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Big Data in Genome Sciences

Sequencing Progress vs Compute and Storage
Moore's and Kryder's Laws fall far behind
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Can Google answer every question?!
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Problem with Google

C,o()gle kei cheung image | [(search | smcazan

Web [ Show options...

Are you Kei Cheung? Create your own profile on Google
wwwy google comiprofiles  Help people find the right information when they search for you.

Image results for kei cheung image - Report imaces

Kei Cheung - Email, Address, Phone numbers, everything! 123people.com
123people finds photos relsted to Kei Cheung by using other search engines in real time.
The preview of the displayed image is associated with the original ...

wyyy 1 23people.comisikei+cheung -

Hoi Cheung - Email, Address, Phone numbers, everything! 123people.com

123people never copies or stores any image files. If you are Hoi Cheung and ... &ticles
by Kei-Hoi Cheung. Fourth IEEE Symposium on Biocinformatics and ...
wyyyy 1 23people.comishoi+cheung -

kcheng

home.
wywywy kchengimages.com! - Cached - Similar -

YINDA - Kei Cheung Industries & Trading Limited

It is & "everyday life paper professional" image in cinsumer minds with more careness and
... Copyrights Kei Cheung Industries & Trading Limited 2008. ...

wyyyy keicheung.com hkVINDA html - Cached -

Find the most recent image

of the person “Kei Hoi Cheung”

Results 1 - 10 of about 111,000 for kei cheung image
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Semantic Gooqgle
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schema.org

Home Schemas Documentation

Thing > CreativeWork > Dataset

A body of structured information describing some topic(s) of interest.

Property Expected Type Description

Properties from Thing

URL An additional type for the item, typically used for adding more specific types from external vocabularies in

microdata syntax. This is a relationship between something and a class that the thing is in. In RDFa syntax, it is

additionalTy . . .
= better to use the native RDFa syntax - the 'typeof’ attribute - for multiple types. Schema.org tools may have only

weaker understanding of extra types, in particular those defined externally.

Text An alias for the item.

Text A short description of the item.

URL URL of an image of the item.

Text The name of the item.
—— URL URL of a reference Web page that unambiguously indicates the item's identity. E.g. the URL of the item's Wikipedia
--------------------- page, Freebase page, or official website.
url URL URL of the item.

about Thing The subject matter of the content.
Text Indicates that the resource is compatible with the referenced accessibility APl (WebSchemas wiki lists possible
values).
o Text Identifies input methods that are sufficient to fully control the described resource (WebSchemas wiki lists possible
accessibilityControl )
values).
Text Content features of the resource, such as accessible media, alternatives and supported enhancements for

accessibilityFeature

accessibility (WebSchemas wiki lists possible values).

Text A characteristic of the described resource that is physiologically dangerous to some users. Related to WCAG 2.0
accessibilityHazard - R . .
guideline 2.3. (WebSchemas wiki lists possible values)
Person Specifies the Person that is legally accountable for the CreativeWork.
aggregateRating AggregateRating ~ The overall rating, based on a collection of reviews or ratings, of the item.

alternativeHeadline Text A secondary title of the CreativeWork.




Problems of the Current Web

_ack of use of global names/identifiers
_ack of links and link semantics
_ack of data standards and semantics




Lack of Links and Link Semantics
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* My current research interesis include the following:
© Interoperating life science databases using the Semantic Weh
© Building and integrating genomic data analysis tools

o Using data to huild and in Weh-datahase interface

* Ongoing projects:
© Yale Microarray Database (YMD) An institution-wide datahase for use by microarray researchers at Yale and outside of Yale
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Lack of Data Semantics

Type ‘N ame Synonym

Loct ’Alcohol Dehydrogenase 1B (class I), beta polypeptide m

Loct ’Alcohol Dehydrogenase 1B (class I), beta polypeptide ’ADHZ

Solute carrier family 6 (neurotransmitter transporter,
dopatnine), member 3

Loct ’Alcohol Dehydrogenase 1C (class I), gamma polypeptide ’ADHIC
Loci ’Alcohol Dehydrogenase 1C (class I), gamma polypeptide ’ADHB

. |Alcohol Dehydrogenase 7 (class IV), mu or sigma
polypeptide

Loct ADHD

ADH-4

. |Alcohol Dehydrogenase 7 (class IV), mu or sigma ADH7
polypeptide —— ]

<html>
<body>

<table>

<tr>

<td><b>Type</b></td> <td><b>Name</b></td><td><b>Synonym</b></td>

</tr>

<tr>

<td>Loci</td> <td>Alcohol Dehydrogenase 1B (class l), beta polypeptide </td> <td>ADH1B </t>
</tr>

</table>

</body>
</html>




Transforming Web 1.0 into Web 2.0
& Web 3.0

g




Web 2.0

It changes the way people communicate and
share artifacts on the web (e.g., Flicker, youtube,

facebook)

Wiki, blog, RSS, folksonomy (social tagging)
Multimedia rich (songs, images, videos, etc)
Dynamic, interactive, responsive user interface
(Ajax)

XML-based data exchange format



Mashup

Mashup (music), the musical genre encompassing songs
which consist entirely of parts of other songs

Mashup (video), a video that is edited from more than
one source to appear as one

Mashup (digital), a digital media file containing any or all
of text, graphics, audio, video, and animation, which
recombines and modifies existing digital works to create
a derivative work.

Mashup (web application hybrid), a web application that
combines data and/or functionality from more than one
source




XML(KML) - Based Geo Data Mashup

Data file at site 2
Data file at site 1 l

KML file 1 KML file 2

Data file at site 3

' KML file 3

MLflen "= ==o___ KML file 4
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Use of Yahoo! Pipes to convert tabular data into

KML format
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GeoCommons: Mashup of Maps
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What is an ontology?

* An ontology is a specification of a
conceptualization

* It is a description of the concepts and their
relationships that exist for a particular
domain



Web 3.0: Semantic Web

 The Semantic Web provides a common
machine-readable ontology framework that
allows data to be represented, shared and
reused across application, enterprise, and
community boundaries

— The Semantic Web is a knowledge web of data

* The Semantic Web is about two things

— |t is about common formats for identification,
representation, and integration of data drawn from
diverse sources

— It is also about languages for recording how the data
relates to real world objects



Layers of the Semantic Web




Semantic Web = Brilliant Web
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Knowledge Web Data Integration

Knowledge-based applications
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Web 3.0: Semantic Web (Cont'd)

Global identifying scheme (URI)

Standard data modeling languages (RDF,
RDFS, OWL)

Standard query languages (SPARQL)

Enabling tools/technologies (e.g., Protége,
Jena, triplestore, etc)



Resource Description Framework
(RDF)

 |tis a standard data model (directed acyclic graph)
for representing information (metadata) about
resources in the World Wide Web

* In general, it can be used to represent information
about “things” or “resources” that can be identified
(using URI's) on the Web

 |tis intended to provide a simple way to make
statements (descriptions) about Web resources



Uniform Resource ldentifiers (URIs)

A URIis a string of characters used to identify or name a
resource on the Internet.

« URLs (Uniform Resource Locators) are a particular type of
URI, used for resources that can be accessed on the WWW
(e.g., web pages)

* In RDF, URIs typically look like “normal” URLSs, often with
fragment identifiers to point at specific parts of a document:

— http://www.semantic-systems-biology.org/SSB#CCO_B0000000
(id for “core cell cycle protein” in Cell Cycle Ontology)




RDF Triple/Graph

The basic information unit in RDF is an RDF statement in the form of
— (subject, property, object)

Each RDF statement can be modeled as a graph comprising two nodes
connected by a directed arc

part_of

A set of such triples can jointly form a directed labeled graph (DLG) that
can in theory model a significant part of domain knowledge.

A triple example

An RDF graph can be represented in different formats (XML, Turtle, N3...)



Linking data of the same type from
multiple sources

isa
uniprot:P05067 | —, Liniprot:Proteir] Lniprot:Proteir]
UniProt v

located in

located in
uniprot:P05067 | = *| go:Membrane

uniprot:P05067 go:Membrane

Gene Ontology

+ . o
interacts with

- . uniprot:P05067
interacts with

uniprot:P05067 | ———— | uniprot:P05067 Unified view
iRefIndex




Linking data across different types




Named Graph

biordf:P05067

Amyloid
precursor
protein

Alzheimer
Disease

label

located in /’FPOS%7 is involved in

go:Membrane uniprot:

omim:104300

isa
Interacts with

uniprot:P05067

isa

Meta Statement

Created by
biordf:P05067 foaf:kei_cheung



Linked Data Cloud
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Cell Cycle Ontology (CCO)
(Antezana et al, 2009, Genome Biology

nucleus
CCO:C0000252
Saccharomyces
cerevisiae
organism

CCO:T0000016

swid4-ssal
physical

interaction
CCO:I0002887

swi6-mpgl
physical
interaction
CCO:10003305

ho-491
physical

interaction

CCO:10005128

swi4-2

physical
interaction
CCO:10005527

core cell
cycle

protein
CCO:B0000000

Gl/s
transition of
mitotic cell

cycle
CCO:P0000012

SWI4 yeast

CCO:G0002318

Type 517
protein
€0:00001289

SWI4 YEAST-
Phosphoserine
159
CCO:B0009551

SWI4 YEAST
CCO:B0000111

I ) SWI4 YEAST-
) Qs =4 :
% < Phosphoserine
© <7 806
9 % CCO:B0009552
3 e —
X
v
@
9 SWI4 YEAST-
Phosphoserine
1003
CCO:B0009553
SWI4 YEAST-
Phosphoserine
1007

CCO:B0009554

http://genomebiology.com/2009/10/5/R58



RDF Graph Match (SPARQL)

---------------- core cell cycle protein

rdfs:label

?protein_label

BASE <http://www.semantic-systems-biology.org/ webcite>
- PREFIX rdfs:<http://www.w3.0rg/2000/01/rdf-schema# webcite>
PREFIX ssb:<http://www.semantic-systems-biology.orqg/SSB# webcite>
SELECT ?protein_label
WHERE {
GRAPH <cco_S_pombe> {
?protein ssb:is_a ssb:CCO_B0000000.
?protein rdfs:label ?protein_label

}
}

rdfs:label

?protein_label




RDF Schema (RDFS)

« RDF Schema terms:
— Class
— Property
— type
— subClassOf
— range
— Domain

« Example:
<DNASequence, type, Class>
<Promoter, subClassOf, DNASequence>
<Protein, type,Class>
<TranscriptionFactor, subClassOf, Protein>
<Bind, type, Property>
<Bind,domain, TranscriptionFactor>
<Bind, range, Promoter>



Relational table -> RDF -> RDFS
ontology

Ontology Layer

Experiment

Experiment table

1
1
1 ExpType
. 4
| reporter| \ ! ol
id Name ExpType I \ ‘ ;
[ A \ F -
1 i 1 ] /
= = i H [ 1 ] v
557 Desmin in Protein 1 - 1 ] A
rhabdomyosarcoma expression : 1 : /
1
i |
1 1

Ex557 /
3 ’
.' ‘
Slide table .

\ ! “Protein
1076~ | hasName expression”
Exrimentld Reporter \
1
1076 557

reperter “Desmin in
Desmin

rhabdomyosarcoma”

pening Data Layer




Web Ontology Language (OWL)

* It iIs more semantically expressive than
RDF and RDFS, but it is syntactically the
same as RDF

— Relationship constraints such as cardinality,
sameAs, efc

* |t has three species: OWL Lite, OWL DL,
OWL Full



OWL DL Representation
(Subsumption)

’—-—'—\

” ~
7 hN art_of
// Nucleus <> \ b

part_of

:Nucleus
a owl:Class ;
rdfs:subClassOf
[ @ owl:Restriction ;
owl:onProperty :part_of ;
owl:someValuesFrom :Cell

]

Necessary but not sufficient condition: part of a nucleus is also part of a cell,
but part of a cell is not necessarily part of a nucleus




OWL Reasoning

* Which proteins participate in “mitosis”

:Protein
a owl:Class ;
rdfs:subClassOf
[ @ owl:Restriction ;
owl:onProperty :participates_in ;
owl:someValuesFrom :Mitosis

]




Semantic Web Rule Language
(SWRL = OWL + Rules)

hasParent(?x1,?x2) A hasBrother(?x2,?x3) = hasUncle(?x1,?x3)



SWRL Application (Pseudogene Ontology)

Rule

Antecedents

Consequents

R1

Y-gene p has paremt gene g
P in segment s

s has SD pair d

d contains gene g

p has_parent_in_duplhicate_segment o

WY-gene p has paremt in duplicate segment
gene-count{d) > 0
psceudogene-coumid) > 0

P has_not_only_parent_in_duplicate_segment o

W-gene p has paremt in duplicate segment
gene-count(d) = |
pscudogene-count(d) = 0

p has_only_parent_in_duplicate_segment d

R4

Y-gene p has only parent in duplicate segment o
Kimura-score(p) >= 0.4

P has_quality Maybe UnderPosiriveSelection

RS

yegene p has only parent in duplicate segment
Kimura-score(p) <= -0.4

p has_quality Mavbe UnderNegativeSelection

R6

Y-gene p has only parent in duplicate segment o
Kimura-score(p) > 0.4 and < 0.4

P has_quality UnderNeturalSelection

R7

y-gene p has not only parent in duplicate segment
P in segment s

p is pdist from start of s

p has parent gene g

2 is gdist from start of d

-gene p2 in segment

p2 is p2dist from start of J

absi(p2dist - pdist) < abs(gdist - pedist)

abs(p2disr - pdisr) < lengthip)

p ahigns_with p2




Boimedical ontologies available in
RDF/OWL format

UniProt

Gene Ontology

NCI| Metathesaurus
Cell Ontology
Sequence Ontology
Protein Ontology

These and many more ontologies are available
in ontology repositories such as the NCBO
BioPortal (http://bioportal.bioontology.org/)



SW Enabling Technologies

Ontology editor (e.g., protége)

Triple store (e.g., virtuoso)

OWL reasoner (e.g., Pellet)

SWRL reasoner (e.g., protége plug-in)



Collaborative Semantic Web Projects

* Protein motion (biosciences)

* Pseudogenes (biosciences)

« SenselLab (neurosciences)

« Pathways (translational medicine)

« Semantic Web for Health Care and Life
Science Interest Group (chartered by
W3C)

— BioRDF task force



The End



