
Single cancer cell analysis

Key genomic alterations of cancer cells can be structural, including deletions, translocations, or amplification of genes/portions of the genome,
or can affect the DNA sequence itself, as with mutations. Cancer progression can be caused by clonal expansion and selection of these driver
mutations, resulting in a plethora of malignant alterations characterizing the tumoral DNA. Recent advances in NGS have made it possible to
profile the genomes of single tumor cells, allowing systematic documentation of cancer cells' mutational DNA makeup; tracking of clonal and
subclonal heterogeneity, generation, and phylogeny; and monitoring of the effects of anticancer therapies at a single-cell level (Van Loo and Voet,
2014). The complexity and heterogeneity of tumor cells also translate at the transcriptomic level, where genomic heterogeneity is mirrored by
single-cell variations within the transcriptomes of cancer cells, cancer persister cells, and circulating tumor cells (CTCs).

Studying single cells from precious samples such as cancer persister cells and CTCs requires extraordinarily sensitive and reproducible
methodologies. Therefore, the accurate capture and quantification of RNA transcript variations from single tumor cells remains a significant
challenge, but would allow researchers to gain insights into tumor complexity and ultimately help in the development of tailored anticancer
therapies (Zhu et al. 2017).

Highlighted products
Single-cell genome sequencing
PicoPLEX WGA and DNA-Seq kits, as well as the new PicoPLEX Gold Single Cell DNA-seq Kit, use our patented PicoPLEX technology for
single-cell whole genome amplification, which uses multiple cycles of quasi-random priming for reproducible library construction, suitable for
sequencing on Illumina platforms. Indeed, our PicoPLEX technology allows the precise and impartial analysis of the genome for many
applications in cancer research, including the study of chromosomal aneuploidies, copy number variations (CNVs), single nucleotide variations
(SNVs), and the detection of insertions/deletions (Figure 1). Many publications have cited the use of the PicoPLEX technology for high-
performance CNV analysis, and the genomic profiling of single cells from FFPE tumor tissues and CTCs. Moreover, our PicoPLEX technology is
a vital component of the recently developed single-cell Genome & Transcriptome-seq approach (G&T-seq; Babayan et al. 2017, Cayrefourcq et
al. 2015, Lieselot et al. 2017, Macaulay et al. 2015, Morrow et al. 2016, Premasekharan et al. 2016, and Williamson et al. 2016).
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Figure 1. CNVs detected in two individual cells using the PicoPLEX Gold Single Cell DNA-seq Kit. Log  ratio of the total number of reads in 50-kb bins
from single NCI-H929 cells, shown as one cell in Panel A and a second cell in Panel B. Red bars represent copy-number gains while blue bars represent losses.
The top row of the graphs in each panel depicts the control bulk sample sequenced to a depth of 90 million read pairs. The highly reproducible coverage of the
PicoPLEX Gold kit enables the accurate detection of structural variants as small as 100 kb, even at shallow sequencing depths (2.5–8.5 million read pairs).

We have always been at the forefront of single-cell mRNA-seq research by leveraging our patented SMART-Seq technology to provide NGS kits
with the capability to obtain full-length mRNA sequence information, including splice junction/alternative transcript information, from single cells.
Our fourth-generation SMART-Seq v4 Ultra Low Input RNA Kit for Sequencing and the high-throughput SMART-Seq HT Kit represent our most
sensitive mRNA-seq solutions for single cells, a few cells, and ultra-low inputs of RNA. These kits rely on oligo(dT) priming and proprietary
SMART (Switching Mechanism at 5' end of RNA Template) technology to ensure full-length, unbiased mRNA coverage. Intact cells can be used
directly as input for these kits, guaranteeing high-quality input RNA and full-length cDNA coverage. Our SMART-Seq v4 technology is now also
fully integrated into the Apollo Library Prep System and the ICELL8 Single-Cell System, our advanced automation platform for high-throughput
single-cell analysis. Moreover, many publications have cited the use of our SMART-Seq solutions for single-cell RNA-seq in various cancer
applications, including profiling tumor cells and tumor-infiltrating immune cells, analyzing cancer stem cell heterogeneity, identifying tumor cell
clones resistant to therapy, and simultaneous sequencing of genome and transcriptome in cancer cells (Chung et al. 2017, Chiu et al. 2018, Han
et al. 2018, Kim et al. 2015, and Zheng et al. 2018).

Finally, the SMART-Seq Stranded Kit enables the generation of stranded Illumina-compatible sequencing-ready libraries at the single-cell level.
This kit combines features of our SMART-Seq v4 technology with the unique features of our referenced SMARTer Stranded Total RNA-Seq Kit
v2 - Pico Input Mammalian Kit, suitable for library preparation from picogram input amounts of tumor total RNA including very degraded FFPE
samples from tumor samples.

2

 

https://www.takarabio.com/products/next-generation-sequencing/rna-seq/ultra-low-input-rna-seq/smart-seq-v4-for-mrna-seq
https://www.takarabio.com/products/next-generation-sequencing/rna-seq/ultra-low-input-rna-seq/smart-seq-ht-for-streamlined-mrna-seq
https://www.takarabio.com/products/next-generation-sequencing/rna-seq/ultra-low-input-rna-seq/smart-seq-v4-for-mrna-seq
https://www.takarabio.com/products/next-generation-sequencing/apollo-system/apollo-reagents/automated-ngs-library-prep-workflows
https://www.takarabio.com/products/next-generation-sequencing/single-cell-ngs-automation/icell8-applications/single-cell-full-length-transcriptome-analysis
https://www.takarabio.com/products/next-generation-sequencing/rna-seq/single-cell-rna-seq/smart-seq-stranded-for-total-rna-seq


References and publications citing the use of SMART-seq solutions for single-cell RNA-seq and PicoPLEX solutions for single-cell
DNA-seq in various cancer applications
Babayan, A. et al. Comparative study of whole genome amplification and next-generation sequencing performance of single cancer cells.
Oncotarget 8, 56066–56080 (2017). 

Cayrefourcq, L. et al. Establishment and Characterization of a Cell Line from Human Circulating Colon Cancer Cells. Cancer Res. 75, 892–901
(2015). 

Chiu, H. S. et al. Pan-Cancer Analysis of lncRNA Regulation Supports Their Targeting of Cancer Genes in Each Tumor Context. Cell Rep. 23,
297–312 (2018). 

Chung, W. et al. Single-cell RNA-seq enables comprehensive tumour and immune cell profiling in primary breast cancer. Nature Comm. 8,
15081 (2017). 

Han, K. Y. et al. SIDR: simultaneous isolation and parallel sequencing of genomic DNA and total RNA from single cells. Genome Res. 28, 75–87
(2018). 

Kim, K. T. et al. Single-cell mRNA sequencing identifies subclonal heterogeneity in anti-cancer drug responses of lung adenocarcinoma cells.
Genome Biol. 16, 127 (2015). 

Lieselot, D. et al. Performance of four modern whole genome amplification methods for copy number variant detection in single cells. Sci. Rep.
7, 3422 (2017). 

Macaulay, I. C. et al. G&T-seq: parallel sequencing of single-cell genomes and transcriptomes. Nature Methods 12, 519–522 (2015). 

Morrow, C. J. et al. Tumourigenic non-small-cell lung cancer mesenchymal circulating tumour cells: a clinical case study. Ann. Oncol. 27, 1155–
1160 (2016). 

Premasekharan, G. et al. An improved CTC isolation scheme for pairing with downstream genomics: Demonstrating clinical utility in metastatic
prostate, lung and pancreatic cancer. Cancer Letters 380, 144–152 (2016). 

Van Loo, P. & Voet, T. Single-cell analysis of cancer genomes. Current Opinion in Genetics & Development 24, 82–91 (2014).

Williamson, S. C. et al. Vasculogenic mimicry in small cell lung cancer. Nature Comm. 7, 13322 (2016). 

Zheng, H. et al. Single-cell analysis reveals cancer stem cell heterogeneity in hepatocellular carcinoma. Hepatology doi: 10.1002/hep.29778
(2018). 

Zhu, S. et al. Advances in single-cell RNA sequencing and its applications in cancer research. Oncotarget 16, 53763–53779 (2017).

Takara Bio USA, Inc.
United States/Canada: +1.800.662.2566 • Asia Pacific: +1.650.919.7300 • Europe: +33.(0)1.3904.6880 • Japan: +81.(0)77.565.6999
FOR RESEARCH USE ONLY. NOT FOR USE IN DIAGNOSTIC PROCEDURES. © 2023 Takara Bio Inc. All Rights Reserved. All trademarks
are the property of Takara Bio Inc. or its affiliate(s) in the U.S. and/or other countries or their respective owners. Certain trademarks may not be
registered in all jurisdictions. Additional product, intellectual property, and restricted use information is available at takarabio.com.


