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Increase scRNA-seq coverage of 

low-expression genes and isoforms 

with depletion 
Combining PacBio® MAS-Seq and Jumpcode Single Cell RNA Boost Kit improves 

isoform detection sensitivity 

 

Highlights 

• 2.6-fold boost in transcriptomic reads 

• Higher numbers of novel isoforms discovered – 

30,655 in depleted compared to 27,732 control 

• 1.6-fold more highly variable genes detected 

• Identification of mast cells, a rare cell type in PBMCs, 

through identification of genes such as CPA3, a 

canonical mast cell marker 

Introduction 

Single-cell RNA sequencing (scRNA-seq) technologies 

are revolutionizing transcriptome studies. Their unique 

ability to characterize the transcriptome of a cell on 

an individual level provides unprecedented detail.1,2 

Using PacBio long-read sequencing, alternative splicing 

events within cells can be discovered at a higher rate 

than short-read sequencing.3 To scale up this method 

and increase user adoption, however, the cost of 

sequencing and the ability to detect low-expression 

genes of interest need to be improved. By combining 

the Jumpcode Single Cell RNA Boost Kit—a CRISPR- 

Cas9 system that removes uninformative genes from 

scRNA-seq libraries before sequencing (Figure 1) with 

long-read single-cell RNA sequencing (MAS-Seq)—we 

demonstrate how the removal of uninformative genes 

greatly increases the discovery power of isoforms – and 

rare cell types – for single-cell transcriptomics. 

 
Single Cell RNA Boost for PacBio MAS-Seq 

for 10x Single Cell 3’ Kit 

1 10x Chromium Next GEM Single Cell 3’ Kit v3.1 

Single Cell RNA Boost Kit 

 Hands-on time: 45 min | Total time: 2.5 hrs 

A. Ribonucleoprotein Complex Formation 

2 B. CRISPR Digestion 

C. Proteinase K Treatment 

D. Bead Cleanup 

Safe stopping point 
 

 
3 PacBio MAS-Seq library preparation 

 

 
4 PacBio sequencing 

 

 
Figure 1: Overview of PacBio MAS-Seq + Jumpcode 

depletion technology. cDNA was generated using the 10x 

Chromium Next GEM Single Cell 3’ Kit 3.1 workflow, followed 

by processing samples with the Jumpcode Single Cell RNA 

Boost Kit. The depleted cDNA was then made into libraries 

using the PacBio MAS-Seq for 10x Single Cell 3’ kit and 

sequenced on PacBio systems. 
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Typically uninformative for secondary analysis; 
Often removed informatically by Seurat / Scanpy 

 
Figure 2: Visual representation of targeted content for depletion in Single Cell RNA Boost Kit. Results represent typical read 

distribution from a single-cell sequencing run. Ribo/Mito and Non-Variable Genes in the transcriptome are targeted for removal 

along with unaligned reads and rRNA in the genomic content. Full depletion content is available at revvity.com. 

 

Depleting uninformative genes in 
10x single cell cDNA for long-read 
isoform sequencing 

The CRISPR guide RNAs in the Single Cell RNA Boost 

Kit are designed to deplete uninformative genes 

commonly found in 10x single cell data. By analyzing a 

cohort of publicly available data from various sources, 

roughly 30-50% of reads were found to align to the 

genome but not the transcriptome and, thus, are 

conventionally ignored by analysis tools. By tailoring 

guides to deplete these genomic intervals, along with 

the highest-expressed protein-coding ribosomal and 

mitochondrial genes, we can redistribute ~50% of reads 

to informative transcripts (Figure 2). 

RNA was extracted from 12,000 PBMCs and processed 

using the Chromium Next GEM Single Cell 3ʹ v3.1 

dual index kit from 10x Genomics. Samples were then 

processed with the Single Cell RNA Boost Kit from 

Jumpcode Genomics, keeping a set of non-depleted 

samples aside to serve as a non-depleted control 

condition. The protocols used for this experiment can 

be found on the Jumpcode and PacBio websites. 

Single cell MAS-Seq libraries were then prepared for 

control and depleted conditions. The resulting libraries 

were sequenced on the PacBio Sequel® II sequencing 

Jumpcode-depleted single cell 
MAS-Seq data increased usable 
reads and boosted UMIs and genes 
per cell 

The Single Cell RNA Boost Kit successfully removed 

86% of the targeted genes (Figure 3), decreasing the 

percentage of aligned reads attributed to the target 

genes from 56% to 8%. This represents a 2.6-fold 

increase in “usable reads” compared to MAS-Seq data 

 
33% of reads are 
usable with MAS-Seq 
and 88% are usable 
with MAS-Seq + 
Jumpcode depletion 
technology 

 
Reads that 
previously aligned 
to genomic regions 
are reassigned by 
CRISPRclean to 
transcripts. 

 

Read Type 

 Other Genomic Intervals 

  Targeted  Intervals 

 Transcriptome Intervals 

platform using one SMRT® Cell 8M per sample. The 

resulting data from the control and depleted samples 

was analyzed with PacBio SMRT® Link software (v11.1) 

MAS-Seq 
(control) 

MAS-Seq + Jumpcode 
depletion technology 

and Seurat4 for secondary analysis. IGV was used to 

visualize the coverage of specific genes. 

Figure 3: Jumpcode depletion increased usable reads in 

single cell MAS-Seq data. The percent of reads mapping 

to targeted genes and intervals was calculated for control 

and depleted samples. Reads from targeted regions (blue) 

are greatly reduced by the Jumpcode depletion method 

resulting in an increase in reads mapping to transcriptome 

intervals (green). 
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https://www.jumpcodegenomics.com/resources/quick-start/crisprclean-single-cell
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.jumpcodegenomics.com_wp-2Dcontent_uploads_2023_02_user-2Dmanual-2DKIT1018-2DCRISPRclean-2Dsingle-2Dcell-2DRNA-2Dboost-2Dfor-2DPacBio-2DMAS-2Dseq-2Dv1.5.pdf&d=DwMGaQ&c=euGZstcaTDllvimEN8b7jXrwqOf-v5A_CdpgnVfiiMM&r=MqagBuqkq5k39mCMa82gtQ&m=Ve_WPvkqahn4J1AO4A2xjW4kSwkoCQt5yBg67s2IUFw&s=5TzpF6-rwRsKvKNFBL0aEGhHm70BWcHBUaF2uKRC0uY&e
https://www.pacb.com/wp-content/uploads/Procedure-checklist-preparing-MAS-Seq-libraries-using-MAS-Seq-for-10x-single-cell-3-kit.pdf
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MAS-Seq MAS-Seq + 
CRISPRclean 

 

run without Jumpcode depletion—boosting the signal to 

noise in the sample and allowing increased opportunity 

for sequencing of low-expression genes and detection 

of novel isoforms. In the depleted sample, 88% of reads 

were mapped to transcriptome intervals compared to 

only 33% in the control sample. 

By removing highly abundant content, reads are 

reassigned to lower expression targets resulting in a 

boost in UMIs and genes per cell. Compared to the 

control sample, the depleted sample had a 1.5-fold 

boost in the number of UMIs per cell and genes per cell 

(Figure 4). 

The number of isoforms per cell increased by 1.5X in the 

depleted condition compared to the control, as seen in 

Figure 6, highlighting the difference between pseudo- 

bulk and single-cell analysis. 

 

 
 
 

 
 
 

 
 
 

 

 

depletion technology 

 

Figure 5: More isoforms are identified in Jumpcode 

depletion-treated libraries than in control samples. Unique 

isoforms were tallied and classified using the SQANTI 

transcript classification nomenclature. 
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MAS-Seq MAS-Seq + Jumpcode Depletion 

 

Figure 4: Boost in UMIs and genes per cell captured with 

Jumpcode depletion. The MAS-Seq control sample (pink) 

compared to the MAS-Seq + Jumpcode depleted sample 

(turquoise) showed a 1.5-fold increase in the number of 

UMIs and genes per cell. 

We compared the control and depleted libraries for total 

and different types of isoforms discovered using the 

SQANTI transcript classification system implemented 

in SMRT Link v11.1. A full splice match (FSM) is defined 

as a transcript that matches a reference transcript at all 

splice junctions, while an incomplete splice match (ISM) 

is defined as a transcript that matches consecutive, but 

not all, splice junctions of the reference transcript. Novel 

in catalog (NIC) transcripts contain new combinations 

of already annotated splice junctions or novel splice 

junctions formed from the already annotated donor and 

acceptor sites. Novel Not in Catalogue (NNC) transcripts 
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MAS-Seq + Jumpcode 
depletion technology 

use at least one donor and/or acceptor site.6 Figure 6: 1.5X boost in isoforms/cell detected. Using MAS- 

Seq + Jumpcode depletion results in a 1.5X boost in the 

number of isoforms per cell detected when compared to 

using MAS-Seq alone on PBMC libraries. 
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Jumpcode-depleted single cell 
MAS-Seq data identified rare 
cell types 

We compared the number of highly variable genes 

(HVGs) between the control and depleted samples. 

HVGs exhibit high cell-to-cell variation, meaning they 

are highly expressed in some cells and lowly in others. 

By focusing on these genes in downstream analysis, 

differences from cell to cell can be highlighted. In the 

control sample, 1279 HVGs were found compared to 

2067 HVGs in the depleted sample. This boost in the 

number of HVGs resulted in four additional clusters 

in the UMAP plots for the depleted samples (Figure 

7). The increased resolution of biological data in the 

depleted sample shows the power of the Jumpcode 

depletion method: it allows additional biological 

insights into samples by removing the noise, resulting 

in a 1.6X increase in the number of HVGs found in the 

depleted sample compared to the control. 

We show an example of the CPA3 gene between 

short-read (Illumina®) sequencing, MAS-Seq alone, and 

MAS-Seq + Jumpcode depletion conditions (Figure 

8). CPA3 is a known canonical gene for identifying 

rare cell types such as mast cells.9 Short reads failed 

to capture this biologically relevant gene. Both long- 

read samples captured the CPA3 gene. However, the 

Jumpcode depletion sample has coverage on all exons, 

allowing identification of the additional cell cluster in 

the UMAP plots. 

 

 

  

 10x-v3 MAS-Seq   Jumpcode MAS-Seq   +4 Additional Clusters  
 

 
Figure 7: Jumpcode-depleted MAS-Seq data identifies four additional rare cell clusters in PBMC. Depleted samples have 4 

additional clusters under the same analytical conditions as the control because of the increased detection of highly variable 

genes (HVGs). 

 

 
Figure 8: Sashimi plot for the CPA3 gene, a mast cell marker, has coverage of all exons in the MAS-Seq + Jumpcode depletion 

condition. Rare and difficult-to-sequence genes obtain no coverage using Illumina short-read sequencing, low coverage using 

MAS-Seq alone, but full coverage of all exons using MAS-Seq + Jumpcode depletion. 

1279 HVGs  
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Conclusions 

Single-cell transcriptome studies, while offering 

unprecedented characterization of transcript expression 

at the single cell level, suffer from decreased sensitivity 

since data from highly-expressed genes can obscure 

signals from lower-expressed genes. By removing 

highly-expressed genes before sequencing, the 

Jumpcode depletion method preserves sequencing 

space for informative molecules. The results show a 

2.6X boost in transcriptomic reads with higher number of 

novel isoforms depleted compa r ed  to the control. With 

1.6X more highly variable genes detected, four additional 

clusters were identified—including mast cells. 

 

To learn more, visit revvity.com 
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