Approaches for Gene and Genome Analysis
What is encoded by the sequence information?

What is the probable function in the cell?

(by Bettina Siebers)

By sequencing of a clone of the „whole genome shotgun library“ from the thermophilic Archaeon Sulfolobus solfataricus the following nucleotide sequence was identified. The emerging questions are if this region encodes for a certain gene (open reading frame, ORF) and if yes what the possible function of the gene product (i.e. protein) in S. solfataricus might be. 

Nucleotide-sequence: (Sso_0987)
GAGTCCAGCTGAAGTACATTCCTATTTTAACGCCTTTGGATCCCCTATAGATGCGTTTATAAATGAATTT
TATGCAATATCGACATTTATACATGAAGAAATAAGTAAATTAAATATTAAGAATGAGCCTTATATATTCA
TATTAGGAGATAAGAGAGCGTCGATAGCTTGGAATGAAAAAGAGTTCATGGAAATTGTAATGAGAGATGA
AAGGTTTAAAACTCATTTGAAAAACTTAAGGCTGTGGTTAGGAAATGAAAAGGATTGAATCATTGTGGTT
ACCTGAGGACATTAAAAAAGTGTGGATGATAACATTTGAATTGCAAAAGATAGCAAGTGTTGGAGGATTA
GGAAATGCTGTATATAACATAGCTAAACATCTAGCTGAAAAGGGAGTAGATATTACGGTTTTCTTGCCAT
CTCATGGAAGGCATCTAAATGAATATTATAGGTCTCTCTTAAGTTTAAGACATATTGACATGATCGTTGA
GGGAAGAAGAAAGGGTATAGATAATAACTATTATAATTATAAAATAGGATTTGAAGAAGGAAAAATAGAT
AATTTCAAGGTAATTTTGGTAAAAGGATTAGATTATAACACTGGTAGGGTATTAGATTCATGGAATATCT
ATGATAACACAATGGAGAAAATTTCGCTATTAACAAGAGGATTAGAGGGGTTCACTTTAGGCAATCTATC
TAACCTTCCAGATATAATCCATGCACAAGATTGGCACGCCGTAATTCCCGCAGTTAGGATAAAACAACTC
TTGGAAGAGAGACGAATAATCGTCCCATTTATTTACACTATTCACTTACTGAATTACATTGGTGTACCTT
GGCACTACGCTTCTCAAGACTGGTCTGGAATTGAGGATTGTTGGCATTATATTTGGATGGTAGCTAAGCA
TGAATTATATAAATATTCATATGTATGGGATGTGTTGTCAGGTGGAAAAATTGAGAAATTTGGTTGTTAC
GAGGCTGATATGGTGAGTAGTGTAAGTTACAGTTATTTAAGTTTTGACGTATTTAATTTTGTAGGAAATT
GGGTAGCCAATAAATCATGTGTAACGTATAATGGTACGGATTGGGATGTGGAAGAGATCCAAAATAAGGC
TGTTACAATGTATGGAACTAAGGACAGAAGGGAGTTAAGGAGAAGGCTACTTTCATCTCTGCACTCCCTA
AGGGTTATTCCAGAGGATTACACTACCGGCAATATGCTATGGAATAATAGAAATAGACTAGGATTAAGAG
ATGATTGGACTTACGACGATTTAGGGGAAGGACCCCTTGTTCTATTCACTGGGAGATTAGTATATCAAAA
AGGTGTAGATTTACTTTTAAGGGCTATGAAAACAGTTGTGAATGAGATAAATAATGCTAGGCTCTTAATT
TTTGGGCTACCGTCTGGGGATTACAACTTACTTTGGGATATTATAGAGAGGGCTTCAGAAATTAAGGATA
ATATTAGGTTAATAGTGGGTAGAATGGATTTAGATTTATATAAATTGTTTCACTACGTATCTTCAGTCTT
CGTCATTCCATCTAGATGGGAACCATTTGGCATAAATTCAATTGAGGCTATGGCTATGGGGTTGCCAGTA
ATTGCCTATAGCGTAGGGGGTTTAAGAGAAACAGTCGTTGACATTAGGGAGGATAAGAATAATGCCACAG
GTCTCTTAATTAAGCCTGAAAGTATAGACGAATTAGCTAGAGCCATAAGGATTGCATTATATTTGTCAGA
GGCTTCTGAGCTAAATAAAAGCGATTTGTTATATAAGGCGAGTGAGGTTAAAGTAGATGATACGAGATAC
TGGGATAAGGTACGTGAAAATGCAATAACTAGGGTTAAGAGTAGATTTAGATGGGATGCAGTGATAAACT
CCTTAACTGAGTGTTATAGAAAGACTCTCGATATGGCTAAATATAGGGCTTTAGCCTCTTTTTGAGGAGA
TATCATGAATATAAAGAACGCATTGGAAAGAAAGGACGTCAAATATCTGATAAGGAATATAAGAAGTTTA
CTCAACTTGCTAAAAAGTAAAGATGGATTAGAAAGAGAAGTTGGATGGAAAGCTATAGATTTCTTAATTG
AGACTGGGAATGTTAATGAACTAGAACAGTATAGGAATTATTTAAGATCACTATTGTGGCATAGATTGCA
AGGAGTTAGAGACGATGCTTGGAAACACTTACATGTGTATA
[image: image1.png]w]

Start

%
B groonr

Einfagen

7

zwischena.. =

arial

Navigation

Dokument durch © ~

Gene Nei...

Env Microbiol_Computer-Analyse_23-01-2014 [Kompatibiltatsmodus] = Microsoft Word [=la]
fnfgen  Setenayout  Venueie  Sendumgen  Uperprifen  Ansicht  EnaMote
e »} AaBbCel AaB A
WA h Aa B bl Fett tandara | 1 Ubersn.. || Formatvriagen Bearbeiten
Scvitart = sosatz = Fomatvoragen =
= e A A e

The ExPASy (Expert Protein Analysis System) server of the
(SIB) is dedicated to the analysis of protein sequences and structures as

wel as 2.D PAGE ( / ).

Tools and software packages

3

EXPASy: SIB Bioinformatics -

[ExPASy: SIB Bioinformatics Resource ...

(€)3] @ wnopasyorg/sources 7+ C|[B- wimopsoy 2| & A
2
Bioinformatics Resource Portal H
[ Query all databases = X search hep

Advanced Search

Soarchor Resources
_ Alphabetical Index

proteomics
genomics 23518 resources
[ Extemnal resources - (No support from the ExPASy Team)
Structural ioinformatics
a n
systems biology

&3 AACompldent - protein identification by aa composition [ NetAcet  predict N-terminal &

phylogeny/evolution
. B9 Translates a nucleotide sequence to a protein sequence &3 AACompSim - amino acid composition comparison (4 NetCGlyc + C-mannosyation
[ESEus aSonpencc) [ Agadir - Prediction of the helical content of peptides proteins.
ranscriptomics ALF « simulation of genome evolution NetCorona - Corniaius 3C 8
o Transeq - Nudleotide o protein translation from the EMBOSS package i Alignment tools « Four tools for multiple alignments & ;':ZI I —
P Analvser - Displays the codon bias in a graphical manner AIIAI + protein sequences comparisons Iysme‘f DO CEE
.. - Six frame translation of nucleotide sequence(s) (.0) imaging (%4 Anolea - Atomic Non-Local Environment Assessment (71 NoNFe | pre i o
.. - Translates a protein sequence back to a nucleotide sequence IT infrastructure [ APSSP + Advanced Protein Secondary Structure e
.. Transcription e e [ NethGlyc - N-glycosylation si
+ o Genewise - Compares a protein sequence to a genomic DNA sequence, allowing for ~ Alequin - software for population genetics NetOGiyc - mammalian muci
introns and frameshifting errors 8 4 Ascalaph - Molecular modeling software O-glycosylation sites
o Association Viewer + SNPs display in a genetic context [ NetPhos » predict phosphoryl:
= M o [ NetPhosK » Prediction of kina +
= [ [ m J » s i -
Seitei 1von7 | Worter 103 | G _Englisch (GroBbritannien) | —
=

Lror B

e

KinasesSzol T RErETEEY

lglicose Uptake]

L ror B

e





Exercise 1:

Questions:

· What is the correct open reading frame of the protein?

· Determine the start and stop codon.

First the nucleotide sequence should be translated in all possible 6 reading frames. 
Go to Bioinformatics Resource Portal (ExPASy) via  http://www.expasy.org/
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ExPASy is the SIB Bioinformatics Resource Portal which provides access to scientific databases and software tools (i.e., resources) in different areas of life sciences including proteomics, genomics, phylogeny, systems biology, population genetics, transcriptomics etc.  On this portal you find resources from many different SIB groups as well as external institutions. 
· Resources A…Z

· Translate

Procedure:

· Cut and paste sequence (without headings) in the entry field (Strg C/StrgV)

· TRANSLATE SEQUENCE

· Select the correct open reading frame

· Choose start position
· Export sequence in FASTA format

· Copy into a word document
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Exercise 2:
Does the nucleotide sequence encode a protein? Are there any homologous with significant similarity in the data bases?

Perform a BLAST search! Consider if the similarity covers the whole protein length. 

Question: 

· Can you predict a function for the protein?

Procedure:

Go to the National Center for Biotechnology Information (NCBI) via

http://www.ncbi.nlm.nih.gov/
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· Select:BLAST

· Select the correct Basic BLAST:
protein blast: Search protein database using a protein query 
· Enter Query Sequence: Copy & paste the translated protein sequence 
· Options: Organism: specific groups (e.g. Archaea) or Organisms (e.g. Sulfolobus solfataricus P2) might be selected (usually the standard settings are fine)
· Use standard settings
· Blast !
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Results !
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Exercise 3: 
What is the enzyme activity of the gene product? In which metabolic pathway is the enzyme involved? What is known about the enzyme (biochemistry, enzymatics (e.g. effectors))?

Procedure:

For additional information click on the „Sequence ID” of a „hit“
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Here you learn something about the organism, the sequence, annotation, publication(s) and if known the predicted/possible function (click on EC number of protein if present) of the enzyme.

     Protein         1..517

                     /product="XYZ"

                     /EC_number="2.4.1.11"

Direct connection: ExPASy ENZYME: ECxxxx

http://expasy.org/
 ExPASy Proteomics (protein sequences and indentification)
Cross-references:
Here you find additional interesting links:

Go to:
1) –BRENDA data base 
Here you find for example the enzyme reaction (reaction diagram), alternative names, detailed biochemical/enzymatic descriptions of characterized enzymes (Km-, Vmax-values, effectors etc.), links to the respective literature. There is also a link to the respective pathway (pathway map) via KEGG, see below.
The Comprehensive Enzyme Information System

http://www.brenda-enzymes.org/
2) -KEGG Ligand Database for Enzyme Nomenclature (e.g.: more general enzyme information, pathway maps, Links to literature)
 
-KEGG http://www.genome.jp/kegg/
3) -MEDLINE (links to literature on the respective EC number) 

(PubMed at NCBI: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed)


Exercise 4:

Comparative Genomics: For Bacteria and Archaea (operon structures, functional organization in the genome) it is often possible to get ideas about a possible function of a protein by analyzing the distribution in other organisms (BLAST) and the genome organization.
Questions:

· Is the encoding gene found in other organisms (e.g. Archaea)? Is there a similar gene organization? 

Procedure:

Go to String 9.1 –Known and Predicted Protein-Protein Interactions 
http://string-db.org/newstring_cgi/show_input_page.pl?UserId=anoYNWN0IjfB&sessionId=sAFu0BEaoaK2
[image: image6.png]SISTRINGION

STRING - Known and Predicted Protein-Protein Interactions

earch
by name || protein sequence

STRING is a database of known and predicted protein interactions.
‘The interactions include direct (physical) and indirect (functional)
associations; they are derived from four sources:

mples: 21

) « )
Context Coexpression  Knowledge

Experiments.
= /47 B O

organism:

auto-detect STRING quantitatively integrates interaction data from these sources
for a large number of organisms, and transfers information between

interactors wanted:

these organisms where applicable. The database currently covers
5214234 proteins from 1133 organisms.

\ucoss, Eprotsing ez WSOl
please enter your protein of interest...

'STRING (Search Tool for the Retrieval of Interacting Genes/Proteins) is being developed at CPR, EMBL, SIB, KU, TUD and UZH.
STRING references: Franceschini et al. 2013 / 2011 / 2009 / 2007 / 2005 / 2003 / Snel et al. 2000.
Miscellaneous: Access Statistics, Robot Access Guide, STRING/STITCH Bloq, Supported Browsers.

What's New? This is version 9.1 of STRING - more efficient interolog prediction, and now parsing the full text of publications!
Sister Projects: check out STITCH and eqaNOG - two sister projects built on STRING datal
Previous Releases: Trying to reproduce an earlier finding? Confused? Refer to our old releases.





· Select: Search by protein sequence

· Go!

· Select Neighborhood

 Results !
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