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Assembly

• Whole Genome Shotgun method
• Assembly of the genome –

• Find the shortest superstring that contains all 
individual reads as (approx) substrings

• Is solved by creating a graph where reads 
are nodes, and overlaps are edges. 

• Find short(est) path through these nodes



A Simple Metabolic Pathway

Shoshanna Wodak, Jacques van Helden



Gene OntologyTM

www.geneontology.org

• GO is a systematic effort for data 
annotation 

• Three independent ontologies
• Molecular Function
• Biological Process
• Cellular component

• How to integrate that into analysis tools?
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Example (GoMiner)



EP:GO tool for GeneOntology

• Browse
• Search by keywords; EC, term. etc..
• Get associated genes

• Submit associated genes to URLMAP

• Annotate gene clusters using GO terms



URLMAP => 
Look up expression data

EP:GO EPCLUST



Annotate Clusters (EP:GO)

1

2 3 4

5 6

A,D

B,C

E

F,G,H

J

I

F,G,H

F,G

B,E

B,A

F,G,I

B,E,F,I



Set overlap

GO term CLUSTER

A: |G � C| / min( |G|, |C|) 

B: P( choose |C| from N with |G|, observe |G �  C|+) 

N genes

G �  C



>YAL036C chr omo=1 coor d=( 76154- 75048( C) )  st ar t =- 600 end=+2 seq=( 76152- 76754)

TGTTCTTTCTTCTTCTGCTTCTCCTTTTCCTTTTTTTCCTTCTCCTTTTCCTTCTTGGACTTTAGTATAGGCTTACCATCCTTCTTCTCTTCAATAACCTTCTTTTCTTG
CTTCTTCTTCGATTGCTTCAAAGTAGACATGAAGTCGCCTTCAATGGCCTCAGCACCTTCAGCACTTGCACTTGCTTCTCTGGAAGTGTCATCTGCACCTGCGCTGCTTT
CTGGATTTGGAGTTGGCGTGGCACTGATTTCTTCGTTCTGGGCGGCGTCTTCTTCGAATTCCTCATCCCAGTAGTTCTGTTGGTTCTTTTTACTCTTTTTCGCCATCTTT
CACTTATCTGATGTTCCTGATTGCCCTTCTTATCCCCTCAAAGTTCACCTTTGCCACTTATTCTAGTGCAAGATCTCTTGCTTTCAATGGGCTTAAAGCTTGAAAAATTT
TTTCACATCACAAGCGACGAGGGCCCGTTTTTTTCATCGATGAGCTATAAGAGTTTTCCACTTTTAAGATGGGATATTACGGTGTGATGAGGGCGCAATGATAGGAAGTG
TTTGAAGCTAGATGCAGTAGGTGCAAGCGTAGAGTTGTTGATTGAGCAAA_ATG_
>YAL025C chr omo=1 coor d=( 101147- 100230( C) )  st ar t =- 600 end=+2 s eq=( 101145- 101747)
CTTAGAAGATAAAGTAGTGAATTACAATAAATTCGATACGAACGTTCAAATAGTCAAGAATTTCATTCAAAGGGTTCAATGGTCCAAGTTTTACACTTTCAAAGTTAACC
ACGAATTGCTGAGTAAGTGTGTTTATATTAGCACATTAACACAAGAAGAGATTAATGAACTATCCACATGAGGTATTGTGCCACTTTCCTCCAGTTCCCAAATTCCTCTT
GTAAAAAACTTTGCATATAAAATATACAGATGGAGCATATATAGATGGAGCATACATACATGTTTTTTTTTTTTTAAAAACATGGACTCGAACAGAATAAAAGAATTTAT
AATGATAGATAATGCATACTTCAATAAGAGAGAATACTTGTTTTTAAATGAGAATTGCTTTCATTAGCTCATTATGTTCAGATTATCAAAATGCAGTAGGGTAATAAACC
TTTTTTTTTTTTTTTTTTTTTTTTGAAAAATTTTCCGATGAGCTTTTGAAAAAAAATGAAAAAGTGATTGGTATAGAGGCAGATATTGCATTGCTTAGTTCTTTCTTTTG
ACAGTGTTCTCTTCAGTACATAACTACAACGGTTAGAATACAACGAGGAT_ATG_

. . .
>YBR084W chr omo=2 coor d=( 411012- 413936)  st ar t =- 600 end=+2 seq=( 410412- 411014)
CCATGTATCCAAGACCTGCTGAAGATGCTTACAATGCCAATTATATTCAAGGTCTGCCCCAGTACCAAACATCTTATTTTTCGCAGCTGTTATTATCATCACCCCAGCAT
TACGAACATTCTCCACATCAAAGGAACTTTACGCCATCCAACCAATCGCATGGGAACTTTTATTAAATGTCTACATACATACATACATCTCGTACATAAATACGCATACG
TATCTTCGTAGTAAGAACCGTCACAGATATGATTGAGCACGGTACAATTATGTATTAGTCAAACATTACCAGTTCTCGAACAAAACCAAAGCTACTCCTGCAACACTCTT
CTATCGCACATGTATGGTTCTTATTGTTTCCCGAGTTCTTTTTTACTGACGCGCCAGAACGAGTAAGAAAGTTCTCTAGCGCCATGCTGAAATTTTTTTCACTTCAACGG
ACAGCGATTTTTTTTCTTTTTCCTCCGAAATAATGTTGCAGCGGTTCTCGATGCCTCAAGAATTGCAGAAGTAAACCAGCCAATACACATCAAAAAACAACTTTCATTAC
TGTGATTCTCTCAGTCTGTTCATTTGTCAGATATTTAAGGCTAAAAGGAA_ATG_

101 Sequences relative to ORF start

GATGAG. T     1: 52/ 70  2: 453/ 508  R: 7. 52345  BP: 1. 02391e- 33
G. GATGAG. T   1: 39/ 49  2: 193/ 222  R: 13. 244   BP: 2. 49026e- 33
AAAATTTT     1: 63/ 77  2: 833/ 911  R: 4. 95687  BP: 5. 02807e- 32
TGAAAA. TTT   1: 45/ 53  2: 333/ 350  R: 8. 85687  BP: 1. 69905e- 31
TG. AAA. TTT   1: 53/ 61  2: 538/ 570  R: 6. 45662  BP: 3. 24836e- 31
TG. AAA. TTTT  1: 40/ 43  2: 254/ 260  R: 10. 3214  BP: 3. 84624e- 30
TGAAA. . TTT   1: 54/ 65  2: 608/ 645  R: 5. 82106  BP: 1. 0887e- 29
. . .

GATGAG. T
TGAAA. . TTT

YGR128C + 100



Annotation of clusters
•

GO:0042254 <U:L> Process: ribosome biogenesis and assembly (+2:15) (depth=7) 
[sgd:2:187]
GO:0042254: 47 from cluster (size 98) vs 187 in this class (including subclasses)

GO:0006364 <U:L> Process: rRNA processing (+3:3) (depth=8) [sgd:50:126]
GO:0006364: 35 from cluster (size 98) vs 126 in this class (including subclasses)

GO:0006360 <U:L> Process: transcription from Pol I promoter (+6:14) (depth=8) 
[sgd:23:155]
GO:0006360: 38 from cluster (size 98) vs 155 in this class (including subclasses)

GO:0005730 <U:L> Component: nucleolus (+10:17) (depth=6) [sgd:154:210]
GO:0005730: 45 from cluster (size 98) vs 210 in this class (including subclasses)

GO:0030515 <U:L> Function: snoRNA binding (depth=6) [sgd:23:23]
GO:0030515: 17 from cluster (size 98) vs 23 in this class (including subclasses)

GO:0030490 <U:L> Process: processing of 20S pre-rRNA (depth=9) [sgd:33:33]
GO:0030490: 18 from cluster (size 98) vs 33 in this class (including subclasses)

GO:0005732 <U:L> Component: small nucleolar ribonucleoprotein complex (depth=6) 
[sgd:30:30]
GO:0005732: 16 from cluster (size 98) vs 30 in this class (including subclasses)

GO:0006396 <U:L> Process: RNA processing (+7:52) (depth=7) [sgd:7:370]
GO:0006396: 40 from cluster (size 98) vs 370 in this class (including subclasses) 

• …



Networks

• Graphical models
• Directed labelled graph

• Nodes � genes
• Arcs/Edges � relationships
• Labels � types of relationships



Start node 
(gene)

End node 
(gene)

Connection 
weight, w

Graph drawing

A B
W



Different interpretation of arcs

• Edges can have different meanings, 
hence different networks

• Binding site for A is in front of B
• Proteins A and B interact
• Deletion of gene A affects expression of 

B (is somewhere in regulation cascade)
• “Literature” mentions genes together
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Gene regulation by transcription factors



Features/distributions that do not 
depend on discretisation thresholds

• Visual inspection, biological interpretation
• General statistics and features of the 

graphs
• Indegree/Outdegree
• Complexity of the networks
• What is the modularity? 

• How many components? 
• Deletion of hot-spots, does it break the net?



D
A

D
B

D
C

gene B

gene C

gene D

gene A

A D

B C



Hughes, T. R. et al: “Functional Discovery via a Compendium 
of Expression Profiles” , Cell 102 (2000), 109-126.



Green arrows - upregulation
Red arrows - downregulation
Thickness of arrow represents certainty of direction (up/down)



A complete graph



Filter
•choose a list of genes 

(MATING,  marked in red)
•filter for these genes plus 

neighbouring genes from the graph
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unknown

aam

mat

cos

ribo

mitochondrial

Probability network P(g=2.0, t =0.8, x=10), underlayed in green are groups of genes which are more interconnected. The genes are 
coloured according to annotation in YPD (“cellular role”). The genes which are more interconnected are involved in the same cellular 
processes, like mating behaviour (mat, green), aminoacid metabolism (aam, red), cos gene family (cos, light blue), mitochondrial 
function (mitochondrial, dark blue), ribosome (ribo, purple) and a group of genes of unknown function (unknown, grey)
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Text mining

• Teadusartiklid sisaldavad tohutul hulgal 
teavet

• Kuidas seda süstemaatiliselt kokku 
koguda ja esitada?

• Tuvasta Medline abstraktides esinevad 
geenide nimed ja seosed nende vahel

• Moodusta selle info põhjal graafilised 
esitlused seoste kohta



Signal transduction pathway from
Text mining and experimental data

Lappe, Schlitt, Dietmann, Holm, submitted (2003) 



Bio-andmete väljakutse

• Andmetüüpide iseärasused
• Andmetes olev loomulik müra on suur
• Andmete esitamise viiside paljusus ja 

standardite vähesus
• Väljakutse tuletatud teadmiste esitamise 

formalismidele
• Kasulike töövahendite tegemine 

tavabioloogidele



Kokkuvõtteks

• (Molekulaar-) Bioloogilisi andmeid on 
palju erinevaid tüüpe

• Bioloogiliste andmete mahud kasvavad 
praegu eksponentsiaalse kiirusega

• Arvutianalüüs on ainuke reaalne viis 
neid andmeid ära kasutada

• See eeldab loomingulist lähenemist nii 
küsimusepüstituses kui ka tehniliselt 
heade algoritmide kasutust või 
väljamõtlemist 



Bio-andmete kaevandamine

1. Millised bio-andmed on olemas ja 
kuidas neid võiks kasutada 

2. Andmete kogumine, puhastamine, 
ettevalmistamine ja ühendamine

3. Analüüs arvutil (peamine algoritm)
4. Tulemuste esitamine, reeglite 

tuvastamine, visualiseerimine

5. Tulemuste tõlgendamine



DEI TFSDYLG LMTCVYEWAD SYDSKDWDRL 
RKVI APTLRI  DYRSFLDKLW EAMPAEEFVG 
MVSSKQVLGD PTLRTQHFI G GTRWEKVSED 
EVI GYHQLRV PHQRYKDTTM KEVTMKGHAH 
SANLHWYKKI  DGVWKFAGLK PDI RWGEFDF 
DRI FEDGRET FG

A Simple Protein (1STD)
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Valkude kohta teame vähe

• Struktuur on teada vaid ca 5-6 tuhandel 
valgul!

• Tavaliselt “lihtsamate” valkude struktuur
• Ülejäänud info põhineb suuresti 

ennustustel 
• Ennustuste põhjal tehakse uusi 

ennustusi ja nende põhjal uusi ja …
• SwissProt; GeneOntology Annotations



Mõned näited arvutuste abil 
saadud teadmistest

• Valgu 3-D struktuur on rohkem 
konserveerunud kui järjestus

• Enamus SNP-e on valgu pinnal
• Järjestuse erinevus aproksimeerib

fülogeneetilist kaugust, kuid geenide arv mitte
• Geeni avaldumine – kõikide geenide 

avaldumine muutub aja jooksul, korreleerub 
sageli bioloogilise protsessiga 



Verstaposte (ligikaudsed)

• Joondusalgoritmid – 1980te alguses
• Andmed ja andmebaasid 80te keskel
• Kiired otsimissüsteemid 80te lõpus
• Valgu struktuuri ennustused 90te algus
• Genoomide annotatsioon 90te keskel
• Funktisonaalne genoomika 90te lõpp
• Arvutamine on bioloogia oluline osa!



Infrastruktuur



Infrastruktuur…

InternetInternet

EBI
NCBI


