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Annotating Gene Lists

Presenter
Presentation Notes
The results of many genomic experiments are groups of genes. 

A common situation is: to study a particular process, biologist analyze the expression profiles of genes, and try to find genes that are expressed differently in some condition of interest, in comparison with some control conditions. 

The gene group identified in this way is often large. The question is: how to make sense of hundreds of genes? 

We need to extract commonalities in the gene groups. This will allow biologists to identify functional modules or subprocesses and help them understand the underlying process. 



Enrichment of Gene Ontology Terms

Enrichment test based 
on these numbers

In the given 
gene list

In the 
background
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A somewhat standard practice for annotating gene lists: GO

Gene ontology: controlled vocabulary, three aspect …

Result from GO toolbox

For every GO term: look at four numbers …

These four numbers allow one to do statistical test, commonly hypergeometric test. 

P value  in the last column. 



Limitations of GO Analysis

GO annotations of all genes involve substantial 
manual efforts

Rapid growth of literature: constantly add new 
functions to existing genes

Coverage is not even in all areas. E.g. ecology and 
behavior; medicine; anatomy and physiology; etc. 
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Coverage: this in fact motivates efforts to construct many different ontologies, behavior ontology, phenotype ontology, anatomy ontology, etc. 



Literature-based Analysis

Enrichment of terms: if a term is associated with many genes in the input 
list, this term is likely important for this list. 
Need to account for the expected term occurrences by chance: a term 
may occur in a gene, but not important.

Gene TPI1 GPM1 PGK1 TDH3 TDH2
protein_kinase 0 0 2 0 0
decarboxylase 10 0 10 7 6
protein 39 26 65 44 33
stationary_phase 2 7 3 4 2
energy_metabolism 4 5 5 8 0
oscillation 0 0 0 0 1

Gene-term matrix: the count of terms in the documents of a gene. 
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A question is: can we use the primary literature to annotate list of genes? After all, the GO annotations come from manual curation of published articles

To see how this might work, we look at a hypothetical example. 

The table …

Caveat: … This suggests that some carefully designed statistical test will be needed. And the test should model the word counts. 



For any 
term:

test its 
significance

Segmentation 56.0
Pattern 34.2

Cell_cycle 25.6
Development 22.1
Regulation 20.4

…

Enriched 
concepts

Interactive
analysis

Gene group

Bcd
Cad
…
Tll

Entrez

 
Gene

…

Document 
sets

For any 
gene:

retrieve 
its relevant 
documents

Bcd

Cad

Tll

Overview of Gene List Annotator
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Overview of our system



Document Retrieval for Genes

Input: a list of gene identifiers
Yeast: SGD ids
Fruit fly: FlyBase ids
Mouse: MGI ids

Mapping genes to synonyms: use Entrez Gene database 
(manually created synonyms)

Document collection: choose or create one from Beespace

Retrieve documents in the collection that match at least one 
synonym
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Currently support three organisms … The ids are those in the corresponding model organism databases. 

We note that different collections may lead to different results. This gives the users more control over the analysis. For example, he may choose the collection as only recent papers, or only about a certain aspect, a certain disease, for example. 



Statistical Method (I)
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Problem

quence of the term in the whole collection (background). 
Test the enrichment of this term in the gene list. 

Intuition: 

1)

 

For a gene i, if the term count xi is significantly higher than expected 
by chance (determined by λ0

 

and di ), then the term may be related to 
the gene i;

2)

 

If there are many genes related to the term, then this term is enriched 
in the given gene list. 



Statistical Method (II)

Dataset distribution: 
Poisson(λ;d)

Reference distribution: 
Poisson(λ0

 

;d)

Model: whether a gene is related to the term is unknown, so 
assume the term count xi follows the mixture of two Poisson 
distributions. 

Likelihood ratio test: on the observed term counts, mixture 
distribution vs

 

null distribution (reference distribution only)

Presenter
Presentation Notes
We capture these intuitions in a formal statistical model. 

We define two distributions: if the gene is unrelated to the term, then the term counts would follow some reference/background collection. If a gene is actually related to a term, then we would expect the term counts in the documents of this gene will be higher. So we define a different distribution, called … 

In order to know whether x_i follows which of the two distributions, we need to know … But since this is not explicitly, we use a statistical method called mixture model. 



Interactive Analysis (I)
Output control

Significant 
Concepts

Relevant 
Statistics

Information of 
Input Genes

Choose 
concepts
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Output control: what concepts to display: phrases or just single words; gene names. And how to sort the results.

Relevant numbers: ratio – roughly the percent of genes that are related to a concept; significance – from the statistical test of term enrichment. 

Information of input genes: names, ids, and the number of documents found for this gene. 

Note that there is a check box for each concept. By choosing some interesting concepts, the user can do further explorative analysis. 



Interactive Analysis (II)
User-selected 
concepts

Genes containing the selected concepts
Term counts in genes, 
and link to documents
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In this specific entry, the term “nonmuscle myosin” occurs only once in all documents of gene nrv2. 

One very useful feature is: one could click the matrix entry, and read the actual papers about the gene-term association. 



Applications

Test case 1. bee genes differentially expressed in brain in 
different species during behavior maturation

Broadly consistent with the results from GO enrichment analysis
Identify interesting genes

Test case 2. bee genes up-regulated in brain by the 
methoprene treatment (inducing behavior maturation)

GO enrichment analysis: no significant terms
A theme about myosin is overrepresented: may suggest neuron 
growth and movement, or remodeling, during behavior maturation

See Beespace v4 Demo for details: 1pm, Friday



Summary

Not limited to a controlled vocabulary (GO) 

Even for concepts covered by GO, a broader notation of term 

relevance (gene-term co-occurrence in literature)

Possible to retrieve the supporting documents for further 

exploration

Not meant to substitute GO-based analysis, but a 

complementary tool
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Could identify concepts about behavior, phenotype, anatomy, etc. 

Recall that for a term to be related to a gene, it only needs to co-occur with the gene name many times. So for example, a gene itself may not be a protein kinase, but it may be regulated by protein kinase, so the term kinase will be associated with this gene. This broader notion of relevance tend to be more sensitive than GO analysis. 

Supporting documents for gene-concept association: important because actually reading papers will often inspire more hypothesis. 

Finally, … especially when GO analysis produces limited insights to an experiment. 
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