Efficient high-throughput sequencing for quantitative
immune profiling using unique molecular identifiers

Qiang Li*, Ryuji Tazawa®, Wenwen Xiang, Karthikeyan Swaminathan, Magnolia Bostick, Nidhanjali Bansal, and Andrew Farmer?'
Takara Bio USA, Inc., Mountain View, CA, USA

*These authors contributed equally to this project 'Corresponding author: andrew_farmer@takarabio.com

H UMis: what they are and their benefits

n T-cell performance: increased sensitivity
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were incorporated to avoid crossover contamination caused by index hopping. Thus,
our immune profiling technology can be used to observe clonal selection and
hypermutation events in rare clonotypes found in blood and tumor tissues. These

Figure 2. Diagram describing UMI-based error correction. UMIs are sequence tags used to remove
PCR duplicates and errors derived from PCR/sequencing. As shown here, without UMI-based correction, the
reads are not an accurate representation of the transcripts. If the diversity of UMIs are enough
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Spike-in clonotype frequency within PBMC total clonotypes

CD19+ B-cell RNA was purchased from Miltenyi Biotech (Cat. # 130-093-169). PBMC RNA from

single donors and RNA from a Jurkat cell line were purchased from Biochain
Takara Bio Immune Profiler Software is a bioinformatic tool designed to analyze sequence data stored in

(Cat. # R1234148-10), in addition to in-house RNA extracted from PBMC cells and CD3+ T cells
(purity >97%) acquired from AllCells. RNA was extracted using the Macherey-Nagel
NucleoSpin RNA Kit (Cat. #s 740955.50, 740955.240C, or 740955.250). B-cell carcinoma cell
lines Raji, TIB190, TIB196, and CRL2974 were purchased from ATCC and cultured as suggested.
RNA from each cell line was then extracted using the same Macherey-Nagel NucleoSpin RNA
Kit as above. 1 ng, 100 pg, 10 pg, and 1 pg each of RNA from the B-cell carcinoma and Jurkat
cell lines were spiked into 100 ng of a single donor's PBMC RNA.

All libraries containing TCR-a and TCR-b sequences were generated using the SMARTer
Human TCR a/b Profiling Kit v2, as per the user manual. All libraries containing IgG and IgM
heavy- and light- chain sequences were generated using the SMARTer Human BCR IgG IgM
H/K/L Profiling Kit (Cat #s 634466, 634467), as per the user manual (without the multiplexing
option in Appendix A). Libraries were produced using first-strand cDNA as a template in three
different PCRs for heavy chain and kappa and lambda light chains. The products of these PCRs
were used as templates in a set of nested PCRs, one for each chain. Following purification and
size selection, libraries were validated using the Agilent 2100 Bioanalyzer. BCR and TCR
libraries were spiked in with 10-30% PhiX to increase sequence diversity and sequenced on
an lllumina MiSegq® platform with 600-cycle V3 cartridges (Cat. # MS-102-3003). TCR
sequencing were performed with 2 x 150bp or 2 x 300 bp paired-end sequencing with
[llumina MiSeq, MiniSeg™, and NextSeq®.

Sequencing data analysis was completed by the Takara Bio Immune Profiler Software, which
features MIGEC (Shugay, 2014) and MiXCR (Bolotin, 2015) software
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Figure 4. Successful identification of low-abundance clones. 1 ng, 100 pg, 10 pg, and 1 pg RNA of
each of the four cell lines (Raji, TIB190, TIB196, and CRL2974) were spiked into 100 ng of a single donor's
PBMC RNA. Panel A. Clone counts of each cell line at different spike-in levels are listed in the table.
Libraries were normalized to 500,000 reads, and all counts were measured after UMI-based consensus
collapse. Panel B. Calculated correlation between spike-in RNA proportions (log,,) and detected clonotype
frequencies (log,,) for each cell line.
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Figure 5. Clonotype counts from PBNIC RNA obtained from different donors. IgG, IgM, IgK, and
IgL clonotypes from 10 ng each of PBMC RNA from eight donors (represented by different colors) were
determined using the SMARTer Human BCR IgG IgM H/K/L Profiling Kit. Libraries were normalized to
100,000 reads for analysis.

FASTQ files generated from SMARTer Human BCR IgG IgM H/K/L Profiling Kit. The Profiler software
incorporates two third-party software packages: MIGEC and MiXCR. Output includes UMI number, UMI
threshold counts, QC results, and sequences.

Conclusions

Takara Bio immune profiling kits include unique
molecular indexes (UMIs) to correct for PCR
duplicates and errors which allow for greater
confidence in the results

 Both immune kits provide high reproducibility
and are highly sensitive, detecting low-abundance
clones

« TheTCR kit has the flexibility to be sequenced
on all [llumina instruments

 The compatible software provides a user-friendly
way to analyze UMI and clonotypes
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