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Bioinformatics and Functional Genomics wrap up

Things not covered:
• Variation and disease databases

– OMIM, DBsnp, ClinVar, TCGA
– Brookes, A. J. & Robinson, P. N. Human genotype-phenotype 

databases: aims, challenges and opportunities. Nat Rev Genet
16, 702–715 (2015).

• mapping sequencing reads
– SAM/BAM files to genomes
– to exomes / transcripts

• peak finding (for ChIP seq, epigenetic marks)
• machine learning strategies

– neural nets, SVMs, PCA
• Higher-order structure in chromatin
• Gene regulatory networks
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OMIM – Online Mendelian Inheritance in Man
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Variation/Clinical variant databases –
NCBI Gene

NCBI Gene/refSNP/dbSNP
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NCBI Gene/refSNP/dbSNP

NCBI Gene/refSNP/dbSNP
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NCBI Gene/refSNP/dbSNP

NCBI Gene/refSNP/dbSNP
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ENSEMBL

ENSEMBL – filter missense
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ENSEMBL – protein variation (missense)

Ivarsson, Y. et al. (2003) J Biol Chem 278, 8733

TCGA – The Cancer Genome Atlas
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TCGA – The Cancer Genome Atlas
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cBIO Portal - cancer Biology
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Higher order chromatin configuration:
Chromatin Conformation Capture (3C)
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Dekker et al (2013) Nat Rev Genet 14, 390–403

Higher order chromatin configuration:
Chromatin Conformation Capture (3C)
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Heat Maps and Clustering
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Nat Rev Genet 14, 390–403

Biol4230 – what we did cover
• The human genome project

– building complete "genomes" from pieces
• RNA expression analysis

– RNA abundance vs protein abundance
– the RNA abundance problem – many orders of 

magnitude between lowest an highest
– looking for differential expression – how to 

normalize?
– correcting for multiple tests (FDR)
– looking for sets of co-regulated genes:

• over-representation analysis  (GO terms)
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Biol4230 – what we did cover
• Identifying functional sites

– not homologous
– short, not well conserved
– not significant (in the entire genome context)
– represent with PWM (position weight matrix, PSSM)
– estimation with missing data (alignment/PWM)
– predicting binding from protein structure
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Bioinformatics – the big picture
• Lots and lots and lots of data

– is it "clean" enough?
• do discrepancies in the data reflect biology, or 

technology
– what inferences/conclusions are reliable?

• E()< 10-6 implies homology
– what assumptions have been made?

• multiple sequence alignment requires homology
• GO experimental terms are "better" than BLAST 

results
• the database is complete
• the protein predictions are accurate
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Bioinformatics – the big picture
• Why could this result be wrong?
• Does it make sense

– can 100% identical sequences have different 
functions?

• What is the control?
– what kinds of errors does the control detect?
– what kinds of errors does it miss?

fasta.bioch.virginia.edu/Biol4230 21


