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INFORMATION PROCESSING PROGRAM, INFORMATION
PROCESSING METHOD, AND INFORMATION PROCESSING

APPARATUS
FIELD
[0001] The present invention relates to an information processing program
and the like.
BACKGROUND

[0002] The base sequence of the human genome has been studied, and it
has been elucidated that there are 30000 types of proteins constituting the
human genome. On the other hand, the types of proteins in microorganisms and
the like are considered to be limitless, and a large number of unique codon
sequences repeatedly expressed from the target nucleotide sequence have been
found. For example, a specific codon sequence that is repeatedly expressed is
called a domain, a motif, or the like, and it is important to investigate such a
specific codon sequence.

[0003] A domain is a part of the sequence or structure of a protein that
evolves independently of other parts and has a function. A motif is characterized
by a symmetrical sequence of codons. FIG. 17 is a diagram illustrating an
example of a motif. As shown in FIG. 17, motifs include B hairpin 1a, Greek key
1b, B barrel 1c (porin or lipocalin), and the like. Folding is the physical process by
which a protein chain acquires its native three dimensional structure, usually a
biologically functional conformation, in a rapid and reproducible manner.

[0004] For example, as a technique for searching for a motif from a base
sequence, there is a conventional technique for searching for a motif using a
substituted base sequence having a Hamming distance as a key. In addition,
there is a conventional technique in which a plurality of sequence cross-sections
of an ortholog candidate are extracted from upstream of a transcription start
point of a deoxyribonucleic acid (DNA) sequence and a motif candidate is
determined.

[Prior Art Document]



[Patent Document]
[0005] [Patent Document 1] International Publication No. 2005 / 096208
[0006] [Patent Document 2] International Publication No. 2020 / 049748
[0007] [Patent Document 3] Japanese Patent Application Laid-Open No.
2014 / 112307

SUMMARY
[TECHNICAL PROBLEM]

[0008] However, in the above-described conventional techniques, there is
a problem that a codon sequence that is repeatedly expressed cannot be
efficiently searched for.

[0009] Here, the bases of DNA and RNA (ribonucleic acid) are of four types
and are represented by the symbols " A", "G","C", " T" or " U". Further, 20
kinds of amino acids are determined by a group of three base sequences. The
respective amino acids are indicated by the symbols " A" to " Y ". FIG. 18 shows
the relationship between amino acids, bases, and codons. A cluster of three base
sequences is called a " codon ". A codon is determined by the arrangement of
each base, and when the codon is determined, an amino acid is determined.

[0010] As shown in FIG. 18, a plurality of types of codons are associated
with one amino acid. For example, the amino acid " alanine (Ala) " is associated
with the codons " GCU ", " GCC ", " GCA ", " GCG ", wherein the codons " GCU ",
"GCC", "GCA", " GCG " are substantially identical codons. However, the
conventional techniques cannot cope with the characteristics of such codons and
cannot efficiently search for a codon sequence that is repeatedly expressed.

[0011] Itis desirable to provide an information processing program, an
information processing method, and an information processing apparatus
capable of efficiently searching for a codon sequence that is repeatedly
expressed.

[SOLUTION TO PROBLEM]



[0012] According to an aspect of the invention, an information processing
program that causes at least one computer to execute a process, the process
includes calculating a second index indicating a position of an amino acid on a
codon file based on a first index indicating positions of a plurality of codons on
the codon file with respect to a plurality of codons having different base
sequences indicating the same amino acid; identifying positions of amino acid
sequences repeatedly expressed in the codon file based on the second index;
and specifying each codon sequence corresponding to a position of each amino
acid sequence repeatedly expressed in the codon file as a codon sequence
having homology.

[ADVANTAGEOQUS EFFECTS OF THE INVENTION]
[0013] A codon sequence that is repeatedly expressed can be efficiently

searched.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1is a diagram (1) for explaining processing of an information

processing apparatus according to a first embodiment;

[0015] FIG. 2 is a diagram (2) for explaining the processing of the
information processing apparatus according to the first embodiment;

[0016] FIG. 3 is a functional block diagram illustrating a configuration of
the information processing apparatus according to the first embodiment;

[0017] FIG. 4 is a diagram illustrating an example of a data structure of a
score table;

[0018] FIG. 5is a diagram showing an example of a data structure of a
codon file;

[0019] FIG. 6 is a diagram illustrating an example of a data structure of a
codon permutation index;

[0020] FIG. 7 is a diagram illustrating an example of a data structure of an

amino acid transposition index;



[0021] FIG. 8 is a diagram (1) for explaining processing of a specifying
unit;

[0022] FIG. 9is a diagram (2) for explaining a process of a specifying unit;

[0023] FIG. 10 is a diagram (3) for explaining the processing of the
specifying unit;

[0024] FIG. 11 is a diagram (4) for explaining a process of a specifying
unit;

[0025] FIG. 12 is a diagram illustrating an example of a data structure of
search result information;

[0026] FIG. 13 is a flowchart illustrating a processing procedure of the
information processing apparatus according to the first embodiment;

[0027] FIG. 14 is a diagram (1) for explaining a process of the information
processing apparatus according to the second embodiment;

[0028] FIG. 15 is a diagram (2) for explaining the processing of the
information processing apparatus according to the second embodiment;

[0029] FIG. 16 is a diagram illustrating an example of a hardware
configuration of a computer that realizes the same function as the information
processing apparatus according to the embodiment;

[0030] FIG. 17 is a diagram showing an example of a motif; and

[0031] FIG. 18 is a diagram showing the relationship among amino acids,
bases, and codons.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Preferred embodiments of the present invention will be, an
information processing method, and an information processing apparatus
disclosed in the present application will be described in detail with reference to
the drawings. However, the present invention is not limited to these
embodiments.

[0033] [Example 1]

[0034] An example of processing performed by the information processing

apparatus according to the first embodiment will be described. FIGS. 1 and 2 are



diagrams for explaining processing performed by the information processing
apparatus according to the first embodiment.

[0035] FIG. 1 will be described. The information processing apparatus
scans a codon file 141 including information of a base sequence on a codon basis
to generate a codon transposition index 142.

[0036] The codon permutation index 142 has a bitmap for each type of
codon. Since there are 64 types of codons, 64 bitmaps are registered in the
codon permutation index 142. Each bit map of the codon permutation index 142
is associated with a type of a codon, an offset, and a flag. At an offset where the
flag" 1 " of the bitmap is set, it is indicated that a corresponding type of codon
is located. In the bitmap, " 0 " is associated with an offset for which a flag is not
set.

[0037] For example, when the flag " 1 " is associated with the offset " n "
in the bitmap corresponding to the codon " GCU ", this indicates that the (n + 1)
- th codon from the head of the codon file 141 is the codon " GCU ". In the first
embodiment, the offset of the first codon of the codon file 141 issetto " 0 ".

[0038] The information processor generates an amino acid-inverted index
143 based on the codon-inverted index 142 and the definition table T1. The
definition table T1 is a table that defines correspondence between amino acids
and codons. As described in FIG. 18, a plurality of types of codons may be
associated with the same amino acid.

[0039] In the amino acid transposition index 143, a bitmap corresponding
to each amino acid is registered. In each bitmap of the amino acid transposition
index 143, a type of amino acid, an offset, and a flag are associated with each
other. At an offset where a flag " 1 " is set in the bitmap, it is indicated that an
amino acid of a corresponding type is located. In the bitmap, " 0 " is associated
with an offset for which a flag is not set.

[0040] A case in which the information processing apparatus generates a
bitmap of the amino acid " Ala " among the bitmaps of the amino acids in the

amino acid transposition index 143 will be described. The information processing



apparatus 100 specifies " GCU ", " GCC ", " GCA ", and " GCG " as codons
corresponding to the amino acids " Ala " based on the definition table T1.

[0041] The information processing apparatus acquires a bitmap 142 - 1 of
the codon " GCU ", a bitmap 142 - 2 of the codon " GCC ", a bitmap 142 - 3 of
the codon " GCA ", and a bitmap 142 - 4 of the codon " GCG " from the codon
permutation index 142. The information processing apparatus performs an OR
operation (logical sum) on the bitmaps 142 - 1 to 142 - 4 to generate a bitmap
143 - 1 of the amino acid " Ala ".

[0042] Thatis, when the flag of any one of the offsets " n " of the bitmaps
142-1to142-1is" 1", the information processing apparatus sets the flag of
the offset " n " of the bitmap 143 - 1to " 1 ". On the other hand, when "0 " is
set to all of the offsets " n " of the bitmaps 142 - 1 to 142 - 1, the information
processing apparatus sets " 0 " to the offset " n " of the bitmap 143 - 1. The
information processing apparatus repeatedly executes the above processing at
each offset.

[0043] The information processing apparatus generates bitmaps of other
amino acids in the same manner as the bitmap 143 - 1 of the amino acid " Ala ",
and registers the bitmap of each amino acid in the amino acid inverted index
143.

[0044] FIG. 2 will be described. The information processing apparatus
specifies the relationship between the offset of the codon file 141 and the type of
amino acid based on the amino acid transposition index 143, and specifies the
codon sequences corresponding to the positions of the amino acid sequences
that are repeatedly expressed as codon sequences having homology each other.

[0045] For example, in the example shown in FIG. 2, the amino acid
sequence " Leu, Lys, Asp, GIn, Ala " is repeatedly expressed at offsets 10 to 1440
to 44 and the like of the codon file 141. In this case, the information processing
apparatus specifies the codon sequence " CUG, AAA, GAU, CAG, GCA " included
in offsets 10 to 14 and the codon sequence " CUG, AAA, GAU, CAA, GCA "

included in offsets 40 to 44 as codon sequences having homology.



[0046] When the codon sequence " CUG, AAA, GAU, CAG, GCA " is
compared with the codon sequence " CUG, AAA, GAU, CAA, GCA ", " CAG " is
different from " CAA " in the granularity of the codon. However, since " CAG "
and " CAA " correspond to the same amino acid " GIn ", it can be said that the
codon sequence " CUG, AAA, GAU, CAG, GCA " and the codon sequence " CUG,
AAA, GAU, CAA, GCA " are homologous codon sequences.

[0047] As described above, according to the information processing
apparatus of the first embodiment, the amino acid inverted index 143 is
generated by generating a bitmap of units of amino acids from a bitmap of
codons having different base sequences indicating the same amino acid. The
information processing apparatus uses the generated amino acid inverted index
143 to specify the relationship with the types of amino acids in the codon file
141, and specifies the codon sequences corresponding to the positions of the
amino acid sequences that are repeatedly expressed as codon sequences having
homology. This makes it possible to efficiently search for codon sequences that
are repeatedly expressed.

[0048] Next, an example of a configuration of the information processing
apparatus according to the first embodiment will be described. FIG. 3 is a
functional block diagram illustrating the configuration of the information
processing apparatus according to the first embodiment. As illustrated in FIG. 3,
the information processing apparatus 100 includes a communication unit 110, an
input unit 120, a display unit 130, a storage unit 140, and a control unit 150.

[0049] The communication unit 110 is connected to an external device or
the like in a wired or wireless manner, and transmits and receives information to
and from the external device or the like. For example, the communication unit
110 is realized by a network interface card (NIC) or the like. The communication
unit 110 may be connected to a network (not illustrated).

[0050] The input unit 120 is an input device that inputs various types of
information to the information processing apparatus 100. The input unit 120

corresponds to a keyboard, a mouse, a touch panel, or the like.



[0051] The display unit 130 is a display device that displays information
output from the control unit 150. The display unit 130 corresponds to a liquid
crystal display, an organic electro luminescence (EL) display, a touch panel, or
the like.

[0052] The storage unit 140 includes a definition table T1, a score table
T2, a codon file 141, a codon-inverted index 142, an amino-acid-inverted index
143, and search result information 144. The storage unit 140 is realized by, for
example, a semiconductor memory element such as a random access memory
(RAM) or a flash memory, or a storage device such as a hard disk or an optical
disk.

[0053] The definition table T1 is a table that defines correspondence
between amino acids and codons. The relationship between the amino acids and
the codons defined in the definition table T1 is the same as the relationship
between the amino acids, the bases and the codons described in FIG. 18.

[0054] The score table T2 is a table that defines the degree of similarity
between amino acids. FIG. 4 is a diagram illustrating an example of a data
structure of a score table. The symbols shown in the regions T2 and Al of the
score table A2 shown in FIG. 4 are symbols uniquely indicating the amino acids
described in FIG. 18. The numerical value of the region A3 is a score indicating
the probability of amino acid replacement, and a higher score indicates a higher
degree of similarity.

[0055] For example, according to the score table T2 of FIG. 4, the score of
alanine " A (Ala) " and threonine " T (Thr) "is " - 4 ". Further, the score of
alanine " A (Ala) " and tryptophan " W (Trp) "is " 1 ". Therefore, a pair of
alanine and tryptophan shows a higher degree of similarity than a pair of alanine
and threonine.

[0056] The codon file 141 has information on a base sequence in which a
plurality of bases are arranged. FIG. 5 is a diagram illustrating an example of a

data structure of a codon file. As illustrated in FIG. 5, the codon file 141 is



information in which symbols of a plurality of bases are arranged. A set of three
consecutive bases corresponds to one codon.

[0057] The codon transposition index 142 is information that associates an
offset from the head of the codon file 141 with a type of a codon. FIG. 6 is a
diagram illustrating an example of a data structure of a codon permutation
index. The horizontal axis of the codon permutation index 142 is an axis
corresponding to the offset. The vertical axis of the codon permutation index 142
is an axis corresponding to the type of codon.

[0058] For example, the offset of the first codon of the codon file 141 is
setto " 0 ". When the codon " AUG " is included at the seventh position from the
head of the codon file 141, the bit at the position where the column of the offset
"6 " of the codon permutation index 142 and the row of the codon " AUG "
intersectis " 1".

[0059] The amino acid transposition index 143 is information that
associates an offset from the head of the codon file 141 with the type of amino
acid. FIG. 7 is a diagram illustrating an example of a data structure of an amino
acid transposition index. The horizontal axis of the amino acid transposition index
143 is an axis corresponding to an offset. The vertical axis of the amino acid
transposition index 143 is an axis corresponding to the type of amino acid.

[0060] For example, the offset of the first codon (a codon corresponding to
any amino acid) of the codon file 141 is set to " 0 ". When any of the codons "
GCU","GCC","GCA ", and " GCG " corresponding to the amino acid " Ala " is
included at the seventh position from the head of the codon file 141, the bit at
the position where the column of the offset " 6 " of the amino acid transposition
index 143 and the row of the amino acid " Ala " intersectis " 1 ".

[0061] The search result information 144 has information on an amino acid
sequence (codon sequence) repeatedly expressed in the codon file 141. For
example, the search result information 144 holds information on a repeatedly
expressed amino acid sequence and a position of the amino acid sequence in

association with each other.



[0062] The description returns to FIG. 3. The control unit 150 includes a
preprocessing unit 151 and a specifying unit 152. The control unit 150 is realized
by, for example, a central processing unit (CPU) or a micro processing unit
(MPU). Further, the control unit 150 may be implemented by an integrated circuit
such as an application specific integrated circuit (ASIC) or a field programmable
gate array (FPGA).

[0063] The pre-processing unit 151 generates a codon-transposed index
142 and an amino-acid-transposed index 143 based on the codon file 141 and
the definition table T1.

[0064] An example of a process in which the pre-processing unit 151
generates the codon permutation index 142 will be described. The pre-
processing unit 151 selects the type of target codon from the types of codons
included in the definition table T1. The pre-processing unit 151 repeatedly
executes a process of scanning the codon file 141 from the head thereof at the
granularity of the codon (the granularity of a group of three base sequences)
and setting the flag " 1 " to the offset at which the type of the selected codon
appears, thereby generating a bitmap corresponding to the type of the selected
codon.

[0065] The preprocessing unit 151 generates a bitmap for each of the
other codon types in the same manner. The pre-processing unit 151 generates
the codon permutation index 142 by setting the bitmap corresponding to the
type of each codon in the codon permutation index 142.

[0066] Next, an example of a process in which the pre-processing unit 151
generates the amino acid inverted index 143 will be described. The pre-
processing unit 151 specifies the type of codon corresponding to the same amino
acid and acquires a bitmap corresponding to the specified type of codon from the
codon permutation index 142. The pre-processing unit 151 generates a bitmap of
an amino acid by performing an OR operation on the acquired bitmap of each

codon type.
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[0067] For example, a case where the pre-processing unit 151 generates a
bitmap of the amino acid " Ala " among the bitmaps of the amino acids of the
amino acid inverted index 143 will be described. As described with reference to
FIG. 1, the preprocessing unit 151 specifies " GCU ", " GCC", " GCA ", and " GCG
" as the codons corresponding to the amino acids " Ala " based on the definition
table T1.

[0068] The pre-processing unit 151 acquires a bitmap 142 - 1 of the codon
"GCU ", a bitmap 142 - 2 of the codon " GCC ", a bitmap 142 - 3 of the codon "
GCA ", and a bitmap 142 - 4 of the codon " GCG " from the codon permutation
index 142. The preprocessing unit 151 performs an OR operation (logical sum)
on the bitmaps 142 - 1 to 142 - 4 to generate a bitmap 143 - 1 of the amino acid
"Ala".

[0069] The preprocessing unit 151 generates bitmaps of other amino acids
in the same manner as the bitmap 143 - 1 of the amino acid " Ala ", and sets the
bitmap of each amino acid in the amino acid inverted index 143 to generate the
amino acid inverted index 143.

[0070] Next, processing performed by the specifying unit 152 will be
described. The specifying unit 152 specifies each position (offset) of an amino
acid sequence repeatedly expressed in the codon file 141 based on the amino
acid transposition index 143. The specifying unit 152 specifies each codon
sequence corresponding to the position (offset) of the amino acid sequence that
is repeatedly expressed in the codon file 141 as a codon sequence having
homology.

[0071] The specifying unit 152 executes the longest match search of the
amino acid sequence based on the amino acid transposition index 143, and
specifies the longest matching amino acid sequence. When the number of
occurrences of the longest matching amino acid sequence is equal to or greater
than a preset number of occurrences, the specifying unit 152 searches for the

amino acid sequence as an " amino acid sequence candidate ".
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[0072] For example, as described in FIG. 2, the amino acid sequence "
Leu, Lys, Asp, GIn, Ala " is repeatedly expressed at offsets 10 to 14 and 40 to 44
or the like in the codon file 141, and the number of times of expression is equal
to or greater than a predetermined number of times of expression. In this case,
the specifying unit 152 specifies the codon sequence " CUG, AAA, GAU, CAG,
GCA " included in the offsets 10 to 14 and the codon sequence " CUG, AAA, GAU,
CAA, GCA " included in the offsets 40 to 44 as codon sequences having
homology. The specifying unit 152 registers information on the codon sequence
having the specified homology in the search result information 144.

[0073] Here, an example of a process in which the specifying unit 152
specifies a continuous amino acid sequence based on the amino acid inverted
index 143 will be described. FIG. 8 is a diagram (1) for explaining processing of a
specifying unit ; In FIG. 8, as an example, a case of specifying whether or not
the amino acid sequence " Leu, Lys, Asp, GIn " is included in the codon file 141
will be described.

[0074] The specifying unit 152 acquires the bitmap 50 of the amino acid "
Leu " from the amino acid inverted index 143. In the bit map 50, theflag " 1" is
set to the offsets " 10 " and " 20 ". The specifying unit 152 generates the bitmap
50s by executing the left shift of the bitmap 50. In the bitmap 50s, the flag " 1 "
is set to the offsets " 11 "and " 21 ".

[0075] The specifying unit 152 acquires the bitmap 51 of the amino acid "
Lys " from the amino acid inverted index 143. In the bitmap 51, the flag " 1 " is
set to the offset " 11 ". The specifying unit 152 generates the bitmap 52 by
performing an AND operation between the bitmap 50s and the bitmap 51.

[0076] In the example illustrated in FIG. 8, since the flag " 1 " is set to the
offset " 11 " of the bitmap 52, it is specified that " Leu, Lys " are continuously
present in the offsets " 10 to 11 " of the codon file 141.

[0077] The specifying unit 152 generates the bitmap 52s by executing the
left shift of the bitmap 52. In the bitmap 52s, the flag " 1 " is set to the offset "
12"

12



[0078] The specifying unit 152 acquires the bitmap 53 of the amino acid "
Asp " from the amino acid inverted index 143. In the bitmap 53, theflag" 1" is
set to the offset " 12 ". The specifying unit 152 generates the bitmap 54 by
executing an AND operation between the bitmap 52s and the bitmap 53.

[0079] In the example illustrated in FIG. 8, since the flag " 1 " is set to the
offset " 12 " of the bitmap 54, it is specified that " Leu, Lys, Asp " are
continuously present in the offsets " 10 to 12 " of the codon file 141.

[0080] The specifying unit 152 generates the bitmap 54s by shifting the
bitmap 54 to the left. In the bitmap 54s, the flag " 1 " is set to the offset " 13 ".

[0081] The specifying unit 152 acquires the bitmap 55 of the amino acid "
GIn " from the amino acid inverted index 143. In the bitmap 55, the flag" 1 " is
set to the offset " 13 ". The specifying unit 152 generates the bitmap 56 by
performing an AND operation on the bitmap 54s and the bitmap 55.

[0082] In the example illustrated in FIG. 8, since the flag " 1 " is set to the
offset " 13 " of the bitmap 56, it is specified that " Leu, Lys, Asp, GIn " are
continuously present in the offsets " 10 to 13 " of the codon file 141.

[0083] The specifying unit 152 specifies the longest matching amino acid
sequence and specifies the repeatedly expressed amino acid sequence by
repeatedly executing the above-described processing for each amino acid
sequence. The specifying unit 152 may specify the repeatedly expressed amino
acid sequence using another technique.

[0084] After searching for amino acid sequence candidates by the above-
described processing, the specifying unit 152 evaluates the homologies of the
amino acid sequence candidates using the score table T2. FIG. 9 is a diagram (2)
for explaining the process of the specifying unit ; Here, the amino acid sequence
candidates 60a and 60b are used for description. The amino acid sequence
candidates 60a and 60b are " Leu, Lys, Asp, GIn, Ala ". When " Leu, Lys, Asp,
GIn, Ala " is converted into symbols based on the table of FIG. 18 (corresponding
to the definition table T1), " L (Leu), K (Lys), D (Asp), Q (GIn), A (Ala) " is

obtained.
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[0085] The specifying unit 152 specifies the score of each of the amino
acids based on the score table T2 and accumulates the score to calculate the
score of the identity. The score between L (Leu) is " 0 " because it does not exist
in the score table T2. The score between K (Lys) is " - 1 " based on the score
table T2. The score between D (Asp) is " - 1 " based on the score table T2. The
score between Q (GIn) is " 0 " because it does not exist in the score table T2.
The score between A (Ala) is " 5 " based on the score table T2. Therefore, the
specifying unit 152 calculates the cumulative value " 3 " for the scores of the
amino acid sequence candidates 60a and 60b.

[0086] When the cumulative value of the score of the amino acid sequence
candidate is equal to or greater than a threshold value, the specifying unit 152
specifies the amino acid sequence candidate as an amino acid sequence having a
homology relationship. The specifying unit 152 registers the specified result in
the search result information 144. The threshold value is preset by an
administrator.

[0087] Incidentally, the specifying unit 152 may further specify an amino
acid sequence expressed symmetrically with the specified amino acid sequence
after specifying an amino acid sequence having a homology relationship. FIG. 10
is a diagram (3) for explaining the process of the specifying unit ; For example,
the specifying unit 152 specifies " Ala, GIn, Asp, Lys, and Leu " expressed
symmetrically to the amino acid sequence " Leu, Lys, Asp, GIn, and Ala "
specified in the above-described processing based on the amino acid
transposition index 143. In the example illustrated in FIG. 10, the specifying unit
152 specifies the amino acid sequence " Ala, GIn, Asp, Lys, Leu " present at the
offset " 30 to 34 " of the codon file 141.

[0088] Here, an example of a process in which the specifying unit 152
specifies a symmetric amino acid sequence based on the amino acid inverted
index 143 will be described. FIG. 11 is a diagram (4) for explaining the process

of the specifying unit ; In FIG. 11, as an example, a case of specifying whether
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or not the symmetrical amino acid sequence " Ala, GIn, Asp (Lys and Leu are
omitted) " is included in the codon file 141 will be described.

[0089] The specifying unit 152 acquires the bitmap 60 of the amino acid "
Ala " from the amino acid inverted index 143. In the bitmap 60, the flag " 1 " is
set to the offset " 24 ". The specifying unit 152 generates the bitmap 60s by
executing the right shift of the bitmap 60. In the bitmap 60s, the flag " 1 " is set
to the offset " 23 ".

[0090] The specifying unit 152 acquires the bitmap 61 of the amino acid "
GIn " from the amino acid inverted index 143. In the bitmap 61, the flag" 1" is
set to the offset " 23 ". The specifying unit 152 generates the bitmap 62 by
executing an AND operation between the bitmap 60s and the bitmap 61.

[0091] In the example illustrated in FIG. 11, since the flag " 1 " is set to
the offset " 23 " of the bitmap 62, it is specified that " Ala, GIn " is continuously
present in the offsets " 23 to 24 " of the codon file 141.

[0092] The specifying unit 152 generates the bitmap 62s by executing the
right shift of the bitmap 62. In the bitmap 62s, the flag " 1 " is set to the offset "
22",

[0093] The specifying unit 152 acquires the bitmap 63 of the amino acid "
Asp " from the amino acid inverted index 143. In the bitmap 63, theflag" 1" is
set to the offset " 22 ". The specifying unit 152 generates the bitmap 64 by
performing an AND operation on the bitmap 62s and the bitmap 63.

[0094] In the example illustrated in FIG. 11, since the flag " 1 " is set to
the offset " 22 " of the bitmap 64, it is specified that " Ala, GlIn, Asp " are
continuously present in the offsets " 22 to 24 " of the codon file 141.

[0095] The specifying unit 152 specifies a symmetrical amino acid
sequence by executing the processing described above. The specifying unit 152
registers the specified result in the search result information 144. The specifying
unit 152 may output and display the search result information 144 on the display
unit 130, or may transmit it to an external device via the communication unit
110.
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[0096] FIG. 12 is a diagram illustrating an example of a data structure of
search result information. As illustrated in FIG. 12, the search result information
144 associates an amino acid sequence, a first offset, a second offset, and a
cumulative score with one another. The amino acid sequence is a homologous
amino acid sequence specified by the specifying unit 152. The first offset
indicates an offset of the codon file 141 in which a codon sequence
corresponding to a homologous amino acid sequence exists. The second offset
indicates an offset of the codon file 141 in which the codon sequence
corresponding to the symmetric amino acid sequence exists. The cumulative
score is a cumulative value of the score described in FIG. 9.

[0097] In FIG. 12, the first offsets corresponding to the amino acid
sequences " Leu, Lys, Asp, GIn, Ala " are " 10 to 14 " and " 40 to 44 ". Therefore,
the codon sequence corresponding to the offset " 10 to 14 " and the codon
sequence corresponding to the offset " 40 to 44 " in the codon file 141 are codon
sequences having homology.

[0098] In addition, the second offset of the amino acid sequence " Ala,
GIn, Asp, Lys, Leu " symmetrical to the amino acid sequence " Leu, Lys, Asp, GIn,
Ala " is " 30 to 34 ". Therefore, the codon sequence corresponding to the offset "
30 to 34 " of the codon file 141 becomes a symmetrical codon sequence.

[0099] For example, a portion between the homologous amino acid
sequence of the search result information and the amino acid sequence
symmetrical to this amino acid sequence can be said to be a portion
corresponding to a motif. That is, a portion between the first offset " 10 to 14 "
and the second offset " 30 to 34 " corresponds to a motif portion.

[0100] Next, an example of a processing procedure of the information
processing apparatus 100 according to the first embodiment will be described.
FIG. 13 is a flowchart illustrating a processing procedure of the information
processing apparatus according to the first embodiment. As illustrated in FIG. 13,

the pre-processing unit 151 of the information processing apparatus 100
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generates the codon permutation index 142 based on the codon file 141 and the
definition table T1 (step S101).

[0101] The preprocessing unit 151 specifies a plurality of codons
corresponding to the same amino acids based on the definition table T1 (step
S102). The pre-processing unit 151 performs an OR operation on the bitmaps of
the specified plurality of codons to generate a bitmap of amino acids, thereby
generating the amino acid-inverted index 143 (step $103).

[0102] The specifying unit 152 of the information processing apparatus
100 specifies an amino acid sequence candidate that is repeatedly expressed
based on the amino acid transposition index 143 (step S104). The specifying unit
152 calculates the cumulative value of the score of the amino acid sequence
candidate based on the score table T2 (step S105).

[0103] The specifying unit 152 specifies a homologous amino acid
sequence (a homologous codon sequence) based on the cumulative value of the
score (step 5106). The specifying unit 152 specifies an amino acid sequence
symmetrical to the homologous amino acid sequence (step S107).

[0104] The specifying unit 152 registers the specified result in the search
result information 144 (step S108). The specifying unit 152 outputs the search
result information 144 (step S109).

[0105] Next, effects of the information processing apparatus 100 according
to the first embodiment will be described. The information processing apparatus
100 generates the amino acid inverted index 143 by generating a bitmap in units
of amino acids from a bitmap of codons having different base sequences
indicating the same amino acid. The information processing apparatus 100
specifies the relationship with the types of amino acids in the codon file 141
using the generated amino acid inverted index 143, and specifies the codon
sequences corresponding to the positions of the amino acid sequences that are
repeatedly expressed as codon sequences having homology. This makes it

possible to efficiently search for codon sequences that are repeatedly expressed.
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[0106] The information processing apparatus 100 evaluates whether or not
the amino acid sequences repeatedly expressed in the codon file 141 are
homologous amino acids on the basis of a score table T2 defining the degree of
similarity between amino acids. Thus, not only the identity of amino acids but
also the degree of homology between amino acid sequences can be evaluated.

[0107] The information processing apparatus 100 calculates a bitmap of
one amino acid corresponding to a plurality of codons by performing a logical
sum of the bitmaps of the codon permutation index 142 corresponding to the
plurality of codons. Thus, it is possible to easily generate a bitmap of amino acids
corresponding to a plurality of codons and generate the amino acid transposition
index 143.

[0108] [Example 2]

[0109] In Example 1, an amino acid sequence having homology is specified
based on the granularity of amino acids, and a codon sequence having homology
is specified based on the offset of the specified amino acid sequence, the codon
sequence having homology may be specified based on the granularity of codons.
In a second embodiment, a process of specifying a homologous codon sequence
at the granularity of a codon will be described.

[0110] FIG. 14 is a diagram (1) for explaining the processing of the
information processing apparatus according to the second embodiment ; The
information processing apparatus specifies the offset of the codon file 141 and
the type of the codon based on the codon transposition index 142, and specifies
the codon sequence that is repeatedly expressed. The description of the codon
permutation index 142 is the same as the description of the codon permutation
index 142 described in the first embodiment.

[0111] For example, in the example shown in FIG. 14, the codon sequence
" CUG, AAA, GAU " is repeatedly expressed at offsets 10 to 1230 to 32, 40 to 42,
and the like of the codon file 141. In this case, the information processing
apparatus specifies the codon sequences of offsets 10 to 12,30 to 32 and 40 to

42 as codon sequences having homology. After specifying the codon sequence
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having homology, the information processing apparatus may specify the amino
acid sequence having homology at the granularity of amino acids as described in
the first embodiment.

[0112] FIG. 15 is a diagram (2) for explaining the processing of the
information processing apparatus according to the second embodiment ; After
specifying a homologous codon sequence, the information processing apparatus
may specify a symmetrical codon sequence at the granularity of codons. For
example, when the codon sequence having homology is " CUG, AAA, GAU ", the
information processing apparatus specifies the symmetrical codon sequence "
GAU, AAA, CUG " from the codon file 141. In the example illustrated in FIG. 2,
the information processing device specifies that the symmetrical codon sequence
" GAU, AAA, CUG " is expressed at offsets 23 to 25.

[0113] Note that the processing performed by the information processing
apparatus according to the second embodiment to specify the codon sequence
such as the longest match using the inverted index is the same as the processing
performed using the amino acid inverted index 143 described in the first
embodiment, and thus the description thereof is omitted.

[0114] The functional block diagram of the information processing
apparatus according to the second embodiment corresponds to the functional
block diagram of the information processing apparatus 100 illustrated in FIG. 3.
The specifying unit 152 illustrated in FIG. 3 additionally executes the processing
described with reference to FIGS. 14 and 15.

[0115] Although the above-described information processing apparatus
100 specifies a homologous codon sequence and a symmetric codon sequence,
and specifies a portion corresponding to a motif or the like, the present invention
is not limited thereto, and multiple alignment or the like can be specified. "
multiple alignment " refers to alignment or alignment of three or more DNA
nucleotide sequences or protein amino acid sequences such that corresponding
portions of the sequences are aligned. Usually, it is assumed that the sequences

to be aligned have evolutionary relatedness. A molecular phylogenetic tree may
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be estimated based on based on the results of the multiple based on the results
of the multiple alignment.

[0116] Next, an example of a hardware configuration of a computer that
realizes the same function as the information processing apparatus 100
described in the above-described embodiment will be described. FIG. 16 is a
diagram illustrating an example of a hardware configuration of a computer that
realizes the same function as the information processing apparatus according to
the embodiment.

[0117] As illustrated in FIG. 16, a computer 300 includes a CPU301 that
executes various types of arithmetic processing, an input device 302 that
receives data entry from a user, and a display 303. In addition, the computer
300 includes a communication device 304 that exchanges data with an external
device or the like via a wired or wireless network, and an interface device 305.
The computer 300 also includes a RAM306 for temporarily storing various types
of information and a hard disk device 307. The devices 301 to 307 are connected
to a bus 308.

[0118] The hard disk device 307 includes a preprocessing program 307a
and a specific program 307b. CPU301 reads each of the programs 307a to 307d
and expands the programs in RAM306.

[0119] The preprocessing program 307a functions as a preprocessing
process 306a. The specific program 307b functions as a specific process 306b.

[0120] The processing of the preprocessing process 306a corresponds to
the processing of the preprocessing unit 151. The processing of the specific
process 306b corresponds to the processing of the specifying unit 152.

[0121] The programs 307a and 307b are not necessarily stored in the hard
disk device 307 from the beginning. For example, each program is stored in a "
portable physical medium " such as a flexible disk (FD), a CD-ROM, a DVD, a
magneto-optical disk, or an IC card that is inserted into the computer 300. Then,
the computer 300 may read and execute the programs 307a and 307b.

[Description of Symbols]
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[0122]
[0123]
[0124]
[0125]
[0126]
[0127]

100 Information processing apparatus
110 Communication unit

120 Input unit

130 display unit

140 storage unit

150 control unit
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CLAIMS

1. An information processing program that causes a computer to execute a
process, the process comprising:

calculating a second index indicating a position of an amino acid on a codon
file based on a first index indicating positions of a plurality of codons on the
codon file with respect to a plurality of codons having different base sequences
indicating the same amino acid;

identifying positions of amino acid sequences repeatedly expressed in the
codon file based on the second index; and

specifying each codon sequence corresponding to a position of each amino
acid sequence repeatedly expressed in the codon file as a codon sequence

having homology.

2. The information processing program according to claim 1, wherein the
process further comprising

evaluating whether an amino acid sequence repeatedly expressed in the
codon file is an amino acid having homology based on a table defining a degree

of homology between amino acids.

3. The information processing program according to claim 1, wherein the
process further comprising:

specifying, from the codon file, a symmetrical amino acid sequence in which
an arrangement order of the amino acid sequence is reversed with respect to an
amino acid sequence repeatedly expressed in the codon file; and

specifying each codon sequence corresponding to a position of the specified

symmetrical amino acid sequence.

4. The information processing program according to claim 1, wherein
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the calculating includes calculating a bitmap of the second index of one
amino acid corresponding to the plurality of codons by performing a logical sum

of the bitmaps of the first index corresponding to the plurality of codons.

5. An information processing method for a computer to execute a

process comprising:

calculating a second index indicating a position of an amino acid on a codon
file based on a first index indicating positions of a plurality of codons on the
codon file with respect to a plurality of codons having different base sequences
indicating the same amino acid;

identifying positions of amino acid sequences repeatedly expressed in the
codon file based on the second index; and

specifying each codon sequence corresponding to a position of each amino
acid sequence repeatedly expressed in the codon file as a codon sequence
having homology.

6. The information processing method according to claim 5, wherein the
process further comprising

evaluating whether an amino acid sequence repeatedly expressed in the
codon file is an amino acid having homology based on a table defining a degree
of homology between amino acids.

7. The information processing method according to claim 5, wherein the
process further comprising:

specifying, from the codon file, a symmetrical amino acid sequence in which
an arrangement order of the amino acid sequence is reversed with respect to an
amino acid sequence repeatedly expressed in the codon file; and

specifying each codon sequence corresponding to a position of the specified

symmetrical amino acid sequence.
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8. The information processing method according to claim 5, wherein
the calculating includes calculating a bitmap of the second index of one
amino acid corresponding to the plurality of codons by performing a logical sum

of the bitmaps of the first index corresponding to the plurality of codons.

9. An information processing apparatus comprising:
a preprocessing unit that calculates a second index indicating a position
of an amino acid on a codon file based on a first index indicating positions of a
plurality of codons on the codon file with respect to a plurality of codons having
different base sequences indicating the same amino acid; and
a specifying unit that:
identifies positions of amino acid sequences repeatedly expressed in
the codon file based on the second index, and
specifies each codon sequence corresponding to a position of each
amino acid sequence repeatedly expressed in the codon file as a codon

sequence having homology.

10. The information processing apparatus according to claim 9, wherein

the specifying unit further executes a process of evaluating whether an
amino acid sequence repeatedly expressed in the codon file is an amino acid
having homology based on a table defining a degree of homology between

amino acids.

11. The information processing apparatus according to claim 9, wherein
the specifying unit further causes the computer to execute a process of:
specifying, from the codon file, a symmetrical amino acid sequence in which
an arrangement order of the amino acid sequence is reversed with respect to an
amino acid sequence repeatedly expressed in the codon file; and
specifying each codon sequence corresponding to a position of the specified

symmetrical amino acid sequence.
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12. The information processing apparatus according to claim 9, wherein
the preprocessing unit calculates a bitmap of the second index of one
amino acid corresponding to the plurality of codons by performing a logical sum

of the bitmaps of the first index corresponding to the plurality of codons.
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FIG. 5
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FIG. 6

142

AUG

Uuu

UCC

GUC



OFFSET

A

7/18

FIG. 7

143

Ala

Phe

Ser

Val



8/18

95~ 0

000JOTO00[0000J]0000J]0OO000]JOOO0OO0O]O0O0O0]O0O0O0 0] WO+dsy+sk1+na]
A

GG~ 0

000]JO|T00]0000]0000J]0O000]0000]JO0O00][00L0O0]

SbS—~— 0

000J0OTO00]0000]0000J]0O000]0O0OO00]O0OO00][00L0O0]

/

S~ 0

000]T000[0000]0000J]0O000]0000]JO0O00][00L0O0]

A

000][TO00[0000]0000J]0O000]0O0O00]JO0O00][00L0O0]

£s~]0
0

—
[\l (=]
LN
Yo} fe)

6 0TTT [CTETHTIST OTLIBTI6T 0CTCCCEC YCSC9CLT 8CO6COETE CELEPESE 9ELEBELE

sZS~— 0

ooo|tTooo0[foooo0foo000[0000[{0000[0000[000O|

s~J0

00T]0000]0000]0000J]0O000]0O0O00]JO0O00][00L0O0]
A

A

IS~ 0

00[T]0000]0000]0

000J0000][0000]0000]00O0O]

505~ 0

00T]00O0O0]0000JOT00]O0O00]0O0OO00]JO0OO00][00LO0O0]

/ [

o

0T0J0O0OO0OO0]0000]F000J]0O000J]0O0O00]JO0OO00][00L0O0]

05~ 0
0

m|o
<o
O|o
N|O©
0|o

6 OTTT CTETHPTIST OTLIBT6T 0CTCCCEC ¥CST9CLT 8CO6COETE CEEEVESE 9ELEBELE

8 9l

uo

dsy+SA7+na7

dsy+SA7+na7

dsy

SA1+na7

SA1+n9a7

SAT

na7

na7



9/18

FIG. 9
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FIG. 12

<144
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FIG. 18
AMINO ACID CHLORINE
NAME ABBREVIATION | SymBoL | (3 CHLORINE COMPOUND: CODON)
ALANINE Ala A GCU GCC GCA GCG
CYSTEINE Cys C UGU UGC
ASPARTIC ACID Asp D GAU GAC
GLUTAMIC ACID Glu E GAA GAG
PHENYLALANINE Phe F uuu uuc
GLYCINE Gly G GGU GGC GGA GGG
HISTIDINE His H CAU CAC
ISOLEUCINE Ile I AUU AUC AUA
LYSINE Lys K ARA AAG
LEUCINE Leu L oA oo
cuu cuc CUA CUG
METHIONINE(START) [ Met M AUG
ASPARAGINE Asn N AAU AAC
PROLINE Pro P ccu Ccce CCA CCG
GLUTAMINE Gin Q CAA CAG
ARGININE arg . CGU CGC CGA CGG
AGA AGG
SERINE cor 3 ucu ucc UCA UCcG
AGU AGC
THREONINE Thr T ACU ACC ACA ACG
VALINE val v GUU GUC GUA GUG
TRYPTOPHAN Trp w UGG
TYROSINE Tyr Y UAU UAC
(STOP) UAA UAG
(STOP) UGA
UNDETERMINED AMINO | y, N
GLUTAMINEACD |G z
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