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The need for COVID-19
surveillance

The COVID-19 pandemic has raged across the world for
more than a year.! The emergence of new SARS-CoV-2
variants that are potentially more contagious or deadly
have raised concerns about public health efforts, certain
diagnostic tests, and vaccines developed to combat the
pandemic.? This highlights the need for genomic surveil-
lance to identify and monitor new SARS-CoV-2 variants.
To address this need, we offer the lllumina COVIDSeq Test
(RUO Version). This amplicon- based next-generation se-
guencing (NGS) assay includes primers designed to detect
mutations and characterize RNA from the SARS-CoV-2
virus to help clinical research labs identify and track the
emergence and prevalence of new SARS-CoV-2 variants
and lineages.

When using the lllumina COVIDSeq Test for viral surveil-
lance, it is important to understand the impact genome
coverage has on variant analysis. In NGS, genome
coverage is determined by the read length and depth.
When setting up a sequencing run, laboratories need to
balance the read lengths and read depths sufficiently

to achieve comprehensive viral genome coverage with
investments in sequencing costs and analysis time. This
technical note evaluates the impact of various read lengths
and depths on SARS-CoV-2 genome coverage, and
provides guidelines for laboratories adopting the lllumina
COVIDSeq Test (RUO Version) for surveillance.

Experimental design
Sequencing parameters

Sixteen COVID-positive samples (Ct values < 30) were
sequenced at a read length of 2 x 151 bp on the NextSeg™
550Dx instrument (RUO Mode). To evaluate the effect of
read length on genome coverage, reads were trimmed to
various lengths:

« 1x36bp e 2x36bp
e 2x51bp e 2x76bp
e 2x101bp e 2x151bp

2 | M-GL-00088 v1.0

To evaluate the effect of read depth on genome coverage,
each read length was downsampled to various depths:

* 10Mreads e S5Mreads
e« 2.5Mreads e 2Mreads
« 1M reads ¢ 0.5Mreads
e 0.25Mreads ¢ 0.1Mreads

Analysis with DRAGEN™ COVID Lineage App

FASTQ sequencing files from the NextSeq 550Dx instru-
ment were input to the lllumina DRAGEN COVID Lineage
App for alignment to a SARS-CoV-2 reference genome.
Starting from FASTQ files, the app performs mapping/
alignment, variant calling, and consensus sequence gener-
ation. Access the software in BaseSpace™ Sequence Hub.

Results

Impact of read length and depth on
SARS-CoV-2 genome coverage

Sequencing data from the 16 COVID-positive samples
across a range of read lengths and depths were evaluated
for performance. For this technical note, performance

is defined as the portion of a consensus genome that
exceeds 10x coverage. Plotting performance as a function
of read length and depth shows significant improvement
with paired-end reads over single reads. Paired-end reads
substantially increase the number of unique reads that
pass duplicate removal, resulting in better performance at
low read length (Figure 1). When considering paired-end
sequencing, comprehensive coverage is achieved at read
lengths of 2 x 51 bp to 2 x 76 bp, with read depths of 1-2M
reads per sample (Figure 1 and Figure 2).

Shorter read lengths and shallower read depths are more
cost-effective and efficient in terms of bases sequenced
and analysis time (Figure 3). However, it is important to
note that the sample set used in this technical note is
small and includes ideal test samples (Ct values < 30).

For analysis of real-world samples that potentially have
low viral titers, laboratories may choose to increase

read length or depth to ensure comprehensive genome
coverage. Deletions of increasing size have been observed
in newly identified SARS-CoV-2 variants.®>® Sequencing
reads lengths of 2 x 76 bp or shorter may not detect larger
deletions, so longer read lengths may be preferred to
ensure full coverage and characterization of SARS-CoV-2
variants for COVID-19 surveillance.
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Figure 1: Genomic coverage performance—NMean confident
genome fraction (top) and fraction of genomes > 0.99 confident
(bottom), two metrics of genomic coverage performance, are
plotted in heat maps as a function of read length and depth. Values
close to 1 represent more complete coverage.
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Figure 2: SARS-CoV-2 genome coverage—Demonstrated genome
coverage for SARS-CoV-2 generated at read lengths of 2 x 76 bp

(top) and 2 x 101 bp (bottom) at a read depth of 1M reads. Coverage
is shown with all reads above the minimum depth for confident
base calls (dashed blue line). The region corresponding to the spike
(S) protein is shaded in green.
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Figure 3: Sequencing considerations—Analysis time is plotted in a
heat map as a function of read length and depth. Times represent
total analysis time (detection, mapping/alignment, and variant
calling) per sample using the DRAGEN COVID Lineage App 3.5.1.
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Summary

The emergence and spread of new SARS-CoV-2 variants
during the COVID-19 pandemic highlights the need for
sequencing-based viral surveillance. The Illumina
COVIDSeq Test (RUO Version) is an ideal sequencing
solution for confirming SARS-CoV-2 variants and lineages.
The data presented in this technical note shows that

> 99% genome coverage was achieved for all samples
analyzed using read lengths of 2 x 76 bp and longer and
read depths of 1M reads per sample and higher. Minor
coverage improvements are observed with increases in
read length and depth. However, viral titer and quality of
extracted RNA may impact the required read configuration
and depth to obtain optimal consensus genome calling.
Laboratories should balance analysis time, cost, and
coverage requirements.

Learn more

lllumina COVIDSeq Test, illumina.com/products/by-type/
clinical-research-products/covidseqg.html
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Glossary

Genome coverage-The percentage of target bases for
a particular genome that are sequenced a given number
of times.

Read length-The number of base pairs sequenced from a
DNA fragment. Read length can vary depending on sample
type, application, and coverage requirements.

Read depth-The number of times a base is read in a
sequencing run (ie, the number of reads per base).

FASTQ-A text file that contains the sequence data and
corresponding quality scores. Typically, this file type is
input for various secondary analysis software applications.

Consensus sequence—A DNA sequence resulting from
alignment that represents the most abundant nucleotide at
each position.

Paired-end sequencing-The process of sequencing a
DNA fragment from both ends in the same run, enabling
more accurate alignment and detection of small
structural variants.

Mean confident genome fraction-The mean fraction of

the genome which has a coverage level greater than 10x
coverage.
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