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Changes in African swine fever virus (Asfarviridae: Asfivirus:
African swine fever virus) genome associated with adaptation
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Introduction. African swine fever virus (ASFV) is a large, double-stranded DNA virus in the Asfarviridae family. It
is the causative agent of African swine fever (ASF). Only the genome of BA71V strain, adapted to Vero cell culture,
was fully analyzed.

The aim of this study was analyzing the complete genome sequence of two strains of adapted to the growth in
CV-1 cell culture (CC) ASFV obtained after 30 and 50 passages, in comparison to the parental virus.

Material and methods. ASFV isolate Odintsovo 02/14 (parental), ASFV adapted variants ASFV/ARRIAH/CV-1/30
and ASFV/ARRIAH/CV-1/50 were all used to extract genomic DNA (gDNA). Sequencing library was constructed
using the «Nextera XT DNA library preparation kit» («lllumina», USA).

Results. Genomes of ASFV/ARRIAH/CV-1/30 and ASFV/ARRIAH/CV-1/50 consisted of 186,529 bp and 186,525
bp, respectively. Total 78 single nucleotide polymorphisms (SNPs) were identified between the parental Odintso-
vo 02/14 and the two high passaged strains, as well as a 2947 bp large-size deletion in the 3’ variable region of
adapted viruses was detected.

Discussion. ASFV as a DNA-containing virus may not have a very high level of mutation, but this is the second
study showing that adaptation to growth in continuous CC leads to large deletions in the genome of the virus.
Conclusion. Mutations in the protein-coding regions of the genome can be synonymous and non-synonymous,
i.e. leading to amino acid substitution. Additional research is needed to understand the influence of the mutations
described in the adaptation process on the reproduction of the virus and its virulence.

Keywords: African swine fever virus; complete genome sequencing; adapted viruses; continuous cell culture

For citation: Mazloum Ali, Igolkin A.S., Zinyakov N.G., van Schalkwyk A., Vlasova N.N. Changes in the genome of
African swine fever virus (Asfarviridae: Asfivirus: African swine fever virus) associated with adaptation to reproduc-
tion in continuous cell culture. Problems of Virology (Voprosy Virusologii). 2021; 66(3): 211-216.

DOI: https://doi.org/10.36233/0507-4088-50

For correspondence: Mazloum Ali, Ph.D. (Biol.), Leading Veterinarian, FSBI «Federal Center for Animal Health»
(«ARRIAH»), 600901, Vladimir region, Vladimir, Yuryevets microdistrict, Russia. E-mail: ali.mazloum6@gmail.com

Information about the authors:

Mazloum Ali, https://orcid.org/0000-0002-5982-8393

Igolkin A.S., https://orcid.org/0000-0002-5438-8026

Zinyakov N.G., https://orcid.org/0000-0002-3015-5594

van Schalkwyk A., https://orcid.org/0000-0003-4761-8767

Vlasova N.N., https://orcid.org/0000-0001-8707-7710

Contribution: Mazloum A. — research concept and design, performing of the laboratory research, collection and processing
of the material, statistical processing, writing of the text; Zinyakov N.G. — performing of the laboratory research; Igolkin A.S. —
writing of the text, editing of the article; van Schalkwyk A. — collection and processing of the material, statistical processing,
writing of the text; Vlasova N.N. — performing of the laboratory research, collection and processing of the material, statis-
tical processing, writing of the text, editing of the article.

Acknowledgement. The study has no sponsorship.

Conflict of interest. The authors declare no conflict of interest.

Received: 16 February 2021
Accepted: 11 May 2021

HAYYHAS CTATBA

FeHOMHble N3MeHeHusA Bupyca acppmKaHCKOW Yymbl cBUHen (Asfarviridae:
Asfivirus: African swine fever virus), cBA3aHHble C aganTauuMen K pa3MHOXEHUI
B NepeBUBaeMoOM KyrnbType KIeTok
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BeepneHue. Bo3byantens adpukaHckon Yymbl ceuHen (Suidae) (AYC) — kpynHbiv (175-215 HM) ABYXLENOYEYHbI
OHK-Bupyc, oTHocAwmincs Kk cemencTBy Asfarviridae. K HacTosiLemy BpeMeHN CEKBEHMPOBaH U NogpobHO npo-
aHanusMpoBaH TosbKo reHoM WwTamma BA71V, aganTmpoBaHHOIO K KIeTo4Hon KynsType Vero.

Llenbto gaHHOM paboThl ABUMCS CPaBHUTEMbHLIA aHanNn3 NOfIHOFEHOMHOIO CUMKBEHCA UCXOAHOrO M30MsTa BUPY-
ca A4C Odintsovo 02/14 n 2 wrammoB, nonyyeHHbIx Ha yposHe 30 1 50 naccaxer 1 aganTUPOBaHHbLIX K POCTY
B KNneTovHon Kynetype CV-1.

MaTepuan n metoabl. B pabote ncnonb3oBaHbl pasnuyHbie BapuaHTbl BO30yauTensa ncxogHbiv nsonat Odintsovo
02/14 n 2 wrtamma agantupoBaHHoro Bupyca: ASFV/ARRIAH/CV-1/30 n ASFV/ARRIAH/CV-1/50. Bubnuoteky
nocnegoBaTenbHOCTEN KOHCTpyMpoBanu ¢ ucnonb3oBaHvem Habopa «Nextera XT DNA library preparation kit»
(«lluminax», CLUA).

Pesynkrathbl. [AnvHa reHomos wtammoB ASFV/ARRIAH/CV-1/30 n ASFV/ARRIAH/CV-1/50 coctaBuna 186 529
n 186 525 n.H. cooTBETCTBEHHO. Bcero mexay McxogHbiM M aganTUPOBaHHbIMKM BapuaHTaMu obHapyxeHbl 78
OOHOHYKNEeOoTUAHbIX nonMmopdumamoB (single nucleotide polymorphisms, SNP); kpome Toro, ycTaHOBNEHO Hanu-
yne KpynHopasMepHou aeneummn BenuumHon 2947 n.H. B npaBom (3’-KoHLEeBOM) BapunabenbHOM pernoHe y obounx
afanTUpoBaHHbIX LLITaMMOB.

O6cyxaeHune. Bos3dyautens AYC kak [AHK-cogepxalimin BUPYC MOXET HE UMETb BbICOKOrO MYTALMOHHOIO CTa-
Tyca. OgHako B A4@HHOM MCCreAoBaHUM MOBTOPHO YCTAHOBMIEHO, YTO aganTauns 3TOro MHMEKLMOHHOro areHTa
K poCcTy B nepesvBaeMon kynetype knetok (KK) npmBoguTt K nosiBneHuto kpynHopasMepHon geneumm B 3’-sapua-
6enbHol obnactu reHoma.

3akntoyeHue. B cBA3M C HEAOCTAaTOYHON U3YYEHHOCTLIO AaHHOWN nNpobnemMbl HeobxoaMMo NpoBeaeHue AONOMHU-
TENbHbIX UCCMNeaOoBaHWi, YTO MO3BONUT NOATBEPAUTL MMEIOLMECH AaHHble OTHOCUTENbLHO BIUSIHUA KaXgow M3
OMNUCaHHbIX MyTaLMI Ha XapakTep pa3MHOXEHUS BUPYCa U CTENeHb ero BUPYNEeHTHOCTHU.

KnioueBble crioBa: gupyc aghpukaHCKOU YyMbl c8UHeU; MOTHOZEHOMHOE CEeK8eHUpPOBaHUe; adarnmuposaHHble 8U-
PycChbl; Nepesusaemasi Kyrbmypa Kiemok

Onsa uuntnpoBanus: Masnywm A., UronkuH A.C., 3unskos H.I", BaH Wankeuk A., Bnacosa H.H. leHOMHble
M3MeHeHUsi BUpyca adpuKaHCKon Yymbl cBuHen (Asfarviridae: Asfivirus: African swine fever virus), cBazaHHble

C ajanTtaumen K pa3MHOXEHWIO B NepeBnBaeMon Kynetype KneTok. Borpock! supyconoauu. 2021; 66(3): 211-216.
DOI: https://doi.org/10.36233/0507-4088-50

Onsa koppecnoHaeHumnn: Masnym Anu, kaHg. 6uon. Hayk, BegyLmin BeTepuHap, rBY «PenepanbHbiil LEHTP
OXpaHbl 300poBbs XMBOTHLIX» (BHUW3XK), 600901, Bnagnmunpckas obn., Bnagumup, mkp. FOpbeseu, Poccus.

E-mail: ali.mazloum6@gmail.com

YyacTtue aBTOpoB: Ma3snym A. — KOHLENUUa 1 An3aiiH UCCNeaoBaHusi, NpoBeaeHue nabopaTopHbIX UCCRenoBaHUA,
cbop n obpaboTtka matepuana, ctatuctudeckas obpabotka, HanmcaHue Tekcta; UronkmnH A.C. — HanucaHne TekcTa,
pefnakTupoBaHue ctaTby; 3uHsikoB H.I. — npoBegeHve naGopaTopHbIX UccrnenoBaHuii; BaH Lankeuk A. — c6op

1 obpaboTka Mmatepuana, ctatuctTuyeckas obpaboTka, HanncaHue TekcTta; Bnacosa H.H. — koHuenums n gusanH
nccnenoBaHusi, NpoBeaeHne nabopaTopHbIx UccrnegoBaHuii, cbop n obpaboTka MaTepuana, cratucTuyeckas

obpaboTka, HanncaHve TekcTa, peAakTMpoBaHUe cTaTby.

®uHaHcupoBaHue. VccneaoBaHe He MMEeno CNOHCOPCKOW MOAAEPXKKN.
KoHdnuKT uHTepecoB. ABTOpbI 3asiBNSIOT 06 OTCYTCTBUM KOHGIUKTA UHTEPECOB.

Moctynuna 16.02.2021
MpuHaTa k neyat 11.05.2021

Introduction

African swine fever virus (ASFV) is a large (175—
215 nm), double-stranded DNA virus in the Asfarvir-
idae family. It is the causative agent of African swine
fever (ASF), a haemorrhagic disease with high mortal-
ity rates in domestic pigs.

To study the foundations of the pathogenicity and im-
munogenicity of the ASFYV, it is necessary to carry out
a comparative analysis of the biological properties of
the virus and the structure of its genes. ASFV is able to
replicate in porcine primary cell cultures (CC), such as
porcine leukocytes CC, alveolar macrophages, etc. How-
ever, these cultures are difficult to standardize because
their properties differ depending on the characteristics of
the animal used, which makes it much more difficult to
obtain a genetically uniform sample of virus suitable for
analysis. To address this problem, various ASFV isolates
have been adapted to grow in continuous cell culture, ex.
Georgia 2007/1 and BA71 in Vero cell culture. As a re-
sult of this adaptation, ASFV-G/V strain and the BA71V

212

strain were obtained [1, 2]. Although, both these strains
were reported to be avirulent following adaptation, only
the genome of BA71V was sequenced and analyzed [2].

In the process of adaptation to growth in continuous
cell cultures, the virulence of the ASFV decreased [3].
The purpose of this work was a comparative analysis of
the nucleotide sequence obtained as a result of the whole
genome sequencing of two strains of the ASFV obtained
after 30 and 50 passages in the CV-1 cell culture, with the
genome of the original isolate.

Previous studies indicated a decrease in virus virulence
of isolate ASFV/ARRIAH/CV-1/30, yet the genome of
this strain following adaptation was not well character-
ized [3]. In this study, we investigate how ASFV adapta-
tion to growth in continuous cell culture might influence
the virus’s genome, and identify the resulting mutations.

Material and methods

Strains ASFV/ARRIAH/CV-1/30 and ASFV/AR-
RIAH/CV-1/50 were propagated in CV-1 cell culture,



BOMPOCHI BUPYCOJIOTMU. 2021; 66(3)
DOI: https://doi.org/10.36233/0507-4088-50

as described previously [4]. Genomic DNA (gDNA)
of the ASFVs were extracted using the previously de-
scribed phenol-chloroform method and the resulting
gDNA pellets diluted in nuclease-free water [5]. A se-
quencing library was constructed using the «Nextera
XT DNA library preparation kit» (Illumina, USA) and
Next Generation Sequencing (NGS) was performed us-
ing a «MiSeq reagent kit version 2» with 2 x 250-bp
paired-end sequencing on a MiSeq benchtop sequenc-
er (Illumina, USA). In order to assemble each of the
genomes, reads were mapped to the reference genome
(FR682468.1 ASFV/Georgia 2007/1) and a consensus
sequence was generated for each of the isolates (CLC
Genomics Workbench v.9.5.2 (QIAGEN, Aarhus; www.
clcbio.com). The original set of reads were subsequent-
ly mapped to the newly assembled virus genome, with
an average coverage depth of 45x and an average read
length of 250 nucleotides (nt). Open reading frames
(ORFs) were predicted using GATU software. The com-
plete genome sequences of both high passage strains
were deposited in GenBank with accession numbers
MW528217 and MW528218.

The complete genome sequences of previously char-
acterized ASFV isolate Odintosovo 02/14 (KP843857.1)
and the genotype II reference, ASFV/Georgia 2007/1
(FR682468.1), were included in subsequent genetic
analysis. The sequences of two reference and the two
cell culture adapted strains were used to generate an
alignment, which in turn was used to detect single nu-
cleotide polymorphisms (SNPs). Both the construction
of the alignment and SNPs detections were performed
using CLC Genomics Workbench v.9.

Results

Since the biological and genetic characteristics of the
ASFYV isolate Odintsovo 02/14 has been studied, the iso-
late was used during progressive adaption of the virus to
continuous cell culture using fibroblast-like pseudodip-
loid cells from the African green monkey (Cercopithecus
aethiops) (CV-1) [6]. The complete genomes of cell cul-
ture adapted variants from passage 30 and 50 (referred to
as: ASFV/ARRIAH/CV-1/30 and ASFV/ARRIAH/CV-
1/50 respectively) were determined.

The complete genomes of the analyzed viruses differ
in length with ASFV/ARRIAH/CV-1/30 and ASFV/AR-
RIAH/CV-1/50 consisting of 186,529 bp and 186,525
bp respectively, while in comparison the reference strain
Georgia 2007/1 and parental isolate Odintsovo 02/14
was 189,344 bp and 189,122 bp respectively. This indi-
cates a large deletion within the genomes of the highly
passaged strains. Total 78 SNPs were identified between
the parental Odintsovo 02/14 and the two high passaged
strains. These could be further classified as 13 SNPs
within the intergenic regions and 5 associated with ho-
mopolymer repeat sequences. The SNPs within open
reading frames were characterized as 8 synonymous
SNPs and 52 non-synonymous SNPs. All 60 synony-
mous and non-synonymous SNPs are listed in Table 1.

Predicted proteins with conservative non-synony-
mous single nucleotide polymorphisms and synonymous

OPUTUHANbHbBIE NCCNTEAOBAHUA

in light grey. The amino acid predicted for each isolate
and strain is listed as well as its position. Amino acid ex-
changes marked with dark grey indicate positions where
either ASFV/ARRIAH/CV-1/30 or Odintsovo 02/14 were
affected.

The majority (n = 36) of the non-synonymous SNPs
are conservative amino acid exchanges, while 14 resulted
in an exchange of a charged amino acid with either an
amino acid with a different or no charge. Two (n = 2) of
the non-synonymous SNPs resulted in early termination
of the predicted protein (Table 1 and Table 2). The pre-
dicted proteins affected by the early termination as well
as the non-conservative amino acid exchanges are listed
in Table 2.

The presented results clearly demonstrate that the ma-
jority of amino acid exchanges occurred in the genome
of the adapted ASFV/ARRIAH/CV-1/50 and/or ASFV/
ARRIAH/CV-1/30 variants, with the exception of the
mutations highlghted in gray, which were unique to the
genome of isolate Odintsovo 02/14.

Discussion

Under certain conditions, ASFV, a double-stranded DNA
virus, may not have a high level of genome variability, but
since no effective vaccine have been developed till the mo-
ment against African swine fever, it is of high importance
to understand and study the relation between certain bio-
logical properties and changes in the virus genome.

Since it was previously described how adaptation of
the ASFV to growth in a continuous cell culture leads to
significant changes in its genome and a decrease in viru-
lence [3, 7], complete genome sequencing and analysis is
the most informative approach to understand the effect of
these mutations on the pathogenesis of the virus.

In the presented study, it is clearly demonstrated that
adaptation of the ASFV to growth in CV-1 continuous
cell culture leads to the appearance of a large deletion in
the 3’ variable region of the genome. Comparative anal-
ysis of the genome of the original isolate and the adapted
variants also revealed 78 oligonucleotide polymorphisms
that influenced or did not affect the predicted amino acid
sequence of the encoded protein.

Only 2 oligonucleotide substitutions in the MGF
110_1L and B354L genes led to the formation of stop
codons, which makes it possible to exclude the possibil-
ity of a complete synthesis of proteins encoded by these
genes when pigs are infected with ASFV/ARRIAH/CV-
1/50 strain.

Conclusion

The most significant modification in the genomes of
ASFV/ARRIAH/CV-1/30 and ASFV/ARRIAH/CV-1/50
was a large-size (2947 bp) deletion in the right variable
region of adapted viruses, between 181,980-184,929 bp.
A similar deletion was described in the genome of an-
other cell culture adapted strain, BA71V, where the same
seven predicted proteins were affected (Table 2) [2].

The importance of each of the described mutations on
cell adaptation, virus growth and virulence requires addi-
tional investigations.

213



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2021; 66(3)
DOI: https://doi.org/10.36233/0507-4088-50

ORIGINAL RESEARCH

Table 1. Genes of different strains of the African swine fever virus encoding proteins with synonymous and non-synonymous single

nucleotide polymorphisms

Protein encoding gene

Virus strain

Predicted amino acid

Georgia 2007/1 | Odintsovo 02/14 | ASFV/ARRIAH/CV-1/30 | ASFV/ARRIAH/CV-1/50 | substitutions in the protein*

ASFV_G_ACD 00270 R R R K R16K
ASFV_G_ACD 00270 R R R K R20K
MGF-360-11L F F F F F120F
MGF-360-14L L L L F L118F
AI04R T T T I T221
MGF-360-15R R R R K R60K
A859L S S S F S244F
A859L Y Y Y F Y614F
AS859L F F F F F684F
F3I7L S S S F S206F
F77R Q Q Q Q Q65Q
FI055L I I I F 1596F
ASFV_G_ACD 00760 L L L I L.241
K205R S S S S S1928
EP1242L Y Y Y F Y817F
EPI242L S S S F S998F
EP1242L L L L F L1145F
EP84R L L L F L37F
EPI53R L L L F LIOF
EP364R C C C G C158G

C257L L L L F L176F
C962R T T T N T643N
C962R L L L L L645L
B962L L L L F L228F
B3ISL I I I F 1170F
B3ISL L L L F L294F
B354L I I I I 11011
BI25R D D D E D27E
GI340L D D D E D979E
0174L S S S F S75F
0174L S S S F SI121F
NPI1450L L L L F L446F
NP419L N N N S N4148
H359L A A A T A225T
H359L I I I F 1247F
E30IR D D D E DI62E

gL F s F  F  Fms
1267L S S S F S65F
ASFV_G_ACD_01990 F F F F F48F
DP60R F F F F F27F
DP60R % % v F V28F

Note. The amino acid predicted for each strain and its position are listed in the column «Predicted amino acid substitutions in the protein»; the
positions affected in ASFV/ARRIAH/CV-1/30 or Odintsovo 02/14 strains are also listed there. Synonymous polymorphisms are highlighted in light
gray; nucleotide changes that led to amino acid substitutions are marked in dark gray;

* — the first letter represents the amino acid of the wild type gene (the numbers indicate the position in the amino acid sequence of the protein), and
the second letter represents the amino acid after the mutation.
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Table 2. List of predicted amino acid substitutions with either charge changes or generation of stop-codon

Virus strain

) ) Predicted.am.ino acid
Protein encoding gene ggg;%ila Odoi;/tizv" ASFV/ARRIAH/CV-1/30 | ASFV/ARRIAH/CV-1/50 13‘1}1?‘;;‘;2?5*
MGF 110 1L w w w Stop-codon Stop codon at position 197
MGF 360 8L E E K E70K
MGF-505-7R D D D N D204N
MGF 505 6R E E E K E378K
MGF 505 6R E E E K E475K
F334L M M M K M145K
F1055L D D D N D576N
F1055L E E E K E575K
EP1242L D D D N D700N
C717R D D D N D313N
B318L Q Q Q K Q277K
B354L E E E Stop-codon Stop codon at position 218
NP419L D D D N D322N
EL 6 B G 6 cE
E24R D D D N D86N
PR PG DD DeG
171 + +
18L + +
ASFV_G_ACD 001870 + +
oL * * (2997;7;;1{)135 lzféii(c)irsl) (é%yagfif: 1:332) No protein
110L + +
111L + +
MGF 360-18R + +

Note. Mutations unique to the genome of the Odintsovo 02/14 strain are marked in gray;

* — the first letter represents the amino acid of the wild type gene (the numbers indicate the position in the amino acid sequence of the protein), and
the second letter represents the amino acid after the mutation.
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