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Whole-genome-based phylogeny of African swine fever virus
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Abstract

Aim: A genome-scale phylogenetic analysis was used to infer the evolutionary dynamics of Asfarviridae — African swine
fever virus (ASFV) — and better define its genetic diversity.

Materials and Methods: All complete ASFV genomes from NCBI’s resource as of March 2020 were used. The phylogenetic
analysis used maximum likelihood and neighbor-joining methods. The evolutionary models detection was done with the
help of the package of programs MEGA-X. Algorithms were used to build phylogenetic trees for type B DNA polymerases
of ASFV (n=34) and HcDNAYV (n=2), as an external group.

Results: An expedient categorization of the Asfarviridae family uses five clades. Genotype 1 (except for LIV 5/40 virus
isolate) as well genotype 7 are assigned to the alpha clade; genotype 2 to the beta clade; genotypes 8, 9, and 10 to the gamma
clade; genotype 5 to the delta clade; and genotypes 3, 4, and 20, as well as genotype 22 and the LIV 5/40 isolate to the
epsilon clade. Branch lengths on the phylogenetic tree are proportional to genetic distance along the branch. Branches at the
phylogenetic tree of Asfarviridae are much shorter than branches for Baculoviridae. Shorter branches in ASFVs population
suggest that Asfarviridae evolved relatively recently and remain more closely related.

Conclusion: We suggest applying more robust standards using whole genomes to ensure the correct classification of ASFV

and maintain phylogeny as a useful tool.
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Introduction

Viral genomes usually evolve rapidly, and
accumulated changes, through either mutation or
recombination with other strains or species, are first
fixed in the genome of successful virus isolates that
give rise to genetic lineages. The relationship between
biological lineages related by common descent is
called “phylogeny.” When the history of evolution is
coded from ancestry, we derive a tree with the root
as an ancestor. In contrast, we are often given some
population of viruses to solve the reverse problem to
describing the steps of the process [1]. In such case,
we adopt some parametric characterization of muta-
tions and recombination from which phylogeny can be
inferred. A complex mathematical framework has been
developed for phylogenic inferences. The framework
examines interspecies differences followed by phylo-
genic tree deduction and comparison. A reconstructed
tree approximates the “true” phylogeny that generally
remains unknown. The phylogenetic analysis is used
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in applied and basic virological research, including
epidemiology, diagnostics, forensic studies, phyloge-
ography, evolutionary studies, and virus taxonomy.
The analyses provide an evolutionary perspective on
the variation in any trait that can be measured for a
group of viruses [1].

The origin and evolution of Asfarviridae are
of special interest as common agricultural patho-
gens. The diversity of these viruses — 24 genotypes
— imposes difficulties in collective evaluation of phy-
logenetic relationships. Modern phylogenic diversity
of African swine fever virus (ASFVs) is based on the
sequence of the p72 (B646L) gene that allows identi-
fication of the variation level [2,3].

The issue of the modern evolution of Asfarviridae
is of great interest, and a general understanding is rec-
ognized. The major hindrance for phylogenetic explo-
ration is the isolation of this group of viruses. Viruses
have no universal genes analogous to ribosomal RNA
genes of all cellular organisms, reconstruct the phy-
logenetic tree, as well as evolution roots for distinct
virus groups, and lack a firm baseline.

We conducted a genome-scale phylogenetic
analysis to infer the evolution of ASFV and to define
evolutionary dynamics and genetic diversity better.
The current analysis also includes another family of
closely related DNA viruses — the Baculoviridae and
Asfarviridae. Sequences were analyzed using a set of
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publicly available whole genomes previously deposited
in GenBank. Whole-genome analysis intends to pro-
vide more robust and comprehensive information on
ASF virus evolution and assessment of evolutionary
history and relationships among distinct isolates.

Materials and Methods

Ethical approval

The ethics approval proposal was not required
because the data were collected from the GenBank
sequence database in NCBI. Research was conducted
ethically in accordance with the World Medical
Association Declaration of Helsinki.

Study period and location

The study started in early October 2019 and fin-
ished in late March 2020. The study was conducted in
Laboratory of Cell Biology and Virology, Institute of
Molecular Biology of NAS RA.

Sequence acquisition and metadata curation

We downloaded all complete ASFV genomes
from NCBI’s Resource as of March 2020 (n=60). All
supporting information, including host, country, and
date of isolation, and genotype was recorded. The
approximate length of the genomes of this family is in
order of 200,000.

Phylogenetic analysis

Several sets of complete genomes were sepa-
rately aligned using Clustal Omega (https://www.
ebi.ac.uk/Tools/msa/) and similar algorithms, such as
Muscle and Mafft (general purpose multiple sequence
alignment programs for DNA sequences), to build
phylogenetic trees for type B DNA polymerases of
ASFV (n=34) and HcDNAV (n=2), as an external
group.

Evolutionary relationships were assessed using
the MEGA-X program’s package [4]. Parameters
were preserved by default. Phylogenetic trees were
constructed with the maximal likelihood approach
available in the list of MEGA-X models.

The best known similar/dissimilar measure
between sequences is the longest common subse-
quence (LCS), even though the actual LCS is hardly
computable. LCS algorithms are regarded as NP hard
problems in combinatorial interpretation, which are
studied for finding successful polynomial algorithmic
solutions [5,6]. The known approximations to LCS are
performed through the k-mer, FFT, and other combina-
torial means. The pairwise distances for m sequences
can be computed by different runs, or it might be
approximated by an integrative multiple alignment
computation. The Sequence Demarcation Tool http://
web.cbio.uct.ac.za/~brejnev/SDTv1.2  recommends
the pairwise computations that are time-consuming,
though tractable on supercomputers. The problem is in
length, /, of the genome. Complexities of computation
and testing for recombination increase exponentially
with the number of sequences m and increase lin-
early with the lengths sequences examined. However,

even the linearity of / complicates computations often
making it practically impossible. Multiple sequence
alignment is also time-consuming, yet, it provides an
acceptable approximation for C” pairwise distances in
one run. Our strategy is to apply this approximation
with testing in narrow sites. The set of sequences was
narrowed by deleting evidently classified sequences
and keeping the neighborhood of the suspicious join,
when encountering any phylogenetic join that was
subject to the test. We then computed the actual pair-
wise distances, scaling and checking the distance dif-
ferences in MSM and LCS.

Results

Whole-genome alignment of ASFV isolates

The complete genomes of all 60 ASF viruses
(available in GenBank) were successfully sequenced
in this study (Table-1, data with identical sequences
were removed) [7-22]. In addition, all available (by
March 2020) ASFV genomes were downloaded and
included in all analyses (see alignment in the supple-
mentary material).

Some perturbation is applied to check the sta-
bility of such disposition through elimination of spe-
cific sequences over the set of considered sequences.
However as the general clusterization is inside the
phylogeny, such perturbation may have an insignifi-
cant impact. At the same time, it can provide a valid
tool to test sequence similarities and variations in
these similarities.

Phylogenetic analyses of ASFV isolates

Evolutionary history was inferred using the
neighbor-joining method [23]. The optimal tree with
the sum of branch length=2.12231299—is shown
in Figure-1. The tree is drawn to scale, with branch
lengths (next to the branches) in the same units as
those of the evolutionary distances used to infer the
tree. The evolutionary distances were computed using
the p-distance method [24] and are in the units of
the number of base differences per site. This analy-
sis involved 20 nucleotide sequences. All ambiguous
positions were removed for each sequence pair (pair-
wise deletion option). A total of 281,332 positions
were included in the final dataset. Evolutionary analy-
ses were conducted in MEGA-X [4].

The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test
(500 replicates) is shown next to the branches [25].

The phylogenetic tree analysis derived from
ASFV complete genomes (Table-1) separated all
sequenced viruses into five clades (Figure-1). The first
clade (alpha) consists of all viruses with genotype 1,
except Liv 5/40. This clade also includes viruses from
genotype 7 — the Mkuzi 1979 isolate. The second
clade (beta) presents all viruses with genotype 2. The
third clade (gamma) consists of all viruses of geno-
types 8, 9, and 10. The fourth clade (delta) consists of
only genotype 5. The fifth clade (epsilon) consists of
viruses from genotypes 3, 4, 20, and 22 and virus Liv
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Table-1: African swine fever virus whole-genome sequences available from public databases (status March 31, 2020)*.

Isolate Genotype References

ASFV isolate 26544/0G10 from Italy complete I [8]

genome

ASFV isolate 47/Ss/2008 complete genome I [9]

ASFV Benin 97/1 pathogenic isolate complete I [7,10]

genome

ASFV E75 complete genome strain E75 I [7]

ASFV strain L60 complete genome I [11]

ASFV strain BA71V complete genome I [12]

ASFV strain NHV complete genome I [11]

ASFV OURT 88/3 (avirulent field isolate) complete I [10]

genome

ASFV isolate Mkuzi 1979 complete genome VII Kutish G.F. and Rock D.L. N/A: Data not available;

ASFV strain Livl13/33 complete genome I Chastagner A., Le Potier M.-F. and Pereira de Oliveira, R.

N/A: Data not available;

ASFV strain Belgium/Etalle/wb/2018 complete 11 [13]

genome

ASFV isolate Pig/HL]/2018 complete genome 1I [14]

ASFV isolate DB/LN/2018 complete genome II [14]

ASFV strain ASFV HU 2018 complete genome 1I [15]

ASFV isolate ASFV-wbBS01 complete genome I Zhaowen R., Huancheng G., and Changchun T. Genome
comparison of ASFV ASFV-wbBSO01 strain and different

from ASFV-SY18 from domestic pig. unpublished

ASFV isolate ASFV Moldova 2017/1 genome 1I [16]

assembly complete genome

ASFV isolate ASFV/Kyiv/2016/131 complete II [17]

genome

ASFV isolate ASFV/LT14/1490 complete genome 11 [18]

ASFV strain Georgia 2008/1 complete genome II [19]

ASFV Georgia 2007/1 complete genome I [20]

ASFV isolate Malawi Lil-20/1 (1983) complete VIII Kutish G.F. and Rock D.L. N/A: Data not available

genome

ASFV strain Ken05/Tk1l complete genome IX [21]

ASFV isolate Kenya 1950 complete genome X Kutish G.F. and Rock D.L. N/A: Data not available

ASFV strain Ken06.Bus complete genome X [21]

ASFV strain R7 complete genome IX [16]

ASFV strain R8 complete genome IX [22]

ASFV strain R35 complete genome IX [22]

ASFV strain R25 complete genome IX [22]

ASFV strain N10 complete genome IX [22]

ASFYV isolate Tengani 62 complete genome \Y Kutish, G.F. and Rock, D.L. N/A: Data not available

ASFV isolate Pretorisuskop/96/4 complete genome XX Kutish, G.F. and Rock, D.L. N/A: Data not available

ASFV isolate Warthog complete genome v Kutish, G.F. and Rock, D.L. N/A: Data not available

ASFV isolate Warmbaths complete genome 111 Kutish, G.F. and Rock, D.L. N/A: Data not available

ASFV isolate SPEC 57 complete genome 111 [7]

ASFV isolate RSA 2/2008 complete genome XXII [7]

ASFV isolate LIV 5/40 complete genome I [7]

N/A=Data not available. *Identical sequences were not included in table

5/40. This isolated is regarded as genotype 1 by p72
classification [7].

Asfarviridae: We compared the above tree with
the closest related (by whole-genome analysis) virus
clade — Baculoviridae [26] to further analyze the phy-
logeny of the Asfarviridae. These data are presented in
Figures-2a and b. Baculoviridae and Asfarviridae are
clustered into two different groups. The branches of
the phylogenetic tree of Asfarviridae are much shorter
than those in Baculoviridae (Figure-2b).

Comparison between phylogeny based on the
whole-genome analysis and phylogeny based on p72

Two main differences exist between the phylo-
genesis based on analysis of the complete genome and
conventional phylogenesis based on the p72 (B646L)
gene.

First, the placement of genotype 7 is inside the
clade of genotype 1 using the p72 gene. This phenom-
enon was described previously [27]. Second, Liv 5/40,
formerly referred to as genotype 1 by p72 [7], is in
clade epsilon along with genotypes 3, 4, and 20.

We also processed phylogeny of DNA poly-
merase ASFV genes and included type B DNA poly-
merase (PolB) gene of HCDNAV, a virus that is closely
related to ASFV [28], to study Liv 5/40 phenomenon
further. This measurement showed that the Liv 5/40
isolate clusters with SPEC 57 and RSA-2 isolates (i.c.,
with genotypes 3 and 22) (Figure-3).

Analysis of spatial genetic variation of ASFV popula-
tions of the African continent before 2007

We used data [29,30] on the spatial distribu-

tion of various genotypes of ASFV (based on the
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_{: qil783806617|gb|KM102979.1| African swine fever virus isolate 26544/0G10 from Italy complete genome
gil1755167453|ref[NC 044947 1] African swine fever virus isolate 26544/0G10 from ltaly complete genome
gil1063797672|gb|KX354450 1| African swine fever virus isolate 47/Ss/2008 complete genome
—— gi|1755167626]ref|INC 044955.1| African swine fever virus isolate 47/Ss/2008 complete genome

0i|1755167862|ref|NC 044956.1] African swine fever virus Benin 97/1 pathogenic isolate complete genome

— qil723456162|ref|[NC 001659.2! African swine fever virus strain BA71V complete genome
gi|700612852)gb|U 18466 21ASU18466 African swine fever virus strain BA71V complete genome

¢i|162849383|embjAii712240 1| African swine fever virus OURT 88/3 (avirulent field isolate) complete genome
gil1755168019|ref[NC 0448571 African swine fever virus OURT 88/3 (avirulent field isolate) complete geriome
— gil1755167624|ref[NC 044953 1] African swine fever virus isolate Mkuzi 1979 complete genome
— gi[33772322|gb|AY261362.1] African swine fever virus isolate Mkuzi 1979 complete genome

— 9l re

g re
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¢i]1395159520jemb|LS478113.1| African swine fever virus isolate Estonia 2014 genome assembly complete genome: monopartite

¢i|1723450760|gb|MK543947 1| African swine fever virus strain Belgium/Etalle/wb/2018 complete genome

___{: 0i|1584727290|gb|MK333181.1| African swine fever virus isolate DB/LN/2018 complete genome
0i|1584727104|gb|MK333180.1| African swine fever virus isolate Pig/HLJ/2018 complete genome

gi|1517383423|gb|MK128995.1| African swine fever virus isolate China/2018/AnhuiXCGQ complete genome

gi[1783143621|gb|MN715134.1| African swine fever virus strain ASFV HU 2018 complete genome

gil1775877391|gb|MN172368.1| African swine fever virus strain ASFV/pig/China/CAS19-01/2019 complete genome

gij1702290338|gb|MKE45909.1| African swine fever virus isolate ASFV-wbBS01 complete genome

0i|1599565299]emb|LR536725.1| African swine fever virus isolate ASFV Belgium 2018/1 genome assembly complete genome: monopartite

0i|1750926718]emb]LR722599.1| African swine fever virus isolate ASFV Moldova 2017/1 genome assembly complete genome: monopartite

{ gi|1750926914]emb|LR722600.1| African swine fever virus isolate ASFV CzechRepublic 2017/1 genome assembly complete genome: monopartite
gi|1721807545|gb|MN194591.1| African swine fever virus isolate ASFV/Kyiv/2016/131 complete genome

_E gi[1447727468|gb|MHE81419.1] African swine fever virus isolate ASFV/POL/2015/Podlaskie complete genome
0i[1755715859|gb|MIK628478.1| African swine fever virus isolate ASFV/LT14/1490 complete genome

_[ gi|1795741239]emb|LR743116.1| African swine fever virus isolate ASFV Georgia 2007/1 genome assembly complete genome: monopartite
gi]1539078885|gb|MHI10495.1| African swine fever virus strain Georgia 2008/1 complete genome

030339866 1|emb|FRE82468.1| African swine fever virus Georgia 2007/1 complete genome

i11755168348|ref|NC 044959.1] African swine fever virus Georgia 2007/1 complete genome

Tican swine fever virus 1solate Malaw Lil-

_{: gi|162849209|emb|AM7 12239 1| African swine fever virus Benin 97/1 pathogenic isolate complete genome

{ i|291289440|emb|FN557520.1| African swine fever virus E75 complete genome strain E75
0il1755168179jrefNC 044958.1| African swine fever virus E75 complete genome strain E75

_E gil723633334|gb|KM262844. 1] African swine fever virus strain L60 complete genome
gi[1755166635|refINC 044941.1| African swine fever virus strain L60 complete genome

e

{ i[723633498|gb|KM262845 1| African swine fever virus strain NHV compiete genome
gil1755166961|ref|INC 044943 1! African swine fever virus strain NHV complete genome

L gi|33772321|gbJAY261361.1| African swine fever virus isolate Malawi Lil-20/1 (1983) complete genome
] _E gil1755167122|refINC 044945 1] African swine fever virus strain Ken05/Tk1 complete genome
gi|756418850|gb|KM111294.1] African swine fever virus strain Ken05/Tk1 complete genome

{ gil1755167121|ref[NC 0449441 African swine fever virus isolate Kenya 1950 complete genome
gi|33772320|gblAY261360.1| African swine fever virus isolate Kenya 1950 complete genome

{ gij1755167291|refINC 044946.1] African swine fever virus strain Ken06.Bus complete genome
gi|756419019|gb|KM111295.1| African swine fever virus strain Ken08 Bus complete genome

gi|1421586133|gb|MH025919.1| African swine fever virus strain N10 complete genome

gi[1421584685|gb|MH025917.1] African swine fever virus strain R7 complete genome

__{: gi|1421586857|gb|MH025920.1] African swine fever virus strain R35 complete genome

i|1421583883]ab|iH025916 1] African swine fever virus strain R8 complete genome

TiCan swine fever virus isolate: [engani
L= gij33772324|gb|AY261364.1| African swine fever virus isolate Tengani 62 complete genome
5 . Swne e o

{ gi|33772523|gbjAY261363.1| African swine fever virus isolate Pretorisuskop/96/4 compiete genome
{ gi|1755167620jrefINC 044949.1] African swine fever virus isolate Warthog complete genome

gi[33772326|gbJAY261366.1| African swine fever virus isolate Warthog complete genome

_{: gi|1755167621|refINC 044950.1| African swine fever virus isolate Warmbaths complete genome

0i|33772325|gblAY261365.1| African swine fever virus isolate Warmbaths complete genome

{ Qi|1777142212|gb|MN338500. 1| African swine fever virus isolate RSA 2 2008 complete genome
gi|1777142310|gb|MN394530.1| African swine fever virus isolate SPEC 57 complete genome
gi|1777142090|gb|MN318203 1| African swine fever virus isolate LIV 5 40 complete genome

complete genome

complete genome

Figure-1: Phylogenic tree of Asfaviridae. Phylogenetic tree showing all available ASFV complete genome sequences
(n=60). Orange color - alpha clade; gray color - beta clade; violet color - gamma clade; green color - delta clade; red

color — epsilon clade.

B646L gene) in the African continent before the 2007
epidemic to determine the geographical boundaries
of ASFV clades. Clade alpha is found in the Western
parts of Africa. Clade beta was only distributed in East
Africa (until 2007). Clade gamma is also identified in
East Africa. Clade delta was found in Central and East
Africa, and clade epsilon was found in the south and
partially in the eastern areas of Africa (Figure-4).

Discussion

The phylogenetic tree based on ASFV com-
plete genomes is not precisely clear. Current genetic

typing of ASFV isolates is generally based on
nucleotide sequencing of the p72 capsid protein
gene [31,32]. This classification enables the rapid
identification of the virus. However, the correlation
between ASFV genotypes (based on p72 classifi-
cation) and viral cross-protection does not always
match [33]. The Ugandan 1965 isolate is placed in
VP72 genotype X, but it is placed in the genotype I
clade [34].

The phylogenetic tree based on all available
nucleotide sequences of the ASFV complete genomes
revealed the genetic relationship between different
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gi|197343535|gb|EU678671.1| Pseudaletia unipuncta granulovirus strain Hawaiin complete genome
gi|285002275|ref|NC 013772.1| Pseudaletia unipuncta granulovirus complete genome
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gi|334265679|ref|NC 015398.1| Clostera anachoreta granulovirus complete genome
gil1755167122|ref|[NC 044945.1| African swine fever virus strain Ken05/Tk1 complete genome
gil1755167625|ref[NC 044954.1| African swine fever virus isolate Malawi Lil-20/1 (1983) complete genome
gil1777142090|gb|MN318203.1| African swine fever virus isolate LIV 5 40 complete genome
gil1777142310|gb|MN394630.1| African swine fever virus isolate SPEC 57 complete genome

0.00 gi|1755167621|ref[NC 044950.1| African swine fever virus isolate Warmbaths complete genome
gi|33772324|gb|AY261364.1| African swine fever virus isolate Tengani 62 complete genome
gil1755168348|ref|[NC 044959.1| African swine fever virus Georgia 2007/1 complete genome
gil1755167624|ref|NC 044953.1| African swine fever virus isolate Mkuzi 1979 complete genome
gi|1755168019|ref|NC 044957.1| African swine fever virus OURT 88/3 (avirulent field isolate) complete genome
gi|291289440|emb|FN557520.1| African swine fever virus E75 complete genome strain E75

gil270161214|gb|GQ884143.1| Artogeia rapae granulovirus isolate Wuhan complete genome
001 lo'mi;i|309752907|gb|GU111736.1| Pieris rapae granulovirus strain E3 complete genome
gi|21686665|ref|[NC 004062.1| Phthorimaea operculella granulovirus complete genome
0.00 gi|1785997050|gb|MN696171.1| Cydia pomonella granulovirus isolate CpGV-ZY complete genome
gil32698539|ref|[NC 005038.1| Adoxophyes orana granulovirus complete genome
gi|197343535|gb|EU678671.1| Pseudaletia unipuncta granulovirus strain Hawaiin complete genome
02 o'oogi|285002275|ref|NC 013772.1| Pseudaletia unipuncta granulovirus complete genome
gi|761719522|ref|NC 026511.1| Spodoptera frugiperda Betabaculovirus isolate VG008 complete genome

'o. wgil327553694lgb|HQ116624.1| Clostera anachoreta granulovirus isolate ClanGV-HBHN complete genome
023 0i|334265679|ref|NC 015398.1| Clostera anachoreta granulovirus complete genome

0.01 = gil1755167122|ref|NC 044945.1| African swine fever virus strain Ken05/Tk1 complete genome
gi|1755167625|ref[NC 044954.1| African swine fever virus isolate Malawi Lil-20/1 (1983) complete genome
= gil1777142090|gb|MN318203.1| African swine fever virus isolate LIV 5 40 complete genome
gil1777142310|gb|MN394630.1| African swine fever virus isolate SPEC 57 complete genome
gi|1755167621|ref|[NC 044950.1| African swine fever virus isolate Warmbaths complete genome
gil33772324|gb|AY261364.1| African swine fever virus isolate Tengani 62 complete genome
gi|1755168348|ref|[NC 044959.1| African swine fever virus Georgia 2007/1 complete genome
l gi|1755167624|ref|[NC 044953.1| African swine fever virus isolate Mkuzi 1979 complete genome
gi|1755168019|ref[NC 044957.1| African swine fever virus OURT 88/3 (avirulent field isolate) complete genome
;,.:',ogi|291289440Iemb|FN557520.1| African swine fever virus E75 complete genome strain E75

Figure-2: Phylogenetic analysis of Asfarviridae compared with Baculoviridae as external group. (a) Phylogenetic tree showing
topology between Baculoviridae and Asfarviridae. (b) Baculoviridae and Asfarviridae phylogenetic tree with real branch sizes.

virus genotypes obtained from various geographic

areas and hosts. These relationships indicate that:

1. Itismostexpedientto divide the entire Asfarviridae
family into five clades. Genotype 1 is assigned to
the alpha clade (without the LIV 5/40 virus); this
clade also includes genotype 7. This phenome-
non was described previously [27]. Genotype 2 is
assigned to the beta clade; genotypes 8, 9, and 10
to the gamma clade, genotype 5 to the delta clade;
and genotypes 3, 4, and 20 to the epsilon clade,
along with genotype 22 and the LIV 5/40 isolate

An alternative comparative phylogenetic analy-

sis of the ASFV p72 gene suggested four clades [35].

Clade A was found in Central and East Africa and
included genotypes 9 and 10. Clade B was distrib-
uted in East Africa and included genotypes 8 and
11-16. Clade C was identified in both East and South
Africa and included genotypes 1, 2, 17, and 18.
Genotypes included in clade D (3-7 and 19-22) were
found in the Southern part of Africa, in Mozambique
and Malawi.

Another alternative phylogeny was suggested by
Wang et al. [36]. Our data largely coincide with this
phylogeny. Genotype 2 in the latter study is localized
into a separate group, and genotypes 8, 9, and 10 are
clustered together. Some differences are explained by

Veterinary World, EISSN: 2231-0916

2122



Available at www.veterinaryworld.org/Vol.13/October-2020/11.pdf

02 0i|1783143621|gb|MN715134.1|:114153-117773 African swine fever virus strain ASFV HU 2018 complete genome
0i|1815409481|gb|MN393476.1|:114381-117989 African swine fever virus isolate ASFV Wuhan 2019-1 complete genome
gi|1775877391|gb|MN172368.1|:113199-116819 African swine fever virus strain ASFV/pig/China/CAS19-01/2019 complete genome
0 gi|1755715859|gb|MK628478.1|:113195-116815 African swine fever virus isolate ASFV/LT14/1490 complete genome
gi|1750926718|emb|LR722599.1|:114161-117781 African swine fever virus isolate ASFV Moldova 2017/1 genome assembly complete genome: monopartite
0 gi|1723450760|gb|MK543947.1|:113242-116862 African swine fever virus strain Belgium/Etalle/wb/2018 complete genome
— gi|1702290338|gb|MK645909.1|:113198-116818 African swine fever virus isolate ASFV-wbBS01 complete genome

— gi[1599565299|emb|LR536725.1|:114162-117782 African swine fever virus isolate ASFV Belgium 2018/1 genome assembly complete genome: monopartite

—— gi|1584727290|gb|MK333181.1|:113199-116819 African swine fever virus isolate DB/LN/2018 complete genome

—— gi|1584727104|gb|MK333180.1]:113199-116819 African swine fever virus isolate Pig/HLJ/2018 complete genome
—— @i|1539078885|gb|MH910495.1|:113177-116797 African swine fever virus strain Georgia 2008/1 complete genome
ag [|— 0il1517383423|gb|MK128995.1|:113188-116808 African swine fever virus isolate China/2018/AnhuiXCGQ complete genome
0i|1395159520|emb|LS478113.1|:105896-109516 African swine fever virus isolate Estonia 2014 genome assembly complete genome: monopartite
0i|1815409645|gb|MN393477.1|:114381-117989 African swine fever virus isolate ASFV Wuhan 2019-2 complete genome
0i|1819894646|gb|MN318203.2|:109646-113266 African swine fever virus isolate LIV 5 40 complete genome
0i|1819894685|gb|MN336500.2|:112050-115670 African swine fever virus isolate RSA 2 2008 complete genome
0i|1819894699|gb|MN394630.2|:110935-114543 African swine fever virus isolate SPEC 57 complete genome
0i|1812103661|gb|MN913970.1|:113923-117534 African swine fever virus strain Liv13/33 complete genome
gi|1063797672|gb|KX354450.1|:108820-112455 African swine fever virus isolate 47/Ss/2008 complete genome
gi|723456162|refNC 001659.2|:96365-100000 African swine fever virus strain BA71V complete genome
0i|162849209|emb|AM712239.1|:107840-111463 African swine fever virus Benin 97/1 pathogenic isolate complete genome
0i|162849383|emb|AM712240.1|:98762-102397 African swine fever virus OURT 88/3 (avirulent field isolate) complete genome
0i|1755167453|ref[NC 044947.1|:107568-111191 African swine fever virus isolate 26544/0G10 from Italy complete genome
gi|1755167862|ref[NC 044956.1|:107840-111463 African swine fever virus Benin 97/1 pathogenic isolate complete genome
0i|291289440|emb|FN557520.1|:106962-110597 African swine fever virus E75 complete genome strain E75
0i|723633334|gb|KM262844.1|:107900-111535 African swine fever virus strain L60 complete genome
0i|723633498|gb|KM262845.1|:99097-102732 African swine fever virus strain NHV complete genome
gi|783806617|gb|KM102979.1|:107568-111191 African swine fever virus isolate 26544/0G10 from Italy complete genome
gi|756418850|gb|KM111294.1|:114146-117736 African swine fever virus strain Ken05/Tk1 complete genome
0i|756419019|gb|KM111295.1|:110077-113691 African swine fever virus strain Ken06.Bus complete genome
86 0i|1421583893|gb|MH025916.1|:112206-115820 African swine fever virus strain R8 complete genome

% 0i|1421584685|gb|MH025917.1|:112207-115821 African swine fever virus strain R7 complete genome
0i|1421585444|gb|MH025918.1|:112209-115823 African swine fever virus strain R25 complete genome
0i|1421586857|gb|MH025920.1|:112208-115822 African swine fever virus strain R35 complete genome
0i|1464309720|ref[NC 038702.1|:1913-5590 Heterocapsa circularisquama DNA virus 01 hnhE1 hnhE2 PolB genes for HNH endonuclease HNH endonuclease type B DNA ¢
100 - 9i1301429490|dbjlAB505427 1| Heterocapsa circularisquama DNA virus 01 DPOL gene for DNA polymerase complete cds

59

Figure-3: Comparative phylogenetic analysis between the DNA pol genes of African swine fever virus (n=34) and HcDNAV
(n=2). All nodes were supported by bootstrap values (10,000 replicates).
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Figure-4: Geographical distribution of the Asfarviridae
clades in Africa. Orange color - alpha clade; gray color -
beta clade; violet color - gamma clade; green color - delta
clade; red color - epsilon clade.

genome-wide analysis in our work, and our decision
is to divide the Asfarviridae family into five clades,
not in three.

1. Clade D described by Muangkram et al. [35],
almost corresponds to our epsilon group. It
includes viral populations in South and East Africa
and is represented by genotypes 3, 4, 20, and 22.

2. ASF virus LIV 5/40, classified based on p72

(B646L) to genotype 1 [7], clusters together with
genotypes 3 and 22 in the whole-genome analysis
and, is quite close to genotypes 4 and 20

3. Various classifications indicating a lack of con-
gruence between whole genomic analysis and
p72-based single gene analysis were first postu-
lated by de Villiers et al. [27]. Our data confirm
this inference

4. Lengths of phylogenetic tree branches reflect
genetic distances. Therefore, shorter branches in
Asfarviridae versus Baculoviridae indicate that
these viruses had fewer changes and are consid-
ered more closely related.

Shorter branches are found in populations with
reduced genetic diversity, and this rule is applicable
at both species and molecular levels [37,38]. Hence,
we can conclude that shorter branches of ASFV
clade represent a shorter period of evolution, or, per-
haps, Baculoviridae evolve faster than Asfarviridae.
However, modern literature sources [39] indicate that
a longer evolution period of evolution is more likely.
Analysis using whole genomes can allow more accu-
rate evaluation of virus evolution rate.
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Further, whole-genome sequencing of isolates
sampled from various dsDNA viruses may provide
better understanding of evolutionary and selection
processes and more accurate estimates of divergence
times and origins of distinct DNA viruses and separate
viral genes. Continued surveillance and sequencing of
different ASFV isolates is important for monitoring
this virus family.

Conclusion

We suggest applying more robust standards
based on whole-genomes analysis to ensure the cor-
rect classification of ASFV to maintain phylogenetic
analysis as a useful tool. Our data suggest an expedi-
ent classification of the entire Asfarviridae family into
five clades. Shorter branches in ASFVs phylogenetic
tree versus Baculoviridae suggest that Asfarviridae
arose more recently.
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