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Ribosomal DNA of Trichuris ovis from Goat in Hunan

Province, China

Fen Li Yi Liu" Wen-Cheng Chen Tao Hu Liu-Chun Duan Wei-Liu Tian-Yin Cheng"

Abstract

Trichuris ovis parasitizes the caeca and colon of hosts, causing trichuriasis. Despite this parasite being of animal
health significance, causing considerable socio-economic losses globally, little is known of the molecular characteristics
of T. ovis. In the present study, the entire first and second internal transcribed spacer (ITS-1 and ITS-2) regions of nuclear
ribosomal DNA (rDNA) of T. ovis from goats in Hunan province, China were amplified by polymerase chain reaction
(PCR), and the representative amplicons were subjected to sequencing in order to estimate sequence variation. The ITS
rDNA sequences for the T. ovis samples were 1289-1303 bp in length. Sequence analysis revealed that the ITS-1 rDNA,
5.8S and ITS-2 rDNA of these whipworms were 725-734 bp, 163 bp and 401-406 bp in size, respectively. Sequence
variation in ITS rDNA within and among T. ovis was also examined. Excluding nucleotide variations in the simple
sequence repeats, the intra-species sequence variation in the ITS-1 was 0-2.7%, and ITS-2 was 0-4.1%. The inter-species
sequence variation among the T. ovis and other whipworms were more than 45.7% for ITS-1 rDNA and 51.3% for ITS-
2 rDNA. These results demonstrated that the ITS rDNA sequences provide additional genetic markers for the
identification and differentiation of the T. ovis. These data should be useful for studying the epidemiology, population
genetics of T. ovis, as well as for the diagnosis of trichuriasis in sheep and goats.
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Introduction

Nematodes of the genus Trichuris are soil-
transmitted parasites, which are located in cecum of
their hosts (Bethony et al. 2006). Its common name
“whipworm” is derived from adult worm of whip
handle-like posterior part. Because of its simple life
cycle, whipworms have a broad range of host,
including human (T. trichuris), pigs (I. suis), dogs (T.
vulpis), rodents (T. muis), sheep, goats, cattles (T. ovis,
T. globulosa, T. skrjabini and T. discolor) (Hansen et al.
2013). More importantly, trichuriasis caused a global
burden of about 600,000 disability-adjusted life-years
which is a serious public health problem in some
countries (Pullan et al. 2014). Whipworms also infect
sheep and goats (T. ovis), causing clinical signs such as
anorexia and bloody diarrhoea (Wilmsen et al. 2014).

Sequences of the internal transcribed spacer
(ITS) of nuclear ribosomal DNA (rDNA) have been
widely used as useful genetic markers for the
identification and differentiation of many nematodes
(Mejia-Madrid and Aguirre-Macedo, 2011; Lin et al.
2012; Liu et al. 2014). For whipworms, previous studies
have indicated that sequence differences between T.
trichiura and T. suis specimens were significantly
higher in ITS rDNA, suggested that T. trichiura and T.
suis is different nematode species (Cutillas et al. 2009;
Nissen et al. 2012; Liu et al. 2014). These studies
showed that ITS rDNA is useful genetic markers for the
identification and differentiation of Trichuris species
from different animals (Cutillas et al. 2009; Nissen et al.
2012; Liu et al. 2014). Recently, Liu and colleagues
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based on mitochondrial (mt) and ITS rDNA sequences
support a new Trichuris species in the endangered
francois' leaf-monkey (Liu et al. 2013). However, there
is yet been characterized the ITS rDNA sequences of T.
ovis.

Nine species, namely T. ovis, T. discolor, T.
skrjabini, T. concolor, T. gazellae, T. globulosa, T. indicus,
T. wuweiensis and T. longispiculus, have been identified
in sheep and goats worldwide. In China, however, T.
ovis is considered as predominant species in sheep and
goats. Therefore, the objectives of the present study
were to characterize T. ovis from Boer goats in China by
their ITS rDNA sequences and to study sequence
variations within T. ovis.

Materials and Methods

Adult specimens of Trichuris (n=16) were
obtained from naturally infected goats that located in
different regions of Hunan province, China (Table 1).
Adult worms from each animal were washed
separately in  physiological saline, identified
morphologically (Cutillas et al. 1995), then fixed in 70%
(v/v) ethanol and stored at -20 °C before DNA
extraction. Individual worms were treated with
SDS/proteinase K (Wizard™ DNA Clean-Up,
Promega). The total genomic DNA was extracted
according to the manufacturer’s recommendations.
Their sample codes, geographical origins and hosts of
ITS rDNA are listed in Table 1.

Tablel  Sample codes, geographical origins and hosts of Trichuris ovis samples used in the present study.

Sample codes Geographical origin Hosts
CZA Chenzhou Goat
CZB Chenzhou Goat
CczC Chenzhou Goat
CZD Chenzhou Goat
LYA Liuyang Goat
LYB Liuyang Goat
LYC Liuyang Goat
NYA Ningyuan Goat
NYB Ningyuan Goat
NYC Ningyuan Goat
XPA Xupu Goat
MYA Mayang Goat
MYB Mayang Goat
CSA Changsha Goat
CSB Changsha Goat
csC Changsha Goat

The full ITS rDNA region was amplified by
polymerase chain reaction (PCR) from individual DNA
using primers NC5 (forward; 5'-
GTAGGTGAACCTGCGGAAGGATCATT-3) and
NC2 (5-TTAGTTTCTTTTCCTCCGCT-3") described
preciously (Zhu et al. 2000). PCR reactions (25 pL) were

performed in 10 mM Tris-HCl (pH 8.4), 50 mM KCl, 4
mM MgClp, 200 pM each of ANTP, 50 pmol of each
primer and 2 U Tag polymerase (Takara) in a
thermocycler (Biometra) under the following
conditions: initial denaturation at 94 °C for 5 min, then
37 cycles of 94 °C for 30 s (denaturation); 54.8 °C for 30
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s (annealing) 72 °C for 70 s (extension), followed by a
final extension at 72 °C for 5 min. One microlitre (5~10
ng) of genomic DNA was added to each PCR reaction.
Five microlitres of each amplicon was examined by
0.8% (w/v) agarose gel electrophoresis to validate
amplification efficiency. Positive amplicons were sent
to Sangon Company (Shanghai, China) for sequencing
from both directions.

The sequences representing the 5’ end and 3’
end of the ITS-1 and ITS-2 rDNA of T. ovis were
determined by comparison with those of T. ovis
derived from roe deer in Czech Republic (GenBank
accession number JX218218). Sequences of the ITS-1
and ITS-2 rDNA of different samples were aligned
using the computer program Clustal X 1.81 (Thompson
et al. 1997) and modified by eye. In addition, the
DNAStar 5.0 software (Burland, 2000) was used to
analyze sequence similarity of different Trichuris
species.

Results and Discussion

One amplicon of 16 individual Trichuris
samples appeared as single band with approximately
1300 bp in length (not shown). The ITS rDNA
sequences for the T. ovis samples were 1289-1303 bp in
length. Sequence analysis revealed that the ITS-1
rDNA, 5.85 rDNA and ITS-2 rDNA of these
whipworms were 725-734 bp, 163 bp and 401-406 bp in
size, respectively. Sequence variation in ITS rDNA
within and among T. ovis was examined. Excluding
nucleotide variations in the simple sequence repeats,
the intra-species sequence variation in the ITS-1 rDNA
was 0-2.7%, and ITS-2 rDNA was 0-4.1%. Sequence
variations in ITS-1 were 0-2.5% for T. ovis from goats
and 0-1.3% for samples from sheep. Sequence
variations in ITS-2 were 0-4.1% for T. ovis goats and 0-
3.9% for samples from sheep. The inter-species
sequence differences among the T. ovis and other
whipworms (T. suis and T. trichiura) were more than
45.7% for ITS-1 rDNA and 51.3% for ITS-2 rDNA,
which were consistent with previous study (Nissen et
al. 2012). Recently, Liu et al have determined the mt
genomes of T. trichiura and T. suis, and found a
significant difference between trichiura and T. suis
(32.9%) (Liu et al. 2012a). In addition, Liu et al have also
recently determined the mt genomes of T. ovis and T.
discolor, and detected a substantial difference between
them (21.68%) (Liu et al. 2012b). Many studies form ITS
rDNA sequences (Cutillas et al. 2009; Liu et al. 2014)
has demonstrated that Trichuris from different hosts
were distinct whipworm species, so it is more likely
that goats in China has been infected with more than
one species of whipworms (Such as T. ovis, T. globulosa,
T. skrjabini and T. discolor). Therefore, more Trichuris
samples from much broader geographical localities of
the world should be employed in further studies to
better illuminate the taxonomy and population genetic
structures of Trichuris.

Many nematodes are parasites of humans,
animals and plants, and cause significant diseases and
major socio-economic impact on a global scale
(Cantacessi et al. 2012). Whipworm are responsible for
neglected tropical diseases (NTDs) of humans in
developing countries. In addition, whipworms also
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infect other animal hosts, including pigs, dogs and
sheep (Hansen et al. 2013). For many years,
whipworms (Trichuris spp.) have been described with
a relatively narrow range of both morphological and
biometrical features. Moreover, there has been
insufficient discrimination between congeners (or
closely related species) (Robles, 2011). Due to the
limitations of morphological approaches, various
molecular methods have been used widely for the
identification and differentiation of Trichuris species.
Although mt gene is reliable for identifying related
species in many parasites (Lin et al. 2012; Li et al. 2013;
Liang et al. 2013), ITS rDNA has previously been
described as a useful marker for the identification and
differentiation of Trichuris species (Cutillas et al. 2009;
Liu et al. 2014). Therefore, the present study used ITS
rDNA to study the genetic variation in T. ovis. At least
nine Trichuris species, including T. ovis, T. discolor, T.
skrjabini, T. concolor, T. gazellae, T. globulosa, T. indicus,
T. wuweiensis and T. longispiculu could be identified by
their ITS rDNA sequences. So, we believe it is still
necessary to carry out more experimental research to
provide additional evidence for the hypothesis. Future
studies could (i) employ other more variable molecular
markers and larger number of samples to confirm the
phylogenetic relationships among Trichuris taxa, (ii)
detailed morphological re-description of these
Trichuris nematodes, (iii) characterize the ITS rDNA of
these Trichuris from different hosts.

In conclusion, the present study characterized
T. ovis from goats in Hunan province, China by their
ITS rDNA sequences. Sequence comparison revealed
that the inter-specific sequence differences among the
two Trichuris species were significantly higher than
intra-specific sequence variations within T. ovis.

Acknowledgements

This research was supported by the National
Natural Science Foundation of China (Grant No.
31372431).and Outstanding Young Scientific Research
Project of the Education Department of Hunan
Province (Grant No.14B092).

References

Bethony J, Brooker S, Albonico M, Geiger SM, Loukas
A, Diemert D, Hotez PJ 2006. Soil-transmitted
helminth infections: ascariasis, trichuriasis, and
hookworm. Lancet. 367: 1521-1532.

Burland TG 2000. DNASTAR's Lasergene sequence
analysis software. Methods Mol Biol. 132: 71-91.

Cantacessi C, Campbell BE, Gasser RB2012. Key
strongylid nematodes of animals - impact of next-
generation transcriptomics on systems biology
and biotechnology. Biotechnol Adv. 30: 469-488.

Cutillas C, German P, Arias P, Guevara D 1995.
Trichuris  ovis and  Trichuris  globulosa:
morphological, biometrical, and genetic studies.
Exp Parasitol. 81: 621-625.

Cutillas C, Callejon R, Rojas MD, Tewes B, Ubeda JM
2009. Trichuris suis and Trichuris trichiura are
different nematode species. Acta Tropica. 111:
299-307.


http://www.ncbi.nlm.nih.gov/nuccore/HQ183738.1
http://www.ncbi.nlm.nih.gov/nuccore/HQ183738.1
http://www.ncbi.nlm.nih.gov/pubmed?term=Bethony%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16679166
http://www.ncbi.nlm.nih.gov/pubmed?term=Brooker%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16679166
http://www.ncbi.nlm.nih.gov/pubmed?term=Albonico%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16679166
http://www.ncbi.nlm.nih.gov/pubmed?term=Geiger%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=16679166
http://www.ncbi.nlm.nih.gov/pubmed?term=Loukas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16679166
http://www.ncbi.nlm.nih.gov/pubmed?term=Loukas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16679166
http://www.ncbi.nlm.nih.gov/pubmed?term=Diemert%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16679166
http://www.ncbi.nlm.nih.gov/pubmed?term=Hotez%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=16679166
http://www.springer.com/series/7651

636

Hansen TV, Thamsborg SM, Olsen A, Prichard RK,
Nejsum P 2013. Genetic variations in the beta-
tubulin gene and the internal transcribed spacer 2
region of Trichuris species from man and baboons.
Parasit Vectors. 12: 236.

LiJY, Liu GH., Wang Y, Song HQ, Lin RQ, Zou FC, Liu
W, Xu MJ, Zhu XQ 2013. Sequence variation in
three mitochondrial DNA genes among isolates
of Ascaridia galli originating from Guangdong,
Hunan and Yunnan provinces, China. ]
Helminthol. 87: 371-375

Liang L, Liang J, Shen H, Yao XL 2013. Genetic
diversity of Spirometra erinaceieuropaei from dogs
in Hunan province, China based on analyses of
two mitochondrial sequences. Thai ] Vet Med. 43:
291-295.

Lin Q, Li HM, Gao M, Wang XY, Ren WX, Cong MM,
Tan XC, Chen CX, Yu SK, Zhao, GH 2012.
Characterization of Baylisascaris schroederi from
Qinling subspecies of giant panda in China by the
first internal transcribed spacer (ITS-1) of nuclear
ribosomal DNA. Parasitol Res. 110: 1297-1303.

Liu GH, Gasser RB, Su A, Nejsum P, Peng L, Lin RQ,
Li MW, Xu M], Zhu XQ 2012a. Clear genetic
distinctiveness between human- and pig-derived
Trichuris based on analyses of mitochondrial
datasets. PLoS Negl Trop Dis. 6: 1539.

Liu GH, Wang Y, Xu M], Zhou DH, Ye YG, Li]Y, Song
HQ, Lin RQ, Zhu XQ 2012b. Characterization of
the complete mitochondrial genomes of two
whipworms Trichuris ovis and Trichuris discolor
(Nematoda: Trichuridae). Infect Genet Evol. 12:
1635-1641.

Liu GH, Gasser RB, Nejsum P, Wang Y, Chen Q, Song
HQ, Zhu XQ. 2013. Mitochondrial and nuclear
ribosomal DNA evidence supports the existence
of a new Trichuris species in the endangered
frangois' leaf-monkey. PLoS One. 8: €66249.

Liu GH, Zhou W, Nisbet AJ, Xu MJ, Zhou DH, Zhao
GH, Wang SK, Song HQ, Lin RQ, Zhu XQ 2014.
Characterization of Trichuris trichiura from
humans and T. suis from pigs in China using
internal transcribed spacers of nuclear ribosomal
DNA. ] Helminthol. 88: 64-68.

Mejia-Madrid HH, Aguirre-Macedo ML 2011.
Redescription and genetic characterization of
Cucullanus dodsworthi (Nematoda: Cucullanidae)
from the checkered puffer Sphoeroides testudineus
(Pisces: Tetraodontiformes). J Parasitol. 97: 695-
706.

Nissen S, Al-Jubury A, Hansen TV, Olsen A,
Christensen H, Thamsborg SM, Nejsum P 2012.
Genetic analysis of Trichuris suis and Trichuris
trichiura recovered from humans and pigs in a
sympatric setting in Uganda. Vet Parasitol. 188:
68-77 Pullan RL, Smith JL, Jasrasaria R, Brooker SJ
2014. Global numbers of infection and disease
burden of soil transmitted helminth infections in
2010. Parasit Vectors. 7: 37.

Robles MR 2011. New species of Trichuris (Nematoda:
Trichuridae) from Akodon montensis, Thomas,
1913, of the Paranaense Forest in Argentina. J
Parasitol. 97: 319-327.

Thompson ]JD, Gibson TJ, Plewniak F, Jeanmougin F,
Higgins DG 1997. The Clustal X windows

LiF.etal./Thai ] Vet Med. 2015. 45(4): 633-637.

interface: flexible strategies for multiple sequence
alignment aided by quality analysis tools. Nucleic
Acids Res. 24: 4876-4882.

Wilmsen MO, Silva BF, Bassetto CC, Amarante AF
2014. Gastrointestinal nematode infections in
sheep raised in Botucatu, state of Sao Paulo,
Brazil. Rev Bras Parasitol Vet. 23: 348-354.

Zhu X, Gasser RB, Jacobs DE, Hung GC, Chilton NB.
2000. Relationships among some ascaridoid
nematodes based on ribosomal DNA sequence
data. Parasitol Res. 86: 738-744.


http://www.ncbi.nlm.nih.gov/pubmed?term=Lin%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=21870244
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=21870244
http://www.ncbi.nlm.nih.gov/pubmed?term=Gao%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21870244
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20XY%5BAuthor%5D&cauthor=true&cauthor_uid=21870244
http://www.ncbi.nlm.nih.gov/pubmed?term=Ren%20WX%5BAuthor%5D&cauthor=true&cauthor_uid=21870244
http://www.ncbi.nlm.nih.gov/pubmed?term=Cong%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=21870244
http://www.ncbi.nlm.nih.gov/pubmed?term=Tan%20XC%5BAuthor%5D&cauthor=true&cauthor_uid=21870244
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20CX%5BAuthor%5D&cauthor=true&cauthor_uid=21870244
http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=21870244
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhao%20GH%5BAuthor%5D&cauthor=true&cauthor_uid=21870244
http://www.ncbi.nlm.nih.gov/pubmed/22926017
http://www.ncbi.nlm.nih.gov/pubmed/22926017
http://www.ncbi.nlm.nih.gov/pubmed/22926017
http://www.ncbi.nlm.nih.gov/pubmed/22926017
http://www.ncbi.nlm.nih.gov/pubmed/23840431
http://www.ncbi.nlm.nih.gov/pubmed/23840431
http://www.ncbi.nlm.nih.gov/pubmed/23840431
http://www.ncbi.nlm.nih.gov/pubmed/23840431
http://www.ncbi.nlm.nih.gov/pubmed/23113971
http://www.ncbi.nlm.nih.gov/pubmed/23113971
http://www.ncbi.nlm.nih.gov/pubmed/23113971
http://www.ncbi.nlm.nih.gov/pubmed/23113971
http://www.ncbi.nlm.nih.gov/pubmed?term=Mej%C3%ADa-Madrid%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=21506838
http://www.ncbi.nlm.nih.gov/pubmed?term=Aguirre-Macedo%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=21506838
http://www.ncbi.nlm.nih.gov/pubmed?term=Nissen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22494938
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Jubury%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22494938
http://www.ncbi.nlm.nih.gov/pubmed?term=Hansen%20TV%5BAuthor%5D&cauthor=true&cauthor_uid=22494938
http://www.ncbi.nlm.nih.gov/pubmed?term=Olsen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22494938
http://www.ncbi.nlm.nih.gov/pubmed?term=Christensen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22494938
http://www.ncbi.nlm.nih.gov/pubmed?term=Thamsborg%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=22494938
http://www.ncbi.nlm.nih.gov/pubmed?term=Nejsum%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22494938
http://www.ncbi.nlm.nih.gov/pubmed/25271455
http://www.ncbi.nlm.nih.gov/pubmed/25271455
http://www.ncbi.nlm.nih.gov/pubmed/25271455
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=11002982
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gasser%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=11002982
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobs%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=11002982
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hung%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=11002982
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chilton%20NB%5BAuthor%5D&cauthor=true&cauthor_uid=11002982
http://www.ncbi.nlm.nih.gov/pubmed/?term=Relationships+among+some+ascaroid+nematodes+based+on+ribosomal+DNA+sequence+data

Li F.etal./Thai] Vet Med. 2015. 45(4): 633-637. 637

= wa o 1 o a = a . "
m'sﬂnm@mauumaamLmum'la"lunqawwaamLﬂaaﬂﬂu‘[waaﬂLauLamm Trichuris

ovis nungTuNNaUILUsSEIMAIY

Fen Li YilLiu Wen-Cheng Chen Tao Hu Liu-Chun Duan Wei-Liu Tian-Yin Cheng*

v
=

Trichuris ovis endeagniglunsziizanldvguazaldlugjvedeandaduanmguadsane1duddn wliiwenduiniay

drfnyeavn nvesdnd Fedwmaremuandemediruuaziasugnalunilan uidudnlanuaudimsluanavemeduiniiiie

4 q
£

Gnties Tun1sfnunadsilldliuiisegnisfiediudiuauees TuedeslsTuleveafifiuie (rDNA) fikuns 1751 uay 1752 w89
T ovis AlFanunglusnmaymuiulszimaiuse uazihdduemelmisdiasgimdfuuaiioussiiuauvainuaisves
SAULUARLD UL WUIRLOWLBYRS /TS rDNA 91069814 T. ovis Sim1uena 1289-1303 bp 91nNSATIEAMEIAULUALERAIIT
ITS-1 rDNA, 5.85 uaw ITS-2 IDNA ¥eene3udsindaduea 725-734 bp, 163 bp waz 401-406 bp »ua1diu T18fen15nageu
ArvianvasvesdfuaRiBuely 175 ONA Tanglunagsenitsaneiugues T. ovis edaaumainuansvesdiduiuai
Bueluiunsiifidduvafueeniy wuhaamanvanevesdfuaRue meluameRug s 1751 fe 0-2.7% uas
ITS-2 #0 0-4.19% dmiuvainuangvesdifuiuaiduessninsaneiugues T ovis uazwenSudihaneiugduiidums 1ms-1
FDNA §lunnnn 45.79% uagiidumids /TS-2 rDNA Snnn 51.3% wansAneiuansindduiuaes 175 roNA wangaufiaglfiu
ﬁa%ﬁ’mwwqﬂ’uqﬂﬁsmLﬁaiquLazf\T'}LLuﬂﬁuﬁﬂﬁuaa T. ovis %mﬂaméwﬁﬂwaLﬂuﬂiﬂwﬂlﬁamsﬁﬂmwmzmmfjw&m Usgvn35

o

Wugnssuves T. ovis TiudiaiiensitadelsaneBudiluunsuasuny

AdnAey: UsewmAlu Internal transcribed spacer Sequence variation Trichuris ovis,

College of Veterinary Medicine, Hunan Agricultural University, Changsha, Hunan Province 410128, PR China
*@'?Uﬁmfauuwmw E-mail: hn5368@163.com, yiliupro@163.com



