Arch Virol (2016) 161:223-227
DOI 10.1007/s00705-015-2624-7

=
@ CrossMark

ANNOTATED SEQUENCE RECORD

Complete genome sequence of the first bluetongue virus serotype 7
isolate from China: evidence for entry of African-lineage strains
and reassortment between the introduced and native strains

Heng Yang' - Minna Lv? - Minfei Sun® - Ligin Lin” - Meilin Kou' -
Lin Gao' - Defang Liao' - Heli Xiong' - Yuwen He' - Huachun Li'

Received: 8 June 2015/ Accepted: 22 September 2015/ Published online: 23 October 2015

© Springer-Verlag Wien 2015

Abstract Bluetongue virus (BTV) mainly infects sheep but
can be transmitted to other domestic and wild ruminants,
resulting in a considerable financial burden and trade restric-
tion. Our understanding of the origin, movement, and distri-
bution of BTV has been hindered by the fact that this virus has
a segmented genome with the possibility of reassortment, the
existence of 27 identified serotypes, and a lack of complete
sequences of viruses isolated from different parts of the world.
BTV serotype 7 is one of the prevalent BTV serotypes in Asia.
Nonetheless, no complete genomic sequence of an Asian
isolate of this serotype is available. In an effort to understand
the molecular epidemiology of BTV infection in China, for the
first time, we report here the complete genome sequence of a
BTV serotype 7 strain, GDSTO0S, which was isolated in 2014
in China. This sequence also represents the first complete
genome sequence of a BTV serotype 7 from Asia and the third
one in the world. Sequence analysis suggests that GDST008
consists of segments from BTV viruses of African lineage as
well as those from China. Together, these results improve our
understanding of the origin, emergence/re-emergence, and
movement of BTV and thus can be applied in the development
of vaccines and diagnostics.
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Bluetongue virus (BTV) is the prototype member of the
genus Orbivirus in the family Reoviridae and is the etio-
logical agent of bluetongue (BT), an arthropod (Culi-
coides)-transmitted disease that affects both ruminant and
camelid species. BTV infection poses significant risks to
animal health, particularly in native ruminant populations,
and restricts international trade in livestock. It is therefore
listed as a ‘notifiable disease’ by the Office International
des Epizooties (OIE) [13].

BTV is a double-stranded RNA (dsRNA) virus, and the
viral genome is composed of 10 linear segments (Seg-1 to
Seg-10), which encode 12 distinct viral proteins. Seven of
these (VP1 to VP7) are structural proteins that form the
double shell of the viral particle, whereas the remaining
five are non-structural proteins (NS1, NS2, NS3/3a, and
NS4) that are required for viral replication in infected cells
but are not incorporated into virions [2, 16]. The available
BTV sequences show significant variations that reflect
different geographic origins around the world, with a clear
division of most genome segments into “eastern” and
“western” groups/topotypes [9, 10]. Reassortment of BTV
genome segments has been identified in vitro as well as
in vivo in both vertebrate and vector hosts [14, 17]. The
reassortment process provides BTV with a unique capa-
bility to acquire new antigenic and biological phenotypes
in an efficient fashion. As more full-genome sequences of
BTV field strains become available, it is clear that the
occurrence of BTV reassortment among isolates is exten-
sive [1, 10, 12, 18].

To date, 27 distinct BTV serotypes (BTV-1 to BTV-27)
have been identified worldwide [4], and seven serotypes
(BTV-1, -2, -3, -4, -12, -15 and -16) have been identified in
China [6]. BTV-7 has been found in Africa, Australia, and
Indonesia and has been detected serologically in India and
Pakistan, but it has not been reported in China. There are
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Table 1 Characteristics of genome segments and deduced proteins of BTV-7 strain GD0O0S isolated in China

Segment ORFs Protein Deduced Location Accession  Topotype/ Closest strain (serotype,
(Size: bp)  (including  (structure/ amino number serotype  country) nt/aa identity
stop codon) function) acids
1 (3944) 12:3920 VP1 (Pol) 1320 Within the sub-core at the KT002578 Western 4868 (BTV-5, South Africa)
5-fold axis 96.8 %/99.2 %
2 (2936) 22:2901 VP2 959 Outer capsid KT002579 7 1504 (BTV-7, South Africa)
92.9 %/95.4 %
3 (2772) 18:2723 VP3 (T2) 901 Sub-core capsid layer (T =2  KT002580 Western 2627 (BTV-10, South Africa)
symmetry) 90.0 %/99.5 %
4 (1981) 9:1943 VP4 (Cap) 644 Within the sub-core at the KT002581 Western NIG1982/10 (BTV-16,
5-fold axis Nigeria)
95.7 %98.0 %
5 (1763) 35:1693 NSI1 (TuP) 552 Cytoplasm forms tubules KT002582 Eastern YTS-4 (BTV-4, China)
98.6 %/99.8 %
6 (1637) 29:1609 VP5 526 Outer capsid KT002583 7 1504 (BTV-7, South Africa)
94.4 %/99.4 %
7 (1156) 18:1067 VP7 (T13) 349 Outer core (T = 13 symmetry) KT002584 Eastern V349 (BTV-3, China)
99.5 %/100 %
8 (1125) 20:1084 NS2 (ViP) 354 Cytoplasm, viral inclusion KT002585 Eastern YTS-4 (BTV-4, China)
bodies 96.9 %/97.5 %
9 (1052) 16:1008 VP6 (Hel) 330 Within the sub-core at the KT002586 Eastern Y863 (BTV-4, China)
3-fold axis 96.7 %/97.0 %
185:418 NS4 77 Cytoplasm
10 (822) 20:709 NS3 229 Cell membrane KT002587 Eastern V442 (BTV-12, China)
59:709 NS3a 77 95.4 %/98.3 %

Pol, RNA polymerase; Cap, capping enzyme (guanylyltransferase); Hel, helicase enzyme; T2, protein with T = 2 symmetry; T13, protein with
T = 13 symmetry; ViP, viral inclusion body matrix protein; TuP, tubule protein

only two BTV-7 full-genome sequences available in the
GenBank database: one from South Africa and the other
from Australia [3]. As part of our effort to understand the
molecular epidemiology of BTV infections in China, we
report here the isolation of a BTV-7 strain in China and
characterization of its genetic composition. To our
knowledge, this is the first report of the isolation of BTV-7
in China and of the first complete genome sequence of the
BTV-7 strain from Asia.

In 2014, blood samples taken from sentinel cattle in the
Shantou District of Guangdong Province were sent to
Yunnan Tropical and Subtropical Animal Virus Diseases
Laboratory (YTSAVDL). The ethylenediaminetetraacetic
acid (EDTA) blood sample was positive for BTV RNA by
quantitative reverse transcription polymerase chain reac-
tion (qQRT-PCR) targeting BTV segment 1 (Seg-1) [19].
Embryonated chicken eggs were subsequently inoculated
with heparinized blood. Dead embryos at days 2-5 post-
inoculation were collected, and their livers were harvested
and homogenized. The liver homogenate was passaged
once on C6/36 cells. Extensive cytopathic changes were
observed after two passages of BHK-21 cells. A subsequent
gRT-PCR assay of cell culture supernatants confirmed the
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presence of BTV RNA. Virus neutralization tests (VNTs)
were performed to determine the serotype of the BTV
isolate. The viral infection was significantly blocked when
the antiserum raised to the BTV-7 South African reference
strain was mixed with the prepared viruses, indicating that
this isolate belongs to the BTV-7 serotype. The isolated
BTV-7 strain was designated GDSTO008.

For synthesis of full-length cDNA of BTV genome
segments, RNA was extracted from infected BHK-21
monolayers using TRIzol Reagent (Life Technologies).
BTV dsRNA was separated using differential precipitation
of single-stranded RNA (ssRNA) in the presence of 2 M
LiCl, and the dsRNA remaining in the supernatant was
precipitated with isopropanol. Full-length amplification of
cDNAs (FLAC) as described by Maan et al. [8] was con-
ducted using the purified viral dSRNA. The purified cDNA
was further subjected to library construction (200 bp in
length) using a TruSeq DNA Sample Prep Kit v2 (Illu-
mina) with multiple indexes. Paired-end sequencing was
performed on an Illumina MiSeq instrument. Multiple fil-
tering steps were used to remove low-quality sequences,
including reads that contained greater than 50 % of low-
quality bases (Q20), and to trim the adaptor sequences.
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Fig. 1 Phylogenetic analysis of all available BTV-7 Seg-2 sequences  AJ585145); 25 SWI TOV(EU839840), 26 KUW 2010/02

by the neighbor-joining method. The relationships between Seg-2 of
GDSTO008 and 27 BTV serotype reference strains are shown. Twelve
nucleotypes (A-L) are indicated. The tree was constructed using
distance matrices, using the p-distance determination algorithm in
MEGA 6.0 (1000 bootstrap replicates). The bar length is equivalent to
0.05 % sequence divergence. 1 RSArrrr/01-24 represent BTV-1 to -
24 serotype reference strains deposited in GenBank (AJ585122-

After filtration, we performed de novo assembly using
Newbler 2.6 and Velvet [22] to construct a consensus
sequence for each segment of the BTV genome.

Sequence alignments were performed with the MAFFT
software [5]. Phylogenetic trees were constructed by the
neighbor-joining method using distance matrices generated
by the p-distance determination algorithm in MEGA 6 [20]
with 1000 bootstrap replicates. Sequence relatedness was
reported as percentage identity. Our nucleotide sequences
were submitted to GenBank under the accession numbers
KT002578 to KT002587.

Genome segments 1-10 of GDST008 range in size from
3944 (Seg-1) to 822 base pairs (Seg-10), encoding proteins
with 1302 (VP1) to 229/216 (NS3/NS3a) amino acids,
respectively. The GDSTO08 strain is a genetic reassortant
virus with segments derived from both western and eastern
topotype genomes. Seg-1, -3 and -4 of GDSTO008 are most
closely related to several serotypes of BTV from Africa
(90 %-97 %) that genetically resemble the western topo-
type. However, Seg-5, -7, -8, -9, and -10 are genetically
most closely related to other BTV isolates from China
(95 %-99 %) corresponding to the eastern topotype. The

(HM590642), and 27 FRA 379 (KM200718) are the BTV-25, -26,
and -27 strains isolated in Switzerland, Kuwait and France, respec-
tively; 7 AUS V6939 (JQ086292), 7 ZAF 1504 (JX272550) and 7
CHN GDSTO008 (KT002579) are BTV-7 strains isolated in Australia,
South Africa, and China, respectively. The new sequence determined
in the present study is underlined and in bold

details of individual genome segments are presented in
Table 1.

Sequence analysis of GDST008 Seg-2 confirmed the
serotype 7 designation determined by VNT, thus elimi-
nating any doubt regarding the serotype classification of
this isolate due to possible cross-reaction in serological
tests. Phylogenetic analysis of the GDSTO008 Seg-2
sequence with 27 BTV serotype reference strains and the
available BTV-7 full-length Seg-2 sequence confirmed the
existing serotype lineages and showed that GDST008 Seg-
2 is a new addition to the previously assigned nucleotype F
[7] (Fig. 1). The GDSTO008 Seg-2 sequence grouped with
the BTV-7 South African reference strain RSArrrr/7 and
Australian strain v6963, showing nt/aa identities of 92.8 %/
952 % and 92.7 %/94.8 %, respectively. Seg-6 of
GDST008 was segregated into the previously assigned
nucleotype D [9] along with BTV-7 South African refer-
ence strain RSArrrr/7 and Australian strain v6963 and
showed nt/aa identities of 94.3 %/99.4 % and 93.9 %/
98.7 %, respectively.

Seg-1, -3 and -4 of GDSTO08 correspond to the western
topotype and are most closely related to BTV strains from
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Africa (Table 1). Previously, the full genomes of two BTV-
1 field strains isolated from Yunnan Province of China
were sequenced. All segments of one strain, Y863, isolated
in 1979, belong to the eastern topotype, suggesting no
reassortment with the viral genomes of western topotype
strain [23]. However, all segments of strain SZ97/1, iso-
lated in 1996, were closely related to a South African BT V-
1 strain [21], suggesting that the virus of African lineage
had entered China probably after 1979. It is worth noting
that Seg-1 and -4 of GDSTO008 also show 96.0 %/99.1 %
and 95.3 %/97.8 % nt/aa identity to SZ97/1, indicating that
Seg-1 and -4 of this isolate may be derived from the SZ97/
1 strain. The genetic evolution of the Chinese BTV strains
may have been primarily driven by segment reassortment
between the incursive and native strains in China, which
may have made the virus more suitable for transmission
and survival in the local ecosystem. This suggestion was
supported by the fact that Seg-5 of various Indian BTV
strains was replaced with the Seg-5 of the invasive western
topotype strains [11, 15].

Seg-5, -7, -8, -9 and -10 of GDSTO00S8 correspond to the
eastern topotype and are genetically most closely related to
the BTV-1 Y863 and BTV-4 YTS-4 strains, which were
isolated in 1979 and 1996 from China (Table 1), indicating
that these segments were likely derived from theY863 or
YTS-4 strains. These segments also show higher sequence
similarity to various strains isolated in India (93 %-97 %),
suggesting that several segments of BTV strains from
China and India may share a common origin.

In conclusion, our study provides evidence for the entry
of African lineage BTV strains into China and shows that
segment reassortment occurred between the introduced and
native strains. It is unclear how African strains entered
China, and it remains to be determined whether BTV
reassortments among member strains of different BTV
topotypes resulted in alteration of biological properties,
especially virulence. Our data will aid in the development
of diagnostic assays, assessments of east-west reassortants,
and monitoring of BTV infection in China.
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