy,; and the second waiting time tg,, are calculated
as shown in the following equations (8) and (9) so as to control

the reaction processor based on these waiting times.

taz/1 = Xou/vi — tc (8)
taz/2 = Xo2/va — tc (9)
[0088] According to the reaction processor according to the

embodiment as described above, in response to the difference in
the moving speed due to the temperature difference of the sample
20 repeatedly reciprocating between the high temperature region
and the low temperature region, the sample 20 can be stopped at
an appropriate position.

[0089] On the other hand, since the fluorescence detection
region is provided in a connection channel connecting the high

temperature region and the low temperature region, when the sample
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20 moves from the low temperature to the high temperature region,
the temperature of the sample 20 entering the high temperature
region and moving is higher than the temperature of the sample
20 moving near the fluorescence detection region. Thus, the
viscosity of the sample 20 moving in the high temperature region
becomes low. Inthat case, themoving speed of the sample 20 moving
in the high temperature region is higher than the moving speed
of the sample 20 moving near the fluorescence detection region
65 inside the connection region. Since the moving speed of the
sample 20, which is one of the consideration factors of the waiting
time set for stopping the sample 20 at the target stop position,
is determined based on the passage time of the sample 20 passing
through the fluorescence detection region, there is a case where
the sample 20 stops at a position way past a preset target stop
position in the high temperature region. Conversely, when the
sample 20 moves from the high temperature region to the low
temperature region, there is a case where the sample 20 stops at
a position that does not reach the preset target stop position
in the low temperature region. Therefore, there is a difference
between the stop position when the sample 20 moves from the low
temperature region to the high temperature region and the stop
position when the sample 20 moves from the high temperature region
to the low temperature region.

[0090] In the reaction processor according to still another
embodiment of the present invention, since the moving speed of

the sample 20 is also different in a single process related to
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themovement fromthe lowtemperature regiontothehightemperature
region and from the high temperature region to the low temperature
region as described above, a correction coefficient for the moving
speed is introduced so as to calculate the first waiting time tgz/1
and the second waiting time tgz,2. More specifically, the product
of the moving speeds v; and v, of the sample 20 and their correction
coefficients f and g is applied to the equations (8) and (9), and
the first waiting time tg;/1 and the second waiting time tgz,2 are
calculated based on the following equations (10) and (11) so as
to control the reaction processor based on these waiting times.
Further, since the speed of the sample 20 moving in the high

temperature region is larger than the speed of the sample 20 moving
near the fluorescence detection region 65 in the connection region
when the sample 20 moves from the low temperature region to the
high temperature region and the speed of the sample 20 moving in
the low temperature region becomes smaller than the speed of the
sample 20 moving near the fluorescence detection region 65 in the
connectionregionwhenthe sample 20moves fromthehightemperature
region to the low temperature region, the first waiting time tgz,1
and the second waiting time tg,, are calculated using 1 < £ and/or

g<1lsoastocontrol the reaction processor based on these waiting

times.
taz/1 = Koo/ (£ * vi) - tc (10)
taz/2 = Xo2/ (g * vz) - tc (11)
[0091] Further, in the reaction processor according to still

another embodiment of thepresent invention, insteadof introducing
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the correction coefficient for the moving speed, correction
coefficients for the distances Xg; and Xy, respectively
corresponding to the target stop positions on the high temperature
region side and the low temperature region side are introduced
soastocalculatethe first waitingtime tgz,1 andthe secondwaiting
time tgz/2. Since the moving speed is calculated every time the
sample 20 passes through the fluorescence detection region 65,
it is burdensome to calculate the first waiting time tg4y/1 and the
second waiting time tgy/2, in consideration of the correction
coefficient each time as described above in some cases. Since
the target stop position is represented by a distance specific
to the processor or the like, such a burden can be removed if the
correction coefficient is taken into consideration before the
reaction processing in some cases. However, in any case, a person
skilled in the art can appropriately select. More specifically,
the product of the distances Xp; and Xg, respectively corresponding
to the target stop position on the high temperature region side
and the target position on the low temperature region side and
their correction coefficients k and h are applied to the equations
(8) and (9), and the first waiting time tg4y,1 and the second waiting
time tgz,2 are calculated based on the following equations (12)
and (13) so as to control the reaction processor based on these
waiting times. Further, since the speed of the sample 20 moving
in the high temperature region becomes larger than the speed of
the sample 20 moving near the fluorescence detection region 65

in the connection region when the sample 20 moves from the low
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temperature to the high temperature region, the sample 20 tends
tostopbeyondXy; correspondingtothe target stopposition. Also,
since the speed of the sample 20 moving in the low temperature
region is lower than the speed of the sample 20 moving near the
fluorescence detection region 65 in the connection region when
the sample 20 moves from the high temperature region to the low
temperature region, the sample 20 tends to stop before Xj;
corresponding to the target stop position. Based on these, the
first waiting time tgy,7 and the second waiting time tgy,, are
calculated using k < 1 and/or 1 < h so as to control the reaction

processor based on these waiting times.

taz/1 = (k * Xo1) /vi - tc (12)
taz/z = (h * Xo2) /vy — tc (13)
[0092] According to the reaction processor according to the

embodiment as described above, even when the moving speed of the
sample 20 in the fluorescence detection region 65 is different
from that inside the channel 12 in the high temperature region
or when the moving speed of the sample 20 in the fluorescence
detection region 65 is different from that inside the channel 12
in the low temperature region, the stop position of the sample
20 can be corrected, and, further, the sample 20 can be accurately
stopped at an appropriate position in each temperature region.
[0093] On the other hand, since the channel 12 is not wet
with the sample solution and is dry when the sample 20 moves for
the first time, the environment of the channel 12 is different,

for example, in the case where the sample 20 moves from the low
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temperature region to the high temperature region for the first
time and in the case where the sample 20 moves from the low
temperature region to the high temperature region for the second
time or thereafter. Therefore, at the time of the second movement
from the low temperature region to the high temperature region,
the pump voltage E does not need to be adjusted based on the transit
time t, required for the previous (first) movement (operated with
a standard pump voltage E (e.g., E = 12.5 V)).

[0094] More specifically, given that a state in which the
sample 20 is in the low temperature region or the high temperature
region is expressed as “low temperature (n)” or “high temperature

(n)”, where n is the number of cycles (n is an integer), when a
cycle “low temperature (0) — high temperature (0) — low

temperature (1) — high temperature (1) — low temperature (2) —
high temperature (2) — low temperature (3) — high temperature
(3) > ..lowtemperature (n) — hightemperature (n) — ..” isassumed,
the pump may be operated at the standard pump voltage E = 12.5
V for the three movements: low temperature (0) — high temperature
(0) = low temperature (1) — high temperature (1), the adjustment
voltage AE corresponding to the transit time t,,; required for the
movement of high temperature (0) — low temperature (1) may be
added for the movement of high temperature (1) — low temperature
(2), and the adjustment voltage AE corresponding to the transit

time ty; required for the movement of low temperature (1) — high
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temperature (1) may be added for the movement of low temperature
(2) — high temperature (2). 1In general, while having n being an

integer of 1 or more, the adjustment voltage AE corresponding to

the transit time ty, required for the movement of high temperature
(n-1) — low temperature (n) may be added for the movement of high
temperature (n) — low temperature (n+l), and the adjustment
voltage AE corresponding to the transit time ty; required for the
movement of low temperature (n) — high temperature (n) may be
added for the movement of low temperature (n+l) — high temperature
(n+l). In contrast, when a cycle “high temperature (0) — low
temperature (0) — high temperature (1) — low temperature (1) —
high temperature (2) — low temperature (2) — high temperature
(3) — low temperature (3) — .. high temperature (n) — low
temperature (n) — ..” is assumed, the pump may be operated at the
standard pump voltage E = 12.5 V for the three movements: high
temperature (0) — low temperature (0) — high temperature (1) —

low temperature (1), the adjustment voltage AE corresponding to

the transit time t,; required for the movement of low temperature
(0) — high temperature (1) may be added for the movement of low
temperature (1) — hightemperature (2), andthe adjustment voltage
AE corresponding to the transit time ty; required for the movement
of high temperature (1) — low temperature (1) may be added for

the movement of high temperature (2) — low temperature (2). 1In
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general, whilehavingnbeinganinteger of 1 ormore, the adjustment

voltage AE corresponding to the transit time ty; required for the

movement of low temperature (n-1) — high temperature (n) may be

added for the movement of low temperature (n) — high temperature
(ntl), and the adjustment voltage AE corresponding to the transit
time ty, required for the movement of high temperature (n) — low
temperature (n) may be added for the movement of high temperature
(ntl) — low temperature (n+1l).

[0095] According to a reaction processor according to such
an embodiment, by controlling the pump 40 based on a first transit
time ty;, which 1s required when moving from a low temperature
region to a high temperature region, when moving from the low
temperature region to the high temperature region, andcontrolling
the pump 39 based on a second transit time ty;, which is required
whenmoving fromthe high temperature region to the low temperature
region, when moving from the high temperature region to the low
temperature region, control that is suitable for the temperature
andviscosityof asample 20 used for eachmovement canbe performed,
and, without requiring a quick and complicated mechanism, it is
possible to reach an appropriate target transit time and

consequently a target moving speed and to set a first transit time
tp1 and a second transit time t,; that are different depending on
the situation as well. Further, by not controlling the movement
forl.5reciprocations fromthestart of thethermal cycle, atransit

time under an environment where conditions are significantly
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different due to influence such as the wettability and dryness
of the channel 12 in the initial state can be excluded from the
parameters for the control, and the target transit time can be
reached more accurately and promptly.

[0096] As explained above, according to the reaction
processor 30 accordingtotheabove-describedseriesof embodiments,
by instructing the first pump driver 41 and the second pump driver
42 of the liquid feeding system 37 to stop the sample 20 when the
waiting time tg, (or the first waiting time tg4z,1 and the second
waiting time tgy,2) defined in the above equations (6) to (13) has
passed from the time when the passage of the sample 20 through
the fluorescence detection region 65 is detected, the sample 20
can be accurately stopped at a predetermined position in a
temperature range. Further, according to the reaction processor
30 according to these embodiments, even when the moving speed v
of thesample20variesduetovariationinvariousphysical property
values, the sample canalwaysbe stoppedat apredeterminedposition,
and stable PCR can thus be performed.

[0097] In the reaction processor 30 according to these
embodiments, by using the fluorescence detector 50, which is
responsible for progress management of real time PCR, as a means
for positioning the sample 20, it is not necessary to add any other
optical measurement system, contributing to the downsizing of the
processor, and it is also possible to reduce the manufacturing
cost of the processor.

[0098] Described above is an explanation of the present
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invention based on the embodiments. These embodiments are
intended to be illustrative only, and it will be obvious to those
skilled in the art that wvarious modifications to constituting
elements and processes could be developed and that such
modifications are also within the scope of the present invention.
[DESCRIPTION OF THE REFERENCE NUMERALS]
[0099] 10 reaction processing vessel, 12 channel,
14 substrate, 17 first communication port, 18 second
communication port, 20 sample, 30 reaction processor, 32
temperature control system, 33 high temperature
heater driver, 35 low temperature heater driver, 36 CPU, 37
liquid feeding system, 39 first pump, 40 second
pump, 41 first pump driver, 42 second pump driver, 43
first tube, 44 second tube, 45, 46 packing
material, 50 fluorescence detector, 51 optical head,
52 fluorescence detector driver, 53 optical fiber, 60
high temperature heater, 62 low temperature heater, 65
fluorescence detection region
[INDUSTRIAL APPLICABILITY]
[0100] The present invention is applicable to a polymerase

chain reaction (PCR).
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[CLAIMS]

1. A reaction processor comprising:

a reaction processing vessel in which a channel where a
sample moves is formed;

a liquid feeding system that moves and stops the sample
in the channel;

a temperature control system that provides a first
temperature region maintained at a first temperature and a
second temperature region maintained at a second temperature
lower than the first temperature in the channel;

a detection system that detects the sample passing
through a detection region that is set Dbetween the first
temperature region and the second temperature region of the
channel; and

a control unit that controls the liquid feeding system
based on a signal detected by the detection system,

wherein when  the sample moves from the second
temperature region to the first temperature region, the
control unit instructs the liquid feeding system to stop the
sample when a predetermined first waiting time has passed
from the time when the passage of the sample through the
detection region is detected by the detection system,

wherein when the sample moves from the first temperature
region to the second temperature region, the control unit
instructs the liquid feeding system to stop the sample when a

predetermined second waiting time, which is set independently
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of the first waiting time, has passed from the time when the
passage of the sample through the detection region is
detected by the detection system, and

wherein given that:

when the sample moves from the second temperature region
to the first temperature region, the moving speed of the
sample in the detection region is denoted as a first moving
speed vi, and the distance between an end portion of the
sample stopping at a predetermined position in the channel
that is closest to the detection region and the center of the
detection region is denoted as Xpi;

when the sample moves from the first temperature region
to the second temperature region, the moving speed of the
sample in the detection region is denoted as a second moving
speed vy, and the distance between an end portion of the
sample stopping at a predetermined position in the channel
that is closest to the detection region and the center of the
detection region is denoted as Xpz; and

when a fixed period of time specific to the reaction
processor is denoted as t,

a first waiting time tg1 1s defined by the following
equation:

taz/1 = Xo1/vi - t., and

a second wailting time tg, is defined by the following
equation:

tasse = Xoo/ve — tc.
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2. A reaction processor comprising:

a reaction processing vessel in which a channel where a
sample moves is formed;

a liquid feeding system that moves and stops the sample
in the channel;

a temperature control system that provides a first
temperature region maintained at a first temperature and a
second temperature region maintained at a second temperature
lower than the first temperature in the channel;

a detection system that detects the sample passing
through a detection region that is set between the first
temperature region and the second temperature region of the
channel; and

a control unit that controls the liquid feeding system
based on a signal detected by the detection system,

wherein  when the sample moves from the second
temperature region to the first temperature region, the
control unit instructs the liquid feeding system to stop the
sample when a predetermined first waiting time has passed
from the time when the passage of the sample through the
detection region is detected by the detection system,

wherein when the sample moves from the first temperature
region to the second temperature region, the control unit
instructs the liquid feeding system to stop the sample when a
predetermined second waiting time, which is set independently

of the first waiting time, has passed from the time when the
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passage of the sample through the detection region is
detected by the detection system, and

wherein given that:

when the sample moves from the second temperature region
to the first temperature region, the moving speed of the
sample in the detection region is denoted as a first moving
speed vi, and the distance between an end portion of the
sample stopping at a predetermined position in the channel
that is closest to the detection region and the center of the
detection region is denoted as Xp1;

when the sample moves from the first temperature region
to the second temperature region, the moving speed of the
sample in the detection region is denoted as a second moving
speed vy, and the distance between an end portion of the
sample stopping at a predetermined position in the channel
that is closest to the detection region and the center of the
detection region is denoted as Xp2;

when a fixed period of time specific to the reaction
processor 1s denoted as t., and o and  are defined as
correction coefficients,

a first waiting time tg1 is defined by the following
equation:

taz/1 = o * (Xp1/vi) - te, and

a second wailting time tg, is defined by the following
equation:

taz/o = B * (Xo2/V2) - tec.
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3. The reaction processor according to claim 2, wherein

a < 1 and/or 1 < B are satisfied.

4. The reaction processor according to any one of claims
1 through 3, wherein t. 1is time corresponding to the
difference between the time when the sample has actually
passed through the detection region and the time when the
detection system has detected the passage of the sample

through the detection region.

5. The reaction processor according to any one of claims
1 through 4,

wherein the sample includes DNA, a PCR reagent, and a
reagent that emits fluorescence,

wherein the detection system includes a fluorescence
detector for detecting fluorescence emitted from the sample,
and

wherein given that:

the time the sample takes to pass through the detection
region when the sample moves from the second temperature
region to the first temperature region is denoted as a first
transit time ty;; and

the time the sample takes to pass through the detection
region when the sample moves from the first temperature

region to the second temperature region 1s denoted as a
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second transit time tg,,

the control unit obtains the first transit time t,; and
the second transit time t,; based on the signal from the
fluorescence detector or a value obtained by performing
predetermined arithmetic processing on the signal and on a
predetermined threshold value, and

the control unit calculates the first moving speed v; =
L/tp1 based on the first transit time t,; and the length L of
the sample and the second moving speed v; = L/t,; based on the

second transit time ty; and the length L of the sample.

6. The reaction processor according to claim 5, wherein
the control unit changes the threshold value according to the

progress of the reaction of the sample.

7. The reaction processor according to claim 5 or 6,
wherein the control unit controls the ligquid feeding system
such that the first transit time ty; and the second transit

time t,; become predetermined target transit times.

8. A method for controlling a reaction processor
comprising:

a reaction processing vessel in which a channel where a
sample moves is formed;

a liquid feeding system that moves and stops the sample

in the channel;
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a temperature control system that provides a first
temperature region maintained at a first temperature and a
second temperature region maintained at a second temperature
lower than the first temperature in the channel; and

a detection system that detects the sample passing
through a detection region that is set between the first
temperature region and the second temperature region of the
channel,

the method comprising:

instructing, when the sample moves from the second
temperature region to the first temperature region, the
liguid feeding system to stop the sample when a predetermined
first waiting time has passed from the time when the passage
of the sample through the detection region is detected by the
detection system, and

instructing, when the sample moves from the first
temperature region to the second temperature region, the
liquid feeding system to stop the sample when a predetermined
second waiting time, which is set independently of the first
waiting time, has passed from the time when the passage of
the sample through the detection region is detected by the
detection system wherein given that:

when the sample moves from the second temperature region
to the first temperature region, the moving speed of the
sample in the detection region is denoted as a first moving

speed vi, and the distance between an end portion of the
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sample stopping at a predetermined position in the channel
that is closest to the detection region and the center of the
detection region is denoted as Xp1;

when the sample moves from the first temperature region
to the second temperature region, the moving speed of the
sample in the detection region is denoted as a second moving
speed vy, and the distance between an end portion of the
sample stopping at a predetermined position in the channel
that is closest to the detection region and the center of the
detection region is denoted as Xgz; and

when a fixed period of time specific to the reaction
processor is denoted as tg,

a first waiting time tg1 is defined by the following
equation:

tas/1 = Xo1/vi - t., and

a second waiting time tg/, is defined by the following
equation:

taz/z = Xoo/ve — te.

9. A method for controlling a reaction processor
comprising:

a reaction processing vessel in which a channel where a
sample moves is formed;

a liquid feeding system that moves and stops the sample
in the channel;

a temperature control system that provides a first
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temperature region maintained at a first temperature and a
second temperature region maintained at a second temperature
lower than the first temperature in the channel; and

a detection system that detects the sample passing
through a detection region that 1is set between the first
temperature region and the second temperature region of the
channel,

the method comprising:

instructing, when the sample moves from the second
temperature region to the first temperature region, the
liquid feeding system to stop the sample when a predetermined
first waiting time has passed from the time when the passage
of the sample through the detection region is detected by the
detection system, and

instructing, when the sample moves from the first
temperature region to the second temperature region, the
liquid feeding system to stop the sample when a predetermined
second waiting time, which is set independently of the first
waiting time, has passed from the time when the passage of
the sample through the detection region is detected by the
detection system,

wherein given that:

when the sample moves from the second temperature region
to the first temperature region, the moving speed of the
sample in the detection region is denoted as a first moving

speed vi, and the distance between an end portion of the



70

sample stopping at a predetermined position in the channel
that is closest to the detection region and the center of the
detection region is denoted as Xp1;

when the sample moves from the first temperature region
to the second temperature region, the moving speed of the
sample in the detection region is denoted as a second moving
speed vy, and the distance between an end portion of the
sample stopping at a predetermined position in the channel
that is closest to the detection region and the center of the
detection region is denoted as Xpz;

when a fixed period of time specific to the reaction
processor 1s denoted as t., and o and [ are defined as
correction coefficients,

a first waiting time tg1 is defined by the following
equation:

taz/1 = o * (Xo1/vi) - te, and

a second waiting time tg/, is defined by the following
equation:

taz/2 = B * (Xo2/V2) - tec.



