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The input: genome assembly

• Sanger Method.
• Technology limitation on lengths.
• Walking primers.
• Shot-gun sequencing.
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Shot-gun sequencing
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Assembly
Contigs

Reads

ACTTAGCGC...CTAGCTATCTATCTACTA...GTCA
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Circular Genome

Stover et al, vol 406, Nature 2000
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>gi|16127994|ref|NC_000913.1| Escherichia coli K12, complete 
genome•AGCTTTTCATTCTGACTGCAACGG GCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACT
GGTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGACAGATA
AAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGTAACGGTGCG G
GCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGG GCTTTTTTTTTCGACCAAAGGTAACGAGGTAACAA
CCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCGATATTCTGGAAAGCAATG
CCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTGGCGATGATTGAAAAAACCATT
AGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTTGACGGGACTCGCCGCCGCCCAGCC
GGGGTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAAAACATGTCCTGCATGGCATTAGTTTGTTG
GGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAAATGTCGATCGCCATTATGGCCGGCGTATTAGA
AGCGCGCGGTCACAACGTTACTGTTATCGATCCGGTCGAAAAACTGCTGGCAGTGGGGCATTACCTCGAATCTACCGTCGATAT
TGCTGAGTCCACCCGCCGTATTGCGGCAAGCCGCATTCCGGCTGATCACATGGTGCTGATGGCAGGTTTCACCGCCGGTAATG
AAAAAGGCGAACTGGTGGTGCTTGGACGCAACGGTTCCGACTACTCTGCTGCGGTGCTGGCTGCCTGTTTACGCGCCGATTGT
TGCGAGATTTGGACGGACGTTGACGGGGTCTATACCTGCGACCCGCGTCAGGTGCCCGATGCGAGGTTGTTGAAGTCGATGTC
CTACCAGGAAGCGATGGAGCTTTCCTACTTCGGCGCTAAAGTTCTTCACCCCCGCACCATTACCCCCATCGCCCAGTTCCAGAT
CCCTTGCCTGATTAAAAATACCGGAAATCCTCAAGCACCAGGTACGCTCATTGGTGCCAGCCGTGATGAAGACGAATTACCGGT
CAAGGGCATTTCCAATCTGAATAACATCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGAT
TTGCCGTG GCGAGAAAATGTCGATCGCCATTATGGCCGGCGTATTAGAAGCGCGCGGTCACAACGTTACTGTTATCGATCCGG
TCGAAAAACTGCTGGCAGTGGGGCATTACCTCGAATCTACCGTCGATATTGCTGAGTCCACCCGCCGTATTGCGGCAAGCCGC
ATTCCGGCTGATCACATGGTGCTGATGGCAGGTTTCACCGCCGGTAATGAAAAAGGCGAACTGGTGGTGCTTGGACGCAACGG
TTCCGACTACTCTGCTGCGGTGCTGGCTGCCTGTTTACGCGCCGATTGTTGCGAGATTTGGACGGACGTTGACGGGGTCTATA
CCTGCGACCCGCGTCAGGTGCCCGATGCGAGGTTGTTGAAGTCGATGTCCTACCAGGAAGCGATGGAGCTTTCCTACTTCGGC
GCTAAAGTTCTTCACCCCCGCACCATTACCCCCATCGCCCAGTTCCAGATCCCTTGCCTGATTAAAAATACCGGAAATCCTCAAG
CACCAGGTACGCTCATTGGTGCCAGCCGTGATGAAGACGAATTACCGGTCAAGGGCATTTCCAATCTGAATAACATCCTGCATG
GCATTAGTTTGTTGG G GCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAAATGTCGATCGCCATTATG
GCCGGCGTATTAGAAGCGCGCGGTCACAACGTTACTGTTATCGATCCGGTCGAAAAACTGCTGGCAGTGGGGCATTACCTCGA
ATCTACCGTCGATATTGCTGAGTCCACCCGCCGTATTGCGGCAAGCCGCATTCCGGCTGATCACATGGTGCTGATGGCAGGTTT
CACCGCCGGTAATGAAAAAGGCGAACTGGTGGTGCTTGGACGCAACGGTTCCGACTACTCTGCTGCGGTGCTGGCTGCCTGTT
TACGCGCCGATTGTTGCGAGATTTGGACGGACGTTGACGGGGTCTATACCTGCGACCCGCGTCAGGTGCCCGATGCGAGGTT
GTTGAAGTCGATGTCCTACCAGGAAGCGATGGAGCTTTCCTACTTCGGCGCTAAAGTTCTTCACCCCCGCACCATTACCCCCAT
CGCCCAGTTCCAGATCCCTTGCCTGATTAAAAATACCGGAAATCCTCAAGCACCAGGTACGCTCATTGGTGCCAGCCGTGATGA
AGACGAATTACCGGTCAAGGGCATTTCCAATCTGAATAACATCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCAT
CAACGCTGCGCTGATTTGCCGTGGCGAGAAAATGTCGATCGCCATTATG GCCGGCGTATTAGAAGCGCGCGGTCACAACGTTA
CTGTTATCGATCCGGTCGAAAAACTGCTGGCAGTGGGGCATTACCTCGAATCTACCGTCGATATTGCTGAGTCCACCCGCCGTA
TTGCGGCAAGCCGCATTCCGGCTGATCACATGGTGCTGATGGCAGGTTTCACCGCCGGTAATGAAAAAGGCGAACTGGTGGTG
CTTGGACGCAACGGTTCCGACTACTCTGCTGCGGTGCTGGCTGCCTGTTTACGCGCCGATTGTTGCGAGATTTGGACGGACGT
TGACGGGGTCTATACCTGCGACCCGCGTCAGGTGCCCGATGCGAGGTTGTTGAAGTCGATGTCCTACCAGGAAGCGATGGAG

0,06 % of E. coli complete genome seq.
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Sequence Features

• CDSs and accompanying signals.
• RNA Products

– rRNA (16S, 23S).
– tRNAs
– ssRNAs

• Regulatory Binding Sites
• Insertion Sites
• Other Signals (especially in Eukaryonts)
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Coding Sequences & Co.

-35 s -10 s RBS

CDS

Star
t c

odon

Stop co
don

operatorpromoter

terminatorTranscription
Translation

“A CDS is a Coding ORF,
Not all ORFs are CDSs.”
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Related CDSs: Operons

RBS

CDSRBS

RBS

CDS

CDS

< 40 ~ 50-35 s -10 s terminator

Polycistronic transcripts; Operons.
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Main approaches

• Automatic Marking: 
– Intrinsic: sequence statistics.
– Extrinsic: alignment-based.

• Manual revision.

A T

C G

pat

pac ptg

pgc

P(ATCGA) = πapatptcpcgpga

paa
ptt

pggpcc

Score =  907 bits (2344), Expect = 0.0
Identities = 462/478 (96%), Positives = 462/478 (96%)

Query: 99  VPGLGPKRVKAL WHELDVETVDQLTRAAREGRIRSIPGFGEKTEARILEALQAQIAAVPR 158
VPGLGPKRVKAL WHELDVETVDQLTRAAREGRIRSIPGFGEKTEARILEALQAQIAAVPR

Sbjct: 1   VPGLGPKRVKAL WHELDVETVDQLTRAAREGRIRSIPGFGEKTEARILEALQAQIAAVPR 60

Query: 159 FPIXXXXXXXXXLVRYLQNVPGVRRVVVAGSFRRGRDTVGDLD.....................
FPI         LVRYLQNVPGVRRVVVAGSFRRGRDTVGDLD.................

Sbjct: 61  FPIAVAAPYAAALVRYLQNVPGVRRVVVAGSFRRGRDTVGDLD.....................

..........................LIGSREPMDVDMPRIIRHARERGCFLEIDAQPERLDLVDIHARTA 518
...............LIGSREPMDVDMPRIIRHARERGCFLEIDAQPERLDLVDIHARTA

..........................LIGSREPMDVDMPRIIRHARERGCFLEIDAQPERLDLVDIHARTA 420

Query: 519 KEEGVLLAVNSDAHSIHDFDNLRFGLQ QAQRG WLEMKDVLNTRTLEELRPLLAATMSR 576
KEEGVLLAVNSDAHSIHDFDNLRFGLQQAQRG WLEMKDVLNTRTLEELRPLLAATMSR

Sbjct: 421 KEEGVLLAVNSDAHSIHDFDNLRFGLQQAQRG WLEMKDVLNTRTLEELRPLLAATMSR 478
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Extrinsic Methods (CDSs)

• Search against gene or protein DBs.
– Sequence Alignments (Blasts, etc)
– Position weighted matrices (Pfam, etc)
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Class overlap

Coding 
ORFs
(CDSs)

Cut-off decision

Predicted Coding ORFsNon-Coding ORFs

Glimmer: Up to 18% false pos.
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Start codon issue

• Difficult problem.
• Integrate up-stream signal search.

– RBS.
– -10 & -35 signal search.

Start codons

-35 s -10 s RBS CDS terminator
promoter operator
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Frame shift issue

• One gene, more than one reading 
frame.

• Manual Joining.
• Sequence correction needed.

– Compare against sequence quality.
– Re-sequence some short tags.
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CDS Marking Software

• Glimmer (1997 - 2004)
– Variable Order Markov models.

• Critica (1999 - 2000)
– Codon statistics of known coding 

sequences.
• ProKoV (2002)

– Markov models/Bayes
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CDS Marking Software

• ZCurve (2003)
– Sequence transformation.

• AMIGene (2003)
– Prokov, heuristic to select CDSs from ORFs.

• Priam (2003)
– Position-weighted matrix from known E.C. 

classes.
• FrameD (2003)

– DAG, designed for frame shifts and overlaps.
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Other Seq. Features Markers
• TRNAscan SE (2000)
• RBSfinder (2001)

– Markov Model for consensus RBSs.
• Search for RNAs(1999)
• GSFinder (2004)

– Z-Curve method.
• TermIt (1990)

– Single cistron or polycistron statistics.
• TransTerm (2000)

– Whole genome statistics.
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>gi|16127994|ref|NC_000913.1| Escherichia coli K12, complete 
genome•AGCTTTTCATTCTGACTGCAACGG GCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACT
GGTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGACAGAT
AAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGTAACGGT
GCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGGTAACGAG
GTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCGATATTCTGGA
AAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTGGCGATGATTGA
AAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTTGACGGGACTCGCCG
CCGCCCAGCCGGG GTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAAAACATGTCCTGCATGG
CATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAAATGTCGATCGCCATTATG
GCCGGCGTATTAGAAGCGCGCGGTCACAACGTTACTGTTATCGATCCGGTCGAAAAACTGCTGGCAGTGGGGCATTACCTCG
AATCTACCGTCGATATTGCTGAGTCCACCCGCCGTATTGCGGCAAGCCGCATTCCGGCTGATCACATGGTGCTGATGGCAGGT
TTCACCGCCGGTAATGAAAAAG GCGAACTGGTGGTGCTTGGACGCAACGGTTCCGACTACTCTGCTGCGGTGCTGGCTGCCTG
TTTACGCGCCGATTGTTGCGAGATTTGGACGGACGTTGACGG GGTCTATACCTGCGACCCGCGTCAGGTGCCCGATGCGAGG
TTGTTGAAGTCGATGTCCTACCAGGAAGCGATGGAGCTTTCCTACTTCGGCGCTAAAGTTCTTCACCCCCGCACCATTACCCC
CATCGCCCAGTTCCAGATCCCTTGCCTGATTAAAAATACCGGAAATCCTCAAGCACCAGGTACGCTCATTG GTGCCAGCCGT
GATGAAGACGAATTACCGGTCAAGGGCATTTCCAATCTGAATAACATCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGG
ATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAAATGTCGATCGCCATTATG GCCGGCGTATTAGAAGCGCGCGGTCAC
AACGTTACTGTTATCGATCCGGTCGAAAAACTGCTGGCAGTGGGGCATTACCTCGAATCTACCGTCGATATTGCTGAGTCCACC
CGCCGTATTGCGGCAAGCCGCATTCCGGCTGATCACATGGTGCTGATGGCAGGTTTCACCGCCGGTAATGAAAAAGGCGAAC
TGGTGGTGCTTGGACGCAACGGTTCCGACTACTCTGCTGCGGTGCTGGCTGCCTGTTTACGCGCCGATTGTTGCGAGATTTGG
ACGGACGTTGACGGG GTCTATACCTGCGACCCGCGTCAGGTGCCCGATGCGAGGTTGTTGAAGTCGATGTCCTACCAGGAAG
CGATGGAGCTTTCCTACTTCGGCGCTAAAGTTCTTCACCCCCGCACCATTACCCCCATCGCCCAGTTCCAGATCCCTTGCCTG
ATTAAAAATACCGGAAATCCTCAAGCACCAGGTACGCTCATTGGTGCCAGCCGTGATGAAGACGAATTACCGGTCAAG GGCAT
TTCCAATCTGAATAACATCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGG
CGAGAAAATGTCGATCGCCATTATGGCCGGCGTATTAGAAGCGCGCGGTCACAACGTTACTGTTATCGATCCGGTCGAAAAA
CTGCTGGCAGTGGG GCATTACCTCGAATCTACCGTCGATATTGCTGAGTCCACCCGCCGTATTGCGGCAAGCCGCATTCCGG
CTGATCACATGGTGCTGATGGCAGGTTTCACCGCCGGTAATGAAAAAGGCGAACTGGTGGTGCTTGGACGCAACGGTTCCGA
CTACTCTGCTGCGGTGCTGGCTGCCTGTTTACGCGCCGATTGTTGCGAGATTTGGACGGACGTTGACGGGGTCTATACCTGCG
ACCCGCGTCAGGTGCCCGATGCGAGGTTGTTGAAGTCGATGTCCTACCAGGAAGCGATGGAGCTTTCCTACTTCGGCGCTAA
AGTTCTTCACCCCCGCACCATTACCCCCATCGCCCAGTTCCAGATCCCTTGCCTGATTAAAAATACCGGAAATCCTCAAGCAC
CAGGTACGCTCATTGGTGCCAGCCGTGATGAAGACGAATTACCGGTCAAGGGCATTTCCAATCTGAATAACATCCTGCATGG
CATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAAATGTCGATCGCCATTATGG
CCGGCGTATTAGAAGCGCGCGGTCACAACGTTACTGTTATCGATCCGGTCGAAAAACTGCTGGCAGTGGGGCATTACCTCGAA
TCTACCGTCGATATTGCTGAGTCCACCCGCCGTATTGCGGCAAGCCGCATTCCGGCTGATCACATGGTGCTGATGGCAGGTT
TCACCGCCGGTAATGAAAAAG GCGAACTGGTGGTGCTTGGACGCAACG GTTCCGACTACTCTGCTGCGGTGCTGGCTGCCTG
TTTACGCGCCGATTGTTGCGAGATTTGGACGGACGTTGACGG G GTCTATACCTGCGACCCGCGTCAGGTGCCCGATGCGAGG

0,06 % of E. coli complete genome seq.
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CDSs to Functions

• “Black” CDSs say nothing
• Search Tools

– Blast (t-n, -x, -p)
– Emboss
– InterProScan (pfam, hmmer)

• Sequence Databases & Controlled Vocabularies
– COG, KOG.
– NCBI, Swiss-Prot, etc.
– GO, EC.

• Assignment Method!!
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Observations
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Annotations
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>gi|16127994|ref|NC_000913.1| Escherichia coli K12, complete 
genome•AGCTTTTCATTCTGACTGCAACGG GCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACT
GGTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGACAGAT
AAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGTAACGGT
GCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGGTAACGAG
GTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCGATATTCTGGA
AAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTGGCGATGATTGA
AAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTTGACGGGACTCGCCG
CCGCCCAGCCGGG GTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAAAACATGTCCTGCATGG
CATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAAATGTCGATCGCCATTATG
GCCGGCGTATTAGAAGCGCGCGGTCACAACGTTACTGTTATCGATCCGGTCGAAAAACTGCTGGCAGTGGGGCATTACCTCG
AATCTACCGTCGATATTGCTGAGTCCACCCGCCGTATTGCGGCAAGCCGCATTCCGGCTGATCACATGGTGCTGATGGCAGGT
TTCACCGCCGGTAATGAAAAAG GCGAACTGGTGGTGCTTGGACGCAACGGTTCCGACTACTCTGCTGCGGTGCTGGCTGCCTG
TTTACGCGCCGATTGTTGCGAGATTTGGACGGACGTTGACGG GGTCTATACCTGCGACCCGCGTCAGGTGCCCGATGCGAGG
TTGTTGAAGTCGATGTCCTACCAGGAAGCGATGGAGCTTTCCTACTTCGGCGCTAAAGTTCTTCACCCCCGCACCATTACCCC
CATCGCCCAGTTCCAGATCCCTTGCCTGATTAAAAATACCGGAAATCCTCAAGCACCAGGTACGCTCATTG GTGCCAGCCGT
GATGAAGACGAATTACCGGTCAAGGGCATTTCCAATCTGAATAACATCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGG
ATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAAATGTCGATCGCCATTATG GCCGGCGTATTAGAAGCGCGCGGTCAC
AACGTTACTGTTATCGATCCGGTCGAAAAACTGCTGGCAGTGGGGCATTACCTCGAATCTACCGTCGATATTGCTGAGTCCACC
CGCCGTATTGCGGCAAGCCGCATTCCGGCTGATCACATGGTGCTGATGGCAGGTTTCACCGCCGGTAATGAAAAAGGCGAAC
TGGTGGTGCTTGGACGCAACGGTTCCGACTACTCTGCTGCGGTGCTGGCTGCCTGTTTACGCGCCGATTGTTGCGAGATTTGG
ACGGACGTTGACGGG GTCTATACCTGCGACCCGCGTCAGGTGCCCGATGCGAGGTTGTTGAAGTCGATGTCCTACCAGGAAG
CGATGGAGCTTTCCTACTTCGGCGCTAAAGTTCTTCACCCCCGCACCATTACCCCCATCGCCCAGTTCCAGATCCCTTGCCTG
ATTAAAAATACCGGAAATCCTCAAGCACCAGGTACGCTCATTGGTGCCAGCCGTGATGAAGACGAATTACCGGTCAAG GGCAT
TTCCAATCTGAATAACATCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGG
CGAGAAAATGTCGATCGCCATTATGGCCGGCGTATTAGAAGCGCGCGGTCACAACGTTACTGTTATCGATCCGGTCGAAAAA
CTGCTGGCAGTGGG GCATTACCTCGAATCTACCGTCGATATTGCTGAGTCCACCCGCCGTATTGCGGCAAGCCGCATTCCGG
CTGATCACATGGTGCTGATGGCAGGTTTCACCGCCGGTAATGAAAAAGGCGAACTGGTGGTGCTTGGACGCAACGGTTCCGA
CTACTCTGCTGCGGTGCTGGCTGCCTGTTTACGCGCCGATTGTTGCGAGATTTGGACGGACGTTGACGGGGTCTATACCTGCG
ACCCGCGTCAGGTGCCCGATGCGAGGTTGTTGAAGTCGATGTCCTACCAGGAAGCGATGGAGCTTTCCTACTTCGGCGCTAA
AGTTCTTCACCCCCGCACCATTACCCCCATCGCCCAGTTCCAGATCCCTTGCCTGATTAAAAATACCGGAAATCCTCAAGCAC
CAGGTACGCTCATTGGTGCCAGCCGTGATGAAGACGAATTACCGGTCAAGGGCATTTCCAATCTGAATAACATCCTGCATGG
CATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAAATGTCGATCGCCATTATGG
CCGGCGTATTAGAAGCGCGCGGTCACAACGTTACTGTTATCGATCCGGTCGAAAAACTGCTGGCAGTGGGGCATTACCTCGAA
TCTACCGTCGATATTGCTGAGTCCACCCGCCGTATTGCGGCAAGCCGCATTCCGGCTGATCACATGGTGCTGATGGCAGGTT
TCACCGCCGGTAATGAAAAAG GCGAACTGGTGGTGCTTGGACGCAACG GTTCCGACTACTCTGCTGCGGTGCTGGCTGCCTG
TTTACGCGCCGATTGTTGCGAGATTTGGACGGACGTTGACGG G GTCTATACCTGCGACCCGCGTCAGGTGCCCGATGCGAGG

0,06 % of E. coli complete genome seq.
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Real genome view
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Environments & Pipelines

• Need to integrate several tools.
• Need to automate this integration.
• Avoid file storage, migrate data to a 

relational database.

Sev
era

l to
ols

Man
ua

l c
ura

tio
n
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Annotation Pipeline

• Integrates several annotation tools.
• Perl, C++, Python plug-ins
• SQL Database backend
• Client-Server
• Grid Job Submission 
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Systems Biology
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Systems Biology

• “Systems biology is an academic field that seeks to 
integrate high-throughput biological studies to 
understand how biological systems function. By 
studying the relationships and interactions between 
various parts of a biological system (e.g. metabolic 
pathways, organelles, cells, physiological systems, 
organisms etc.) it is hoped that eventually an 
understandable model of the whole system can be 
developed.” -Wikipedia
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Gene Reg. & Metabolic Pathways
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Populating the network

• Kinetics Data.
• Stationary Fluxes.
• Gene Expression.
• Protein-DNA 

Interactions.
• Physical constraints.
• New pathways 

inferences.
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Simulating “the Cell”

• Dynamic.
• Stationary.
• As an Optimization 

LP problem.
• Parameter 

Estimation.
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