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Biological Knowledge is Stored in Global
Databases

* The most important basis for applied bioinformatics is the collection of

sequence data and its associated to biological information.

* For example, with genome sequencing projects such data are generated

daily in very large quantities worldwide.

* Furthermore, for a number of databases, original articles describe their

functions.

* This database issue, which is freely accessible also on the Web, is a good

starting point for working with biological data- bases.
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What are the data bases that are used for
bioinformatics ?

1. Primary databases contain primary sequence information (nucleotide or
protein) and accompanying annotation information regarding function,

bibliographies, cross references to other databases, and so forth.

2. Secondary biological databases, however, summarize the results from

analyses of primary protein sequence databases.

* The aim of these analyses is to derive common features for sequence
classes, which in turn can be used for the classification of unknown

sequences (annotation).

What are the Primary Databases?

* First: Nucleotide Sequence Databases.

¢ 1- GenBank https://www.ncbi.nlm.nih.gov/genbank/

* The GenBank database [genbank] is perhaps the best-known nucleotide sequence database
available at the U.S. National Center for Biotechnology Information (NCBI) [ncbi].

* GenBank is a public sequence database, which in its present version contains roughly 199
million sequence entries (up to 2016). Sequences can be entered into GenBank by anyone via

a Web page [bankit] or by e-mail [sequin] when working with larger sequence sets.

* It is associated with other databases, for example the European Nucleotide Archive (ENA) or
the DNA Database of Japan (DDBJ).



https://www.ncbi.nlm.nih.gov/genbank/
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What is the accession number (AN)? Key word for a gene

* Each single database entry is provided with a unique identification tag,

the accession number (AN).

* The AN is a permanent record that remains unchanged even if changes
are subsequently made to the database record.
* In some cases, a new AN can be assigned to an existing number if, for

example, an author adds a new database record that combines existing

sequences.

How to find the primary sequence of a gene using ncbi?

* Open the link: https://www.ncbi.nlm.nih.gov/genbank/

e Search for a specific gene Troponin C, for example.
* What do you find?

e describe the results..?



https://www.ncbi.nlm.nih.gov/genbank/

11/28/20

The fig shows a GenBank entry

GenBank: AJ419175.1

FASTA Graphics

Goto: (¥
Locus AJ419175 470 bp  mRNA  linear INV 26-JUL-2016
DEFINITION Ostertagia ostertagi partial mRNA for troponin (trp gene).
ACCESSION AJ419175
VERSION AJ419175.1
KEYWORDS  troponin; trp gene.
SOURCE Ostertagia ostertagi
ORGANISM a ostertagi
; Ecdysozoa; Nematoda; Chromadorea; Strongylida;
Trichostrongyloidea; Haemonchidae; Ostertagia.
REFERENCE 1
AUTHORS Geldhof,P., Vercauteren,I., Knox,D., Demaere,V., Van Zeveren,A.,
Berx,G., Vercruysse,J. and Claerebout,E.
TITLE Protein disulphide isomerase of Ostertagia ostertagi: an
excretory-secretory product of L4 and adult worms?
JOURNAL  Int. J. Parasitol. 33 (2), 129-136 (2003) e e e e e e ¢ e s e
PUBMED 12633650 ORIGIN
e Lgyipages 0 470) 1 caatttcaag atcaattcca aaggcgagca ggcggegcag ttcggcaatc tggcacaagg
TITLE Direct Submission 61 agt gatg a gc g ggcag cgttertgge
JOURNAL  Submitted (05-NOV-2001) Geldhof P.B., Parasitology, Ghent 121 agccgtttgc cgttcagtgg atatctcgtc gctgcttccg aacgatctga aggagcgaat
University, Salisburylaan 133, Merelbeke, BELGIUM 181 caaaacgttg cataaccgaa tctgtaaatt ggaggccgat aagtatgatc tggagaageq
mﬂn:i\suce ll‘.’f:;;"“m“ahhe“ 241 ccatgagcgt caggaatatg acatgaaaga gctgcacgaa cgtcaacgcc aagttgccag
Jorganiswegstertagia ostartagli® 301 gaacaaggcg ctcaaaaagg gactcgatcc tgaggaagec gottcatctc aacatcctee
/mol_type="mRNA” 361 aaaaatcact accgcttcca agtttgatcg tcagattgac agaaggtctt atggagatcg
/db_xref="taxon:6317° 421 acgagagctg tttgagcatc cagtcatcaa gaagccacce accattgece
/dev_stage="adult”
<1..>470 /7
/gene="trp"
<1..>470
/gene="trp”

onreTe

/codon_start=2
/product="troponin”
/protein_id="CAD11862.1"
/db_xref="InterPro:IPR001978"
/db_xref="UniProtKB/TrEMBL:Q95PN9 "

/translation="NFKII AFLAAVCR
VDISSLLPNDLKERIKTLENRICKLEADKY
ALKKGLDPEE. ITTASKFDROI FEHPVIKKPPTIA®

Describe the results..?

Each entry starts with the keyword LOCUS followed by a locus name.
Like the AN, the locus name is also unique. Unlike the AN, it may change after revisions of the database.

The locus name consists of eight characters, including the first letter of the genus and species names, in

addition to a six-digit AN.
A sequence must have at least 50 base pairs to be entered into GenBank.

Every GenBank entry must contain coherent sequence information of a single molecule type, that is, an entry

cannot contain sequence information of both genomic DNA and RNA.

The last column in the LOCUS line gives the date of the last entry modification. The end of the database
record starts with the keyword ORIGIN.
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What are the Primary Databases?

e 2- Entrez: http://www.ncbi.nlm.nih.cov/Entrez/.

* Query of the GenBank database is carried out via the NCBI Entrez

system [entrez],
* [entrez] is used to query all NCBI-associated databases.

* Entrez is an important and effective tool for the execution of both

simple and complicated searches for genes.

* To use this search, follow the link beneath the Entrez search field.

9
Field IDs to restrict research terms to certain database
fields in the Entrez system ?
Field ID Database field
ACC Accession number
AU Author name
DP Publication date
GENES Gene name
ORGN Scientific and common name of the organism
PT Publication type, e.g., review, letter, technical publication
TA Journal name, official abbreviation, or ISSN number
10


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

11/28/20

What are the Primary Databases?

3- EMBL and DDBJ dbgap. http://www.ncbi.nlm.nih.gov/gap and
ddbj. http://www.ddbj.nig.ac.jp/

* The European counterpart to GenBank is the ENA [ena], located at the European
Bioinformatics Institute (EBI) [ebi].

* Another primary nucleotide sequence database, the DDBJ [ddbj], is operated by the
National Institute of Genetics (NIG) [nig] in Japan and is the primary nucleotide sequence

database for Asia.

* The three database opera- tors, NCBI, EBI, and NIG, compose the International

Nucleotide Sequence Database Collaboration and synchronize their databases every 24 h.

11
Studies (1) | | Phenatype D (0) Variables (0) Molecular D (0) Analyses(0) D ts (19) "
NHLBI Framingham SABRe CVD
Accession phs000363.v18.p12
Parent study Framingham Cohort (phs000007.v31.p12)
Study Disease/Focus Cardiovascular Diseases
Study Design Prospective Longitudinal Cohort
Study Markerset HuEx-1_0-st, custom_probe_sat
Study Molecular Data Type miRNA Expression (Array), mRNA Expression (Array)
Study Content 21 phenotype datasets, 1404 variables, 73 documents, 3 molecular datasets, 7554 subjects, 11323 samples
NIH Institute NHLBI
Study Consent HMB-IRB-MDS --- Health/medical/biomedical (irb, mds) , HMB-IRB-NPU-MDS --- Health/medical/biomedical (irb, npu, mds)
Release Date 2020-03-30
Embargo Release Date 2020-03-30
Related Terms Body System, Cardiovascular; Cardiovascular; Cardiovascular Body System; Cardiovascular Organ System; Cardiovascular System;
Cardiovascular Systems ...
This substudy phs000363 Framingham SABRe ¢ ins immur s, pression profiling, and microRNA data. Summary level phenotypes for the
Framingham Cohort study participants can be viewed at the top-level study CT (data available in 3500 people), b) aortic plague burden by MRI (n 2000), ¢)
carotid intimal-medial thickness by ultrasound (n 3500), d) clinical...
FileSelector PubMed PMC MeSH BioProject
While the database format of the DDBJ] is identical to that of the NCBI, that of the ENA differs
somewhat
12


http://www.ncbi.nlm.nih.gov/gap
http://www.ddbj.nig.ac.jp/
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What are the Primary Databases?

* 4- EMBL database:

* https://www.ebi.ac.uk

* The most obvious difference is the use of two-letter codes instead of full

keywords.

 Furthermore, there are small changes in the organization of the individual data
fields.

* For example, the date of the last modification is not listed in the field ID
(corresponding to the LOCUS field in GenBank) but appears in the field DT
(database field).

13

What is the ENA web for?

* 5- ENA Online Retrieval https://www.ebi.ac.uk
The ENA offers several search forms.

* First is a simple search, which allows for text searches as well as for sequence retrieval .

* For text search, it is possible to search for accession numbers and for simple free text.

ENA also allows for sequence searches using sequence comparisons.

* Basically, this is a BLAST search, which can either be carried out using standard BLAST
parameters or which makes it possible to tweak BLAST parameters on the advanced

search page.

14


https://www.ebi.ac.uk/
https://www.ebi.ac.uk/
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What are the Primary Databases?

6- UniProt Protein Sequence Databases https://www.uniprot.org (very important)

The information available for proteins continues to grow rapidly.

UniProt consists of three parts, the UniProt Knowledgebase (UniProtKB), the UniProt Reference
Clusters Database (UniRef), and the UniProt Archive (UniPArc), a collection of protein sequences and
their history.

Besides sequence information, expression profiles can be examined, secondary structures predicted, and

biological/biochemical function(s) analysed.

The result is the Universal Protein Resource (UniProt) [uniprot], which unites the information in the

three protein databases Swissprot, TrEMBL, and Protein Information Resource (PIR).

Protein sequences and their annotations are stored in the UniProt Knowledgebase (UniProtKB), which is

divided into two realms.

15
Theentry in the UniProtKB/SwissProt database
[ ]
website.
* At first glance the entry is similar to an ENA entry. Indeed, the two
database formats are related.
~ Q search '!‘
N |
sl —
BLAST Align Retrieve/ID mapping Peptide search SPARQL Help Contact |
& vl
The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource
sequence and functional information.
! g New UniProt portal
UniProtkB UniRef UniParc Proteomes Pprry for the latest SARS-
2 » @ Cov-2 coronavirus
- Ul"‘:“’; # \s protein entries and
owledgebase
Swiss-Prot Sequence Sequence Proteome sets e % :’:;:z:’:é:tp:;:i:
clusters archive @ s | UniProt
1663,082) - = aAR e
5 manually (592 = iew SARS-CoV-2|
annot‘ateddand Proteins and
N re:weﬂ" Receptors
information News a f
extracted from
literature and : Forthcoming changes
curator- Squomng data Planned changes for UniProt
16


https://www.uniprot.org/
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What are the Primary Databases?

* 7- NCBI Protein Database https://www.ncbi.nlm.nih.gov (very important)

* Another well-known protein sequence database is maintained at the NCBI. This

data- base, however, is not a single database but a compilation of entries found in

other protein sequence databases.

 For example, the NCBI database contains entries from Swissprot, the PIR

database [pir], the Protein Data Bank (PDB) database [pdb], protein translations of

the GenBank database, and several other sequence databases.

* Its format corresponds to that of GenBank, and queries are carried out

analogously to those in GenBank via the Entrez system of NCBI.

17

KEGG

* https://www.genome.jp/kegg/

* KEGG is a database resource for understanding high-level functions

and utilities of the biological system.

* The biological system examples: the cell, the organism and the
ecosystem, from molecular-level information, especially large-scale
molecular datasets generated by genome sequencing and other high-

throughput experimental technologies.

18


https://www.ncbi.nlm.nih.gov/
https://www.genome.jp/kegg/
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Correlation Map

Link-only Databases

y Go Searchable Databases in DBGET \ SIDER
umesp /[ e
e ’ "" DBGET Databases N\, oMM HS0E
e 7 KEGG Medicus\‘\ | cnemer —
(] —
| ProsDoc | (. Y ! NIKKAJI
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l i | iy PN PubChem MassBank
icTv i
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e g a— - g r— LIPIDMAPS
InterPro Ensembl INSDC NCBFGENE  HGNC LigandBox Descriptions of

4 Plant Viruses
\_ =
50 BRC-DNA SMART sScopP VirusHostDB ViralZone
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Exercise?

* Use the website https:/www.uniprot.org to find the sequence of

Tropomyosin TPM1. Download it a Fasta format.

* Use the website https://www.ncbi.nlm.nih.gov/protein/ to find the
information about Tropomyosin TPM1. Download as much as you can

and then discuses it.

* Use the website https:/www.ncbi.nlm.nih.gov/genbank/ to find

information about Tropomyosin TPM1. Discuss it as you studied!
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https://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/protein/
https://www.ncbi.nlm.nih.gov/genbank/

