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Who I am:

● Not some kind of weirdo!
○ Well…

● Been studying DNA since 2001
● 2011-2013 guest researcher over at Bertus Beaumont’s lab, 

Bionanoscience TU Delft
● Co-author with Cees Dekker, Felix Hol and Juan Keymer of paper on 

antibiotic resistance (ISMEJ)
● Author of paper in Nature Scientific Data on the present research



Chargaff’s first parity rule: %A = %T, %C = %G for all double stranded DNA

ACTCCCGGACTTGGA
|||||||||||||||
TGAGGGCCTGAACCT

A: 6
C: 9
G: 9
T: 6



Chargaff’s second parity rule (1968): %A ≅ %T, %C ≅ %G for EACH
strand of DNA

ACTCCCGGACTTGGA

TGAGGGCCTGAACCT

A: 3  T: 3
C: 5  G: 4

T: 3  A: 3
C: 4  G: 5





% ACCGTC ≅
% GACGGT

% of any k-mer 
= equal to % of 
its reverse 
complement, up 
to large k

?         ?
?        ?     ? 

?
?



GC Skew
• Lobry, J. R. Asymmetric substitution patterns in the two DNA strands of 

bacteria. Molecular biology and evolution 13, 660-665 (1996)

• “One half of almost all circular chromosomes
has an excess of G over C, compensated in 
the other half”

• 2.5% on average, robust, pervasive
– Not in archaea!



Sample graph 
showing SkewDB
data for 
Lactiplantibacillus
plantarum strain 
LZ95 
chromosome.









GC Skew
• De-amination

– More on the lagging strand
– DNA repair happens more frequently while 

transcribing genes, and this happens more on 
the leading strand (where genes like to huddle)

• “Codon bias * strand bias”
• Third codon position selective pressure
• None of these explanations on their own is
sufficient



SkewDB: 32,000 chromosomes & plasmids
• Skew information on:

– GC / TA, leading & lagging strand
– Split out over: 

• Whole chromosome/plasmid
• 1st, 2nd, 3rd codon position, non-coding regions

– Gene strand bias
• Information on: codon biases
• Easy to use, Jupyter notebook available
• https://skewdb.org/ + https://skewdb.org/view

https://skewdb.org/
















Possible uses
• https://skewdb.org/view is an easy way to check 

out your favorite organism
– Autocomplete!

• Is my bacterium weird? Is the chromosome 
assembly plausible? Is my organism more archaeal 
or more eubacterial?

• Can I discover why GC skew happens like this?
– And learn something about DNA replication!

https://skewdb.org/view
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