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Personal Identification Based on Sebum Composition

BACKGROUND OF THE INVENTION

[0001] Sebum is the oily and waxy substance secreted by sebaceous glands in the skin. It
lubricates the skin and hair of animals, has the waterproof function, and can also inhibit the growth
of some microorganisms, such as some bacteria, on the skin. In adults with normal active
sebaceous glands, sebum is the predominant lipid on most areas of the skin surface. The amount
of sebum on a particular area of the skin reflects the size and density of distribution of the
sebaceous glands in that area. In human, the amount of surface lipid, as well as the density of
sebaceous glands, is found in decreasing order on the face, back, chest, abdomen, arms and legs.
The palms and soles, though devoid of sebaceous glands, normally carry some sebum transferred
from other areas.

[0002] Sebum is a complex mixture of several lipid classes, such as glycerides, wax esters,
squalene, free fatty acids, sterol esters, sterols, saturated hydrocarbons, etc. The major
constituents of sebum from sebum-rich areas varies little in normal subjects of the same species.
However, the rate of sebum synthesis varies widely in normal adults. Also, the amount of each
sebum constituent varies. For example, a sebum sample may include about 5% to 20% of
squalene, about 50% to 70% of a mixture of triglycerides of linear fatty acids having a chain of 12 to
22 carbon atoms and of linear fatty acids having a chain of 12 to 22 carbon atoms, about 15% to
25% of esters of linear fatty acids and of linear fatty alcohols having chains of 12 to 22 carbon
atoms, about 0.5% to 3% of esters of cholesterol whose acid fraction comprises a chain of 12 to 22
carbon atoms, and about 0% to 5% of cholesterol having the ratio of unsaturated fatty chains to
saturated fatty chains lies between 10 and 0.1.

[0003] Effects of various factors on sebum have been studied. For example, it was reported
that changing the rate of sebaceous lipogenesis, e.g., by oral administration of estrogens or
androgens, or inhibitors of prostaglandin biosynthesis, did not change the composition of the
sebum synthesized. See Downing and Strauss, The J. Invest. Dermatology, 62:228-244, 1974.
The percentage amount of certain constituents in sebum, such as wax ester, squalene, and
cholesterol, have changed in patients with different degrees of pellagra as compared with that in
controls in the same geographical area, Transvaal, South Africa. Dogliotti, et al., British Journal of
Dermatology, Volume 97 Issue 1, Pages 25 — 28. Published Online: 29 Jul 2006. The changes,
which have been observed in starved but otherwise normal subjects, were reversed with adequate
refeeding and treatment with nicotinamide. Whether the changes are due to the lack of energy or
the absence of specific components in the diet is unknown. The amount of sebum on the surface
of the skin has been used for studying a person’s skin type, e.g., dry, normal or oily. Squalene in
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hair has been used for the improved interpretation of fatty acid ethyl ester concentrations with
respect to alcohol misuse. Auwarter et al., Forensic Science International, Volume 145, Issue 2,
Pages 149-159.

[0004] Chromatographic analysis can be used for separating and identifying constituents
contained within a sebum sample, e.g., by the absorbance, transmission, reflectance or emission of
each separated constituent as a function of time of the illuminating or scattered light transmitted
through the mixture. Such measurements of constituents within the sebum sample as “peaks” in a
plot, e.g., a function of time of the illuminating or scattered light transmitted through in the plot, is
generally referred to as a chromatogram of the chromatographic analysis. The chromatogram
contains a number of peaks of various constituents within the sebum sample. Thus, the
chromatogram corresponds to a multi-dimensional data space, with each of the peaks defining a
dimension. In order to compare the compositions of different sebum samples, different multi-
dimensional data spaces must be compared, which can be mathematically challenging.

[0005] Biometrics, such as fingerprint, voice, face, palm, etc., have been used for personal
identification and/or verification. However, technologies have also been developed to circumvent
the existing personal identification methods and devices.

[0006] There is a need of a novel method and system for personal identification and/or
verification that are difficult to circumvent. Such method and system based on sebum composition
are described in the present application.

BRIEF SUMMARY OF THE INVENTION
[0007] It is now surprisingly discovered that an individual has a relatively reproducible and
distinct global profile of sebum compositions from a statistical clustering analysis, such as a
principal component analysis (PCA), of chromatograms obtained from chromatographic analyses of
sebum samples from the individual.
[0008] Accordingly, in one general aspect, embodiments of the present invention relate to a
method of identifying or authenticating a subject. The method comprises:

(a) obtaining a test chromatogram from a chromatographic analysis of a test sebum
sample taken from the subject;

(b) analyzing the test chromatogram using a statistical clustering analysis algorithm to
obtain a test vector of p variables, wherein p is less than the number of peaks in the test
chromatogram; and

(c) comparing the test vector with a reference vector of p variables, wherein the
reference vector is specific to a reference subject and is obtained from analyzing a reference
chromatogram using the statistical clustering analysis algorithm, and the reference chromatogram
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is obtained from the chromatographic analysis of a reference sebum sample taken from the
reference subject,

wherein a close proximity between the test vector and the reference vector identifies or
authenticates the subject as the reference subject.
[0009] In one embodiment of the present invention, the analyzing step comprises:

(a) saving into a computer the test chromatogram;

(b) selecting significant peaks from the test chromatogram; and

(c) compressing the significant peaks selected in (b) into the test vector of p variables
using the statistical clustering analysis algorithm, 1< p < the number of significant peaks; and

wherein the sub-steps of saving, selecting, compressing and the step of comparing

are accomplished with the computer.
[0010] Preferably, the significant peaks are identified as relevant to the specificity of the
reference vector to the reference subject.
[0011] In an embodiment of the present invention, the statistical clustering analysis algorithm is
a principal component analysis (PCA) algorithm performing a computer assisted process
comprising:

(a) providing a covariance matrix of the significant peaks;

(b) calculating the eigenvectors and eigenvalues of the covariance matrix;

(c) ranking the eigenvalues and corresponding eigenvectors in a decreasing order; and

(d) compressing the significant peaks into a vector of p eigenvectors corresponding to the
top p eigenvalues.
[0012] In a preferred embodiment of the present invention, the cumulative value of the top p
eigenvalues is at least 70% of the sum of total eigenvalues.
[0013] In another preferred embodiment of the present invention, p = 3.
[0014] Other aspects of the present invention include systems and program products relating to
methods according to embodiments of the present invention.
[0015] Other aspects, features and advantages of the invention will be apparent from the
following disclosure, including the detailed description of the invention and its preferred
embodiments and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The foregoing summary, as well as the following detailed description of the invention,
will be better understood when read in conjunction with the appended drawings. For the purpose of
illustrating the invention, there are shown in the drawings embodiments of the invention. It should
be understood, however, that the invention is not limited to the precise arrangements and

instrumentalities shown.
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[0017] In the drawings:
[0018] Figure 1A shows multiple chromatograms resulting from GC/MS analysis of sebum
samples obtained from 5 human subjects;
[0019] Figure 1B shows multiple chromatograms resulting from GC/MS analysis of sebum
samples obtained from a single human subject at 8 visits;
[0020] Figure 2 shows a chromatogram before (upper) and after (lower) baseline correction;
[0021] Figure 3A is the average chromatogram of 47 normalized chromatograms;
[0022] Figure 3B is a bar graph illustrating the intensity of each selected peak: the peaks
identified with a circle are the average peaks that are significant in terms of intensity (higher than a
predetermined threshold value, e.g., 2%, with a retention time > 2min) and also are validated in
term of relevance concerning classes of lipid they belong to; the PCA is next conducted only on this
set of peaks;
[0023] Figure 4 shows peak localization of the peak with a retention time of about 12.067
minutes from multiple chromatograms of an individual: the maximum intensity of each
chromatogram was computed in a window of retention time, e.g., 12 to 12.162 minutes, the window
was automatically determined with the extraction of minimal values on the average chromatogram;
and
[0024] Figure 5 shows a 3 dimensional graph of the 3 most significant components from a PCA
analysis of sebum samples obtained from 5 different subjects, collected at multiple visits, with 1
week intervals between two samplings.

DETAILED DESCRIPTION OF THE INVENTION
[0025] Various publications, articles and patents are cited or described in the background and
throughout the specification; each of these references is herein incorporated by reference in its
entirety. Discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is for the purpose of providing context for the present
invention. Such discussion is not an admission that any or all of these matters form part of the prior
art with respect to any inventions disclosed or claimed.
[0026] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood to one of ordinary skill in the art to which this invention pertains.
Otherwise, certain terms used herein have the meanings as set in the specification. All patents,
published patent applications and publications cited herein are incorporated by reference as if set
forth fully herein. It must be noted that as used herein and in the appended claims, the singular

[INT]

forms “a,” “an,” and “the” include plural reference unless the context clearly dictates otherwise.
[0027] In one general aspect, the invention relates to a method of characterizing a sebum
sample using a statistical clustering analysis, such as a principal component analysis (PCA). The

PCA (or any other statistical clustering analysis) is preformed on peaks, preferably selected
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significant peaks, from chromatograms obtained from a chromatographic analysis of the sebum
sample.

[0028] It has been discovered that a statistical clustering analysis, such as a principal
component analysis (PCA), can be used to reduce the dimensionality of a chromatogram obtained
from a chromatographic analysis of a sebum sample. Instead of a large number of peaks, the
chromatogram can be characterized by a much reduced number of variables, such as a vector of
three or more variables, that reveals the internal structure of the multi-dimensional data space of
the chromatogram in a way that best explains the variance in the data space.

[0029] Accordingly, a sebum sample can be characterized by a method comprising:

(a) obtaining a chromatogram from a chromatographic analysis of the sebum sample;

(b) analyzing the chromatogram using a statistical clustering analysis algorithm to obtain
a vector of p variables, wherein p is less than the number of peaks in the chromatogram; and

(c) characterizing the sebum sample as the vector.

[0030] In one embodiment of the present invention, the analyzing step comprises:

(a) saving into a computer the chromatogram;

(b) selecting significant peaks from the chromatogram;

(c) compressing the significant peaks into the vector of p variables using the statistical
clustering analysis algorithm, 1< p < the number of significant peaks; and

wherein the sub-steps of saving, selecting, compressing and the step of
characterizing are accomplished with the computer.
[0031] In one embodiment of the present invention, a plurality of sebum samples can be
compared by a method comprising:

(@) obtaining a plurality of chromatograms, each chromatogram obtained from a
chromatographic analysis of each of the plurality of sebum samples, respectively;

(b) analyzing each of the plurality of chromatograms using a statistical clustering
analysis algorithm to obtain a plurality of vectors, each vector having p variables, wherein p is less
than the number of peaks in each of the plurality of chromatogram;

(c) comparing the plurality of sebum samples by comparing the plurality of vectors.
[0032] In an embodiment of the present invention, the analyzing step comprises:

(a) saving into a computer the plurality of chromatograms;

(b) selecting significant peaks from each of the plurality of chromatograms; and

(c) compressing the significant peaks for each of the plurality of chromatograms into the
vector of p variables using the statistical clustering analysis algorithm, 1< p < the number of
significant peaks;

wherein the sub-steps of saving, selecting and compressing, and the step of
comparing are accomplished with the computer.
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[0033] As used herein, the term “subject” means any animal, preferably a mammal, most
preferably a human, from whom a sebum sample will be or has been obtained for analysis
according to embodiments of the invention. The term “mammal” as used herein, encompasses any
mammal. Examples of mammals include, but are not limited to, cows, horses, sheep, pigs, cats,
dogs, mice, rats, rabbits, guinea pigs, monkeys, humans etc., more preferably, a human.

[0034] The sebum sample used in embodiments of the present invention can be collected from
a subject using any methods known in the art in view of the present disclosure. For example, the
sebum sample can be collected by a non-invasive method, such as by an absorption tape, from the
skin surface of a subject. In an embodiment of the present invention, the sebum sample is
collected from the forehead of a human subject using any known method for sebum collection in
view of the present disclosure.

[0035] The sebum sample can be collected from many body locations on the subject. For
example, in a human, the sebum sample can be collected from one or more locations of the
forehead, nose, cheek, shoulder, neck, or top of the back of the human.

[0036] The collected sebum sample can be analyzed by various chromatographic analysis,
includes, but is not limited to, gas chromatography (GC), gas chromatography-mass spectrometry
(GC-MS), high-performance  liquid chromatography (HPLC), high-performance liquid
chromatography-mass  spectrometry (HPLC-MS), liquid chromatography (LC), liquid
chromatography-mass spectrometry (LC-MS), thin layer chromatography (TLC), thin layer
chromatography-mass spectrometry (TLC-MS), etc.

[0037] The chromatogram obtained from the chromatographic analysis contains various peaks,
each of which represents one or more constituents of the sebum sample, selected from the group
consisting of free fatty acids, squalene, cholesterols, waxes, cholesterol esters, diglycerides and
triglycerides and various minor unknown constituents. Depending on the method of the
chromatographic analysis and the constituents in the sebum sample, the peaks can be completely
or partially separated from one another. Each of the peaks defines a dimension of the data space
for a chromatogram. Accordingly, a chromatogram containing n peaks generally defines an n-
dimensional data space.

[0038] The chromatogram can be corrected to remove signals and information that are not due
to the composition of the analyzed sebum sample, using any of a variety of known correction
methods in view of the present disclosure. Examples of such undesired signals and information
include various instrumental effects, e.g., that relating to the transmission of optical elements, the
sensitivity of the detector, and any other non-desired sample effects due to the instrument utilized
to collect the chromatograms, such as fluorescence in the case of Raman chromatograms.
However, one skilled in the art will appreciate that uncorrected chromatograms may also be utilized
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to practice the inventive method, without departing from the spirit and scope of the present
invention.

[0039] After the chromatogram has been corrected to remove instrumental artifacts, such as by
baseline subtraction with a control sample, eventually, the significant peaks within the
chromatogram are selected to further increase the signal-to-noise ratio and reduce the variability
among different chromatograms.

[0040] As used herein, “significant peaks” refers to the peaks of significant intensity that can be
reproducibly detected from one sebum sample or peaks of significant intensity that can be
consistently detected from a plurality of sebum samples by the chromatographic analysis. To
select significant peaks from a plurality of sebum samples, the chromatograms from the plurality of
sebum samples are aligned using methods known in the art in view of the present disclosure. The
chromatograms from the plurality of sebum samples can also be processed to generate an average
chromatogram, which can then be used for the selection of significant peaks shared by the plurality
of sebum samples.

[0041] Different sebum samples can share a number of significant peaks, indicating that these
sebum samples can share a number of common constituents. However, the sebum samples can
be different in intensity of one or more of the shared significant peaks, thus different in amount of
one or more common constituents.

[0042] In a preferred embodiment of the present invention, the identity of the constituent or
constituents within each of the significant peaks is not required to be known.

[0043] It is readily understood that different numbers of significant peaks can be selected from
a chromatogram, depending on the criteria used for significant peak selection, such as the
threshold signal-to-noise ratio, the range of retention time of interest, the relevance concerning
classes of lipid the significant peaks belong to, etc. In one embodiment, the number of significant
peaks is equal to the number of total peaks in a chromatogram. In another embodiment, the
number of significant peaks is less than the number of total peaks in a chromatogram.

[0044] In the cases where a peak selection is applied, and m significant peaks are selected
from the n peaks of a chromatogram, the dimensionality of the data space for the chromatogram is
reduced from n to m. Although m is smaller than n, it may still be a relatively large number. A
statistical clustering analysis, such as a principal component analysis (PCA), reduces the m-
dimensional data space to a data space with much reduced dimensionality.

[0045] PCA (or any other statistical clustering analysis) involves a mathematical procedure that
transforms a number of possibly correlated variables into a smaller number of uncorrelated
variables, such as principal components in PCA. The first principal component accounts for as
much of the variability in the data as possible, and each succeeding component accounts for as
much of the remaining variability as possible. PCA involves the calculation of the eigenvalue
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decomposition of a data covariance matrix or singular value decomposition of a data matrix, usually
after mean centering the data for each attribute. If a multivariate dataset is visualized as a set of
coordinates in a high-dimensional data space (1 axis per variable), PCA supplies the user with a
lower-dimensional picture, a "shadow" of this object when viewed from its most informative
viewpoint.

[0046] PCA is mathematically defined as an orthogonal linear transformation that transforms
the data to a new coordinate system such that the greatest variance by any projection of the data
comes to lie on the first coordinate (called the first principal component), the second greatest
variance on the second coordinate, and so on. PCA is theoretically the optimum transform for
given data in least square terms.

[0047] Given a set of points in Euclidean space, the first principal component (the eigenvector
with the largest eigenvalue) corresponds to a line that passes through the mean and minimizes
sum squared error with those points. The second principal component corresponds to the same
concept after all correlation with the first principal component has been subtracted out from the
points. Each eigenvalue indicates the portion of the variance that is correlated with each
eigenvector. Thus, the sum of all the eigenvalues, or the sum of total eigenvalues, is equal to the
sum squared distance of the points with their mean divided by the number of dimensions. PCA
essentially rotates the set of points around their mean in order to align with the first few principal
components. This moves as much of the variance as possible (using a linear transformation) into
the first few dimensions. The values in the remaining dimensions, therefore, tend to be highly
correlated and may be dropped with minimal loss of information. PCA is often used in this manner
for dimensionality reduction. PCA has the distinction of being the optimal linear transformation for
keeping the subspace that has largest variance.

[0048] In an embodiment of the present invention, a statistical clustering analysis, such as a
PCA, compresses the m significant peaks into a vector of p variables, such as p principal
components using a PCA algorithm, wherein p < m.

[0049] The PCA algorithm provides an m x m covariance matrix of the significant peaks;
calculates the eigenvectors and eigenvalues of the covariance matrix; ranks the eigenvalues and
corresponding eigenvectors in a decreasing order; and compresses the significant peaks into a
vector of the p eigenvectors corresponding to the top p eigenvalues.

[0050] Depending on the structure of the data of the chromatogram and the selected significant
peaks subject to PCA, the eigenvalues vary. If the data do not share any correlation (e.g. when
data are randomly distributed), it is not possible to exhibit some relevant projection, thus the
explained variance, or the cumulative eigenvalue for the top p eigenvalues relative to the sum of

total eigenvalues, would be low.
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[0051] In embodiments of the present invention, the cumulative eigenvalue for the top p
eigenvalues is about 40% to 60%, 60% to 80%, 80% to 90%, or 90% to 95% of the sum of total
eigenvalues.

[0052] In preferred embodiments of the present invention, the cumulative eigenvalue for the top
p eigenvalues is at least about 70%, 75%, 80%, 85%, 90% or 95% of the sum of total eigenvalues.

[0053] The choice of p for a threshold explained variance can be determined by computing:

=L s Threshold

N
22

i=l

wherein A; is the i" eigenvalue (reordered in a decreasing order); N is the total number of peaks,
e.g., the m significant peaks, analyzed by PCA.

[0054] In a preferred embodiment of the present invention, p = 3 for a threshold of 0.9 (90% of
the explained variance), i.e., the cumulative eigenvalue for the top 3 eigenvalues is at least 90% of
the sum of total eigenvalues.

[0055] The high signal-to-noise ratio of the significant peaks helps to ensure that the principal
components identified by PCA correspond to interesting dynamics of the data set viewed from its
most informative viewpoint.

[0056] After the m significant peaks are compressed into a vector of p variables, the sebum
sample is then characterized by a p dimensional data space, instead of the original n dimensional
data space, p <<n.

[0057] In a preferred embodiment of the present invention, the sebum sample is characterized
by a vector of three variables, e.g., three principal components, resulting from PCA (or any other
statistical clustering analysis) of all peaks or at least the m significant peaks of the chromatograms
obtained from chromatographic analysis of the sebum sample.

[0058] Because PCA involves only rotation and scaling, it has simplified the algebraic
computation on the data set for the chromatogram, thus has provided a simplified global or overall
profile analysis of any sebum sample.

[0059] Another general aspect of the invention relates to a method of comparing a plurality of
sebum samples using a statistical clustering analysis, such as a principal component analysis.
[0060] In one embodiment, chromatograms obtained from chromatographic analyses of the
plurality of sebum samples are stored into a computer, if necessary, significant peaks from each of
the chromatograms are selected, PCA (or any other statistical clustering analysis) is performed on

all the selected significant peaks to reduce each of the chromatograms into a vector of p principal
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components, and the plurality of sebum samples are compared by comparing the vector for each of
the chromatograms.

[0061] In an embodiment of the present invention, the significant peaks are shared by the
plurality of sebum samples. However, shared significant peaks are not required so long as the
same criteria are used in selecting the significant peaks from each of the plurality of sebum
samples.

[0062] After the statistical clustering analysis, such as a PCA, each sebum sample is
represented by a vector of p variables. In one embodiment of the present invention, p = 3. Thus,
PCA (or any other statistical clustering analysis) has also simplified the algebraic computation for
the comparison of different sebum samples.

[0063] Embodiments of the present invention also relate to systems and computer products for
characterizing a sebum sample or comparing different sebum samples using a PCA (or any other
statistical clustering analysis). Any known computer systems or computer products can be adopted
for the present use in view of the present disclosure.

[0064] In one embodiment, the present invention relates to a system for characterizing a sebum
sample, the system comprising a computer system capable of:

(a) storing a chromatogram from a chromatographic analysis of the sebum sample;

(b) analyzing the chromatogram using a statistical clustering analysis algorithm to obtain
a vector of p variables, wherein p is less than the number of peaks in the chromatogram; and

(c) characterizing the sebum sample as the vector.

[0065] The system can further comprise an apparatus for chromatographic analysis of the
sebum sample to obtain the chromatogram.

[0066] In another embodiment, the present invention relates to a system for comparing a
plurality of sebum samples, the system comprising a computer system capable of:

(a) storing a plurality of chromatograms, each chromatogram obtained from a
chromatographic analysis of each of the plurality of sebum samples, respectively;

(b) analyzing each of the plurality of chromatograms using a statistical clustering
analysis algorithm to obtain a plurality of vectors, each vector having p variables, wherein p is less
than the number of peaks in each of the plurality of chromatograms;

(c) characterizing the plurality of sebum samples with the plurality of vectors,
respectively; and

(d) comparing the plurality of sebum samples by comparing the plurality of vectors.
[0067] The system of can further comprise an apparatus for chromatographic analysis of each
of the plurality of sebum samples to obtain the plurality of chromatograms.

[0068] In another embodiment, the present invention relates to a program product for
characterizing a sebum sample using a statistical clustering analysis algorithm. The program
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product comprises one or more computer programs stored on a recordable medium. The one or
more computer programs are capable of:

(a) saving into a computer a chromatogram obtained from a chromatographic analysis of the
sebum sample;

(b) selecting significant peaks from the chromatogram;

(c) compressing the significant peaks into a vector of p variables using the statistical
clustering analysis algorithm, 1< p < the number of significant peaks; and

(d) characterizing the sebum sample as the vector.

[0069] In another embodiment, the present invention relates to a program product for
comparing a plurality of sebum samples using a statistical clustering analysis algorithm. The
program product comprises one or more computer programs stored on a recordable medium. The
one or more computer programs are capable of:

(a) saving into a computer a plurality of chromatograms, each of the plurality of
chromatograms being obtained from a chromatographic analysis of each of the plurality of sebum
samples;

(b) selecting significant peaks from each of the plurality of chromatograms;

(c) compressing the significant peaks for each of the plurality of chromatograms into a
vector of p variables using the statistical clustering analysis algorithm, 1< p < the number of
significant peaks; and

(d) characterizing the plurality of sebum samples with a plurality of vectors obtained in (c),
whereby the plurality of sebum samples are compared by comparing the plurality of vectors.

[0070] It is readily appreciated by those skilled in the art that embodiments of the present
invention may also be used for the analysis of analytical results obtained from other types of sebum
analysis. For example, a statistical clustering analysis algorithm, such as a PCA, can also be
utilized for the analysis and comparison of spectra obtained from mass spectrometry analyses of
sebum samples.

[0071] It is now surprisingly discovered that an individual has a relatively reproducible and
distinct global profile of sebum composition from a statistical clustering analysis, such as a principal
component analysis (PCA), of chromatograms obtained from a chromatographic analysis of sebum
samples from the individual. This provides a method of personal identification based on the unigue
global profile of sebum composition for each individual.

[0072] Because of the complexity of sebum compositions, such personal identification system
would be difficult to temper with, and more reliable.

[0073] Accordingly, one general aspect of the present invention relates to a method of
identifying or authenticating a subject. The method comprises:
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(a) obtaining a test chromatogram from a chromatographic analysis of a test sebum
sample taken from the subject;

(b) analyzing the test chromatogram using a statistical clustering analysis algorithm to
obtain a test vector of p variables, wherein p is less than the number of peaks in the test
chromatogram; and

(c) comparing the test vector with a reference vector of p variables, wherein the
reference vector is specific to a reference subject and is obtained from analyzing a reference
chromatogram using the statistical clustering analysis algorithm, and the reference chromatogram
is obtained from the chromatographic analysis of a reference sebum sample taken from the
reference subject,

wherein a close proximity between the test vector and the reference vector identifies or
authenticates the subject as the reference subject.
[0074] As used herein, the test vector and the reference vector are in “a close proximity” when
the two vectors are in a close proximity in one or more of the p variables for each of the two
vectors. Methods known in the art can be used to calculate or measure the proximity between the
test vector and the reference vector in view of the present disclosure. For example, the close
proximity between the test vector and the reference vector can comprise a close proximity between
one or more of the p variable of the test vector and the reference vector. In one embodiment of the
present invention, the test vector and the reference vector are in “a close proximity” when the two
vectors are in a close proximity in at least the top two or more of the p variables.
[0075] The required close proximity between the test vector and the reference vector are
determined based on parameters obtained from statistical analysis, reproducibility analysis,
verification analysis, etc. The parameters can vary depending on factors such as the classes of
subjects, e.g., classified by various factors such as animal species, races, genders, ages, etc.,
types of exposed drug, types of diseases, etc. The parameters can also vary depending on the
different purposes. For example, different parameters may be required for personal identification,
drug exposure detection, detection or monitoring of a disease, drug screening, etc.
[0076] In one embodiment, the test vector and the reference vector are “in a close proximity”
when each of the p variables of the test vector is in a close proximity with each of the
corresponding p variables of the reference vector. However, the test vector and the reference
vector can be “in a close proximity” when less than all of each of the p variables of the test vector is
in a close proximity with each of the corresponding p variables of the reference vector.
[0077] In one embodiment of the present invention, the analyzing step comprises:

(a) saving into a computer the test chromatogram;

(b) selecting significant peaks from the test chromatogram; and
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(c) compressing the significant peaks selected in (b) into the test vector of p variables

using the statistical clustering analysis algorithm, 1< p < the number of significant peaks;
wherein the sub-steps of saving, selecting, compressing and the step of

characterizing are accomplished with the computer.
[0078] In an embodiment of the present invention, the method utilizes a plurality of reference
vectors obtained from statistical clustering analysis of a plurality of reference chromatograms,
which are obtained from the chromatographic analysis of a plurality of reference sebum samples
taken from a plurality of reference subjects.
[0079] In an embodiment of the present invention, the test vector and the plurality of vectors
are obtained from the statistical clustering analysis, preferably PCA analysis, of selected significant
peaks from each of the test chromatogram and the plurality of reference chromatograms,
respectively. The significant peaks can be, but not required to be, shared by the test sebum
sample and the one or more reference sebum samples, so long as the same criteria are used in
selecting the significant peaks from each of the test chromatogram and reference chromatogram.
Information about the shared significant peaks is pre-stored into the computer, which is then used
to assist the statistical clustering analysis of the test and/or reference chromatograms.
[0080] Preferably, the significant peaks are identified as relevant to the specificity of a vector to
a subject, such as the specificity of a reference vector to a reference subject. Such information
about the significant peaks can be based on analyses of multiple sebum samples from one subject,
analyses of multiple sebum samples from multiple subjects, and/or the combination of both. The
information can be stored in the computer to assist the analysis according to embodiments of the
present invention.
[0081] It is readily appreciated by those skilled in the art that there can be more than one
vectors specific to a sebum sample, for example, depending on the methods of chromatographic
analysis, and the selected significant peaks. Thus, it is necessary that the same analytical method
is used to obtain the test and reference chromatograms, and the same criteria are used in selecting
the significant peaks from each of the test chromatogram and reference chromatogram.
[0082] In an embodiment of the present invention, to improve the reliability of the result,
different test vectors obtained from the same test sebum sample using different analytical methods
and criteria can be compared with different reference vectors from the same reference serum using
the corresponding analytical methods and criteria.
[0083] In an embodiment of the present invention, the subject and the reference subject can be
different animal species.
[0084] In another embodiment of the present invention, the subject and the reference are the
same animal species, preferably, human beings, more preferably, the same human subject.
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[0085] In an embodiment of the present invention, the method further comprises the use of
information input and data entry apparatus to minimize or assist searching of stored data, such as
by use of a personal identification number or code, a photo, or other means.

[0086] In another embodiment of the present invention, the method further comprises the use
of one or more other methods of personal identification or authentication, such as by fingerprint,
written signature, retinal configuration, voice recognition, physical dimensions of the individual,
features of the individual, etc.

[0087] Embodiments of the present invention also relate to systems and program products for
personal identification.

[0088] In one embodiment, the present invention relates to a system for identifying or
authenticating a subject, the system comprising a computer system capable of:

(a) storing a test chromatogram from a chromatographic analysis of a test sebum
sample taken from the subject;

(b) analyzing the test chromatogram using a statistical clustering analysis algorithm to
obtain a test vector of p variables, wherein p is less than the number of peaks in the test
chromatogram; and

(c) identifying or authenticating the subject by comparing the test vector with a
reference vector of p variables, wherein the reference vector is specific to a reference subject and
is obtained from analyzing a reference chromatogram using the statistical clustering analysis
algorithm, and the reference chromatogram is obtained from the chromatographic analysis of a
reference sebum sample taken from the reference subject.

[0089] The system can further comprise an apparatus for chromatographic analysis of the test
sebum sample to obtain the test chromatogram.

[0090] In another embodiment, the present invention relates to a program product for
identifying or authenticating a subject. The program product comprises one or more computer
programs stored on a recordable medium, and the one or more computer programs are capable of:

(a) saving into a computer a test chromatogram and a reference chromatogram each
obtained from a chromatographic analysis of a sebum sample taken from the subject and a
reference subject, respectively;

(b) selecting significant peaks from each of the test chromatogram and the reference
chromatogram;

(c) compressing the significant peaks from each of the test chromatogram and the
reference chromatogram into a test vector and a reference vector, respectively, using a statistical
clustering analysis algorithm, wherein the reference vector is specific to the reference subject, and
each of the vectors comprises p variables, 1< p < the number of significant peaks; and



10

15

20

25

30

35

WO 2011/154259 PCT/EP2011/058596
15

(e) identifying or authenticating the test subject by comparing the test vector with the
reference vector.

[0091] Another embodiment of a program product for identifying or authenticating a subject
comprises one or more computer programs stored on a recordable medium, and the one or more
computer programs are capable of:

(a) saving into a computer a reference vector of p variables, wherein the reference
vector is specific to a reference subject, and is obtained from a statistical clustering analysis of
significant peaks form a reference chromatogram obtained from a chromatographic analysis of a
sebum sample taken from the reference subject, 1< p < the number of significant peaks;

(b) saving into the computer a test chromatogram obtained from the chromatographic
analysis of a sebum sample taken from the subject;

(c) selecting the significant peaks from the test chromatogram;

(d) compressing the significant peaks from the test chromatogram into a test vector of p
variables using the statistical clustering analysis algorithm; and

(e) identifying or authenticating the subject by comparing the test vector with the
reference vector.

[0092] In a preferred embodiment of the present invention, the statistical clustering analysis
algorithm is a PCA algorithm as that described herein.

[0093] Preferably, the reference sebum sample and the test sebum sample are taken from the
same body location on the reference subject and the test subject, which can be the same or
different subjects.

[0094] The reference vector can be obtained from a stored reference chromatogram. The test
chromatogram and the reference chromatogram can be stored and analyzed at the same or
different time points to obtain the reference and test vectors, respectively. For example, one or
more reference chromatograms can be pre-stored in the computer. Preferably, the test
chromatogram and the reference chromatogram are aligned during the analysis.

[0095] It is readily appreciated by those skilled in the art that, instead of saving and analyzing a
reference chromatogram, a reference vector of p variables can be directly stored and used for
comparison with the test vector.

[0096] This invention will be better understood by reference to the non-limiting example that
follows, but those skilled in the art will readily appreciate that the example is only illustrative of the
invention as described more fully in the claims which follow thereafter.

EXAMPLE

Characterization of Sebum Composition by PCA
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[0097] An absorbent tape was used for the in vivo sampling of sebum samples from the skin of
human subjects. Sebum samples were collected from 5 human subjects, male, 18-60 year old, at
11 visits. At each visit, the middle portion of the forehead of the subject was first treated with ethyl
alcohol. Three sebum samples were collected using an absorbent tape from the forehead 30
minutes after treatment. The samples were stored at below -60°C until sample extraction and
analysis. The total amount of sebum was more than 140ug/cm? from each collection.

[0098] Sebum enriched sebutapes were extracted in 3 mL HPLC grade heptane by vortexing
for 1 minute in 5 mL flask. The organic solvent was transferred to a glass vial, evaporated under
nitrogen (about 30 min) at room temperature. The samples were reconstituted with 70uL of
methanol (50 volumes) / dichloromethane (50 volumes) mix and then transferred to an injection
vial.

[0099] The sebum samples were subject to chromatographic analysis using a gas
chromatography/mass spectrometry (GC/MS) system.

[00100] In this Example, 47 chromatograms resulting from the GC/MS analysis of sebum
samples from 5 human subjects at 11 visits were obtained. Each of the chromatograms contains
more than 70 peaks. The relative intensity or strength of the peaks, which corresponds to the
relative amount of respective constituents in the analyzed sebum samples, often varied from one
chromatogram to another. The variations were observed among chromatograms obtained from
different subjects (Fig. 1A) or from the same subject at different visits (Fig. 1B). In particular, the
measurements of fatty acids posed a problem, because of their instability and the difficulties to
analyzed them. Thus, it was difficult to characterize and compare different sebum samples based
on direct comparison of all peaks in chromatograms.

[00101] Baseline regression and subtraction were performed to correct each of the
chromatograms (Fig. 2). The corresponding peaks in the chromatograms were aligned. Significant
peaks were selected from the baseline corrected and aligned chromatograms (Figs 3A and 3B).
[00102] In particular, functions in the Bioinformatic Toolbox of MATLAB were used for data
processing.

[00103] 1. Resampling the input signal (function msresample)

[00104] This step was used for resampling the raw mass chromatogram. The output
chromatogram can have N=70000 samples with a spacing that increases linearly within the range
of the raw signal.

[00105] 2. Peaks alignment method (function msalign)

[00106] The alignment was performed by scaling and shifting the domain mass/charge (M2)
such that the cross-correlation between the input chromatogram and a synthetic target signal was
maximum. The synthetic target signal was built with Gaussian pulses centered at the locations
specified by the user defined vector P. After obtaining the new MZ mass-charge domain,



10

15

20

25

30

35

WO 2011/154259 PCT/EP2011/058596
17

MSALIGN calculated the realigned signal by shape-preserving piecewise cubic interpolation of the
shifted input signal to the original MZ vector.

[00107] 3. Baseline correction (function msbackadj)

[00108] The variable background (baseline) of a mass spectrometry signal was adjusted by
following steps: estimating the background within multiple shifted windows of width 200 (MZ scale);
regressing the varying baseline to the window points using a spline approximation; and removing
the background of the input signal.

[00109] 4. Peak extraction (function mspeak)

[00110] Peaks in each chromatogram were selected by following steps: smoothing the
chromatogram signals using the undecimated wavelet transform with the Daubechies filter banks;
assigning peak locations; and eliminating peaks that do not satisfy specific criteria.

[00111] Peaks in the chromatograms were localized or identified by their corresponding retention
times (Fig. 4). PCA was performed to reduce the dimensionality of the data space for each
chromatogram.

[00112] In particular, PCA was performed with a chromatogram having m dimensions, m =
number of selected significant peaks. An m x m covariance matrix of the selected significant peaks
was provided. The eigenvectors and eigenvalues of the covariance matrix were calculated. The
eigenvalues and corresponding eigenvectors were ranked in a decreasing order. The 3
eigenvectors corresponding to the top 3 eigenvalues were chosen as the three principal
components C1, C2 and C3. The dimensionality of the chromatogram was thus further reduced
from m to three, which best explain the variance in the multi-dimensional data space of the
chromatogram.

[00113] In this Example, the over 70 peaks in each of the 47 chromatograms were first reduced
to 16 significant peaks, which were further reduced to 3 variables, i.e., three principal components,
by PCA. The cumulative value of the top three eigenvalues is 90.9% of the sum of total
eigenvalues. Thus, the three variables, C1, C2 and C3 well accounted for the variability in the
multi-dimensional data space of the chromatogram and best explain the variance in the over 70
dimension data space. However, it is readily apparent to those skilled in the art that numbers of
eigenvectors different from 3 can also be used in the PCA.

[00114] As shown in Fig. 5, PCA reduced each chromatogram into a single dot in a three-
dimensional space of the three variables, C1, C2 and C3. The PCA profiles of multiple
chromatograms measured from an individual, such as 1-1, 1-2 ...and 1-10 from subject 1, clustered
in a region. This region is distinct or separate from that of another individual, such as the region
containing 3-1, 3-2... and 3-8 from subject 3. This indicates that an individual has a relatively
reproducible and distinct global profile of sebum compositions, as analyzed by PCA on
chromatograms of chromatographic analyses of sebum samples from the individual.
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[00115] It will be appreciated by those skilled in the art that changes could be made to the
embodiments described above without departing from the broad inventive concept thereof. It is
understood, therefore, that this invention is not limited to the particular embodiments disclosed, but
it is intended to cover modifications within the spirit and scope of the present invention as defined

by the appended claims.
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CLAIMS

1. A method of identifying or authenticating a subject, the method comprising:

(a) obtaining a test chromatogram from a chromatographic analysis of a test sebum
sample taken from the subject;

(b) analyzing the test chromatogram using a statistical clustering analysis algorithm to
obtain a test vector of p variables, wherein p is less than the number of peaks in the test
chromatogram; and

(c) comparing the test vector with a reference vector of p variables, wherein the
reference vector is specific to a reference subject and is obtained from analyzing a reference
chromatogram using the statistical clustering analysis algorithm, and the reference chromatogram
is obtained from the chromatographic analysis of a reference sebum sample taken from the
reference subject,

wherein a close proximity between the test vector and the reference vector identifies or
authenticates the subject as the reference subject.

2. The method of claim 1, wherein the analyzing step comprising:

(a) saving into a computer the test chromatogram;

(b) selecting significant peaks from the test chromatogram; and

(c) compressing the significant peaks selected in (b) into the test vector of p variables
using the statistical clustering analysis algorithm, 1< p < the number of significant peaks;

wherein the sub-steps of saving, selecting, compressing and the step of comparing
are accomplished with the computer.

3. The method of claim 2, wherein the significant peaks are identified as relevant to the
specificity of the reference vector to the reference subject.

4, The method of claim 2, wherein the statistical clustering analysis algorithm is a
principal component analysis that performs a computer assisted process comprising:

(a) providing a covariance matrix of the significant peaks;

(b) calculating the eigenvectors and eigenvalues of the covariance matrix;

(c) ranking the eigenvalues and corresponding eigenvectors in a decreasing order; and

(d) compressing the significant peaks into a vector of p eigenvectors corresponding to
the top p eigenvalues.

5. The method of claim 4, wherein the cumulative value of the top p eigenvalues is at
least 70% of the sum of total eigenvalues.

6. The method of claim 4, wherein p = 3.

7. The method of claim 2, further comprising:
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(a) saving into the computer the reference chromatogram;

(b) selecting significant peaks from the reference chromatogram, and

(c) compressing the significant peaks selected in (b) into the reference vector of p
variables using the statistical clustering analysis algorithm, 1< p < the number of significant peaks;
and

wherein the sub-steps of saving, selecting, compressing and the step of comparing
are accomplished with the computer.

8. The method of claim 7, wherein the significant peaks are identified as relevant to the
specificity of the reference vector to the reference subject.

9. The method of claim 2, further comprising storing the reference vector of p variables
into the computer, wherein the identifying or authenticating step comprises comparing the test
vector with the stored reference vector.

10. The method of claim 1, further comprising correcting the test chromatogram by
baseline subtraction prior to the step of analyzing.

11. The method of claim 1, wherein the subject is a human.

12. The method of claim 1, wherein the test sebum sample and the reference sebum
sample are taken from the same body location from the subject and the reference subject,
respectively.

13. The method of claim 12, wherein the body location is selected from the group
consisting of the forehead, nose, cheek, shoulder, neck and top of the back of each of the subject
and the reference subject, respectively.

14. The method of claim 1, wherein the chromatographic analysis is selected from the
group consisting of gas chromatography (GC), gas chromatography-mass spectrometry (GC-MS),
high-performance liquid chromatography (HPLC), high-performance liquid chromatography-mass
spectrometry (HPLC-MS), liquid chromatography (LC), liquid chromatography-mass spectrometry
(LC-MS), thin layer chromatography (TLC), and thin layer chromatography-mass spectrometry
(TLC-MS).

15. The method of claim 1, wherein the step of comparing comprises comparing the test
vector with a plurality of reference vectors of p variables, wherein each of the plurality of reference
vectors is specific to each of a plurality of reference subjects.

16. A system for identifying or authenticating a subject, the system comprising a
computer system capable of:

(a) storing a test chromatogram from a chromatographic analysis of a test sebum
sample taken from the subject;
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(b) analyzing the test chromatogram using a statistical clustering analysis algorithm to
obtain a test vector of p variables, wherein p is less than the number of peaks in the test
chromatogram; and

(c) identifying or authenticating the subject by comparing the test vector with a
reference vector of p variables, wherein the reference vector is specific to a reference subject and
is obtained from analyzing a reference chromatogram using the statistical clustering analysis
algorithm, and the reference chromatogram is obtained from the chromatographic analysis of a
reference sebum sample taken from the reference subject.

17. The system of claim 16 further comprising an apparatus for chromatographic
analysis of the test sebum sample to obtain the test chromatogram.

18. A program product for identifying or authenticating a subject, the program product
comprising one or more computer programs stored on a recordable medium, the one or more
computer programs being capable of:

(a) saving into a computer a test chromatogram and a reference chromatogram each
obtained from a chromatographic analysis of a sebum sample taken from the subject and a
reference subject, respectively;

(b) selecting significant peaks from each of the test chromatogram and the reference
chromatogram;

(c) compressing the significant peaks from each of the test chromatogram and the
reference chromatogram into a test vector and a reference vector, respectively, using a statistical
clustering analysis algorithm, wherein the reference vector is specific to the reference subject, and
each of the vectors comprises p variables, 1< p < the number of significant peaks; and

(e) identifying or authenticating the test subject by comparing the test vector with the
reference vector.

19. A program product for identifying or authenticating a subject, the program product
comprising one or more computer programs stored on a recordable medium, the one or more
computer programs being capable of:

(a) saving into a computer a reference vector of p variables, wherein the reference
vector is specific to a reference subject, and is obtained from a statistical clustering analysis of
significant peaks form a reference chromatogram obtained from a chromatographic analysis of a
sebum sample taken from the reference subject, 1< p < the number of significant peaks;

(b) saving into the computer a test chromatogram obtained from the chromatographic
analysis of a sebum sample taken from the subject;

(c) selecting the significant peaks from the test chromatogram;

(d) compressing the significant peaks from the test chromatogram into a test vector of p
variables using the statistical clustering analysis algorithm; and
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(e) identifying or authenticating the subject by comparing the test vector with the

reference vector.
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