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7) ABSTRACT

The present invention provides a method for examining a
foreign matter derived from a living body in quality control
for production of various products in order to rapidly
identify an individual from whom a living body-derived
material contaminated as a foreign matter in products or
facilities involved in production of the products was derived,
while securing the secret of information on nucleic acid
sequences unique to individuals. The method for examining
a foreign matter derived from a living body includes iden-
tifying an individual from whom a living body-derived
material contaminated as a foreign matter in products or
facilities involved in production of the products was derived,
on the basis of information on sequences of nucleic acid
contained in the living body-derived material.
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Fig. 1

{Person entrusting examinatiom {Person entxuéféd with examination)

A person entrusting examination cobtains
an agreement of all subjectsaboutpractice
of examination of nucleic acid sequence.
The person entrusting examination
requests a person entrusted with
examination, to meke the examination.

The person entrusted with examination
"“jis entrusted with the examination,

{ fand provides the person entrusting
[ axamination with devices necessary for
bloocd collection.

Y AN

Samples are collected from the
subjects.

The subjects are given numbers, and the
samples are given only numbers.

The samples are given to the person
entrusted with examination.

Nucleic acid sequences in the numberead
samples are analyzed.

Y

The nucleic acid sequences are allowed
to correspond to the numbers of the
samples and stored as analysis data of|
nucleic acld sequences.

The analysisdatashallnotbedisclosed
to any other persons. :
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When hair (1living body-derived foreign
jmatter) is found in a product, the hair
is given to the person entrusted with
examination.

A nucleic acid sequence in the hair is
nalyzed,

The nucleic acid sequence in the hair
is collated with the analysis data of
nucleic acid sequences.

The person entrusting examination 1s
linformed of the corresponding numbar,

The individual f£rom whom the hair was or when there is no corresponding
‘jderived 1is identified from the/nucleic acld, is informed of that

corresponding number. effact.

I
When there is no cerresponding nucleic i
. jacid, the hair 1s confirmed to be

Jderived from those other than the I
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. OUTLINE OF EXAMINATION OF ORIGIN OF HAIR
Fig. 2 CONTAMINATED IN A PROCESS OF MANUFACTURING FOODS

Person entrusting examination

‘[Person entrusted with examination

-A.ri employer obtains an agreement of employees
about analysis of nucleic acid sequence. The

employer requests a person entrusted with
examination to make the examination.

An example of agreement is shown below.

o ] Step Signafura shbwing ag;t:eerr_ﬂnt
Opening of food materials|Ichixo Tanakal: )
Cooking | Jiro Yamada (“u
Packaging .  |Saburo Suzukif B ,;l:
’ : - W The person entrusted with examination provides|
blt:'gg-c:o].lebct:ln?E devé.ges whose number corresponds
P . : o to the number of subjects.
A list of names given numbers corresponding to -
ggoumbers of blood collecting filter paper isf |- :.goew;c‘arggligwof blood-collecting filter papers 1s
prepared. | —
Filgerpapers containingcollectedbloodare sent| . name ) &) 7 pame
to the person entrusted with examination. 0001 | l o002 i ] 0003 | ]
name_: . | -
2] \ Number Name 0001 0002 0003
m—— TR i i i
P15 naa) - Blood Blaod
_Yamad -
o002 L. Xemadsl \‘ 0002_{ Jiro Yamada . scoliectedhere | iscolfectedfere
ama - | ~—w| 0003 |Saburo Suzuki| ’ : -
abuio —

0002 Suzuk,

Filter papers containin’l% collected blood

MoNA contained in blood in filter paper is
from each subject. ese are sent

analyzed (name 1s un;evgaled).

P
0001 owe | : 0003 v Number Results of nucleic acid sequence analysis
[y M fIE . 0001 _ | AAGGCCC.....
P Bl.ood Blood, / 0002 | AAGTCCC.... .
iscollectedhare

0003 AAGCCCC..... -
{Personalinformation sha_'Llnq_tbedisclosedtoanyother persons. ) - - =

-Hair is found in a food.

The information of the nucleic acid sei;uencés shall not be
It 1s sent to the person entrusted with examination,

disclosed to any other persons. }

\ MDNA is extracted and purified from the found
‘halr, andamplified andanalyzed. Thedataare
collated and the corresponding number is
informed. B

In this case, it corresponds to No. 0002.

. ] . Sample Results of nucleic acid sequence analysis

Foreign matter] AAGTCCC.....

; Number Agreement]
" Bairas forelgnmattec. 0001 X
" Food - This is sent, i {The information of the nucleic
: 0002 . @)
” - acid sequences shall not be
: ) 0003 X .discloged to any other persons. )
Bithe individual is identified from the informed [Example of areport} '

number and the foregoing list to assist in
solving the problem.

In this case, the contaminating hair is proved
to be of No. 0002, Jiro Yamada (step: cooking).
The step of Mr. Yamada can be wholeheartedly
improved.
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METHOD OF EXAMINING FOREIGN MATTER
DERIVED FROM LIVING BODY

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a technique of
quality control for production of various products, and to a
method for examining a foreign matter derived from a living
body in order to identify an individual from whom a living
body-derived material contaminated as a foreign matter in
products or facilities involved in production of the products
was derived. Particularly, the present invention relates to a
technique of quality control for production of foods or the
like whose qualities are significantly influenced by contami-
nation of such products with a living body-derived material
such as hair as a foreign matter.

[0003] 2. Disclosure of the Related Art

[0004] Tt is generally known that upon contamination of
foods or the like with a living body-derived foreign matter
such as hair, the qualities of such products are significantly
deteriorated. However, identification of the origin of the
contaminating foreign mater has been regarded as difficult
and not generally performed.

[0005] On the other hand, identification of individuals on
the basis of DNA sequences contained in living body-
derived materials such as hair is actively performed in recent
years in the fields of forensic medicine and forensic science,
and identification by DNA for the purpose of parentage test
or the like is performed by private enterprises.

[0006] However, application of information on DNA
sequences to quality control in production of various prod-
ucts has never been performed.

SUMMARY OF THE INVENTION

[0007] Rapid identification of the origin (usually an indi-
vidual) of a living-body derived foreign matter, particularly
hair or the like, contained in products or in facilities, units,
instruments, fixtures, parts or the like where products may
be contaminated with a foreign matter is an important task
in improving a process of manufacturing products such as
foods whose values are significantly deteriorated by con-
tamination with a foreign matter. If rapid identification is
feasible, the individual causing contamination with a foreign
matter is asked about circumstances for investigation of the
reason for contamination with the foreign matter, and the
individual in question is advised and effective measures can
be taken to improve the production process.

[0008] However, the investigation of a contaminating for-
eign matter (collection of evidence or the like) is usually
performed after the foreign matter is found, and in this case,
the evidence is scattered and lost with time to take time for
collection of information and is poor in reliability. Under the
circumstances, it is therefore difficult to identify its cause
based on investigation results and to take effective measures
on the basis of the identified cause. The present invention
solves these problems and contributes to improvements in
the qualities of products, particularly foods.

[0009] Further, information on nucleic acid sequences
such as DNA is information unique to individuals, and the
secret of the information on nucleic acid sequences should
be secured.
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[0010] An object of the present invention is to provide a
method for examining a foreign matter derived from a living
body in quality control for production of various products,
in order to identify an individual from whom a living
body-derived material contaminated as a foreign matter in
products or facilities involved in production of the products
was derived. In particular, an object of the present invention
is to provide a method for examining a foreign matter
derived from a living body in quality control for production
of foods or the like whose qualities are influenced signifi-
cantly by contamination of products with a living body-
derived material such as hair as a foreign matter, in order to
identify an individual from whom a living body-derived
material contaminated as a foreign matter in products or
facilities involved in production of the products was derived.

[0011] Another object of the present invention is to pro-
vide a method for examining a foreign matter derived from
a living body in order to rapidly identify an individual from
whom a living body-derived material contaminated as a
foreign matter in products or facilities involved in produc-
tion of the products was derived, while securing the secret
of information on nucleic acid sequences unique to indi-
viduals.

[0012] The present invention encompasses following
inventions:

[0013] (1) A method for examining a foreign matter
derived from a living body, which comprises iden-
tifying an individual from whom a living body-
derived material contaminated as the foreign matter
in products or facilities involved in production of the
products was derived, on the basis of information on
sequences of nucleic acid contained in the living
body-derived material. The individual is usually an
individual having an opportunity to contaminate the
products or the facilities involved in production of
the products with a living body-derived material.
The facilities involved in production of the products
comprehensively encompass facilities, units, instru-
ments, fixtures, parts or the like used in production
steps including packaging and shipment.

[0014] (2) The method for examining a foreign mat-
ter derived from a living body according to the
above-mentioned (1), wherein the nucleic acid is
DNA.

[0015] (3) The method for examining a foreign mat-
ter derived from a living body according to the
above-mentioned (1), wherein the nucleic acid is
RNA.

[0016] (4) The method for examining a foreign mat-
ter derived from a living body according to any of the
above-mentioned (1) to (3), wherein the products are
foods. When products such as foods are contami-
nated with a living material such as hair, product
qualities are significantly deteriorated, so application
of the present invention to foods is of great value.

[0017] (5) The method for examining a foreign mat-
ter derived from a living body according to any of the
above-mentioned (1) to (4), wherein the living body-
derived material is hair. Foods are easily contami-
nated with hair as a living body-derived material.
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[0018] (6) The method for examining a foreign mat-
ter derived from a living body according to any of the
above-mentioned (1) to (5), wherein a nucleic acid-
containing materials such as blood, hair, skin, nail or
oral mucous membrane from individuals having an
opportunity to contaminate the products or the facili-
ties involved in production of the products with the
living body-derived material is collected before pro-
duction of products, and a nucleic acid sequences
contained in the nucleic acid-containing materials
are previously analyzed. The nucleic acid-containing
materials include, but are not limited to, blood, hair,
skin, nail and oral mucous membrane. By doing so,
when a living body-derived material is actually con-
taminated as a foreign matter, the nucleic acid
sequence of the contaminating living body-derived
material can be analyzed for rapid identification.

[0019] (7) The method for examining a foreign mat-
ter derived from a living body according to the
above-mentioned (6), wherein the nucleic acid
sequence of the living body-derived material con-
taminated as the foreign matter is collated with the
previously analyzed nucleic acid sequences thereby
identifying the individual from whom the contami-
nating living body-derived material was derived. By
doing so, rapid examination and identification is
made feasible upon actual contamination with a
living body-derived material as a foreign matter.

[0020] (8) The method for examining a foreign mat-
ter derived from a living body according to the
above-mentioned (6), wherein a person entrusting
examination, usually a manufacturer of the products,
collects the nucleic acid-containing materials from
all the individuals having an opportunity to contami-
nate the products or the facilities involved in pro-
duction of the products with the living body-derived
material, thus obtaining samples before production
of the products, then gives the collected samples
numbers or symbols not connected to personal infor-
mations such as name, and provides the collected
samples together with the given numbers or the
given symbols without disclosure of the personal
informations, to a person entrusted with examina-
tion, to request him to analyze the nucleic acid
sequences, and

[0021] the person entrusted with examination ana-
lyzes the nucleic acid sequences in the samples
requested to be examined, and then stores the ana-
lyzed informations of the nucleic acid sequences as
analysis data of nucleic acid sequences with corre-
spondence to the given numbers or the given sym-
bols without disclosure to the person entrusting
examination. The person who entrusts examination
is usually a manufacturer of the products. The person
entrusted with examination is usually an institution
or a company which can analyze the nucleic acid
sequences. By so doing, rapid identification while
securing the secret of information on the nucleic acid
sequences unique to individuals is made feasible
upon actual contamination with a living body-de-
rived material as a foreign matter by analyzing the
nucleic acid sequence of the contaminating living
body-derived material.
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[0022] (9) The method for examining a foreign mat-
ter derived from a living body according to the
above-mentioned (8), wherein upon actual contami-
nation of the products or the facilities involved in
production of the products with the living body-
derived material as the foreign matter, the person
entrusting examination provides the contaminating
living body-derived material to the person entrusted
with examination, to request him to analyze its
nucleic acid sequence, and

[0023] the person entrusted with examination ana-
lyzes the nucleic acid sequence of the contaminating
living body-derived material and collates the nucleic
acid sequence with the analysis data of nucleic acid
sequences thereby determining which number or
symbol to which the nucleic acid sequence of the
contaminating living body-derived material corre-
sponds or determining whether there is a nucleic acid
sequence in the data corresponding to the nucleic
acid sequence of the contaminating living body-
derived material, and informs the person entrusting
examination of the corresponding number or the
corresponding symbol, or of no correspondence to
any of the numbers or the symbols. By so doing,
rapid examination and identification while securing
the secret of information on the nucleic acid
sequences unique to individuals is made feasible
upon actual contamination with a living body-de-
rived material as a foreign matter.

[0024] (10) The method for examining a foreign
matter derived from a living body according to the
above-mentioned (9), wherein the person entrusting
examination idenifies the individual from whom the
living body-derived material was derived, on the
basis of the informed number or the informed sym-
bol.

[0025] (11) The method for examining a foreign
matter derived from a living body according to any
of the above-mentioned (1) to (10), wherein the
nucleic acid sequence to be examined is a nucleic
acid derived from mitochondria.

[0026] (12) The method for examining a foreign
matter derived from a living body according to any
of the above-mentioned (1) to (11), wherein the
examination of the nucleic acid is carried out by a
sequencing method.

[0027] (13) The method for examining a foreign
matter derived from a living body according to any
of the above-mentioned (1) to (11), wherein the
examination of the nucleic acid sequence is per-
formed by a method for detecting base substitution,
insertion or deletion, or a method for counting the
number of minisatellite or microsatellite. Above
mentioned methods in (12) and (13) maybe used in
combination, depending on the purposes.

[0028] (14) The method for examining a foreign
matter derived from a living body according to any
of the above-mentioned (1) to (13), wherein nucleic
acid amplification is performed before examination
of the nucleic acid sequence.

[0029] (15) The method for examining a foreign
matter derived from a living body according to any
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of the above-mentioned (1) to (14), wherein elemen-
tary analysis such as X-ray fluorescence spectrom-
etry, ICP atomic emission spectrometry, ICP mass
spectrometry, atomic absorption spectrometry or
PIXE is simultaneously used to increase a probabil-
ity of identification of the individual.

[0030] (16) The method for examining a foreign
matter derived from a living body according to any
of the above-mentioned (1) to (14), wherein infrared,
visible or ultraviolet absorption spectrophotometry is
simultaneously used to increase a probability of
identification of the individual.

[0031] (17) The method for examining a foreign
matter derived from a living body according to any
of the above-mentioned (1) to (14), wherein a
method for observing a fine surface shape under an
optical microscope, a laser microscope, an atomic
force microscope or a scanning electron microscope
is simultaneously used to increase a probability of
identification of the individual.

[0032] By the method of the present invention, in the case
where a foreign matter derived from a living body is found
in products or facilities, its origin can be specified rapidly
and certainly after finding. Specific information on this
origin can be reliable evidence showing what is responsible
for the foreign matter. By revealing what is responsible for
the foreign matter, the process can be improved to reduce
defectives containing the foreign matter, or a worker in
charge of the production can be suitably dealt with by
sharing responsibility for compensation or by reward and
punishment or the like. On one hand, workers not respon-
sible for contamination with the foreign matter can be
provided with reliable evidence showing that they are not
responsible for the contamination.

[0033] The present invention functions usefully in stably
providing products of higher qualities. As illustrated in the
Example, when hair is contained in a certain food, the step
in which the contamination caused is not clear in the prior
art, to make it difficult to solve the problem by improving the
step. According to the present invention, however, the step
in which the contamination caused can be revealed rapidly
and certainly, and thus rapid improvement of the step is
feasible, and thereafter the probability of contamination of
products with hair can be significantly reduced. Accordingly,
it can be said that foods produced by carrying out the method
for examining a living body-derived foreign matter accord-
ing to the present invention are more sanitary than foods
produced without carrying out the method of the present
invention. Further, even if a certain foreign matter derived
from a living body is found and complained of by a
consumer, the complaint can be dealt with more rapidly and
certainly, which leads to providing more sanitary foods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a flow chart showing an embodiment of
a method for examining a living-body derived foreign matter
according to the present invention; and

[0035] FIG. 2 is a flow chart showing a more specific
embodiment of the method for examining a living-body
derived foreign matter according to the present invention,
wherein the origin of hair contaminated in a process for
producing foods is examined.
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DETAILED DESCRIPTION OF THE
INVENTION

[0036] Hereinafter, a method for examining a living-body
derived foreign matter according to the present invention
will be described with reference to FIGS. 1 and 2.

[0037] First, those entrusting examination such as a manu-
facturer obtains an agreement with all individuals (usually
employees) who may contaminate products or facilities
involved in production of the products with foreign matters
about practice of analysis of their nucleic acid sequences,
and then requests those entrusted with examination, such as
an institution or company analyzing nucleic acid sequences,
to make the examination.

[0038] Those entrusted with examination provide those
entrusting examination with materials necessary for collec-
tion of samples. FIG. 2 shows blood-collecting paper filters
as the materials for collection of samples.

[0039] Those entrusting examination collect samples from
all individuals of subjects before they work in manufactur-
ing. The usable samples include, but are not limited to,
biological materials such as blood, hair, skin and oral
mucous membrane. FIG. 2 shows that as the sample, blood
is collected in a blood-collecting filter paper. In this occa-
sion, those entrusting examination have previously given the
numbers (or symbols) not connected to personal information
(names and the like) to the collected samples and prepared
a list of correspondence between the numbers (or the sym-
bols) and the names. Those entrusting examination shall not
disclose this list and personal information to other persons
including those entrusted with examination.

[0040] Those entrusting examination provide those
entrusted with examination, with the collected samples
given the numbers (or the symbols) only, and request them
to analyze nucleic acid sequences of the respective samples.
In this occasion, those entrusting examination shall give
only the samples given the numbers (or the symbols) to
those entrusted with examination, and shall not disclose
information enabling identification of the individuals.

[0041] Those entrusted with examination perform analysis
of a nucleic acid sequence of each sample (decoding of
nucleic acid sequence or classification of its type). Then, the
determined nucleic acid sequence of each sample is allowed
to correspond to the number (or symbol) assigned to the
sample, and stored as analysis data of nucleic acid
sequences. An example of the analysis data of nucleic acid
sequences is shown in FIG. 2. Those entrusted with exami-
nation shall not disclose the analysis data of nucleic acid
sequences to other persons including those entrusting exami-
nation. By so doing, the nucleic acid sequence data unique
to the individuals can be prevented from leaking out.

[0042] In this manner, the secret of information on the
nucleic acid sequences unique to the individuals can be
secured to be in state where rapid dealing with the case of
actual contamination of products or facilities involved in
production of the products with a living body-derived mate-
rial as a foreign matter is feasible.

[0043] Now, the case where products or facilities involved
in production of the products are contaminated with a living
body-derived material as a foreign matter will be described.
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[0044] Those entrusting examination, that is, a manufac-
turer of the products, find a living body-derived material
contaminated as a foreign matter in the products or the
facilities involved in production of the products, or a person
other than the manufacturer, such as distributors or consum-
ers, find a living body-derived material contaminated as a
foreign matter in the products, and provide the living body-
derived material to the manufacturer. An example of con-
tamination of a food with human hair is shown in FIG. 2.
Those entrusting examination provide the found or provided
living body-derived material to those entrusted with exami-
nation, and request them to analyze the nucleic acid
sequence of the living body-derived material.

[0045] Those entrusted with examination analyze the
nucleic acid sequence of the living body-derived material
(decoding of nucleic acid sequence or classification of its
type), then collate the analyzed nucleic acid sequence with
the previously prepared and stored analysis data of nucleic
acid sequences, and inform those entrusting examination of
its corresponding number (or symbol). When there is no
corresponding nucleic acid in the analysis data of nucleic
acid sequences, those entrusted with examination inform
those entrusting examination of that effect.

[0046] On the basis of the examination results informed by
those entrusted with examination, those entrusting exami-
nation identify the individual from whom the found living
body-derived material was derived. If the person causing
contamination with the foreign matter can be rapidly iden-
tified, those entrusting examination ask the individual caus-
ing contamination with the foreign matter about circum-
stances to investigate the cause of contamination with the
foreign matter, and advise the individual to take notice or
take effective measures to be able to improve the production
process rapidly.

[0047] On the other hand, when there is no corresponding
nucleic acid sequence, it is possible to take measures tar-
geting at received materials, contamination after manufac-
turing or intentional contamination with the foreign matter.

[0048] For examination of the nucleic acid sequence, it is
possible to use various sequencing methods (nucleotide
sequencing), a method for detecting base substitution such
as a method for analyzing various single nucleotide poly-
morphisms (SNPs) [Cargill, M. et al.: Nature Genetics 22,
231-238 (1999): Characterization of single-nucleotide poly-
morphisms in coding regions of human genes], a method for
detecting insertion or deletion, a method for counting the
number of repeated sequences (minisatellite, macrosatellite)
(variable number of tandem repeats (VNTR) and short
tandem repeats (STR)) [Nakamura, Y. et al.: Science 235,
1616-1622 (1987): Variable number of tandem repeat
(VNTR) markers for human gene mapping], etc.

[0049] The sequencing method includes, but is not limited
to, the Sanger method, the Maxam-Gilbert method, a
Pyrosequence method [Ronaghi, M. et al.: Science 281,
363-365 (1998); A sequencing method based on real-time
pyrophosphate] ete.

[0050] The method for analyzing SNPs includes, but is not
limited to, a hybridization method using DNA microarrays
[Patrick, O. B. et al.: Nature Genetics 21, 33-37 (1999):
Exploring the new world of the genome with DNA microar-
rays] etc., an invader method [Victor, L. et al.: Nature
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Biotechnology 17, 292-296 (1999): Polymorphism identifi-
cation and quantitative detection of genomic DNA by inva-
sive cleavage of oligonucleotide probes], a Tagman probe
method [Shi, M. M.: Clin Chem 47, 164-172 (2001):
Enabling large-scale pharmacogenetic studies by high-
throughput mutation detection and genotyping technolo-
gies], a Masscode tag method [http://www.qiagen.com/lit-
erature/qiagennews/0201/1016749_Q News22001p11-
12.pdf], an allele specific PCR method [Soren, G. et al.:
Genome Res 10, 258-266 (2000): High-throughput SNP
allele-frequency determination in pooled DNA samples by
kinetic PCR], an RFLP method [Jazwinska, E. C. et al.: Am
J Hum Genet 43, 175-181 (1988): Gm typing by immuno-
globulin heavy-chain gene RFLP analysis] etc.

[0051] A general method for counting the number of
repeated sequences includes, but is not limited to, a method
wherein a DNA region containing repeated sequences is
amplified and then the molecular weight of the amplified
DNA is examined by electrophoresis.

[0052] Above-mentioned methods for examining nucleic
acids may be used in combination, depending on purposes.

[0053] Prior to examination of nucleic acid sequence,
nucleic acid amplification is generally performed. Known
methods of amplifying nucleic acid include, but are not
limited to, a PCR method [Saiki, R. K. et al.: Science 230,
1350-1354 (1985): Enzymatic amplification of beta-globin
genomic sequences and restriction site analysis for diagnosis
of sickle cell anemia], an LAMP method [Notomi, T. et al.
Nucleic Acids Res, 28 (12), €63 (2000): Loop-mediated
isothermal amplification of DNA], an ICAN method [http://
www.takara.co.jp/news/2000/07-09/00-i-019.htm] and a
TMA method [Jonas, V. et al.: J Clin Microbiol 31, 2410-
2416 (1993): Detection and identification of Mycobacterium
tuberculosis directly from sputum sediments by amplifica-
tion of rRNA]. For amplification of nucleic acid, an Amp-
direct reagent for inhibiting the influence of various inhibi-
tors of nucleic acid amplification [Nishimura, N. et al.: Ann
Clin Biochem 37, 674-680 (2000): Direct PCR from whole
blood without DNA isolation] can be used.

[0054] As the sites of nucleic acid to be examined, sites
mutated among individuals are selected. Such sites exist in
mitochondria DNA or nucleic DNA. In mitochondria DNA,
the D-LOOP region is known as a highly mutated region.
Further, in  nucleic DNA, the number of
minisatelliteemicrosatellite repeats (VNTR*STR) is known
to vary among individuals, and used often in identification
of individuals in forensic medicine or the like. Further,
identification of individuals can be performed by analyzing
a necessary number of SNPs. However, the sites of nucleic
acid to be examined is not limited to those sites, but maybe
selected from the sites of base substitution, insertion, and
deletion. The sites mentioned above may be selected in
combination, depending on the purposes.

[0055] When a living body-derived foreign matter is found
in a products or facilities involves in production of the
products, a nucleic acid sequence contained therein is imme-
diately analyzed and collated with the preciously prepared
and stored analysis data of nucleic acid sequences, to
identify an individual as the source of the foreign matter. In
the present invention, a variety of supplementary analysis
and observation methods such as elementary analysis meth-
ods (X-ray fluorescence spectrometry, ICP atomic emission
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spectrometry, ICP mass spectrometry, atomic absorption
spectrometry or PIXE), light (infrared, visible, ultraviolet)
absorption spectrophotometry, a method for observing a fine
surface shape under an optical microscope, a laser micro-
scope, an atomic force microscope or a scanning electron
microscope can be used in combination to obtain supporting
evidence for identifying the individual thereby raising the
probability of identification. For example, in the case of hair,
the characteristics such as a degree of dyeing or decoloring,
thickness and roughness of the hair can be obtained to
provide supporting evidence for identifying the individual in
examination of the foreign matter.

[0056] As described above, according to the method for
examining a living body-derived foreign matter in the
present invention, it is possible to rapidly identify an indi-
vidual from whom a living body-derived material contami-
nated as a foreign matter in products or facilities involved in
production of the products was derived, while securing the
secret of information on nucleic acid sequences unique to
individuals.

[0057] That is, the previous analysis of nucleic acid
sequences unique to individuals having an opportunity to
contaminate products or facilities involved in production of
the products with a living body-derived material before they
work in manufacturing brings about a significant reduction
in the time for examination of a living body-derived foreign
matter, as well as improvements in reliability of the exami-
nation. This is because targeting at subjects necessary for the
examination, the procedure of obtaining an agreement about
the examination, and the analysis of nucleic acid sequences
of the subjects are carried out before occurrence of contami-
nation with a foreign matter so that upon actual finding of a
foreign matter, the analysis of the nucleic acid sequence of
the foreign matter and the procedure of identification can be
immediately performed.

[0058] On one hand, the nucleic acid sequence is impor-
tant personal information, and should be handled particu-
larly cautiously. In this respect, the method of the present
invention can prevent personal nucleic acid sequence infor-
mation from leaking out because those entrusting examina-
tion have no means to know information on nucleic acid
sequence, while those entrusted with examination have no
means to know personal information.

[0059] Given the conditions described above, the exami-
nation of nucleic acid sequences of individuals can be
introduced into the control of production process, and upon
contamination of products or facilities involved in produc-
tion of the products with a living body-derived foreign
matter, the origin of the living body-derived foreign matter
can be examined certainly in a short time.

EXAMPLE

[0060] Hereinafter, a further concrete example will be
described, but the present invention is not limited to this
example and can be carried out in various modes.

[0061] 1. A manufacturer producing a food A, that is, a
person entrusting examination of nucleic acid sequence, is
involved in production of the food A and selects individuals
having an opportunity to contaminate the food A with a
foreign matter (hair or the like) as subjects of examination
of nucleic acid sequence.

Sep. 11, 2003

[0062] 2. The person entrusting examination obtains an
agreement of all the subjects about practice of the exami-
nation of nucleic acid sequence.

[0063] 3. Before production of the food A, the person
entrusting examination requests a person entrusted with
examination, to make the examination of nucleic acid
sequence with respect to production of the food A.

[0064] 4. The person entrusted with examination supplies
the person entrusting examination with blood collection
devices, the number of which corresponds to the number of
the subjects. A filter paper is used for collection of blood
from each individual. Each filter paper is given a different
number (serial number) and bar code.

[0065] 5. By the person entrusting examination, blood
from each individual is collected on each of the filter papers.
The filter papers each containing collected blood are col-
lected, and a list where the number on the filter paper
containing blood corresponds to the individual from whom
the blood was collected is prepared and stored as informa-
tion. This information shall not be disclosed to the person
entrusted with examination.

[0066] 6. The person entrusting examination provides the
filter papers containing collected blood to the person
entrusted with examination, and requests examination of
their nucleic acid sequences. Each filter paper containing
collected blood does not have any description of personal
information such as name.

[0067] 7. The person entrusted with examination receives
the filter papers containing collected blood from the person
entrusting examination, and analyzes their nucleic acid
sequences. Depending on the number of the subjects, the
sites of the sequence to be examined shall be increased or
decreased to give satisfactory probability. The obtained
information on the nucleic acid sequence is allowed to
correspond to the serial number and stored. Specifically,
apart of DNA in blood contained in the filter paper is
amplified by techniques such as PCR to obtain the informa-
tion on its sequence by using a DNA sequencer. For ampli-
fication of DNA in blood in the filter paper, an Amp direct
reagent for suppressing the inhibition by blood components
on amplification can be used. For procedures such as input-
ting serial numbers into a computer, a bar code reader can be
used. The analysis data of nucleic acid sequences thus
obtained shall not be disclosed not only to the person
entrusting examination but also to any other persons.

[0068] 8. When a foreign matter (hair) is actually found in
the food A, the person entrusting examination sends the hair
to the person entrusted with examination.

[0069] 9. The person entrusted with examination examines
a DNA sequence contained in the sent hair, and collates it
with the sequences of the subjects contained in the analysis
data of nucleic acid sequences. If there is its corresponding
sequence, the person entrusting examination is informed of
its serial number. When there is no corresponding sequence,
the person entrusting examination is informed of that effect.

[0070] 10. The person entrusting examination identifies
the individual on the basis of the serial number obtained
from the person entrusted with examination. The person
entrusting examination asks the identified individual about
circumstances, to investigate the cause of contamination
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with the foreign matter, and advise the individual to take
notice or take effective measures to be able to improve the
production process. On the other hand, when there is no
corresponding sequence, it is possible to take measures
targeting at received materials, contamination after manu-
facturing or intentional contamination with the foreign mat-
ter.

[0071] The example described above shows one embodi-
ment of the method for examining a living body-derived
foreign matter according to the present invention. However,
the present invention can be carried out in various forms.
Accordingly, the example described above is described for
merely illustrative purposes and not construed as being
restrictive. Further, any modifications falling under an
equivalent to the claims are within the scope of the present
invention.

What is claimed is:

1. A method for examining a foreign matter derived from
a living body, which comprises identifying an individual
from whom a living body-derived material contaminated as
the foreign matter in products or facilities involved in
production of the products was derived, on the basis of
information on sequences of nucleic acid contained in the
living body-derived material.

2. The method for examining a foreign matter derived
from a living body according to claim 1, wherein the nucleic
acid is DNA.

3. The method for examining a foreign matter derived
from a living body according to claim 1, wherein the nucleic
acid is RNA.

4. The method for examining a foreign matter derived
from a living body according to claim 1, wherein the
products are foods.

5. The method for examining a foreign matter derived
from a living body according to claim 1, wherein the living
body-derived material is hair.

6. The method for examining a foreign matter derived
from a living body according to claim 1, wherein a nucleic
acid-containing materials such as blood, hair, skin, nail or
oral mucous membrane from individuals having an oppor-
tunity to contaminate the products or the facilities involved
in production of the products with the living body-derived
material is collected before production of products, and a
nucleic acid sequences contained in the nucleic acid-con-
taining materials are previously analyzed.

7. The method for examining a foreign matter derived
from a living body according to claim 6, wherein the nucleic
acid sequence of the living body-derived material contami-
nated as the foreign matter is collated with the previously
analyzed nucleic acid sequences thereby identifying the
individual from whom the contaminating living body-de-
rived material was derived.

8. The method for examining a foreign matter derived
from a living body according to claim 6, wherein a person
entrusting examination, usually a manufacturer of the prod-
ucts, collects the nucleic acid-containing materials from all
the individuals having an opportunity to contaminate the
products or the facilities involved in production of the
products with the living body-derived material, thus obtain-
ing samples before production of the products, then gives the
collected samples numbers or symbols not connected to
personal informations such as name, and provides the col-
lected samples together with the given numbers or the given
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symbols without disclosure of the personal informations, to
a person entrusted with examination, to request him to
analyze the nucleic acid sequences, and

the person entrusted with examination analyzes the
nucleic acid sequences in the samples requested to be
examined, and then stores the analyzed informations of
the nucleic acid sequences as analysis data of nucleic
acid sequences with correspondence to the given num-
bers or the given symbols without disclosure to the
person entrusting examination.

9. The method for examining a foreign matter derived
from a living body according to claim 8, wherein upon
actual contamination of the products or the facilities
involved in production of the products with the living
body-derived material as the foreign matter, the person
entrusting examination provides the contaminating living
body-derived material to the person entrusted with exami-
nation, to request him to analyze its nucleic acid sequence,
and

the person entrusted with examination analyzes the
nucleic acid sequence of the contaminating living
body-derived material and collates the nucleic acid
sequence with the analysis data of nucleic acid
sequences thereby determining which number or sym-
bol to which the nucleic acid sequence of the contami-
nating living body-derived material corresponds or
determining whether there is a nucleic acid sequence in
the data corresponding to the nucleic acid sequence of
the contaminating living body-derived material, and
informs the person entrusting examination of the cor-
responding number or the corresponding symbol, or of
no correspondence to any of the numbers or the sym-
bols.

10. The method for examining a foreign matter derived
from a living body according to claim 9, wherein the person
entrusting examination idenifies the individual from whom
the living body-derived material was derived, on the basis of
the informed number or the informed symbol.

11. The method for examining a foreign matter derived
from a living body according to claim 1, wherein the nucleic
acid sequence to be examined is a nucleic acid derived from
mitochondria.

12. The method for examining a foreign matter derived
from a living body according to claim 1, wherein the
examination of the nucleic acid is carried out by a sequenc-
ing method.

13. The method for examining a foreign matter derived
from a living body according to claim 1, wherein the
examination of the nucleic acid sequence is performed by a
method for detecting base substitution, insertion or deletion,
or a method for counting the number of minisatellite or
microsatellite.

14. The method for examining a foreign matter derived
from a living body according to claim 1, wherein nucleic
acid amplification is performed before examination of the
nucleic acid sequence.

15. The method for examining a foreign matter derived
from a living body according to claim 1, wherein elementary
analysis such as X-ray fluorescence spectrometry, ICP
atomic emission spectrometry, ICP mass spectrometry,
atomic absorption spectrometry or PIXE is simultaneously
used to increase a probability of identification of the indi-
vidual.
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16. The method for examining a foreign matter derived
from a living body according to claim 1, wherein infrared,
visible or ultraviolet absorption spectrophotometry is simul-
taneously used to increase a probability of identification of
the individual.

17. The method for examining a foreign matter derived
from a living body according to claim 1, wherein a method
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for observing a fine surface shape under an optical micro-
scope, a laser microscope, an atomic force microscope or a
scanning electron microscope is simultaneously used to
increase a probability of identification of the individual.
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