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2I0IA0IM SO01Xt =i
MIZS2lstiet (dd-cfDNA) ZAt

Donor-derived cell-free DNA in Kidney transplantation
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1. H4ZA & S)2= 2ldl O|AM[ZAIE| 2/t nucleosomed]| 2]

ot cfDNAO| ¥X 2 EE|=0|, ZA (necrosis)oll 2
8l ~10,000bp 37|, MIEALE (apoptosis)2| 2|5l 50-
500bp 3712| cfDNATL & Eltrl HIZEZ|= 3082-2AI7t
O|C}. O|Aj2txte| HMHoIM HEEE= SOXL %EH cfDNA
(dd-cfDNA)= Z7|24 71='u+°, o=
AMIHOIM B715HH, K=o CHSt BHS S BtHBIT} (Fig-
ure 1). 22iLt, dd-cfDNA= At &olo| = ¢fDNA &
5| YHO0|H, O|AE F7[of w2t HEHLS HES st

S| Loj4| 2txtofl M AHREES KIES Floh A8t 2
LIEIE ZAF (22 3[OtE| ], HAARIM EF Sk, Bt
b, g, Z0IXH £0| FH|(DSA), X220 2F §)= 0[4
RS0 S0[H0|X| g1 HRHLZ | Z7[0f|Z0| ofF
Ch M2 MEXQl HHO B M 2k 1%0lM F2 SHSB0
LUSID, 3.5% 0|0l Hixot Bl 2Io] ACH,
oF 25%01| M £XETt RO R FITH0| 024 E 4= UCL EE

ot RS A {2HEE (Subclinical rejection) HiA| 5! MA

oo
dd-cfDNA%= CI2A| E0E|0] 0] sHAlo]| o7t Ee
Alj 7E4§.’| IE %x °d°H7'|A|'7|'E'9.O|'EI' (4 I' 7" S LY |0'| MO'I H—lo'"_l‘ | I'E
olC}.
O|AIM &4 (HEHES, Eu“é, M2t 2|AL o1, 24, & et
® ‘ Cell-free DNA in blood samples ‘
L1
Patient with

er’nseplanted Healthy organ | Subclinical disease Damaged organ
idney | L I

II \
e |/ |\
cIinicaI disease / | ; Graﬂ failure
__./ '| \__ /f

‘ Intermittent subclinical disease ‘ Clinical Response Clinical
disease to treatment disease

dd-cfDNA as a transplant biomarker. (A) Increases in DNA derived from the donor organ were observed following organ
damage. Increases are also observed in subclinical disease. (B) Measuring dd-cfDNA levels in transplant recipients lon-
gitudinally to screen for: (1) subclinical disease, (2) clinical disease, (3) response to treatment and (4) graft failure [figure
from [1] Edwards, R. L., et al. (2022). Biomark Med 16(5): 401-415.]

Donor cf DNA (%)
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2. dd-cfDNA ZIAjetH

Z7| dd-cfDNAS| =2 HM S0XIe| &7 |E oAt
o Md|Xte| ool Y FAMK| DNAE SHl5IRLY. of
= HLA STXI0] 7|45t PCR 2HHO0| ATHEIUOLE O]
O{xtet £8[Xte] HLA typing 27t SUSH A0
0| oL
Z| 1 U= dd-cfDNA Haksh= 28Xt 204X}
HEIRHXIE L8 &= A= |TXL O (of: B
7|CFdM (single nucleotide polymorphisms, SNP)
7|9to 2 T, 0|4 ghxto| HEZAM0IM cfDNAE F
b & 20iXIRE cfDNA (dd-cfDNA)TES QIsHA,
£l SNP OFHE X351 HEPCR (qPCR), AHM|CH
7IMEEM (NGS), digital droplet-PCR (dd-PCR)
O Mk BM6l0 & cfDNAO] CHet dd-cfDNA H|Z
dd-cfDNA%) == & cfDNA 2t dd-cfDNA Ztzfo| M
B (cp/mL)S QUSICH NGSE 7 HEE &
RE M e BHE SA0 ALY = U= B
OL}, X O 2 Xz2| AjZto| 210, RIZYE=J} FHHE0|H
H|E ZALO|Ct HtXLof| 2t 152H-602t7H2| SNPE &
7| StLt, AaX |84 A7t H| X Bl E1k[0f
Allosure/AlloSeq 7|E (CareDX)= 2027H2| SNP
Mot ME ATEQE 0|2310 dd-cfDNA% Z
t2 =&3ICL dd-PCR2ZF qPCR2 O Hil2 1 X&st HE
0| 7}S5tLt, X SNP =7t HAMS S0l g2 0jE =

OH, tin2 A& REY A7t gl &To|Ct
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3. Mo|Al0j|A| dd-cfDNA ZALe|

OIAIN o2 M
Oo= TTo o

AojA £ N 2F7HK| dd-cfDNA%E 24| Zast
M, 2F 0|0 TME OH7 HEREHZ(T cell-mediat-
ed rejection, TCMR) = | 047 75EES (Anti-
body-mediated rejection, ABMR) 2tXI0|A| cut-off
(0.7-1.0%)0|A2| dd-cfDNA%2| At&0| ZHELEICE, 20|
A 2tX10{A dd-cfDNA ZALS| AMH F8M WIHEM=
ARl 2t Xto[7t /USLE, 0.43-1.0% cut-off E O
8¢ nf RIZE 59-89%, 0| 69-85%, LM Of|Zk

(Positive Predictive Value, PPV) 12-77%, 24 0%
%/ (Negative Predictive Value, NPV) 75-98%= 11
E|0{ ATt [6].

dd-cfDNA Z7t= eGFRO|| H|sf HEHES HEO0| L6}
L}, 784S 0[2[2] O|AH &4 (Graft injury)UlA = &
SEICL DSA 24, HAARH 2F0] 2ot HAEM3},
BK HO[2{A M3} Sof| Iot 34 o[AIM AAS X
7| d&sk=0l =30]| ECh MEtM, £2 oI EX
HHAZ0| 2 2K, AdE =37t W2 L10[4 2}, BK
nephropathy 7} 2|Ak[= tXoj|A dd-cfDNA ZL|E

20| =30] & + Ct.

4. MO Aoj|A dd-cfDNA ZdALe] 0|21}
e{Apet

SUH 2 HAHOIM ZEI0] AR 21 AlloSeq ZAL]
N HFeH AR T w2 chaat 2k,

—_

1. 2|
cfDNA Mg RHoj| 13| & 222 T 22|18 EES 0]
g3lH, 4 (> 50 mg/dL)0| glo{of Sict.
2. Z04At-26{| Xt 2|7} dd-cfDNA% Z1lof| 0|22 2
Melst MHE (related or unrelated) 7} ZQ3|Ct.
3. ZA2l2| 71 (contraindication)
- Eo|2l2| F7| 0|4 8k}
d(YUEHY) WSO|2RE] 0|AH2 S6||K}
i<t
i<t
kol 23|t
- O|Al = 14 D|2HQI 6K}
4. Z4ALHst (limitation)
- W&} TSkEl 23 $ 30U (MAE[ ALt eE R
RBC £82 5|2%)
- MA = 24412t oLy
5. Allosure/Alloseq Z22fsHA
- cfDNA 1% O| &Y AL, ZEIAHAS| active rejection
ofl cHt 24 ol Z2H(PPV), 24 01X ZHNPV)2 61%,
84%
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- cfDNA 1% O| & A, ZX|HAL| 2| Oi7H 7450
CHet PPV, NPV = 44%, 96%

- 04 = QFYMeOIl £5||Xte| &HZ
42 0.21% O|H, QFEZXQl ﬂ’é!olé! Fol|Xte| 75%=
0.40% olstats 2.

- H715H9| 0.12-16% (unrelated) 0.18-16% (re-
Iated)

- Ol

7}
BA

44| Zatol] H|sH 61% O|A S71=l dd-cfDNA

AH%‘&_‘!-&! Igtl _E_A ~ ﬁEA‘I 0|AI‘OE |-_7|S £l
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3 dd-cfDNA%E S8lAl2] HEHT A S, wia =
715 U G5 o= oI5t & cfDNA $=X[2| 3o &
Sh IO} QIokN I S MOR BTE 4 Qir}
[References]
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0| O|MOM= dd-cfDNA £ZF2 ZAEs 4

= S OFE SHAL[X] %*8 SHA|ZL ALY

5. 7E:I§

AloJAl SExtoflA O|Al & dd-cfDNA £=X|2 At&0| HE
HES T} O| AT AAS 0f| Z3ICH= E 17} SES S0 A
e[ QIct. JziLt RITHS I8t cut-off £X7F <o &

C}
RHOIC KFO|7F Yo B Z X|&XQl X7t 7} ’1'9_0|-|:|-
£3|, dd-cfDNA% &1t Zhizt dd-cfDNA (cp/mL)

Ha H
EH0i| ciet AMH FEH H|W A7 EQSICE EESH Al
ZO{7YHRES "._":._* HAAMN ZLIEE, BK ne-

O

phropathy ZIttS 2|3t dd-cfDNA &l st &7t A
T QPEICE HARFEM = ZAIKz2], S S ZA A
sfolsfiof stH, 2t

Ir

LRI = & siMe mi= CHE Y

9 He (SHRfe] EF, 4 S)0l| 2ot s 125
O{Of BICE. OFX|RQZ, CHE ZAIR ORNTIX| 2 HAMSH
ot siMo| BE7} TIHE|0{0F 2 Z0|Ct.
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FESHEQI 2If2|FEe ZHES NIX 2 JHesto] 4t 2t HSstn QIO 02| Ee EHE
M Qto| Hio|2OHE 2Qls MU o2 E Aoish= 22| =® 100 & HRR, 1-37| & == £ O|M[ZHERf(Minimal
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TECHNOLOGY TREND 1

gy
JH
Jzz 0| He =
o2mpalEl 11871 FHXL
3-47| ' ) 20214
1 Ant2|FE® 100 X|Z2H| Mey, (SNV, InDel, Fusion, etz
aEY e SLIEZ CNV, MSI, bTMB) aung
A oITaj2)=® HRR x%ifé 2ITFA} st o 157§ HRR St oz 2022'
= ':,.il%r%ir = 2 (WNV, InDel) = UAES
1-37] 3Q22
= MRD % 8l ZHRIstEE o RUO ZEA|
MEZIIER 2 WACIR= ey TSI (SNV/InDel) g2 20234
sez sEs
dtel HERHA 20234
¢ TR e LR oigizfold Alztal 22 oumg
il e = il ®
I, Zigddd of kXl = X== 2lst 2M2IRIE" 100 & HRR
2| =@ 100
2AIZ|ZE® 1002 o He| xHHE 11871 & 2t RTXIE SAlof| AAFSHe 7He! WEH MU X 2E 7S5 5t B

{HH| =22 (Comprehensive Genomic Profiling, CGP) ZAO|C. 7|= EetA|of| MEtA S 712l Ho| 201742t
N BMK|EH|e| EtZI0] E 4~ Q= HIO|QOHE &Rl X| & 2uHE ELIE-E Melst BNMX|ZHE MElsH= 0| =
o

= ZCh OIg 2l iEe, de, HEuY S

4> 0o Jm mo

=
U= Aot
2AM2|FEe 1002 =2 Z™MAL CHH| 1/3 718 £EQ = X{ZHet MOo|X|2t 2 DIz =t B2 AETH|(Limit of de-
tection, LOD) 852 #E HESE |Aet E} ZAL CHH| H g $HO0|Q| 30%= &l &
DNA & 0.2% 0[5}2| ctDNAOI| ZX5HX| 2t 7|E MIF2| AECHAI= 0.2~0.5%01 S 2L}, LI2|F{E® 1002 XIA| 7H
gk XIMICH High Quality Sequence (HQS) 71 Z[X2lE 9l =2 == SNV, InDel, Fusion, CNV, MSI, bTMB
S Ciot Ho| QA2 BAMEt £ 1 97.6%2] ZEIUX|EZ 0.1%2] ctDNATIK| AEE 4= UL L3t Cis/Transd 712
LN2|ES Sl 7|E A HZ0i|M 20| E7HsTHHO|of| CHEHM = BErsHA| L2E 24 At oH7t 7HSSICE.
£ AAte U &4 7|53 S HIEZ o= AIMEICE 4074 O|&Q LY Z|C} AMAHRE TIH
ZHCE KEMICH S7IME 2 (Next Generation Sequencing, NGS) 7| M| M & =LY %]
0f NGS IH'd ZAL F0{7|Z0] w2} AFRE| 1 QUCH 2020 RE CE Q152 SISl REAIF=t
CE 215 7t X|Ho|M EHi7} 7+t

>

{3151 HA 27}

k
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<YI2|FE® 100 ZAF 21 2P >

&V & = i

ol X DNA =% 3! NGS cflolE 24 M|ZE

10mL O|Ao| Eolis o L cfDNA =&, ctDNAZS| 0| SFX} 2IXL2| ctDNA HO|
xH%|5tod cfDNA ZAH XN QHEXIE Xl DNA gl QA B M EN, M ol9|
Mg 8- 22 2to|=2{2|E MMsto] tHo| REAfe} BHE
ZXZ 5 NGS FId X=X S "=

I, £ = THE XJIEIXIE QI8 HAMCIEE®
FHMCIHIE®=1-37| O 24 & 3X}O| S DLIE{ZISH= 100% 7HO! 2ZE8 Al XML SHMX}ZAL Z2HZE0|Ct, |24t
C

2} 2tXt] 30% O|&t2 5 O|LH RiETITt 25| TITH A| 2EXte| 2IX|E2 90%01 2517 | whiZoi S 02| EATHTH

o
MC[HEG= =& TA| ZHc & 222 Bl 3 S0[H |} HO|E HESHD OIS HIEHQZ 7ol StE /HXL
A C s § A
= =

02 S H[=fsto] O|MITHERIS BLIE{AISICE € & DNA 3 0.001% HI20]| Eot= SAUIE L MK HEL =%
= 7|&3 S 231 o] 30|2e| ctDNAE EHX|SH O|MIZHERS ROHACE 14| XX 510|E2|E X NGS 7|2 7|4t
O Az M HH| 1000471 tHolo]| CHEH 2 L|E{ZI0] 7Hs3iCt.

& T VNERE H7|HQ HALE TIsI0] SNV, InDel S {HXHO| LS 21&6SL7| 20 7|= SAZHALCHH| 274
2 0|2 A|™of| i o{ L& TITHE & ATt L THEISH M| (Peripheral Blood Mononuclear Cell, PBMC) 20| &
M 7153 HOIE MEE £ Q= 2112|E 7|2 ERSIT U0 PBMCYt Sl AE0IME WA (22 FEts Wx| of
=Lk

HMCHIES= X AIZHE & 020 o= XMed RHEAFHOIE 71 & MZ7H 27 |= MELE AES + QUCh 3t
el SHEY FHA E2 MF|eh ZX0f| A EAE A} S0]H Hi0|20}7] 0]2|0f = X| =9 EtZl0] & 4= = F7HH 2l vt
O|20[AH7X| 24 4= QT MU S TITHE 3 OfL|2t ehet x| =2 TIH (IR E TSI SR Fo{E ==S

S T SA K=E A=t =82 & o UL
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Ha FEA ol =Y FEof| chiet 2atE0M XS
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I, Q4 Quioh-LiAot SST (ISS oI5t 2 S01% L QXX S0/ JIHES o

7|Z9| REVEL, BayesDel, ClinPred2t Z2 in-silico 212|EE2 LHEE SHA| HH|E CIRE 7|A4EHE 22 (ge-
nome-wide model, GW model)2 ZH0j| 2t SHHO|S| HAMS of|ZFstn HEe| 2AE siMst=
27| 20|, E E0|X J|A[EE 2 (disease-specific model, DS model) E£= RHX
(gene-specific model, GS model)2 AtE3lA SHHO|0]| CHSH 2 E0|=ol HRAM S of|Z3H0F HLICH DS model2
E73 A 2t H|0[H E 28310 2| Y/ do|Lt 0= E ol =5h=0l AF8EH, GS model2 £ |HXIet 2HAE H|0]
E1E 7|HtO 2 sl RTXIe| MESHN S40|Lt HE S of|Zst=0| AFSELICE

0|23t 2o w2} XpAb= E3 EEut 2 E H|0[H E &8310] SH&El DS modelzt EX STt 2HAE H|O|HE At
83H= GS model2 S3ll %M Quiet-Liagl ZSA(HBOC)0| S0|XQl Ho|o| HRAME of|ZsH= HPE £3MI%S
LICt. GS model2 BRCA12t BRCA2 EHHO| H|O|EE CHACE SIEE|RUCH, DS model2 BRCA1Zt BRCA2E X
et & 26712 R SHHO| HIO|EHE AFESI0] WIISIRELICE <O’ 1>
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769,966 variants from ClinVar
E——
Filtered by clinical significance, review status, variant type, allele frequency, and consequence
1068 rare missense SNVs from 28 disease genes
BRCA1 26 disease genes BRCAZ2
g6 |i| 139 100 79 i
Tl snvs || snvs s shvs |i| snvs [H
b | F i
L 1 i -
s | L
53 — T
TraTlng TraI..ng Training - raining
BRCA1- BRCAZ2-
Test Test specific Disease-specific Disease-specific specific Test Test
classifier classifier for BRCA1 classifier for BRCAZ classifier
{5-4oid EV for (5-fold CV for (5-fold CV for (5-fold &V far
hyperparametar hypenmarameater oplimization) hyparparamater optimization) by perparameter
optimization)} optimization)
I [ T |

Sampling of BRCA1 or BRCAZ test variant set was repeated ten times (10« repastad random subsamping for validation).

GS/DS S7tX| mo| sz Hat

2} DHO| S5 9Ie, ClinVarollAf <ai7 SH0| Z74>S 7IZ02 MEE 1,0687Ho| 317 SHOIE 312 HOJE=
HROIFBLICE O] SIS CHAOR 017 FEH 8 SHH0| LT, YUK = RHX} LIS SHEHO| UK, B2t of
© fiel RUX NE ST T, % BRI (spicing 0 U2 B S B S7He| fE Q08 WSO 1SS Tt
HOM, 2t DYS EF QK i M| SIE 052 2510, GW model =L 52 KBS JIche 4 YLICH
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IV. JIHIElS S &8st S| Y2l IS 85 8t
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1} BRCA2 |8X HIO|E| ME &85l0] 10| HiE st&S 21t 21} tHEE22| 7|AlshE BHS9| W AURPCZLO|
0.855 X510 &2 YIIE HASLICL £9], 40| £2 2H| Z 0.950(42| IO = LIEI} 2&H o|n|7t Hefst
X| @42 3|7 SHHO|0]| CHOHAM &= H| w1 Hefkot Hl M of|Z0| 7HsRSLICt
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(gene-specific model, GS model)2| 21} 25 7|Z GW model (genome-wide model, GW model)7[gte| &12|
Z ChH| O MehsHA| HelM of|Z2 HFELICE £3| DS modelzt GS model Zt2| 0f|Z M5 x}0|= 3H| LIEFEX| @it
O, O M2 G|0|E{E AF2Tt GS modelO| HIX S 45E 7HHCH= A0lM GS model2| 2840| = HII=IRELICH
<TO212> et A7 A= 26l 620]| science reportd]| =2 2 ELHE|USLICE
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REF-5VM (DS) e i ¥GBo0st (G511 —_]—
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V. RHY S22 2 L2t EIXI0] BRCA1/2 SAXH EAIS & £ A= NGS JI= JiHie|
Cél C

JEXIEHINE
XIAR7t HlEsH= BRCAaccuTest™ PLUSE NGS 7|& 7|8EO 2 Qutotn} LiA ok 3HXto| BRCA1/2 SXIX}C| HHO| RS
A32|d 510] 7H19| MMH [uret Aol gl IR E 205t 7153 2Moj| M2 RMXQ SM4S 2ld =2
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HE2|Z WA OZ &1 M2 A THA[Z 54|12t otof] 2t0|E2{2| MIZ0| 7+SSHH, BRCA1/2 RTXI2| FA| 2

T USHA| HHSITZE C|XIQIE|0] 0.5X mean coverages 95%4+=2 QX|EILICE Est E6| gte oAna|ES
I

folatolS S8 CNV 0| 20| HHTS S <123>

=T

NGeneBio - BRCAaccuTest PLUS & NGeneAnalySys

BRCAT 1* and 2™ replicate
1 2 3 45 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23
BRCAZ
s . % iy 4§ ¢ 4 4 5 3 @ 0 | 4 | § | H
12 3 4 567829 10 11 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27

.company D - BRCA NGS kit & Company J software

BRCA! 1% replicate
e 1 ® 1 % &% ® ¢ ¢ 3 4 7 0§ gy i} i} ] oau
1 2 3 45 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23
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1 BN | B . ‘e | | | | ;| B
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1 2 3 45 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23
BRCAZ
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Il Normal [ CopylLoss [ | CopyGain
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50 oilu scsolS0f Cifgt ACMG, Insilico 22, Alpha missense, 2|7 KiAL Al 21 015 Zat &

Virlat Population ClinVar @4 A H| 2~ (ACMG) Insilico Alpha NGeneBio
arian :
frequency 21 1 2 REVEL Meta SVM | missense | 0|5 Zt
chr13 32890650 -5 8 B B Benign Benign B (9.29%)* B (3.6%)
G-A (BRCA2) 2.3e (BS3, BP4, BP6.PM?) |(DP1, BP4, BPGPM2) |  Strong PR N 1= : :
R— s P P Pathogenic Pathogenic
e ; ity 7.9e p (PS1,PS3 (PP5,PS1,PS3,PM5,PP | moderate | moderate | P (934%) | P (85.3%)
PM1.PM2,PM3, 3,PM1,PM2)
chr1/7-11244000- VuUs Vus Benign Benign
NA Conflicting 3 i B (18.9%) B (13.3%)
T-A (BRCAT1) (PM2) (PM2,PM5,BP4) suppuorling suppoiling
chr17 41244007 Vus Likely benign Benign
MNA Conflicting Uncertain B (7.9%) B (6.1%)
C-A (BRCAT) (PM?2) (RP4 RP1,PM?2) moderate
chr17-41197723-A-1 VUs VUS Pathogenic
(BRCAT1) : ;
; NA NA supportin uncertain P (64.5%) P (68.2%)
Suncoonsl stiay Tosit (PS3.853,PM2,PM1) (PM2,PM1,PP3) pPeTing
: LOF, moderate)

0|2t 20| NGeneAnalySys™ &4 2ZEQ||0{0flA= 7|Z0il= 00| 024 tHO|S0]| CHSHM = RTXE S01K 7|A
&% 2 (gene-specific model, GS model)S E&510] HAHS 0= 4= A2H, LIOH} NGeneAnalySysollM=
ACMG Zfo|=2tQl 7|Hto| ol M o|of|= SFX E0|X 7|A[EE 2E (gene-specific model, GS model)S E3t

7S 7Hte] Y HEE oH HISE olE Lt

SHOE o 5l RH Ao M Q| SHHO| HRM meto| of2{= S S5617| floh Al WHo| THA|IE 255t
& 23t in-silico 212|E0| JHLE| D UELICH XtAH= BRCA1/20] LESHA| 20| L= Fbek-tiagh
reditary Breast and Ovarian Cancer Syndrome, HBOC)2| E¢tH0| HelME of|=38t= 7| 2
7|Z in-silico 22| Z0] H|sH Ef &Pt M52 B O, slfT ZoH= NGeneAnalySys™ AT E2)|0{0f| &g

BRCA1/2 EHHO|2| HHHES =2 Y2 THEY = U E & AYLICE
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Scalable single-cell profiling
of chromatin modifications with
sciCUT&Tag

a5 ¢l

Aol = 2 T

Cleavage under targets and tagmentation

(CUT&Tag) 7|&2 HAHTHS AHE S HAIS tit
27| thAISt UL MAHS2 CUT&Tag 7|=0] HIZE
= ZRA|IAH 1oliatzet thE M7t 7SSt sciCUT&Tag
(single-cell combinatorial indexing CUT&Tag) 7|=
£ 7Hes10] Nature Protocolol| AIXHSIE 7|0l AJHstD
N R =

CUT&Tag M2 Tn5 cut and-paste transposase

fused to a protein A TH7|(pA-Tn5)E O|85}0{ ge-
nomic lociof| | EX S 4850 PCRE O{HE|Z Ef1
Stz AAMHSE, 0|5 HATH 03] JHX| WiHo| LHEE[0f
KICh XMXS2 ool YHFH CUT&Tag e 7HM3t0]
sciCUT&Tag HE2 MZE YHSICE.

XAt Li82 HEE RS FH16H7| HIEZMH, sci-
CUT&Tag #¥ HQE ZIEtS| HHSHH ChEat ZTK
T2 ExX). HY MZEE 15 ERZE K2[sto] HiYst

a b Data processing and analysis
Molecular protocol (variable computer timing)
Bind nuclei to WGA beads De novo genotyping and collision removal
O Bind antibodies (in bulk) _
~ -~ -
} Ganotype 6 Grnotyps 1 Enllision SNPs
Steps 1-19 T —_— [Rp— — ma
1h 15 min Steps 142-145 mb
— —
Y= i — =
Steps 2030
Zh Dimensionality reduction and graph-based clustering
Add index 1 via pA-Tn5
Genomic bine k
Steps 31-40 A
1h 15 min (8 « 12 barcodes)

%i@?

Cels

Step 145-148

Steps 41 42
Pool and split 1h 15 min
to 5,184 nanowells Add index 2 via PCR ¥
___,_: !\ﬁ_‘_ Cell type annatation by coverage
z T W— Genes
Sepad3 83 (75,75 barcodes & | |
3h10min — N
e | |
= RO m
T ——— Step 148 |
-~ : k] |
Steps 84-107 = o
1h 30 min
Steps 108-141 * I- "I'
1h 30 min Post-PCR cleanup. then

+ sequencing sequence (PC 79 =43 =37 =739)

sciCUT&Tag 418 XI5 2 JH8.
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=
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HNT 8oz
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o
S HESt1 G2HOZ AlE 4 UL
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AFet B2 collision removalO| 0iLt= HIEE 2-fofl E
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removalO| F2[51A| =0| LMl 2atXo=z RS
__I_I.|=|ol- A o|oo 7-|7<'6'|-0=||:|-

sciCUT&Tag2 O{Ef single-cell CUT&Tag0l| H| w5}
RS M Ch3ah 22 ZHO0| Uk A, M2|&K=7t ofE}
single-cell CUT&Tag 'H0i| H|sH £|4 4HH 04 2ECt
(M 2Pdo| 1.5Y0] 24=). EM|, LYXS AHpSIHS
AR, " ol 4Tt 7He] MEE 230, 2lo|Ez{2|
MEEM HIZE ME T 011 22K 2L £
7HdH|E RpSICE M, SYst 0 A= HES
gk= BM5H0 single cell profile2 & E0|Xo2

HAEY = ACL Ui, HIE Eat =0 st St

0
d

Hr o

I
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CI2t MXAFS0| sciCUT&TagHollA of4st =2 MutE
2lsiM = EH[-E3] nanowell dispenser (H7|AX &= Ta-
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Clinical NGS2| ZAI EEst= AM|IZ ABE 4 AS71? clinical NGSO||A] HIO|E] X2| 2PY2 Stxfel ZITH 3l x|=0 &
2 E 4 Q= ZQ3HCHAO|LL LFLE 1S 2 mo|Z2jelo| BMO 2 ols| EESIH= H HistO 2 L7} S22 20|
AHAo|Ct £3| R2[LItol A= AFK0f|A clinical NGS2t ZHAEl ZAL 20FE XIHME Lizs= S MMAMCE BIE §

27t s M= E‘JS HZESHHS 7|20|1 QoL OFA - mo|Zaflup o] 24 4] 12|11 G|o|E| S 4] Hojl

M B2 HolJt Rt MEHCt. Hoksh= AAN HRHN HO|E{H|0|A, 2 WA|S| W ut S HESH YA HePJL |

LS =1
29 A|FOICt o] 2= Sl NGS EES|Q} 2HAEl 2X[FS 20t 11, HEe i ZMS AO0HET| 2 StA}.

L=
=

St ZESIo A ZM| 2%, M2, AR, Hlo|E] 2M, ME2t2|(quality control, QC), HIO[E| AER|X| Y H& 52
1} 2SI Chkst @ A0 =0l LT} QICE ofHol| 2E 2 ArtE SHHHO| =2lsh= Zi2 X|H #A|A 27t
A1, Algst R 7| x|, 3 SollM &= ME(reference sequence), NGS &5 Eot, J2|11 H|0|E| SRt 2t

£l EFElEt= FAIKIQI Fx|ofl CHOHA 2 igSt Xt ot

N ooin

¥ oor

1. &= ME(reference sequence)2| MH

NGS ZAIZt AHHE HACR 6= 2R YUMo R T BMZ 2|8l reference sequenceE M6l 0f SIC}. Reference
sequences RFXL HHH HEO| 9|X|E 2Hst= B X2 AFZEICH (37 1) 0] o 22|= 0] X|=E hg19 (B2
GRCh37)E £X| hg38 (22 GRCh38)2 &X| MEHZ sl{of ST}, X|20]| T2T (Telomere to Telomere)2| CHM130|
O Heist Wl (mapping) Z2HE 22 & UChs A7 SESID JUOLL HAME A|ZY S LT E40t 0{E2(#H[0]M0|
1840 F°*XI 04—.—.': &4 X|9=|Ef HES 2 22 MENCE Sl He| Liof|lM 3| ESto|L 1t &
A EICk hg382 hg19ELt I 2|4l HHO R AXHO
2 [ Hefstn, Cheo ‘.’J?’SEE O & CHHE 4= CH= S40] UCH[1]. J-0= S5t B2 ZAM0IM hg19
£ M0 UL} hg19= AT 2|1 R 7HKIE FI2[SHH XIZ7HK] H|n X & &SR, hg38= HHRY[0ll= 4Ed| 18
AR 2 S 7{M0f BiCL 7|Z=0f| hg198 7|ZCE E1sh Hal HAtdtof| A4l H|0|E{S 2 hg382 Helst7| fIsiME
genomic coordinateZ lift-over A|7|7{Lt, HGVS nomenclature2 E$ =l DNAZ[2| MHO0| hg380fM = ST A
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B2 7HK|=X| gels{of sh=h|, HRIE, SAHE 7|SMO = DHItK| Qitt E7Hs5ICHe 22 OtL|Ch AX| UCSC liftOver
tool2 O|&31H ClinVaroi| 21 El $0]|2| 99% 0|42 MAMXMOZ hg190iA hg38E Het0| 7kssict [2]. ot B2 H
HUSO| MEMESE METI2| X[ ¢10] NGS HAIE 35t i1 2|22 E4H EMNIX| z{stctH oot =of| Zo| S
2= 1 &7MHK| hg3822| tHet2 O|FOX|X| 852 ZI0|C}. APXI0] [h2tA = HeEt ZX|I7F J2| ZHCHSER] @tk B
AZt =St B3t hg380| 23|21 MeEtstA| QiCh= H|THE QUCH [3]. GIIE S0 21t FAK|of| H2El S211 =glo| =
MHsHH, 0|2 2l KCNE1, CBS, CRYAA, TRAPPC10, DNMT3L, KMT2C2} 2 MHMOo 2 ZRot RFXI HO| =
£0i| FFS ELh= 20|t o]2{¢t hg3829| O|EX| Rt £2S N2{THIH hg190llM hg382 JH= 2PE2 AL D T2T
projecte| Z1E 7|Ct2|=A LIS == UCt

l y ———
@D—é H:r:ﬂ“ﬁb ;- —

DNA/cDNA Fragment Sequence Unaligned
DNA (PCR DNA sequence

amplify) l

Aligned sequences

Reference genome

NGS2| reference 7|t mapping 24! (£*]: rockefelleruniversity.github.io)

11 Clinically relevant transcript

Tt transcript MA 2X|SE SRl At. o|Hol= AAXOZ 9|07t QJL=X| GEX| 2AIRI0] longest transcriptS
Z2Z MRLCL 0] 2HAI2 coding FHO| 0|7} intronQ 2 ER 20I%|0f HAL CHAIM M == 2HIE E0E 4= U2
L}, 25| YX[Sh= A2 E7HS5HH, HH| Ao = HEM0| =X| §b= = UCh= EXT UL OIZ HESIX /& A
=YH3E A4 (EMBL's European Bioinformatics Institute, EMBL-EBI)2} 0|7 =&MSSSPHEMIE (National
Center for Biotechnology Information, NCBI)0i|A] Zt2t HE X|&3siCt7t 2022 F 7[2H0iA MANE 5! MANE
Plus transcript2t= ME2 BEES MA[SIICH [4]. &N YAHo=Z o[n|7t Q= transcriptE 7|2Hd 22 |{E 2 0=
o ZR ¢ 7|2 A% RTSXESO| X[E|E 2Ot PHEU=C, ZHS| MANEO| 0| HAIHCH S&6IA| ZHEE 20|,

o| et ofX|glo] CHMIZ Xf2| FE AMEH EQICt J2 Lt SWSHAH|E hg19= MANE transcript®il 100% S2tE|X| &=
[n]

X|9=|H, hg192| AL AC 2T X|2igt A2l0| QiCt i}, UTR FHe| UMK OZ ZQot HHAOZ ML IAME| T /US
= AQUTICIH hg198 AlE RXISH7|7F &K 4Tt MZIEICE, Sxlf B2 7[ 20N = AFE S R'F annotation tool &
StLEQl Ensembl2| VEP (Ensembl Variant Effect Predictor) M= hg198 £ A< MANE transcript EA|7} HICH2
X=X foH 0| ZH|Z siZ5H7| flolM= HAEHZ mo|matel £+H 2HS LR Z Bl
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1.2 Reference sequence]| [[}Z C|O|E{H|0|A E&F 2H|

tHolo| QIR Tt & HIES EAISH=G| A= gnomAD G|O|E{H[O|A L version(v) 277HXI2H hg190]| CHEEICE v3REI=
hg380i| Chat M2t DHAI0] E|H $HRH= vATER| LER AEHOICE vAOllA Hhst ko] Q1T H|o|E{7} 7EIiS S Dafst
CHH, hg195 MEHYS | &K} O BHOrIA| TH7H2Ct (23 2)

gnomAD v2 gnomAD v3 gnomAD v4*
# # % Fold increase from v2
Admixed American 5,789 17,720 7,647 30,019 3.72% 1.7x
African 5,203 12,487 20,744 37,545 4.65% 3x
Ashkenazi Jewish - 5.185 1.736 14,804 1.83% 2.9%
East Asian 4,327 9.977 2,004 22,448 2.78% 2.3x
European® 36,667 7165 39,345 622,057 77.07% 8.1x
Middle Eastern - - 158 3.031 0.38% 19.2x
Remaining Individuals® 454 3.614 1.503 31172 3.93% 8.8x
South Asian 8,256 15,308 2419 45,546 5.64% 3x
Total 60,706 141,456 76,156 - 807,162 -

*v4 includes all v3 samples.

# Due to small sample size, Amish are included in remaining individuals, and based on population proximity Finns are included
in European totals. Both are presented separately in the vd browser as before.

gnomAD GO|E{H[0| 2. hg19 v27HKISH KIRIEICE. vAStv2is ZALSH ALzt 4 B0l of 5.7¢H XtO[LHTt. (Z4: https://gnomad.broa-
dinstitute.org/stats)

1.3 Reference sequence?| M5 HHF B &=}

Reference sequence 2|2t 22450 & CIE R20|M H2 2Kt 22|= HE 2|7t hg19E reference sequence
2 *1’“°"Eh"_ AL ZER| ShThol| B=rt J20| | FIN SUsHhg19LT1? hg19 200940] S&St 0[= 20137t
X| & 13He| AY|0|=7t O|FFLCE 1 Fof|= Y5 HHE reference sequence?t SEZUCE O|E &M hs37d5Lt
b37&2 7*0| o|oi| sttt O|Z 0| 8510 D & H<L %4 hg19 HFQl hg19.p13ECHE Mt #HO| =£0| 7tse
= QICt 0 HEIC

hs37d50f|A] 7IsHZ! CHEXQI tHE2 decoy sequence?| E7ICt. Decoy sequence= 2FRE 2UO7|7| ¢l &AM
= 07| ME0]| HEE =5 R0 HHO| 50| 2jFEl= WS E0|= WA= RESTICL 0|5 0|84l B2 LRE &Y

A1 customizing= YOLEX| 7Hs3ICE T2iLt 7|1Z HEOE HMMOR HAZEL|H HO|7t decoy versionQ 2
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EX| o= ST ERISL7I0N AROH 4 FEOIBHOF BICE. 5 P2|7H ZmHX| SHEHO B hg192Hs OIS 2 AHMS MZ £3
4 BIFHO| CHE £ U3, Q17¢0] EIIAHO| OFd 1 RO}t EEE|0f IS 4 AT, MX|0 ST ZAMOIAEH e

HHO R A2[0|=E|0] AFRETD AUS = UCH

HGO01

HG001ExpendedOverlapExome

HG002
FNRE (1-Recall)
HGO001

BN GRCh38
B hs3T7db

"

HGO01ExpendedOverlapExome

Heooz [EEE—

0.00 0.01 0.02 0.03 0.04 0.05 0.06
FDR {1-Precision)

Reference sequence?| MEH0]| [}2 M& xto[2] STHHQI of|A|. hg192| variant & 612l hs37d5= hg38ELte O &
gist ZatE Hoj=Ct J210jMet 20| false negative rate (FNR), false discovery rate (FDR) HOIM o 43t Z1tE
HQIC}, hs37d5= revised Cambridge Reference Sequence (rCRS)2| O|EZE2|0F MEO|L} 217t S 2H|A Hio|2
A MEof| st decoy sequenceE H|E$H O Mot HO| &2 flot HYO| I XL BE hg198 £X| S assembly
£ 7|9toR slHA EE hg38ELH Metst hs37d55 £X 1RIE £40] QiCt. (EA: https://github.com/yihchii/blog-
post_appendix/blob/master/Appendix_HGO01_WES_sample_quality. md)

2.NGS Ms WL HE3}

ZH ZAHAIOICE 2| A2| 2AlaL Hjo|E] 24 WAlof| w2t M2 MAIHEO| A HE S THE £ QICH OS2t S2tol| Argst
= T, Algf, 24 2A0] MZ LHE7(0]| 2RI SStt AHZ HAS sAstetn sh= A2 AHEY 27HS5IT. o[
o oM R2l= 45 B7HE Sl ol A|A=2| M2 =2 BIkoto] AAM Zae| M| dof Chsl Fotst2 oitt. 28l
2| HIFXIN7E ALY 2 E 22 OfL|2h= Z40|C}. Z2HE 0|0] 211 Q= A0l CHol HALE +=&ot1, x| 217t 2K
SH=XI O 2l Bith AN g 21 U= H0(2| 271 &2 F L Ciet JHo|| Chsl &5 Wot7HoE7|off g Hof of
2 FHol|M HO|E golg ~ = BE £, £3| germline pipeline?| 7401 UM = HEXOZ HESE NA12878
2 128781 22 EE SHOIM HEE|= HO|Q| <Xt= IHE o] W2t = MoHof 2HE 2 A

=
V)
o]}
o
EorE

O|Ct NA
= WA w2t 22 Zafet EX(2tE O ZARR| e r ME CHEA HIHE 2 QUL oS S0, NGSOlIAM

n
5
rot
&
N
ot

=

T AZE0| 022 Fe| Holof| CHEHM = HIHE AlHSX| o, IS o g ZFLX|ofl et M ot Joo| 2|4
coverage 7|&X|, multiple alternative allele0i| CHot W7} H& S CrAot 2471 Heks & = UM, 1 AF Aretol|

2f AX| ZAF H2HEIE5~10% ™ KH0[7t e o~ L) 0|7 IR EE7|EHTA (National Institute of Standards and
Technology, NIST)0IA| Genome in a bottle (GIAB)2l= ZZ2HME (https://www.nist.gov/programs-projects/
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2 germline NGS 7")\}-°-I dss

HAlSt
10| ZIARA ]1|.0|EE|.0|0| FSIEZ WSt 4 QIC} Ciot

T2 E|A= NA128782 H|Zst QLHol
HO|E|E S¢&toto] O|MELt ELt Hetst

UACE AH| hap.py2t= IO =

P A
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S
o
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4|, high-confidence region0|2t=

F71x
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my Ok

kl OF

7t

=2
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o
[e:]
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2%
I\

oo

ng
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t
LHOfIA

1ol

"I |E GIABOIM = 2Es =0 BIst AL 8h= 20| NGS HEO] 7itt22
BHO| Ch= ZetEl F2 0| H00tS FAGHH 85| %2 45 Yot Z1tE 2 & Z0o|Ct.
GIAB ZZHE= 7*)\} 2t mojZatelof MR =Ho| 2 =22 E &= ACL oS S0 HEe =ZFo| AA FHetd
57| It B coverageE LEDICIALL, GATK 5t= TE|E 7|1ES HIHet ] RESIC). oot Ef HAM ZHH|w
Hrt St 4587t 22 B £ + US Ao|ct
3. A ZENGS H[OIE] 3%

[a

|2 STA| M2, EMR (electronic medical record) HE2t2

st 22t

==

E AAE 7% S QHH £

2 H|o[H Setofl o] A7t =Hsta ALt OI'EE-'|7|2EO'" oENGS ZAL Zotol| Chet KEM = H2 &
Ct 71Z EA415E NGS ZAL Z1}of| Thsh Mo 3! wet 7hseh e 2 HIO|EIS MES TE5H7| fIshM = ofr st
ZE|0{0F E7t?

3.1 37 L Ao chgh BES}

9|
X| 1124oHof gt AtQFO] ZEAfet Z10|Ct, HA E1I0|E1 RN [[H 01[[1

BAM
processing

BWA, Bowtie,
Novoalign, ...

Picard
Samtools

2|A|o[Moj| k2t 2 Xtof= UL, FASTQ, BAM, VCF=

E
=
o= Al &

SHolE]
SR L= 20| Z2X| MZIsHEAL,

Variant
calling

GATK, Platypus,
Varscan,
CAVEMAN, ...

o 2 29|
Orx| 2 U
472

SHRE M= R 7t

CHAIZ 24 mo|Zatel & 38 =201 oHEeiCt. o= o}

HSIk? (£X: PLoS One. 2015 Jul 16;10(7):e0132868.)

off 2HsHor e HE
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[ 21 NeEMEEER =PRIt

I UHEY g oy
Mapping THAIRE{ processing 22
FASTQ 2 [[0|E| S3HA
NE 372N L
BAM Mapping EH| M2f 7Hs Reference?} C}2 A< CI|O|E| &4 7t EX
VCF 2] EhA| 2|23t Pipeline 277t U= A FsF 2

|1|0I-

ojl 37 Al BAM Ifat FASTQ IS 20| SR He M 02| 3X| giCt BAMZIFASTQE MZ 4% Hgto| 7t
SIH, I Ato|= HOjM = 2 XI0|= giC}. VCF Ife| AL FASTQLI BAMO| H|sH ATHEMOZ 37(7} 108 0|4 &t
OOZ VCFS Eesl0] ZRsIH2HT MA| H|o|E 82| 0|X|= J&2 3X| gt 1222 VCF MU ehat 3[/stL,
F71H O 2 HO|0f| CHEt evaluation SHOE BAME £ ZIQIX|, FASTQE £ ZA2IX|ofl it 2X|7t ==Lt Mapping Xt
M= 7| ofct O ZakE K107t 23X 42 Z4O2 G| AE|X| 2t reference sequence?| X0|= A2 X|HXQI X0|E ot
=2 7IOII FASTQ It 2|80l M SR/sh= 40| & o QFHSILE BHH o] M2 BAMIMUTIX| processingSh=E| 4
S5t AFE 2|AAE A6 E Z{0|Ct J2{22 FASTQS BAMOE Tgh A| WhAlsh 4 ol= M &4 7|2t 7io) &
71X mapping 42| Xt0|2] WL E A RI}F ULt FHH O = 2t 7|20 AHE5H= reference sequence?| 7
HIHQ! HF 1t decoy AZ0| IHE El readE %|Z BAMIIO|A| MI7{sH=X] O 520f| CHE A& duplicated read2| XA
(de-duplication) 0 52| @4 SOl Chsl ZAIZ eIt QUCH THek 7|2t ZHofl s 2HAlo| M2 o7t 2715t &9

I=I
oﬁ rir

0

4 UEAJO]| A1Z13 K10|2 OICHH, AlZEa} 4 X}2I0| O ECtSICIRHE FASTQ IR 2|0 SR5Hs 20| QHHBICH
T W2ABic,

NGS Cl|0|El= 1 37(7h A Hat W HE0] 0f2{2 o[ ERSIC Ko 1 1 F0j| A m0| HE, &4%|= 20| LM
g 2 o], XMESt HI0|E] X2|E flsM= MD5(Message-Digest algorithm 5)Lt SHA256 (Secure Hash Algo-
rithm 256) diA|(hash: THIS =2l |H) 22|ES &80t F2Y AE0| 20| & £ UCH ESHo|5 Hot ZA|9f 2
24510 %2 0|=20|M =2 2! HIPPA (Health Insurance Portability and Accountability Act) EE2 [EX]| &
Ofl CHSHM = 28 Bt Ut
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INPUT MD5 HASH

MDS5 Hash
M Function ’

My Name MDS Hash
* Function *

My Mame is MDS Hash
John * Function ‘

NGS mo|Zaele| input GIO|E{0l| #H0| 447 |= Z Cr2 welolq To|Zatelo| BAMOR st5eh X|of Chshis 24t
2 QICh USBL} 2I% St S 2 HY 7HO|O|EE MES7LE, Yo s MESI At g uf 8 I ME F I FAMS
Qlot= Bt & StLL7} MD5 hashE 2tQlst= Zi0|Ct. MD5 hashE &0lst= £2 E6ll hashE MAtst, HLi7| Hoj| &t
gthash?t 2 2| hash7t A= LX|sHOf IHU0| tHE 9l AAE|X| QERACII TEkst 2~ QUCH O] 2PH2 H|O[EE AISH X}
Sh= 2| = 7| 2tat ¥o|7t HRSICE. (EA: https://blog.systoolsgroup.com/md5-algorithm-for-forensics/)

VSt
=13
=
e
2

ol

=]
M
(=

4. BZF3} 910] HHE|™ OfZA| €72

£X|5| ZolH BFESH 2 A0l gt £XI0h HAMS T o A= AR WX| gt HZfoltt, o FHo|M EEet 1bd

Off MIAIE A2 SHE +12 Z40] @lof Heltt, J2{Lt st Glo| HE|H Wo (= E|of chaiM = 2tals| 2 = AS A Z

Ct. hg192] AFE S X|&3HH HE X[+ HO|E{H|0] A2| SLX}7t FAL £20{= A0, transcript MEH0| 02AZ2 Al
& L7HOF & Zdo|Ct. K3 Hs EItof EHEFE—’F—ﬁpf;O"" mo|z2fel ds Mo 71ES HR| 2 A0|H, OiX|2He =

FA| CllojE{e| SR Chiet BE 2 AT MRS FASH=H| o2 ZE =77|AH & Z0|Lt.

EZoLo| &2 042 7HX|7t ZXlE = QALY Af St mpo|Z2tolt reference sequenceE ZHWSHA| CF X|HSH7HH, M

2 O|BIX| QT2 ZR3H= WAL K M52 0| 40t QUOM 1 OfiHet 2L S0|L} HIAIE 3]25H= Al Z2 7

A

o)
rir

=d =20
SUE 7" NO0|L HAIMO = ‘HASH= THE O & Q1 A2 &0t B0l M BESIE ot O 5 PLEHeZ 2 F
o= 01 4 U= 2ol thsiM = M2 SRt 20| 12U = Zdo|ct.

NGS ZAh= 25| BEEelet= H2|7t ™ 20kZ, 40| 20 2o 225k ==L, 0|F S3ll RE|= | =0k
OflM CHE =7t0l| B3 STHHQZ A Lz o= AUCH, =2 HA H-E ERE += A/UCL 0II1I A C7HE KIE it
fels 13 S At X E| 2% H0|E FC 2 ofiot WHE S HAE {FM X|=0|A Eoig = US|, A2
2= ot HIO|KE 716l0f g AliSh= tHetof| CHElAM = RESHA| CHAE 4~ UASX| 12ISHOF SHTf. EESH&0] = |
O|H S OfFA| &= weto| Jhseh HEl= Tekatx| eofsiof & Z0]Ct.
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Zof chat Mgt AQHR
QTN YA A PRPF31, RHO, RP1, RP2, USH2A, PRPH2, RPGR
QTN L GJB2, POU3F4, SLC26A4, TECTA
A2 30| EAH GJB1, MFN2, MPZ, PMP22
A7 MZHR] (*) 22tE HQete Ty Fst A2

HER2, EGFR, ALK, KRAS, NRAS, BRAF, BRCAL, BRCA2, KIT, PDGFRA, IDHL, IDH2, MY-

=g C(C-myc), N-myc(MYCN)
YENZE NRAS, KRAS, TP53
24 S5 gy CEBPA, FLT3, JAK2, KIT, NPM1, RUNX1, TP53, IDH1, IDH2
TR I Y i TP53,RB1, JAK2, NRAS, IKZF1
STYMold, ZFBMBY ASXL1, CALR, CSF3R, DNMT3A, JAK2, MPL, RUNX1, SETBP1, SF3B1, SRSF2, TET2
otyEZE MYD88, BRAF, TP53
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S|Af2l OB MIE|Ft 3| ALATH : Dow Biomedica is a market developer & distributor of in-vitro diagnostics
products. Through partnership with global leaders, we are introducing cutting-edge technology
products to 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
to improvement of medicare for human health through providing innovative technology products.
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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.

HIQIZIEH| =2 7]7|(NGS)

3| Clea2 2017 68 ME0|2H "Everything About Dx" 2H= 7| 27HX|S HHEOZ NGS(Next Generation
Sequencing) 2412 7|20 2 ot TICIAIS HIZ 510 afe| S TatAl7|=0 7St Rt BfLICh 22| A=
oo 2 ots ZITksh= | AMH|ZALiquid biopsy) £0F ctDNA(cell-free tumor DNA) £ 0|83t @te| 7| T,
K22 o2 e S| =M 22HE 2M6t= AL YHE FHOE AIHL0)| 0jTIsta AELICE

Alinity m, m2000systems, VIP 2000, Bioview system
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navify® Mutation Profiler

The power to do more
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Highly curated evidence-based knowledge base
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NGS, next generation sequencing; VCF, variant call format; BAM, binary alignment map; LIS, laboratory information system; EMR, electronic medical record; API, application
programming interfaces; AMP, association for molecular pathology IPMR_26062023_000069 Not for Diagnostics



FDA cleared

CytoScan® Dx Assay

Blood test by Chromosomal Microarray Analysis (CMA)
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illumina

Empowering
genomics-based
research and

INn vitro diagnostics

Discover
NovaSeq™ 6000Dx

Dashboard
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Sequence
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Empowering NGS Technology &
Creating a Comprehensive
Clinical NGS Solution

NGeneAnalySys™

NGenel310

MEA| 727 CIX|E2 288, HEEAEER|1X} 414
02-867-9798 | business@ngenebio.com
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