
Biobit is a k-mers-based metric that measures genomic complexity, establishing as a basis

the balance between the anti-entropic and entropic components of the sequence. To do this,

the metric establishes two terms based on the anti-entropic (AC) component.

𝐵𝐵 = AC (1 − 2𝐴𝐶/𝐿𝐺)3

The anti-entropy of the genome sequence is high when there is a high percentage of

repeated k-mers. Therefore, to calculate it, we will use the following formula.

Where 2LG is log4(G). It is the upper limit of entropy that can be reached in genomes with

the same length, and E2LG(G) is the entropy found in the sequence.

The hapaxes are unique k-mers in the sequence. 2LG is used as the k value. When 2LG is not

an integer, it is interpolated between k1 and k2, so that k1 < 2LG < k2. Therefore, the

percentage of hapaxes will be the number of unique words found relative to the total

number of k-mers.khbkhbjhbjhvjvgjmdxnmxmxmxmxmxmxmxmxmxmmxmxmxmxmxmxmm

742 eukaryotic genomes were measured at the whole genome and chromosome sequencing

level.

- The anti-entropic component in the formula of the Biobit has more effect on the Biobit equation until the
value of AC reaches 1. At that point, AC is in a root, and there is almost no increase in this term in the
equation, so the term (1 − 2𝐴𝐶/𝐿𝐺)3 has more impact, decreasing at high AC values.

- The anti-entropic component provides a measure inversely proportional to the percentage of hapaxes.

- The highest values of the anti-entropic component correspond to Viridiplantae, specifically to
streptophytes plants, just as we expected due to polyploidy. In BB vascular plants also show high values, but
lower than Mammalia.

- Another noteworthy case is birds, which have a low variation in the anti-entropic component, therefore on
the percentage of hapaxes. The average value is lower than most metazoans. Birds have reduced genomes
and smaller cells to increase energy efficiency, so one would expect a reduction in repeated k-mers and a
high AC, as observed.
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The tendency toward increasing complexity in biological evolution is 

controversial in biology. Having a complexity measure can help with its 

resolution. We suggest appealing to genomes to measure complexity because 

they store information about the biotic and environmental interactions of 

species in their evolutionary history. 

The domain Eukarya contains a broad number of complete sequenced genomes 

and an extensive evolutionary history that has allowed it to diverge to different 

levels of complexity. The different groups have adopted various evolutionary 

strategies reflected in their genomes. An example is the inclination towards 

polyploidy in plants, tandem and proximal duplications characteristic of 

amphibians, and genome reduction in birds to decrease energy expenditure. All 

of them are reflected in the percentage of hapaxes and the value of the anti-

entropic component.
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AC = 2LG − E2LG(G)

The graphs A, B, and C use the 
legend located on the right side of 
graph B to characterize the 
represented taxonomic groups.

- The measurement of hapaxes in the sequence seems to show a close relationship with complexity. It could be a factor to use in evolutionary studies in future investigations.

- This measure allows us to capture various evolutionary strategies present in eukaryotes, so studying its relationship in other groups can help us understand how their 
sequences have varied and evolved over time.

- The compensation of the anti-entropic component of the Biobit with the second factor of the formula is still an imprecise factor, however the Biobit metric appears to be a 
good candidate for measuring complexity.
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