An Alternative Amplification and Sequencing Approach for Genome Segment 2 of Bluetongue Virus
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ABSTRACT

Bluetongue (BT) is an infectious but non-contagious disease of domestic and wild ruminants and is transmitted via the bite of infected Culicoides midges. Bluetongue virus, the prototype species of the genus Orbivirus (family Reoviridae) contains double-stranded (ds) RNA genome. The dsRNA genome is arranged as ten linear segments of dsRNA which are packaged as exactly one copy of each within the icosahedral protein capsid of the virus particle. The genome segments encode 7 structural proteins (VP1-VP7) and four non-structural proteins (NS1-NS4). BTV exists as 26 distinct serotypes, as well as different topotypes and also has the potential to exchange genome segments. Any serotype of BTV has the potential to cause disease in ruminants that can not only result in a high rate of mortality but can also cause significant economic losses. For the genetic analysis of these viruses, an alternative to Full-Length Amplification of cDNAs’ (FLAC), we have developed a unique method for the amplification of genome segment 2 of BTVs. In this method genome segment 2 of BTV-9 (~2.9kb) was amplified in four different overlapping fragments using eight pair of amplification primers. Each fragment was then sequenced using at least four sequencing primers. Sequences from all four fragments were then assembled to generate a contiguous sequence. This amplification and sequencing strategy is particularly useful when the initial amount of RNA in the sample is too low (e.g. tissue or blood samples from field) to perform FLAC and/or cloning. Using this approach, sequence data can be obtained from a new sample within few hours.
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INTRODUCTION

Bluetongue (BT) is a non contagious, infectious, arthropod borne disease of domestic and wild ruminants. Bluetongue virus (BTV) belongs from the genus Orbivirus in the family Reoviridae and spread to susceptible host by insect vectors (biting midges) of Culicoids genus (Du Toit, 1944). There were 24 historical serotypes of this virus worldwide. However, two further BTV serotypes, BTV-25 (Toggenburg orbivirus, from Switzerland) and BTV-26 (from Kuwait) have recently been identified from goats and sheep, respectively (Maan et al., 2011). Bluetongue is endemic in India, although BT appears to have great impact on the livestock sector, with exotic breeds of sheep, including Rambouillet, Russian Merino, Southdown, Corriedale and Suffolk initially thought to be more susceptible to disease. Twenty-two serotypes have been reported from India, thirteen (BTV-1, -2, -3, -4, -8, -9, -10, -12, -16, -17, -18, -21, -23) of these on the basis of virus isolation and nine (BTV-5, -6, -7, , -11, -13, -14, -15, -19, -20) on the basis of neutralizing antibodies (Prasad et al., 2009; Maan et al., 2012; Rao et al., 2013). BTV has 10 segments of dsRNA genome encoding 7 structural (VP1 to VP7) and four non structural proteins (NS1, NS2, NS3/3a, and NS4) (Belhouchet et al., 2011). The core of the icosahedral virion is made up of two major proteins (VP3 and VP7) enclosing three minor protein (VP1, VP4 and VP6), and 10 dsRNA segments (Verwoerd et al., 1972). Core is surrounded by a diffused outer layer of two major proteins (VP2 and VP5). VP2 is the major serotype determining protein of BTV which is encoded by most variable genome segment 2. Sequencing of genome segment 2 of BTV is one of the methods for serotype determination of the virus (Rao et al., 2013; Maan et al., 2007a). Full-Length Amplification of cDNAs’ (FLAC) is a reliable method to determine the full length sequences of complete genome of these viruses (Maan et al., 2007b). However, sequencing of complete segment 2 of BTV by FLAC and/or cloning when the initial sample concentration is too low can be problematic. Here we describe an alternative amplification and sequencing approach for segment 2 genome of BTV from samples where initial viral RNA concentration is too low.
MATERIALS & METHODS

Virus & Cell Culture
Bluetongue virus serotype 9 (BTV-9) an Indian strain was grown in BHK-21 cell line until complete cytopathetic effect (CPE) is produced.

Extraction of viral RNA
Viral RNA was purified from BTV-9 infected BHK-21 cells (which were pelleted down by centrifugation at 3000 rpm for 15 minutes) using TRIZOL reagent (Invitrogen) as per manufacturer’s instructions.

Design of primer pairs for amplification of genome segment 2 of BTV-9 

Available sequences of segment 2 of BTV-9 were obtained from Genbank. Four pairs of primer pairs were designed from aligned sequences of segment 2 of BTV-9 using ‘Primer BLAST software’ (http://www.ncbi.nlm.nih.gov/tools/primer-blast/), which are given in Table 1.  Four pairs of primer pairs were excepted to generate four overlapping fragments (A, B, C, D) of 1126 bp, 1105 bp, 867 bp and 856 bp respectively for amplification of full length genome segment 2 of BTV-9 of 2931 bp. 
One step Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)

Reverse transcription and amplification of genome segment 2 of BTV-9 in four overlapping fragments was performed using SuperScript III one step RT-PCR kit from Invitrogen with respective primer pairs using the different reaction conditions given in Table 2. The reaction was performed in a 25 μL volume in thin walled PCR tubes.  Initially, 2 μL of RNA template and 0.5 μL of each primer were mixed thoroughly, heated denatured at 95°C for 5 min and snap chilled on ice. Then 12.5 μL of 2x master mix, 0.5 μL of one step RT enzyme was added to the reaction mix. The final volume of the reaction was adjusted to 25 μL by adding 9.0 μL of nuclease free water (NFW). PCR tubes were then spinned and transferred to Veritti thermal cycler (Applied Biosystems) for RT-PCR reaction to happen for 40 cycles. Amplified products were analysed electrophoretically using 1% Agarose.
Table 1: Primer pairs for the amplification of genome segment 2 of BTV-9.

	Sr. No. 
	Product 
	Amplicon Size (bp)
	Primer 
	Primer Sequence 

	1 
	A
	1126
	BTV-9/A/FP

BTV-9/A/RP
	GTTAAAAGTTATCTAGGATGG 

GYYGCRATYAACGTGCCCCG 

	2 
	B
	1105
	BTV-9/B/FP

BTV-9/B/RP
	GTCGCACRGATGAGGARAGG 

GTTTGACGAGCGAATGATGTG 

	3 
	C
	867
	BTV-9/C/FP

BTV-9/C/RP 
	GCACGATAGATCCTATGATGG 

GTAACTCGTACGTTCTTCTG 

	4 
	D
	856
	BTV-9/D/FP

BTV-9/D/RP
	GATCGGTTGAGGAGTCAAG 

GTTAAAAGCTTTTCAGGATGG 


Table 2: Reverse transcription (RT) and amplification conditions for genome segment 2 of BTV-9. 
	Stages
	RT
	Denaturation
	Annealing 
	Extension 

	1 

2 (40 cycles)

3
	55°C/30 min


	95°C/2 min (initial)

94°C/15 sec


	50°C/30 sec


	68°C/90 sec 

68°C/5min (final) 


Purification of amplified products from gel
Four segment 2 amplicons were purified using gel extraction kit (Qiagen) as per manufacturer’s instructions.
Sequencing of segment 2 of BTV-9 

The four PCR amplicons were sequenced directly using ABI PRISM TM 3130 XL Genetic Analyzer (Applied Biosystems) using PCR primers as sequencing primers along with some additional sequencing primers wherever required. Sequenced data generated was assembled to make a contiguous sequence of full length segment 2 of BTV-9 using DNA star version 5 of the Lasergene suit. 
RESULTS AND DISCUSSIONS:
Bluetongue is regarded as a globally emerging disease and is endemic in India. Outbreaks of BT can be economically devastating to livestock production and the presence of BTV in a country can adversely impact the trade and movement of livestock. Early diagnosis and serotyping of disease agent (BTV) is the first and foremost need to maintain good health of animal flock, hence this study. All four overlapping fragments (A, B, C, D) of BTV-9 genome segment 2 were successfully amplified giving a single sharp thick bands of expected sizes (Table 1) under the conditions mentioned for RT-PCR reactions (Table 2).  Figure 1 shows amplification of full length genome segment 2 of BTV-9 of 2931 bp in four overlapping fragments: fragment A - 1126 bp, fragment B – 1105 bp, fragment C - 867 bp, and fragment D - 856 bp respectively on 1% agarose gel electrophoresis. 
Purified products from these bands were cycle sequenced using respective PCR primers as well as inner sequencing primers and assembled into a single contiguous sequence of 2931 bp representing full length genome segment 2 (shown as line diagram in Figure 2). 
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Figure 1:  PCR amplified product of segment 2 of BTV-9 with respective primer pairs (Table 1).

Lane L: 1Kb plus ladder; Lane 1: Pd A - 1126bp; Lane 2: Pd B - 1105bp; Lane 3: Pd C - 867bp; Lane 4: Pd D - 856bp.
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Figure 2: Amplification and sequencing strategy for segment 2 of BTV-9. 

Primer positions are shown with forward and reverse arrows; overlapping areas of individual fragments are boxed.

CONCLUSION:
In this study we have developed an alternative amplification and sequencing strategy for full length genome segment 2 of BTV-9. This application is particularly useful when the initial concentration of RNA in a sample is too low to apply FLAC and/or cloning for obtaining complete gene sequences. Additionally, this methodology can also be applied to other genome segments of any BTV isolate and even other dsRNA viruses. This technique is particularly useful to obtain sequence data from clinical samples where concentration of RNA is very low.
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