Problemy Osobo Opasnykh Infektsii [Problems of Particularly Dangerous Infections]. 2019; 3 Original articles

DOI: 10.21055/0370-1069-2019-3-75-80

UDC (Universal Decimal Classification) 616.932:579.25
E.V. Monakhova, I.V. Arkhangelskaya, S.V. Titova, R.V. Pisanov
MSHA-like pili of non-toxigenic Vibrio cholerae strains

Rostov-on-Don Research Anti-Plague Institute, Rostov-on-Don, Russian Federation

Abstract. Aim. In this study, we set out to identify the homologues of genes from the msh-cluster in the genomes of
non-toxigenic V. cholerae, to perform the bioinformatics analysis of their products, as well as to study the adhesive prop-
erties of strains containing altered genes. Materials and methods. We analysed 17 clinical strains of non-O1/non-O139
V. cholerae and 2 strains of the O1 serogroup isolated from water bodies. Genes belonging to the msh-cluster were identi-
fied in the whole genomes using the BLASTN 2.2.29 and BioEdit 7.2.5 programs. Gene translation, comparative analysis
of their nucleotide sequences and the amino acid sequences of deduced products were performed using the Vector NTI
Advance 11 (Invitrogen). Results and discusssion. In 18 out of the 19 studied genomes we identified gene clusters
responsible for production of adhesion pili (mshH-Q) represented by diverse alleles, the majority of which differed
from the prototype genes of the msh-cluster in nucleotide composition but had the same localization and arrangement.
Only one strain had a cluster that was close to that of the prototype. A bioinformatics analysis of their deduced products
indicated that the amino acid sequence of the major MshA pilus subunit is homologous to the prototype only in a short
N-terminal region (1-41) while sharing no similarities with the rest of the sequence. Nevertheless, this protein, similar to
VcfA described by Kuroki H. ef al. (2001) and designated by us as MshA-like, retained a putative pilus domain. A similar
pattern was observed in the minor subunits designated as MshC-like. Other minor subunits also retained their charac-
teristic domains. All of the strains agglutinated human erythrocytes (group O) and chicken erythrocytes, and in isolates
harboring modified mshA-like and mshC-like genes the reaction was not inhibited by mannose. Since most of the studied
strains were isolated from hospitalized patients, it is possible that in non-toxigenic V. cholerae lacking the pathogenicity
island VPI, MSHA-like pili may serve as a colonization factor of the human intestine, in contrast to VPI-positive strains.
The obtained information provides a basis for experimental verification of this assumption.

Key words: Vibrio cholerae, MSHA pili, bioinformatics analysis, adhesion, haemagglutination.

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

Corresponding author: Elena V. Monakhova, e-mail: monakhova_ev@antiplague.ru.

Citation: Monakhova E.V., Arkhangelskaya I.V., Titova S.V., Pisanov R.V. MSHA-like pili of non-toxigenic Vibrio cholerae strains. Problemy Osobo Opasnykh Infektsii
[Problems of Particularly Dangerous Infections]. 2019; 3:75-80. (In English). DOI: 10.21055/0370-1069-2019-3-75-80

Received 19.07.19. Revised 02.08.19. Accepted 06.08.19.

Monakhova E.V., ORCID: https://orcid.org/0000-0002-9216-7777

This article was translated by Natalia Popova Laboratory of Scientific Translation.

E.B. MonaxoBa, U.B. Apxanreanckas, C.B. Turosa, P.B. Ilucanon

MSHA-MOAOBHbLIE MUITU HETOKCUIMEHHbIX LUTAMMOB XOJIEPHbIX BUABPUOHOB

DKY3 «Pocmosckuii-Ha-/{oHy HayuHo-ucciedo8amenbCkuil npomueoyyMHulil uncmumymy, Pocmos-ua-/lony, Poccuiickaa @edepayus

Heab nccnenoBanust COCTOSIA B MACHTU(PHKAIIMA TOMOJIOTOB TE€HOB /msh-KiacTepa B TeHOMaX HETOKCHICHHBIX XO-
JIEPHBIX BUOPHOHOB, OMOMH(OPMAIIMOHHOM aHaJIM3€ MX MPOJYKTOB W W3YYEHUM aJre3WBHBIX CBOMCTB IITAMMOB, CO-
JiepKalluX U3MEHEeHHbIe TeHbl. MaTepuasibl H MeTobl. B paboTe ncnonp3oBano 17 KIMHUYECKHX MITAMMOB XOJIEPHBIX
BuOpronoB He O1/He O139 u 2 mramma Ol ceporpymniibl, BEIICICHHBIC U3 BOZOSMOB. [ €HBI msh-KiacTepa WACHTH(H-
OUPOBAIM B TIONHBIX TeHOMax ¢ momorpio mporpamm BLASTN 2.2.29 u BioEdit 7.2.5; TpaHcnsamuio reHOB, CpaBHH-
TENBHBIA aHaJIU3 UX HYKICOTH/HBIX, aMUHOKUCIIOTHBIX TOCIIE0BATENLHOCTEH POTYKTOB TPAHCISILUKN OCYIIECTBISIIN
¢ ucnonp3oBanreM nakera rmporpamm Vector NTI Advance 11 (Invitrogen). Pesyabrarsl u odcy:knenue. B renomax 18
n3 19 uccnenyemMblx MITaMMOB HICHTU(QHUIMPOBAHBI KJIACTEPhl I'€HOB, OTBETCTBEHHBIX 3a HMPOAYKIMIO MHJIEH aare3un
(mshH-Q), npencraBieHHbIE pa3HbBIMU AJUIEISIMU, OOJBIIMHCTBO M3 KOTOPHIX OTIMYAINCH 110 HYKJICOTHIHOMY COCTa-
BY OT NMPOTOTUITHBIX T€HOB Msh-KIacTepa, OJJHAKO UMEIH TAKYIO JK€ JIOKAJIHM3ALHUIO ¥ MOPSAI0K PactoyiokeHus. JInmsb y
OZIHOTO IITaMMa KJiacTep OblI OIM30K TAaKOBOMY y HPOTOTHIA. BHOMH(OPMAIIMOHHBIN aHAIN3 MPOLYKTOB UX TPAHCIIA-
LUK TI0Ka3aJl, YTO aAMUHOKHUCIIOTHAS [TOCIIEI0BATEILHOCTh MaKOPHOI CyObeAnHUIIbI TTHiield MshA nuibs B HEOONIbIIOM
N-konueBom yuactke (1-41) roMmonoruuHa TakoBOil MPOTOTHIIA, TOT/IA KaK OCTalIbHAsI YaCTh HE UMEET C HEeil HU4Yero 00-
mero. JToT 0esok, cxonHsli ¢ onucanHbM H. Kuroki ef al. (2001) VcfA n o60o3HaueHHbIi Hamu kak MshA-like, Tem He
MEHEee COXPaHMJI MOTEHIIMAIBHBIN TOMEH MWINHA. AHAJIOTHYHAsI KapTHHA HaOJI0/1a/1ach 1 B MUHOPHBIX CYObEIMHUIAX,
o6o3HaueHHbIX Kak MshC-like. /lpyrue MuHOpHBIE CyOBEANHHIIBI TAKXKE COXPAHHUIIM XapaKTepHBIE ISl HUX JJOMEHBI. Bee
IITaMMBbI arIIOTHHUPOBAIIN SPUTPOLUTHI YETIOBEKA | TPYIIIBI KPOBH 1 KypPHHBIE SPUTPOLUTEL, IPUYEM Y COAEPKALINX H3-
MeHEHHBIE TeHbl mshA-like m mshC-like peaxius He HHrHOMpoBaIach MaHHO30H. [T0CKOMBKY OOJIBIIMHCTBO M3YYECHHBIX
IITAMMOB BBIJICJIEHO OT TOCITUTAIM3UPOBAHHBIX KIIMHUYECKUX OOJIbHBIX, HE UCKITIOUSHO, YTO Y HETOKCHTI'€HHBIX XOJIEPHBIX
BUOPHOHOB, JMIIEHHBIX ocTpoBa rnaroreHHoctd VPI, MSHA -1o100HbI€ ITHIIM MOTYT CITy’KUTh (DAaKTOPOM KOJIOHU3AINU
KHIIEYHHUKA YeJI0BeKa, B oTanyre oT VPI-mo3urusHbIX. [TomydeHHbIe TaHHBIE CO3/1AI0T OCHOBY JUIS SKCIIEPHUMEHTAIBHON
TIPOBEPKH ITOTO MPEITONOKEHHS.

Kioueswie cnosa: Vibrio cholerae, mumu MSHA, 6MOMH(pOPMAITHOHHBIN aHAJH3, a[re3usl, FTeMarTIIOTHHAIUS.
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OpwuruHan ctaTtby Ha pycckoM si3blke pas3MeLLeH Ha canTe xxypHana (Bbin. 3, 2019).

Mannose-sensitive haemagglutinin (MSHA) pili
are mainly associated with the persistence of V. cholerae
in water bodies due to the formation of biofilms on abi-
otic and biotic surfaces and providing resistance towards
grazing by aquatic invertebrate predators [1-3]. The role
of MSHA pili in human intestinal colonisation is con-
sidered insignificant [4-6], although contradicting opin-
ions were expressed [7, 8]. The msh-cluster includes 17
genes organised in two operons: mshHIJKLMNIJ encod-
ing secretory proteins and mshBACDOPQ responsible
for production of the structural components (subunits)
of MSHA pili [9].

It is known that the expression of adhesion pili by
toxigenic strains depends on their habitats. In the in-
testine the production of toxin-coregulated pili (TCP)
increases, and the synthesis of MSHA is repressed;
whereas the opposite process is observed in water [10].
However, the fact that most of the non-toxigenic strains
lack TCP and Cep (pilin encoded by a gene of CTX or
preCTX prophages) suggests that other factors — possi-
bly, including MSHA — are responsible for their adhesive
properties. As far back as in 1990s, a group of Japanese
researchers [11-13] studied and described pili produced
by three strains of non-O1/non-0O139 V. cholerae sero-
groups (NAGs), which are similar, although not identi-
cal, to MSHA. These pili not only agglutinated chicken,
human and rabbit erythrocytes but also adhered to rabbit
intestinal cells. The sequences of N-terminal amino acid
residues (aa) in the pilins of two strains were found to
be identical and one was very similar to that of MshA.
Nevertheless, all three proteins differed in molecular
weights. Later on, H. Kuroki et al. [14] sequenced the
genes of two of these three strains and designated them
as vcfA (V. cholerae flexible pili). Their products con-
sisted of 161 and 162 aa, of which only the N-terminal
aa (1-41) were homologous to those of MshA. The
genes themselves were flanked by homologues of mshB
and mshC, as in the msh-cluster of O1/0139 V. cholerae
serogroups. The PCR revealed a wide distribution of
vcfA among NAGs. Subsequently, the authors sequenced
several more structural genes flanking vefA4 (mshB, msh-
CDOP) in the genome of one of these strains and found
that they were 78—-89 % homologous to prototypes [15].
The mshQ (vefQ) gene was 651 bp longer than the pro-
totype, its product (necessary for the assembly of pili)
was highly homologous to the prototype protein with
the exception of 270 N-terminal aa [16]. However, the
entire sequence of the msh-cluster was not determined,
only fragments of mshBACDOPQ operon (AB049152,
AB050252, AB064660) are presented in the NCBI.

Earlier we reported the identification of mshA- and
mshC-like genes in two strains of the O1 serogroup iso-
lated from water bodies, which exhibited a high rate of
biofilm formation on abiotic surfaces under experimental
conditions [ 17]. VPI-negative clinical NAG strains which
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caused diseases in humans are also of great interest. In
most of them PCR revealed no mshA genes [18]. It re-
mains unknown due to what factors both groups can ex-
hibit adhesive properties in different ecological niches.

In this study, we set out to identify the homologues
of genes from the msh-cluster in the genomes of non-
toxigenic V. cholerae, to perform the bioinformatics
analysis of their products, as well as to study the adhe-
sive properties of strains containing altered genes.

Materials and methods

In this study we analysed 17 clinical NAG strains
and 2 strains of the O1 serogroup isolated from water
bodies. Their origin is shown in Figure 1 in the Results
and Discussion section.

Using the BLASTN 2.2.29 (http://blast.ncbi.nlm.
nih.gov) and BioEdit 7.2.5 (http://www.mbio.ncsu.edu/
bioedit) programs, the genes of the msh-cluster were
identified in the whole genomes sequenced by us on the
MiSeq platform (Illumina) in accordance with the at-
tached protocol. Gene translation, comparative analysis
of their nucleotide sequences and amino acid sequences
of deduced products were carried out by means of the
Vector NTI Advance 11 (Invitrogen). The corresponding
sequences of the reference V. cholerae strain N16061
(AE004128) served as prototypes. In order to determine
the presence and localization of active domains in pro-
teins, as well as to identify their homologues in strains
from other world regions, we performed Blastp analysis
(http://blast.ncbi.nlm.nih.gov). The analysis also includ-
ed products of the above-mentioned vcf4 genes found in
the NCBI [15, 16].

The haemagglutination test was carried out as de-
scribed in [11]. The cells of V. cholerae precipitated
by centrifugation from one-day-old cultures grown in
Martin’s broth (pH 7.2) were washed three times with
saline and diluted to an initial concentration of 10° micro-
bial cells per millilitre. The suspensions were titrated in a
96-well microplates in a volume of 25 pl, followed by the
addition of 1 % suspension of human (blood group O) or
chicken erythrocytes in the same volume. Preliminarily
results were accounted after one-hour incubation at room
temperature. The final results were considered after 2
hours at 4 °C. Reaction inhibition was studied by adding
D-mannose at a final concentration of 1 %.

Results and discussion

As noted above, the results for 18 out of the 19
strains selected for the PCR study using primers for de-
tection of the prototype gene for the major pilus subunit
mshA, were negative [17, 18]. However, in their whole-
genome sequences genes were revealed with S-terminal
regions (1-122 bp) highly homologous to the prototype
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Fig. 1. Dendrograms constructed by definition of the AlignX analysis of MshA-like (a¢) and MshC-like (b) proteins of non-toxigenic

V. cholerae strains

(96—100 %). The remaining sequences shared no simi-
larities with the prototype, and the genes varied in length
(from 447 to 489 bp). Only in strain 19093 (PCR posi-
tive), the mshA gene had 99 % identity to the prototype
and the same length (537 bp). Other genes from msh-
clusters, encoding minor pilus subunits (mshB, C, D, O,
P) and the protein necessary for their assembly (mshQ),
also largely differed in length and nucleotide composi-
tion. The mshC genes, designated as mshC-like, showed
the most pronounced difference from the prototype
(strain 19261 — 498 bp; the rest — 513 bp), with only the
gene in strain 19093 having a standard length of 489 bp.
However, the transcription of genes by means of Vector
NTI revealed that many nucleotide substitutions were
silent mutations; therefore, the amino acid sequences of
their products were used for further analysis.

According to the AlignX analysis, which also in-
cluded two of the above-mentioned VcfA proteins, the
products of mshA-like genes ranging in length from 148
to 162 aa were represented by 11 variants. One of the
variants (strain NAG-17751) was close to the VcfA of
strain V10 (BAB58971), while another (two strains of
the O1 serogroup) was similar to the VcfA of NAGV14
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[14], with both being significantly different from the
rest (Fig. 1, a). N-termini (41 aa) were completely ho-
mologous to each other, the prototype and MshA of
the strain 19093, which is consistent with the data pre-
sented by the above-mentioned authors. The MshC-like
(Fig. 1, b), MshB and MshO proteins exhibited a lower
degree of variability as compared to MshD, MshP and
MshQ, which manifested itself in smaller distances be-
tween dendrogram branches. The Table shows protein
variants — the products of different alleles of genes be-
longing to operon mshBACDOPQ in the studied strains.
Even such a restricted set of strains provides insight
into the mosaic structure of this cluster. For example, in
strains 6 and 9798, MshB is identical to the proteins of
16, 930, 10260, 9507, 17751, 18470, 19093, 19308 and
434; and their MshD and MshO are identical to those of
12935. Strain 12935 has the same MshA as in strains 16,
930 and 19260; whereas in strain 19093, MshO is iden-
tical to those of strains 9767, 9699, 9786 and 9705. In
addition, for some of the variants presented in the Table
(in particular MshB, MshA-like, MshC-like), full homo-
logues belonging to strains from other world regions
were found in the NCBI.



lMpobnembl ocobo onacHbix uHpekyul. 2019; 3

OPUMMHAJTIBHBIE CTATbU

Variants of deduced products of mshBACDOPQ operon genes of Vibrio cholerae strains

Strains B N C Structural];l nits of MS}:) P Q Truncated biogenesis genes| HA titre
O1 prototype 178 162 . 1/32
NAG 6 148 170 1250 mshL 1/64
NAG 9798 148 170 1250 1/32
NAG 16 156 170 202 mshF 1/64
NAG 930 156 170 202 1/128
NAG 19260 156 170 202 1/128
NAG 19261 161 141 1245 1/32
NAG 950 157 170 141 mshH 1/64
NAG 9507 157 170 nd nd mshH 1/64
NAG 12935 156 170 nd mshl 1/32
NAG 17751 162 170 141 1/32
NAG 9767 162 140 1332 1/128
NAG 9699 162 140 1332 1/128
NAG 9786 162 140 1332 1/128
NAG 9705 162 140 1332 1/128
NAG 9771 162 8 1/32
NAG 18470 202 141 mshN 1.32
NAG 19093 140 1/64
01 434 (18787) 202 1/64
0 19308 202 1/64
NAGV14 nd 161 nd ‘ 202 1328* nd
Notes:

Protein variants in each column are marked in different colours, with identical variants sharing the same colours and non-identical variants being
marked by different ones. Numerals indicate the numbers of aa in proteins differing in length from the prototypes. In the first column, the strains-
representatives of different clonal complexes are highlighted [17, 18]. HA — hemagglutination, nd — not determined.

*Deduced product of the ORF revealed by us in the partial sequence of vefO (AB064660).

The same putative pilin domain as in the prototype
and in exactly the same localization (4—45) was identi-
fied in all MshA-like proteins by the Blastp program,
which is not surprising as it is located in the N-terminal
part of the molecule. A similar situation was observed
in MshC-like proteins, some of which contained the
same domain PRK10574 (12-33 or 10-44), while the
other part contained PRK10557 (12-97), as opposed to
the prototype (6-89). Furthermore, the same domains as
those of prototypes were identified in MshD and MshP,
while MshB and MshO (similar to prototypes) revealed
no potential domains (however, as well as in prototypes).
A lectin_VcfQQ domain was found in MshQ.

T. Miyazato et al. [16] previously reported that the
vefQ gene in strain NAGV 14 (4410 bp) exceeds mshQ
in length by 651 bp, with an extra fragment extending
from the 5’-terminus. This fragment was characterised
by a reduced GC content, which might indicate its fore-
ign origin. However, the authors deposited an incom-
plete nucleotide sequence of this gene (266—4410 bp,
AB064660) in the NCBI in which we found two open
reading frames (ORFs) — 3660 and 3990 bp in length.
The latter was similar in size to the mshQ of strain 19093
(3887 bp). We included the deduced product of this ORF
into the AlignX analysis, which revealed 99.1 % simi-
larity and 98.7 % identity to these proteins. They also
shared the lectin_ VcfQ domain.

The presence of putative domains in structural subu-
nits does not necessarily mean that the pili assembled of
them exhibit sufficient adhesive properties; earlier they
were confirmed only for three strains [11-14]. Therefore,
we determined the ability of the 19 studied cultures to
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agglutinate human (blood group O) and chicken erythro-
cytes. The cells of all strains agglutinated erythrocytes of
both species in dilutions of up to 1/32 — 1/128 (3.12-108-
7.8-107 microbial cells per millilitre). Additionally, the
reaction was inhibited by mannose only in strain 19093
possessing genes mshA and mshC, which are close to
the prototypes, with no inhibition occurring in the other
strains having altered mshA-like and mshC-like genes.
This is consistent with data presented by N. Nakasone et
al. [11], who demonstrated that the pili of NAG strains
were not sensitive to mannose. Figure 2 shows chicken
erythrocyte agglutination by several strains.

The above-mentioned authors [11, 14-16] charac-
terised the genes of operon mshBACDOPQ for one
NAG strain and proposed to designate this locus as VCF.
We succeeded to assemble complete sequences of msh-
clusters for most of the studied strains, including operon
mshHIJKLMNIJ responsible for the secretion of struc-
tural components and the assembly of pili. It was estab-
lished that these clusters are localized between the same
genes as in the prototype (VC0397 and VC0415) and
include all their genes (mshH-Q), although for the most
part they differ significantly from the standard ones in
length and nucleotide composition. Taking into account
the common structure and localization of these clusters,
we considered the designation proposed by the afore-
mentioned authors (locus VCF) to be irrational. In order
to avoid confusion in the course of analysis, we propose
to keep the name “msh-cluster” for them.

When analysing mshHIJKLMNIJ operons, we no-
ticed that one of the genes in some strains was truncated —
mshH, mshl, mshL, mshN or mshF (see Table), which did
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Fig. 2. Agglutination of chicken erythrocytes by the cells of V. chole-
rae. The initial concentration — 10 billion microbial cells per millili-
tre, + M — reaction with the addition of mannose

not affect significantly their haemagglutinating activity,
although occasionally resulting in a slight decrease in
titres (see Table). MshH is known not to be involved in
the pilus biogenesis; however, its gene contains the pro-
moter of the entire operon [9, 19]. We additionally stud-
ied the mshl promoter region against that of the refer-
ence strain [9]. In all strains, including those containing
truncated mshH, the mshl promoter was 100 % homolo-
gous to the prototype. In the experiments of J.W. Marsh
et al. [20], the disruption of the mshL gene resulted in
the loss of the haemagglutinating activity of the mutant.
However, the truncated MshL protein of strain 6 retained
active domains of secretin. The role of other proteins in
the pilus biogenesis remains almost unknown. No active
domains were found in MshF, thus making it impossible
to assess the significance of gene truncation in strain 16.
The truncated Mshl in strain 12935 lost its sole domain
PiIN found in proteins responsible for the pilus assem-
bly, whereas the truncated MshN in strain 18470 lost
the prototype domains and acquired new ones, inclu-
ding TadD, which is also associated with pilus assembly.
Nevertheless, the above-mentioned strains agglutinated
erythrocytes to a various degree. These issues require
further research that was not conducted since 2009. At
the moment, we can only speculate that the products
of 10 genes from the biogenesis operon are probably
interchangeable so that damage to one of them can be
compensated by the activity of others, which allows to
maintain the ability of MSHA production.

It is known that the expression of msh-operon oc-
curs constitutively in water; however, it becomes re-
pressed upon entering the intestines. The ToxT regulator
capable of binding to three promoters within the locus
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(mshH, mshi, mshB) plays a key role in this process.
Concurrently it activates the expression of zcp genes [19,
21]. Besides the repression at the transcriptional level,
MSHA production is repressed at the post-translational
level due to the enzymatic activity of the prepilin pepti-
dase TepJ which degrades the primary structural pilin of
MSHA. [10]. The genes of both proteins, foxT and tcpJ,
are part of the VPI. All the experimental data were ob-
tained using VPI-positive strains, with only #cpA dele-
tion mutants being constructed which preserved all the
other genes of the island [4, 6]. This suggests that the
initially VPI-negative strains can constitutively express
MSHA also in vivo.

On the other hand, the repression of MSHA in vivo
implies that these pili interact with the secretory immu-
noglobulin S-IgA of the host, which prevents both the
penetration of vibrios through the intestinal mucus and
adhesion to epithelial cells [21]. That’s why these pili
were referred to as ‘an anticolonisation factor’[19]. S-IgA
is a glycoprotein containing mannose residues that bind
to MSHA; this reaction is mannose-sensitive [21]. Thus,
these pili are most likely to be produced in VPI-negative
strains containing the prototype msh-cluster; however,
being bound to S-IgA, they cannot promote adherence
to the intestinal mucosa. Conversely, MSHA-like pili are
not sensitive to mannose, which suggests that the acqui-
sition and preservation of their determinants in the ge-
nome may be considered as one of the ways to ‘trick’ the
non-specific immunity of a macroorganism and ensure
the pathogen adhesion. Clearly, this hypothesis requires
experimental verification. Interestingly, one of our strains
(17751) has a preCTX prophage and a significantly al-
tered tcpA gene. We failed to find the foxT gene in its
whole-genome sequence; however, a 94 % homologue of
tcpJ was found. In vitro the strain produced MSHA-like
pili, but their production or activity is probably blocked
in vivo, with TCP or Cep (encoded by a gene of preCTX)
serving as an adhesion factor. Concerning strains lack-
ing fcp and cep genes, further studies will show whether
their MSHA-like pili can serve as a colonisation factor
of the human intestine.

The nucleotide sequences of msh-clusters from
the studied strains were entered in the NCBI GenBank
database under the accession numbers MN172245-
MN172261, MG551945 and 551946.
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