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Analysis of the whole-genome sequence of an ASF virus
(Asfarviridae: Asfivirus: African swine fever virus) isolated
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Ali Mazloum, Alexey S. Igolkin, Andrey R. Shotin, Nikolay G. Zinyakov, Natalia N. Vlasova,
Elena V. Aronova, Olga S. Puzankova, Vera L. Gavrilova, lvan V. Shevchenko

FGBI «Federal Centre for Animal Health» («<ARRIAH»), 600901, Vladimir region, Vladimir, Yuryevets microdistrict, Russia

Introduction. The causative agent of African swine fever (Asfarviridae: Asfivirus: African swine fever virus) (ASF)
is a double-stranded DNA virus of 175-215 nm. To date, 24 of its genotypes are known. Clustering of ASF genotype
Il'isolates is carried out by examining a limited number of selected genome markers. Despite the relatively high rate
of mutations in the genome of this infectious agent compared to other DNA viruses, the number of known genome
molecular markers for genotype Il isolates is still insufficient for detailed subclustering.

The aims of this work were the comparative analysis of ASFV/Zabaykali/WB-5314/2020 virus isolate and
determination of additional molecular markers which can be used for clustering of viral genotype Il sequences.
Material and methods. ASF virus isolate ASFV/Zabaykali/WB-5314/2020 was used to extract genomic DNA
(gDNA). Sequencing libraries were constructed using the Nextera XT DNA library prepare kit (lllumina, USA) using
the methodology of the next generation sequencing (NGS).

Results. The genome length was 189,380 bp, and the number of open reading frames (ORFs) was 189. In
comparison with the genome of reference isolate Georgia 2007/1, 33 single nucleotide polymorphisms (SNPs)
were identified, of which 13 were localized in the intergenic region, 10 resulted to the changes in the amino acid
sequences of the encoded proteins, and 10 affected the ORF of ASF virus genes.

Discussion. When analyzing intergenic regions, the ASFV/Zabaykali/WB-5314/2020 isolate is grouped separately
from a number of isolates from Poland and three isolates from People’s Republic of China (PRC), since it does not
harbor additional tandem repeat sequence (TRS). At the same time, the construction of a phylogenetic tree based
on DP60R gene sequencing relates ASFV/Zabaykali/WB-5314/2020 to isolates from PRC and Poland. Moreover,
phylogenetic analysis of full-genome sequences confirmed previous studies on the grouping of viruses of genotype
II, and as for the studied isolate, it was grouped with the variants from China.

Conclusion. A new variable region was identified, the DP60R gene, clustering for which gave a result similar to the
analysis of full-length genomes. Probably, further study of the distribution of ASF virus isolates by groups based on
the analysis of this gene sequences will reveal its significance for studying the evolution of the virus and its spread.
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AHanus nofiIHOreHOMHOM nocrieaoBaTeNIbLHOCTU U3onATa
BUpyca achpukaHckon yymbl cBuHen (Asfarviridae: Asfivirus:
African swine fever virus), BbiaeneHHOro ot AMKoro kabaHa
(Sus scrofa) Ha rpaHuue Poccunckon ®eapepauun n MoHronuum

Maznym A., Uronkun A.C., WotmH A.P., 3nHskoe H.I"., Bnacoea H.H., ApoHoBa E.B.,
My3ankoBa O.C., MaBpunosa B.J1., LLieB4yeHko W.B.

OIBY «DenepanbHblii LEHTP OXpaHbl 340p0Bbs XUBOTHbIX» (BHUN3XK), 600901, Bnagumupckas o6n., Bnagumup, Mkp.
HOpbeBew, Poccus

BBepeHue. Bo3byautensb adpprkaHckon Yymbl cBUHeN (Asfarviridae: Asfivirus: African swine fever virus) (A4C) —
asyxuenoveuHbin HK-Bupyc pasmepamun 175-215 HM. Ha cerogHsAWHWN OeHb U3BECTHO 24 ero reHotuna.
Knactepusaums supycoB AYC Il reHoTuna npoBoanTCS NYTEM M3y4YeHUs OrpaHMYEHHOro Yucra BblOpaHHbLIX
obnacten reHoma. HecMOTpst Ha OTHOCUTENbBHO BbICOKYH) CKOPOCTb HaKOMMeHWs 3aMeH B reHOMe 3TOro WH-
EeKLMOHHOro areHTa no cpasHeHuto ¢ apyrumm JHK-cogepxaliymm Bupycamu, YMCro U3BECTHbIX FTEHOMHbIX
MONeKynspHbIX MapképoB Ansa n3onsTos |l reHoTUNa A0 HACTOSILLEr0 BPEeMEHU HE[OCTaTONHO AN AeTanbHOM
cybknacTtepusauun.

Lensamun paHHon paboTbl SABNSAMMCH CpaBHUTENbHbI aHanu3 wmsonata Bupyca AYC ASFV/Zabaykali/WB-
5314/2020 n onpegeneHne AONOMHUTENbHbLIX MOMEKYNAPHbLIX MAapPKEPOB, UCMOMNb30BaHNE KOTOPbLIX BO3MOXHO
npu knactepu3auuv supyca |l reHotuna.

Martepuan u metogbl. B pabote ncnonb3oaH usonat supyca A4C ASFV/Zabaykali/WB-5314/2020. bubnuote-
Ky nocrefoBaTenbHOCTEN KOHCTpyMpoBanu ¢ ucnonb3oBaHnem Habopa Nextera XT DNA library preparation kit
(lllumina, CLWA) ¢ nomoLLbo METOAUKM CEKBEHMPOBAHMS HOBOro nokorneHust (next generation sequencing, NGS).
Pesynbrathl. [InvHa reHoma mnccnegyemoro msonsta coctasuna 189 380 n.H., YMCNO OTKPbITBIX PaMOK CHUTbI-
BaHusa (OPC) — 189. lNpu cpaBHeHun ¢ pedepeHTHbIM reHomom Georgia 2007/1 y BapuaHTa obHapyxeHbl 33
OOHOHYKNEeoTUAHbIX nonumopduama (OHIM). N3 Hux 13 nokanuaytoTcss B MeXreHHbix obnactert 10 npuBoasT
K MU3BMEHEHUIO aMVHOKUCIIOTHBIX NocrnefoBaTensHOCTeN koanpyeMbix 6enkos 1 10 — okasbiBatoT BnunsHue Ha OPC
reHos Bupyca A4C.

O6cyxaeHue. o aaHHbIM aHanmM3a MexreHHblx obnacten ASFV/Zabaykali/WB-5314/2020 rpynnupyetca oT-
OenbHO OT Heckomnbkux m3onatos u3 Monbwmn 1 3 — n3 Kutarickon HapogHoi Pecny6nuvku (KHP), nockonbky He
COOEepXUT TaHAeMHbIX noBTopoB (tandem repeat sequences, TRS). B To ke Bpems npu noctpoeHun dunore-
HETUYECKOro [epeBa Ha OCHOBaHWMM CEKBEHUpOBaHUS reHa DP60R [aHHbIN M30NsT okasancs ob6beguHEHHbIM
¢ TakoBbiMu 13 KHP u Monbww. Mpu atom rnoreHeTUYeCcKnin aHanm3 nonHOreHOMHbIX nocriegoBaTensHoCTen
noATBepAun pesynbTaTthl MpPeALecTBYOLWUX UccneaoBaHuii no knactepusaumm supyco AYC Il reHotuna, a Bapu-
aHT ASFV/Zabaykali/WB-5314/2020 okasarncsa pacnpefaenéHHbiM B rpynny ¢ usonaramm ns Kutas.
3akntouyeHue. aeHTudununposaHa HoBas BapuabensHas obnactb reHoma Bupyca AYC — ren DP60R, kna-
cTepusaums nNo KOTOPOMY Aana pesynbTaT, aHanornyHbln TaKOBOMY NpU aHanuse nonHopasMepHbIX FeHOMOB.
MoxHo npegnonaratb, YTO AanbHelwne paboTbl MO rpynnoBOMy pacnpegeneHuto nsonstos Bupyca AYC, 6a-
3MpPYHOLLMECS Ha U3yYeHUn NocneaoBaTenbHOCTM 3TOrO reHa, NO3BOMAT BbIABUTb 3HAYMMOCTb AaHHOWN rEeHHOWN
CTPYKTYpPbl ANA HAay4YHbIX U3bICKAHUI B OTHOLLUEHMM 3BOMIOLMN MH(PEKLMOHHOTO areHTa 1 nyTen ero pacnpo-
CTpaHeHus.

Knroyeesie cnoea: aghpukaHckas yyma ceuHel (AYC), nonHoeeHOMHoe cekseHuposaHue, eeHemuyecKul aHa-
nu3, ghunozeHemuyeckuli aHanu3
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Introduction

African swine fever (ASF) is a highly deadly hemor-
rhagic disease affecting domestic and wild pigs (Suidae).
In 2020, Russia reported 271 ASF outbreaks, includ-
ing 161 outbreaks among domestic pigs (Sus scrofa do-
mesticus) and 110 outbreaks in the population of wild
boars (Sus scrofa) [17].

The pathogen is a DNA-containing arbovirus compris-
ing an icosahedral capsid and supercapsid envelope. Its
genome is a linear double-stranded DNA molecule with
covalently closed ends and inverted terminal repeats
(ITR) [14]. The central conserved region of the genome
is ~125 kbp in length, which varies within 1.5% (depend-
ing on the isolate) as opposed to 2 highly variable regions
located close to the DNA ends [5, 6]. Based on the analy-
sis of the sequence of the C-terminal region of the highly
conserved B646L gene encoding the major capsid protein
p72, all the known African swine fever virus (ASFV) iso-
lates and strains can be classified into 24 genotypes [1, 3].

Atthe same time, the central conserved region has local-
ized zones of high variability, for example, the CVR-re-
gion of the B602L gene, which is caused by changes in
the number of tandem repeat sequences (TRS). In some
cases, their number can be used for identification of virus
relatedness and for differentiation among closely related
variants [9].

The genomic analysis of the isolates collected in ASF
affected countries from 2007 to 2020 is based on the anal-
ysis of the single B646L gene and does not make it pos-
sible to identify routes of importation and transmission
of the virus in different areas, as it clusters all variants
of genotype II. The isolates can be differentiated only
through the analysis of additional marker regions of the
ASFV, for example, through identification of intergenic
regions and the number of tandem repeats in them.

Following the identification of an insertion of 1 or 2 TRS
of 10 base pairs in the intergenic region (IGR) between

173Rand 13291, we were able to divide isolates of genotype
II into 4 groups [9]. The ASF reference laboratory at the
FGBI «Federal Centre for Animal Health» («<ARRIAH»)
identified an additional 17-nucleotide TRS-insertion in
the intergenic region MGF505-9R/MGF505-10R (MGF-
2). In its turn, the analysis of this region made it possible
to identify 3 additional clusters among the genotype 11
isolates [8].

The analysis of commonly selected genome fragments
(such as B602L, B646L, or E183L) in the variants belong-
ing to ASFV genotype II does not provide sufficient in-
formation for phylogenetic clustering of closely related
isolates. On the other hand, whole-genome sequencing
offers the possibility to identify both the known and new
genomic markers. The wide array of data on the identified
variable regions of the viral genome turns the whole-ge-
nome sequencing of the isolates detected in Russia and in
other countries into the only method that gives additional
information about disease epizootiology. Taken together,
all these data provide an efficient tool for tracking the
transmission paths of the infectious agent.

The aim of this study was to perform a comparative
analysis of the ASFV/Zabaykali/WB-5314/2020 isolate
and to identify additional molecular markers to be further
used in clustering the genotype II ASF virus.

We report the results of the whole-genome sequencing
and comparative studies of the genome of the virus iso-
late obtained from a wild boar and identified as a caus-
ative agent of the first infection outbreak in southeast
Russia (the Trans-Baikal (Zabaikalie) Territory) in close
proximity to the border with Mongolia.

Material and methods

Virus isolates. In our tests, we used a sample of the
pathological material from a wild boar found dead in
Menza rural settlement in the Krasnochikoysky District
in the Trans-Baikal Territory of the Russian Federation
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(geographic coordinates 49.364383, 108.549859), ~2.5
km from the border with the People’s Republic of Chi-
na (PRC). The sample was studied using real-time poly-
merase chain reaction (real-time PCR) and virus isolation
methods, which helped us detect the ASF causative agent
and its genome in the sample [2]. This isolate was named
ASFV/Zabaykali/WB-5314/2020.

Culturing, titration, and purification of the virus. To
accumulate the virus, we used a porcine spleen cell cul-
ture (PSC) [11, 13]. The accumulated virus-containing
material was combined and used to extract genomic DNA
(gDNA).

Genomic DNA extraction. gDNA was extracted by us-
ing the phenol-chloroform method; the resulting residue
was eluted in nuclease-free water [7].

Whole-genome sequencing, sequence assembly and
alignment. The sequencing library was constructed using
the Nextera XT DNA library preparation kit (Illumina,
United States). The next generation sequencing (NGS)
was performed using the MiSeq reagent kit version 2 (II-
lumina) and 250 cycles of paired-end tag reading with
a high-throughput MiSeq ILLUMINA sequencing system
(Illumina). The assembled genome sequence was aligned
against the reference genome of variant FR682468.1 AS-
FV/Georgia 2007/1. The average depth of coverage was
x45, and the fragment length 250 bp.

Open reading frames (ORFs) were identified with the
GATU software. The complete genomic sequence was de-
posited in GenBank under accession number MZ325862.

Phylogenetic analysis. Prior to the comparative genetic
analysis, we collected data on the previously sequenced
ASFV isolates from Russia and neighboring countries
from GenBank (Table 1). The above sequences were used
for detection of single nucleotide polymorphisms (SNPs),
alignment and identification of phylogenetic relatedness
of the isolates. Construction, alignment and identification
of SNPs were completed with the CLC Genomics Work-
bench v.9 software (QIAGEN, Aarhus, Denmark; www.
clcbio.com).

The phylogenetic analysis of sequences was performed
by the maximum likelihood (ML) method and compar-
ison with 1,000 bootstrap iterations using the general
time-reversible (GTR) model, GTR + G + I (general time
reversible + gamma distribution + independent rates)
=4, and the Mega X software [12, 14].

The statistical analysis was conducted using the
STATISTICA 10.0 software package to calculate the
mean value (M), and the standard deviation (SD). Differ-
ences were considered statistically significant at p <0.001.

Results

Virus isolation and culturing. The hemadsorption in
the PSC culture inoculated with the virus-containing sus-
pension made from wild boar organs occurred on the 3™
day of incubation at 37° C. Subsequently, the virus-con-
taining suspension was used in the serial passaging of the
pathogen in the above cell culture.

The virus titer was expressed as the highest dilution
causing hemadsorption in 50% of the infected cell cul-
tures, per 0.1 ml, and expressed as log 10 (Ig) of the
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hemadsorption unit (HAU). The titer levels were calcu-
lated using the guidelines developed by Mazloum A. et
al. [13].

The analysis of changes in the virus titer levels showed
a steady increase in the pathogen accumulation with each
subsequent passage (Table 2), thus indicating that the
virus successfully replicated in the cell culture without
demonstrating any changes in its hemadsorption activity.
These findings were of high importance for the further vi-
rus accumulation and purification from the large amount
of the virus-containing suspension.

The Illumina sequencing was used to identify the com-
plete genomic sequence of genome ASFV/Zabaykali/
WB-5314/2020, which was 189,380 bp long. The GATU
software was used to detect the presence of 189 ORFs
in this genome. The whole-genome sequence was thor-
oughly studied, and it was found that the above isolate
belonged to genotype II [1].

Fig. 1 shows the phylogenetic tree built using the results
of the analysis of the C-terminal fragment of the B646L
gene of virus isolate ASFV/Zabaykali/WB-5314/2020.

As can be seen in Fig. 1, all ASFV isolates collected
in Europe and Asia during 2007-2020, including ASFV/
Zabaykali/WB-5314/2020, belong to genotype 1I. Based
on the analysis of the intergenic regions (/73R/I329L)
and MGF505 (9R-10R), the above variant was assigned
to cluster IGR-1 (Fig. 2) and subgroup MGF-1 [8].

It can be seen that ASFV/Zabaykali/WB-5314/2020
belongs to group IGR-1, together with variants Geor-
gia 2007/1 (Georgia), China ASFV-wbBS01 (PRC), the
isolates from Russia (ASFV/Amur 19/WB-6905 and
ASFV/Kabardino-Balkaria 19/WB-964) and Poland
(Pol17 03029 C201 and Poll6 29413 023). However,
other isolates from the same countries and from Czech
Republic, Moldova, and Belgium had an insertion in the
above intergenic region and, consequently, belonged to
cluster IGR-2.

The virus variants clustered solely by comparison of
the 2 described genome regions failed to show any con-
sistency with the results of the phylogenetic analysis of
whole-genome sequences. The comparison of genome
sequences of variant ASFV/Zabaykali/WB-5314/2020
with 15 samples received from PRC led to the conclusion
that all the studied isolates should be grouped into indi-
vidual cluster East. The respective phylogenetic tree is
shown in Fig. 3.

SNPs were identified using the data resulting from the
alignment against reference isolate Georgia 2007/1. The
analysis resulted in detection of 33 SNPs with 13 of them
being localized in intergenic regions; 10 of them cause
changes in the amino acid sequence of the proteins en-
coded by them; and the other 10 have an effect on ORFs
of ASFV genes. More detailed information about the lo-
cation of SNPs is given in Table 3.

The DP60R gene was used as a marker for clustering
ASFYV isolates in accordance with the recommendations
provided by Wen X. et al. [18]. As a result, the analyzed
isolates were divided into 3 groups [18] (Fig. 4). As can
be seen in Fig. 4, the ASFV isolates were clustered by
the following principle: group I included isolates having
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Table 1. Information about ASF virus isolates retrieved from GenBank database

Taoauna 1. CBenennst 06 HCNOb30BaHHBIX H30isTaX BUpyca AUC u3 6a3sl GenBank

ORIGINAL RESEARCH

Isolate number Isolate name Country GenBank accession number
Howmep n3onsara Haspanue uzonsara Crpana Howmep nocryna B GenBank
1 Georgia 2007/1 Georgia FR682468.2
I'py3us
2 ASFV/Primorsky 19/WB-6723 Russia MW306190
Poccus
3 ASFV/Amur 19/WB-6905 Russia MW306191
Poccus
4 ASFV/Ulyanovsk 19/WB-5699 Russia MW306192
Poccus
5 ASFV/Kabardino-Balkaria 19/WB-964 Russia MT459800
Poccus
6 Odintsovo 02/14 Russia KP843857.1
Poccus
7 ASFV/LT14/1490 Latvia MK628478.1
JlarBus
8 China Pig/HLJ/2018 China MK333180.1
Kuraii
9 China/2018/AnhuiXCGQ China MK128995.1
Kurait
10 China ASFV-wbBS01 Kuraii MK645909.1
China
11 China DB/LN/2018 China MK333181.1
Kuraii
12 Pol17_04461_C210 Poland MG939588.1
TTonpmra
13 Pol17 03029 C201 Poland MG939587.1
ITonbmia
14 Poll6 29413 023 Poland MG939586.1
TTonbmra
15 Pol16 20540 o010 Poland MG939585.1
ITonprma
16 CzechRepublic 2017/1 Czech Republic LR722600.1
Uexust
17 Moldova 2017/1 Moldova LR722599.1
MonnoBa
18 Belgium 2018/1 Belgium LR536725.1
Benbrus

Table 2. Indicators of accumulation titer of African swine fever virus isolate ASFV/Zabaykali/WB-5314/2020 (n = 3) in the cell culture
Tadauna 2. [Toka3are/in THTPa HAKOIIEHHsI M30JI15ITa BUpYca adppukaHckoii wymbl cBuHeii ASFV/Zabaykali/WB-5314/2020 (n = 3)

B KYJIbType KJIeTOK

Virus isolate
M3onat Bupyca

Virus titer in the passage, lg HAU, (M + SD)
Tutp Bupyca B naccaxe, Ig FARE, (M £ SD)

Passage number
Homep naccaxa

2

ASFV/Zabaykali/WB-5314/2020

4,21+0,26

5,66 0,14

6,02+0,12

Note. HADU, hemadsorption unit.

Ipumeuanne. lARE — remancopOupyromas einHALA.
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Genotype Il

@ Zabaykali WB-5314/2020
China Pig/HLJ/2018
China/2018/AnhuiXCGQ
China ASFV-wbBS01

— Poland Pol17_04461_C210
Poland Pol17_03029_C201
CzechRepublic 2017/1
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Fig. 1. Phylogenetic tree based on the analysis of the C-terminal fragment of the B646L gene of ASFV/Zabaykali/WB-5314/2020
isolate of the African swine fever virus.

Note. Isolate ASFV/Zabaykali/WB-5314/2020 is indicated with black circle.
Puc. 1. ®duiioreneTuyeckoe iepeBo, NOCTPOEHHOE HA OCHOBAHWH IAaHHBIX aHau3a C-KoH1EeBOro pparmenTta rena B646L nzonsra
ASFV/Zabaykali/WB-5314/2020 Bupyca ad)puKaAHCKOH YyMBbI CBUHEI.

Mpumeuanue. M3omat ASFV/Zabaykali/WB-5314/2020 0603Ha4eH KpPy>KKOM YEPHOTO IIBETA.

the same amino acid composition as the reference iso-
late Georgia 2007/1; group II combined isolates having a
substitution of isoleucine (Ile, I) for asparagine (Asp, N)
at position 38. Finally, group III was represented by the
only isolate ASFV/LT14/1490, which has a substitution
of lysine (Lys, K) with isoleucine (Ile, I) at position 9. The
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findings of the analysis of this region show that variant
ASFV/Zabaykali/WB-5314/2020 is related to 3 isolates
from PRC, 2 from Russia, and 4 from Poland (Fig. 4).
We also performed a phylogenetic analysis of the com-
bined amino acid sequences of the MGF505-9R, C84L,
1267L, and DP60R genes [16, 18] (Fig. 5). Based on the
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Fig. 2. Nucleotide sequences of the I73R/I329L intergenic region of the African swine fever virus isolates used in the study.

Note. Each letter represents one nucleotide according to international nomenclature. Tandem repeats present in the genome are marked in orange and red;
an additional tandem repeat is highlighted in green.

Puc. 2. HykJeoTHiHbIEe MOCIEI0BATEILHOCTH Me:KTeHHOi o0macTu I73R/1329L u3onsiToB BUpyca adpHKAHCKOIl YyMbI CBUHEH,
HCNO0Ib30BAHHBIX B HCC/Ie0BAHNM.

Ipumeuanue. Kaxnas Oyksa mpeicTaBisieT OAUH HYKICOTU B COOTBETCTBHHU C MEXTyHApPOJHON HOMEHKIATypoil. [IpucyTcTBylomue B reHOMe TaHICMHbIE
TIOBTOPBI 0003HAYCHBI OPAHXKEBBIM U KPACHBIM 1IBETAMH, JOTOIHUTEIIBHBII TaH/IEMHbIH TOBTOP BBIIEICH 3€JEHBIM LIBETOM.

China ASFV-wbBS01

53 [ China DB/LN/2018

China/2018/AnhuiXCGQ

58 [ ! China Pig/HLJ/2018
CzechRepublic 2017/1

o Moldova 2017/1

7 Belgium 2018/1

4 ASFV Zabaykali WB-5314/2020
64 ASFV/Primorsky 19/WB-6723
ASFV/Amur 19/WB-6905
—— Poland Pol17 04461 C210
Poland Pol17 03029 C201
100 Poland Pol16 29413 023
¥ = I
89 ASFVOdincovo2019
FR682468.2 African swine fever virus isolate ASFV Georgia 2007/1 genome assembly complete genome: monopartite
ASFV/Kabardino-Balkaria 19/\WB-964
ASFV/Ulyanovsk 19/WB-5699

| &

MK628478.1 ASFV/LT14/1490

—A
0.0000100

Fig. 3. Phylogenetic tree based on the analysis of 19 complete genome sequences of the African swine fever virus belonging to genotype I1.
Note. Isolate obtained from the Russian Federation is indicated with black circle.

Puc. 3. ®uoreneruyeckoe iepeso, IOCTPOEHHOEe HA OCHOBAHMH AAHHBIX aHA/IN3a 19 MOIHBIX reHOMHBIX MOc/Ie0BaTeIbHOCTEH
BHUpYyca adpukaHckoil uymbl cBuHeii 11 renoruna.

Ipumeuanue. N30T, BoIIeneHHbIH Ha TeppuTopun Poccuiickoit denepannu, 0603HaYSH KPYKKOM YEPHOTO 1IBETA.
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results of the analysis, isolates from PRC and Europe were
clustered with isolates ASFV/Primorsky 19/WB-6723 and
ASFV/Amur 19/WB-6905 from Russia. At the same time,
they differed from isolates ASFV/Ulyanovsk 19/WB-
5699 and ASFV/Kabardino-Balkaria 19/WB-964 collect-
ed in Russia in 2019. ASFV/Zabaykali/WB-5314/2020
did not belong to the group represented by the above
variants.

Discussion

During 11 years in Russia, ASF outbreaks were
recorded only in its western regions. However,
in 2017, several outbreaks among domestic pigs were
reported by the Irkutsk and Omsk Regions in South-
eastern Siberia.

By the end of 2018 and at the beginning of 2019, sev-
eral ASF outbreaks were recorded in PRC. In the same
year, they were followed by similar outbreaks in the
Far East in Russia, in the areas bordering PRC. Based
on the data from Wen X. et al., [18], the genetic anal-
ysis found that ASFV isolates from PRC showed the
highest similarity with the variants isolated in Poland,
Belgium, Moldova, and Czech Republic in 2015-2018
[18].

Genotype II ASF viruses are clustered through the
analysis of the limited number of the selected genomic
regions (intergenic regions between /73R and /329L):
C84L, MGF360-1L, 1267L, DP60R, and MGF360-16R
[9, 10, 18]. Although substitutions in the genome of this
virus are accumulated at a relatively high rate compared
to other DNA-containing viruses (from 107* to 107 sub-
stitutions/site/year), the number of the known genomic

- 10

ASFV/LT14/1490
ASFV/Primorsky 19/WB-6723
ASFV/Amur 19/WB-6905
Zabaykali WB-5314/2020
Pig/HLJ2018

DB/LN/2018

China ASFV-wbBSO01

Poll7 04461 C210 (Poland)
Poll7 03029 C201 (Poland)
Poll6 29413 023 (Poland)
Polle 20540 o010 (Poland)
Moldova 2017/1

Belgium 2018/1

molecular markers for genotype II isolates is still too lim-
ited to complete detailed sub-clustering [3].

Today, the whole-genome sequencing method remains
the preferred choice for identification of phylogenetic
relatedness and for analysis of ASFV distribution in
different geographic regions. As mutations in the AS-
FV genome are characterized by higher levels compared
to other DNA viruses, the degree of relatedness among
isolates by using a single (separately selected) genetic
marker cannot be identified, while using different com-
binations of markers for a phylogenetic analysis can re-
sult in the situation when the same isolates are grouped
into different clusters. Based on the analysis of the in-
tergenic regions (Fig. 2), variant ASFV/Zabaykali/WB-
5314/2020 is clustered separately from several isolates
from Poland and 3 isolates from PRC, as it does not con-
tain TRS. At the same time, the phylogenetic tree based
on the sequencing of the DP60R gene (Fig. 4) combines
ASFV/Zabaykali/WB-5314/2020 with isolates from
PRC and Poland.

It should be noted that clustering of ASFV isolates by
using the limited number of marker regions of the genome
is least time-consuming, but is notable for varying cluster-
ing results when different combinations of markers are ap-
plied. Furthermore, any mutation outside the limits of the
regions selected for the analysis will be neglected, though
it is responsible for changes in the biological properties of
the virus. Yet, the phylogenetic analysis of whole-genome
sequences is consistent with the findings of the previous
studies in clustering genotype Il viruses, and the isolate,
which was obtained in Russia, is assigned to the group that
includes isolates from PRC [18] (Fig. 3).

20 30 40 50

SLWPPQKKVFTVGFITGGVTPVMVNEVWPAAQPOQKKIQLOPOKKIFPAAAFQKIT

Fig. 4. Predicted amino acid sequences of the DP60R gene of African swine fever virus isolates.
Note. Each letter represents one amino acid according to international nomenclature. Isolates highlighted by different colors belong to different groups based
on mutations in their sequences.
Puc. 4. IIpeackazaHHble AMMHOKHMCJIOTHBIE N10C/I€10BATEIbHOCTH NPOAYKTa reHa DP60R u301T0B BUpyca adpuKAHCKOI YyMbl
CBHUHEH.

]'[pumeqa}me. Kan([[aﬂ 6yKBa NPEACTABIIACT OAHY aMHUHOKHCIIOTY B COOTBETCTBUU C Me)KZ[yHapO):[HOﬁ HOMeHKJ’[aTypOﬁ. I/I30J’I$[TI)I, BBIICIICHHBIC pPa3HbIMU LBE-
TaM#, OTHOCATCA K Pa3HbIM I'PYIIIaM B COOTBETCTBUU C MYTAllUAMU B UX MOCJICAOBATCIIBHOCTAX.
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Fig. 5. Phylogenetic tree indicating the relationships between the combined amino acid sequences of the MGF505-9R, C84L, 1267L,
and DP60R genes of the isolates of African swine fever virus (n = 15).

Puc. 5. ®uioreneTnyeckoe IpeBo, yKa3bIBaolnee Ha CBSI3b 00beIHHEHHBIX AMHHOKHCJIOTHBIX TT0CJ/IEI0BATEILHOCTEl TeHOB
MGF505-9R, C84L, 1267L n DP60R n30a9T0B BUpyca ad)pUKAHCKON YyMbI cBUHEH (n = 15).

Conclusion

Thus, a new variable region represented by the
DPG60OR gene was identified using the ASFV complete
genome sequencing. The clustering results based on
this region were consistent with the results obtained
by the analysis of full-length genomes. It can be as-
sumed that further studies in clustering of ASFV iso-
lates based on the analysis of the above gene sequence
can put a spotlight on the significance of this gene for
scientific research on evolution of the pathogen and its
transmission paths.
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