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Overview 

•  Pre-course survey 
•  What are we doing this semester? 
•  Big picture 
•  What is CACAO? 
•  Housekeeping 



Overview of the semester 

•  Training 
– Today: Intro and training 
– Next week: More training: Practice papers 

•  Annotation 
– The rest of the semester: 5 rounds of finding papers, 

reading, doing annotation 
•  Class time for meeting with your team and getting in-person 

help! 

•  Conclusion 
– Overview of what we did. Prizes? 



Housekeeping 

•  Wiki accounts 
– Practice account: CACAOpractice 

•  Teams 



Suggested papers 

•  Assignments for next week  
– Find some papers that appear relevant 
– Post to the talk page for the website 



Big picture 

•  This class is about understanding how scientists  
–  Infer the function of genes 
–  Share knowledge with the larger community 

•  We will learn this by hands-on experience 
through CACAO 

•  Warnings: 
– This will be confusing at first. Stick with it! 
–  Budget your time. This is not a class where you can 

cram at the end. 



For those returning 

•  Changes: 
– Wiki software has been updated, so it will be 

buggy! 
– We will spend class time reviewing examples from 

previous annotation/challenge rounds 



What is CACAO? 

•  Community Assessment of Community 
Annotation with Ontologies  (CACAO) 
– Annotation of gene function 
– Competition 

•  Within this class 
•  Between TAMU and other schools (BTHO everyone!) 
•  Rules next week 



Annotation 

•  Annotation:  a note that is made while reading 
any form of text 

•  For genome biology, 
– Nucleotide level: Where the genes are in the 

genome  
– Protein level: What their functions are 

From Wikipedia 
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Functional Annotation 

•  Annotation:  a note that is made while reading 
any form of text 

•  Functional Annotation:  a database entry in a 
specific format that is made based on 
evidence in a peer-reviewed paper about the 
function of a protein 



Why do functional annotation? 
•  Allow us to:   

–  Infer the function of genes 
•  Related by common descent 
•  Related by similar expression patterns 
•  Related by phylogenetic profiles 
•  … 

•  Allow us to: 
–  Understand the capabilities of organisms’ genomes 
–  Understand patterns of gene expression 

•  In different environments 
•  In different tissues 
•  In disease states 
•  … 



Where do functional annotations 
come from? 

Literature	


Datasets	


Biocurators	

(rate limiting)	


Database	




Databases need help! 

•  >21 million peer-reviewed articles in PubMed 
•  Many millions of proteins recorded in UniProt 

http://www.uniprot.org 



Functional Annotation 

•  Annotation:  a note that is made while reading 
any form of text 

•  Functional Annotation:  a database entry in a 
specific format that is made based on 
evidence in a peer-reviewed paper about the 
function of a protein 



What to annotate 

•  You can start with a paper 
–  Find the proteins discussed 
–  Start with a GO term 

•  You can start with a protein 
–  Find papers about the protein 

•  Either way, don’t get stuck on what you started 
with 
– Your first paper may not have experiments about 

function 
– Reading about your initial protein may lead you to 

better information about other proteins 



Starting with a paper 

•  Need a scientific paper with experimental data 
– No review articles, no books, no textbooks, no 

wikipedia articles, no class notes… 
– BUT you should start with those! 
– DON’T start with a random PubMed search 



Starting with a paper 

•  Need a scientific paper with experimental data 
– PubMed review? 
– You will need the PMID number 

22110029 



Getting the full text 

•  The abstract is not enough 
– But may be enough to reject a paper!!! 

•  Some papers are open access 
– Pubmed Central 
–  Journal sites 

•  TAMU pays for lots of subscriptions 
•  Access from off campus via http://library.tamu.edu 

–  E-journals 
– Citation search takes PMIDs 



Beware! 

•  Good science ≠ good for annotation 
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Finding proteins 

•  Search UniProt for something interesting 
•  Look in UniProt for the protein(s) in the 

paper you are reading. 

No matter what, you will need to find the protein’s accession on UniProt  
(http://uniprot.org)  

 
Use that accession to make a page for that protein on GONUTS  

(http://gowiki.tamu.edu) 
 

Add your GO annotations to the protein’s page on GONUTS 
 



UniProt (http://www.uniprot.org) 

•  If you have a paper, look for an accession 
•  Otherwise, search by name/keyword 

* 



Make sure you have the right protein 

•  Right species/strain 
•  Not a fragment 
•  Sometimes UniProt has multiple entries for the same 

protein 
–  Gold star = SwissProt = reviewed 
–  Blank star = TrEMBL = computational entry 

•  Sometimes the protein you want is not in UniProt 
–  May want to find another paper/protein 

•  Ask for help 
–  OK to email the UniProt help desk 
–  check your reasoning with us! 



Making a protein page in GONUTS 

1 

2 

•  GoPageMaker will: 
!  Check if the page exists in GONUTS & take you there if it does. 
!  Make a page if it does not exist in GONUTS already & pull all of the 

annotations from UniProt into a table that you can edit. 
 

•  Make as many protein pages as you would like! 





Functional Annotation 

•  Annotation:  a note that is made while reading 
any form of text 

•  Functional Annotation:  a database entry in a 
specific format that is made based on 
evidence in a peer-reviewed paper about the 
function of a protein 



GO (Gene Ontology) Annotations 

•  3 aspects (ontologies) : 
–  Molecular Function 
–  Biological Process 
–  Cellular Component 

•  Controlled vocabulary 
–  ID number for 

computers 
–  Name and definition for 

humans 
•  Relationships 

GO:0005886 



Molecular Function 

•  activities or what a 
protein can do by itself 

GO:0004347    hexokinase activity 

From PMID:9341134, rndsystems.com 

GO:0016301   Kinase activity 



Biological Process 

•  a commonly recognized series of events 
–  Including, but not just biochemical pathways 

GO:0051301   cell division 

From ridge.icu.ac.jp, edtech.clas.pdx.edu, scielosp.org 

GO:0006351   transcription,  
DNA dependent 

GO:0009405   
pathogenesis 



Cellular Component 

•  where a gene product acts 
–  Subcellular location 
– Multicomponent complex 

From visualphotos.com, epmm.group.shef.ac.uk, http://www.cellsignal.com/products/2415.html 

GO:0005739    
mitochondrion 

GO:0009274  
peptidoglycan-based cell wall 

GO:0005840 
ribosome 



Finding GO terms 

•  GONUTS:  http://gowiki.tamu.edu  
•  QuickGO:  http://www.ebi.ac.uk/QuickGO  
•  AmiGO:   http://amigo.geneontology.org  









Strategies 

•  Search for a keyword and browse the 
ontology for the right term 

•  Look at terms suggested by others for your 
protein 
– Computational with the IEA evidence code 
– Curators with TAS or IC 

•  Look at terms used for homologous proteins 
in model organisms 



Functional Annotation 

•  Annotation:  a note that is made while reading 
any form of text 

•  Functional Annotation:  a database entry in a 
specific format that is made based on 
evidence in a peer-reviewed paper about the 
function of a protein 



Evidence Codes for CACAO 
•  Evidence codes describe the type of work or analysis done by the 

authors 
–  IDA: Inferred from Direct Assay 
–  IMP: Inferred from Mutant Phenotype 
–  IGI: Inferred from Genetic Interaction 
–  ISO: Inferred from Sequence Orthology 
–  ISA: Inferred from Sequence Alignment 
–  ISM: Inferred from Sequence Model 
–  IGC: Inferred from Genomic Context 

•  Expert biocurators get to use others, but we restrict them for 
CACAO. If it’s not one of these 7, your annotation is incorrect!!! 

•  http://gowiki.tamu.edu/wiki/index.php/evidence_codes  



Evidence Codes for CACAO 

•  Picking the right evidence code is important 
•  Use the evidence code decision tree 
•  Use the evidence code guidelines at the GO 

consortium website:   
– http://www.geneontology.org/GO.evidence.shtml  

•  Discuss! 



Functional Annotation 

•  Annotation:  a note that is made while reading 
any form of text 

•  Functional Annotation:  a database entry in a 
specific format that is made based on 
evidence in a peer-reviewed paper about the 
function of a protein 



4 REQUIRED parts of EVERY GO 
annotation 

GO 
Evidence 

code 

Reference 
Notes (about 

evidence) 





Entering/editing annotations 



4 REQUIRED parts of EVERY GO 
annotation 

GO 
Evidence 

code 

Reference 
Notes (about 

evidence) 



2 other parts that may be required… 

With/From 

Qualifier 



Example paper 

http://www.ncbi.nlm.nih.gov/pubmed/8227000  
= 
http://www.jbc.org/content/268/32/24481.full.pdf  



What they did 

•  Finding the proteins 
•  Do these tell us about the function? 

– Figure 1: sequenced ParC and Part of ParE 
– Figure 2: SDS page of purified proteins 
– Figure 3: Relaxation and decatenation activities of 

TopoIV 
– … 



Figure 3 

•  Panel A: relaxation 
•  Panel B: decatenation 
•  What do these mean? 



Figure 3 

•  Panel A: relaxation 
•  Panel B: decatenation 
•  What do these mean? 

•  Panel A shows GO:
0003916 ! DNA 
topoisomerase activity 
but does not show what 
kind 

•  Panel B shows GO:
0061505 ! DNA 
topoisomerase II activity 



Figure 4 

•  Shows ATP dependence: 
GO:0003918 ! DNA 
topoisomerase type II 
(ATP-hydrolyzing) 
activity  


