
Supplementary Data 

 

Covid19S: https://github.com/jade-nhri/covid19S 

 

cd ~ 

git clone https://github.com/jade-nhri/covid19S.git 

cd covid19S 

docker build -t "covids_202105:v1" ./ 

docker run -h covidS --name covidS -i -t -v /:/MyData covids_202105:v1 /bin/bash 

root@covidS:/# 

 

Please note that you need to run “vdb-config --interactive” before using sra toolkit. 

 

A quick test run for PRJNA645718 (10 minutes): 

Inside covidS container: 

root@covidS:/opt# cd ~ 

root@covidS:~# mkdir Run 

root@covidS:~# cd Run/ 

root@covidS:~/Run# downloadSRA.py -o PRJNA645718 --project PRJNA645718 

 

 
root@covidS:~/Run# runconsensus.py -i PRJNA645718/ -o 

PRJNA645718/01_consensus 

 

https://github.com/jade-nhri/covid19S
https://github.com/jade-nhri/covid19S.git


 

root@covidS:~/Run# getvar.py -i PRJNA645718/01_consensus/ -o 

PRJNA645718/02_output -q PRJNA645718/ 

 

Result.csv: 

 

 



To run covid19S on dilution samples 

A sample of 10^-4 of viral RNA (Ct=28.07) 

runconsensus.py -i fastq/ -o BC20_consensus -s BC20 

getvar.py -i BC20_consensus/ -o BC20_output 

cat BC20_output/output.txt 

BC20    I68-;H69-;V70-;S71-;G72-;T73-;N74-;G75-;T76- 

 

 

A sample of 10^-5 of viral RNA (Ct=31.79) 

runconsensus.py -i fastq/ -o BC59_consensus -s BC59 

“BC59 was not included in the consensus.fasta” was shown in the screen. 

Two consensus sequences were produced: 

 

 

 

In order to show the read profile, medaka_consensus was performed: 

medaka_consensus -i BC59.fastq -d /opt/covid19S/covid19S/Sgene.fasta -g 



 

This alignment (Supplementary Figure S1) shows that partial amplicon sequences of 

spike gene (i.e. “multiple-fragment consensus”) were obtained using our primer set. 

To demonstrate that those reads were part of SARS-CoV-2 genome, two sequences 

were arbitrary selected for BLAST against Nucleotide collection (nr/nt): 

 



 

 

Likewise, similar results were obtained by BLAST the consensus sequences against 

Nucleotide collection (nr/nt): 

 

 

 

  



To run covid19S on PRJNA675364 

root@covid19:~# mkdir Run 

root@covid19:~# cd Run/ 

 

PRJNA675364 (https://www.ncbi.nlm.nih.gov/sra/?term=PRJNA675364), PCR 

amplification of reverse-transcribed SARS-CoV-2 viral RNA with 14 x 2.5kb 

amplicons, followed by nanopore sequencing (1). 

 

To download sequencing data using downloadSRA.py: 

 

root@covid19:~/Run# downloadSRA.py -o PRJNA675364 --project PRJNA675364 

A folder named PRJNA675364 was produced to contain the 157 corresponding 

FASTQ files. 

 

To produce consensus sequences for spike gene: 

 

root@covid19:~/Run# runconsensus.py -i PRJNA675364/ -o 

PRJNA675364/01_consensus 

 

root@covid19:~/Run/PRJNA675364/01_consensus# mv consensus.fasta 

https://www.ncbi.nlm.nih.gov/sra/?term=PRJNA675364


PRJNA675364_consensus.fasta  

root@covid19:~/Run# grep '>' PRJNA675364/01_consensus/consensus.fasta | wc -l 

157 

 

The above consensus sequences are listed in Supplementary Table S2 

(PRJNA675364_consensus). 

 

To get spike protein variants: 

To upload consensus.fasta to Nextclade (https://clades.nextstrain.org/) for clade 

assignment and variant calling: 

 

The variants analyzed by Nextclade are listed in Supplementary Table S1 

(PRJNA675364’s Spike consensus+Nextclade) and the exported TSV results are 

shown in Supplementary Table S2 (PRJNA675364_Nextclade). 

 

root@covid19:~/Run# getvar.py -i PRJNA675364/01_consensus/ -o 

PRJNA675364/02_output 

 

 

 



root@covid19:~/Run/PRJNA675364/02_output# mv Result.csv 

PRJNA675364_Result.csv 

 

To trim adapter, barcode and primer sequences using runtrimming.py: 

root@covid19:~/Run# runtrimming.py -i PRJNA675364/ -o PRJNA675364_trimmed 

 

root@covid19:~/Run# runconsensus.py -i PRJNA675364_trimmed/ -o 

PRJNA675364_trimmed/01_consensus 

root@covid19:~/Run# getvar.py -i PRJNA675364_trimmed/01_consensus/ -o 

PRJNA675364_trimmed/02_output -q PRJNA675364_trimmed/ 

  gap in subject:AACTTTTACTT==>AACTTTACTT 

SRR13021061_final.fa was corrected 

root@covid19:~/Run# grep 'multi' PRJNA675364_trimmed/02_output/Result.csv 

root@covid19:~/Run# grep 'segment' PRJNA675364_trimmed/02_output/Result.csv 

 

Please note that there was no difference on variant calling with trimming or not 

trimming on the PRJNA675364. The results are listed in Supplementary Table S1 

(PRJNA675364’s Our bioinformatic protocol) 

 

Besides, ARTIC protocol was used to run this project data. According to the 

bioinformatics protocols (https://artic.network/ncov-2019/ncov2019-bioinformatics-

sop.html, https://github.com/Psy-Fer/SARS-CoV-2_GTG (1)), the following 

commands were used. 

git clone https://github.com/artic-network/artic-ncov2019.git 

cd artic-ncov2019 

conda env remove -n artic-ncov2019 

conda env create -f environment.yml 

conda activate artic-ncov2019 

git clone https://github.com/Psy-Fer/SARS-CoV-2_GTG.git 

https://artic.network/ncov-2019/ncov2019-bioinformatics-sop.html
https://artic.network/ncov-2019/ncov2019-bioinformatics-sop.html
https://github.com/Psy-Fer/SARS-CoV-2_GTG
https://github.com/Psy-Fer/SARS-CoV-2_GTG.git


 
mkdir PRJNA675364 

cd PRJNA675364 

artic minion --medaka --normalise 200 --threads 100 --scheme-directory path-to-the-

schemes-folder --read-file path-to-the-fastq-file nCoV-2019/V1 filename 

 

ll SRR*.consensus.fasta | wc -l 

157 

cat SRR*.consensus.fasta > PRJNA675364.consensus.fasta 

seqkit seq PRJNA675364.consensus.fasta -w 0 > 

PRJNA675364.ARTIC.consensus.fasta 

 

The consensus sequences are shown in Supplementary Table S2 

(PRJNA675364_ARTIC_consensus). 

 

The result analyzed by Nextclade was exported to a TSV file (Supplementary Table 

S2, PRJNA675364_ARTIC_Nextclade). The spike protein variants are listed in 

Supplementary Table S1 (PRJNA675364’s ARTIC+Nextclade). To compare the 

results produced by ARTIC and our protocol, five inconsistent variants are in samples 

of SRR13021047. SRR13021061, SRR13021093, SRR13021137, and SRR13021139. 



 

In SRR13021047: 

Our consensus sequence against the spike gene (MN908947.3:21563-25384) 

 

ARTIC’s consensus against the spike gene: 

 

In SRR13021061: 

Our consensus sequence against the spike gene: 

 

 

 

 

ARTIC’s consensus against the spike gene: 

 

 

 

 

In SRR13021137: 

Our consensus sequence against the spike gene: 

 

 

ARTIC’s consensus against the spike gene: 

https://www.ncbi.nlm.nih.gov/nuccore/MN908947.3?report=fasta&log$=seqview&from=21563&to=25384


 

In SRR13021139: 

Our consensus sequence against the spike gene: 

 

ARTIC’s consensus against the spike gene: 

 

In SRR13021093: 

Our consensus sequence against the spike gene: 

 

ARTIC’s consensus against the spike gene: 29bp deletion 

 

 

 

 

Furthermore, based on the publication (1), we identified two accession numbers of the 

five inconsistent samples, as listed below, and confirmed there were gaps (‘N’) in the 

sequences. 

https://www.ncbi.nlm.nih.gov/sra?linkname=bioproject_sra_all&from_uid=675364 

 

Run Sample GISAID virus name Accession 

SRR13021047 nCoV_030 NA NA 

SRR13021061 nCoV_250 hCoV-19/Australia/NSW2250/2020 EPI_ISL_50

0689 

SRR13021093 nCoV_214 hCoV-19/Australia/NSW2214/2020 EPI_ISL_50

0668 

SRR13021137 nCoV_082 hCoV-19/Australia/NSW2082/2020 NA 

SRR13021139 nCoV_016 NA NA 

 

 

https://www.ncbi.nlm.nih.gov/sra?linkname=bioproject_sra_all&from_uid=675364


The file SRR13021093.primertrimmed.rg.sorted.bam produced by ARTIC protocol 

along with the reference genome were used to check the alignment using Tablet (2): 

 

To focus on the region containing the 29-bp delection: 



 

Sequencing depth: 584 

94 sequences with the 29-bp deletion 

A sequence with 10-bp deletion. 

There are 38 sequences containing the 

10-bp deletion. 



Similarly, SRR13021093.sorted.bam produced by ARTIC protocol along with the 

reference genome were used to check the alignment using Interative Genomics Viewer 

(IGV) (3): 

 

  

3297/(6298+3297)=34.3% 

2428/(7187+2428)=25.3% 

We therefore estimated that the sequence proportion containing the 29-bp deletion 

was less than 30%. 

 

 

 



To run covid19S on PRJNA645718 

PRJNA645718 (https://www.ncbi.nlm.nih.gov/bioproject/PRJNA645718), library 

preparation was performed using SARS-CoV-2-Midnight protocol (Oxford Nanopore 

sequences of 1200 bp amplicon sequences for five SARS-CoV-2 samples) (4). 

 

root@covid19:~/Run# downloadSRA.py -o PRJNA645718 --project PRJNA645718 

 

A folder named PRJNA645718 was produced to contain the 5 corresponding FASTQ 

files: 

 

root@covid19:~/Run# runconsensus.py -i PRJNA645718/ -o 

PRJNA645718/01_consensus 

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA645718


 

Consensus sequences for each samples were produced (*_final.fa). These files were 

concatenated to form a consensus.fasta if the consensus sequence was single and long 

(>3000 bp). 

A consensus.fasta was produce to contain the consensus sequences of samples. This 

file was able to be uploaded to Nextclade (https://clades.nextstrain.org/) for mutation 

calling. The result was exported and renamed to a TSV file (PRJNA645718.tsv). 

 

root@covid19:~/Run/PRJNA645718/01_consensus# mv consensus.fasta 

PRJNA645718_consensus.fasta 

 



 

 

seqName clade aaSubstitutions (in spike protein) 

SRR12209725 19B  

SRR12209726 19A  

SRR12209727 20B S:D614G,S:A846V 

SRR12209728 19B  

SRR12209729 19A S:D614G 

 

To produce spike protein variants: 

root@covid19:~/Run# getvar.py -i PRJNA645718/01_consensus/ -o 

PRJNA645718/02_output -q PRJNA645718/ 

 

 

 

root@covid19:~/Run/PRJNA645718/02_output# mv Result.csv 

PRJNA645718_Result.csv 

A file named Result.csv was produced to show spike variants along with nucleotide 

and amino acid sequences. 

 

 



 

 

root@covid19:~/Run# runtrimming.py -i PRJNA645718/ -o PRJNA645718_trimmed 

 

 

root@covid19:~/Run# runconsensus.py -i PRJNA645718_trimmed/ -o 

PRJNA645718_trimmed/01_consensus 

root@covid19:~/Run# getvar.py -i PRJNA645718_trimmed/01_consensus/ -o 

PRJNA645718_trimmed/02_output -q PRJNA645718_trimmed/ 

root@covid19:~/Run# cat PRJNA645718_trimmed/02_output/output.txt 

 

 

  



To run covid19S on PRJNA694014 

PRJNA694014 (https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA694014), 

library preparation was performed using the ARTIC V3 tiling method (5). 

 

root@covid19:~/Run# downloadSRA.py -o PRJNA694014 --project PRJNA694014 -

-nanopore T

 

 

To trim out adapter and barcode sequences: 

 

https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA694014


 

root@covid19:~/Run# runtrimming.py -i PRJNA694014/ -o PRJNA694014_trimmed 

 

root@covid19:~/Run# runconsensus.py -i PRJNA694014_trimmed/ -o 

PRJNA694014_trimmed/01_consensus 

 

 

root@covid19:~/Run/PRJNA694014_trimmed/01_consensus# cd .. 

root@covid19:~/Run/PRJNA694014_trimmed# cd .. 

root@covid19:~/Run# mv PRJNA694014_trimmed/01_consensus/consensus.fasta 

/PRJNA694014_consensus.fasta 

 

 

root@covid19:~/Run# getvar.py -i PRJNA694014_trimmed/01_consensus/ -o 



PRJNA694014_trimmed/02_output -q PRJNA694014_trimmed/ 

 

root@covid19:~/Run# grep 'No' PRJNA694014_trimmed/02_output/output.txt | wc -l 

27 

root@covid19:~/Run# grep 'Segment' PRJNA694014_trimmed/02_output/output.txt | 

wc -l 

15 

root@covid19:~/Run# mv PRJNA694014_trimmed/02_output/Result.csv 

PRJNA694014_Result.csv 

 

 

To run consensus without trimming: 

root@covid19:~/Run# runconsensus.py -i PRJNA694014 -o 

PRJNA694014/01_consensus 



 

 

The above consensus sequences are listed in Supplementary Table S2 

(PRJNA694014_consensus). 

 

root@covid19:~/Run# getvar.py -i PRJNA694014/01_consensus/ -o 

PRJNA694014/02_output -q PRJNA694014 

 

root@covid19:~/Run# grep 'seg' PRJNA694014/02_output/output.txt | wc -l 

9 

root@covid19:~/Run# grep 'multi' PRJNA694014/02_output/output.txt | wc -l 

27 

 

The consensus sequences were uploaded to Nextclade and the exported results are 

shown in Supplementary Table S2 (PRJNA694014_Nextclade). Besides, the 

Result.tsv in 02_output is shown in Supplementary Table S2 (PRJNA694014_Result).  

 

 

Please note that there were differences between the consensus.fasta with trimming and 

the consensus.fasta without trimming (Supplementary Table S1, PRJNA694014’s Our 

bioinformatic protocol). We therefore combined these to sequences for uploading to 

Nextclade. (Spike consensus+Nextclade) 

 



root@covid19:~/Run# addseq.py PRJNA694014/01_consensus/consensus.fasta 

PRJNA694014_trimmed/01_consensus/consensus.fasta 

PRJNA694014_all_consensus.fasta 

root@covid19:~/Run# grep '>' PRJNA694014_all_consensus.fasta | wc -l 

45 

 

 

 

Furthermore, ARTIC protocol was used to run this project data. According to the 

bioinformatics protocols (https://artic.network/ncov-2019/ncov2019-bioinformatics-

sop.html, https://github.com/artic-network/artic-ncov2019), the consensus sequences 

of SARS-CoV-2 genomes are shown in Supplementary Table S2 

(PRJNA694014_ARTIC_consensus). The sequences were uploaded to Next clade for 

clade assignment and variant calling (PRJNA694014_ARTIC_Nextclade). The spike 

protein variants of ARTIC results combined with variant calling of Nextclade are 

shown in Supplementary Table S1 (PRJNA694014’s ARTIC+Nextclade). Please note 

that the deletions of three amino acids at positions 242 to 244 (6) were miscalled at 

sites of 243 to 245 for many samples by Nextclade.   

 

 

 

  

https://artic.network/ncov-2019/ncov2019-bioinformatics-sop.html
https://artic.network/ncov-2019/ncov2019-bioinformatics-sop.html
https://github.com/artic-network/artic-ncov2019


To download nanopore sequences of SARS-CoV-2 from SRA 

As shown in NCBI SARS-CoV-2 Resources (https://www.ncbi.nlm.nih.gov/sars-cov-

2/), we accessed the SRA runs on Feb 18, 2022. By selecting Platform to Oxford 

Nanopore, 276,799 entries were sent to Download File (Supplementary Table S3). 

Three groups were classified by “AvgSpotLen”: I: 600 bp; II: 600–1600 bp; III: 

≥1600 bp. 

Name Set1 Set2 Set3 

AvgSpotLength <600 bp >=600 bp and 

<1600 bp 

>=1600 bp 

No. of runs 239,455 35,012 2332 

No. of BioProjects 99 66 12 

No. of runs analyzed in 

this study 

1000 1000 1000 

No. of runs with spike 

protein variants 

627 790 932 

 

The output files Result.csv of set1, set2 and set3 are shown in Supplementary Table 

S3. 

  

https://www.ncbi.nlm.nih.gov/sars-cov-2/
https://www.ncbi.nlm.nih.gov/sars-cov-2/
https://www.ncbi.nlm.nih.gov/sra/?term=txid2697049%5BOrganism:noexp%5D%20NOT%200%5bMbases


References 

1. Bull RA, Adikari TN, Ferguson JM, Hammond JM, Stevanovski I, Beukers AG, et 

al. Analytical validity of nanopore sequencing for rapid SARS-CoV-2 genome analysis. 

Nat Commun. 2020;11(1):6272. 

2. Milne I, Stephen G, Bayer M, Cock PJA, Pritchard L, Cardle L, et al. Using Tablet 

for visual exploration of second-generation sequencing data. Brief Bioinform. 

2013;14(2):193-202. 

3. Robinson JT, Thorvaldsdottir H, Wenger AM, Zehir A, Mesirov JP. Variant Review 

with the Integrative Genomics Viewer. Cancer Res. 2017;77(21):e31-e4. 

4. Freed NE, Vlkova M, Faisal MB, Silander OK. Rapid and inexpensive whole-

genome sequencing of SARS-CoV-2 using 1200 bp tiled amplicons and Oxford 

Nanopore Rapid Barcoding. Biol Methods Protoc. 2020;5(1):bpaa014. 

5. Baker DJ, Aydin A, Le-Viet T, Kay GL, Rudder S, de Oliveira Martins L, et al. 

CoronaHiT: high-throughput sequencing of SARS-CoV-2 genomes. Genome Med. 

2021;13(1):21. 

6. Tegally H, Wilkinson E, Giovanetti M, Iranzadeh A, Fonseca V, Giandhari J, et al. 

Detection of a SARS-CoV-2 variant of concern in South Africa. Nature. 

2021;592(7854):438-43. 

 


