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Objectives

- Understand the flow of gene panel testing

- Understand the principles of next-generation 
sequencing (NGS)

- Learn about data formats for analyses
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• Gene panel testing workflow (Wet bench process)

• Principles of base sequencing by NGS

• Gene panel test workflow (Dry bench process)

• File format output in NGS analyses

Overview
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Overview of the main steps in the NGS workflow
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J Mol Diagn. 2017; 19: 341–365.

Targeted Sequencing Methods
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Characteristics of each library preparation method

Amplicon-based assay Hybridization capture-based assay

Necessary amount of 
DNA

Can be performed with a small 
amount

Better with a high amount

Work process/required 
time

Short Long

Target sequence Suitable for small regions Suitable for wide regions

Uniformity of coverage Low High

Target sequence 
stringency

Important Flexible, to some extent

Test in use Oncomine Dx TT
Foundation One CDx

Foundation One Liquid CDx
OncoGuide NCC Oncopanel

➡ For companion 
diagnostic tests

➡ Suitable for genomic profiling tests
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Basic structure of DNA molecules that make up the library (e.g., 
for Illumina NGS)

DNA Insert: DNA to be analyzed 
fragmented into hundreds of bp

P5, P7: sequences that bind to flow cells

SP: Sequencing primer binding sites

Index: A sequence for specimen 
identification

Oligonucleotide adapter 1 Oligonucleotide adapter 2

Flow cell (HiSeq 4000)

ICRweb: https://www.icrweb.jp/icr_index.php?lang=enSecondary use of any contents of this site for commercial purposes is prohibited.



• Gene panel testing workflow (Wet bench process)

• Principles of base sequencing by NGS

• Gene panel test workflow (Dry bench process)

• Data file output by NGS analysis

Overview

ICRweb: https://www.icrweb.jp/icr_index.php?lang=enSecondary use of any contents of this site for commercial purposes is prohibited.



Next-generation sequencing (NGS) systems

600 Mb to 1 Gb120 Gb

Illumina Inc.
Ion Torrent

(Thermo Fisher Scientific)

NextSeq 550Dx Ion PGM Dx

1300 to 1500 Gb

HiSeq 4000

Output data 
volume/Run

Measurement 
principle

NGS machine

Sequencing By synthesis (SBS) Proton measurement method

Detection 
target/Enhance
ment method

Bridge PCR on fluorescence/flow cells pH change/emulsion PCR

ICRweb: https://www.icrweb.jp/icr_index.php?lang=enSecondary use of any contents of this site for commercial purposes is prohibited.



Sequencing By Illumina NGS 

Mary Piper and Radhika Khetani. Intro-to-ChIPseq in Github, modified
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Sequencing By Ion Torrent NGS 

Zongzhe et al. J Transl. Medicine 173, 2014, modified

Julie Nguyen. Apollo Institute web site, modified

GTTAACCAG
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Meyerson et al., Nat Rev Genet 11, 685 (2010), modified

detecting complex mutations (e.g., 
long deletions and insertions)

Detection of gene mutations, 
amplifications/deletions, and fusions

Point mutation Indel
Homozygous

deletion

Translocation

breakpointGain
Hemizygous

deletion

Copy number alterations

Virtual reference sequence
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DNA- vs. RNA-based tests for detecting fusion genes

cDNA

Sequencing the connection between two exons

Fusion gene

mRNA

Transcription

Reverse transcription

Breakpoint

RNA-basedDNA-based

gDNA Fusion transcript 

Sequencing the intronic region

Gene A Gene B
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MHLW APPROVED CLAIMS PROFESSIONAL SERVICES APPENDIX

Reporting（FoundationOne CDx）
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RG QC reportRG Sequencing ReportRG Summary Report draft

Reporting（OncoGuide NCC Oncopanel System）
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FASTQ File

➢ Sequence information read by the sequencer (read information)

1st line：In the Read ID Paired-end, the end of Read-1 is "1:" and the end of Read-2 is "2:" 
to maintain associativity.

2nd line： Base sequence of reads

3rd line：Comment box

4th line： Estimated accuracy (Q-score) of each base in ASCII code

➢ Expresses the information for one read in four lines
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リファレンスゲノム

TTTGGGCGCGCCAAATCATG .....

・・・
ATCGTACTTTGGGCTCGCCAAATCATGTGTCAGG

GTT・・・

BAM File

➢ Alignment information: read mapping to the reference genome

➢ A single line shows data from one sequence read, containing 

information about sequences that differ from the reference sequence.

➢ Can be visualized with Integrative Genomics Viewer (IGV), etc.

Mapping

read
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IGV: Integrative Genomics Viewer

Read information can be visualized by opening the BAM file with IGV

➢ A genome browser (freeware) created by the Broad Institute (United States)

read

Read Depth
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VCF File

➢ All information for a single mutation is listed on one line, separated by tabs.

➢ Includes detected variants, sequencing data, and various annotation 

information

1 variant information

Ex) NCC Oncopanel System: vcf by cisCall contains annotation information, such as:
・Changes in bases and amino acids
・Registration status in the polymorphism database
・Registration status in COSMIC and ClinVar
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