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Abstract

Introduction. Borrelia miyamotoi is a pathogen of erythema-free ixodid tick-borne borreliosis (ITBB), a disease
widespread in Russia. To date, there are no generally accepted methods for B. miyamotoi genotyping. The
multilocus sequencing typing (MLST) scheme of Borrelia was originally developed for B. burgdorferi, and does
not have the required discrimination power for monitoring the ITBB pathogens.

The objective of this study is to develop the MLST scheme for B. miyamotoi.

Materials and Methods. The whole genome sequences of 10 reference strains (GenBank) were analyzed for
the selection of the house-keeping loci. The MLST scheme development was based on principles published by
the authors of the method. For this experiment, 81 B. miyamotoi strains and positive clinical samples were used
to test the MLST scheme.

Results. After analyzing the genomic data, 8 house-keeping loci were chosen for MLST, for which the PCR and
sequencing primers were designed. Each MLST loci was represented by several alleles (from 4 to 7) which form
15 sequence types. The genetic diversity of pathogens isolated from ITBB patients and ticks were characterized.
Discussion. Based on pairwise distances between allelic profiles, the sequence types can be classified into four
groups. The first two groups are clonal complexes; the other two groups are formed by once identified sequence
types. The first clonal complex unites 11 sequence types (80 or 88% of the characterized B. miyamotoi), the
second consists of 2 sequence types (9 or 9.8%). The genetic differences between B. miyamotoi are associated
with the sources of strains and biological isolates. The MLST based classification confirms the previously
described genetic heterogeneity of B. miyamotoi populations associated with ecologically unrelated vectors of
ITBB pathogens.

Conclusion. The proposed MLST scheme is an appropriate tool for ITBB pathogen classification and evolutionary
change characterization within clonal complexes.

Keywords: /xodes tick-borne borreliosis, Borrelia miyamotoi, clonal complex, multilocus sequence typing,
sequence type
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Cxema MynbTUIOKYCHOIO CeKBEHNPOBaHUA-TUMNPOBAHMA
ANA Xapaktepuctukm Borrelia miyamotoi — Bo3byputenen
6e33putemHon GopMbl MKCOAOBOIO KneleBoro boppennosa

Mwuponos K.0.”, Tutkos A.B., Kynewos K.B., MnaTtoHos A.E.

U,EHTpaJ'IbeIIZ Hay‘-lHO-MCCﬂe,D,OBaTeﬂbCKI/IVI NHCTUTYT anNngemMmmnonornn Pocn0Tpe6Ha,q30pa, MockBa, Poccusa

AHHOMayus

BBeaeHue. Borrelia miyamotoi — Bo36youtens 6e33putemMHon hopMbl MKCOOQOBOrO Krellesoro 6oppenuosa
(MKB-BEM) — wmnpoko pacnpoctpaHéHHoro B Poccum 3aboneBaHnsi. B HacTosilee BpeMsi He CyLecTBYeT 00-
LLEMNPUHSATBIX METOAMK ANS BHYTPUBMOOBOW XapakTepuctukm B. miyamotoi. Cxema MynbTUNOKYCHOTO CEKBEHW-
poBaHusi-tunuposanus (MJICT) 6oppenuii n3HavansHo Gbina paspabotaHa ansa B. burgdorferi n He obnapaet

HeobXxoaNMOW ANCKPUMUHUPYIOLLEN CMOCOOHOCTLIO ANsi MOHUTOPUHIra Bo3byanTtenein MKB-BM.
Llenb pabotbl — pa3pabotka un anpobauus cxembl MJICT B. miyamotoi.

MaTtepuanbl u Mmetoabl. Bei6op dparmeHToB ans MJICT ocHoBaH Ha MOMHOreHOMHbIX MOCIEeA0oBaTENbHOCTSIX
10 pedpepeHcHbIx wTammoB (GenBank). Cxemy MJICT paspaboTtanu B COOTBETCTBUM C NMPUHLMNAMU, ONyOnmKo-
BaHHbIMY aBTOpamun metogda. [Ans anpobauun cxembl MIICT ncnonssosanu 81 Guonoruveckuin obpasel, cogep-

xawwun OHK B. miyamotoi.

Pe3ynbraThbl. [Tocne aHanuaa reHOMHbIX AaHHbIX BbiIGpanu 8 dparMeHTOB reHoB, AN KOTOPbIX MPOBENV An3anH
npanmepos ans MNLP n cekBeHnpoBaHus. dparmeHTbl reHOB NpeacTaBreHbl HECKONbKMMM annensamm (ot 4 oo 7),
KoTopble 06pa3yloT 15 CMKBEHC-TUMOB, HA OCHOBaHWW aHanm3a KOTOPbIX OXxapaKTepu3oBanu reHeTu4eckoe pas-

HooOpa3sne Bo3GyauTenen, BblaeneHHbix oT 60mnbHbIX MKB-BM 1 0T nepeHocuYmnkoB.

O6cyxaeHune. Ha OCHOBaHMM KONMMYECTBa HECOBMNaAEHUW B annernbHbIX NPOMUnAX CUKBEHC-TUMbI MOryT
6bITe KNaccnduumpoBaHbl Ha 4 rpynnel. MNepBbIM ABYM COOTBETCTBYIOT KIIOHalbHbIE KOMMMEKCHI, ABE Apyrve
obpasoBaHbl OOQHOKPATHO BbISIBIEHHBIMW CUKBEHC-TUNaMu. [lepBbli KnoHanbHbIn Komnneke (1) obbeamHseT
11 cukBeHc-TunoB (80 unun 88% oxapaktepunaoBaHHbIx B. miyamotoi), BTopon (Il) — 2 cukseHc-tuna (9 unn 9,8%).
BblpakeHHble reHeTu4eckne oTnuumna B. miyamotoi cBsidaHbl C UCTOYHMKaMU LUTaMMOB U Buonormyeckux ob-
pasuos. MNMpeanoxeHHasa Ha ocHoBaHun MIICT knaccudukauus noaTeepXaaeT NPOAEMOHCTPMPOBaHHYIO paHee
reHeTUYECKy0 reTeporeHHOCTb nonynauun B. miyamotoi, 06yCnoBneHHy 3KONOrM4eckn He CBA3aHHbIMKN nepe-

Hocumkamu Bo3byauteneint MKB-BM.

3akntovenue. MNMpegnoxerHHas cxema MIICT sBnsieTcs yaoOHbIM MHCTPYMEHTOM Af15 MOHWUTOPWHIra BO30yauTe-
nen UKB-BM, BblAeneHHbIX U3 pasHbIX MCTOYHUKOB, U ANS XapaKTEPUCTUKN 9BOMIOLMOHHBIX U3MEHEHWI B Onpe-

OENEHHbIX KNOHarnbHbIX KOMMEeKcax.

KntoueBble cnosa: Borrelia miyamotoi, ukcodosbsie Krneujegbie 60ppernuosbl, KIoHanbHbIU KOMIIEKC, Mybmu-

JIOKYyCHO€ CeKeeHuposgaHue-murupoeaHue, cCukeeHc-muri

Amuyeckoe ymeepxdeHue. ViccrneqosaHne npoBoaMIoch npu 4o6poBoribHOM MHPOPMUMPOBaAHHOM Corfacum nauu-
eHToB. lNMpoTokon uccnegoBaHus ogobpeH ATnyeckum komutetom LIHUW 3nnpemumonorumn PocnotpebHaasopa (npo-

Tokon Ne 83 ot 26.06.2018).

BnazodapHocmsb. ABTOPbI NPU3HaTENbHLI BCEM UCCReaoBaTensm, KMMHALMCTaM 1 aNvaeMmnonoram, y4acTBoBaBLLMM
B cbope buonornyecknx obpasLoB, NCMONb30BaHHLIX B HAcTosLeh paboTe, B nepsyto odepeap H.M. KonsicHukoson,
M.T. Tonopkosown, [.C. Capkcsany, C.KO. Kosanesy, E.N. KpacHoson, B.A. Pap, B.N. YepHbix, H.C. MuHopaHckoW,

A.T. KynaruHon, C.A. Pyaakoson, H.B. PynakoBy, E.W. BoHaapeHko, T.A. YekaHoBol n M. HoBakoBo.

UcmouHuk ¢huHaHcupoeaHusi. B 2018-2019 rr. nccnegoBaHve BbINOMHANOCL 3@ CYET rpaHTa Poccumnckoro Ha-
yyHoro coHaa (mpoekt Ne 15-15-00072[1). B 2020-2023 rr. nccrnenoBaHne BbIMOMHANOCH B pamkax Tembl HUO-
KP rocygapctBeHHOro 3agaHusi «CoBepLUEeHCTBOBaHME CUCTEMbl 3MNMAEMUONOrMY4eckoro MOHUTOpuHra B Poccun-
ckon Pefepaummn 3a NPUPOAHO-OYAroBbIMN TPAHCMUCCUBHBIMU UHAEKUMSMN BakTepuansHon npupodbl (KnelleBble
BO3BPaTHble NNXOPaAKW, PUKKETCMO3bl TPYMMbl KNeweBon MATHUCTON NWUXOpajku, Kokcuennes, GapToHennesbl)»

(per. Ne AAAA-A21-121011890133-8).

KoHgbnnukm unmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX M MOTEHUMANbHbIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX ¢ Nybnukauuen HacTosiwen ctatbn. B paboTte ncnonb3oBanu Habopbl peareHTOB U peakTuBbl «AMNNMCEHCY

npoussogctea LIHWW Snngemunonornm PocnotpeGHaasopa.

Ansi yumupoeaHusi: MupoHos K.O., TutkoB A.B., Kynewos K.B., NnatoHoB A.E. CxeMa MynbTUIOKYCHOIO CEKBEHU-
pOBaHWSA-TUNMPOBaHUSA AN XxapaKkTepuctuku Borrelia miyamotoi — Bo30yanTenen 6e3aputemMHoln popMbl MKCOOA0BOTO

KneweBoro 6oppenuosa. JKypHan mukpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2024;101(1):80-88.
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Introduction

Borrelia miyamotoi is the pathogen of the ery-
thematous form of ixodid tick-borreliosis (ITBB) which
belongs to the group of relapsing fever pathogens, but
is transmitted by ticks of the Ixodes genus. The history
of discovery, taxonomy, biological properties of patho-
gens, aspects of pathogenesis, clinic and epidemiology
of ITBB were published in a monograph by A.E. Pla-
tonov in 2017 [1]. A relevant area of B. miyamotoi
research is the development of intraspecies pathogen
classification methods. This is due to the necessity to
study the clinical features of ITBB caused by different
genetic variants of the pathogen, including those asso-
ciated with the phenomenon of immune evasion [1], as
well as the necessity to solve classical epidemiological
problems related to monitoring pathogens. Because of
the severely limited use of mass parallel sequencing,
which is primarily due to the difficulty of culturing
B. miyamotoi, as well as the low concentration of
pathogens in the biological material sample, there is a
necessity to develop affordable polymerase chain re-
action (PCR)-based and fragment sequencing-based
methods for antigenic and genetic characterization of
ITBB pathogens.

To characterize the antigenic diversity of B. miya-
motoi, we have proposed a method of determining the
main surface proteins [2, 3], which allows simultaneous
detection of several antigenic variants and identification
of the most clinically and epidemiologically significant
variants of ITBB pathogens circulating in Russia. How-
ever, antigen detection cannot be used for the study of
evolutionary processes occurring in the bacterial popu-
lation to identify pathogens with increased virulent or
pathogenic properties.

The triple-locus typing scheme based on the se-
quencing of p66, gipQ, and 16S gene fragments [4],
proposed earlier by domestic researchers could be used
to characterize representatives of the Borrelia genus,
but this scheme does not have the necessary discrimi-
nation power for B. miyamotoi.

A convenient tool for studying the genetic prop-
erties of pathogens that are not under immune system
pressure, allowing identification of individual strains
and characterization of their genetic relationships, is
the method of multilocus sequencing typing (MLST),
which has been successfully used in epidemiological
practice since 1998 [5, 6]. In addition to the previous-
ly demonstrated advantages of using multiple genetic
loci in analyzing genetic relationships of pathogens,
an important advantage of MLST is the absolute inter-
laboratory reproducibility of the results, which allows
combining genetic and epidemiologic information into
a single database [7]. Currently, the PubMLST Internet
resource contains information on MLST schemes for
more than 130 species of microorganisms; for many
species, published MLST schemes are the golden stan-
dard for their intraspecific characterization. At the same

ORIGINAL RESEARCHES

time, the developed MLST scheme for bacteria of the
Borrelia genus and its modifications do not have suffi-
cient discrimination power to differentiate B. miyamo-
toi. This is due to the fact that the MLST scheme was
initially developed for B. burgdorferi [8], which does
not allow its use for monitoring Russian ITBB patho-
gens. Since the B. miyamotoi genome has significant
differences from bacteria of the Borrelia burgdorferi
sensu lato complex, additional analysis of available
whole-genome sequences is necessary in order to devel-
op and validate the B. miyamotoi MLST methodology.

Materials and methods

Nucleotide sequences

When selecting sequences for MLST, we used
whole genome sequences of 6 Russian strains — Izh-4
(GenBank identification number CP024390.2, number
in the State Collection of Pathogenic Microorganisms
and Cell Cultures "SCPM-Obolensk" B-8324), Izh-5
(CP024205. 2, B-8325), 1zh-14 (CP024371.2, B-8326),
Izh-16 (CP024351.2, B-8327), Yekat-1 (CP024333.2,
B-8328), Yekat-6 (CP024316.2, B-8329) [1, 9] as well
as 4 foreign strains — FR64b (CP004217. 2), HT-31
(CP114703.1), LB-2001 (CP114690.1) and CA17-2241
(CP021872.1) [1, 10, 11], known since the beginning of
the study.

Strains and samples of biological material

During development, the MLST scheme was
tested on 7 strains, NL-IR-1 (CP044783.1), Yekat-18
(CP037471.1, B-8810), Yekat-76 (CP037058.1,
B-8814), Yekat-19 (CP036557.1, B-8811), Yekat-17
(CP037215. 2, B-8330), Yekat-21 (CP036914.2,
B-8812), Yekat-31 (CP036726.1, B-8813) and 81
B. miyamotoi DNA samples isolated in 2012-2022 from
50 tick suspensions and the blood of 31 ITBB patients.
The suspensions were obtained from Ixodes vector
ticks collected in Western Europe and European regions
of Russia (/. ricinus), as well as central and eastern re-
gions of Russia (I. persulcatus). Most of the biologi-
cal samples were obtained and characterized during
the development of a methodology for determining the
B. miyamotoi main surface protein antigenic properties
[2]. The study was conducted with voluntary informed
consent of patients. The study protocol was approved
by the Ethical Committee of the Central Research In-
stitute of Epidemiology of Rospotrebnadzor (protocol
No. 83 0f 26.06.2018).

Furthermore, 9 strains whose whole-genome se-
quences were used to select MLST loci were studied.
The characteristics of the studied strains and biological
material samples are given in Table 1.

PCR and sequencing

DNA extraction and PCR were performed using
reagents produced by the Central Research Institute of
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Epidemiology of Rospotrebnadzor. Amplification and
sequencing of gene fragments were performed with
primers (Table 2) according to the following proce-
dure: 95°C — 15 min (1 cycle), 95°C — 10 s, 60°C —
20 s, 72°C —20 s (40 cycles). The PCR and sequencing
methods carried out with the help of Applied Biosyste-
ms equipment and reagents were similar to those used
in previous studies [2, 12].

Analysis of MLST data

Sequencing results with allele designations and
sequence types (ST) were processed in accordance with
the method developer requirements [5—7]. ST analysis

using BURST and UPGMA algorithms and genetic tree
construction were carried out using the "START2 v.
1.0.5" software [13].

Results

In accordance with the MLST principles, the se-
lection of DNA fragments for allele designation (MLST
loci) was subject to the following conditions: the frag-
ments should be located in unlinked genes within the
chromosome and represented by several alleles; fur-
thermore, the combinations of alleles should allow for
intraspecies pathogen classification [5, 6]. Whole-ge-
nome sequence analysis of 6 strains allowed us to iden-

Table 1. The B. miyamotoi DNA samples sources and their genetic characteristics (sequence types and clonal complex)

DNA source Sequence Clonal complex Territory Years Number of
type samples
ST Sverdlovsk Region 2016-2018 19
Udmurt Republic 2016 1
ST.2* | Sverdlovsk Region 2017 2
Udmurt Republic 2016 1
ST-3 | Udmurt Republic 2016 1
Blood of patients .
with ixodid tick- ST-4 | Sverdlovsk Region 2016 1
borne borreliosis ST-5* | Udmurt Republic 2016 1
caused by n
B. miyamotoi ST-12% | Sverdlovsk Region 2017 1
(n=37) Krasnoyarsk Territory 2017 1
ST-13 | Sverdlovsk region 2017 1
Novosibirsk Region 2012 1
ST-14* Khabarovsk Territory 2012 2
Sverdlovsk Region 2017 2
Krasnoyarsk Territory 2017, 2019 3
Novosibirsk Region 2014, 2017 4
ST-1* Sverdlovsk Region 2013-2014 3
Samara Region 2019 1
Omsk Region 2022 5
ST.2* | Altai Repub!lc 2016 1
Samara Region 2019 1
ST-5* | Omsk Region 2022 1
ST-6 | Japan 1992 1
ST-7 | Japan 1990 1
ST-8 - Connecticut, USA 2001 1
S i f
kb of eodos. ST-9 - California, USA 2015 1
genus (n = 54) Netherlands 2018 1
ST-10 1] Czech Republic 2019 6
Kabardino-Balkarian Republic 2021 1
ST-11 Il Kabardino-Balkarian Republic 2021 1
ST-12* | Novosibirsk R_eglon 2017 4
Omsk Region 2022 3
Altai Republic 2016 6
ST-14* Am.ur. Reglon. 2016 1
Novosibirsk Region 2017 9
Omsk Region 2022 1
ST-15 | Tomsk Region 2014 1

Note. *Sequence types found both in patient samples and ticks.
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tify several dozen groups of unlinked genetic loci, 8 of
which were sequentially selected (Table 2), allowing
us to differentiate epidemiologically unrelated strains
which were isolated at different times, in different ter-
ritories, and from different sources. Table 3 presents
our proposed allele designations and profiles that de-
termine ST strains and B. miyamotoi DNA in biological
samples. For allele designations, the MLST loci coordi-
nates in the whole-genome nucleotide sequences of the
reference strains are given, except for the nusB-6 and
lysM-7 alleles, for which identification numbers in the
GenBank database are given. Differences in the MLST
loci are represented by single-nucleotide substitu-
tions, except for the nusB fragment, for which 2 alleles
(nusB-4 and nusB-6 in ST-10 and ST-11 allele profiles)
containing a 6-nucleotide insertion were identified.

When developing the in silico MLST scheme, 9
STs were found in 10 strains. Sequencing of gene frag-
ments included in the MLST scheme was performed
for 9 strains, and no discordant results were found in
comparison with the data of whole-genome sequencing
presented in GenBank. Further analysis of nucleotide
sequences from DNA samples revealed 6 more STs, of
which 2 were formed by two new alleles and 4 by new
combinations of previously identified alleles. ST-1 (33;
36%) and ST-14 (25; 27.4%) were the most frequent
in the studied sample, ST-12 (9; 10%), ST-10 (8; 9%),
ST-2 (5; 5.5%) and ST-5 (2; 2.2%) were less frequent.
ST-3, ST-4, ST-6, ST-7, ST-8, ST-9, ST-11, ST-13 and
ST-15 occurred once (1.1% each).

The figure presents a dendrogram illustrating the
genetic relationships of ST. The dendrogram and the
results presented in Table 1 combine data on 91 rep-
resentatives of the B. miyamotoi species from different
sources.

ORIGINAL RESEARCHES

Discussion

The genetic relationships of B. miyamotoi present-
ed in the figure, the determination of which was based
on the analysis of the number of mismatches in allelic
profiles, allow us to classify the designated STs into 4
groups. The first 2 groups correspond to the clonal com-
plexes labeled I and II in the figure, the other 2 groups
are formed by ST-8 and ST-9, which have differences in
all 8 loci from each other and from the other STs.

The first clonal complex (I) brings together 11
STs which are found in 80 (88%) of the characterized
strains and DNA samples. ST-14 can be designated as
the central one, because the allelic profile correspond-
ing to it has the maximum number of mismatches
at 1 MLST locus from the allelic profiles of other STs
of this clonal complex, equal to 4. The second clonal
complex (II) is formed by ST-10 and ST-11 which are
found in 8 (8.7%) DNA samples and 1 (1.1%) strain.
The allelic profiles of ST-10 and ST-11 have mismatch-
es at 1| MLST locus and differ from the allelic profiles
of the first clonal complex STs at all 8§ MLST loci.

Table 1 presents STs and characterization of
B. miyamotoi DNA sources. Most of the characterized
DNA samples have STs found both in samples from
ITBB patients and in tick suspensions. ST-3, ST-4, and
ST-13 found once in ITBB pathogens and ST-6, ST-
7, ST-11, and ST-15 found in tick suspensions do not
allow the determination of specific genotypes associ-
ated with ITBB cases. Presumably, all representatives
of the first clonal complex found in vectors can cause
ITBB.

The pronounced genetic differences of charac-
terized B. miyamotoi are related to the B. miyamotoi
DNA sources. All the pathogens included in the first
clonal complex were isolated from 1. persulcatus tick

Table 2. Fragments of genes for MLST, PCR and sequencing primers

Fragment Protein* 5.3 primer sequences The length of the | The length of the
name P q PCR products, bp MLST loci, bp
acpS holo-ACP synthase gACgAAATCAATAggATgTgATATAATAAAQGYT 365 192
CTATTACAAATgCAATAgAgGTACTCCCTTTCA
nusB Transcription antitermination ggATTTAAgACATAAgQgCTAgAgTTTTAgGCTTTTC 417 380
factor NusB gAgCTCTCCATATTTTTTAACAAAGCATCAAg
motB Flagellar motor protein MotB CCTgAATATATgTTgACATATggAgACATggTT 623 413
CCTgCAAATCCAgATACCTCAAATTTACTC
dnaX DNA polymerase Ill subunit CTgCTATTAAgAAgCgTCCCAgAgAT 653 560
gammaltau CTgATCAAAAAgAgTATAAgCATCCCTTACAC
rplP 508 ribosomal protein L16 gTATAgGAAAgAAgCAAAgAggAAgACTgTCA 393 269
CACCTCAAATCTCgCCTTATCACAAATATAg
cdd Cytidine deaminase GAAGCTGCAAGAAATAATGCATATTCACCAT 620 233
GCTGCATAATCCTATTATTTGTAAAGATAGC
lysM LysM peptidoglycan-binding gACTTgATCCTggTgCTATTgTTAAAgCTAg 624 522
domain-containing protein CCCgATCTCTAAgCTTAgAAgATCTAATTGC
miaA tRNA (adenosine(37)-N6)- TCCTACgggTgTAggTAAAAgGTgACATT 626 555

dimethylallyltransferase MiaA

CCTCTTCAAgCAATCCACAATCAATC

Note. *The designation of the protein from NCBI (www.ncbi.nim.nih.gov). **The nucleotide positions of MLST loci in the reference strains were

presented in the Table 3.
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Table 3. Designations of alleles and sequence types
Fragments (lenght, bp)***
Sequence
DNA source acpS nusB motB dnaX | b a60) | cdd 233) | YSM miaA type
(192) | (380,386)| (413) (560) | ™ (522) (555)
Strains** Yekat-1* 1 1 1 1 1 1 1 1 ST-1
896361—- 800974— 613232— 423437— 404829- 265228- 253627-  37083-
896170 801353 613644 423996 405097 265460 254148 37637
1zh-14 1 1 1 1 2 1 1 1 ST-2
404724
404992
1zh-4 1 1 1 1 1 1 2 2 ST-3
253612—  37068-
254133 37622
Yekat-6 1 2 2 1 1 1 1 1 ST-4
800953- 613211-
801332 613623
1zh-5 2 1 1 2 1 2 1 1 ST-5
896194— 423437- 265228-
896385 423996 265460
FR64b 2 1 1 2 1 1 3 1 ST-6
650921—
651442
HT31 2 1 1 2 1 1 1 3 ST-7
37098-
37652
LB-2001 & 3 3 3 3 & 4 4 ST-8
897013— 801812— 613265- 423552— 404960- 265566— 253956-  37153-
897204 802191 613677 424111 405228 265798 254477 37707
CA17-2241 5 5 5 6 5 5 6 6 ST-9
10054—  105075- 292933- 482530- 501393- 640132— 651447— 868175—
10245 105454 293345 483089 501661 640364 651968 868729
NL-IR-1 4 4 4 4 4 4 5 5 ST-10
893710— 798494— 611883— 422636— 404082- 265475- 253875-  37104-
893901 798879 612295 423195 404350 265707 254396 37658
DNA samples  136_KBR21 4 6 4 4 4 4 5 5 ST-11
Bal_Y17 2 1 1 1 1 1 1 1 ST-12
Sha_Y17 1 1 1 1 1 1 1 2 ST-13
4426_Y17 2 1 1 2 1 1 1 1 ST-14
2154 _T14 2 1 1 1 1 1 7 1 ST-15

Note. *The Izh-16 strain is assigned to ST-1. **Alleles and sequence types of the first nine strains were designated based on the whole genome
sequences, allelic profiles of the NL-IR-1 strain and isolates were obtained by testing the MLST scheme. ***For the unique alleles the nucleotide
positions of MLST loci in the reference strains sequences described in Material and Methods section are indicated. The alleles nusB-6 and
lysM-7 have identification numbers in the GenBank database OR192576 and OR134830, respectively.

suspensions obtained in Russia. The first clonal com-
plex also contains strains FR64b and HT31 isolated in
Japan from the same vector species. STs included in
the second clonal complex were found in /. ricinus tick
suspensions obtained from European countries and in
the Kabardino-Balkar Republic. ST-8 and ST-9 B. mi-
yamotoi were isolated from ticks of /. scapularis and
L pacificus species, respectively, distributed in North
America.

Thus, the proposed classification based on MLST
confirms the previously demonstrated genetic hetero-
geneity of B. miyamotoi populations corresponding to
Asian (clonal complex I), European (clonal complex 1)

and American (ST not included in clonal complexes I
and II) genotypes [1, 14, 15], circulating in different
continents, which is associated with ecologically unre-
lated vectors of the pathogens.

Conclusion

In this study, based on the available whole-genome
data, an MLST scheme was developed to differentiate
B. miyamotoi pathogens collected in different territo-
ries. By the example of the first ST clonal complex dis-
tribution, it is possible to draw a conclusion about the
most common variants of B. miyamotoi circulating in
Russia and some foreign countries. This approach may
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- ST-15 (2154_T14)
-2
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ST-6 (FR64b)
——— ST-7(HT31)
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ST-3 (Izh-4)

L [ Sr2
ST-1
ST-4 (Yekat-6)

——— ST-11 (136_KBR21)

——— ST-10

ST-9 (CA17-2241)

ST-8 (LB-2001)

T | |
10 09 08 07 06 05 04

Genetic Distance

T | T |
03 02 01 0

Genetic relationships of sequence types within the B. miyamotoi species based on allelic profiles differences
(the UPGMA algorithm).

The number in parentheses is the strain or isolates name for the sequence types found once. The Roman numeral is the designation
of clonal complexes.

become a convenient tool for monitoring the pathogens
of ITBB and characterizing evolutionary changes in the
described clonal complexes. The use of MLST involves
the examination of biological material samples after
qualitative detection of B. miyamotoi DNA or obtain-
ing a culture of the pathogen. Due to the complexity
of B. miyamotoi cultivation, the bulk of B. miyamotoi
pathogens can be characterized using MLST and the
rest are characterized with the help of whole-genome
sequencing, which at the present stage is necessary for
a thorough analysis of evolutionary changes occurring
in bacterial populations.

Further studies should be focused on expanding
the selection of characterized isolates, including valida-
tion of the developed in silico MLST scheme using nu-
cleotide sequence information published in GenBank,
as well as searching for possible relationships between
the described B. miyamotoi ST and antigenic variants
determined with the help of the main surface protein
typing data [2]. After extended testing of the proposed
MLST scheme, the possibility of combining all the ob-
tained data into a common database, similar to exist-
ing standards for intraspecific characterization of other
pathogens, may be considered [7].
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