
 Abstract

One of the most important tasks of genome projects is 

the interpretation of experimental data in order to derive 

biological knowledge from the data. To achieve this goal, 

researchers typically search external data sources, execute 

analysis programs on the biosequences, analyze previous 

annotations and add new annotations to register their 

interpretation of the data.  

This paper first elicits the functional requirements of 

biosequence annotation systems. Then, it describes 

BioNotes, a tool that meets these requirements, stressing 

the advantages it brings to the researchers in this area. 

1 Introduction

One of the most important tasks of genome projects is the 

interpretation of experimental data in order to derive 

biological knowledge from the data.  

 As a consequence, the challenge of Bioinformatics is to 

create effective tools to help researchers mine large sets of 

biosequences, that is, sets of DNA or protein sequences. 

This involves many facets. The tools must help a 

researcher: explore and rapidly test his hypothesis; access 

annotations stored in public data sources to compare them 

with his results; execute analysis programs and browse 

through the annotations they automatically created; 

analyze current annotations, with the help of an 

appropriate interface, and manually generate new 

annotations.  

 Indeed, a researcher now has access to a rich set of data 

sources, as well as a variety of data analysis programs. 

After experimentally obtaining a set of biosequences, he 

may submit them to a public source, such as Genbank [1], 

or store them in his own repository. The researcher may 

annotate the biosequences to indicate, for example, the 

laboratory that sequenced them and details used during the 

sequencing procedure. In general, two of the most 

important types of annotations are those that identify a 

gene in a genome and those that indicate the function(s) of 

a gene. 

 He may also submit the biosequences to data analysis 

programs to try to detect interesting biological properties 

of the biosequences.  For example, GLIMMER [2] locates 

ORFs (putative genes) and tRNAScan [3] obtains transfer 

RNAs.  

 From the scenario just described, we may then classify 

annotations as manual, directly created by the researcher, 

automatic, generated by analysis programs, or imported 

from public data sources. 

The characteristics of the annotations also vary 

according to the goal of the genome project. Indeed, 

annotations generated in the context of a project that 

targets the complete DNA of an organism have different 

requirements from those created in the context of a project 

whose goal is to obtain ESTs (expressed sequence tags), 

which is common for large genomes.  

The goals of this paper are to elicit the functional 

requirements of biosequence annotation systems and to 

describe BioNotes, a tool that meets these requirements. 

BioNotes is under development at the Pontifical Catholic 

University of Rio de Janeiro. The tool is currently used by 

the Department of Biochemistry and Molecular Biology 

[4], Oswaldo Cruz Institute – FIOCRUZ, to annotate the 

genome of Trypanosoma cruzi, and by RioGene [5], to 

annotate the genome of the Gluconacetobacter 

diazotrophicus.   

The paper is organized as follows. Section 2 presents 

the major functional requirements of annotation systems, 

based on an analysis of the major annotation systems 

available. Section 3 describes BioNotes. Finally, section 4 

contains the conclusions and discusses future work. 

2 Functional Requirements of Annotation 

Systems

The goal of annotation systems is to help researchers 

create, retrieve and analyze annotations that tag 

biosequences.  
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The functional requirements of annotation systems 

listed in this section result from a careful study of the 

following systems: Artemis[6], DAS[7], CeleraBrowser 

[8], EDITtoTrEMBL[9], GASP[10], GenDB [11], 

GeneMine [12], GeneQuiz [13], Apollo [14],  Gbrowser 

[15], Imagene [16], MAGPIE [17],  Manatee [18],  Pedant 

[19], VisualGenome [20], PseudoCAP [21], Community 

Annotation Project [22], Alternative Splicing Annotation 

Project [23], Genestream [24], Cancer Annotation Project 

[25], Ensembl Genome Annotation Project[26] and 

NCBI’s Genome Annotation Project [27]. 

The public data sources are heterogeneous, feature large 

data volumes, are in constant growth, but do not usually 

have a detailed documentation of the database schema. 

Also, the analysis programs do not have good 

documentation that details the execution parameters and 

the input and output data formats, which makes it difficult 

to integrate them into more complex workflow processes.  

The major functional requirements of annotation 

systems are: 

1) The system must store: 

a) annotations manually created by the researchers; 

b) annotations automatically generated by analysis 

programs; 

c) annotations imported from external data sources; or 

d) hyperlinks to annotations stored in external data 

sources. 

2) The system must offer tools to: 

a) search the annotations stored, using text retrieval 

techniques; 

b) navigate through hyperlinks to annotations stored in 

external data sources, if it is the case; 

c) locate annotations by “drilling down” the data 

pertaining to a genome (such as chromosomes, 

contigs, reads, ORFs, among others); 

d) tabulate annotations assigned by different sources to 

the same biosequences. 

3) The system must maintain versions of the annotations.  

4) The system must offer distributed access to the 

annotations. 

5) The system must offer workflow-like facilities to 

control the execution of analysis programs and to 

specify which programs generate annotations that 

must be stored. 

 Requirement (1) favors a data warehouse strategy to 

guarantee minimum performance. Requirement (2d) helps 

users compare the annotations. For example, the user may 

run BLAST to compare an ORF against a data source to 

detect similar biosequences and then work with the 

functional annotations of the biosequences detected to 

help him annotate the original ORF. Requirement (3) is 

especially useful to annotate genome data with incomplete 

sequencing. Requirement (4) makes it almost mandatory 

to offer a Web interface.  

The systems investigated do not meet all the 

requirements listed. For example, only one of the systems, 

Imagene [16], permits a workflow-like composition of 

analysis programs, but it does not offer distributed input of 

manual annotations.  

These observations indeed motivated the BioNotes 

project, detailed in the next section. 

3 The BioNotes System 

The BioNotes systems, briefly described in this section, 

was designed to meet the requirements listed in Section 2. 

Its implementation uses the infrastructure of the Bio-AXS 

system [28], a biology data warehouse integrating data 

from several public sources. BioNotes is written in Java 

1.4.0, for portability, and offers a Web interface 

implemented with JSP technology. The interface is 

certified for Internet Explorer 5.0 or later. The tool runs 

on top of a relational database management system. The 

database directly stores XML documents and supports 

Xpath queries. 

3.1 Functional Description of BioNotes 

BioNotes implements the concept of a user community

to control access to the data. A user community is just a 

set of users, possibly from different institutions. The 

system also offers different user profiles to further control 

which users can execute what commands. 

BioNotes supports all three types of annotations.  

A user may currently search annotations imported from 

the following external public sources: GenBank [1], PIR 

[29], SWISS-PROT[30], PROSITE[31] and Interpro [32].  

The user may also run and store the annotations 

automatically generated by the following analysis 

programs: Phred [35,36], Phrap [37], GLIMMER [2], 

tRNAScan [3], RBSFinder [39], transTerm [40], BLAST 

[33], InterproScan [32] and CAP3 [34]. 

BioNotes transforms the annotations imported from 

external data sources, or automatically generated by 

analysis programs, to a common format – expressed as 

XML documents – before storing them in the data 

warehouse (see Section 4.2). 

Finally, the user may manually add, delete and update 

annotations, which then become available to his 

community. Therefore, the concept of user community 

facilitates sharing annotations, in a controlled way. 

Updating a manual annotation actually creates a new 

version of the annotation. Hence, the user may browse 

through the various versions of an annotation and track 

down who created them. Only the user who created (a 

version of) an annotation may delete it. 

BioNotes offers a variety of tools to access the 

annotations stored in the data warehouse. For example, 

given a biosequence identifier, the user may retrieve all 

annotations pertaining to the biosequence (contigs, reads 

and singletons), such as the keywords and feature table 
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assigned to the biosequence by Genbank. Likewise, the 

user may retrieve all annotations automatically assigned to 

the biosequence by the execution of an analysis program, 

such as the homologous biosequences obtained by running 

BLAST. In addition, BioNotes offers graphical schemes to 

help data visualization. For example, the system 

graphically indicates, for a contig C, the reads that 

compose C and the ORFs, tRNAs and ribossome sites 

present in C. These graphical elements are links to their 

respective annotations. 

The system also has a color coding scheme to indicate 

the quality of a base (that is, A, T, C or G in DNA 

sequences) that helps the user analyze the quality of the 

read.  

BioNotes also permits the user to access biosequence 

annotations stored in other sites, such NCBI [41]. For 

example, the result of executing BLAST to compare a 

sequence S  with the NR database [42] (obtained from 

NCBI) will contain links to the NCBI site that point to the 

annotations of each biosequence that is similar (according 

to BLAST) to S.

The system also supports the concept of a private data 

source, that is, a local set of biosequences and annotations 

that is private to a user community. The current examples 

are TCRUZI, a private data source that stores annotations 

and biosequences pertaining to the Trypanosoma cruzi 

organism, and GLUCONA, that stores annotations and 

biosequences pertaining to the Gluconacetobacter 

diazotrophicus organism.  

These two private data sources were created using very 

different strategies. TCRUZI exemplifies a private data 

source created by importing data from a public data 

source, Genbank in this case. Indeed, data pertaining to 

the Trypanosoma cruzi organism was first extracted from 

Genbank, which is not difficult since Genbank lets one 

search the data by organism name. Then, the data were 

remapped to an internal format, defined by an XML 

schema stored in BioNotes (see also Section 4.2), and 

stored in the data warehouse.     

On the other hand, GLUCONA was directly created 

using BioNotes tools. The chromatograms of the 

Gluconacetobacter diazotrophicus organism, the 

sequencing lab made available, were first submitted to the 

Phred program, which generated reads and annotations. 

These data were then remapped to an internal format, 

again defined by an XML schema stored in BioNotes, and 

stored in the data warehouse.     

In addition, the user may analyze biosequences by 

executing programs at sites external to BioNotes. For 

example, the NCBI site permits executing BLAST to 

compare a sequence with several databases. BioNotes 

allows the user to compare a biosequence with several 

databases stored at NCBI by sending the sequence to the 

NCBI server and invoking the BLAST service at  the 

NCBI site. 

The Molecular Biology data sources are prone to errors 

and inconsistencies. To facilitate data analysis, BioNotes 

tries to store curated (consistent) data from the various 

sources, such as SWISS-PROT, and to execute programs, 

such as BLAST, using non-redundant data sources, such 

as NR, obtained from NCBI.  

BioNotes stores, together with each annotation, its 

source. However, this tracing is inefficient when the 

annotation originates from a database that has not been 

curated. Indeed, such data source guarantees neither data 

quality nor  indicates how the annotation was obtained. 

We conclude this section with an open issue. While a 

genome project is in progress, sequencing of the genome 

will generate new reads. As a consequence, the data 

sources will constantly be updated and new runs of the 

analysis programs will further generate new derived data. 

If the data source is external, to remain up-to-date, 

BioNotes must refresh its data warehouse from time to 

time by re-accessing the data sources to retrieve new data. 

Also, the system must re-run locally the analysis programs 

to generate new versions of the derived data. Therefore, 

the system must offer tools to help users compare different 

versions of the data, as new reads become available, and 

transfer annotations from older to newer versions. This 

issue is further discussed in Section 4. 

3.2 The BioNotes Data Model 

BioNotes features a semi-structured data model, 

implemented on top of relational tables with columns 

storing semi-structured data as XML documents. The 

system keeps the description of the XML documents as 

XML schemas, again stored in a special table.  

The system currently features: 

- pre-defined functions to query XML data; 

- special indexes over the XML data to improve 

performance;  

- pre-defined functions to check the syntax of XML 

documents against XML schemas.  

The entity class Annotation (see Figure 1) is specialized 

into the sub-classes Automatic, Imported and Manual. All 

annotations are implemented as XML documents stored in 

table columns (of type XML). The entity class Schema

contains the XML schemas that define the syntax of the 

XML documents that represent annotations. 

The entity class Data Source (see Figure 2) represents 

the annotations imported from external public data 

sources. 

The entity class Analysis Program (see Figure 3) 

represents the annotations automatically generated by 

analysis programs. 

Finally, the entity classes User, Community and 

Institution (see Figure 4) models the concept of user 

community. 
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Figure 1. The Annotation entity class.

Figure 2. Data Sources.

Certain external data sources, such as PIR, Interpro, 

SWISS-PROT and Genbank, already distribute data as 

XML documents, whose structure is also available (either 

as XML schemas or DTDs). BioNotes then stores data 

exported from theses data sources in their external format. 

However, other data sources, such as Prosite and Blocks, 

distribute their data in a proprietary format. In theses 

cases, BioNotes has specific XML schemas to define the 

local format of the data and the system offers parsers to 

transform their external format to the BioNotes format.  

Figure 3. Biosequence analysis programs.

Figure 4. Users, Communities and Institutions.

Likewise, certain analysis programs generate data in 

XML format according to a well-defined (and published) 

XML schema, while others generate data in a proprietary 

format.  InterproScan and BLAST are examples of former 

variety, while Phred, Phrap, GLIMMER, tRNAScan and 

RBSFinder of the latter variety. BioNotes also offers XML 

schemas and parsers to transform output data from theses 

programs into XML documents, before storing them into 

the data warehouse. 

Finally, manual annotations are also stored as XML 

documents that follow a XML schema. When creating an 

annotation, the user is offered a Web form, where certain 

fields have controlled vocabulary, while others are free 

format. The form is first parsed into a XML document, 

which is then stored. 

4 Conclusions and future directions 

We briefly described in this paper the functional 

requirements of biosequence annotation systems. We then 

outlined the functionality and the data model of BioNotes, 

a tool that meets these requirements.  

BioNotes is under development at the Pontifical 

Catholic University of Rio de Janeiro and the system is in 

use at the Department of Biochemistry and Molecular 

Biology, Oswaldo Cruz Institute, and at RioGene. 

Several issues remain to be addressed in the context of 

the BioNotes project.  

The current implementation of Bio-Notes does not yet 

support wokflow-like composition of analysis programs, 

which now has to be manually programmed. Extending 

the system to cover this functionality is one of the top 

priorities of the project. 

Adding new analysis programs is also under 

consideration, especially those that help mining genome 

data that hint to new biological knowledge, to be verified 

by further lab experiments.  

We conclude with an issue already discussed in Section 

4.1. While a genome project is in progress, sequencing of 

the genome will generate new reads, creating new 

versions of the data. Hence, the system must offer tools to 

help users transfer manual annotations from older to 

newer versions of the data, as otherwise it would be very 

discouraging to annotate data from on-going sequencing 

projects. However, this is a challenge since it is not simple 

to detect which genome objects (chromosomes, contigs, 

reads, ORFs, etc), from different versions of the data, are 

identical. 

We are currently experimenting with different strategies 

to address this problem. Consider contigs, for example. 

One strategy is to consider that two contigs are identical if 

most of their reads are the same. Alternatively, two 

contigs may be considered identical if they are best 

matches when BLASTing contigs from the different 

versions of the data.  

By developing these strategies, we hope that BioNotes 

will help detect identical objects from different versions of 

the data and, thereby, the system will help transfer 

annotations from one object to the other. 
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