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Bioinformatics Credits
 Exam: 60%

 Class project (homepage): 30%

 Translation: 10%

Full Review: Functional Bioinformatics

genomics
proteomicstranscriptomics

metabolomics

Synthetic Biology!

Computational Genomics
 Our genome encodes an enormous amount of information about 

our beings
 our looks
 our size
 how our bodies work
 ….
 our health
 our behaviors
 … who we are?!

gcgtacgtacgtagagtgctagtctagtcgtagcgccgtagtcgatcgtgtgggtagtagctgatatgatgcgaggtaggggataggatagcaaca
gatgagcggatgctgagtgcagtggcatgcgatgtcgatgatagcggtaggtagacttcgcgcataaagctgcgcgagatgattgcaaagragtt
agatgagctgatgctagaggtcagtgactgatgatcgatgcatgcatggatgatgcagctgatcgatgtagatgcaataagtcgatgatcgatgatg
atgctagatgatagctagatgtgatcgatggtaggtaggatggtaggtaaattgatagatgctagatcgtaggtagtagctagatgcagggataaac
acacggaggcgagtgatcggtaccgggctgaggtgttagctaatgatgagtacgtatgaggcaggatgagtgacccgatgaggctagatgcgat
ggatggatcgatgatcgatgcatggtgatgcgatgctagatgatgtgtgtcagtaagtaagcgatgcggctgctgagagcgtaggcccgagagga
gagatgtaggaggaaggtttgatggtagttgtagatgattgtgtagttgtagctgatagtgatgatcgtag …….

Computational Genomics
 Genetic parts-list encoded in a genome

 genome sequence and variations
 genomic structures 
 protein-coding genes
 RNA-coding genes
 pseudo genes
 homologs/orthologs/paralogs
 promoters/terminators
 regulatory elements/binding motifs
 transposable elements
 …….

Computational Genomics
 To identify and characterize these elements, a large number of 

computational techniques have been developed and widely used in 
biological research
 bio-sequence comparison
 gene prediction
 prediction of 

 orthologous genes
 prediction of promoters
 transcription factor binding motifs
 operons
 genome rearrangement
 simple and complex repeats (http://10.71.115.210/minmat/)
 SNPs and haplotype analysis

 …….
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Computational Genomics
 suggesting biological functions of predicted genes, through homology search
 suggesting possible genes associated with a particular disease, and hence reducing the search space for relevant genes
 suggesting an organism’s biology through genome comparison, 
 suggesting component-candidate list and their possible interaction relationships in a biological pathway/network
 providing powerful tools for studies of biological evolution

 sequence/genome comparison
 phylogenetic profile analysis

 have played key roles in the human and other genome projects
 genome assembly
 protein-coding gene prediction
 genome annotation

Challenges in Computational Genomics
 One challenge comes directly from the sheer amount of sequence data 

and the rate at which the data is being generated
 Thousands of genomes have been (re)sequenced
 Thousands of genomes are being sequenced

 prokaryotic genomes / eukaryotic genomes

 The amount of information potentially drivable through comparative 
genome analysis could be enormous knowing that functional elements are often 
conserved among “related” genomes
 how to effectively derive them?!

BIG DATA

Challenges in Computational Genomics
 Prediction of protein-coding genes still represents a challenging problem

 accurate prediction of exon/intron boundaries
 prediction of alternatively spliced gene forms

 Protein-coding genes account for ~3% of the human genome. What and where are the other “functional elements (ncRNAs?)” in the rest of the genome?
 how to identify them?
 how to (help to) predict their functions?

Challenges in Computational Genomics
 Identification of RNA-coding genes

 what are the identifiable characteristics of RNA genes?

 Particularly, identification of small regulatory RNA
 short interference RNAs (siRNA)
 microRNA (miRNA)
 Small RNA (smRNA)

 Identification of regulatory elements/binding sites
 transcription regulatory binding sites
 splice factor binding sites
 other classes of regulatory elements?

Challenges in Computational Genomics
 Identification of other types of functional elements

 transposons 
 ….

 Identification of genome variations – polymorphisms
 identification of SNPs
 prediction of haplotype blocks 

 Recognition of genome structures
 operons, regulons in microbes
 genomic structures in eukaryotic genomes

Challenges in Computational Genomics

 Genome is not a linear sequence; It is a 3D structure!
 accurate identification and characterization of functional elements 

by looking at the genome as a 3D DNA structure

…. and many other outstanding challenges!

3D Genome
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Sequence-based Functional Elements on Central Dogma

13Nature. 2009 Jun 
18;459(7249):927-30.
Nature. 2009 Jun 
18;459(7249):927-30.

DNA  RNA Protein  CharacterDNA  RNA Protein  Character
EpigeneticEpigenetic

Web-based Browsers

14

GBrowserGBrowser

Browsers, more …

15

Applications of RNA-Seq
 Expression analysis
 Discovery of new transcribed regions  find new genes
 Discovery of alternative splicing  determine the 

transcriptional structure of genes
 Discovery of  gene fusion
 Discovery of small ncRNAs/microRNA primary transcripts
 Discovery of SNPs/CNVs/RNA editing sites
 Small RNA transcriptome  smRNA-seq

Alternative splicing

17

 Expansion of transcriptome  proteome phenotype.
 Human: ~95% of multi-exon genes;
 fly: ~61% of multi-exon genes or ~31 % all genes;
 rice: ~33%~48% all genes;
 Arabidopsis: ~42% intron-containing genes;
 maize: ~56% of intron-containing genes;
 nematode: ~25% all genes.

 Aberrant RNA splicing diseases
 cis-splicing

Infer alternative isoforms

18

Map reads

Build splicing graph using
spliced reads

Generate transcripts fromgraph

explain coverage by sparse,
weighted sum of transcripts

Map reads

Build splicing graph using
spliced reads

Generate transcripts fromgraph

explain coverage by sparse,
weighted sum of transcripts
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Infer alternative isoforms

19

Map reads

Build splicing graph using
spliced reads

Generate transcripts fromgraph

explain coverage by sparse,
weighted sum of transcripts

Map reads

Build splicing graph using
spliced reads

Generate transcripts fromgraph

explain coverage by sparse,
weighted sum of transcripts

Infer alternative isoforms

20

Map reads

Build splicing graph using
spliced reads

Generate transcripts fromgraph

explain coverage by sparse,
weighted sum of transcripts

Map reads

Build splicing graph using
spliced reads

Generate transcripts fromgraph

explain coverage by sparse,
weighted sum of transcripts

Infer alternative isoforms

21

Map reads

Build splicing graph using
spliced reads

Generate transcripts fromgraph

explain coverage by sparse,
weighted sum of transcripts

Map reads

Build splicing graph using
spliced reads

Generate transcripts fromgraph

explain coverage by sparse,
weighted sum of transcripts

Gene fusion

22

 fusion genes  cancer  “cancer genes”
 resulting from chromosomal rearrangements in cancer
 trans-splicing

[Wikipedia][Wikipedia]

Discovery of ncRNAs

23

 Small ncRNAs, Long ncRNAs (lncRNAs)

 New putative lncRNAs generally identified by RNA-
seq  RNA immunoprecipitation followed by
sequencing (RIP-seq), parallel analysis of RNA
structure (PARS), fragmentation sequencing (Frag-
seq) …

RNA-DNA Differences

24

 SNPs/CNVs
 RNA editing

Science. 2011 May 19.Science. 2011 May 19.
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Integrated maps of the epigenome and transcriptome in Arabidopsis

25
Cell. 2008 May 2;133:523-536.Cell. 2008 May 2;133:523-536.

Epigenetic and transcriptional maps in maize

26
Plant Cell. 2009 Apr;21(4):1053-69.Plant Cell. 2009 Apr;21(4):1053-69.

Epigenetic and transcriptional maps in rice

27
Plant Cell. 2010 Jan;22(1):17-33.Plant Cell. 2010 Jan;22(1):17-33.

Biocomputing

Linux system

http://tldp.org/LDP/intro-linux/html/index.html
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Phylogenetic tree Streamlined Affy Analysis

Normalize

normal tumor tumor normal normal tumor
ID_REF VALUE ABS_CALL VALUE ABS_CALL VALUE ABS_CALL VALUE ABS_CALL VALUE ABS_CALL VALUE ABS_CALL
AFFX-BioB-5_at 210.6 P 234.6 P 362.5 P 389 P 305.6 P 330.5 P
AFFX-BioB-M_at 393 P 327.8 P 501.4 P 816.5 P 542 P 440.8 P
AFFX-BioB-3_at 264.9 P 164.6 P 244.7 P 379.7 P 261.3 P 303.7 P
AFFX-BioC-5_at 738.6 P 676.1 P 737.6 P 1191.2 P 917 P 767.9 P
AFFX-BioC-3_at 356.3 P 365.9 P 423.4 P 711.6 P 560.3 P 484.9 P
AFFX-BioDn-5_at 566.3 P 442.2 P 649.7 P 834.3 P 599.1 P 606.9 P
AFFX-BioDn-3_at 3911.8 P 3703.7 P 4680.9 P 6037.7 P 4653.7 P 4232 P
AFFX-CreX-5_at 6433.3 P 5980 P 7734.7 P 10591 P 8162.1 P 8428 P
AFFX-CreX-3_at 11917.8 P 9376.7 P 11509.3 P 16814.4 P 13861.8 P 13653.4 P
AFFX-DapX-5_at 12.2 A 44.3 M 31.2 A 37.7 P 33.3 A 12.8 A
AFFX-DapX-M_at 57.8 M 42.5 A 79 M 48.8 P 39.5 A 39.2 A
AFFX-DapX-3_at 29.8 A 6.2 A 23.4 A 28.4 A 3.2 A 7.6 A
AFFX-LysX-5_at 15.3 A 16.2 A 15.6 A 16.7 A 3.1 A 3.9 A
AFFX-LysX-M_at 33.2 A 12 A 17.7 A 37.3 A 49.2 A 9.1 A
AFFX-LysX-3_at 40.7 M 10.7 A 36.2 A 22.1 A 22.8 A 28.2 A
AFFX-PheX-5_at 7.8 A 3 A 7.6 A 5.6 A 5 A 6.4 A
AFFX-PheX-M_at 4.2 A 4.8 A 6.8 A 6.1 A 3.7 A 5.5 A
AFFX-PheX-3_at 54.2 A 39.6 A 19.4 A 16.1 A 44.7 A 31.2 A
AFFX-ThrX-5_at 8.2 A 11.2 A 13.2 A 9.5 A 8.5 A 7.5 A
AFFX-ThrX-M_at 38.1 A 30.6 A 37.6 A 7.2 A 26.9 A 36.3 A
AFFX-ThrX-3_at 15.2 A 5 A 15 A 8.3 A 36.8 A 11.5 A
AFFX-TrpnX-5_at 11.2 A 11.8 A 22.2 A 22.1 A 8.9 A 35.6 A
AFFX-TrpnX-M_at 9 A 8.1 A 9.1 A 8.7 A 8.1 A 12 A
AFFX-TrpnX-3_at 19.8 A 12.8 A 11.8 A 43.2 M 17.4 A 10 A
AFFX-HUMISGF3A/M97935_5_at 82.7 P 120.7 P 92.7 P 46.4 P 55.9 P 46.5 P
AFFX-HUMISGF3A/M97935_MA_at 397.6 P 416.7 P 244.8 A 181.4 A 197.5 A 192.3 A
AFFX-HUMISGF3A/M97935_MB_at 206.2 P 303 P 300.8 P 253.5 P 195.3 P 216 P
AFFX-HUMISGF3A/M97935_3_at 663.8 P 723.9 P 812.1 P 666.1 P 629.4 P 754.1 P
AFFX-HUMRGE/M10098_5_at 547.6 P 405.9 P 6894.7 P 3496.1 P 1958.5 P 5799.4 P
AFFX-HUMRGE/M10098_M_at 239.1 P 175.8 P 3675 P 1348.6 P 695.9 P 2428.2 P
AFFX-HUMRGE/M10098_3_at 1236.4 P 721.4 P 9076.1 P 7795.9 P 4237.1 P 7890 P
AFFX-HUMGAPDH/M33197_5_at 19508 P 19267.1 P 22892 P 26584 P 29666.6 P 25038.1 P
AFFX-HUMGAPDH/M33197_M_at 18996.6 P 20610.4 P 21573.7 P 29936 P 30106.6 P 22380.2 P
AFFX-HUMGAPDH/M33197_3_at 18016.4 P 17463.8 P 20921.3 P 26908.3 P 28382.2 P 21885 P
AFFX-HSAC07/X00351_5_at 23294.6 P 21783.7 P 18423.3 P 21858.9 P 23517.1 P 19450.3 P
AFFX-HSAC07/X00351_M_at 25373.1 P 24922.8 P 22384.2 P 25760.2 P 27718.5 P 21401.6 P
AFFX-HSAC07/X00351_3_at 20032.8 P 20251.1 P 20961.7 P 23494.6 P 23381.2 P 21173.3 P

Raw data Filter

ClassificationSignificance Clustering

Gene lists

Function
(Genome Ontology)

(RMA)
•Present/Absent
•Minimum value
•Fold change

•t-test
•SAM
•Rank Product

•PAM
•Machine learning •Herarchical

•SOM
•PC

Computational biology GO

Biological network modeling

Kinetic
Modeling

Stoichiometric
Modeling

Network
Topology

Simplicity

knowledge

System Biology
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Automated, sensitive detection, chromatographic separation, quantification and metabolite identification. Analysis times of 5-140 minutes
Sample dried and chemical derivatisation                                                Sample dilution or further metabolite isolation 

(SPE, liquid-liquid extraction)
RD3
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METABOLOME

FTIR and Raman NMRDIMS and DIOS

HPLC-MS, 
UPLC-MS and 
CE-MS

METABOLIC PROFILING & METABOLITE TARGET ANALYSIS (& METABOLOMICS)

METABOLIC FINGERPRINTING & METABONOMICS
Automated, rapid, high throughput global analyses with minimal sample preparation, used for sample classification. 

Limited ability for metabolite identification and quantification except for NMR
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Biofluids
Urine, plasma, serum. Requires protein precipitation

Metabolic footprint
Natural secretion of intra-cellular metabolites to extra-cellular volume

Intra-cellular metabolites
Microbial, plant or animal. Require extraction using polar 
and non-polar solvents

Tissues
Extraction or preparation required

GC-MS and 
GCxGC-MS

Companies
The Genomics Landscape

Genomics

Suppliers Technology
Platform

Healthcare
Products

Industrial
Products

Bioinformatics

WetwareHardware DrugsDiagnostics
Applied Biosystems
Waters Corporation
Nycomed Amersham
Packard BioScience
Visible Genetics
Genomic Solutions

Applied Biosystems
Nycomed Amersham
Invitrogen
Qiagen
Genomic Solutions

Genencor International
Maxygen
Diversa

Myraid Genetics
Vysis

Millennium Pharma.
Human Genome Sciences

Celera Genomics
Incyte Genomics
LION Bioscience
CuraGen
Myriad Genetics
deCODE Genetics
Rosetta Inpharmatics

Gene Logic
Genset
Hyseq
Compugen
Lynx Therapeutics
Tularik
Lexicon

Microarrays
Agilent Technologies
Affymetrix
LION Bioscience
Aclara BioSciences
Caliper Technologies
Illumina
Packard BioScience
SEQUENOM
Nanogen

Genetic Variation
(SNPs)

Celera Genomics
CurGen Corporation
Orchid BioSciences
SEQUENOM
Genaissance Parma.
Variagenics

Model Organism
Systems

Lexicon Genetics
Exelixis
Deltagen
Paradigm Genetics

Proteomics
Applied Biosystems
Nycomed Amersham
CuraGen Corporation
Myriad Genetics

Open Questions
 From molecule motor to ecology mode

 Surface curve (apple, peach…)
 Cell movement
 Polygenetic tree
 Protein topology, Image recognition
 Network analysis, comparison, organization
 Virtual cell modeling and simulation


