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Biological Data and Bioinformatics

• The amount of biological data being generated
and stored continues to increase.

• The data is composed of many different types:
sequence (genome, ESTs), annotation of
features, protein structural information, gene
expression data, and alignment data.

• Another valuable resource for bioinformatics is
web-based computational tools.



Popular Bioinformatics Resources

• NCBI- http://www.ncbi.nlm.nih.gov/
• EMBL- http://www.ebi.ac.uk/embl/
• PIR- http://pir.georgetown.edu/
• PDB- http://www.pdb.org/
• Google- http://www.google.com/



Early Data Formats
• These early databases stored sequence data in

a file. The file held the sequence in ASCII (plain)
text and had a descriptive filename.

• This method became limiting when researchers
wanted to include annotations and information
about the source of the sequence.

• Difficulty in searching for sequences was also an
issue.



Flat File Storage Data Formats
• When GenBank, EMBL and DDBJ formed a

collaboration (1986), sequence databases had moved to
a defined flat file format with a shared feature table
format and annotation standards.

• The PIR also adopted a similar format for protein
sequences (http://www.molecularevolution.org/resources/fileformats/)

• The flat file formats from the sequence databases are
still used to access and display sequence and
annotation. They are also convenient for storage of local
copies.
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GenBank Format Example:
Header Section



GenBank Format Example:
Feature Table Section

Feature Table
Identifier

Features

Location

Qualifiers

The EMBL feature table is the same with an identifier of FT on each line.



GenBank/EMBL/DDBJ Feature Table:
Feature Definitions

http://www.ncbi.nlm.nih.gov/collab/FT/

Some features have mandatory qualifiers.

Definition for mRNA feature:



Genbank/EMBL/DDBJ Feature Table:
Feature Location

• Feature located at a single base in the seqeunce:
– misc_feature 176564

• Feature located between two bases:
– misc_feature 54365^54366

• Feature located in a continuous range:
– exon 1294..5763

• ‘Fuzzy’ location of a feature:
– promoter (1500.1505)..1700

• Feature on complementary strand:
– mRNA complement(54..3765)

• Feature composed of several segments of sequence:
– CDS join(10453..12948,13754..15932)

• Combinations of the above are possible.

http://www.ncbi.nlm.nih.gov/collab/FT/



GenBank Format Example:
Sequence Section

Sequence Field
Identifier

Termination
Line



EMBL Format Example:
Sequence Info



EMBL Format Example:
Sequence

…

Field
Identifier

Sequence length
 and nucleotide count

Termination 
Line



SWISSPROT/TrEMBL Format

• Very similar to EMBL format. Feature table is extended to
capture structural features and biochemical information
about the protein.



Formats for Sequence Analysis
• The database flat file formats are unwieldy for

sequence analysis.
– Sometimes you need just the sequence for analysis
– Other times you need to work with the annotations in

the database or generated by sequence analysis
programs

– Rarely do you need all of the metadata
• Many formats have been created over the years

for this purpose
• FASTA format is the most common sequence

format.



FASTA Format

Note:The MultiFASTA Format is composed of FASTA records
concatenated together.

A sample FASTA sequence record from a sequence DB: 
Definition Line

Width of sequence rows usually 60,70,72 or 80 cols.



FASTA Format: Definition Line

The minimum standard for a FASTA definition line is a ‘>’
immediately followed by a sequence identifier. White space
followed by a comment may optionally be added.

Example:
>TA347833

The sequence databases follow a convention for composition
of a sequence identifier for a FASTA formatted record.



FASTA Format:
 Sequence Identifiers

• GenBank/EMBL/DDBJ
– gi|gi_number|gb|accession.version|locus
– gi|gi_number|embl|accession.version|locus
– gi|gi_number|dbj|accession.version|locus

• NCBI Reference Sequence
– ref|accession|locus

• PIR
– pir|entry

• SWISSPROT
– sp|accession|locus

• PDB
– pdb|entry|chain

• This list is not comprehensive, there are others out there.



Multiple Sequence Alignment(MSA)
Formats

• MSA formats are needed to analyze and
store the results of multiple sequence
alignment from a programs such as
ClustalW or MUSCLE.

• The MSA formats need to preserve
information about the alignment such as
gaps and substitutions.



Aligned FASTA Format

Gaps in the alignments are represented by dashes (-).



ClustalW Format
A common MSA format is the alignments from the ClustalW program.
Most phylogenetic programs can take ClustalW alignments as input. 



Downloading from NCBI

• “Entrez” is NCBI’s downloading service.
• Convenient to download one or 1000

sequences.
• Accepts complex search queries.
• Accepts lists of accession numbers.
• Allows downloading of numerous formats.

http://www.ncbi.nlm.nih.gov/gquery/gquery.fcgi



Searching at Entrez

• Boolean terms: AND, OR, NOT.
• Limit search of specific terms to specific fields:

[orgn], [accession], [author], [gene], [keyword],
[journal], [slen]

• Via the web interface, limits can be imposed.
(Find sequences published since January 1997.)

http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=helpentrez.chapter.EntrezHelp
http://www.ncbi.nlm.nih.gov/entrez/query/static/help/helpdoc.html



GFF2 Format for Annotation

GFF = General Feature Format
Tab delimited, easy to work with.
Many annotation viewers accept this format in various ‘dialects’.

Columns:
1. Reference Sequence: base seq to which the coordinated are anchored
2. Source: source of the annotation
3. Type: Type of feature
4. Start
5. End  (Start is always less than End)
6. Score: Used for holding numerical scores (similarity, etc)
7. Strand: “+’,“-”, or ‘.” if unstranded
8. Phase: Signifies codon phase for CDS features
9. Group: Group feature belongs to. Also attributes such as name and alias

http://www.sanger.ac.uk/Software/formats/GFF/



GFF3 Format
http://song.sourceforge.net/gff3.shtml

Extension of GFF by the Sequence Ontology (SO) and GMOD Projects

A much needed extension to GFF/GFF2:
Allows hierarchies more than one level deep
Separated Group membership and feature name/ID
Attributes take the form of “Key=Value” pairs
Feature can belong to more than one group 



A Few Final Words About Text Editors,
Excel, Windows and Unix

• True text editors must be used when working with sequence
records. Word processors such as MS word introduce formatting
and control characters.

• Excel files must be saved in Tab Delimited format to be truly
portable.

• Unix and MS Windows (and DOS) use different characters to
indicate a new line in a text file. If you open a sequence file in
notepad and see the text in a long string with boxes where the line
breaks should be, the file uses Unix line ending.

• Using a text editor such as Emacs or JEdit will allow you to open the
file properly in Windows, otherwise utilities exist for convert between
Unix and DOS line endings (dos2unix, unix2dos).


