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Why Sequence-based

Data Integration?

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

ÅGenomic DNA is transcribed (when chromatin allows it 
and transcription factors trigger it) to create RNA which is 
processed to create mRNA which is translated (regulated
by miRNAs and other mechanisms) to create proteins
which are cleaved, modified, and/or transported.

ÅEach of these 9 steps involves the recognition of patterns 
in or on sequence by some biological machinery.



Goals for AnGEL
ÅUses

1. Query tool for biologists studying 
promoters

2. Modeling system for machine learning

3. Comprehensive framework for a 
knowledge repository

ÅFeatures
ÅEasy to express common patterns

ÅBe smart about matching different 
alphabets

ÅSupport many biological data

ÅUse local or remote data in many formats

ÅBe memory efficient



A Cis-Regulatory Module 

Grammar

ÅStructure

ÅCRM     -> Sp1Caat, Gap2, TataBox;

ÅSp1Caat -> Sp1, Gap1, CaatBox | CaatBox, Gap1, Sp1;

ÅFeature Definitions

ÅSp1 -> ñGGGCGGGò | ñGGGAGGGò | ... ;

ÅCaatBox -> ñCAATTò | ñCAATCò | ... ;

ÅTataBox -> ñTATAAAò | ñCATAAAò | ... ;

ÅGaps

ÅGap1    -> . . . ;     Gap2    -> . . . ;



Shortcomings of

Ordinary Grammars
ÅNeed to handle reverse complement for 

DNA

ÅOrdinary grammars force tokens to be 

adjacent, in a fixed order, and parse must 

use all tokens.

ÅUnordered groups are clumsy to express in 

ordinary grammars.

ÅCan not integrate non-grammatical 

computationally predicted or 

experimentally-derived data.



Architecture of Data Flow 

in AnGEL



Åñsmartò letters or strings

Ågaps

Åabsolute and relative positions

Åpositional weight matrices

Åannotation path expressions

Terminals - Building 

Blocks

...:5    ...:{1,10}

DNA ñGATWò    AA ñGATWò

<a,c,g,t: 1,4,3,2; ...>

@@500   @3210

Genes::TSS
GenLang : Searls



Terminal Operators

Åreverse complement

Åoverlap control

Åweights, including negative weights and NO

Åcardinality

term!

-term

term:2     term:{1,4}

3.0 term    NO term



Releasing Constraints 

with Collection Rules

ÅNormal - like ordinary grammar

ÅList - spacing is ignored

ÅMultiset (bag) - order + spacing are ignored

ÅSet - count + order + spacing are ignored

ÅLinear - even presence is optional

-[]->

-()->

-{}->

-<>->

-//->

S ----> A, B:2, C;

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



Productions Bounds

ÅControl size and location of matches to 
capture biological or statistical significance.

ÅIf RHS elements are too far apart

Åthe biological mechanism may not work

Åmatches will be statistically meaningless.

ÅA proper set of signals may not work when 
placed in the wrong context.

ÅWorks with any collection type.

ÅSize is maximum number of characters.

ÅLocation specified using annotation.

S -[size; location; ]-> A, B:2, C, é



Data Integration

Sequences and Annotation



Data Integration :

Sequences
ÅSequences are supplied to parser by a 

software plugin that adapts sequence 

source to parser requirements.

ÅBio::Perl flat files, databases, DAS 

servers

ÅParser assumes there will be many 

sequences each with a unique ID.

ÅThe ID is the key for plugins to supply 

correct data. Distributed Annotation System - Lincoln Stein



Data Integration : 

Annotation
ÅSupplied by plugins that 

adapt data source to 
parser

ÅHierarchical structure with 
DAS-like attributes.

ÅOrganized into streams 
which parallel sequence.

ÅGrammar rules define 
streams & filter annotation 
using attribute values.

Stream::Type[

start >= 20,

end   <= 50,

sense =  -1,

score >= 10.2,

...

]

* Distributed 

Annotation System 

- Lincoln Stein

category, type

position, 

orientation, score, 

model, index

parents, children,

seq ID

region coords

sequence
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Saving Time and Space
ÅBound on productions for start symbol define 

regions that will be parsed

ÅGet a list of these first and only request 

sequence and annotation for these regions.

ÅSliding window plugin can generate bounds.

ÅSome grammars and plugins do not use 

sequence

Åparser examines grammar and pluginsô 
declaration, does not retrieve sequence 

when not needed.

ÅPlugins can cache data from slow sources.



Selecting Annotation with 

Path Expressions
ÅDescribe constraints between 

annotation.

Åó.ô - part-whole

Å[] - array indexing

Åó/ô - containment

Åó%ô - overlap

ÅCan cross streams

Genes::Gene.Intron[1]

Genes::Intron/CREB::Bin

dingSite

Genes::Promoter%CpgIsl

and::Island



Structured Output 

Suitable for Further 

Analysis
ÅParse trees indicating relations between 

all parts and annotation

ÅLocations and scores of matches

ÅSequence spanning the match

ÅXML format

ÅVisualization and conversion tools

Ågenome browser formats too



1: Retrieving Annotation

ÅS -[1[kb];CpgIsland::Feature;]->

*Genes::Tss[sense=-1],

*Genes::Tss[sense=1];

Å@CpgIsland -> 'UCSC::MySql::CpgIsland'
--mysqlServer='genome-mysql.cse.ucsc.edu'

--mysqlPort='3306'  --mysqlUser='genome'

--mysqlPassword=''  --genomeRelease='hg18';

Å@Genes -> 'DAS::Gene'
--Types='refGene'  --Categories='transcription

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


2: Data Integration
ÅCombines private and public

experimental data with computational

refinement.

ÅIdentification of variation in regulatory 

regions that may be associated with a 

disease.



2: Data Integration

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

*Snps::Transversion;

Å@ChipTfbs -> TextFile --tabFile='p53-spots.tab'

--skipHeaderLinesN=0 --typeSpec='P53' --senseSpec='+'

--ucscLocationSpec='%2' --nameSpec='%3' --scoreSpec='%1' ;

Å@PwmTfbs -> 'WMS' --mat='p53.pwm'  --id='V_P53_02

--mlo=10.0  --mxd=100  --tpc=1.0 ;

Å@Snps -> 'UCSC::MySql::SNP' --genomeRelease='hg18'

--preload=0 --mysqlPort='3306' --mysqlUser='genome'

--mysqlServer='genome-mysql.cse.ucsc.edu';



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

LiverCrm, GrCrm, Gene::Tss;

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

Hnf1::BindingSite, Hnf3::BindingSite, Hnf4::BindingSite;

GrCrm -{100[bp];;}->

GR::BindingSite, Oct1::BindingSite, Cebp::BindingSite;



Running Examples on 

Human Genome

Åplatform: 1GHz G4 PowerBook w/ cable 

modem internet connection from home.

Årun time is heavily dependent on speed of 

data sources and parsing ambiguity.

# Example
Run Time

(min)
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



TESS/AnGEL CRM Search

ÅSearches genomes of 

human, mouse, fly, 

worm, and yeast using 

a variety of gene 

models.

ÅSequence is stored 

locally for efficiency.

ÅVisualize on public 

genome browsers.

ÅLinks back to 

specialized genome-

specific databases.

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


