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DESCRIPTION

Title of Invention: ANALYSIS DEVICE AND ANALYSIS METHOD

Technical Field
[0001]

The present disclosure relates to an analysis method
and an analysis system for detecting fluorescences emitted
from a plurality of types of fluorophores at a plurality of
light-emitting points while identifying their types of
fluorophocres.

Background Art
[0002]

In recent years, a multi-capillary electrophoresis
system has been widely used. The multi-capillary
electrophoresis system has a plurality of capillaries filled
with an electrophoretic separation medium such as an
electrolyte solution or an electrolyte solution containing
a polymer gel or a polymer. The multi-capillary
electrophoresis system performs multiple electrophoretic
analyses 1in parallel. Targets to be analyzed are wide-
ranging, including small molecules and polymers such as
proteins and nucleic acids. There are many measurement modes
such as a mode of irradiating light-absorbing points of

capillaries with lamp light and detecting absorption of the



lamp light generated when the targets to be analyzed pass
through the light-absorbing points, and a mode of irradiating
the light-emitting points of the capillaries with the laser
light and detecting fluorescences or scattered 1lights
generated when the targets to be analyzed pass through the
light-emitting points.
[0003]

For example, in PTL 1, A capillaries (A is an integer
of 2 or more) around A light-emitting points on the A
capillaries are arranged on the same plane (an arrangement
plane). A laser beam 1s introduced from a side of the
arrangement plane to simultaneously irradiate the 1light-
emitting points of all the capillaries. Fluorescences
emitted from the light-emitting points are wavelength-
dispersed and collectively detected from a direction
perpendicular to the arrangement plane. In a detection
device, the fluorescences emitted from the A light-emitting
points are collectively collimated by one condenser lens,
are transmitted through one transmission grating. Images of
first-order diffracted 1lights of the fluorescences are
collectively formed on one two-dimensional sensor by one
imaging lens. Here, the wavelength-dispersed images of the
fluorescences from the capillaries do not overlap each other
on the two-dimensional sensor by setting the arrangement

direction of the A light-emitting points and the wavelength-



dispersion direction by the grating to be perpendicular to

each other. B color detection (B is an integer of 1 or more)

can be performed by setting detection regions of B wavelength
bands on the wavelength-dispersed images for the capillaries.
When B = 1, 1t is called monochromatic detection. When B 2
2, 1t is called multicolor detection. In the multi-capillary
electrophoresis system of PTL 1, for example, DNA sequencing
of different DNA samples by the Sanger method can be

performed in the capillaries. In the Sanger method, DNA
fragments contained in the DNA samples are labeled with four
types of fluorophores according to terminal base species A,

C, G, and T. The fluorescences emitted from the fluorophores

are identified by the multicolor detection.

[0004]

In PTL 2, all A capillaries (A is an integer of 2 or
more) around A light-emitting points on the A capillaries
are arranged on the same plane (an arrangement plane). A
laser beam is introduced from a side of the arrangement plane
to collectively irradiate the light-emitting points of all
the capillaries. Fluorescences emitted from the light-
emitting points are divided into components of different
wavelengths and are collectively detected from a direction
perpendicular to the arrangement plane. In a detection
device, the fluorescences from the A light-emitting points

are individually collimated by A condenser lenses to form A



light fluxes. The light fluxes are incident in parallel on
one set of dichroic mirror array in which B dichroic mirrors
(B is an 1integer of 1 or more) are arranged. FEach of the
light fluxes 1s divided into B 1light fluxes with different
wavelength bands. A total of A x B light fluxes are incident
in parallel on one two-dimensional sensor, and A x B divided
images are formed on the two-dimensional sensor. Here, the
A x B divided images do not overlap each other on the two-
dimensional sensor 1image by setting the arrangement
direction of the A light-emitting points and B dividing
directions of the light fluxes by the dichroic mirror array
to be perpendicular to each other, and therefore A x B
detection regions can be set on the two-dimensional sensor
image. In this manner, B color detection for the capillaries
can be performed. Accordingly, similarly to the case of PTL
1, in the multi-capillary electrophoresis system of PTL 2,
for example, the DNA sequencing of different DNA samples by
the Sanger method can be performed in the capillaries.
[0005]

However, in general, the fluorescences of the
plurality of types of fluorophores cannot be identified only
by performing the multicolor detection. This 1s because,
since fluorescence spectra of the fluorophores overlap each
other, the fluorescences of the plurality of types of

fluorophores mix in any one wavelength band (referred to as



spectral crosstalk in the present disclosure). Further,
that 1is because, the plurality of types of fluorophores
having different concentrations may simultaneously emit the
fluorescences. Thus, the spectral crosstalk is eliminated,
and the above-described identification can be performed by
the next step (referred to as color conversion in the present
disclosure) .
[0006]

The B color detection of the fluorescences of C types
(C is an integer of 1 or more) of fluorophores is performed
in detection regions of B types (B is an integer of 1 or
more) of wavelength bands at each time for each of the A
light-emitting points (A is an integer of 2 or more). Where
B 2 C. The color conversion of the results of the B color
detection is performed to acquire concentrations of the C
types of fluorophores at each time for each of the light-

emitting points. The fluorescences of the fluorophores D(c)

(c=1, 2, ..., and C) are detected in detection regions W(b)
(b =1, 2, ..., and B) of different wavelength bands for
each of the light-emitting points P(a) (a =1, 2, ..., and
A). At any time, the concentrations of the fluorophores D(c)

at the light-emitting points P(a) are Z(c), and signal
intensities of the detection regions W(b) for the light-
emitting points P(a) are X(b). Here, when X is a matrix of

B rows and 1 column with the signal intensities X (b) as



elements, Z 1s a matrix of C rows and 1 column with the
concentrations Z(c) as elements, and Y is a matrix of B rows
and C columns with Y(b) (c) as elements, the following
equations are established. (Equation 1) to (Equation 4) are
relational expressions of b and ¢ but are not a relational
expression of a, and therefore established independently of
the light-emitting points P(a). When B = 1 in the case of
the monochromatic detection, C = 1 is obtained because of B
2 C, and X, Y, and Z are not matrices.

[0007]

[Equation 1]

(Equation 1)

[Equation 2]
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[Equation 4]
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[0008]

Here, each element Y(b) (c) of the matrix Y of B rows
and C columns represents signal intensity ratio at which the
fluorescence of the fluorophore D(c) are detected in the
detection region W(b) of different wavelength bands due to
spectral crosstalk. One column Y(b) (co) (b =1, 2, ..., and
B) of the matrix Y can be determined by inducing fluorescence
of any one type of fluorophore D(cg) alone. Here, since it
is generally difficult to control the concentration of the
fluorophore D(co), 1t 1s convenient to standardize the one
column Y (b) (co) . For example, among the B elements, the
maximum element may be set to 1, and the other elements may
be ratios with respect to the maximum element, respectively.
Alternatively, the elements may be ratios such that the sum
of the B elements is 1. That is, the following equation is
obtained:

[Equation 5]

OB
N ve

e Py

— ..

(Equation 5).

All the columns of the matrix Y can be determined by
sequentially performing the above steps for all the C types
of fluorophores D(c). The matrix Y is determined only by
characteristics of the fluorophores D(c) and the detection

regions W(b) of different wavelength bands, and does not



change during the electrophoresis analysis. As long as
conditions such as the optical system, the fluorophores D(c),
and the detection regions W(b) are fixed, the matrix Y is
kept constant even for different electrophoretic analyses.
Accordingly, the concentrations Z(c) of the fluorophores D(c)
at each time are obtained from the signal intensities X (b)
of the detection regions W(b) at each time for each of the
light-emitting points by the following equation.
[0009]
[Equation 6]

Zwm YT KX

(Equation ©)

Here, Y- of C rows and B columns is a general inverse
matrix of Y, and is obtained by Y- = (YT x Y)-1 x YT). When
the matrix Y is a square matrix of B = C, Y- is equal to the
inverse matrix Y-1l.

[0010]

(Equation 1) corresponds simultaneous equations
indicating a relationship between concentrations of C types
of fluorophores which are unknown and B-color fluorescence
intensities which are known. (Equation 6) corresponds to
obtaining a solution of the simultaneous eqgquations.
Accordingly, in general, as described above, a condition of
B 2 C is required. When B < C, a solution cannot be uniquely

obtained (that is, there may be a plurality of solutions),



and the color conversion cannot be executed as in (Equation

6) .
[0011]

As an example, the case where C = 4 for the Sanger
method and B = 4 for four-color detection will be described
in detail. When copies of wvarious length DNA fragments

complementary to a template DNA are prepared by the Sanger
reaction, the DNA fragments are labeled with four types of
fluorophores D(1), D(2), D(3), and D(4) according to terminal
base species A, C, G, and T of the DNA fragments,
respectively. The DNA fragments are sequentially irradiated
with a laser beam to emit the fluorescences while being
separated by their lengths by electrophoresis. Four colors
of the fluorescences are detected in the detection regions
W(l), W(2), W(3), and W(4) of the four types of wavelength
bands corresponding to maximum wavelengths of the
fluorescences of the fluorophores D(1), D(2), D(3), and D(4).
Pieces of time-series data of the signal intensities X (1),
X(2), X(3), and X(4) (referred to as pieces of raw data in
the present disclosure, where B = 4 and C = 4 are not always
the case) are obtained. Assuming that the concentrations of
the fluorophores D(1), D(2), D(3), and D(4) at each time are
z(1), z(2), Z(3), and 7Z(4), respectively, (Equation 1) is
given by the following equation.

[0012]
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[0013]

Here, the elements Y (b) (c) of the 4x4 matrix Y
represent intensity ratios at which the fluorescences of the
fluorophores D(c) (c is 1, 2, 3, or 4) are detected in the
wavelength bands W(b) (b is 1, 2, 3, or 4) based on the
spectral crosstalk. Fach element Y (b) (¢) of the matrix Y
can be determined by electrophoretic analysis of samples in
which each fluorophore D(c) (c is 1, 2, 3, or 4) emits the
fluorescence alone in each of the capillaries. For example,
four color fluorescence intensities X (1), X(2), X(3), and
X (4) when the fluorophore D(1) emits the fluorescence alone
provide the elements Y (1) (1), Y(2) (1), Y(3) (1), and Y(4) (1).
The four color fluorescence intensities X (1), X(2), X (3),
and X (4) when the fluorophore D(2) emits the fluorescence
alone provide the elements Y (1) (2), Y(2)(2), Y(3)(2), and
Y(4) (2). The same applies to the fluorophores D(3) and D(4).
Fach Y (b) (¢) is a fixed wvalue determined only by
characteristics of the fluorophore D(c) and the wavelength
band W(b), and does not change during electrophoresis.

Accordingly, for each of the capillaries, the concentrations

10



of the fluorophores D(1), D(2), D(3), and D(4) at each time
are obtained from the four color fluorescence intensities
X(1), X(2), X(3), and X(4) at each time by the following
equation obtained by embodying (Equation 6).

[0014]

[Equation 8]

(Equation 8)
[0015]

In this manner, the spectral crosstalk is eliminated
by multiplying the four color fluorescence intensities by
the inverse matrix Y-!. The pieces of time-series data of the
concentrations of the four types of fluorophores, that is,
the concentrations of the DNA fragments having the four types
of bases at their terminals are obtained (the pieces of time-
series data are referred to as pieces of color-converted
data in the present disclosure. But is not limited to the
case of B =4 and C = 4).

[0016]

As described above, the above color conversion step is
performed independently for each of the A capillaries. The
color conversion is established on the premise that crosstalk
between the capillaries (referred to as spatial crosstalk in

the present disclosure) is sufficiently small. That is, the
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ratio of the fluorescence signal intensity from one capillary
mixed with the fluorescence intensity from another capillary
is sufficiently small. Accordingly, the aforementioned step
of determining the matrix Y by sequentially performing the
step of inducing one type of fluorophore D(co) to emit the
fluorescence alone for the C types of fluorophores D(c) 1is
performed substantially simultaneously for the A capillaries,
and the matrices Y for the A capillaries are obtained in
parallel. This step is an essential step for deriving the
matrix Y in a short time and without hassle.

[0017]

The spatial crosstalk is basically reduced by devising
the optical system. There is also an attempt to reduce the
spatial crosstalk by calculation processing. In PTL 3,
images of fluorescences emitted from not a plurality of
capillaries but a plurality of light-emitting points
randomly arranged on a plane are collectively formed on one
two-dimensional sensor by one condenser lens. The
fluorescence from each of the light-emitting points 1is
detected as signal intensity of a detection region provided
at the position of the fluorescence 1image on the two-
dimensional sensor. It has been found that a ratio of the
spatial <crosstalk from the signal 1intensity of the
fluorescence emitted from one arbitrary light-emitting point

to the signal intensity of the fluorescence emitted from
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another light-emitting point can be expressed as a function
of a distance between the two light-emitting points, i.e.,
a distance between the corresponding two detection regions
and decreases with the distance. The function i1s obtained
in advance, and then, 1in the fluorescence images of the
plurality of light-emitting points randomly arranged on the
plane, mutual spatial crosstalk is obtained from the distance
between any two detection regions by the function. The
obtained spatial crosstalk i1s subtracted from the original
fluorescence images. Thus, the spatial crosstalk is reduced.
Citation List
Patent Literature
[0018]

PTL 1: JP 3897277 B

PTL 2: JP 6456983 B

PTL 3: JP 2018-528%47 A

Summary of Invention
Technical Problem
[0019]

In both the cases of PTL 1 and PTL 2, since the
fluorescence images from the A light-emitting points on the
A capillaries are separated on the two-dimensional sensor,
the spatial crosstalk 1is suppressed to be basically low.

Causes of the spatial crosstalk are considered to be (1)

13



aberrations of lenses, (2) multiple reflections of
fluorescences between elements such as multiple capillaries,
lenses, filters, dichroic mirrors, and a two-dimensional
sensor inside an optical system, (3) blooming between pixels
of the two-dimensional sensor. In order to reduce the
spatial crosstalk, it is necessary to construct the optical
system so as to minimize the influence of the above causes
(1) to (3). For example, in order to suppress the influence
of the cause (2), it is effective to apply an antireflective
coating with low reflectance to the lenses. However, it is
impossible to make the spatial crosstalk completely zero.
Since the spatial crosstalk effectively increases a lower
detection limit in the detection of the fluorescence emitted
from any one capillary, the spatial crosstalk can decrease
detection sensitivity and detection dynamic range.
Accordingly, it is extremely important to reduce the spatial
crosstalk as much as possible in order to alleviate or solve
the above problems.

[0020]

The present inventors have attempted to reduce the
spatial crosstalk in the optical system of PTL 1 or PTL 2 by
the method of PTL 3, but it does not work well. First, the
case of the monochromatic detection of B = 1 will be
described. Let X () (B) be the signal intensity of the

detection region B for the emission point «, which is any
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one emission point of the A emission points. And let X(a') (B)
be the signal intensity of the detection region [ for the
emission point o', which is any one emission point other
than the emission point o (x # o'). It was found that the
spatial crosstalk from the signal intensity X (o) (f) to the
signal intensity X (') (B) tended to decrease with a distance
between the two detection regions. However, it was also
found that the spatial crosstalk cannot be expressed by a
function of only the above distance. For example, even when
the distance between the two detection regions is constant,
the ratio of the spatial crosstalk is different between a
case where the two detection regions are positioned near a
central axis of the optical system and a case where the two
detection regions are positioned far from the central axis
of the optical system. Further, the ratio of the spatial
crosstalk from one to the other of the two detection regions
is different from the ratio of the spatial crosstalk from
the other to one. 1In the case of the multicolor detection
of B 2 2, the method of PTL 3 does not function more. In
addition to the above, let X (') (R') be the signal intensity
of the detection region B' for the emission point o'. Spatial
crosstalk from the signal intensity X (o) () To the signal
intensity X (') (B") (B = B" or B # B', B = PB'" means both are
detection regions of the same wavelength band, and pf # B

means both are detection regions of different wavelength
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bands) cannot be expressed by a function of the distance
between the two detection regions. In particular, in the
case of B # @', since the spatial crosstalk and the spectral
crosstalk are mixed, the crosstalk between the two detection
regions cannot be essentially expressed by a function of the
distance between the two detection regions. The present
problem will be described in detail in [Description of
EFmbodiments] .

[0021]

Thus, the present disclosure proposes a method for
identifying light emissions emitted from a plurality of
light-emitting points and detecting the 1light emissions
independently by reducing spatial crosstalk between the
plurality of light-emitting points by calculation processing.
Such spatial crosstalk occurs in any optical system that
detects light emissions emitted from a plurality of light-
emitting points. The present disclosure further proposes a
method for identifying fluorescence emissions of a plurality
of types of fluorophores from a plurality of light-emitting
points and detecting the fluorescences independently by
reducing spatial crosstalk between the plurality of light-
emitting points and spectral crosstalk between the plurality
of types of fluorophores for each light-emitting point by
calculation processing. Such spatial crosstalk and spectral

crosstalk occur in any optical system that detects
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fluorescences of a plurality of types of fluorophores which
are emitted from a plurality of light-emitting points.
Alternatively, the present disclosure proposes a method for
identifying absorptions at a plurality of light-absorbing
points and detecting the absorptions independently by
reducing spatial crosstalk between the plurality of light-
absorbing points by calculation processing. Such spatial
crosstalk occurs 1in any optical system that detects
absorptions at a plurality of light-absorbing points. The
present disclosure further proposes a method for identifying
absorptions of a plurality of types of light absorbers at a
plurality of 1light-absorbing points and detecting the
absorptions independently by reducing spatial crosstalk
between the plurality of light-absorbing points and spectral
crosstalk between the plurality of types of light absorbers
for each light-absorbing point by calculation processing.
Such spatial crosstalk and spectral crosstalk occur in any
optical system that detects absorptions of a plurality of

types of light absorbers at a plurality of absorption points.

Solution to Problem
[0022]

In the optical system of PTL 1, PTL 2, or the like, a
case where fluorescence emissions of C types (C is an integer

of 1 or more) of fluorophores are detected in detection
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regions of B (B i1s an integer of 1 or more) wavelength bands
for A light-emitting points (A is an integer of 2 or more)
will be described. Here, different wavelength components of
the fluorescences are respectively detected in the detection
regions of different wavelength bands. Also the different
types of the fluorophores respectively emit the
fluorescences having different fluorescence spectra. The
fluorescence emissions of the fluorophores D(a, c¢) (¢ = 1,
2, ..., and C) present at the light-emitting points P(a) (a
=1, 2, ..., and A) are detected in the detection regions
W(a, b) (b =1, 2, ..., and B) of the different wavelength
bands for each light-emitting point P(a). It is assumed
that concentrations of the fluorophores D(a, c¢) at the light-
emitting points P(a) at any time are Z(a, c¢). Further, it
is assumed that signal intensities of the detection regions
W(a', b) for the light-emitting points P(a') are X(a', b).
Here, the present inventors have found for the first time
that the following equations in which X is a matrix of A x
B rows and 1 column with X(a', b) as elements, 72 is a matrix
of A x C rows and 1 column with Z(a, c¢) as elements, and Y
is a matrix of (A x B) rows and (A x C) columns with Y(a',
b) (a, c) as elements are established.

[0023]

[Equation 9]
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(Equation 9)

[Equation 10]
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(Equation 11)
[Equation 12]
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(Equation 12)
[0024]

(Equation 9) looks the same as (Equation 1), but both
the equations are completely different when (Equation 1) to
(Equation 4) are compared with (Equation 9) to (Equation 12).
(Equation 9) to (Equation 12) are not only relational
expressions of b and ¢ but also relational expressions of a,
and the different light-emitting points P(a) are therefore
related to each other. That is, (Equation 9) to (Equation

12) are constructed by collectively considering spatial
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crosstalk and spectral crosstalk between different light-
emitting points P(a) in addition to spectral crosstalk for
the same light-emitting point P(a). Accordingly (Equation
9) to (Equation 12) are essentially different from (Equation
1) to (Equation 4).

[0025]

Here, each element Y(a', b)(a, c) of the matrix Y of
the (A x B) rows and the (A x C) columns represents (1) the
signal intensity ratio of the fluorescence emission of the
fluorophore D(a', c¢) at the light-emitting point P(a')
detected in any detection region W(a', b) due to the spectral
crosstalk when a' = a, that is, the spectral crosstalk for
the same light-emitting point. In addition, each element
Y(a', b) (a, c¢) represents (2) the signal intensity ratio of
the fluorescence emission of the fluorophore D(a, c) at the
light-emitting point P(a) detected in any detection region
W(a', b) of P(a') due to the spatial crosstalk and the
spectral crosstalk when a' # a, that i1is, the spatial
crosstalk and the spectral crosstalk between different
light-emitting points. One column Y(a, b) (ag, co) (a = 1,
2, «.., and A, and b =1, 2, ..., and B) of the matrix Y can
be determined by causing any one type of fluorophore D(ao,
Co) to emit fluorescence alone at any one light-emitting
point P(ao) . Here, since it 1s generally difficult to

control the concentration of the fluorophore D(aog, co), 1t
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is convenient to standardize each column Y(a, b) (ao, <o)
individually. For example, among the A x B elements in each
column, the maximum element may be set to 1, and the other
elements may be indicated by a ratio with respect to the
maximum value. Alternatively, the ratio of the elements may
be determined such that the sum of the A x B elements is 1.
That is, it 1s assumed that the following equation 1is
established:

[Equation 13]
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(Equation 13).

All the columns of the matrix Y can be determined by
sequentially performing the above steps for all the
combinations of any one of the C types of fluorophores D(a,
c) and any one of the A light-emitting points Pla). The
matrix Y is determined only by the characteristics of the
light-emitting points P(a), the fluorophores D(a, c), and
the detection regions W(a, b), and does not change during
electrophoresis analysis. As long as conditions such as the
optical system, the light-emitting points P(a), the
fluorophores D(a, c¢), and the detection regions W(a, b) are
fixed, the matrix Y is kept constant even for different
electrophoresis analyses. Accordingly, for each of the
light-emitting points, the concentrations Z(a, c¢) of the

fluorophores D(a, c¢) at each time are obtained from the
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signal intensities X (a, b) of the detection regions W(a, b)
at each time by the following equation.
[0026]
[Equation 14]
PR A §
(Equation 14)
[0027]

(Equation 14) looks the same as (Equation 6), but both
the equations are completely different from each other when
(Equation 2) to (Equation 4) and (Equation 6) are compared
with (Equation 10) to (Equation 12) and (Equation 14).
According to (Equation 14), both the spectral crosstalk and
the spatial crosstalk can be eliminated by multiplying the
A x B signal intensities X (a, b) by the pre-derived general
inverse matrix Y- of the matrix Y at each time, and the A x
C concentrations Z(a, ¢) can be obtained. Y- is a matrix of
(A x C) rows and (A x B) columns. In the present disclosure,
the elimination of the spectral crosstalk is referred to as
color conversion, and the elimination of the spatial
crosstalk is referred to as spatial correction. That is,
the (A x C) x (A x B) elements of Y- include both a portion
for executing the <color conversion and a portion for
executing the spatial correction. Pieces of time-series
data of Z(a, c¢) obtained by executing (Equation 14) for each

time is referred to as pieces of color-converted and spatial-

22



corrected data in the present disclosure.
[0028]

The elements of the matrix X may be values obtained by
subtracting background 1light intensities from raw light
intensities in advance, or may be values obtained by applying
appropriate noise reduction ©processing to raw light
intensities. Similarly, the elements of the matrix Y may be
values obtained by subtracting background light intensities
from raw light intensities in advance, or may Dbe

appropriately changed.

[0029]

In the case of the monochromatic detection of B =1
and C = 1, the above description is simplified as follows.
For each of the light-emitting points P(a) (a = 1, 2, ...,

and A), the fluorescence emission of one type of fluorophore
is detected in one detection region. It is assumed that the
concentration of the fluorophore at the light-emitting
points P(a) at any time is Z(a), and the signal intensity
for the light-emitting points P(a') at any time is X(a').
Here, assuming that X 1s a matrix of A rows and 1 column
with X(a') as elements, 72 is a matrix of A rows and 1 column
with Z(a) as elements, and Y is a matrix of A rows and A
columns with Y(a') (a) as elements, (Equation 10) to (Egquation
12) are simplified as the following equations. (Equation 9)

and (Equation 14) are established with no change.
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[0030]

[Equation 15]
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[Equation 16]

(Equation 15)
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(Equation 16)

(Equation 17)
[0031]

(Equation 9) and (Equation 14) to (Equation 17) are
superficially the same as the general formulas used in PTL
3, for example, [[Equation 7]] to [[Equation 9]] of PTL 3,
but the contents are greatly different (hereinafter, the
equations used in PTL 3 are described with [[]1]). Fach
element oij of the matrix A in [[Equation 7]] is a function
of a distance dij between detection regions for light-
emitting points ¢(meas)i and ¢ (meas)]j, and specifically is
represented by the sum of exponential functions of dij as
illustrated in [[Equation 10]]. aij attenuates as dij

increases. In PTL 3, different fluorescence 1images are
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obtained for different samples, and positions of the
detection regions for the plurality of light-emitting points
randomly change in the fluorescence images. Thus, in PTL 3,
the function is obtained 1in advance. For all the
combinations of the two light-emitting points among the
plurality of light-emitting points 1in each fluorescence
image, all distances between the detection regions for any
two light-emitting points are obtained, and are substituted
into the function to derive oij. Accordingly, oij, that is,
the matrix A changes for each sample or each fluorescence
image. On the contrary, the present disclosure has found
that each element Y(a') (a) of the matrix Y of (Equation 16)
cannot be expressed by a function of the distance between
the detection regions for the light-emitting points P(a) and
P(a') as described above or as will be described later in
[Description of Embodiments]. It was found that it is also
impossible to obtain the elements Y(a') (a) by calculation
from the configuration of the optical system and the like.
Thus, 1n the present disclosure, under the condition that
the positions of the detection regions for the plurality of
light-emitting points do not change even for different
samples, the elements Y(a')(a) are obtained by actual
measurement. Specifically, as described above, one column
Y(a') (ap) (a' = 1, 2, ..., and A) of the matrix Y is

determined by causing fluorescence emission alone only at
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any one light-emitting point P(ao). All the columns of the

matrix Y are determined by sequentially performing the above

steps for all the A light-emitting points P(a). The matrix
Y is determined only by the characteristics of the light-

emitting points P(a), and does not change during the analysis.
As long as conditions such as the optical system, the light-

emitting points P(a), and the detection regions thereof are

fixed, the matrix Y is kept constant even for analyses of
different samples. It is impossible to perform the above

steps with the optical system or device configuration of PTL
3. This is because, the positions of the detection regions

for the plurality of light-emitting points cannot be fixed,

and 1t is 1impossible to cause light emission alone and
sequentially only from each of the light-emitting points

even though the positions can be fixed. Accordingly, the

method of the present disclosure cannot be conceived from
PTL 3.

[0032]

The above description can be replaced as follows. That
is, for each of A light-emitting points (A is an integer of
2 or more), light emissions of C types (C is an integer of
1 or more) of 1light emitters are detected in detection
regions of B wavelength bands (B is an integer of 1 or more).
The light emissions of the light emitters D(a, c¢) (¢ = 1,

2, ..., and C) present at the light-emitting points P(a) (a
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=1, 2, ..., and A) are detected in the detection regions
W(a, b) (b=1, 2, ..., and B) of different wavelength bands.
Tt is assumed that the concentrations of the light emitters
D(a, c¢) at the light-emitting points P(a) at any time are
Zz(a, c¢) and the light-emission intensities of W(a', b) for
the light-emitting points P(a') are X(a', b). Also in this
case, (Equation 9) to (Equation 17) are established, and
similarly, both the spectral c¢rosstalk and the spatial
crosstalk can be eliminated to obtain the concentrations Z(a,
c) of the A x C light emitters. Here, the light emissions
include fluorescence, phosphorescence, scattering light, or
the like.

[0033]

The above description may be replaced as follows. That
is, light absorptions of C types (C is an integer of 1 or
more) of light absorbers are detected in detection regions
of B wavelength bands (B is an integer of 1 or more) for
each of A light-absorbing points (A is an integer of 2 or
more). The light absorptions of the light absorbers D(a, <)
(c=1, 2, ..., and C) present at the light-absorbing points
P(a) (a =1, 2, ..., and A) are detected in the detection
regions W(a, b) (b=1, 2, ..., and B) of different wavelength
bands. It is assumed that the concentrations of the light
absorbers D(a, c¢) at the light-absorbing points P(a) at any

time are Z(a, c¢) and the absorbances of W(a', b) for the
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light-absorbing points P(a') are X(a', b). Alsc in this
case, (Equation 9) to (Equation 17) are established, and
similarly, both the spectral crosstalk and the spatial
crosstalk can be eliminated to obtain the concentrations Z(a,
c) of the A x C light absorbers.

[0034]

Alternatively, the above description can be replaced
with multi-point detection other than 1light measurement.
That is, signals of C types (C is an integer of 1 or more)
of signal generators are detected in detection regions of B
frequency bands (B is an integer of 1 or more) for each of
A signal generation points (A is an integer of 2 or more).
The signals of the signal generators D(a, c) (¢ =1, 2, ...,
and C) present at the signal generation points P(a) (a = 1,
2, ..., and A) are detected in the detection regions W(a, b)
(b =1, 2, ..., and B) of different frequency bands. It is
assumed that the densities of the signal generators D(a, c)

at the signal generation points P(a) at any time are Z(a,

c). Further, it is assumed that the signal intensities of
W(a', b) for the signal generation points P(a') are X(a',
b). Also in this case, (Equation 9) to (Equation 17) are

established, and similarly, both the spectral crosstalk and
the spatial <crosstalk can be eliminated to obtain the
densities Z(a, c¢) of the A x C signal generators.

[0035]
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As described above, the description using the
equations has been given. Such description is for
facilitating understanding of the contents of the present
disclosure. When the technology of the present disclosure
is implemented, a method based on the contents of the present
disclosure may be used. The method do not have to follow
the equations completely. The equations may be modified or
may not be used. 1In the present disclosure, the description
of “the concentration of the light emitter” can be replaced
with “the light-emission intensity of the light emitter”,
the description of “the concentration of the fluorophore”
can be replaced with “the fluorescence intensity of the
fluorophore”, and the description of “the concentration of
the light absorber” can be replaced with “the absorbance of
the light absorber”.

[0036]

Further features related to the present disclosure
will be apparent from the description of the present
specification and the accompanying drawings. Aspects of the
present disclosure are achieved and realized by elements,
combinations of various elements, and aspects of the
following detailed description and appended claims.

The description of the present specification is merely
an example, and does not 1limit the scope of claims or

application examples of the present disclosure in any sense.
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[0037]

Further features related to the present disclosure
will be apparent from the description of the present
specification and the accompanying drawings. Aspects of the
present disclosure are achieved and realized by elements,
combinations of various elements, and aspects of the
following detailed description and appended claims.

The description of the present specification is merely
an example, and does not 1limit the scope of claims or

application examples of the present disclosure in any sense.

Advantageous Effects of Invention
[0038]

According to the present disclosure, it is possible to
identify and independently detect light emissions from a
plurality of light-emitting points by eliminating or
reducing the spatial crosstalk between the plurality of the
light-emitting points by calculation processing. The
crosstalk occurs in any optical system that detects the light
emissions from the plurality of light-emitting points. It
is also possible to identify and independently detect
fluorescences of a plurality of types of fluorophores from
a plurality of light-emitting points by eliminating or
reducing the spatial crosstalk between the plurality of the

light-emitting points and the spectral crosstalk between the

30



plurality of types of the fluorophores for each 1light-
emitting point by calculation processing. The spatial
crosstalk and the spectral crosstalk occur in any optical
system that detects the fluorescences of the plurality of
types of the fluorophores emitted from the plurality of the
light-emitting points.

[0039]

Further, it 1s possible to avoid a decrease in
detection sensitivity or a decrease 1in detection dynamic
range caused by the spatial crosstalk and the spectral
crosstalk, by eliminating or reducing the spatial crosstalk
and the spectral crosstalk.

Other objects, configurations, and effects will be

made apparent in the following descriptions.

Brief Description of Drawings
[0040]

FIG. 1 1s a schematic diagram of a simple optical
system.

FIG. 2 1is light-emitting images acquired by a two-
dimensional sensor of the simple optical system.

FIG. 3 illustrates signal intensity distributions of
the light emission images in the sensor images.

FIG. 4 illustrates relationships between absolute

signal intensities at centers of images of the light-emitting

31



point and absolute signal intensities at positions away from
the centers of the images of the light-emitting point to the
left.

FIG. 5 illustrates relationships between absolute
signal intensities at centers of images of the light-emitting
point and absolute signal intensities at positions away from
the centers of the images of the light-emitting point to the
right.

FIG. 6 illustrates relationships between absolute
signal intensities at centers of images of the light-emitting
point and absolute signal intensities at positions away from
the centers of the images of the light-emitting point to the
left.

FIG. 7 illustrates relationships between absolute
signal intensities at centers of images of the light-emitting
point and absolute signal intensities at positions away from
the centers of the images of the light-emitting point to the
right.

FIG. 8 is a schematic diagram of a model experimental
systemnm.

FIG. 9 is a schematic diagram of spectral crosstalk
and spatial crosstalk in the model experimental system.

FIG. 10 is a schematic diagram of a model experimental
system.

FIG. 11 illustrates raw data obtained by
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electrophoresis analyses of known samples.

FIG. 12 illustrates color-converted data with color-
conversion processing applied to the raw data of FIG. 11.

FIG. 13 illustrates color-converted and spatial-
corrected data with color-conversion and spatial-correction
processing applied to the raw data of FIG. 11.

FIG. 14 illustrates raw data obtained by
electrophoresis analyses of unknown samples.

FIG. 15 illustrates color-converted data with color-
conversion processing applied to the raw data of FIG. 14.

FIG. 16 illustrates color-converted and spatial-
corrected data with color-conversion and spatial-correction
processing applied to the raw data of FIG. 14.

FIG. 17 illustrates raw data obtained by
electrophoresis analyses of samples containing an unknown
fluorophore.

FIG. 18 illustrates color-converted and spatial-
corrected data with color-conversion and spatial-correction
processing applied to the raw data of FIG. 17.

FIG. 19 illustrates raw data obtained by
electrophoresis analyses of samples containing different
components labeled with a known fluorophore with wvarying
concentrations.

FIG. 20 illustrates color-converted data with color-

conversion processing applied to the raw data of FIG. 19.
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FIG. 21 illustrates color-converted and spatial-
corrected data with color-conversion and spatial-correction
processing applied to the raw data of FIG. 19.

FIG. 22 1is a schematic diagram of a method for
injecting samples into a plurality of capillaries at
different times.

FIG. 23 1is a schematic diagram of a method for
detecting fluorescence emissions from a plurality of
capillaries at different times.

FIG. 24 is a schematic diagram of a multi-capillary
electrophoresis system.

FIG. 25 illustrates wavelength-dispersion images of
Raman-scattering lights from four capillaries by an optical
system of PTL 1.

FIG. 26 1s a diagram illustrating setting of detection
regions of 20 wavelength bands for the capillaries in FIG.
25.

FIG. 27 is a schematic diagram in which fluorescence
emissions from four capillaries are individually divided
into four wavelength bands and images thereof are formed by
an optical system of PTL 2.

FIG. 28 is a schematic diagram of an optical system
that collectively divides fluorescence emissions from five
light-emitting points arranged on a plane into four

wavelength bands and forms images thereof.
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FIG. 29 is a flowchart of a method of the related art.

FIG. 30 is a flowchart of the present method.

FIG. 31 is a flowchart for determining a matrix for
color-conversion and spatial-correction processing according
to the present method.

FIG. 32 is a flowchart when an analysis session 1is
repeated a plurality of times.

FIG. 33 is a configuration diagram of a computer.

Description of Embodiments
[0041]
[First Embodiment]

In order to investigate characteristics of spatial
crosstalk in detail, a simple optical system illustrated in
FIG. 1 was constructed. The optical system in FIG. 1
includes a pinhole plate 1-1, a light-emitting-point-side
aperture plate 1-2, a condenser lens 1-3, a sensor-side
aperture plate 1-4, a color glass filter 1-5, a two-
dimensional sensor 1-6, and a halogen lamp (light source)
that emits halogen lamp light 1-7. Specifically, the optical
system of FIG. 1 was constructed as Zfollows. A light-
emitting point 1-8 of ¢ 0.05 mm was formed by irradiating
the pinhole plate 1-1 having a pinhole of ¢ 0.05 mm from
below with the halogen lamp light 1-7. The light-emitting-

point-side aperture plate 1-2 having an aperture of ¢ 0.2 mm
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was disposed at a position 0.2 mm above the light-emitting
point 1-8. The condenser lens 1-3 having a focal length £
= 1.4 mm was disposed at a position 1.54 mm above the light-
emitting point 1-8. The sensor-side aperture plate 1-4
having an aperture of ¢ 0.7 mm was disposed immediately above
the condenser lens 1-3. The two-dimensional sensor 1-6 was
disposed at a position 15 mm above the condenser lens 1-3.
The color glass filter 1-5 was disposed immediately below
the two-dimensional sensor 1-6. In addition, the pinhole
plate 1-1, the light-emitting-point-side aperture plate 1-
2, the sensor-side aperture plate 1-4, the color glass filter
1-5, and the two-dimensional sensor 1-6 were disposed in
parallel to each other. Light 1-9 emitted from the light-
emitting point 1-8 was transmitted through the aperture of
¢ 0.2 mm, was condensed by the condenser lens 1-3, was
transmitted through the aperture of ¢ 0.7 mm, and was
transmitted through the color glass filter 1-5, and then a
light emission image 1-10 of ¢ 0.5 mm was formed on the two-
dimensional sensor 1-6. Here, the light-emitting point 1-8
was 1imaged on the two-dimensional sensor 1-6 in focus at a
magnification of 10 times.
[0042]

FIG. 2 shows sensor 1mages including the light-
emission images 1-10 acquired by the two-dimensional sensor

1-6 in the simple optical system of FIG. 1. A sensor size
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of the two-dimensional sensor 1-6 is 13 x 13 mm, and a signal
range of each pixel is 0 to 65536. FIGS. 2(a) and 2(b) are
the same light-emission image, but a signal display scale
(gray scale) of FIG. 2(a) is set to 0 to 50000, and a signal
display scale of FIG. 2(b) is set to 0 to 500. The maximum
signal intensity of the light-emission image is about 50000.
Signals of all pixels are displayed with almost no saturation
in FIG. 2(a), whereas the light-emission image is displayed
with saturation in FIG. 2(b). Referring to FIG. 2(a), the
light-emission image of ¢ 0.5 mm is obtained as expected,
and signal intensity outside the light-emission image of o
0.5 mm appears to be 0. However, referring to FIG. 2(b), it
can be confirmed that a skirt with low signal intensity
extends outside the light-emission image of ¢ 0.5 mm.
[0043]

Fach o (dotted line) in FIGS. 3(a) to 3(c) indicates
a signal intensity distribution in a horizontal direction
passing through a center of the light-emission image in the
sensor image of FIG. 2. FIGS. 3(a), 3(b), and 3(c) use the
same data, but vertical axes are changed. Horizontal axes
are common and indicate distances from the center of the
light-emission image. Plus and minus signs on each
horizontal axis indicate a right side and a left side of the
light-emission image, respectively, 1in each sensor image.

In each of FIGS. 3(a) and 3(b), the vertical axis represents
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an absolute signal intensity. The vertical axis scale is
set to 0 to 60000 in FIG. 3(a). The vertical axis scale is
set to 0 to 100 in FIG. 3(b). On the other hand, in FIG.
3(c), the vertical axis indicates relative signal intensity
to the maximum signal intensity. The vertical axis scale is
the log scale and set to 0.001% to 100% with the maximum
signal intensity as 100%. ©Each B (solid line) and each v
(broken line) in FIGS. 3(a) to 3(c) indicate signal intensity
distributions similarly to o when an output intensity of the
halogen lamp 1light 1-7 is decreased in a stepwise manner
under the same conditions as those for acquiring the light-
emission images in FIG. 2. As can be seen from FIG. 3(a),
the maximum signal intensities of the light-emission images
of o, B, and vy are about 50000, about 25000, and about 10000,
respectively. As can be seen from FIG. 3(b), the signal
intensity decreases as the distance from the center of the
light-emission image increases, but a skirt that is much
wider than a size (about 0.5 mm in width) of the light-
emission image seen in FIG. 3(a) lies. It can also be seen
that as the maximum signal intensity decreases the intensity
of the skirt also decreases. However, 1t can be seen from
FIG. 3(c) that o, B, and y are completely overlapped each
other to form one line. This is a new discovery and brings
several important findings. For example, a signal intensity

of about 0.1% of the maximum signal intensity is observed at
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positions *1 mm away from the center of the light-emission
image, that is, at positions outside the light-emission image
seen in FIG. 2(a). A case where there is a detection region
for an adjacent light-emission image at a position *1 mm
away means that there is about 0.1% spatial crosstalk. It
is surprising that there is the spatial crosstalk of such a
non-negligible magnitude in spite of just focusing the light-
emitting point by using an extremely simplified optical
system illustrated in FIG. 1. More surprisingly, since «,
B, and v are completely overlapped each other, as long as
the optical system and the positions of the light-emitting
points are fixed, it was found that a relative signal
intensity distribution of a light-emission image is constant
regardless of a light-emission intensity of the light-
emitting point or a signal intensity of the light-emission
image.
[0044]

FIGS. 4(a) and b5(a) show results derived from FIG. 3.
FIG. 4(a) 1s a graph with absolute signal intensity at the
center of the light-emission image on a horizontal axis and
absolute signal intensity at positions -1, -2, -3, -4, -5,
and -6 mm away from the center of the light-emission image
on a vertical axis. FIG. 5(a) 1s a graph with absolute
signal intensity at the center of the light-emission image

on a horizontal axis and absolute signal intensity at
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positions +1, +2, +3, +4, +5, and +6 mm away from the center
of the light-emission image on a vertical axis. Each of the
absolute signal intensity was an average value of absolute
signal intensities within + 0.1 mm around each position in
FIG. 3. As a result, it was found that all three plots
(corresponding to o, B, and y in FIG. 3) at each position
were respectively on an approximate straight line passing
through an origin. A slope of each approximate straight
line indicates a spatial crosstalk ratio at the corresponding
position. That is, it can be seen that the slope of the
approximate straight 1line decreases and then the spatial
crosstalk ratio decreases as the distance from the center of
the light-emission 1image increases. For comparison, a
straight line with spatial crosstalk of 0.1% and a straight
line with spatial crosstalk of 0.01% are superimposed and
displayed by dotted lines. For example, it can be read that
a spatial crosstalk ratio at a position -1 mm away from the
center of the light-emission image 1s a little over 0.1%,
whereas a spatial crosstalk ratio at a position -3 mm away
is about 0.01%. The above results indicate that the absolute
signal intensity of the spatial crosstalk at any position
away from the center of the light-emission image has a linear
relationship with the absolute signal intensity at the center
of the light-emission image. That is, the spatial crosstalk

ratio 1s constant. Furthermore, it has been newly Zfound
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that it 1s possible to eliminate or decrease the spatial
crosstalk at any position away from the center of the light-
emission image by subtracting a value obtained by multiplying
the absolute signal intensity at the center of the light-
emission image by the spatial crosstalk ratio at the position
from the absolute signal intensity at the position. This
corresponds to subtracting the wvalue of the corresponding
approximate straight 1line at the same position from the

absolute signal intensity of each plot in FIGS. 4(a) and

FIGS. 4(b) and 5(b) illustrate results obtained by
performing the above-described subtraction on the results of
FIGS. 4(a) and 5(a), respectively. The types of the plots
indicating different positions and the horizontal axis are
common in FIGS. 4(a) and 4(b) and FIGS. 5(a) and 5(b). The
vertical axis in FIGS. 4(b) and 5(b) indicates the absolute
signal intensity after the subtraction is performed, and the
vertical axis scale is enlarged as compared with FIGS. 4(a)
and b5(a). For comparison, straight lines having spatial
crosstalk of +0.01% is superimposed and displayed by dotted
lines in FIGS. 4(b) and 5(b). As a result, it was found
that the absolute signal intensities after the subtraction
at each position were almost zero regardless of the absolute

signal intensities of the center of the light-emission image.
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That is, the spatial crosstalk at each position was reduced
within *0.01%. As for the position -1 mm away from the
center of the light-emission image, the spatial crosstalk
was reduced by at least one digit or more by this method.
The reason why the absolute signal intensities after the
subtraction at each position are not completely zero is that
there is a deviation or an error between each plot and the
corresponding approximate straight line in FIGS. 4 (a) and
5(a). As a decision coefficient (R2) of each approximate
straight line passing through the origin at each position is
higher (closer to 1), that is, as the linearity of the
absolute signal intensity at each position with respect to
the absolute signal intensity at the center of the light-
emission image is higher, the aforementioned error is smaller,
and the absolute signal intensity after the subtraction is
closer to zero. Of course, the absolute signal intensity
after the subtraction may be negative. However, as long as
there is the above linearity, the magnitude of the absolute
signal intensity at each position decreases at least by the
subtraction. As the slope of the approximate straight line
is smaller, that 1is, as the spatial crosstalk before the
subtraction 1is smaller, since an absolute wvalue of a
difference between the absolute signal intensity at each
position and the corresponding approximate straight line is

also smaller, the above error is also smaller.
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[0046]

FIGS. 6 and 7 illustrate experimental results similar
to FIGS. 4 and 5. 1In the optical system of FIG. 1, after
the pinhole plate 1-1 was once detached and was attached
again, the similar results as those of FIGS. 2 and 3 were
acquired. Then, the results of FIGS. 6 and 7 were derived
by the same method as in FIGS. 4 and 5. The attachment
position of the pinhole plate 1-1 is substantially the same
as the original position, but 1is not exactly the same
position strictly. The results of FIGS. 6 and 7 were
equivalent to the results of FIGS. 4 and 5. Those results
indicated that the reproducibility of the method for
eliminating or decreasing the spatial crosstalk at any
position by the subtraction processing is high.

[0047]

On the other hand, from the comparison of FIGS. 4 to
7, another important finding was obtained as follows. The
approximate straight lines of -1 mm in FIG. 4(a), +1 mm in
FIG. 5(a), -1 mm in FIG. 6(a), and +1 mm in FIG. 7(a) are
compared. It was found that all slopes of these four
approximate straight lines indicate spatial crosstalk ratios
at the positions 1 mm away from the center of the light-
emission 1image but were different from each other.
Accordingly, for example, when the subtraction processing of

each plot for +1 mm in FIG. 5(a), -1 mm in FIG. 6(a), or +1
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mm in FIG. 7(a) was performed by using the approximate
straight line for -1 mm in FIG. 4(a), it was apparent that
the above error increases and the reduction of the spatial
crosstalk becomes insufficient. This phenomenon similarly
occurs at other positions. It was found that such improper
subtraction processing may cause an inverse effect, that is,
it may 1increase spatial crosstalk in some cases. It is
conceivable that such a phenomenon occurs since (1) even in
the simple optical system as illustrated in FIG. 1, point
symmetry of the spatial crosstalk caused by imaging is not
necessarily high (for example, in FIG. 2, the spatial
crosstalk ratios are different on the left and right sides
of the light-emission image), and (2) the spatial crosstalk
caused by imaging significantly changes with a subtle change
in the optical system such as a slight shift in the position
of the light-emitting point. Accordingly, it was found that
it is impossible to express ratio of the spatial crosstalk
from the center of the light-emission image to any position
by a function of a distance therebetween. This means that
the method disclosed in PTL 3 does not function effectively.
The present disclosure is different from PTL 3 in that each
mutual spatial crosstalk ratio is derived by experiments
independently of each mutual distance as illustrated in each
of FIGS. 4 to 7 under conditions that an optical system and

a plurality of light-emission images, that is, a plurality
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of detection regions are fixed. When the conditions are
changed, it is necessary to re-acquire each spatial crosstalk
ratio each time.

[0048]

When the knowledge obtained in the above experiments
is extended and generalized, or, when the fact that the
absolute signal intensity of the spatial crosstalk at any
position away from the center of the light-emission image
has linearity with respect to the absolute signal intensity
at the center of the light-emission image and the fact that
the spatial crosstalk ratio between them is constant 1is
extended and generalized, (Equation 92) to (Equation 17) are
derived.

[0049]
[Second Embodiment]

Model experiments by the simplest optical system that
detects fluorescences of a plurality of types of fluorophores
emitted from a plurality of light-emitting points in a
plurality of detection regions with different wavelength
bands were conducted. In the present embodiment and other
embodiments using the same model experimental system, in
(Equation 9) to (Egquation 12), fluorescence emissions of C
= 2 types of fluorophores are detected for A = 2 light-
emitting points in B = 2 detection regions with different

wavelength bands as an example. It goes without saying that
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the same effect is obtained by the same method even when A,
B, and C have another numerical wvalues.
[0050]

FIG. 8 illustrates a model experimental system. The
model experimental system of FIG. 8 includes two capillaries
Cap(l) and Cap(2), and a light source (not illustrated) that
emits a laser beam LB along an arrangement direction of the
two capillaries Cap(l) and Cap(2). Light-emitting points
P(1l) and P(2) are provided on the two capillaries Cap(l) and
Cap(2), respectively, at positions irradiated with the laser
beam LB. Components labeled with two types of fluorophores
D(1, 1) and D(1, 2) are electrophoresed in the capillary
Cap(l). Components labeled with two types of fluorophores
D(2, 1) and D(2, 2) are electrophoresed in the capillary
Cap(2) . Here, D(1, 1) and D(2, 1) are the same type of
fluorophore, and D(1, 2) and D(2, 2) are the same type of
fluorophore. Fluorophores of the same type emit
fluorescences with the same fluorescence spectrum. The
fluorophores D(1, 1) and D(1, 2) emit fluorescences at the
light-emitting point P(l) by irradiation with the laser beam
LB, and the fluorescences are detected in detection regions
W(l, 1) and W(1l, 2) provided in a sensor S. Wavelength bands
of the detection regions W(l, 1) and W(l, 2) are designed to
mainly detect the fluorescence emissions of the fluorophores

D(1, 1) and D(1, 2), respectively. However, mutual spectral
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crosstalk dis significantly present. Similarly, the
fluorophores D(2, 1) and D(2, 2) emit fluorescences at the
light-emitting point P(2) by irradiation with the laser beam
LB, and the fluorescences are detected in detection regions
W(2, 1) and W(2, 2) provided in the sensor S. Wavelength
bands of the detection regions W(2, 1) and W(2, 2) are
designed to mainly detect the fluorescence emissions of the
fluorophores D(2, 1) and D(2, 2), respectively. However,
mutual spectral crosstalk 1is significantly present. In
addition, the fluorescence emissions of the fluorophores D(1,
1) and D(1, 2) at the light-emitting point P(1l) are also
detected in the detection regions W(2, 1) and W(2, 2). The
fluorescence emissions of the fluorophores D(2, 1) and D(2,

2) at the light-emitting point P(2) are also detected in the

detection regions W(l, 1) and W(l, 2). In other words,
spatial crosstalk is significantly present. Assuming that
signal intensities (fluorescence 1intensities) in the

detection regions W(l, 1), W(1l, 2), W(2, 1), and W(2, 2) are
respectively X (1, 1), X(1, 2), X(2, 1), and X(2, 2), as
illustrated in a lower side of FIG. 8, for the light-emitting
points P(1l), and P(2), pieces of time-series data of the
signal intensities X (1, 1) and X(1, 2), and the signal
intensities X (2, 1) and X (2, 2) are obtained with
electrophoresis, respectively.

[0051]
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Note that, FIG. 8 illustrates that the detection
regions W(1l, 1), W(1, 2), W2, 1), and W(2, 2) are provided
on one sensor S, but the present disclosure is not limited
thereto. The detection regions W(l, 1) and W(l, 2) may be
provided on one sensor and the detection regions W(2, 1) and
W(2, 2) may be provided on another sensor. Alternatively,
the detection regions W(l, 1), W(l1, 2), W(2, 1), and W(2, 2)
may be provided on four different sensors. An image forming
means and a spectroscopic means are required between the
light-emitting points P(1) and P(2) and the sensor S.
However, in the present embodiment, any image forming means
and any spectroscopic means can be used. Therefore, the
image forming means and the spectroscopic means are omitted
in FIG. 8.

[0052]

FIG. 9 1is a schematic diagram illustrating a
relationship between spectral crosstalk and spatial
crosstalk in FIG. 8. In FIG. 9(a), the fluorescence emission
of the fluorophore D(1, 1) at the light-emitting point P (1)
is (i) mainly detected in the detection region W(l, 1) and
(ii) subsidiary detected in the detection region W(l, 2).
The fluorescence emission of the fluorophore D(1, 1) is also
(iii) detected in the detection region W(2, 1) with a much
smaller intensity than in (i) and (ii), and (iv) detected in

the detection region W(2, 2) with a smaller intensity than
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in (iii). (i) and (ii) show spectral crosstalk, and (iii)
and (iv) show spatial crosstalk and spectral crosstalk. That
is, only (i) and (ii) are considered in the method of the
related art, but all of (i) to (iv) are considered in the
present disclosure. In FIG. 9, the above relationship
between the intensities detected in the detection regions
and the above relationship between the spectral crosstalk
and the spatial crosstalk are commonly indicated by thickness
and line type (solid line or dotted line) of the arrows and
the numbers of (i) to (iv). Similarly to FIG. 9(a), the
fluorescence emission of the fluorophore D(1, 2) at the
light-emitting point P(1l) 1s drawn in FIG. 9(b), the
fluorescence emission of the fluorophore D(2, 1) at the
light-emitting point P(2) is drawn in FIG. 9(c), and the
fluorescence emission of the fluorophore D(2, 2) at the
light-emitting point P(2) is drawn in FIG. 2(d). In actual
analysis, the states shown in FIGS. 9(a) to 9(d)
simultaneously occur at the same time, and fluorescence
intensities are different from each other.

[0053]

FIG. 10 illustrates a model experimental system
similar to that in FIG. 3. However, in the model
experimental system of FIG. 10, two capillaries Cap(l) and
Cap(2) are irradiated with lamp lights LL from a light source

perpendicularly to the arrangement direction thereof.
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Fluorescence emission by irradiation of a laser beam LB is
not detected, but absorption or absorbance via transmission
of the lamp light LL is detected. Light-absorbing points
P(1) and P (2) are respectively provided on the two
capillaries Cap(l) and Cap(2) at positions irradiated with
the lamp light LL. Components with two types of light
absorbers D(1, 1) and D(1l, 2) are electrophoresed in the
capillary Cap(l). Components with two types of 1light
absorbers D(2, 1) and D(2, 2) are electrophoresed in the
capillary Cap(2). Here, D(1, 1) and D(2, 1) are the same
type of light absorber, and D(1, 2) and D(2, 2) are the same
type of light absorber. Light absorbers of the same type
absorb light with the same 1light absorption spectrum. The
light absorbers D(1, 1) and D(1, 2) absorb lights at the
light-absorbing point P(1l) by irradiation with the lamp light
LL, and lights that have not been absorbed are detected in
detection regions W(l, 1) and W(l, 2) provided in a sensor
S. Wavelength bands of the detection regions W(l, 1) and
W(l, 2) are designed to mainly detect the absorbed lights of
the 1light absorbers D(1, 1) and D(1, 2), respectively.
However, mutual spectral crosstalk is significantly present.
Similarly, the light absorbers D(2, 1) and D(2, 2) absorb
lights at the light-absorbing point P(2) by irradiation with
the lamp light LL. Lights that have not been absorbed are

detected in detection regions W(2, 1) and W(2, 2) provided
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in the sensor S. Wavelength bands of the detection regions
W(2, 1) and W(2, 2) are designed to mainly detect the
absorbed lights of the light absorbers D(2, 1) and D(2, 2),

respectively. However, mutual spectral crosstalk is
significantly present. The absorptions of the 1light
absorbers D(1, 1) and D(1, 2) at the light-absorbing point
P(l) are also detected in the detection regions W(2, 1) and
W(2, 2). Similarly, the absorptions of the light absorbers
D(2, 1) and D(2, 2) at the light-absorbing point P(2) are
also detected in the detection regions W(l, 1) and W(l, 2).

That 1s, spatial crosstalk 1is significantly present. This
is because parts of the transmitted light of the lamp light
LL transmitted through the light-absorbing point P(1) are
also detected in the detection regions W(2, 1) and W(2, 2).

Further, that is because parts of the transmitted lights of
the lamp light LIL transmitted through the light-absorbing
point P(2) are also detected in the detection regions W(l,

1) and W(1l, 2). Assuming that the absorbances in the
detection regions W(l1, 1), W(1l, 2), W(2, 1), and W(2, 2) are
X1, 1), X(1, 2), X(2, 1), and X(2, 2), respectively, as

illustrated in a lower side of FIG. 8, pieces of time-series

data of the absorbances X (1, 1) and X(1, 2) and the
absorbances X (2, 1) and X (2, 2) are obtained with
electrophoresis for the light-absorbing points P(1l) and P(2).

Hereinafter, a case where FIG. 8 1is used will be described,
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but it goes without saying that the same effect is obtained
in a case where FIG. 10 is used.
[0054]

FIG. 11 illustrates pieces of raw data obtained by
respectively injecting known samples into the capillaries
Cap(l) and Cap(2) and performing electrophoresis analyses by
using the model experimental system of FIG. 8. In both cases,
a horizontal axis represents an electrophoresis time
(arbitrary unit), and a vertical axis represents a
fluorescence intensity (arbitrary unit). FIGS. 11 (a) and
11 (b) illustrate the same piece of raw data obtained for the
light-emitting point P(l). The vertical axis scale in FIG.
11(b) is larger than that in FIG. 11 (a). Similarly, FIG.
11(c) and FIG. 11(d) illustrate the same piece of raw data
obtained for the light-emitting point P(2). The vertical
axis scale in FIG. 11(d) is larger than that in FIG. 11 (c).
The horizontal axis in FIGS. 1l(a) to 11(d) indicates time
from 0 to 500, the vertical axis in FIGS. 1l (a) and 11 (c)
indicates fluorescence intensity from 0 to 250, and the
vertical axis in FIGS. 11 (b) and 11 (d) indicates fluorescence
intensity from -0.2 to 0.8. X(1, 1) and X(2, 1) are
represented by solid lines, and X(1, 2) and X(2, 2) are
represented by dotted lines. As 1illustrated in FIG. 11,
samples are prepared such that the fluorophore D(1, 1) emits

fluorescence alone at the light-emitting point P (1) at time
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100 (the state of FIG. 9(a)), the fluorophore D(2, 1) emits
fluorescence alone at the light-emitting point P(2) at time
200 (the state of FIG. 9(c)), the fluorophore D(1l, 2) emits
fluorescence alone at the light-emitting point P (1) at time
300 (the state of FIG. 9(b)), and the fluorophore D(2, 2)
emits fluorescence alone at the light-emitting point P(2) at
time 400 (the state of FIG. 2(d)). The samples are prepared
such that other fluorescences are not emitted. When only
FIGS. 11(a) and 11 (c) are referenced, only four large peaks
corresponding to the above-described fluorescence emissions
are observed (corresponding to (i) and (ii) in FIG. 9).
However, when FIGS. 11(b) and 11(d) are referenced, four
small peaks indicated by arrows, that is, fluorescences of
the fluorophore D(2, 1) at the light-emitting point P(2) at
time 100, the fluorophore D(1, 1) at the light-emitting point
P(1l) at time 200, the fluorophore D(2, 2) at the light-
emitting point P(2) at time 300, and the fluorophore D(1, 2)
at the light-emitting point P(1) at time 400 were observed
(corresponding to (iii) and (iv) 1in FIG. 9). Accordingly,
it can be determined that these four small peaks are caused
by spatial crosstalk and spectral crosstalk. For example,
the small peaks of X(2, 1) and X(2, 2) at time 100
corresponding to fluorescence of the fluorophore D(2, 1) at
the light-emitting point P(2) are caused by detection of a

part of the fluorescence emission of the fluorophore D(1, 1)
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at the light-emitting point P(1) at time 100 due to the
spatial crosstalk and the spectral crosstalk (corresponding
to (i1ii) and (iv) in FIG. 9(a)).

[0055]

When the spatial crosstalk is not considered, that is,
when the four small peaks 1in FIGS. 11l(c) and 11(d) are
ignored (when only (i) and (ii) are considered in FIG. 9),
the elimination of the spectral crosstalk of the four large
peaks in FIGS. 11 (a) and 11(c), that is, color conversion by
the method of the related art may be executed. In this case,
(Equation 6) is expressed by the following equation.

[0056]

[Equation 18]
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(Equation 18)
[Equation 19]
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(Equation 19)
[0057]
Here, 27(1, 1), Zz(1, 2), Z2(2, 1), and Z(2, 2) indicate
concentrations of the fluorophores D(1, 1), D(1, 2), D(Z2,
1), and D(2, 2) at each time. As illustrated in (Equation

18) and (Equation 19), in the present embodiment, a matrix
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Y of 2 rows and 2 columns and an inverse matrix Y-! of 2 rows
and 2 columns were the same for the light-emitting points
P(1) and P(2). However, in dJeneral, a matrix Y and an
inverse matrix Y ! may be different for the light-emitting
point P(1) and the light-emitting point P(2). Elements of
the matrix Y for the light-emitting point P(1l) were
determined by the intensity ratio between the fluorescence
intensities X (1, 1) and X(1, 2) of the fluorophore D(1, 1)
at time 100 and the intensity ratio between the fluorescence
intensities X (1, 1) and X(1, 2) of the fluorophore D(1, 2)
at time 300. Elements of the matrix Y for the light-emitting
point P(2) were determined by the intensity ratio between
the fluorescence intensities X (2, 1) and X (2, 2) of the
fluorophore D(2, 1) at time 200 and the intensity ratio
between the fluorescence intensities X (2, 1) and X (2, 2) of
the fluorophore D(2, 2) at time 400.

[0058]

FIG. 12 illustrates pieces of color-converted data
obtained by executing the color conversions of (Equation 18)
and (Equation 19) on the pieces of raw data in FIG. 11 at
each time. The notation is the same as in FIG. 11. As
expected, it can be seen that the spectral crosstalk in the
four large peaks in FIGS. 1ll(a) and 11(c) is eliminated in
the four large peaks in FIGS. 12(a) and 12(c). On the other

hand, it can be seen that the spectral crosstalk of the four
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small peaks in FIGS. 11(b) and 11(d) 1is also eliminated in
the four small peaks (indicated by arrows) in FIGS. 12 (c)
and 12(d), but the four small peaks themselves still remain
in FIGS. 12(c) and 12(d). That is, the spatial crosstalk is
not eliminated. This 1is a problem of the method of the
related art.

[0059]

Thus, for FIG. 11, both the spectral crosstalk and the
spatial crosstalk are considered (all of (i) to (iv) in FIG.
9 are considered), and both color conversion and spatial
correction are executed next. In this case, (Equation 14)
is expressed by the following equation.

[0060]

[Equation 20]
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(Equation 20)

[0061]
The matrix Y and the inverse matrix Y ! are extended
from 2 rows and 2 columns in (Equation 18) and (Equation 19)
to 4 rows and 4 columns. The color conversion is performed
independently for the light-emitting point P(1) and the

light-emitting point P(2) in (Equation 18) and (Equation 19),
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respectively, whereas both the color conversion and the
spatial correction are collectively performed for both the
light-emitting point P(1) and the light-emitting point P(2)

in (Equation 20). Elements of the matrix Y in (Equation 20)

were determined by the intensity ratio between the
fluorescence intensities X (1, 1), X(1, 2), X(2, 1), and X (2,

2) of the fluorophore D(1, 1) at time 100, the intensity
ratio between the fluorescence intensities X (1, 1), X (1, 2),

X2, 1), and X (2, 2) of the fluorophore D(2, 1) at time 200,

the intensity ratio between the fluorescence intensities X (1,
1), X(1, 2), X(2, 1), and X{(2, 2) of the fluorophore D(1, 2)

at time 300, and the intensity ratio between the fluorescence
intensities X (1, 1), X(1, 2), X(2, 1), and X(2, 2) of the
fluorophore D(2, 2) at time 400 in FIG. 11. The upper left
2 rows and 2 columns and the lower right 2 rows and 2 columns
of the matrix Y in (Equation 20) correspond to the matrices
Y in (Equation 18) and (Equation 19), respectively, and
values of the corresponding elements are substantially equal
to each other. Similarly, the upper left 2 rows and 2
columns and the lower right 2 rows and 2 columns of the
matrix Y! in (Equation 20) correspond to the matrices Y-! in
(Equation 18) and (Equation 19), respectively, and values of
the corresponding elements are substantially equal to each
other. That is, these elements are responsible for color

conversion for eliminating the spectral crosstalk for each
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light-emitting point. Here, the reason why the values of
these corresponding elements in (Equation 20), (Equation 18),
and (Equation 19) are not exactly equal to each other is a
difference Dbetween whether the spatial <crosstalk is
considered, as described below. On the other hand, the upper
right 2 rows and 2 columns and the lower left 2 rows and 2

columns of the matrix Y and the matrix Y! in (Equation 20)

are responsible for spatial correction and color conversion
that eliminate spatial crosstalk and spectral crosstalk
between different light-emitting points. These submatrices
are not present in (Equation 18) and (Equation 19). The
above can be more easily understood by transforming (Equation
20) into the following equations.

[0062]

[Equation 21]

(Equation 21)
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(Equation 22)

[0063]
The first term on the right side of (Equation 21) and
the second term on the right side of (Equation 22) are
responsible for color conversion of the method of the related

art, and correspond to (Equation 18) and (Equation 19),
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respectively. On the other hand, the second term on the
right side of (Equation 21) and the first term on the right
side of (Equation 22) are responsible for both spatial
correction and color conversion that are not handled in the
method of the related art. Based on the above understanding,
the color conversion, and both the spatial correction and
the color conversion may be separately executed, or only one
of them may be executed. Alternatively, it is also possible
to change processing depending on the light-emitting point.
For example, it is possible to perform the spatial correction
and the color conversion for the light-emitting point P (1)
and perform only the color conversion for the light-emitting
point P(2).

[0064]

FIG. 13 illustrates pieces of color-converted and
spatial-corrected data obtained by simultaneous executing
both the color conversion and the spatial correction of
(Equation 20) at each time on the raw data in FIG. 11. The
notation is the same as in FIG. 11. First, similarly to FIG.
12, it can be seen that the spectral crosstalk in the four
large peaks in FIGS. 1l1l(a) and 11(c) 1s eliminated in the
four large peaks in FIGS. 13(a) and 13(c). In addition, as
expected, it can be seen that the spatial crosstalk and the
spectral crosstalk in the four small peaks in FIG. 11 (b) and

FIG. 11(d) are also eliminated in FIG. 13(c) and FIG. 13(d).
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That is, the four small peaks have disappeared in FIG. 13 (c)
and FIG. 13(d) (indicated by arrows).
[0065]

As described above, according to the present
disclosure, it has been illustrated that spectral crosstalk
for each light-emitting point, and both spatial crosstalk
and spectral crosstalk between the plurality of light-
emitting points can be eliminated or reduced by calculation
processing. The above c¢rosstalks are generated in any
optical system that detects fluorescences of the plurality
of types of fluorophores emitted from the plurality of light-
emitting points.

[0066]
[Third Embodiment]

Next, unknown samples were analyzed Dbased on the
experimental results in [Second Embodiment]. FIG. 14
illustrates pieces of raw data obtained by injecting unknown
samples into the capillaries Cap(l) and Cap(2) and performing
electrophoresis analyses by using the model experimental
system of FIG. 8. Since the same model experimental system
as that of [Second Embodiment] 1is used, (Equation 18) to
(Equation 22) can be used with no change. The notation is
the same as in FIG. 11. However, the vertical axis scale in
FIGS. 11(b) and 11(d) is reduced to fluorescence intensity

of -0.5 to 2.0. At times 100, 200, 300, and 400, large peaks
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were observed for the light-emitting point P(1l), while small
peaks (indicated by arrows) were observed for the light-
emitting point P(2).

[0067]

FIG. 15 illustrates pieces of color-converted data
obtained by executing the color conversions of (Equation 18)
and (Equation 19) on the pieces of the raw data in FIG. 14
at each time. The notation is the same as in FIG. 14. As
illustrated in FIG. 15(a), at the light-emitting point P(1),
the fluorescence emission of the fluorophore D(1, 1) was
detected alone at times 100 and 300, and the fluorescence
emission of the fluorophore D(1, 2) was detected alone at
times 200 and 400. On the other hand, as illustrated in FIG.
15(d), at the light-emitting point P(2), the four small peaks
(indicated by arrows) detected at times 100, 200, 300, and
400 cannot be identified. That is, it was not clear which
of the following (1) to (3) was the origin of the above.

(1) fluorescence emissions of mixtures of the fluorophores
D(2, 1) and D(2, 2) at the light-emitting point P(2),

(2) fluorescence emissions of 1impurities other than the
fluorophores D(2, 1) and D(2, 2) at the light-emitting point
P(2), or

(3) the spatial crosstalk of the fluorescence emissions of
the fluorophores D(1, 1) and D(1, 2) at the light-emitting

point P(1).
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[0068]

FIG. 16 illustrates pieces of both color-converted and
spatial-corrected data obtained by simultaneous executing
both the color conversion and the spatial correction of
(Equation20) at each time on the pieces of raw data in FIG.
14. The notation is the same as in FIG. 14. As illustrated
in FIG. 16(a), similarly to FIG. 15(a), the fluorescence
emission of the fluorophore D(1, 1) at the light-emitting
point P(1) was detected alone at times 100 and 300. Also,
the fluorescence emission of the fluorophore D(1, 2) at the
light-emitting point P(l) was detected alone at times 200
and 400. In addition, as illustrated in FIG. 1l6(d), as a
result of eliminating the spatial crosstalk and the spectral
crosstalk of the fluorescence emissions of the fluorophores
D(1, 1) and D(1, 2) at the light-emitting point P(l) to the
detection regions W(2, 1) and W(2, 2), it was found that
weak fluorescence emissions of the fluorophore D(2, 2) at
the light-emitting point P(2) were detected alone at time
100 and 300 and weak fluorescence emissions of the
fluorophore D(2, 1) at the light-emitting point P(2) were
detected alone at time 200 and 400. Peak intensities of
these weak fluorescence emissions were slightly less than 1%
of peak intensities of the fluorescence emissions from the
light-emitting point P(1). On the other hand, as can be

seen from the results of FIG. 12, the spatial crosstalk ratio
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generated in the model experimental system of FIG. 8 is also
slightly less than 1%. Thus, 1in FIG. 15, true weak
fluorescence emissions and false weak fluorescence emissions
due to spatial crosstalk are mixed. Therefore, it is not
possible to distinguish between the true weak fluorescence
emissions and the false weak fluorescence emissions.

[0069]

The above results indicate that the spatial crosstalk
may push up a lower detection limit in the detection of
emitted light from each light-emitting point. As 1in the
above example, assuming that the spatial crosstalk ratio is
1%, even 1f the lower detection 1limit when there 1is one
light-emitting point is 0.1%, since 1t is not possible to
distinguish whether a signal of 1% or less is a true signal
or a false signal due to the spatial crosstalk, an effective
lower detection limit rises to 1%. That is, as compared
with the detection of the emitted light of one light-emitting
point, 1in the detection of the 1light emissions of the
plurality of light-emitting points, both detection
sensitivity and dynamic range are reduced by an order of
magnitude. The present disclosure solves such a problem,
and can avoid reduction in detection sensitivity and dynamic
range 1in the detection of light emissions of the plurality
of light-emitting points.

[0070]
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[Fourth Embodiment]

Subsequently, based on the experimental results of
[Second Embodiment], a sample labeled with the fluorophore
D(1, 1), the fluorophore D(1, 2), and an unknown fluorophore
D(1, 3) was analyzed by electrophoresis for the 1light-
emitting point P(1). FIG. 17 illustrates pieces of raw data
obtained by injecting the above sample only 1into the
capillary Cap(l), not injecting any sample into the capillary
Cap(2), and performing electrophoresis analyses on both the
capillaries Cap(l) and Cap(2) by using the model experimental
system of FIG. 8. The notation is the same as in FIG. 14.
The sample is prepared such that only the fluorophore D(1,
1) emits fluorescence at the light-emitting point P(1) at
time 100, only the fluorophore D(1, 2) emits fluorescence at
the 1light-emitting point P(1l) at time 200, only the
fluorophore D(1, 1) emits fluorescence at the light-emitting
point P(1) at time 300, and only the fluorophore D(1, 3)
emits fluorescence at the light-emitting point P(1) at time
400. The sample is also prepared such that no fluorescences
other than the above is not emitted. As illustrated in FIG.
17 (a), only four large peaks corresponding to the
fluorescence emissions described above were observed. It
was found that the spectral c¢rosstalk ratio of the
fluorescence of the fluorophore D(1, 3) is similar to the

spectral crosstalk ratio of the fluorescence of the
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fluorophcre D(1, 2), but both the spectral crosstalks are
slightly different. On the other hand, it can be seen that
each of the four small peaks indicated by the arrows
illustrated in FIG. 17(d) is results of the spatial crosstalk
and the spectral crosstalk of the fluorescence emissions
that are the sources of the four large peaks in FIG. 17 (a).
[0071]

FIG. 18 illustrates pieces of both color-converted and
spatial-corrected data obtained by simultaneous executing
both the color conversion and the spatial correction of
(Equation 20) at each time on the pieces of raw data in FIG.
17. The notation is the same as in FIG. 14. As illustrated
in FIG. 18(a), at the light-emitting point P(1l), the
fluorescence emissions of the fluorophore D(1, 1) were
detected alone at times 100 and 300. The fluorescence
emission of the fluorophore D(1l, 2) was detected alone at
time 200. However, as indicated by the arrow, the
fluorescence emission of the fluorophore D(1, 3) was detected
alone at time 400, but since the spectral crosstalk ratio
for the fluorophore D(1, 3) was different from those for
both the fluorophore D(1, 1) and the fluorophore D(1, 2),
the spectral crosstalk for the fluorcophore D(1, 3) was not
eliminated. On the other hand, as illustrated in FIG. 18 (d),
although both the spatial crosstalk and the spectral

crosstalk of the fluorescence emissions of the fluorophores
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D(1, 1) and D(1, 2) at the light-emitting point P(1l) at times
100,200 and 300 are eliminated, it was found that both the
spatial <crosstalk and the spectral <crosstalk of the
fluorescence emission of the fluorophore D(1, 3) at the

light-emitting point P(1) at time 400 are not eliminated as

indicated by arrows. As a result, the peak at time 400
remain in FIG. 18(d). This 1s because (Equation 20) in
[Second Embodiment] is derived wusing the fluorescence

emissions of the fluorophores D(1, 1) and D(1, 2) at the
light-emitting point P(1) and the fluorescence emissions of
the fluorophores D(2, 1) and D(2, 2) at the light-emitting
point P(2). In addition, characteristics of the spatial
crosstalk and the spectral crosstalk of the fluorescence
emission of D(1, 3) at the light-emitting point P (1) are
different from (Equation 20). Accordingly, the above
problem can be solved by re-acquiring (Equation 20) for the
fluorescence emission of the fluorophore D(1, 3) at the
light-emitting point P(1). The above phenomenon represents
one aspect of the present disclosure.
[0072]
[Fifth Embodiment]

Now, based on the experimental results of [Second
Embodiment], an experiment using a sample 1in which the
concentration of the components labeled with the fluorophore

D(1,1) gradually increases for the light-emitting point P (1)
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was conducted. FIG. 19 illustrates pieces of raw data
obtained by injecting the above sample only 1into the
capillary Cap(l), not injecting any sample into the capillary
Cap(2), and performing electrophoresis analyses on both the
capillaries Cap(l) and Cap(2) by using the model experimental
system of FIG. 8. The notation is the same as in FIG. 14.
However, a vertical axis scale in FIGS. 192(a) and 19(c) is
reduced to a fluorescence intensity of 0 to 400. The sample
is prepared such that the fluorophores D(1, 1) emits
fluorescence alone at the light-emitting point P(1l) at times
100, 200, 300, and 400, and the concentration and the
fluorescence intensity of the fluorophore D(1, 1) increase
gradually. The sample is also prepared such that other
fluorescences are not emitted. As illustrated in FIG. 19(a),
four large peaks corresponding to the above fluorescence
emissions were observed. Since the sensor S used in the
model experimental system of FIG. 8 saturated at a
fluorescence intensity of 200, three peaks at times 200, 300,
and 400 were detected in a saturated state. On the other
hand, as illustrated in FIG. 19(d), four small peaks caused
by the spatial crosstalk and the spectral crosstalk of the
fluorescence emissions of the fluorophore D(1, 1) at the
light-emitting point P(1l) were observed in an unsaturated
state since each fluorescence intensity is low.

[0073]
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FIG. 20 illustrates pieces of color-converted data
obtained by executing the color conversions of (Equation 18)
and (Equation 192) on the pieces of raw data in FIG. 192 at
each time. The notation is the same as in FIG. 19. As
illustrated in FIG. 20(a), the fluorescence emission of the
fluorophore D(1, 1) at the light-emitting point P(1l) at time
100 was detected alone by eliminating the spectral crosstalk.
However, since the fluorescence emissions of the fluorophore
D(1, 1) at times 200, 300, and 400 were detected in the
saturated state, their spectral crosstalks were not
eliminated. As 1s clear from FIG. 19(a), this is because
when the fluorescence intensity is saturated, the spectral
crosstalk ratio derived from the fluorescence intensity
ratio between X (1, 1) and X (1, 2) changes and deviates from
the spectral crosstalk ratio defined by (Equation 18) and
(Equation 19). On the other hand, as illustrated in FIG.
20(d), since the fluorescence intensity of the fluorophore
D(2, 1) was not saturated, the spectral crosstalk was
eliminated for each of the four small peaks indicated by the
arrows. The fluorescence intensity ratio between the four
peaks 1llustrated in FIG. 20(d) represents the actual
fluorescence 1intensity ratio between the fluorescence
emissions of the fluorophore D(1, 1) at the light-emitting
point P(1) at times 100, 200, 300, and 400.

[0074]
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FIG. 21 illustrates pieces of both color-converted and
spatial-corrected data obtained by simultaneous executing
both the color conversion and the spatial correction of
(Equation 20) at each time on the pieces of raw data in FIG.
19. The notation is the same as in FIG. 19. The same
results as in FIG. 20(a) are obtained in FIG. 21 (a) for the
same reason as in FIG. 20(a). On the other hand, as
illustrated in FIG. 21(d), both the spatial crosstalk and
the spectral crosstalk were eliminated for the fluorescence
emission of the fluorophore D(2, 1) at time 100. However,
both the spatial crosstalk and the spectral crosstalk were
not eliminated for the fluorescence emissions of the
fluorophore D(2, 1) at times 200, 300, and 400. This 1is
because the ratios of the fluorescence intensities of X (2,
1) and X (2, 2) illustrated in FIG. 12(d) to the fluorescence
intensities of X (1, 1) and X (1, 2) illustrated in FIG. 19 (a)
deviate from the spatial crosstalk ratios defined by
(Equation 20) as a result of saturation of the fluorescence
intensity of X (1, 1) or X(1, 2) illustrated in FIG. 19(a) at
times 200, 300, and 400. Since a degree of the deviation
increases with a degree of saturation, in FIG. 21(d), the
fluorescence intensity of the fluorophore D(2, 1) at time
300 is larger than that at time 200, and the fluorescence
intensity of the fluorophore D(2, 1) at time 400 is larger

than that at time 300.
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[0075]
[Sixth Embodiment]

Here, a different method from [Second Embodiment] to
determine the matrix Y in (Equation 20) will be described.
In [Second Embodiment], as illustrated in FIG. 11 (a), the
matrix Y was determined by making the fluorophores D(1, 1),
D(2, 1), D(1, 2), and D(2, 2) emit fluorescences separately
in this order, that 1s, by alternately making the
fluorophores emit fluorescences at the light-emitting point
P(1) and the light-emitting point P(2). However, when either
an electrophoresis speed in the capillaries Cap(l) or Cap(2)
is deviated from an assumed speed, the fluorescence emissions
at the light-emitting point P(1) and the light-emitting point
P(2) may be simultaneously emitted. In this case, the matrix
Y cannot be determined.

[0076]

FIG. 22 1illustrates a more realistic method for
avoiding the above problem. First, as illustrated in FIG.
22(a), a sample is injected only into the capillary Cap(1l),
electrophoresis analyses are performed in the capillaries
Cap(l) and Cap(2), and the fluorophores D(1, 1) and D(1, 2)
emit fluorescences separately. Then, the detection of the
emitted fluorescences is performed in the detection regions
w1, 1), w1, 2), W2, 1), and W(2, 2). Subsequently, as

illustrated in FIG. 22(b), a sample is injected only into
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the capillary Cap(2), electrophoresis analyses are performed
in the capillaries Cap(l) and Cap(2), and the fluorophores
D(2, 1) and D(2, 2) emit fluorescences separately. Then,
the detection of the emitted fluorescences is performed in
the detection regions W(l1l, 1), wW(l, 2), W(2, 1), and W(Z2,
2). In this way, similarly to [Second Embodiment], the
matrix Y can be determined. According to this method, the
matrix Y can be determined more easily and reliably than the
method 1in [Second Embodiment]. In FIG. 22, for easy
understanding, each of the fluorophores D(1, 1) and D(1, 2)
in the capillary Cap(l) and the fluorophores D(2, 1) and D(2,
2) in the capillary Cap(2) emit fluorescences a plurality of
times, but each only needs to emit fluorescence once. In
the above description, although the second electrophoretic
analyses were performed after the first electrophoretic
analyses was completed, the interval between these
electrophoretic analyses may be shortened. The same effect
as the effect in FIG. 22 can be obtained by appropriately
shifting timings of the sample injections into the capillary
Cap (1) and the capillary Cap(2). For example,
electrophoresis may be performed for a short time after the
first sample is injected into the capillary Cap(l), then the
second sample is injected into the capillary Cap(2) and the
electrophoresis is resumed. In this manner, a time required

to determine the matrix Y can be reduced. According to this
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method, the sample to be injected into the capillary Cap (1)
and the sample to be injected into the capillary Cap(2) can
have the same composition or can be the same. Accordingly,
the sample to be prepared can be simplified, and the cost
therefor can be reduced.

[0077]

FIG. 23 illustrates a method for further simplifying
the determination of the matrix Y. Here, samples are
prepared such that the fluorophores D(1, 1) and D(1, 2) in
the capillary Cap(l) and the fluorophores D(2, 1) and D(Z2,
2) in the capillary Cap(2) emit fluorescences at different
times, similarly to FIG. 22, even tThough the sample
injections into the capillary Cap(l) and the capillary Cap(2)
are performed at the same timing. That is, a composition of
the samples to be injected into the capillary Cap(l) and the
capillary Cap(2) is different. More specifically,
components labeled with the fluorophores in the both samples
migrate at different electrophoresis speeds. For example,
the sample to be injected into the capillary Cap(l) may
include a DNA fragment having a 50 base length and labeled
with the fluorophore D(1, 1) and a DNA fragment having a 60
base length and labeled with the fluorophore D(1, 2). The
sample to be injected into the capillary Cap(2) may include
a DNA fragment having a 70 base length and labeled with the

fluorophore D(2, 1) and a DNA fragment having 80 base length
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and labeled with the fluorophore D(2, 2).
[0078]

Alternatively, FIG. 23 can also be realized by setting
different electrophoresis conditions for the capillaries
Cap(l) and Cap(2) even though the same sample 1is injected
into the capillaries Cap(l) and Cap(2) at the same timing.
For example, a voltage applied to Capi(2) 1s temporarily
decreased during electrophoresis, a temperature of Capi(2)
during electrophoresis is decreased, or the like.

[0079]

In the above description, it is assumed that dedicated
samples for determining the matrix Y are prepared in advance,
but the present disclosure is not limited thereto. In the
pilieces of raw data of the electrophoresis analysis results
of a real sample to be analyzed, when there is a state in
which a fluorescence emission of each fluorophore in each
capillary 1s generated separately and each state 1is
identified, the matrix Y can be determined by using the
plieces of raw data at the time in each state.

[0080]
[Seventh Embodiment]

FIG. 24 is a configuration diagram of a multi-capillary
electrophoresis system which is an example of an analysis
system. The multi-capillary electrophoresis system 1is

widely used as an analysis system that performs DNA
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sequencing and DNA fragment analysis. As illustrated in FIG.
24, the multi-capillary electrophoresis system includes
multiple capillaries 24-1, a cathode 24-4, an anode 24-5, a
cathode-side buffer solution 24-6, an anode-side buffer
solution 24-7, a pump block 24-9, a syringe 24-11, and a
laser light source 24-12. In the present embodiment, DNA
sequencing of four different samples was performed using
four capillaries 24-1. Each sample for DNA sequencing
includes DNA fragments labeled with four types of
fluorophocres. One analysis session was executed by the
following steps (1) to (6). (1) First, sample injection
ends 24-2 of the four capillaries 24-1 were immersed in the
cathode-side buffer solution 24-6. Sample elution ends 24-
3 were connected to the anode-side buffer solution 24-7 via
the polymer block 24-9. (2) Next, the internal polymer
solution was pressurized by closing a valve 24-10 of the
pump block 24-9 and pushing down a piston of the syringe 24-
11 connected to the pump block 24-9. The polymer solution
was filled into the capillaries 24-1 from the sample elution
ends 24-3 toward the sample injection ends 24-2. (3)
Subsequently, after opening the valve 24-10,
electrokinetically injecting the different samples into the
capillaries 24-1 from the sample injection ends 24-2,
capillary electrophoresis was started for each capillary by

applying a high voltage between the cathode 24-4 and the
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anode 24-5 by a power supply 24-8. The DNA fragments labeled
with the four types of fluorophores were electrophoresed
from the sample injection ends 24-2 toward the sample elution
ends 24-3. (4) In parallel, positions of a certain
electrophoresis distance from the sample injection end 24-2
on the capillaries 24-1 were set as light-emitting points
24-14. The light-emitting points 24-14 were simultaneously
irradiated with a laser beam 24-13 having a wavelength of
505 nm oscillated from the laser light source 24-12. Here,
the outer coating of the capillaries 24-1 in the vicinity of
the light-emitting points 24-14 was removed in advance. The
capillaries 24-1 in the vicinity of the light-emitting points
24-14 were arranged on the same plane (an arrangement plane).
The laser beam 24-13 was condensed and then introduced along
the arrangement plane from a side of the arrangement plane.
(5) The DNA fragments labeled with the four types of
fluorophores were electrophoresed inside the capillaries 24-
1, and the four types of fluorophores were excited by
irradiation of the laser beam 24-13 to emit fluorescences
when passing through the light-emitting points 24-14. That
is, the four types of fluorophores emitted the fluorescences
from the four light-emitting points, and each fluorescence
intensity changed from moment to moment with electrophoresis.
(6) Finally, the DNA sequencing of the samples injected into

the capillaries was executed by performing multicolor
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detection of the fluorescences emitted from the 1light-
emitting points by a sensor (not illustrated) and analyzing
pieces of time-series data of the obtained fluorescence
intensities by a computer (not illustrated). The analysis
session including the above steps (1) to (6) can be repeated
a plurality of times. For example, a large number of
different samples can be analyzed by analyzing samples [1]
to [4] in a first analysis session and analyzing samples [5]
to [8] in a second analysis session.

[0081]

In the present embodiment, the multicolor detection in
the above (6) was performed by using the optical system of
PTL 1. That is, fluorescences emitted from A = four light-
emitting points P(1l) to P(4) were collimated by one condenser
lens and transmitted through one ftransmission-type
diffraction grating. Then, first-order diffracted lights of
the fluorescences were imaged on one two-dimensional sensor
by one imaging lens. FIG. 25 illustrates the obtained two-
dimensional sensor 1mage 1ncluding wavelength-dispersion
images of Raman scattering lights emitted from the four
light-emitting points P(1l) to P(4) by laser-beam irradiation

when the four capillaries Cap(l) to Cap(4) were filled with

a standard solution. A horizontal axis direction 1s an
arrangement direction of the four capillaries. A vertical
axis direction is a wavelength direction. Four stripe-
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shaped 1images extending 1in a longitudinal direction
indicated by arrows are the wavelength-dispersion images of
the Raman scattering lights from the capillaries Cap(l) to
Cap(4), respectively. Based on this result, a relationship
between a pixel position and a wavelength on the two-
dimensional sensor 1image was obtained by performing
wavelength calibration of the wavelength-dispersion images
for each of the light-emitting points. Accordingly, as
illustrated in FIG. 26, B = 20 detection regions of different
wavelength bands were set on the two-dimensional sensor image
for each of the light-emitting points P(1) to P(4). Each of
the 20 detection regions were set so as to detect light
emission of each wavelength bands obtained by dividing
wavelength band of 500 to 700 nm into 20 equal parts at
intervals of 10 nm. For example, the detection regions W(1,
1), Ww(1, 2), ..., and W(l, 20) for the light-emitting point
P(l) were set so as to detect the light emissions in the
wavelength bands of 500 to 510 nm, 510 to 520 nm, ..., and

690 to 700 nm, respectively. The signal intensities of W(1,

1), w{(1l, 2), ..., and W(l, 20) were set as X(1, 1), X(1,
2), ..., and X (1, 20), respectively. The same applies to
the light-emitting points P(2) to P(4). Here, as long as

the positions of the light-emitting points P(1) to P(4) and
the optical system are fixed, since the relationship between

the pixel position and the wavelength for each capillary in
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the two-dimensional sensor 1image 1s maintained, the
detection regions set 1in FIG. 26 are effective for a
plurality of different light-emission detections or a
plurality of different analysis sessions.

[0082]

In the present embodiment, C = 4 types of fluorophores
were selected, specifically DNA fragments of which terminal
base species are T, C, A, and G prepared by Sanger reaction
were labeled with dR110, dRe6eG, dTAMRA, and dROX. Since
maximum wavelengths of fluorescence emissions of dR110, dR6G,
dTAMRA, and dROX are 541 nm, 568 nm, 595 nm, and 618 nm,
respectively, the fluorescence emissions of dR110, dR6G,
dTAMRA, and dROX are detected with highest intensities in
the detection regions of wavelength bands of 540 to 550 nm,
560 to 570 nm, 590 to 600 nm, and 610 to 620 nm, respectively.
For example, the fluorescence emissions of dR110, dR6G,
dTAMRA, and dROX at the light-emitting point P(1l) are mainly
detected in the detection regions W(l, 5), W(1, 7), W1, 10),
and W(l, 12), respectively. However, the fluorescence
emissions are also detected in the other detection regions
for the 1light-emitting point P(1l) due tTo the spectral
crosstalk, and are also detected with weak intensities in
the detection regions for the light-emitting points P(2) to
P(3) due to the spatial crosstalk and the spectral crosstalk.

Hereinafter, dR110, dR6G, dTAMRA, and dROX at the light-
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emitting point P(l) were defined as D(1, 1), D(1, 2), D(1,
3), and D(1, 4), respectively, and concentrations thereof
were defined as 2(1, 1), Z(1, 2), z2(1, 3), and Z(1, 4). The
same applies to the light-emitting points P(2) to P(4).
[0083]

In this case, (Equation 10) to (Equation 12) in
(Equation 9) are as follows.

[Equation 23]
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[0084]

Here, X 1s a matrix of 80 rows and 1 column, Y 1is a

matrix of 80 rows and 16 columns, and Z is a matrix of 16
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rows and 1 column. Pieces of tfime-series data of
concentrations of four types of fluorophores in capillaries
were acquired by performing both spatial correction and color
conversion obtained by substituting (Equation 23) to
(Equation 25) into (Equation 14) to eliminate both the
spatial crosstalk and the spectral crosstalk. As a result,
DNA sequencing of different samples injected into the
capillaries was successfully performed. Note that the
method of the related art corresponding to the present
embodiment 1s to perform the color conversion of (Equation
8) for each of the capillaries. 1In the method of the related
art, the spatial crosstalk cannot be eliminated.

[0085]

(Equation 23) to (Equation 25), and (Equation 14)
derived therefrom are also effective for a plurality of
different light-emission detections or a plurality of
different analysis sessions as long as positions of light-
emitting points, an optical system, and fluorophores to be
used are fixed.

[0086]

A method for determining the matrix Y is as described
above. However, it is not always necessary to set all 80 x
16 elements by the method. For example, it 1is possible to
replace any element having a sufficiently smaller absolute

value than other elements with zero, thereby simplifying the
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associated calculations. When a spatial range affected by
the spatial crosstalk is limited, (Equation 9) to (Equation
12) may be defined within the limited spatial range. It is
also possible to sequentially slide the limited spatial range
to cover a wider spatial range. For example, when the range
affected by the spatial crosstalk is limited to adjacent
capillaries on both sides, it 1is possible to ignore the
spatial crosstalk and the spectral crosstalk for two or more
separated capillaries, thereby omitting related calculations.
In this case, it 1is also possible to simplify a step to
determine the matrix Y, that is, a step of emitting lights
at all the light-emitting points separately can be simplified
to a step including simultaneously emitting lights at a
plurality of light-emitting points not affected by the
spatial crosstalk.

[0087]

[Eighth Embodiment]

Similarly to [Seventh Embodiment], 1in the present
embodiment, DNA sequencing using the multi-capillary
electrophoresis system of FIG. 24 was performed. However,
the multicolor detection of the fluorescence emissions of
the four types of fluorophores emitted from the four light-
emitting points was performed by using the optical system of
PTL 2 at each time. FIG. 27 schematically illustrates a

configuration of the optical system and four divided images
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of four light-emitting points acquired by the optical system.

The optical system in FIG. 27 includes a condenser lens array
27-1, a long pass filter 27-3, dichroic mirrors 27-4, 27-5,

27-6, and 27-7, and a two-dimensional sensor 27-8. As
illustrated in FIGS. 27(a) and 27(b), first, four 1light
fluxes 27-9 were formed Dby 1individually collimating
fluorescences emitted from A = 4 light-emitting points P (1)

to P(4) by four condenser lenses 27-2 in the condenser lens
array 27-1, and were collectively transmitted through one
long pass filter 27-3to cut a laser beam light. Subsequently,
the four light fluxes 27-9 were collectively incident on a
set of dichroic-mirror array including the four dichroic
mirrors 27-4, 27-5, 27-6, and 27-7, and each of the light
fluxes 27-9 was divided into B = 4 divided-light fluxes 27-
10, 27-11, 27-12, and 27-13. Then, the divided-light fluxes
were emitted from the dichroic mirror array. Here, spectral
characteristics of each dichroic mirror were designed such
that the divided-light fluxes 27-10, 27-11, 27-12, and 27-
13 had lights of wavelength bands of 520 to 550 nm, 550 to
580 nm, 580 to 610 nm, and 610 to 640 nm, respectively.

Finally, generated A x B = 4 x 4 = 16 divided-light fluxes
were incident on the two-dimensional sensor 27-8, and as
illustrated in FIG. 27 (c), 16 divided images W(1l, 1) to W(4,

4) were obtained. Here, since an arrangement direction of

the four capillaries Cap(l) to Cap(4), i.e., an arrangement
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direction of the light-emitting points P(1l) to P(4) and a
division direction by the dichroic mirror array, i.e., a
wavelength direction are perpendicular to each other, as
illustrated in FIG. 27(c), the divided images W(1l, 1) to W(4,
4) were aligned and do not overlap each other in a two-
dimensional sensor image 27-14. For example, the
fluorescence emitted from the light-emitting point P(1l) was
detected as the divided images of wW(l, 1), W1, 2), W(1, 3),
and W(l, 4). The divided images of W(l, 1), W(l, 2), W(1,
3), and W(l, 4) were images of wavelength bands of 520 to
550 nm, 550 to 580 nm, 580 to 610 nm, and 610 to 640 nm,
respectively. The same applies to the light-emitting points
P(2) to P(4). Thus, the divided images W(1l, 1) to W(4, 4)
in the two-dimensional sensor image 27-14 were set as
detection regions. Signal intensities detected in the
detection regions were set to X (1, 1) to X(4,4), respectively.
Here, as long as the positions of the light-emitting points
P(l) to P(4) and the optical system are fixed, since the
relationship between the pixel position and the wavelength
for each capillary in the two-dimensional sensor image 27-
14 is maintained, the detection regions set in FIG. 27 (c)
are effective for the plurality of different emitted light
detections or the plurality of different analysis sessions.
[0088]

Similarly to [Seventh Embodiment], 1in the present
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embodiment, C = 4 types of fluorophores were selected,
specifically DNA fragments of which terminal base species
are T, C, A, and G prepared by Sanger reaction were labeled
with dR110, dRegG, dTAMRA, and dROX. Since maximum
wavelengths of fluorescence emissions of dR110, dR6G, dTAMRA,
and dROX are 541 nm, 568 nm, 595 nm, and 618 nm, respectively,
the fluorescence emissions of dR110, dR6G, dTAMRA, and dROX
are detected with highest intensities in the detection
regions of the divided images having the light components in
the wavelength bands of 520 to 550 nm, 550 to 580 nm, 580 to
610 nm, and 610 to 640 nm, respectively. For example, the
fluorescence emissions of dR110, dRe6G, dTAMRA, and dROX at
the light-emitting point P (1) are mainly detected in the
detection regions W(1l, 1), W(l, 2), W(l, 3), and W(l1l, 4),
respectively. However, the fluorescence emissions are also
detected in the other detection regions for the light-
emitting point P(1) due to the spectral crosstalk, and are
also detected in the detection regions for the light-emitting
points P(2) to P(3) due to the spatial crosstalk and the
spectral crosstalk. Hereinafter, dR110, dR6G, dTAMRA, and
dROX at the 1light-emitting point P(l) are defined as
fluorophores D(1, 1), D(1, 2), D(1, 3), and D(1, 4),
respectively, and concentrations thereof are defined as Z (1,
1), z(1, 2), z(1, 3), and Z(1, 4), respectively. The same

applies to the light-emitting points P(2) to P(4).
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[0089]
In this case, (Equation 10) to (Equation 12) in
(Equation 9) are as follows.

[Equation 26]
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[Equation 28]
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[0090]

Here, X 1s a matrix of 16 rows and 1 column, Y 1is a
matrix of 16 rows and 16 columns, and Z is a matrix of 16
rows and 1 column. Both the spatial crosstalk and the
spectral crosstalk can be eliminated by substituting

(Equation 26) to (Equation 28) into (Equation 14). As a
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result, the pieces of time-series data of the concentrations
of the four types of fluorophores in the capillaries can be
acquired. Consequently, DNA sequencing of different samples
injected into the capillaries can be successfully performed.
Note that the method of the related art corresponding to the
present embodiment is to perform the color conversion of
(Equation 8) for each of the capillaries. In the method of
the related art, the spatial crosstalk cannot be eliminated.
[0091]

(Equation 26) to (Equation 28), and (Equation 14)
derived therefrom are also effective for a plurality of
different light-emission detections or a plurality of
different analysis sessions as long as positions of light-
emitting points, an optical system, and fluorophores to be
used are fixed.

[0092]
[Ninth Embodiment]

FIG. 28 illustrates a configuration diagram of a
multichannel extension reaction system for DNA sequencing of
DNA fragments. One-base complementary-strand-extension
reaction of each DNA fragment in each of multiple reaction
channels arranged on a plane 1is performed. Multicolor
detection of fluorescence emissions of C = 4 types of
fluorophores that label four types of bases incorporated

into the complementary strand is also performed for each of
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the multiple reaction channels. FIG. 28 further illustrates
schematic diagrams of two-dimensional sensor images obtained
by a plurality of two-dimensional sensors. The multichannel
extension reaction system includes a laser light source 28-
1, a dichroic mirror 28-3, a lens 28-4, dichroic mirrors 28-
8, 28-9, and 28-10, a lens 28-11, a first two-dimensional
sensor 28-12, a lens 28-13, a second two-dimensional sensor
28-14, a lens 28-15, a third two-dimensional sensor 28-16,
a lens 28-17, and a fourth two-dimensional sensor 28-18.
Maximum wavelengths of fluorescence emissions of the four
types of fluorophores that label the base species T, C, A,
and G were 535 nm, 565 nm, 595 nm, and 625 nm, respectively.
First, a laser beam 28-2 oscillated from the laser light
source 28-1 was transmitted through the dichroic mirror 28-
3. Then, the laser beam 28-2 was condensed by the lens 28-
4 to idirradiate a sample 28-5 contained in the multiple
reaction channels. Next, after fluorescence emissions 28-6
of the fluorophores from the channels induced by the laser
beam irradiation were collectively collimated by the lens
28-4, a collimated light flux 28-7 was reflected by the
dichroic mirror 28-3. The dichroic mirror 28-3 has spectral
characteristics of fransmitting the laser beam light and
reflecting the fluorescence emissions. Subsequently, the
light flux 28-7 was divided into four 1light fluxes having

four different wavelength components by the three types of
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dichroic mirrors 28-8, 28-9, and 28-10. An image of a first
divided light flux was formed on the first two-dimensional
sensor 28-12 by the lens 28-11. An image of a second light
flux was formed on the second two-dimensional sensor 28-14
by the lens 28-13. An image of a third light flux was formed
on the third two-dimensional sensor 28-16 by the lens 28-15.
An image of a fourth light flux was formed on the fourth
two-dimensional sensor 28-18 by the lens 28-17.
[0093]

A sample 28-19 is a schematic diagram of the sample
28-5 observed from the front. A = 5 channels formed light-
emitting points P(1l) to P(5), respectively. In practice,
there are a larger number of channels on the sample and the
fluorescence emissions from all the channels are
collectively detected by the above-described optical system.
However, only the light-emitting points P(l) to P(5) are
drawn in FIG. 28. This is because the light-emitting point
P(3) is the analysis target and the light-emitting points
P(1), P(2), P(4), and P(5) adjacent to the light-emitting
point P(3) have direct affects of the spatial crosstalk on
the light-emitting point P(3). When analyzing any light-
emitting point other than the light-emitting point P(3),
that light-emitting point and light-emitting points around
that light-emitting point may be similarly analyzed. It is

possible to individually analyze any light-emitting point by
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using the same fluorescence-detection data after the
fluorescence detection. A first two-dimensional sensor
image 28-20 was a divided image of the sample 28-19 acquired
by the first two-dimensional sensor 28-12. Detection
regions W(l, 1) to W(5, 1) were set at the images of the
light-emitting points P(1) fto P(5) on the first two-
dimensional sensor 1mage 28-20, respectively. Signal
intensities of the detection regions W(l, 1) to W(5, 1) were
set as X(1, 1) to X(5, 1), respectively. Fluorescence
components 1in a wavelength band of 520 to 550 nm were
detected by the first two-dimensional sensor image 28-20. A
second two-dimensional sensor image 28-21 was a divided image
of the sample 28-19 acquired by the second two-dimensional
sensor 28-14. Detection regions W(l, 2) to W(5, 2) were set
at the images of the light-emitting points P(1) to P(5) on
the second two-dimensional sensor image 28-21, respectively.
Fluorescence components in a wavelength band of 550 to 580
nm were detected by the second two-dimensional sensor image
28=-21. A third two-dimensional sensor image 28-22 was a
divided image of the sample 28-19 acquired by the third two-
dimensional sensor 28-16. Detection regions W(l, 3) to W(5,
3) were set at the images of the light-emitting points P (1)
to P(5) on the third two-dimensional sensor 1image 28-22,
respectively. Fluorescence components in a wavelength band

of 580 to 610 nm were detected by the third two-dimensional
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sensor image 28-22. A fourth two-dimensional sensor image
28-23 was a divided image of the sample 28-19 acquired by
the fourth two-dimensional sensor 28-18. Detection regions
W(l, 4) to W(5, 4) were set at the images of the light-
emitting points P(1) to P(5) on the fourth two-dimensional
sensor 1image 28-23, respectively. Fluorescence components
in a wavelength band of 610 to 640 nm was detected by the
first two-dimensional sensor image 28-23. That is, B = 4
colors of the fluorescence emissions from the light-emitting
points were detected by using the four two-dimensional
Sensors. For example, the fluorescence emissions of the
four types of fluorophores at the light-emitting point P(3)
are mainly detected in the detection regions W(3, 1), W(3,
2y, W(3, 3), and W(3, 4) in the order of the wavelength.
However, each fluorescence emission is also detected in the
detection regions other than the respective main detection
region for the light-emitting point P(3) due to the spectral
crosstalk. Further, each fluorescence emission 1is also
detected in the detection regions for the light-emitting
points P(1), P(2), P(4), and P(5) due to the spatial
crosstalk and the spectral crosstalk. Hereinafter, the four
types of fluorophores at the light-emitting point P(3) were
defined as D(3, 1), D(3, 2), D(3, 3), and D(3, 4) 1in the
order of the wavelength, and the concentrations thereof were

defined as Z(3, 1), 2Z(3, 2), Z(3, 3), and Z(3, 4),



respectively.

The same applies to the light-emitting points

P(1), P(2), P(4), and P(5).

In this
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case, (Equation

are as follows.

(Equation 29)

(Equation 31)

(Equation 12) in

(Equation 30)

Here, X 1s a matrix of 20 rows and 1 column, Y 1is a

matrix of 20 rows and 20 columns,

rows and 1 column.

Both the

and Z is a matrix of 20

spatial crosstalk and the

spectral crosstalk was eliminated by the process obtained by
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substituting (Equation 29) to (Equation 31) into (Equation
14) . As a result, pieces of time-series data of the
concentrations of the four types of fluorophores 1in the
channels was acquired. However, in the present embodiment,
since only the light-emitting point P(3) was the analysis
target, only the elements of 72(3, 1), Z2(3, 2), Z2(3, 3), and
Z2(3, 4) in the matrix Z were extracted. Consequently, DNA
sequencing was successfully performed in the channel of the
light-emitting point P(3). Similar methods can also be used
when other light-emitting points are to be analyzed, that
is, when DNA sequencing is performed in the corresponding
channels.

[0096]

[Tenth Embodiment]

In the present embodiment, the method of the related
art and the method of the present disclosure are summarized
in flowcharts. FIG. 29 1is a flowchart illustrating one
analysis session by the method of the related art. As
illustrated in FIG. 29, the analysis session by the method
of the related art is executed by an analysis system
including an analysis device that analyze samples 29-1, a
computer, a display device, and a database. The analysis
device includes a sensor (not illustrated) on which lights
from the samples 29-1 are incident. First, A types (A is an

integer of 2 or more) of samples 29-1 labeled with C types
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(C is an integer of 1 or more) of fluorophores are input to
the analysis device. Next, in the analysis device, 1in step
29-2, the A samples are analyzed in parallel and each of the
fluorescence emissions from the A samples 1s detected in B
types (B is an integer of 1 or more) of wavelength bands at
each time. Thus, pieces of time-series raw data of A x B
fluorescence intensities X(a, b) are acquired and sent to
the computer. Where a =1, 2, ..., and A, b =1, 2, ...,
and B. Subsequently, in the computer, in step 29-3, for
analysis (ao), the spectral crosstalk is eliminated by color
conversion (ap) using a matrix Y-(ap) of C rows and B columns
stored in the database. As a result, a concentration Z(ao,
c) of the C type of fluorophore for the sample (ag) 1is
obtained from fluorescence intensities X (ao, b) at each time.
Where agc =1, 2, ..., or A, andc =1, 2, ..., and C. Finally,
in the display device, time-series color-converted data of
Z(ag, c) 1is output in step 29-4. Steps 29-3 and 29-4 are
performed for all ap. As illustrated in FIG. 29, the method
of the related art is characterized in that A pieces of
analysis are independently performed. In (Equation 1) to
(Equation 4), the fluorescence intensity X (ag, b) is
expressed as X(b), and the concentration Z(ao, <C) is
expressed as Z(c).

[0097]

FIG. 30 1is a flowchart illustrating one analysis
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session by the present method. Similarly to FIG. 29, the
analysis session of the present embodiment illustrated in
FIG. 30 1is executed by an analysis system including an
analysis device that analyze samples 29-1, a computer, a
display device, and a database. The analysis device includes
a sensor (not illustrated) on which lights from the samples
29-1 are incident. First, A types (A is an integer of 2 or
more) of samples 30-1 labeled with C types (C is an integer
of 1 or more) of fluorophores are input to the analysis
device. Next, in the analysis device, in step 30-2, the A
samples are analyzed in parallel and each of the fluorescence
emissions from the A samples is detected in B types (B is an
integer of 1 or more) of wavelength bands at each time. Thus,
pieces of time-series raw data of A x B fluorescence
intensities X (a, b) are acquired and sent to the computer.
Where a =1, 2, ..., and A, b =1, 2, ..., and B. However,
unlike FIG. 29, the spatial crosstalk of the fluorescence
emissions between different analyses is not negligible as
indicated by dotted arrows in step 30-2. Subsequently, in
step 30-3, in the computer, for all analyses (a), both the
spectral crosstalk and the spatial crosstalk are eliminated
by the color conversion and the spatial correction using a
matrix Y- of (A x C) rows and (A x B) columns stored in the
database. As a result, in the computer, concentrations Z(a,

c) of the C types of fluocrophores for the A types of samples
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are collectively obtained from fluorescence intensities X (a,
b) for all the analyses at each time. Where a =1, 2, ...,
and A, ¢ =1, 2, ..., and C. Finally, in step 30-4, the
display device outputs pieces of time-series color-converted
and spatial-corrected data of Z(a, c¢) for each analysis (a).
As illustrated 1in FIG. 30, the present method 1is
characterized in that the color conversion and the spatial
correction in step 30-3 are collectively performed for all
the analyses. The present method is also characterized in
that the matrix Y- common to all the analyses 1s used for
both the color conversion and the spatial correction.

[0098]

FIG. 31 1s a flowchart illustrating a method for
obtaining the matrix Y- stored in the database. The
flowchart in FIG. 31 is performed before the flowchart in
FIG. 30. First, A types (A is an integer of 2 or more) of
samples 31-1 for determining the matrix Y are input to the
analysis device. The A samples 31-1 are labeled with C types
(C 1s an integer of 1 or more) of fluorophores. The A
samples are prepared such that each of fluorescence emissions
of the fluorophores (¢) in analyses (a) where a =1, 2, ...,
and A, and ¢ =1, 2, ..., and C 1is generated alone. That
is, the fluorescences are emitted for all the A x C
combinations, but fluorescences for two or more combinations

are not simultaneously emitted. Here, the above separate
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fluorescence emission is realized by the A samples 31-1 for
determining the matrix Y, but the above separate fluorescence
emission may be realized by setting of the analysis device.
Next, 1in the analysis device, 1in step 31-2, the A x C
fluorescence emissions are detected separately in B types (B
is an integer of 1 or more) of wavelength bands and pieces
of time-series raw data of A x B fluorescence intensities
X(a, b) are acquired. Then, these pieces of time-series raw
data are sent to the computer. Subsequently, in the computer,
in step 31-3, a matrix Y of (A x B) rows and (A x C) columns
is derived from the obtained (A x B) x (A x C) pileces of
data, and a matrix Y- of (A x C) rows and (A x B) columns
which is a general inverse matrix of Y is further obtained.
The obtained matrix Y- is stored in the database, and the
matrix Y- is utilized in the subsequent analysis in FIG. 30
and the like.
[0099]

FIG. 32 is a flowchart when the analysis sessions of
steps 30-2 to 30-4 for the A types of samples 30-1
illustrated in FIG. 30 are repeated a plurality of times
while utilizing the matrix Y- obtained by the flowchart in
FIG. 31. Here, different A types of samples 30-1 are
analyzed in different analysis sessions. As illustrated in
FIG. 32, the present method is characterized in that the

same matrix Y- stored in the database is utilized for a

96



plurality of different analysis sessions.
[0100]

FIG. 33 1illustrates a configuration example of the
computer. The computer is connected to the analysis device.
The computer performs not only data analysis but also control
of the analysis device. The database and the display device
are drawn outside the computer in FIGS. 29 to 31, but are
drawn inside the computer in FIG. 33. Condition setting for
the data analysis and condition setting for the control of
the analysis device are performed through a keyboard as an
input unit. The pieces of time-series raw data of the
fluorescence intensities X (a, b) output from the analysis
device are sequentially stored in a memory. The matrix Y-
of (A x C) rows and (A x B) columns stored in a database
present 1in an HDD is also stored in the memory. A CPU
calculates a product of the fluorescence intensities X (a, b)
and Y- stored in the memory at each time and derives pieces
of time-series color-converted and spatial-corrected data,
i.e., pleces of time-series data of the concentrations 7Z(a,
c). The CPU sequentially stores the pieces of data in the
memory, and simultaneously displays the pieces of data on a
monitor which is a display unit. The analysis results can
be collated with information on a network through a network
interface NIF.

[0101]
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[Modification Example]

The present disclosure is not limited to the above-
described embodiments, and includes wvarious modification
examples. The aforementioned embodiments are described in
detail in order to facilitate easy understanding of the
present disclosure, and are not limited to necessarily
include all the described components. A part of a certain
embodiment can be replaced with a configuration of another
embodiment. The configuration of another embodiment can be
added to the configuration of a certain embodiment. A part
of the configuration of another embodiment can be added to,
deleted from, or replaced with a part of the configuration
of each embodiment.

Reference Signs List

[0102]

1-1 pinhole plate

1-2 light-emitting-point-side aperture plate
1-3 condenser lens

1-4 sensor-side aperture plate
1-5 color glass filter

1-6 two-dimensional sensor

1-7 halogen lamp light

1-8 light-emitting point

1-9 1light

1-10 light-emission image
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Cap (1)

Cap (2)

P(1)

P(2)

capillary 1

capillary 2

light-emitting

light-emitting

fluorophore
fluorophore
fluorophore
fluorophore

fluorophore

detection region

point on Cap (1)
point on Cap(2)
1 or light absorber
2 or light absorber
1 or light absorber
2 or light absorber

3 or light absorber

is mainly detected

detection region in

is mainly detected

detection region in

is mainly detected

detection region in

is mainly detected

signal intensity of W(l, 1)

signal intensity of W(l, 2)

signal intensity of W(2, 1)

signal intensity of W(2, 2)

concentration of D(1, 1)

concentration of D(1, 2)

concentration of D(2, 1)

concentration of D(2, 2)

on

on

on

on

on

in which emission or

which emission or

which emission or

which emission or

absorption

absorption

absorption

absorption

of

of

of

of



S  sensor

IB laser beam

LL lamp light

24-1

24-2

24-3

24-4

24-5

24-6

24-17

24-8

24-9

24-10

24-11

24-12

24-13

24-14

Cap (a

P(a)

capillary

sample injection end
sample elution end
cathode

anode

cathode-side buffer solution

anode-side buffer solution

power supply

polymer block
valve
syringe
laser light source
laser beam
light-emitting point

) capillary a (a = 1,

2,

3,

and 4)

light-emitting point on capillary a

b) detection region

2, ..., and 20)emitted from P (a)

condenser lens array
condenser lens

long pass filter

(a

2,

3, and

of light in wavelength band b (b
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27-4, 27-5, 27-6, and 27-7 dichroic mirror

27-8 two-dimensional sensor

27-9 1light flux

27-10, 27-11, 27-12, and 27-13 divided light flux

27-14 two-dimensional sensor image

P(a) light-emitting point a (a =1, 2, 3, 4, and 5)

W(a, b) detection region of light in wavelength band b (b
=1, 2, 3, and 4)emitted from P(a) (a =1, 2, 3, 4, and 5)
28-1 laser light source

28-2 laser beam

28-3, 28-8, 28-9, and 28-10 dichroic mirror

28-4, 28-11, 28-13, 28-15, and 28-17 lens

28-5, and 28-19 sample

28-6 fluorescence emission

28-7 light flux

28-12, 28-14, 28-16, and 28-18 two-dimensional sensor
28-20, 28-21, 28-22, and 28-23 two-dimensional sensor image
29-1 samples

29-2 steps 1in analysis device

29-3 steps in computer

29-4 steps in display device

30-1 samples

30-2 steps in analysis device

30-3 steps in computer

30-4 steps in display device
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31-1 samples
31-2 steps in analysis device

31-3 steps in computer
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Features of embodiments of the invention are set out in the
following paragraphs:
[Clause 1]

An analysis system comprising:

a plurality of light-emitting points of which
positions are fixed, and at which a plurality of types of
light emitters emit lights;

a sensor that detects the lights emitted from the
plurality of light-emitting points in a plurality of
wavelength bands; and

a computer that processes detection signals of the
sensor,

wherein the computer reduces spatial crosstalk and
spectral crosstalk present between signal intensities of the
plurality of 1light-emitting points and between signal
intensities of the plurality of wavelength bands by an
arithmetic operation using the signal intensities in the
plurality of wavelength bands for the plurality of light-
emitting points, and derives concentration of each of the
plurality of types of light emitters at each of the plurality

of light-emitting points.

[Clause 2]
The analysis system according to clause 1, wherein

when the concentration of any of the plurality of types
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of light emitters at any of the plurality of light-emitting
points changes with time, the computer derives a time series
of the concentration of each of the plurality of types of
light emitters at each of the plurality of light-emitting
points by performing the arithmetic operation using the

signal intensities obtained at each time.

[Clause 3]
The analysis system according to clause 1 or 2, wherein
when different analyses are performed at different
timings, the computer derives the concentration or the time
series of the concentration of each of the plurality of types
of light emitters at each of the plurality of light-emitting
points by performing the arithmetic operation using the

signal intensities obtained at each time.

[Clause 4]
An analysis system comprising:

A (A is an integer of 2 or more) light-emitting points

P(a) (a =1, 2, ..., and A) at each of which C types (C is
an integer of 1 or more) of fluorophores D(a, c¢) (c = 1,
2, ..., and C) emit fluorescences;

a sensor that detects the fluorescences from each of
the A light-emitting points P(a) in detection regions W(a,

b) (b =1, 2, ..., and B) of B types (B is an integer of 1
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or more) of wavelength bands; and

a computer that processes detection signals of the
sensor,

wherein when signal intensities of the detection
regions W(a, b) at any time are X (a, b) and concentrations
of the fluorophores D(a, ¢) at any time are Z(a, c¢), the
computer derives the concentrations Z(a, <c) for all
combinations of a and ¢ from the signal intensities X (a, b)
for all combinations of a and b by executing a predetermined
calculation formula at any time, and reduces spatial

crosstalk and spectral crosstalk.

[Clause 5]
The analysis system according to clause 4, wherein
when a matrix X of (A x B) rows and 1 column having
X (a, b) as elements is represented by the following Equation
1,
[Equation 1]
XLy

X01,8)

X=1 vy

{4, By

4

a matrix Z of (A x C) rows and 1 column having Z(a, c)
as elements is represented by the following Equation 2,

[Equation 2]
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24,03
, and

a matrix Y of (A x B) rows and (A x C) columns having
Y(a, b)(a, c) as elements and satisfying a relationship of
X =Y x Z is represented by the following Equation 3,

[Equation 3]

VOLEWL O VO, 80
; N

YL )

the computer obtains a general inverse matrix Y- of (A
x C) rows and (A x B) columns of the matrix Y in advance,

and uses Z = Y- x X as the calculation formula.

[Clause 6]
The analysis system according to clause 5, wherein
the computer determines the matrix Y by performing a
step of acquiring all the elements X(a, b) of the matrix X
in a state in which only one element Z(a, c¢) of the matrix
Zz 1s a positive value and the other elements of the matrix

Z are regarded as zero and using values proportional to the
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acquired elements X(a, b) as the elements Y(a, b)(a, c) of
one corresponding column of the matrix Y, for all the

combinations of a and ¢ of the matrix 7.

[Clause 7]
The analysis system according to clause 5, wherein
the computer uses the same matrices Y and Y- when

different analyses are performed at different timings.

[Clause 8]

The analysis system according to any one of clause 4
to 7, further comprising:

A capillaries in which the A light-emitting points are
provided; and

a light source that irradiates the A capillaries with
a laser beam,

wherein the A light-emitting points are continuously
irradiated with the laser beam, and a sample labeled with
the C types of fluorophores pass through each of the A light-
emitting points P(a) by electrophoresis inside each of the
A capillaries, when the C types of fluorophores are excited

by the laser beam to emit the fluorescences.

[Clause 9]

An analysis system comprising:
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a plurality of light-emitting points of which
positions are fixed, and at which a plurality of types of
fluorophores emit fluorescences;

a sensor that detects the fluorescences from the
plurality of light-emitting points in a plurality of
wavelength bands; and

a computer that processes detection signals of the
sensor,

wherein the computer executes processing of causing a
state in which one type of flucrophore emits the fluorescence
alone at one light-emitting point for all combinations of
one of the plurality of light-emitting points and one of the

plurality of types of fluorophores at different times.

[Clause 10]

The analysis system according to clause 9, wherein

the computer reduces spatial crosstalk and spectral
crosstalk ©present Dbetween signal intensities of the
plurality of light-emitting points and between signal
intensities of the plurality of wavelength bands by an
arithmetic operation using the signal intensities in the
plurality of wavelength bands for the plurality of light-
emitting points and information obtained by the processing,
and derives concentration of each of the plurality of types

of fluorophores at each of the plurality of light-emitting
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points.

[Clause 11]
An analysis system comprising:

A (A is an integer of 2 or more) light-emitting points

P(a) (a =1, 2, ..., and A) at each of which C types (C is
an integer of 1 or more) of fluorophores D(a, c¢) (c = 1,
2, ..., and C) emit fluorescences;

a sensor that detects the fluorescences from the A
light-emitting points P(a) in detection regions W(a, b) (b
=1, 2, ..., and B) of B types (B is an integer of 1 or more)
of wavelength bands; and

a computer that processes detection signals of the
sensor,

wherein the computer executes processing of causing a
state in which one type of fluorophore D(a, c¢) emits the
fluorescence alone at one light-emitting point P(a) for all

combinations of a and ¢ at different times.

[Clause 12]
The analysis system according to clause 11, wherein
when signal intensities of the detection regions W(a,
b) at any time are X(a, b) and concentrations of the
fluorophores D(a, c¢) at any time are Z(a, c¢), the computer

reduces spatial crosstalk and spectral crosstalk at any time
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for all the A light-emitting points P(a) by an arithmetic
operation using the signal intensities X (a, b) for all
combinations of a and b and information obtained by the

processing, and derives the concentrations Z(a, c).

[Clause 13]

An analysis system comprising:

a plurality of light-absorbing points of which
positions are fixed, and at which lights are transmitted;

a sensor that detects absorbances by absorptions of a
plurality of types of 1light absorbers present at the
plurality of 1light-absorbing points in a plurality of
wavelength bands; and

a computer that processes detection signals of the
sensor,

wherein the computer reduces spatial crosstalk and
spectral crosstalk present between absorbances of the
plurality of light-absorbing points and between absorbances
of the plurality of wavelength bands by an arithmetic
operation using the absorbances in the plurality of
wavelength bands for the plurality of light-absorbing points,
and derives concentration of each of the plurality of types
of light absorbers at each of the plurality of 1light-

absorbing points.
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[Clause 14]

The analysis system according to clause 13, wherein

when the concentration of any of the plurality of types
of light absorbers at any of the plurality of light-absorbing
points changes with time, the computer derives a time series
of the concentration of each of the plurality of types of
light absorbers at each of the plurality of light-absorbing
points by performing the arithmetic operation using the

absorbances obtained at each time.

[Clause 15]

An analysis system comprising:

a plurality of light-emitting points of which
positions are fixed, and at which light emitters emit lights;

a sensor that detects the lights emitted from the
plurality of light-emitting points; and

a computer that processes detection signals of the
sensor,

wherein the computer reduces spatial crosstalk present
between signal intensities of the plurality of light-
emitting points by an arithmetic operation using the signal
intensities for the plurality of light-emitting points, and
derives concentration of each of the light emitters at each

of the plurality of light-emitting points.
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[Clause 16]
The analysis system according to clause 15, wherein
when the concentration of any of the light emitters at
any of the plurality of light-emitting points changes with
time, the computer derives a time series of the concentration
of each of the light emitters at each of the plurality of
light-emitting points by performing the arithmetic operation

using the signal intensities obtained at each time.

[Clause 17]

The analysis system according to clause 15 or 16,
wherein

when different analyses are performed at different
timings, the computer derives the concentration or the time
series of the concentration of each of the light emitters at
each of the plurality of light-emitting points by performing
the arithmetic operation using the signal 1intensities

obtained at each time.

[Clause 18]

An analysis system comprising:

a plurality of light-absorbing points of which
positions are fixed, and at which lights are transmitted;

a sensor that detects absorbances by absorptions of

light absorbers present at the plurality of light-absorbing
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points; and

a computer that processes detection signals of the
sensor,

wherein the computer reduces spatial crosstalk present
between the absorbances of the plurality of light-absorbing
points by an arithmetic operation using the absorbances for
the plurality of 1light-absorbing points, and derives
concentration of each of the light absorbers at each of the

plurality of light-absorbing points.

[Clause 19]

The analysis system according to clause 18, wherein

when the concentration of any of the light absorbers
at any of the plurality of light-absorbing points changes
with time, the computer derives a time series of the
concentration of each of the light absorbers at each of the
plurality of 1light-absorbing points by performing the
arithmetic operation using the absorbances obtained at each

time.

[Clause 20]

The analysis system according to clause 18 or 19,
wherein

when different analyses are performed at different

timings, the computer derives the concentration or the time
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series of the concentration of each of the light absorbers
at each of the plurality of 1light-absorbing points by
performing the arithmetic operation using the absorbances

obtained at each time.

[Clause 21]

An analysis method comprising:

preparing a plurality of light-emitting points of
which positions are fixed, and at which a plurality of types
of light emitters emit lights;

detecting, by a sensor, the lights emitted from the
plurality of light-emitting points in a plurality of
wavelength bands; and

processing, by a computer, detection signals of the
sensor,

wherein the processing includes

reducing spatial crosstalk and spectral crosstalk
present between signal intensities of the plurality of light-
emitting points and between signal intensities of the
plurality of wavelength bands by an arithmetic operation
using the signal intensities in the plurality of wavelength
bands for the plurality of light-emitting points, and

deriving concentration of each of the plurality of
types of light emitters at each of the plurality of light-

emitting points.
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[Clause 22]

The analysis method according to clause 21, wherein

the processing includes

when the concentrations of any of the plurality of
types of light emitters at any of the plurality of light-
emitting points changes with time, deriving a time series of
the concentration of each of the plurality of types of light
emitters at each of the plurality of light-emitting points
by performing the arithmetic operation using the signal

intensities obtained at each time.

[Clause 23]

The analysis method according to clause 21 or 22,
wherein

the processing includes

when different analyses are performed at different
ftimings, deriving the concentration or the time series of
the concentration of each of the plurality of types of light
emitters at each of the plurality of light-emitting points
by performing the arithmetic operation using signal

intensities obtained at each time.

[Clause 24]

An analysis method comprising:
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preparing A (A is an integer of 2 or more) light-
emitting points P(a) (a =1, 2, ..., and A) at each of which
C types (C i1s an integer of 1 or more) of fluorophores Dl(a,
c) (c=1, 2, ..., and C) emit fluorescences,

detecting, by a sensor, the fluorescences from each of
the A light-emitting points P(a) in detection regions W(a,
b) (b =1, 2, ..., and B) of B types (B is an integer of 1
or more) of wavelength bands, and

processing, by a computer, detection signals of the
sensor,

wherein when signal intensities of the detection
regions W(a, b) at any time are X (a, b) and concentrations
of the fluorophores D(a, c¢) at any time are Z(a, c),

the processing includes

deriving the concentrations Z(a, c) for all
combinations of a and ¢ from the signal intensities X (a, b)
for all combinations of a and b by executing a predetermined
calculation formula at any time, and

reducing spatial crosstalk and spectral crosstalk.

[Clause 25]
The analysis method according to clause 24, wherein
when a matrix X of (A x B) rows and 1 column having
X(a, b) as elements is represented by the following Equation

4,
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[Equation 4]
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a matrix Z of (A x C) rows and 1 column having Z(a, c)
as elements is represented by the following Equation 5,

[Equation 5]

¢ A{L, 1% \\
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, and

a matrix Y of (A x B) rows and (A x C) columns having
Y(a, b)(a, c) as elements and satisfying a relationship of

X =Y x 7 is represented by the following Equation 6,

[Equation 6]

YA A

hemceriecerserisesemt

~,

the processing includes obtaining a general inverse
matrix Y- of (A x C) rows and (A x B) columns of the matrix

Y in advance, and using Z = Y- x X as the calculation formula.
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[Clause 26]

The analysis method according to clause 25, wherein

the processing includes determining the matrix Y by
performing a step of acquiring all the elements X(a, b) of
the matrix X in a state in which only one element Z(a, c¢) of
the matrix Z is a positive value and the other elements of
the matrix Z are regarded as zero and using values
proportional to the acquired elements X(a, b) as the elements
Y(a, b)(a, c) of one corresponding column of the matrix Y,

for all the combinations of a and ¢ of the matrix 7.

[Clause 27]
The analysis method according to clause 25, wherein
the processing includes using the same matrices Y and

Y- when different analyses are performed at different timings.

[Clause 28]

The analysis method according to any one of clauses 24
to 27, wherein

the A 1light-emitting points are provided in A
capillaries,

the analysis method further comprises

irradiating the A capillaries with a laser beam from
a light source, and

wherein the A light-emitting points are continuously
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irradiated with the laser beam, and a sample labeled with
the C types of fluorophores pass through each of the A light-
emitting points P(a) by electrophoresis inside each of the
A capillaries, when the C types of fluorophores are excited

by the laser beam to emit the fluorescences.

[Clause 29]

An analysis method comprising:

preparing a plurality of light-emitting points of
which positions are fixed, and at which a plurality of types
of fluorophores emit fluorescences;

detecting, by a sensor, the fluorescences from the
plurality of light-emitting points in a plurality of
wavelength bands; and

processing, by a computer, detection signals of the
sensor,

wherein the processing includes causing a state in
which one type of fluorophore emits the fluorescence alone
at one light-emitting point for all combinations of one of
the plurality of light-emitting points and one of the

plurality of types of fluorophores at different times.

[Clause 30]
The analysis method according to clause 29, wherein

the processing includes
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reducing spatial crosstalk and spectral crosstalk
present between signal intensities of the plurality of light-
emitting points and between signal intensities of the
plurality of wavelength bands by an arithmetic operation
using the signal intensities in the plurality of wavelength
bands for the plurality of light-emitting points and
information obtained by executing the processing, and

deriving concentration of each of the plurality of
types of fluorophores at each of the plurality of light-

emitting points.

[Clause 31]

An analysis method comprising:

preparing A (A 1is an integer of 2 or more) light-
emitting points P(a) (a =1, 2, ..., and A) at each of which
C types (C is an integer of 1 or more) of fluorophores D(a,
c) (¢c=1, 2, ..., and C) emit fluorescences;

detecting, by a sensor, the fluorescences from each of
the A light-emitting points P(a) in detection regions W(a,
b) (b=1, 2, ..., and B) of B types (B is an integer of 1
or more) of wavelength bands; and

processing, by a computer, detection signals of the
sensor,

wherein the processing includes causing a state in

which one type of fluorophore D(a, c¢) emits the fluorescence
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alone at one light-emitting point P(a) is executed for all

combinations of a and ¢ at different times.

[Clause 32]

The analysis method according to clause 31, wherein

when signal intensities of the detection regions W(a,
b) at any time are X(a, b) and concentrations of the
fluorophores D(a, c¢) at any time are Z(a, c),

the processing includes

reducing spatial crosstalk and spectral crosstalk at
any time for all the A light-emitting points P(a) by an
arithmetic operation using the signal intensities X (a, b)
for all combinations of a and b and information obtained by
executing the processing, and

deriving the concentrations Z(a, c¢).

[Clause 33]

An analysis method comprising:

preparing a plurality of light-absorbing points of
which positions are fixed and at which lights are transmitted;

detecting, by a sensor, absorbances by absorptions of
a plurality of types of 1light absorbers present at the
plurality of 1light-absorbing points in a plurality of
wavelength bands; and

processing, by a computer, detection signals of the
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sensor,

wherein the processing includes

reducing spatial crosstalk and spectral crosstalk
present between absorbances of the plurality of light-
absorbing points and between absorbances of the plurality of
wavelength bands by an arithmetic operation wusing the
absorbances 1in the plurality of wavelength bands for the
plurality of light-absorbing points, and

deriving concentration of each of the plurality of
types of light absorbers at each of the plurality of light-

absorbing points.

[Clause 34]

The analysis method according to clause 33, wherein

when the concentrations of any of the plurality of
types of light absorbers at each of the plurality of light-
absorbing points changes with time, the processing includes
deriving a time series of the concentration of each of the
plurality of types of 1light absorbers at each of the
plurality of 1light-absorbing points Dby performing the
arithmetic operation using the absorbances obtained at each

time.

[Clause 35]

An analysis method comprising:
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preparing a plurality of light-emitting points of
which positions are fixed, and at which light emitters emit
lights;

detecting, by a sensor, the lights emitted from the
plurality of light-emitting points; and

processing, by a computer, detection signals of the
sensor,

wherein the processing includes

reducing spatial crosstalk present between signal
intensities of the plurality of light-emitting points by an
arithmetic operation using the signal intensities for the
plurality of light-emitting points, and

deriving concentration of each of the light emitters

at each of the plurality of light-emitting points.

[Clause 306]

The analysis method according to clause 35, wherein

when the concentration of any of the light emitters at
any of the plurality of light-emitting points changes with
time, the processing includes deriving a time series of the
concentration of each of the light emitters at each of the
plurality of 1light-emitting points by performing the
arithmetic operation using signal intensities obtained at

each time.
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[Clause 37]

The analysis method according to clause 35 or 36,
wherein

when different analyses are performed at different
timings, the processing includes deriving the concentration
or the time series of the concentrations of each of the light
emitters at each of the plurality of light-emitting points
by performing the arithmetic operation using signal

intensities obtained at each time.

[Clause 38]

An analysis method comprising:

preparing a plurality of light-absorbing points of
which positions are fixed, and at which lights are
transmitted;

detecting, by a sensor, absorbances by absorptions of
light absorbers present at the plurality of light-absorbing
points; and

processing, by a computer, detection signals of the
sensor,

wherein the processing includes

reducing spatial crosstalk present between the
absorbances of the plurality of light-absorbing points by an
arithmetic operation using the absorbances for the plurality

of light-absorbing points, and
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deriving concentration of each of the light absorbers

at each of the plurality of light-absorbing points.

[Clause 39]

The analysis method according to clause 38, wherein

when the concentration of any of the light absorbers
at each of the plurality of light-absorbing points changes
with time, the processing includes deriving a time series of
the concentration of each of the light absorbers at each of
the plurality of light-absorbing points by performing the
arithmetic operation using the absorbances obtained at each

time.

[Clause 40]

The analysis method according to clause 38 or 39,
wherein

when different analyses are performed at different
timings, the processing includes deriving the concentration
or the time series of the concentration of each of the light
absorbers at each of the plurality of light-absorbing points
by performing the arithmetic operation using absorbances

obtained at each time.

125



06 12 23

Claims
[Claim 1]

An analysis method using a multi-capillary
electrophoresis apparatus configured to perform
electrophoretic analysis of A (A is an integer of 2 or
more) samples Sam(a) (a = 1, 2, ..., and A) including
a fluorophore in parallel using A capillaries Cap(a),

the multi-capillary electrophoresis apparatus
comprising:

a power supply configured to apply a voltage
across both ends of each of the A capillaries Cap(a):

A light-emitting points P (a) on the A
capillaries Cap(a), the A light-emitting points being
emission sources of fluorescences induced by
irradiating the A capillaries Cap(a) with one or more
laser beamnms;

an optical system configured to detect A
raw signals X (a) of the fluorescences of the
fluorophore included in the A samples Sam(a) emitted
from the A light-emitting points P(a);

a computer configured to execute collective
processing of the A raw signals X (a) to output A
processed signals Z(a) corresponding to concentrations
of the fluorophore at the A light-emitting points; and

a display configured to display time-series

of the A processed signals Z(a),
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the method comprising:

preparing one sample including a plurality of
components labeled by the fluorophore with different
concentrations, the plurality of components showing a
plurality of different processed signal peaks in the
time-series of the A processed signals Z(a):;

performing the electrophoretic analysis in which
a sample Sam(a=3j) (jJ is a constant) injected into one
capillary Cap(a=7j) of the A capillaries Cap(a) 1is the
one sample, and no sample including the fluorophore is
injected into the other capillaries Cap(a#j); and

adjusting conditions of the multi-capillary
electrophoresis apparatus so that some intensities of
the processed signal peaks are lower than a saturation
intensity of the multi-capillary electrophoresis
apparatus and others are higher than or equal to the
saturation intensity of the multi-capillary
electrophoresis apparatus 1in a time-series of a
processed signal Z(a=j) for a light-emitting point

P(a=3j) on the one capillary Cap(a=7j).

[Claim 2]
The analysis method according to claim 1, wherein
in the collective processing, the multi-
capillary electrophoresis apparatus 1is configured to

use a raw signal X(a#3j) for a light-emitting point
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P(a#3j) other than the one light-emitting point P(a=7j)
in addition to a raw signal X (a=j) for the one light-

emitting point P(a=7j).

[Claim 3]

The analysis method according to claim 1 or 2,
wherein

spatial crosstalk between the A processed signals
Z(a) 1s relatively smaller than spatial <crosstalk
between the A raw signals X (a) when the processed

signal Z(a=j) 1is lower than the saturation intensity.

[Claim 4]

The analysis methodaccording to any one of claims
1 to 3, wherein

the multi-capillary electrophoresis apparatus is
configured to provide one or more crosstalk processed
signal peaks in a time-series of a processed signal
Z(a#73) for a light-emitting point P(a#j) on a
capillary Cap(a#]j) other than the one capillary
Cap(a=j), the one or more crosstalk processed signal
peaks synchronizing with a part of the processed
signal peaks 1in the time-series of the processed
signal Z(a=j) for the light-emitting point P(a=j) on
the one capillary Cap(a=j), and

each intensity of the one or more <crosstalk
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processed signal peaks increases non-linearly with the
concentration of the corresponding component in the

one sample.

[Claim 5]

The analysis methodaccording to any one of claims
1 to 3, wherein

the multi-capillary electrophoresis apparatus is
configured to provide one or more crosstalk processed
signal peaks 1in a time-series of a processed signal
Z(a#73) for a light-emitting point P(a#j) on a
capillary Cap(a#j) other than the one capillary
Cap (a=7j), the one or more crosstalk processed signal
peaks synchronizing with a part of the processed
signal peaks 1in the time-series of the processed
signal Z(a=j) for the light-emitting point P(a=j) on
the one capillary Cap(a=j), and

each intensity of the one or more crosstalk
processed signal peaks 1s maintained 1low when an
intensity of the corresponding processed signal peak
is lower than the saturation intensity, and increases
as a concentration of the corresponding component in
the one sample 1increases when an intensity of the
corresponding processed signal peak is higher than or

equal to the saturation intensity.

129



06 12 23

[Claim 6]

An analysis method using a multi-capillary
electrophoresis apparatus configured to perform
electrophoretic analysis of A (A is an integer of 2 or
more) samples Sam(a) (a = 1, 2, ..., and A) including
C (C is an integer of 1 or more) types of fluorophores
in parallel using A capillaries Cap(a),

the multi-capillary electrophoresis apparatus
comprising:

a power supply configured to apply a voltage
across both ends of each of the A capillaries Capl(a);

A light-emitting points P (a) on the A
capillaries Cap(a), the A light-emitting points being
emission sources of fluorescences induced by
irradiating the A capillaries Cap(a) with one or more
laser beamnms;

an optical system configured to detect A x
B raw signals X(a, b) of the fluorescences of the C
types of fluorophores D(a, c¢c) (c =1, 2, ..., and C)
included in the A samples Sam(a) emitted from the A
light-emitting points P(a) in B (B is an integer of 1
or more) wavelength bands W(a, b) (b =1, 2, ..., and
B);

a computer configured to execute collective

processing of the A x B raw signals X (a, b) to output
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A x C processed signals Z(a, <c<c) corresponding to
concentrations of the C types of fluorophores D(a, c)
at the A light-emitting points; and
a display configured to display time-series

of the A x C processed signals Z(a, c),

the method comprising:

preparing one sample including a plurality of
components labeled by one type of fluorophore D{(a,
c=c0) (cO0 is a constant) of the C types of fluorophores
with different concentrations, the plurality of
components showing a plurality of different processed
signal peaks 1n the time-series of the processed
signals Z(a, c=c0);

performing the electrophoretic analysis in which
a sample Sam(a=7j) (J is a constant) injected into one
capillary Cap(a=7j) of the A capillaries Cap(a) 1is the
one sample, and no sample including any fluorophore is
injected into the other capillaries Cap(a#j) other
than the one capillary Cap(a=j); and

adjusting conditions of the multi-capillary
electrophoresis apparatus so that some intensities of
the processed signal peaks are lower than a saturation
intensity of the multi-capillary electrophoresis
apparatus and others are higher than or equal to the
saturation intensity of the multi-capillary

electrophoresis apparatus 1in a time-series of a
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processed signal Z(a=j, c¢=c0) for a 1light-emitting

point P(a=j) on the one capillary Cap(a=7j).

[Claim 7]

The analysis method according to claim 6, wherein

in the collective processing, the multi-
capillary electrophoresis apparatus 1is configured to
use a raw signal X(a#3j, b=b0) (b0 is a constant) for
a light-emitting point P(a#j) other than the one
light-emitting point P(a=j) 1in addition fto a raw
signal X (a=3j, b=b0) for the one light-emitting point

P(a=7]) .

[Claim 8]

The analysis method according to c¢laim 6 or 7,
wherein

spatial crosstalk and spectral crosstalk between
the A x C processed signals Z(a, c¢) 1is relatively
smaller than spatial crosstalk and spectral crosstalk
between the A x B raw signals X(a, b) when the
processed signal Z(a=3j, c¢=c0) is lower than the

saturation intensity.

[Claim 9]
The analysis methodaccording to any one of claims

6 to 8, wherein
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the multi-capillary electrophoresis apparatus is
configured to provide one or more crosstalk processed
signal peaks in a time-series of a processed signal
Z(a#¥3, c¢=c0) for a light-emitting point P(a#¥j) on a
capillary Cap(a#]) other +than the one capillary
Cap (a=7j), the one or more crosstalk processed signal
peaks synchronizing with a part of the processed
signal peaks 1in the time-series of the processed
signal Z(a=7j, c=cO0) for the light-emitting point
P(a=j) on the one capillary Cap(a=j), and

each intensity of the one or more crosstalk
processed signal peaks increases non-linearly with the
concentration of the corresponding component 1in the

one sample.

[Claim 10]

The analysis methodaccording to any one of claims
6 to 8, wherein

the multi-capillary electrophoresis apparatus is
configured to provide one or more crosstalk processed
signal peaks 1in a time-series of a processed signal
Z(a¥3, c¢=c0) for a light-emitting point P(a#¥j) on a
capillary Cap(a#]j) other than the one capillary
Cap (a=7j), the one or more crosstalk processed signal
peaks synchronizing with a part of the processed

signal peaks 1in the time-series of the processed
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signal Z(a=7j, c=cO0) for the light-emitting point
P(a=j) on the one capillary Cap(a=j), and

each intensity of the one or more crosstalk
processed signal peaks 1s maintained 1low when an
intensity of the corresponding processed signal peak
is lower than the saturation intensity, and increases
as a concentration of the corresponding component in
the one sample 1increases when the intensity of the
corresponding processed signal peak is higher than or

equal to the saturation intensity.

[Claim 11]

The analysis method according to any one of
claims 6 to 10, wherein

when a matrix X of (A x B) rows and 1 column
having the A x B raw signals X (a, b) as elements 1is
represented by the following Equation 1,

[Equation 1]

AL

| X(1L,B) %
X(21) |

X{A BY
a matrix Z of (A x C) rows and 1 column having

the A x C processed signals Z(a, c) as elements 1is

represented by the following Equation 2,
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[Equation 2]

2L

2016

S Ay L%

Z(2.1)

-

Z{A, Y/

.
T o=

, and

a matrix Y of (A x B) rows and (A x C) columns
having (A x B) x (A x C) elements Y(a, Db)(a, c¢) and
satisfying a relationship of X = Y x Z 1is represented
by the following Equation 3,

[Equation 3]

TEEN Mt B TN 0 I SO T T ) e R I N S
VLA YL Oy YIABWAYY - FiA BYA OV

the multi-capillary electrophoresis apparatus is
configured to obtain a general inverse matrix Y- of (A
x C) rows and (A x B) columns of the matrix Y in
advance, and the multi-capillary electrophoresis
apparatus 1s configured to execute, as the collective
processing, a calculation of Z = Y~ x X or a processing

corresponding to the calculation.

[Claim 12]

An analysis method using a multi-capillary
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electrophoresis apparatus configured to perform
electrophoretic analysis of A (A is an integer of 2 or
more) samples Sam(a) (a =1, 2, ..., and A) including
C (C is an integer of 1 or more) types of fluorophores
in parallel using A capillaries Cap(a),

the multi-capillary electrophoresis apparatus
comprising:

a power supply configured to apply a voltage
across both ends of each of the A capillaries Cap(a):

A light-emitting points P (a) on the A
capillaries Cap(a), the A light-emitting points being
emission sources of fluorescences induced by
irradiating the A capillaries Cap(a) with one or more
laser beamnms;

an optical system configured to detect A x
B raw signals X(a, b) of the fluorescences of the C
types of fluorophores D(a, c¢c) (c =1, 2, ..., and C)
included in the A samples Sam(a) emitted from the A
light-emitting points P(a) in B (B is an integer of 1
or more) wavelength bands W(a, b) (b =1, 2, ..., and
B);

a computer configured to execute collective
processing of the A x B raw signals X (a, b) to output
A x C processed signals Z(a, <c<c) corresponding to
concentrations of the C types of fluorophores D(a, <)

at the A light-emitting points P(a); and
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a display configured to display time-series

of the A x C processed signals Z(a, c¢),

the method comprising:

preparing one sample including a first component
labeled by a first type of fluorophore D of the C types
of fluorophores and a second component labeled by a
second type of fluorophore E other than the C types of
fluorophores, +the first component showing a first
processed signal peak with maximum intensity and the
second component showing a second processed signal
peak with maximum intensity in the time-series of the
A x C processed signals Z(a, c¢); and

performing the electrophoretic analysis in which
a sample Sam(a=7j) (J is a constant) injected into one
capillary Cap(a=7j) of the A capillaries Cap(a) 1is the
one sample, and no sample including any fluorophore is
injected into the other capillaries Cap(a#j) other

than the one capillary Cap(a=7j).

[Claim 13]

The analysis method according to claim 12,
wherein

in the collective processing, the multi-
capillary electrophoresis apparatus 1is configured to
use a raw signal X(a#73j, b=b0) (b0 is a constant) for

a light-emitting point P(a#j) other than the one
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light-emitting point P(a=j) 1in addition fto a raw
signal X (a=3j, b=b0) for the one light-emitting point

P(a=7]) .

[Claim 14]

The analysis method according to claim 12 or 13,
wherein

spatial crosstalk and spectral crosstalk between
the A x C processed signals Z(a, c¢) 1is relatively
smaller than spatial crosstalk and spectral crosstalk
between the A x B raw signals X {(a, b) when a
fluorescence of the second type of fluorophore E 1is
not detected in the time-series of the A x C processed

signals Z(a, c).

[Claim 15]

The analysis methodaccording to any one of claims
12 to 14, wherein

the multi-capillary electrophoresis apparatus is
configured to, in the electrophoretic analysis,
provide a first crosstalk processed signal peak with
maximum intensity and a second crosstalk processed
signal peak with maximum intensity in time-series of
the processed signal Z(a#3j, c¢) for the light-emitting
point P(a#j) on the capillary Cap(a#j) other than the

one capillary Cap(a=j), the first crosstalk processed
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signal peak and the second crosstalk processed signal
peak respectively synchronizing with the first
processed signal peak and the second processed signal
peak in the time-series of the processed signal Z(a=7j,
c) for the 1light-emitting point P(a=]j) on the one
capillary Cap(a=j); and

an intensity of the second crosstalk processed
signal peak is relatively larger than an intensity of

the first crosstalk processed signal peak.

[Claim 16]

The analysis method according to any one of
claims 12 to 15, wherein

when a matrix X of (A x B) rows and 1 column
having the A x B raw signals X (a, b) as elements 1is
represented by the following Equation 1,

[Equation 1]

(o | XLB)
K e X(g}l}

XA BY/
a matrix Z of (A x C) rows and 1 column having
the A x C processed signals Z(a, c) as elements 1is

represented by the following Equation 2,

[Equation 2]
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R
705,0)

L= 2213

4Z{A,C}/
, and
a matrix Y of (A x B) rows and (A x C) columns
having (A x B) x (A x C) elements Y(a, Db)(a, c¢) and
satisfying a relationship of X = Y x Z is represented

by the following Equation 3,

[Equation 3]

I T

S O,
e
A
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183
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the multi-capillary electrophoresis apparatus is
configured to obtain a general inverse matrix Y- of (A
x C) rows and (A x B) columns of the matrix Y in
advance, and the multi-capillary electrophoresis
apparatus is configured to execute, as the collective
processing, a calculation of Z = Y- x X or a processing

corresponding to the calculation.

140



	Page 1 - BIBLIOGRAPHY
	Page 2 - DRAWINGS
	Page 3 - DRAWINGS
	Page 4 - DRAWINGS
	Page 5 - DRAWINGS
	Page 6 - DRAWINGS
	Page 7 - DRAWINGS
	Page 8 - DRAWINGS
	Page 9 - DRAWINGS
	Page 10 - DRAWINGS
	Page 11 - DRAWINGS
	Page 12 - DRAWINGS
	Page 13 - DRAWINGS
	Page 14 - DRAWINGS
	Page 15 - DRAWINGS
	Page 16 - DRAWINGS
	Page 17 - DRAWINGS
	Page 18 - DRAWINGS
	Page 19 - DRAWINGS
	Page 20 - DRAWINGS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - DESCRIPTION
	Page 66 - DESCRIPTION
	Page 67 - DESCRIPTION
	Page 68 - DESCRIPTION
	Page 69 - DESCRIPTION
	Page 70 - DESCRIPTION
	Page 71 - DESCRIPTION
	Page 72 - DESCRIPTION
	Page 73 - DESCRIPTION
	Page 74 - DESCRIPTION
	Page 75 - DESCRIPTION
	Page 76 - DESCRIPTION
	Page 77 - DESCRIPTION
	Page 78 - DESCRIPTION
	Page 79 - DESCRIPTION
	Page 80 - DESCRIPTION
	Page 81 - DESCRIPTION
	Page 82 - DESCRIPTION
	Page 83 - DESCRIPTION
	Page 84 - DESCRIPTION
	Page 85 - DESCRIPTION
	Page 86 - DESCRIPTION
	Page 87 - DESCRIPTION
	Page 88 - DESCRIPTION
	Page 89 - DESCRIPTION
	Page 90 - DESCRIPTION
	Page 91 - DESCRIPTION
	Page 92 - DESCRIPTION
	Page 93 - DESCRIPTION
	Page 94 - DESCRIPTION
	Page 95 - DESCRIPTION
	Page 96 - DESCRIPTION
	Page 97 - DESCRIPTION
	Page 98 - DESCRIPTION
	Page 99 - DESCRIPTION
	Page 100 - DESCRIPTION
	Page 101 - DESCRIPTION
	Page 102 - DESCRIPTION
	Page 103 - DESCRIPTION
	Page 104 - DESCRIPTION
	Page 105 - DESCRIPTION
	Page 106 - DESCRIPTION
	Page 107 - DESCRIPTION
	Page 108 - DESCRIPTION
	Page 109 - DESCRIPTION
	Page 110 - DESCRIPTION
	Page 111 - DESCRIPTION
	Page 112 - DESCRIPTION
	Page 113 - DESCRIPTION
	Page 114 - DESCRIPTION
	Page 115 - DESCRIPTION
	Page 116 - DESCRIPTION
	Page 117 - DESCRIPTION
	Page 118 - DESCRIPTION
	Page 119 - DESCRIPTION
	Page 120 - DESCRIPTION
	Page 121 - DESCRIPTION
	Page 122 - DESCRIPTION
	Page 123 - DESCRIPTION
	Page 124 - DESCRIPTION
	Page 125 - DESCRIPTION
	Page 126 - DESCRIPTION
	Page 127 - DESCRIPTION
	Page 128 - DESCRIPTION
	Page 129 - DESCRIPTION
	Page 130 - DESCRIPTION
	Page 131 - DESCRIPTION
	Page 132 - DESCRIPTION
	Page 133 - DESCRIPTION
	Page 134 - DESCRIPTION
	Page 135 - DESCRIPTION
	Page 136 - DESCRIPTION
	Page 137 - DESCRIPTION
	Page 138 - DESCRIPTION
	Page 139 - DESCRIPTION
	Page 140 - DESCRIPTION
	Page 141 - DESCRIPTION
	Page 142 - DESCRIPTION
	Page 143 - DESCRIPTION
	Page 144 - DESCRIPTION
	Page 145 - DESCRIPTION
	Page 146 - DESCRIPTION
	Page 147 - DESCRIPTION
	Page 148 - DESCRIPTION
	Page 149 - DESCRIPTION
	Page 150 - DESCRIPTION
	Page 151 - DESCRIPTION
	Page 152 - DESCRIPTION
	Page 153 - DESCRIPTION
	Page 154 - DESCRIPTION
	Page 155 - DESCRIPTION
	Page 156 - DESCRIPTION
	Page 157 - DESCRIPTION
	Page 158 - DESCRIPTION
	Page 159 - DESCRIPTION
	Page 160 - CLAIMS
	Page 161 - CLAIMS
	Page 162 - CLAIMS
	Page 163 - CLAIMS
	Page 164 - CLAIMS
	Page 165 - CLAIMS
	Page 166 - CLAIMS
	Page 167 - CLAIMS
	Page 168 - CLAIMS
	Page 169 - CLAIMS
	Page 170 - CLAIMS
	Page 171 - CLAIMS
	Page 172 - CLAIMS
	Page 173 - CLAIMS
	Page 174 - CLAIMS

