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Whole-genome sequencing (WGS) of severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) has led to a better understanding of the virus’s origin,

transmission, and evolution (1–6). Multiplex amplicon sequencing for viral WGS is a
preferred approach to library preparation since it is simple, sensitive, cost-effective, and
scalable (7, 8). However, balancing multiplexed primers to achieve high sensitivity and
even coverage can be difficult (8), and superlative analytical sensitivity is not assured.
Here, we evaluated the Swift Biosciences’ single-tube SARS-CoV-2 multiplex amplicon
sequencing panel for the recovery of genomes from low-viral-load samples (threshold
cycle [CT] � 26 on a Hologic Panther Fusion system).

This work was approved by the University of Washington Institutional Review Board
(proposal no. STUDY00000408). Libraries were constructed from double-stranded cDNA
using Swift Biosciences’ Normalase amplicon SARS-CoV-2 panel. The resulting libraries
were sequenced on 2� 300-bp MiSeq runs, and a median of 605,654 reads were
obtained for each library. Genomes were assembled with a custom pipeline, TAYLOR
(https://github.com/greninger-lab/covid_swift_pipeline). Briefly, sequence reads were
trimmed using Trimmomatic v0.38, aligned to the Wuhan-Hu-1 genome (NCBI acces-
sion no. NC_045512.2) using BBMap v38.70 (https://sourceforge.net/projects/bbmap/),
and trimmed of PCR primers using Primerclip (https://github.com/swiftbiosciences/
primerclip). Consensus genomes were called bcftools v1.9.

The 61 samples sequenced had CT values ranging from 26.04 to 37.93. We recovered
genomes from all samples with a CT of �32.16 and from a sample with a CT value of
36.77, equivalent to approximately 4.24 copies input (Fig. 1A) (9–11). For samples with
a CT value between 32.01 and 34.00, we recovered genomes from 8/10 (80%) of the
samples, and for samples with a CT value between 34.01 and 36.00, we recovered
genomes from 4/10 (40%) of the samples. While we recovered genomes from just 3 of
the samples with a CT value between 36.01 and 38.00, we were able to recover partial
genomes for the other 7 samples (median genome covered, 36.0%; range, 4.9 to 73.7%).

The libraries produced with the Swift SARS-CoV-2 amplicon panel were highly
enriched for SARS-CoV-2 reads. Samples with CT values ranging from 26.01 to 32.00 had
a median on-target percentage of 98.5% (range, 93.1 to 99.0%) after removal of reads
attributed to primer dimer formation (Fig. 1B). Among samples with CT values from
32.01 to 38.00, the median on-target percentage was 92.4% (range, 16.5 to 98.7)
(Fig. 1B).

We also assessed the coverage distribution from samples with an average depth of
�100�. The coverage across the genome for the 41 samples analyzed was highly even
(Pielou’s evenness, 0.988) (Fig. 1C). To assess reproducibility, we performed 8 separate
library preparations on a single sample. All 8 preparations yielded identical consensus
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sequences, demonstrating the high reproducibility of the Swift SARS-CoV-2 amplicon
panel.

Lastly, we performed a phylogenetic analysis of the 46 strains with complete
genomes and 109 randomly selected global SARS-CoV-2 strains. The 46 strains be-
longed to both major lineages defined by pangolin (https://github.com/cov-lineages/
pangolin) (12) and reflected the genomic diversity currently circulating in the SARS-
CoV-2 population (Fig. 1D).

In summary, the Swift SARS-CoV-2 amplicon panel is a simple, highly sensitive
approach for recovering SARS-CoV-2 genomes. The panel has allowed for the study of
genomic rearrangements and mutations that are uniquely associated with low-viral-
load samples (13, 14).

Data availability. Sequencing data are available under NCBI BioProject no.

PRJNA610428 (Table 1). Code for assembling consensus FASTA genomes from

FASTQ files is also available online (https://github.com/greninger-lab/covid_swift

_pipeline).

FIG 1 Evaluation of the Swift Biosciences’ SARS-CoV-2 multiplex amplicon sequencing panel. (A) Complete genomes were
recovered from all samples with a CT value of �32.16 and a CT value as high as 36.77. Samples for which complete genomes
(�95% genome coverage) were recovered are highlighted in purple. Partial genomes are highlighted in gold. (B) SARS-CoV-2
sequences were highly enriched in the sequencing libraries as measured by the percentage of reads mapping to the reference
genome for SARS-CoV-2 (NCBI accession no. NC_045512.2). Complete genomes were recovered for samples highlighted in
purple, while partial genomes were recovered for those highlighted in gold. (C) The genome coverage between nucleotides
201 and 29741 of the SARS-CoV-2 reference genome is even. The 5th and 95th percentiles of coverage at each position across
the 41 samples with a mean depth of �100� are plotted in purple. A 250-nucleotide window moving average is represented
in gold. (D) The 46 SARS-CoV-2 samples with complete genomes belong to both major SARS-CoV-2 lineages. A phylogenetic
tree with the 46 SARS-CoV-2 genomes recovered in this report and 109 other global strains was constructed with FastTree
version 2.1.1. Strains belonging to lineage A are highlighted in purple, while those belonging to lineage B are highlighted in
gold. Those genomes sequenced in this report are circled in black. SNV, single nucleotide variation.
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TABLE 1 Assembly and sequencing read accession numbers for strains sequenced in this
studya

Strain GISAID accession no. SRA accession no.

WA-UW-4544 NA SRR12473512
WA-UW-4545 EPI_ISL_460621 SRR11939565
ID-UW-4550 EPI_ISL_460622 SRR11939564
WA-UW-4554 NA SRR12473511
WA-UW-4555 EPI_ISL_460623 SRR11939553
WA-UW-4562 EPI_ISL_460624 SRR11939542
WA-UW-4563 EPI_ISL_515271 SRR11939540
WA-UW-4569 EPI_ISL_515272 SRR11939539
WA-UW-4570 EPI_ISL_460625 SRR11939538
WA-UW-4572 EPI_ISL_497872 SRR11939537
WA-UW-4581 EPI_ISL_515273 SRR11939536
WA-UW-4585 EPI_ISL_515274 SRR11939535
WA-UW-4588 EPI_ISL_460626 SRR11939563
WA-UW-4589 EPI_ISL_515275 SRR11939562
WA-UW-4591 EPI_ISL_460627 SRR11939561
WA-UW-4592 EPI_ISL_515276 SRR11939560
ID-UW-4597 EPI_ISL_460628 SRR11939559
WA-UW-4599 EPI_ISL_515277 SRR11939558
ID-UW-4600 EPI_ISL_460629 SRR11939557
ID-UW-4601 EPI_ISL_515270 SRR11939556
WA-UW-4603 EPI_ISL_515278 SRR11939555
WA-UW-4607 EPI_ISL_513632 SRR12515115
WA-UW-4608 EPI_ISL_515279 SRR11939554
WA-UW-4610 EPI_ISL_515286 SRR12515114
WA-UW-4614 EPI_ISL_515280 SRR11939552
WA-UW-4615 EPI_ISL_515281 SRR11939551
WA-UW-4616 EPI_ISL_515282 SRR11939550
WA-UW-4618 EPI_ISL_515283 SRR11939549
WA-UW-4619 EPI_ISL_460630 SRR11939548
WA-UW-4620 EPI_ISL_515284 SRR11939547
WA-UW-4623 EPI_ISL_515285 SRR11939546
WA-UW-4627 EPI_ISL_513633 SRR12515113
WA-UW-4632 EPI_ISL_460631 SRR11939545
WA-UW-4633 EPI_ISL_460632 SRR11939544
WA-UW-4636 NA SRR12473505
WA-UW-4641 NA SRR12473504
WA-UW-4643 EPI_ISL_460633 SRR11939543
WA-UW-4646 EPI_ISL_460634 SRR11939541
WA-UW-4648 NA SRR12473503
WA-UW-4657 EPI_ISL_461399 SRR11940010
WA-UW-4660 EPI_ISL_513634 SRR11940009
WA-UW-4663 EPI_ISL_461400 SRR11939943
WA-UW-4664 EPI_ISL_513635 SRR11939932
WA-UW-4665 NA SRR12473502
WA-UW-4684 EPI_ISL_461401 SRR11939921
WA-UW-4687 NA SRR12473501
WA-UW-4698 EPI_ISL_461402 SRR11939974
WA-UW-4731 EPI_ISL_513636 SRR12515112
WA-UW-4735 NA SRR12473500
WA-UW-4738 NA SRR12473499
WA-UW-4750 NA SRR12473498
WA-UW-4758 EPI_ISL_513637 SRR11939963
WA-UW-4761 NA SRR12473510
WA-UW-4765 EPI_ISL_461403 SRR11939952
WA-UW-4881 NA SRR12473509
WA-UW-4884 NA SRR12473508
WA-UW-4888 NA SRR12473507
WA-UW-4898 EPI_ISL_513638 SRR12515111
WA-UW-4903 NA SRR12473506
WA-UW-4917 EPI_ISL_461404 SRR11939996
WA-UW-4931 EPI_ISL_461405 SRR11939985
aSamples without a GISAID accession number were not considered complete genomes. NA, not applicable.
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