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Abstract

Alveolar echinococcosis, caused by the larval stages ot the tapeworm Echinococcus
multilocularis (Leuckart, 1863), is of increasing conrar,. in the northern hemisphere. Most
cases of alveolar echinococcosis (excluding Alaska) cnrzear to be linked with European and
Asian genotypes that highlight the need for a more precise delimiting of their actual
distribution and tracing historical episodes of then translocations and introductions into new
areas. We have herein summarized prcvious available research studies, which mentioned
firstly described geographic M1/MZ variants of E. multilocularis using molecular tools
(established by sequencing of mitccn_nerial genes coxl, 366 bp and nadl, 471 bp) in an
attempt to consolidate their correc. airiliations with the geographic origin in sense of the
original description from the ¢»rly 1990"s. Since 2009, inverted designations (M1 named as
M2 and vice versa) are be’ng evailing in research literature (we found ten erroneous vs.
three correct classifications) that might bias genetic interpretation of comparative data in
specific cases. When cumparing M1/M2 profiles to those obtained from mitochondrial
evidences over the last decades, the phylogenetic analysis revealed that the M1 strain
(described from China, Alaska, North America) grouped with the Asian clade of E.
multilocularis more recently established, whereas the M2 strain (described from the German
vole) had a specific structure, in coxl clustering with the North American clade. It is
presumed that events of intercontinental expansion and isolation covering glacial and
interglacial periods during the late Pleistocene have likely accounted for the transmission of
this discrete genotype from Beringia into endemic area of western and central Europe via

circumpolar movements of foxes.
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1. Introduction

Human alveolar echinococcosis (AE), caused by the metacestode stage of the cestode
Echinococcus multilocularis is acknowledged as one of the most pathogenic zoonosis in
temperate and arctic regions of the Northern hemisphere. Infected individuals typically
develop a slowly-progressing hepatic disease that clinically manifests as a tumour-like,
infiltrative aggregates, responsible for tissue destruction [1]. A long asymptomatic incubation
period lasting 5-15 years substantially impedes the process of understanding of risk factors for
human infections and the associated transmission patterns [2,3].

From the early 1990s, gene sequence data became routinely available and over the past three
decades this source has provided a significant contribution to t:.o consolidation of systematic
issues in the genus Echinococcus Rudolphi, 1801. Early investigations into the genetic
diversity of E. multilocularis by Bowles and co-workers [4] ind Bowles and McManus [5]
examined mitochondrial sequence variations in a 36 n region of cytochrome c oxidase
subunit 1 (cox1) gene and in a 471 bp region of the 1 ! ADH dehydrogenase subunit 1 (nadl)
gene. These authors found two nucleotide diffe.c ices in both mitochondrial genes between
the two geographical variants; three humar. live: isolates from China, Alaska and North
America were confined to M1 genotype ans one isolate from a naturally infected rodent in
Germany to M2 genotype. Later, Ok.moto et al. [6] identified cox1 sequences (fragment size
of 391 bp) identical to the M1 varia it .~ tive isolates from Japan and in a single isolate from
St. Lawrence Island (located wes. 01 mainland Alaska). Similar categorization into two
genotypes was obtained from :=quencing of the nuclear ribosomal DNA containing internal
transcribed spacers (ITS1, !TS2 and adjoining rRNA coding region (1295 bp) in 13 screened
isolates [7], and from ncn-ccding intron of homeobox gene (331 bp) in 33 isolates [8], with
samples from St. Lawr.nce Island slightly differing from the remaining Eurasian and
continental North American samples. These studies implied that genetic structure of E.
multilocularis is primarily homogeneous across its Holarctic distribution, with the estimated
nucleotide diversity about 10 times lower than in E. granulosus s.l. [8-10]. Nevertheless, more
recent typing procedures employing multiple mitochondrial loci and microsatellite analyses
showed greater genetic diversity of the parasite than formerly thought [11-14]. Studies of the
tandem repeat EmsB microsatellite polymorphisms revealed fine scale differences between
the E. multilocularis populations, thus allowing to trace the spatial movements of parasite
expansion from endemic areas, and to indicate possible anthropogenic translocations and

deeper historical patterns of its spread across Holarctic [e.g. 15-18].




On the account of the increasing attention being paid to the genetic structuring in E.
multilocularis, the aim of this review is to point to the erroneous designation, which prevails
in literature over the last decade, for M1/M2 geographical variants that firstly genetically
subdivided the species under consideration.

2. Inconsistencies in designation of M1 and M2 geographic variants of E. multilocularis
Using sequencing of 3 complete mitochondrial genes (cox1, 1608 sites; cytochrome b - cob,
1068 sites; NADH dehydrogenase subunit 2 - nad2, 882 sites; in total 3558 sites), Nakao and
co-workers [11] reported in 2009 geographically induced partitioning of 76 isolates into three
distinct clusters (Europe, Asia, North America), with shallo.w~r histories for populations
sampled in Eurasia. This classification scheme referring to ai* evc lutionary scenario in which
E. multilocularis populations derived from glacial refugia hav. been spread and sustained by
indigenous hosts referring to an evolutionary scenaric wcs consecutively broadly adopted in
further mitochondrial studies [e.g., 19-22]. A clear yn<cic subdivision of the species using
the sequencing approach had been supplementer. 1, ; classifying of indigenous human cases in
Mongolia as belonging to a separate "Mongo’*an  strain [23]. However, in the above study of
Nakao and co-workers [11], the Intrdu.tion section contains an erroneously reverse
assignment of the two geographic E. multilocularis genotypes sensu Bowles et al. [4], with
M1 confined to Europe and M2 to C.n.2 Alaska and North America, in which the first error
in continental allocation implied v second error in geographical classification. In the same
paper, the authors also reportec the uttribution of Japanese isolates published in Okamoto et al
(1995) to M2, while the re~nec..ve sequence exhibited the typical M1 haplotype. Given the
great value of Nakao’s <rudy in consolidating a global geographic pattern of parasite genetic
variation and received cosiderable attention among Echinococcus working groups, a part of
researchers unintentionally used this subdivision in their articles, without comparing data with
the original studies of Bowles et al. [4] and Bowles and McManus [5].

To better assess the extent of this mislabeling, we have conducted a literature search from
available sources. Retrieved articles including incorrect (inverted) and correct M1/M2
affiliations are listed in Table 1. We have found ten research papers and reviews containing
this discrepancy since its first appearance in 2009. This assignment mode has prevailed in
studies which mentioned M1/M2 partitioning from this year onwards (only 2 correct citations
since publishing of Nakao’s study [11] were retrieved, see Table 1). Two later review papers
of Nakao et al. [24] and Knapp et al. [25] from 2013 and 2015, which involved M1/M2

reversals and have high download rates, have likely increased the rate of the mislabeling.



Research papers and reviews with the erroneous classification originated from Asia [five
studies; 11,26,27,28,29], North America [three studies; 11,14,20], and Europe [two studies;
25,30].

In light of recent findings of European-type strains (with the presumed higher pathogenicity)
in wild canids, humans, a domestic dog, and a captive primate in Canada [14,19,20,31-34],
the correct identification of European-type genotypes is especially important regarding
estimation of public health risks. However, a study of Gesy et al. [20] provided the incorrect
link of nadl sequence (395 bp) from coyotes that is, according to the authors, “99-100%
identical to the partial E. multilocularis sequence representing the European M1 genotype
(GenBank Accession No. AJ237639)". Nonetheless, a group.na of sequences in further
examined genes (nad2, cob, cox1) with the European haplctvpe; has resulted into accurate
determination of Canadian wildlife isolates as belonging t » the European-like strain in related
studies of the research group [19,20,31].

In a European study conducted on Slovak dog isolate, .Ar.olova et al. [30] detected two single
nucleotide polymorphisms in the nadl target (?o: bp), and included the following incorrect
statement in results: “Isolate is more close'v reiated to European M1 genotype (99.6%
similarity) than to M2 genotype (99.2% :im‘arity)”. Nevertheless, the inconsistency had only
negligible influence on genetic inte nretation of resulted data given the subtle variation.
Furthermore, the abstract of that p.up.: noes contain essentially the correct note related to
variants that "BLAST analysis ¢ C nultilocularis nadl gene revealed that the nucleotide
sequence did not exactly matc!: the previously identified M1 (AJ237639) and/or M2 genotype
(AJ237640)".

An accurate classificatio 1 o1 M1/M2 genotypes according to the original study was retrieved
in 12 literature sources \*en research articles and two reviews) [32,35-45], including self-
citations of Bowles and colleagues (Table 1). Until 2009 it was the only way of M1/M2
designation, and since that time only two articles, focused on North American E.
multilocularis issues [32,45], stated the affiliation of the geographical variants correctly.
Coincidentally, sequences deposited for M1/M2 variants in GenBank for cox1 (366 bp) and
nadl (471 bp) partial genes (GenBank Accession Nos. M84668, M84669, AJ237639,
AJ237640) have not included in “description of isolate” features of their geographical origin
(except for the latter GenBank annotation), which has probably also contributed to the higher
establishment of M1/M2 mislabeling.

3. Phylogenetic view of M1 and M2 variants related to current mitochondrial evidence




A further interesting feature shared with the issue of M1/M2 strains is that the M2 profile
established based on cox1 and nadl short sequences derived from the German vole isolate
[4,5] does not reflect a major genetic pattern characteristic of European samples, as is obvious
after almost three decades of accumulating evidence. As seen in the Bayesian consensus tree
and in the maximum parsimony network derived from cox1 sequences of 366 bp (Figs. 1 and
2), M2 is located apart from European isolates in North American clade with high statistical
support (posterior probability value of 0.96). The M2 strain matched N2 reference haplotype
sensu Nakao et al. [11] in forming a subclade that has been previously described only in north
central region of North America (USA, Canada) in wild canids, rodents and human
[11,31,46], not evidenced yet in the Eurasian continent.

The affinity of M2 originating from Europe to the North , meiican assemblage has likely
represented another confounding factor contributing to t e eironeous strain designations. It
was hypothesized that E. multilocularis had extended \°to Europe in the Late Pleistocene
Epoch (approx. 130,000-11,700 years ago) througi. tte migration of foxes [11] and its
extensive spread may have occurred during the r'alocene Epoch (approx. 11.700 years ago
until present), in association with historicea® muvements of red fox that had apparently
expanded into most of their current rang * in zurope by the mid Holocene (8.200—4.200 years
ago), including a large continuous population across Central Europe and the presence of
distinct southern refugial populatiois {47]. Thus, in addition to recent findings of the N1
haplotype in the East Siberia, Russia 48] and N2-like structure in Austrian patient [49], a
deeper historical pattern relate:' to postglacial dispersal of E. multilocularis from the Bering
land bridge (Beringia) follc'ving the last glacial maximum [50], with occasional introductions
and persistence of ances ral \ lorth American forms in core endemic region of the parasite in
Central Europe, might be »lausible.

In the cox1 Bayesian tree, the M1 geographical variant described in the 1990°s [4,5] clustered
with the Asian reference haplotypes (sensu Nakao and colleagues) that were beyond Asia
detected also in the St. Lawrence Island (A2, A4 haplotypes), situated in the northern Bering
Sea between North America and northeastern Asia [11]. The adjacent "European” haplogroup
clustered in a well-supported clade (posterior probability value of 0.96), and was composed of
European-derived samples and recently recorded isolate from a pet dog in the U.S. that
constitutes the first finding of a European strain in the U.S. [51].

Phylogenetic evidence from nadl (471 bp) sequences (Figs. 3 and 4) also showed M1
clustering with the Asian specimens (China, Japan). The M2 strain had the two additional
nucleotide substitutions (230 C/T, 361 A/G), but one base substitution (96 T/C) shared with



the Asian samples and M1 differentiated this subgroup from an "European” cluster
represented by specimens from Poland, Estonia, Germany and European-type specimens from
Canada [14,19,41,52,53]. In addition, the two samples originating from the Xinjiang Province
in northwestern China [54] and from northeast Iran (GenBank entry KT033489) also grouped
with the European profiles, which indicate that continental differences are not so clear-cut in
the short nad1 fragment than in case of short cox1 fragment.

Another strongly supported clade in the nadl phylogram (posterior probability value of 0.96)
was established by samples from Canada (except for Canadian samples producing European-
type patterns) examined by Gesy et al. and Schurer et al. [14,32]. Most of members of the
cluster shared, interestingly, both additional nucleotide exchargy~s (230 C/T, 361 A/G) with
M2 and in two isolates (CAN-G, CAN-C), the latter exci'ang: was shared. This feature
presents further argument to support some adhesion of Mz (originating from Europe) to
samples of North American origin. Nevertheless, Ccnadian isolates possessed several
additional nucleotide substitutions that differentiatea (e "North American” haplogroup from
Eurasian specimens in the nadl partial sequence

Phylogeny based on the widely used, but rele*ivery short cox1 and nadl sequences published
in the 1990°s [4,5] has some limitations "2 resolving power and there is an increasing trend to
use longer sequences and/or high>r numoer of genes for important systematic and
phylogeographical inferences in Eckn_~nccus spp. [e.g., 55,56]. Notwithstanding, the use of
M1/M2 geographical variants for cuMuarative purposes has been revived to a certain extent in
several recent Canadian studie. empioying nadl fragments of similar length (395 bp) that has
extended into one Europea~ stu.y (nadl, 235 bp) [14,20,30,31]. Two of these surveys have
used M1/M2 references in raplotype network and/or phylogram in Result sections [14,30].
The present study was u us designed to provide a correct basis for further investigation of
genetic diversity in E. multilocularis to avoid further misuse in haplotype geographic

allocations.

4. Conclusions

With respect to the increasing awareness for the diversity of the causative agents of alveolar
echinococcosis, we have summarized the current knowledge available on the use of the first
genetically established geographical variants of E. multilocularis in literature, in an attempt to
consolidate their correct affiliation in sense of the original description from the early 1990°s.
A consistent M1/M2 linkage with geographical origin is of importance especially in light of

the current assumption that European and Asian strains may have greater zoonotic potential



than North American strains. Furthermore, recent findings of a European strain in Canada
have evoked interesting issues on possible dispersal of the European genotypes into areas of
recognized endemicity of the N2 strain in North America, with concomitant public health
hazards. In the phylogenetic analysis, the M1 strain grouped in both genes with the Asian
haplotypes described more recently in China, Japan, Russia, Kazakhstan, South Korea, thus
covering a similar geographical range similar to that delineated by the initial sequencing
studies of Bowles et al. [4], Bowles and McManus [5], and Okamoto et al. [6] from the early
1990°s, unlike the M2 strain with the specific structure resembling North American
assemblages, although homoplasy cannot be excluded as a driver for M2/N2 similarity. The
continuing inverted designation (if occurs) of M1 and M2 migh. “e therefore confounding for
data interpretation in further studies. A noticeably high simi arity' between the reference M2
haplotype derived from the German vole isolate and f.om the Austrian patient to North
American strains suggests that E. multilocularis portn.tions have a common history and
ancestral genotypes, peculiar for the given region, me.’ ' some extent maintain in historical
endemic region where greater genetic structuriny »; expected and the parasite transmission is

more intense.
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Table 1

List of articles involving M1 and M2 geographical variants of Echinococcus multilocularis.

Erroneous
designation
of M1, M2
variants

Reference

Form of the
article

Geographical origin; number of studied EM
isolates; a way of incorrect designation

Nakao et al. (2009)

research
paper

Europe (Austria, France, Germany, Belgium,
Slovakia), Asia (Kazakhstan, China, Japan), North
America (USA - Alaska, Indiana, South Dakota);
76 isolates;

reverse assignment of geographical genotypes -
the M1 genotype associated with Europe and the
M2 genotype with China, Alaska and North
America in the Introduction section

Nakao et al. (2013)

review

Reverse assignment of geographical genotypes -
the M1 genotype associated with Europe and the
M2 genotype . th China, Alaska and North
America in the sec*on 5.3. of the review

Gesy et al. (2013)

research
paper

North Amer ca (C nada);

19 isolatr_,

M1 genc type with the GenBank Accession No.
AJ237+39 (nad1 partial gene) presented as

Eu’ vy Narn genotype, its sequence compared to
ni.~tee 1 examined cestodes from 7 coyotes in a
3¢5 by -egion of nad1 in the Result section

Gesy et al. (2014)*

Knapp et al. (2015)

research
paper

North America (Canada);

1.1 isolates;

reverse assignment of geographical genotypes -
M1 affiliated with Europe, M2 with Japan, China,
Alaska and North America in the Introduction
section, correct allocation of the two variants in
the Discussion section

Reverse assignment of geographical genotypes -
M1 affiliated with Europe, M2 with Japan, China,
Alaska and North America in the section 4.1 of
the review

Wau et al. (2017)

research
paper

Asia (China);

62 isolates;

reverse assignment of geographical genotypes -
M1 affiliated with Europe and M2 with China,
Alaska and North America in the Background
section

Avcioglu et al. (2017)

research
paper

Asia (Turkey);

1isolate;

reverse (inverted) assignment of geographical
genotypes - M1 affiliated with Europe and M2

with China, Japan, Alaska and North America in
the Introduction section

Antolova et al. (2018)*

research
paper

Europe (Slovakia);

1isolate;

reverse assignment of geographical genotypes -
M1 affiliated with Europe and M2 with China,
North America, Alaska and Japan in the
Introduction section;

partial nad1 sequence (235 bp) of the studied dog
isolate linked to the reversely designated
reference genotypes, specifically to M1 named as
European genotype (99.6% similarity) and to M2




(99.2% similarity) in the Result section;

the correct affiliation of the M2 isolate to
Germany (Europe) as the recovery site in the end
of the Result section

Li et al. (2018) research Asia (China);
paper 39 isolates;
reverse assighment of geographical genotypes -
the M1 genotype associated with Europe and the
M2 genotype with China, Alaska and North
America in the Introduction section
Spotin et al. (2018) review Reverse assignment of geographical genotypes
(except for Japan corresponding to M1) - M1
affiliated with Europe and Japan, M2 with Alaska,
China, and North America in the 1. Introduction
section of the review
Bowles et al. (1992)** research Asia (China), N-. ‘th America (Alaska) (M1),
paper Europe (Gerr.a.v) \M2);
3 isolates
Bowles and McManus research Asia (Chi.ia), North America (Alaska) (M1)
(1993a) paper Europ~ (Carr.any) (M2);
4 isola.~s
Bowles and McManus review
(1993b) Ny
Scott and McManus research North America (M1), Europe (Germany) (M2);
(1994) paper 12 “solates
Bowles et al. (1995) research Casia (China), North America (Alaska) (M1),
pape’ Europe (Germany) (M2);
3 isolates
Gasser et al. (1998a) researc. Europe (Germany) (M2);
Correct p.ner 1isolate
designation Gasser et al. (1998b) v "eaich Europe (Germany, Switzerland) (M2);
of M1, M2 ar er 2 isolates
variants van Herwerden et al. research North America (Alaska) (M1),
(2000) paper Europe (Germany), Asia (Japan);
13 isolates
Kedra et al. (20M0) research Europe (Poland);
£ paper 4 isolates
Thompseon e al. (. 006) research Asia (China), North America (Alaska) (M1),
paper Europe (Germany) (M2);
2 isolates
Snabel et al. (2006) research Europe (Slovakia);
paper 12 isolates
Maillard et al. (2009) research Asia (China) (M1);
paper 2 isolates
Schurer et al. (2014) research North America (Canada);
paper 12 isolates
Massolo et al. (2014) review

* studies involving both erroneous and correct designations in different sections of the articles

**original description of M1/M2 genotypes




Table 2
Matching cox1 sequences represented by node size in the haplotype network of
Echinococcus multilocularis.

Node label Matching sequences

M1_M84668 A5_CHN_AB461417
A6_ CHN_AB477011
A7_ CHN_AB477012
CHN_MH259774
CHN_KY354088
JPN_AB385610
SKO_AB780998
EMRUS2_AB688126
EMRUS3_AB688127
EMRUS4_AB688128
EMRUS5_AB688129
EMRUS6_AB688130
EMRUS7_AB688131
EMRUSS_AB688132
EMRUS9_AB688133
EMRUS12_AB777915

M2_M84669 N2_USAIn_AB461419
USA_MIN_AB353729
USA_SD_AB374425
CAN_SK2_KC582621

E1_AUT_AB416412 E3_FRA_AB461413
E5_SVK_AB461414
ROM_MF162280
POL_KY205691
POL_KY205690
EmRUS16_AB7779.7
USA_MIS_LC3€J9..

N1_USA_AK_AB461418 | EmRUS14_AP77,977
EmRUS15_\B77.918
AUT _JF7.724,

CHN_MH259774 CHN_N.=6, "419

Table 3
Matching nadl sequence s rej resented by node size in the haplotype network of
Echinococcus multilucu!anis.

Node label M- tching sequences

M1_AJ237639 AB018440_JPN
MH259778_CHN
EU704122_CHN
KY094609_CHN

AB668376_GER JX266825_POL
AJ132907_POL
AJ132908_POL
MH986749_POL
AY855918_EST
AY389984_CHN
KT033489_IRA
JF751034_CANeu
KF962559_CAN E

KC848462_CAN_W121 KF962555_CAN A
KF962563_CAN |

KC848467_CAN_W180 KF962562_CAN H
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Figure captions

Fig. 1. Bayesian consensus tree showing phylogenetic relationships for M1 and M2
geographic variants of Echinococcus multilocularis sensu Bowles et al. (1992), using
mitochondrial sequences of cytochrome c oxidase subunit 1 (cox1, 366 bp) in comparison to
available GenBank sequences. Echinococcus granulosus sensu stricto (G1 genotype) was
used as the outgroup. Posterior probability values are shown next to relevant nodes.

Reference isolates included in the phylogram: M1 (China, Alaska, North America), M2
(Germany), N1 (St. Lawrence Island, Alaska, USA), N2 (Indiana, USA), E1 (Austria), E3
(France), E5 (Slovakia), Al (Kazakhstan), A5 (China). Geographic affiliations of the screened
isolates: CAN (Canada), RUS (Russia), CHN (China), JPN (Japan), SKO (South Korea),
KAZ (Kazakhstan), MON (Mongolia), AUT (Austria), GER (Germany), POL (Poland), ROM
(Romania), FRA (France).

Fig. 2. The maximum parsimony network depicting the mutetiona: relationships for M1 and
M2 geographic variants of Echinococcus multilocularis senst Bo nles and McManus (1993a)
using mitochondrial sequences of cytochrome c oxidase sub.nit 1 (coxl, 366 bp). Labeled
circles represent distinct haplotypes, transversal bars at bionches represent point mutations,
the size of the circles correlates with haplotype frequz~cy Shared sequences with haplotype
representatives labeled in circles are listed in Table Z.

Fig. 3. Bayesian consensus tree showing piy.onenetic relationships for M1 and M2
geographic variants of Echinococcus multi’occ'~ris sensu Bowles et al. (1992), using
mitochondrial sequences of NADH dehyd verc<e subunit 1 (nadl, 471 bp) in comparison to
available GenBank sequences. Echinocoacus granulosus sensu stricto (G1 genotype) was
used as the outgroup. Posterior probahility ve.'ues are shown next to relevant nodes.

Reference isolates included in the pnh,logram: M1 (China, Alaska, North America); M2
(Germany); CAN-eu, a European t/p: ~*rain detected by Jenkins et al. (2012) in a dog in
western Canada; CAN-E, most co:xmu . haplotype E found in a study of Gesy et al. (2014) in
wild canids in western Canada re.~mbiing the European structure.

Geographic affiliations of the .~reened isolates: CAN (Canada), CHN (China), JPN (Japan),
IRA (Iran), AUT (Austria), GE.> (Germany), POL (Poland), EST (Estonia).

Fig. 4. The maximum p.rsin ony network depicting the mutational relationships for M1 and
M2 geographic variants ~t £chinococcus multilocularis sensu Bowles and McManus (1993a)
using mitochondrial sec''znces of NADH dehydrogenase subunit 1 (nadl, 471 bp). Labeled
circles represent distinct haplotypes, transversal bars at branches represent point mutations,
the size of the circles correlates with haplotype frequency. Shared sequences with haplotype
representatives labeled in circles are listed in Table 3.



N2_USAIn_AB461419
CAN_SK2_KC582621

USA_MIN_AB353729
0,99

I

0,66

5.0E-7

Figure 1

USA_SD_AB374425
M2_M84669 @
EmRUS15_AB777918
AUT_JF747247
EmMRUS14_AB777917
N1_USA_AKAB461418
EmRUS13_AB777916
JPN_AB385610
EmRUSS_AB688132
A7_CHN_AB477012
CHN_KY354088
A6_CHN_AB477011
EmMRUS5_AB688129
EmRUS4_AB688128
EmRUS12_AB777915
EmRUS2_AB688126
SKO_AB780998
EmRUS6_AB688130
EmRUS3_AB688127
CHN_MH259774
A5_CHN_AB461417
M1_M84668 @
EmRUS9_AB688133
EmRUS7_AB688131
A1_KAZ_AB461415
ROM_MF 162281
E1_AUT_AB461412
POL_KY205691
ROM_MF162280
E3_FRA_AB461413
USA_MIS_LC380931
E5_SVK_AB461414
EmRUS16_AB777919
POL_KY205690
CHN_MG674419
'(QDZHNfMH259771
EmRUS17_AB777920
MON_AB813188
CHN_AB461420
EgG1_AF297617

North
America

Asia

Europe

Mongolia



MON_AB813188

Al_KAZ_ABA61415 EmRUS17_AB777920

CHN_MH259771

E1_AUT_AB461412

N1_USA_AKAB461418
ROM_MF162281

M2_M84669
EmRUS13_AB777916 N2_USAIn_AB461419

Figure 2



EU704122_CHN
M1_AJ237639 @
KY094609_CHN
MH259778_CHN
ABO18440_JPN
M2_AJ237640 @

AY389984_CHN
AB668376_GER
JX266825_POL
0.52 AJ132907_POL
KF962559_CANE
MH986749_POL
KT033489_IRA
JF751034_CANeu
T AY855918_EST
AJ132908_POL

MN251182_AUT
4'195
KF962570_CANP

KF962557_CANC
0,66

KF962556_CANB

KF962561_CANG

KF962562_CANH
1
0,83 KC848467_CAN_W180

KF962563_CANI

KF962555_CANA

KC848462_CAN_W121

KF962564_CANJ

KF962565_CANK

AF297617_Eg

0.009

Figure 3



M2_AJ237640

M1 AJ237639 KF962570_CANP

AB668376_GER
MN251182_AUT

KF962561_CANG

KF962557_CANC

KF962556_CANB
KC848462_CAN_W121

KC848467_CAN_W180

KF962564_CANJ

KF962565_CANK

Figure 4



