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LSLink (Life Sciences Link)

ÅBackground

ÁMany web-accessible data resources 

for biologists.

Åpublications, genes, proteins, diseases, é

ÁData entries are connected via links.

Ålinks between publications and genes, é

ÁData entries are annotated with terms 

in controlled vocabulary.

ÅPubMed with MeSH, Entrez Gene with GO, 

é

ÅGoal

ÁIdentify meaningful associations.
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Methodology of

Generating LSLink Instances
Collect data entries and links

Entrez Gene (E) PubMed (P)

Extract annotations

Generate LSLink instances
e1 p1

ga

gb

ma

mb

E P
MeSH

(M)

GO

(G)

e1

e2

p1

p2
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Sample Links and LSLink Instances

PubMed

Entrez Gene

e1 : 672

e2 : 675

ga: DNA repair

gb: positive regulation of DNA repair

ga: DNA repair

gc: mitotic checkpoint

p1 : 12242698

p2 : 10749118

ma: BRCA1 Protein

mc: Mitosis

md: Neoplasm Proteins

mb: BRCA2 Protein
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LSLink Instances Generated from 

the Previous Sample
GO term (gu) MeSH term (mw) Entrez GeneID 

(ei)

PMID (pk)

DNA repair BRCA1 Protein 672 12242698

DNA repair BRCA2 Protein 672 12242698

positive regulation of DNA repair BRCA1 Protein 672 12242698

positive regulation of DNA repair BRCA2 Protein 672 12242698

DNA repair BRCA1 Protein 675 12242698

DNA repair BRCA2 Protein 675 12242698

mitotic checkpoint BRCA1 Protein 675 12242698

mitotic checkpoint BRCA2 Protein 675 12242698

DNA repair Mitosis 675 10749118

DNA repair Neoplasm Proteins 675 10749118

mitotic checkpoint Mitosis 675 10749118

mitotic checkpoint Neoplasm Proteins 675 10749118
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Notation

ÅData resources:
ÁEntrez Gene (E)

ÁPubMed (P)

ÅData entries:
Áei in E where i = {1, 2, é, #(E)}

Ápk in P where k = {1, 2, é, #(P)}

ÅLinks:
Á(ei, pk) denotes a link in between E and P

ÅControlled vocabularies:
ÁGene Ontology, GO (G)

ÁMedical Subject Headings, MeSH (M)
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Notation (contôd)

ÅAnnotations:
Águ in G annotates entries in E where u = {1, 2, é, #(G)}

Ámw in M annotates entries in P where w = {1, 2, é, #(M)}

ÅLSLink instances:
Á (G, M, E, P) denotes the background dataset of all LSLink instances 

between data entries in E annotated with terms from G linked to data 
entries in P annotated with terms from M

Á (gu, mw, ei, pk) denotes an LSLink instance between ei annotated with 
gu linked to pk annotated with mw

Á(G, M, Eô, Pô) denotes a user query dataset according to each user 
query, which is a subset of the background dataset (G, M, E, P)

Á#(guØmw, Eô, Pô) represents the number of LSLink instances 
containing terms gu and mw in the user query dataset (G, M, Eô, Pô)

Á#(guÙmw, Eô, Pô) represents the number of LSLink instances 
containing terms gu or mw in the user query dataset (G, M, Eô, Pô)
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Term Probabilities

ÅEstimated using data entry level term frequencies:

Á

Á

ÅEstimated using annotation level term frequencies:

Á

Á

  

 

Pr_entr m w ,P( )=
number of objects containing term m w  in P

total number of objects in P

  

 

Pr_entr gu ,E( )=
number of objects containing term g u  in E

total number of objects in E

  

 

Pr_term m w ,P( )=
number of annotations that are m w  in P

total number of annotations in P

  

 

Pr_term gu ,E( )=
number of annotations that are g u  in E

total number of annotations in E
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Link Probabilities

ÅLink annotation probability estimated from the user 

query dataset:

Á

ÅConditional link annotation probability estimated 

from the user query dataset:

Á

  

 

Pr_link gu ,m w ,Eì,Pì( )=
# gu Øm w ,Eì,Pì( )

# G, M, Eì,Pì( )

  

 

Pr_cond gu ,m w ,E' ,P'( )=
# gu Ùm w ,E' ,P'( )

# G, M, E' ,P'( )



DILS, 29/6/2007 W.-J. Lee 12

Logarithm of the Odds (LOD)

ÅLOD based support equals to the logarithm of the 

link annotation probability divided by the 

corresponding term probabilities.

Á

ÅLOD based confidence equals to the logarithm of 

the conditional link annotation probability divided by 

the corresponding term probabilities.

Á

  

 

Supp(g u ,m w ,E' ,P' ,E, P) =log
Pr_link(g u ,m w ,E' ,P' )

Pr_entr(g u ,E )Pr_entr (m w ,P)

å 

ç 
æ 

õ 

÷ 
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Conf(g u ,m w ,E' ,P' ,E, P) =log
Pr_cond(g u ,m w ,E' ,P' )

Pr_entr(g u ,E )Pr_entr (m w ,P)

å 

ç 
æ 
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An Example:

Genes and Publications

ÅConsider the LSLink instances derived from the 
links between Entrez Gene and PubMed.

ÅMay produce thousands of associations between 
terms from the GO and the MeSH controlled 
vocabularies.

ÅMust identify potentially significant associations.

ÅSome associations may be not meaningful or 
already well known.

ÅTo identify those associations that are biologically 
meaningful, but yet not well known to users. 
Therefore they are of interest to users.
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Human Genes Background Dataset

ÅLSLink instances are generated as follows:

ÁRetrieve all active human gene entries in Entrez Gene.

ÅFilter out records been replaced and discontinued.

ÁExtract their GO annotations.

ÁFollow all links from these entries to PubMed entries.

ÅFour types of links.

ÁExtract MeSH annotations for PubMed entries reached 

for the prior step.

ÅUse the most relevant Descriptor/Qualifier identified as Major 

Topic.

ÅFilter out generic Semantic Types.



DILS, 29/6/2007 W.-J. Lee 16

GO Annotations in Entrez Gene
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MeSH Annotations in PubMed
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Statistics on

Human Genes Background Dataset

Number of active human gene entries in Entrez Gene 

selected
38,608

Number of distinct GO terms extracted 6,038

Number of distinct PubMed entries that are reached via 

four types of links
141,745

Number of distinct MeSH descriptors extracted 14,387

Number of distinct MeSH qualifiers extracted 82

Number of distinct MeSH descriptors identified with 

major topics
11,103

Number of LSLink instances generated 12,461,601

Number of distinct association pairs of GO term and 

MeSH descriptor identified with major topic
1,742,325
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User Query Scenarios

ÅTo identify a subset of LSLink instances that will be 

mined to obtain potential meaningful associations.

ÁFind highly related articles associated with a human 

gene.

ÅWe retrieve gene entries that are associated with the given gene 

symbol.

ÅThen follow all links to PubMed entries (in the background 

dataset).

Áé
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Process A User Query

ÅDetermine the term probabilities for the corresponding GO 

and MeSH terms, eu and mw, respectively, using the 

background dataset.

ÅDetermine the link annotation probabilities and conditional 

link annotation probabilities for the pairs of terms, eu and 

mw, using the relevant LSLink instances in this dataset.

ÅDetermine the LOD based scores for support and 

confidence in all pairs of associations of terms (eu,mw).

ÅSelect a cutoff (threshold) for the confidence and support in 

the associations based on the distribution of these LOD 

scores for all pairs of associations for this dataset.
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Sample User Query Datasets

Human 

gene 

symbol

No. of 

distinct GO 

terms in the 

gene entry

No. of distinct 

directly linked 

PubMed 

entries

No. of distinct 

MeSH descriptors 

as major topics in 

the PubMed entries

Number 

of LSLink 

instances

APOE 27 407 452 41,985

BRCA1 45 444 372 83,286

BRCA2 16 175 186 13,056

CFTR 17 275 306 17,459

PSEN1 40 230 251 36,040

PSEN2 22 84 114 6,952
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Features of An Analysis Tool

ÅGiven some GO term or MeSH term.
ÁPresent all the associations of that terms that are 

significant with respect to a threshold selected by the 
user. 

ÅGroup associations using either a GO term or 
MeSH term.
ÁSo that users can analyze groups of associations rather 

than individual associations.

ÅGroup the significant associations based on 
semantic knowledge.
ÁAn example is the semantic type associated with the 

MeSH terms. 
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Histogram Analysis (Two Datasets)
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ÅRange of confidence scores for two human genes.

ÁMean?

ÁVariance?
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Histogram Analysis (Two Queries)
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ÅRange of confidence scores for associations that 

involve two GO terms in human gene APOE.

ÁMean?

ÁVariance?
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Grouping Associations Based on 

Cardinality

ÅHighest frequencies of associations in the human 

gene APOE dataset with threshold 6.50.

MeSH descriptors w/ major topic (semantic type) Number of associated GO terms

Akathisia, Drug-Induced (Disease and Syndrome) 5

Apolipoprotein E4 (Amino Acid, Peptide, or Protein) 5

Candidiasis, Cutaneous (Disease and Syndrome) 5

Central Nervous System Infections (Disease and Syndrome) 5

Dyslipidemias (Disease and Syndrome) 5

Hyperlipoproteinemia Type III (Disease and Syndrome) 5

Hyperlipoproteinemia Type V (Disease and Syndrome) 5

Tinea Versicolor (Disease and Syndrome) 5
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Validation by Human Experts

ÅHuman experts were asked to evaluate the 

associations that were identified to be meaningful 

using the confidence and support score.

ÅEvaluation used two independent metrics.

ÁOne is if the association is meaningful.

Åyes

Åmaybe

Åno

ÁThe second is if the association is known.

Åwidely

Åsomewhat

Åno (surprising)
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Example of Validation Task

ÅTop 20 associations of human gene CFTR dataset.

ÁGO terms:
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The Gene Ontology Browser
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Evaluation Result

LOD 

based 

conf. 

LOD 

based 

supp.

MeSH descriptor w/ major topic (semantic type) 
Mean-

ingful 
Known

7.34 6.12 Mucociliary Clearance (Organ or Tissue Function) yes widely

7.34 6.12 Salmonella typhi (Bacterium) yes widely

6.85 5.64 Pancreatitis, Alcoholic (Disease or Syndrome) not widely

6.74 5.52 Fimbriae Proteins (Amino Acid, Peptide, or Protein) maybe not

6.74 5.52
Nucleoside Transport Proteins (Amino Acid, 

Peptide, or Protein)
yes somewhat

6.72 5.87 Cystic Fibrosis (Disease or Syndrome) yes widely

6.65 5.42 Bronchiectasis (Disease or Syndrome) yes widely

6.62 6.08
Cystic Fibrosis Transmembrane Conductance 

Regulator (Amino Acid, Peptide, or Protein)
yes widely

6.60 5.38 Pseudomonas Infections (Disease or Syndrome) yes somewhat

6.57 5.34 Fallopian Tube Diseases (Disease or Syndrome) yes somewhat
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Conclusion

ÅDeveloped the LSLinks methodology to explore the rich 

interconnected and annotated entries in multiple 

repositories, and to identify meaningful associations.

ÅGenerated a set of LSLink instances to represent a 

background dataset of knowledge.  

ÅCreated an initial dataset of LSLinks from Entrez Gene 

entries annotated with GO terms linked to PubMed entries 

annotated with MeSH terms.

ÅDetermined LOD based support and confidence scores in 

the associations between the pairs of CV terms. 

ÅReported on the results of a preliminary user validation.
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Ongoing Work

ÅTo extend the dataset to include additional links so that 

associations across multiple resources can be analyzed. 

ÅTo extend the methodology to include more semantic 

knowledge associated with the CV terms.

ÅTo investigate how relationships within an ontology may 

impact the significance of associations among CV terms.

ÅTo further study cases where the associations are judged to 

be not meaningful.

ÅTo further analyze techniques to identify significant

associations, and also consider modifications to our 

approach to determine support and confidence.



Q & A

Thank you!
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