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INTRODUCTION

Echinococcosis is a worldwide lethal zoonosis caused by adult 
or larval stages of tapeworms of the genus Echinococcus [1]. 
Transmission of echinococcosis depends on carnivores as defini-
tive hosts and various animals as intermediate hosts. Human 
beings and intermediate hosts (eg. sheep, goat and cattle) will 
be infected when ingesting eggs of Echinococcus [30]. Echino-
coccosis is highly significant infectious diseases occurring 
worldwide and caused by metacestodes of E. granulosus,Which 
usually form fluid filled hydatids located in liver, lung and 
other organs [2]. According to the new molecular phylogeny 
of the genus Echinococcus, E. granulosus is characterized into 10 
genotypes, including E. granulosus sensu stricto (G1-G3), E. 
equinus (G4), E. ortleppi (G5), and E. canadensis (G6-G10) [3]. 

Of which, E. granulosus sensu stricto composes of genotype G1 
(sheep strain), G2 (Tasmanian sheep strain) and G3 (buffalo 
strain) [4]. Genotype G1 has the highest host variability, in-
cluding humans, wild and domestic mammals [1,5].

Xinjiang Uygur Autonomous Region (XUAR) has a vast terri-
tory, complex geographical landscape and climatic conditions. 
Topographically, XUAR is characterized by a sharp demarcation 
of mountains and basins [6]. XUAR is a high incidence area of 
echinococcosis. The infection rate of echinococcosis in North-
ern Xinjiang is higher than that of Southern Xinjiang and East-
ern Xinjiang. At the same time, the infection rate in Changji 
Hui Autonomous Prefecture (Changji) and Yili Kazakh Auton-
omous Prefecture (Yili) rank the top 2 in XUAR [33]. Although 
Changji and Ili regions belong to the northern region of XUAR, 
but there is obvious difference in the aspect of the geographical 
environment and climatic conditions, Ili region is located in Ili 
Valley, the average precipitation is 400-600 mm per year. 
Changji region is located in Junggar Basin, the average precipi-
tation is 200-300 mm per year [7]. The different climatic envi-
ronment provides a good natural conditions for the survival of 
different kinds of E. granulosus parasite [8].
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Echinococcosis of human and livestock has highest prevalence 
rates in western and northwestern China, including XUAR [9]. In 
previous work, although genotype G1 is responsible for the ma-
jority of human and livestock infections in XUAR, the data on 
genetic variability and regional genetic differences of genotype 
G1 are scarce. The aim of this study was to evaluate the genetic 
variability and phylogeography for E. granulosus from sheep and 
cattle collected in Changji and Ili regions, XUAR. 

MATERIALS AND METHODS

Sample collection and DNA extraction
During 2016-2017, a total of 55 livers with CE were collected 

from sheep (n=45) and cattle (n=10) at the slaughterhouses in 
Changji City and Yining City, XUAR, northwestern China. Each 
cystic fluid was extracted into 1.5 ml ependoff tube. The genomic 
DNA of the supernatants were extracted with TIANamp Genom-
ic DNA Kit and kept at -20˚C [10].

DNA amplification and sequencing
To determine genetic variability and regional differences of 

E. granulosus, all samples were examined targeting 12S rRNA 
and CO1 genes by polymerase chain reaction (PCR) according 
to previous descriptions [11,12]. Each cycling reaction was pro-
vided with double distilled water as negative control and a 
positive control of the DNA template of E. granulosus. The PCR 
products were purified using the TIAN gel Midi Purification 
Kit (TIANGEN, Beijing, China) and sequenced by Sangon Bio-
tech Co., Ltd (Shanghai, China). Each amplified product was 
repeatedly sequenced 3 times. A phylogenetic tree was con-
structed using the maximum likelihood (ML) and neighbor-
joining algorithms (NJ) with MEGA 6.0 software [13]. The 
phylogeography was analyzed by Network 5.0 software [14].

RESULTS

Fifty-five samples were found to be positive amplification by 
12S rRNA gene detection. The sequenced fragments were con-
served and presented homology of 100% with E. granulosus 
AF288824 (originated from Guangdong Province, China). The 
12S rRNA gene sequences in this study were deposited in Gen-
Bank (Accession No. MG720014). Targeting CO1 gene, a 936 
bp fragment was amplified from each sample. All the samples 
were identified as genotype G1 based on the analysis of the par-
tial CO1 gene by MEGA 6.0 software. The phylogenetic tree re-

vealed that E. granulosus in XUAR showed genetic diversity. A to-
tal of 20 sequences in this study were found and deposited. The 
inner homology presented 99. 37-100% (Table 1). Using Gen-
Bank/BLAST and DNAman software, we make all CO1 gene se-
quences (a total of 287) of E. granulosus G1 type GenBank has 
logged before May 1, 2018 for multiple comparisons. Sequence 
homology is 97.7-100%.

When targeting CO1 gene, E. granulosus in hydatid cyst of liv-
ers showed genetic diversity. Of which, YL5 strain (originated 
from Ili region) and CJ75 strain (originated from Changji re-
gion) were the older branches compared to worldwide strains 
including E. granulosus Japan strain (Accession No. AB033407), 
France strain (JQ356712), Argentina strain (GU980906), Aus-
tralia strain (AF297617) and etc (Fig. 1). In addition, the net-
work diagram of geographical population showed the haplo-
types in XUAR was particularly complex based on partial CO1 
gene (Fig. 2). Twenty haploids, belonging to 5 haplogroups in-
cluding 3 large haplogroups (H1, H4, H5), and 2 small ones 
(H2 and H3), were obtained. No major apparent geographic 
segregation pattern was observed among these haplogroups. 
YLY17 haplotype (originated from Ili region) was the domi-
nant haplotype. The remains of the haplotypes diverged from 

Table 1. Substitution in the CO1 gene for the E. granulosus G1 
genotype in Changji and Ili regions, XUAR	

G1 haplotype 
  (Standard control) 
  (AF297617)

Mutation sites
Sample 
source

YLN1 (variation) 594T/C; 729G/A; 742A/G cattle
YLY1 (variation) 381T/A; 594T/C; sheep
YLY2 (variation) 381T/A; 527C/T; 594T/C; 895T/C;900T/A sheep
YLY3 (variation) 381T/A; 527C/T; 594T/C sheep
YLY4 (variation) 381T/A; 594T/C; 905G/A sheep
YLY5 (variation) 594T/C; 897T/A; sheep
YLY16 (variation) 381T/A; 594T/C; 905G/C sheep
YLY17 (variation) 594T/C sheep
CJ128 (variation) 157A/G; 594T/C; sheep
CJ328 (variation) 486T/C; 594T/C; 875A/T sheep
CJ429 (variation) 100T/C; 594T/C; sheep
CJ529 (variation) 103,104GG/CC; 594T/C sheep
CJ618 (variation) 88G/C; 594T/C; 795G/A sheep
CJ719 (variation) 594T/C; 875A/T; 927G/A sheep
CJ23 (variation) 12G/T; 549C/T; 594T/C; 927G/A sheep
CJ51 (variation) 12G/T; 411T/C; 594T/C; 741T/C; 927G/A sheep
CJ75 (variation) 12G/T; 411T/C; 456C/T; 549C/T; 594T/C; 

  657C/T; 747T/C; 927G/A
sheep

YL1 (variation) 12G/T; 508A/G; 594T/C; 927G/A sheep
YL2 (variation) 12G/T; 594T/C; 640A/G;927G/A sheep
YL5 (variation) 12G/T; 432T/C; 549C/T; 594T/C;

  831A/G; 927G/A
sheep
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YLY17 with the radiation shape, and the genetic distance be-
tween haplotypes and central locations ranged from 1 step to 9 
step in variety. The sequences in this study were deposited in 
GenBank (Accession No.: MG333731, MF281535-MF281541 
and MG280947-MG280959).

 

DISCUSSION

To date, a few studies have explored in depth the genetic di-
versity and the population structure of E. granulosus [15-17]. 
These studies revealed that the CO1 gene seemed to be the 
most appropriate genetic marker for exploring the genetic di-

Fig. 1. Maximum-likelihood (ML; 500 bootstrap replicates) and neighbour-joining (NJ; 1,000 bootstrap replicates) phylogenetic tree of 
the CO1 constructed with MEGA 6.0 software, using the sequences of E. granulosus from Changji (●) and Ili (▲) regions in this study 
and the sequences available in the GenBank. The sequences from E. multilocularis and E. oligarthrus were used as outgroups. The 
scale bar represented the inferred substitutions per nucleotide site. The relative support for clades in the tree produced from the ML and 
NJ analyses were indicated above and below the branches, respectively.

Fig. 2. Median joining network for the E. granulosus s. s. genotype G1 samples from Changji and Ili regions, XUAR, China (n=55) based 
on sequences of 936 bp of mitochondrial DNA (CO1).
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versity of E. granulosus [31]. In this study, we chose the relative-
ly long sequence of CO1 (936 bp) and detected a sufficient 
number of haplotypes to analyze the population genetic struc-
tures of sheep and cattle. Our results suggested that E. granulo-

sus genotype G1 was circulated rather freely in sheep and cattle 
populations in north XUAR, might due to the mixed breeding 
pattern of sheep with cattle, leading to sharing similar haplo-
types between these 2 intermediate host species (e.g. CJ128, 
YLN1, and CJ529). In addition, haplotype diversity and nucle-
ic acid diversity were more obvious in Changji and Ili regions. 
In XUAR, conventional nomads and semi-nomads keep live-
stock on low-altitude grassland. This breeding pattern, includ-
ing involvement of pastoral dogs, seem to be essential to 
maintain the synanthropic cycle of E. granulosus [17]. Inter-
mixed feeding model of sheep and cattle in the same meadow 
is common in endemic areas, XUAR [18]. From the epidemio-
logical point of view, the pattern of livestock-dog cycle plays 
an important role in the prevalence of echinococcosis. 

XUAR is one of the most important foci of CE in the world 
[19]. In previous studies, genotype G1 (sheep strain) was iden-
tified as the major source of infection for human CE in XUAR 
[6,20]. As for CO1 gene can show inter-species and intra-spe-
cies differences in the genus Echinococcus, the gene is particu-
larly suitable for the identification of animal parasites and the 
differentiation of different geographical strains [5,21-23]. In 
present study, 20 different CO1 sequences of E. granulosus gen-
otype G1 were found and accounted for about 2% nucleonic 
mutation. The sequence changes included conversion, muta-
tion, and deletion, with no insertion. In the previous work, 
genotype G1 was likely originated from the Middle East 
(JQ250806) [24,25]. Here the major haplotypes (CJ75 and 
YL5) in Changji and Ili regions showed a 100% homology 
with the reference haplotype in the Middle East (JQ250806). 
Furthermore, compared to worldwide strains including E. 

granulosus Japan strain (AB033407), France strain (JQ356712), 
Argentina strain (GU980906), Australia strain (AF297617) 
and etc, the phylogenetic tree showed YL5 strain (originated 
from Ili region) and CJ75 (originated from Changji region) 
were the older branches, which indicated that the ancient 
strains observed in XUAR were similar to Middle East strains. 
In addition, due to genetic evolution and international or/and 
homeland livestock trade, the multiple haplotypes evolved or 
introduced from foreign location [32].

Median-joining (MJ) network is proposed as a suitable 
method for phylogeographical analysis [26]. MJ network can 

be used for the evolutionary analysis of various pathogens, in-
cluding E. granulosus [27]. In the previous study, Laurimäe et al. 
evaluated the genetic variability and phylogeography of G1 in 
America. The phylogenetic network indicated a long and com-
plex evolutionary history of E. granulosus G1 in the Americas 
[14]. Here, we used the same primers to amplify CE samples 
from sheep and cattle in Changji and Ili regions, 5 haploids 
and twenty haplotypes were obtained. The findings indicated 
haploids and haplotypes showed genetic diversity and com-
plexity of E. granulosus in XUAR [28]. In addition, our study re-
vealed many highly divergent haplotypes, e.g. CJ75, YLY2, and 
CJ529. This phenomenon maybe be related to a long and com-
plex evolutionary history of E. granulosus. Animal transporta-
tion likely contributed to the dispersal of different haplotypes, 
as showing YL1, YL2, and CJ51 strains in this study (Fig. 2). 
These results suggest that E.granulosus in the Northern Xinji-
ang occurred demographic expansion or bottleneck effects after 
the introduction of founder haplotype in the Middle East. The 
population was developed under the geographical isolation.

Despite the improvement in education hygiene and treat-
ment of animal viscera with CE, the unilocular hydatid disease 
remains a major public health concern in XUAR. E. granulosus 
genotype G1 is popular and genetically diverse in north region 
of XUAR, northwest of China. The intermixed feeding pattern of 
livestock-shepherd dog cycle contributes to the high prevalence 
of echinococcosis [29]. This study recommends: i) increasing 
regular quarantine of echinococcosis both for livestock and 
shepherd dog, and timely elimination of the infected individu-
als from the herd, and ii) avoiding intermixed feeding model of 
shepherd dogs, cattle, sheep and goats in the same pasture in 
endemic areas, as possible. 

Our study demonstrated that E. granulosus genotype G1 
(sheep strain) was popular in north region of XUAR, north-
west of China. Based on partial CO1 gene (936 bp), twenty 
new genotype haploids and 5 new genotype haplogroups 
(H1-H5) were found by analysis of network 5.0 software, and 
the YLY17 strain was identified as the most ancestral haplo-
type. The homeland and international trade of livestock might 
contribute the dispersal of different haplotypes for local strains 
of E. granulosus evolution.
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