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BAM: Binary Alignment Map

CAP: College of American Pathologists

CLIA: Clinical Laboratory Improvement Amendments)
CNA: Copy Number Alterations

EQA: External Quality Assessment

FFPE: Formalin Fixed Paraffin Embedded

HGVS: Human Genome Variation Society

Indel: insertion/deletion

1Q: Installation Qualification

1QC: Internal Quality Control

ISO: International Organization for Standardization
JAB: Japan Accreditation Board.

LoD: Limit of Detection

MSI: Microsatellite Instability

NGS: Next Generation Sequencer

NIST: National Institute of Standards and Technology
0OQ: Operational Qualification

PPA: Positive Percent Agreement

PPV: Positive Predictive Value

PT: Proficiency Testing

QC: Quality Control

RUOQ: Research Use Only

SF: Secondary Findings

SNV: Single Nucleotide Variant

SOP: Standard Operating Procedure

SV: Structural Variant

TMB: Tumor Mutation Burden

VCF: Variant Call Format

VUS: Variant of Unknown Significance, Variant of Uncertain Significance
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(LW AL OFREE A7) 13, ACt 1 (AACq) . DIN 1ii, Q-value, DV200 THEAl4 5,

mn B SEHED -
IEE I HEL ik & i E
DNA 200 ng UL | AACqg 2LTF
RNA 500 ng LAk DV200 i 30%LA k-

2-4. ZTOMOEEFE
® L7 A EITOMTICHE L2054 . DNA ISR E72 1348, RNA [3-80°CLL R CTIRIET 5,
® HRHATOZIAIX, 2 ZIR—ar BRET D70 | B a FHIEED S X O ST R E T 5,
o KON ENROLN THWDEDOT, SEEHOZDITHE WG > TLEIZEDRNED | FEEIERE AT
BB ENENDAT Y TR ATRER RIZOWTHEE T 528,

3. REIOCVR(GATIVIRAMMNSL—HI T FET,; wet-lab process)

3-1. AT TVHRLEL Y — 7 o A fifHT
DNA OW i, 7H T X —F A7 —ar b\ —a— R IN(TA 7 ZViRELD) | 2 —7 MNEfa 7 S\ DR
WrHAZA7 VR B L O — 7 2 R —R AL T HETOHEERE T D, EEFEL LT 5,
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3-2.

3-3.

il
- AL EIR— LA BT DI TR S B ar BLUOS—a— R (2 F 7 2) AN
FTOMEREL PCR BRI DOIEREIZHIOB T T,
- AT DY ARIEO BRI, G5 R TRLND B, BRI HIET S,

FGAT YD NG FE
TAT TV | B SVE T = VBTN, — T U AT AT BN AT D,
FOIELRET D, I5ELL T, DNA &, 757 A M AXE WS,
o B FERE D1 :
TI3T AN AR
DNA &
Wi ov—r kK
TA 7 Z)FHEL% 500 ng UL 250-400 bp
EHER (AT 747 21) 2 MLk 300-450 bp
AT — A D N H v

NGS fENTIDFLNDT VHNT —H ThD FASTQ 77 A WAE WA f#HT 352 &% dry-lab process Tl
HBH, wet-lab process 23 1IEIZATOITZD D W K EZ IR T D720 DRI TH S, 16> T, LL FDIE
HAZE|IZ T LU ZRE L., wet-lab process 73 Z D IEHEZ 72 L CUOBMEINETER T D,

7235 . NGS IEHIZ h 3R L RHIPH O DNA FLFZ2Fete DIZMER] TH LAY, DO IEMEMEIL, V—F K. tb
) DBRREH| DL — T 2 — R D~y B 7 HRIp P Lo T, BT TR — 0 ok
DIRKLR GC B ED LW ELY| TILHE AT E LA IE VPR ZLT NI 2GR L TRREThHD, if
FEL VL TIERFRESNDL L TH-Th BEDBE - 1GRICER 27V =3 — 72 XTI, +
TN EOIEMEMEEFBIMEA AL LT O ERRIRICEL TR A MAMHRL TRBRETHD, 2. 2
NEO SE RSN E RS E S BUCH A TN TED, TRENOFMBIEN3. JIREEH(4) ]2 1
=Y A AN

- Depth of coverage (%173 (FERIFEIR) DT 7 A (FE A B TREE)

- Uniformity of coverage (/3L (FEAHEIE) D) —M: - fEZEME)

- GChias (GC /AT A)

- Transition/transversion ratio (Ti/Tv k)

- Base call quality scores (“\—RAa—/ L/ A7)

- Mapping quality (wvE 7 DME)

- Duplicate read success rate and removal of duplicate reads (EEV—FDOEIS LFRE)
- First base read success (V—R®D1HEHEH O RE)H)

- Decline in signal intensity (37 /L A7 2T A DIFE)

- Strand bias (DNA $H[E D /A7 X)

13



I AT D BRI TEE OB

mn B AR AL UEfE
I AL 170 — 230 x 10%/mm?
JTGARISAT 4 )L — 85%LAL I
Y—=R/RAT )V — 95%LA I
Q30 80%LL k=

(3 AURARER) (IE Al )
U —RE 40,000,000 20,000,000
2=—JU—RE 20,000,000 10,000,000
a=—JY—R=R 50% 50%
TR EE (h RfiE) 600 x 400 x
Fo B — R 25% 25%
100x LA E T EINL QWA MEIROEIS | 95% 95%

4, RBREETOCRUNAFAITARTAOREFERERE : dry—lab process)

4-1. M
=PI T A= REE N ) LB RECHNC~ o T L ST v ha— v T )T —ar g, SRR
Do

4-2. SR

wet-lab process D% D53 73 dry-lab process DA ENIZ72H7-8 3-3 DI —J7 T AT — XD hhE FEHE
LRBRICEZETHD,

AT AL T T AT A AT TA AN DRI ZE D SRS Depth of coverage (REAFED
A HDTREE) | Uniformity of coverage (FERIREI DI — M- EFENE) . N—RAa— L EAa 78 Th b,
EBIZ, GC AT A, v B 7 WVE GEENfEIRIC > 7 L) —ROEIE | BEELIZ)—ROEIE) b —2
TUASIEDOMRERNSAT AL T 4~ T4 7AiM T =2 —FTHDOIMEHIND, 26D 5B HERE O %
13, T13. BUBRE L (4) AT MERE ARG 3570 DFRIEDO I J2 S RS-0,

IV=TIN =G T RE NAT AL T T AT A AT TA L P IEIRSWE A L CODENEIDE T
B LTz ETIT9, ZOBEORANTZ77 4 AL CAP 3L TN Association of Molecular Pathology TH&E.S41
THESERIE Y 17 [Hd 50T, [13. BB HH(3) JEL Tl 3%,

4-3. B ORE R
NGS it 258 EITATOI, AT AL T+~ T A7 AT S5 VCF 77 AV BERSI TV D55,
FIERENTTONDTF AR —h SR L TORE DB LR o+ 7 i a5 Tkl Rt H4
TERLT HZENEEL, L FICHEFEONEEHIRT D,
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BB DEAALE T V- Filn, BRIRTE . = 4

FRAARTER (FFPE., BFTEEASIRIAZRE)

FRARELE D REH (R TR FRFEIRED>) <L (% - 1578

L2 4

I PR 7

TR A D EIF IR DFIE (%)

DNA O ELE

ZAPH SR

INFIARBED FUE ONFNA | T o TVDAEDT Y 7 F v —iE LTS HES72E)

NGS fi#tir > QC (A Ly DT F A N—Za— VW E AT | vy 7 DEVE | EERRE)
A A RORE, WRMER" (RER, VUS) 7 —4_X—2OFEBLNED /N —ray
AR TE AN R AR 28 B (ZRAIFT L (SF) DA 1)

B FEEOFEAMIG R (51 HRe, TR LOBE, AN M, 2B ER

® 606 6 0®oe v e

(E2) HNFRE CHRESHICBIR T AROBFRICONTUL, B ARBREE 2 - A AR
& BARBEFR A RO —7 2o —552 HWEB R 1 SOV BRI I SR AR
HAL VA NEBRETT D, TET VAL~V RRIREL TS TS, SRS TV K E
SFRBFHAL A DEBE LT 5,

4-4. T —2DORAFLE B
WNAF AL THRT AT AT TALNE, 08, VT NT =T NATTA L RRNELINT RIS T — 5%
R TEDONRIN, LIRS WA AL T AT AT AT TAANISZED T 7 AV BHFIET D
728, BTERGTDHOITHEN T/, 16> 7T, College of American Pathologists (CAP) NGS V—277 /L
— 71k, HE/R 77 A/LELTFASTQ, BAM, VCF O{RIFAEHELEL T%,
TRAEHIRIZ, BIRZIT, B2 ERICSE MRS 272E | Bisx DOBANZIES TIT9,

5 MERFEEEIQC)
HAZAP N ELATON TOWDZLZ G572 | s B R = — T DM EN DD, v —7 = Al
TIREMERLAERDB L VD, ERI T — 26 2<%, QC MOMEREEIZL, D7 meAZ &z Y
T =L arBHIRE T HNE THD, W EEBOBIZLL FITRT,

® HARAD FRVRRIRICLDIG Y OHERS
TAT TV % & FIRORIRS RIRRIC T A7 TV 21T, 947 TV &, 947 TV RED
(ZHERFLL T THLHZ MR T D, BL. TATTVRTE NG GG DN,

® [
PERERERR O A L7285 (R oy M E A MR RRE L T IR E R T4 7 ZUFREL | o —2
TURT =T ETIT729, BRI IR EL TIELWE RGO TND L2 MR T D, BEMERT R
(F=T—RAEIHEA LN MERER B | RIKERIFHICT A7 TUVRERL v —r 2 27 —
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SFRNTETITD, 735, IR (M) SRR [RIRF L R A B 235 & (= TR ~T R
(3, B IROMATI XL E TR,

LU D, SRV IRAE B A S liZ2 b H0 | FRFHIZREL NG | R RIRGMEHR  fa ek B %
HIETHZ LI EE 2 Z LV ESND, (6o T, v v F RXTRIT 1T A 1T, EHE RO RN R T
FXE LT i B Y EA 7o L TV A ZE THRMER O R LT 52 b et O R M o5, £z, N LHJITHEE
L7z (B R EEIR) DAt T A% —E 0 7 & nF O NEMR S Z R 957228 @R EE4s TR E
ERCIEEAN
NGS > —2x i 7D/ T =2 ar BLOWNHERGEE HA1T) BT ez a4 2720 O fatE o
213, BIEE(4) NoRd,

6. SVEBAEEE ST (EQA)

SRS BRI & LTl SRS B BRAR AR RR (PT) L B LIFEUTRER T2 51k sk [E T = 27
TIARRIRIRE) BRI 2[EUTOONLELND, ENTO PT EhaRii OBAH 1345 % OifE THho, CAP
Pr—=_ATIX 28 EI5FH D725 SNV & Indel ZHEAE AT NGS MADTHEITHON TWDLREATTHD
(930 H MM 1 [\, BN TO PT el TAEEND,

REFEICED PT, T7bbliigk T =7 7IA RS (7 T4 R COFRE) #1756 Bl
B, V=T R IARN) BRI NAF AL T T AT AT TA L PRI S TR E 7% L O R
TATODRE N, FhE, FIERTHLE - KEAHY | 1 T6E - R AT REZRIEAR FRFE DR D516 ThHD, b
L. RCHETORTHIE, B TERVBLEFRE RO WERMER S D,

PT HOH 7 LT, BUEMIZI B T A REZ A T 5488 DNA NEELWVS, BLEMITIIRETSH
2728 TR OFEHEYE (e NIRRE >k DNA, Aﬁjz DNA. it L7= DNA) R°E 17 —4 (FASTQ. BAM

T AN) RS D, EUEYVE (BR) &1 A L7=35-5 120X, wet-lab process DL —27 = ZALIRED PT 73T
N, BT —2EHWT5E121F dry-lab process O NAA AL T4~ T AT A AT TAD PT DMTHOND
ZEITD,

7. n_t%l:l JI‘ /\_73/7‘;& O)TEH#O)EEEIU
KOy hOYINIE 2 R ABIG SRV B IO 7 0T LD NN—2a T E O BN HoT-35E . D
FEE DMEGRIEEEATOONE T OO TEL,

o Ky otz
BAEZETHAVT —ar (1. REOEAFTOWE 1—1. AEAROIE @5 OMERER ) &
THMEID, WS B BRI VLT, 2. RAERT =B, 3. AT 1tEA, 4. Ak
TREADEIE IV CRRE LTS E B A B LT MB35,

& NABIGT ARLDNA—Ta  BEH
BEORREIZEY, BT —ar (1. BREOBEAFTOEER 1—1. MEEEORE @50k
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RERTAR) 23 L ZETHD, BAIT. SBLANDBAR T DB, HIFR THIUTF AT — T a (30 B
W, TN EDZEE N DT 56 | 2 MRS iR A Ik 45,

® RN TS FLDN—Ta EH
BERORREICIY, FAVTF —ar (1. MAOEAROUE 1—1. BMAELROIRE @notrodt
RERTAM) DS T D, TANFN T BT DT — IR NAFAL T AT AV R AT TA
DIN—=2ar Ty T OREL, 2 YRR LT LTS,

8. SF(secondary findings) T & ~® %t

ATEAIIE RS BT ER R P FEONLG AL, 7 AERICBITHIEMRsE T e AT 55—
AR/ SR UR T AR RS2 ) WAl — MRFTIZ OO C—[HIIR]) WA SR L Tl kY
T EATHIRE EONIRIET D,

[F#E S ClE, BRI RESFET AR OIS E DREREEIZOWTH E ML TEY ., AR5 E)3
OIS AT, EF MRl TOMRE. e I i TUIMhO T ETHRA L BT iET20708
LFELNWERLHIN TG, AT R I B2 R L B TR T 56123, B FBEEREOMRA R K%
HEIHIWEr 22N EHETHD,

9. FEX#EWYE (Reference materials)
YT —als WEFSEEE B, SN E0RS FE AR A B Rl 7B YEM 1T L F IO b 03 %%,

® [ENTAFrIRERIEEYE
(1) Horizon
Genome In A Bottle =1 — 37 MZ XD RS/ MMERES 7L (FFPE 74—~ v M CEL)
https://www.horizondiscovery.com/reference-standards/g-seg-hdx/genome-in-a-bottle

https://www.rikengenesis.jp/product_db/category01/item_2

® ST AT AIREZRIEEWE -

(1) NIST
Genome In A Bottle =1 —3 7 AMERIL /-2 h— /L
https://www-s.nist.gov/srmors/detail.cfm?searchstring=genome

(2) SeraCare
Seraseq™NGS Reference Materials (RUO) NGS =/ hr—/ L
https://www.seracare.com/products/controls-and-reference-materials/ngs-reference-materials-ruo/

(3) AcroMetrix
AcroMetrix Quality Control

http://www.thermofisher.com/jp/jafhome/brands/product-brand/acrometrix.html
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https://www.horizondiscovery.com/reference-standards/q-seq-hdx/genome-in-a-bottle
https://www.rikengenesis.jp/product_db/category01/item_2

Z O, BEA T REZR S B HERS A— D — U A
- Commercial Sources of Reference Materials (alphabetical order)
https://www.amp.org/resources/validation-resources/
- Advanced Biotechnologies

- Asuragen

- Diagnostic Hybrids

- Invivoscribe

- LGC Standards

- Maine Molecular Quality Controls

- Molecular Controls

- QIAGEN Marseille (formerly Ipsogen)
- Qnostics

- Vircell Microbiologists

- Zeptometrix

10. (##R8) ISO 15189 & CLIA, CAP

CLIA (I KEDEKRREEOMERIEEEEE)THY | KEICBW T MakE T 22 To

BT EASCLIA (A LB « GES D Z RO LN TN D, DAEICET DHEEBRESR (5
IR A L) OIS - W%Bé%ﬁ%ﬁé: L CIEISO 15189 # H\W T\ D72, AR TlEm G 1/ 3%
JURR A 2 SN 9 D BRI AT D T & (2B 2 ESREIA L, ISO 1518 YT ZNE L Lz, 7/

LREZIZ LS, Skl %%)E#émr“f%ﬁﬁﬁﬁﬁmﬁﬁﬁ XN D720, DREIZEWVTHCLIAILHE
Lf:ﬁﬁfﬂﬁﬁg@&%ﬂ%ﬁﬂ:*ﬁﬁ@%&fﬁf@% BEO & LIz i g 3ok o b s, 7k KIERER

%4> (College of American Pathologists: CAP) %, B EZ x5 & LIZBRMRAREIM~ 1 7 7

L (CAPH—A) REEMERBET 077 L (LAP) 72 & EEiL TW\5,
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https://www.amp.org/resources/validation-resources/

11.

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

51 R E

7 WG W EREORERMCHEES R T 4 —A, 17 NEFRFED FEHL - FE RO T8 O BARK) 7
RIZHOWT(BEREVELD) | (2016 4F 10 A 19 H)
https://www.mhlw.go.jp/file/05-Shingikai-10601000-Daijinkanboukouseikagakuka-
Kouseikagakuka/0000140440.pdf (7722 H :2018/08/27)

H ARER R R AR HE ik 2 JCCLS), B 1B A ICB 35 B RASRANT T2 T 4 R TTART A L fif
AR CERk 28 45 3 )

H AREE R R E a2 JCCLS), NBEFEIEMRA MIAWEEH~=a7 /1) O 23412 H)
A AR R AR M i~ JCCLS), NEEFRhEMRA MM EEH~=27 /L (Wb 2) FiFlllEs
Wi FEATECR O SRS B Gk 29 4F 10 H)

NI ) NEGR Y — o T DR, T
(CFR 2946 1 27 H)
https://www.mhlw.go.jp/file/05-Shingikai-10901000-Kenkoukyoku-Soumuka/0000169236.pdf (72X H :
2018/08/27)

If

= ~ERSBNUNAYT ) LEFROFESEZ AT T~

DI ) INESF LSRRG « D3 A7 IR RBE DO — B R (CFpk 30 4F 4 A 1 HEIE)
https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000199651.pdf (7 7 & X H :
2018/08/27)

DIAAT ) IESFR PR A TR S5 D FER IOV T (R 29 45 12 A 25 H ., % 1225 % 3 7))
https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000190014.pdf (7 7 & A H :
2018/08/27)

HABRKRMREETS, 7 /7AERICBTDMREHRED WEMEIZETAIES BAT ) AERHEEZ
MEZ ) (20175 11 A)
https://www.jsIm.org/committees/gene/gene20171121.pdf (7 7-&A H :2018/08/27)

BRI DR LG HEFICRET oM, TRAEOHEEHEICEATOMmES L0FEED | (PR 30 4F 3
)

https://www.mhlw.go.jp/file/05-Shingikai-10801000-Iseikyoku-Soumuka/0000200534.pdf (7 7 & & H :
2018/08/27)

HAREL 2, 15 532 AR B R A B O AR ) CER 30 4E 3 A 1 H)
http://pathology.or.jp/genome _med/ (7 7% A H :2018/10/30)

H AR RIES 7 HAARRE RS - HARRESAE, TRty —7 2o —F2 W28 3%
Mﬁﬁa:%d@%%%%ﬁﬁf‘/x(% 1.0 i) J (2017 4510 A 11 H)
https://www.jsmo.or.jp/about/doc/20171011 01.pdf (727t AH :2018/08/27)
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https://www.mhlw.go.jp/file/05-Shingikai-10601000-Daijinkanboukouseikagakuka-Kouseikagakuka/0000140440.pdf
https://www.mhlw.go.jp/file/05-Shingikai-10601000-Daijinkanboukouseikagakuka-Kouseikagakuka/0000140440.pdf
https://www.mhlw.go.jp/file/05-Shingikai-10901000-Kenkoukyoku-Soumuka/0000169236.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000199651.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000190014.pdf
https://www.jslm.org/committees/gene/gene20171121.pdf
https://www.mhlw.go.jp/file/05-Shingikai-10801000-Iseikyoku-Soumuka/0000200534.pdf
http://pathology.or.jp/genome_med/
https://www.jsmo.or.jp/about/doc/20171011_01.pdf

12)

13)

14)

15)

16)

BIFE1 =5 A4 FE  http://lwww.jsmo.or.jp/about/doc/20171011 02.pdf (727 AH :2018/08/27)

Li MM, et al. Standards and Guidelines for the Interpretation and Reporting of Sequence Variants in Cancer:
A Joint Consensus Recommendation of the Association for Molecular Pathology, American Society of Clinical
Oncology, and College of American Pathologists. J Mol Diagn 19: 4-23, 2017

(7 LERICB T HERInE T m AT 5125 — BB/ SRR LA TR RS2 ) L]
By — MEFTIZOWC— [#1]1 (2018 4F 3 A 21 H) :AMED %/ AAIISEIARHEHERF It 2,

7 DG AT FE D R IR~ D R ZARHE T D5 (77 LRI FE DO HERE | TR 2 AR R TR (B3 2 bF
72 ) A-Q: 7 AN HEEEICRE BRI TS AR OE )72 B R O 720 ORI 2B 3
DHT9E |

https://www.amed.go.jp/content/000031253.pdf (77 A H :2018/08/27)

Roy S, et al. Standards and guidelines for validating next-generation sequencing bioinformatics pipelines. A
joint recommendation of the Association for Molecular Pathology and the College of American Pathologists.
J Mol Diagn 20: 4-27, 2018

Gargis AS, et al. Assuring the quality of next-generation sequencing in clinical laboratory practice. Nat
Biotechnol 30: 1033-1036, 2012

Jennings LJ, et al. Guidelines for validation of next-generation sequencing — based oncology panels. A joint
consensus recommendation of the Association for Molecular Pathology and College of American Pathologists.
J Mol Diagn 19: 341-365, 2017.
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http://www.jsmo.or.jp/about/doc/20171011_02.pdf
https://www.amed.go.jp/content/000031253.pdf

12. ZOfth, BAESEEH

A)

B)

C)

D)

E)

F)

G)

H)

D

NY INEREER DT AR T A
e Oncology — Molecular and Cellular Tumor Markers “Next Generation” Sequencing (NGS) guidelines
for somatic genetic variant detection
https://www.wadsworth.org/sites/default/files/\WebDoc/Updated%20NextGen%20Seq%200NCO
Guidelines 032016.pdf (727&AH :2018/08/29)
FDA Guidance
e Use of Public Human Genetic Variant Databases to Support Clinical Validity for Genetic and

Genomic-Based In Vitro Diagnostics (Document issued on April 13, 2018)
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocume
nts/ucm509837.pdf (77 AH :2018/08/28)

e  Considerations for Design, Development, and Analytical Validation of Next Generation Sequencing
(NGS) — Based In Vitro Diagnostics (IVDs) Intended to Aid in the Diagnosis of Suspected Germline

Diseases (Document issued on April 13, 2018)
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocume
nts/UCM509838.pdf (7774 H :2018/08/28)

NGS onco-panels authorized by FDA (2018/4/12 Bi4£)

e FoundationOne CDx, which was approved in November 2017, and can detect genetic mutations in

324 genes
https://www.accessdata.fda.gov/cdrh_docs/pdf17/P170019B.pdf (7727 A H :2018/08/28)
e MSK-IMPACT, also approved in November 2017, which can detect genetic mutations in 468 genes
https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN170058.pdf (7722 Z H :2018/08/28)
e  Oncomine Dx Target Test, approved in June 2017, which can detect genetic mutations in 23 genes
https://www.accessdata.fda.gov/cdrh_docs/pdf16/P160045B.pdf (7 ~-&Z H :2018/08/28)
Kurnit KC, et al. Precision Oncology Decision Support: Current Approaches and Strategies for the Future.
Clin Cancer Res 24(12): 2719-2731, 2018
Lih C-J, etal. Analytical Validation of the Next-Generation Sequencing Assay for a Nationwide Signal-Finding
Clinical Trial. Molecular Analysis for Therapy Choice Clinical Trial., J Mol Diagn 19: 313-327, 2017
Gargis AS, et al. Assuring the Quality of Next-Generation Sequencing in Clinical Microbiology and Public
Health Laboratories. J Clin Microbiol 54: 2857-2865, 2016

Richards S, et al. Standards and guidelines for the interpretation of sequence variants: a joint consensus

recommendation of the American College of Medical Genetics and Genomics and the Association for
Molecular Pathology., Genet in Med 17: 405-424, 2015

Kim J, et al. Good Laboratory Standards for Clinical Next-Generation Sequencing Cancer Panel Tests., J
Pathol Transl Med 51(3):191-204, 2017

Aziz N, et al. College of American Pathologists' laboratory standards for next-generation sequencing clinical

tests. Arch Pathol Lab Med 139(4): 481-493, 2015
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https://www.wadsworth.org/sites/default/files/WebDoc/Updated%20NextGen%20Seq%20ONCO_Guidelines_032016.pdf
https://www.wadsworth.org/sites/default/files/WebDoc/Updated%20NextGen%20Seq%20ONCO_Guidelines_032016.pdf
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm509837.pdf
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm509837.pdf
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM509838.pdf
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM509838.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf17/P170019B.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN170058.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf16/P160045B.pdf

13. BliREH

ARER (1) AT ERED R (/X)) T — 3 ; validation) > 19
(3CHik 15 @ Supplementary Table 1. CLIA regulatory standards and workgroup definitions for the

validation and ongoing quality control of Sanger sequencing and NGS %4 %)

1) Accuracy (IEREFEEITEE)

TEFRE ZHBELANCRUNT, AR T > A LR T > B AR O —BHRRE DOFRER

EREYE (ZRES) X, O RESNEBBEEOERAL G LD @B T

IRV FEERDZ AT DA A (SNVs, Indels 728) D22 A7 0385,

¥R HIH | o IEfEJE (accuracy) & LT, PPA (positive percentage agreement) & PPV (positive
predictive value) Zffi 5L TED, 72720, XtRUEB L OFHHIZ WD 28
YoM EROFEE, ERORES, genome context 72&) DRE H LT, S kb
DHLFETH D,

Bl)  FIRDEFEREZ LR BIOS AL, X 20 Bl (BRI e £ 5217 % 20
B JE S D, BERROEZLICEHE TS, Fl21E 5~10%, 10~20%DiEIZA
DEREFLD T, MEARD D, BEBNIUTY 723056 BREO
BB 23X BRI R A D 2 5, MR D 5 fF)ZFH i
T2, F B AR 20 BRR(F R)HIEL T, ZRBEITFHE T D,

o DALYV EREREIL, v — VT ANy DR — I T AN AFEIR N DR E D
ML TON—=Z2a— L OEHEINEFT 2O T, FEEER EDBRIITEENLETH
%o

o WMEARAT T Ty TH—ALEADOTINIYXA (722X Phred-like quality score
REVNCEVERINDWEAGTIL, 7Ty b7 4 — LR CHEE TERWOTIEEDR
EThD,
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2) Precision (5, F8LME)

EFRH FMEORUBEL T, EORREE R URE RGN D7 DFAE
FriC ¥ IH | Repeatability (within-run precision) G475/ :

BASE, A 2EE, ERE OO M2 22T, FIUHRIRZ R I ISR K

Lo 4 205 (DFT 5:0F) OFS

Reproducibility (between-run precision) FFEURGEE . HIEOFER 51k, JEH ., HIELE

&S, 5T, R 828 2 TRIEZAT > T2 56 ORSEE (RICELHIHE R D3G5

NHREE) DL, [Al— A= COFBMEAE N FELME (intermediate precision) | %725

R == [ COOKE FE A B B (reproducibility) &)V, # e IX TR T EnDZ

clf%)jﬁbo

B) N=3 CEEOFET LICHBNEE RS, BREEFIIEBEOREICHHIEE

RKDOHZELEET D, AT THIUX, %k T HEEMERBRO TR, R TOFHMD

BIEFRE T2,

) BEERECS AR T 5720121E, [RIL DNA ZfT 3208, BB 0nd, fRREL
<. i%ﬁ’ﬂnﬁfﬂi@ﬁ/\Vy‘/0>§7\7fﬁiﬁﬂi1ﬁf£<k“®{m®F%@#Eﬁ%%ﬂ%b\é:}:%ﬁzfﬂﬁ@‘éi

THHATHD,

3) Analytical sensitivity (5 H7 )

R

F g I (limit of detection (LOD)IZ XA RERERD

Rl FIH

WMERBITiE: Ly Y | BARF R RO ISNC L > TE DD, IR RIT D0
AUy P BE TR~ &,

Bi]) 2528 B TR H IR ST O 28 AR AFF o 7o 8 5% 5 BIAIEL T, 5 BIEH G THDHT
LR T D,

4)  Analytical specificity (/3 HTHFRE) | =7 —3%

TEFH PBBEMEDN RN Z E DORER (FFAE L7 EC A ZE B 2 HH L 72U ViR )
BRHIE | LYY R T ARSI Lo TEDS, TN T —r7u—C, B (%

HiPH) L72 D H L THERR

Bi)  BCAID RSHFFES I TODERNT  MEHEREL (121X Genome In a Bottle)a 3 A
LI EFRETLC. ZORE[EA D7 —3(100 - FRRE)ZRDDH, =7 —FIE 2%LL T
THHZENLEELL,

FrEREE (%) = [ERRME/CERRME + f2E51E)] * 100
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5) Robustness (i i)

T #5% HTED RTGA—R BB R > Th, FOEELEZ T2 TOLIA ST FIEDRE
DR L DR
BetEE | ) BEOHRICEES T AR ED TR, til, LRENOHREZFBL T, H

JERREE R R HMEIC O B DB T ~D, FRe ThHIUT, BEIRO 53
EWr LR D7 77 A M) D Fin 23l N THNCIHRT 5, [RIARIC 70 fif i & 45
ARBRMERE IC RIE  RBaiERE T D,

6) Reportable range (i t5#tilH)

EES | REEE, WECBO TR ORI ARIRN T o7 A WERER (7
DGR LU AT B ENTES,
WL | R AR E L, AW IR MR U R T B, 21T, SO GG, Indel, 7L L

fii % (allele drop-outs) 72& . HiEimIZEDENWEONZL TERL, (¥ 7 F v —ikL72D
P, BEREETR D ERFEL TIRLZE, )

Bi) 2—77 o MEIEAE 715, PCR IEENAT VL A B — a2 I X0 00T R e ik 3
BIRDGE DD,

7) Reference range or reference interval (normal values) (£ [ i)

EFE NGS THELNDLFEFRD reference range (A LETIIBREIHE R ) 1%, oWt 4
HEMTROLNDBIBIZARIEORFAZ B W T 5,
HrEr I 1AL ANDEEFECANT — I WA R LIS Clii e > TRY, — RS0 R 4k - fifi

AL KRR LS G B Ll 2 DB T ELFIDE WD B D, Zivhi, BHEDEWN
IZEoTBEFZHCE G A REMEINDD, ENODOFELEEX - ECOBET
BHIDDLE DHIFA LS 2.5,

FrE DR ER T HBEEZRO—REFTHEIZRONDES] (T35 2 REPE
Thbd) LITESTBIIPR SN GG TR DO—RE TENLIDW D
TIEAET 20, i NSCEFRIRBODOT —F_X— AL U CHIBIES LD Z 12725728
R TEAN D LRI DN TO T —F_R—2 I EETH D,
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AHREH (2): [EEEEO—HERETIEEO—SBHEITICHESIELEFBEBREASOEHCET 4
S (EEERITHRIO—EHRE) (2018 7 B 27 BA . EEFBESE 93 5)

AMERFE1D3

TR ~ SRR E O
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IR R E RS
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ERETHLEOFEEFIH
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R AERMR OYEFA B
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135 5 BERR e S 5 (%)

ANHIE R R (e — [EREHROEMTTIE
= BEOREA A

= BREOINREFEEATOY G ORG RS B OV Rl 5 1%
Wt A E B AIROFEAZEHE
T AERR M OUCEFH A

B IR T B E 3

)

HEFR IS

— ZFEEB LTSI O KON ST

T RREEB TSR W TR IR EZ B D LS DO BRI

ERAR 2

W D it 7 1%

TR BB B D E DT T4

B Y 7o > TOEREFIH

FLYEAE K OVHE 25 1E O RR 2RO B AL M OV BN R 8RR C L DR AL

D IEF G S UM E R HE2 5 BRERIC LD A D IE H 5 K% OV

EHAEZ T T, )

t BEEEIR U O Bl 05 vk (B oo S f AL TE K OV
BEEOREEZET, )

I\ RIEVESE B REDREA L
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o AR EA RO FL SR
+ TR B E EL A RO T AT
o R OUEFA H

l

Wi R BAR RS R R R BNV DR O E DO A TFT5 1k
FE B B 0D J5 15 e VR A 1
SNFERE L PR A O 2N

A\-ER K RE RS B A 0 RTATG AL

LB T B B A PR R 0D R B
SRS PR RO R EGH

TER S OUGEAEH A

|l

SEH B N

o

|

F R AL e {2 Rk LR IR M Ot
MR LOEHI R OBEZED K e
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TERK M OUESE A H

Iy
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|

PR e - ARG R 1
AR E

T O FEERMAR K O 7 1R Z B35 I
THMOKIE e ONERER D F LI T 5%
OB B MEIED SFIEIC B4 53 IH
FRA AR R - ARG R A B RO LA E
AR RS B IROFEAZLE

VERL M OYEFEA B

T

M E

S

|

o T AL B AR (SR LR OS] FRERE EokE 2 a T, )
LD FNE

ZRETC R O T~ ORI 5 FH

w1 ALER A RO FE A ZGH
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Iy

SN

|

HEWHE - HRE R AR eI 26 AT EOWHEFHEIZ B § 5 FIH
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BRERHA A YE K OV RS AL TEIC B3 o 91

BEWHE - BRERHl R i AR O FLA B

TERK OBUERE A H
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—  MIERBEOHEATHIFIZH DO TIL, MRS R O E, TR EVEEE R AR & i
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B2,
= MIESBEOHEITHIEIZH O TR, MIE B EEEZEOTLH T NI FHELL TRAR R EBIROFEATEHEE RO
Do
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RIRER (B) INGS A AL ITARTAVRINMTSAV DR LEHERDO-HDI oY AHER AR

©e 0O

® 6 ©® ® 0

®

(Roy 5D 3Lk, Table 2 Consensus Recommendation Statements for NGS Bioinformatics Pipeline
Validation X0 5| FekZs 1)

FEHTDNAT AL T AT AT AT TAL DN T —2al iF T 5, TIUTID ., ZD A A

VIXRT AV AR ISATTA L OPERBE R AL, BRAZERfEL T<, B2, BAIEER OEEEY) B 2

LTI,

ANYF =g OEITIE NGS AT ICEBRL 72 M Z (B 5 F IR A S TTE 2L OB T TI19,

NYF = a Nt TONRAF AL T AT AT AT TA DT AL BZE. AL, BB TL

THhBATI,

NYF—Tad, BERICTRTITH8REE N CEET 5,

NYF =2 NI HTIE SN NA T AL T~ T 4IRS TTA L DETDEFIRITDONTITU,

B ERIIHEE BT O, KREZT5,

T WA LI, BE AN ROREL M EIITI,

NYF—a AT IG5 B CEF], 30 BERBE -, N7 U MEFEHRE) I S 72b O TRl

ECANYAN AN

RERIIANAT AL TAITATRSATTAL DT AL Fihin, 2 SGVEMERD, HAE T MAEER

TEREHELHLE ST b D THHZEZRFELRITIUTR B2,

INAFALTHRT AT AR IRAT TAANIGHHED —FTHY , T OEFR LT 0 AT =R e e

RHLENES TERL, REShTnD L,

FRARDFERNL, SAF AL T HT AT AT TAL DEAT T %0 L THRESNRT U2 D70,

TDb RIEIEWRE 1XdH-> TR,

FEE S B RAED /ST A— 2 Y B B L CRliSA, il & CEAMERELRET D72 fi

Y VA SR (U ECAYYANAR

VI T ART = EDT A VEY TSRO LI G ER RSN O L, HIREIZSCE L L REk

L CRERHD,

INAF AL T AT AT AT FAANL S TERSNTE T —F T 7 AT, Ry N — 2L DH51%

BN LS TT —ZDOREMENENINTUIRD2W, T72b5, 7/ AMEROIRIESCT 7 AV O

FREVETUIRGRW, 2R L EUICT — 2 O@REMEEZIRAET DU EN B D,

AINANRNT = ar B NAF AL T T AT A ISATTA DN T —a DD HL T

By, 72720, ERNREE WA T — 3 a NZEES A DL O TIHARW, RIS EY 7 Lo

FASTQ 77 A /L& W CHBERABR AT,

NAFAL T HT AT AT TA L DR T —a 3, mdhE CRERAICHIRFES R E A7

V7 UMy ML TITI, 728, ZORE, BieoTe FIETHERESNIY 7 7L VAT — 22352

EMEELW, 28RS, L7 FIETHRONT —# 2y NI, fE X ICZLTHERCFEWE AL TS
DO THD, ST hOFIEIZ L DY) 72\ T — L ar O SWE R E IR ESNDRETHD,

BERAR A = IXY 7 by = 7 A2k HGVS U7 > b4 (http://varnomen.hgvs.org/) &7 /7 —ar DIk

EMEERGEL . TN~ =27 /L CLE 2 — SN VEIESIZD T AL B R H D RFIZ XA MEIZI T,

EUWHE R ZRFIL 22T RS20,

AT AL T HRT AT A IRAT TAL DEFR DT NI BAE 2 72 ST RT3 2 1Y

N T = a BB THD,
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BIRER (4): DIEEEETHET 512 DIREDH 1
(3CHk 15 @ supplementary Guidelines / Table 2: Metrics needed to evaluate analytical performance
of NGS sequencing run: considerations for validation and ongoing quality control LY 75|FHkZs)

RN Ei=rid NYF— g QC
HANLyY (BEHIGEIR) O | BEARET vt A3 T4 ar DEED | F 7 AOBRMEABEEEEFEIN ThoT- 5
T 7 A (G AR EE) FEHIREI DT 7 AD RS2 iR LT | A, TOEBIIMOFE (L2013

[Depth of coverage]

BLE, WU T T AR ERTDHIL
X, BB OB D E oY)
sensitivity & specificity T3 57
WIZHETH D,

VH— =) T ENS
DB S LB S NS,

A3y (BRI REIER) O
) — P
[Uniformity of coverage]

BHETEXAY— Iy o T HE A
To7- D12 AEHYREIE O T 7" A D
PEEHESL T DN D,

F 8y (BERYFEIER) DY — 1 - 1
Mht=bt— N)T—arl, LS
NTEE T DV ERH D,

GC /AT A
[ GC bias]

GC NATAFIY—r v 7 KG
DR\ B A BT 2 | FEWFEI D
Ay OREFEVEIC B % 5.2 5,
TYyEACBITLT ) AEHEEO GC
INAT AD BAEFRFEB M TR EL TH
SHERDHD,

FANT p—= L RATBIT AL E[F
ETAHOIZ, GC AT A%T7 T LIz
E=H—FT REThHD,

Transition/
transversion ratio
(Ti/Tv tb)

transitions to transversions (Ti/Tv) Lt
. NBSN TWAELE T AN EE
N5,

F AT p— 2 ATBIT AL %
ET A, (TiTv) ka7 28
E=A—F RETHD,

N—2a— )L IVEAaT

[Base call quality scores]

NY)F —2a CHRCELE L= —
NIAVT 4 AT OBIEZRET D
VBN DD, Fle, RIESNTIHFIT
S AT LRV — a2 DU —
REPERT DI 7V —T s
L HETHVENRHD, (QA=7T 10
DIFE . T OWIEBEENTHHHE
LR 10%, (Q 227 20 DA 1%,
(Q A=7 30 DAL 0.1%)

a ) =Ry —I o T HE
M CiE, KREZR Indel 2[R ET 554 .
B D F S EH L~V D E ek
HETRWIEND, TIAANMIE
WTEVERWERED AT 4 THIFR
TED,

1V—RIZBTFL7H V7427 L SIN
Lo r7A VT4 23HAIL T, 28I
SIN eI AV T 4T =S —F Do H
VN SYN

BB O A VT 1 EE B AW
HZEIXTERRW,
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<o T D NE

[Mapping Quality]

~ BT I F VT AT =R A
O EISEICYy T SDh, &
VORI FNEZ R TR Ch D,
ANYF =g Tl TAMTIBUWTH
TE DRI D I~y TSI —
NI %R+ ~&ETH D,

BB EIKIC~y T ENDY—F K&
O, EEBANEZRS IO R T 42—
17T 5% BT H0%ERDD,

R~ 7 LW — R OEIA %
Tl E=S—T D, V=S
BLANE~ > F LR W RE | i IEIZ i S
NTWRNWEEB 2 LNDHTED, ZTHD
U—RIIBRS ENHRETHD,

XY T F v —iEEDOT )T A NAT
VT HELHIETIE, ~ BT E N
TENOIT, FERFELA 7R A2 DNA
TRVWHDDFXF ¥ F ¥ — TUHIFR
— T ar OFERPELIIR,

BHEV—FOEIELERE
[Duplicate read success]
Removal of duplicate

reads

ga—F )T TV OfEFIZ R
TLHLEEAV—F (KbmW AT 1 fH
Lol —RERWT, DZVETO)
LT TAANOMETRET D711
A =TI heHETHLERD
Do

TLVDRVETZOI, F=4—&
NHRETHD,

U—RD LI DR
R (—H ORI D I
Ji3 R RE)

[First base read success -
only applicable for

limited platforms]

W OMDEFETIET v 'A ORI
2B T HESNY — R OFEAm A AT RE T,
IHVTAARAT RO RO IH VT
AT AN RALT ) — R ek 5
TENTED, 7oA T —vay
T EDONTTF VT AT 4B 5N
ALTEY =R E TED DL E R DD,

V= TRRO BT
SELTE A VT AT ANBICERE LTI A
V74 2a7 ) —RFEE 4228
T, AV HIF—TarOF=HF— Y]
YN —T 4 T DR, T2
RN D72 AT EE W TED,

HUE SIS E ST A— B A TS 720
STRRET VAR IS DT ENTED,

CITFNAT TS
DIEE
[Decline in signal

intensity]

T ANRN)TF — a9 T, ER /874
— AR LS T T VR E DA ES
NOBE LA E T D012, TS
DY FIVRE R T RE TH D,
(V=R Elzbl=bv 7T VR EE 136
KA CTHD, )

TRV T IIVIRE O R AT =S
— T REThDL, VT NAT T
A DLEIROWY F i3 ER T —rv
VTR AN BT AT —EIRL
TW5,

DNA $HH D /X147 A
[Strand bias]

DNA $HDO AT A, 747 — R
LU N —=ZEHNBEHILDTE R R
LIRFIZAEL D, ENLKBWVDASALT AT
BHIUE, KT RIED A Ul ) Z e
R D,

ETOY T IV THB DO NRAT AT
=R —FTHRETHD,
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