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Figure 3: NextSeq 1000, NextSeq 

2000, and MiSeq™ Systems 600-

cycle kit performance comparison.

SEQUENCING & LIBRARY PREP SOLUTIONS

The availability of 600-cycle kits (Table 1) makes the NextSeq Systems (Figure 3) 
an excellent choice for labs looking for a powerful, benchtop sequencer for IR-Seq 
and other NGS applications such as metagenomics and fusion RNA.

The choice of an IR-seq library solution depends on various factors such as 
input (ie, DNA, bulk RNA, or single-cell RNA), methodology (ie, RACE PCR, or 
Multiplex PCR), regions sequenced (ie, CDR3 or full length) and the chain type 
(ie, TCR or BCR). Multiple library prep solutions and protocols for immune 
repertoire are available offering compelling and differentiated options to choose 
from (Table 2). We tested these solutions on the NextSeq 2000. Due to insert 
length above 600bp, many of these options require or benefit from 2 × 300 
paired-end sequencing to capture the IR spectrum from the sample.

The NextSeq 1000 and NextSeq 2000 deliver high quality PE300 (600-cycle) 
reads. Initial benchmark testing of the NEBNext Immune Sequencing Kit (New 
England Biolabs) exceeds Illumina specifications for base and read quality 
metrics with an overall average %>Q30 of ~91% and PhiX aligned error rate 
below 0.40% (Figure 4).
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The role of the adaptive immune system, made up of B lymphocytes and T 
lymphocytes, has gained notable attention in the last few years. Immuno-
therapies such as immune checkpoint inhibitors (Figure 1) and CAR-Ts have 
shown promising results across multiple cancer types1. Moreover, immune 
repertoire analysis (sequencing of B and T antigen receptors) has been 
shown to be a potential useful tool for biomarker identification and prognostic 
value for the disease.
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Genes for BCRs and TCRs occur at different sites in the genome as arrays of 
variable V, D, and J segments, as well as constant regions that make up the 
rest of the receptor structure (Figure 2a). Through V(D)J recombination, it is 
estimated that it is possible to generate 1018 unique BCR sequences2 and 1012

unique TCR sequences3. However, during an immune response, the repertoire 
of circulating antigen receptors shifts from a diverse pool to one that is 
dominated by one, or a small number of expanded clones (Figure 2b).

NextSeq 1000 and NextSeq 2000 Systems are compatible with a wide range of library preparation kits and analysis software from Illumina as well as third-party 
suppliers. With the available 600-cycle kits, these systems are excellent for complex IR-Seq applications and provide the quality and quantity of reads necessary for 
a detailed view of the immune repertoire as well as the capacity for multiplexing of samples. 
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CHALLENGES & GOALS

Figure 1: Number of antibody therapeutics granted a first approval in either the US or EU 

each year, 1997-2022

Figure 2: a) Mechanism of V(D)J recombination; b) dynamics of immune repertoire showing how 

in the absence of an antigen response the repertoire shows high diversity and low clonality of 

receptor types. In the presence of a recognized antigen, cells with activated receptors are 

expanded resulting in low diversity in the repertoire and high clonality of the active cells.

Table 2: Third-party library prep kit for IR-Seq applications tested on NextSeq 600 cycle kits

Figure 4: NextSeq 2000 sequencing quality; a) %>Q30 by cycle plot b) average %>Q30 by 

read plot 

b)

CONCLUSIONS & REFERENCES

NextSeq1000/2000 Flow Cell choices Catalog # High-quality data Clusters/ Read Pairs

P1 Reagents 600-cycle kit 20075294 60 Gb 100 M

P2 Reagents 600-cycle kit 20075295 180 Gb 300 M

Table 1: Options for 600 cycle sequencing runs on NextSeq platforms

• The incredible diversity of the immune repertoire means that analysis 
requires very high sequencing depth

• In addition, unambiguous, full-length, recombined, V(D)J-receptor 
reconstruction often requires or greatly benefits from 2X300 reads

• Here we demonstrate that the NextSeq™ 1000 and NextSeq 2000 600-
cycle kits are compatible with a wide range of library preparation kits and 
analysis software from third-party suppliers

Figure 5: Common secondary metrics from NGS sequencing for IR characterization; a) VJ-usage 

frequency plots with Takara libraries showing diversity in recombined TCRB (left) and IgG heavy 

(right) chain genes b) diversity rarefaction plots with QIAGEN libraries are showing impact of 

RNA input on TCR repertoire in β,α,γ,and δ chains; c) t-SNE plots showing clustering analysis of 

single immune cell populations and subpopulations based on classical markers with BD libraries.
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Bulk RNA-seq
CDR3/full 

length

New England 

Biolabs 

NEBNext Immune Sequencing 

Kit (Human) (E6320S, E620L)

BCR, TCR or 

BCR + TCR

Open source

Presto tools

Bulk RNA-seq
CDR3/full 

length
QIAGEN

QIAseq Immune Repertoire RNA 

Library Kit (333705)
TCR

QIAGEN

GeneGlobe Analysis

Bulk RNA-seq
CDR3/full 

length
Takara

SMART-Seq Human TCR (with UMIs) 

(634780, 634781, 634779)
TCR

Cogent NGS 

Immune 

Profiler/Viewer 

Software

Bulk RNA-seq
CDR3/full 

length
Takara

SMART-Seq Human BCR (with UMIs) 

(634777, 634778, 634776)
BCR

Cogent NGS 

Immune 

Profiler/Viewer 

Software

Single cell RNA-

seq

CDR3/full 

length
BD

BD Rhapsody TCR/BCR Multiomic

Assay Kit (665828, 665829)
BCR + TCR

BD Rhapsody 

Sequence Analysis 

Pipeline

Common metrics used in the analysis of B and T cell repertoires include 
measuring diversity and clonality at various molecular levels. VJ usage 
(Figure 5a) and clonotype rarefaction plots (Figure 5b) can often show large 
repertoire level differences between cancer and healthy control patients. In 
some instances, single-cell immune clustering analysis can further resolve 
disease signatures through paired chain information (Figure 5c).

TCR Beta Chain IgG Heavy Chain

Number of UMI Number of UMI Number of UMI Number of UMI

TRAC TRBC TRDC TRGC

%
 Q

3
0

© 2023 Illumina, Inc. 

All rights reserved. Qiagen blogpostNEB blogpost Takara blogpost

https://developer.illumina.com/news-updates/qiaseq-immune-repertoire-rna-library-kit-data-on-the-nextseqtm-000-600-cycles-kit-are-now-available-on-basespacetm-sequence-hub
https://developer.illumina.com/news-updates/new-england-biolabs-nebnext-immune-sequencing-kit-data-now-available-on-new-600-cycles-kit-on-the-nextseqtm-2000
https://developer.illumina.com/news-updates/takara-smarter-human-bcr-data-now-available-on-new-600-cycles-kit-on-the-nextseq-2000

	Slide 1: A New Scalable Tool to Enable Full-Length V(D)J Immune  Repertoire Sequencing (IR-Seq) For Cancer Research

