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of interest from databases, the databases comprising at least a first and a second set of sequences, each set being derived from a
different type of organism, comprising the steps of: a) establishing from the first set of sequences a non-redundant list of query
¢, sequences having the defined features of interest (first family members), using a database search program; b) performing sequence
~ alignments with the first family members in a second set of sequences derived from a second type of organism, using a database
- search proram and a preset similanty threshold, giving a list of second tamily members; ¢) establishing a two dimensional matrix
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pairs of first and second family members for which the similarity values are the best among all of the alignments that involve one of
the two pair’s members (orthologs).
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Automated method for identifying related biomolecular sequences

FIELD OF THE INVENTION

The present invention relates to an automated method for identifying related
biomolecular sequences having defined features of interest from databases, the
databases comprising at least a first and a second set of sequences, each set being

dertved from a different type of organism.

BACKGROUND OF THE INVENTION
Within the past few years, the amount of biological information available in databases
and accessible via the World Wide Web 1s increasing at a fast pace. The biggest part
of this information 1s made up of DNA sequences derived from more and more
efficient DNA sequencing methods. However, DNA sequencing methods only
provide raw data, among which the scientist then has to find what 1s important. The
important parts may be coding sequences, splice sites, regulatory sequences like
promoters and terminators, polyadenylation sites etc. Selecting the sequence of
interest from the wealth of sequence data is essential, since the “real” experiments at
the laboratory bench performed to analyze the molecules containing the sequence
and/or their products require a big effort in terms of time and resources. Experiments
based on the molecules taken from the database aim at elucidating structure and
function of these biomolecules. These experiments may then lead to finding new

drugs or drug targets, for example.

Therefore, the sequence data present in a database has to be carefully analyzed and

evaluated, in order to sort out the sequences of interest to the particular research

project.

Being interested in a certain protein or a protein family (i.e. related proteins sharing
common motifs, which may be domains or certain amino acid residues or patterns of
residues), the researcher is often faced with the problem that only a member mn one
specific type of organism has been characterized. It is known that the sequences of
homologous proteins can diverge greatly in different organisms, even though the
structure or function change little. Thus, much can be inferred about an

uncharacterized protein when significant sequence similarity is detected with a well-
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studied protein. Therefore, a database search, 1.e. a sequence comparison or

alignment, is performed in order to find other family members and/or related
molecules in other types of organisms. Homologous family members in different

organisms are called orthologs.

Databases like Swissprot, GenBank or the EMBL (European Molecular Biology
Iaboratory) Data Library are large sequence archives containing large amounts of
sequence data. The databases contain sets of sequences stemming from different
organisms. In these databases, searches for orthologs can be performed starting from a
query sequence which is aligned with the sequences n a database, the target
sequences. A score, defining the similarity, is computed for each ahgnment, and the
query-target pairs are reported to the user. The score or similarity value can be set to a
certain threshold or “cut-off value”, so that only those pairs having a similanty

exceeding the threshold are reported to the user.

Different programs or algorithms have been developed to perform database searches.
The Smith-Waterman algorithm (1) rigorously compares the query sequence with
every target sequence in the database. This algorithm requires time proportional to the
product of the lengths of sequences compared. Without special-purpose hardware or
massively parallel machines the time required by the Smith-Waterman algornthm 1s
usually too slow for most users. Much quicker programs for database searches use
heuristics to speed up the alignment procedure. The most commonly used programs of
this kind are called BLAST and FASTA, both concentrating the alignment on the
sequence regions most likely to be related. Rapid exact-mach procedures first 1dentify

promising regions, and only then is the Smith-Waterman method applied.

Newly identified DNA sequences can be classified using known nucleic acid or amino
acid sequence motifs that indicate particular structural or functional elements. The

motifs can then be used for predicting the function of a newly identified sequence.

More sensitive sequence comparisons can be carried out using sequence familes,

preferably conserving certain critical residues and motifs. All the members of the

family or putative family members are used for the search. Using multiple sequence
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comparisons, gene functions may be revealed that are not clear from simple sequence

homologies.

In order to find orthologous proteins, Chervitz et al. (2) performed an exhaustive
comparison of complete protein sets of the nematode worm Caenorhabditis elegans

and the budding yeast Saccharomyces cerevisiae. Both the genome of the yeast and

the genome of the nematode C. elegans had been sequenced in totality before (3, 4).

In order to find orthologous relationships, Chervitz et al. performed a reciprocal
Washington Umiversity (WU)-BLAST analysis (described in 5, 6 and 7). They
compared the predicted yeast proteins (6217 ORFs) against all the predicted proteins
of the worm (19 099 ORFs) and vice versa, 1.e. they performed a reciprocal sequence
comparison. Good alignments were detected and grouped together. The groups were
then ordered according to their similarity and displayed as multiple sequence

alignments, rooted cluster dendrograms and unrooted trees.

This analysis showed that for a substantial fraction of the yeast and worm genes,
orthologous relationships were identifiable. This approach of identifying orthologous

relationships in different species serves at finding protein functions and activities 1n

newly sequenced genomes.

Reciprocal sequence comparisons are therefore a powerful tool for helping
researchers identify their potential target in the database and then design experiments

to the specific molecule 1dentified.

One of the difficulties in analyzing the results of database searches as outlined above
is the amount of data output obtained by the search. The output has to be caretully

evaluated in order to select the significant data from the “background™.

Another difficulty is the ambiguity of the results presented 1n dendrograms or trees.

Pairs of orthologs are not evident, if detectable at all.

A further critical item is the reliability of the analysis. Researchers have to be sure

that the sequences they found are unequivocally and truly orthologous pairs, 1.€. that
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they have actually or at least very likely found sequences coding for proteins or
domains having a certain activity. The success 1n finding orthologs using these kinds

of database searches is the more likely, the closer evolutionary linked the organisms

compared are.

However, most sequence information available today 1s denved either from
mammalian species or from very simple life forms. This situation will be even more

lopsided when the full human genomic sequence 1s known.

The explanation for this situation is that simple organisms have relatively small
genomes which are accessible to manipulation, whereas mammalian (human) genetic
data are essential as the immediate starting point for the development of
pharmaceutical denivatives. But 1in order to infer the function of a mammalian gene
from the analysis of a related gene (an ortholog) of worm or a fly, for instance, by

deleting the orthologous gene, one has to be reasonably certain about the evolutionary

relationship between those two genes.

The avalanche of sequencing data has increaéed the number of mammalian genes
whose function can potentially be studied in lower organisms, but due to the lack of
sequences from evolutionary "intermediate” species it 1s usually impossible to trace
genes all the way through evolutionary trees. This problem is especially prominent for

gene families with numerous genes such as kinases, phosphatases and receptors.

As mentioned above, among the multicellular organisms, the genome of the nematode
worm Caenorhabditis elegans (C. elegans) has been sequenced in totality (4).
Although medical and pharmacological interests tend to focus on mammalian genes,
only simple life forms like thé nematode allow rapid genetic manipulation and
functional analysis. A prerequisite for the meaningful extrapolation of gene functional
studies from invertebrates to man is that the pairs of related genes, the orthologs,

under study are really related, 1.e. unambiguously linked.

DESCRIPTION OF THE INVENTION

Therefore, it 1s an object of the present invention to provide a reliable method for

identifying related biomolecular sequences having defined features of interest, 1.e.
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orthologs, in databases. It is a further object of the invention to simplify the evaluation

of results obtained in database searches aiming at identifying related biomolecular

sequences. The method should be applicable even to the alignment of sequences

dernived from evolutionary distant species.

This problem 1s solved by an automated method for identifying related biomolecular

sequences having defined features of interest from databases, the databases

comprising at least a first and a second set of sequences, each set being denived from a

different type of organism, comprising the steps of:

a)

b)

d)

establishing from the first set of sequences a non-redundant list of query
sequences having the defined features of interest (first family members), using
a database search program;

performing sequence alignments with the first family members 1n a second set
of sequences dernived from a second type of organism, using a database search
program and a preset similanty threshold, giving a list of second family
members;

establishing a two dimensional matrix displaying the first and second family
members and their respective similanty values resulting from step (b),
optionally displaying only those second family members having similanty
values exceeding a preset threshold value;

selecting from the matnx those pairs of first and second family members for
which the similarity values are the best among all of the alignments that

ivolve one of the two pair’s members (orthologs).

This method presents an important improvement of the multiple alignment methods

known 1n the art.

Step (a): First, a list of sequences representing a family of sequences as, for example,

a gene family, 1s compiled from the database. The sequences extracted from
the database may be further modified, for example only selecting a certain
piece of sequence. Such a piece of sequence may contain an exon, coding for a
domain specific for a certain family of proteins, for instance. The list of first
family members has to be non-redundant. This 1s essential in order to

minimize the total amount of alignments, therefore substantially speeding up
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the method according to the invention as compared to alignment methods
known 1n the art. Non-redundancy may be obtained by first assembling the
sequences and then comparing them among each other, eliminating any
identical sequences. The list of first family members is derived from one
specific organism, 1.e. taken from one set of sequences comprising the
sequences derived from a certain organism. The set of sequences may be
contained 1 one or more databases. The family members are identified by
their common features of interest, like sequence motifs representing domains
of polypeptides, for example. The family members can be taken from the
database(s) by methods known in the art (8). In addition to this, databases are

already available containing gene families, like Prosite, for example.

Step (b): Then, with each of these family members, called first family members, a
comparison 1n a set of sequences derived from another organism is performed.
The set of sequences may be contained in one or more databases. This
comparison 1s symmetrical. Step (b) leads to a list of sequences similar to the
first family members, called second family members. The degree of similarity

can be tuned by choosing an adequate threshold value. Establishment of the

adequate threshold value 1s well within the knowledge of the skilled person.

Step (c): In order to be able to select the highly significant, i.e. “unequivocal”
orthologs, a two-dimensional similarity matrix is established. The size of the
matrx can be adjusted to the individual needs by choosing a certain threshold
or cut-off value for the similarity. The more stringent the threshold value for
stmilarnty is set, the smaller the matrix will be. The optionally preset threshold
value also determines the calculation time. The matrix need not be visually
displayed, but can be virtually established by the computer. Then, it may be
very large. If visually displayed, only those family members are diSpIayed. In
the matrix whose similarity values are better than, 1.e. exceeding a preset
threshold or cut-off value. The threshold value is chosen to indicate a highly
significant similarity. As mentioned above, i1t can be preset by the researcher
according to his needs. The more stringent the threshold value is, the less

“hits” or family members will be shown. Establishment of the threshold value

1s well within the knowledge of the skilled person. Selecting a stringent
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threshold value will allow to build up a clearly laid out similanty matrix. A
special display of the results is used according to the invention. The similanty
matrix shows the results in a way the unequivocal family members can be
readily and automatically detected and selected (see step (d)). The similanty
matrix simultaneously displays the first family members and their matching
second family members as well as their respective similarty values resulting
from the sequence alignments performed in the companson step carried out

before, 1.e. 1n step (b).

Step (d): The last step of the method according to the mvention consists of actually
selecting the pairs of orthologs. Those pairs are selected having the similarity
values representing the highest similarity among all of the alignments
involving one of the two members of the pairs. The unambiguous orthologs

~are readily detectable by just choosing the similarity value maximal in
honzontal and vertical direction. First, the values in a specific row containing
the alignments of a first family member are screened. The highest value 1s
chosen. In order to be sure about the orthology, this value also has to be the
best 1n the respective column. If the similanty value 1s best both in the row and
column, 1t defines a pair of orthologs. In step (d), not only *“‘the best” or
“highest” value can be selected, but also more than one value, 1f not only one
value reflects a high degree of similanty. For example, 1f there are three values
reflecting a very high degree of similanty, three pairs of very likely orthologs
have been 1dentified. The results may then be compiled to a list of orthologous

pairs.

The process according to the invention thus combines a maximum of reliability of the
results with a high speed of the search. Speed is accelerated compared to conventional
methods because the sequences started with are already carefully selected. The list of
first family members 1s reduced, since it contains 1n a non-redundant way, 1.e. only
once, the sequences known to share specific features of interest. Since most databases
have duplicate or even multiple entries for the same sequence, redundancies have to
be removed. This can be done by comparing all sequences of the family, which were

found, then comparing them and deleting the 1dentical ones.
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Another advantage of the method according to the invention is due to the presentation

of the results in a matrix as outlined above. It does not rely on visual inspection of
evolutionary trees, but automatically selects and optionally visually displays the best-
matching pair of orthologs, i.e. the one or ones having the highest similarity to each

other.

Therefore, using the method according to the invention, one-to-one pairs of
unambiguous orthologs can be identified, even if the sets of sequences the search is
performed 1n are derived from evolutionary distant types of organisms. The whole
process can be automated and carried out on a computer. The basic parameters like
the features defining the sequences of interest and the threshold values for the

database searches are set up before, according to the respective goal or need of the

researcher.

Using this novel approach, it was possible to identify unequivocal one-to-one
orthologous pairs which failed to be identified as such before in the known databases,
using conventional methods as rooted cluster dendrograms and unrooted trees. The
ease and reliability of the method of the invention will be appreciated by all those
Interested in related or homologous sequences and who use bioinformatics for

choosing the molecules which are further analyzed in the laboratory afterwards.

T'he term “type of organism” should be understood as species or any other organism
or self-replicating agent/entity being distinguishable from another organism or self-

replicating agent/entity.

As already mentioned above, the “best value” should be understood as also meaning

the best values, 1.e. more than one can be chosen.

The databases used according to the invention can be e.g. the EMBL database.

Swissprot, GenBank, the NCBI databases etc. The term database may comprise any
collection of data containing one or more sets of sequences derived from one or more

of different types of organisms.
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Preferably, the first set of sequences, from which the list of first family members 1s

established in step (a), comprises different databases, all derived from the same type
of organism. By assembling information from different databases available, one can

make sure to begin with a family of sequences as complete as possible.

The different databases used for the sequence alignments in step (a) can be selected
from the group consisting of amino acid databases, nucleic acid databases, genomic

sequence databases and expressed sequence tag (EST) databases.

In a preferred embodiment of the invention, the method according to the invention

comprises additionally, or instead of steps (c) and (d), the steps of:

e) performing sequence alignments with the second family members tdentified in
step (b) 1n one or more databases containing sequences derived from the type
of organism the first family members were taken;

f) comparing the sequences resulting from the alignments of step (e) with the st
of first family members established in step (a) and selecting those sequences
additionally found in step (e);

g) adding to the list of first family members the sequences selected in step (f).

If steps' (e), (f) and (g) are carried out instead of steps (¢) and (d), it 1s possible to
identify further first family members being related to the second family members,

which had not 1dentified before in step (a).

[f steps (e) to (f) are carried out in addition to steps (a) to (d), they may be considered
as confirmation or completion steps further enhancing the reliability of the method
according to the invention. A further search is performed in a database or several
databases containing sequences the first family was taken from. In this series of

alignments, the second family members are used as query sequences. Either all of the

second family members are used, or only those being one of a pair identified 1n step

(d).

The databases used for the sequence alignments of step (e) may be selected from the
group consisting of amino acid databases, nucleic acid databases, genomic sequence

databases and expressed sequence tag (EST) databases. The use of different databases
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again serves to assemble as much information as possible, resulting in highly reliable

analyses.

Advantageously, the steps of the method according to the invention are reiterated one
or more times. This leads to more and more complete lists of first and second family

members as well as to more and more complete lists of one-to-one orthologs.

In a further advantageous embodiment the cells of the table are color coded according
to their similarity values. This renders visual inspection of the matrix especially easy.
The matrix thus gains a very clear layout, allowing for a quick evaluation of the
results. For example, similanty values representing a low similarity can be designed
in dark colors like blue or black, the color becoming lighter the higher the similanty

1s. The highest values can be laid out in cells having signal colors like red or yellow.

For large tables not suited to visual inspection, color codes are not needed. In this

case, the computer may automatically output the pairs of orthologs in a simple list or

the like.

In a highly preferred embodiment the matrix is displayed in a format able to link each
cell of the matrix to information related to the content of the cell. A suitable format
for this is the HTML format, for example. It is further preferred that cells of the
matrix contain designations of the family members, and the designations of the family
members are hyperlinked to their respective sequences present in the database. The
cells of the matrix containing the similarity values may further be hyperlinked to their

respective sequence alignments.

This allows the matrix to be very clearly laid out. Family members can easily be
represented by certain designations, like names, numbers, letter ‘codes or
combinations thereof, and by clicking on them, the sequences are automatically called
up from the database. When the similarity values are hyperlinked to the searches
performed before, by clicking on the values, the search can be called up and analyzed
without the data interfering with the clarity of the similarity matrix itself. This kind of
associative display renders the evaluation of the results much quicker and easier,

relieving the scientist from having to analyze large amount of datasets. By reducing
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the amount of data, 1.e. only showing the essential information, the nsk of

overlooking important results 1s further diminished.

Another advantage of this is that the data can be analyzed off-line, saving time and

online costs.

In a further preferred embodiment, the sets of sequences are derived from different
types of organisms having a high evolutionary distance from each other. The
evolutionary distance can be calculated with statistical methods. A known way to

determine evolutionary distances is based on the scoring matrix PAM.

The sets of sequences may be derived from mammals and 1nvertebrates, respectively.

They may even be derived from species as far apart as human beings and

Caenorhabditis elegans.

The method the inventors of the present invention have developed 1s especially suited
for searches for homologous pairs among species having a high evolutionary distance.
The special sequence of searches performed in the steps according to the invention
together with the selection of maximal similarity values renders the probability of
finding true orthologs high enough to be sure about the homology even when the

similarity is weak or when a gene family has “fanned out”. As can be taken from the
annexed examples, the inventive system allows for 1dentification of orthologous pairs

that could not be found by traditional comparisons, like evolutionary trees and the

hke.

In further preferred embodiments, the biomolecular sequences are selected from the
group consisting of nucleic acid sequences and amino acid sequences. The databases
may contain genomic or expressed nucleic acid sequences, according to the needs or

interest of the respective research project and/or availability.

The features of interest may define a specific class of protein or a specific domain or

motif of a protein. Sequences coding for proteins define products that can potentially
serve as drugs or drug targets and are therefore of a high interest to researchers aiming

at finding new drugs.
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If the search 1s done with a specific domain of a protein, for example a catalytic
domain of an enzyme, which is likely to be conserved among different species, the

speed of the search can be further increased, since the speed depends on the length of

the query sequences used for the database searches.

The features of interest being contained in the query sequences may define the protein
tyrosine phosphatase (PTP) gene family. Protein tyrosine phosphatases are enzymes
of high interest, since protein tyrosine phosphorylation and dephosphorylation are key

switches in many important eukaryotic cellular signaling pathways.

The known database search programs used in the method according to the invention
can be any of the known suitable programs. Programs based on heuristics are
especially preferred, ke FASTA or the BLAST algorithm. Most preferably, the
BLAST program 1s used, since it 1s very fast and broadly used throughout the

scientific community.

In programs as, for example in the BLAST program, simtilarnties are scored as p-
values or probability values. The lower the p-value 1s, the higher the similanty 1s, and
vice versa. The p-value threshold can be user-defined. It 1s preset before starting the
automated method, so that only those pairs scored with a p-value exceeding a certain

threshold, i1.e. lower than the preset cut-off value, are displayed to the user.

The threshold values depend on the gene family which 1s analyzed. Threshold values
typically lie in the range of 107" to 0.

The mnvention 1s further described in the following examples in combination with the
annexed figure. The examples are not intended to limit the scope of the invention, but

further 1llustrate the method according to the invention.

FIGURE LEGEND AND TABLES:
Figure la:

BLAST analysis according to the invention between human Protemm Tyrosine

Phosphatases (PTPs) catalytic domains and C. elegans conceptual ORFs. Only ORFs
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with PTP BLAST p<10~° values are displayed. The circles indicate intersections of

the "best ortholog" pairs.

Figure 1b:
Enlarged portion of Fig. 1a

Table I:

Human-worm PTP orthologs.
The list was compiled from data shown in Fig. 1, and taken from gene pairs with the
highest similarity for both axes (except for Meg-2 and YVH-1; see exampie 1).

Previously identified C. elegans PTP orthologs are named.

Table II:

Other (non-C. elegans) PTP orthologs identified by a BLLAST analysis according to
the invention in the EMBL database. Using the same approach as shown 1n Fig. 1 and
Table I, a list was compiled of human PTP orthologs in other species, based on
EMBL data. Synonyms for the orthologs are given where different from human. Mm:
Mus musculus; Rn: Rattus norvegicus; Rr: Rattus rattus; Hf: Heterodontus francisi;

Gg: Gallus gallus; Oc: Oryctolagus cuniculus; X1: Xenopus laevis; Ps: Pisum sativum.

EXAMPLES:

Matenals and methods:

A Perl script was written to automatically perforfn a series of Blast (Washington
University BLAST2, which is a specific implementation of the original BLAST
algorithm (5) searches. The blasts were carried out against the EMBL, Swissprot or
"WormPep" (release 16; http://www.sanger.ac.uk/Projects/C_elegans/wormpep/)
databases. The blasts were run locally on a Silicon Graphics Inc. Ongin 200 (4
processors) workstation with an IRIX operating system. The time required for the
above blasts was approximately 4-5 h, 15 min, and 5 min respectively. The output
was parsed into a set of indexed files. A web interface was generated by another Perl
(CGI) script that reproduced the blast-data in a table-form based on a user-defined
cut-off probability value. The row- and column headers 1n the Table hyperlinked to
the database entries, the p-values in the Table itself hyperlinked to the BLAST

sequence alignment.
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Example 1:

First, a complete, non-redundant list of all human members of the gene family (PTPs)
was established (8). Briefly, the full set of database entries with similarities to the

PTP-PEST catalytic domain were identified in a BLAST search and their sequences
downloaded. These sequences were then compared one by one to the others in the set
for having identical catalytic domains. Thus, redundancies in the form of duplicate

database entnies or alternative splice forms were eliminated.

The members of this list were then sequentially "blasted" against the full set of
conceptual C. elegans ORFs. The result of these BLASTs are shown in Fig. 1. The
output for this Figure was generated according to a user-defined BLAST threshold
(p<10~° ). The data is displayed in HTML such that the gene and ORF names
hyperlink to their sequences and the result cells to their BLAST sequence alignment.
One practical advantage of this approach is that all BLAST results are stored locally
so that data can be analyzed "off-line". More importantly, data is analyzed by locating
cells that represent the best similarity values both horizontally and vertically (marked
by circles in Fig. 1). The highlighting of the best matches can of course also be done

automatically by the computer.

One can 1dentify potential ortholog gene pairs that would not be obvious from
traditional comparisons. For example, for many human PTPs, ORF C09DS8.1 (fourth
column in Fig. 1) has the best sequence similarity among all worm PTPs, yet the
reverse BLAST with C09DS8.1 indicates that only PTP-delta N (p=9.10"%% ) is the best
ortholog candidate. Eleven examples of such "most likely worm orthologs" have been
found. They were also listed in Table I. Only four of these had been described
previously, and all these four were also identified by the method according to the
invention, namely PTP-IA2 4 , SHP1/2 4 , MMAC-1 5 and PTP-alpha 6. YVHI was

only recently described (9), and was not included in our original list of human PTPs

(8).

This analysis according to the invention is especially useful when the similarity
between the human gene and its ortholog is weak, or when a gene family has "fanned

out", as appears to be the case for CO9DS.



CA 02386706 2002-04-04
WO 01/38568 PCT/IB00/01676

15
A phylogenetic tree of all the genes shown in Fig. 1, calculated with PileUp software

(GCG version 10.0) failed to identify these relationships (data not shown).

This result shows that the method according to the invention reveals new possibilities

screening for families of related sequences in databases.

Example 2:

Another analysis according to the invention was performed in which the set of human
PTPs was compared to the full EMBL database. Although the resulting dataset was
much larger than the one reproduced in Fig. 1, it was possible to extract from this the

PTP ortholog list shown in Table II.

There 1s no fundamental obstacle to analyzing full genomes using the method
according to the invention. Larger datasets lead to linear increases in calculation
times, in contrast to combinatorial algorithms such as those needed to completely
solve a "travelling salesman" type of problem. Given a current hardware setup and
150,000 human ORFs, we estimate that a full man-worm genome comparison would
require approximately nine days of calculation to produce a complete list of most

likely ortholog pairs.

Table I

— [Human PTPs___|C. elegans [EMBL Acc. [Name

HVHS FOSB1.1 U23178 Not described
F38A3 749938 Not described

 3|MMAC_] TO7A9.6 AF036706 DAF-18
| 4{PTP_IA2, IA2beta |B0244.2 U28971 JCEL-STYX

F56D1.4 U39997 CLR-1 ‘

m F44G4.8 7254218 Not described

C09DS8.1 746811 Not described

m C48D5.2 7236237 Not described

st 1 Not described

SHP 1/2 F59G1.5  |U23178 P1P-2

U14603 Not described |
VH-1 C24F3.2 ALO022716 Not named

AdA— — e e e .
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Table 11

H. sapiens Accession # Other Sp. |Synonvm
U35124 Mm
RNLCAR/LCAT] ~|Rn
Idem MMLYSA
Idem GDPTYPHLA PTP lambda
Idem ~ |PTPlambda
Idem  |HF 34750 Hf
fdem  JAFO438 g | —
Fapl___ |MMPZPIPPTPNIS _ Mm |
ldem _ [OC09&0 _  — Joc [
idem  [MIM37465/66/67 ___ [Mm |
fdem _ |RRBEMI R [BSMT
HPCPTP _ [FOS7H3 _—— — — —Rp |
ldem  |MMPHPRSUMMPIPBR7 _ [Mm ___ [PTPSL
hVS MMITPIGN ———— JMm [
2035 JAFOe3240 —  [Re [
TAZbeta  [RNPTPASE _—  TRa |
fem [MMUST34s __ Mm |
[AR MMCARN _—— ——— Mm [
ldem —  [RNLARPIPBILARILARZ [Rn |
Lyp-| MMPROTyPH Mm
Tdem  JAFOI3490 _ — — fvm [ |
MKP-} RNRNADSP Rn
{dem RR02553 Rr

LI 22|19 LN PO XL 2@

Pez MMPTP36

idem  [RNPIPLRP
ldem " |MMRPAOI
RRRKPTP

ldem  |MMPTPPES

AF077000

ldem

G 46662

ldem  |MM24700/MMPTPASE
PTP-beta

PTPdl MMPTPRL/RL 10

RN 17971

dem

Q ; QIO T
;o é ng
| s
"<';U 3 :EU‘
| B z Of oo
A e O
ar - 1
O 8 =
ol N
iiiﬁﬁﬁiﬁii

e
o
g,

TP TD14

<0 ik
E
._!-_.
=
>

PTPdI

Idem |

ldem — JMMMRPTPA ___— [Mm |
PTP-cpsilon N_|RNPTPECA _— [Rr |
ldem — "IMMPTPE __— —  [Mm | ]
ldem — JRRBEM3 R |
ldem — JRSPDPTPLP R |
idem " TRN4065/RNICCAI0S __ [Rn [ —
PTP-Kappa  [MMPTPA _ — IMm [
PTP-mu_ |MMRPTPU __—  [Mm |
PTPsigma __|RNPIPPS Rn I
Pysi-2 RRNMRPX _—— —  TRn

Sap- RRBEM 2 Rr

SHP-1 MMPRTHYPHB/MMHCPA |Mm

Rn

[dem VRT1GG38620 Gg CSH-PTP2
MMBYP/MMSHPTP2 Mm

Mm

MMPTP/MMCPTP
E""m“m‘"
14603 [RRPRLINP R
m_
ldem” — "JRNO7016____ fRa |

PCT/IB00/01676
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CLAIMS

Method for identifying one-to-one pairs of ortholoop from databases, the databases
comprising at least a first and a second set of sequences, each set being derived
from a different type of organism, comprising the steps of:

establishing from the first set of sequences a non-redundant list of query sequences
having common features of interest (first family members), using a database search
program;

performing sequence alignments with the first family members in a second set of
sequences derived from a second type of organism, using a database search
program and a preset similarity threshold, giving a list of second family members;
establishing a two dimensional matrix displaying the first and second family

members and their respective similarity values resulting from step (b); and
selecting from the matrix those pairs of first and second family members having

optimal similarity values among all of the alignments that involve one of the two

pair’s members (orthologs).

Method according to claim 1, wherein in step (a) the first set of sequences, from

which the list of first family members is established, comprises different databases,

all derived from the same type of organism.

Method according to claim 2, wherein the different databases used for the sequence
alignments in step (a) are selected from the group consisting of amino acid
databases, nucleic acid databases, genomic sequence databases and expressed

sequence tag (EST) databases.



g)

CA 02386706 2007-10-17

19

Method according to any one of claims 1 to 3, comprising additionally, or instead
of steps (¢) and (d), the steps of:

performing sequence alignments with the second family members in one or more
databases containing sequences derived from the type of organism the first family
members were taken;

comparing the sequences resulting from the alignments of step (e) with the list of
first family members established in step (a) and selecting those sequences
additionally found in step (¢);

adding to the list of first family members the sequences selected in step (f).

Method according to claim 4, wherein the method is reiterated one or more times.

The method according to claim 4 or 5, wherein the databases used for the sequence
alignments of step (e) are selected from the group consisting of amino acid
databases, nucleic acid databases, genomic sequence databases and expressed

sequence tag (EST) databases.

The method according to any one of claims 1 to 6, wherein the cells of the matrix

are color coded according to their similarity values.

The method according to any one of claims 1 to 7, wherein the matrix is displayed

in a format able to link each cell of the matrix to information related to the content
of the cell.
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The method according to claim 8, wherein cells of the matrix contain desi gnations
of the family members, and the designations of the family members are

hyperlinked to their respective sequences present in the database.

The method according to claim 8 or 9, wherein cells of the matrix containing the

similarity values are hyperlinked to their respective sequence alignments.

The method according to any one of claims 1 to 10, wherein the sets of sequences
in which the first and the second family members are searched are derived from

different types of organisms having a great evolutionary distance from each other.

The method according to claim 11, wherein the sets of sequences in which the first

and second family members are searched are derived from mammals and

invertebrates, respectively.

The method according to claim 12, wherein the sets of sequences in which the first

and second family members are searched are derived from human beings and

Caenorhabditis elegans, respectively.

The method according to any one of claims 1 to 13, wherein the biomolecular

sequences are selected from the group consisting of nucleic acid sequences and

amino acid sequences.
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The method according to any one of claims 1 to 14, wherein the common features

of interest are a specific protein.

The method according to claim 15, wherein the common features of interest are a

specific domain of a protein.

The method according to claim 15 or 16, wherein the common features of interest

are the protein tyrosine phosphatase (PTP) gene family.

The method according to any one of claims 1 to 17, wherein the database search

program 1s a BLAST program.

The method according to any one of claims 1 to 18, wherein step (c) further

comprises displaying only those second family members having similarity values

exceeding a preset threshold value.
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