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Why Sequence-based
Data Integration?

A Understanding biological sequence is a major challenge
of post genome era that requires integrating data from
many sources.

Genomic DNA Is (when chromatin allows it
and trigger it) to create RNA which is
processed to create mMRNA which is translated (regulated
by miRNAs and other mechanisms) to create proteins
which are cleaved, modified, and/or transported.

A Each of these 9 steps involves the recognition of patterns
INn or on sequence by some biological machinery.



Goals for AnGEL

Uses

1. Query tool for biologists studying
promoters

2. Modeling system for machine learning
Comprehensive framework for a
knowledge repository

AF. atures
A

Easy to express common patterns
Be smart about matching different

alphabets
éSupport many biological data

Use local or remote data in many formats
A Be memory efficient



A Cis-Regulatory Module

Grammar
s

———y—— = —

ﬁtructure
RM ->5SplCaat, Gap2, TataBox;
/&plCaat -> 5Spl, Gapl, CaatBox | CaatBox, Gapl, Spl,

eature Definitions

pnl > AGGGCGGGo | NGGGAGGGo |

aatBox-> A CAATTOoO | NCAATCo |
AataBox-> ARTATAAAO | ARCATAAAO |

aps
kapl > ...; Gap2 ->...;



Shortcomings of
Ordinary Grammars

A Need to handle reverse complement for
DNA

A Ordinary grammars force tokens to be
adjacent, in a fixed order, and parse must
use all tokens.

A Unordered groups are clumsy to express in
ordinary grammars.

A Can not integrate non-grammatical
computationally predicted or
experimentally-derived data.



Architecture of Data Flow
In AnNGEL
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Terminals - Building

: Blocks
0 1 s o 00, R i e Pl = ) oy SO = ) o -l A P ¢ St
DNA NGATWO AA NGATW

Agaps
syt G\

Aabsolute and relative positions
@@500 @3210

Apositional weight matrices
<a,c,g,t.1,4,3,2;...>

Aannotation path expressions
Genes: 1TSS

GenlLang : Searls



Terminal Operators

Areverse complement

-term
onerlap ofelalife]

term!
Aweights, Including negative weights and NO
3.0term NO term

/%\cardinality

term:2 term:{1,4}



Releasing Constraints
with Collection Rules

S ---->A, B2, C;
-()-> ANormaI - like ordinary grammar
-1]-> AList - spacing is ignored
S AI\/IuItiset (bag) - order + spacing are ignored
-{-> ASet - count + order + spacing are ignored

-[[-> ALinear - even presence is optional

Kleisli : Davidson, Tannen, Buneman, Wong et al.



Productions Bounds

S -[size; location; |-> A, B2

AControI size and location of matches to

Acapture biological or statistical significance.

RHS elements are too far apart
he biological mechanism may not work

rratches will be statistically meaningless.
AA P

roper set of signals may not work when
Aplaced In the wrong context.

orks with any collection type.
Size I1Is maximum number of characters.
ALocation specified using annotation.

C.



Data Integration
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Seqguences and Annotation



Data Integration :
Seqguences

ASequences are supplied to parser by a
software plugin that adapts sequence
source to parser requirements.

ABio::PerI flat files, databases, DAS
servers

AParser assumes there will be many
seguences each with a unique ID.

AThe ID Is the key for plugins to supply

correct data- Distributed Annotation System - Lincoln Stein



Data Integration :

Annotation

ASuppIied by plugins that
adapt data source to
parser

Hierarchical structure wit
DAS-like attributes.

AOrganized INto streams
which parallel sequence.

Annotation System
- Lincoln Stein

AGrammar rules define
streams & filter annotation
using attribute values.



Saving Time and Space

ABound on productions for start symbol define
regions that will be parsed

Get a list of these first and only request
seguence and annotation for these regions.

ASIiding window plugin can generate bounds.

Some grammars and plugins do not use
seqguence

parser examlines gramma
declaration, does not retrieve sequence
when not needed.

Plugins can cache data from slow sources.



Selecting Annotation with
Path Expressions

ADescribe constraints between
annotation.

Aé  part-whole Genes::Gene.Intron|1]}

A[] -array Indexing ..o |ntron/CREB::Bin

Ac’) f containment dingSite

e
AO /e @verlap Genes::Promoter%Cpglsl

ACan Cross streams and::Island



Structuread QUtput
Suiltable for Further
AVIEWAIE

AParse trees indicating relations between
all parts and annotation

ALocations and scores of matches

ASequence spanning the match
AXI\/IL format

AVisualization and conversion tools

Agenome browser formats too



1: Retrieving Annotation

B —— ——

A -[1/kb];Cpglsland::Feature;]->

)
*

/%Cpglsland -> 'UCSC::MySql::.Cpglsland’
--mysglServer='genome-mysql.cse.ucsc.edu’
--mysqlPort='3306' --mysglUser='genome’
--mysqlPassword=" --genomeRelease='hg18’,

Data Acquisition

--Types="refGene' --Categories="transcription
--Server='



http://genome.ucsc.edu/cgi-bin/das/hg18'
http://genome.ucsc.edu/cgi-bin/das/hg18'
http://genome.ucsc.edu/cgi-bin/das/hg18'

2. Data Integration

ACombines private and
experimental data with computational
refinement.

Aldentification of variation In regulatory
regions that may be associated with a
disease.

— .




2. Data Integration

...

A -[;ChipTfbs::P53/PwmTfbs::BindingSite;]->

/%ChiprbS -> TextFile --tabFile='p53-spots.tab'
--skipHeaderLinesN=0 --typeSpec='P53' --senseSpec="+'
--ucsclLocationSpec='%2' --nameSpec='%3' --scoreSpec='%1";

I%Pmebe -=> "WMS" --mat="p53.pwm' --id='V_P53 02
--mlo=10.0 --mxd=100 --tpc=1.0;
“ --genomeRelease='ngl8'

--preload=0 --mysqlPort='3306' --mysqlUser='genome'
--mysqlServer='genome-mysgl.cse.ucsc.edu’;



3: Hierarchical Rules

S -{1000[bp];Genes::UpstreamRegion;}->

LiverCrm, GrCrm, ;
LiverCrm -{300[bp];;}->

Hnfl::BindingSite, Hnf3::BindingSite, Hnf4::BindingSite;
GrCrm -{100[bp];;}->

GR::BindingSite, Octl::BindingSite, Cebp::BindingSite;

s
A

<1000bp



Running Examples on
Human Genome

# Example Ru(rr1n'il;:;ne Number of Matches
1 | Divergent CpG Genes /70 330 gene pairs

2 | SNPs in Binding Sites 84 26 SNPs

3 | Hierarchical Liver CRM 268 1275 genes

Aplatform: 1GHz G4 PowerBook w/ cable

modem internet connection from home.

Arun time Is heavily dependent on speed of

data sources and parsing ambiguity.




TESS/ANGEL CRM Search

http://www.cbil.upenn.edu/tess

ASearches genc :
human, mouse
worm, and yea
a variety of gel
models.

eguence Is sl
locally for effici

AVisualize on Pl

genome browseis. |
« TV_FREAC7_01 -
A_inks back to

KHL11, FOXL1, FREAC?Y

specialized genome- TRANSFAC
e e« TV_HFH3_01-
specific databases.




