Cleanup Methods for Genbank

Abstract

What is GenBank

GenBank® is US government genetic sequence database, maintained by NCBI (National Center for Biotechnology Information), division of NIH (National Institutes of Health). GenBank shares data with the DNA DataBank of Japan (DDBJ), the European Molecular Biology Laboratory (EMBL) on a daily basis and is therefore equivalent with them though the file or record format and search systems might differ. A full and new release of GenBank is issued every two months.

Genbank is an annotated collection of all publicly available nucleic acid (DNA/RNA) sequences and related descriptive data, as well as contiguous sequences data consisting of a set of overlapping clones or sequences from which a sequence can be obtained. GenBank is designed to provide and encourage access within the scientific community to the most up to date and comprehensive DNA sequence information without restrictions on the use or distribution.  

www.ncbi.nlm.nih.gov/Genbank/
Genbank data can be presented in several file formats, including the Flat File and Abstract Syntax Notation 1 (ASN.1) versions. The discussions of this paper are in regard to flat file format. However the issues discussed here also apply to other file format. GenBank flatfile releases consist of a set of ASCII text files, most of which contain sequence data and are called data files. Others supplemental files include index files, directory files etc. The line-lengths of these files are variable.

With the exception of supplemental files and some special update file, a general GenBank flat data file is organized in following sequence and format. In addition, every field of data contains an Entrez search field(s) that make GenBank data searchable for each part of data.

· File Header

· File infor line: 

· File name 

· Full database name ('GenBank')

· Brief description of the file

· Date: regarging to the current release in the form `day month year'

· Release number: regarding to current release

· Major release number

· Version 

· Title: for the file 

· Size number: 

· Number of entries

· Number of bases

· Number of sequence

Following elements or fields are related to GenBank entries 

· LOCUS field 

· Locus name 

· Sequence Length

· Molecule Type: The type of molecule that was sequenced

· GenBank Division: 17 sequence divisions a record belongs to

· Modification Date: The date of last modification

· DEFINITION field

· Scientific organism, gene/protein name, 

· Brief description of the sequence's function if the sequence is non-coding

Or completeness qualifier, such as "complete cds" and its description if the sequence has a coding region (CDS)

· ACCESSION:  The unique identifier for a sequence record

· VERSION:  A nucleotide sequence identification number that represents a single, specific sequence in the GenBank database

· GI:  "GenInfo Identifier" sequence identification number

· KEYWORDS:  Word or phrase describing the sequence. If no keywords are included in the entry

· SOURCE:  Free-format information including an abbreviated form of the organism name, sometimes followed by a molecule type

· REFERENCE field

· REFERENCE ID: Sequential number 

· AUTHORS: List of authors 

· TITLE: Title of the published work or tentative title of an unpublished work, or Direct Submission substitution  

· JOURNAL: MEDLINE abbreviation of the journal name

· MEDLINE: MEDLINE unique identifier (UID)

· Direct Submission : Contact information of the submitter

· FEATURE: Location of each feature  

· Source: Mandatory feature in each record that summarizes the length of the sequence, scientific name of the source organism, and Taxon ID number. Can also include other information such as map location, strain, clone, tissue type, etc., 

· Organism name
· Taxon A stable unique identification number for the taxon of the source oganism

· Chromosome type

· Map type

Followings are two example features, a complete list features can be found from GenBank documentation and release note. 

· CDS: Coding sequence; region of nucleotides that corresponds with the sequence of amino acids in a protein (location includes start and stop codons).

· Gene type

· note

· codon start position

· product

· protein_id: A protein sequence identification number in the accession.version format 

· GI     

· translation: The amino acid translation corresponding to the nucleotide coding sequence (CDS). 

· Gene A region of biological interest identified as a gene and for which a name has been assigned

· gene type

· BASE COUNT:  The number of A, C, G, and T bases in a sequence.

· ORIGIN: Experimentally determined restriction cleavage site or the genetic locus in FASTA format representation. The ORIGIN may be left blank, may appear as "Unreported," or may give a local pointer to the sequence start.

Brief Description:

GenBank (1999),Dennis A. Benson, Mark S. Boguski, David J. Lipman, James Ostell, B. F. Francis Ouellette, Barbara A. Rapp, et al. Nucleic Acids Research

http://citeseer.nj.nec.com/516025.html

http://www.psc.edu/general/software/packages/genbank/genbank.html

http://www.cas.org/ONLINE/DBSS/genbankss.html
http://www.bio-mirror.net/srs6bin/cgi-bin/wgetz?-page+LibInfo+-lib+GENBANK

http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html
Genbank Documentation

http://www.genome.ad.jp/dbget-bin/show_man?genbank

Sample records

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=L00727[pacc]&doptcmdl=GenBank

http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html

http://www.cas.org/ONLINE/DBSS/genbankss.html

Problems with GenBank data quality
GenBank's system only examines submissions for syntax errors.

GenBank data users have big concerns about whether the data quality is good enough leading to correct analysis result. “Some of the most-used global databases of DNA and amino acid sequences are riddled with errors and there is no quick fix in sight. Leading the list is the GenBank public database “[Pete Young, Australian Biotechnology News]. The data quality of GenBank is associated with qualitative and quantitative problems. Lots of factors will cause these problems, for examples:    

· GenBank data come from journal literature and direct author submissions for otherwise unpublished sources. There are not many content restrictions for the submitter or collaborators to present their data to GenBank, even allow them claim patent, copyright, or other intellectual property rights in all or a portion of the data. GenBank does few to check or assess the validity of data. 

· Since the data sizes of Genbank has been increasing exponentially, doubled in every 14 months and reached approximately 22,617,000,000 bases in 18,197,000 sequence records as of August 2002, the qualitative and quantitative problems of GenBank data become very critical although the administrative organizations of GenBank work very hard to keep update them daily.

www.ncbi.nlm.nih.gov/Genbank/
http://www.cas.org/ONLINE/DBSS/genbankss.html
· The coding and origin regions of GenBank data contain unboundary information though they comprise limited symbols. The information is very sensitive to the symbol sequences and repetitions. Any data problem or error may cause misleading and wrong result of analysis. 

· Due to the unboundary information feature of coding and origin region, the researchers of molecular biology and informatics have to extract the meaningful or useful data from them when performing analysis and addressing specific research.

· The algorithms or tools driving the today's automated, high throughput sequencing systems are not infallible. Even a one per cent error rate will produce 10 mistakes in every 1000 bases that a machine calls, and it is difficult for researchers to manually check the flood of machine-generated data

· GenBank is a large and complex artifact. It integrate data from multiple sources, and transform those data using computer programs and manual annotation procedures that are complicated, are difficult to reproduce, and that change over time

· Most GenBank entries are updated by their authors only, which has led to an accumulation of uncorrected errors in GenBank. (In contrast, the SWISS-PROT staff attempts to correct errors in all DB entries)

Since data quality problems may emerge at any time and any place during data acquisition, assembly, integration, storage, transformation, extraction, and internal manipulation etc. There are no guaranteed data before applying data mining. In the battlefield of molecular biology, the cleanup of nucleotide sequence data, i.e. DNA/ RNA, is often a prerequisite for efficient downstream applications such as cloning, sequencing, microarray analysis, or amplification. So the cleanup becomes very necessary.     

Data cleaning and data mining have many in common although they are different disciplines. Some pattern recognition algorisms used in data mining are also applied in data cleaning. The differences are that the data cleaning has more specific and concrete jobs, which are to detect and remove data with error and inconsistence in order to improve the dataset quality before data mining. So we say data cleaning is pre-process of data mining or data analysis. Its importance lies on the bottom of ensuring the plausibility of date mining. In some situation, an alternative of data cleaning is date filtering, which retrieves or deletes our intended data or data pattern from the original dataset, and forms a new desired dataset.

The cleanup processes of Genbank data take place in two stages. The first process deals with the original database coming directly from GenBank to ensure we have effective, error-free and purpose-oriented dataset. The second performs a periodical cleanup during data mining to eliminate the data contamination.          

The problematic data needing cleanup are divided into three categories. One is for some data that are duplications or redundancies caused by oversubmit. The second is for those that are contaminated due to unsure reasons, which lack of domain consistency. The third is some data, which are with less sense, even nonsense, or irrelevance and intervene with the target analysis.      

The cleanup of GenBank data can also be categorized with regard to data format, descriptive content and coding region separately. Each GenBank release has a release note or documentation in GenBank flatfile format, which specifies the data format, attributes name, complete list of features etc. Any violation against the format standard need to be fixed. The descriptive content of data includes any non-coding data content, which GenBank flatfile format doesn’t specify and takes no responsibility to check validity, such as author name, annotations etc. The identifications of these problems don’t need domain knowledge, but do need the semantic and discrepancy check. The coding region problems strongly need domain knowledge to identify and resolve since all data mining information are buried inside the sequence. Its cleanup is critical to downstream applications. It is the most challenging and domain knowledge needed part of GenBank data cleanup. Among above mentioned data problem some are easy to identify but hard to fix, such as junk symbols in coding region, some are both easy, such as data format error.    

In this paper, we summarize above classifications and define four types data problems needing cleanup: 

· Syntax Error

The syntax errors are violations in term of latest released GenBank flatfile format  

· Semantics Error

Semantics errors contain data field discrepancy, invalid data content identified either by GenBank flatfile format or other NCBI specifications. For examples, invalid MedLine or PubMed number, invalid reference number etc.

· Redundancy

Redundant or duplicated data existing in coding region and caused by oversubmit

· Inconsistency

Problematic data that lack of domain consistency, such as contaminated data existing in coding region due to unsure reasons, outdated, missing and discrepant annotations comparing with other bioDBs,

· Irrelevancy
Less meaningful, nonsense or irrelevant data existing in coding region, which intervene with the target analysis.      

Bad data warning over public gene databases
http://www.itworld.com/Tech/2987/020506genedatabase/pfindex.html

P.D. Karp, S. Paley, J. Zhu (KPZ01) 

Database verification studies of SWISS-PROT and GenBank. 

Bioinformatics, 2001, 17, 6, 526-532

Methods and Chances of improving GenBank data quality
SYNTAX ERROR

GenBank periodically publishes its release note or documentation, which specifies GenBank file format and syntax specifications. Any violations to the specified format and specifications are considered as syntax error. Usually GenBank distributes a syntax error-free data. But due to data transmission, storage, or manipulation problems, the syntax errors still may occur. Since GenBank data file are large-scale data file, reobtaining or reloading files when some minor syntax error occurs may not an effective and efficient idea. So fixing the syntax error is still necessary.      

Performing syntax error check may be undertaken by using parser or query utility. If a file contains syntax errors, the parser wouldn’t return the needed information. Currently there are bunch of available parser applications in several language, following are some of them:  

· GenBank Parser (Catherine Letondal) XML

http://www-alt.pasteur.fr/~letondal/XML/

· http://www.sander.embl-ebi.ac.uk/Services/GenomeSubm/#step5

· Genbank java XML based parsers: BioJava, SUN’s JAXP API,  jaxp.jar, parser.jar, crimson.jar, Xerces
http://www.sanger.ac.uk/
· Genbank parser BioPython

http://biopython.org/pipermail/biopython-dev/2002-January/000810.html

· Genbank parser BioPerl 

http://bioperl.org/pipermail/bioperl-l/2003-February/011022.html

archive.develooper.com/beginners@perl.org/ msg41005.html

news.gmane.org/ thread.php?group=gmane.comp.lang.perl.bio.general  

· general genbank parser in perl

www.stanford.edu/class/gene211/PS2_2003.pdf

These available parser applications usually don’t report the syntax error location and type when occurring, they wouldn’t help users to fix the error. On the user side fixing syntax errors is not easy as finding them, especially for some content related syntax errors, such as missing keyword etc. Fixing some syntax errors usually require the same domain knowledge as submitter having. No applications claim they can fix the syntax errors. The reason probably is that people think it is not necessary because they just follow the traditional way when file contains syntax error: throw it away and reobtain it. But as we mentioned early, with the scale of GenBank data file becomes larger and larger, we have to consider save the local resource and bandwidth, the fixing of syntax error will have increasing demands.          

GenBank is a collection resource from public submitter. It only accepts syntax error free input. Performing input syntax check is the submitter’s responsibility. This input syntax specification is different from GenBank file syntax. However using this syntax specification may help us develop syntax cleanup tool. 

There are some software applications helping submitters perform input syntax check:

· Sequin is a stand-alone software tool developed by the NCBI for submitting and updating entries to the GenBank, EMBL, or DDBJ sequence databases. It is capable of handling simple submissions which contain a single short mRNA sequence, and complex submissions containing long sequences, multiple annotations, segmented sets of DNA, or phylogenetic and population studies. 

http://www.ncbi.nlm.nih.gov/Sequin/

· Lion SRC may be used to check the validity of data submitted to GenBank. It can catch the syntax error, but doesn’t fix it automatically 

http://srs.wehi.edu.au/srs6bin/cgi-bin/wgetz?-id+4loo01KZaC9+-page+docoPage+-e+[srsbooks:srshlp1_1]

· Data cleanup before submitting to GenBank .  

http://www-shgc.stanford.edu/Seq/doepages/methodology.html
· Genome Project Submission Account guidelines

http://www.sander.embl-ebi.ac.uk/Services/GenomeSubm/#step5
SEMANTICS ERROR

Here semantics errors we defined don’t include professional domain semantics errors, such as function annotation or translation, original sequence etc. that are classified as inconsistency data. The semantics errors contain data field discrepancies, invalid data content identified either by GenBank flatfile format or other NCBI specifications. For examples, invalid or unmatched MedLine or PubMed number, invalid reference number etc.

Some semantic errors can be identified relying on data inside the file, for example, discrepant names for the same gene in the file are found in different places. Others need check with additional reference, including other BioDBs if the gene data file is published other than GenBank, MedLine and PubMed authorities 

Some fixing of semantic errors is expected to perform in an interactive way with user instead of automatically. For example, if discrepant names for the same gene in the file are found in different places, these names should be listed for user to choose which one is kept whereas others are corrected.   

Guidelines for fixing semantics errors should be seen in documentation. For example: 

No applications claim either identifying or fixing semantic errors  

REDUNDANCY
Redundant data are the duplications caused by oversubmit. But there is an exception to GenBank submission entries for a specific project. With GenBank philosophy and rationale GenBank contains different entries for each nucleotide sequencing project, even when that means including ‘duplicate’ sequences of the ‘same’ gene obtained by different laboratories for a benefit of attemptedly complete encoding of genome sequence (some BioDBs , such as Swiss-Prot, contain only one single sequence for a given protein from a given organism, which is a mosaic of sequences obtained from different laboratories and strains in exchange for avoiding redundancy)

Redundancies cause extra storage exhausts and affect computation and communication efficiencies. Discrepant redundancies even cause inconsistent analysis results, which should be restrictly prohibited.   

Redundancy may exists in several forms:

Whole entry duplication vs. duplication inside an entry 

Duplications with discrepancy vs. without discrepancy 

Text duplication vs. coding duplication

Consecutive duplication vs. divided duplication

With respect different redundancies the resolving solutions have different strategies. Following are some resources to deal with redundancy problems 

· DNannotator  (Chunyu Liu, 2001) 

Remove duplicated FASTA sequences from the query data file

checks local feature table from a complete Genbank format data file, finds all duplicated elements and their duplication times, and sort the features, remove duplicated annotation. 

http://sky.bsd.uchicago.edu/Overview.htm
· CLEANUP (Grillo G., Attimonelli M., Liuni S., and Pesole G.)

A widely recognized fast program for removing redundancies from nucleotide sequence databases. CLEANUP  program  implements a  new  algorithm based on an "approximate string matching"  procedure,  which  is able  to  determine  the  overall  degree of similarity between each pair of  sequences contained in a  nucleotide sequence database  and  to  generate  automatically     nucleotide  sequence  collections purified from redundancies. CLEANUP considers a sequence to be redundant if it (or its complement) shows a degree of similarity and overlap with a longer sequence in the dataset greater than a certain threshold. An experiment report (Peter Sterk and Stephan Beck) shows Cleanup’s effectiveness. 

http://embnet.angis.org.au/vol3_2/software.html

http://www2.ebi.ac.uk/embnet.news/vol5_2/EMBnet-MOT.html
· NRDB (Warren Gish )

Generate the NCBI "non-redundant" either gene or protein databases. 

1. produce a nonredundant nucleotide sequence database is built from the GenBank major quarterly release, GenBank daily updates, the EMBL Data Library, and the EMBL weekly updates 

2. locally builds a non-redundant protein sequence database from the PIR, SWISS-PROT, GenPept, and daily GenPept updates;

ftp://ncbi.nlm.nih.gov/pub/nrdb

· ICAass (Jeremy Parsons)

A FASTA alike search mechanism but using an asymmetric scoring scheme designed to measure redundancy, rather than directly discover overlaps. A variety of specialized cluster browsing tools assist extraction of non-redundant sequence sets, or allow accelerated database searches where an increased portion of the computation time is spent comparing the query with very similar sequences. All code is ANSI C, runs on many UNIX variants (and ported to MacOS), and is free to academics and industry. It has been used to cluster 180,000 ESTs on one shared 143 MHz UltraSPARC in 9 days. Memory usage scales linearly with database size, but computation time scales quadratically. Unlike CLEANUP, which performs a unique hashed-query pairwise sequence comparison, in ICAtools query sequences are encoded as hashed oligos along with one base mutated versions of the oligos to enhance query sensitivity. This feature makes ICAass work faster than CLEANUP. The largest published data set: 2400 Drosophila sequences, was self-compared in 160 seconds. All code is written in C, and publicly available. 

http://www.littlest.co.uk/software/bioinf/index.html

INCONSISTENCY
Lacking of inconsistency is the widest category bad data. They include contaminated data due to unsure reasons, outdated, missing and discrepant annotation data etc. The typical problems are: 
1. The positions of the genes are in the wrong spot

2. The intron and exon (DNA sequencing components) boundaries are wrongly marked and there amino acids are left out
[Dr Ian Collet, bioinformatics lecturer at Queensland University of Technology

Bad data warning over public gene databases
http://www.itworld.com/Tech/2987/020506genedatabase/pfindex.html]

3. Difference of function annotations derived from experiment and computational prediction.

4. Missing or removed methionines, differing translation start positions, individual amino-acid differences, and inclusion of sequence data from multiple sequencing projects.

5. Unmatched biosequences

As to the inconsistent data, Karp, Paley & Zhu defined two studies to deal with: correspondence study and function metadata study. The former deals with the issues of translation from DNA sequence to protein sequence, and comparison between translated     

sequence and respective organism among different BioDbs. The latter study involves the annotated function comparison between experimental data and computational prediction.

· Database verification studies of SWISS-PROT and GenBank. 

P.D. Karp, S. Paley, J. Zhu (KPZ01)

Bioinformatics, 2001, 17, 6, 526-532]

Sequence Annotation Problem – transitive annotation problem

None of the traditional forms of annotation is a good model for the high throughput genomic sequence (HTGS)data now being produced.Virtually everything based on computation from demand will become obsolete. There will be many interpretations of the rich literature of the sequences of genomes and these interpretations will change over time. Transitive annotation problem, whereby chains of inferences with weak links can lead to misleading or completely erroneous sequence interpretation (Smith 1996).

· Late-Night Thoughts on the Sequence Annotation Problem

Sarah J. Wheelan and Mark S. Boguski

sullivan.bu.edu/kasif/seminar/rosetta-168.pdf

· Systematic Error (M.Y. Galperin, E.V. Koonin,1998) 

Sources of systematic error in functional annotation of genomes: domain rearrangement, non-orthologous gene displacement, and operon disruption. 

In Silico Biology, 1998 

· DETECT ( J Posfai & RJ Roberts, 1992) 

Detect and correct certain errors within coding regions of DNA sequences by comparing with known gene sequence with high similarity. The test result is positive with GenBank data. This approach is especially suitable for finding new gene. 

Finding errors in DNA sequences. 

Proc. Natl. Acad. Sci. USA, 1992, 89, 4698-4702 

· Claudine Method (Claudine Médigue,Matthias Rose,Alain Viari,and Antoine Danchin, 1999)

A method to detect frameshift errors in DNA sequences that is based on the intrinsic properties of the coding sequences. It combines the results of two analyses, the search for translational initiation/termination sites and the prediction of coding regions. This procedure allowed us to correct the sequence and to analyze in detail the nature of the errors. The method can be used for checking the quality of the sequences produced by any prokaryotic genome sequencing project.

Detecting and Analyzing DNA Sequencing Errors: Toward a Higher Quality of the Bacillus subtilis Genome Sequence
Genome Res., November 1, 1999; 9(11): 1116 - 1127.

· Claverie Method ( J.-M. Claverie  and G.A. Fichant, Y. Quentin, 1993)
Another frameshift-detect based algorithms

Detecting frame shifts by amino acid sequence comparison. 

J. Mol. Biol., 1993, 234, 1140-1157

· Database verification (P.D. Karp, S. Paley, J. Zhu, 2001) 

Introduce controversial protein and genome database verification approaches regarding to SWISS-PROT and GenBank. 

Bioinformatics, 2001, 17, 6, 526-532

· Semi-automated update and cleanup (Gorodkin, J., C. Zweib and B. Knudsen, 2001) 

A series of programs to assist update and cleanup of structural RNA databases. The main program BLASTs the RNA database against GenBank and automatically extends and realigns the sequences to include the entire range of the RNA query sequences. After manual update of the database, other programs can examine base pair consistency and phylogenetic support. The output can be applied iteratively to refine the structural alignment of the RNA database. Using these tools, the number potential misannotations per sequence was reduced from 20 to 3 in the Signal Recognition Particle RNA database.

http://www.birc.dk/Publications/Articles/Gorodkin_2001c.html
http://www.bioinf.au.dk/rnadbtool/
www.bioinf.kvl.dk/~gorodkin/record/Papers/rnadbtool/rnadb_long_final.ps
http://www.informatik.uni-trier.de/~ley/db/journals/bioinformatics/bioinformatics17.html
IRRELEVANCY

In order to reduce interferences from some unwanted, irrelevant, contaminated  or “nonsense” sequences data when performing analysis, or focus on specific biologic molecular research, we usually need cleanup those data, and reconstruct the dataset. On the commercial market, most declared “Cleanup” products for bioinformatics analysis are in charge of irrelevance cleanup. Currently, the most commonly used cleanups are in these aspects:

· PCR Purification 

· Gel Extraction 

· Desalting 

· Eliminating RNA, enzyme activity, and proteins 

· Cleaning up any reaction mixture 

· Eliminating residual organic solvents 

· Rapidly isolating ssPhage DNA 

· Eliminating primers, linkers, adaptors 

· Eliminating BAP, CIP, SAP 

· Eliminating unincorporated radioactive nucleotides from nick translation, end label, random-primed, or fill-in enzyme reactions 

· Cleanup steps in "quickcloning" methods and subcloning strategies 

· Rapid minipreps, etc.

· DNannotator  (Chunyu Liu, 2001)

Remove a set of sequences from a FASTA format sequence collection

Parse & filter BLAST results according to matched length and percentage

Remove extra spaces or symbols from FASTA  format sequence 

http://sky.bsd.uchicago.edu/Overview.htm
· QIAGEN product line 

PCR (Polymerase Chain Reaction) cleanup 

Gel extraction, enzymatic reaction cleanup

Nucleotide removal

Dye-terminator removal. 

http://www.qiagen.com/literature/index.asp
· Qbio Gene product line 

Genclean.  

http://www.qbiogene.com/products/geneclean/geneclean-overview.shtml
· Perkinelmer product line 

MultiPROBE

lifesciences.perkinelmer.com/

· Promega 

MagneSil™ Sequencing CleanUp
www.promega.com/
· MoBio 

Ultra Clean PCR Cleanup kit (MoBio Laboratories), free kit
http://www.mobio.com/
· VecScreen
VecScreen is a system for quickly identifying segments of a nucleic acid sequence that may be of vector origin. NCBI developed VecScreen to combat the problem of vector contamination in public sequence databases. This web page is designed to help researchers identify and remove any segments of vector origin prior to sequence analysis or submission.

http://www.ncbi.nlm.nih.gov/VecScreen/VecScreen.html
