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From assembling to interpreting



Photo: Ron Sachs/CNP/Corbis



How many genes are there?

Pertea M, Shumate A, Pertea G, Varabyou A, 
Breitwieser FP, Chang YC, Madugundu AK, 
Pandey A, Salzberg SL. CHESS: a new human 
gene catalog curated from thousands of large-
scale RNA sequencing experiments reveals 
extensive transcriptional noise. Genome Biol. 
2018 Nov 28;19(1):208.



We know much more about the 
genome than just its DNA sequence:

Picking up signals

http://genome.ucsc.edu/cgi-bin/hgTracks

40 K nt region of chromosome 17

genes
chromatin marks
open chromatin
transcription factor binding
sequence conservation

genetic variants

repetitive elements

http://genome.ucsc.edu/cgi-bin/hgTracks


http://en.wikipedia.org/wiki/File:Stem_cells_diagram.png

Epigenetics "Waddington Landscape"

CH Waddington The Strategy of the 
Genes (Allen &Unwin, London, 1957).

http://en.wikipedia.org/wiki/File:Stem_cells_diagram.png


CACGATČATCGÁCGGTATĆGTGCÄTTCGATÇTATTTAG

Epigenetics



Methylation

Dinucleotide “CG” (AKA “CpG”) is special because C 
can have a methyl group attached
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CACGATCATCGACGGTATCGTGCATTCGATCTATTTAGGGCGCGT

In animals, most methylation is at CG cytosines

0      0  1     0       1             1 

CH3 CH3 CH3

Methylation status of every CpG is a bit

Differentiated cell types have 
different characteristic bit strings

Methylation



CpG Islands

CpG island: part of the genome where CG occurs particularly frequently

http://missinglink.ucsf.edu/lm/genes_and_genomes/methylation.html

http://missinglink.ucsf.edu/lm/genes_and_genomes/methylation.html


Modeling goal

Wanted: strategy for scoring sequences according to their 
type, role, family; e.g. whether they belong to a CpG island

Scores should be probabilities

Parli Inglese?

No, Deutsch?

No, Français?

Oui!

Avez-vous de l'iboprofène?



Modeling goal

Wanted: strategy for scoring sequences according to their 
type, role, family; e.g. whether they belong to a CpG island

Scores should be probabilities

Yes with 
confidence 

1,200

No with 
confidence

− 5



Modeling goal

Wanted: strategy for scoring sequences according to their 
type, role, family; e.g. whether they belong to a CpG island

Scores should be probabilities

Probability 
0.9

Probability 
0.4

🤝



Sequence modeling strengths 💪

A natural fit for problems where we are:

- Putting sequences into 
categories or groups

- Parsing a sequence into 
component pieces

- Inferring missing parts of sequence

..
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