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RESULTS
Figure 1.  Panel design and amplicon redundancy

Figure 5.  Genome assembly of synthetic viral control

ABSTRACT
The Ion AmpliSeq™ SARS-CoV-2 Research Panel is a targeted Next 
Generation Sequencing (NGS) solution that facilitates analysis and 
monitoring of the complete SARS-CoV-2 genome. We report the 
intelligent design for robust performance and utility in a wide variety of 
SARS-CoV-2 research applications. We demonstrate the ability of the 
panel to assemble whole genomes and track naturally occurring 
variants. 

INTRODUCTION
SARS-CoV-2 has resulted in over >510 million infections and >6 million 
deaths globally1. Rapid tracking of the introduction, spread, and 
evolution of the virus is of paramount importance to international health 
concerns. The Ion AmpliSeq™ SARS-CoV-2 Research Panel was 
designed to provide a sample-to-answer analysis solution with as little as 
2.5 hours for sequencing data.  Automated workflows reduce hands-on 
time to as little as 45 minutes using our IonChef ™ system or 5 minutes 
with the turnkey Genexus™ sequencing system, reducing the risk of 
operator induced errors. Furthermore, the high sensitivity of the assay 
allows for sample inputs as low as 1 ng total RNA, increasing the 
eligibility of low viral load samples for testing. With the 540 chip on 
GeneStudio™ S5, up to 80 samples can be multiplexed, allowing for the 
high throughput necessary for epidemiological studies. Together, this 
uniquely positions the Ion AmpliSeq™ SARS-CoV-2 assay to provide 
rapid, high-quality results for tracking viral spread and evolution. 

MATERIALS AND METHODS
Amplicons were designed to cover all serotypes of SARS-CoV-2 in 
GISAID2 as of January 2020. The amplicons were designed with high 
analytical specificity and demonstrated no crosstalk to other 
Coronaviruses. Panel performance was evaluated using synthetic 
controls or heat-killed virus. Library preparation was performed in 
accordance with manufacturer’s protocols manually or automatically on 
the Ion Chef™ System, sequenced on Ion GeneStudio™ S5 or Genexus™
System, and evaluated for sequencing uniformity, coverage analysis, 
variant calling, and consensus sequence assembly with built-in plugins. 

CONCLUSIONS
The new Ion AmpliSeq ™ SARS-CoV-2 Insight Research assay uses a targeted sequencing 
approach for a sensitive, culture-free solution to whole SARS-CoV-2 genome sequencing. 
The assay requires minimal sample input and as little as 24 hours turnaround time with the 
Genexus™ system and custom assay plugin for genome assembly, variant annotation, and 
lineage assignment. With a high degree of functional redundancy, the panel has proven to 
be robust to natural variation, including recent VOC Omicron and Delta. We demonstrate 
the ability of the assay to assemble full genomes, discover underlying variation, and 
differentiate between closely related lineages. These features give the application exception 
flexibility, making it usable in a wide array of applications including contact-tracing and viral 
spread4,5, epidemiology6, and subgenomic RNAs7 with a diversity of sample types such as 
nasopharyngeal swabs, wastewater8, and post-mortem FFPE tissue9. 
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The design consists of 237 
targeted-sequencing amplicons 
across two pools (dark green 
and light green respectively)  
covering 99.6% of the SARS-
CoV-2 genome.

The amplicons 
range in size from 
99 to 275bp with 
a mean of 252bp. 
The insert length 
size ranges from 
54 to 232bp with 
a mean of 201bp. 
We can further 
quantify our 
functional 
redundancy by 
measuring the 
overlap of our

Figure 2. Panel size distribution and overlaps

The new Ion AmpliSeq ™ SARS-CoV-2 Insight Research plugin delivers a sample-to-answer 
solution by taking the output of the assay as sequenced on Genexus ™ or GeneStudio ™, 
performing genome assembly, annotating sample variants, and assigning the constellation of 
variants to lineages as described by pangolin[cite?]. This process, which uses Torrent Variant 
Caller (TVC), is optimized for AmpliSeq chemistry generates a consensus 30% faster than the 
prior research panel plugin. The resulting genome file (FASTA) with lineage assignment can then 
be uploaded to international, public databases (GISAID or NextStrain) through a streamlined 
batch upload.

We assayed the performance of the panel using synthetic controls (Twist 102019 [MT007544.1] 
and 102024 [MN9098947.3]) with 5ng of human lung RNA or heat-killed virus (ATCC#VR-
1986HKTM). Libraries were constructed manually or using the IonChef™ system. These libraries 
were then sequenced using the GeneStudio™ S5 530 chip or Genexus™ system. More than 95% 
1X coverage was obtained on viral copies as low as 20 and 100X for copies as low as 200.

Figure 3. Panel performance metrics

Gold-standard lineage assignment software such as pangolin3 rely on the presence of key 
mutations to determine lineage. We used the Ion AmpliSeq ™ SARS-CoV-2 Insight 
Research assay and downstream plugin to call variants in triplicates of 1,000 copy Twist 
Control 48. Twist Control 48 carries 58 mutations, 33 of which are in the Spike protein 
used for cell-access and vaccine development. We observe 56 out of 58 mutations in each 
of the three replicates (fig. 6a). Observed mutations are well supported, with information 
from forward and reverse reads (red and blue respectively, fig. 6b). Moreover, these 
mutations are often covered by amplicons from multiple pools (green and light green, fig. 
6b), providing redundancy in case of a loss of amplification efficiency of a single target. 
Even with the loss of two mutations due to template truncation and breaks, the Insight can 
accurately assign BA.1 to all three replicates for Twist Control 48.

Figure 4. Sample-to-answer pipeline for SARS-CoV-2

Approximately 62% of the viral genome is covered 
with two amplicons (highlighted box in orange), 
providing redundancy and assay robustness 
against naturally occurring variation. Amplicons 
were designed to cover all available genomes of 
SARS-CoV-2 without any cross-talk to other 
members of the Coronavirus family. In addition to 
the viral amplicons, the panel contains 5 human 
mRNA controls (not pictured).

inserts. This insert overlap has led to exceptional performance over time against naturally 
occurring variation. Despite the many fold increase in the number of available genomes in 
GISAID over time, the panel continues to successfully amplify and assemble whole genomes of 
all current viral variants.

To test panel performance on emerging Variants of Concern (VOC), we constructed and 
sequenced libraries using 1,000-copy input of synthetic Omicron (BA.1) genome from Twist 
(Control 48, part #105204). This synthetic genome consists of six, non-overlapping 5kb 
fragments corresponding to a real-world isolate of Omicron (EPI_ISL_6841980), including 
mutations in the genome since initial panel design. Here we demonstrate the robustness of 
the assay to natural variation as we still demonstrate high coverage across the entire 29kb of 
the SARS-CoV-2 genome, excluding the gaps between synthesized viral fragments. 
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Figure 6a. Overlap of 58 expected (known) 
and 56 observed (detected) mutations for 
Twist Control 48

Figure 6b. IGV view Insight assay results for 
selected Twist Control 48 mutation 
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Alpha BA.1.1.7 15555 7.22%
Omicron BA.1.17.2 10580 5.30%
Delta AY.103 9810 5.19%
Omicron BA.2 9125 5.09%

The international database, GISAID, has become central to the sharing and study of sequence 
data related to SARS-CoV-2. As of April 2022, there are 261,551 GISAID submissions tagged as 
Ion Torrent. These submissions date back to the start of the pandemic in December 2019. These 
Ion Torrent based sequences cover 792 distinct pangolin lineages. The top five represented 
pangol lineages correlate to the largest waves, Alpha (B.1.17), Delta (AY.103), and Omicron 
(BA.1.1, B.1.17.2, BA.2). Moreover, as BA.1.1 and BA.1.17.2 differ by only two mutations 
(ORF1a:1887I and S:701V), we demonstrate the high information density and quality of the Ion 
Torrent submissions. 

Figure 7. Pango lineage distributions of Ion Torrent 
based submissions to GISAID
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