Details on the definitions of six alignment-free

distance/dissimilarity measures between two genomes
based on NGS data

Given two NGS data sets ¢ and j from different samples and a given word length
k, we first count the number of occurrences of all k-mers in all reads of sample
1 and sample j, respectively. The full set of k-mers of length k is defined as
AF where A = (A, T, C,G) for nucleotide sequences. For a given k-mer w, its
number of occurrences in data set ¢ is defined as Nl(,f ) an(d) the frequency or the
SISk

In this study, we consider six distance/dissimilarity measures between two
samples based on NGS data. These include the traditional Manhattan, Eu-

clidean, and dy [1] distances between the frequencies of the word patterns.

relative abundance of this k-mer is defined as f&i) =

The Manhattan distance (Ma) is defined as:
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The Euclidean distance (Eu) is defined as:
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The dy distance is defined as:
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We also investigate three recently developed background adjusted dissimilarity
measures including CVTree [2], d5 and dj [3, 4, 5, 6]. We model the background
DNA sequence of a sample using m-th order Markov chain where the order m
is estimated using the method developed for NGS short read data [4]. The

expected number of occurrences of word w, Engj ), can be calculated from the
stationary probability of the first m-mer w[1 : m] and the transition probabilities
from the n-th m-mer w[n : n + m — 1] to the (n + m)-th nucleotide w[n + m]:
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where L() equals to the sum of the lengths of all reads in the i-th data set minus
(m—1)R where R is the total number of reads, p is the stationary probability dis-
tribution, and 7 is the transition probability distribution that can be estimated



from the data. The difference between the number of occurrences of k-mer w
and its expected number of occurrences is defined as Ny, @ = Ny R — ENy @) that
we refer to as the background adjusted k-mer counts. The CVTree, d5 and d5
dissimilarity measures are defined as follows.

The CVTree dissimilarity is defined as:

Suwear fi fi?
@M G S e n (F)2

O

TOR CVTree calculates ENS by assuming a (k — 2)-th order

Markov chain for genomic sequences.

CVTree = 1
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The d5 dissimilarity is defined as:
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The d5 dissimilarity is defined as:
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