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DNA is a language encoding biology 

3 Morse Code Symbols 
(dash, dot, spaces) 

4 nucleotides 
(A, T, C, G) 

26 letters 20 amino acids 

400,000 words Over 100,000 proteins 



So how do we crack a new language? 

Part I: The written language 



Therefore we look for commonly used patterns 
(letters or words) 



Therefore we look for commonly used patterns 
(letters or words) 



“When I first started looking at the 
Zodiac ciphers all those years ago 
(2006), I thought, ‘Oh, I can just write 
a computer program and solve it,’ but 
it’s been kicking my ass all this time. 
Until now.” 
  --- David Oranchak, December 2020,  

  upon solving Zodiac 340 cipher    

https://www.sfchronicle.com/crime/article/Zodiac-340-cypher-cracked-by-code-expert-51-years-15794943.php 

On November 8, 1969, Zodiac mailed the 340 cipher. 



Proteins are encoded in 
DNA as a simple cipher 



The central dogma describes the 
biochemistry behind this encoding 



Evolution helps filter signal from noise 

Can you spot the differences? 



Evolution helps filter signal from noise 



Genes are only a small fraction of the genome. 

We can 
decipher from 
sequences 

What else is 

encoded in the 

genome? 



Structural non-coding RNAs also have 
inherent sequence patterns. 
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GAGACUUCGGAUCUGGCGACACCC 

UACACUUCGGAUGACACCAAAGUG 

AGUUCUUCGGCAAGGGCACCAUUC 

CCAACUUCGGAUUUUGCUACCAUA 

AUGCCUUCGGAGCCAGCGUAACUU 

--<<<---->->>-<<-<--->>> 

Dowell 2004; Dowell 2006 



RNA secondary structure is a context-free grammar. 

“The orange leaves fell slowly onto the ground.”  



Uncover RNA structure through  

evolutionary alignments  
(no simple cipher) 



The written language of life … 

Genome Sequence Patterns 



intergenic 

intragenic 

Most disease associated variations reside in 

regulatory regions 

Corrrandin and Scacheri (2014) 

‘Oh, I can just write a 
computer program 

and solve it.’ 
  --- Robin Dowell 

(2005)  



We don’t communicate solely through writing 

“I don't think he should get that job.” 

Somebody else thinks he should get the job. 

I'm not sure he'll get that job. 

He should get another job. 

In my opinion it's wrong that he's going to get that job. 

Part II: The spoken language 



We listen to the genome via 
transcriptomics 



As our ability to listen gets better,  
we uncover more classes of RNA 

S Djebali et al. Nature 489 101-108 (2012) 

cytoplasm 

nucleus 

abundance Indigo Girls, “Closer to Fine”,  
University Colorado Symphony 



Many of newly discovered RNAs are regulatory 

 Rinn & Chang  Annu Rev Biochem. 2012;81:145-66.  

https://www.ncbi.nlm.nih.gov/pubmed/22663078


What do we need to crack 
the regulatory code? 

Sequence 
Patterns 

Evolution 
(time) 

Measure the right thing! 



Ironically, despite years of 
expression studies, we haven’t 
been looking at transcription! 

Steady state RNA = Expression studies Nascent Transcription 



Direct measures of transcription indicate a large 
fraction of the genome is transcribed but 

unstable 



WHAT DOES ALL 
THIS UNSTABLE 
TRANSCRIPTION 
DO? 



Fact of the 
matter: We have 

no idea! 

Cham and Whiteson 



There are hidden gems … 

https://www.theverge.com/2015/1/7/7483235/the-code-colombian-army-morsecode-hostages 



Inevitably, some of this unstable 
transcription is just noise. 

"turn me on, dead man" 

Revolution #9 



In 1960’s, Bell Labs' Holmdale 
Horn Antenna in New Jersey 
picked up an odd buzzing 
sound that came from all parts 
of the sky at all times.  

Penzias and Wilson worked endlessly to remove the noise but 
eventually realized this cosmic microwave background radiation 
was the thermal echo of the universe's explosive birth.  

Sometimes “noise” is beautiful 

1978 Nobel Prize in physics  



Pol II 

TF 

TF TF 

Bind to DNA Alter transcription nearby 

Transcription factors are the regulatory 
machines of the genome, they bind DNA 

and alter transcription nearby. 



Alterations in transcription observed at many active TFs 
(enhancer RNAs) 

p53 (Allen 2014) 
 

Estrogen (Hah 2013) 
 

NF-κB (Luo 2014) 

Androgen (Puc 2015) 
 

TNFα 

Control 

Estradiol 

Control 

DHT 

Control 

Nutlin 

Control 

ChIP-seq peak for indicated TF 
Transcription factor motif Nascent 

transcription 



Distance to epicenter 

Co-localization predicts which TFs 
are active in a given cell type 

HOCOMOCO 



Distance to 
epicenter     

TF motif (HOCOMOCO database) 
Statistically significant MD score shift 

p53 

p63 

: Number of epicenters with motif 

Changes in co-localization identify TFs 
altered in response to perturbation 

HDM2 

p53 

Nutlin 

p53 

HDM2 



Identifying alterations in TF activity across distinct 
perturbations 

TF motif (HOCOMOCO database) 
Statistically significant MD score shift 



Identifying alterations in TF activity across distinct 
time scales 

Flavopiridol treatment 
(Jonkers 2014)   

KLA treatment 
(Kaikkonen 2013)    

Azofeifa et. al. 2018; Rubin et. al. 2021 



Context matters in regulation … 



In language, meaning is influenced by context 

Live 

Bass 

Context matters to our 
comprehension.  

Tear 



Summary: 20 years of  
deciphering the genome 

Genome Sequence Patterns 

Transcriptional Regulation  

“When I first started looking 
at transcription regulation 
all those years ago (2005), I 
thought, ‘Oh, I can just write 
a computer program and 
solve it,’ but it’s been kicking 
my ass all this time.” 
  --- Robin Dowell (today) 
  



Genome Sequence Patterns Transcriptional Regulation  

Genome Modification Synthetic Biology 
(2020 Nobel Prize) 

Moving towards fluency…. 



Acknowledgements 
DnA Laboratory, 
Drs. Robin Dowell and Mary Allen 
University of Colorado Boulder   

Jacob Stanley, Gilson Sanchez, Lynn Sanford, Daniel Ramirez, Chi Zhang, 
Samuel Hunter, Jessica Westfall, Rutendo Sigauke, Qing Yang, Marko 
Melnick, Kendra Meer, Taylor Jones, Jesse Kurland, Zach Maas 

Disclosure: Founder of  


