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Abstract

Introduction. Tick cell lines are widely used to study the biology of ticks and tick-borne pathogens, especially
viruses. Most of the cell cultures currently available have been obtained from tick embryonic cells and can be
infected with viruses. The HAE/CTVMS cell line was obtained from Hyalomma anatolicum ticks and is often used
for isolation of novel viruses.

The aim of the work is to study the HAE/CTVMS cell line using high-throughput sequencing in order to search for
viruses in it.

Materials and methods. The HAE/CTVMS cell culture fluid was ultracentrifuged. The resulting pellet was used
for high-throughput sequencing after RNA extraction, reverse transcription reaction, and synthesis of the second
strand. The resulting reads were filtered by length and quality in the Trimmomatic program, after which the contigs
were assembled using the SPAdes program and analyzed for the presence of viral sequences. The final assembly
of the virus genome was carried out in the Ugene program. Sequence alignment was performed by the MAFFT
program. The phylogenetic trees were constructed using the IQ-TREE program.

Results. We have identified the persistence of one virus, Liman tick virus (LMTV), in HAE/CTVMS cell culture.
Phylogenetically LMTV belongs to the Chuviridae — novel family, that consists of viruses detected by high-
throughput sequencing, the virological characteristics of which are currently unknown.

Conclusion. The obtained information is of significant importance when utilizing HAE/CTVMS8 cell culture in
scientific research and during the process of isolating new viruses. Our study shows that this cell line with persistent
LMTYV is a ready-to-use system for studying Chuviridae reproduction
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Pestome

BeepeHue. KynsTypbl KNETOK Knewen LUMPOKO UCNOMb3YIOTCA ANS U3yYeHUs BUonormm 3TUX YNEHUCTOHOTUX U
nepeHoCUMbIX MU NaTOreHoB, B 0COGEHHOCTUN BUPYCOB. BOMbLUMHCTBO MMEIOLLMXCA B HACTOSLLEE BPEMS KyNbTYp
KNeToK 6bInu nonyyeHbl 13 aMOPUOHanbHbIX KNETOK KieLen n MoryT BbiTb MHMUMpoBaHbl BUpycaMu. KnetoyHas
nuHusa HAE/CTVMS8, nonyyeHHas u3 knewen Hyalomma anatolicum, 4acto ncnonb3syetcsa Ans BbiAeneHus nepe-
HOCUMBIX KNeLaMmn BHYTPUKIETOYHbIX MHEKLIMOHHbIX areHTOB.

Llenb paboTtbl — nsyyeHue knetouHomn nuHnm HAE/CTVMS8 ¢ nomMoLLbto BbICOKONPOU3BOANUTENBHOIO CEKBEHNPOBA-
HWS C Lienbio NoncKa BUPYCOB B HEW.

MaTepuanbl u metogbl. KynerypanbHyto xuakocTe knetok HAE/CTVMS8 ynbtpaueHTpudyruposanu. MNonyyex-
HbI OCafdoK UCMOMb30BanNy A5 BbICOKONPOU3BOAUTENBHOMO CeKBeHnpoBaHus nocne ebigenenuns PHK, peakuun
06paTHOM TPaAHCKPUMNLMU U CUHTE3a BTOPOW uenu. MNonyyYeHHble NpodTeHnsa hunsTpoBanu nNo AnvHeE 1 KavyecTBy
B nporpamme Trimmomatic, nocne yero cobupanu KOHTUrM ¢ nomoLbio nporpammbl SPAdes n aHanuanposa-
NN MX Ha NPUCYTCTBME BMPYCHbIX NOocreaoBatenbHocTen. PuHanbHas cbopka reHoma Bupyca ocyLlecTBnanach
B nporpamme Ugene. BbipaBHMBaHWe nocnegoBaTeflbHOCTEN MPOU3BOAMIN C WMCMOMb30BaHMEM NPOrpamMmbl
MAFFT. MocTtpoeHune hnnoreHeTU4YeCcKknx 4ePEBLEB NPOU3BOANIIOCH C NpUMeHeHeM nporpammsl IQ-TREE.
Pe3ynbrathl. BoisBneHa nepcucteHumsa ogHoro Bupyca — Liman tick virus (LMTV) — B kynbType knetok HAE/
CTVM8. dunoreHetnyeckn LMTV npuHagnexuTt HoBomy cemeincTBy Chuviridae, cocTosiLemy 13 BupycoB, obHa-
PY>KEHHBIX C MOMOLLbIO BbICOKONPON3BOAUTENBHOIO CEKBEHUPOBAHUS, BUPYCONOrMyeckas Xxapakrepuctmka KoTo-
pbIX OTCYTCTBYET.

3akntoyeHue. [NonyyeHHas B HACToALLEM UCCreaoBaHUM MHopMaLMsa KpanHe BaXxHa AN UCNONb30BaHNUS Kyrb-
Typbl knetok HAE/CTVMB8 B Hay4HbIX MCCMEAOBaHNAX U U30MALMM HOBBIX BUPYCOB. Halle nccnefosaHune nokasbl-
BaeT, 4To knetoyHasn nuHua HAE/CTVMS ¢ nepcuctupytowmm B Hen LMTV npeactasnseTt cobor rotToByo cucteMy
ONst 3ydeHns penpoaykummn npeactasutenei cemenctea Chuviridae.

KnioueBble cnoBa: Liman tick virus; kynbmypa knemok knewel; HAE/CTVMS; nepcucmeruyus; Mivirus; Chuvi-
ridae

Onsa untupoBanua: Nlutos A.I., LetnHnH A.M., Xonogunos W.C., Benosa O.A., KansHosa A.C., lN'ywwnH B.A., Kap-
raHosa I.I. Jetekuus Liman tick virus (HeknaccndpuumpoBaHHbin npegctasmTens Chuviridae) B kKynbType KneTok
knewen HAE/CTVM8. Bornpocsi supycomnoeuu. 2025; 70(2): 147—153. DOI: https://doi.org/10.36233/0507-4088-283
EDN: https://elibrary.ru/hrnscv

®duHaHcupoBaHue. ViccnegoBaHune BbINOMHEHO 3a CYET CpefcTB rocygapcTBeHHoro 3aganHus Ne FNZG-2024-0008.
BnaropgapHocTb. ABTOpbI BbipaxatoT npusHatensHocTb Tick Cell Biobank (JluBepnynbckuii yHuBepcuTet, Benvkobputa-
HUS1) U NepcoHanbHO A-py Jlecnu benb-Caku 3a npegocTtaBneHune Kynstypbl knetok HAE/CTVMS.

KoHdonuKT nHTepecoB. ABTOpPbI AeKNapypyloT OTCYTCTBME SABHbIX U NMOTEHLMANbHBIX KOH(UKTOB MHTEPECOB,
CBsi3aHHbIX ¢ Nybnukaumnen Hactosilwen ctatbn. Kynbtypa knetok HAE/CTVMS8 npefnocraBneHa Ha 6e3B03me3aHomn
OCHOBE B paMKax JOroBopa O COBMECTHOW Hay4Hou aesatenbHocTu uaTick Cell Biobank (JlnBepnynbckuili yHMBepcuTeT,
BenukobpuTtaHus).
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Introduction

Ticks are vectors of dangerous diseases such as
Lyme disease, tick-borne encephalitis and many others
[1, 2]. In this regard, the study of biology, physiology
of ticks and ways to control them is becoming increas-
ingly important. Tick cell cultures have become an in-
dispensable tool for researchers [3]. First of all, they
are extremely useful for studying the physiology and
genetics of ticks [3, 4]; however, they are much more
often used to propagate tick-borne pathogenic viruses
[5, 6] and bacteria [7].

Attempts to culture tick cells have been ongoing for
more than 50 years. Early studies led to the production
of primary cultures of tick cells and/or tissues capable of
surviving up to 6 months [8]. Later, continuous cell lines
of different tick species capable of long-term cultivation
in laboratory conditions were obtained [3, 9].

Most of the currently available tick cell lines have
been derived from embryonic cells. This specificity of
obtaining cell cultures, of the tick virome, leads to the
fact that viruses persist in many tick cell cultures [10—
12]. For example, Orbivirus saintcroixense (St. Croix
River virus) has been detected in IDE2 cell cultures
derived from Ixodes scapularis ticks as well as RA243
and RA257 from Rhipicephalus appendiculatus ticks
[10, 11]. Three rhabdoviruses, IRE/CTVM19-asso-
ciated rhabdovirus, Chimay rhabdovirus and Norway
mononegavirus 1, were detected immediately in IRE/
CTVM19 cell culture [12]. Furthermore, screening
of a large number of available tick cell cultures with
pan-nairovirus oligonucleotides yielded positive re-
sults, although doubts remained as to whether the am-
plification was specific [10]. Thus, tick cell cultures
themselves can be a source of novel viruses. Never-
theless, the use of cells with persistent viral infection
may affect the results of scientific research, especially
when isolating and studying the properties of other vi-
ral or bacterial intracellular agents.

Modern approaches to the discovery of new viruses
involve the use of high-throughput sequencing in com-
bination with bioinformatic methods, which allows the
discovery of tens and hundreds of new viruses in the
process [13—16]. This approach has proven to be ex-
tremely effective in characterizing new arthropod vi-
ruses [14, 16], including ticks [13, 15], and was also
used earlier to characterize viruses persisting in IRE/
CTVM19 cell culture [12].

One of the achievements of next generation sequencing
was the recent isolation of a new family of (—)RNA-con-
taining viruses, the Chuviridae. To date, this family in-
cludes 16 genera and 43 species of viruses that have been
detected in spiders, crustaceans, insects, fish and reptiles.
The largest genus of the family is the Mivirus genus,
which includes 10 species that are mainly associated with
different species of ixodid ticks. Unclassified chivirid
win chuvirus-like sequences have been found in cephalo-
pod mollusks, termites and turtles. The Chuviridae family
is the largest in the Jingchuvirales order, which is related
to the Mononegavirales order, which includes many well-
known (-)RNA-containing viruses [17].

OPUTUHAJbHbBIE NCCNEAOBAHUA

According to bioinformatic data, representatives of
Chuviridae are viruses with single-stranded (—)RNA that
encode 2 to 4 open reading frames, including polymerase,
glycoprotein, and nucleoprotein. Genomes of different
representatives of Chuviridae can be linear or circular,
segmented or unsegmented [17].

HAE/CTVMS cell culture was obtained from Hyalom-
ma anatolicum ticks [9] and is routinely used for isolation
and maintenance of various viruses [8, 18-20]. Howev-
er, it remains unknown whether this culture contains any
persistent viruses. There is only some evidence to suggest
the presence of unknown nairo-like viruses in this cell
culture [10].

The aim of this study is to research the HAE/CTVMS
cell line using next generation sequencing in order to
search for viruses in it.

Materials and methods

HAE/CTVMS cells were cultured in L-15 medium
(Chumakov Federal Scientific Center for Research and
Development of Immune-and-Biological Products of
RAS (Institute of Poliomyelitis), Russia) with 10% tryp-
tose-phosphate broth (Difco, USA), 20% fetal bovine se-
rum (Gibco, USA), 2 mM L-glutamine and antibiotics,
according to the previously described method [21]. The
culture fluid was collected and clarified by centrifugation
at 10,000 rpm for 30 min at +4 °C using a SW-28 rotor
on an Optima L-90K Ultracentrifuge (Beckman Coulter,
USA). After that, the supernatant was ultracentrifuged
at 25,000 rpm for 6 h at +4 °C in the same rotor and cen-
trifuge tube.

For high-throughput sequencing, the pellet after ul-
tracentrifugation was dissolved in 200 uL PBS. RNA
extraction was performed using the RNeasy Mini Kit
(QIAGEN, Hilden, Germany). Reverse transcription
reaction was performed with a random hexanucleotide
primer using RevertAid (ThermoFisher Scientific,
USA). Next, second strand synthesis was performed
using NEBNext Ultra II Non-Directional RNA Sec-
ond Strand Synthesis Module kit (NEB, USA). The
resulting DNA was purified using Ampure XP (Beck-
man Coulter, USA). Libraries were prepared using the
NEBNext Fast DNA Library Prep Set for lon Torrent
(NEB, USA) and sequenced on an lon S5XL instru-
ment using an Ion 530 Chip.

The obtained reads were filtered by length (at least 35 nt)
and quality (Q20) using the Trimmomatic v.0.39 program
[22]. The quality of the reads was checked using the
FaQCs program [23]. The processed reads were assem-
bled into contigs using the SPAdes v. 3.13.0 program us-
ing the option «—RNAwviral». The obtained contigs were
filtered from sequences with low complexity and non-vi-
ral sequences according to the previously described
methodology [24]. In the remaining contigs, virus-con-
taining contigs were searched according to the previous-
ly described methodology [24]. To improve the obtained
assembly and cut off possible errors, we additionally per-
formed read mapping using the Liman tick virus genome
(GenBank number MN542376) as a reference genome in
the Ugene v. 50.0 program [25].
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Figure. Genomic structure and phylogenetic relationships of the Liman tick virus.

a — Midpoint-rooted phylogenetic tree of the family Chuviridae. Maximum-likelihood phylogenetic tree was constructed using the amino acid sequences
of the RdRp (1000 bootstrap replicates; nodes with > 85% bootstrap support are indicated). The scale bar represents the number of amino acid substitutions
per site. The Liman tick viruses clade is marked in yellow. Liman tick virus detected in the current work marked in red; 5 — Scheme of the Liman tick virus

genome. ORFs are shown in purple. The RdRp-encoding ORF is marked in green.
Pucynoxk. Ctpykrypa reHoMa u GuioreHeTHIecKre B3aMOOTHOILeH!UsI Bupyca Liman tick.
a — YKOPEHEHHOE B CPEJHIOI TOYKY (HIOreHeTH4YecKoe aepeBo cemelictBa Chuviridae. JlepeBo ObIIIO MOCTPOCHO METOAOM MaKCUMAJIBHOTO IPaBIONON00us
C MCIIOJIb30BaHUEM aMHHOKHUCIIOTHBIX nocienoBarensHocteld PHK-3aBucumoii PHK-nonumepass (1000 peruink bootstrap; yka3aHsl y3Ibl ¢ IOAAEPKKOH boot-
strap > 85%). IlIxana mpencTapiseT KOIMIECTBO AMHHOKHICIIOTHBIX 3aMeH Ha caiT. Kimaga Liman tick BUpycoB BbIIeneHa xenThIM IBeToM. Liman tick Bupyc,
oOHapy)XEHHBII B JaHHOH paboTe, BBIACNICH KpacHbIM LIBETOM; 6 — cxeMa reHoma Liman tick Bupyca. OtkpbiTele pamku cuntbiBanus (OPC) nokasansl ¢uome-
ToBBIM 11BeTOM. OPC, KOZIupyIoIasi BUPYCHYO [OIMMEPa3y, OTMEYEHA 3EJICHBIM [[BETOM.
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For phylogenetic analysis, the complete amino acid se-
quences of the L protein (RNA polymerase of the Chuvir-
idae family) for the identified virus, all complete sequenc-
es of the LMTYV L protein available in the GenBank data-
base, several selected representatives of Mivirus boleense,
and representatives of genera and phylogenetic clades be-
longing to the Chuviridae family were obtained. Sequenc-
es were aligned with the MAFFT v. 7.310 program using
the E-INS-i algorithm [26]. Uncertainly aligned regions
were trimmed using the TrimAL v. 1.4. rev 15 program
with automatic detection [27]. A phylogenetic tree was
constructed using the maximum likelihood method in the
program IQ-TREE v. 2.3.2 [28] with 1000 bootstrap rep-
licates and automatic detection of the substitution model
[29]. Phylogenetic trees were visualized in the FigTree
v. 1.4.4 program. The genome was manually annotated
and visualized using the GenomeDrawing tool (https://
github.com/justNo4b/GenomeDrawing).

Results

In this study, high-throughput sequencing of the transcrip-
tome of the culture fluid of a pure culture of HAE/CTVMS
cells derived from H. anatolicum ticks was performed. Fil-
tering of reads by length and quality resulted in 2.2 million
reads. Subsequent data processing revealed the presence
of a single virus genome in the reads obtained. Prelimi-
nary analysis showed that this virus is genetically close to
LMTV: 92.5% similarity in the nucleotide composition of
the complete genome, according to the blastn program.

A detailed analysis of the genome assembly and its
comparison with the reference genome allowed us to es-
tablish that in our case there are direct repeats at the ends
of the contig, which indicates the circular nature of the
LMTV genome. This has been repeatedly described for
representatives of the Chuviridae family [17] and shown
earlier for LMTV [30]. Thus, we were able to assemble
the complete genome of this virus. The genome map is
presented in Figure (). The genome of the virus has been
deposited in the international GenBank database under
the number PQ613839.

The number of LMTYV reads in the sample was quite
high, 2.42% relative to the total reads, which is an indi-
rect indicator that the virus is actively replicating during
persistence in HAE/CTVMS cell culture.

Phylogenetic analysis based on RNA-dependent RNA
polymerase sequences showed that the detected virus was
a close relative and formed a monophyletic group with
other LMTYV isolates from ticks of the Hyalomma genus.
The LMTYV group itself formed a monophyletic group
with isolates of Bole tick virus 3 (Mivirus boleense) and
fell into the Mivirus genus.

Discussion

HAE/CTVMS cell culture is routinely used for virolog-
ical studies [8, 18—20]. Despite the fact that, according to
some reports, this culture contains persistent viruses [10],
their genomes have remained unknown until now, and the
culture itself has not been investigated using modern ap-
proaches. Previously, we described the presence of three
rhabdoviruses in IRE/CTVM19 cell culture [12].

OPUTUHAJbHbBIE NCCNEAOBAHUA

In the present study, using a similar methodology, we
detected the LMTYV genome in HAE/CTVMS cell culture,
which was obtained in 1991, indicating the long-term
presence of LMTYV in this system. Moreover, since the
assembled genome is complete and circular, its incorpo-
ration into the host genome is highly unlikely. The pres-
ent study confirms the effectiveness of the metagenomic
approach in characterizing newly obtained cell cultures.

The LMTV genome was first detected in H. anatolicum
ticks collected in Liman district, Astrakhan region, Rus-
sian Federation, and published in GenBank in 2020 by Dr.
Alkhovsky et al. (MN542376.1). Later, a new isolate of
this virus was detected in H. rufipes ticks collected from
camels in Garrisa County, Kenya. Moreover, antibodies
to LMTV were detected in one of the camels studied and
the virus itself was detected in blood [30]. These data in-
dicate that this virus may be an arbovirus.

According to bioinformatic data, Chuviridae has an
extremely interesting biology, as it includes viruses with
circular single-stranded (—)RNA. At the same time, rep-
lication and virion structure of representatives of the
Chuviridae family remain unexplored [17]. Thus, HAE/
CTVMS cell culture is a ready model for studying repli-
cation and biology of the Chuviridae family.

There are well described examples when the presence
of one virus in cell culture has a significant effect on the
reproduction of other viruses, both closely related and
phylogenetically distant viruses [31-33]. It remains un-
clear how LMTYV may interact with other viruses, but the
presence of this virus in HAE/CTVMS cell culture should
certainly be taken into account when conducting further
experiments.

Conclusion

The information obtained in this study is essential for
the use of HAE/CTVMS cell culture in research and iso-
lation of new viruses. The HAE/CTVMBS cell line with
persistent LMTYV is a system that is sufficient for study-
ing the reproduction of Chuviridae representatives.
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