
Reverse Engineering 
Life: What we can 

learn from the DNA



Credits

● This presentation leans heavily on other people’s work and graphics
● All credits are available in the speaker notes which you should consult to 

find out who made all these great movies and images
● Thank you so much Wikipedia Commons in particular!

https://berthub.eu/revdna/ 

https://berthub.eu/revdna/


Online questions!
https://webchat.oftc.net/?channels=why2025-andromeda

IRC: oftc.net, channel: 
#why2025-andromeda



https://www.nature.com/articles/ismej2015107 

https://www.nature.com/articles/ismej2015107


https://www.nature.com/articles/s41597-022-01179-8 

https://www.nature.com/articles/s41597-022-01179-8


“Imagine a flashy spaceship lands in your backyard. The door opens and you are 
invited to investigate everything to see what you can learn. The technology is clearly 

millions of years beyond what we can make.

    This is biology.”

https://jsomers.net/i-should-have-loved-biology/ 

https://jsomers.net/i-should-have-loved-biology/


© NASA (oddly enough)

Although…

https://en.wikipedia.org/wiki/Little_green_men#/media/File:Mars_New_Year's_Celebr
ation_(201506200007HQ)_(cropped).jpg 

https://en.wikipedia.org/wiki/Little_green_men#/media/File:Mars_New_Year's_Celebration_(201506200007HQ)_(cropped).jpg
https://en.wikipedia.org/wiki/Little_green_men#/media/File:Mars_New_Year's_Celebration_(201506200007HQ)_(cropped).jpg


● Let’s study DNA the way we 

study random binary blobs

● Highlight many cool DNA things

● I want YOU to Join in!



● DNA: Millions, billions of 
nucleotides or “bases”:
○ A, C, G, T

● Organized in 
chromosomes & genes

● Absolutely atom for atom 
universal across all life

● >4 billion years old



BACTERIA
ANIMALS, 
PLANTS, FUNGI,
US

ARCHEIA

2 billion years ago

4 billion years ago 

Age of earth: 4.5 billion  

First water: 4.2 billion

https://giphy.com/gifs/sea-vents-hydrothermal-1bTEQnjArFBy8 

https://giphy.com/gifs/sea-vents-hydrothermal-1bTEQnjArFBy8


Basics: DNA

A “00”

C “01”

G                             “10”

T                             “11”



DNA is very much like tape

Sometimes circular tape - no 
beginning, no end!

No addressing! No alignment!

It is a nucleotide stream which 
can be compared to a bitstream

It IS however content 
addressable!

http://onlinelibrary.wiley.com/doi/10.1002/smll.201400265/full



Hepatitis B - 800 bytes (unpleasant)

By Dr Graham Beards - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=24121844
By GrahamColm at English Wikipedia, CC BY 3.0, 
https://commons.wikimedia.org/w/index.php?curid=6032684

https://commons.wikimedia.org/w/index.php?curid=24121844


All of Hepatitis-B - 800 bytes



But is life REALLY digital?



But is life DIGITAL?

🧪 🔬 󰟯 
⚗🦠🦠🦠🦠
💰💰💰💰💰💰💰

🧬
🧬

ACCGTT

CATTCAA

✨✨✨

https://www.science.org/doi/10.1126/science.1190719

https://www.science.org/doi/10.1126/science.1190719


“Minimum 
Viable 
Microbe”

“Maximum 
competitive 
microbe”

20 minutes 40 minutes

Time



“Enterprise Life” 
- various 
departments 
and procedures

“Small 
company Life”

Yeast



By LadyofHats - 
Self-made using Adobe 
Illustrator. 
https://commons.wikimed
ia.org/w/index.php?curid
=844682 

“Mega-corp territory”

https://commons.wikimedia.org/w/index.php?curid=844682
https://commons.wikimedia.org/w/index.php?curid=844682
https://commons.wikimedia.org/w/index.php?curid=844682


Most compact animal. 
Genome almost 
completely used for 
proteins.



Various levels of ridiculousness

“Bloated mega-corp DNA”



33 gigabytes!!

Log graph! Unimaginably over the top 
bloated megacorp stuff!





https://skewdb.org/ - https://skewdb.org/view/ - CSV FILES! 

50,000

https://skewdb.org/
https://skewdb.org/view/


Let’s dive into the >50,000 binaries!
(in ASCII)



https://ftp.ncbi.nlm.nih.gov/genomes/refseq/
GCF_051474125.1_ASM5147412v1_genomic.fna.gz 

https://ftp.ncbi.nlm.nih.gov/genomes/refseq/


Beyond Huffman, barely 
compressible. Whole 
contests are held to 
improve on this situation 
and it doesn’t really.



“2bit” formats would achieve 75% 
compression, and allow better 
further compression, but the field 
doesn’t care. 



>NZ_CP043307.1 Acinetobacter johnsonii strain Acsw19 
ATGCTTTGGACGGACTGCTTAACTCGCTTGCGACAAGAGCTCTCTGGGAATGTCTTTACAATGT

ATGCTTTGGACGGACTGCTTAACTCGCTTGCGACAAGAGCTCTCTGGGAATGTCTTTACAATGT
||||||||||||||||||||||||||||||||*|||||||||||||||||||||||||||||||
TACGAAACCTGCCTGACGAATTGAGCGAACGCTGTTCTCGAGAGACCCTTACAGAAATGTTACA

>NZ_CP043307.1.rev Acinetobacter johnsonii strain Acsw19 
ACATTGTAAAGACATTCCCAGAGAGCTCTTGTCGCAAGCGAGTTAAGCAGTCCGTCCAAAGCAT

A C
| |
T G



DNA

geneA genB geneQ

geneK geneJ

gene31337





“The second Chargaff 
rule holds that both 
Α% ≈ Τ% and G% ≈ 
C% are valid for each 
of the two DNA 
strands”

“The basis for this rule is still 
under investigation” (!!!)

https://en.wikipedia.org/wiki/Chargaff%27s_rules 

https://en.wikipedia.org/wiki/Chargaff%27s_rules


But wait, it gets weirder
Complementary DNA:

C -> G
A -> T

Reverse & complement:

CTA -> GAT -> TAG

ATG -> TAC -> CAT

TTAGC -> AATCG -> GCTAA

● Do the complement thing
● Reverse the string

“Reverse Complement” (RC)



CTA/TAG

CGC/GCG





But wait, now 
for longer 
sequences, 
like CCGATT

WHY(2025)??



WHY(2025)??

We need to 
definitively find 
out why this is so, 
and if it means 
something!

It works up to 
*10* characters 
at least. 





CCTAGG… CGCCAG

(Almost) forbidden sequences!

(good news, we know why this 
happens)

?



T4

Dr. Victor Padilla-Sanchez, PhD https://www.drvictorpadillasanchez.com

Bacteria have viruses too..

https://en.wikipedia.org/wiki/Bacteriophage#/media/File:PhageExterior.svg 
http://stl-bjb.ac-dijon.fr/spip.php?article32 
https://en.wikipedia.org/wiki/Escherichia_virus_T4 
https://commons.wikimedia.org/wiki/File:Bacteriophage_T4_Structural_Model_at_Ato
mic_Resolution.tif?page=1 

https://en.wikipedia.org/wiki/Bacteriophage#/media/File:PhageExterior.svg
http://stl-bjb.ac-dijon.fr/spip.php?article32
https://en.wikipedia.org/wiki/Escherichia_virus_T4
https://commons.wikimedia.org/wiki/File:Bacteriophage_T4_Structural_Model_at_Atomic_Resolution.tif?page=1
https://commons.wikimedia.org/wiki/File:Bacteriophage_T4_Structural_Model_at_Atomic_Resolution.tif?page=1


© Graham Beards

“Does not end well…” 

By Professor Graham Beards - en:Image:Phage.jpg, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=5035798
https://commons.wikimedia.org/wiki/File:Phage_injecting_its_genome_into_bacteria.s
vg 

https://commons.wikimedia.org/w/index.php?curid=5035798
https://commons.wikimedia.org/wiki/File:Phage_injecting_its_genome_into_bacteria.svg
https://commons.wikimedia.org/wiki/File:Phage_injecting_its_genome_into_bacteria.svg


♥ CCTAGG 

2-12 = 1 in every 4096 DNA 
characters at random… SNIP

This restricts the attacking 
DNA

Bacteria apply modifications 
to their own CCTAGG 
instances for protection

Not perfect though… so they 
avoid the sequence 
themselves





Modified from https://commons.wikimedia.org/wiki/File:Amino_Acids.svg 

https://commons.wikimedia.org/wiki/File:Amino_Acids.svg


Multi-billion 
year old table!

Multiple 
codons for 
same amino 
acids

This allows for 
dialects and 
shaping DNA



Where do genes 
begin and end?

HNGGGGGG!!!

FASTA
 

GFF



Promoter         -35 …….                  -10                                   Shine-Dalgarno      ATG…TGA

RNA

Amino Acids

Amino acids 
code🥳

“TATAAT”“TTGACA” “AGGAGG”

DNA layer
RNA layer
Amino acid layer
..
RNA layer
DNA layer

https://www.biorxiv.org/content/10.1101/2025.01.23.634641v2.full 

https://www.biorxiv.org/content/10.1101/2025.01.23.634641v2.full


Escherichia coli str. K-12 substr. 
W3110

Topologically this chromosome is 
actually a circle.

Spiral shape however is better for an 
overview

The blank areas are not genes. 
Partially we know what this is. 
Partially not!

Biologists study genes.. “Looking for 
your keys where the light is”

But us nerds could take a look at the 
data!



So standard that Debian ships it! (Also, congrats on Trixie!)





OOPS!!!!





The state of bioinformatics software is… not great (second time this 
happened to me)



More bacterial anti-viral 
defenses.

This war has been raging for 2 
billion years at least!

Maybe we could learn..



By James atmos - Own work, CC 
BY-SA 3.0, 
https://commons.wikimedia.org/w/in
dex.php?curid=7821536 

A multi-generational 
immune system.

A forensic record of 
previously survived 
viruses!

Can we see it?

People looked at this 
for 20 years w/o 
knowing what it ws

https://commons.wikimedia.org/w/index.php?curid=7821536
https://commons.wikimedia.org/w/index.php?curid=7821536


CRISPR: “The origin of the spacer sequences remains unknown” - 
2002

https://onlinelibrary.wiley.com/doi/epdf/10.1046/j.1365-2958.2002.02839.x 

https://onlinelibrary.wiley.com/doi/epdf/10.1046/j.1365-2958.2002.02839.x




Signature: 
“AGTTTCCGTATCTCCGGATTTATAAAGCTGA”

CAGAGTTTCCGTATCTCCGGATTTATAAAGCTGAAGG

Why does the CRISPR system not destroy itself?



GC SKEW!
https://skewdb.org/view 

https://skewdb.org/view


And no one 
really knows 
why!



Lots of data 
available to test 
hypotheses

I also have a few

Have a go with the 
data from 
skewdb.org!



Escherichia coli str. K-12 substr. 
W3110

Look at the white spaces

Very interesting things could be 
hiding there

And you could help find out what it 
is!



Real
Biologists

Computer 
people

Knowledge



Real
Biologists

Computer 
people

Knowledge



Why does GC-skew exist?
Why even Chargaff’s 2nd rule?
What is in the bacterial 
whitespace?
Why is so much bioinformatics 
tooling so terrible?

GOOD LUCK!



Come to the afterparty! 
Tomorrow, Monday, 2025-08-11 15:00–15:50, Cassiopeia

Interactive session, featuring all the skipped slides and lots of room for 
questions and answers!

https://berthub.eu/revdna/ 

https://berthub.eu/revdna/

