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ARTICLE INFO ABSTRACT
Method name: A thorough understanding of SARS-CoV-2 genetic features is compulsory to track the ongoing
Alternative approaches of SARS-CoV-2 pandemic across multiple geographical locations of the world. Thermo Fisher Scientific USA has
complete genome sequencing developed the Ion AmpliSeq SARS-CoV-2 Research Panel for the targeted sequencing of SARS-
Keywords: CoV-2 complete genome with high coverage and lower error rate. In this study an alternative ap-

Ton AmpliSeq SARS-CoV-2 Research Panel proach of complete genome sequencing has been validated using different commercial sequencing

Alternative approaches kits to sequence the SARS-CoV-2. Amplification of cDNA with the SARS-CoV-2 primer pool was

NEBNext® Fast DNA Library Prep Set performed separately using two different master mixes: 2X environmental master mix (EM) and

Ton torrent technology Platinum™ PCR SuperMix High Fidelity master mix (PM) instead of 5X Ion AmpliSeq™ HiFi Mix
whereas NEBNext® Fast DNA Library Prep Set for Ion Torrent™ kit was used as an alternative
to Ion AmpliSeq Library Kit Plus for other reagents. This study demonstrated a successful proce-
dure to sequence the SARS-CoV-2 whole genome with average ~2351 depth and 98.1% of total
the reads aligned against the reference sequence (SARS-CoV-2, isolate Wuhan-Hu-1, complete
genome). Although genome coverage varied, complete genomes were retrieved for both reagent
sets with a reduced cost. This study proposed an alternative approach of high throughput sequenc-
ing using Ion torrent technology for the sequencing of SARS-CoV-2 in developing countries where
sequencing facilities are low. This blended sequencing technique also offers a low cost protocol
in developing countries like Bangladesh.
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Reagents/tools: Reagents

Invitrogen purelink viral RNA/DNA mini kit (Thermo Fisher Scientific, USA)

Qubit RNA HS Assay Kit (Thermo Fisher Scientific, USA)

novel coronavirus (2019-nCoV) nucleic acid diagnostic kit (Sansure Biotech Inc., China)

SuperScript® III First-Strand cDNA Synthesis System (Thermo Fisher Scientific, Waltham, MA, USA)

2X environmental master mix from Ion 16S™ Metagenomics Kit (Thermo Fisher Scientific, USA)

Platinum™ PCR SuperMix High Fidelity master mix from Ion Xpress™ Plus gDNA Fragment Library kit (Thermo Fisher
Scientific, Waltham, MA, USA)

Ion AmpliSeq™ SARS-CoV-2 Research Panel (Thermo Fisher Scientific, USA)

NEBNext® Fast DNA Library Prep Set for Ion Torrent™ (New England Biolabs, MA, USA, NEB#E6270L, Version 9.1_8/20)
Agencourt™ AMPure™ XP Reagent (Beckman Coulter, Brea, CA, USA)

Ton Xpress™ Barcode Adapters Kits (Thermo Fisher Scientific, Waltham, MA, USA)

Ion Library TagMan® Quantitation Kit (Thermo Fisher Scientific,Cat. No. 4,468,802, MAN0015802 rev A.0)

Ton 520™ & Ton 530™ Kit — OT2 (Thermo Fisher Scientific, Cat. No. A27751, MAN0010844 rev E.0)

.

.

.

Equipment

Qubit 4 Fluorometer (Thermo Fisher Scientific, USA)

Applied Biosystems™ QuantStudio™ 3 Real-Time PCR System(Thermo Fisher Scientific, USA)
Applied Biosystems™ SimpliAmp™ Thermal Cycler (Thermo Fisher Scientific, Waltham, MA, USA)
DynaMag™ —2Magnet(Thermo Fisher Scientific, USA)

Ton One Touch™ 2 System(Thermo Fisher Scientific, USA)

Ion One Touch™ ES system(Thermo Fisher Scientific, USA)

Ton S5™ System (Thermo Fisher Scientific, USA)

.

.

Experimental design: We validated the low-cost approach to retrieve the SARS-CoV-2 complete genome sequencing.
Trial registration: Not applicable.
Ethics: The study was approved by the Ethical Review Committee of Faculty of Biological Sciences and Technology, Jashore

University of Science and Technology (ERC no:
ERC/FBST/JUST/2020-51) and performed all experiments according to the relevant guidelines and regulations. The
participants were informed about the study and consent was obtained from them.
Value of the Protocol: « An alternative approach of complete genome sequencing using different commercial sequencing kits to sequence the
SARS-CoV-2.
« Cost-effective.
« Complete genomes can be retrieved.

Description of protocol
Background information

The unprecedented development in molecular biology in recent years makes genome sequencing the most important tool to inter-
pret viral transmission, disease dynamics, evolution history, mutation dynamics, vaccine and therapeutic efficacy, and identification
of variants of concern (VOCs) [1-5]. As genome sequencing technology has become relatively available recently, most low- and
middle-income countries like Bangladesh have been unable to afford frequent sequencing of the virus due to high throughput costs.

In this article, we will describe a modified protocol for SARS-CoV-2 sequencing using Ion AmpliSeq SARS-CoV-2 Research Panel,
which can be a low-cost alternative to available SARS-CoV-2 whole genome sequencing methods (Thermo Fisher Scientific, USA, Pub.
No. MANO0019277 Rev. A.0).

Methodology
Sample selection

All positive samples were randomly selected from the continuous surveillance at the Genome centre, Jashore Univer-
sity of Science and Technology, which is part of national surveillance covering four districts (Jashore, Magura, Narail,
and Jhenaidha) in the Southwest part of Bangladesh, authorized and approved by the Directorate General of Health Ser-
vices (DGHS), Bangladesh, for the screening of COVID-19 (https://mofa.portal.gov.bd/sites/default/files/files/mofa.portal.gov.bd/
page/ad1f289c_47cf 4f6c_8dee_887957be3176/Govt%201ab%201ist%20for%20COVID%20test.pdf) [6]. Among all the samples from
1st May to 15th June 2020, only three positive samples from three distinct districts (Jhenaidah, Narail, and Bagerhat) were selected
based on the low cycle threshold (Ct) values (Ct<22) and used the left-over nasopharyngeal samples from the routine surveillance.

RNA extraction and RT-PCR

» 300 pL of nasopharyngeal samples were used to extract the total nucleic acids (NA) using Invitrogen purelink viral RNA/DNA
mini kit (Thermo Fisher Scientific, USA) and eluted with 60 L sterile RNase-free water according to the manufacturer’s protocol.

» Total NA concentration was assayed by Qubit RNA HS Assay Kit (Thermo Fisher Scientific, USA) with Qubit 4 Fluorometer (Thermo
Fisher Scientific, USA).


https://mofa.portal.gov.bd/sites/default/files/files/mofa.portal.gov.bd/page/ad1f289c_47cf_4f6c_8dee_887957be3176/Govt\04520lab\04520list\04520for\04520COVID\04520test.pdf
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+ Real-time fluorescence quantitative PCR (qQRT-PCR) technology targeting the ORFI1ab gene and N gene of SARS-CoV-2 was applied
to detect the viral RNA within clinical samples using the novel coronavirus (2019-nCoV) nucleic acid diagnostic kit (Sansure
Biotech Inc., China) in Applied Biosystems™QuantStudio™ 3 Real-Time PCR System (Thermo Fisher Scientific, USA).

Amplicon-based library preparation

Libraries were prepared using the Ion AmpliSeq™ SARS-CoV-2 Research Panel (Thermo Fisher Scientific, USA, Pub. No.
MANO0019277 Rev. A.0) comprised of two 5X primer pools for whole viral genome sequencing. This approach followed an am-
plicon method that targeted 237 amplicons specific to the SARS-CoV-2 with 5 human expression controls targeting five regions of the
human genome. The panel provides >99% coverage of the SARS-CoV-2 genome (~30 kb), with amplicon length ranging from 125
to 275 bp and covers all potential serotypes. Among the two 5X primer pools, primer pool 1 contains 125 primer pairs of 250 nM
(120 specific to the SARS-CoV-2 sequences) and primer pool 2 contains 122 primer pairs of 250 nM (117 specific to the SARS-COV-2)
[7]. The primer panel covered positions of 43 to 29,842 in the SARS-CoV-2 sequence and missed the first 42 and last 61 nucleotides
because of primer placements [7].

The total protocol was followed by the instruction of five different protocols: Ion AmpliSeq Library Kit Plus user guide (Thermo
Fisher Scientific, Publication Number MAN0017003 rev C.0), Ion AmpliSeq™ SARS-CoV-2 Research Panel (Thermo Fisher Scien-
tific, Publication Number MAN0019277 rev B.0), Ion Xpress™ Plus gDNA Fragment Library Preparation user guide (Thermo Fisher
Scientific, Publication Number MAN0009847, rev H.0), Ion 16S™ Metagenomics Kit (Thermo Fisher Scientific, Publication Number
MANO0010799, rev C.0) and NEBNext® Fast DNA Library Prep Set for Ion Torrent™ (New England Biolabs, MA, USA, NEB#E6270L,
Version 9.1_8/20) with some major modifications. All PCR reactions were performed with Applied Biosystems™ SimpliAmp™ Ther-
mal Cycler (Thermo Fisher Scientific, Waltham, MA, USA).

cDNAs were prepared using SuperScript® III First-Strand cDNA Synthesis System (Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer’s instruction.

Amplification of cDNA with the Ion AmpliSeq™ SARS-CoV-2 Research Panel primer panel was performed separately using two
different master mixes available in the lab: 2X environmental master mix (EM) from Ion 16S™ Metagenomics Kit (Thermo Fisher
Scientific, USA) and Platinum™ PCR SuperMix High Fidelity master mix (PM) from Ion Xpress™ Plus gDNA Fragment Library
kit (Thermo Fisher Scientific, Waltham, MA, USA) instead of 5X Ion AmpliSeq™ HiFi Mix. Hereafter, we will use EM and PM
instead of their full meaning.

Although 4.5 pL of 5X Ion AmpliSeq™ HiFi Mix was recommended in the standard protocol, we optimized the protocol with EM
and PM. 15 pL of EM was added with 8 pL of cDNA and 30 pL of PM was added with 7 pL of cDNA to perform the amplification.
Both the mixtures were divided into two different tubes and 2 pL of each of the 5X Ion AmpliSeq™ Primer Pool 1 and 2 were
added to the corresponding tubes.

The amplification condition was modified to be set for EM (activation of the enzyme: 95 °C, 7:30 min; denaturation 95 °C,
30 s; annealing 60 °C, 3 min; extension 72 °C, 30 s and final extension 72 °C, 3 min) and for PM (activation of the enzyme:
95 °C, 5 min; denaturation 95 °C, 30 s; annealing 60 °C, 3 min; extension 70 °C, 45 s and final extension 70 °C, 3 min). The
number of amplification cycles of both PCR was set to 16, which was fixed based on the viral copy number of the samples
and following the manufacturer’s protocol of Ion AmpliSeq™ SARS-CoV-2 Research Panel (Thermo Fisher Scientific, Publication
Number MAN0019277 rev B.0).

Following the target amplification of cDNA and combining these target amplified reactions of two distinct primer pools, the
standard protocol suggests adding 2 uL of FuPa reagent for partial digestion of primers.

Instead of partial digestion using FuPa reagent, in our modified protocol the pooled target amplified reactions were subjected to
purify with the Agencourt™ AMPure™ XP Reagent (Beckman Coulter, Brea, CA, USA) according to the manufacturer’s protocol
of Ton 16S™ Metagenomics Kit (Thermo Fisher Scientific, Publication Number MAN0010799, rev C.0, page#13) with minor
modificaton. Here we used 80%ethanol instead of 70% as we used NEBNext® Fast DNA Library Prep Set for Ion Torrent™ as an
alternative for other reagents of Ion AmpliSeq Library Kit Plus where protocol recommend 80% ethanol.

End-repair of amplicons were performed according to the NEBNext® Fast DNA Library Prep Set for Ion Torrent™ protocol. 51
pL(adjust with Nuclease-free Water / NFW) of 100 ng amplified cDNA was added with 6 pL. NEBNext End Repair Reaction Buffer
and 3 pL NEBNext End Repair Enzyme Mix and the mix was incubated at 25 °C for 20 min, followed by 10 min at 70 °C, hold at
4°C.

Subsequently, Ion P1 adapter and Ion Xpress™ Barcode (Thermo Fisher Scientific, Waltham, MA, USA) were ligated with the
amplicons following Ion AmpliSeq Library Kit Plus user guide and NEBNext® Fast DNA Library Prep Set for Ion Torrent™ protocol
with minor modification. Briefly, 1 L Ion P1 Adapter and 1 uL Ion Xpress™ Barcode diluted with 2 pL of NFW. Afterwards, instead
of 5 uL. NEBNext DNA Library for Ion Torrent this 4 pL diluted adapter was mixed with 10 uL T4 DNA Ligase Buffer for Ion Torrent,
1 pL Bst 2.0 WarmStart DNA Polymerase, 6 uL. DNA Ligase, and 60 pL of end repaired DNA. To adjust the final volume we added
19 pL of NFW instead of 18 pL. The mix was then incubated at 25 °C for 15 min, followed by 5 min at 65 °C, hold at 4 °C.

The adapter ligated Barcoded libraries were subjected to purify again with the Agencourt™ AMPure™ XP Reagent (Beckman
Coulter, Brea, CA, USA) following the manufacturer’s protocol of NEBNext® Fast DNA Library Prep Set for Ion Torrent™.
Afterward, the purified adapter ligated Barcoded libraries were PCR amplified and then AMPure™ XP Reagent cleanup was
applied again to purify the final libraries according to the NEBNext® Fast DNA Library Prep Set for Ion Torrent™ protocol.
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Table 1
Run and alignment summary results of the Ion 520 chips.
Addressable Wells 12,530,194
With ISPs 4671,902 37.3%
Live 4560,929 97.6%
Test Fragment 271,948 06.0%
Library 4288,981 94.0%
Library ISPs 4288,981
Filtered: Polyclonal 754,507 17.6%
Filtered: Low Quality 467,243 10.9%
Filtered: Adapter Dimer 187,613 04.4%
Final Library ISPs 2879,618 67.1%
Read Length
Mean 236bp
Median 261 bp
Mode 275 bp
Alignment Summary
Total Reads 2677,770
Aligned Reads 2628,132 98.1%
Unaligned Reads 49,638 1.9%
Alignment Quality AQ17 AQ20 Perfect
Total Number of Bases [Mbp] 604 M 585 M 477 M
Mean Length [bp] 233 228 188
Longest Alignment [bp] 332 329 327
Mean Coverage Depth 20,194.6 19,564.1 15,942.2

Final concentration of each barcoded library was determined by qPCR with the Ion Library TagMan® Quantitation Kit (Thermo
Fisher Scientific, Cat. No. 4,468,802, MAN0015802 rev A.0) and diluted each library into 100 picomolar (pM) concentration recom-
mended in manufacturer’s protocol of Ion 520™ & Ion 530™ Kit — OT2 (Thermo Fisher Scientific, Cat. No. A27751, MAN0010844

rev E.O)

Preparation of enriched, template-positive Ion Sphere™ Particles (ISPs) and sequencing

« All the libraries were pooled in equimolar concentration to prepare the template-positive Ion Sphere™ Particles (ISPs) using the

Ton 520™ & Ton 530™ Kit — OT2 user guide on the Ion OneTouch™ 2 System.

+ Ion OneTouch™ ES system was used to enrich the template-positive ISPs. This ES system was cleaned with 70% alcohol prior to
its running and maintained within biosafety cabinet.
+ The enriched template-positive ISPs along with control ISPs were loaded in Ion 520™ chip and sequenced in Ion S5™ System.

Genome assembly, annotation, and analysis

All data was retrieved as Binary Alignment Map (bam) files from Torrent Suite Software (version 5.10.0) (Thermo Fisher Scientific,
USA) and analyzed with an in-house pipeline.

Short reads of Binary Alignment Map (bam) files were converted to Fastq files by using SAMtools v1.12 [8] and the quality was
checked by using FastQC 0.11.9 [9].

Trimmomatic v0.39 [10] was used to trimmed low quality read (LEADING:20 TRAILING:20 SLIDINGWINDOW:4:15 MINLEN:36)

and consensus were generated by using Burrows-Wheeler Aligner (BWA v0.7.17) [11], SAMtools v1.12 [8] and BEDTools v2.30.0

[12] by aligning a reference genome (hCoV-19/Wuhan/WIV04 (GenBank accession no. MN996528.1)).
Further indel and area-wise mutation coverage were checked by using snippy [13] and corrected the genome accordingly. The

variant caller of snippy is Freebays (https://github.com/freebayes/freebayes) with the minimum number of reads covering a site
to be considered (default=10) and the minimum VCF variant call “quality” (default=100)

Phylogenetic reconstruction and mutation analysis

Nextstrain SARS-CoV-2 phylogetetic tree generation pipeline (https://nextstrain.org/sars-cov-2) has been used to reconstruct the
phylogenetic tree with nextstrain clade of the sequenced representing this study [14]. Nextstrain uses MAFFT [15] as an alignment
tools, IQ-TREE [16] and TreeTime [17] to reconstruct tree and Auspice web server (https://auspice.us/) to visualize the tree. Muta-
tions and clades have assigned from CoVserver mutation app (https://www.gisaid.org/epiflu-applications/covsurver-mutations-app/)


https://github.com/freebayes/freebayes
https://nextstrain.org/sars-cov-2
https://auspice.us/
https://www.gisaid.org/epiflu-applications/covsurver-mutations-app/

Table 2

Overview library preparation and read number, coverage of three samples with two different cDNA amplification methods.
Master Mix Sample ID cDNA con- dChip Mean Read Total read Total read Mapped Genome Complete Clade GenBank SRA Accession
Criteria centration loading Length count count after reads (%) Coverage genome (bp) Accession No

ng/ uL PicoMolar QC? (%) (x) No.
(PM)

EMP GC15.09-envll 962 100 247 bp 962,670 96.17 98.90 4162.62 29,870 20A MZ749909 SRR15412770
PM* GC15.09-pla8 962 100 243 bp 248,167 95.70 97.41 1661.93 29,879 20A MZ749906 SRR15412769
EM GC40.38-env12 1010 100 244 bp 784,868 96.35 99.91 3982.4 29,866 20A MZ749905 SRR15412768
PM GC40.38-pla9 1010 100 240 bp 248,269 95.64 99.56 1654.28 29,866 20A MZ749907 SRR15412767
EM GC40.86-env13 975 100 235 bp 349,023 95.85 99.42 2114.76 29,872 20A MZ749904 SRR15412766
PM GC40.86-plal0 975 100 231 bp 84,773 93.88 92.69 530.45 29,873 20A MZ749908 SRR15412765

2 QC = Quality control with trimmomatic (Details in methods section),

b EM = Environmental Master Mix,
¢ PM = Platinum Master Mix,
d Final Library Concentration for Chip loading PicoMolar (pM).
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of Global initiative on sharing all influenza data (GISAID) where hCoV-19/Wuhan/WIV04 (GenBank accession no. MN996528.1) was
used as a reference genome.

Protocol validation

Integrated epidemiological and virological surveillance of SARS-CoV-2 is playing an important role in monitoring the global spread
and evolution of variants. High throughput sequencing data has provided the most vital information for these analyses. However, NGS
using Ion torrent technology is expensive and complex procedure compared with Illumina, Oxford Nanopore, and Pacbio sequencing
procedures [18]. Short read (about 300 bp) sequencing is used by Ion torrent and Illumina technology, whereas Oxford Nanopore
and Pacbio employ approximately 100-1000 kb albeit with high error rates [19].

Thermo Fisher Scientific developed Ion AmpliSeq SARS-CoV-2 Research Panel for the sequencing of SARS-CoV-2 which amplify
237 target regions by two primers pools of 474 different primers sites. Several researchers have successfully used the technology
and performed the sequencing [7,20,21]. All the researchers successfully sequenced the whole genome of SARS-CoV-2 and identified
the different clades and mutations. Using the Ion Torrent Genexus Integrated Sequencer (Thermo Fisher Scientific, San Diego, CA),
even low viral copy (less than 20/microliter) have been successfully sequenced almost 100% genome and different synonymous and
non-synonymous mutations were obtained [21]. In another study, Ion AmpliSeq SARS-CoV-2 Research Panel successfully sequenced
the whole genome of SARS-CoV-2 from 10 ng of isolates and 1 ng of nasopharyngeal swabs [7]. Other authors also compare the
mutations of SARS-CoV-2 by both Ion torrent and MinION sequencing platform and found that Ion torrent is better compared to
MinION technology [22]. However, all of the researchers followed the standard protocol and reagents as suggested by Thermo Fisher
Scientific.

Our study demonstrated a successful procedure to sequence SARS-CoV-2 whole genome using Ion AmpliSeq SARS-CoV-2 Research
Panel with average ~2351 depth. A total of 6 libraries (for 3 pairs of samples) were sequenced on one Ion 520 chip (Table 1). Ion
Sphere Particles (ISP) loading was 37.3% where 97.6% of the ISP was represented live by libraries. About 17.6% of the ISPs were
polyclonal, while low quality products and adapter dimers represented 10.9% and 04.4% of the sequences, respectively. The final
libraries’ ISPs were 67.1% of the total. The alignment summary showed that aligned reads against the reference sequence (Severe
acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete genome) represented 98.1% of total the reads, with a very
low amount of reads (1.9%) not aligned to the reference genome.

This study used an alternative sequencing protocol to limit the expense of the project and modified the standard protocol ac-
cording to the immediate availability of the sequencing reagents. We used two master mixes: 2X environmental master mix (EM)
and Platinum™ PCR SuperMix High Fidelity master mix (PM) for cDNA amplification. Afterwards, an alternative library preparation
regents: NEBNext® Fast DNA Library Prep Set for Ion Torrent™ were used instead of Ion AmpliSeq Library Kit Plus. Three samples
were sequenced and for each sample, the procedure was duplicated as we used PM and EM separately for cDNA amplification. Among
the two master mixes, The EM-generated library resulted in higher mean read length and total read count than PM (Table 2). Mapped
reads and genome coverage of libraries also gave similar results for both EM and PM. Mapped reads from all libraries prepared by EM

Mutation number

Fig. 1. SARS-CoV-2 genomes were visualized in world reference nextclade phylogenetic tree. All the samples were under 20A clade (Blue circle).



Table 3

Mutational spectra of 3 samples of SARS-CoV-2 genome with two different cDNA amplification methods (*PM = Platinum Master Mix, **EM = Environmental Master Mix) Evidence means the area wise

coverage of that mutation.

Library type POS TYPE REF ALT EVIDENCE EVIDENCE NT_POS AA POS EFFECT GENE PRODUCT
Sample ID *PM *EM
GC15.09 1163 snp A T T:31 A:0 T:29 A:0 898/21,290 300/7095 missense_variant c.898A>T orflab orflab polyprotein
p.1le300Phe
3037 snp C T T:12 C:0 T:18 C:0 924/7095 synonymous_variant ¢.2772C>T orflab orflab polyprotein
2772/21,290 p.Phe924Phe
14,408 snp C T T:23 C:0 T:26 C:0 4715/7095 synonymous_variant ¢.14143C>T orflab orflab polyprotein
14,143/21,290 p.Leu4715Leu
15,372 snp G T T:23 G:0 T:26 G:0 5036/7095 missense_variant ¢.15107G>T orflab orflab polyprotein
15,107/21,290 p-Arg5036Leu
23,403 snp A G G:27 A:0 G:34 A:0 1841/3822 614/1273 missense_variant c.1841A>G S spike glycoprotein
p-Asp614Gly
25,465 snp C T T:29 C:0 T:35C:0 73/828 25/275 missense_variant ¢.73C>T NS3 nonstructural
p-Pro25Ser protein NS3
GC40.38 1163 snp A T T:51 A:1 T:40 A:0 898/21,290 300/7095 missense_variant c.898A>T orflab orflab polyprotein
p.1le300Phe
3037 snp C T T:14 C:0 T:14 C:0 924/7095 synonymous_variant ¢.2772C>T orflab orflab polyprotein
2772/21,290 p.Phe924Phe
3961 snp C T T:30 C:0 T:38 C:0 1232/7095 synonymous_variant ¢.3696C>T orflab orflab polyprotein
3696/21,290 p.lle1232Ile
4897 snp C T T:31 C:0 T:43 C:0 1544/7095 synonymous_variant ¢.4632C>T orflab orflab polyprotein
4632/21,290 p.Phel544Phe
12,170 snp G A A:14 G:1 A:21 G:0 3969/7095 missense_variant ¢.11905G>A orflab orflab polyprotein
11,905/21,290 p.Ala3969Thr
14,408 snp C T T:37 C:0 T:29 C:0 4715/7095 synonymous_variant ¢.14143C>T orflab orflab polyprotein
14,143/21,290 p-Leu4715Leu
14,973 snp G A A:36 G:0 A:26 G:0 4903/7095 missense_variant ¢.14708G>A orflab orflab polyprotein
14,708/21,290 p.Arg4903Lys
20,274 snp G T T:54 G:0 T:44 G:0 6670/7095 missense_variant ¢.20009G>T orflab orflab polyprotein
20,009/21,290 p.-Trp6670Leu
23,108 snp G C C:28 G:0 C:23 G:0 1546/3822 516/1273 missense_variant ¢.1546G>C S spike glycoprotein
p.Glu516GIn
23,403 snp A G G:50 A:0 G:41 A:0 1841/3822 614/1273 missense_variant ¢.1841A>G S spike glycoprotein
p.-Asp614Gly
GC40.86 1163 snp A T T:23 A:0 T:35 A:0 898/21,290 300/7095 missense_variant c.898A>T orflab orflab polyprotein
p.1le300Phe
1191 snp C T T:25 C:0 T:34 C:0 926/21,290 309/7095 missense_variant ¢.926C>T orflab orflab polyprotein
p-Pro309Leu
3037 snp C T T:9 C:0 T:16 C:0 924/7095 synonymous_variant ¢.2772C>T orflab orflab polyprotein
2772/21,290 p.Phe924Phe
14,408 snp C T T:13 C:0 T:25 C:0 4715/7095 synonymous_variant ¢.14143C>T orflab orflab polyprotein
14,143/21,290 p.Leu4715Leu
15,222 snp C T T:23 C:0 T:33 C:0 4986,/7095 missense_variant ¢.14957C>T orflab orflab polyprotein
14,957/21,290 p.Ser4986Phe
18,555 snp C T T:11 C:0 T:22 C:0 6097/7095 missense_variant ¢.18290C>T orflab orflab polyprotein
18,290/21,290 p.Thr60971le
23,403 snp A G G:12 A:0 G:19 A:0 1841/3822 614/1273 missense_variant ¢.1841A>G S spike glycoprotein
p-Asp614Gly
25,617 snp G T T:33 G:0 T:45 G:0 225/828 75/275 missense_variant ¢.225G>T NS3 nonstructural

p.Lys75Asn

protein NS3
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Table 4
Cost comparison between Ion AmpliSeq Method and Modified Method of SARS-CoV-2 sequencing.
SI No Name Ion AmpliSeq Method Modified Method
usD Reaction Per/sample UsD Reaction Per/sample
UsD USD
1 Ion 16 s Metagenomics kit - - - 1755.81 100 17.56
2 Ton AmpliSeq Library kit 3488.37 24 145.35
3 NEBNext® Fast DNA Library Prep Set for - - - 1511.63 50 30.23
Ton Torrent™ (New England Biolabs)
4 Ton Xpress™ Barcode Adapters 3720.93 20 11.63 3720.93 20 11.63
5 Qubit DNA Assay Kit 139.53 100 1.39 139.53 100 1.39
6 Agencourt AMPure XP, 60 Ml 1976.74 1.5 1976.74 1.5
7 OT2 kit 8372 4 261.63 8372 4 261.63
8 520 chip kit 4418.6 8 69.77 4418.6 8 69.77
9 Dynabeads™ MyOne™ Streptavidin C1 813.95 200 4 813.95 200 4
Total ~ $495.27 ~ $397.71

was 99.4% on average whereas the libraries derived from PM was 96.6%. We got more than twice genome coverage in EM-derived
sequences compared to PM-derived sequences. Due to limited funding, our analysis was constrained by a small sample size and the
absence of statistical analysis. Nevertheless, for both cases, the complete genomes were retrieved (Table 2). Nextclade analysis showed
that all three pairs of genomes possessed clade 20A (Fig. 1). Mutation analysis from short-read sequences (raw read) and from the
complete genome sequences of three samples showed no difference for EM and PM. Area-wise coverage of each mutation (Table 3)
also showed no significant difference between the obtained sequences using these two master mixtures. Though the unavailability
of certain reagents limited our ability to conduct a direct comparison, we are confident in the efficacy and cost-effectiveness of the
alternative method presented as we found similar results when utilizing the standard library preparation method in a separate se-
quencing run [Data not presented]. Our method worked well with PM and EM master mix and thus we could reduce the total cost of
sequencing. This approach might be convenient for low-income countries where the reagents are costly. The cost comparison showed
that this modified approach needed around $397.71 whereas the Ion Ampliseq method required around $495.27 (all costs included
import Tax and VAT, etc. applicable in Bangladesh) (Table 4).

The main limitation of our study is, we did not test the efficacy of our method for different variants which emerged later. But
other researchers successfully sequenced different variants using Ion AmpliSeq SARS-CoV-2 Research Panel [23]. There were some
unaligned reads, which might arise from the dimerization of primers during the PCR amplification step. These unaligned reads were
not further investigated. Nevertheless, we found this protocol accurate and cost-effective.

Conclusion

The largest contributor to SARS-CoV-2 sequence data are Europe (63%) and North America (27%), while Asia (6%) and Africa
(1%) remain low. Our study proposed an alternative approach of high throughput sequencing using Ion torrent technology for the
sequencing of SARS-CoV-2 in developing countries where sequencing facilities are low. This blended sequencing approach offers
low-cost operational technique in low-facilitated regions to generate the high throughput sequencing data.

Additional information

Coronavirus disease (COVID-19) caused by SARS-CoV-2 was first detected on December 8, 2019, in Wuhan city of Hubei
Province, China [24]. Within the first couple of months, the virus had transmitted to different regions of the world [1,4] due
to its high transmissibility and World Health Organization declared this disease as a global pandemic on March 11, 2020 [25].
Bangladesh reported its first COVID-19 case on March 8, 2020. As of March 7, 2022, in Bangladesh, a total of 1947,266 COVID-
19 cases were confirmed through RT-PCR and rapid antigen test (14.4% detection rate), and 29,085 people died from this disease.
(http://dashboard.dghs.gov.bd/webportal/pages/covid19.php). The death rate in Bangladesh increased during the second wave of
infection which was caused initially by B.1351 [26] and B1.617.2 [27] variant.

SARS-CoV-2 virus is a positive sense single-stranded RNA virus having genome size of 29 kb [28] with high-frequency mutations
to genes more vulnerable to RBD regions. The high mutation rates enable the virus to track the virus compared with DNA virus [29].
Because of the unprecedented development in molecular biology in recent years, genome sequencing became the most important
tool to interpret the viral transmission, diseases dynamics, evolution history, mutations dynamics, vaccine and therapeutic efficacy,
identification of variants of concern (VOCs) [5]. From January 2020 to February 2022, 8688, 321 complete genome sequence of
SARS-CoV-2 were submitted to the GISAID database (gisaid.org), which is by far the highest number of sequences for a single virus.
On the other hand, Genome sequencing technology have become relatively available in recent days, due to high throughput cost,
most low- and middle-income countries like Bangladesh could not afford frequent sequencing of the virus. GISAID Data suggests that,
89% of the SARS-CoV-2 sequences (more than 90 million sequences) during corona pandemic have been submitted from European
and North American countries, whereas only 1% (88,706) of the total submitted sequences were from Africa (gisaid.org).
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For SARS-CoV-2 sequencing, Ion AmpliSeq SARS-CoV-2 Research Panel have been developed by Thermo Fisher Scien-
tific for use with Ion S5 system. This system is relatively inexpensive at low throughput and lower error rate, accurate,
quick run make this attractive to some researchers. The Pubmed search by the words “Ion Torrent” retrieved only 385
publications (https://pubmed.ncbi.nlm.nih.gov/?term=ion+ampliseq) and several authors have used the Ion Ampliseq Technol-
ogy to sequence the SARS-CoV-2 [7,21,30]. But none of the authors modified the basic protocol of Ion AmpliSeq devel-
oped by Thermo Fisher Scietific (https://www.thermofisher.com/bd/en/home/life-science/sequencing/dna-sequencing/microbial-
sequencing/microbial-identification-ion-torrent-next-generation-sequencing/viral-typing/coronavirus-research.html). Our study de-
scribe low-cost modified protocol for SARS-CoV-2 sequencing using Ion AmpliSeq SARS-CoV-2 Research Panel.
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