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Application of CRISPR-Based
Human and Bacterial Ribosomal
RNA Depletion for SARS-CoV-2
Shotgun Metagenomic Sequencing

Stacey Cerdn, PhD, Nathan C. Clemons, PhD,
Benjamin von Bredow, PhD, and Shangxin Yang, PhD, D(ABMM)

From the Department of Pathology and Laboratory Medicine, UCLA David Geffen School of Medicine, Los Angeles, CA, USA.

ABSTRACT

Objectives: The aim of this study is to evaluate the effectiveness of a CRISPR-based
human and bacterial ribosomal RNA (rRNA) depletion kit (JUMPCODE Genomics) on
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) shotgun metagenomic
sequencing in weakly positive respiratory samples.

Methods: Shotgun metagenomics was performed on 40 respiratory specimens collected
from solid organ transplant patients and deceased intensive care unit patients at UCLA
Medical Center in late 2020 to early 2021. Human and bacterial rRNA depletion was per-
formed on remnant library pools prior to sequencing by Illumina MiSeq. Data quality was
analyzed using Geneious Prime, whereas the identification of SARS-CoV-2 variants and lin-

eages was determined by Pangolin.

Results: The average genome coverage of the rRNA-depleted respiratory specimens
increased from 72.55% to 93.71% in overall samples and from 29.3% to 83.3% in 15 samples
that failed to achieve sufficient genome coverage using the standard method. Moreover,
rRNA depletion enhanced genome coverage to over 85% in 11 (73.3%) of 15 low viral load

samples with cycle threshold values up to 35, resulting in the identification of genotypes.

Conclusion: The CRISPR-based human and bacterial rRNA depletion enhanced the
sensitivity of SARS-CoV-2 shotgun metagenomic sequencing, especially in low viral load

samples.

INTRODUCTION

The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has led
to more than 518 million infections and 6.25 million deaths worldwide.! Surges of cases
have been correlated with the dominance of SARS-CoV-2 variants that display a higher in-
fectivity rate and/or an ability to evade the immune response.>* Genomic surveillance has
been instrumental in the identification of novel variants as well as monitoring transmis-
sion dynamics and viral evolution.* Various methods have been developed for SARS-CoV-2
sequencing: amplicon, hybrid capture, and shotgun metagenomics.®

The basis of amplicon-based sequencing relies on primers that target specific regions
of the viral genome in a multiplex tiling polymerase chain reaction (PCR) assay prior to
sequencing.’ The most common targeted amplicon approach for SARS-CoV-2 sequencing
was designed by the ARTIC Network.® However, constant modifications to the primers and
the protocol must be done to account for amplicon dropout, viral mutations, and overall
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KEY POINTS

Shotgun metagenomics is an
unbiased sequencing method that
requires a higher abundance of
viral RNA and sequencing depth
for genomic analysis of severe
acute respiratory syndrome
coronavirus 2 (SARS-CoV-2),
making this approach challenging
for specimens with lower viral
loads.

A CRISPR-based human and
bacterial ribosomal RNA (rRNA)
depletion on pooled libraries
significantly increased genome
coverage that had otherwise not
achieved a sufficient depth of
more than 85% with the standard
method.

With rRNA depletion, sufficient
genome coverage can be
achieved in most of the weakly
positive samples with Ct values up
to 35, which leads to successful
identification of SARS-CoV-2
genotypes.
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Ct, cycle threshold; ND, not determined.

2Read length is ~250 base pairs.

improvements in workflow and sequencing quality.®® In contrast,
the hybrid capture-based method is able to detect SARS-CoV-2
by the hybridization of specific probes to target regions in the
viral genome.>!° This technique is able to tolerate genomic varia-
bility slightly better than the amplicon-based method given that
the capture of the target region is less specific.l® However, cer-
tain modifications to this approach might be required to achieve
higher sensitivity for specimens with a low viral burden.!! Both the
amplicon-based and the hybrid capture-based methods can be af-
fected by the continuous genetic changes of the virus and require
periodic modification and updates.

Shotgun metagenomics is an unbiased approach that is able to
sequence all DNA/RNA presentin a sample.® Several clinical applica-
tions of this method have included the identification of novel patho-
gens, monitoring disease outbreaks, and guidance for therapy.>?
Despite demonstrating clinical utility, shotgun metagenomics re-
quires a higher abundance of microbial DNA/RNA or transcripts and
higher sequencing depth to obtain quality data needed for genomic
epidemiologic analysis.’>'* Certain techniques have been success-
fully applied for the targeted enrichment of low-abundance species,
including background depletion.!

In this study, we monitored SARS-CoV-2 variants and lineages in
respiratory specimens acquired from solid organ transplant patients
and deceased intensive care unit (ICU) patients in late 2020 to early
2021. The analysis of the initial run demonstrated that most of the
positive specimens with a PCR cycle threshold (Ct) value less than
24 achieved sufficient genome coverage for analysis. To increase ge-
nome coverage in specimens with low viral burden, we evaluate the
effectiveness of a commercial CRISPR-based human and bacterial
ribosomal RNA depletion on SARS-CoV-2 shotgun metagenomic

sequencing.

MATERIALS AND METHODS

From late 2020 to early 2021, remnant SARS-CoV-2 PCR-positive
respiratory specimens, including nasopharyngeal swabs and
bronchoalveolar lavage collected from solid organ transplant pa-
tients and deceased ICU patients at the UCLA Medical Center, were
included in this study. The coronavirus disease 2019 (COVID-19)
PCR methods have been previously described,'® and samples were
tested by one of the following two assays: Simplexa COVID-19 Di-
rect Real-Time RT-PCR Assay (DiaSorin Molecular) and TaqPath
COVID-19 RT-PCR Assay (Thermo Fisher Scientific). The positive
respiratory samples had a range of Ct values between 11 and 36.
Standard shotgun libraries were prepared using the NEBNext Ultra
II RNA protocol (New England Biolabs) and sequenced on MiSeq
(llumina).

In subsequent runs, bacterial and human Cas9/single guide
RNA ribonucleoprotein complex provided with the CRISPRclean
Metatranscritpomic rRNA Depletion Kit (JUMPCODE Genomics)
was used on pooled leftover libraries prior to sequencing, follow-
ing the manufacturer’s protocol. Following the CRISPR digestion of
bacterial and human sequences in the complementary DNA librar-

ies, 0.6x AMPure XP beads (Beckman Coulter Life Sciences) were
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FIGURE 1 A, Overview of the genomic coverage percentage and cycle threshold values of clinical coronavirus disease 2019 (COVID-19) respiratory
specimens. Blue triangles represent clinical specimens that underwent standard sequencing methods, whereas the red circles represent those that were
treated with CRISPR-based ribodepletion prior to sequencing. B, Comparative assessment of the genomic coverage percentage of 15 clinical COVID-19
specimens before and after CRISPR-based ribodepletion. This subset of clinical specimens did not achieve sufficient genomic coverage (=85%) using the
standard method. Error bars represent standard deviation. Statistical significance was determined by a paired Student ¢ test.

used to remove cleaved sequences prior to library enrichment by
PCR amplification (13 cycles). Subsequently, AMPure XP beads were
once again used to select DNA fragments more than 500 base pairs.
The fragment sizes and relative concentration of the DNA frag-
ments were confirmed with the 1000 Bioanalyzer (Agilent) prior to
sequencing.

Metrics for quality control of the sequences included having
a Q30 score of 85% or higher and a cluster passing filter of 85%
or more. Genetic analysis was conducted with Geneious Prime on
sequences with a genome coverage of 85% or more with at least 5x
depth. Variants and lineages were identified with the open-source
platform, Pangolin COVID-19 Lineage Assigner.!”

This study was reviewed by the UCLA Human Research Protec-
tion Program and received an institutional review board exemption.

RESULTS

To determine SARS-CoV-2 lineages and variants, 40 respiratory spe-
cimens with a range of Ct values (11.45-35.06) were sequenced and
analyzed. As expected, 22 of 23 clinical specimens with a Ct value
of 24 or less but only 3 of 17 samples with a Ct value more than 24
achieved sufficient genome coverage (285%) using the standard
shotgun metagenomic methods and [FIVGERIY. Genetic
analysis demonstrated that the genome coverage increased in most
human and bacterial ribosomal RNA (rRNA)—depleted specimens,
with the overall genome coverage average of the entire cohort
improving from 72.55% to 93.71% [FISVLREN, REETEE].

Sufficient genome coverage was achieved in 11 (73.3%) of 15
rRNA-depleted (Ct ranged from 16.20 to 35.06) specimens that
had otherwise not obtained a genome coverage of 85% or more
using the standard method [[XZI=E]. Notably, the average genome
coverage in these 15 samples improved significantly from 29.3% to

4 Am J Clin Pathol 2022;XX:1-5
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83.3% [FIULRE]. Moreover, the average Ct of samples achieving
sufficient genome coverage also increased from 19.80 to 22.58. It
appears that both increased percentage of total reads mapped to the
reference genome and improved genome coverage evenness (based
on the visualization of the read mapping on individual samples;
data not shown) contributed to the overall genome coverage en-
hancement [fX] The increased genome coverage was essential
for the identification of SARS-CoV-2 variants and lineages. As seen
in (=R, the Epsilon variant (B.1.427/429) was found in 47% of
our samples, which also coincided with the predominant variant
at that time in Los Angeles County, California (approximately 50%
Epsilon).!®

DISCUSSION

Global surveillance by sequencing has been instrumental in the dis-
covery of emerging pathogens as well as monitoring transmission,
pathogenesis, and disease.® Although various sequencing methods
have been implemented for genetic surveillance of SARS-CoV-2,
amplicon sequencing is one of the most common approaches.?°
However, a major disadvantage is the constant modifications re-
quired on the primer designs and workflow to accommodate
continuous viral mutations.” For genomic surveillance, shotgun
metagenomics is an efficient unbiased approach that is able to
sequence all viral genetic elements in a specimen. Given that low-
abundance transcripts might not be able to be sequenced effec-
tively, modifications to deplete background genetic elements such
as human and bacterial rRNA should be considered to enhance low
viral reads.®

Our results demonstrate the effectiveness of the CRISPRclean
Metatranscriptomic rRNA Depletion Kit in enhancing the genome
coverage of SARS-CoV-2 sequencing in most samples. The depletion

© American Society for Clinical Pathology
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of bacterial and human rRNA on clinical specimens with low viral
loads enhanced the overall genome coverage sensitivity and thereby
allowed for the identification of SARS-CoV-2 variants and lineages.
In our critical patient cohort, Epsilon was identified as the predom-
inant circulating variant with similar prevalence in the community
during November 2020 to March 2021.1

In conclusion, we demonstrated that performing shotgun
metagenomics with rRNA depletion can greatly improve sensitivity
for genomic surveillance while maintaining its valuable capability
of detecting novel variants without the need to constantly modify

wet laboratory protocols.

Acknowledgments: This study was funded by UCLA Department of
Pathology and Laboratory Medicine. The rRNA depletion reagents were
provided by JUMPCODE Genomics.
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