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Improving isoform detection sensitivity
for PacBio Iso-Seq using CRISPRclean®
Single Cell RNA Boost kit
Depletion increases opportunity for sequencing of low expression
genes and isoforms
Summary

Introduction

Data collected in this study with PBMCs demonstrates
that using the CRISPRclean Single Cell RNA Boost Kit
to deplete noisy uninformative molecules in a sample
prior to sequencing results in accurately detecting more
unique molecules, genes, and isoforms than increasing
sequencing depth alone can attain. Results from
samples depleted with the CRISPRclean Single Cell
RNA Boost Kit contain 7.23-fold more unique molecules,
1.9-fold more unique genes, and 4.5-fold more unique
isoforms compared to the non-depleted samples at
the same sequencing depth. Subsampled data sets
show that increased sequencing depth is limited in new
isoform detection and cannot match the results from
the depleted set. This demonstrates the large boost in
isoform detection achieved with depletion cannot be
matched by simply increasing sequencing depth of a
non-depleted sample.

Single cell RNA sequencing (scRNA-seq) technologies
have helped revolutionize transcriptome studies due
to its unique ability to characterize the transcriptome
of a cell on an individual level with unprecedented
detail.1,2 Alternative splicing events can be discovered
with both short and long read systems.1-3 However, to
scale up this method and increase user adoption, the
cost of sequencing and ability to detect low expression
genes of interest need to be improved. Additionally,
short read approaches do not span successive exon
boundaries, limiting the ability to detect novel isoforms.
Here, we present an approach based on the CRISPRCas9 system, marketed as CRISPRclean, that removes
uninformative fragments from scRNA-seq libraries
prior to sequencing (Figure 1) for long read sequencing
technology from PacBio (single cell Iso-Seq). By doing
so, we greatly increase informative reads in scRNA-seq
data and enable the discovery of additional isoforms
and cell types.
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Figure 1: Overview of CRISPRclean technology. Workflow showing samples prepared for PacBio (single cell Iso-Seq) both
with CRISPRclean depletion (purple) and without depletion (grey). Both sets of samples were sequenced to the same
sequencing depth and processed for secondary analysis.
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Figure 2: Visual Representation of targeted content for depletion in single cell boost (SCB). Results represent typical read
distribution from a single cell short read sequencing run. Four regions for removal are highlighted. Ribosomal and mitochondrial
(Ribo-Mito) genes and non-variable genes from the transcriptomic reads are the first two regions highlighted. Ribosomal RNA
(rRNA) and unaligned reads from genomic reads also targeted for removal.

RNA was extracted from donor PBMC samples and
processed using the Chromium Next GEM Single Cell
3ʹ v3.1 dual index kit from 10x Genomics. Single cell
Iso-Seq libraries were then prepared using the PacBio
SMRTbell Express Template Prep Kit 2.0 with and
without CRISPRclean depletion. CRISPR guide RNAs
were designed against genes and genomic intervals
identified for removal from sequencing libraries. These
guides were targeted to the single cell boost targets
(SCB), described in Figure 2.
Unique guide RNAs were synthesized for testing in
the CRISPRclean method. The resulting libraries were
sequenced on the PacBio Sequel II sequencing platform
using 1 SMRT Cell 8M per sample. The resulting data
from the control and depleted samples was analysed in
4 ways:
1. Percentage of reads aligning to each targeted region
2. Depletion rates of targeted molecules
3. Total isoforms
4. Novel isoforms

guide set efficiently removes targeted molecules from
single cell Iso-Seq libraries. For the control sample,
targeted content for removal occupies nearly 25% of
the aligned reads. When removing that content in the
depleted condition, reads are returned to other regions
of the transcriptome, allowing increased opportunity for
sequencing of low expression genes.
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Results
Comparison of the results of the depleted condition to
the control condition shows a significant reduction in
coverage of the targeted content, boosting the signal
to noise in the sample. Figure 3 shows that the SCB
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Figure 3: Depletion shows reduced read alignments for
targeted regions. The percent of reads mapping to targeted
genes and intervals (y-axis) was computed for control
(CTRL, purple) and depleted (DEPL, blue) samples. Reads
from targeted regions are almost completely removed by the
CRISPRclean method.
2

TECH NOTE

Figure 4: More isoforms are identified in CRISPRclean treated libraries than in untreated conditions at the same sequencing
depth. Total and novel isoform species were identified and counted in PacBio single cell Iso-Seq data and compared across
control and depleted samples. Total isoforms species with at least two full length reads (FL Reads, y-axis) were calculated for
control (CTRL) and depleted (DEPL) samples. This guide set enabled the discovery of more isoforms in depleted samples: an
Figure
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Figure 5: Depletion increases information gained and unique molecules in single cell Iso-Seq samples. Filtered reads from
control (purple) and depleted (blue) PBMC samples were down sampled in 10,000 read bins (x-axis) and the number of unique
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