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(Aspekte der Thermodynamik in der Strukturbiologie)

Wintersemester 2012/13
16:00-16:45 Hörsaal N100 B3

Peter Güntert

Einführung in die Bioinformatik

Finding information: 
Literature
Proteins

Alignments
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Outline

• Retrieving scientific information with PubMed

• Retrieving scientific information with Web of Knowledge

• Fetching the protein or DNA sequence you need

• Searching a database with BLAST

• Making a multiple sequence alignment 

PubMed

• PubMed is a database containing the recent scientific publications 
in biology and medicine.  

• You can search PubMed using any keyword you are interested in.

• PubMed is free.
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Searching PubMed Rapidly
• Open www.ncbi.nlm.nih.gov/pubmed

• Type your favorite keywords

PubMed entry
Links to full text
(sometimes)
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Searching PubMed Precisely
Restrict the search with fields

– [AU]  Author

– [SO]  Source (journal)

– [TI]  Title

– [AD] Address

– [MH] Keywords

• The words will be searched only 
in the corresponding fields

Tips for Searching PubMed

• Quoted queries like “down syndrome” behave as a 
single word, and can make the search more relevant.

• Use OR and AND to refine your queries

• Add the initials of the paper’s author, as in Smith TF 

• Save the PMID of your papers

– Very precise

– Very short

• PubMed contains only papers published after 1965

• Use no more than 10 names for papers before 1995
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Web of Knowledge

• Web of Knowledge is a database containing 
“all” scientific publications.

• Web of Knowledge includes citation
information.

• Web of Knowledge includes links to the full 
text of publications.

• Web of Knowledge is not free but the 
Goethe University has a site license, 
and it is also accessible from home: 
http://apps.webofknowledge.com.ubproxy.ub.uni-frankfurt.de
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Web of Knowledge Search Results

Web of Knowledge Citation Report

Papers 
sorted by 
number of 
citations
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h-Index

• Gegeben:
n Publikationen, die C1 ≥ C2 ≥ … ≥ Cn Mal zitiert werden

• Definition h-Index: 
h so, dass Ch ≥ h und Ch+1 ≤ h+1

• Beispiel: h = 20 bedeutet: Es gibt 20 Publikationen, die 
20 oder mehr Mal zitiert werden.

• Der h-Index wird hoch, wenn es viele Publikationen
gibt, die viel zitiert werden.

• Der h-Index bleibt klein, wenn
- viele Publikationen nur selten zitiert werden
- nur einzelne Publikationen sehr oft zitiert werden

Web of Knowledge Publication Entry

Link to full text 
(via journal 
home page)

Papers that 
cite this paper

Papers cited 
by this paper
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Retrieving Protein Sequences in UniProtKB

• UniProtKB is a database 
containing all the proteins 
with known functions

• UniProtKB is available from 
the www.uniprot.org or from 
the ExPAsy server at 
www.expasy.ch/sprot/

• ExPASy: Expert Protein 
Analysis System

• ExPASy contains many useful 
online tools

UniProtKB Statistics

• UniProtKB/Swiss‐Prot

‐manually annotated 

and reviewed

‐ 538,010 sequences

‐ 190,998,508 a.a.

• UniProtKB/TrEMBL

‐ automatically annotated   

and not reviewed

‐ 26,079,526 sequences

‐ 8,448,404,066 a.a.

03.10.2012
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The UniProtKB Entry

• Each UniProtKB entry is dedicated to a protein

• A UniProtKB entry summarizes everything that 
is known about a given protein

• The entry contains functional information and 
links to other databases mentioning this 
protein

Typical 
UniProtKB

Entry

• Protein name

• Protein 
function

• Bibliography

• Links to other 
databases

– Structure

– Domains

– Function 
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Sequence and Sequence annotation in a 
UniProtKB Entry

FASTA format for sequences
>sp|P19338|NUCL_HUMAN Nucleolin OS=Homo sapiens GN=NCL PE=1 SV=3 
MVKLAKAGKNQGDPKKMAPPPKEVEEDSEDEEMSEDEEDDSSGEEVVIPQKKGKKAAATS 
AKKVVVSPTKKVAVATPAKKAAVTPGKKAAATPAKKTVTPAKAVTTPGKKGATPGKALVA 
TPGKKGAAIPAKGAKNGKNAKKEDSDEEEDDDSEEDEEDDEDEDEDEDEIEPAAMKAAAA 
APASEDEDDEDDEDDEDDDDDEEDDSEEEAMETTPAKGKKAAKVVPVKAKNVAEDEDEEE 
DDEDEDDDDDEDDEDDDDEDDEEEEEEEEEEPVKEAPGKRKKEMAKQKAAPEAKKQKVEG 
TEPTTAFNLFVGNLNFNKSAPELKTGISDVFAKNDLAVVDVRIGMTRKFGYVDFESAEDL 
EKALELTGLKVFGNEIKLEKPKGKDSKKERDARTLLAKNLPYKVTQDELKEVFEDAAEIR 
LVSKDGKSKGIAYIEFKTEADAEKTFEEKQGTEIDGRSISLYYTGEKGQNQDYRGGKNST 
WSGESKTLVLSNLSYSATEETLQEVFEKATFIKVPQNQNGKSKGYAFIEFASFEDAKEAL 
NSCNKREIEGRAIRLELQGPRGSPNARSQPSKTLFVKGLSEDTTEETLKESFDGSVRARI 
VTDRETGSSKGFGFVDFNSEEDAKAAKEAMEDGEIDGNKVTLDWAKPKGEGGFGGRGGGR 
GGFGGRGGGRGGRGGFGGRGRGGFGGRGGFRGGRGGGGDHKPQGKKTKFE 

• First line starts with ‘>’ and is a comment 
(some programs need the sequence without comment line)

• Following lines are the sequence in one‐letter amino acid codes



11

Looking for DNA Sequences

• There are many types of DNA sequences

• The most common are

– Regulatory regions, often before genes

– Untranslated regions, often around the genes

– Protein‐coding regions

– Intergenic regions (between the genes)

• All these sequences can be found in GenBank

Fetching a DNA Sequence at the NCBI

• Navigate to 
www.ncbi.nlm.nih.gov
/Genbank/

• Type in a keyword.

• You get a list of entries 
matching your 
keyword.

• Point, click, and 
explore…
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Searching for Your Sequence with BLAST

• BLAST: Basic Local Alignment Search Tools

• Compares your sequence with all other 
sequences in your favorite database

• Returns the most similar sequences

Start BLAST search from UniProtKB entry

• Wait for ~4 minutes…
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Choosing Your BLAST Program

• Navigate to the NCBI BLAST site at 
www.ncbi.nlm.nih.gov/blast

• Select your BLAST program:

– Blastn DNA

– Blastp Protein 

Blasting a Protein Sequence

• Cut and paste your 
sequence

• Click the BLAST 
button at the bottom 
of the screen

• Wait
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Reading a BLAST Output

• Every line is a hit

• Best hits come first

• Low E‐Value = good hit

• E‐value >1 = bad hit

• Gmeans a link onto a complete genome

• Umeans a link to UniGene, the 
transcript database

Multiple‐Sequence Alignment (MSA)

• Multiple alignments reveal common features 
between sequences

• Multiple alignments are useful for

– Comparing very different sequences

– Making phylogenetic trees

– Making structure predictions

• Multiple‐sequence alignment is abbreviated as MSA
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Making a Multiple‐Sequence Alignment

• Identify a set of related sequences

• Do a BLAST of your favorite sequence

• Choose a method: 

– www.ebi.ac.uk/clustalw ClustalW Popular

– www.tcoffee.org T‐Coffee Accurate

– www.drive5.com/muscle/ Muscle Fast

– www.tcoffee.org M‐Coffee Consensus

Making an MSA with M‐Coffee

• Open www.tcoffee.org

• Click MCoffee

• Cut and paste your 

sequences

• Submit your MSA
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Making Sense of Your MSA
• Positions are marked:

– Completely conserved = asterisk ( * )

– Highly conserved = colon (:)

– Conserved = period (.)

• Look for highly conserved blocks:

– The red box on this slide shows a highly conserved block.

– These blocks are often functionally important positions.

Going Farther

• Bioinformatics is all about getting knowledge 
without having to make real‐world experiments.

• More details in later chapters:

– Databases: Chapters 3 and 4

– BLAST: Chapter 7

– Multiple‐sequence alignments: Chapters 9 and 10
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Unterlagen zur Vorlesung

http://www.bpc.uni-frankfurt.de/guentert/wiki/index.php/Teaching


