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TECHNOLOGY TREND 01

S5 Qto) Fil =E61= FARE NGS A|2H]],
AUAA (Ion Torrent Genexus Integrated
Sequencer system)2} YAF AL S2=4

W 23] A Abo] A E] T

20209 2 2A|E M2 T A AFO|AHE|Z! |on Torrent Genexus (A<M A) Integrated Sequencer2 2021
Z A=l HARRZ 7)7| Genexus purification systemt & 861H shAt2Z-=0 2 U 5|A-NGS E7|

ME 2AM-QAF H1AM9| E2E (End To End Solution) £8/M0| TF 2HH9| E{2], 202 O|LjQ| 2¢O 2 Al&F}
2

4A|ZEO|L{of| 27t AlS el = 2|20 HALS NGS A|AHIO|CH(Fig 1

A ). 23
AAIo|5t U O]R S| HROIM BCHAISSHD I NGS A8 Z1HE 25 W 4 A2 SI9ict

iontorrent sxacoxo+=

-

rrer t Genexus Purification System(Zh)2 a4t £ HA| & IS XPE!E’%‘J = F
: 2011 E S2 NGS AMAH0 2HIZ 92 4 A= MER "*5’&7" "HIAI91 =Lt ®H4UMA (lon T
t EH O .

grated Sequencer)(Z)= 4712 lane2E LI=0{Z! lon GX5 chip(®)S At&3t0], %
0] B 4 U= AM|XQI NGS 2222 12 0|Li NGS Z1} =£0| JHs3ICt.
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MO A NGS HAtS| ERMEE LESHA CHFet 23 COVID-19 thES #lall SARS-Cov-2 A
HtO| 2017 (Biomarker) IH._*EE S WSO wAAe HOo| 24 HAto| s AHEE SARS-
Co

2|20| 2|2 SME A &Z5t= 70| 228 2HO|CH, V-2 Insight Research Assay= COVID-19 <
MA NGS ZAF HEOM= ¥E QC, @Yt ],  SRAIRL HALZ0F SOI|lA SAZICE A M AOA
NGS A 0|8 49| 27t &, NGS 2 ¢ 2|22 £A|El Oncomine Myeloid Assay GX v2
Of L5t 2|4 A24 3t 59| 0|RZ WENGS = vl IHE2 BlRsiM MEA 7712 KHA 27,
AL Z22E P HEol| oot Zele HEl7t =2 GCratioZ AAZE O{2{TE CEBPA, ASXLT
2t LSt 24412t LHOf| I5H= NGS 2UHE £ S| RUALS0|| ChsE Z2to|H AT 2!, 8&FH
5t 18 Q10| 2|40 Q102 It55HA sHe AU 2 M ELZl 27t 522, AML/MDS/MPN/CML/
MAT}IQJEICHH, 2527EGX5 chip2| 47} lanet 22 CMMU/IMML S2| 28 244 goff ofo] maky
A|ZAl A|QFS LE=0] AFRE 4 QoD 2 2|l 4 AL0f M ESEE. Oncomine TCR Beta-LR Assay
DA L 4= Qe run CHIZ BEE NGS 2 52 GX= ¥ F= 39 22| LY 21Z319| TCR beta
of A TOtel AR 2EE 4~ QUCt C|O]E chain CDR1, 2, 3 Y0 VDJ rearrangement
2M0l= It ME7L 7|2dez T gloLt, A FIIME 2Moz poutg gz Fo| 2
A AFOIME HQoICHH 27F Mot St o AT 22 &010| 7tssty, T Celle] Chdut
MHE 285t Ero| 2402 RAUSHA ATE 2 variable gene polymorphisms & 2 5|7 22
HE £~ QUCt 2 2Yot=E AUt d2|0 1HAS et

©2 k= 5007H O RAALL| H#Holet & H#O|,

ME OIM AO|E[HZ2 JHAHFLE A|@sk=  TMB, MSI, HRD 247tA| 7ks8t Oncomine
o

|
application2 13| 7§, SAlst2 JUCHFig 2). Comprehensive Assay Plus GX2| £A|7} ¢lgt
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SHCH oA A 2O0F0= A& 7Hs8H Oncomine IS5 lon Torrent ZUZ0|ME HE JHS5iCt
Precision Assaye= 5071 RMAt RS AEMA 1 2| custom {21218 &8t AmpliSeq targeted
Ol A2t Al THEQIH|, LOD 0.1% +&F29| #O| RNA 24 A& 7Hs6H0, PD-L1S ZE&st 395
et g8 Holof thall &R P22 AHZE Tt ZLL N FHztel WHEE Soll immune responsed|

of| 0|0] 2| 2242l Oncomine BRCA Research 225 target RNA expressiong® £45H= On-

assay2| GX HZA2 BRCA1/2 RAAte RE o comine Immune Response Research Assay2t
& FYut dE-QER AZ2H0|Y I HHSE human transcriptomeS £45H= lon AmpliSeq
= IEO0ICt 1 10| R gt AL tisiM= Transcriptome Human Gene Expression Kite=
ampliseq.comOflAd HAE C|}QI0| 7ts3HH|, & AtEstD, 48 8M AT EQ O Affymetrix Tran-
2t 2|AEV} Qirete 2t2R A5l0|| chsf 2 scriptome Analysis ConsoleZ £ 7}3tCt,

= HIE o= Aot FHd I{E S A}

b o~ QICH ()2 YUA0NM JHEE S & 0 2 dgd 28 52 Ze OfYst OjdE &
7| 28t Hio|2{A IHE, 70000f 7 RAZE XM Aol cist Aot e RIgH S22, AmpliSeq
5t0] 2|ZEE A &3dh= clinical exome panel, & technologyS AME3%t 16S metagenome £4Ad,
Zh exomeS £A5t= exome panel2 AHUMAE A WY wHA 24, §Y gEd sdk

lon AmpliSeq REAZZ0 ol

T-Cell R tor (2 %
4T T Oncomine TCR ity

Custom #Hote 7 Y 4 samples / lane

Panels o002 fy [|xol Beta-LR Assay GX

lon AmpliSeq fEAS EEO2 0N :  EEETE
On-Demand 2=F 50000 0198 Oncomine Myeloid JESVER-PNERh 3
Panels SUNE 0EUZ 28 Assay GX 8 samples /lane

lon AmpliSeq HD Uubie D Eﬂ: SO 700 > fusions

N Ampsed MR AAEE LS Oncomine Myeloid [PEpH e =

Custom Panels o2 [0l = FET YIS
oSz el Assay GX v2 8 samples / lane

AmpliSeq HD, .
Oncomine XX K MH S5 lon AmpliSeq AZLH9 HHOIH A
Precision (50 | %H}H SARS-CoV-2 HEREA 24 Oncomine JE0004+ SETY)
Assay cfDNA 1 sample / lane Insight Research  [Rumm [V k& P! (SIETI I TMB, MSI, HRD £4
FFPE 4 samples / lane Assay 32 samples / chip Assay Plus GX MET Exon 14 skipping 5
(20235 ZAI0IE) e

Oncomine VAB(1617] FET) Oncomine BRCA  [ELILRIVESS) RS
Comprehensive  [UULUSAPARIVEICI T NI Research Assay  [EdckehalUisa=slu TMB - Tumor Mutation Burden

i oo . e MSI . Microsaledlite Instabilily
Assay v3 GX 6 snmples I Chlp GX 18 S&TI‘IPIES /lene HRD. Homologous Recombinalion Deficiency

Fig 2. M MAQ| AA&AHT Applications

8 Technology Trend 01 | &} Qtol| 21t Z&sH= MAHE NGS A| AR, MM A (lon Torrent Genexus Integrated
Sequencer system)2t A& A £EM
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Genexus ASIAAOA S7|AM

(e}
=
E MB{0[Me| 22t M= Salf A+ + UL

2t 2 lon Torrent Genexus(PTZ2ZHA|E)0| 0|0 M
lon Torrent Genexus Dx Integrated Sequencer= 22
H O AlOFHO|M 2= 7|72 SQIERUCE.

UG =9 HAE HBHD, MR D, QA BHECH
£ 7190192 712 WD TH AL IE[TO| =L Yo
2E #7 W2 NGS Y4 ATE Y| st HUA

£ DxE &ofl A%Z AOICt

x 2 HES R 20| HEZoz o|R7|7|0f siEstA| kLt
Tt Genexus Dx Integrated Sequencer system (A2 £=¢! 22-
44283)2 A2,
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o2 AL A2, BUEY 57| YIsiAs 2201t [Ultrasensitive ctDNA 3| 472 SHE,
A&2 Sal o 222 wolu ZAlshs 22 447 Alphaliquid®100]
(Tissue biopsy)2l ALgO| LRBLICE oj= Bajyl  IMBDxSl Alphaliquid®100= &, #/&f, tHEe,
7l NEg SHein QR Ho| TE 4 ol Hxjo]  FET, URIY S TR IPUSMS, SSUES
O, $20/Lt 3t R, YA 2|2 S0l Al EFIROIE A8E 5+ RS Pan-ancer panelgi{Ch
As517| FSL|CH E5] 22 ZQF 0|24 (Tumor BRI Z28 W24 (hybrid capture) ZFMICH 7|
Heterogeneity)2] EA40| Q/0] ZA 0| Holojj{ 2 MG EM(NGS, Next Generation Sequencing)= 7 |gt
220 st Aoks SAES YRS ABH 4 om, 2= L0l BA= B0 DIZC| dDNAS B=ot,
S0l 2 RE 2 & JHsA0| ZAEHCY 14749] &= AHZEF E+(HRR, Homologous re-
combination repair) RUASS Z&S 118719
OHz| A4 (Liquid biopsy)S EHOH k|0 FZA A 23 T F7|ME HO|(SNVs, Single nu-
So| AHS 0|25 AR CHEHOZ 235 ZQ cleotide variants), &2, Z2& #0|(InDels, Insertions

DNA (Circulating Tumor DNA, ctDNA)7t A& LICH & Deletions), 702 =A| = #0] (CNAs, Copy

ADNAL 9] HIoF Say 0l oksizjo| AIEHE Moz number alterations), & (fusion) & 10|54 &
BII5HH CH2 H0| Q049 B D 6tRS 1 SHEO) 2rE4(MSI, Microsatellite Instability), S =¢H
Ol J|E} QM W5 S1p 242 ZQF E90| Z5H20) O] £&HTMB, Tumor Mutation Burden)ZS H7fgt
QH2 HeS woeln Y, ZYo| B MEfE 4 T UASHOL

Ol DNAS 283510 Hof x|tz b|gjg 2oz Alphaliquid®1002 AT SeiEl S8 S8 X &
WE2 2| QS 2 7|0j| ZITHS}T QFo| RIBH At @ 2|2 M AN2|SS AREotY] EfAL OiH| =2 2IZEQ 4
ED1= DUE|2IE 4 QLT 5 R2| AlZ0| BlE Z9H|(Limit of detection, LOD) d&22 ¢ d&fst
0] 0{24 SRIOHIM Y T2p2| T 2| 24| Of =4 S ASYUL. 0] 2RSS HIE2 = 2|54
2/0] LWRSIAL} BHz|2 2= LIA S72t0] 3H0I0| 2l & BLEES Sl 2A=AQ 2= 20t 2 A
Wes A4S Jan 27| o AZS 95 Ag2|Ho| = Aol H L2 28 AlEls +Ed & AU
L Q5 A0S AFREH £ 9JALICH J2{LF (tDNA EESE, SA7EA] 6,000707t e Y UESE &S50l
= oK L AZEEAWSEY| W20 SAIS o DIZHE g} A3E 0 M2l w2 A0S Solg 4+~ UL

N
6]
_o’ﬂ
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=]
i
il
r
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Allelic Fraction/

Variant Type Reportable Range Copy Number Analytical Sensitivity  Analytical Specificity
z0.1% 95%
SNVs = 0.03% 100%
2 0.5% 99%
2 0.1% 95%
Indels =0.01% 100%
= 0.5% 99%
CNAs = 2.20 copies > 2.4 copies 99% 100%
Fusions = 0.05% =0.2% 95% 100%

H1. AlphaLiquid®100 ZAt 5

-

Alphaliquid®100 ZAF2F4-2 Ofef ‘71211’ 2 20| streckAte] U A X8 A 55 = IMBDx2| cfDNA
AL E SEE ALESIO] 171 0]442] (10 mL O|4}) FEO| HAUS 2H|ot0] Eatst = HA L{O| fDNASE 2&
SHLICH 12|3 LEA Alphaliquid®1002 AF2510] DNA 210|E2{2|2 A 2tst S AT H7|ME 24(NGS)
2 BHLICH NGS 2|0l M &2 Cf|0|E{2] M S E5H ctDNAQ| 10| R Aot 1 A4S EA510 2HAt2| ctDNA
g I

| 54, Y4 2|9, HO| gAtet A 2=H &

—_ —

o
njo
0o
o
n
m
[m
]
ofn
=IOI__I
s
ro
]
1
$0
tp
r
o
o
o

N

0

M
>

HAAH= A MH|AES 0|31 LE AlphaLliquid®100 22128 S5t AL 2180 7ts &Lt

1. 2 x| 2. DNA £ 9 NGS 3. H|0|E 24 4, QA B|IZE

321, AlphaLiquid®100 Z A X184 2t

oS8
0
i)
= 1]
op
0x
uﬁ
ot
E
g

)
[y
n
oC

St 48M|2] M Ol QuEkel SIxt= HE 2|2 (standard therapies)Ofl A1 & AlphaLiquid®100S 0|25t

o
cfDNA 242 Zolf 3| BRCAT HME SHHO|(p.E1446*)E 71X UZ2 &RlstFELICE ClinVar

—/

Ol M Tier Il VUS(Variant of unknown significance) 2 0|2 %| QT O] HO|= IMBDxO| A Z}A|72Hst 2o

— —

23 0|2 (pathogenicity scoring) 2|22 245 21}t 2l (Pathogenic) H0|2 &RIZ| A& L|Ct. O

3HAH= PARP inhibitor 2| 20f 2t BI231H o0, 0] £ SHHHO| 2! QX A} BIE= (mutant allele fraction)2|
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Not detected
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69.61% TCF7L2 p.Lysd468SerfsTer23 | . TCF7L2 p.Lys468SertsTer23 37.31%
62.61% APC p.GIn247Ter ‘ ’\__4/—'- APC p.GIn247Ter 36.27%
I' TP53 p.Arg306Ter 29.09%
59.97% TP53 p.Arg306Ter \ / PDGFRA p.Arg979Cys 17.47%
. e N p.ASD772Tyr 9.23%
o S - s [NRAS p.GIn61Leu 3.17%
31.19% PDGFRA p.Arg979Cys Y - —ﬂ\ NRAS p.Gin1 LYS iy
13.06% GNAS p.Asp772Tyr i . 11.87%
Re-emergence of baseline ctDNA mutations KFu\w p. G n61Leu 1.60%
detected earlier than radiological EGFR p.Gly465Arg 0.95%
. . i i . EGFR p.Ser492Arq 0.83%
Baseline ctDNA variant detection progression by median of 3.3 months
i Detection of new resistance
0 3 6 9 12 1 mutations e_nable evaluatlop of
therapy resistance mechanisms
Months
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Long—read capture with Twist target

enrichment system

EAcH N Hlo] @ / E Q] AEH}0] @ Alo] Y A

1. Introduction

Targeted resequencing2 Whole genome sequencingeA 20t d240| =2 2ot HEe = FHAt Y
9| high resolution2A2 7+55}4| SHCt. long-read PacBio HiFi sequencingO| Ao = &2 7155t 2
ot RUA} lodiE &SI ZEHO 2 ZAISH=E A2 2 LENGER|BH A= 2 PCR amplicon?| 8 &S
£2510] T U0 2H S UZUCE 07|0f| A= HiFi read 2 sequencing®l R At I 20| Twist Bioscience
9| target enrichment workflowZ &8st= WS ATt 0] AR = FYS Sal ZHLE 2712 alliance

panel (5074 S22 TAIE 22| R M3 TH D} o 4007H0| BHE0| 0|1, OJSHAO R Betado] QU= dark

genes)9| EA1 M52 EOELL.
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Methods

A0 M= 0.2~22 MBL| CHet B4 37|15 711 RAAIHE S SAISIUCH probes A& Y12|S= At
5t0] 2| AStE| ot B35 FHS 78 UM capturests SA|0 B 2|(off-target) F7|ME2| capture
2 £ UCt TwistAte] long read hybrid capture protocol10]| t2t, mechanical fragmentation 2
(ex: Diagenode Megaruptor &£ Covaris g-TUBE)E AtE3dt0 ACh(shearing)E 200~1000ng=Z HHHS}
%l gDNAE &H|SIC} End-repair 2 A-tailingst1 truncated Y-shaped adapters& adapted gDNAO| Z&t
(ligation)stCt. PCR &0f sample barcoding= ¢/8t 10bp (unique dual indices, UDI)2 &7t5tCt 4~87H
°| sample2 overnight &¢t hybridizationdt?| 2|3l poolingstICt. Capture & 2t0|E2{2[&= SMRTbell®
prep kit 3.0= AI&5t0{ SMRTbell 2t0|E2{2| Z8|E sl ot1! 30A[ZF movie time2 = PacBio Sequel lled||
M sequencing= &St} Target 370 W2t Z[CH 4007 sample2 5~10 kb2| 8M HiFi read lengthZ &t
SMRT Cellof| M multiplexing & sequencing2 satigh 4~ It

mc ™

uu of

3rd party vendor Shear gDNA * Shear 200 ng - 1 ug of each gDNA

' ’ sample to 7-8kb using Megaruptor or JDN/ =
End-Repair / Covaris g-TUBE i o -

A-Tailing =

Adapter Ligation +  Remove <3kb fragments using : P
beads-based size selection after
Pre-capture shearing and ligation pre-capture

PCR = library i

Twi Barcode libraries during pre capture i e

stage to allow pooling of 4 amples
into one capture reaction

Denature to separate capture targets
from streptavidin beads prior to PCR P T
libraries

PacBio * Sequence 4-24 samples in one SMRT

Cell 8M

Movie Time (h.. Status Total Bases (Gb) Unique Molecular Yield (Gb)
Tina-SMRT-5 (CCS) 30 Complete 657.66 41.62 327 66.4 09
Tina-SMRT-6 (CCS) 30 Complete 741.05 44,78 28.5 70.5 1.1
Tina-SMRT-7 (CCS) 30 Complete  665.10 36.41 39.5 59.7 0.8

SMRT Link was used to generate HiFi reads, remove PCR duplicates, and demultiplex, and a PacBio
WGS pipeline was used to call variants for individual samples. The PacBio human WGS workflow is
publicly available on

GitHub: https://github.com/PacificBiosciences/pb-human-wgs-workflow-snakemake
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3. Long Read Pharmacogenomics (PGx) Panel
HLA S22+ U CYP2D6S H|R3510] 2420

homologous pseudogenes=

1A 22 Q

Sohe

K{X2k= low sequence complexity E=

Of2fe 2oR YA Ut LB CYP2DEE YHOZ QU2 UL, T A3

rearrangementss 7tA|12 Q7| W 20f| DRI EX| 2 O{EC,

iz S50 2

U7| W20 arrayLt short read sequencingS E5t XA

Qi)

highly
ﬁm

duplications 2!

M2} b2 Qs Y st

7| ?lof =35HRACE nuclear contents?t 27H<[0 4| mitochondria genomeg 7{H{st7| WZ0] 0|F 22!
A (herteroplasmy)2| SA| ZZ0| 7tsotCt.

CYP

CYP1A2
CYP2B6
CYP2C19
CYP2C8
CYP2C9
CYP2D6
CYP3A4
CYP3A5
CYP4F2

24712] GET-RM Coriell sampleOf| CH3H Sequel lle systemOi|A] 17H2| SMRT Cell M2
MSIALCEH Sample ™ 150kQ| HiFi readsS 7HA|0{, mean read length&=

Panel of 50 Clinically Significant Genes (full gene coverage in bold)

HLA

HLA-A
HLA-B
HLA-DQA1
HLA-DRB1

EM0|M duplicate®] 2%2t A AE|QUCH ZE

Mitochondrial

Entire mitochondrial
genome is targeted to
cover variants in
mt-RNR1

ABCBH1
ABCG2
ADD1
ADRA2A
ANKKA1
APOL1
BCHE
CACNA1S
CFTR
cCOMT
CTBP2P2
DPYD
DRD2

Others

F2
F5
G6PD
GBA
GRIK4
HTRz2C
IFNL3
MTHFR
NAGS
NAT2
NUDT15

=ofl F7IME
Z|tH 5.3kbRUCt. CH2A
targetOflA] 190x mean target coverage?t =HQI<| ALt

OPRD1
OPRKA1
OPRM1
POLG
RYR1
SLC6A4
SLCO1B1
TPMT
UGT1A1
UGT2B15
VKORC1
YEATS4

}ﬂ |m njo
n ov Ao

=
sampled| M target Y2 96% 7t 20x coverages ZM3H 2 93% 7t 30x coverageE Z16tCt
Sampl - . Mean HiFi
Panel Size | Number of Sa:.';g.l?‘égﬁ” HiFi Reads | Mean Target | Depth of Fold Duplicate el
Genes per Sample | Coverage Coverage | Enrichment Rate
8M Length
96% =20x
2 Mb 50 genes 24 150k 190x 530 it 784 29 5.3 kb

Short-read WGS data(bottom track)”7t gap2t Ctst coverageE E9!

9| coverage= gapO| §i0| Bt

o
FUNe

B3 Targeted regions (top track)
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* Short-read WGS PE250:

https://ftp-trace.ncbi.nlm.nih.gov/ReferenceSamples/giab/data/AshkenazimTrio/HG002_NA24385_
son/NIST_Illumina_2x250bps/novoalign_bams/

4. Long-Read Dark Genes Panel
oM o2 AHH0| QU= 389712 RUA} L= B E/40t CHd Sete= U 2HF0A dEtst —Er“oﬂ

— =/ = o™= =
0{2420| QIC}. 3HR| Bt HiFi assemblies’S £l 2|Cf 70%7tA| sHAE 4~ QIC},

o t. O] THZE " NGS dead zon
0l = short-readZ sequencingO|Lt YWHO| 0{2{2 02| RUAE Z&SH0 F7|ME HE0| 022 389
Kol FAAtet. CHSE full gene coverageE AISSHCEA. O[2{5t RMAt= Adat A, AE3HS, HAZT, Al
oA Aot 5 Tkt Aotof P2 012 A2 x| Qlon, & R RUAHO: PTEN)E 070 Z&HEIct.

A4GALT, ABCGS, ABO, ABR, ADAMTS 10, ADAMTSL2, AFP. AGL, AGRN, ALOXE3, ANKRD11, ANO7, APOBEC1, APOBEC3H, APOC1, APOC2, APOCH,
ARHGEF10, ASIP ATPAF2, AXIN1, B3GAT3, BAX, BFSP2, BLOC1S3, BRAF, BSG, BTRC, C1R, C3, CABIN1, CALRS3, CANT1, CASP10, CBRS, CBS, CCL3L1,
CD247, CD320, CD4, CD55, CDH15, CDH17, CEL, CFC1, CFC1B, CFD, CFHR1, CFHR3, CHL1, CHMP1A, CHRNA4, CLCN?, CLIP2, CNR2, COL18A1,
COLBAT, COL6AZ, COX14, COX6B1, CR1, CREB3L3, CRYAA, CTDP1, CYBSR3, CYP2D6, CYP2G1F, CYP4F12, CYP4F3, D2ZHGDH, DAXX, DAZL, DCLREIC,
DEAF1, DGCRS, DIP2C, DLGAPZ, DMPK, DNMT3L, DOK7, DPP6, DPY19L2, DRD4, DSPP DUX4, DUX4L1, ECHS1, EEF1A2, EHMT1, EIF2B5, EIF4E, ELANE,
ENOS3, ESPN, ESRRA, ETFB, ETHE1, EXTL2, F7, FAM20C, FAT1, FCGR1A, FCGR2B, FCGR3A, FGF3, FGFRL1, FKBPS, FLAD1, FLG, FLT4, FOXN1, FSCN2,
FTCD, FUT1, FUT3, FXN, GEPC3, GAK, GALNTS, GALR1, GALT, GBA, GOGR, GCSH, GDF3, GIP. GIPC3, GNPTG, GOLGA3, GP1BA, GP§, GPI, GPIHBPT,
GRIN1, GRK1, GSTM1, GTF2I, GTF2IRD2, GUSB, GYPA, GYPB, GYPE, H19, HBG1, HBM, HCN2, HCN3, HES7, HLA-B, HLA-DQB1, HLA-DRB1, HMGCL,
HMX1, HNF1A, HOMER2, HOXBS, HPD, HSD1182, HYALT, HYDIN, IFITM3, IFNL3, IGHA1, IGHG1, IGHG2, IGHM, IGHV3-21, IGKC, IGKV1-5, IKBKB, IKZF1,
IMPAT, INPP5D, INPPSE, INSL3, INSR, JAG2, KANSL 1, KATNAL2, KCNET, KCNJ18, KCNV2, KDM2B, KIR2DL1, KIR2DL3, KIR3DL1, KISS1, KISSTR, KLF11,
KLF14, KLK4, KMT2C, KNG1, KRTAP1-1, LAMB1, LBR, LCE3B, LHFPLS, LIPN, LIX1, LMF1, LMNB2, LPA, LRIG2, LRPAP1, LZTFL1, MAFA, MAN1B1,
MAP2K3, MARVELDZ, MASP2, MBOAT7, MC1R, MDK, MEST, MLC1, MLPH, MOGS, MPG, MRC1, MST1R, MUC1, MUC16, MUG3A, MUG4, MUCS58, MUSK,
MYO9B, MYOT, MYT1, NACA, NAIR NAPRT, NBEAP1, NCF1, NCF1C, NCR3, NDUFA6, NDUFAF1, NDUFB1, NDUFV3, NFKBILT, NLRP12, NLRP2, NLRF7,
NOD1, NOTCH2, NPM1, NPPA, NSMF, NUTM2B, NUTM2D, OCLN, OPRL1, OR12D2, OR4F5, OR51A2, ORCE, P2RX2, P2RX5, PADI4, PAPSSZ, PCBPT,
PCCB, PCDHA10, PCMT1, PDE4DIP PDEGB, PDLIM3, PDPK1, PDSS1, PEXS, PGAMS, PHKG2, PIGV, PKD1, PKN3, PLA2G10, PLTE PMS2, PNKP. POLG2,
PPIA, PPIP5K1, PRG4, PRKCG, PRODH, PROZ, PRSS2, PSPH, PTEN, PTK6, PTPRC, PTPRNZ, PTPRQ, PXDN, RFX2, RGPD3, RHCE, RHOA, RNF212,
RNF213, RPIA, RPL22, RPN1, RPS17, SAR1B, SBDS, SBK3, SDHA, SEC63, SEMG1, SERPINF2, SH2B1, SHANK2, SHANKS, SIGLEC1S, SIRT3, SLO17A5,
SLC22A1, SLC22A12, SLC26A9, SLC27A4, SLC27A5, SLC29A4, SLC5AT1, SLC6A18, SLOBA3, SMGT, SMN1, SMN2, SMOC2, SNORD64, SNTG2,
SOHLH1, SPATA31C1, SPI1, SPRN, SRGAP2, SRR, SSTRS, STK11, STXBFP2, SULT1A1, SUZ12, TAPBP. TAS2R45, TAS2R46, TBXAZR, TCF3, TERT, TFPT,
THBS2, T.P2, TM4SF19, TMCB, TMEM114, TNNI3, TNNT1, TNNT3, TPCN2, TPO, TRAPPC10, TRBV9, TRMT1, TRPM4, TTC37, TTLL1, TUBGCPE, TWISTZ,

TYK2, TYMS, U2AF1, UGT2A1, UGT2A2, UGT2B17, UGT2B28, UNKL, USPB, UVSSA, VANGLT, VKORC1, VPS53, ZAN, ZNF141, ZNF407, ZNF419, ZNF469,
ZMNF479

4742| Coriell sample®]| Chal Sequel lle systemOllAl 17H2] SMRT Cell 8ME S8l H7|M L
Sample2 Ext 893k2| HiFi readsg 7IA|0, mean read length= Z|CH 5.3kb&iCt. CHRAER _E_A-lo"H
duplicate 2 3%t A HE|ACt 2E targetOl| A mean target coverage 75x7t £ | AT
target region®| 93%7} 10x coverageS ZM 20 90%7} 20x coverageS ZM5IUCH.
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Paral &t Number of S;;‘;;E?%;‘fr HiFi Reads | Mean Target | Depth of Fold Duplicate | Mean HiFi
I Genes aMm per Sample Coverage Coverage Enrichment Rate Read Length
93% =10x
22 Mb 389 4 893k 75x Pk it 54 3% 5.2 kb

| R e — s, — L m—— R

|
Twist + i | I s — T Twist +
HiFi | 2l ML L . - HiFi

'''''''''''

—t s ® W ms  Em o= -

| — B T

* Short-read WGS PE150:
https://storage.googleapis.com/brain-genomics-public/research/sequencing/grch38/bam/novaseq/
wgs_pcr_free/30x/HG001.novaseq.pcr-free.30x.dedup.grch38.bam

5. Conclusions
HAAZIZ2 TwistAte| long-read capture method?t CtFSH A7[2] multiple gene panel2 &&=l Coriell
sample= AMESt 282422 RUA B9 LA HHZ|Z|E 7IsSHH &2 LSSt o7|M 4=
ot= 22 CYP2D6, HLA, SMN1, LPAS} 22 2315t JAY L Lt 0] long-read capture protocol2 Twist
custom = fixed gene panelt 874 long-read sequencing= AME5t0 24 FHUAE 28X 22 capture
QICt Contents(target @) E %7t5}7| 2| A= hybridization 2+ 0] 0|} THY (spike-in)S £/ H &
Ct LSE YHE Sall long read lengthZ 20| 7ts5t1 HIES AL 4= U= hybrid capture
S5t St0d, coverage biass z|43l5t1, YEES 2|0SISIH 2= H0| RS 2SI capturee
ICt. o47]0fl= short-read 2 Sanger sequencing22 FZ& 4= Q1= structural variation2t haplotype
phasingd&£7} ZLetECt,
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Systematic evidence—based review:. The application
of noninvasive prenatal screening using cell—free
DNA in general—risk pregnancies
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2) Trisomy 18 (T18)
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92.5% (95% Cl = 87.5-94.9%), 35M 0|0
A 88.5% (95% Cl = 80.1-93.6%)= 2115t
il

6) E2 A 3| 0|M (rare autosomal trisomies,

RATs)
Z 187 HFO|AM RATSE &QIst Z1HE B¢
L, 2 Z2E 205t 20ME &2 ZAPE Al
A Z| AALE 22 22 A0S SQISHR| FU7|
0| detot ds2 mHst7|0l= oA 20| UASHICH

7) EX|480] (copy number variants, CNVs)
Z 1771 HFO0|A D[MZAO[L}; DIMS =2 22
CNVE NIPSZ &Qlst ZIME 2SS LIC 2
A0 ZotE CiaAtee ATiHez Ao oY
& Lot OFF CHAMSLICH Tekesindt 3252
7210|| A DiGeorge syndrome (22g11.2 deletion)
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A= 21.43%2 205 B Q&L|C

218t0f| 2 PPVe Liangdt S 20| T2 H, |
32%Y = DeGeorge syndrome0flAd 93%, Prader-
Willi/Angelman syndrome®|A 75%, cri-du-chat
syndromeOflA| 50% 2 ENE|AUSLCH & T2

A0 M= (N=80,449) Z2T}0j| O| 4
42,000 O|40|M PPVE 22g11.2 deletiond
M 18.5%, 1p36 deletion0|A| 50%, cri-du-chat
syndromeOi| Al 50%, Prader-Willi syndrome0i|A{
0%, Angelman syndromeOi|A& 10% Z 2115t bt
UL CE ZSOH0[M 0] 40| = BF PPV= &A

—/'\—7:|O| I:IAl_

AN -

5| =0t 22911.2, 1p36 deletion, cri-du-chat
syndromeOflA] 100% 2 E1 5t STt

8) & ZICHAe] 28 M

Z 1071 HPOIAM NIPS A8 & 521 S2{9f ZICh
HALE 2Esl= WES &g +~ AMSHICH SM
A 789 O] MR 31,250 SRS M2
AU 0] & 35H0| L2 ZREUS
LIt O] 3 25T (71%) 7t &2 JTHHALS MEi5t
RS UL BrEH Lokl MEHALS Allist 2998
Y SO|M 278Y0| nedFe= EREJUN OIF
98.5%7t &l 2T HALS ARA20{ 22| 4F 00|
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0| 0{2{Z0] L4 4 ASLICH NIPSS| Hehd ol =
_ _ Table 1  Performance of NIPS in a general-risk population for
=761 «fDNAE O|2st= MEZHAO|IE2 2, 2 trisomy 21, trisomy 18, and trisomy 13 calculated in random-
° S =lolo _ effects meta-analyses
2Pt L2 3% O{A5| S it ATHFART No. of
]él 3t L'l E'l' Test Statistic  Studies Result (%) (95% CI) 7 (%)
Trisomy 21

Sensitivity 17 98.80 (97.81-99.34) 0.0
Specificity 14 99,06 (99.92-99.98) 75.9
PPV 28 91.78 (88.43-04.23) 68.3

Table 1  Performance of NIPS in a general-risk population for NPV 14 100 (99.99-100) 0.0

trisomy 21, trisomy 18, and trisomy 13 calculated in random- FPR 14 0.04 (0.02-0.08) 75.9

effects meta-analyses Accuracy 14 99.94 (99.91-99.96) 80.2

No. of DOR’ 14 110,000 (44,000-260,000); 55.7
- N s P < .0001

Test Statistic ~ Studies Result (%) (95% CI) I* (%) Trisomy 18

Trisomy 21 Sensitivity 6 98.83 (95.45-99.71) 0.0
Sensitivity 17 98.80 (97.81-99.34) 0.0 Specificity 7 99.93 (99.83-99.97) 94.9
Specificity 14 99.96 (99.92-99.98) 75.9 PPV 17 65.77 (45.29-81.68) 88.5
PPV 28 91.78 (88.43-94.23) 68.3 NPV 7 100 (100-100) 0.0
NPV 14 100 (99.99-100) 0.0 FPR 7 0.07 (0.03-0.17) 75.9
FPR 14 0.04 (0.02-0.08) 75.9 Accuracy 6 99.91 (99.73-99.97) 95.7
Accuracy 14 99.94 (99.91-99.96) 80.2 DOR® 6 29,000 (4800-180,000);  94.9
DOR® 14 110,000 (44,000-260,000);  55.7 T P < .0001

P < .0001 IOy
Trisomy 18 Sensitivity 7 100 (0-100) 0.0
AT Specificit 8 99.96 (99.92-99.98 81.5
Sensitivity 6 98.83 (95.45-99.71) 0.0 P';V y = e Eza st 93; -
Specificity 7 99.93 (99.83-99.97) Q4.9 NPV g 1'00 (106_100]' 0'0
PPV 17 65.77 (45.29-81.68) 88.5 FPR 8 0.04 (0.02-0.08) 81.5
NPV 7 100 (100-100) 0.0 Accuracy 8 99.95 (99.90-99.97) 82.2
FPR 7 0.07 (0.03-0.17) 75.9 DOR® 7 29,000 (8900-94,000); 0
Accuracy ] 99.91 (99.73-99.97) 95.7 P < .0001
DOR* 6 29,000 (4800-180,000); 4.9 -
P 4 00 Og o) Results do not include studies without adequate data to include in
s e meta-analyses.

Trisomy 13 DOR, diagnostic odds ratio; FPR, false positive rate; NIPS, noninvasive
Sensitivity 7 100 (0-100) 0.0 prenatal screening: NPV, negative predictive value; PPV, positive predictive
Specificity 8 99.96 (99.92-99.98) 81.5 value.

PPV 18 37.23 (26.08-49.03) 71.0 *Data presented as odds ratio.
NPV 8 100 (100-100) 0.0
FPR 8 0.04 (0.02-0.08) 81.5 . . ..
Accuracy 3 99.95 (99.90-99.97) 82.2 Tablg 2. Dlagr!ostlc performance statistics of NIPS
DOR* 7 29,000 (8900-94,000); 0 In twin gestations
P < .0001

Results do not include studies without adequate data to include in
meta-analyses.

UOR, diagnostic odds ratio; FPK, false positive rate; NIFS, noninvasive
prenatal screening; NPV, negative predictive value; PPV, positive predictive
value.

*Data presented as odds ratio.

(&2 2¢]

Table 1. Performance of NIPS in a general-risk [1] Systematic evidence-based review: The application
population for trisomy 21, trisomy 18, and triso- of noninvasive prenatal screening using cell-free DNA in
my 13 calculated in randomeffects meta-analyses general-risk pregnancies. Genet Med. 2022;24:1379-1391
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KAPA Hyper Exome/Choice/Explorer, cobas CMV, cobas 6800/4800 system

AQIA HAFO|TIEQ! 240| FITHAIAE ZLYHOICZ M 1990 2|20 EXp7|HOZ Melg|lon o
of HoH, =X S AASto] ol ZI|LUA, ol TITh X2 3l TLEHZS I3t MOl X E Dt Mu|A
Z 2380 QUCh FITHH AR (Core Lab & Point of care Solutions), 2XHEIEFAFA £ (Molecular Lab),
ZE|ZICEA] £ (Pathology Lab), 21AF S| AFEH X[ A £ (Clinical Decision Support), & 22| AF &
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AA|7]0f 0|2 &= 2T ME ZEE2|QE 251 QoM 2= 22 M| HIQIZITHIVD)AISl M=
7|Y0|Ct 2019 22t 7|8te| AMAM K| H|0|E Z2HE U|H|mHo| F£HE E(Navify Tumor Board)
£ SASHH CIXIE EAH| o Eof| 24 TIEZUCE S|, 2/TITH2 24|2ktel 325 Sl 7iele| R
N ZXN EMS Tl £|Fo| X|2HE MEiE £ JIE Z 2IXtet o2 T REE 93t AHEo|ZALHE 24
o2 HO{ QRO 40| AS SAMAIL £ UEZ Le2{sta ULt 5t SHRZ LTI of 2|7} 0f210] F7|
XM H7|ch3], M2l 3 getg S5t 2 X ASZS of2I0] X[, TSt OFs X[, Aot SR} X 52

=3 ALE S 252 Sl 712 Ale X ARl Chstr| sh =2{stn QICE. of|0] 25 (Aon Hewitt)O]
Mt ot £| 19| 2k (Best Employer in Korea)' 242 201514, 20161, 20174 33| A< AR O,
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P> C+2HI0| 2M|C| 72| ALATH: DowBiomedicaisamarketdeveloper&distributorofin-vitrodiagnostics
products. Through partnership with global leaders, we are introducing cutting-edge technology
productsto our customers. Dow intends not to compete in the established market segments but to
develop specialty areas which may be required for development. Dow is proud to have contributed
toimprovement of medicare forhuman health through providinginnovative technology products.
P UZ0|LtZ 2|0t S| At 7H: There is a dramatic ‘DNA revolution” happening today and Illumina is
leading it. Our technology and the solutions we continue to bring to market are transforming our
understanding of the genome and will ultimately transform health care.
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Early Detection of Cancer
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TwistBioscienceAt: NGS Panel, Genes, Oligo pools, variant libraries, Covid19 control, Twist
Biopharma

2| EAiMHEO|2=TwistBioscienceAl THs CHEI™RILICE TwistAte] SEXOI DNA B47|&S
HIEFOZ 3t NGS panel, Genes, Qilgo pools, Variant libraries AH|A S SHH|&CHEHE! BHY AfH|AQI
BiopharmaZE Sl 2L 2| HATI0fA| 2| A 7| -2t HES MBSt USLICE

SureSelect, Magnis, 4150/4200TapeStation

Agilent is a leader in life sciences, diagnostics and applied chemical markets. The company
provides laboratories worldwide with instruments, services, consumables, applications and
expertise, enabling customers to gain the insights they seek. Agilent’s expertise and trusted
collaboration give them the highest confidence in our solutions.
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NAVIFY® Mutation Profiler

Empowering next-generation sequencing clinical labs

with actionable information

The emergence of next-generation sequencing (NGS) has played a major role in the shift toward precision
medicine. But the amount of patient-specific data that NGS generates and the evergrowing body of knowledge
in which it has to be interpreted has proven as much of a challenge for healthcare facilities as an opportunity.

NAVIFY Mutation Profiler is a clinical NGS reporting solution that can help labs accurately and efficiently
interpret the clinical significance of mutations, empowering clinicians to deliver more personalized healthcare.

NAVIFY Mutation Profiler drastically reduces curation time,
increasing reproducibility and automating the workflow for
report generation.

With NAVIFY Mutation Profiler, labs are enabled to inform on potential
personalized treatment strategies in a concise professional report for
the oncologist.

Clinical Decision Support apps such as NAVIFY Therapy Matcher app
and NAVIFY Clinical Trial Matcher app* extend the functionality of
NAVIFY Mutation Profiler.
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Highly curated evidence-based knowledge base

Clinically actionable

Variants mutations

Clinical report

NAVIFY Mutation Profiler safeguards and manages sensitive
patient data.

Enable your clinical labs to support better-informed patient treatment
strategies while adhering to global, regional and country regulations
that govern the privacy and security of sensitive patient data.

Benefits

* Arichly curated and up-to-date
knowledge base of genetic variants with
clinical significance for thousands of the
most common variants classified in
accordance with AMP guidelines

* Links findings to actionable therapy
options that are supported by local drug-
approval agencies, clinical studies and
medical guidelines

* Pre-configured clinical and variant
summaries that help reduce the time
of interpretation

* Lab and variant analytics; with the option
to opt-in for variant classification sharing

* Integrations with the LIS and EHR
via APls

* Aligned to HIPAA and GDPR regulations;
and ISO 27001, 1S0 27017,1S0 27018,
and 1SO 13485 certified

NAVIFY"
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Solid tumor-FFPE tissue
Immuno-oncology research testing solution

solution ¢ [on Torrent™ Oncomine™

==  Comprehensive Assay v3 GX
¢ lon Torrent™ Oncomine™ BRCA

Research Assay GX

¢ lon Torrent™ Oncomine™ TCR
Beta-LR Assay GX

Heme-oncology research
solution

Liquid biopsy research
solution

¢ lon Torrent™ Oncomine™ Myeloid
Reseach Assay GX V2

¢ lon Torrent™ Oncomine™
Precision Assay GX

thermofisher.com
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“Whole-genome sequencing
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No rare disease will go unseen.
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SNV, InDel, CNA,
Fusion, MSI, TMB, HRR

95% ~ 99%
(reportable >0.1% LoD)
Turnaround
time 7~10 days
ot 13| =0 &

(* Based on 30ng input cfDNA)

Analytical Performance”

> 0.1% 95%

SNVs > 0.03% > 99.9%
> 0.5% 99%
> 0.1% 95%

Indels > 0.01% >99.9%
> 0.5% 99%

Fusions > 0.05% >0.2% 95% 100%
Cﬁgpwga?ggr > 2.2 copies > 2.4 copies 99% 100%
CopyLNOgSmber < 1.8 copies < 1.6 copies 99% 100%

For More Information:
Tel: +82.2.69512906 | Email: support@imbdx.com | Visit: www.imbdx.com
IMBdX, Inc. 21F Bldg A, 131 Gasandigital 1-ro, Geumcheon-gu, Seoul, Republic of Korea (08506) IMBD::

© 2022 IMBdX, Inc. All Rights Reserved.



Twist cfDNA Pan-Cancer

Reference Standards

Accurate VAF; Variants of interest
Tiling ¢ Variant site

Oligos
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100 . 200 300

Genome coordinate

VARIANT CLASSIFICATION TABLE

e Synthetic Variants : 163 - 171 bp.

* Variants Tile :160 oligos per site). Sin Sl NUdIBan B

: 228
e Variants: 228 SNVs / 215 indels / 15 SVs eqas
Insertions 47
* Curated/ Clinical Variants: 147
Deletions 168
* Background cfDNA: Donor-Derived. ]
Structural Variants 15

* QC by NGS, ddPCR

Comprehensive Detection of Cancer Variants

e 458 unique naturally occurring cancer variants
e 132 clinically relevant variants

* Covers 84 different genes involved in cancer

29| : @UHMHIO|2  www.Incbio.com

Tel. 02.3472.0370 / Fax.02.3472.0376 / Email.
info@lnchio.com




Agllent

Trusted Answers

IS Your NGS Workflow
Working for You?
NGS work 2] quality control = <] 3t

One easy, integrated solution O A A AE]
=1 —

X}Ei} Library prep “3H] Magnis}
AMZ QC 1] 4150TapeStation ]|
&l TF4ES Tl Lotr AL

Are you...

= Struggling to deliver successful sequencing data?
= Having difficulty getting run-to-run reproducibility?
= Experiencing laboratory operational inefficiencies?

|

Your next-generation sequencing (NGS) workflow does not have to be complicated. A simplified, integrated
NGS solution can offer improved genomic sequencing repeatability, productivity, and results.

www.agilent.com/en/product/next-generation-sequencing

For Research Use Only. Not for use in diagnostic procedures.

© Agilent Technologies, Inc. 2021
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