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(54) BIOLOGICAL RHYTHM PREDICTION METHOD

(57) There is provided a method that achieves the
prediction of a biological rhythm with high precision while
minimizing the number of times a biological specimen is
collected from a subject.

There is provided a method for predicting a biological
rhythm of a subject on the basis of time series expression
level data obtained by measuring expression levels of
two clock genes in biological specimens collected from

the subject three times within 24 hours, the clock genes
having different phases of circadian cycles of a change
in expression levels. In this method for predicting a bio-
logical rhythm, a biological rhythm can be predicted with
particularly high precision by collecting a biological spec-
imen from a subject three times within 24 hours at eight-
hour intervals.
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Description

Technical Field

[0001] The present invention relates to a method for predicting a biological rhythm of a subject. More specifically, the
present invention relates to a method for predicting a biological rhythm by collecting biological specimens from a subject
only three times within 24 hours.

Background Art

[0002] It is known that various biological phenomena of living individuals show a "periodical rhythm" that autonomously
oscillates. This periodical rhythm is called a "biological rhythm". In particular, it is known that a "circadian rhythm" whose
period is about one day widely controls biological phenomena such as a sleep/wake cycle, body temperature, blood
pressure, and a diurnal variation in hormone secretion. Furthermore, a circadian rhythm is involved in the activity of mind
and body, athletic ability, and the sensitivity to drugs.
[0003] A biological rhythm is controlled by a gene cluster called "clock genes". Clock genes function as an "internal
clock" by autonomously causing the expression, activity, localization, or the like of the clock genes to periodically vary
(oscillate).
[0004] It is obvious that the gene polymorphism and gene mutation of clock genes are the cause of the onset of cancer,
diabetes, vascular diseases, neurodegenerative diseases, and the like. Furthermore, it has been pointed out recently
that the gene polymorphism and mutation of clock genes are involved in the onset of mental diseases such as bipolar
disorder and melancholia.
[0005] On the other hand, a biological rhythm is not only autonomously controlled by an internal clock, but also restricted
by life in society. For example, in the sleep/wake cycle, there may be a difference in rhythm (phase difference) between
"retiring/rising cycle in actual life" and "sleep/wake cycle caused by an internal clock" due to the change in the regular
bedtime and hour of rising.
[0006] It is believed that the difference in biological rhythm causes so-called "jet lag" and a sleep disorder and fur-
thermore the above-described mental diseases. To cure such diseases, an attempt to reset an abnormal internal clock
through irradiation with light has started.
[0007] In addition, an attempt to maximize the effect of medication using a biological rhythm has started. It is believed
that the effect of medication also diurnally varies due to the expression level of a molecule (drug-targeting molecule)
targeted by a drug and the circadian rhythm of the activity of an enzyme (drug-metabolizing enzyme) that metabolizes
a drug. Thus, there has been proposed a concept of "time medical care" that attempts to maximize a curative effect by
setting administration time appropriate for each drug.
[0008] Moreover, in more familiar cases, by utilizing the circadian rhythm of the activity of mind and body and athletic
ability, the activity time that maximizes one’s ability in learning and training and the ingestion time that does not easily
cause a gain in weight (or easily causes a gain in weight) have started to be examined.
[0009] In view of the foregoing, it is believed that precise evaluation of a biological rhythm is significantly beneficial
for improving poor physical condition such as jet lag, preventing various diseases, achieving time medical care, exhibiting
one’s ability, and losing weight.
[0010] PTL 1 discloses a method for estimating an internal body time on the basis of the measurement data of gene
expression product level of a standard specimen collected from a living individual. In this method for estimating an
internal body time, a molecular clock table for estimating an internal body time is prepared on the basis of the expression
level of gene expression product level (i.e., mRNA).

Citation List

[0011] PTL 1: International Publication No. 2004/012128

Summary of Invention

[0012] PTL 1 does not disclose a specific target gene for measurement. Biological rhythms have been conventionally
estimated using a clock gene as a measurement target on the basis of a change in the expression level of the clock
gene over time.
[0013] However, for the measurement of the change in the expression level of a clock gene over time, a biological
specimen needed to be continuously collected from a subject. That is, for the estimation of a biological rhythm with high
precision, a biological specimen needed to be collected from a subject for 24 hours at intervals of every several hours
to obtain time series data of clock gene expression levels.
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[0014] It is a heavy burden on a subject (subject individual) to collect a biological specimen several times a day in
such a manner. Furthermore, a subject was sometimes caused to wake up at midnight to collect a biological specimen.
This affected the sleep/wake cycle of the subject, which might change the biological rhythm itself.
[0015] It is believed to be important to reduce the burden on a subject imposed when a biological specimen is collected,
in order to widely spread the valuation of a biological rhythm for the purpose of, for example, improving poor physical
condition such as jet lag and preventing various diseases.
[0016] Accordingly, a main object of the present invention is to provide a method that achieves the prediction of a
biological rhythm with high precision while minimizing the number of times a biological specimen is collected from a
subject.
[0017] To achieve the above-described object, the present invention provides a method for predicting a biological
rhythm of a subject on the basis of time series expression level data obtained by measuring expression levels of two
clock genes in biological specimens collected from the subject three times within 24 hours, the clock genes having
different phases of circadian cycles of a change in expression levels.
[0018] More specifically, the method for predicting a biological rhythm includes:

(1) a step of collecting a biological specimen from a subject three times within 24 hours;
(2) a step of measuring expression levels of two clock genes in the biological specimen, the two clock genes having
different phases of circadian cycles of a change in expression levels; and
(3) a step of calculating the circadian cycles from time series expression level data obtained through the steps (1)
and (2).

[0019] By measuring the two clock genes having different phases of circadian cycles of a change in expression levels,
the number of times the biological specimen is collected from the subject can be set to be only three within 24 hours.
[0020] In the step (3) of this method for predicting a biological rhythm, the circadian cycles are calculated from the
time series expression level data using formulas (I) and (II) below. 

 (In the formula (I), Ea(t), Aa, ω, and Ca are an expression level, an amplitude, an initial phase, and an offset value of
one of the clock genes at a time t. Moreover, in the formula (II), Eb(t), Ab, and Cb are an expression level, an amplitude,
and an offset value of the other of the clock genes at a time t. Furthermore, θ is a phase difference between the two
clock genes.)
[0021] This method for predicting a biological rhythm preferably includes calculating model data from a cosine curve
obtained by performing cosine fitting on time series expression level data, the model data showing a change in expression
level every hour; calculating three-point sampling data from three arbitrary points of time and expression levels at those
points of time extracted from the model data, and the formulas (I) and (II) above; calculating a time difference in time at
which the expression levels are maximized between the model data and the three-point sampling data; and calculating
three points of time at which an average of the time difference is less than 0.6 and a standard error of the time difference
is less than 0.4, and collecting a biological specimen three times within 24 hours at those three points of time as collecting
times. In particular, a biological rhythm can be predicted with high precision by collecting a biological specimen from a
subject three times within 24 hours at eight-hour intervals.
[0022] In this method for predicting a biological rhythm, the clock genes can be a Per3 gene and an Nrld2 gene.
[0023] In general, the "phase" means a quantity that characterizes, in one period, the positions and states of points
such as peaks and troughs in a periodic change. The circadian cycle of a change in the expression level of a clock gene
can be substantially observed as a cosine wave function represented by formula (III) below. Herein, in the formula, E(t)
is an expression level of the clock gene at a time t, A is an amplitude of the expression level, and C is an offset value. 
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[0024] In the present invention, the "phase" is given by the inside of the cosine in the formula (III) and specifically
indicates "2π(t + ω)/24" in the formula (III). In addition, the "initial phase" is "ω" that determines the phase at a time of t
= 0. Furthermore, the "phase difference" is a difference in initial phase ω between clock genes.
[0025] According to the present invention, there is provided a method that achieves the prediction of a biological
rhythm with high precision while minimizing the number of times a biological specimen is collected from a subject.

Brief Description of Drawings

[0026]

[Fig. 1] Fig. 1 is a diagram obtained by plotting the times at which expression levels are maximized in the circadian
cycles of a change in expression levels of a Per3 gene and an Nrld2 gene (Example 1). The X-axis (horizontal axis)
shows a time at which the expression level of the Per3 gene is maximized and the Y-axis (vertical axis) shows a
time at which the expression level of the Nrld2 gene is maximized. In the drawing, the dotted line indicates a plot
position in the case where the time difference (phase difference) between the times is 2 hours.
[Fig. 2] Fig. 2 is a diagram obtained by plotting the time differences in time at which the expression levels are
maximized between model data and the circadian cycles calculated at time intervals at which sampling is performed
three times (Example 2). In the drawing, the X-axis (horizontal axis) shows the standard error of the time differences
at the sampling time intervals and the Y-axis (vertical axis) shows the average.
[Fig. 3] Fig. 3 is a diagram showing the circadian cycle of a change in the expression level of the Per3 calculated
by performing all patterns of three-point sampling of the time interval "8:08" (A) or the time interval "9:15" (B) from
the model data (Example 2). In the drawing, the symbol 1 denotes a circadian cycle of the Per3 of the model data
and the symbol 2 denotes a circadian cycle of the Nrld2 of the model data. Furthermore, the symbol 3 denotes a
circadian cycle of the Per3 of the three-point sampling data and the symbol 4 denotes a circadian cycle of the Nrld2
of the three-point sampling data.
[Fig. 4] Fig. 4 is a diagram showing the circadian cycles of a change in the expression levels of the Per3 gene and
the Nrld2 gene calculated by performing three-point sampling at eight-hour intervals (Example 3). In the drawing,
the symbols a1, b1, and c1 respectively denote the circadian cycles of the Per3 gene in three-point sampling patterns
a, b, and c, and the symbols a2, b2, and c2 respectively denote the circadian cycles of the Nrld2 gene in three-point
sampling patterns a, b, and c. Furthermore, the symbols d1 and d2 denote the circadian cycles of the Per3 gene
and the Nrld2 obtained through seven-point sampling.

Best Mode for Carrying Out the Invention

1. Method for predicting biological rhythm

[0027] The inventors of the present invention have considered that the number of times a biological specimen is
collected from a subject can be reduced by predicting a biological rhythm using the difference in the cycle of a change
in expression levels between a plurality of clock genes, and have examined the consideration. Then, the inventors have
found that, by measuring two clock genes having different phases of circadian cycles of a change in expression levels,
a biological rhythm can be predicted with high precision through only three times of collections of a biological specimen
from the subject within 24 hours. That is, in the method for predicting a biological rhythm according to the present
invention, the expression levels of two clock genes having different phases of circadian cycles of a change in expression
levels are measured for biological specimens collected from a subject three times within 24 hours, and the biological
rhythm of the subject is predicted on the basis of the obtained time series expression level data.
[0028] When two clock genes a and b have different phases of circadian cycles of a change in expression levels and
the phase difference is assumed to be "θ", the circadian cycles of the change in the expression levels of the clock genes
can be modeled using cosine curve formulas (I) and (II) below. 
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[0029] Herein, in the formula (I), Ea(t), Aa, ω, and Ca are an expression level, an amplitude, an initial phase, and an
offset value of the clock gene a at a time t. Furthermore, in the formula (II), Eb(t), Ab, and Cb are an expression level,
an amplitude, and an offset value of the clock gene b at a time t.
[0030] In the case where the phase difference θ between the clock genes a and b is known, the cosine curve formulas
(I) and (II) are formulas including five unknown constants (ω, Aa, Ab, Ca, and Cb). By measuring the expression levels
Ea(t) and Eb(t) of the clock genes a and b in a biological specimen collected from a subject at a time t, two equations
can be obtained from the cosine curve formulas (I) and (II). Therefore, with this model, when six equations are obtained
from the cosine curve formulas (I) and (II) by collecting (sampling) biological specimens at three different times t, the
circadian cycles of the change in the expression levels of the clock genes a and b can be calculated.
[0031] Mathematically, five equations are required to find five unknowns. Herein, by modeling the circadian cycles of
a change in the expression levels of clock genes a and b having a known phase difference θ therebetween using the
cosine curve formulas (I) and (II) above, five unknowns are calculated based on six equations. That is, by assuming the
phase difference θ between the clock genes a and b to be a constraint, unknowns ω, Aa, Ab, Ca, and Cb can be calculated
more accurately. Thus, the circadian cycle of a clock gene expression level, which is a biological phenomenon that is
normally difficult to perform accurate evaluation, can be calculated with high precision.
[0032] More specifically, the method for predicting a biological rhythm includes (1) a step of collecting a biological
specimen from a subject three times within 24 hours; (2) a step of measuring expression levels of two clock genes in
the biological specimen, the two clock genes having different phases of circadian cycles of a change in expression levels;
and (3) a step of calculating the circadian cycles of the change in the expression levels of the clock genes from time
series expression level data obtained through these steps.
[0033] In the method for predicting a biological rhythm according to the present invention, examples of the target
subject widely includes laboratory animals such as mice, rats, and monkeys in addition to humans.

2. Collection of biological specimen

[0034] The biological specimen collected from a subject is not particularly limited as long as the biological specimen
is a biological tissue containing a gene expression product (mRNA) of a clock gene. In terms of ease of collection, the
biological tissue can be preferably collected from a body surface such as a hair, an oral mucous membrane, or a skin.
[0035] A hair can be sampled by evulsion. The root of the evulsed hair includes hair follicle cells, and clock gene
mRNA in the cells can be measured. Herein, the "hair follicle cells" are a group of cells that form inner root sheath, outer
root sheath, and papilla that adhere to the root of evulsed body hairs.
[0036] For example, in the case where humans are targeted, the sampling site of hairs is not particularly limited, and
head hairs, beards, hairs of arms or legs, or the like can be used. To suppress the variation in the measurement, the
collection is preferably performed at the sites close to each other every time.
[0037] In the case of humans, the approximate number of hairs sampled each time is 5 to 10 for head hairs, 3 to 5 for
beards, and 10 to 20 for hairs of arms. By using the number of hairs that is more than or equal to the above-described
number of hairs, a sufficient amount of mRNA required to quantitatively determine the expression levels of the clock
genes can be extracted.
[0038] The oral mucous membrane can be sampled by being scraped off from the surface of the oral mucous membrane
using, for example, a brush or a spatula. Thus, clock gene mRNA in the scraped oral mucous membrane cell can be
measured.
[0039] The sampling site of the oral mucous membrane is suitably a mucous membrane located at the inner lining of
the cheek. To suppress the variation in the measurement, the oral mucous membrane is preferably collected from
mucous membranes of both left and right sides.
[0040] The inventors of the present invention have examined the time interval between times of the sampling performed
three times to achieve highly precise prediction of a biological rhythm. As a result, they have found that high precision
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can be achieved by collecting a biological specimen from a subject three times within 24 hours at eight-hour intervals
(refer to Example 2).
[0041] In other words, in the method for predicting a biological rhythm according to the present invention, a biological
rhythm can be predicted with the highest precision by performing sampling three times so that the time interval between
the first and second sampling times and the time interval between the second and third sampling times are both eight hours.

3. Measurement of expression level

[0042] The expression level of a clock gene in a biological specimen can be measured by a publicly known method.
For example, RNA is extracted from a biological specimen using a commercially available RNA extraction kit, and cDNA
is synthesized through a reverse transcription reaction that uses the extracted RNA as a template. Then, an expression
level is quantitatively determined using the cDNA by a comprehensive analytical method such as DNA microarray (DNA
chip) or an individual analytical method such as real time PCR.
[0043] The clock genes to be measured may be a group of clock genes that have been identified so far. Representative
examples of the clock genes include Per3 gene (NCBI Accession No. NM_016831), Per2 gene (NM_022817), Bmal1
gene (NM_001030272), Npas2 gene (NM_002518), Nrld2 gene (NM_021724), Nrld2 gene (NM_005126), Dbp gene
(NM_001352), and Cryl gene (NM_004075).
[0044] In the method for predicting a biological rhythm according to the present invention, the expression levels of
two genes among these clock genes are measured to obtain time series expression level data, the two genes having
different phases of diurnal variations of a change in expression levels.
[0045] Herein, in the case where organisms other than humans are targeted, the expression levels of homologues
(homologous genes) of the above-described human clock genes in the organisms targeted are measured.
[0046] A combination of two clock genes can be freely selected as long as they have different phases of diurnal
variations of a change in expression levels. The phases of diurnal variations of a change in the expression levels of two
clock genes freely selected can be determined, for example, by the method described in Example 1 below.
[0047] The Per3 gene and the Nrld2 gene can be used as the preferable combination of two clock genes. The Per3
gene and the Nrld2 gene are stably expressed in a biological specimen and have large diurnal variations (amplitudes)
in expression levels. Therefore, a biological rhythm can be accurately predicted by calculating the circadian cycles of a
change in the expression levels of the Per3 gene and the Nrld2 gene from these time series expression level data.

4. Calculation of circadian cycle

[0048] The circadian cycles of a change in the expression levels of clock genes are calculated using formulas (I) and
(II) below from the time series expression level data that shows the change in gene expression levels over time. 

[0049] Herein, in the formula (I), Ea(t), Aa, ω, and Ca are an expression level, an amplitude, an initial phase, and an
offset value of the clock gene a at a time t. Furthermore, in the formula (II), Eb(t), Ab, and Cb are an expression level,
an amplitude, and an offset value of the clock gene b at a time t. Furthermore, θ is a phase difference between the two
clock genes.
[0050] Six equations can be obtained using the formulas (I) and (II) above from the time series expression level data
of the two clock genes obtained by performing sampling three times. From these six equations, five unknowns ω, Aa,
Ab, Ca, and Cb are obtained by a conjugate gradient method or the like. Thus, the circadian cycles of a change in the
expression levels of clock genes can be calculated, the circadian cycles reflecting the biological rhythm of a subject.
[0051] As described above, in the method for predicting a biological rhythm according to the present invention, the
expression levels of two clock genes having different phases of circadian cycles of a change in expression levels are
measured through three-point sampling, whereby the circadian cycles of a change in expression levels are calculated
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with high precision and thus the biological rhythm of a subject can be predicted.
[0052] By setting the number of times a biological specimen is collected from a subject to be only three within 24
hours, the burden on the subject imposed when the biological specimen is collected can be reduced. Moreover, by
performing three-point sampling at eight-hour intervals, the biological specimen can be collected only in a time period
when the subject is awake. Therefore, the biological rhythm can be accurately predicted without affecting the sleep/
wake cycle of the subject.

[Example 1]

1. Determination of phase difference between Per3 gene and Nrld2 gene

[0053] In this Example, Per3 gene (hereinafter, simply referred to as "Per3") and Nrld2 gene (hereinafter, referred to
as "Nrld2") were selected as two clock genes having different phases of circadian cycles of a change in expression
levels, and the phase difference between the circadian cycles of a change in the expression levels of the genes was
determined.
[0054] Head hairs were collected from 15 males and females who were 20 to 50 years old. The root of hairs including
hair follicle cells attached thereto were quickly immersed in a cell lysis buffer (RNeasy Microkit: QIAGEN) to prepare a
cell lysis solution. The hairs were collected at intervals of 3 to 4 hours, and 5 to 20 hairs were collected at each collecting
time.
[0055] Total RNA was extracted from the cell lysis solution stored at -70°C in accordance with the protocol included
with the cell lysis buffer and a reverse transcription reaction was performed. Real time PCR was performed using the
reverse transcription product in an amount of one twentieth of the product to quantitatively determine the expression
levels of the Per3 and the Nrld2. The real time PCR was performed with PRISM 7300 (ABI) using SYBR Green (ABI)
or TaqMan MGB probe (ABI). The expression levels of the Per3 and the Nrld2 were corrected based on the expression
level of 18S-rRNA, which was the internal standard, to obtain time series expression level data.
[0056] Cosine fitting of cosine curve formula (IV) below having a period of 24 hours was performed on the obtained
time series expression level data by a nonlinear least squares method to obtain the phase difference between the
circadian cycles of a change in the expression levels of the Per3 and the Nrld2. 

(In the formula, E(t) is an expression level at a time t, A is an amplitude of the expression level, ω is an initial phase, and
C is an offset value.)
[0057] Fig. 1 shows the results. The drawing is obtained by plotting the times t at which the expression level E(t) was
maximized in the cosine curve formula (IV) after cosine fitting was conducted. The time t at which the expression level
E(t) of the Per3 was maximized is plotted on the X-axis and the time t at which the expression level E(t) of the Nrld2
was maximized is plotted on the Y-axis.
[0058] As shown in Fig. 1, regarding the 15 subjects, the time t at which the expression level E(t) of the Per3 was
maximized was widely spread from 0 to 12. Similarly, the time t at which the expression level E(t) of the Nrld2 was
maximized was widely spread from 0 to 12.
[0059] However, the time difference (phase difference) between the time t at which the expression level E(t) of the
Per3 was maximized and the time t at which the expression level E(t) of the Nrld2 was maximized was approximately
2 hours for each of the subjects. In Fig. 1, the dotted line indicates a plot position in the case where the phase difference
between the Per3 and the Nrld2 is 2 hours.
[0060] The average and standard deviation of the phase difference between the Per3 and the Nrld2 obtained from
the 15 subjects were 2.3 and 0.8, respectively. With this phase difference (hereinafter, referred to as "phase difference
θ"), the circadian cycles of a change in the expression levels of the Per3 and the Nrld2 were modeled using cosine curve
formulas (V) and (VI) below, respectively. 
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(In the formula, Eper3(t) is a Per3 expression level at a time t, Aper3 is an amplitude of the expression level, ω is an
initial phase of the Per3, and Cper3 is an offset value.)

(In the formula, Enrld2(t) is an Nrld2 expression level at a time t, Anrld2 is an amplitude of the expression level, θ is a
phase difference between the circadian cycles of a change in the expression levels of the Per3 and Nrld2, and Cnrld2
is an offset value.)

[Example 2]

2. Examination of sampling time interval

[0061] When the cosine curve formulas (V) and (VI) above are used, the circadian cycle of a change in the expression
level of the Per3 or the Nrld2 can be calculated by performing sampling at least three times and thus the biological
rhythm of a subject can be estimated. Thus, in this Example, the time interval between times of the sampling performed
three times was determined so that a biological rhythm can be estimated with the highest precision. Assuming that the
sampling was performed three times within 24 hours, all the conceivable sampling time intervals (276 patterns) were
examined.
[0062] First, the hourly changes in the expression levels of the two genes were calculated from the cosine curve
formula (IV) obtained in Example 1 by performing cosine fitting on the time series expression level data of the Per3 and
the Nrld2. Then, three arbitrary points of time t and expression levels V(t) at those points of time were extracted as three-
point sampling data from the calculated model data that shows the hourly changes in the expression levels.
[0063] These three arbitrary points of time t and the expression levels v(t) at those points of time were substituted into
the formulas (V) and (VI), and the amplitudes Aper3 and Anrld2 of the expression levels, the initial phase ω of the Per3,
and the offset values Cper3 and Cnrld2 were obtained by a conjugate gradient method.
[0064] The conjugate gradient method was performed through the process below. That is, first, the sum of squares d
of the expression levels v(t) substituted into the formulas (V) and (VI) and the expression levels E(t) of the model data
that shows the hourly changes in the expression levels was defined as a distance between the three-point sampling
data and the model data using formula (VII) below. 

[0065] Then, the amplitudes Aper3 and Anrld2, the initial phase ω, and the offset values Cper3 and Cnrld that minimize
the distance d were obtained by the conjugate gradient method. Note that, in the case where a nonlinear least squares
method was employed, these unknown constants could not be obtained because the distance d did not converge to a
minimum value.
[0066] Herein, when the conjugate gradient method is employed, the initial values of the unknown constants significantly
affect constants to be obtained. Thus, if appropriate initial values are not set, the distance d converges to a local extreme
and thus proper circadian cycles cannot be obtained.
[0067] Therefore, in this case, the average of the amplitude A of the model data that shows the hourly changes in the
expression levels was set as appropriate initial values of the amplitudes Aper3 and Anrld2. Moreover, the average of
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the three-point sampling data was set as initial values of the offset values Cper3 and Cnrld2. Note that, regarding the
amplitude A of the model data, the amplitude Aper3 of the Per3 was 0.8014513 and the amplitude Anrld2 of the Nrld2
was 0.6402411.
[0068] Furthermore, the initial phase ω of the Per3 was limited to an integer of 0 to 23 to ease the operational analysis.
Then, the initial phase ω that can provide the minimum distance d was obtained by giving an integer of 0 to 23 as an
initial value one by one and applying the conjugate gradient method.
[0069] As described above, there was obtained the time difference between the time t at which the expression level
v(t) was maximized in the formula (V) in which the amplitude Aper3 of the expression level, the initial phase ω of the
Per3, and the offset value Cper3 were determined and the time at which the expression level v(t) was maximized in the
model data. Then, the time interval between the sampling times was examined so that the time difference was minimized.
[0070] All the hourly times from 0 to 23 were set as the first sampling times. Then, the combinations (276 patterns) of
the time intervals between the three sampling times were examined so that the second sampling and the third sampling
were completed within 24 hours from the first sampling. Regarding the combinations of all the time intervals, the average
and standard error of the time difference were obtained. The standard error indicates how much the circadian cycle
calculated at the sampling time interval depends on the first sampling time. Furthermore, the average indicates the
precision of the calculated circadian cycle. Thus, it can be said that the calculated circadian cycle becomes more accurate
as the standard error and average are decreased.
[0071] "Table 1" to "Table 5" show the average and standard error obtained regarding the combinations of all the time
intervals. The combinations of the time intervals are listed in "Table 1" to "Table 5" in the order of time intervals having
a lower standard error and average. The time interval is shown by combining the time interval between the first and
second sampling times with the time interval between the second and third sampling times. For example, "13:06" in the
drawing indicates that the time interval between the first and second sampling times is 13 hours and the time interval
between the second and third sampling times is 6 hours.

[Table 1]

Time 
interval

Standard 
error

Average
Time 

interval
Standard 

error
Average

Time 
interval

Standard 
error

Average

8:08 0.000 0.127 5:10 0.045 0.130 13:05 0.057 0.134

7:09 0.017 0.129 9:10 0.045 0.130 5:06 0.057 0.134

9:08 0.017 0.129 10:05 0.045 0.128 4:10 0.062 0.131

8:07 0.017 0.129 5:09 0.045 0.128 10:10 0.062 0.132

9:07 0.017 0.127 10:09 0.045 0.130 10:04 0.062 0.131

7:08 0.017 0.127 9:05 0.045 0.129 9:04 0.062 0.131

8:09 0.017 0.127 6:12 0.046 0.129 4:11 0.062 0.131

7:07 0.026 0.129 6:06 0.046 0.129 11:09 0.062 0.132

7:10 0.026 0.129 12:06 0.046 0.129 4:09 0.063 0.132

10:07 0.026 0.129 5:11 0.047 0.129 9:11 0.063 0.131

9:06 0.030 0.128 11:08 0.047 0.128 11:04 0.063 0.133

6:09 0.030 0.129 8:05 0.047 0.128 12:08 0.064 0.134

9:09 0.030 0.127 11:05 0.048 0.128 4:12 0.064 0.132

6:08 0.032 0.127 8:11 0.048 0.129 8:04 0.065 0.133

10:06 0.032 0.127 5:08 0.048 0.130 8:12 0.065 0.133

8:10 0.032 0.127 7:12 0.051 0.131 4:08 0.065 0.132

8:06 0.032 0.127 12:05 0.051 0.130 12:04 0.065 0.132

6:10 0.032 0.127 5:07 0.051 0.131 5:05 0.066 0.132

10:08 0.032 0.128 5:12 0.051 0.131 14:05 0.066 0.133

11:07 0.037 0.129 12:07 0.051 0.130 5:14 0.066 0.133

6:11 0.037 0.129 7:05 0.051 0.130 13:04 0.067 0.134
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(continued)

Time 
interval

Standard 
error

Average
Time 

interval
Standard 

error
Average

Time 
interval

Standard 
error

Average

7:06 0.038 0.129 5:13 0.057 0.131 7:13 0.067 0.133

11:06 0.038 0.129 13:06 0.057 0.130 4:07 0.067 0.132

7:11 0.038 0.129 6:05 0.057 0.131 4:13 0.068 0.133

6:07 0.038 0.129 6:13 0.057 0.134 7:04 0.068 0.132

[Table 2]

Time 
interval

Standard 
error

Average
Time 

interval
Standard 

error
Average

Time 
interval

Standard 
error

Average

13:07 0.068 0.133 13:03 0.084 0.136 16:03 0.094 0.141

6:14 0.071 0.133 8:13 0.084 0.135 5:16 0.094 0.142

14:04 0.071 0.133 3:08 0.084 0.135 3:16 0.097 0.142

4:06 0.071 0.133 13:08 0.084 0.135 16:05 0.098 0.139

6:04 0.072 0.133 3:13 0.085 0.137 5:03 0.098 0.139

4:14 0.072 0.133 8:03 0.085 0.137 4:17 0.100 0.139

14:06 0.072 0.133 7:14 0.085 0.137 3:04 0.100 0.143

4:05 0.077 0.134 14:03 0.085 0.139 17:03 0.100 0.143

5:15 0.077 0.134 3:07 0.085 0.139 3:03 0.105 0.146

15:04 0.077 0.134 3:14 0.086 0.139 18:03 0.105 0.146

5:04 0.077 0.134 14:07 0.086 0.136 3:18 0.105 0.145

15:05 0.077 0.136 7:03 0.086 0.136 17:05 0.106 0.142

4:15 0.077 0.135 4:16 0.087 0.136 16:06 0.106 0.143

10:11 0.082 0.135 4:04 0.087 0.137 6:02 0.106 0.143

3:10 0.082 0.135 16:04 0.087 0.137 2:16 0.107 0.145

11:03 0.082 0.135 3:15 0.088 0.137 5:02 0.107 0.144

3:11 0.083 0.137 15:06 0.088 0.137 2:17 0.107 0.145

11:10 0.083 0.135 6:03 0.088 0.137 4:02 0.108 0.140

10:03 0.083 0.136 6:15 0.089 0.138 2:18 0.108 0.140

9:12 0.083 0.135 15:03 0.089 0.136 2:01 0.108 0.141

3:09 0.083 0.137 3:06 0.089 0.140 18:04 0.109 0.142

12:03 0.083 0.137 17:04 0.091 0.139 1:20 0.109 0.143

12:09 0.084 0.138 4:03 0.092 0.136 3:01 0.109 0.143

3:12 0.084 0.136 3:17 0.092 0.136 20:03 0.110 0.143

9:03 0.084 0.136 3:05 0.094 0.141 2:03 0.110 0.143
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[Table 3]

Time 
interval

Standard 
error

Average
Time 

interval
Standard 

error
Average

Time 
interval

Standard 
error

Average

3:19 0.110 0.143 20:02 0.136 0.165 1:14 0.160 0.167

19:02 0.111 0.142 8:02 0.136 0.171 15:02 0.160 0.170

2:04 0.111 0.143 2:05 0.136 0.170 7:15 0.162 0.170

18:02 0.111 0.143 10:12 0.138 0.171 2:07 0.162 0.169

4:18 0.112 0.143 2:10 0.139 0.167 21:02 0.162 0.166

18:05 0.113 0.141 12:02 0.139 0.168 22:01 0.165 0.166

1:18 0.113 0.141 7:02 0.140 0.162 15:08 0.165 0.162

5:01 0.114 0.141 2:15 0.141 0.166 1:15 0.165 0.163

2:19 0.114 0.142 15:07 0.142 0.168 8:01 0.170 0.176

3:02 0.114 0.142 7:01 0.144 0.170 6:17 0.171 0.179

19:03 0.116 0.144 16:07 0.144 0.165 1:06 0.171 0.181

2:11 0.116 0.146 1:16 0.145 0.167 17:01 0.172 0.175

11:02 0.116 0.146 2:12 0.147 0.168 21:01 0.173 0.182

11:11 0.118 0.145 12:10 0.148 0.168 8:15 0.173 0.179

1:21 0.118 0.144 10:02 0.148 0.166 15:01 0.176 0.175

16:02 0.119 0.147 2:14 0.151 0.174 1:08 0.177 0.169

2:06 0.122 0.148 14:08 0.151 0.175 6:01 0.177 0.170

6:16 0.122 0.148 13:09 0.151 0.176 17:06 0.179 0.175

17:02 0.122 0.145 2:13 0.153 0.167 1:17 0.180 0.179

5:17 0.126 0.146 9:13 0.154 0.165 1:22 0.180 0.181

2:20 0.126 0.146 2:09 0.154 0.166 1:01 0.183 0.176

14:02 0.127 0.147 13:02 0.157 0.175 20:01 0.183 0.172

2:08 0.130 0.151 9:02 0.157 0.176 3:20 0.184 0.172

8:14 0.130 0.152 9:01 0.157 0.171 1:03 0.187 0.172

2:02 0.130 0.152 14:09 0.160 0.166 18:01 0.188 0.179

[Table 4]

Time interval Standard error Average Time interval Standard error Average

1:05 0.188 0.178 1:02 0.209 0.187

5:18 0.191 0.176 1:19 0.210 0.189

19:01 0.191 0.173 19:04 0.213 0.184

4:19 0.192 0.171 4:01 0.213 0.185

1:13 0.195 0.188 1:04 0.215 0.179

10:01 0.195 0.186 13:01 0.288 0.328

2:21 0.196 0.194 1:10 0.289 0.327

13:10 0.199 0.176 10:13 0.290 0.331

1:09 0.200 0.175 1:12 0.321 0.445
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[0072] Moreover, Fig. 2 is a diagram in which each of the combinations of the time intervals is plotted by taking the
standard error on the X-axis and the average on the Y-axis.
[0073] As shown in "Table 1" to "Table 5" and Fig. 2, the standard error and average were minimized in the time
interval "8:08". As is clear from this, the circadian cycle can be calculated with the highest precision by performing
sampling three times so that the time interval between the first and second sampling times and the time interval between
the second and third sampling times are both eight hours.
[0074] In addition, the standard error and average are sufficiently low in the combinations of the time intervals shown
in "Table 1" to "Table 4". It is considered that, by employing these sampling time intervals, accurate circadian cycles

(continued)

Time interval Standard error Average Time interval Standard error Average

14:01 0.200 0.172 11:01 0.322 0.444

9:14 0.203 0.179 12:11 0.323 0.443

16:01 0.203 0.180 1:11 0.355 0.515

1:07 0.204 0.180 12:01 0.355 0.516

7:16 0.208 0.181 11:12 0.356 0.514

[Table 5]

Time interval Standard error Average

9:15 3.27 12.78

8:16 3.47 14.57

23:01 3.55 15.25

16:08 3.64 15.82

2:22 3.75 17.57

22:02 3.82 17.96

1:23 3.87 18.17

6:18 3.92 18.96

14:10 3.98 19.57

20:04 4.03 20.02

12:12 4.08 21.25

11:13 4.15 21.23

3:21 4.20 22.66

21:03 4.26 22.89

19:05 4.31 23.21

13:11 4.38 24.09

15:09 4.48 25.25

7:17 4.57 26.00

17:07 4.65 26.59

5:19 4.77 30.21

4:20 4.87 29.47

10:14 5.08 32.81

18:06 5.40 38.23
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can be calculated. On the other hand, it is found that the combinations of the time intervals shown in "Table 5" are
unsuitable because the standard error and average are high.
[0075] Fig. 3 shows the circadian cycle of a change in the expression level of the Per3 calculated by performing all
patterns of the three-point sampling of the time interval "8:08" (A) or the time interval "9:15" (B) from the model data. In
the drawing, the symbol 1 denotes a circadian cycle of the Per3 of the model data and the symbol 2 denotes a circadian
cycle of the Nrld2 of the model data. Furthermore, the symbol 3 denotes a circadian cycle of the Per3 of the three-point
sampling data and the symbol 4 denotes a circadian cycle of the Nrld2 of the three-point sampling data.
[0076] As shown in Fig. 3(A), in the case where the time interval between the first and second sampling times and
the time interval between the second and third sampling times are both eight hours, the circadian cycles of the Per3 and
the Nrld2 between the model data and the three-point sampling data agree with each other well, which means the
circadian cycles can be calculated with high precision.
[0077] On the other hand, as is clear from Fig. 3(B), in the case where the time interval between the first and second
sampling times is nine hours and the time interval between the second and third sampling times is fifteen hours, the
circadian cycles of the Per3 and the Nrld2 between the model data and the three-point sampling data do not agree with
each other, which means the circadian cycles cannot be calculated.

[Example 3]

3. Estimation of biological rhythm through three-point sampling

[0078] It was found from the results in Example 2 that the circadian cycle could be calculated with the highest precision
by performing sampling three times at eight-hour intervals. Thus, a biological rhythm was attempted to be predicted by
actually performing three-point sampling at eight-hour intervals. The three-point sampling was performed using three
patterns shown in "Table 6" below.

[0079] In three-point samplings a to c, the expression levels of the Per3 and the Nrld2 at each of the times were
quantitatively determined by the method described in Example 1. Then, by the same method as described in Example
2, the three points of time t and the expression levels E(t) at those points of time were substituted into the formulas (V)
and (VI), and the amplitudes Aper3 and Anrld2 of the expression levels, the initial phase ω of the Per3, and the offset
values Cper3 and Cnrld2 were obtained by a conjugate gradient method. Thus, the circadian cycles of a change in the
expression levels of the Per3 and Nrld2 were calculated.
[0080] Fig. 4 shows the results. In the drawing, the symbols a1, b1, and c1 respectively denote the circadian cycles
of the Per3 gene in the three-point sampling patterns a, b, and c, and the symbols a2, b2, and c2 respectively denote
the circadian cycles of the Nrld2 gene in the three-point sampling patterns a, b, and c. Furthermore, the symbols d1 and
d2 denote circadian cycles obtained by performing cosine fitting of the cosine curve formula (IV) above using a nonlinear
least squares method on the time series expression level data obtained through seven samplings from 12:00 to 36:00.
The symbol d1 denotes a circadian cycle of the Per3 and the symbol d2 denotes a circadian cycle of the Nrld2.
[0081] As shown in Fig. 4, in the three-point samplings a to c, the circadian cycles of a change in the expression levels
of the Per3 and Nrld2 were calculated with high reproducibility. The error of the phase between the circadian cycles of
a change in the expression levels of the Per3 and the Nrld2 through the three-point samplings a to c and the circadian
cycles (refer to the symbols d1 and d2 in the drawing) through seven samplings was 0.75 hours on average.
[0082] It was found from this result that, by performing three-point sampling concerning the expression levels of the
Per3 and Nrld2 having different phases of the circadian cycles of a change in expression levels, the circadian cycles of
a change in expression levels were calculated, whereby the biological rhythm of a subject could be predicted with high
precision.

[Table 6]

Sampling time

First Second Third

Three-point sampling a 12:00 20:00 28:00

Three-point sampling b 16:00 24:00 32:00

Three-point sampling c 20:00 28:00 36:00
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Industrial Applicability

[0083] The method for predicting a biological rhythm according to the present invention can be used to achieve time
medical care, exhibit one’s ability, and lose weight. Furthermore, the method can be used to prevent various diseases
caused by the shift of a biological rhythm and improve poor physical condition such as jet lag.

Claims

1. A method for predicting a biological rhythm of a subject on the basis of time series expression level data obtained
by measuring expression levels of two clock genes in biological specimens collected from the subject three times
within 24 hours, the clock genes having different phases of circadian cycles of a change in expression levels.

2. The method according to Claim 1 comprising:

(1) a step of collecting a biological specimen from a subject three times within 24 hours;
(2) a step of measuring expression levels of two clock genes in the biological specimen, the two clock genes
having different phases of circadian cycles of a change in expression levels; and
(3) a step of calculating the circadian cycles from time series expression level data obtained through the steps
(1) and (2).

3. The method according to Claim 2, wherein in the step (3), the circadian cycles are calculated from the time series
expression level data using formulas (I) and (II) below, 

(in the formula (I), Ea(t), Aa, ω, and Ca are an expression level, an amplitude, an initial phase, and an offset value
of one of the clock genes at a time t; in the formula (II), Eb(t), Ab, and Cb are an expression level, an amplitude,
and an offset value of the other of the clock genes at a time t; and, furthermore, θ is a phase difference between
the two clock genes).

4. The method according to Claim 3 comprising:

calculating model data from a cosine curve obtained by performing cosine fitting on time series expression level
data, the model data showing a change in expression level every hour;
calculating three-point sampling data from three arbitrary points of time and expression levels at those points
of time extracted from the model data, and the formulas (I) and (II) above;
calculating a time difference in time at which the expression levels are maximized between the model data and
the three-point sampling data; and
calculating three points of time at which an average of the time difference is less than 0.6 and a standard error
of the time difference is less than 0.4, and collecting a biological specimen three times within 24 hours at those
three points of time as collecting times.

5. The method according to Claim 4, wherein the biological specimen is collected from the subject three times within
24 hours at eight-hour intervals.

6. The method according to Claim 5, wherein a Per3 gene and an Nrld2 gene are used as the clock genes.
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