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LSLink (Life Sciences Link)

A Background

Many web-accessible data resources
for biologists.

Apublications, genes,
Data entries are connected via links.
Alinks between publ i c|Annotations cv

Data entries are annotated with terms
In controlled vocabulary.

A PubMed with MeSH, Entrez Gene with GO,
e

A Goal

ldentify meaningful associations.
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Generating LSLink Instances
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Sample Links and LSLink Instances

Entrez Gene

1. 672

™ 1: BRCA1 breast cancer 1, early onset [ Homo sapiens ] PubMed
GenelD: 672
Summary p,: 12242698
Official Symbol BRCA1 Highlight: BRCA1 and BRCA?Z2 proteins in breast cancer.

Microsc Res Tech. 2002 Oct 1;59(12:68-83. Review.
PMID: 12242698 [PubMed - indexed for MEDLINE]

Official Full Name breast cancer 1, early onset “\ B} . y ¢
__/\\’___ .‘llllllllllllllllllllllllll.

g DNArepalr"'==:::::""""*\‘\:Z__—————‘::/:f'm BRCA1 Protein :

4---------------------------’

;‘_—‘ TS === g in
gb positive regulation of DNA repalr- R " mbBRCAZProteln
a------------------------------------------------’ ,"/ /,/,,
,,/ // ,/‘/’
i

P S p,: 10749118

,: 675 > b
. >~ 04 Potcnual role of BRCAZ2 in a mitotic checkpoint after phosphorylation by
™ 1: BRCA2 breast cancer 2, early onset [ Homo sapiens ] <’ 47 | hBUBRI.
GenelD: 675 R ,/\’ ,// Cancer Res. 2000 Mar 15;60(6):1531-5.
Summary L’ - ////\‘/ PMID: 10749118 [PubMed - indexed for MEDLINE]
7 7 7/
7 7 7 a ALELERE LR LR LR L
- ’,7 ’ L .
Official Symbol BRCAZ s L NV : .
Y R é/_ cee-------=-z==7 M. Mitosis :
_— 2’ ’) _,,*\”" ‘_,—” "eassssusassnsansnna’
Official Full Name breast cancer 2, early onig}// ’/,;J' :___<>,___~’____,— T
.‘llllllllllllllllllll. "==::;f/‘—‘ ”’\\”,— ~—____::=-m Neoplasm PrOteInS
: 0, DNA repair BN P2 SPE ST o e L Sin:
a---------------------’ P LA
/&/ e
.‘llIllIlllllllllllllllllllllll.. "’/’r

: 0. mitotic checkpoint : ¥

a------------------------------’
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Dl

LSLink Instances Generated from

the Previous Sample

GO term (g,) MeSH term (m,,) Entrez GenelD PMID (py)
(e)
DNA repair BRCAL Protein 672 12242698
DNA repair BRCAZ2 Protein 672 12242698
positive regulation of DNA repair | BRCA1 Protein 672 12242698
positive regulation of DNA repair | BRCAZ2 Protein 672 12242698
DNA repair BRCAL Protein 675 12242698
DNA repair BRCAZ2 Protein 675 12242698
mitotic checkpoint BRCAL Protein 675 12242698
mitotic checkpoint BRCAZ2 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

S 2971612007
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Notation

A Data resources:
Entrez Gene (E)

PubMed (P)
A Data entries:
e,in Ewherei = {1, 2, e,
p,inPwherek = {1, 2, e,
A Links:

(e, p,) denotes a link in between E and P

A Controlled vocabularies:

Gene Ontology, GO (G)
Medical Subject Headings, MeSH (M)

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




Not ati on (co

A Annotations:
g, in G annotates entriesinEwhereu = {1, 2, é, #(
m,, in M annotates entries in P wherew = {1, 2, e, #

A LSLink instances:

(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

(g, m,, €, py) denotes an LSLink instance between e, annotated with
g, linked to p, annotated with m,,

( G, M, dehaddes a ular query dataset according to each user
guery, which is a subset of the background dataset (G, M, E, P)

#(g, @m,,, E Orepreseidty the number of LSLink instances

containing terms g, and m,, in the user query dataset( G, M, E «
#(g,Um,, E Orepreseitythe number of LSLink instances
containing terms g, or m,, in the user query dataset ( G, M, EO

DILS, 29/6/2007 W.-J. Lee 9



Term Probabillities

A Estimated using data entry level term frequencies:

Br entr (g E) _ number of objects containing term g s INE
B e total number of objects in E

number of objects containing term m inP

Prentr (m,  ,P)=
B ( " ) total number of objects in P

A Estimated using annotation level term frequencies:

number of annotations that are g 4 INE

Pr_term (gu ,E) =

total number of annotations in E

Pr_term (., ,P) = number of annotations that are m w NP
B W total number of annotations in P

DILS, 29/6/2007 W.-J. Lee 10
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A Link annotation probability estimated from the user

guery dataset:
#(g, @m, E1,P)
#(G, M, E1,P)

Pr_link (g,.m, ,Ei,Pi)=

A Conditional link annotation probability estimated
from the user query dataset:

#(g,Um, E" ,P")
#(G M E ,P)

Pr_cond (g,.m, .E',P")=

DILS, 29/6/2007 W.-J. Lee 11



Logarithm of the Odds (LOD)

A LOD based support equals to the logarithm of the
link annotation probability divided by the
corresponding term probabillities.

a  prlink(@ ,,m,,E' ,P")
Supp@ ,.m, E' ,P' ,E,P) =log &=
cPr_entr(@ ,,E)Pr_entr (m, ,P) -

A LOD based confidence equals to the logarithm of

the conditional link annotation probability divided by
the corresponding term probabilities.

O: O

& Pr_cond ,m, ,E" P 0
Conf(g ,,m,, ,E' ,P' ,E,P) = log e— = @ ,.my, ) ©

0
cPr_entr(@ ,,E)Pr_entr (m, ,P)+

DILS, 29/6/2007 W.-J. Lee 12
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An Example:
Genes and Publications

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

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

A Must identify potentially significant associations.

A Some associations may be not meaningful or
already well known.

A To identify those associations that are biologically
meaningful, but yet not well known to users.
Therefore they are of interest to users.

DILS, 29/6/2007 W.-J. Lee 14
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Human Genes Background Dataset . &

A LSLink instances are generated as follows:

Retrieve all active human gene entries in Entrez Gene.
A Filter out records been replaced and discontinued.

Extract their GO annotations.

Follow all links from these entries to PubMed entries.
A Four types of links.

Extract MeSH annotations for PubMed entries reached

for the prior step.

A Use the most relevant Descriptor/Qualifier identified as Major
Topic.
A Filter out generic Semantic Types.

DILS, 29/6/2007 W.-J. Lee 15



THE
UNIVERSITY
OF lowa

GO Annotations in Entrez Gene gl

/8O Cene 1|
4 p (44 + @http:,.f,f'.-.ﬂ.-.rw.ncbi.nlm.nih.gov.-’entrez,.’quew.fcgi?CMD=Disp]ay&DEQ Al Q~ Google D |

SOOI I L a Ly

<Gene-commentary_type valpssieemment ' >254</Cene-commentary type>
<Gene-commentary headin@>GeneOntology<)Gene-commentary heading>
<Gene-commentary source>

¥
_!
|
| <0ther-source>
| <0ther-source_pre-text>Provided by</0Other-source_pre-text>
I <0ther-source_anchor>G0A</0ther-source_anchor>
<0ther-source_url>http://www.ebi.ac.uk/G0A/</0Other-source_url>
</0Other-zource>
</Cene-commentary_source>
<Gene-commentary comment>
<Gene-commentary>
I <Gene-commentary_type value="comment">254</Cene-commentary type>
[ <Gene-commentary label>Function</CGene-commentary label>
[ <Gene-commentary_ comment>
I <Gene-commentary>
| <Gene-commentary_type value="comment">254</Cene-commentary type> m
I <Gene-commentary_ source>
| <0ther-zource>
[ <0ther-source_srec>
I <Dbtag>
| -:Dbtag_l]btag_dbﬁ-
[ <Dbtag_tan
} <0Object-id>
[ <0bject-id _id=3677</0bject-id_id>
[
[
[
[
[
[
[
|
I

</0bject-1id>
</Dbtag tag>
</Dbtag>
</Other-source_src> -
-:Dther-source_anchcDther-source_anchorﬁ- A
<0ther-source_post-textrevidefice: IEA</Other-source_post-text> v
= Ry
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806 Entrez PubMed ——==
B m [i] 5:_-:http:,.',fl.-.n.-.rw.ncbi.nIm.nih.gov,fentrez,’quew.fcgi?CMD=Di5pla{D@ "'fQ* GCoogle ?
<CitationSubset>IM</CitationSubset> -
<MeshHeadingList>
<MeshHeading>
<DescriptorHame MajorTopicYN="N">Acetylation</DescriptorHame>
</MeshHeading>
<MeshHeading>
<DescriptorName MajorTopicYN="N">Chromosome Breakage</DescriptorName>
</MeshHeading>
<MeshHeading>
<DescriptorHame MajorTopicYHN="N">Chromosomes, Human, Pair l4</DescriptorName>
</MeshHeading>
<MeshHeading>
<DescriptorMame MajorTopicYHN="N">Chromosomes, Human, Pair 5</DescriptorName>
</MeshHeading>
<MeshHeading>
<DescriptorMName MajorTopj ="N">DMA-Binding Proteins< criptorName:>
<QualifierName MajorTopi ="Y¥">genetiecs</QualifierName>
</MeshHeading>
<MeshHeading>
<DescriptorHame MajorTopicYN="N">Deoxyribonuclease I</DescriptorName>
<QualifierName MajorTopicY¥N="N">metabolism</QualifierName>
</MeshHeading>
<MeshHeading>
<DescriptorMame MajorTopicYH="N">Enhancer Elements (Genetics)</DescriptorName>
< /MeshHeading>
<MeshHeading>
<DescriptorHame HajorTopicYHEiEEEE%ne Expression Regulation, Leukemigd/Descripto
</MeshHeading> L
<MeshHeading> i
<DescriptorMame MajorTopicYH="N">HMGA Proteins</DescriptorMName:> v
{ r B Jar]

DILS, 29/6/2007 W.-J. Lee 17



Statistics on
Human Genes Background Dataset

Number of active human gene entries in Entrez Gene
38,608

selected
Number of distinct GO terms extracted 6,038
Number of distinct PubMed entries that are reached via

. 141,745
four types of links
Number of distinct MeSH descriptors extracted 14,387
Number of distinct MeSH qualifiers extracted 82
Number of distinct MeSH descriptors identified with 11 103
major topics ’
Number of LSLink instances generated 12,461,601
Number of distinct association pairs of GO term and 1 742 305
MeSH descriptor identified with major topic o

DILS, 29/6/2007 W.-J. Lee 18
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User Query Scenarios

A To identify a subset of LSLink instances that will be
mined to obtain potential meaningful associations.

Find highly related articles associated with a human
gene.

A We retrieve gene entries that are associated with the given gene
symbol.

A Then follow all links to PubMed entries (in the background
dataset).

é

DILS, 29/6/2007 W.-J. Lee 20



Process A User Query

A Determine the term probabilities for the corresponding GO
and MeSH terms, e, and m,,, respectively, using the
background dataset.

A Determine the link annotation probabilities and conditional
link annotation probabilities for the pairs of terms, e, and
m,,, using the relevant LSLink instances in this dataset.

A Determine the LOD based scores for support and
confidence In all pairs of associations of terms (e,,m,,).

A Select 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.

DILS, 29/6/2007 W.-J. Lee 21



Sample User Query Datasets

Human No. of No. of distinct No. of distinct Number
distinct GO | directly linked | MeSH descriptors .
gene : . S of LSLink
symbol termsin the PubMed as major topics N ctances
gene entry entries the PubMed entries
APOE 27 407 452 41,985
BRCAl 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

DILS, 29/6/2007 W.-J. Lee 22
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Features of An Analysis Tool

A Given some GO term or MeSH term.

Present all the associations of that terms that are
significant with respect to a threshold selected by the
user.
A Group associations using either a GO term or
MeSH term.

So that users can analyze groups of associations rather
than individual associations.

A Group the significant associations based on
semantic knowledge.

An example is the semantic type associated with the
MeSH terms.

DILS, 29/6/2007 W.-J. Lee 24



Histogram Analysis (Two Datasets)

A Range of confidence scores for two human genes.
Mean?
Variance?

2500

2,000

1500

1,000

500

0,

LOD based confidence score

DILS, 29/6/2007 W.-J. Lee 25
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Histogram Analysis (Two Queries) 2% ¢

A Range of confidence scores for associations that
Involve two GO terms in human gene APOE.

Mean?
] apolipoprotein E receptor binding =l cytoplasm
Variance? .,

100
80 -
60 -
40

20

LOD based confidence score

DILS, 29/6/2007 W.-J. Lee 26



Grouping Associations Based on

Cardinality

A Highest 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)

Candidiasis, Cutaneous (Disease and Syndrome)

Central Nervous System Infections (Disease and Syndrome)

Dyslipidemias (Disease and Syndrome)

Hyperlipoproteinemia Type Il (Disease and Syndrome)

Hyperlipoproteinemia Type V (Disease and Syndrome)

Tinea Versicolor (Disease and Syndrome)

oo |for oo | o] O

DILS, 29/6/2007 W.-J. Lee
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Validation by Human Experts

A Human experts were asked to evaluate the
associations that were identified to be meaningful
using the confidence and support score.

A Evaluation used two independent metrics.

One is If the association is meaningful.
A yes
A maybe
A no

The second is if the association is known.
A widely
A somewhat
A no (surprising)
DILS, 29/6/2007 W.-J. Lee 28
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Example of Validation Task T

A Top 20 associations of human gene CFTR dataset.

A GO terms: ——— ‘
L = .the Gene Ontology AmiGO

Advanced Search BLAST search Browse Help

Search GO [G0:0005224 | © Terms ¢ Genes or proteins [~ Exact Match

ATP-binding and phosphorylation-dep@
chloride channel activity

Term information # Term lineage # External references # Term associations =

T L  the Gene Ontology AmiGO

Advanced Search  BLAST search Browse  Help
Search GO |[C0:0005260 | © Terms ¢ Genes or proteins [~ Exact Match

@-conductance-controlling ATPase@

Term information # Term lineage # External references # Term associations =

DILS, 29/6/2007 W.-J.Lee 29
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The Gene Ontology Browser P

E all : all [189742] & Graphical View
€ GO:0008150 : biological_process [137901] Permalink
©® GO:0005575 : cellular_component [125518] R
. Download as flat file
El © GO:0003674 : molecular_function [141948] &

] ©® GO:0005215 : transporter activity [9850] &

] ©® GO:0015075 : ion transporter activity [3976] &
E] & GO:0008509 : anion transporter activity [726] @
[ ©® GO0:0005253 : anion channel activity [153] &

] & GO:0005254 : chloride channel

activity :
[=] ﬂ: ATP-binding and
phosphorylation-dependent chloride channel
activity
] &(G0:0005260): channel-conductance-controlling
ATPase activity [2]

DILS, 29/6/2007 W.-J. Lee 30



Evaluation Result

ol SOl : : : : Mean-
based | based | MeSH descriptor w/ major topic (semantic type) ingful Known
conf. | supp.
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 Eg;{&oes?icci)? ;:i?esiﬂ;)rt Proteins (Amino Acid, yes | somewhat
6.72 5.87 | Cystic Fibrosis (Disease or Syndrome) yes widely
6.65 5.42 | Bronchiectasis (Disease or Syndrome) yes widely
662 | 608 | 25 vor (Amino Acid, Peptce, or Proteiny | Y¢S | widely
6.60 5.38 | Pseudomonas Infections (Disease or Syndrome) yes | somewhat
6.57 5.34 | Fallopian Tube Diseases (Disease or Syndrome) yes | somewhat
DILS, 29/6/2007 W.-J. Lee 31
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Conclusion

A Developed the LSLinks methodology to explore the rich
Interconnected and annotated entries in multiple
repositories, and to identify meaningful associations.

A Generated a set of LSLink instances to represent a
background dataset of knowledge.

A Created an initial dataset of LSLinks from Entrez Gene
entries annotated with GO terms linked to PubMed entries
annotated with MeSH terms.

A Determined LOD based support and confidence scores in
the associations between the pairs of CV terms.

A Reported on the results of a preliminary user validation.

DILS, 29/6/2007 W.-J. Lee 33



Ongoing Work

A To extend the dataset to include additional links so that
associations across multiple resources can be analyzed.

A To extend the methodology to include more semantic
knowledge associated with the CV terms.

A To investigate how relationships within an ontology may
Impact the significance of associations among CV terms.

A To further study cases where the associations are judged to
be not meaningful.

A To further analyze techniques to identify significant
associations, and also consider modifications to our
approach to determine support and confidence.

DILS, 29/6/2007 W.-J. Lee 34



Q&A

Thank you!



[ all : all [218508] &
@ GO:0008150 : biological_process [140124]
@ GO:0005575 : cellular_component [152276]
@ GO:0003674 : molecular_function [143430]
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