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Abstract: Echinococcus multilocularis (E. multilocularis) is the cause of alveolar echinococcosis (AE) in humans. 
Differences in gene sequence may exist among strains of E. multilocularis that are isolated from different patients 
in different areas of Xinjiang Uyghur Autonomous Region of China. Other studies have shown that genetic variation 
and biomolecular classification of E. multilocularis exists. A total of 47 AE samples were collected from AE patients 
for sequence analysis of mitochondrial cytochrome c oxidase 1 (cox1) and cytochrome b (cytb) genes using PCR. We 
compared the obtained sequences with the GenBank database to identify the parasite and 5 haplotypes were de-
tected among the geographical isolates from cox1 and cytb, respectively. Nearly all of the samples originated from 
Northern Xinjiang. Homology comparison of gene haplotypes in GenBank showed that 3 cox1 haplotypes and one 
cytb haplotype had 100% homology with sequences in GenBank. Two cox1 haplotypes and 4 cytb haplotypes had 
no homology with previous deposits in GenBank and thus were considered as newly discovered gene haplotypes. 
This present study demonstrates that comparatively conservative intraspecific genetic variations of E. multilocularis 
exist in Xinjiang Uyghur Autonomous Region and the main epidemic haplotypes in Xinjiang are H1 (cox1) and H1 
(cytb). Cox1 haplotypes H4, H5, and cytb haplotypes H2, H3, H4, and H5 are considered newly discovered gene 
haplotype sequences.
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Introduction

Alveolar echinococcosis (AE) is one of the glob-
ally common pathogenic zoonoses that are 
caused by Echinococcus multilocularis. AE usu-
ally occurs in the Northern Hemisphere, espe-
cially mountainous regions that are cold or cov-
ered by forests. China is one of the most 
important endemic regions of AE [1, 2]. In AE, 
infiltrativetumor-like growth of E. multilocularis 
metacestode affects the liver of intermediate 
hosts, including rodents and humans [3]. The 
epidemiology, pathogenicity, immunology, and 
genetics of E. granulosus have been extensive-
ly studied [4-9] but few studies have been car-
ried out to elucidate the molecular biology of E. 
multilocularis,due to its more limited geograph-
ical distribution and fewer affected patients 
compared with E. granulosus. It has been 
reported that only E. multilocularis causes AE 

and little difference exists among genotypes 
[10, 11]. Interestingly, 3 subspecies of E. multi-
locularis that have been discovered in the past 
have been identified to be 3 independent spe-
cies [12]. Echinococcus shiquicus, a species  
of Echinococcus discovered in Sichuan and 
Qinghai Provinces of China, has special mor-
phologies in larvae and adults as well as differ-
ent molecular sequences [13]. In the past, AE 
cases discovered in Xinjiang Uyghur Aut- 
onomous Region of China were thought to be 
caused by infections by European E. multilocu-
laris. However, further studies on wild animal 
and artificial animal hosts have shown that 
Echinococcus spp. in Xinjiang had distinct host 
body reactions and pathological structure [12]. 
Moreover, separation of polymorphic microsat-
ellite loci from E. multilocularis has confirmed 
the existence of gene sequence variation 
among different strains of E. multilocularis [14]. 
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Of note, our group has also shown more differ-
ent growth patterns and pathological struc-
tures of AE (invasive proliferation, fibrous calci-
fication, and liquefaction necrosis) in past years 
of clinical practice. AE patients in Xinjiang have 
wide geographical distribution, large climatic 
diversity, and a variety of intermediate hosts 
exist in the province. Therefore, E. multilocu-
laris has genetic variation among different iso-
lates [15].

Genetic structures of parasites provide infor-
mation on their epidemiology and transmission 
[16]. Mitochondrial genes of E. granulosus such 
as cytochrome c oxidase 1 (cox1), NADH dehy-
drogenase 1 (nad1), ATP synthase F0 subunit 6 
(atp6), cytochrome b (cytb), elongation facto-1 
alpha (ef1α), 12 S, and 16S have been investi-
gated [17-22] and the protein-coding genes of 
cox1 and cytb were chosen as markers for 
Echinococcus mtDNA. In other organisms, 
mitochondrial control region is generally used 
to infer genealogical relationships. The charac-
teristics of animal mtDNA usually includes: 1) 
high number of copies, 2) non-Mendelian 

graphic origins of isolates are shown in Figure 
1. All samples were stored at -70°C. The DNA 
extracted from samples using the DNeasy tis-
sue kit (Qiagen, Hilden, Germany) and used as 
a template forpolymerase chain reaction (PCR). 
Based on published Echinococcus mitochon-
drial genome sequences of cox1 and cytb 
genes in GenBank (http://www.ncbi.nlm.nih.
gov/pubmed), DNAman software (http://www.
lynnon.com/) was used to design upstream and 
downstream primers which were synthesized 
by Genosys (Fargo, North Dakota). Cox1 ge- 
ne was amplified using the following primer 
pairs: 5’-TTGAATTTGCACGTTTGAATGC-3’ (for-
ward) and 5’-GAACCTAACGACATAACATAATGA- 
3’ (reverse). The cytb gene was amplified using 
the following primer pairs: 5’-GTCAGATGTC- 
TTATTGGGCTGCC-3’ (forward) and 5’-TCTGG- 
GTGACACCCACCTAAATA-3’ (reverse).

Amplification and purification of PCR products

To amplify mtDNA fragments of E. multilocu-
laris, specific cox1 primers or specific cytb 
primers were added using conventional meth-

Figure 1. Locations of the samples collected in the study.

maternal inheritance without 
recombination, 3) homoplas-
my in most individuals, and 4) 
faster evolution than nuclear 
DNA. Cox1 and cytb genes of 
Echinococcus spp. are prom-
ising candidates for classifica-
tion of intra- and inter-specific 
variants [23]. In our present 
study, we investigated the ge- 
notypes and genetic diversity 
of E. multilocularis isolates in 
Xinjiang Uyghur Autonomous 
Region using cox1 and cytb 
genes as genetic markers.

Materials and methods 

Sample collection, DNA ex-
traction and primer design 

A total of 47 patients were 
obtained from the tissue bank 
that has been established by 
the First Affiliated Hospital  
of Xinjiang Medical University. 
Surgical resection samples we- 
re obtained from the Hepat- 
obiliary Department of the 
First Affiliated Hospital of Xin- 
jiang Medical University. Geo- 
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Table 1A. List of mtDNA cox1 gene sequences of E. multilocularis retrieved from GenBank, origins, 
and database accession numbers

Species (Genotype) GenBank accession 
numbers Origins References

EmRUS12 (cox1 gene) AB777915 Russia Konyaev et al. (2013)
EmRUS8 (cox1gene) AB688132 Russia Konyaev et al. (2012)
Em haplotype 16 (cox1 gene) JF906152 Qinghai, China Ma et al. (2012)
Em haplotype M04 (cox1 gene) AB491460 China Nakao et al. (2010)
Em (cox1 gene) AB461417 Sichuan,China Nakao et al. (2009)
Em (cox1 gene) AB385610 USA Yamasaki et al. (2008)
E. multilocularis AB018440 Japan Nakao et al. (2002)
E. granulosus (G1) AF297617 United Kingdom Le et al. (2002)
E. oligarthrus AB208545 Panama Nakao et al. (2006)
E. vogeli AB208546 Japan Nakao et al. (2006)
E. shiquicus AB208064 Sichuan, China Nakao et al. (2006)

ods. The PCR mixture was prepared in a 50 μL 
final volume containing 5 μL template DNA, 25 
μL of Mix (2×PCR Reagent, Tiangen, Beijing), 1 
μL of each primer, 18 μL water, and the manu-
facturer-supplied reaction buffer. Amplification 
protocol was: initial denaturation step (94°C for 
5 min), 40 thermal cycles with a denaturation 
step (94°C for 30 sec), an annealing step (56°C 
for 30 sec), an elongation step (72°C for 1 min), 
and final extension step (72°C for 5 min). Each 

cleospin Extract II kit (Qiagen, Hilden, Germany) 
and purified PCR products were directly sent for 
sequencing (Beijing Liuhe BGI Tech Co., Ltd., 
Beijing, China). ClustalW multiple alignments of 
nucleotide sequences were then performed 
using BioEdit 3.03 software and all E. multiloc-
ularis cox1 and cytb gene sequences were reg-
istered in GenBank in January 2016 for phylo-
genetic analysis (Table 1A and 1B). The genetic 
distances were calculated using DNAStar 5.0 

Table 1B. List of mtDNA cytb gene sequences of E. multilocularis retrieved from GenBank, origin, and 
database accession numbers

Species (Genotype) GenBank accession 
numbers Origins References

E. multilocularis (cytb gene) AB461399 Japan Nakao et al. (2009)
E. multilocularis (cytb gene) AB461398 Kazakhstan Nakao et al. (2009)
E. multilocularis A8 (cytb gene) AB477009 Mongolia Nakao et al. (2009)
E. multilocularis AB018440 Japan Nakao et al. (2002)
E. granulosus (G1) AF297617 United Kingdom Le et al. (2002)
E. oligarthrus AB208545 Panama Nakao et al. (2006)
E. vogeli AB208546 Japan Nakao et al. (2006)
E. shiquicus AB208064 Sichuan, China Nakao et al. (2006)

Table 2. Variation sites and genetic distances of cox1 gene of 
E. multilocularis
Haplotype Locality Na 4 8 9 11 107 115 116 344
H1 (cox1) Common 42 G A G A T A G C
H2 (cox1) Kazakhstan 1 T T bd C - - - -
H3 (cox1) Aletai, Tacheng 2 - - - - - - - T
H4 (cox1) Urumqi 1 - - - - - - T -
H5 (cox1) Aletai 1 - - - - T G - -
Note: aNumber of isolates; bdeletion.

reaction was set up with negative 
control without DNA template and 
positive control with known E. mul-
tilocularis DNA template. PCR prod-
ucts were run on 1.5% agarose Tris-
borate EDTA gel electrophoresis 
and stained with ethidium bromide 
to detect PCR amplicons. Target 
gene bands (cox1-513 bp and cytb-
547 bp) were observed under ultra-
violet light. Amplification products 
were purified by using the Nu- 
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software (DNASTAR, Inc., Madison, Wisconsin). 
Phylogenetic trees were constructed from align-
ments with the neighbor-joining method in 
MEGA 7.0 software (http://www.megasoftware.
net). Confident intervals were obtained via 
1,000 bootstrap replications for each branch 
of the tree.

Results

Liver tissue samples were collected from 47 AE 
patients by sample library and surgical remov-
al. In total, 94 sequences were obtained from 
these samples including 47 cox1 gene sequenc-
es and 47 cob gene sequences (42 from 
Xinjiang, 2 from Qinghai, one from Henan, one 
from Sichuan, one from Kazakhstan) (Figure 1).

Sequence analysis of 47 isolates showed that 
the length of cox1 gene fragment from mtDNA 
of E. multilocularis was 513 bp and showed a 
higher substitution frequency (1.6%; 8 substitu-
tion sites/513 sites) (Table 2). Gene mutations 

(China), AB461417 (China), AB385610 (USA), 
and AB018440 (Japan) and H3 was found iden-
tical to AB688134 (Russia), AB688133 
(Russia), and KX685926 (China) [19, 24-28]. Of 
note, haplotypes H4 and H5 were not found in 
the same mutation sequence and submitted 
sequence data to GenBank and provided 
GenBank accession numbers was H4 (MF- 
370866) and H5 (MF370867), respectively.

The phylogenetic analysis based on the cytb 
gene fragments showed the existence of H1, 
H2, H3, H4, and H5 haplotypes (Figure 3). 
Homology comparison of the sequenced cytb 
(547) gene haplotypes of E. multilocularis with 
GenBank gene haplotypes showed haplotype 
H1 identical to AB461399 (Japan), AB461398 
(Kazakhstan), AB477009 (Mongolia), and AB- 
018440 (Japan) [24, 25]. However, haplotypes 
H2, H3, H4, and H5 were not discovered in the 
same mutation sequence and submitted of 
sequence data to GenBank and provided 

Table 3. Variation sites and genetic distances of cytb gene of E. 
multilocularis
Haplotype Locality Na 147 284 414 415 530
H1 (cytb) Common 42 A T - - T
H2 (cytb) Bole 1 G - - - -
H3 (cytb) Bayingolin, Urumqi 2 - - - - G
H4 (cytb) Tacheng 1 - A - - -
H5 (cytb) Yili 1 - - bG bG -
Note: aNumber of isolates; binsertion.

Figure 2. Phylogenetic tree inferred from 
nuclear coxl gene of 47 Echinococcus mul-
tilocularis isolates using neighbor-joining 
method with Kimura 2-parameter. Bootstrap 
percentage derived from 1,000 replications 
is indicated above branches.

included transition, transver-
sion, and deletion but no 
insertion. In addition, the 
length of cytb gene fragment 
was 547 bp and showed  
0.9% substitution frequency 
(5 sites/547 sites) (Table 3). 
Gene mutations included tran-
sition, transversion, and inser-
tion but no deletion and high 
sequences similarity. In addi-
tion, all sequences of cy- 
tb gene showed more than 
98.0% identity with previously 
published sequences for mt- 
DNA genotypes of E. mu- 
ltilocularis.

The phylogenetic analysis ba- 
sed on cox1 gene fragments 
showed the existence of H1, 
H2, H3, H4, and H5 haplo-
types and their relationship 
with some previous GenBank 
deposits (Figure 2). After com-
paring the sequenced gene 
haplotypes (513 bp) of E. mul-
tilocularis with the gene ha- 
plotypes in GenBank, H1 and 
H2 haplotypes were found 
identical to AB777915 (Ru- 
ssia), AB688132 (Russia), JF- 
906152 (China), AB491460 
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GenBank accession numbers was H2 (MF- 
370868), H3 (MF370869), H4 (MF370870) 
and H5 (MF370871), respectively.

Discussion 

A unique reproduction system exists in organ-
isms of the genus Echinococcus. Self-fer- 
tilization of hermaphroditic adults and clonal 
amplification of the larvae can cause gene- 
tic uniformity in local populations [29, 30].
Mitochondrial genes cox1 and cytb have been 
used to determine the genotypes of E. granulo-
sus [25, 31, 32] and main considered various 
environments, intermediate hosts, and wide 
geographical distribution may play an impor-
tant role in driving the genetic evolution. 
However, there is no evidence that such a 
selection is related with the genomic variation 
of Echinococcus.

In our study, we collected mitochondrial 
sequences for E. multilocularis from AE pa- 
tients, including 47 cox1 and 47 cytb gene 
sequences, providing basic information for 
identification of the relationship of host speci-
ficity and genetic variation. Alignment and phy-
logenetic analysis of cox1 sequences from the 
patients showed five haplotypes whereas the 
cytb gene sequence analysis showed five hap-
lotypes. The fact is that H1 (cox1) and H1 (cytb) 
are predominant haplotypes in human AE 
cases. Our results are consistent with the 
reports by other researchers who have used 
different techniques such as mitochondrial 

is suitable to the host species and environment 
and landscape, which impact the tran- 
smission of AE [34]. Sequence analysis of E. 
multilocularis cox1 and cytb gene fragments 
showed relatively low genetic variation among 
the isolates from AE patients in Xinjiang. Most 
of the isolates are Asian genotype 1 [15] which 
may be an indication of its relative high fre-
quency as a source of infection to humans or 
because of a stronger pathogenicity to humans. 
These hypotheses need to be further 
elucidated.

In conclusion, we used a haploid maternally 
inherited mtDNA marker to examine the popu-
lation genetic structure of E. multilocularis col-
lected from patients infected with alveolar echi-
nococcosis from Xinjiang. The analysis of 
mitochondrial cox1 and cytb gene fragments 
show that the parasite exhibits variation at the 
genomic level with at least five haplotype in 
China. However, further studies are needed to 
confirm this conclusion. In addition, it is impor-
tant to search and track sources of infection, to 
analyze evolutionary history, and to determine 
the pathogenicity of echinococcus.
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Figure 3. Phylogenetic tree inferred from nuclear 
cytb of 47 Echinococcus multilocularis isolates 
using neighbor-joining method with Kimura 
2-parameter. Bootstrap percentage derived from 
1,000 replications is indicated above branches.

DNA sequencing [19, 23, 25] 
and microsatellite genotyping 
[14, 33]. Most haplotypes 
originated from northern Xin- 
jiang which has less solar 
radiation on the ground than 
southern Xinjiang, except for 
H3 (cytb) that is originated 
from Bayingolin, and H2 (cox1) 
that is originated from Ka- 
zakhstan. Haplotypes MF370- 
866, MF370867, MF370868, 
MF370869, MF370870, and 
MF370871 may be consid-
ered as newly discovered 
gene haplotype sequences. 
However, one genotype (Asian 
genotype 1) was predominant 
which may indicate that this 
genotype of E. multilocularis 
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