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Abstract 

Timely detection of SARS-CoV-2 variants of concerns (VOCs) is key for an efficient response 

against COVID-19 and any future pandemic. However, access to Next Generation Sequencing 

(reference tool) remains challenging for resource-limited settings. Following experience with the 

HIV-1 Sanger-sequencing, we developed an in-house SARS-CoV-2 sequencing protocol using 

specific primers targeting a fragment of SARS-CoV-2 Spike protein region. Using the developed 

Sanger-sequencing protocol on 163 nasopharyngeal specimens, 130 Spike sequences were 

successfully generated, giving an overall performance of 79.75% (130/163) [72.76-85.64] (95% CI), 

effective on SARS-COv-2 lineages of origin and all variants (Alpha, Beta, Gamma, Delta, Omicron) 

referenced under accession numbers OQ248255 – OQ248384. Thus, in the frame of limited access 

to NGS, adapting this targeted sequencing protocol would contribute timeously in the genomic 

surveillance of pathogens with epidemic/pandemic potential.  

 The protocol for sanger sequencing of SARS-CoV-2 was designed using new primers to 

amplify and sequence a fragment of the part of the Spike protein gene.  
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 This sequencing assay were successfully generated, giving an overall performance of 

79.75% (130/163). 

 Sanger-sequencing could represent a good alternative to population-based 

genotyping. 

 

Specifications table 

 

Subject area Biochemistry, Genetics and Molecular Biology  

More specific subject area Medical virology, Biological Sciences 

Name of your method 

In-house Sanger sequencing Assay: Alternative method for 

SARS-CoV-2 Genotyping in low and middle-income settings 

 

Name and reference of original 

method 
Not  applicable 

Resource availability  Not applicable 

 

Method details  

 

Clinical specimens: A laboratory-based study was conducted from April 2020 throughout August 

2022 on nasopharyngeal specimens of individuals confirmed positive to COVID-19 by real-time PCR 

at the Virology Laboratory of the “Chantal BIYA” International Reference Centre in Yaoundé, 

Cameroon. Briefly, CIRCB a national reference laboratory for SARS-CoV-2 molecular testing and a 

reference centre for genomic surveillance at country-level. Samples were selected based on cycle 

threshold (Ct) value under 35 (ORF1ab, N genes) for DaAnGene RT-PCR assay 

(https://en.daangene.com/).  

Detection of SARS-CoV-2 VOC with Sanger sequencing (Home made protocol) 

Following experience in Sanger sequencing for HIV genotyping [5,6] , the protocol for sequencing 

of SARS-CoV-2 was designed using new primers to amplify and sequence a fragment of the part of 

the Spike protein gene. 

RNA extraction 

Viral RNA was manually extracted from 200 μL of nasopharyngeal clinical swabs using the 

DaAnGene viral RNA Mini kit according to the manufacturer’s protocol (www.daangene.com). 

SARS-CoV-2 RNA extract was then processed directly for conventional reverse transcription and 

amplification. 

https://en.daangene.com/)
http://www.daangene.com/


Preparation of the primers  

The primers arrived in lyophilised form and were resuspended with RNase-DNase free molecular 

grade water to a stock solution concentrated at 100µM.  

Reverse transcription and PCR amplification 

Viral RNA was retro-transcribed and amplified using the kit One-Step Invitrogen (SuperScript® One-

Step for long templates RT/ PCR; Foster City, CA) and 2 different sequence-specific primers 

(Table2): 38F as the forward, and 1191R as the reverse (given position refers to the Wuhan strain 

of SARS-CoV-2). 

RT-PCR Reagents and Conditions 

The RT-PCR reaction contained for each sample, 25 µl reaction mix which includes:  

- 12µl 2Xreaction Mix (Invitrogen), 

- 4 µl MgSO4 (5 mM), 

- 1.5 µl DNAse-RNAse-free water, 

- 0.375 µl sense primer 38F (10 mM stock), 

- 0.375 µl antisense primer 1191R (10 mM stock), 

- 0.75 µl RNAseOUT (5 U/ µl Invitrogen), 

- 0.75 µl RT-Taq (Superscript III RT/Platinum high fidelity), and 

- 05 µl of extracted RNA. 

- Run the RTPCR-reaction in the thermal cycler with the appropriate program (Table1), using 

sequence-specific primers (Table 2). 

Table1 : PCR Cycler program 

 

 

 

 

 

 

 

 

 

 

 

 

 

Temperature (°C) Time  Cycles 

50 30 min 1 

94 2 min 1 

95 30 s  

40x 52 30s 

72 90s 

72 10 min 1 

4 Forever 1 



 

Table2: Primers used for Reverse Transcriptase Amplification and Sequencing reactions. 

Name Primer sequence (5′–3′) Length 

(bp) 

Direction     Use 

38F GTCAGTGTGTTAATCTTACAACCAG 25 Forward Amplification and 

Sequencing reaction  

514F TCTCAGCCTTTTCTTATGGACCT 23 Forward RT-PCR reaction 

655R CCTGAGGGAGATCACGCACTA 21 Reverse. RT-PCR reaction 

1191R TGCATAGACATTAGTAAAGCAGAG

A 

25 Reverse. Amplification and 

Sequencing reaction 

Legend. Bp : base pair ; F : Forward ; R : Reverse ; RT-PCR : Reverse-Transcriptase Polymerase Chain Reaction 

Gel Electrophoresis 

PCR products were analysed on 1% agarose gel electrophoresis by visual comparison of the amount of 

PCR product (1200bp expected size) with a low-molecular-weight DNA ladder (Figure1). 

 

Figure 1: Image of gel electrophoresis 

Legend. NC: Negative Control; MW: Molecular Weight low DNA mass ladder; bp: base pair; S: Samples 

 

Purification 

Following revelation on agarose-gel electrophoresis, samples with a positive result (PCR products) 

were purified by using ExoSAP-ITTM kit as per the manufacturer’s instructions (Applied 

BiosystemsTM, Lithuania). Purified PCR products were then referred for sequencing. 

Sanger-based Sequencing Reaction   

The amplified products from the Orf-Spike region were completely sequenced in the sense and 

antisense directions using on a Applied Biosystem thermal cycler ProFlex PCR system, using 

overlapping sequence-specific primers (Table 2): 38F, 514F, 665R, 1191R. 



 

Sequencing Reaction Reagents and Conditions 

The reaction mixture for the sequencing reaction contained: 

- 1.5 µl Big Dye Terminator V3.1,  

- 6.5 µl big dye Buffer (from the kit), 

-  4.8 µl DNAse/ RNAse-free water,  

- 3.2 µl primer (1 µM) and  

- 2 µl of purified cDNA. 

Sequencing Reaction Procedure 

1- Prepare 4 microtubes for each sample, each microtube corresponding to a specific primer; 

2- Dispense 13 µl of master mix, with each primer in a corresponding microtube;  

3- Dispenser 2 µl of purified DNA in 4 microtubes each corresponding to a specific primer;  

4-  Run the sequence reaction in the thermal cycler with the appropriate program. 

 

Sequencing conditions were as follows: 35 cycles (96°C, 10 s; 55°C, 10 s; 60°C, 4 min); 1 cycle 

of 4°C for 30 min. The sequencing product with four overlapping primers (Figure 2), was then purified 

by gel filtration chromatography using Sephadex G-50 resin (Sigma-Aldrich) to eliminate excess 

primers, unincorporated dideoxynucleotides (ddNTPs) and salts.  

 

Figure 2: Mapping of sequencing primers coverage  

Legend. 38F and 514F are forward primers; 655R and 1191R are reverse primers 



SARS-CoV-2 sequence analysis and interpretation 

Capillary electrophoresis was performed using an automated genetic analyser (ABI 3500, Applied 

Biosystems Tokyo, Japan). Sequences were aligned, assembled and edited with reference to the 

Wuhan strain of SARS-CoV-2 using SeqScape Version 2.7. Spike Sequences were interpreted 

using the COV19 database Stanford algorithm (https://covdb.stanford.edu) and NCBI (National 

Center for biotechnology information). SARS-CoV-2 Spike gene nucleotide sequences were 

submitted to GenBank using Bankit (https://www.ncbi.nlm.nih.gov/WebSub/). 

 

Figure 3: Electrophoregram of SARS-CoV-2 sequences 

Sanger sequencing assay performance 

Of the 163 positive nasopharyngeal specimens processed, 88.96 % (145/163) were successfully 

amplified and 130 Spike-sequences were successfully generated out of the 145 amplicons (89.65 

%), giving an overall sequencing performance rate of 79.75% (130/163) [72.76-85.64] (95%CI). This 

sequencing assay detected all strains of SARS-CoV-2 (viruses of the original lineage, Alpha, Beta, 

Gamma, Delta and Omicron variants). 

Data availability:  

SARS-CoV-2 sequences generated in this study are available in Genbank under the following 

accession numbers: OQ248255 – OQ248384. 

 

Conclusion 

https://covdb.stanford.edu/
https://www.ncbi.nlm.nih.gov/WebSub/
https://www.ncbi.nlm.nih.gov/nuccore/2427497792
https://www.ncbi.nlm.nih.gov/nuccore/OQ248384


In the frame of SARS-CoV-2 molecular epidemiology, Sanger sequencing contributes in detecting 

all viral lineages and VOCs circulating in Cameroon. This in-house sequencing protocol is suitable 

alternative to NGS that can be adapted for a rapid identification of any other pathogen of pandemic 

or epidemic potentials in resource-limited countries. 
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