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Disclosed is a relational database system for storing and manipulating biomolecular sequence information, the database including
genomic libraries for a plurality of types of organisms, the libraries having multiple genomic sequences, at least some of which represent
open reading frames located along a contiguous sequence on each the plurality of organisms’ genomes, and a user interface capable of
receiving a selection of two or more of the genomic libraries for comparison and displaying the results of the comparison. The system also
provides a user interface capable of receiving a selection of one or more probe open reading frames for use in determining homologous
matches between such probe open reading frame(s) and the open reading frames in the genomic libraries, and displaying the results of the

determination.
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DATABASE AND SYSTEM FOR STORING, COMPARING AND
DISPLAYING GENOMIC INFORMATION

Cross Reference to Related Applications

This application claims priority under 35 USC § 119(e) from United
States Provisional Patent Application Serial No. 60/032,565 (attorney docket
no. ICYTP003+), filed December 12, 1996 and entitted DATABASE OF
MICROBIAL NUCLEIC ACID SEQUENCES. In addition, this application
incorporates by reference in its entirety and for all purposes application Serial
No. 08/856,647 (attorney docket no. ICYTP0O03) entitled DATABASE AND
SYSTEM FOR DETERMINING, STORING AND DISPLAYING GENE
LOCUS INFORMATION, filed concurrently herewith.

Background of the Invention

The present invention relates generally to relational databases for storing
and retrieving biological information. More particularly the invention relates
to systems and methods for providing sequences of biological molecules in a
relational format allowing retrieval in a client-server environment.

Informatics is the study and application of computer and statistical
techniques to the management of information. In genome projects,
bioinformatics includes the development of methods to search databases
quickly, to analyze nucleic acid sequence information, and to predict protein
sequence, structure and function from DNA sequence data.

Increasingly, molecular biology is shifting from the laboratory bench to
the computer desktop. Today’s researchers require advanced quantitative
analyses, database comparisons, and computational algorithms to explore the
relationships between sequence and phenotype. Thus, by all accounts,
researchers can not and will not be able to avoid using computer resources to
explore gene sequencing, gene expression, and molecular structure.

One use of bioinformatics involves studying an organism’s genome to
determine the sequence and placement of its genes and their relationship to
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other sequences and genes within the genome or to genes in other organisms.
Such information is of significant interest in biomedical and pharmaceutical
research, for instance to assist in the evaluation of drug efficacy and resistance.
To make genomic information manipulation easy to perform and understand,
sophisticated computer database systems have been developed. In one database
system, developed by Incyte Pharmaceuticals, Inc. of Palo Alto, CA, genomic
sequence data is electronically recorded and annotated with information
available from public sequence databases. Examples of such databases include
GenBank (NCBI) and TIGR. The resulting information is stored in a
relational database that may be employed to determine relationships between
sequences and genes within and among genomes.

Genetic information for a number of organisms has been catalogued in
computer databases. Genetic databases for organisms such as Eschericia coli,
Haemophilus influenzae, Mycoplasma genitalium, and Mycoplasma
pneumoniae, among others, are publicly available. At present, however,
complete sequence data is available for relatively few species, and the ability to
manipulate sequence data within and between species and databases is limited.

While genetic data processing and relational database systems such as
those developed by Incyte Pharmaceuticals, Inc. provide great power and
flexibility in analyzing genetic information, this area of technology is still in its
infancy and further improvements in genetic data processing and relational
database systems will help accelerate biological research for numerous
applications.

Summary of the Invention

The present invention provides relational database systems for storing
and analyzing biomolecular sequence information together with biological
annotations detailing the source and interpretation the sequence data. The
present invention provides a powerful database tool for drug development and
other research and development purposes.

Comparative Genomics is a feature of the database system of the present
invention which allows a user to compare the sequence data of sets of different
organism types. Comparative searches may be formulated in a number of
ways using the Comparative Genomics feature. For example, genes common
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to a set of organisms may be identified through a “commonality” query, and
genes unique to one of a set of organisms may be identified through a
“subtraction” query.

Electronic Southern is a feature of the present database system which is
useful for identifying genomic libraries in which a given gene or ORF exists.
A Southern analysis is a conventional molecular biology technique in which a
nucleic acid of known sequence is used to identify matching (complementary)
sequences in a sample of nucleic acid to be analyzed. Like their laboratory
counterparts, Electronic Southerns according to the present invention may be
used to locate homologous matches between a “probe” DNA sequence and a
large number of DNA sequences in one or more libraries.

The present invention provides a method of comparing genetic
complements of different types of organisms. The method involves providing a
database having sequence libraries with multiple biomolecular sequences for
different types of organisms, where at least some of the sequences represent
open reading frames located along one or more contiguous sequences on each of
the organisms’ genomes. The method further involves receiving a selection of
two or more of the sequence libraries for comparison, determining open
reading frames common or unique to the selected sequence libraries, and
displaying the results of the determination.

The invention also provides a method of comparing genomic
complements of different types of organisms. The method involves providing a
database having genomic sequence libraries with multiple biomolecular
sequences for different types of organisms, where at least some of the sequences
represent open reading frames located along one or more contiguous sequences
on each of the organisms’ genomes. The method further involves receiving a
selection of two or more of the sequence libraries for comparison, determining
sequences common or unique to the selected sequence libraries, and displaying
the results of the determination.

The invention further provides a computer system including a database
containing genomic libraries for different types of organisms, which libraries
have multiple genomic sequences, at least some of which representing open
reading frames located along one or more contiguous sequences on each the
organisms’ genomes. The system also includes a user interface capable of
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receiving a selection of two or more genomic libraries for comparison and
displaying the results of the comparison.

Another aspect of the present invention provides a method of identifying
libraries in which a given gene exists. The method involves providing a
database including genomic libraries for one or more types of organisms. The
libraries have multiple genomic sequences, at least some of which represent
open reading frames located along one or more contiguous sequences on each
the organisms’ genomes. The method further involves receiving a selection of
one or more probe sequences, determining homologous matches between the
selected probe sequences and the sequences in the genomic libraries, and
displaying the results of the determination.

The invention also provides a computer system including a database
including genomic libraries for one or more types of organisms, which libraries
have multiple genomic sequences, at least some of which represent open reading
frames located along one or more contiguous sequences on each the organisms’
genomes. The system also includes a user interface capable of receiving a
selection of one or more probe sequences for use in determining homologous
matches between one or more probe sequences and the sequences in the genomic
libraries, and displaying the results of the determination.

Also provided is a computer program product including a computer-
usable medium having computer-readable program code embodied thereon
relating to a database including genomic libraries for one or more types of
organisms. The libraries have multiple genomic sequences, at least some of
which represent open reading frames located along one or more contiguous
sequences on each the organisms’ genomes. The computer program product
includes computer-readable program code for providing, within a computing
system, an interface for receiving a selection of two or more genomic libraries
for comparison, determining sequences common or unique to the selected
genomic libraries, and displaying the results of the determination.

Additionally provided is a computer program product including a
computer-usable medium having computer-readable program code embodied
thereon relating to a database including genomic libraries for one or more
types of organisms. The libraries have multiple genomic sequences, at least
some of which represent open reading frames located along one or more
contiguous sequences on each the organisms’ genomes. The computer program
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product includes computer-readable program code for providing, within a
computing system, an interface for receiving a selection of one or more probe
open reading frames, determining homologous matches between the probe
sequences and the sequences in the genomic libraries, and displaying the results
of the determination.

The invention further provides a method of presenting the genetic
complement of an organism. The method involves providing a database
including sequence libraries for a plurality of types of organisms, where the
libraries have multiple biomolecular sequences, at least some of which
represent open reading frames located along one or more contiguous sequences
on each of the organisms’ genomes. The methof further involves receiving a
selection of one of the sequence libraries, determining open reading frames
within the selected sequence library, and displaying the results as one or more
unique identifiers for groups of related opening reading frames.

These and other features and advantages of the invention will be
described in more detail below with reference to the drawings.

Brief Description of the Drawings

Figure 1 is a flow diagram presenting key steps employed to generate
data for a database in accordance with one embodiment of the present
invention.

Figure 2A is a block diagram of a client-server Intranet for providing
database services in accordance with one embodiment of the present invention.

Figure 2B is a schematic representation of the various software
documents and entities employed by the Figure 2A client-server Intranet to
provide biological information in response to user queries.

Figure 3 is a physical data model for a genomic relational database in
accordance with a preferred embodiment of the present invention.

Figure 4 is a logical data model for a genomic relational database in
accordance with a preferred embodiment of the present invention.
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Figure 5A is a screen (HTML page) display presenting a Main Menu for
a graphical user interface of a genomic sequences database in accordance with
one embodiment of the present invention.

Figure 5B is an Organism Information Results screen for a graphical
user interface in accordance with a preferred embodiment of the present
invention, allowing users to view a list of each organism library available in
the database of the present invention.

Figure 5C is a Gene List Query screen for a graphical user interface in
accordance with a preferred embodiment of the present invention, allowing
users to enter a search query to display ORFs from a selected library.

Figure 5D is a Gene List Results screen for a graphical user interface in
accordance with a preferred embodiment of the present invention, displaying
ORFs from a library selected in the query screen depicted in Figure 5C.

Figure 5E is a Gene Locus Query screen for a graphical user interface in
accordance with a preferred embodiment of the present invention, allowing
users to enter a search query to display the genomic position of ORFs from a
selected library.

Figure 5F is a Gene Locus Results screen for a graphical user interface in
accordance with a preferred embodiment of the present invention, displaying
the positions of ORFs in response to a search query entered in the query screen
depicted in Figure 5E.

Figures 6A is a screen shot of a user interface screen provided for
accepting user queries pertaining to a Comparative Genomics search according
to a preferred embodiment of the present invention.

Figure 6B is a screen shot of a user interface screen provided for
displaying the results of a Comparative Genomics search according to a
preferred embodiment of the present invention.

Figure 6C is a flow chart depicting the process flow by which a user can
conduct a comparative genomic analysis within a graphical user interface in
accordance with a preferred embodiment of the present invention.
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Figure 6D is a Venn diagram illustrating the results of a Comparative
Genomics subtraction query according to one embodiment of the present
invention.

Figures 6E-6P are user interface screen shots which illustrate an
example of a Comparative Genomics subtraction query according to one
embodiment of the present invention.

Figure 6Q depicts a hypothetical microbial genome having eight open
reading frames from three different gene clusters all of which relate to genes
having common functionality identified in the preceding example.

Figure 7A is a screen shot of a user interface screen provided for
accepting user queries pertaining an Electronic Southern analysis.

Figure 7B is a screen shot of a user interface screen provided to display
results of a user’s Electronic Southern query.

Figure 7C 1s a process flow diagram a user interface process by which a
user can conduct an Electronic Southern analysis within a graphical user
interface in accordance with a preferred embodiment of the present invention.

Detailed Description of the Preferred Embodiments

Generally, the present invention provides an improved relational
database for storing and manipulating genomic sequence information. While
the invention is described in terms of a database optimized for microbial data,
it is by no means so limited. For example, the invention covers databases
optimized for other sources of sequence data, such as animal sequences (e.g.,
human, primate, rodent, amphibian, insect, etc.) and plant sequences. In the
following description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be apparent,
however, that the present invention may be practiced without limitation to
some of the specific details presented herein.
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1. Introduction and Relevant Terminology

The following terms are used throughout the specification. The
descriptions are provided to assist in understanding the specification, but do not
necessarily limit the scope of the invention.

Internal database -- This is the focus database of this invention. It
contains biomolecular sequences and may also contain information associated
with sequences such as libraries in which a given sequence is found or not
found, descriptive information about a likely gene associated with the sequence,
the position of the sequence in its organism’s genome, etc. The database may
be divided into two parts: one for storing the sequences themselves and the
other for storing the associated information. This database may sometimes be
referred to as a “local” or “enterprise” database.

The internal database may typically be maintained as a private database
behind a firewall within an enterprise. However, this invention is not so
limited and the internal database could actually be made available to the public.
Examples of private internal databases include the LifeSeq™ and PathoSeq™
databases available from Incyte Pharmaceuticals, Inc. of Palo Alto, California.

Sequence database -- When the internal database is designed to include
separate parts, one of these may be a sequence database which contains
sequences of biomolecules in an internal database.

Genomic database -- When the internal database is designed to include
separate parts, one of these may be a genomic database containing genomic
information about the sequences in the sequence database. As noted, such
information may include genomic libraries in which a given sequence is found
or not found, descriptive information about a likely gene associated with the
sequence, the position of the sequence in its organism’s genome

External database -- This is a database located outside the internal
database. Typically, it will be maintained by an enterprise that is different
from the enterprise maintaining the internal database. In the context of this
invention, the external database is used primarily to obtain information about
the various sequences stored in the internal database. The external database
may be used, for example, to provide some descriptive information stored in



WO 98/26407 - PCT/US97/22691
9

the genomics database. Examples of such external databases include the
GenBank database maintained by the National Center for Biotechnology
Information (NCBI), part of the National Library of Medicine, and the TIGR
database maintained by The Institute for Genomic Research.

Record -- This term generally refers to a row in a database table. Each
record contains one or more fields or attributes. A given record may be
uniquely specified by one or a combination of fields or attributes known as the
record’s primary key.

ORF -- an Open Reading Frame; corresponds to a nucleotide sequence
which could potentially be translated into a polypeptide. Such a stretch of
sequence is uninterrupted by a stop codon. An ORF that represents the coding
sequence for a full protein begins with an ATG “‘start” codon and terminates
with one of the three “stop” codons. For the purposes of this application, an
ORF may be any part of a coding sequence, with or without start and/or stop
codons. For an ORF to be considered as a good candidate for coding for a
bona fide cellular protein, a minimum size requirement is often set, for
example, a stretch of DNA that would code for a protein of 50 amino acids or
more. An OREF is not usually considered an equivalent to a gene or locus until
there has been shown to be a phenotype associated with a mutation in the ORF,
an mRNA transcript for a gene product generated from the ORF’s DNA has
been detected, and/or the ORF’s protein product has been identified.

Library -- Physically, a pool of DNA fragments that is propagated in a
cloning vector. As used more frequently in the present application, library
refers to an electronic collection of genomic sequence data, including raw
sequences, contigs, ORFs and loci from a specific organism.

Cluster -- This is a group of ORFs related to one another by sequence
homology. Clusters are generally formed based upon a specified degree of
homology and overlap (e.g., a stringency).

Annotation -- A functional description of an ORF, which may include
identifying attributes such as locus name, key words, and Medline references.

BLAST -- The Basic Local Alignment Search Tool; a technique for
detecting ungapped sub-sequences that match a given query sequence. BLAST
is used in one embodiment of the present invention as a preliminary step in
detecting ORF boundaries in the Gene Finding module.
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BLASTP -- A BLAST program that compares an amino acid query
sequence against a protein sequence database,

BLASTX -- A BLAST program that compares the six-frame conceptual
translation products of a nucleotide query sequence (both strands) against a
protein sequence database. In one embodiment of the present invention, it is
used to create a sub-database of ORFs which may exist on a contig, and to
identify the best match between one of these ORFs and a sequence in an
external database.

FASTA -- A modular set of sequence comparison programs used to
compare an amino acid or DNA sequence against all entries in a sequence
database. FASTA was written by Professor William Pearson of the University
of Virginia Department of Biochemistry. The program uses the rapid
sequence algorithm described by Lipman and Pearson (1988) and the Smith-
Waterman sequence alignment protocol. FASTA performs a protein to protein
comparison in the annotation of ORFs defined during Gene Finding.

FASTX -- A module of the FASTA protocol used to define optimal ORF
boundaries during Gene Finding. FASTX uses a nucleotide to protein sequence
comparison.

cds -- In a GenBank DNA sequence entry, “cds” stands for coding
sequence. A coding sequence is a sub-sequence of a DNA sequence that is
surmised to encode a gene. A complete gene coding sequence begins with an
“ATG” and ends with a stop codon.

Contig -- A group of assembled overlapping sequences.
Paralogs or Copies -- The number of related ORFs within a library.

GenPept -- A public bacterial peptide database; part of the GenBank
family of databases.

Hit Threshold -- A pre-set E-value or P-value for evaluating sequence
matches. In a preferred embodiment, this value is generally set at le-6 for
Gene Finding; and at 1e-15 for Gene Clustering.

Orphan Contig -- A contig without identified ORFs.
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P-value -- A result of BLAST searches; this number indicates the
probability that a match between two sequences is due to random chance.

E-value -- A result of a FASTA analysis; this number indicates the
probability that a match between two sequences is due to random chance.

Southern -- As most frequently used herein, an electronic analog of the
laboratory technique known as Southern blotting, this analysis identifies
libraries in which a given gene or ORF is present.

NumlLibs -- The number of libraries in which a given gene or ORF is
present.

Coverage -- The percentage of the genome that is covered by the contigs
in an enterprise database.

Depth -- provides information relating to the depth of coverage of an
enterprise sequenced genome. The value of this attribute is dierectly related
the amount of sequencing done for an organism’s genome, and typically
reflects the average depth of coverage.

2. Genome Sequencing, Data Processing and Populating the Genomic

Relational Database

The following description presents one preferred process by which data
for a source database according to the present invention may be obtained.
While the embodiment described below relates to microbial genomic data, the
invention is also applicable to genomic data from other sources. The process is
illustrated in Figure 1.

In one embodiment, the database of the present invention may contain
genomic data from a number of sources, including data from external sources,
such as public databases. In addition, enterprise genomic data, that is,
proprietary data obtained and processed by the database developer, is generally
used.
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a. Library Construction/Genome Sequencing

Enterprise-derived genomic data may be obtained by various DNA
isolation and sequencing procedures known to those of skill in the art. In one
example of such a procedure, genomic DNA from a particular microbial
organism is isolated and then mechanically sheared, blunt-ended, gel-purified,
and cloned into suitable vectors, for instance, pBluescript SK vectors.
Typically, enough DNA is sequenced to provide three to five times depth of
coverage of the organism’s genome. The vectors are then transformed into E.
coli bacterial cells and grown overnight. Thereafter, colonies, each
representing a clone of a particular fragment of the organisms genome, may be
picked from this library, and a colony’s plasmid DNA may be isolated for
sequencing. In the process flow of Figure 1A, the process begins at 102, and
the above-described library construction operations are represented by step 104.

As represented by step 105, sequencing templates for a clone’s DNA are
then prepared and sequencing reads are performed, for example, on an Applied
Biosystems, Inc. (ABI) Prism 377 DNA Sequencer, which includes a “base
caller” program. Average read lengths are generally greater than about 500
bases. In a preferred embodiment, a second base caller, Phred, may then be
used to attribute quality scores to each of the bases. In this way, each base in the
sequence will have an associated confidence level. Each genomic sequence
fragment is then specifically identified with a Sequence ID.

b. Data Processing

Enterprise-derived sequences and external sequences are processed
through an automated “bioanalysis” system before incorporation into the
database of the present invention. External sequences, which may be obtained,
for instance, through NCBI, are also typically partially processed, as further
discussed below. In a preferred embodiment, the bioanalysis system is
composed of a linked series of proprietary and public software tools, which
automatically analyze each genomic sequence and deposit it into the database. In
a preferred embodiment, the system may include four (4) independent modules
designated: Sequence Editing, Contig Formation, Gene Finding, and Gene-
Clustering.
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(1) Sequence Editing

The sequence editing module, represented by step 106 in process flow
100, aims to remove extraneous sequence data (“contaminants”), such as vector
sequences, from the microbial genome sequence fragments. During this
process, the first 30 bases from the 5’ end of each sequence fragment, which
generally contain extraneous information, are removed from the sequence.
Vector recognition and removal is then performed on both the 5° and 3’ ends of
each sequence fragment. Each resulting sequence is then compared to various
known contaminants. If the sequences are contaminated, they are removed from
the library.

(i) Contig Formation

As represented by step 108 in process flow 100, the edited sequences are
then assembled into ‘“contigs” in the second module. As previously noted,
contigs are consensus groupings of at least partially overlapping sequences. In a
preferred embodiment, contig formation may be accomplished using Phrap
(phragment assembly program), a sequence assembly algorithm developed at the
University of Washington. This program takes a file of raw (“shotgun”) DNA
sequence fragments and attempts to align them. Alignments are influenced by
the quality scores which have been assigned to the individual bases of the
sequence fragments during the sequencing/base calling processes. The result of
this process is the assembly of a number of overlapping contiguous DNA
sequences (contigs) from the organism’s genome.

A typical microbial genome may be represented by hundreds of contigs,
depending upon the depth of coverage in sequencing. Following the assembly
process, each contig is specifically identified with a ContigID. Single sequences
that do not align with other sequences may be designated as individual contigs.
A sequence cannot belong to more than one contig. Contigs and the underlying
sequences from which they are derived may be uniquely identified by their
assigned IDs. Each ContigIlD may contain one or more associated SequencelDs.
Generally, external genome sequences are not run through the assembly
program because they are usually submitted as a single contiguous sequence,
rather than being provided as raw sequence data. Accordingly, these external
genome sequences are generally assigned a single ContigID without associated
SequencelDs.
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In summary, ContigIlD refers to a consensus sequence derived from
assembled sequences, while SequencelD refers to a particular sequence derived
from a microbial genomic clone. SequencelDs will remain constant throughout
subsequent data processing and manipulation. ContigIDs, however, may change,
particularly as new sequences are obtained which may bridge multiple contigs
into one. In a preferred embodiment, a further identifier, NumSegs may be
used to indicate the number of sequences assembled to form an unannotated
contig or open reading frame (see below).

(111) Gene Finding

Next, as represented by step 110 in process flow 100, Gene Finding
attempts to identify “ORF”’s located on the contigs formed in the previous
module. As noted previously, an ORF is an open reading frame, which
corresponds to a stretch of DNA that could potentially be translated into a
polypeptide. In a preferred embodiment, ORF identification is carried out
using a series of searches for similarity matches (“hits”), which may include
overlap regions of identical base pairs or close homology, between the
consensus sequences of the contigs assembled in the previous module against
already-identified sequences in public-domain databases or other external
sources. These hits indicate the ORFs within the genome.

The ORF identification process attempts to indirectly assign ORFs to a
locus on a contig. If a match is found which satisfies one or more thresholds of
probability of homology (referred to as a P-values (BLAST) or E-values
(FAST), then the matching locus on the contig is annotated as an ORF. In this
embodiment, both the E-Value and the P-value reflect the probability that a
match between a database contig sequence or an external genome ORF sequence
and a GenPept sequence is not due to random chance. Therefore, the lower the
P-value and E-value, the greater the chance the sequences are related. A
minimum threshold value (for both P-value and E-value) for a match in the
Gene Finding module is generally set, for example, equal to or less than le-6.

To 1dentify such hits, one or more sequence alignment algorithms such as
BLAST (Basic Local Alignment Search Tool) or FAST (using the Smith-
Waterman algorithm) may be employed. In a particularly preferred
embodiment, these two alignment protocols are used in combination. Both of
these algorithms look for regions of similarity between two sequences; the
Smith-Waterman algorithm is generally more tolerant of gaps, and is used to
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provide a higher resolution match after the BLAST search provides a
preliminary match. These algorithms determine (1) alignment between similar
regions of the two sequences, and (2) a percent identity between sequences. For
example, alignment may be calculated by matching, base-by-base, the regions of
substantial similarity.

A particularly useful BLAST protocol for a preliminary Gene Finding
step is BLASTX. The consensus nucleotide sequence of each contig is analyzed
against a public database, such as the GenBank Peptide (GenPept) database. A
BLASTX search compares the six-frame conceptual translation products of a
nucleotide query sequence (contig) against a protein sequence database
(GenPept). The result of this preliminary alignment is a subset of GenPept
having homology to the contig against which further alignment searches may be
run. In a preferred embodiment, a second BLASTX analysis is run against the
previously determined GenPept subset in order to identify the best match (“top
hit”), based on P-value, between the contig and a gene in the GenPept subset. A
FASTX alignment is then performed between the original contig and the top hit.
This analysis identifies the best alignment within the region of homology
between the contig and the top hit identified by the BLAST searches. This
sequence is then identified as an ORF, whether or not the analysis identifies the
exact start and stop regions of the ORF.

The protein translation for the ORF is deposited in an ORF database
(identified as “paorfp” in the embodiment described below), and the identified
region on the original contig is masked (e.g., by Ns, which the program will
subsequently ignore). The contig, now with the first identified ORF region
masked, is run against GenPept again using BLAST and FAST to find the next
top hit and alignment. This process continues until there are no more hits with
a P-value less than le-6 to GenPept.

Contigs that have no more regions (or no regions at all) with ORF
matches in the public database may contain previously uncharacterized ORFs.
These ORFs, if present, are located with the use of an ORF finding program |,
such as GeneMark, which is an algorithm for identifying putative ORFs based
on codon usage rather than homology to known genes. The GeneMark program
is available from Georgia Tech University (through Georgia Tech Research
Corporation). Putative ORFs identified in this manner are also deposited in the
OREF database of the present invention.
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After identifying the ORFs on a contig, a FASTA search is run between
each ORF and GenPept to look for the best match to use for annotation
purposes. The search is run using a translation of ORFs to their protein
sequences and matching against annotated protein sequence databases in order to
minimize inaccuracies associated with the degeneracy of the genetic code. When
the best match is found at an E-value equal to or less than a threshold value, for
example le-6, the ORF inherits the associated GenBank Identifier (GI) number
and annotations from the GenPept sequence. Thia annotation feature is
represented by step 112 in process flow 100.

In addition, as represented by step 111, a FASTA search is run against
GenPept for each ORF already identified in the public genomes. This search is
essentially a redundant process since the ORFs for a public genome have already
been identified. However, if a different top match is found at an E-value equal
to or less than the minimum threshold value (e.g., le-6), the ORF will be
reannotated according to the new match.

Within those contigs for which there are ORF matches, there may also be
unannotated regions that are 500 bases or longer. These regions are known as
Long-Unannotated Regions (LURs), which may contain novel ORFs, transfer
RNAs, or ribosomal RNAs.. This 500 base value is based on comparative
analysis of the lengths of ORFs and unannotated regions. If a contig has been
run through the ORF identification process without finding any ORF matches, it
is identified as an Orphan Contig.

In a preferred embodiment of the database of the present invention,
GenPept matches are signified by the presence of a GI number (gxxxx). All
sequences in GenBank databases are assigned an arbitrary GenBank identifier
(GI) number, which serves as a unique tag for that sequence. This GI number
may thereafter be used to identify the sequence and/or its associated contig in
subsequent database analyses and manipulations.

After the ORFs on a contig have been identified, each ORF is assigned an
ORFID number. ORFIDs are generally assigned sequentially for a single
contig, beginning from sequence coordinate  at the 5° end and proceeding to
the 3’ end of the contig. Contigs are selected at random, and therefore, ORFIDs
for an enterprise genome are not intended to indicate contig ordering or
relationships in the actual genome.
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ORFIDs for external genomes are assigned to a linear representation of
the genome. The numbering begins with ORF 1 at sequence coordinate O and
proceeds in a 3’ direction. The database maintains the ORF ID assignment for
these external genomes. |

(iv) Gene Clustering

In the final module of bioanalysis, represented by step 114 in process
flow 100, a Gene Clustering protocol is used to determine related ORFs within
and across genomes. Gene Clustering for ORFs assigned to enterprise genomes
uses the protein translation for an ORF and performs a pair-wise comparison
against every ORF 1n its own library as well as every ORF in all other available
libraries, using a FASTA protocol. ORFs that match each other at a threshold
E-value, for example le-15, or smaller are grouped together in a cluster. The
representative ORF within a cluster is the one with the best match to its
annotating hit. Each Gene Cluster is assigned a unique Gene Cluster ID

(“GeneClulD”).

The FASTA pair-wise analysis also allows for transitive comparisons of
organism libraries. That is, if an ORF from library A is clustered with an ORF
in library B, and that ORF from library B clusters with an ORF in library C,
the library A and C ORFs may be clustered together, even if a direct
comparison of A and C would not have resulted in the two ORFs being clustered
together. This functionality allows for the identification of more distant
relationships between ORFs of different organisms. Pair-wise comparisons also
provide optimal comparisons of genomes with vastly different sizes.

C. Database Population

Following completion of the Gene Clustering module, the data is loaded
into the database, as represented by step 116 in process 100. In a preferred
embodiment, the relational database includes a “sequence module” and a
“genomic module”. The sequence module stores unannotated sequences
(provided as pure nucleic acid sequences, for example) determined for the
isolated genomic DNA. The genomic module identifies the sequences by
SequencelDs (without necessarily providing raw sequences) and includes
annotated information regarding each of the so identified sequences. In a
preferred embodiment, the annotations may be roughly classified as either (1)
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information about how the sequences relate to one another, and (2) where the
sequences originated. The process concludes at 118.

A number of computer platforms can be used to perform the necessary
calculations for various algorithmic processes employed in the data processing
process illustrated in flow 100 (e.g., assembling and clustering the sequences).
For example, a number of computer workstations from a variety of
manufacturers can be used. In particular, workstations produced by Silicon
Graphics, Inc. (SGI) of Mountain View, California and multiprocessor (e.g. 12
processor) Alpha™ systems manufactured by Digital Electronics Corporation
(DEC) of Maynard, Massachusetts have been found to be suitable for
performing such calculations.

3. The Database Environment

Figure 2A depicts a network system 130 suitable for storing and
retrieving information in relational databases of the present invention. Network
130 includes a network cable 134 to which a network server 136 and clients
138a and 138b (representative of possibly many more clients) are connected.
Cable 134 is also connected to a firewall/gateway 140 which is in turn connected
to the Internet 142.

Network 130 may be any one of a number of conventional network
systems, including a local area network (LAN) or a wide area network (WAN),
as is known in the art (e.g., using Ethernet, IBM Token Ring, or the like). The
network includes functionality for packaging client calls in a well-known format
(e.g., URL) together with any parameter information into a format (of one or
more packets) suitable for transmission across a cable or wire 134, for delivery
to database server 136.

Server 136 includes the hardware necessary for running software to (1)
access database data for processing user requests, and (2) provide an interface
for serving information to client machines 138a and 138b. In a preferred
embodiment, depicted in Figure 2A, the software running on the server machine
supports the World Wide Web protocol for providing page data between a
server and client.
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Client/server environments, database servers, relational databases and
networks are well documented in the technical, trade, and patent literature. For
a discussion of database servers, relational databases and client/server
environments generally, and SQL servers particularly, see, e.g., Nath, A., The
Guide To SQL Server, 2nd ed., Addison-Wesley Publishing Co., 1995 (which is
incorporated herein by reference for all purposes).

As shown, server 136 includes an operating system 150 (e.g., UNIX) on
which runs a relational database management system 152, a World Wide Web
application 154, and a World Wide Web server 156. The software on server
136 may assume numerous configurations. For example, it may be provided on
a single machine or distributed over multiple machines.

World Wide Web application 154 includes the executable code necessary
for generation of database language statements (e.g., Standard Query Language
(SQL) statements). Generally, the executables will include embedded SQL
statements. In addition, application 154 includes a configuration file 160 which
contains pointers and addresses to the various software entities that comprise the
server as well as the various external and internal databases which must be
accessed to service user requests. Configuration file 160 also directs requests
for server resources to the appropriate hardware -- as may be necessary should
the server be distributed over two or more separate computers.

Each of clients 138a and 138b includes a World Wide Web browser for
providing a user interface to server 136. Through the Web browser, clients
138a and 138b construct search requests for retrieving data from a sequence
database 144 and/or a genomic database 146. Thus, the user will typically point
and click to user interface elements such as buttons, pull down menus, scroll
bars, etc. conventionally employed in graphical user interfaces. The requests so
formulated with the client’s Web browser are transmitted to Web application
154 which formats them to produce a query that can be employed to extract the
pertinent information from sequence database 144 or genomic database 146.

In the embodiment shown, the Web application accesses data in genomic
database 146 by first constructing a query in a database language (e.g., Sybase
or Oracle SQL). The database language query is then handed to relational
database management system 152 which processes the query to extract the
relevant information from database 146. In the case of a request to access
sequence database 144, Web application 154 directly communicates the request
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to that database without employing the services of database management system
152.

The procedure by which user requests are serviced is further illustrated
with reference to Figure 2B. In this embodiment, the World Wide Web server
component of server 136 provides Hypertext Mark-up Language documents
(“HTML pages”) 164 to a client machine. At the client machine, the HTML
document provides a user interface 166 which is employed by a user to
formulate his or her requests for access to database 146. That request is
converted by the Web application component of server 136 to a SQL query 168.
That query is used by the database management system component of server 136
to access the relevant data in database 146 and provide that data to server 136 in
an appropriate format. Server 136 then generates a new HTML document
relaying the database information to the client as a view in user interface 166.

While the embodiment shown in Figure 2A employs a World Wide Web
server and World Wide Web browser for a communication between server 136
and clients 138a and 138b, other communications protocols will also be suitable.
For example, client calls may be packaged directly as SQL statements, without
reliance on Web application 154 for a conversion to SQL.

When network 130 employs a World Wide Web server and clients, it
must support a TCP/IP protocol. Local networks such as this are sometimes
referred to as “Intranets.” An advantage of such Intranets is that they allows
easy communication with public domain databases residing on the World Wide
Web (e.g., the GenBank World Wide Web site). Thus, in a particular preferred
embodiment of the present invention, clients 138a and 138b can directly access
data (via Hypertext links for example) residing on Internet databases using a
HTML interface provided by Web browsers and Web server 156.

Bare in mind that if the contents of the local databases are to remain
private, a firewall 140 must preserve in confidence the contents of a sequence
database 144 and a genomics database 146.

In a preferred embodiment, sequence database 144 is a flat file database
including separate partitions for genomic sequences from different species.
Other possible approaches may include partitioning the sequence data according
to whether or not sequences have been found to be unique to the local database
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(i.e., sequences that did not have any hits in an external database such as
GenBank).

Preferably, the information in genomic database 146 is stored in a
relational format. Such a relational database supports a set of operations
defined by relational algebra. It generally includes tables composed of columns
and rows for the data contained in the database. Each table has a primary key,
being any column or set of columns the values of which uniquely identify the
rows in the table. The tables of a relational database may also include a foreign
key, which is a column or set of columns the values of which match the primary
key values of another table. A relational database is also generally subject to a
set of operations (select, project, product, join and divide) which form the basis
of the relational algebra governing relations within the database. As noted
above, relational databases are well known and documented (see, e.g., Nath, A.,
The Guide To SQL Serve, referenced above).

A relational database may be implemented in different ways. In Oracle™
databases, for example, the various tables are not physically separated, as there
is one instance of work space with different ownership specified for different
tables. In Sybase™ databases, in contrast, the tables may be physically
segregated into different “‘databases.”

One specific configuration for network 130 for multiple users provides
both the genomics and sequence databases on the same machine. If there is a
high volume of sequence searching, it may be desirable to have a second
processor of similar size and split the application across the two machines to
improve response time.

A suitable dual processor server machine may be any of the following
workstations: Sun - Ultra-Sparc 2™ (Sun Microsystems, Inc. of Mountain View,
CA), SGI - Challenge L™ (Silicon Graphics, Inc. of Mountain View, CA), and
DEC - 2100A™ (Digitial Electronics Corporation of Maynard, MA).
Multiprocessor systems (minimum of 4 processors to start) may include the
following: Sun - Ultra Sparc Enterprise 4000™, SGI - Challenge XL™, and
DEC - 8400™. Preferably, the server machine is configured for network 130
and supports TCP/IP protocol.
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Depending upon the workstation employed, the operating system may be,
for example, one of the following: Sun - Sun OS 5.5 (Solaris 2 5), SGI - IRIX 5
3 (or later), or DEC - Digital UNIX 3 2D (or later).

The databases of this invention may be downloaded via a 4 X 4 Gb+
FWSCSI-2, Fiber Link Raid Units 20Gb+, or 4 DAT Tape Drive. A CD ROM
drive may also be acceptable.

The client machine may be, for example, a Macintosh™ (Apple Computer
Inc. of Cupertino, CA), a PC, or a Unix workstation. It should also be TCP/IP
capable with a Netscape Web Browser.

The network may include a 10-base-T connection, be TCP/IP capable,
and provide access to Internet for HTML hyperlinks to NCBI.

4, Model of the Genomics Relational Database

Turning now to Figure 3, a block diagram is shown of a physical data
model 300 for a genomic relational database 146 in accordance with one
embodiment of the present invention. As shown, this physical model 300 of
data organization within the database 146 includes tables having as their
primary keys (underlined) various pieces of data particularly relevant to a
database of microbial biomolecular sequences. In addition, those tables which
have a many-to-one relationship to one or more other tables also include
primary key information (designated as foreign keys (“fk”)) for those related
tables.  Of course, similar database models could be employed with
biomolecular information from other sources such as plants, insects, mammals,
etc.

The organization of data in the database 146 may also be represented by
a logical data model 400, as depicted in Figure 4. While the physical data
model 300 represents the actual physical locations of various records within the
tables of the relational database 146, the logical data model 400 is a conceptual
representation of the data in the database 146. The foreign key information is
not included in the logical data model 400, since it is redundant in the
conceptual functioning of the database 146. It is included in the physical data
model 300 since it is useful for a full understanding of how the database is
organized and how the data is related and accessed. The structure and
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operation of a preferred embodiment of the database of the present invention is
described below with reference to both the logical data model 400 and the
physical data model 300, which contains tables and fields corresponding to the
entities and attributes of the logical data model 400, in order to present both
the conceptual and physical organization of this embodiment of the invention.

Each entity in data model 400 includes a name (e.g., “PA_Library”), a
primary key attribute (or attributes) denoted by underlining, and a variable
type (e.g., a floating point value, an integer, a character, etc.) indicated in a
second column of each entity represented in Figure 4. It should be understood,
of course, that this embodiment of the invention is not limited to the data type
specified in the second columns of the entities in database 400. The primary
key(s) are also designated by underlining in the physical data model 300. In
addition, physical data model 300 tables include a foreign key (or keys)
denoted by a “fk” designation the second column of the tables. The lines
between entites in database model 400 represent relationships between the
primary key attributes and the various entities. For example, each sequence
(identified by a SequencelD) in a PA_Sequences entity 404 belongs to a single
library (identified by a LibrarylD) in a PA_Library entity 402. But, each
library in PA_Library entity 402 may have many different sequences
represented in PA_Sequences entity 404. Thus, each entry in entity 402 (or
record in corresponding table 302) may correspond to many entries in entity
404 (or records in corresponding table 304). This is referred to as a “one-to-
many” relationship and is indicated by the branches at entity 404 on the line
connecting entities 402 and 404.

The relationships between the entities may be optional or mandatory.
Optional relationships are identified by a circle in the connecting relationship
line. Thus, each record in entity 402 may have many corresponding records in
entity 404. Mandatory relationships are indicated by a perpendicular line
segment. Thus, for example, each sequence entry in entity 404 must belong to
a library in entity 402. The triangular connection element between the
PA_ExternalHit and the PA_GIAccession entities indicates a ‘“dependent”
identifying relationship, 1.e., the child rows cannot exist without the parent. In
this case, an entry in PA_ExternalHit may have one or more entries in
PA_GIAccession and an entry in PA_GIAccession must have and be dependent
on one and only one entry in PA_ExternalHit. The primary key attribute of
the child in such a relationship is a composite key which is the primary key
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attribute of the parent (referenced as the foreign key in the corresponding
physical data maodel 300,) as well as a primary key attribute of the child.

The physical data model 300 includes arrows between the tables
representing the relationship of the foreign key (or keys) in a table to another
table for which the foreign key(s) is a primary key.

PA_Library entity 402 in logical data model 400 has as its primary key
attribute a LibraryID. This LibraryID uniquely specifies each library in the
database 146. As explained above, each library is generated by cloning the
nucleic acid from a single organism. Corresponding physical data model table
302 includes an OrganismID field which specifies the organism from which the
library was derived. The logical data model PA_Library entity 402 does not
include this attribute. Instead, the logical data model includes a separate
PA_Organism entity 401 containing as its single attribute, OrganismlID.
Similarly, corresponding physical data model table 302 includes an
HitDataSource field which identifies the external (i.e., GenBank) database
source of the HitID used to annotate an ORF in a library. The logical data
model PA_Library entity 402 does not include this attribute. Instead, the
logical data model includes a separate PA_HitDB entity 403 containing as its
single attribute, HitDataSource. '

The PA_Library entity 402 also includes a PCTCGContent attribute,
which provides the percentage of guanosine and cytosine (G and C) base pairs
in a library. This information may be useful in determining physical and
functional characteristics of sequences in the library. The ContiginSeqgServer
attribute 1s a yes (Y) or no (N) flag indicating if the nucleotide sequence for a
particular Contig is available in the Sequence Database.

Next, a number of sequences attribute (NumSeqs) specifies the total
number of basic sequences generated from the library and stored in the
database. Number of ORFs (NumOrfs) and number of contigs (NumContigs)
attributes specify the total number of open reading frames and contigs
generated from the library’s total complement of sequences, respectively.
Next, an OrphanContigs field specifies the number of contigs from the library
which had no match against a external database. The library description
(LibDescription) and Comments attributes include short and longer
descriptions, respectively, pertaining to a particular library record.
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The entity 402 also includes a GenomeSize attribute which provides the
size of a particular organism library, for instance, in Mbp. A Depth attribute
provides information relating to the depth of coverage of an enterprise
sequenced genome. The value of this attribute typically reflects the average
depth of coverage. A Coverage attribute also provides the percentage coverage
of a genome provided in the database of the present invention. For external
databases, this value is generally 100%. For enterprise sequenced genomes, the
value may be calculated, for example, by dividing the number of base pairs for
all contigs by the organism’s genome size.

PA_Sequences entity 404 includes as its primary key attribute a unique
sequence ID (SequencelD) for each sequence in the database. A SequencelD
refers to a particular genomic sequence generated during genome sequencing.
As previously described, each genome sequence fragment is assigned a
SequencelD following sequencing. The raw sequence is stored in the Sequence
Database 144, while the associated SequencelD is stored in the PA_Sequences
table of the relational genomic database 146. As indicated by the line
connecting entity 404 to 402, each SequenceID belongs to a unique library.
Corresponding physical data model table 304 includes a LibraryID, which is a
foreign key to table 302 and a ContigID which is a foreign key to a PA_Contig
table 306 (described below). These foreign keys are not represented as
attributes in the corresponding logical data model entities, but are indicated by
the relationship links between the entities. Entity 404 further includes a
ContigStart attribute and a ContigEnd attribute. These specify the starting base
pair and ending base pair, respectively, of the sequence within its contig. In
one preferred convention, if a sequence is located at the 5’ end of a contig, then
the ContigStart field will be given the value zero. Data relating to these
ContigStart and ContigEnd attributes is obtained during Contig Formation.

PA_Contig entity 406 includes as its primary key attribute a contig ID
(ContigID) uniquely specifying each contig within the database. As noted
above, a ContigID is assigned to an assembled sequence following the Contig
Formation module of data processing. Whereas a SequencelD will remain
constant throughout subsequent date processing, ContiglDs may change,
particularly as new sequences are obtained which bridge multiple existing
contigs into one. Corresponding table 306 has as a foreign key (shown in
corresponding physical data model table 306) the LibraryID attribute from
table 302. Other information derived from the Contig Formation module is
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- also represented in this entity. For example, the entity also specifies the
number of sequences within a particular contig (NumSeqs), and the length
(Length) of the particular contig in number of base pairs. In addition, the
number of open reading frames found within a particular contig (NumOrfs) is
derived. Note that the NumSeqgs and NumOirfs attributes in PA_Contig entity
406 have different meanings than the same named attributes in PA_Library
entity 402. In entity 406 these attributes are counted within a single contig,
while in entity 402 they are counted within an entire library.

Next, an entity 408 (denoted “PA_ContigLocus™) has as its primary key
attribute an open reading frame identifier (OrfID). OrfIDs and associated
attributes of this enitiy are derived from the Gene Finding and Gene Clustering
modules of the data processing. As described above, OrfIDs are assigned to
ORFs located on the contigs assembled during Contig Formation by sequence
matching with annotated sequences, for instance in GenBank. A ContigID field
(as shown in corresponding physical data model table 308) is a foreign key to
table 306. Note that each entry of entity 408 belongs to a unique contig from
entity 406, as indicated by the relationship line connecting the entities. Next, a
LocusType attribute defines the sequence entity type on a contig. For example,
the LocusType field in the corresponding physical data model table 308 could
contain a “O” to indicate that a particular sequence is an ORF or an “L.” for a
LUR. RelativePosition attribute of entity 408 specifies the relative position of
the particular ORF under consideration within its contig. Thus, for example,
the sixth open reading frame (from the 5’ end) of a contig sequence would
have the value six (6) in the relative position field of the corresponding
physical data model table 308. Next, ContigStart and ContigEnd attributes
specify the starting and ending position in base pairs of the open reading frame
within the contig. Note that these attributes have a different meaning within
PA_Sequences entity 404.

A number of sequences attribute (NumSeqs) specifies the number of
basic sequences that are contained within the region of the contig denoted to be
the open reading frame under consideration. Next, an EValue attribute
specifies the E-value of the Hit of the open reading frame against the external
database. As noted above, the lower the E-value the higher the probability that
the Hit against the external database is meaningful. The E-value is used in the
identification of ORFs during the sequence alignment processes (FASTX
portion) of the Gene Finding module, and the annotation (FASTA) of ORFs.



WO 98/26407 - PCT/US97/22691
27

A PSeqLength attribute provides the length of the protein sequence
corresponding to an ORF. A Strand attribute indicates on which strand of the
double stranded contig the ORF was found. The strand may be indicated, for
example, by a “+” or a “-” appearing in the corresponding field of physical
data model table 308. Next, a PctOfHit attribute indicates the percentage of the
gene in the external database (i.e., GenBank) that is covered by an ORF on a
contig. This value may be calculated by dividing the PSeqLength by the length
of the Hit in the external database, and multiplying by 100.

A gene cluster ID field (GeneCluIlD) (as shown in corresponding
physical data model table 308) is a foreign key to a gene cluster table 310
(“PA_GeneCluster”) which will be described in more detail below. A HitID
field and HitType field, shown in physical data model table 308, together
represent a foreign key to an external hit table 316 (denoted
“PA_ExternalHit”), which will be described in more detail below. Finally, a
ECID field (as shown in corresponding physical data model table 308) is a
foreign key to a functional classification table 322, and provides a functional
classification ID number, according to a coded list of functional categories. In
a preferred embodiment, these functional categories include, in ranked order:
1) Motility; 2) Virulence; 3) Transport; 4) Regulatory; 5) Macromolecule
metabolism; 6) Small molecule metabolism; 7) Structural; and 8) Other. ORFs
may be categorized based on keywords in their Hit Description. In a preferred
embodiment, an ORF can only belong to one functional category, so if an ORF
has keywords that fall into more than one category, the ORF 1s assigned to the
category with the highest rank.

Gene cluster entity 410 includes as its primary key attribute the gene
cluster ID (GeneClulD) mentioned above. This entity includes each gene
cluster in the database. As noted above, such clusters are generated during a
clustering step in the process of generating data to populate the database. Each
gene cluster will include one or more OrfIDs specifying open reading frames
determined based on homology and/or codon usage. Thus, an OrfID field (as
shown in corresponding physical data model table 310) is a foreign key to the
contig locus table 308 as indicated by the relationship between entities 410 and
408, and the connection between corresponding table 310 and 308, as described
above. The ORFs in a gene cluster are identified by the Gene Cluster 1D
(referenced as a foreign key) in the PA_ContiglLocus table 308. Each Gene
Cluster is identified by a “Representative ORF”. This is indicated by the OrfID
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(as a foreign key) in the PA_GeneCluster entity 410. The two arrows
connecting these tables in the physical data model (and the two different
connections depicted in the logical data model) reflect this relationship. One
connection is a one-to-many from PA_GeneCluster to PA_Contiglocus,
indicating that the Gene Cluster must have one or more ORFs in it, conversely,
one ORF may belong to one and only one Gene Cluster. The other relationship
is for the Representative ORF, i.e., a Gene Cluster must be identified by one
and only one ORF, conversely, one ORF may represent one and only one Gene
Cluster.

Gene cluster entity 410 also includes a NumLibs attribute indicating the
number of libraries from among the total number of libraries represented in
the database that belong to the cluster. An alternative way of reflecting this
information, used in some embodiments of the present invention, is as the
number of libraries in which a gene or ORF is not present (referred to as
specificity). Thus, if three libraries are represented in the database and the
gene cluster under consideration includes open reading frames from two of
these three libraries, then the specificity could be set with a value of 1/3 or
0.333. Likewise, if the gene cluster includes open reading frames from only a
single library, then the specificity value could be set at 0.667.

The physical data model 300 includes a gene cluster library table 312
(“PA_GeneCluLib”) at the intersection of library table 302 and gene cluster
table 310. Table 312 includes only two fields, a gene cluster ID and a library
ID. Together these fields form the primary key of table 312. Of course, the
library ID is a foreign key to table 302 and the gene cluster ID is a foreign key
to table 310. Therefore the data contained in this table is redundant, and the
table does not appear as and entity in the logical data model 400. Where, as
here, two entities in a logical model have a many to many relationship between
them, the situation is resolved in the physical model by an intersect table with
the primary key made up of the primary keys from both the two tables
(referenced as foreign key), and the relationships are one to many from both
the parent tables to the intersect table. Table 312 appears this way in the
physical data model 300. Table 312 is also used for quickly determining which
libraries are represented within a particular gene cluster. Such information is
useful in comparative genomics queries.

Another table present in the physical data model 300 but absent as an
entity in the logical data model 400 is the PA_OrfSequences table 314,
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provided at the intersection of contig locus table 308 and sequences table 304.
It includes as its primary key the combination of a sequence ID and an Orf ID.
The sequence ID in table 314 is a foreign key from sequences table 304 and the
Orf ID field in table 314 is a foreign key to table 308. As there may be many
sequences within a given open reading frame, the mapping between records in
table 308 and table 314 is a one-to-many mapping. Further, as a given
sequence may be contained in multiple ORFs (typically no more than two), the
mapping between records in table 304 and table 314 may be a one-to-many
mapping. Table 314 is particularly useful for those screens displaying the
sequences comprising an open reading frame (e.g., a Sequence Information
Results page, such as shown in Figure 6K). Because it contains redundant
information, the table is not included in the logical data model 400.

The external hit entity 416 (“PA_ExternalHit”) provides information
about the hit from the external database giving rise to the open reading frames
populating the contig locus entity 408. The information represented in this
entity is developed from the Gene Finding stage of the process of data
generation. Entity 416 includes as its primary key a combination of a HitID,
which is a number provided by the external database, and a HitType, which is a
single character also specified by the external database. In the case of
GenBank, for example, the HitType might be a single letter such as “g” and the
HitID might be an eight digit number. Entity 416 also includes a
HitDescription field. Preferably, this field includes a short summary of
descriptive information about the hit taken from the external database. An
example of a HitDescription includes “xylose receptor.” A HitOrgID field (as
shown in corresponding physical data model 300) is a foreign key to a
PA_HitOrganism entity 420. This field identifies each of the organisms that
exist within an external database, such as GenPept. Because multiple open
reading frames for the database may hit the same record in an external
database, the relationship between records in entity 416 and entity 408 is a one
to many relationship. |

A PA_GIAccession entity 418 specifies as a primary key attribute the
accession number (Accession) of an external database (e.g., GenBank) sequence
corresponding to an external hit of interest. As shown in corresponding
physical data model table 318, the table has a HitID which is both a primary
key and foreign key to the external hit table 316. Together these attributes
form the primary key of table 318. PA_GIAccession contains a list of unique
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accession numbers assigned to each record submitted to GenBank. Sequences
with different GI numbers are accessed under the same accession number if the
sequences are the same.

A PA_Hit Organism entity 420 is also related to the PA_External Hit
entity 416, and includes a HitOrgID as its primary key which identifies each of
the organisms that exist within an external database, such as GenPept. This
entity also has a HitOrganism attribute which identifies the organism from
which an external genomic library is drawn. In the case of GenBank, the
HitOrganism field identifies the organism specified by the characters following
the “gi” in the GI number.

A PA_FuncClass entity 422 includes a FCID attribute as its primary key.
The FCID provides a functional classification ID number, according to a coded
list of functional categories, an example of which is described above. A Name
attribute provides the name of the functional classification corresponding to a
particular FCID, and a SortOrder attribute provides the order in which the
functional classifications should be displayed to a user in a graphical user
interface according to a preferred embodiment of the invention.

Finally, a version entity 424 (and corresponding table 324 of physical
data model 300) includes as its primary key attribute a software product
description. Entity 424 also includes a software version attribute and a data
release month and year attribute. The data release attribute is necessary to
specify which data set is populating the database currently in use. It is possible
that a given version of the software product will be updated with multiple data
releases. The information respresented in entity 424, and contained in
corresponding table 324, may be displayed on each page of the graphical user
interface.

5. Graphical User Interface for Genomic Sequences Database

In a preferred embodiment, the invention is provided together with a
suite of functions made available to users through a collection of user interface
screens (e.g., HTML pages). Typically, the interface will have a main menu
page from which various lines of query can be followed. Of particular
relevance to the present invention is a main menu screen which allows users to
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travel toward information regarding Comparative Genomics and Electronic
Southerns.

Figure 5A presents one such main menu page 500 which may be
employed in a database having genomic sequences contained therein. As shown,
menu page 500 includes buttons for accessing the following lines of query:
Comparative Genomics (button 504), Organisms (button 506), Electronic
Southerns (button 508), Gene List (button 510), Gene Locus (button 512) and
Sequence Database (button 514).

If a user selects button 504, he or she will receive a Comparative
Genomics Query screen (such as shown in Figure 6A). In a preferred
embodiment, this screen 600 displays lists of target organisms and background
organisms. By making appropriate selections from each list a user may look up
genes common to a set of organisms or unique to an organism or set of
organisms. This line of query is described in more detail below.

Should the user select button 506 (Organisms), he or she will receive an
Organism Information Results screen 550 (such as shown in Figure 5B). In a
preferred embodiment, this screen 550 lists each organism library available in
the database of the present invention, for instance, in alphabetical order. In a
specific embodiment, text lines on the screen display each library’s name, a
brief description of the organism from which the library is derived, the number
of usable sequences, the number of assembled contigs for that library, the
number of ORFs in the library, the approximate size of the library, the depth
and coverage of the of the library relative to the entire genome of the
corresponding organism, and the GC content of the library. For public
genomic data, N/A may be displayed in the Usable and Depth column, and the
number of contigs is generally one, indicating a completely sequenced genome.
This screen may include links to other screens displaying other information
relating, for example, to a particular library or ORF. For example, selecting an
underlined link in the Library column may return an Organism Details screen
(not shown), which provides additional information about the selected library.

When the system determines that button 508 (Electronic Southerns,
analogous to the Southern blot laboratory technique) has been selected, it will
allow the user to identify libraries in which a given gene or ORF exists. For
example, a user may enter an OrfID in an Electronic Southern query screen
(such as shown in Figure 7A). The system may then return all libraries that
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-~ contain members of the ORF’s Gene Cluster in an Electronic Southern Results

screen (such as shown in Figure 7B). This line of query is described in more .
detail below.

If the user should select the button 510 (Gene List), the database system
will return a Gene List Query screen, such as shown in Figure 5C. Screen 560
displays a list of organism libraries and allows the user to view all ORFs from
a library by selecting that library from the list. The Gene List Results screen,
shown in Figure 5D, provides a list of all ORFs for the selected library 570,
preferably together with other associated information. From the results
screen, the user will have the option of selecting links to various other screens
displaying related information. In the specific embodiment depicted in Figure
5D, links are provided via the ORF ID, Hit ID, E-Value and NumLibs fields.

The user may also select button 512 (Gene Locus) from the main menu
screen 500 to have the system return the Gene Locus Query screen 580, shown
in Figure 5E. Query screen 580 allows a user to define search criteria and
select an organism library as the subject of the search. The Gene Locus Results
screen 590, shown in Figure SF, then displays the relative location of an ORF
on a contig to its neighboring ORFs.

The Gene List and Gene Locus features of the database system are
described in more detail in a companion patent application Serial No.

08/856,647 (attorney docket no. ICYTPO003), filed concurrently herewith and
previously incorporated by reference.

Finally, when the system determines that the user has selected button 512
(Sequence Database), it allows the user to retrieve actual amino acid and/or
nucleotide sequences for given SequencelDs. It also allows the user to perform
sequence alignment searches (e.g., BLAST, FASTA) against various sequence
databases (typically external databases), and to assemble nucleotide sequence
fragments from a cluster and view how they overlap with each other. In
addition, a user may use this feature to compare microbial sequences to
sequences from other organismal families, such as plants and animals,
including human sequences. The Sequence Database also allows a user to
perform multiple sequence alignments using the Clustal W algorithm, a
multiple sequence alignment program for DNA or protein.  Further
information on the Clustal W program is available on the World Wide Web at
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www.csc.fi/molbio/progs/clustalw/dot.imgen.  In this way, a user may
compare more than two sequences in a single operation.

Preferably, the user interface employed with this invention possesses
similar attributes to interfaces for other sequence databases (besides a genomic
database). Examples of other databases including similar interfaces might
include (1) a general purpose short sequence database (containing for example
ESTs as in the case of Incyte Pharmaceutical’s LifeSeq™ database and
interface), (2) a full-length sequences database (such as Incyte Pharmaceutical’s
LifeSeq-FL™ database and interface), and a plant genomic sequences database
(such as Incyte Pharmaceutical’s PhytoSeq™ database and interface). The “look
and feel” of each of these databases preferably will resemble one another. For
example, each might contain a commonly formatted collection of query buttons
as shown as buttons 504, 506, 508, 510, and 512 in the main menu page of
Figure 5. As a result the system may bring one of multiple available “query”
screens, each commonly formatted to allow the user to formulate his or her
query. Upon execution of this query, the system may present an appropriate
results screen (again of common format) presenting the results of the executed

query.

By providing these features as a common interface spanning multiple
sequence databases, users familiar with one database interface can quickly learn
to navigate through related databases. Thus, they will be able to leverage their
knowledge of formulating appropriate queries and locating desired sequence
information obtained from working with an initial database (e.g., the LifeSeq™
database). This is the motivation behind providing any standard. In this case,
the inventors have recognized that sequence database interfaces currently
available have disparate looks and feels. By standardizing the look and feel of
multiple sequence databases, the inventors have brought a needed consistency to
the sequence database industry.

6. The Comparative Genomics User Interface

Comparative Genomics is a feature of the enterprise database which
allows a user to compare the sequence data of sets of different organism types.
Comparative searches may be formulated in a number of ways using the
Comparative Genomics feature. Genes common to a set of organisms may be
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identified through a “commonality” query. Comparative Genomics may also
be used to locate genes unique to one of a set of organisms. This is referred to
as a “subtraction” query. Comparative genomics is performed on the basis of
Gene Clusters.

In a preferred embodiment, the Comparative Genomics feature is
accessed by clicking on the Comparative Genomics button 504 in the main
menu Microbial Genomics screen 500, illustrated in Figure 5A. This selection
returns the Comparative Genomics Query screen 600, illustrated in Figure 6A.
A user may define the parameters of the comparison to be done by selecting
one or more libraries listed in the Target Organism box 602, and from none to
all of the libraries listed in the Background Organism box 604 in screen 600.
Each line in the Target and Background library selection boxes displays the
library’s name, the full name of the organism, and the approximate size of the
organism’s genome.

For example, to perform a commonality query, a user would select
libraries only in the Target Organism selection box 602. No libraries would
be selected from the Background Organism selection box 604. The Search
button (not shown) would then be selected. Buttons 605 are provided in order
to provided direct access to other aspects of the database system. A Clear
button (not shown) may also be provided in order to clear previous selections.

The Comparative Genomics Results screen 610, illustrated in Figure 6B,
would display those Gene Clusters containing members from the set of selected
Target libraries. Because gene clusters may be composed of multiple ORFs,
the ORF with the best match for its annotating GI (GenBank Identifier) is
designated as the representative ORF, and its associated annotation is displayed
as the description for a given cluster. In the preferred embodiment depicted in
Figure 6B, the Hit ID, Hit Description, Hit Organism, E-value, and NumLibs
for the representative ORF are displayed on the one-line gene description.

Similarly, a subtraction query may be performed by selecting one or
more libraries in both the Target and Background Organism boxes 602, 604.
The results screen 610 will display only Gene Clusters common to the selected
Target libraries, excluding Gene Clusters which are also common to
Background libraries.
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In addition, the Comparative Genomics feature provides the ability for
the user to view a complete list of the gene clusters for a given organism
library by selecting only that library in the Target Box 602, and no libraries in
the Background Box 604 of the query screen 600. While this is not a
comparative search, it does provide a useful presentation of information in the
library to the user (i.e., as gene clusters).

Figure 6C presents a process flow diagram of a system module which
responds to comparative genomics queries formulated by a user of the system.
A process 650 begins at 652 and in a step 654 displays a Comparative
Genomics Query page such as screen 600 shown in Figure 6A. Next, a
decision step 656 determines whether the user has initiated a comparative
genomics query by, for example, selecting a search button. If not, a decision
step 658 determines whether the user has selected a link to a different page or
exited the program. If the user has done one of these, the linked page is
displayed if necessary at a step 660. Thereafter the process is completed at
670. If the user has not selected a link to a different page or exited the
program, process control returns to step 654 from decision step 658.

It should be noted that the system allows the user to exit from the
comparative genomics query mode at any time. The user may take this route
by exiting the program or selecting a screen unrelated to the comparative
genomics query from among the various buttons 605 provided. This option is
depicted at a decision step 658 where the system determines whether the user
has selected a link to another screen or exited the program. For purposes of
illustration, this step is performed after decision step 656 is answered in the
negative. Process control is shown returning to step 654 when step 658 is
answered in the negative. If decision step 658 1s answered in the affirmative
(i.e., the user elected to leave the comparative genomics query mode), the
system performs the appropriate action, for example, displaying a query screen
from another of the database system’s mode of inquiry, at a step 660.

The loop including steps 656, 658 and 654 is provided primarily for
purposes of illustration. It should be understood that the invention is not
limited to this arrangement (or any polling procedure) and may merely await
receipt of an appropriate event from the user interface, for example.
Moreover, this step could equally well have been depicted anywhere in the
flow of process 650.
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It should also be noted that various links (preferably HTML links) to
additional related screens may also be provided in addition to the buttons 605,
such as those illustrated in record 612 of Figure 6B (Comparative Genomics
Results screen). As noted above, a user may select a Hypertext link (e.g., a
highlighted entry) in order to access linked information in the database. In one
embodiment, the following Hypertext links, with their associated linked
information, are provided: Hit_ID, displays an external database interface
page (e.g., Entrez for GenBank; Expasy for Swiss Prot) with information
relating to that project; E-Value, displays sequence alignment (e.g., FASTA)
search results for the representative ORF and its best matching GI (GenBank);
and NumLibs, displays a Electronic Southern results for similar ORFs (see
below for further details on Electronic Southerns (alternative embodiments
might use a Specificity attribute, as defined above).

If, on the other hand, decision step 656 determines that the user has in
fact initiated a comparative genomics query, then the system identifies those
libraries selected as target libraries and those libraries selected as background
libraries in a step 662. As described above with reference to Figure 6A,
Comparative Genomics Query page 600 includes a target organism window
602 and a background organism window 604. Preferably, each of these
windows displays all organisms providing libraries in the database. The user
can then select any number of target organisms and any number of background
organisms. This information is used by the system in step 662.

After the system has identified the appropriate background and target
libraries in step 662, at step 664 it identifies all gene clusters that exist within
the intersection of all target libraries and not in the union of all background
libraries. One example of this situation is illustrated by set diagram 670 in
Figure 6D where the intersection of two target libraries, T1 and T2, is
bounded by a dotted curve 671. The identified gene clusters resulting from the
comparative genomics query in this example would be contained within a
hatched region 672 which includes all gene clusters within region 671 and not
in background libraries B1 and B2.

After the system has selected the appropriate gene clusters at step 664, it
returns a Comparative Genomics Results page (e.g., 610 in Figure 6B)
displaying the various hits remaining after the comparison at a step 666.
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Thereafter, at a step 667, the system determines whether the user has
returned to the comparative genomics query page to do another search. If so,
process control return to decision step 654 where execution continues as
described above. If not, process control is directed to a decision step 668
which determines whether the user has taken an action that links to another
screen or exits the program. If the user has so acted, the appropriate action is
taken at step 660 as described above. If the user has not acted, the system
simply continues to displaying the results page as indicated at a step 669.
While displaying the results page, the system the system monitors events to
determine whether the user has acted in accordance with steps 667 or 668.

The view definitions for the above-described embodiment of the
comparative genomics feature of the present invention are as follows:

CREATE OR REPLACE VIEW PA_Libraries_V AS

SELECT lib.LibraryID,
lib.OrganismiD,
lib.PctGCContent,
lib.HitDataSource,
lib.NumSeqgs,
lib.NumOrfs,
lib.NumContigs,
lib.OrphanContigs,
lib.LibDescription,
lib.Comments,
lib.GenomeSize,
lib.Depth,
lib.Coverage

FROM PA_Library lib
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. CREATE OR REPLACE VIEW PA_GeneClusterLibraries_V AS
SELECT gclulib.GeneClulD,

FROM

/

gclulib.LibrarylD

PA_GeneCluLib gclulib

CREATE OR REPLACE VIEW PA_GeneComparison_V AS

SELECT DISTINCT gclulib.GeneClulD,

FROM

contlo.HitlD,
contlo.HitType,
contlo.ContiglD,

contlo.NumSegs,

decode(NVL(contlo.HitlD,0),0,decode(contlo.LocusType,'O", INCYTE',

lib.HitDataSource,
hitorg.HitOrganism,
contlo.OrID,
contlo.EValue,
geneclu.NumLibs
PA_ExternalHit exthit,
PA_ContigLocus contlo,
PA_GeneCluster geneclu,
PA_HitOrganism hitorg,
PA_Library lib,
PA_GeneCluLib gclulib

WHERE gclulib.LibrarylD = lib.LibrarylD

|LI,ILURI),
exthit.HitDescription) HitDescription,
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| . AND gclulib.GeneClulD = geneclu.GeneClulD
AND geneclu.OrflD = contlo.OrfID

AND contlo.LocusType ='O

AND contlo.HitID = exthit.HitID(+)

AND contlo.HitType = exthit.HitType(+)
AND exthit.HitOrglD = hitorg.HitOrgID(+)

/

A particular view is created in this embodiment using SQL select
statements. An example of a select statement for a hypothetical comparative
genomics query where two target libraries, “ECOLIO1” and “EFAECA01”
have been selected as targets, and “MPNEUMO01” and “SAUREUOQ1” have been
selected as background libraries:

Comparative Genomics Query

SELECT LibraryID,

substr(LibDescription,1,80)
FROM PA_Libraries_V
ORDERBY LibrarylD

Comparative Genomics

SELECT count(*)
FROM PA_Libraries_V

SELECT DISTINCT nvl(ge.HitlD,99999999),

gc.HitType,
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nvl(gc.HitDescription,' ),

gc.HitDataSource,
nvl(substr(gc.HitOrganism,1,15),' "),
gc.OrfID,
nvl(gc.EValueg,0),
gc.NumLibs,
gc.ContiglD,
gc.NumSeqs
FROM PA_GeneComparison_V gc
WHERE  gc.GeneClulD IN (SELECT gcl1.GeneClulD |
FROM PA_GeneClusterLibraries_V gclt
WHERE gcl1.LibrarylD IN (ECOLIO1', 'EFAECAO1')
AND  gcl1.GeneClulD = gcl1.GeneClulD
GROUP BY gcl1.GeneClulD
HAVING COUNT(*) = 2)
AND gc.GeneClulD NOT IN (SELECT DISTINCT gcl2.GeneClulD
FROM PA_GeneClusterLibraries_V gcl2
WHERE gcl2.LibraryID IN (MPNEUMO1',
'‘SAUREUO01)

AND gcl2.GeneClulD = gcl2.GeneClulD)
ORDER BY nvl(gc.HitlD,99999999)
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As noted above, if a user desired to search for genes common to two or
more organisms, he or she would list the libraries associated with those
organisms in the target organism field 602 of the Comparative Genomics
Query page 600. No libraries would be entered in the background library
field 604. The result would include only genes (represented as gene clusters in
a preferred embodiment) found in all target libraries. To perform a
subtraction query, the user selects libraries in both the target and background
fields. The displayed results include those genes found in all the target
libraries but none of the background ones. To look for genes specific to a
single organism, the user selects that organism from among the target libraries

field and selects every other organism available in the background libraries
field.

Example 1 - Searching for genes unique to a single organism

Based on the foregoing, it can be seen that in order to look for genes
unique to a single organism, the user would select that organism among those
listed in the Target library box 602 of Comparative Genomics Query screen
600 and select every other organism available in the Background library box
604. An example of this type of Comparative Genomics search is shown in
Figures 6E through 6P. This example demonstrates the functionality of the
comparative genomics feature of one embodiment of the database system of the
present invention.

In the this example, a subtraction query is performed. Streptococcus
pyogenes (“Strep”) was selected as the Target Organism and Haemophilus
influenzae (“Hflu”) and Mycoplasma genitalium (“Myco”) were selected as the
Background Organisms in a Comparative Genomics Query screen 600,
depicted in Figure 6E. Once these organisms had been selected by the user by
clicking on their respective lines in the Target Organism 602 and Background
Organism 604 boxes, the user clicked on the search button 606 to initiate the
search.

The results of the search were then displayed in the Comparative
Genomics Results screen 610, illustrated in Figure 6F (in truncated form). The
results are displayed as Gene Clusters and not as individual ORFs. Because a
Gene Cluster may be composed of multiple ORFs, the ORF with the lowest P-
value (in this embodiment) is designated as the representative ORF, and its
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associated annotation is displayed as the description for the given gene. In this
particular embodiment, the Hit ID, Hit Description, Hit Source, P-Value, and
Specificity of the representative ORF for each Gene Cluster returned by the
search were displayed in a one line entry for each Gene Cluster on the results
screen.

The results of the present example show all the hits, that is all
representative ORFs, appearing in Strep, but not in Hflu or Myco. This result
is confirmed by the fact that the specificity for all of the hits is 0.6667, which
indicates that the displayed ORFs are present in only one of the three
organisms selected (i.e., not present in two thirds of the organisms selected).

Continuing with the present example, the user may scroll between the
results screens to locate Gene Clusters associated with a protein of interest. In
the case of Strep, one protein of particular interest is the enzyme
hyaluronidase, which is responsible for the breakdown of connective tissues,
including skin, in order to provide the organism entry into a biological host.
In this example, there were three separate hits listed for the enzyme
hyaluronidase in lines 611, 612 and 613. These hits may be identified by the
functional description found in the Hit Description field of each entry. Because
this was a subtractive search with all libraries for organisms other than the
target selected as background, each of the three separate hits listed for
hyaluronidase in the Comparative Genomics Results screen 610 represents a
cluster unique to Strep.

In order to further explore the character of the identified Strep
hyaluronidase ORFs, the user may click on the Hit ID for the cluster
corresponding to that ORF. In the present example, the user clicked on Hit ID
144861 611, the first instance of hyaluronidase in the results screen in the
present example. This selection returned the Electronic Southern Results
screen 615, as illustrated in Figure 6G. In this example, the Electronic
Southern Results screen 615 showed a single line entry 616 which identifies the
name of the library, its description, the number of copies, that is the number of
ORFs corresponding to the Cluster for g144861, and the ORF ID. In the
present instance, the cluster comprised only a single ORF. Therefore, the ORF
ID listed in entry 616 is for that one ORF. Where more than one related ORF
from the same library is comprised within the same Gene Cluster, the ORF
with the best P-value (or lowest ID number if the P-values are the same) would
be displayed in the ORF ID column of entry 616.
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To obtain further information on Cluster for g144861, the user clicked
on the number of copies field 617 in entry 616, which returned the Organism
Gene Copies screen 618, as illustrated in Figure 6H. In entry 619, the screen
shows all ORFs 1n Cluster Hit ID g144861. By clicking on ORF ID 620 in row
70, the user returned the Gene Locus Information screen 621, as illustrated in
Figure 6I. This screen showed the relative position of the hyaluronidase
cluster for g144861 on its associated contig, SPc00596. The ORF ID field 622
of the results screen 621 showed that contig SPc00596 contains five (5) ORFs
and two (2) LURs, listed in the order in which they exist on the contig. The
results also showed that cluster for g144861 is in the middle of the contig,
which is a good indication that it represents a complete sequence of the gene.
By clicking on the P-value 624 in row 623 on the Gene Locus Information
screen 621, the user returned the BLAST Search Results screen 625, as
llustrated in Figure 6J. The BLAST Search Results screen 625 shows data
which indicates how well the hyaluronidase sequences on the contig (Spc00596)
align with those in an external (e.g., public) database.

Next, by clicking on the Sequence Info button in a BLAST Search Form
screen (not shown), the Sequence Information Results screen 626 was returned,
as illustrated in Figure 6K. This screen lists the specific sequences in the
genomic library for this organism which are within the portion of contig
SPc00596 that relates to ORF SP001074. In this particular example, there
were 14 individual sequences which related to ORF SP001074.

From the Sequence Information Results screen 626, the user has several
options which may be exercised by clicking on the various buttons available.
For instance, the user could click on the assembly button 627 in order to show
additional information relating to ORF SP001074. In this particular example,
this option was not exercised.

Instead, in order to investigate other hyaluronidase clusters identified
previously in the Comparative Genomics search, the user clicked on the Main
Menu button 628 in the Sequence Information Results screen 626 to return to
the Microbial Genetics main menu screen shown in Figure 6A, and then
advanced to the Comparative Genomics Results screen shown in Figure 6B.
The user then clicked on Hit ID g437705 612, the second instance of
hyaluronidase in the results screen in the present example This selection
returned an Electronic Southern Results screen (not shown). As with the first
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- hyaluronidase hit, the Electronic Southern Results screen showed that the
cluster comprised only a single ORF.

Then, returning to the Comparative Genomics Results screen shown in
Figure 6B, as described above, the user clicked on the third Hit ID g881507
613, which returned the Electronic Southern Results screen 630 shown in
Figure 6L. In this instance, the copies column 631 in entry 632 showed that
there are six contigs in Cluster g881507. By clicking on the number of copies
631, the Organism Gene Copies screen 633 illustrated in Figure 6M is
returned. This screen identifies the six ORFs which are grouped within the
selected cluster.

Further information regarding these ORFs and their respective contigs
may be obtained by clicking on the various HTML links available in the
Organism Gene Copies screen 633. For instance, it may be interesting to
further investigate those ORFs with the lowest P-Values, since those are less
likely to be fully described in available databases. In the present example, the
P-values for ORF Ids SP001043 634 and SP000709 635 were the highest for
any of the six ORFs. The user clicked on ORF ID SP001043 634, returning
the Gene Locus Information screen 636 illustrated in Figure 6N. Line 637 of
the Gene Locus Information screen 636 showed that ORF ID SP001043 is at
the beginning of contig Spc00591. This may indicate that the ORF represents
an incomplete copy of the hyaluronidase gene. At this point, the user clicked
on the P-Value HTML link 638 in line 637 to return the BLAST Search Results
screen showing the alignment of contig SPc00591 with the associated GenBank
sequence (not shown). In this example, the results of the BLAST showed that
the beginning of the contig overlaps with the end of the protein.

In order to investigate other ORFs in this cluster, the user clicked on
HTML links to return to the Organism Gene copy screen 633, shown in Figure
6M, and then clicked on ORF ID SP000709 635, to return the Gene Locus
Information screen 639 associated with that ORF, shown in Figure 60. As
shown in Figure 60, ORF ID SP000709’s contig contained only that ORF and a
LUR. Therefore, as with ORF SP001043, this ORF is suspect and likely does
not contain the entire sequence for the hyaluronidase gene. By clicking on the
P-Value 641 in line 640, the BLAST Search Results screen for ORF SP000709
was returned. The BLAST results (not shown) showed that the end of the
contig SPc00495 overlaps the beginning of the protein. From this data, it may
be concluded that ORF Ids SP001043 and SPO00709 are two halves of the same
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- gene and that deeper sequencing may bring these two halves together into a
single ORF.

Gene Locus information for the remaining four ORFs may be obtained
by following the equivalent steps previously outlined. In this example, the P-
Values were very low (the lower P-value representing the higher confidence
value ) for these four remaining ORFs. Figure 6P shows a representative
example Gene Locus Information screen 642 for one of these remaining ORFs,
that being ORF ID SP001088 as shown in row 643 of the figure. Since the
OREF is located in the middle of its contig, it likely represents the entire coding
sequence for the hyaluronidase gene.

Figure 6Q shows a representation of the Strep genome 680 showing the
eight ORFs coding for hyaluronidase from the preceding example. As
described in the example, the eight ORFs were grouped in three gene clusters.
The gene cluster corresponding to each ORF is indicated in the figure by the
annotations H1, H2 and H3 (H for “Hit”). As noted, two of these H3 ORFs may
actually be a single ORF that will come together with deeper sequencing.

The Comparative Genomics feature of the database of the present
invention allows a user to electronically compare the sequence data of sets of
different organisms. Some preferred and specific embodiments of the
comparative genomics feature have been described. However, those of skill in
the art will recognize that comparative genomics may be implemented in a
database system of the present invention in other ways which do not depart
from the spirit and scope of the invention.

7. Electronic Southern Graphical User Interface

Electronic Southerns are useful for identifying genomic libraries in
which a given gene or ORF exists. A Southern analysis is a conventional
molecular biology technique is a in which a nucleic acid of known sequence is
used to identify matching (complementary) sequences in a sample of nucleic
acid to be analyzed. Typically, DNA which has been separated on an
electrophoretic gel is denatured is transferred to a membrane by contacting the
membrane with the gel and allowing the DNA to bind to the membrane. The
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- membrane then contains a replica of the bands of DNA separated in the gel.
The membrane may then be washed with a solution containing labeled (e.g.,
radioactively) DNA or RNA probes. The probes will hybridize to any
complementary sequence samples on the membrane, and the location of these
hybridized samples on the membrane and the corresponding gel may be
detected by autoradiography. Where the sequences of the labeled probes are
known, the technique will provide the researcher with information about likely
sequences of his or her unknown. Alternatively, in the absence of sequence
data about the known samples, the image may simply tell the researcher which
organisms, tissues, clones, etc. (each associated with a given known sample)
hybridized to the unknown sample. One purpose of the Electronic Southern
analysis described here is to allow similar types of information to be obtained
electronically from nucleic acid sequence information stored in a database.
For instance, like their laboratory counterparts, Electronic Southerns may be
used to locate homologous matches between a “probe” DNA sequence and a
large number of DNA sequences in one or more libraries. In a preferred
embodiment of the present invention, such homology analysis is based on Gene
Clustering.

A preferred embodiment of a graphical user interface which provides
access to the various tools of the present database is shown in Figure 5A. To
perform an Electronic Southern analysis, a user selects the Electronic Southern
category by clicking on the Electronic Southern button 508 in the main menu
screen 500. This will display the Electronic Southern query screen 700, which
is used to define the selection criteria for the Electronic Southern results. To
perform an Electronic Southern analysis, the user selects a search category
from a pull-down menu which is displayed when the user clicks on the search
Type box 702. Search subjects in the menu may include GI (GenBank
identifier - a unique number assigned to protein and nucleotide sequences in the
GenBank database), Accession Number (a unique number assigned to each
submission of a nucleotide or protein record to GenBank; may relate to
multiple GIs), ORF ID (a unique identifier for an Open Reading Frame on a
contig in a given organism library),GI Description (annotation describing the
sequence of a submitted GenBank entry), and others. The user also enters a
search term corresponding to the search Type in the Value text box 704
provided on the screen.
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For example, searching may be done using the GenBank identifier search
Type for which a nucleotide or protein GI number is entered in the search
term Value text box. Or the search may be conducted using the Accession
number Type and entering a GenBank Accession number in the search term
Value text box. In each case, the Electronic Southern Results screen 710,
illustrated in Figure 7B, will display all libraries, typically in alphabetical
order, that contain Gene Clusters with ORFs matching the sequence associated
with the search term entered in the Value text box 704 on the query screen
700. As another example, when searching is done using the ORF ID category,
an ORF ID number is entered in the search term Value text box. In this case,
the Electronic Southern Results screen will display all libraries, typically in
alphabetical order, that contain members of the Gene Cluster of the ORF which
corresponds to the ORF ID entered in the query screen Value text box.

Figure 7C presents a process flow 750 for conducting an Electronic
Southern analysis in accordance with one preferred embodiment of the
present invention. As shown in Figure 7C, the process 750 begins at 752 and
then in a step 754, the system displays an Electronic Southern Query screen,
such as screen 700 illustrated in Figure 7A. As noted above, such screens
allow the user to enter information relating to a specific sequence. At step
756, the system receives the user’s query entry. Next, at decision step 758,
the system determines whether the query entry is in the form of an internal
open reading frame ID (ORF ID) or if it relates to an external database ID
(i.e., a GI number). If the entry is in the form of an ORF ID, then the
system displays an Electronic Southern Results screen, such as screen 710
illustrated in Figure 7B, listing all libraries containing members of the
entered ORF’s Gene Cluster, at step 760. Alternatively, if the query entry
takes the form of external database record identifier, then the system displays
an Electronic Southern Results page listing all libraries containing Gene
Clusters with open reading frames matching the external database record at
step 762.

As noted above, in a preferred embodiment, Electronic Southern results
are displayed as Gene Clusters in the Electronic Southern Results screen 710.
Results are displayed as Gene Clusters. If the search is based on ORF ID (as
depicted in Figures 7A and 7B), the top of the screen displays the selected ORF
ID as well as the Hit ID and Hit Description, when there is a match.
Alternatively, if the search 1s based on GI number, the top of the screen
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- displays the selected GI number and the Hit Description. When the search is
based on Accession number, no additional information appears on the top of
the page. Each line 712 displays the library name, library description and size
and number of copies (or paralogs) found in that particular library. In rare
cases, related ORFs may appear more than once within the library. This means
that multiple related ORFs in the same library are in same Gene Cluster.
When this occurs, the total number of ORFs from that library will appear in
the Copies (or Paralogs) column. The ORF with the best E-value will be
displayed in the ORF ID column.

Regardless of which version of the Southern results page is displayed,
the user now knows which libraries within the internal database likely contain
sequences matching his or her selected sequence. From this information, the
user can determine which organisms like harbor genes similar to those he or
she is investigating. He or she can also further analyze the gene clusters that
match his or her selected sequence. To do this, the user may select a specific
HTML link in a field from one of the records displayed in the Southern
results page. In process 750, this is depicted at a decision step 766 where the
system determines whether the user has selected an entry from the “Library”,
“Copies”/“Paralogs,” or “ORF ID” fields of the results screen.

If the user has not selected one of these fields, the system determines
whether the user has alternatively selected another link to a different page or
exited the program at a decision step 768. If the user has not done one of these
functions, the system simply maintains the current display (step 770). It should
be noted that the system allows the user to exit from the Southern query mode
at any time. The user may take this route by exiting the program or selecting a
screen unrelated to the Southern query from among the various buttons
provided in the query and results screens. The loop including steps 766, 768
and 770 is provided primarily for purposes of illustration. It should be
understood that the invention is not limited to this arrangement (or any polling
procedure) and may merely await receipt of an appropriate event from the
user interface, for example. Moreover, this step could equally well have been
depicted anywhere in the flow of process 750. If, on the other hand, the user
has selected another page or exited the program at step 768, the system displays
the linked page, if necessary, at step 772, and the process is completed at step
774.
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If, at decision step 766, the system determines that the user has selected
an entry from the “Library,” “Copies”/“Paralogs,” or “ORF ID” fields of the
results screen by clicking on an appropriate hypertext link, corresponding
Organism Details (step 776), Organism Gene Copies (step 778) or Gene
Locus Information (step 780) pages, respectively, are displayed. The
Organism Details screen displays descriptive information about the selected
library. The Organism Gene Copies screen displays the related ORFs within
the same library. And the Gene Locus Information screen displays the
relative location of an ORF on a contig to its neighboring ORFs. If the
search is based on GI, selecting the GI hypertext link will return the Entrez
Report for the associated ORF. Following the display of any of these pages,
the process is completed at step 774.

The view definitions for the above-described embodiment of the
electronic southern feature of the present invention are as follows:

CREATE OR REPLACE VIEW PA_OrflLibraries_V AS
SELECT contlo.GeneClulD,
contlo.OrfID,
lib.LibrarylD,
lib.LibDescription
FROM PA_Contig cont,
PA_Library lib,
PA_Contigl.ocus contlo
WHERE contlo.ContiglD = cont.ContiglD
AND cont.LibrarylD = lib.LibrarylD
/

CREATE OR REPLACE VIEW PA_OrfHitDescription_V AS
SELECT contio.OrfID,

contlo.HitlD,
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contlo.HitType,

decode(NVL(contlo.HitlD,0),0,decode(contlo.LocusType,'O','INCYTE/,
'L','LUR),
exthit.HitDescription) HitDescription,
lib.HitDataSource
FROM PA_ExternalHit exthit,
PA_Contig cont,
PA_Library lib,
PA_ContigLocus contlo
WHERE contlo.HitID = exthit.HitID(+)
AND contlo.HitType = exthit.HitType(+)
AND contlo.ContiglD = cont.ContiglD
AND cont.LibrarylD = lib.LibrarylD

CREATE OR REPLACE VIEW PA_OrfHitGeneClusters_V AS
SELECT contlo.GeneClulD,

contlo.OrfID,

contlo.HitlD,

contlo.HitType
FROM PA_ContigLocus contlo

CREATE OR REPLACE VIEW PA_AccGeneClusters_V AS
SELECT contlo.GeneClulD,
giacc.Accession

FROM PA_ContigLocus contlo,
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PA_GlAccession giacc

WHERE giacc.HitlD = contlo.HitID
/

The particular views are created in this embodiment using SQL select
statements in accordance with the following, for search based on GI number,
Accession number, and ORF ID, respectively:

Southerns

*By GI

SELECT  NVL(HitDescription,' '),
NVL(HitDataSource,' ')

FROM PA_OrfHitDescription_V

WHERE HitType ='¢'

AND HitlD = 345145

GROUP BY HitDescription,

HitDataSource

SELECT  LibrarylD,
LibDescription,
count(*)
FROM PA_OrfLibraries_V
WHERE GeneClulD in (SELECT GeneClulD
FROM PA_OrfHitGeneClusters_V
WHERE HitType ='g'
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AND HitiD =345145)

GROUP BY LibraryID,
LibDescription
ORDER BY LibrarylD

SELECT DISTINCT OrfID

FROM PA_OrfLibraries_V

WHERE GeneClulD IN (SELECT GeneClulD
FROM PA_OrfHitGeneClusters_V
WHERE HitType ='g’
AND HitlD =345145)

ORDER BY OrfID

**By Accession

SELECT  LibrarylD,
LibDescription,
count(*)
FROM PA_OrflLibraries_V
WHERE  GeneClulD in (SELECT GeneClulD
FROM PA_AccGeneClusters_V
WHERE Accession ='A11530')
GROUP BY LibraryID,
LibDescription
ORDER BY LibrarylD
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- SELECT DISTINCT OrfID

FROM PA_OrfLibraries_V
WHERE  GeneClulD IN (SELECT GeneClulD
FROM PA_AccGeneClusters_V
WHERE Accession='A11530")
ORDER BY OrfID

As described, Electronic Southerns are useful for identifying genomic
libraries in which a given gene or ORF of interest exists. Some preferred and
specific embodiments of the Electronic Southerns feature have been described.
However, those of skill in the art will recognize that Electronic Southerns may
be implemented in a database system according to the present invention in
other ways which do not depart from the sprit and scope of the invention.

8. Conclusion

Although a few specific embodiments of the present invention have been
described in detail, it should be understood that the present invention may be
embodied in many other specific forms without departing from the spirit or
scope of the invention as recited in the claims. For example, while the genomic
database of this invention has been described as storing sequences of genomic
nucleic acid along a contiguous sequence as the fundamental data unit, there is in
principle no reason why other sequence units can not also be employed. For
example, the databases of this invention could be employed to store and analyze
expressed nucleic acid or amino acid sequences.



WO 98/26407 ) PCT/US97/22691

54
CLAIMS
what is claimed is:
1. A method of comparing genetic complements of different types of

organisms, the method comprising:

providing a database including sequence libraries for a plurality of types
of organisms, said libraries having multiple biomolecular sequences, at least
some of which represent open reading frames located along one or more
contiguous sequences on each of the plurality of organisms’ genomes;

receiving a selection of two or more of said sequence libraries for
comparison;

determining open reading frames common or unique to the selected
sequence libraries; and

displaying the results of said determination.

2. The method of claim 1, wherein the database includes biomolecular
sequences from a microbial organism.

3. The method of claim 1 wherein the biomolecular sequences include
nucleic acid sequences.

4. The method of claim 3, wherein the nucleic acid sequences include
genomic sequences.

5. The method of claim 4, wherein the genomic sequences are
microbial genomic sequences.

6. The method of claim 1, wherein the biomolecular sequences include
peptide sequences.

7. The method of claim 1, wherein the step of receiving a selection of
two or more of said sequence libraries for comparison includes receiving a user
selection from two or more pull-down menus in a graphical user interface.

8.  The method of claim 1, wherein the displaying step displays a
unique identifier for a group of related opening reading frames.
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0. The method of claim 8, wherein the display further comprises
annotated information relating to the group of related opening reading frames
obtained from a public database.

10. The method of claim 1, wherein the open reading frames common
to the selected libraries are determined and displayed.

11.  The method of claim 1, wherein the open reading frames unique to
a particular selected library are determined and displayed.

12. A method of comparing genomic complements of different types of
organisms, the method comprising:

providing a database including genomic libraries for a plurality of types
of organisms, said libraries having multiple genomic sequences, at least some of
which represent at least portions of open reading frames located along one or
more contiguous sequences on each of the plurality of organisms’ genomes;

receiving a selection of two or more of said genomic libraries for
comparison,;

determining sequences common or unique to the selected genomic
libraries; and

displaying the results of said determination.

13.  The method of claim 12, wherein the genomic sequences are
microbial genomic sequences.

14.  The method of claim 12, wherein the step of receiving a selection
of two or more of said sequence libraries for comparison includes receiving a
user selection from two or more pull-down menus in a graphical user interface.

15. The method of claim 12, wherein the displaying step displays a
unique identifier for a group of related opening reading frames.

16. The method of claim 15, wherein the display further comprises
annotated information relating to the group of related opening reading frames
obtained from a public database.

17.  The method of claim 12, wherein said results are displayed as
groupings of related open reading frames.
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18.  The method of claim 12, wherein the open reading frames common
to the selected genomic libraries are determined and displayed.

19.  The method of claim 12, wherein the open reading frames unique
to a particular selected genomic library are determined and displayed.

20. A method of identifying genes common to a set of organisms, the
method comprising:

providing a database including genomic libraries for a plurality of types
of organisms, said libraries having multiple genomic sequences, at least some of
which represent open reading frames located along one or more contiguous
sequences on each the plurality of organisms’ genomes;

displaying at least one list of said genomic libraries;

receiving a user’s selection of one or more genomic libraries from said at
least one list;

determining sequences common to the selected genomic libraries; and
displaying the results of said determination.

21.  The method of claim 20, wherein the displaying step displays a
unique identifier for a group of related opening reading frames.

22. A method of identifying genes common to one or more in a set of
organisms, the method comprising:

providing a database including genomic libraries for a plurality of types
of organisms, said libraries having multiple genomic sequences, at least some of
which represent open reading frames located along one or more contiguous
sequences on each the plurality of organisms’ genomes;

displaying one or more lists of said genomic libraries;

receiving a user’s selection of from none to all the genomic libraries from
each of said lists;

determining sequences common to the selected genomic libraries from a
first list or group of lists and absent in the genomic libraries of one or more
other lists; and
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displaying the results of said determination.

23. The method of claim 22, wherein there are two lists of genomic
libraries displayed.

24. The method of claim 22, wherein the second displaying step
displays a unique identifier for a group of related opening reading frames.

25. The method of claim 22, wherein one library is selected from said
first list or group of lists, and the remaining libraries are selected from said one
or more other lists.

26. A computer system comprising:

a database including genomic libraries for a plurality of types of
organisms, said libraries having multiple genomic sequences, at least some of
which represent open reading frames located along one or more contiguous
sequences on each the plurality of organisms’ genomes; and

a user interface capable of receiving a selection of two or more of said
genomic libraries for comparison and displaying the results of said comparison.

27. A method of identifying libraries in which a given gene exists, the
method comprising:

providing a database including genomic libraries for one or more types of
organisms, said libraries having multiple genomic sequences, at least some of
which represent open reading frames located along one or more contiguous
sequences on each the one or more organisms’ genomes;

receiving a selection of one or more probe sequences;

determining homologous matches between said probe sequences and the
sequences in said genomic libraries; and

displaying the results of said determination.

28. The method of claim 27, wherein said probe sequences and said
library sequences are open reading frames.

29. The method of claim 27, wherein said results are displayed as
groupings of related open reading frames.
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30. A computer system, comprising:

a database including genomic libraries for one or more types of
organisms, said libraries having multiple genomic sequences, at least some of
which represent open reading frames located along one or more contiguous
sequences on each the plurality of organisms’ genomes;

a user Interface capable of receiving a selection of one or more probe
sequences for use in determining homologous matches between said one or more
probe sequences and the sequences in said genomic libraries, and displaying the
results of said determination.

31. A computer program product comprising a computer-usable
medium having computer-readable program code embodied thereon relating to
a database including genomic libraries for one or more types of organisms,
said libraries having multiple genomic sequences, at least some of which
represent open reading frames located along one or more contiguous sequences
on each the one or more organisms’ genomes, the computer program product
comprising computer-readable program code for effecting the following steps
within a computing system:

providing an interface for receiving a selection of two or more of said
genomic libraries for comparison;

determining sequences common or unique to the selected genomic
libraries; and

displaying the results of said determination.

32. The computer program product of claim 31, wherein the sequences
in said determining step are open reading frames.

33. A computer program product comprising a computer-usable
medium having computer-readable program code embodied thereon relating to
a database including genomic libraries for one or more types of organisms,
said libraries having multiple genomic sequences, at least some of which
represent open reading frames located along one or more contiguous sequences
on each the one or more organisms’ genomes, the computer program product
comprising computer-readable program code for effecting the following steps
within a computing system:
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providing an interface for receiving a selection of one or more probe
open reading frames;

determining homologous matches between said probe sequences and the
sequences in said genomic libraries; and

displaying the results of said determination.

34. The computer program product of claim 33, wherein said probe
and said library sequences in said determining step are open reading frames.

35. A method of presenting the genetic complement of an organism, the
method comprising:

providing a database including sequence libraries for a plurality of types
of organisms, said libraries having multiple biomolecular sequences, at least
some of which represent open reading frames located along one or more
contiguous sequences on each of the plurality of organisms’ genomes;

receiving a selection of one of said sequence libraries;

determining open reading frames within the selected sequence library;
and

displaying the results of said determination as one or more unique
identifiers for groups of related opening reading frames.

36. The method of claim 35, wherein the display further comprises
annotated information relating to the group of related opening reading frames
obtained from a public database.
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