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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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Overview

« 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
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Overview

« Gene panel testing workflow (Wet bench process)
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Overview of the main steps in the NGS workflow
Wet bench process

FFPE sample Genomic DNA NGS library Read data
- - AGAAGCACCTGGAGAACTCATG. . . ..
O—1 TGCACACATTGACTTACCCACT. . . ..
—— —_— — T e
'n C— : CCTGGTGGTCTGGAAGATCTTC . . . . .
! B ! GCACCAGGAGGGACTTAGTTTA. . . . .
DNA extractlon '
Blood sample lerarv S
preparation Sequencing
- =
ctDNA extractlon O
ooy
Dry bench process
Alignment Variant Calling Annotation Curation
Reference: chr 17 EGFR Manual _
—> 55191822 = C.2573T>G =»  rion = Reporting
Ex.) TTTGGGCGCGCCAAATCATG . . ... T>G L858R

“Pathogenic”
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Overview of the main steps in the NGS workflow
Wet bench process
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Overview of the main steps in the NGS workflow
Wet bench process
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Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en



Targeted Sequencing Methods

Amplicon-based assay Hybridization capture-based assay

(Tiled amplicon approach )

Primer based

I N 1 I

amplification e - P Adapter ligation
of DNA — e e ———
templates l l
PCR + barcoding o
and adapter - — Hybridize to custom
ligation fapture probes and
l Sequencing lsol‘ate targeted
regions
ﬂpllcﬂn 1 —
Forward Wash, elute, amplify
reads and sequence
Reverse
reads
Amplicon 2
— Exon 1 Exon 2 Exon 3
Gene X - mutatioal hotspot Large regions of interest

J Mol Diagn. 2017; 19: 341-365.
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Characteristics of each library preparation method

Amplicon-based assay Hybridization capture-based assay
Necessary amount of Can be performed with a small : .
DNA amount Better with a high amount
Work process/reqw_red Short Long
time
Target sequence Suitable for small regions Suitable for wide regions
Uniformity of coverage Low High

Target sequence

stringency Important Flexible, to some extent

Foundation One CDx

Test in use Oncomine Dx TT Foundation One Liquid CDx
OncoGuide NCC Oncopanel

= For companion = Suitable for genomic profiling tests
diagnostic tests

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



Basic structure of DNA molecules that make up the library (e.g.,
for lllumina NGS)

PS5 Rd1 SP DNA Insert Index
pe————— -}
e ; = 5'
Rd2 SP P7
\ ) \ J
| |
Oligonucleotide adapter 1 Oligonucleotide adapter 2

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 c
identification Flow cell (HiSeq 4000)
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Overview

 Principles of base sequencing by NGS
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___d Lol

Next-generation sequencing (NGS) systems

Ion Torrent

Illumina Inc. (Thermo Fisher Scientific)
e py
NGS machine

NextSeq 550Dx HiSeq 4000 Ion PGM Dx
Detection
target/Enhance . .
ment method Bridge PCR on fluorescence/flow cells pH change/emulsion PCR
Measurement _ _
principle Sequencing By synthesis (SBS) Proton measurement method
Output data 120 Gb 1300 to 1500 Gb 600 Mb to 1 Gb

volume/Run
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Sequencing By Illumina NGS

DNA
(0.1-5.0 ug)

Single molecule array

) J 2R il
Library Preparation ™8 Cluster Growth | Sequencing
1 2 3 4 5 6 7 8 9
S g U U e S
Jj Image Acquisition jj Base Calling

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

] v

Amplify targets [ I— e
using primer pools End polish s
, [ 5
(| I )
20 ng ~200 bp
Genomic DNA Amplicons
Barcoded Size
adapter selection
c B ligation . & .
purification
-— ‘< i ‘_,_. = A 2
ISP AT — )
enrichment
— «— B —
COSSSSSSS | )
Semiconductor sequencing Emulsion PCR Prepared library

TCACCACTT
ACTC

T""""l' (HE il
| r———

TCAGCACTT TCAT

TCAT 2

Primer

ACTCOTT (I’
hTW
‘I’ release;

Secondary use of any contents of this site for commercial purposes is prohibited.

J_‘_“ ‘ ‘ =) CTTAACCA

TCACTCACTGCACTCAC
Changes in pH detection

Zongzhe et al. J Transl. Medicine 173, 2014, modified
Julie Nguyen. Apollo Institute web site, modified
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Overview

« Gene panel test workflow (Dry bench process)

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



Overview of the main steps in the NGS workflow
Wet bench process

FFPE sample Genomic DNA NGS library Read data
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“Pathogenic”
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Detection of gene mutations,
amplifications/deletions, and fusions

Reference sequence
Chl’ 1 Chr g ;R:f‘i"irence sequence

*Mapping

C.T 1< 31— CI T CCT T CT e
| | ¢ | =[ | | 1 | ] | -
| 1 | ¢ | == | | | 1 1 1 1 I-
—— - S — ) — [ — R S—
CT 1T 31T I— —— Y S—— — o—— | :
:: T | ] | 1 | | [l I.I _ E E
S N S | 0 o I O T o i
o o o CT 1T T :
L€ | n: | | | 1 [ - ?. Vlrtual reference sequence
[ I S R | | | | =- .
Cel T , —
e 110 S . — #. I
——— [ R — | I
I — : I
I —— . I
S I — : I
[ —— . e
S — i
I—— — ! ‘
Point mutation|| Indel Flomozygous remizygous Gain Transiocation
deletion deletion breakpoint . .
\ , detecting complex mutations (e.qg.,

Y long deletions and insertions)
Copy number alterations

Meyerson et al., Nat Rev Genet 11, 685 (2010), modified
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DNA- vs. RNA-based tests for detecting fusion genes

Breakpoint
Fusiongene .V [
Gene A Gene B
Q % Transcription
DNA-based RNA-based
¢ONA ‘ ] Fusion transcript MRNA
- ' Reverse transcription
Sequencing the intronic region <=
BT cDNA
-

Sequencing the connection between two exons
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Overview of the main steps in the NGS workflow
Wet bench process
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Reporting (FoundationOne CDXx)

MHLW APPROVED CLAIMS

PROFESSIONAL SERVICES

TumMOR TYRE REPORT DATE

(Colon adenocarcinoma (CRCY 17 Nov 2021

ORDERED TEST &

PATIENT
JINDATIONONE*CDx -2021-03500203, 04

Companion Diagnostic (CDx) Associated Findings

APPROVED THERAPEUTIC OPTIONS IN JAPAN

Cetuximab (genetical recombination)
Panitumumab {genetical recombination)}

GENOMIC FINDINGS DETECTED

KRAS/NRAS
wildtype (codons 12, 13, 59, 61, 117, &146)

Sensitivity for the detection of copy number alterations Is reduced due to sample quality. See Appendix: About
FoundationOne CDx for detalls.

OTHER ALTERATIONS & BIOMARKERS IDENTIFIED
Results reparted In this section are not prescriptive or conclusive for labeled use of any specific therapeutic product. See.
professional services section for additional Information,
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COUNTRY CODE ORDERED TEST #
» ORD-1233312-0

Interpretive content on this page and subsequent
poges is provided as o professional service. and s not

reviewed or approved by the FDA.

Sensitivity for the detection of copy number alterations Is
reduced due to sample quality.
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APPENDIX
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'DATE OF COLLECTION 21 Auna 2017
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.
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VARIANTS TO CONSIDER FOR FOLLOW-UP GERMLINE TESTING IN SELECT CANCER SUSCEPTIBILITY GENES

Findings below have been previausly reparted as pathageric germiine in the Clinbar genamic database and were defected at an allele frequency of >10%.
Ser appendix for details
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Overview

« Data file output by NGS analysis
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Overview of the main steps in the NGS workflow
Wet bench process

= — AGAAGCACCTGGAGAACTCATG. . . . .

—a TGCACACATTGACTTACCCACT.. . . . .

—T > ARGCAAAAATCCAGCCCATCAC. . . ..

ﬁ | CC— CTTGGAAAAGGACTGCACTTGG. . . . .
1
1
I

CCTGGTGGTCTGGAAGATCTTC. .. ..
GCACCAGGAGGGACTTAGTTTA. . ...

DNA extractlon

Blood sample lerarv S FAST
preparation Sequencing Q

ctDNA extractlon O
ooy
Dry part
Alignment Variant Calling Annotation Curation
Reference: chr 17 EGER Manual |
-+ TTTGGGCTCGCCAAATCATG" = * * =P 55191822 =P c.2573 T>G =P curation ™% Reporting
Ex.) TTTGGGCGCGCCAAATCATG . .. .. T>G L858R
“Pathogenic”
BAM VCF
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FASTQ File

» Sequence information read by the sequencer (read information)

» Expresses the information for one read in four lines

L@NB501521: 131 :HFNFBAFXY:1: 11101:18628:1018 1:M:0:CTGGCATA |
CCTGGNCTTGAGCCCOCGTTCTTAAT CACCATGECCTACT TCCCCCAGLGGT TCCCCCTGTGGTGT TGCTGTGACAT T TTTATGCCAT AGTTCGGACT CCTGCTGECT ATTTCAGCAGT CATGATGLTCCCCTGLUTGT TRTGETGCAGGA

+

A&AAAHEEEE /EFEEE EFEEEEEEEF EEEFFEEEEE FEEEEEE AF AE FEEEEEEEEF EEEFFFEEEE FEFEEEEFFFE EFEFEEEEFF EEFFFEEEEE AFEEEEFFEAEFEEEEEAEEF EEEFFFEEEE A<< AEEAFEEEEEEEEEAEFE|

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
3 line : Comment box

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

» Alignment information: read mapping to the reference genome

- Mapping

SN A VI CWIN |\ CGTACTTTGGGCTCGCCAAATCATGTGTCAGG

» A single line shows data from one sequence read, containing
iInformation about sequences that differ from the reference sequence.

NEDO0TH21: 147 - HAVGIARRY : 2:11212: 17736 :6634 19 chrl 13133 0 151 chrd 13753 0

TCTCCT ACCTGAGGCT GAGGAAGGAGABGGGGATGCACTGTTGRGAAGLCAGCTLTARCTCARAGCC TTAGCCTCTGT GECCACGAAGGCAGGGCCAT CAGGCACCAR ATGGATTCTGCCAGCATAGTGLTCCTGLACCAGTGATACACCC
BB/ b/ /REER/ /ERRE/RE/6// /RA/ FRA/ES B/ BA/ LA/ BBCAE/R/BEA/ /RS FR/BERS FRAS TR /RERRR///RES FRA/ Y FAR/RERS Y/ 77/ TRARA A FARARS 1T TRARABES S BES REA T
KA WMoiz3 M0nicz Mloiz2 MMeies ¥0:i:0 XGri:0 MD:Z:45G32T3004T e Zochr D 12102531592, +1025 17587, 15T, 3; chr: 1: 245199575, +114357755, T01M, 4;
chr16:1:90354753, 62614, 151, 4;

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

-

IGV: Integrative Genomics Viewer

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

]
= {chr@ v”chrsI?H‘QN‘EEE—I?E‘QEQ‘EEE |aa T o« » @O =2 | E|\||H||H||H||1

ReadDepth

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

HCHROM POS 1D REF ALT  QUAL  FILTER INFO  FORMAT ND Ao
chrl7 7577552 _ CAT € 100 PSS (GENEZD GT:DP:CN 1/1:1805:0.948004
]

~

GEME=TP53;4F=0.5224;0P=1805;VFR=inf ; DPP=7577553 ; 0PB=1904; FG=836 [ 10| 16|01 9431 0; BG=1904 |01 00| 010;H_=1; SMAF=0, 5224 ;Func=exon i c; ExomeFunc=f rame_shift;Ful [A4=TP53:NM_D01126117: exon3:c. 33
1.332del AT:p M1 1f=20: 74 s Ful 1AAENs=ENSGO00001 41510 ENSTO0000413465 : exorB: <. 727 _T28de | AT p M243s243: 74 Transcr ipt =NM_001126112 ;Mucl eot ideChange=c. 727 _728de | AT; AA=p M24 3 =20, 1000G
_ALL=.; 1000G_AFR=. ; 1000G_AMR=_ ; 1000G_EAR=. ; T000G_EUR=. ; 1000G_5A4S=. ; ExAC_Frea=. ; ExAC_AFR= . ;ExAC_AMR=. ; ExAC_EAS=. ;ExAC_FIN=.;ExAC_NFE=. ;ExAC_OTH=. ;ExAC_SAS=.;ESPE500si _ALL=. ; ESPE000si _
Ak=HGYD_Qual=. sHGVD_ALL=. ;COSMIC_ID=. ; COSMIC_STATUS=. ;COSMIC_CNT=.; COSMIC_DIS=.;Clir¥ar_SIG=.;Cl in¥ar_DIS=.;Clin¥ar_STATUS=.;Cl inVar_ID=. ;Cl ir¥ar_DB=.; 1000G_VER=Phase_3 (20130502);E
xAC_VER=r0.3.1(20180316) ;HGVD_VER=v2 . T0(20170202) ; COSMIC_VER=v71(20180226) ;C| i n¥ar_VER=20170805 ; RefGene_YER=20171218; RMCNT=0; CURATED; ; Cl in¥ar__DBID=. ; ESPBO00si _EA=. ;ESPED00si _VER=V2 -
S5A137; ExonMo=7; G5D=. ; RMASK=. ; SMPLRPT=.

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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Overview

« Gene panel testing workflow (Wet bench process)
 Principles of base sequencing by NGS
« Gene panel test workflow (Dry part)

« Data file output by NGS analysis
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