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Summary. - The genome of Transmissible gastroenteritis virus (TGEV) displays genetic diversity especially in
gene 3 region. Sequence and comparative analysis of 3a and 3b genes of eight Chinese field strains with reference
TGEYV strains indicated that these strains shared 87.0-100% and 51.5%-100% identities at the nucleotide level,
respectively, and 86.1%-100% and 66.2%-100% identities at the amino acid level, respectively. Moreover, in
one of the strains (CH/SDQ/08), a 51 nt deletion in the gene 3 region was found. Phylogenetic analysis showed
that the eight Chinese strains were more closely related to TGEV strains H165, H16, Miller M6, Miller M60,
TS, and CHV than to other reference strains. In addition, this study indicated the presence of different TGEV

strains within the same pig herds in China.
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Introduction

Transmissible gastroenteritis (TGE) caused by TGEV is
the major clinical disease in neonatal pigs accompanied by
significant economic losses (Enjuanes et al., 1985). In United
States, TGEV was initially identified as an etiological agent of
TGE in pigs (Doyle and Hutchings, 1946; Doyle et al., 1951).
In neonates, TGEV infects the epithelial cells of the small
intestine leading to the potentially fatal gastroenteritis. The
infection also occurs in the upper respiratory tract and less
often, in the lungs. On the other hand, TGEV causes mild
disease in adult pigs that was reported in many pig-farm-
ing countries between late 1980s and 1990s (Kemeny and
Woods, 1977; Wood et al., 1981; Woods and Wesley, 1986;
Pritchard, 1987; Saif, 2004). In China, TGE outbreak was first
reported in the 1970s. Since then, it has been prevalent in
many provinces and has become one of the most important
viral diarrhea diseases in China.
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Abbreviations: E = envelope; M = membrane; N = nucleoprotein;
PRCV = Porcine respiratory coronavirus; S = spike; TGE = trans-
missible gastroenteritis; TGEV = Transmissible gastroenteritis
virus; TRS = transcription regulatory sequence

TGEV is a member of the genus Coronavirus, group 1,
within the family Coronaviridae. The spherical virion is en-
veloped and contains positive-sense, single-stranded RNA
of about 28.5 kb. The genome contains 9 ORFs that encode
4 structural proteins, e.g. spike (S), envelope (E), membrane
(M), nucleoprotein (N) and 5 non-structural proteins,
replicases la and 1b, proteins 3a, 3b, and protein 7 in the
order (5'-replicase la/1b-S-3a-3b-E-M-N-7-3"). Porcine
respiratory coronavirus (PRCV), strain PRCV-ISU-1, is an
attenuated variant of TGEV that has a reduced pathogenic-
ity and predominantly respiratory tropism (Pensaert et al.,
1986; Wesley et al., 1990; Saif and Sestak, 2006). The genome
of PRCV-ISU-1 is in 96% identical with TGEV with the
exception of deletions of variouslengths (nt 45-752) within
5'-end of the S gene (Woods, 1976). Moreover, sequence
analysis revealed some heterogeneity also in the genes S,
3a, and 3b of other PRCV isolates (Vaughn et al., 1995).
Sequence analysis of TGEV isolates also revealed that there
was a series of large deletions downstream of the S gene or
large deletions/insertions in the gene 3 region (Chen et al.,
1995; Ballesteros et al., 1997; Kwon et al., 1998; McGoldrick
et al., 1999; Kim et al., 2000).

Genetic diversity among coronaviruses is generated by
point mutations, insertions, and deletions introduced into
the viral genome by viral RNA-dependent RNA polymerase
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that lacks a proofreading capacity and by genetic recombina-
tion that occurs via genomic template-switching mechanism
(Masters, 2006). It was reported that 3a, 3b protein as well
as their RNAs are not essential for the replication of TGEV
(Sola et al., 2003), but the precise functions of these proteins
have not been completely understood so far.

In the present study, the fragments of 8 Chinese field
TGEV strains containing a part of the S gene, 3a gene, 3b
gene, and a part of the E gene (part of S-3a-3b-part of E) were
sequenced and compared with respect to their genetic diver-
sity in the gene 3 region. The sequences of 3a and 3b genes
were aligned and compared with the sequences of Chinese
vaccine strain H165 and other reference TGEV strains.

Materials and Methods

Fecal samples. Samples were taken from piglets with watery
diarrhea and dehydration in six different pig-raising farms in
China. The fecal samples were confirmed as positive for TGEV
using Antigen Rapid TGE Ag Test Kit (Animal Genetics Inc.).
They were handled as described previously (Chen et al., 2008) and
supernatants were collected for amplification of the gene 3 region
by RT-PCR.

RT-PCR. Total RNA was isolated from the supernatant (200 pl)
containing TGEV with Simply P Total RNA Extraction Kit (Bioer
Technology) according to the manufacturer's instructions. RT step
was performed with reverse transcriptase primer FP3 (5'-GGAG
GGTTATGGGGTTGAAG-3") and MMLYV reverse transcriptase
reagent kit (TaKaRa). PCR was performed using the specific primers
FP1 (5'-ATTGAAAAAGTGCACGTCC-3') and FP2 (5'-CAACAG
GAACCAGAAAATG-3") with Ex Taqg DNA polymerase (TaKaRa)
for 30 cycles at 95°C for 45 secs, 50°C for 1 min, and 72°C for 75
secs followed by a final extension step at 72°C for 10 mins. The
PCR products were analyzed on 1% agarose gels and purified with
Biospin Gel Extraction Kit (Bioer Technology) according to the
manufacturer's instructions.

Cloning, sequencing, sequence and phylogenetic analysis. The
purified PCR products were cloned into a T-tailed vector,pMD18-T
(TaKaRa). Three to five independent DNA clones from each TGEV
strain were sequenced using M13 sequencing primers (Shanghai
Sangon Biological Engineering Technology & Services). The se-
quences were compiled and ORFs were determined using Gene
Runner program version 3.00 (http://www.generunner.com). The
nucleotide and deduced amino acid sequences of 8 Chinese TGEV
strains were deposited in GenBank: CH/HLJB/08 (FJ718993),
CH/HLJH/08 (FJ718988), CH/HNH/08 (FJ718991), CH/SDQ/08
(FJ718990), CH/HBQ/08 (FJ718989), CH/JLY1/08 (FJ718992),
CH/JLY2/08 (FJ718994), and CH/JLY3/08 (FJ718995). The nucle-
otide and deduced amino acid sequences of studied strains were
aligned and compared with those of the reference TGEV strains
using DNAMAN and DNAStar software. The reference strains used
for the sequence alignment, sequence analysis and phylogenetic
tree construction were: virulent Purdue (DQ811789), Purdue P115
(DQ811788), PUR46-MAD (AJ271965), Miller M60 (DQ811786),
Miller M6 (DQ811785), BW021898B (AF179886), CHV TGEV

(U26210), TS (DQ201447), SC-Y (DQ443743), H165 (EU074218),
H16 (FJ755618), TFI (Z35758), KT2 (AF481368), and 96-1933
(AF104420).

Results

Sequence and homology analyses

Sequence analysis showed that 7 of 8 Chinese field TGEV
strains (except for CH/SDQ/08) contained transcription
regulatory sequence (TRS) 5'-CUAAAC-3' upstream from
the initiator ATG of 3a and 3b genes as was previously ob-
served in Purdue strains (Alonso et al., 2002). Compared
with the TGEV Purdue strains, 8 Chinese TGEV strains
had two large deletions, e.g. 16 and 29 nt sequences in the
3a gene as previously observed in Miller strains (Zhang et
al., 2007). A sequence of 31 nt upstream from ATG codon
and the first 50 nt sequence of 3a gene were deleted in CH/
SDQ/08 strain disrupting a predicted 3a protein (Fig. 1).
Compared with Chinese vaccine strain H165, CH/JLY2/08
strain had 7 nucleotide mutations resulting in 2 amino acid
changes (V4I, K5L). Furthermore, a mutation (T2C) in ATG
codon of 3a gene also disrupted 3a protein of CH/JLY1/08
strain. Similarly, each strain of CH/HL]JB/08, CH/HBQ/08,
CH/HNH/08, and CH/JLY3/08 contained a common nu-
cleotide mutation (T173C) in the 3b gene relative to the
sequence of Chinese vaccine strain H165 resulting in the
amino acid change (V58A). CH/SDQ/08 strain also had
a nucleotide mutation (A430G) that resulted in amino acid
change (T144A). CH/JLY2/08 strain had two nucleotide
mutations (T71C, T173C) that resulted in two amino acid
changes (T24I, V58A). CH/HLJH/08 strain contained two
nucleotide mutations (T509C, T730C) and the latter one
resulted in amino acid change (S244P). CH/JLY1/08 strain
had 4 nucleotide mutations and 2 of them (A733T, G734T)
occurred at the stop codon of 3b gene disrupting 3b protein
of CH/JLY1/08, what led to a 3b protein that was 7 amino
acids longer than those of other TGEV strains.

Characteristics of the nucleotide and amino acid sequences
of the 3aand 3b genes are presented in Tables 1 and 2, respec-
tively. The 3a genes of new Chinese TGEV strains shared
nucleotide sequence identities of 96.8%-100% compared
with each other and 87.0%-100% compared with the refer-
ence TGEV strains. At the amino acid level of protein 3a,
Chinese TGEV strains shared 97.3%-100% identities among
themselves and 85.9%-100% in comparison with the refer-
ence strains. Similarly, the 3b genes of new Chinese TGEV
strains shared nucleotide sequence identities of 99.0%-100%
compared with each other and 96.7%-100% with the refer-
ence TGEV strains except for considerably lower identi-
ties found with Miller M60 strain (51.5%-52.9%). At the
amino acid level of protein 3b, Chinese TGEV strains shared
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High ATTGAAAAAG TG AT AT TAAATTTAAAATGTTAATTTTATTATCTGCTATAATAGT
CH/HNH/ D8
CH/HLJE /08
CH/HLTH/ 08
CH/HEQ /D8
CH/SDR /08
CH/TLY3/08
CH/TLY1/08
CH/TLYZ2/08

High ATTTGT TG T TAAGGATGATGAAT AAAGTC T TAAGAACT AR TTTCGAGTCATTACAGG
CH/HNH/ D8
CH/HLJE /08
CH/HLTH/ 08
CH/HEQ /D8
S
CH/TLY3/08
CH/TLY1/08
CH/TLYZ2/08
High TCCTGTP-JEETTGTCM&TCCETTMTECETCCGTEGETGCTGTECTTGECGEECTT
CH/HNH/ D8
CH/HLJE /08
CH/HLTH/ 08
CH/HEQ /D8
0 1 —
CH/TLY3/08
CH/JLY1/08 ——4&—LC
CH/TLYZ2/08 CA-ACTT

High GATTGT AT AT T TGO TG TAACT T TAAAGTAGAATTTAAGACTGLTAAATTACTTGTG
CH/HNH/ D8
CH/HLJE /08
CH/HLTH/ 08
CH/HEQ /D8
CH/SDR /08
CH/TLY3/08
CH/TLY1/08
CH/TLYZ2/08

(]

Fig. 1
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High ToTATAGLTTT TG T AL ACACT TCTTGCGGUTAGG AT AAAGUATATTCTAAGCTTGET
CH/HNH/ D8
CH/HLJE /08
CH/HLTH/ 08
CH/HEQ /D8
CH/SDR /08
CH/TLY3/08
CH/TLY1/08
CH/TLYZ2/08

(]

High CTCT O AT TATTCAAGAAGTAAACACACAAAATC AR MGCATTAMGTGTTACAAAACAAT
CH/HNH/ D8
CH/HLJE /08
CH/HLTH/ 08
CH/HEQ /D8
CH/SDR /08
CH/TLY3/08
CH/TLY1/08
CH/TLYZ2/08

High TP-,EEGEGEGETTETEGMEMCTGTCGTTCTMECTTCETGCGTTGGTGGECT
CH/HNH/ D8
CH/HLJE /08
CH/HLTH/ 08
CH/HEQ /D8
CH/SDR /08 A
CH/TLY3/08
CH/TLY1/08
CH/TLYZ2/08

(]

High TTTT T TAAT AT T GAG T TT TG TAAT TG T TAG T AACCATTCTAT TG TTAATAACACAGT
CH/HNH/ D8
CH/HLJE /08
CH/HLTH/ 08
CH/HEQ /D8
CH/SDR /08
CH/TLY3/08
CH/TLY1/08
CH/TLYZ2/08 T—-

Fig. 1 (continued)
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H165 AAATGTGUAT CATATAAAAC ARG AACGTOTTATAGTACAACAGCATCAGGTTGTTALTGC n40
CH/HNH/ D8 n40
CH/HLJE /08 n40
CH/HLTH/ 08 n40
CH/HEQ /D8 n40
CH/SDR /08 454
CH/TLY3/08 n40
CH/TLY1/08 n40
CH/TLYZ2/08 n40
H165 TAGAACACAAAATTATTACCCAGAGTTCAGCATCGCTGTACTTTTTGTATCTTTTCT AGT 600
CH/HNH/ D8 i 600
CH/HLJE /08 i 600
CH/HLTH/ 08 600
CH/HEQ /D8 i 600
CH/SDR /08 BlY
CH/TLY3/08 i 600
CH/TLY1/08 i 600
CH/TLYZ2/08 i 600
H165 TTTGTACCGTAGTACAAACT TTAAGACG TL T TOGGUAT CTTAATGTTTAAGATTTTATC BED
CH/HNH/08 660
CH/HLJE /08 BED
CH/HLTH/ 08 BED
CH/HEQ /D8 BED
CH/SDR /08 BTY
CH/TLY3/08 BED
CH/TLY1/08 BED
CH/TLYZ2/08 BED
+

H165 AATGACACTTTTAGGACCTATGUTTATAGCATATGUTTACTACATTGATGGUATTGTTAL TZ20
CH/HNH/ D8 TZ20
CH/HLJE /08 TZ20
CH/HLTH/ 08 TZ20
CH/HEQ /D8 TZ20
CH/SDR /08 B39
CH/TLY3/08 TZ20
CH/TLY1/08 TZ20
CH/TLYZ2/08 TZ20

Fig. 1 (continued)
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High A AT T T TATCTTTAAGAT TT GO TACT TAGCATACTTTTGGTATGTTAATAGTAG
CH/HNH/ 08
CH/HLJE /08
CH/HLTH/08
CH/HBR/ 08
CH/SDE /08
CH/JLY3/08
CH/JLY1/08
CH/JLYZ/08

High GTTTGAATTTATTTTATACAAT ACAACGACACTCATGTTTGTACATGGUAGAGTTACACT
CH/HNH/ 08
CH/HLJE /08
CH/HLTH/08
CH/HBR /08
CH/SDE /08
CH/JLY3/08
CH/JLY1/08
CH/JLYZ/08

High GTTTAAGAGAAG T T TCACAGCTCTAT TTATGTCACAT TG TATGLTLGGUATAAATTATAT
CH/HNH/ 08

(]

CH/HLIE/08
CH/HLTH/08

CH/HEQ /D8
CH/SDR /08

CH/TLY3/08
CH/TLY1/08

CH/TLYZ2/08

High GTTTGTGAAT AT AL G T TG AT TT TG TAGACCCTATGUT TG TAAGCATAGTCAATACG
CH/HNH/ D8
CH/HLJE /08
CH/HLTH/ 08
CH/HEQ /D8
CH/SDR /08
CH/TLY3/08
CH/TLY1/08
CH/TLYZ2/08

Fig. 1 (continued)
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H165

CH/HNH/08
CH/HLIB/08
CH/HLTH/08
CH/HBQ/08
CH/SDR /08
CH/JLY3/08
CH/JLY1/08
CH/JLYZ/08

H165

CH/HNH/08
CH/HLIB/08
CH/HLTH/08
CH/HBQ/08
CH/SDR /08
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CH/JLY1/08
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H165

CH/HNH/ D8
CH/HLIE/08
CH/HLTH/08
CH/HEQ /D8
CH/SDR /08
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CH/TLY1/08
CH/TLYZ2/08
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Fig. 1 (continued)
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H165 TG
CH/HNH/ D8
CH/HLIE/08
CH/HLTH/08
CH/HEQ /D8
CH/SDR /08
CH/TLY3/08
CH/TLY1/08
CH/TLYZ2/08
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1202
1141
1202
1202
1202

Fig. 1

Sequence alignment of 3a and 3b genes of Chinese field TGEV strains

Vaccine strain H165 was used as a reference. TRS (gray shaded), start codon (boxed), stop codon (underlined), deletion (dot), identity (dash).

99.2%-100% identities among themselves and 93.0%-100%
identities with the reference TGEV strains.

Phylogenetic analysis

Phylogenetic trees were constructed according to the
available 3a and 3b protein sequences of TGEV strains
presented in the GenBank database (Figs. 2, 3). The phy-
logenetic trees showed quite similar profiles with slight
differences. Phylogenetic analysis of TGEV strains showed
4 distinct clusters, in which the new Chinese TGEV strains
seemed to be more closely related to the strains H165, H16,
Miller M6, Miller M60, TS, and CHYV, than to other refer-
ence TGEV strains.

Discussion

Although combined attenuated vaccine against TGEV
and Porcine epidemic diarrhea virus infections is authorized
for the use in pig-raising farms in many Chinese provinces,
TGE still occurs in the pig herds of China. Moreover, the
diversity among Chinese TGEV strains and other reference
TGEV strains has been reported (Yin et al., 2005). However,
this report is a first one dealing with the genetic diversity in
gene 3 of Chinese field TGEV strains and reference TGEV
strains. Previous studies have shown that there is a genetic
diversity in the genomes of TGEV, especially in gene 3 (Chen
et al., 1995; Kwon et al., 1998; McGoldrick et al., 1999; Kim
et al., 2000; Zhang et al., 2007). Our findings showed that
8 Chinese TGEYV strains were genetically diverse in the gene
3 among themselves as well as in comparison with the refer-
ence strains. The previous results and our findings presented
here suggest that the absence or abnormalities of nonstruc-

tural protein genes is tolerated by the TGEV as well as by
other coronaviruses (De Haan et al., 2002; Shen et al., 2003;
Liu et al., 2008). The results also imply that ORF3 product is
not functionally essential as previously demonstrated with
a reverse genetics system (Sola et al., 2003).

Coronaviruses as single-stranded RNA viruses are fully
equipped for adaptation to ever changing ecological niches,
as they have a high substitution rate of 10~ substitutions/
year/site (Sanchez et al., 1992; Vijgen et al., 2005). Homolo-
gous recombination has also been observed in vitro and in
vivo implying that the mutated or recombinant coronavirus
variants can emerge anywhere at any time possibly putting
public health at risk, as in the case of Severe acute respiratory
syndrome coronavirus (Makino et al., 1986; Keck et al., 1988;
Wang et al., 1993; Jia et al., 1995). Recombination is undoubt-
edly a feature of TGEV replication and evolution (Sanchez et
al., 1992; Enjuanes et al., 1993; Ballesteros et al., 1995). Se-
quence analysis demonstrated that the strains CH/JLY1/08,
CH/JLY2/08, CH/JLY3/08, CH/HNH/08, CH/HLJ]B/08,
CH/HLJH/08, and CH/HBQ/08 were almost identical to the
vaccine strain H165, yet some nucleotide differences were
observed. The strain CH/SDQ/08 was identical to strain H16
except for its large deletions. This finding suggested that some
kind of recombination occurred in examined Chinese strains
and these recombinant events increased the diversity of gene
3. In present study, the new Chinese strains were isolated
from the intensive pig farms raising large numbers of pigs.
However, under these conditions, intensity of viral spread
would contribute to the recombination, since these herds
were treated with the live vaccines. The demonstrated natural
recombination event revealed, that the continuous use of live
vaccines might have actually contributed to natural recombi-
nation and TGEV-associated disease. The sequence analysis
also revealed that these TGEV strains might be prevalent in



69

WANG, C.B. et al.: GENE 3 REGION OF TGEV

"a[3ueLn) 1omof ) Ul (%) AJNUIpI proe ourure paonpap 2[duerry 1oddn oy ur (9) LAyNuUapr spnodPNN

€6 €6 €6 €16 €16  6S6 816 €06 S%6 696  ¥'S6 U6  S¥6 66 198 198 198 198
896 001 001 001 01 98  S¥6 I'e6 €6 00 $86 656  €L6 98 688 688 688 688
896 001 001 001 001 98 <6 I'e6 €6 001 S8 656  €L6 98 688 688 688 6388
896 001 001 001 01 98  S¥6 I'¢6 €6 001 $86 656  €L6 98 688 688 688 688
896 001 001 001 01 98  S¥6 T'c6 €6 001 S8  6S6 €6 98 688 688 688 688
896 001 001 001 001 98 <6 I'e6 €6 00 ¢86 656 €6 986 68 68 688 688
€96 S66  S66  S66  S66  S66 656 PH6 986 86 001 €6 98 001 €06 €06 €06 €06
€6 €96 €96 €96 €96 €96 896 €06 €6 8¢  ¥S6 T  S¥6 656 198 198 198 198
18 606 606 606 606 606 €16 188 I'ee 696 S8 L16  TS6e  F¥e  F¥e  FEe  FWe  FE6
€6 €96 €96 €96 €96 €96 896  ¥'S6 188 e 696 S8 66 €46 98 68 68 688 688
¥96 00T 001 001 001 01  S66 656 786 656 rx $86  ¥S6 696 S8  ¥'S6 ¥ ¥S6 6
€96 <66 66 566  S66  S66 00 896 €16 896  $66 696 <86 001 696 696 696 696
Ps6 98 9% 9% 98 98 166 656 706 656 ¥8 166 e 66 €L6 S8 S8 S8 S8
656 166 166  T66  T66  T66  S66 €96 606 €9 66 §66 986 . 986 688 688 688 688
€96  S66 66  S66 66  S66 001 896 €16 896 66 001 66  S66 . €06 €06 €06 €06
/8 €06 €06 €06 €06 €06 06 S8 LL6 88  ¥L6  L06 868 €06  L06 s 001 01 986
/8 €06 €06 €06 €06 €06  L06  SL8 LL6 88  ¥L6 06 868 €06  L06 001 01 986
/8 €06 €06 €06 €06 €06  L06  SL8 LL6 88  ¥6  L06 868 €06  L06 001 001 9'86
/8 €06 €06 €06 €06 €06  L06 S8 LL6 88  ¥L6  L06 868 €06  L06  S66 66  S66 -
80/ZX1( 80/€XT[ 8O/IXI Eﬁ: 80/0GH 80/4(TH . o o e g
/> /MO /HD .0 /HO  /HD  cer96 A GSSSITOME TN ML SOIH OIH SL o ADS o E%E_ o

surens AFD], PRY 2sauryD

urdoid pue duad e¢ Jo sad>uanbas o) uo paseq surens A [, Jo LSojowoy 1 d[qey,



WANG, C.B. et al.: GENE 3 REGION OF TGEV

70

"a[3uery 1omof 3y Ut (%) AJIUpI proe ourwre paonpap o[duern) raddn oy ur (9) AMUIPT 2pnoAPNN

. 966 00T 766 001 T66 001 001 S€6 LF6 886 L06 9L6 966 T66 86 T99 T66 L6 L96  TL6  9L6 80/TX1(/HD
666 - 966 886 966 886 966 9'66 I'se €96 ¥86  TO06 1.6 T66 886 9L6 L9 886 L96 €96 L96  T'L6 80/€ X1(/HD
966  S66 T66 00T T66 001 001 S€6 LF6 886  L06 9L6 966 T66 86 T99 T66 1L6 L96 TL6  9L6 80/TXT(/HD
L66 966 €66 T66 T66 T66 T66 €%6  S'S6 966 916 ¥'86 966 001 886 T99 001 86 9L6 86  ¥'86 80/0AS/HO
00T 666 966  L66 - T66 001 001 S€6 LF6 886 L06 9L6 966 T66 86 T99 T66 L6 L96  T'L6 96  80/HNH/HD
S66 €66 66 S'66 S'66 - 766 T66 S€6 LF6 886  TI6 946 966 T66 86 L¥9 T66 T1L6 L9 TL6 9.6  SO/HITH/HO
001 666 966  L'66 00T S'66 001 S€6 LF6 886  L06 9L6 966 T66 86 T99 T66 L6 L9 TL6 96  SO/OIH/HO
001 666 966  L'66 00T 66 001 S€6 L6 886  L06 9L6 966 T66 86 T99 T66 L6 L96 TL6 946  S0/A[TH/HD
€96  T96 656 996 €96 196 €96 €96 w66 66 [8 LV6 6€6 €F6 1's6 819 €%6 1'€6 S€6  1€6  S€6 €€61-96
1'L6 L6 L96  ¥'L6 I'L6 696 1’26 T'L6 196 sxx 1'S6 €68 156 1'S6 SS6 €76 TE9 SS6 €76 6€6  €¥6  L¥6 AFIDL AHO
966  S66  T66 666 966 €66 966 9'66 96 €L6 T16 86 T66 966 V86 T99 966 9L6 TL6  9L6 86 4868120Md
§L6  LL6  8L6 186 8'L6 8'L6 L6 8'L6 €56 196 86 e TI6 TI6 916 L06 675 916 €6 976 €6 €6 (AN
86 T'86 86 986 786 1'86 7'86 786 696  ¥L6 S86  L'L6 «x 86 86 L6 TEY ¥86 IL6 L96 L6 9L6 L
666  L66  S66 666 6'66 966 666 6'66 96  €L6 L'66 86 S86 xx 966 786 T99 966 9L6 16 9L6 86 S9TH
L66 966 €66 00T L'66 S'66 L'66 L'66 996 VL6 666 186 986 666 «xx 886 T99 00T 86 9L6 86  ¥'86 9TH
€66  T66 686 966 €66 66 £66 €66 T96 L6 S66  8'L6 TS6 S66 966 xx TEY 886 L96 €96  L96  TL6 SL
67 6T SIS 67TS 6TS s 6'CS 6CS - R O 675 TPF SIS 6TS 6TS STS s T99 TEY  TEY  TE  LP9 09N FRT[TI
L66 966 €66 00T L'66 $'66 L66 L66 996 VL6 666 186 986 666 001 966 6TS .« 86 9.6 86 V86 9N T[T
886 98  ¥'86 66 8'86 $'86 8'86 8'86 796 L96 686 886 T86 686 66 986 STS 66 s 966 001 966 A0S
986 S8 T8 6386 986 786 9'86 986 €96 996 886 986 1'86 886 686 S86 STS 686 666 . 966  T66 AVIN-9RINA
886 986  ¥'86 66 8'86 $'86 886 886 T96 L9 686 886 T86 686 66 986 STS 66 001 666 . 966  SIIdenping
686 886 S8  T66 686 986 686 686 €96 696 66 686 7’86 66 T66 886 STS T66 666 L66 666 -E%EEMM
80/TAT( 80/SAT[ 80/IXT[ 80/DAS 80/HNH 80/HITH 80/O9H 80/4(TH oL o O N

/D  /HD  /HD  /HD /HD /HD /HD /HD  ¢c61-96 Alp TS6SITOME TIN TAL SOTH OTH SL o oo A0S o o mg juspmaa sureng

Surens AgOL PRY 359uyD

urajoxd pue ouad q¢ Jo sao>uanbas oYy uo paseq surens A0 I, Jo ASojowoy 7 d[qey,



WANG, C.B. et al.: GENE 3 REGION OF TGEV 71

EW021808E
4’: FT

CHV TGEV
TS
~~~~~~~~~~~~~~~~~~~~~~ Mlillar M6D
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu :\I.l]l_-_": :\Iﬁ
CHHLIHNE
CH/ILY2/05
555555555555555 -~ CH/IJLY3/08 il
--------------- - CHHNH/0S
CH/HEQ/0S
Tt - CHHLIE/® |
HI165
HI16

- DuréusP113 3
4. DUR46-MAD _
5C-Y n

Vimlent Pundus
KT2 .

8.2

T T T T

8 6 4 2
Nudeotida Bubetitutions (x100)

L=

Fig. 2
Phylogenetic tree of TGEV strains based on 3a protein
New Chinese TGEV strains are boldfaced.

—— CH/HEQ/0S
—— CH/JLY2/08
----- CH/ILY3/08
----- CH/ILYL08
CH/HNH/DS
CH/HLJIE/S
CHHLIEMS -
H163

CHV TGEV
Miller WSO il
CH/SDQ/08
HI6
----------------- Miller M6
TS J

PurdnaP115
5C-Y
L

— PUFA46-MAD
ET2

wimlant Pundus
TFI T
] EWI21500E w
DE-1033 .

iy
in

T 1
2 /]
MNudeotide Substitutons {x100)

Fig. 3
Phylogenetic tree of TGEV strains based on 3b protein
New Chinese TGEV strains are boldfaced.



72 WANG, C.B. et al.. GENE 3 REGION OF TGEV

China, especially in herds maintained at high densities and
intensively exposed to the live vaccines. The possibility that
natural recombination affects efficacy of the vaccination will
be tested in subsequent animal experiments.

In this study, we also investigated whether TGEV strains
isolated from a single herd or from the same province were
identical or similar to each other and evaluated the degree
of their relatedness. We collected the strains CH/HLJB/08 and
CH/HLJH/08 from the same province and strains CH/JLY1/08,
CH/JLY2/08, and CH/JLY3/08 from the same herd. Sequence
analysis demonstrated that the sequence homologies be-
tween them were relatively low. The nucleotide sequence data
discussed above revealed genetic diversity in ORF3 of the
Chinese field TGEV strains, even though the viruses were
isolated from the same place. These results also indicated that
different strains were present in the same farm.

The constructed phylogenetic trees showed that the new
Chinese TGEV strains formed a cluster that was separated
from other TGEV strains. This analysis also indicated that
eight Chinese TGEV strains were more closely related to the
H165 and H16 strains than to Korean, American Purdue,
European, or SC-Y strains. In spite of the fact that most
coronavirus structural proteins have been thoroughly inves-
tigated, at present we are investigating the genetic diversity
of gene 3 region in Chinese field TGEV strains, because little
is known about the 3a and 3b proteins, their homologies
and genetic variations. The isolation of new TGEV strains
in other countries could increase our understanding of the
genetic structure and evolution of TGEV.
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