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Phylogenetic analysis of poxviridae genomes
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Abstract — There is a growing interest towards alignment-
free approaches that use k-mers as genomic features. Large sizes
of poxvirus genomes, their complex organization with repetitive
regions and recombination sites, makes it difficult to produce
accurate whole genome alignments especially for distantly
related species. K-mer based trees built for 663 whole genome
sequences were found to be in good agreement with alignment-
based ones and correspond well to currently accepted taxonomy
and evolution of poxviruses.
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Motivation and aim

K-mer frequency profiles analysis applied to different
eukaryotic and prokaryotic sequences was found to be highly
consistent with currently accepted taxonomy [1,2]. Recently,
k-mer based methods were successively used to build a
cladogram of RefSeq viral genomes [3], to analyze phylogeny
of Ebola viruses and human papillomaviruses [4], influenza
virus A [5] etc. The primary advantages of these methods are
their low computational costs, and their ability to seamlessly
compare highly divergent sequences, incomplete draft
genomes sequences of different lengths, organization etc [3,
6].

Poxviruses are a family of large DNA viruses replicating
in the cytoplasm. Poxvirus genomes contain highly conserved
central region (~100 kbp) encoding viral proteins essential for
RNA and DNA synthesis, protein processing, virion assembly
and structural proteins, and highly variable terminal regions,
bearing the genes encoding host range proteins, virulence
factors and immunomodulators which are non-essential for
virus growth in vitro. Despite these similarities in genome
organization, their length varies from 139 kb in Orf virus to
289 kbp in Fowlpox virus (FPV) and GC-content varies from
25.3% in capripoxviruses to 65% in parapoxviruses [7]. Large
sizes of poxvirus genomes and profound length variation, their
complex organization with repetitive regions and
recombination sites, makes it difficult to produce accurate
whole genome alignments and especially for distantly related
poxvirus species, thus we decided to use the alignment-free
approaches and to compare the results with alignment-based
ones.

Methods

Genome sequences were aligned with MAFFT [8] or
Mauve software [9]. Phylogenetic analysis and dendrogram
construction were performed with R package ape [10].
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Dendrogram comparisons were done with R package
dendextend [11]. K-mer frequencies analysis was performed
with scripts written in Python programming language.

Results

VARV genomes, including three ancient strains recently
extracted and sequenced by German scientists, were analyzed
with common alignment-based approach. VARYV strains were
grouped according to geographic regions and isolation times.
Two large main groups were distinguished. The largest one
contained African strains, in turn, isolated in a separate cluster,
strains BSH-74, BSH-75, IND-53, NEP-73. This group also
included IND-64, KUW-67, AFG-70, SYR-72, IRN-72,
YUSL-72, PKN-69 strains which formed a separate clade,
Japanese strains JPN-46, JPN-51 and Indian IND-53 New
Delhi formed a separate cluster. The second isolated group
was formed by GAR-66, BRZ-66, UK-52 Butler, SL-69, GUI-
69, BEN-69 and NIG-69 strains. African strains of this group
also formed a separate cluster. Strain V563 (LT706528),
isolated from remains about 60 years old, was attributed to the
first, the most populated group. Strain V1588 (LT706529),
isolated from remains about 160 years old, turned out to be
evolutionarily closer to the second group. And the most
ancient isolate VD21 (BK010317) extracted from almost 400
years old mummy was found to be isolated from all “modern”
strains, although it was more closely related to the second
group. The trees built using the k-mer frequency profiles with
k ranging from 3 to 9 were found to be highly concordant with
those built with alignment-based approach, and even
tetranucleotide composition analysis resulted in cladograms
representing the same major groups observed in alignment-
based trees. The subsequent analysis of all collected poxvirus
genomes with k-mer approach demonstrated a good
agreement with current taxonomy data, even when k was set
to 3. It was observed that cowpox viruses are the most
heterogenic group. Camelpox was observed to be the most
closely related to variola virus. We also captured other well-
accepted evolutionary patterns of Poxviridae family. Thus, we
can confirm that alignment-free approaches might be a
valuable tool for at least a preliminary phylogenetic analysis
of large DNA viruses. Another important point was that this
analysis can be performed in a few tens of minutes on a laptop.
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