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Description

SYSTEM COMPRISING SCORING ALGORITHM AND
METHOD FOR IDENTIFYING ALTERNATIVE SPLICING

ISOFORMS USING PEPTIDE MASS FINGERPRINTING, AND

[1]

[2]

[3]

[4]

RECORDING MEDIA HAVING PROGRAM THEREFOR

Technical Field

The present invention relates to a system comprising a scoring algorithm and a
method for identifying alternative splicing isoforms by using peptide mass finger-
printing, and recording media having a computer readable program to implement the
method.

Background Art

Inside cells hundreds or thousands of different proteins are constantly being
expressed in various amounts. As such, it is very challenging to determine the kinds
and the amounts of such proteins. Even if a protein of interest is isolated in pure state,
molecular weight determination alone is not enough for a precise identification of
protein since there are many different kinds of proteins having similar molecular
weight present in a cell. Meanwhile, if a protein is digested with an enzyme which can
hydrolyze the protein at a specific site and molecular weights of the resulting peptide
fragments are determined, the volume of information that can be used for protein iden-
tification will dramatically increase and it would lead a way to characterize the original
protein.

Peptide mass fingerprinting (herein after, sometimes referred to as "PMF") is a
technique used to determine the mass distribution of peptide fragments that are
obtained from protein hydrolysis. Similar to a line spectrum which serves as a fin-
gerprint for an element, mass of peptide fragments is a fingerprint of a protein. In this
case, it is unnecessary to measure the molecular weight of all peptides obtained from
the protein hydrolysis. Instead, an accurate measurement of the molecular weight of
several peptides is usually enough and it is because for two separate proteins a
probability of obtaining a combination of peptides having exactly the same molecular
weight is extremely low.

Alternative splicing is a mechanism of producing two or more various and separate
proteins from a single gene in a complex organism. With such alternative splicing, a
great variety of proteins can be produced from a limited number of genes at different
time and location. It was also reported that alternative splicing is related to the oc-

currence of some diseases.
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For an identification of an alternative splicing isoform, usually proteins and

transcripts are experimentally determined.
As a method for determining a transcript, a microarray system is used. There is a

method which designs and uses exon probes and exon-exon junction probes (Nagao, K.
(2005) Human Molecular Genetics, 14, 3379-3388; Shoemaker, D. (2001) Nature, 409,
922-927). However, because not all of those determined at transcription level are
translated into a protein, it is advantageous that the determination is carried out at
protein level.

For a protein level identification, mass analysis is used. For a determination of
splicing sites, there is a method based on protein sequencing with a combined mass
spectrometry and a mass spectrometry (Tanner, S. (2007) Genome research, 17,
231-239). In addition, there is a method by which a genome is translated into six
frames of proteins and then splicing site is identified (Giddings, M. (2003) Proc Natl
Acad Sci USA, 100, 20-25). Although being suitable for locating a splicing site in a
gene, these methods are not useful for obtaining an isoform. The reason is that, not all
of the fragment mass of the peptides that are produced by proteolytic enzymes are
confirmed during mass analysis. In addition, if an alternative splicing isoform is not
taken into consideration, a wrong type of isoform can be identified from peptide mass
fingerprinting, because there can be many isoforms present that have not yet been
verified by an experiment.

Meanwhile, in order to determine an alternative splicing isoform by using PMF
technique, a database wherein the presence of such alternative splicing is considered
should be constructed. A gene having an event of alternative splicing in such database
should have a common exon so that it may have a protein sequence that is partially
same to each other. In addition, there can be more than one hundred isoforms which
can be generated from a single gene. Due to such characteristics, a new algorithm that
can distinguish isoforms different to each other is in need.

Korean Patent Registration No. 10-0789430 discloses a method for determining
isotopic clusters and monoisotopic masses of polypeptides on mass spectra of complex
polypeptide mixtures and computer-readable medium thereof. Korean Patent Re-
gistration No. 10-0757040 discloses a system and method for analysis of interfaces
based on protein domain and recording medium therefor. In addition, PCT publication

WO 01/57519 discloses a method for identifying and/or characterizing a (poly)peptide.
Disclosure of Invention
Technical Problem

The present intention, which is devised in view of said necessity, relates to a de-

velopment of a system and a method for identifying alternative splicing isoforms that
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have been known or not known from prior art, and an identification of alternative

splicing isoforms using such system and method.
According to the present invention, by using an algorithm which can efficiently dis-

tinguish alternative splicing forms of a gene from another and a database which
includes tissue-specific genetic information, the alternative splicing isoforms can be ef-
ficiently characterized and identified and tissue-specific isoforms can be confirmed.
Technical Solution

In order to solve the problems described above, the present invention provides a
system and a method for identifying alternative splicing isoforms using peptide mass
fingerprinting. In addition, the present invention provides recording media having a
computer readable program that can be used to implement said method.
Advantageous Effects

According to the present invention, alternative splicing isoforms can be identified
from the mass distribution of peptides that are generated by mass spectrometry. As a
result, isoforms that have been previously unknown and isoforms that are related to a
certain disease or specific for certain tissues can be identified.
Brief Description of the Drawings

Figure 1 is a schematic diagram representing the system for identifying alternative
splicing isoforms according to the present invention.

Figure 2 is a diagram describing the algorithm of the present invention.

Figure 3 shows a screen for input section.

Figure 4 shows a screen for output section.

Mode for the Invention

In order to achieve said object of the invention, the present invention provides a
system encompassing entire processes for identifying alternative splicing isoforms by
using peptide mass fingerprinting, which comprises,

- an input section to which mass data measured for peptide fragments that are
obtained from protein hydrolysis are input;

- a database comprising mass and isopotential value of a protein, site information of
an amino acid which might be involved in protein modification and sequence in-
formation of a peptide that is produced after the hydrolysis of the protein;

- a search section by which the peptide mass data is searched against an established
database;

- an algorithm for scoring a potential of candidate alternative splicing isoforms
having a mass with match found in database; and

- an output section by which the candidate isoforms are aligned according to their

score.
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According to a system of one embodiment of the present invention, transcripts of
splicing isoforms are collected for a species having an alternative splicing, and then
they can be translated into a protein sequence to construct the database.

According to a system of one embodiment of the present invention, said algorithm
can be an algorithm which determines priority of each candidate with a process that
mass data measured from an experiment is searched against the established database
and then the results are calculated for masses that are in match with respective

isoforms by using the following formulae 1, 2 and 3.

rml = -fm‘ /T Formula 1
bmi = logm (r’”.' ) Formula2

k
[z‘ = Z EM] Formula 3
J1

In the above-described formulae 1, 2 and 3, symbols used are as follows. Spe-
cifically, when measured mass value is represented by m = {m1, m2,..., mi} and a
mass value with match in the database is represented by M = {M1,M2, ..., Mk}, mi
indicates mass value of m while Mk indicates mass value of M. Mk is a single value
that is in match with one candidate isoform among mi. When a search is carried out
using a measured data and total number of peptides that are searched from the database
is T and the number of peptides that are searched by using each of the mass values
from the database is f,;, I,; can be obtained from the above formula 1. In this case,
since the values can be too small to handle, r,; can be converted to E,.; based on the
above-described logarithmic formula 2. P, value is a sum of E,; for the mass values in
match with respective isoforms. In other words, if there are k mass values in match
with a certain isoform, P, is a sum of E,; that are generated from applying k number of
matching mass values to formulae 1 and 2. Smaller the P, value is, a more significant
candidate it becomes. This means that, smaller the possibility of an accidental match
with measured mass values, a more significant candidate it becomes. Because al-
ternative isoforms originating from a single gene share a common peptide, they will
have a similar score and thus can be concentrated.

The present invention further provides a method for identifying alternative splicing
isoforms by using peptide mass fingerprinting.

More specifically, said method comprises following steps:

- constructing a database for searching alternative splicing isoforms;

- searching the mass data of the peptide fragments obtained from protein hydrolysis
against said database;

- scoring by algorithm which can score the potential of each candidate that have been
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searched for the alternative splicing isoforms having a mass with match in the
database; and,

- identifying the isoforms by sorting them out by the score.

In the present invention, transcripts from the species having an alternative splicing
event are virtually translated into proteins and the resulting protein sequences are also
virtually digested with a proteolytic enzyme as if they are digested with it in real. Con-
sequently, generated peptides are stored in the database of the present invention.

According to a method of one embodiment of the present invention, the database is
constructed by processes including collecting transcripts for the species having an al-
ternative splicing event and translating them into protein sequences, and the database
may comprise mass and isopotential value of protein, site information of amino acid
which might be involved in protein modification and sequence information of a peptide
that is produced after the hydrolysis of the protein.

According to a method of one embodiment of the present invention, the algorithm
can be an algorithm which determines priority of each candidate with a process that
mass data measured from an experiment is searched against the established database
and then the results are calculated for masses that are in match with respective

isoforms by using the following formulae 1, 2 and 3.

]"ml = .fml / T Formula 1
bmi = logm (r’”.' ) Formula?2

k
[z = E EM] Formula 3
j=1

Definition of the symbols described in said formulae 1 to 3 is the same as described
before.

According to a method of one embodiment of the present invention, the imple-
mentation of said algorithm can be achieved by processes including, searching within
error range of mass the mass data that has been supplied from the input section and the
mass considering the error of mass against the database, sorting the results for each
isoforms, scoring them by using said algorithm, and sorting them in an ascending order
to decide the priority among candidates.

The present invention still further provides recording media having a computer
readable program to implement said method for identifying alternative splicing
isoforms by using peptide mass fingerprinting.

Herein after, preferred examples of the present invention will be explained in greater
detail in view of the attached drawings.

Figure 1 is a schematic diagram representing the system for identifying alternative
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splicing isoforms according to the present invention.

The system for identifying alternative splicing isoforms by using peptide mass fin-
gerprinting according to the present invention includes an input section; a database; a
search section; an algorithm; and an output section.

The input section is where the mass data input of the peptide fragments obtained
from protein hydrolysis occurs. Figure 3 shows a screen for an input section. Essential
mass values, optional protein mass values and isopotential values are fed to the input
section.

The above-described database includes information regarding mass and isopotential
value of protein sequence, site of amino acid that might be involved in protein modi-
fication, and peptide sequences that are produced after the enzyme treatment, etc. To
construct the database, after collecting transcripts for the species having an alternative
splicing, they are translated into protein sequences and redundant protein sequences are
removed.

The above-described search section is where a search against the database is carried
out.

The above-described algorithm scores potential of candidates that are found during
search step in relation with the alternative splicing isoforms which have masses with
match in the database constructed as above. More specifically, said algorithm can be
an algorithm which determines priority of each candidate with a process that mass data
measured from an experiment is searched against the established database and then the
results are calculated for masses that are in match with respective isoforms by using

the following formulae 1, 2 and 3.

rml = .fml /T Formula 1
bmi o l()gm (]"mi ) Formula?2

k
]:‘ = Z EMJ Formula3
j=1

Definition of the symbols described in said formulae 1 to 3 is the same as described
before.

The output section is where the candidate isoforms are sorted by their score. Figure 4
shows a screen for output section. Closer to the top of the output screen, it is more
likely that it is a correct isoform.

The present invention furthermore provides a method for identifying alternative
splicing isoforms by using peptide mass fingerprinting. Said method for identifying al-
ternative splicing isoforms by using peptide mass fingerprinting according to the

present invention can provide a database which can be used for program search of
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mass data that is generated from mass spectrometry. That is, after searching mass data
generated from mass spectrometry against said database, the isoforms having a mass
with match in the database are scored by using said algorithm, and the candidate
isoforms are aligned in an ascending order with their scores.

In order to identify alternative splicing isoforms by using peptide mass finger-
printing, a database for searching mass data obtained from mass spectrometry, wherein
an alternative splicing is taken into consideration, is required. In addition, an algorithm
guaranteeing precise identification is necessary. Using a protein sequence comprising
alternative splicing isoforms, a database which can be used for analyzing the results
obtained from mass spectrometry is constructed based on the program for producing
the search database according to the present invention. This database includes in-
formation regarding site of amino acid that might be involved in protein modification,
isopotential value of each isoforms and mass of each isoforms, etc. The amino acid site
at which a protein sequence can be modified indicates a site wherein the chemical
structure of a certain amino acid can be modified after the translation of corresponding
transcript.

Considering that an alternative splicing may occur, there can be several to hundred or
more of isoforms can be present for a single gene. However, they tend to have a
peptide sequence that is partially same to each other. In this regard, a new algorithm
which can take an advantage of such characteristic is in need to efficiently distinguish
the isoforms.

To identify the isoforms from the masses that are generated from an experiment, a
search using a web-based software can be carried out. In this case, mass values that are
essential for data input, optional protein mass values, and isopotential values are added
(Figure 3). The added data is searched against the database described above, scored by
said algorithm, and aligned in an ascending order with their scores (Figure 4). Closer to
the top, it is more likely that it corresponds to a correct isoform. In other words, more
significant candidate will have a lower score.

Detailed description of the algorithm of the present invention is given as a diagram of
Figure 2. As it can be seen from Figure 2, mass value (201) obtained from a mass spec-
trometer is searched against database (202). A, B, C, D, L, M, and N in 202 are
imaginary circles having a size proportional to the number of peptides that are in match
after the search with said measured mass values. Bigger sized-circle indicates that there
are more peptides in match. On the other hand, smaller the circle is, probability of ac-
cidental occurrence is lower. With the search of the measured mass values against the
database, isoforms having a matching mass value is presented as scores as shown in
203. Each isoforms are aligned in an ascending order of score such as from C1, C2, ...,

to C7. The isoforms originating from a single gene tend to share the same peptide
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fragments, thus they end up having a similar score. As it is shown in 204, C1, C2, C3
isoforms originating from a single gene show an order of 1, 2 and 3 from the top. Then,
an order of significance of each candidate is decided based on matched mass values of
L, M, and N that are different to each other. In this case, because the size of L is

smallest, C1 becomes the most significant candidate.

r”’z = fm, /T Formula 1
bmi o l()gm (]"mi ) Formula2

k
]:‘ = Z EMJ Formula3
J-1

Definition of the symbols described in said formulae 1 to 3 is the same as described
before.

Mass data (201) measured by a mass spectrometer is searched against the mass value
of the database (202) considering an error value. The number determined by search
with all of the measured mass values corresponds to the size of dotted-line circle of
Figure 2. Each mass value can be searched against the database. Circles A, B, C, D, L,
M and N of (202) are represented by f,; and the formula 2 can be solved using the
values obtained before. In addition, for the isoforms that have been searched using all
of the measured mass values, Ey; values of formula 2 which correspond to the mass
values in match with each isoform are all added up to yield a specific score.

The present invention still further provides recording media having a computer
readable program to implement the method for identifying alternative splicing isoforms
by using peptide mass fingerprinting.

Recording media having a computer readable program can be any media that can be
directly read and accessed through a computer. Examples of such recording medic
includes; magnetic recording media such as a floppy disk, a hard disk and a magnetic
tape, etc., optical recording media such as CD-ROM, CD-R, CD, RW, DVD-ROM,
DVD-RAM, and DVD-RW, etc., and electric recording media such as RAM and
ROM, etc., and combinations thereof (e.g., magnetic/optical recording media such as
MO, etc.), but are not limited thereto.

Selection of an instrument that is used for recording and storing data into the above-
described recording media and an instrument or a device that is used for reading the
data information from recording media is determined by the kinds of recording media
and an access method being used. Further, various kinds of data processor program,
software, comparator, and format are used for recording in corresponding media the
program that is required for the implementation of the method of the present invention.

Information can be presented in a form of, for example, a binary file formatted with
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commercially available software, text file or ASCII file.

[62] A skilled person in the pertinent art would understand that the present invention can
be implemented in another specific forms without changing the technical spirit or
essential characteristics of the invention. Therefore, it must be understood that the
examples described above are illustrative only and no way limit the present invention.
The scope of the present invention is described by the claims that are given below,
rather than by the detailed description of the invention. In addition, it should be un-
derstood that meaning and scope of the claims and variants or varied forms that can be
deduced from the claims and their equivalents are all within the scope of the present

invention.
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Claims

A system encompassing entire processes for identifying alternative splicing
isoforms using peptide mass fingerprinting, which comprises;

- an input section to which mass data measured for peptide fragments that are
obtained from protein hydrolysis are input;

- a database comprising mass and isopotential value of a protein, site information
of an amino acid which might be involved in protein modification and sequence
information of a peptide that is produced after the hydrolysis of the protein;

- a search section wherein a search is carried out against the database;

- an algorithm for scoring a potential of candidate alternative splicing isoforms
having a mass with match found in database; and

- an output section by which the candidate isoforms are aligned according to their
score.

The system according to Claim 1, characterized in that said database is con-
structed by processes including collecting transcripts for a species having an al-
ternative splicing event, translating them into protein sequences, and removing
the overlapped protein sequences.

The system according to Claim 1, characterized in that said algorithm is an
algorithm which determines priority of each candidate with a process that mass
data measured from an experiment is searched against the database and then the
results are calculated for masses that are in match with respective isoforms by

using the following formulae 1, 2 and 3:

I"ml = _fm‘ /T Formula 1
bmz = logl(] (r”’.' ) Formula 2

k
R — z EM] Formula 3
j-1

(wherein, when measured mass value is represented by m = {m1, m2,..., mi} and
a mass value with match in the database is represented by M = {M1,M2, ..., Mk},
mi indicates mass value of m, Mk indicates mass value of M and MKk is a single
value that is in match with one candidate isoform among mi, T represents total
number of peptides that are searched from the database when the search is
carried out using measured data, f; represents the number of peptides that are
searched with each of the mass values from the database, E; is a logarithmic
value of r,,;, and P (score) is a sum of E,; for the mass values in match with re-

spective isoforms).
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A method for identifying alternative splicing isoforms by using peptide mass fin-
gerprinting, which comprises;

- constructing a database for searching alternative splicing isoforms;

- searching the mass data of the peptide fragments obtained from protein hy-
drolysis against said database;

- scoring by algorithm which can score the potential of each candidate that has
been searched for the alternative splicing isoforms having a mass with match in
the database; and

- identifying the isoforms by sorting them out by the score.

The method according to Claim 4, characterized in said algorithm is an algorithm
which determines priority of each candidate with a process that mass data
measured from an experiment is searched against the database and then the
results are calculated for masses that are in match with respective isoforms by

using the following formulae 1, 2 and 3:

I"ml = _fm‘ /T Formula 1
bmz = l()gm (r”’.' ) Formula 2

k
[z = z EM] Formula 3
j-1

(wherein, definition of the symbols described in said formulae 1 to 3 is the same
as described in Claim 3).

The method according to Claim 5, characterized in that the implementation of
said algorithm is achieved by processes including, searching within error range
of mass the mass data that is supplied from the input section and the mass con-
sidering the error of mass against the database, sorting the results for each
isoforms, scoring them by using said algorithm, and sorting them in an ascending
order to decide the priority among the candidates.

Recording media having a computer readable program to implement the method

described in any one of Claims 4 to 6.
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