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African swine fever virus (Asfarviridae, Asfivirus) strains from
the central regions of Russia, carrying variant 5 of the central
variable region (CVR), are characterized by tandem duplication
in the intergenic region MGF 360-13L — MGF 360-14L
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Abstract

Introduction. The high economic losses and the lack of effective and safe vaccines against African swine fever
(ASF) indicate the need for further in-depth studies of the virus genome, its changes and the circulation of genetic
lineages. Whole genome sequencing of virus isolates is best suited for this purpose.

The aim of the study. Whole-genome analysis of African swine fever virus (ASFV) isolates obtained in the Lipetsk,
Penza and Tambov regions in 2016-2021 and identification of additional diversity markers within the genetic lineage.
Materials and methods. Domestic pig tissue samples were analyzed using whole-genome sequencing and
Sanger sequencing. The following programs were used for sequence assembly: CLC Genomics Workbench 22,
Trimmomatic v. 0.39, SPAdes v. 4.2.0, BWA-MEM v. 0.7.17-r1188 and bcftools v.1. 22. The phylogenetic tree was
constructed in MEGA11 based on the alignment in MAFFT v. 7.526 with 67 genomes from GenBank.

Results. Based on the presence of MGF 360-10L Il polymorphism, the analyzed isolates belong to the CVR-V
variant of the Russia genetic lineage of the Georgia 2007 clade. Based on the order of formation of MGF 360-
10L Il and CVR-V, any sequences carrying CVR-V belong to the same genetic lineage. A 12-nucleotide insertion
CAGTCTATAAGA was detected, forming a tandem duplication in IGR MGF 360-13L — MGF 360-14L, and
polymorphisms in /IGR C62L — C962R and in genes D1133L and Q706L were proposed as having phylogenetic
potential for differentiation ASFV strains in the central regions of Russia.

Conclusion. The proposed new potential diversity markers have a resolving power for ASFV strains from Central
Russia.
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LLtaMmMbl BUpyca adhpukaHCcKon Yymbl cBUHeU (Asfarviridae,
Asfivirus, African swine fever virus) ueHTpanbHbIX PErMOHOB
Poccun, Hecywme BapmaHT 5 LeHTparbHOW BapuabesribHOM
obnactu (CVR), xapakrepuayroTcsa TaHAeMHON AynivKauuen
B MeXreHHom pernoHe MGF 360-13L — MGF 360-14L

Ckopobaratbko O.A. , Tonbkoea E.C., LLeneneea O.A., lanoeanoe C.O.

00O HayyHo-ucnbITaTenbHbIA LeHTp «Yepkusoo», 108805, r. Mockea, Poccus

Pestome

BBepneHue. bonbLuon akoHoMMYeckuin yuepb n oTcyTCTBME OENCTBEHHbIX M 6e3onacHbIX BakUMH NpOTMB adpu-
kaHckon yymbl (AYC) ykasbiBatoT Ha HEOOXOAMMOCTbL NPOAOIKEHNS YrNyOGNeHHOro n3yveHus reHoma supyca AYC,
€ro M3MEHEeHU U LIMPKYNALUU FreHeTUYeCKMX NMMHWMIA. [Ins aToro Hannyywmnm obpasom noaxoauT NofHOreHOMHoe
CEeKBEHMpOBaHME U30NATOB BUpYyCa.

Llenb paboTtbl. [MonHoreHoMHbI aHanu3 nsonatoB Bupyca AYC, nonydeHHblx Ha Tepputopumn Jluneukon, Mek-
3eHckor n Tambosckon obnacten B 2016—-2021 rT., 1 BbIsIBNEHNE AOMNOMHUTENbHbLIX MapKkepoB pa3Hoobpasusi
B npegenax reHeTM4eCckom fINHUMN.

Matepuanbl u mMetogbl. O6pasubl TKaHeW AOMALLUHUX CBWHEW UCccregoBany C MOMOLLBK MOMHOrEHOMHOro
CeKBeHMpoBaHuA 1 cekBeHnpoBaHusa no CaHrepy. [ina cbopkn nocrnegoBaTernibHOCTEN UCMOMNb30BaNy nporpam-
mbl CLC Genomics Workbench 22, Trimmomatic v. 0.39, SPAdes v. 4.2.0, BWA-MEM v. 0.7.17-r1188 u bcftools
v. 1.22. dunoreHeTuyeckoe apeso ctpounu B nporpamme MEGA11 Ha ocHoBe BbipaBHuBaHusa B MAFFT v. 7.526
¢ 67 reHomamu 13 GenBank.

Pe3ynbTratbl. Ha ocHoBaHuu npucytctBusa nonumopdgunama MGF 360-10L Il npoaHanuampoBaHHble N30NSTbI OT-
Hocunucb k BapuaHTy CVR-V reHetudeckon nuHum «Poccusi» knagbl Georgia 2007. Wcxoast n3 ovepegHocTm
obpasoaHust MGF 360-10L Il n CVR-V, niobble nocnegoBartensHocTy, Hecywme CVR-V, npuHagnexar K aTow xe
reHeTnyeckon nuHun. beina obHapyxeHa nHcepuus B 12 Hykneotngos CAGTCTATAAGA, o6pasytolasn TaHaem-
Hyto gynnukauuio B IGR MGF 360-13L — MGF 360-14L, v npeanoxeHbl nonumopduambl B IGR C62L — C962R v
B reHax D1133L n Q706L, nmetome unoreHeTUYeCcknin noteHuman ans audgepeHUMpoBKM LUITAaMMOB BMpyCca
AYC B LeHTpanbHbIX permoHax Poccun.

3akntoyeHue. NpeanoxeHHbIe K UCMOMNb30BaHMI0 HOBbIE BEPOSITHbIE MapKepbl pasHoobpasusa obnagatoT paspe-
LuatoLLen crnocoOHOCTLIO B OTHOLWEHUW WwTammoB Bupyca AYC n3 LieHTpanbHoin Poccuu.

KnioueBble cnoBa: supyc agppukaHckoli YyMbi c8UHel; MOTHO2EHOMHOE CEeK8eHUPOB8aHUe,; UeHmpasbHbIl 8apu-
aberbHbIl peauoH; LlenmpansHas Poccusi

Onsa uutnpoBaHus: Ckopobaratbko [.A., TonbkoBa E.C., Wenenesa O.A., Wanosanos C.O. Wrtammbl BMpY-
ca adpvKaHCcKom Yymbl cBuHen (Asfarviridae, Asfivirus, African swine fever virus) ueHTpanbHbIX permoHoB Poc-
cuu, Hecylme BapuaHT 5 ueHTpanbHon BapuabenbHon obnactu (CVR), xapaktepusyoTca TaHOEeMHOW Oynnu-
Kauvew B mMexreHHom pervoHe MGF 360-13L — MGF 360-14L. Bonpocsi supyconoauu. 2026; 71 (1): 42-52.
DOI: https://doi.org/10.36233/0507-4088-357 EDN: https://elibrary.ru/efobwo

®duHaHcKMpoBaHue. ABTOpPbI 3asiBNAOT 06 OTCYTCTBUM BHELIHETO (DUHAHCMPOBaHWS UCCNeoBaHUs.

BnarogapHocTu. ABTOpbI BnarogapHbl y4eHblM, paboTaroLmm B Poccuinckom rocyaapCTBEHHOM arpapHOM YHVUBepCUTe-
Te — MOCKOBCKOW CenbCKOX03ancTBeHHOM akagemun nmeHn KA. TumnpsiseBa, 3a paspeLleHne ucnonb3oBatb nnatgop-
My DNBSEQ-G50 gns gaHHoro uccnegoBaHus.

KoHdnukT uHTepecoB. ABTOpbI 3asiBNsAOT 06 OTCYTCTBUM KOHIUKTa UHTEPECOB.

OTnyeckoe yTBepxaeHue. ABTOpbI NOATBEPXAAIOT COOBMoAEHNE MHCTUTYLIMOHAMBHBIX U HALMOHAmNbHBIX CTaHAapToB
Mo 1Cnornb30BaHWI0 NabopaTopHbIX XKMBOTHLIX B cOOTBETCTBMU ¢ “Consensus author guidelines for animal use” (IAVES
23 July 2010). MNpoTokon nccneaoBaHns ogobpeH STUHECKUM KOMUTETOM OpraHmnsaummn HayyHo-ucnbeitatensHein LieHTp
"Yepknszoso" (Mpotokon Ne 1 ot 04.03.2025).
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Introduction

African swine fever (ASF) is a contagious viral disease
of pigs and wild boars that has spread widely throughout
the world since 2007, causing significant economic
damage. The lack of a reliable vaccine, as well as the
identified trend towards a decrease in virulence and an
increase in the infectivity of the ASF virus (Asfarviridae,
Asfivirus, African swine fever virus) [1] make it difficult
to control outbreaks of the disease. This points to the
necessity for further in-depth study of the spatial and
temporal circulation of the virus, changes in its genome,
and the characteristics of genetic lines. In this regard, it
seems important not only to classify the samples obtained
according to known schemes, but also to perform their
whole-genome analysis for the possible detection of
previously undescribed regions that have potential
phylogenetic significance.

To classify ASF virus strains of genotype II circulating
in Eurasia, subgenotyping schemes based on a set of
marker sites are currently used [2—4]. The central variable
region (CVR) in the B602L gene is one such phylogenetic
marker with regional resolution [2—-5]. Since 2013, three
CVR variants have been registered in the central regions
of Russia: CVR-I, CVR-V, and CVR-VI [4, 6], but there
are discrepancies between the frequency of occurrence of
different CVR variants and the proportion of described
whole-genome sequences carrying these variants.
Since 2016, the frequency of detection of the CVR-V
single nucleotide polymorphism (SNP) has increased
[4, 6], but so far only one complete genome containing
this SNP has been described [7]. It is of interest to analyze
a larger number of whole-genome sequences carrying the
CVR-V polymorphism to better understand the spread of
the virus, its variability, and to identify additional markers
of diversity.

The aim of the study is to perform whole-genome
sequencing, subgenotyping, and bioinformatics analysis
of previously unstudied ASF virus isolates obtained in
the Lipetsk, Penza, and Tambov regions in 2016-2021,
and to identify additional markers of diversity within the
genetic lineage.

Materials and methods

The study analyzed ASF virus sequences from samples
obtained during three ASF outbreaks in the Russian Fed-
eration in the Lipetsk (2016), Penza (2019), and Tambov
(2021) regions. The obtained genomes were published in
GenBank under numbers PX488473-PX488476.

DNA isolation. DNA was isolated from tissue sam-
ples of domestic pigs from pig farms. The presence of
ASF virus in the samples had previously been confirmed
by polymerase chain reaction (PCR) (ASF test system
form 4, AmpliSens, Russia).

Viral DNA enrichment was not performed. The tissue
samples were homogenized, then a 10% suspension was
prepared with 800 pL of sterile saline. The samples were
centrifuged at 200g for 1 min and the supernatant was
used for extraction using the HiPure Blood DNA mini
kit (Magen, China). DNA quality was confirmed by mea-
surement with a nanophotometer (Implen); the A260/
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A280 ratio was in the range of 1.65-1.90. The concentra-
tion of the isolated DNA was measured using a Qubit flu-
orometer (Applied Biosystems, Thermo Fisher Scientific,
USA) and the HS QuDye dsDNA assay kit (Lumiprobe,
Russia). It was 8—10 ng/pL.

Sanger sequencing. Prior to whole-genome sequenc-
ing, several regions (the C-terminal region of the p72
protein, the central variable region in the B602L (CVR)
gene, and the region located between the /73R and /329L
genes) were sequenced using Sanger sequencing with an
AB3500 genetic analyzer. For this purpose, total genom-
ic DNA was extracted using the MagnoSorb kit (Ampli-
Sens, Russia) on the KingFisher Flex system (Thermo
Fisher Scientific, USA). DreamTaq PCR Master Mix
(2X) (Thermo Fisher Scientific, USA) was used to ampli-
fy each primer pair. The ExoSAP-IT kit (Thermo Fisher
Scientific, USA) was used to purify PCR reaction prod-
ucts, the BigDye Terminator v. 1.1 kit (Thermo Fisher
Scientific, USA) was used for PCR analysis, and the Big-
Dye XTerminator kit (Thermo Fisher Scientific, USA)
was used for post-PCR purification.

DNA library preparation and high-throughput se-
quencing. For sample preparation, 200 ng of DNA was
used with the MGIEasy FS DNA library preparation
kit (MGI Tech, China) according to the manufacturer’s
instructions. The resulting DNA library was sequenced
using the DNBSEQ-G50RS high-throughput sequencing
kit (FCL PE100, China) on a DNBSEQ-G50 instrument
according to the manufacturer’s instructions.

Data analysis. Sanger sequencing data were analyzed
using CLC Main Workbench 20 (Qiagen, Netherlands).

Whole-genome sequencing data were processed to re-
move adapters and low-quality reads. The processed pairs
were then aligned to the Sus scrofa reference genome
(GenBank accession number GCA 000003025.6) to re-
move host data using CLC Genomics Workbench 22 (Qia-
gen, Netherlands).

Unmatched reads were collected and filtered for quality
using Trimmomatic v. 0.39 [8] to remove or trim the ends
of low-quality reads. After that, read errors were correct-
ed in SPAdes v. 4.2.0 [9]. Based on the corrected reads,
genomes were assembled by aligning short reads to the
Georgia 2007/1 reference sequence using the BWA-MEM
v. 0.7.17-r1188 algorithm on the UGENE v. 52.1 platform
[10]. To search for variations and create a consensus us-
ing the BWA-MEM method, the assembly was analyzed
using the bcftools v. 1.22 package [11], after which the
resulting consensus sequence was manually verified. To
determine open reading frames (ORFs) using GATU soft-
ware [12], the Georgia 2007/1 reference strain was used.

Multiple alignment of the obtained virus sequenc-
es with 67 genomes downloaded from GenBank (See
Appendix 1 in the supplementary files of the article on the
journal site: https://doi.org/10.36233/0507-4088-357-1)
was performed using MAFFT v. 7.526 [13]. Phylogenetic
analysis of the isolates was performed using Mega 11 [14]
according to the recommended Tamura (T92) model with
optional gamma distribution (G) parameters and consid-
eration of invariant sites (I) selected based on the calcula-
tion of the Bayesian coefficient (BIC = 524,795.816) and
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the adjusted Akaike coefficient (AICc = 523,469.554).
Phylogenetic trees were constructed using the Maxi-
mum Likelihood (ML) method with Bootstrap support
of 1000 repetitions.

Molecular-epizootological maps were created in Ever-
gis Online Map.

Authors confirm compliance with institutional and
national standards for the use of laboratory animals in
accordance with “Consensus author guidelines for animal
use” (IAVES 23 July 2010). The research protocol was
approved by the Ethics Committee of the institution
Cherkizovo Research and Testing Center LLC (Protocol
No. 1 dated 04 March 2025).

Results

As expected, preliminary Sanger sequencing of all iso-
lates identified genotype Il according to the generally ac-
cepted classification.

All isolates had a glutamic acid substitution for lysine
at position 201 of the B602L protein and were therefore
classified as CVR-V [6]. Also, all IGR I73R/I329L se-
quences obtained by Sanger method included a tandem
repeat corresponding to variant IT among the known IGR
variants [15].

The lengths of the obtained genomes were 190,596
bp for ASFV_Lipezk-2016, 190,589 for ASFV_Pen-
za-2019a, 190,596 for ASFV_Penza-2019b, and 190,592
for ASFV_Tambov-2021.

Cluster analysis was performed according to the sup-
plemented scheme for subgenotyping ASF virus geno-
type II (modification of the subgenotype classification by
C. Gallardo et al., 2023)' [2]. The presence of a specific
SNP at position 27009 (MGF 360-10L III polymorphism)
allowed the sequences to be assigned to the Georgia-2007
clade of the “Russia” genetic lineage according to the
above scheme. To date, this combination of MGF 360-
10L IIT and CVR-V has been found only once, in the AS-
FV/Ulyanovsk/19WB-5699 isolate [7]. The other known
cases of CVR-V variant detection were not based on
whole-genome sequencing, but on Sanger sequencing of
CVR regions [4, 6].

Based on 67 complete ASF virus sequences down-
loaded from GenBank and the four genomes described
above, a phylogenetic analysis was performed, the re-
sults of which are shown in Fig. 1. The MAD/01/1998
genotype strain isolated in Madagascar in 1998 was used
as an outgroup. The results classify the isolates under
consideration as belonging to the Georgia 2007 clade,
which is characterized by close relatedness to the Geor-
gia 2007/1 strain and relatively early isolation [16]. The
highest homology was observed with the ASFV/Uly-
anovsk/19WB-5699 isolate. The data obtained confirm
the results of subgenotyping.

Three insertions, one reading frame shift, and 22 SNPs
relative to the reference sequence were found in the ge-
nomes described, of which five SNPs and two insertions
are unique (Table). The polyC, polyG, and variation re-

OPUTUHAJbHbBIE NCCNEAOBAHUA

gions at the ends of the genome are considered unreliable
and were therefore not taken into account.

The greatest similarity of all isolates studied
is observed with ASFV/Ulyanovsk/19WB-5699.
These are 7 synonymous substitutions at posi-
tions 27009, 39215, 62387, 63729, 69509, 120769,
and 157890, a deletion at position 103309 in the inter-
genic region B602L — B385R, as well as 4 non-synony-
mous SNPs leading to the replacement of histidine with
tyrosine at position 465 of MGF 505-9R, glutamic acid
to lysine at position 201 of the B602L gene, arginine to
histidine at position 186 of the H240R gene, and lysine to
glutamic acid in the /9R gene.

The close relationship between ASFV/Ulyanovsk/19/
WB-5699 isolates from Penza and Tambov is also con-
firmed by transitions at position 90001 in /GR C62L —
C962R, proline to serine substitution at position 457 of
the D113L gene, and alanine to valine substitution at po-
sition 607 of the O706L gene.

In this study, we discovered for the first time an insertion
of 12 nucleotides CAGTCTATAAGA in /IGR MGF 360-
13L — MGF 360-14L in all sequenced samples, resulting
in a tandem repeat (Fig. 2). Sanger sequencing of this
region confirmed the presence of the insertion. Further-
more, based on multiple alignment data and the fact that
tandem repeats are poorly mapped when assembled using
standard methods, a similar repeat may be present instead
of an adenine insertion at the same position in the ASFV/
Ulyanovsk/19/WB-5699 isolate.

Unique polymorphisms at positions 2153 and 2161 in
the ASFV_Penza-2019a,band ASFV_Tambov-2021 sam-
ples lead to the replacement of cysteine with glycine at po-
sition 165 and methionine with threonine and serine at po-
sition 162 of the predicted MGF 360-1La protein, respec-
tively. Synonymous SNPs at positions 15320 and 41616, as
well as the replacement of glutamine with histidine at po-
sition 22 of MGF 360-11L, are also described for the first
time for the outbreaks in Penza and Tambov.

Discussion

According to the methodological recommendations de-
veloped by the Federal Center for Animal Health (AR-
RIAH) (Russia)!, the Georgia 2007 clade of the “Rus-
sia” genetic lineage includes those variants of the virus
in which SNP A>G is present at position 27009 (the
MGF 360-10L gene was proposed as a possible mark-
er in [7], the Georgia 2007 clade was defined in [16]).
These are isolates Kashino 04/13, ASFV/POL/2015/
Podlaskie, ASFV/LT14/1490, ASFV/Ulyanovsk/19/WB-
5699, and those described by us, ASFV_Lipezk-2016,
ASFV_Penza-2019a, ASFV_Penza-2019b, and ASFV_
Tambov-2021 (Fig. 3).

Within this lineage, several subgroups can be
distinguishedbasedonthe CVR sequence. Since2013,three
CVR variants have been described in the central regions:
CVR-I, CVR-V, and CVR-VI [4, 6]. CVR-I (identical to
the reference sequence) is the most common. CVR-VI

!Chernyshev R.S., Sprygin A.S., Lavrentyev .A., Igolkin A.S. Methodological recommendations for subgenotyping of ASF virus isolates of
genotype II into topotypes and genetic lines. Vladimir; 2025, 14 p. (In Russ.).
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Fig. 1. Phylogenetic tree
constructed based on 71 complete
genome sequences of ASFV,
genotype II.

The isolates covered by this research are
labeled with ™.

Puc. 1. dunorenernyeckoe
JIPeBO, MMOCTPOSHHOE Ha
ocHOBaHUU 71 MOJTHOTEHOMHOM
nocuenoBarensHocTd Bupyca AUC,
II rerotumn.

I/I30J’I$ITBI, TIOJTYYCHHBIC B TAHHOM HCCJIC-
JIOBaHWH, OTMCUYCHBI -.
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Table. Variations in the complete genome sequences of the ASF virus of the studied isolates

Taﬁmma. Bapnaunn MOJTHOT€HOMHBIX TOCJICA0BATEIbHOCTEH BUpYyCa A4C HCCJICJOBAHHBIX U30JIATOB

Position Gene / Changes in amino
in Gel:_(l);;gll;:igow 1 1nterg%réi: /reglon (;'881'7%113 Lipezk-2016 Penza-2019a Penza-2019b Tambov-2021 " 332:251{“;[
B Georgia-2007/ | MexrenHas o0IacTb B aMUHOKHCIIOTAX
2153* MGF 360-1La A A C C C C>G
2161* MGF 360-1La A A GTAC GTAC GTAC M > ST
Reading frame
12568 G ACD 00190 A - - - - Cus %ng’g MK
CUNTHIBAHUS
15320%* MGF 110-13La A A G G G -
27009 MGF 360-10L A G G G G —
28434* MGF 360-11L T T A A A Q>H
sarsrszese | JORMGE 30 L= | Groraaaca | CAGTCIATA | CAGTCTATA- | CAGTCTATA | _
39215 MGF 505-5R G A A A A -
41616+ [GRMOT DX ok~ | 1 T A A A -
45002 MGF 505-9R C T T T T H>Y
62387 F1055L G A A A A -
63081* F1055L G G A G G -
63729 F1055L A G G G G -
69509 EP1242L G A A A A -
90001 IGR C62L — C962R T T C C C -
98321* B438L T C T T T -
102668 B602L C T T T T E>K
103309 IGR B602L — B385R G — - — - -
120769 CP2475L C T T T T -
143368 D1133L G G A A A P>S
156891 H240R G A A A A R>H
157890 R298L C T T T T -
158225 Q706L G G A A A A>V
167129 EI199L T G T T T Q>H
167188 E199L C C C G C A>P
173408-173409 IGR I73R — I1329L - GAATATATAG GAATATATAG | GAATATATAG | GAATATATAG —
182971 19R A G G G G K>E

Note. * — the positions of previously undescribed polymorphisms are marked.

Ipumeyanue. * — I03UNUK paHee HE ONMUCAHHBIX ITOTUMOP(HHU3MOB.

polymorphism (A>T substitution at position 459 of the
B602L gene) was described for isolates from the Tver,
Moscow, and Vladimir regions from 2013 to 2016 and
is currently not detected. Although the prevalence of
the CVR-V variant (C>T at position 601 of the B602L
gene), described only for the central regions of Russia,
has increased significantly over time [4], only one
complete genome containing CVR-V and CVR-VI has
been described so far: ASFV/Ulyanovsk/19WB-5699 and
Kashino 04/13, respectively.

The ASFV/POL/2015/Podlaskie and ASFV/LT14/1490
strains, which are closely related and were isolated in
Eastern Europe, have the CVR-I variant. However, they
do not cluster with other strains with CVR-I circulating
in Russia since 2013 and only carry the original CVR
variant.

The other two subgroups identified in central Russia differ
in terms of CVR-V and CVR-VI variants, which are not

found among representatives of other genetic lines. It should
be noted that the authors who described these polymorphisms
and analyzed their distribution in Russia worked mainly
with partial sequences of the B602L gene rather than
complete genomes, describing 6 isolates containing CVR-
VI and 26 isolates containing CVR-V [4, 6].

CVR-V, circulating in central Russia, the Volga
region, European South, and part of the Urals
between 2016 and 2022 [4, 6], has a non-synonymous
substitution of glutamic acid for lysine at position 201 of
the B602L protein. This variant was present in the ASFV/
Ulyanovsk/19WB-5699 strain [7] and in all the sequences
we isolated. The appearance of CVR-V and CVR-VI
variants in isolates of the “Russia” lineage after the
formation of MGF 360-10L-III, which characterizes
this lineage, suggests that these variants were formed
within this lineage and that all sequences with these
polymorphisms belong to it.
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Fig. 2. Insertion in /GR MGF 360-13L — MGF 360-14L. Clade Georgia 2007.
The isolates covered by this research are labeled with *.
Puc. 2. Uncepuus B IGR MGF 360-13L — MGF 360-14L. Knaga Georgia 2007.

I/ISOHHTLI, TIOJTYYCHHBIC B JAHHOM HCCJIE€AOBAaHNN, OTMECUCHBI *,

Fig. 3. Markers that allow grouping of isolates within the Russia lineage of the Georgia 2007 clade.

Sequences united by the presence of SNPs MGF 360-10L I1T; CVR-I, CVR-V and CVR-VI are shown; A— CAGTCTATAAGA insertion in IGR MGF 360-13L —
MGF 360-14L; B — T>C substitution at position 90001 (/GR C62L — C962R); C — G>A transition at position 143368 (D/133L); D — G>A transition at position
158225 (Q706L). The isolates covered by this research are labeled with B,

Puc. 3. Mapkepsbl, rpynupyomue u3oisaThl BHyTpH uHnH «Poccus» kinangsr Georgia 2007.

IMoka3zansl mocnenoBareabHOCTH, 00benuHeHHbIe HammyreM OHIT MGF 360-10L I1I; CVR-I, CVR-V u CVR-VI; A — uncepuust CAGTCTATAAGA B IGR MGF
360-13L — MGF 360-14L; B — 3amena T>C B nozuuuu 90001 (/GR C62L — C962R); C — tpanzunus G>A B no3uuuu 143368 (D1133L); D — tpanszunus G>A
B no3unuu 158225 (Q706L). 30nsThl, IOMy4EHHbIE B JAHHOM UCCIICIOBAaHUU, OTMEUCHBI .

To differentiate genomes with the CVR-V variant
circulating in central regions of Russia, four sites with
phylogenetic potential are proposed. The grouping of
isolates using the proposed markers is shown in Fig. 3. The
first site is an additional copy of the CAGTCTATAAGA
sequence in /IGR MGF 360-13L — MGF 360-14L, which
we found and which leads to the formation of a tandem
duplication. In the reference genome, there are four more
similar sequences 9—12 nucleotides long on both sides
of the duplicated region, one of which is identical to the
insertion (Fig. 2). These regions probably arose as a result of
duplication events and then changed independently. The ASF
virus is characterized by variation in the number of tandem
repeats both within genes and in non-coding regions [17].
In [18], a mechanism of chain slippage during replication,
known for bacterial genomes [19], was proposed for the
formation of indels in poxviruses. In this case, even if the
repeat is not completely identical, the template and emerging
strands shift, and duplication occurs. As a result, there are
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at least three copies on the new strand. On the other hand,
there is an opinion that indels are significantly determined
by homologous recombination events [20].

The CAGTCTATAAGA duplication is present (ASFV _
Lipezk-2016, ASFV_Penza-2019a, ASFV_Penza-2019b,
and ASFV_Tambov-2021), or is presumed to be present
(ASFV/Ulyanovsk/19/WB-5699) in the analyzed strains
of the Russia lineage of the CVR-V subgroup. In our
opinion, this insertion may serve as a potential marker
of diversity for a more detailed classification of ASF
virus within the Russia genetic lineage. Sequencing
of additional regions or whole-genome sequencing of
previously selected and new ASF isolates could provide
greater clarity on the extent of this insertion.

The following three sections are common transitions
for four isolates: ASFV/Ulyanovsk/19/WB-5699,
ASFV Penza-2019a, ASFV_Penza-2019b, and ASFV_
Tambov-2021, which are linked by the geographical
proximity of their isolation sites in central Russia and a
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Fig. 4. Polymorphisms that allow grouping of isolates in the Georgia 2007 clade sequences.
A—IGR C62L — C962R; B —partial sequence of the D/133L gene; C — partial sequence of the O706L gene. The isolates covered by this research are labeled with — *.
Puc. 4. Ilomumopu3Mel, rpynImupyONIME H30JIATH B TOCIEN0BaTeNbHOCTAX Kiaaasl Georgia 2007.

A—IGR C62L — C962R; B — yacTi4Has IOCIIENOBaTeIbHOCT reHa D1133L; C — yacTu4Hast TOCIe0BaTeIbHOCTh TeHa O 706L. V1307Thl, TOTy4YEHHBIC B TAHHOM
HCCIIeI0BAHMH, OTMEUYCHBI*.

short time interval. These SNPs may be of phylogenetic
significance and allow differentiation of sequences
obtained since 2019 in central regions from earlier
isolates of this lineage (Fig. 4).

The first of these is the T>C transition in /[GR C62L —
C962R (Fig. 4 A). The substitution is expected to be fairly
stable and suitable as a marker site, as intergenic regions
do not experience significant selection pressure.

The second is the replacement of proline with serine
at position 457 of the D1133L protein, caused by a G>A
transition (Fig. 4 B). It is not strictly conservative, since
although the charge of the polar groups of serine in a neutral
environment is compensated and equal to that of neutral
proline, these amino acids have different hydrophobicity,
which may slightly affect the protein structure. However,
the detection of this mutation in several isolates suggests
that it does not critically affect the normal function of
DI133L. D1133L is an intermediate-late protein with
nuclear and cytoplasmic localization during infection
[21]. It has helicase activity and may also be involved
in RNA metabolism and ribosomal function [22]. When
D1133L is overexpressed, ASF virions replicate more
efficiently in cells [23]. In vitro, it interacts with several

host proteins—VIM and TRIM21, which enhance virus
replication, and the translation elongation factor TUFM,
which inhibits ASF virus replication in cell culture [22].
The polymorphism found may be a probable marker,
but due to the possible influence of selection, it is not as
reliable as a conservative replacement.

The third substitution, G>A transition, results in a
fairly conservative substitution of alanine for valine at
position 607 of the Q706L protein (Fig. 4 C), which should
not lead to functional changes and should not be subject
to increased selection pressure. This protein is an RNA
helicase and is quite conservative, although it has a small
variability between ASF virus genotypes from different
regions [24]. Another SNP in this gene, characterizing
isolates from the Bryansk region, is reported in [16]. The
SNP we propose can also be considered a marker for the
central regions of Russia since 2019.

The marker sites proposed for use allow differentiation
of ASF virus strains from Central Russia carrying the
CVR-V polymorphism, as well as strains that appeared
after 2019, from earlier variants. The question of the
prevalence of the new insertion in /GR MGF 360-13L —
MGF 360-14L in relation to the occurrence of CVR-V
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Fig. 5. Distribution of isolates of the Russia lineage.

O — variant CVR-I; @ — variant CVR-VI; @ — variant CVR-V, contains the CAGTCTATAAGA insertion in /IGR MGF 360-13L — MGF 360-14L; @ — variant
CVR-V, contains an insertion in /IGR MGF 360-13L — MGF 360-14L, as well as transitions in IGR C62L — C962R and in genes D1/33L and Q706L; O — isolates
carrying the CVR-V variant, presumably belonging to the Russia lineage.

Puc. 5. PactipocTpanenue u3oniatos aMHUM «Poccusy.

O - Bapmant CVR-I; @ — Bapmant CVR-VI; @ — Bapmant CVR-V, comepxur wmncepimio CAGTCTATAAGA B IGR MGF 360-13L — MGF

360-14L; ® — Bapuaur CVR-V, comepxur wuucepumio B IGR MGF 360-13L — MGF 360-14L, a taxxe tpamsutmu B IGR C62L — C962R u
B reHax D1133L u Q706L; O — u3omstsl, Hecymme BapuanT CVR-V, npeanonoxuTeabHo oTHOCIIHECs K THHEN «Poccus».

can be clarified by whole-genome sequencing of a larger
number of ASF virus isolates. A molecular-epizootological
map showing the distribution of both confirmed and
presumed Russia lineage isolates, with their marker sites
indicated, is shown in Fig. 5. Fig. 6 shows the prevalence
of ASF genotype Il genetic lineages in Europe according to
the above-mentioned methodological recommendations.
The isolates we studied also contain previously un-
described variations. A structure similar to polymor-
phisms 2153 and 2161 is observed in the paralog of the
MGF 360-1L — MGF 360-21R gene, but no other sub-
stitutions characteristic of this region were found. This
combination was also found in some incorrectly assem-
bled sequences from GenBank, which we did not use for
analysis. These two paralogs are among the most close-
ly related in the ASF virus genome (69% identity) [17],
which increases the likelihood of errors during genome
assembly. The MGF-360-1L gene does not play a signifi-
cant role in ASF virulence [25], therefore, these mutations
should not lead to changes in the properties of the virus.
The Q>H substitution at position 22 observed in the
MGF 360-11L protein of ASFV_Penza-2019a, b and
ASFV_Tambov-2021 is non-conservative, which should
affect the conformation of the protein molecule. The
MGF 360-11L protein has an inhibitory effect on the pro-
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duction of type I interferon (IFN) and interleukins IL-1f
and IL-6, inhibiting the activity of the IFN-B promoter
and ISRE sequence, interfering with the normal function-
ing of the cellular immune response and limiting the syn-
thesis of inflammatory factors [26].

The substitution of alanine for proline at position 85 of
the E199L protein found in ASFV_Penza-2019b was also
found in other isolates in Russia and other countries.
However, as shown in [16], the polymorphism of the
E199L gene is not significant as a marker of diversity,
since its changes are associated not with geographical
distribution, but with the adaptation of the virus to the
host. This protein is necessary for the fusion event that
leads to the penetration of the virus into the host cell [27]
and also induces autophagy [28]. The same applies to the
replacement of glutamine with histidine at position 104 of
E199L in ASFV_Lipezk-2016.

The remaining unique polymorphisms detected do not
lead to changes in the amino acid sequence, although they
may also have potential phylogenetic significance in the
future when describing new complete virus sequences
isolated in central regions of Russia.

Conclusion
Based on the analysis, it was established that ASF virus
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Fig. 6. Distribution of ASFV genotype II genetic lineages in Europe. Isolates presumably belonging to the Russia lineage are not listed.

@ — Georgia 2007/Russia; ® — Georgia 2007/Unclassified lineages; O — Eastern Europe/Poland; @ — Eastern Europe/Kyiv 2016; @ — Eastern Europe/Kaliningrad,
@ — Europe/Italy; O — Europe/Serbia; O — Eastern Europe/Germany 2020; © — Eastern Europe/Germany 2021; @ — Europe/Pskov 2021; © — Europe/Central
Russia 2021; @ — Europe/Bryansk 2021.

Puc. 6. Bcrpeuaemocts renernueckux uauit AUC 11 renoruna B EBporne. M3009ThI, NPennonokUTeIbHO OTHOCSIIUECS K JIMHUHM «Poccusy,

HC YKa3aHbl.

@ — Georgia 2007/Poccust; @ — Georgia 2007/Hexnaccudunuposanusre muann; O — Bocrounas Epona/Ilonsmia; ® — Boctounas Espomna/Kues 2016; @ — Boc-
tounast EBpona/Kanuuunrpan; @ — Espona/Uranust; O — EBpona/Cepbust; O — Bocrounas EBpomna/I'epmanust 2020; © — Bocrounas Espona/Tepmanus 2021;
@ — Espona/Tlckos 2021; O — Espona/lLlentp Poccun 2021; @ — Espona/bpsinck 2021.

isolates detected in the Lipetsk, Penza, and Tambov regions
between 2016 and 2021 belong to the CVR-V variant of the
Georgia 2007 clade of the Russia genetic lineage. A new
probable marker of diversity was found in /GR MGF 360-
13L — MGF 360-14L, and polymorphisms were proposed in
IGR C62L — C962R and in the D1133L and Q706L genes,
which have phylogenetic potential for differentiating ASF
virus strains in the central regions of Russia.
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