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Traditionally, phage genomes are compared 
using methods that require sequence 
alignment or gene annotation. These 
methods may be ineffective for populations 
with significant horizontal gene transfer and 
are computationally intensive for large 
datasets. Mycobacteriophages also lack a 
common genetic element, like ribosomal 
RNA in bacteria, from which to compute 
phylogenetic relationships. Alignment-free 
sequence analysis methods, such as 
measures that compute the usage of 
oligonucleotides in a genome, have the 
potential to infer relationships between 
significantly diverged sequences. We 
examined the usage of tetranucleotides in 
all 663 phage genomes available in the 
mycobacteriophage database as an 
alternative to alignment and annotation 
based methods. 

INTRODUCTION

We found tetranucleotide usage deviation 
(TUD), a normalized measure of 
tetranucleotide usage in a genome, to be 
comparable for members of the same 
phage subcluster and distinct between 
subclusters. We used TUD as a measure of 
distance between phage and were able to:

- Construct phylogenetic trees that place 
members of a subcluster in a monophy-
letic clade

- Accurately assign subclusters to phage 
with a nearest neighbor classifier

- Identify windows in a genome with sig-
nificantly different tetranucleotide usage, 
possibly indicating horizontal gene trans-
fer

   

METHODS

k-mer counting
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4-MERS ARE COUNTED
USING A SLIDING WINDOW

HERE’S THE RESULT
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tetranucleotide usage deviation

To remove biases in tetranucleotide counts, 
we divided each observed count by the 

number of tetranucleotides expected under 
a model of random nucleotide distribution. 
This gives the TUD for a tetranucleotide 𝑤. 

: genomic frequency of respective nucleotides

: tetranucleotide frequency of nucleotides

: length of genome

The TUD signal for a genome is a vector of 44 = 256 
values – one for each possible tetranucleotide

tetranucleotide difference index

Genomes are relatively self-similar in 
oligonucleotide usage. A region with a 

drastically different TUD signal can indicate 
horizontal transfer of genetic material. We 
computed the tetranucelotide difference 
index (TDI) in a sliding window to look for 

regions of interest in phage genomes. 

Tetranucleotide differences are measured in 
each window 𝑠 by the equation:

We compare the Z-score of tetranucleotide 
differences for each window to find regions 

of significant difference:

: the TUD value for word in the sliding window

: the TUD value for the entire genome
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Tetranucleotide Difference Index in cluster L genomes  
(2500bp window, 500bp step size)
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HORIZONTAL GENE XFER?

BLAST

investigate with 

Phamerator

some homology

JoeDirt gp 130 @ 70,000 bp
• Mycobacterium abscessus E = 2e-48
• Flavobacterium psychrophilum 

E=2e-28
• Opitutaceae bacterium TAV1 ATPase

E = 1e-23

more likely
• Cluster L genomes are very 

repetitive at the end. 
• Repetitive regions have 

increased counts of specific 4-
mers, contributing to the spike 
in TDI. 

JoeDirt (L1)  cluster of repeats at 70kb
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Colored lines indicate significant clusters of repeats 

THESE SHOULDN’T GO HERE G G A T C C IS A BAMHI RESTRICTION SITE!
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Hatfull et. al (2010) our alignment-free tree

B3 EXCEPTIONAL K-MER MOTIFS
- CAUSES?

CONCLUSIONS
Tetranucleotide usage deviation and other alignment-free methods can investigate 

relationships within the diverse mycobacteriophage population. TUD accurately 
reconstructs phylogenetic trees and can highlight regions of particular interest in a 

genome. These methods can be applied in a high-throughput manner, take very 
small amounts of computational time, and serve as an excellent first pass in the 

comparative analysis of a mycobacteriophage genome. With some further work we 
hope to see these methods applied to every new phage sequence. 

FUTURE DIRECTIONS

A naïve Bayesian classifier can use 
oligonucleotide counts to calculate 
the probability of a subsequence 

originating in a given genome. 
This can be used to find the most 

likely genome of origin for a 
possible HGT event. We plan to 

implement a naïve Bayesian 
classifier and further investigate 

leads uncovered with TDI.

horizontal gene transfer

Hosts and parasites have similar 
oligonucleotide usage profiles. We 

will use data available on phage 
host preference to investigate this 

point further. 

host-parasite coevolution

additional information
Source code and processed data are available at:

github.com/bsiranosian/tango

A digital copy of this poster is available at:

bsiranosian.com/phageposter

You can view a presentation of this research from the 2014 SEA-PHAGES symposium at: 

yeesus.com/tangoSEA
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