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Genome sequences of the 15 bluetongue virus vaccine strains 
incorporated in the South African live-attenuated vaccine
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ABSTRACT Bluetongue disease in endemic areas is predominantly controlled through 
vaccination with live-attenuated vaccines. Sequencing of the original master seed viruses 
used in the production of Onderstepoort Biological Products vaccine was conducted. 
Nucleotide identities of 82.97%–100% were obtained for all sequences when compared 
to South African reference strains.
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B luetongue virus (BTV) is the prototype member of the Orbivirus genus (Sedoreoviri
dae family) (1) that causes disease in ruminants. The genome comprises 10 linear 

double-stranded RNA segments encapsidated by three protein layers (2). Bluetongue 
disease is controlled through vaccination with licensed inactivated and live-attenuated 
vaccines (LAV) (3). The LAV supplied by Onderstepoort Biological Products (OBP) has 
been used for decades in South Africa and comprises 15 serotypes (4) equally distributed 
in three bottles. Sequencing of plaque-purified vaccine strains has been reported (5, 6). 
However, legislation for veterinary biological registration stipulates a maximum of five 
passages from the master seed antigen during vaccine production (7). We describe the 
genome sequences of master seed antigens used in the OBP LAV production.

Virus strains were propagated on baby hamster kidney cells, and total RNA was 
extracted using Tri Reagent LS (Sigma). The Ion Total RNA-Seq Kit v2 (ThermoFisher 
Scientific) was applied to the viral RNA to fragment, hybridize, and ligate barcoded 
Ion Adapters. cDNA was synthesized from ligated RNA fragments and purified. The 
Ion PGM Template OT2 200 kit was used to generate template-positive Ion Sphere 
Particles containing enriched cDNA library with the Ion OneTouch 2 System. Sequenc
ing was completed using the Ion PGM System at TokaBio (Pty) Ltd. The Illumina 
sequencing technology [Inqaba Biotechnical Industries (Pty) Ltd] was applied as an 
additional platform. The cDNA was synthesized using random hexamers or the full-
length amplification of the cDNA method (8). Paired-end libraries were prepared by 
enzymatic fragmentation using the NEBNext Ultra II FS DNA Library Prep Kit. The cDNA 
ends were repaired, and specific adapter sequences and indexes were ligated to all 
fragments. Size selection was completed using AMPure XP Beads (Beckman Coulter) and 
quality controlled using the Agilent 2100 Bioanalyzer. Sequencing was performed on the 
NextSeq 500 instrument using the NextSeq 500/550 Mid-Output Kit v2.5 (2 × 150 bp) or 
the MiSeq instrument using the MiSeq Reagent kit v3 (2 × 300 bp). Quality control was 
performed using FastQC, and the Trimmomatic tool was applied for trimming adapters 
and low-quality reads.

Genome assembly was carried out on CLC Genomics Workbench 9.5.3 by mapping 
reads to reference strains. The full-length or coding-complete genome sizes and GC 
content are summarized in Table 1. The terminal ends were determined from data 
generated from both sequencing platforms. Mapped reads ranged from 1,544 to 
8,344,163 across all serotypes using Illumina sequencing. The average read depth ranged 
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from 7 to 40,359 with mean read lengths of ≤148 bases. On the Ion Torrent platform, 
mapped reads ranged from 3,655 to 55,002. Mean read lengths of ≤88 bases gave 
average read depths between 5 and 223. A pairwise alignment of the open reading 
frames of the 15 vaccine sequences with South African reference genomes (9–11) was 
carried out using BioEdit 7.2.5 (12) to determine nucleotide identities. Default parame
ters were used for all software unless otherwise specified. The nucleotide identities of 
bottle A serotypes were ≥82.97% for all segments. Bottle B and C serotypes had nucleo
tide identities of ≥99.49% and ≥92%, respectively.
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