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A. Bio review
I. Central dogma
II. Genes as units

B. Chromatin Architecture

C. Quantifying DNA
I. Next-generation sequencing
II. DNA + models, math
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transcription factor binding
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Bio review: DNA is structured across many scales
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Bio review: chromatin can exist in different functional states
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Next-generation sequencing technologies enable us to quantify & localize nucleic acid 
molecules to the genome.

Quantifying DNA: next-generation sequencing

→the “raw data” of NGS of 

technologies are short (≈30bp) 

sequence reads

→Reads correspond to:
• ChIP-Seq - fragments pulled 

down with antibody against a 
DNA binder

• DNAse-Seq – fragments 
accessible to enzymatic cutting 
by DNase-I

• ATAC Seq – fragments 
accessible to Tn5 Transposase 
activity

• Hi-C or chromatin capture –
fragments close to each other

→Issues

• Reads can map to multiple places

• Amplification bias

• Repetitive elements in the 

genome could give erroneous 

results



DNA Sequences can be represented and processed in an “image” context with CNNs.

Quantifying DNA: DNA sequences as input to CNNs

Images CNN Model Features DNA Sequences

2D grid of pixel values with 

1 (monochrome) or 3 (color) 

channels

Input Representation
1D array of one-hot encoded 

DNA sequences

low-level:  edges, shapes

high-level: objects, faces
Kernel Representations

low-level:  sequence motifs

high-level: motif combinations 

& grammar

probabilities of different object 

classes
Model Outputs

predictions of bound/unbound, 

chromatin state



DNA Sequences can be represented and processed in an “time series” context with RNNs.

Quantifying DNA: DNA sequences as input to RNNs

Spoken Audio Time 
Series RNN Model Features DNA Sequences

time, evaluating phonemes or 

words at each time step
Input Axis

base position, evaluating bases 

at each sequence-step

context (within a question, 

beginning/end of a sentence),

vocal profile or accent

Hidden States

type of DNA region being read 

(ORF, promoter, etc.); 

memory of previous motifs



Quantifying DNA: position weight matrices+more
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Quantifying DNA: position weight matrices+more

N = letter in set [A, T, C, G]
C = counts



Quantifying DNA: position weight matrices+more

p = pseudocount (usually 1)
n = # of letters



Quantifying DNA: position weight matrices+more

B = background frequency 
matrix --> assume BN = 0.25



Quantifying DNA: position weight matrices+more

Ask: are some positions more 
important than others?

Quantify the total amount of 
information at each position – AKA the 
level of conservation

https://bioconductor.org/packages/release/bioc/vignettes/universalmotif/inst/doc/IntroductionToSequenceMotifs.pdf

https://bioconductor.org/packages/release/bioc/vignettes/universalmotif/inst/doc/IntroductionToSequenceMotifs.pdf


Quantifying DNA: position weight matrices+more



Next week

Transcription factors 
DNA methylation

Gene expression & splicing



The hypergeometric distribution allows us to calculate probabilities of enrichment.

total # sequences, !
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Quantifying DNA: hypergeometric distribution


