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Abstract: Spike (S) gene of Canine coronavirus giant panda’s isolate (CCV strain DXMV) was amplified
and cloned into pGEM-T for sequencing. The complete length of spike gene of strain DXMV was 4362 bp,
which encoded 1453 amino acids. The initiative 18 amino acids were signal peptide. The homologies of
nucleic acid and amino acid of spike among strains of CCV were 40.2-99.5% and 15.9-99.0%, respectively.
The variation mainly exist in front half second region of S gene, especially in the regions of 350-370,
439-478 and 1718-1818 nucleotide acids, while the region 1060-1700 nucleotide acids shows high
conservative. Phylogenetic tree based on S gene and deduced amino acid sequence of 12 different strains
of CCV showed that strain DXMYV had closer relationships with wild strain K378, NVSL and US patent.
There are 34 N-glycosylation sites in deduced S protein of strain DXMV and V54, but 33 for strain
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Insavc-l. Noticeably, the potential glycosylation site 566-568 was owned by DXMV and most virulent
strains but not for weak virulent strains. Moreover, there were some differences in the hydrophobicity and
antigenic index between DXMV and other strains of CCV. The effects of the differences in S protein on

pathogenicity and immunogenicity should be further studied.
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According to serum proofs of neutralization test
and analysis of phylogenetic tree, coronaviruses can
be divided into four serogroups. Canine coronavirus
(CCV), an important causative agent of canine
enteritis, is subordinate to serogroup I. It can infect all
kinds of dogs, resulting in diarrhea, loss of appetite

and weight!!”

. What's more, it even infect giant panda
(Ailuropoda melanoleuca) and others wildlife animals
(361 1p 1997, our laboratory isolated a coronavirus
from the liver of acutely died giant panda of Wolong
Reserve with CRFK cell line, and verified that it was a
strain of CCV by RT-PCR and sequencing. However,
so far, no one had sequenced the complete spike (S)
gene of giant panda’s isolate of CCV. In order to study
the novel molecular biological characteristics of giant
panda’s isolate and relationships with other strains of

CCV, the following experiments have been carried out.

1 Materials and Methods

1.1 CCV giant panda’s isolate ( strain DXMYV)

The strain DXMYV was isolated from the liver of
an acutely died giant panda with feline kidney CRFK
cell line by the culture of monolayer cell and adapta-
tion of continuous passages, which had been identified
by conventional methods, RT-PCR and sequencing.
1.2 Main reagents

M-MLYV, RNasin, T4 DNA ligase and dNTPs
were purchased from MBI company. RNA Extraction
kit was from QIAGEN company. Tagplus DNA
polymerase, DNA gel extraction kit were gained from
Shanghai biotechnological Co.Ltd. pGEM-T vector
from Promega company. Restriction endonucleases
and other regents were obtained from Takara Co.Ltd .
1.3 Specific primers

According to spike gene sequence of CCV strain
V54 reported by GenBank, a pair of specific primers
was designed and used to amplify S gene of strain
DXMYV. Upstream primer: 5’-CAGGTACCACCATG
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ATTGTGCTTACATTGTGCC-3’;Downstream primer:
5’-GAGCGGCCGCACATTTTGAATTCAGTGAAC
ATGA-3’. In order to further clone, Kpn I and Nosl
sites were added in the 5’end of upstream and downs-
tream primers, respectively.
1.4 Isolation of total RNA

Strain DXMV was cultivated in monolayer cell
of CRFK. When cells appeared cytopathic effect, the
culture was harvested and used to isolate the total
RNA. RNA Extraction kit was used as described as
the kit instruction of menu to isolate total RNA. The
isolated RNA was finally dissolved in 20puL. RNase-
free water.
1.5 Reverse transcription and PCR amplification

Reverse transcript was carried out according to
the reference{7]. PCR volume was 50uL with RT
product 2puL, 10 XPCR buffer 5uL., 25 mmol/L. MgCl,
4uL, 25 pmol/uL upstream primer 1pL, downstream
primer 1pL, 2.5mmol/L. ANTPs 4uL., HyO 32.7uL and
5U/uL. Tagplus polymerase 0.3 pL. The condition of
PCR reaction was as follows: 96°C, 200s; 94°C, 40s; 54
C, 50s; 72°C, 280s; 35 cycles; then 600s extension. The
PCR products were detected in 0.7% gel electrophoresis
and photographed in UV.
1.6 Cloning, sequencing and sequence analysis

The PCR product was recovered by DNA gel
extraction kit and ligatured with pGEM-T overnight.
Then the ligatured products were transformed into
competence E.coli JM109. The recombinants were
screened by blue/white plaque, PCR and restriction
enzyme digestion reaction. The correct recombinant
was named pTS and delivered to Takara Co.Ltd for
sequencing. The sequencing result was analyzed by
molecular software of DNAstar and DNAMAN.

2 Results

2.1 Amplification of S gene by PCR
The electrophoresis results showed that the length
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of PCR product was 4362 bp, which coincided with
the expectant length (Fig. [)

bp
4362

Fig. 1 Amplification ol 8 gene

M, D, L-13000=2000 1. CCV strain V54 2. CCV strain DXMV.

2.2 ldentification of recombinant pTS

The fragment amplified from the template pTS
were tallied with expectant results. The interesting gene
fragments were also gained with restriction enzyme
digestion reaction. Two recombinants were screened

from 12 white plaques (Fig.2 ).

4362

"I

Fig. 2 Identification of recombinant pTS by enzyme digestion

M. D, L-1300042000; 1, pTSIKpal+Nml; 2, pTSIHdIL 3, pTSS Not L

2.3 cDNA sequence of S protein gene and de-

duced amino acid sequence

The sequencing results showed that the complete
length of spike protein gene of strain DXMV was
4362bp and encoded 1433 amino acids (GenBank
accession number. AY436637). The initiative 18 amino
acids were signal peptide (Fig.3). Compared with S
gene of other strains of CCV, the variation parts mainly
existed in front half region of S gene, especially in the
regions of 350-370. 439-478 and 1718-1818 nucleotide
acids. However, the region of 1060-1700 nucleotide acids
shows high conservativeness. There are 34 potential
N-glycosylation sites in deduced amino acid sequence
of S protein for strain DXMV and V54, but 33 for
strain Insave-l. Noticeably, the potential glycosylation

site in 566-568 amino acids was owned by giant

Panda’s isolate and most CCV virulent strains but not
for weak virulent strains. The potential glycosylation
sites on 537-539, 557-559, 566- 568, 14-16 and 94-96
amino acids, respectively, played important roles in the
formation of the subsites Aa, Ab, Ac. B1 and B2 according
to the interrelated analysis based on S protein of
transmissible gastroenteritis virus (TGEV). Additionally,
the sequence MKRSGYGQPIA in 537-547 amino acids
of N-terminal of deduced S protein was found. which
was entirely same as the sequence forming the subsite
Ac of TGEV.
2.4 Analysis of phylogenetic tree

Phylogenetic tree based on S genes and deduced
amino acid sequences of 12 different strains showed
that there were two different serotypes for CCV,
{(CrCV) and

serotvpes showed low identity. Enteron-type CCV can

respiratory-type enteron-type. Two
also be divided into genotype 1 (DXMV, US patent,
k378, CCV6, Insave-1, V34, 5821, NVSL and BGF10)
and genotype I (Elmo02, 2303). The strain DXMYV
was subordinate to genotype | and had closer
relationships with high virulent strain K378, NVSL
and US patent. but far distance with virulent strain
Elmo02, 2303. Compared S genes with other strains.
the homologies of nucleotide and amino acid of spike
among CCV strains were 40.2%~99.5% and 15.9%~
99.0%, respectively. (All strains were gathered from
GenBank. All sequences’ accession numbers were as
follows: CCV DXMV, AY436637; US patent, AR206117;
K378, A22732: CCVo6, A22882; CCV [nsave-l, D 13096;
CCV V54, A22886; CCV 5821, ABO17789: CrCV,
CQ772298: NVSL, AF116244; BGF10, AY342160;
Elmo02, AY307020: 2303, AY307021).
2.5 Analyses of predicted hydrophobicity and

antigenic index

Hydrophobicity and antigenic index of amino acid
sequence of spike protein of DXMYV strain were analvzed
by DNAMAN and DNAstar software. The results showed
it had two apparent hydrophobic regions, 1-18 and 1405-
1425 amino acids, which possible consisted of signal
peptide and transmembrane region, respectively (arrow
note). In addition, there are some differences in predicted
antigenic index of spike protein between strain DXMV
and Insave-1, which possibly results in ditferences in

their pathogenicity and immunogenicity (Fig.6).
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TGCCTCCTCTTGTTTTCGTACAATAGTGTGATTTGTAGATCAAACAATGACTGTGTACAAGT TAATGTGACAGAAT TGCGTGGCAAT
] AT AT T A S VA T ™M™ ¢ viav N vTiaogLPpGN
GAAAA TITCTATITCACACCTTCAAAGAAGAAGGAAGTGTAGTTGT TGGTGGT TAT TACCGTAGAGAGGTG TGGTATAAGTGCTCGAGAAGC
2 AT AT A AT A A A TP TR Y Y B E VW Y N e 8§ R S
TTACAAGGATTTTAGTAATATACATGCATICTATTTTGATATGGAAGGCATGGAGAATAGTAGTGGCAATGCACGAGGT ARACGTT TAGTA
g A T T T g AT AT TR0 AR A A s TGN ARG K P LL
GGTGATCCTGTTAGTATCATCATATATATATCGGCTT ATAGAGATGATGTGCAAGGAAGGCC TCTTTTAARACATGGTTTGTTGTGTATAACT
168 R A A A S s ST e o S el
AMAAATGARATCATTGACTATAACACATTTACCAGCGCACAGTGOAGTGCCATATGTTTGOGTGATGACAGAAAAATACCATTCTCTGTCATACCCCCAGATAAT
et et el i R S R i A St i et i Ul e a1
AAAAATATTTGGTCTTGAGTGRAATGATGACTATGT TACAGGCTATATTAGTGATCGTTCTCACCATTTGAACATCAATAATAAT TGGT TTAACAATGTG
% b et A S -l T M st S L S i i B B
TACTCTCGATGAAGCACTGETACGTGACAGAAGAGTECTGCATATGT TTATCAAGGTGTTTCARATT TTACTTATTAGAAGT TAAATAAGACGAAT
it AT A AT AT A TR T Ty MR AT R TR NN
AAAAGCTATGAATTGTGTGAAGATTATGAATACTGCACTEGCTATGCTACCAACGTAT TTGCCCCBACAGTGGGCGGT TATATACCTGATGECTICAGT
5 i as S -l o R L St e i S S i Al A s e S A a2
1 TITAACAATTGGTTTATGCTTACAAACAGTTCCACGTTTGT TAGTGGCAGAT TTGTAACAAATCAACCAT TATTGGT TAATTGTT TGTGROCAGTRCCCAGTTTT
ot FNNWFWHLTNSSTFYSGRFVTNGPLLVNCLEPVESF
GGTGTCACAGCACAAGAATTTTGTT TTGAAGGTGCGCAGT T TAGCCAATGTAATGGTGTGTCTT TAAACARTACAGTGGATGTCATTAGATTCAACCTTAATTTT
38 GVAAGOQFCFEGAKQFSOQCNGNVYSLNNTVDVIRFNLNE
1051 ACCACAGATGTACAATCTGGCATGGGTGCTAGAGTATTTTCACTGAATGCAACAGGTGGTGTCATTCTTGAGATTTCTTGTTATAATGATACAGTGAGTGAGTCA
35 TTDVOSGHNEGATVFEFSLNATGGVILEISCYNDTVSES
1156 AGTTICTACAGTTATGGTGAAATTTGATICOGCATANGTGATGGACCOCGT TACTGTTTCACACTCTATAATGGCACGGCTCTTAAGTATTTAGGAAGATTACCA
386 SFEYSYGETSFGVTDGPRYCFEFALYNGTALKYLGTILEP
1261 CGTAGTGTCAAGGAAATTGCTATTAGTAAGTGGGGCCATTTTTATATTAATGGTTACAATTICTITAGCAGTTTTCGTATTGATTGTATATCTTITAATTTAAGG
2 PSS VK E T AT S KNG HFY T NGYNFFSTFPIDEI SFNLT
1366 AGTGGTGATAGTGGAGCATTTTGRACAATTGCTTACACATCTACACTGACGCATTAGTACAAGT TGAAAACAGAGCTATTAAAAAGGTGACGTATTGTAACAGT
456 TGDS 6AFNTILAYTSYTO ALY QVENTAKIKKYTYCNS
1471 CACATTAATAACATTAAATGTTCTCAACTTAGTGCTAATTTGCAAMTGGATITTATCCTGTTGCTTCAAGTGAAGT TGGTCT TGT CAATAAGAGTGTTGTGTTA
491 HON KT KCSQLTANLGNGEFVYPVASSEVELVNKSVVL
1576 CTACCTAGTTICTATTCACATACCAGTGTTAATATAACTATTGATCT TGGTATGAAGCGTAGTGGTTATGGTCAACCCATAGCCTCAACATTAAGTAACATCACA
526 LPSFYSHTSVAN/ITIDLCEKXRSECYCUTPFT RS T LSKHIT
1681 CTACGAATGCAGGATAATAACACOGATGTGTACTGCATTCGTTCTAACCRATTTTCAGT TTACTITCATTCCAGTTGTAAAAGTTCTTTATGGGACGATGTGTTT
561 L P W QD NNTDVYETRSNRFSYYEHRSTCEKSSSLNDDVF
LB AATTCOACTaCACAGATG T T TATATagTACAG TG TATAAAACTOGTACTT TCETTTCTORT[TGATAARTTGAACAATTACT TAAGTT TTAAGMAGTIC
56 NS DCTDVLIATKAVIKTIGCTCPFSEDKLNNYVLTFENKF
1891 TGTTTGTCATTGAATCCTGTTGRTGCCAACTGCAAGT TTGATGT TGOCGCTCRTAGAAGAACCAATGAGCAGETTGT TAGAAGTTTATATGTAATATATGAAGAA
831 CLSLNPVGANCKFDVAKRTRTNEGNV VR ST YV IYEE
1996 GGAGAGAACATAGTGOGTG GE0GTCTCAGAATAGTGGTCTTGACRACT TG TGAGTGCTACACT TAGACTCCTGTACAGATTATAATATATATGGTATAACTGGT
866 G D N I VeV P SDNSGELHDLS SYLHLDSETDYNITYGEITE
BI0T O TaTATTAT A ARG TACAGTAGGTAC T TAGTGaCTTATATTACACATCAGTATGAGRTGACTTGT TAGRGT [TARAATGTTAGTGATGGTGTCATC
7o VE Tl T RGTNSTLLSGELY VT SLSEDLLEFRKNYSD GV I
2206 TATTCTGICACGCGATGTGATGTAAGCGCACATGCTGCTGTTATTGATGROGCCATAGT TGGAGCTATGACTTCCAT TAATAGTGAACTGT TAGGTCTAACAGAT
73 YSVTIPCDVSAHKRAVIDGATYGAKMTS T NSELLEGTLTH
2311 TGGAGAAGAACACGTAATTITTATTATTATTCTATATATAATTATACCAATGAAAGGACTCGTGGCACAGCAAT TGATAGTAACGATGT TGAT TGTGAACCTATC
Vil ETTTPNFYYYSTYNYTNERTRGTAIDSNDNVDGEGEP I
B8 ATAGCTATIGTAATATAGG TG TTE T AMAAATGAGCTTTGOT T TTAT TAACGTCAGACAT TGTGATGRAGACG T TCAACCAATTAGCAGOGGTARTGTCAGGS
806 FTY SN TGV EKNEKLVFETNVTHSDEDVEP I STGENYT
2821 ATACGTAGAATT L TACCATAT TG GCAG T TOAATAGAT TCAGG T TAGAGTACAGOGG TTGATAGATTGTTGANGTACGTTTGCAKTGGTAAGGETAGA
8ai PP THETISVEVEY LGV T TEVETDESRYVENGNTER
2626 TGCAATAAATTGTTAAGGCAATACGTTTGTGCATGTCARAGTAT TGAGCAAGGAGT TGGAAT GBGTGGCAGAGT TGAAAACATGRAGAT TGATTCCATGTTGTTT
] ENKLL TGO YV SKCaT I EQATLAMNGARTLENMWETIDSWHLFE
2731 GTTQGGAAAATGCCCTTAAATTGGCATCTGTTGAAGCAT TCAATAGT ACGGAAACTT TAGATCCTATTTACAAAGAATGRCCTAACATTEGTGGTTCTTGGCTA
811 VSENKLKLEKSVERKFNSTETLD BT YKENPNIGSGES HL
2636 CGAGGTTTAMMAGACATATTGCGATCTCACAACAGCAMACTARGTACCEG TERGGTATAGANGATT TGCTTT TTGATAAGGT TGTAACATOTGGCTTAGGTACA
bas GG L KD 1L P S HNSEKRKIRSKIEDLLFDKYVTISELET
2041 GTTGATGAAGATTATAAACGTTGTACAGGTGGTTATGACATAGCTGACTTAGTGTGTGCACAATATTACAATGGCATCATGGT GCTACCTGGTGTAGCTAATGAT
881 VD R D YRR G G DR D LA T A e oA O SGTSCTACRTaRTETASTA TS
3046 GACAAGATGOGTATGTACACTGCATCTCTTGCAGGTGGTATAACATTAGGT TCACTTGGTEGTGACACAGTGTCTATACGT TTTGCAATAGCAGT TCAAGCCAGA
1018 DK N A M Y T RS L RG G g g e g TG ACTT T TERM T AGRACT TeAaRoAR
3151 CTTAATTATGTTGCTCTACAAAGTGATGTATTGAACAAGAACCAGCAGATCCTGACTAATGCTT TCAATCAAGCTATTGGTAACAT TACACAGGCATTTGGTAA
1081 A R e e A e - e 't S i G e et e o Gl A
3256 GTTAATGATGGTATACATCAAAGGTCACAAGGTCTTGCTACTGTTGCTAAAGTAT TGGCAAAAGTGCAAGATGT TG TAACACACAAGGGCAAGGT TTAAGCCAC
1086 VND A I H QT §86L KTV AKNVLARNYQD VY NQEARTMN
3381 CTAAGAGTACAATTGCAAAATAATTTCCAAGOCATTAGTAGTTCCATTAGTGACATTTATAACAGGCT TGATGAATTGA aCTG
1121 L L R g R AT AT AT T Ao T CpAT [ CAGTaRTapTaRACRAGT TepeARSeT
3468 ATTACAGGAAGACTTACAGCACTTAATGCATITGTGTCTCAGACTTTAACCAGACAAGCAGAGGT TAGGCTAGCAGACAGCT TGCTAAAGACAAGGTAAATEAA
1156 i - e e B e o i i et e e U o i
3571 TGOGTTAGGTGTCAATCTCAGAGATTTGGATTCTGTGGTAATGGTACACAT TTGTTTTCACTTGCAAATGGAGCACCAAATGGCAT GATCTTCTTTCACACAGTG
1101 CV RS QSO RFGFCGNGT AL F L RN R R MTCEAACTICTITEApAY
3678 CTATTACGAACAGGTTATGAAAGCGTGACAGOCTGGTCAGGTAT TTGTGCATCAGATGGOBATOGTACTTTTGGACTTGTTGT TAAGRATGTCCAGT TGACGCTG
1226 LLPTAYETVTANSGTCASDGDRTFGLVVYKDVOLTL
3781 TITCGOAATCTAGATGACAAATICTATTTGACTCCCAGAAGTATGTATCAGOCTAGAGTTGCAAGTAGTTCTGATTTTGTTCAAATTGAAGGATGTGATGTGTTG
1261 F RN LD DR T A A A T T A Ay R AA TG TTGT R TT TG TCAMT TprcgATE O TOTeTT
3888 TITGTTAATGCAACTGTAATTGACTTGOCTAGTATTATACGTGACTATATTGATATTAATCARAGTGT TCAGRACATATTAGAAAATT TCAGACCARATTGEAGT
1206 T A A AT AT T A A A AT LoAA AT oAC
3991 GTACGTGAGTTGOCACTTGACATTTTCAATGCAACCTACTTAAACCTGACT GGTGAAAT TAATGACT TAGAATT TAGGTCAGAAAAGT TACATAACACCACAGTA
tid VP E LB L D 1 E N A Ty LN LT g T AT AT A STTACKTANCAGrAGAGTS

58

CTTGGTATTCTCATTGATAATATTAATAACACATTAGTCAATCTT TCAATA GAAAG AAAATGGCG
GeA LATLIDNINNTLVNL GEAT%GGLCAQ %M.II'T E T“'Qm.\l; K TH PTT%GTQTG.\I;GT%GGFCF

4201 ATTGGATTAGTAGTAATATTCTGCATACCCATATTGCTATITTGTTGTTGT,
4306 TGTAGTAGMGGGMTTTGMAGTTATGMGCMCCGMAMGTGCATGTTCA(_;§
1436 CSRRGFESYEPTEK

Fig.3 Nucleotide sequence of S gene of CCV strain DXMYV and deduced amino acid sequence
The initiation and stop codon were shadowed. The upstream and downstream primers were underlined in nucleotide sequence. Signal peptide and
transmembrane region were underlined in deduced amino acid sequence. Potential N-glycosylation sites were noted with boldface type. The necessary
glycosylation which consisting of antigen site A and B were marked by italics. The deduced subsite Ac was covered with box.
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CCvV
CCV 5821
CcCcv e
CCVDXMV 99
CCV DVSL 91% 41%
CCV US patent

CCV k378 93%
CCYV Insavc-1 57%
CCV V54 2%
CCV BGF10
CCV Elmo
CCvV 2303

:] 89%

Fig. 4 Phylogenetic tree of CCV based on homology of S gene
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CCV 6

CCV DXMV
CCV K378
CCV NVSL
CCV US patent
CCV V54
CCV BGF10
CCV Insave-1
CCV Elmo

89% _
covas

Fig. 5 Phylogenetic tree of CCV based on homology of
deduced S protein

16%

14 100 200 300 400
0
25

1.7

500 600

-1.7

700 800 900

Numbers in figure 4 and 5 denote the homology
of S gene and deduced amino acid sequence of 12
different strains.

3 Discussion

With the rapid development of canine and
wildlife animal industry, CCV is seriously imperiling
the security of canines and some precious wildlife
animals such as giant pandas. Mainka et al® (1994),
who carried out serological survey of giant panda in
the Wolong Reserve in China, found that three in eight
giant panda’s sera are CCV antibody positive, which
indicated that CCV may infect panda and induce
specific neutralization antibody. In our study, we found
that the variation region chiefly existed in the front
half of S gene, especially in the regions of 350-370, 439-
478 and 1718-1818 nucleotide acids which encoded
the globe of S protein, while the sequence of back half
of S gene exhibited high conservativeness.

1000 1100 1200 1300 1400
u Hydrophobicity Plot-Eisenberg

0 AL A AL o M A sl i b i s s

Fig. 6 Analysis of hydrophobicity and antigenic index plots of S protein of CCV strain DXMV by DNAstar software

Spike, a main structural protein of CCV which is
on the surface of virion, can induce body’s immune
system to produce neutralization antibody against CCV.
Swine TGEY, another detailedly studied member of
serogroup 1 coronavirus, had close relationships with
CCYV in antigenicity™ *'>'. Correa er al (1988) verified
that there were four antigenic sites A, B, C and D on the
spike protein by identification of monoclonal antibody
against TGEV!'"). Falima et al (1991) further found that
antigenic site A was composed of three subsites Aa, Ab
and Ac and the amino acid residues 534, 591 and 543
possibly played important roles in the formation of
these subsites, rcspectively["]. Moreover, the amino
acid residue 586 can also influence the forma- tion of
subsite Aa and Ab, which denoted that antigenic site A
had complex threedimensional structure. Delmas et al
(1990) found that the subsite Ac of TGEV can be
signified by 537-MKRSGYG QPIA-547"%. Our studies

on spike protein of DXMV strain coincided with
Delmas’s studies. Additionally, Simpkins and Christine
et al found that glycosylation was necessary to form the
correct structure for antigenic site A and B!,
According to present studies on TGEY, spike protein of
CCV was deduced to have similar antigenic structure
and functions. It not only can specifically recognize
host-cell receptor (Aminopeptidase-N, APN), resulting
in fusion of viral envelope with cell membrane, but also
can induce specific neutralization antibody for carrying
antigenic determinant of B cells. Meanwhile, it possibly
plays an important role in pathogenesis because it has
close relationships with viral virulence and cell tropism.

Although there was only one serotype for enteron-
type CCV, genetic differences had been found among
different strains. Pratelli et al found that there existed
two distinct genotypes of CCV in pups and two
genotypes can be simultaneously detected in the fecal
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samples of dogs with diarrhea (1617 Two prokaryotic
expressed proteins of S gene of genotype I can only
strongly react with the sera-positive for genotype I,
whereas the sera-positive for genotype II showed low
there exist in reactivity in the ELISA assay'®), which
denotes that antigenic differences of S protein between
genotype I and genotype 1. In our studies, phylogenetic
tree also indicated that there was distinct genetic
diversity among different strains. Whether genetic
variability of S gene may result in the changes of host
range needs to be studied further. Giant pandas are
precious wildlife animals in China. Although government
has tooks effective measures to protect giant panda in
breeding and reproduction, prevention and control of
infectious disease, especially virus disease, is still a
arduous.and pressing task.
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