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ABSTRACT
Guerrini V H and Jackson D,  Bioinformatics and extended markup language (XML), Online Journal of Bioinformatics 1:1-13, 2000.  Bioinformatics is the application of computing to biology but is mostly used to analyze genomic data.  Finding functional genes has become a priority since the human genome was sequenced. However, gene discovery by biologists is restricted by having to analyze multiple sequence databases, compare results from different algorithms, and compute and analyze alignments or linkage results at database level. This report constantly evaluates current terminology, Extended Markup language (XML) and Document Type Declarations (DTD's) genomic files, and genetic databases, for the purpose of creating efficient genomic interfaces. XML files are generated and parsed against their DTD's. Current evaluations suggest that the terminology used in XML-DTD's are not very informative. It was found that many of the current genomic DTD's consisted of general access, formatting, reference and genetic <ELEMENTS> for one XML file. Genetic databases frequently used different terms for the same item. The authors propose the use of more informative genetic terms and the separation of <ELEMENTS> in both XML files and databases. 
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INTRODUCTION
Bioinformatics has been defined as "the science of developing computer databases and algorithms for the purpose of speeding up and enhancing biological research". In practice however, bioinformatics is the application of computer technology to gene and genomic data. Presently bioinformatics consists mostly of web databases to find, add, manipulate and visualize genomic segments (GDB 2000, OMIM 2000, GENETHON 2000, 

 HYPERLINK "http://www.bionavigator.com.au/" ANGIS 2000, 

 HYPERLINK "file:///D:\\Program%20Files\\Apache%20Group\\Apache2\\htdocs\\ojb\\fulltext2000\\xmlpaper.htm" \l "doubletwist" 
(DoubleTwist, 2000).   Recently human chromosomes 21 (Hattori et al., 2000), 22 (Double Twist, 2000) 5 , 16 and 19 (HUGO, 2000) have been  sequenced. The number of genes on these chromosomes has also has been determined. The human genome is expected to be fully quality sequenced by 2003 (HUGO, 2000) and emphasis is being placed on finding functional genes (Yuan J et al., 1999; 

 HYPERLINK "file:///D:\\Program%20Files\\Apache%20Group\\Apache2\\htdocs\\ojb\\fulltext2000\\xmlpaper.htm" \l "Eckman" 
Eckman BA, et al 1998). An important impediment to extraction of genomic data, is the need to access different sites for similar information. Sites  such as (GeneMine®,

 HYPERLINK "http://www.bionavigator.com/" BioNavigator 2000®, 

 HYPERLINK "file:///D:\\Program%20Files\\Apache%20Group\\Apache2\\htdocs\\ojb\\fulltext2000\\xmlpaper.htm" \l "Visual" 
BSML 2000, 

 HYPERLINK "file:///D:\\Program%20Files\\Apache%20Group\\Apache2\\htdocs\\ojb\\fulltext2000\\xmlpaper.htm" \l "doubletwist" 
DoubleTwist®, 2000) integrate genomics into useful interfaces. However, recent gene discovery methods have not led to useful visualization of functional genes on the genome. The Extended Markup Language (XML) could be used to visualise common denominators such as highly conserved DNA sequences (Hardison 2000), gene expression analysis (Lim and Venky 1999), neural networks (Knudsen, 2000) and sequence annotation (GrailESP) to help to identify functional genes. 

Sites: Bioinformatic sites provide nucleotide, amino-acid or protein sequences (NCBI 2000, GDB 2000, OMIM 2000, GENETHON 2000, 

 HYPERLINK "file:///D:\\Program%20Files\\Apache%20Group\\Apache2\\htdocs\\ojb\\fulltext2000\\xmlpaper.htm" \l "The%20Weis" 
GENECARDS

 HYPERLINK "file:///D:\\Program%20Files\\Apache%20Group\\Apache2\\htdocs\\ojb\\fulltext2000\\xmlpaper.htm" \l "NCBI%27s" 
 2000; 

 HYPERLINK "file:///D:\\Program%20Files\\Apache%20Group\\Apache2\\htdocs\\ojb\\fulltext2000\\xmlpaper.htm" \l "Bionavigato" 
BIONAVIGATOR 2000).  Generally, the main purpose of these sites is to identify a genomic segment on a chromosome or section of DNA or RNA strand for a sequence, clone, contig, alignment or marker (Hofestadt R. 2000). Recently, many of these sites (GenBank) have been re-directed to one portal such as Entrez PubMed, 2000. Other issues are nomenclature and protein functionality (ie: enzyme). Users can post newly discovered segments to enlarge the database. (Hattori et al., 2000) 

Now that the human genome (draft version) has been sequenced (HUGO 2000, Celera 2000), bioinformatics will invariably  focus on isolating functional genes. Visualization of patterns and/or conserved DNA, or the biochemical-physiological pathways for each protein could be used to do this. For example, Hardison (1999) suggested that "highly conserved DNA sequences are invariably involved in an important function". Could this constant be used to potentially visualize functional genes using computational analysis (ie:in silico prediction modelling)? In another example, recently, (DoubleTwist, 2000). suggested that "a combination of multiple gene prediction algorithms in conjunction with rigorous alignments between cDNA and protein sequences" may provide an effective method for identifying genes in the human genome. Algorithms comprising biochemical-physiology data about a protein could be used to visualize a sequence. 

Recent decoding work by Celera 2001

 HYPERLINK "file:///D:\\Program%20Files\\Apache%20Group\\Apache2\\htdocs\\ojb\\fulltext2000\\xmlpaper.htm" \l "hatori" 
, HUGO 2001  shows that there are only about 30 thousand genes (proteins) in the human genome (DNA). However, there are only 4 base pairs in DNA.  A segment search may thus be structured to view the base pair sequence first and the protein last or vice-versa. Searches and analysis of amino-acids and polypeptides may also be done. The Genome Database (GDB, 

 HYPERLINK "http://www.ncbi.nlm.nih.gov/Entrez/" Genbank, Expasy and Bionavigator provide such a structure. For example, the GDB interface is a query form where the user types an identifier for a marker, clone or protein ID. The form recognizes precise terms such as "AF32456" for a clone, "Glucokinase" for a protein or "D17s949" for a marker. This format limits searching to those who know the ID. Links in Entrez pub-Med and GDB provide access to genetic locations in flat-file or graphic (chromosome) format. For example, a user can select a particular sequence or alignment on a chromosome map. Expasy also uses query forms for access to protein structures. In contrast, HUGO provides a tree structure without a query form. By clicking on a chromosome a user may access all sequencing, alignment and reference data. This is an example of where XML could improve a search by integrating meaningful terminology and design. 
  

XML, browsers and databases:  In order to address the problems associated with retrieving useful genetic information from multiple sources due to the lack of integration, various organizations have begun using Extended Markup Language (XML) formats. XML permits the creation of meaningful bioinformatic tags such as <d17s949> for a marker. Therefore, users are able to access more relevant information with XML.  For example, the Biological Markup Language (BIOML), Genome Annotation Markup element (GAME)and Bioinformatic Sequence Markup Language (BSML) use XML to format genomic information.PISE includes a BLAST DTD and various test XML files. BSML and BIOML have created graphical XML browsers to support XML files. 

As mentioned above, biologists access genetic databases mainly to find a sequence, marker, genetic distance,  identification number, or name.  Examples of databases are BLAST, FASTA and Genethon. Some databases have up to 15 fields using different terms for the same segment ID. Once the genome is fully sequenced, biologists will seek out information to find functional genes. New datababes may have to include conserved DNA segment data, and in Silico predictive data to build current DNA genes from prehistoric and/or multispecies data.  XML could also be used to integrate database searches with appropriatete terminology and design. Once an XML bioinformatic document is written, it can be checked for validity using a bioinformatic Document Type Declaration (DTD). 

Terms: Because genetics is structured (see above), XML terminology may be structured accordingly; protein, amino-acid, chromosome, DNA or vice-versa. In "protein" (40-70,000) there could be functional terms such as an "enzyme" and  an "amino-acid sequence". "Amino-acids" (20) are represented by their first letter for example L for lysine. There are "24" chromosomes (including X and Y). DNA (4) comprises a, t, c and g (t replaced by u in RNA). These terms could be used to access the "purest" sphere of genetics. What we are suggesting is that to create a simple interface, XML could be used to integrate protein terms with the 24 chromosomes, 20 amino-acids, and 4 nucleotide terms 

Objective: The purpose of this study is to constantly evaluate bioinformatic terms, URL's, XML-DTDs, and genetic databases for XML interfaces. 


METHODS
Programming and XML document generation:  A review of bioinformatic terms, URLs, XML DTD's, XML browser applications, and databases was undertaken. Elements and attributes for each DTD were evaluated for content, information and nomenclature. XML files were generated using Python and parsed with java XJParse against their DTD's. The parsed XML files were used to evaluate XML files and DTD's from GAME, BIOML, PISE and BSM, as well as databases from Genethon, 

 HYPERLINK "file:///D:\\Program%20Files\\Apache%20Group\\Apache2\\htdocs\\ojb\\fulltext2000\\xmlpaper.htm" \l "GenomeDatabase" 
GDB, 

 HYPERLINK "file:///D:\\Program%20Files\\Apache%20Group\\Apache2\\htdocs\\ojb\\fulltext2000\\xmlpaper.htm" \l "Swiss" 
Expasy and SwissProt. For each section of this report, an HTML version was generated using an XSL stylesheet driven by XTjava. Elements and attributes for each DTD, and the fields for each database were compared and evaluated for purpose, structure, terms, commenting and value. The XML files are located here ( You may have to view them with a text editor such as notepad). 
bio-urls.xml 
biomdtdlist.xml 
databases.xml 
intro.xml 
bsmldtd.xml 
xmlbrowsers.xml 
terms.xml 
methods.xml 
gamedtdlist.xml 
rep.xml 
abstract.xml 
analofdtd.xml
Terms: Lists of Universal (10-15) functional (66)and detailed (400) genetic terms were compiled (Appendix). In the appendix the terms have been grouped. The authors are proposing to use these terms in genomic DTD's and therefore are subject to constant updating. For example data from chromosome 21 (which was recently fully sequenced) might now include a location for Downs Syndrome genes <Downs-Syndrome>. The familiarize our readers with XML the terms have been  collated in an XML format. Otherwise, the terms  were selected from genetic URLs, the literature and document type declarations (DTD). Wherever possible, terms have been grouped; for example, "base-pair", "DNA", "RNA",  "amino-acid", "gene", "protein", "chromosome" and "analysis". In this case, "telomere" is part of "Chromosome", whereas "adenine" is part of "base-pair". It is suggested that these "grouped" terms could comprise meaningful DTD <ELEMENTS> and XML <> tags. The only disadvantage in using XML format in documents such as these is that the tags have to be comented out otherwise the parser will interpret this document as an XML document. 

BIOINFORMATIC SITES
Sites: The Genome Database (GDB) is one of the principal bioinformatic site being the official repository of updated genomic mapping (human). Recently the NCBI Entrez site has integrated major bioinformatic sites such as GenBank. The sites provide sequences of genes, clones, amplimers (PCR markers), breakpoints, cytogenetic markers, fragile sites, ESTs, syndromic regions, contigs and repeats. GDB has cytogenetic, linkage, radiation hybrid, content contig and integrated maps as well as genomic variations, including mutations and polymorphisms, plus allele frequency data. Newer multiple gene prediction algorithms and strict alignments between cDNA and protein sequences have provided other sites (Doubletwist, 2000) with means to identify human genes. 

The ExPasy SWISS-PROT (Expert Protein Analysis System) proteomics server of the Swiss Institute of Bioinformatics (SIB) is dedicated to the analysis of protein sequences and structures as well as 2-D PAGE. The site databases include SWISS-PROT and TrEMBL - Protein sequences, PROSITE - Protein families and domains, SWISS-2DPAGE - Two-dimensional polyacrylamide gel electrophoresis data, SWISS-3DIMAGE - 3D images of proteins and other biological macromolecules, SWISS-MODEL Repository - Automatically generated protein models, CD4OLbase - CD4O ligand defects, ENZYME - Enzyme nomenclature, SeqAnalRef - Sequence analysis bibliographic references. The site links to many other molecular biology databases such as the GDB. Some of the proteomics tools include programs for the identification and characterization of DNA and Protein. There are also tools for similarity searches such as pattern and profile searches, primary structure analysis, secondary structure prediction and tertiary structure. The alignment tools include Melanie3 - Software for 2-D PAGE analysis and SWISS-MODEL - Automated. In summary, this site provides a comprehensive range of useful databases, searches and alignment tools. 

The Online Mendelian Inheritance Maps (OMIM) is a catalog of human genes and genetic disorders containing textual information, pictures, and reference information. It also contains copious links to NCBI's Entrez database of MEDLINE articles and sequence information. This site differs from Expasy or GDB in that it specializes in human genes and diseases. For example, GDB has bacterial DNA databases whereas OMIM does not. 

The Human Genome Organisation (HUGO) The Human Genome Organization, is a global initiative to map and sequence the human genome. Each chromosome specific site provides chromosome resources, DNA sequencing, DNA sequence annotation, disease loci specific sites, model organism and synteny maps. This site seems to be well structured, especially the chromosome access facility. 

BLAST. BLAST is comprehensive software for gene and protein identification through sensitive, selective and rapid similarity searches of protein and nucleotide sequence databases. It is the principal site for alignment or similarity searches. Users are prompted to enter a sequence of amino acids (BLASTP) or nucleotide base pairs (BLASTY). The search outputs a series of databases. Gapped alignments are reported by all programs in the suite Nastp, blastn, blastx, tblastn and tblastx with potentially multiple regions of similarity identified and reported for each database sequence. The DTD' s reported herein also use this nomenclature (blastn etc..). This feature is essential for finding all exons in a multi-exon gene sequence. For example, groups of similar regions may be found to be statistically significant that individually are insignificant and would otherwise not be reported. In BLAST, the resultant combination of well-chosen heuristics and statistics is usually more sensitive than methods that find and evaluate only top-scoring alignments. The gapped alignment routines are integral to the database search itself and thus yield better sensitivity and selectivity. 

PISE is an XML tool to generate web interfaces for molecular biology programs. The purpose of the XML interface generator is to make the interfaces easier to use by defining parameters and customizing the command syntax. The aim is to have as many users as possible using existing programs for biology by providing interfaces that build the command line at the user level; by using HTML and CGI files on a Web server, administrator level, by customizing and defining the interfaces and the developer level. The current operational server contains about 150 programs, ranging from Blast and Fasta database searches or classic comparison programs (Clustalw, Wise), to gene finding and modelling (Genscan, GeneMark, ...), RNA analysis (mfold, Vienna package), phylogeny (Phylip, fastDNAml, Puzzle, Molphy,...), motif discovery (HMMER, PFTOOLS,...) and structure analysis. 

The Weizmann Institute of Genomics includes programs for analyzing the genome, bioinformatic "news" and announcements". GeneCards is a database of human genes, gene products, and diseases. The site offers concise information about the functions of human genes that have an approved symbol, as well as selected others [gene listing]. It is particulary useful for people who wish to find information about genes of interest in the context of functional genomics and proteomics. 

The Bioinformatic Sequence Markup Language (BSML) is an XML application from Visual Genomics. It attempts to address the problems of comparing genetic data from multiple sources and platforms. XML is used to represent and network the transmission of bioinformatic rich structured data. The objectives of Visual Genomics are to offer BSML for effective management, communication, and interactive visualization of biomformatic data. 

Genethon is a French based genetic database site. The web interface provides a user with access to a cell bank and a genetic map of the human genome based on 5,264 microsatellites" This latter appeared to be somewhat outdated (1996). Family maps may be used to localize and identify hereditary characteristics, and genes responsible for disease may be identified by positional cloning which involves localization on genetic and physical maps. 



Analysis of XML DTD's
Scope exists for DTDs to be developed for nearly all areas of genetics: sequence homology for BLAST and FASTA, sequence retrieval for ENTREZ and PDB, transcription factors at PatSearch and TESS, protein profiles at PROSITE, restriction enzymes at Webcutter and TACG, and transcription factors at Tess. PatSearch. ORF and ORFFinder at NCBI. There are various other databases for which DTDs have or could be wntten including the HumanGenome Databases, CIILC, Entrez genome, GDB, Genethon, Genemap99 at NCBI. OMIM, Other Genome Databases, Mouse Genome Informatics, Flybase, Drosophila EDGP, C. Elegans at Sanger, MIPS Pedant, OMIA, Cytogenetics, and Cytogenetic Resources. 

In this report, we have evaluated the DTDs for BIOML

 HYPERLINK "http://www.bioml.com/BIOML/index.html" ,

 HYPERLINK "http://www.bioxml.org/Projects/game/bioxml:game0.2.dtd" GAME, BSML and PISE using XML. These sites comprise the main areas of genomics and cover a wider range of DTD' S. The XML files can be viewed with a text editor (ie: notepad).  Presently the principal <ELEMENTS> of genomic DTD's appear to be to describe a genome segment. For example in the BIOML DTD, "<global>", "<start>" and "<end>" describe a genomic location whereas in GAME, the terms used are "<fuzzy-region>","<fuzzy-start>" and "<fuzzy-end>". The latter describes an offset region to both sides of the genomic location. In fact, any genomic region such as a "clone" has a global, start and end location (Holm L and Sander C, 1998). The structures of BIOML or GAME for the elements and attributes for "fuzzy"or "global" follow a logical structural sequence. 

The principal purpose of the BIOML DTD is to describe a biomolecule such as a gene or particular protein, so that all known experimental information about that molecule can be associated with the biomolecule in a logical and meaningful way. Another purpose of the BIOML DTD is to facilitate the transfer of information between machines: XML simplifies the task of displaying that information on various types of browsing and display software. 

BIOML allows the full specification of all experimental information known about molecular entities composed of biopolymers (proteins and genes). BIOML hopes to provide an extensible framework for this annotation copied freely. A BIOML document will describe a protein or gene so that all known experimental information about can be associated with the object in a logical and meaningful way. The advantage of using a mark-up language for this task is that the information is necessarily nested at different levels of complexity and it fits in very well with the tree-leaf structure inherent in XML. Additionally, the general local entity definitions of the BIOML DTD include subdivisions of biopolymer, amino-acid ("aa") and protein types. The types define the actual properties of the entities. For example aa is of type A, B, C etc.... The format entity defines the format of the genetic data for example, GenBank or GDB 

The BIOML DTD is appropriately structured to associate the information about a biomolecule logically: The <ELEMENTS> in the BIOMLD DTD are grouped into protein, gene-related general (species), dna-related and rna-related reflecting a top-down logic structure. Each <ELEMENT> group is arranged similarly. For example, the protein section DTD includes protein, subunit peptide, domain, and aa element. The amino-acid "aa" element includes conflicts, variants and modifications. In the gene-related element, there is top-down structure from chromosome (id), through to a start, clone, plasmid and locus. However, because "gene" is a wide concept, the term is required in the dna gene related elements. The dna and rna elements include locus, clone, promoter, exon, gene, intron and dmod, dvariant, dstart and dstop. Most elements have an start and end attribute since they describe a section of the genome. Some of the names used in the BIOML DTD do not appear to be descriptive. For example, the element db-entry may be more descriptive if it was termed "database-entry" and rrna, "residue-rna".  Other terms that are not directly related with the object (in this case "protein"), could be part of another DTD. For example, terms such as author, book, title, reference and so on. 

The BSML DTD is used to represent and display genetic sequence information. The display "part" of the DTD is strongly represented by HTML formatting elements and attributes such as "linestyle" etc. In fact, this comprises most of the DTD to support the BSML browser. The Display section provides information that is mainly relevant for the graphical display of bioinformatic data and for accessing links in other network resources. Much of the content of the display section only has meaning for a browser that works specificalTy with BSML and has been customized to display the widgets defined in the BSML standard. Some of the genome related parts of the BSML DTD include elements for sequences strand, dna, ma, site-Ioc, feature, restriction enzyme, offset, overhang and numbering. Some of the elements are similar to those used in the GAME and BIOML DTD's The length of every sequence is expressed as a positive integer. Sequences may specify their unit of measurement (bp, cM, etc.) through the use of a Numbering element, which also may define a relative numbering basis or a linear transformation rule for converting internal sequence positions to display values. 

GAME is an XML application to facilitate the exchange of genomic annotations. It will enable genome centres, model organism databases, and individual researchers to clearly specify the conclusions they have drawn from their analyses of primary sequence data and share these XML descriptions with one another. In the GAME DTD, "annotations" are a summary for descriptions of dna, transcripts, rna and proteins. These biomolecules have "features" which are a summary of computational and genetic analysis of the biomolecules. Analyses are either computational assessments or biological experiments carried out on a sequence. They are comprised of results that describe some characteristic of an interval on a sequence. Sequences are the molecules that are the subject of study. 

The GAME DTD is structured similarly to the BIOML DTD. However, compared with the BIOML DTD, the GAME DTD is more complex in structure and commenting. It appears to have formatting elements which could be perhaps best placed in a separate DTD. The GAME DTD claims to have a wider scope for access to genetic sites. As with BIOML, some of the terms used in GAME are less informative (ie:"fuzzy" and "feature-span"). The term ""fuzzy" in the GAME DTD is an acronym for "global" in the BIOML DTD. Also, commenting is not structured as it is spread  throughout the document rather than in headings. Perhaps formatting and reference terms such could be better placed as separate DTD' S. Terms such as "value" and "type" do not appear to be related to genetics. 

FASTA is a program to search sequence similarity and homology searching against nucleotide and protein database. As with the BIOLML, GAME and BSML DTDs, there is extensive use of formatting elements for the query browser. The usage elements include "parameters" to join, overlap or align segments. 

The PISE DTD consists of similar formating elements to FASTA with parameters being the only functional elements with attributes. There is a large section devoted to formatting and there appears to be little commenting. 




XML Browsers
The BIOML and BSML Browsers: The BSML browser (is temporarily not available) was highly graphical: There is a great advantage is visualizing the genome as it allows the human eye and brain to interpret pattern. With the BSML demo version a user is presented with genomic interfaces to find a sequence, a clone, an alignment and so on. Common to most of the GUI's is a protein or DNA sequence of the region being studied. For example by clicking on a segment on the GUI, one can also see the actual startand end sequence on another 'common window". The browser offer the capability of graphical options for conversion of other entries (GenBank), a view of blast searches, cloning, displaying a sequence, summarized map of genes and alignment forms. This interface therefore allows a user to access and manipulate data from various domains and so to a certain extent "integrates" the enterprise. The BSML Browser may be viewed here 

The BIOML browser is less "graphical" than the BSML browser. The menu follows a hierarchical model. For example by clicking on a protein one may access lower parts of the protein structure (ie sequence). This method was useful in that it provides immediate access to DNA, an amino acid, or a segment. 




Databases
Databases: The main genetic databases such as GenBank are now linked through NCBI's ENTREZ. Nucleotide databases generally contain sequence data from GenBank, EMBL, and DDBJ. EMBL is the European Molecular Biology Laboratory (EMBL) at Hinxton Hall, UK, DDBJ is the DNA Database of Japan (DDBJ) in Mishima, Japan. Sequence data is also incorporated from the Genome Sequence Data Base (GSDB), Santa Fe, NM. The protein database contains sequence data from the translated coding regions from DNA sequences in GenBank, EMBL and DDBJ as well as protein sequences submitted to PIR, SWTSSPROT, PRF, Protein and Data Bank (PDB) (sequences from solved structures). 

The structure database (MMDB) contains experimental data from crystallographic and NMR structure determinations. The data for MMDB are obtained from the Protein Data Bank (PDB). The NCBI has cross-linked structural data to bibliographic information, to the sequence databases, and to the NCBI taxonomy. The popset database contains aligned sequences submitted as a set resulting from a population, a phylogenetic, or mutation study describing such events as evolution and population variation. The PopSet database contains both nucleotide and protein sequence data. 

Database Interlinking. Protein and Nucleotide neighbors are determined by performing similarity searches using the BLAST algorithm to compare the entry amino acid or DNA sequence to all other amino acid or DNA sequences in the database. 

Database fields. Some of the principal genetic databases are GDB, HUGO, GENETHON and Expasy. The fields used are identification number or term for a sequence, clone, marker, chromosome, amino acid or protein; sequence for a segment, marker, amino-acid, contig, clone, operon, gene, polypeptide or protein; clone for a segment, amino-acid, gene, polypeptide or protein; contig for a sequence, amino-acid, clone, gene, polypeptide or protein; chromosome number, and alleles 

Comparison of database fields : In Genethon, the "allele" database fields for chromosome 1 consists of 3 id's, 1 allele, base pairs (n) and base pairs (aaauc...) as FM016xh3, D1S411, Z23283, 1, 198 and 0.500. In contrast, in the genethon "data" file, the fields for chromosome I markers are arranged as FM2l4yg7, 6.2, 5.7, 6.3, D1S243, Z16979, 11, 86 and cacacaggctcacatgcc. The 1st field represents the id, 2nd field, genetic distances (centi-morgans), 3rd field marker id, 4th field chromosome location, and 5th field, the sequence. In contrast, the fields in the genethon sequence datafile (for brevity, the base pairs have been trimmed) for chromosome 1 are AFM214yg7, D1S243, Z16979 and TGAGCCTCCCACGC, repectively. We were unable to find documentation or field ID for any of the raw genethon files mentioned above. 

A query for marker D17s949 returned the following: GDB:199836, l7pter-17qter, 0.8032, D17s949,AFM292vh9, AFM292vh9m, AFM292vh9a, AFM292vb9a/AFM292vh9m, RH9660, RH15412, STS7090 and STS2044.The 1st field is a type definition (amplimer), the 2nd field a GDB id (accession id), the 3rd field, a chromosome 17 location id 9 (band), 4th field, heterozygosity (het) and the 5th field, another 9 id names (Name). This finding suggests a problem with inconsistent id's across the enterprise. At least in this GDB database, the fields are identified. From the above it appears that the major and most common fields in genome databases comprise identification of a genome segment, whether it be DNA or protein. For example, in the GDB there were 9 ID's for the same segment in chromosome 17! Obviously the same segment could be a clone, marker or sequence etc.. Methods to standardize IDs to reduce these fields may improve access. 



Discussion and Conclusions
Although bioinformatics is the application of computing to biology, the discipline mostly involves searching for and manipulating genomic segments of DNA, RNA, amino acids or protein. As stated above, currently there is a difficulty in integrating genomic information on a universal platform due to terminology and access problems. Because XML allows the creation of meaningful information tags, the format could be used to construct platforms to visualize functional gene patterns in large segments. As of this date, data mining and visual techniques to discover functional genes have become a priority. 

In this study, HUGO, OMIM, GDB, BLAST, Expasy, GENETHON and HUGO query forms were evaluated. In HUGO, by clicking on a chromosome segment a user was able to access sequencing, alignment and reference data. In contrast, Genethon provided access to flat database files. On GDB, BLAST, Expasy and other sites users were required to enter a query, usually in the form of a DNA, RNA or amino-acid sequence. In our view, the main difficulty with bioinformatic sites was lack of integration: Each site appeared to handle genomic queries, terms, segment identifications or data differently. This was a surprising finding, since 10 to 15 terms could probably be used to access the entire enterprise from a global platform. 

In our a view a problem with current DTDs was the use of terms that are not familiar to the "whole" genome community and the use of different terms for the same items. Access could be improved with informative, but longer tags such as "global-genomic-location" instead of "fuzzy". The current use of prefixes may not be appropriate: for example using "a" as a prefix for "amino-acid" and "d" for DNA in an element. The advantage of XML over HTML is that it allows meaningful tags; bioinformatics should use descriptive tags wherever possible. This should permit a wider and more precise access to the enterprise. Global terms which we suggest could be used to access the enterprise are as follows: "genome, a, t, c, g, u, DNA, RNA, amino-acid, protein, sequence, clone, alignment, marker, analysis and species". A further list of 64 terms grouped by functionality is available in the Appendix. The terms could be "grouped" to access the global terms. Using different terms for the same genomic segment seems redundant and terms could be coupled with segment function. We propose that this list could form the basis for a global genomics access platform. 

Since genomics involves searching for and manipulating genome segments and supporting documents, XML could provide a global access platform.  In most DTD's, the elements appeared to be grouped into general, formatting, reference and genetic. In the BIOML DTD, elements described a genomic segment so that all the known information about it could be associated logically. Commenting was structured and meaningful. However, some of the terms and formatting elements did not seem informative. The BSML DTD was written for a browser so that most of the elements are for formatting purposes. The Game DTD was written to facilitate genomic annotations but also   appeared to have excessive formatting elements. The PISE DTD consisted of elements to search sequence similarity and homology against nucleotide and protein databases. There appeared once again to be excessive use of formatting. In conclusion, the results suggested that the most appropriate DTD structure was that used in BIOML 
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APPENDIX. 
  

Basic <ELEMENTS> for terms in a Document Type Declaration (DTD) for XML files.
<Adenine>:  A purine base that pairs with thymine in DNA. 
<Thymine>: A purine base that pairs with adenine in DNA. 
<Cytosine>: A purine base that pairs with guanine in DNA. 
<Guanine>: A purine base that pairs with cytosine in DNA 
   <Uracyl>: Uracyl is a purine base that pairs with thymine in RNA 

       <A-T>:   adenosine-thymidine nucleotide base-pair 
       <G-C>   guanine-cytosine nucleotide base-pair 
     <U-T>   Uracyl-thymidine base pair in RNA 

<DNA>: (deoxyribonucleic acid) is the fundamental genetic material. A DNA molecule is made of two intertwined 
         and complementary strings of deoxyribo nucleotides. Pour bases form the "alphabet" by which all genetic 
         material is formed. These bases are known by their initial letters A (adenine), C (cytosine), G (guanine) and T 
         (thymine). 

      <DNA-sequence>: A sequence of DNA bases such a aagttggaa. 
  

<RNA>: An RNA molecule is composed of 4 types of (ribo)nucleotides. Each nucleotide contains a phosphate group, a         sugar group base. The polymer is fornied by the linkage of the phosphate groups. The non-polar ribose ring 
         connects the phosphate to the base. Finally, the bases are connected to the ribose group. Only the bases 
         differ. The 4 bases are adenine (A), cytosine (C), guanine (G) and uracil (U) 

      <RNA-sequence>: a sequence of RNA bases such as aaguuggaa 

mRNA: An RNA molecule is transcribed from the DNA of a gene, and from which protein is translated by the action 
            of ribosomes. 
tRNA:   A class of small RNA molecules which carry specific amino- acids to the ribosome during translation. 

Restriction-Enzyme: Enzymes with the ability to cleave (cut) double stranded DNA. Refers to restriction enzymes. 
                                These enzymes might cut a segment of DNA 
Satellite: DNA which is composed of many tandem repeats (identical or related) of a short basic repeating units. 
               Usually heterochromatin (noncoding). 
Single-strand-DNA: A single strand of DNA as distinct to double stranded 
Codon: A section of DNA (Three nucleotide pairs in length) that codes for a single amino-acid. 
Amino-acid: A peptide such as lysine, usually represent as (L) 
Amino-acid-sequence: a sequence of amino-acids such as LTSSTRA. 
Peptide: An amino acid: Polypeptide is a series of amino-acids 

Chromosome: A structure containing a molecule of DNA that transmits genetic information and is associated with 

   Centromere: The constricted region of a nuclear chromosome 
   Telomere: the tip or end of a chromosome 
   Centimorgan: a measure of length along a chromosome. 
   Centromere: The constricted region of a nuclear chromosome. 
   Haplotype: A cell or individual having one set of chromosomes 
   Codon: a section of DNA (3 nucleotides) which codes for one amino acid. 
   Clone: A copy of a sequence/segment, gene or genome. 
   Contigs: A set of ordered overlapping clones that comprise a chromosomal region or a genome. 
   Cosmids: a cloning vector that can replicate autonomously like a phage. 

Gene: The fundamental and physical unit of heredity Gene fragments are pieces of genes containing only the 
           exons (those parts of the gene which actually encode the protein sequence. It is a segment of DNA which 
           produces (codes for) a protein. 

   Intron: a segment of unknown function within a gene. 
   Exon:  Gene sequence segments that appear in the mature mRNA for eukaryotic organisms. This means that it is 
              a segment of DNA that codes for a protein. 
   Pseudogene: An inactive gene produced from an active ancestral gene. 
   Gene-map:    A linear designation of mutant sites within a gene, based upon the various frequencies of 
                        interalllic re-combination Usually a text or graphic file showing a segment of the genome with 
                        markers (known areas). 
   Operon: A set of adjacent structural genes whose mRNA is synthetized in one piece, plus the adjacent regulatory 
                 genes that affect transcription of the structural genes. 
   Allele: An allele is one part of a gene which specifies a characteristic for the trait that gene is coded. 

Genetic Analysis: Refers to linkage or association analysis, or analysis of alleles between unrelated families.  Usually 
                            done by comparing the frequencies of alleles using programs such as SPLINK or GENEHUNTER. 
             Fine-mapping; A procedure to home-in on a region of interest on DNA-RNA segment. For example for genetic 
                                     analysis, if significant association or linkage is found, is is customary to fine-map around the 
                                     markers. 

            GENEHUNTER: A program for statistical analysis of polymorphisms in related individual called "linkage analysis". 
                                    Can be used to an~yse single or multipoint frequencies (markers). Multipoint 
                                    analysis of pedigree data including: non-parametric linkage analysis, LOD-score computation, 
                                    information-content mapping, haplotype reconstruction. 
            GENEHUNTER-PLUS: A modification of the GENEHUNTER software package which produces output files 
                                             containing the nufl and conditional distributions of the test statistic. 
           Linkage: the association of genes on the same chromosome. 

           MAPMAKER-SIBS: A Single or Multipoint genetic linkage an~ysis program. 

Marker-distance The distance of a marker from another marker. Usually expressed in centimorgans Kcm. 
Multi-point analysis: Refers to multi-point analysis wherein multiple marker can be statistically analysed simultaneously. This givea more significant view of a genomic region than a single point result. 
Gene-scanner: A method/lab equipment used to define a sequence of DNA. The output is a sequence of base such as aatgccgaag. 
Genethon-database: A Reference genetic linkage maps which presently consist of short tandem repeat polymorphisms of simp~ sequences or microsatellites. 
Genetic-marker: Alleles used as experimental probes to keep track of an individual, a tissue, a cell, a nudeous, a chromosome or a gene. 
Genomics: The cloning and molecular chraeterization of entire genomes. 
Genotype: Specific allele composition of a cell or for genes. 
Haplotype: A cell or individual having one set of chromosomes. 
Heterozygosity: a measure of the genetic variation in a population in respect to one locus. 
Homozygote: an individual having a identical gene pairs je: AA. 
Mapping function: A formula expressing the relationship between distances in a linkage map and recombinant frequency. 
Pedigree: Describes a genetic family tree showing inheritance patters for specific phenotypes. 
Phage: a virus that infects bacteria: can be used to inject DNA or RNA segments into a cefl/organism. 
Phenotype: The form taken by some character in a specific individual. The external expression of a genetic program (blue eyes). 
Polymorphism: The occurernee in a popuation of several plienotypic forms associated with 
1eles of one gene or homologs of one chromosome. 
Recombinant: an individual or ceH with a genoytype produced by recombination. 
Recombination:In general any process in a diploid cel~ that generates new genes not found in that cell or itr progenitors. 
SPLINK: A program to analyse genetic linkage using a single-point marker. 
Telomere: The tip or end of a chromosome. 
<PCR>: Polymerase Chain Reaction. The PCR technique is basically a primer extension reaction for amplifying 
                 specific nucleic acids in vitro. 
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