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NGS (KHMICHEZIMEBEXM) 7|=2 Yot 29| o|o|E LAIgt =8t 2El (Gaussian mixture model)S At2E
£ dHstH, RUX G7| ME I1| T, %* 2, Mgt Zig Azt QUL VQSRE GATK haplotypecallers
(methylation) S Ef°*3P 51_+_ E8eh 4 QU LTSt Sl LTI ZAMA ME HO| H|0|E{Qf QI EITH 0| E{of
Ct. —'?'—MO| HITE =0|7| I8 NGSol|= 04E1 Al 7|&0| A True calld 7ts4 0|§'I=S H0| Y& ME(HapMap3,
FHIEo= *f9‘5|-l- ULt 0] 20l|M= HAl 2zt E 2 1000G Omni )& 7|4t 2 ZIA/HEI NIEE TH=1 0|
g2 EE@ Al 7|&0| TA| 2401 ofEAH ZEE1 Y £ 7|8 E SIEAIA Ho| ZER J|ES THECE J2iLt
1, g2 RUSHEE 20k= oC|YX| AmECt £| 507H O|Ate| WES =2 17H 0|4t2] WGS HI0|E =

SHEAIF |2 #ESHD U0, 7|E0|| YAkt Hjo|E7F B2

o} ol H} = = HHEHS2 ot=

1. Variant calling accuracy®| 7i O:%l[hqm CIEHE S S HE SRS A= A
NGSE 0|8%t H0| HE2 7|2Xo=z o= Fo| of CESh GATK Best Practiced|A] HZESH= CHE tHo| A
2 7tsd2 JHX|1 UCE HA 22 Ho| == o2HE = kA I SILII CNNScoreVariantes g5 A2
£0] Ho| == 452 JHMst=0l Qs dgs izt (CNN)S 7|gto 2 $tCt 7122| DeepVariant ZA| CNN
C}. 80| % (variant calling) |HZA ME1t C}2 2 7|9to 2 6HH, 2020 FDA challengedi|A 2= =2
H7| METL Q=X 2018t T L0|X O{2E AXNS= 1} Ho| == H=hd HollA SOTA (State of the Art)E &
M LoiCt Ho| A= mo|z2iel Jto|=2tel & Shtel AMslo], HATTR| 71 Hetol MAM|E #Ho| s = Lag|
GATK best practice0i|Ad= MAIM| I EHO| Z4ZE FOF0f| A & & GfLtof| &tk

VQSR (Variant Quality Score Recalibration)0|2t= 7}

read base base quality mapping quality
I 1

strand read supports variant base differs from ref
|

Google Deep variant2| #10[0j| CH$ 2124 kg HE=. Deep variant= mpileup®! O|0|X|E 7|2tO2 A|ZA EX wisk
0| MEE 0|0|X|3t A7l = 0| 67H2] AHE 2 T2M|ASH= CNN 7L=E 7HEICE Inception V32F 22 CNN 7|8t deep
learning model2 0|83l 0| = =S it
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2. RNA sequencingdiiA{2] Al &

RNA sequencing O{Z2[AH|0|M & XIS &ol [FHXL
(Differential expression gene, DEG) £40|L} Single
Cell RNA sequencingt 22 2 ST} Laigkol| 2t
El Aetnto| miES R o] BRI of mjf H|o|E{e)
Xt 4= 281X K= RNA transcripte] Z20f H|2
5to] IR} BE |TALE ERICE & H< AtRlo| &
BHOZ M2[5t7| 02 LTSt 2| nXH HO|E{ 7t M

Ct. Ol={gr =&Y wZol| Rredgt arEE mEH 24
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STTF) 2xcsto|n Shxiel RNA 2 £4ig S8t UMAP &

Xt CIojEe| 2AS 2o A =4 7|'-Ql PCA(Prin-
cipal Component Analysis), t-SNE(t-Distributed
Stochastic Neighbor Embedding), UMAP(Uniform
Manifold Approximation and Projection)S At&dst
o HIO|EE A3t 7hset MAIRIQE tHet 1S3t of
£ =0 Single cell RNAE 0|E3lf MZ L MZ2| R3S
SHAERE St= ZHol= 7|2X 2= UMAP, t-SNE,
K-Means S2| H|X| 3t& (unsupervised learning) 7|
Ho| 'g2| o|EIC}. Z[20fl= Graph Neural Networks
(GNN) S 0|83l 7|Z0f| YTl |TX} eolzf YEE
2F RTIHSE
(Spatial genetics) 7|=29| &XQ=Z ¢0|F o[0|X[<t
RNA 2oi2 HEHE Zoloh M3Y HEI 2
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3. Large Language Model2]
FUN EM EE

X2 7FE FEE = 7120 Ty AN E%_'(Large

SHe| 0 UL LLM 7|&22 34| F 71X Hgez |8 2

Nojl 282 4 ct.

X Q1Zh o] sl mHZ Mol =20|Ct Yy ¢lo] &
Ho HAE JHOZ XtME| Hel MXIQ|RJ|Z (Elec-

tronic Medical Record, EMR) Ci|O|E{E 7|gtOZ BkX}

HEE 2|0|S-SI7LY, 2lgt 233t H|o[E{H|o] AL X
M HEE siMst= o 28F & ULL 0lE 501, OpenAl
| GPT-4, LLaMA, Mistral S CIfst mEIS0| giryst 9
o YHE St&tt HEl=Z, 0|20t DRSS HEIH Hrt
Hefot R4 Aot 20| 74HsEHEICH £5|, ZAM 52 MM
(Retrieval-Augmented Generation, RAG) 7|HS &8
SIH, StXte| Hoigu R At 7Ho| 2HA|IE M Fdt

A 24 2 QUL API (Application Programming In-

terface)Lt RE 424 HAS XH T5h= S 2AHE 4
A
2 E?_“:h

[References]

SN, F7IME HEE Mg = = ZH2NQ| FEO|
Ch E7IME HE SiA2 otxl Q2 A7t ST
DNA-BERT®t Z2 ZE2 DNA Y7|MEE X2t
2ot o Ao REC| 7tsdE

BERT= RTIXt 0|, TAIRIXE Zeh 29| o=, 22210
g |:|°| O|A| ]IEEE-{ 0104 7I:I

CHHO M2 HAUCE sig o7 ZES DNA-BERT2
DNA-BERTS S &£ 7|gk(foundation) &S X|&X O
, AOE O IS ME0| 7tsE A=

Al 7|22 NGS 241t 23l o2 2HIE sliZst, M=

2 7tsdS E0iE AOICt 2Lt Al 7|22 SHA|oF 2l

= EXLICE Al o5 H|0o[E 2| S4ut 2o 2t s
H

0] O[5t/ | 022 2F

(0]
I

ol
CFHALX] A xx
ol Eetd £ o, BF oIzt
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HHAZ|7|= STt o3t ME 12sto] Al 7l=S Y
HARO| =Qig Z2 Hxjst dE5S WAk, 71E 24
7|0 Wkt HEE AlAY NS ATt

1. GATK VQSR: https://gatk.broadinstitute.org/hc/en-us/articles/360035531612-Variant-Quality-Score-Recali-

bration-VQSR

2. Poplin R, Chang PC, Alexander D, Schwartz S, Colthurst T, Ku A, Newburger D, Dijamco J, Nguyen N, Afshar
PT, Gross SS, Dorfman L, McLean CY, DePristo MA. A universal SNP and small-indel variant caller using deep
neural networks. Nat Biotechnol. 2018 Nov;36(10):983-987. doi: 10.1038/nbt.4235. Epub 2018 Sep 24. PMID:

30247488.

3. Wang J, Ma A, Chang Y, Gong J, Jiang Y, Qi R, Wang C, Fu H, Ma Q, Xu D. scGNN is a novel graph neural
network framework for single-cell RNA-Seq analyses. Nat Commun. 2021 Mar 25;12(1):1882. doi: 10.1038/
$41467-021-22197-x. Erratum in: Nat Commun. 2022 May 4;13(1):2554. doi: 10.1038/s41467-022-30331-6.

PMID: 33767197; PMCID: PM(C7994447.

4. Zhou Z, Wu W, Ho H, Wang J, Shi L, Davuluri RV, Wang Z, Liu H. DNABERT-S: Pioneering Species Differentia-
tion with Species-Aware DNA Embeddings. ArXiv. 2024 Oct 22:arXiv:2402.08777v3. PMID: 38410647; PMCID:

PMC10896361.
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=5t7| 2o SEet LMEE(Alpha-
X of|=0] HAZ JHNRACH LOEE
to= LAl Xt £XE o=
tREZ 20203 CASP14(Critical As-
sessment of protein Structure Prediction) CHS|0f|A]
7|1E71&8 Y5dts M2 7ISRCL LIEE = HEX
ol MEE2(SHA HIHOAM BlolLt of| = H

2
O BMAIZION, 08 Sof Aot JHnt chy

1 o

nr
2 &
% rr
= 2
N
TR
o 4l

C L
Rl Elefyl

[T

E2iA XM (Transformer) 7|&:
AUTZECO| M

H0{ X2|(Natural Language Processing, NLP)£2t Of
L2t MHutst 2ofof| = Fe| 285|1 QICt YIEE2=

O EUAZD] OFF|HHE B3 T Aol Montg

I

S DRI}, 0/ 7|¥OR IS Tl kel 1E
£ o5BiCt. 0[2{3t 712 EHE A ClOJE{oI &7
7 MBS HEIS FUHOR SIASHY, T 7t Al
ahg, PN oFYY, J2|D A4S T IHsHS SRt
ol 2 7|01 ot ict
o
imEs
[EPN|
= -

UTEC12 Faidg D X 00| Eotny
o Axtg UXIB, o Yot Kol D ol
2720| £OF UMK 2Bl AP UYCE J2iLt
IEC2S EHAZD J|SS Zelef HXF £FOIA ErY

=
E 7EE 0|=0ts ol 430t HetEs D). oI
N

=

Soff THE 1 Cf|O|EH|0|AS =HgSt, AoF Tt
AR Vs 2EHE TSt

UMZC3= 0|2{g 7|&S of A O 2HAIAH Sg ¢
WA FEet THME-2ZIE, THEYE-DNA 59| 428
OIETHX| 7bSotA| »EL O] A|A-2 EES20|M ALE

YMECO| J7|aH 7|92 2017d 7£20| YHES =2  E Evoformerg O 7Htst Pairformer 2E2 WH|5H0]
“Attention is All You Need"Oi|A H|otel EHARH MSA (Multipe-sequence alignment) 2|25 E1,
(Transformer) OF7|EIX{O|Ct. EMAZHE= EHE{'HQ| diffusion PES A2310] raw Xt ZHEE XIF of| =3}
AHRI AHA-F-AIZA(Sequence-to-Sequence) 2 = UHE AESIRILE 0] 7|&2 EEe| 2XAHE 7|HS 6l
U2, M Ofeld(Self-Attention) HIFILISS s Al St SF T 0iio} otZe] et A Al
A L 24 70| 2HAIE F oA shaett. =0 S2ct IS st UCt (A7)
EYATHE= WSt HO|IHE EEE XM2[g 5= A0 &t
. Template \
search | = &
i l.:s Confidence
= npul module
G;::;Thlc ¥ l 1 - 1} _’.'_ (4 blocks)
Input Template MSA I
_Conformer & 5, embedder B e MOdUe 4 OdUlg i1 . i S D}-—' L
izt R by (3blocks) | pair (2 blocks) (4 blocks) Pairformer i Diffusion . £ g‘
Sequences, generat i {48 blocks) : © IR madule A .
ligands, : . ] t(3+24 +3blocks) T Jgﬁ\\:

covalent " E
Single : 4
bonds 9

Recycling

Diffusion iterations

mi-El 2ATHEC3 A [figure from Abramson et al. Nature, https://doi.org/10.1038/s41586-024-07487-w]
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otmto|AMIA: Missense 0|2 sHA]

12 EHHO|(Missense Mutation)= CHEE! 7|5 0]A = 7|sH Qo] OX= S MEXMOo = LIS}
2 [ 2gel elo| &= F=2 HOo|O|Ct J2{Lt ¢x| 0| Sl HHd R E HsH= |Folfd ™a(Harmful-
ZHEE 4008t 7H O| AFef O|AHMIA HHO| F 2 2%TH0| ness Score)2t 0f|E Zfo| AMZ|EE Mkt AMZ|E X
M oE AMOZ BREQOH, LIHX| 98%= AMH #=(Confidence Score)E HM|3%ICt.
20| E2FH A= Hot QUCH Ao AMAE %2 ClinVar H|O[E{H|0]AQ] 2F 71002t
oo AMIA (AlphaMissense)= 0[2{3t 2X|IE siZst 7He| missense HO|E 2A18H, 32%7 HAM Y 715d0|
7| Ish YMEE22| THEE 17X 0f|F 7|2 2a6Ho] 7i =1, 57%= LAY 7HsH0| =0t HIRACE o= &MY
LE|ACE SO0 AMA = CHEE M0 22N YHE & olgtut R et A0l A Y| AMA S| Lot &g It
SN OoZ FAMS0], T HO[Jt THEE P M MTALg, sd8 YE5k= AtEo|c) (O3 2)
Input o
P Reference: CAG DNA
MDVVAMVNQTVATMIS Protein
Missense CGG-------mmmmmmme - DNA
variant: MDVVAMVNRTVATMIS Protein
AlphaMissense ¢
Protein language
@ Structure context nodeling @ Training variants
Benign ! Pathogenic
Output ‘
4 0
1 Pathogenic F 1y ﬁiﬂ;
_ For all 71M possible pathogenic
Alp:Ea M'S?“Tsfe missense variants in
PALOREC: Uncertain the human proteome: 57%

likely
0 I Benign benign

otmo| AMIA 7HR [figure from Cheng et al. Science, https://doi.org/10.1126/science.adg7492]

10 FocusOn | AIEMO| M X[H: YTEZCE (AlphaFold)2t Znto|AMA (AlphaMissense)
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Hat

2024 #iXf, YUELE THHA X HO[EH[0|A= 29 AHH0)| 7|0f5k= Sy == Xf2] &S A0ICH OFE] 7|5
7H O|AC| Of|F FXE ZESHH, THHE 1710 H|O[E & 0| YX|X| %2 VUS(Variants of Uncertain Signifi-

THE Moz YL Yoz AMZELQL AUmMO|  cance) HO|SE 0 7|&2 Sdll 7|50| £16iX| 2, 2E2)
AHAE T|E0| Fustel i ofF £t HARE H  ZA 7|H ofet X|= HEF £-2ol| 7|02 Ho| HX|g
£ =0Z AO|Ct 59|, A Yo HES I Ho| o £2ILf.

Mol MHETE = Mok 7t A FITH HH ofst »
ey
.
e
Sl e
g
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ofgt AFolA
Ao ZAWLLM)S] TE

E|2 ChatGPTeF 22 YA ZH (Large Language HIE CIO|E| A{2|oj|<] &

Models; LLM)O| HHE £ = 2UHsH0] ZAMEY, oto|C| HIEY EIAENM RES HEE FE5H= A2 2|= H[0]
O iy, sl&Xtz AM So Chafet 220f &85 /UCt 9 B 7|8t (oM & = 0{24=20|Ch 2[R 7|=0|Lt 8
St O|O|E= MXC|RV|E, Aot HoM, HaE| H M, AL 2|, 4 T=0ll= Crfet oo, QE} HIEE 017} 21
At 5 Cifet EXERE MHEH, O|S L0l & &% 5t1, &MLt Bl Sk Y2Hd0| ZoE= Z<7t HIHst
2E HINY HAE SEfZ ZXH$ict 0[23t HIHH H|o| Ct LLM2 O[2{et HI"HH G|0|EE At JHAIE Q14
Bl= 24 aFdolAM x2p7t BRstH, 7|&0= 0|8 + (Named Entity Recognition), 2t4| 222 (Relationship
MAOZ Mot Lt SRS XtH0| XM2| 7|HE HEES  Extraction), HIAE Q0 59| Zlg atNMOR st
= M Zofjof YL}, YCHot BIAE CO[HE HIECZ X7t Q=M J|E0f| HXIE0| 2 A7t S0 SiLISILE HE
Xzehs WAooz 2aiot LLME SESIAL FYst=(X] 5t HE[stE S XS2HA7| 10 e = MElsh= A
2 HIAEES [HE = QU0 0[2{et ZH|E sfH5h= St g 7Hs5t| st QUCHGoel et al., 2023; Truhn et al.,
Mol 12 BAISHD QICH 2024).
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LLMS| F{0f'h 0] O[3l S=I2 HIL2AQl St HA &
FEILL, Lh=0f 22X Eed X2, ofSfX ofo]| Freiet 22
HIO|E] FH| 2hEolM 2 01" S MiSeltt. 7|1&9 322
0] HE YFEAMOIL} ZHZS 0|&dt= LAREE
oleldas Malg 4= GIXIZ, "Bi7t OfojoRiR et Z2
TOHZ Mol Sk LLMS 0|&3tH "5 &8"0|2h= 342
2 FHo} 7HS5IT. "RA'EHE 2f0{E M2t 2t FOtE|

AHEHO|L RAULOE HFEIIE SIHLE, BRIVt Sk
O st AL SH2o| HZS mok| HESI Clo|2 A=
Sk= 2T 7HsSICHZhang et al., 2020; Kojima et al.,
2022). O|MH MSHORE GI2 A|Zt0| ARE(E TA2|
WEE XrsSerete 2 M, A|ZHS Fofstn O CHEFe| |0

7ttt

rulru

M= 72 7

= —
= = A=

Date format inconsistency

Patient ID: 1234, DOB: 01/02/1980,
Admission Date: 2022-03-15

Patient ID: 1234, DOB: 1980-01-02,
Admission Date: 2022-03-15

Mismatched Descriptions

Patient diagnosed with hypertension.
Blood pressure reading: 120/80 mmHg.

[WARNING] The blood pressure reading is
within the normal range and does not match
the hypertension diagnosis.

HI&Y o|= Co[E{e| 2t FA| 2H
2 59| #20| 7hs3iLt.

CEW A S, HXL S PO B e 22K W

HAE OH|o|E 2F0lle] 28

LLMZ2
ZITHHOILL TITIREE 20{5k= 20| 7+ Oh_, &
& 20|12 JACHONg et al., 2023). O] A= C

MEE FHEE XI5 2R/ 3 2089 ¢
ItetstALt(Fijacko et al., 2024), M2 &9 7.:.*
(sentlment analysis)E 7| &2 AT EQ0{ECHH

SH= S(Lossio-Ventura et al., 2024), 7|—-—01|
ALEo| +EHOo 2 25t 2l 20|H HAS XS

7tSSHA| ot QL.

olgsto] ixtel 0|27|2 HAE oy EHz

_=
5 &
=]

MY

C
o o

l'

Hzko

% mo re
>

*°|' 0% OH

J

rr ot Hr oot Mo Lot
X
4>
o°=*

_I-O'_I-
3t
A
o
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10
A
s
Fl'F
N
o

=AM (abstractive) 22F2

S| EHed| A YRE Hlok= 0| OfL2E M2

Spelling Errors and Colloquial Expressions

Patient complained of tummy ache and
diarea for the past 3 days.

Patient complained of stomach ache and
diarrhea for the past 3 days.

Inconsistent Units

Patient's weight: 75 kg, Height: 180 cm,
Glucose level: 140

Patient's weight: 75 kg, Height: 180 cm,
Glucose level: 140 mg/dL
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9| gDNA EE= 200ng2| RNAE 1:100 HIZ 2 F4 gDNAO] 3| A5t¥ 1, 1:2 01| A 1:202] H[EZ RNAE 3|45t 24 248 Tt
UELICE 2to|E2{2l=Archer VARIANTPlex AML Focus 5= FUSIONPlex Pan Heme AssayE AFE5I0{ HIZfAELICH T2 E
EI22] VARIANTPlex AML MRD I{'2 2 50-1,000ng2| NA128772 AFE35H0{ WIIRHELICE VARIANTPlex 2t0|E2{2|= llumina
%! Element Biosciences sequencer0flA{ 10-50M readsE AFE5I0] F7|MEE2ME TIHMSLICE FUSIONPlex 2t0|EE{E2|=
llumina NextSeq 500s0i|X| 4.5~10M readsE AE50] 7| MEEM S TIHRSLICE Archer AnalysisE AHE5I0] HIO|HE &
AMRHOMH, 0| Io|Z2f210il= read cleaning, deduplication, error correction, variant calling, variant filtering, 32| 1 reporting
stepO| 2|0 UELICY.

80| 4= xzt

| Sl |

|

|

|

: quency (MDAF), determined by weighing both the positional
I coverage and the positional background noise found in a normal
|

|

|

I

Variant Caller 33 50
Tumor Informed e Slower turn-around time and less
- Best specificity .
(Vision) cost effective
De Novo No normal cohort Rapid turn-around tlr_ne and most Lowest specificity
cost effective
De Novo With normal cohort Rapid turn-around time and - -
. . . e Middle cost effectiveness
& outlier detection improved specificity
é Average noise
c
o
ﬁ 14 - MDAF
o
§ 12 4 : 95 MDAF Figure 1. Archer Analysis Variant Filtering Methods.
g 10 4 | | Archer Analysis has many customizable variant filtering options
O : ' including targeted variant calling (Vision) and positional back-
_5 8 4 | ground error rate modeling using a hormal cohort. The advan-
® 1 \ tages of several of the different strategies are described in the
'"é 61 : \ table above. The concept of the minimal detectable allele fre-
o I
Z I

cohort, is described to the left. Users can filter out variants that
do not have allele frequencies significantly above the positional
background noise.

T T
0.5 1.0 15

Allele frequency (%)

MDAF: Minimum detectable allele frequency
VIDAF: MDAF with power = 0.95
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&A1} 1: VARIANTPIex Analytical Sensitivity, Coverage, and Error Rates

Sansitivity and ificity for Sensitivity and Specificity for targeted variants
targeted variants at 0.05% - 0.15% AF at 0.05% - 0.15% AF using outlier detection
{Sensitivity Optimizad) Specificity optimized (99%)
101
0.8
0.8 o
UL
02
oo

Wision D e
No Normal Cohort HNosmal Cohort sensitivity Specificity

Figure 2. Sensitivity and Specificity.

Sensitivity for detecting the 5 expected indels and 2 expected FLT3 internal tandem duplications in the diluted SeraCare Myeloid
samples prepped with a VariantPlex AML MRD (in-development) panel using various variant filtering methods. When optimizing for
sensitivity (100%), the specificity is 100% when using a tumor informed approach (Vision). Specificity is second highest with the use
of a normal cohort and outlier detection which compares position specific background noise to the alternate observations at the
matched position in the interrogated sample. B) When updating the Archer Analysis filter settings to optimize specificity (>99%), 4/5
expected SNVs and 2/2 FLT3 ITDS were detected. The library was prepared with 1,000 ng input, sequenced to 50 M reads, and Ar-
cher Analysis variant grid filters including number of alternate observations, minimum allele frequency, gnomad population AF were
applied.

variant expected AF NextSeq observed AF Aviti cbserved AF

IDH1 p.R132C 0.0005 0.001432 0.001278

NPM1 p.W288fs*12 0.0005 0.000420 0.000175

FLT3 p.D835Y 0.0010 0.001506 0.001558

CEBPA p.K313_V314insk 0.0015 0.001265 0.001335
CEBPA p.H241s*84 0.0015 0.001491 0.001907

Figure 3. Expected and Observed Variant Allele Frequencies in NextSeq 500 and Aviti fastgs.

Libraries prepared with 1,000 ng input of the 1:100 diluted SeraCare Myeloid cell line and with the VariantPlex AML Focus panel were
sequenced to 50M reads on both the NextSeq 500 and the Aviti sequencers. De novo variant calling was performed by Archer Anal-
ysis. 9/9 expected indels, and 2/2 FLT3 ITDs were detected with both platforms.

24 Technology Trend | Archer VARIANTPlex™ 2t FUSIONPlex™ Assays
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Figure 4. Variant Calling Power Analysis.

The 95% minimal detectable allele frequency (95MDAF) is a metric that is calculated by calculating the per position background
error rates and per position coverage to determine the minimal variant allele frequency the data is powered to detect >=95% of the
time. The above graphs demonstrate the percentage of the targeted bases that are powered to detect a given 95MDAF. The fastqgs
generated by both the NextSeq500 (left) and the Aviti (right) sequencers are powered to detect variant allele frequencies of near
0.1% for 95% of the bases in the region of interest.

A) B)
Average Coverage per Gene Average Error Rate per Substitution
Aviti and Next5eq550 Aviti and NextSeq550
10000 m— Aviti 50ng - Awiti
B NextSeq 50ng m— NextSeq
8000 - 0.0010 4
6000 -
4000 1 0.0008
2000 -
0 -
CEBPA  FLT3  IDHL  IDH2 KT  NPM1  RUNX1  TP53 aome
50000
. Aviti 1000ng
40000 E NextSeq 1000ng 0.0004 4
30000 4
20000 0.0002 4
10000 1
0.0000 -
CEBPA  FLT3 IDH1 IDHz KT NPM1  RUNX1  TPS3 C=A G=A T=A A= G=C T=C

Figure 5. Coverage and Background Substitution Error Rates.

A) Unigue coverage over target genes with 50 or 1,000ng Genome in a Bottle gDNA input. Libraries prepared with a development
VariantPlex AML MRD panel and sequenced to 10M reads. B) Substitution background error rates in error corrected unique reads.
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50000 -

g
E

30000 A

20000 4

Average Unique Coverage

10000 -

CEBPA FLT3 IDH1 IDH2 KT NPM1 RUNX1 TP533 SNPID

Figure 6. Gene coverage for development AML MRD panel sequenced on NextSeq 550.

Unique coverage over target genes with 50 ng Genome in a Bottle gDNA input sequenced to 10 M reads. SNP_ID primers are de-
signed to target positions of heterogeneity within the population, are targeting germline variants which need much less coverage in
order to make a homozygous reference, homozygous alternate, or heterozygous variant call. Therefore, to save sequencing costs,
these primers are down balanced in the panel. SNP_ID primers are designed to target positions of heterogeneity within the popula-
tion, thus allowing each library to be fingerprinted for longitudinal tracking.

&A1} 2 : FUSIONPlex Analytical Sensitivity

A i B
) Percent of expected fusions detected ) 5% Ve RNA e e
-45M “10M 2 i = 10% Myebid RNA u5% Myeld RNA
Wk ogg E8 g% EE g8 g w I
120% g8 88 w8 = 88 gT g 70 I
°e  T= T a8 =% S 600
100% a I L 8% I g 50 I
B0P 400
2 30 [
60% g 20 = I
10
4% < il- fo. l._ I i:. in. S il
20% ‘:&:\ <<‘?" %.-r\"l' §§} 9399 {\\ Q%_,;_\
0% & @fss' @é’ *‘\ & f &
50% 5% 10% 5% K & Q’ ge: o eE 8
P
Standard cydmg LAF cyding & \3’ < &3' @
Liquid reagents & &

Figure 7. Fusion Positive Cell Line Dilutions.

A) Percent of expected fusions detected from input mass dilutions of extracted RNA from cell line containing expected myeloid ma-
lignancy relevant fusions. Input mass ratios as low as 5% were detected. An input mass ratio of 5% is not equivalent to 5% cellular
dilution level, however, the lower the input mass ratio, the lower the expected number of transcripts containing the fusion breakpoint.
Fusion positive Input: Seraseq® Myeloid Fusion RNA Mix (0710-0407), Background: Seraseq® WT RNA (0710-1580), 200ng input
mass, n = 3 per input. FusionPlex Pan Heme libraries prepared with new liquid chemistry with standard or Low Allele Frequency
(LAF) optimized PCR cycling. B) Number of supporting unique reads for each expected fusion across multiple dilution levels.
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2=

Z2XO0Z llumina % Element sequencer A VARIANTPlex AML Focus AssayS AF25t0 0.05% AFS| HHO|E ZEst= A
S2 2351, FUSIONPlex Pan Heme Assay= AML O[MIZHEERIZHOA LIEFE 2~ Q= W2 AFQ| fusion variantE AEdt=
HsS LBSIRSLICE
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i, \w\r&éﬁ/ A\ 2\
= by AlphaFold e by AlphaMissense
=S
W Very high (LOOT = 90) High (90 > pLODT > 70) Low (70 > pLOOT > 50) [ Very low (pLOOT < 50) W Likely benign Uncertain [ Likely pathogenic
AlphaFold preduces a per-residue model confidence score (pLODT) between 0 and 100. Some reglons below 50 pLDDT may be The displayed colour for eaxch residue is the average AlphaMissense pathogenicity score across all pessible amine acid
unstructured in isolation, substitutions at that position,

Sol| L'WSSA2 oIZX|S(Al)S S8l THHEC| 3kt RS BMstn, AA| U 0| Esh= =1l 'YTHEE2(AlphaFold2)'E
JNetSH= of| 7|of st 2kekR}t 3 (David Baker, Demis Hassabis, John Jumper)0| 35 $=AIHCE,
Uniprot2} Alphafold Protein Structure Database SH|0|X|E Sl A THulE 1= of| % Zt &110| 7HS6HH,
ZI7IHMOZ 0|Z 0|83t AlphaMissense Z1}t: &1A| &0l 7Hs3|Ct,

Source: https://alphafold.ebi.ac.uk
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20 23 5HLIE 2/A=0, chatGPTZ E2IX| O[R| 21H0] E[RACHs AL H2BEH IS0t Al 20FE SH=E AL H
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Ol2fe HIZMEC MEAMSSH 8l BEXIQASn 140l = EEQ| F 2 2uniCt Fa|= CHEE 31X of|Z Chg|2l CASP13, CASP14
Sof chgt 220l Global distance test AF 90F0|H AKX O Z His| 1 X0l Q
L=

A 7 CEORR| S BIOPE0l TS o|2IrtT 2 4 r

0llAf Z+2Zt MEQl AlphaFold, AlphaFold22| A
AFSICED Q1K= HE, AlphaFold2= O|F 4l4

STRUCTURE SOLVER

DeepMind’s AlphaFold 2 algorithm significantly
outperformed other teams at the CASP14 protein-
folding contest — and its previous version’s
performance at the last CASP.

AlphaFold 2
\\A scoreabove90
80w i
0 is considered roughly
sassan equivalent to the ..............................................
60~ experimentally AlphaFold\

determined structure
50 ...............................................................................

30 ....................................................
20 - e
‘]0 eeees S ...

O 1 I 1 1 | 1 1
2006 2008 2010 2012 2014 2016 2018 2020

Contest year

Global distance test
(GDT_TS; average)

0|= 2 HOmRI= El2 multimer EME7HX| 7Hs3H AlphaFold Multimer, 2[2tE 3 SHA kDL Aokt off CHEEIo] HSX XSS
0i|&3H= AlphaFold3E 20243 52 YHSI0], M| MEA| LHo|A THEEIS| ot AEH HENE 0| Est= WO = YMSHRAL

2 =2 F2 ZEIt5t0{, missense variant2| pathogenicityE Gll&st= Al-

rlo

2¢2 HoRIE ElojlAM AlphaFold20] & 7tX|

7 B
phaMissenseE =1 0|9 REME LIt =R O Z 2023 9&0]| Science X|0f| 221 =F0|C}t. O47|7X[2t SO{ = SFSERHL} T

S| TEZH7F obe! 2RIt Lokt OIS Ofohistn A = AUSK| 2|Z0| SUCLY, L Ha2| |0l = 1907l= 2002HE 0| 40|

| S

=
O[0| AMZECE AR5 QJACHL S|, AX| DA HFX| b5 A ZThs 2oz HIHEUTE
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il

AlphaFold22| 3442 MSA (multiple sequence alignment) 2, 0{2] AEH|0l|A] Kt OF0| LAt MES A ZEF IHE,
LISt o= & HEE X7 (residue)E AlHSH= 7|=0|Ct 0| Sl o MHO| 7|sH o= FR6t0 EEE=X| T2t X2 (evo-
lutionary constraint)E Itetsta, CHEE Q1K AXE O[sfst= 20| AlphaFold22| 7|=0]Ct. AlphaMissense= 0| MSAQt CHHE!

TZ=0]| st O[sHE ECHZ, missense variant2| H&lA (pathogenicity) & Ol|&st= 2 112|E0|Ct Y2|E RokstH CHS O up 2T,

A Model outputs
Model inputs
P Linear (1,L, K ) Structure prediction
referenc? B (L) recycle position & pair embedding (x 4) (reference sequence)
sampled variants (N, L) 1
| Linear (L, 1, K ,,) /
| mask all | L |
I | variant pair repr. Wariant pathogenicity score s
v positions | (LLK,) 1 ! L LK) iant pathogenicity re 5;
MSA (N, L) Masked MSA o |
N EEES NN LE .
HHH NN . Evoformer
o . | | Linear (L, 21)
] MSA repr. e,
- k H
] i st (N LK) PN, LK) pa
m o om Linear (N__ L, K a ek __
LR L inear (N,,,, L, K..,) 8; = log p;

HX] D] 25671 T2 |8 718 &= ME (reference sequence)of| CisiA], CHESHHO|E 74Xl =2 M|E %|CH 50712t CHFst 9|
MEXoA Fafst X|ci 2048712 MSAE Yz E EELL 0| =2 IpH0|A reference sequenceE RHW YO =2 TE HO|

oF

7t 7t24%! sampled variantsE FHM O 2, A2 1 7t JH{T MES LHX| YO = 510 tH0| 9X|S DtAZSE MSA 28 HE
OflM =2 2HES AHX|A| ettt OpAZ0|2E A2 Of0| =it MEOf|M HO|7t LS 9IXIE, HE MB2| 3liE /IX|0f|M S2ICh= Zo|H,
Ol= 20| 10| 2IX|2| Fetot YHE 2T HX| RO F 610] Ho|o| HRlY o= 5HS ZetAl7|= ZO|Lt. 0= HO|7H of it 9|

=

o =
Xlo| FH Q10| FH ME 1} TISHY ZAS 7[HQ = 0| F5HA| Sirt.

0|Z AlphaFold22t SISt HF{LIZS S 2 reference sequencet|MEE = ZH7| ZF ASAE HEOI pair representations BH=g|,
O|= CHHZIO| Mo|= Zx0]| CHSt O[sHE S=Ct. &, OtAZEl MSAZEE] MSA representations EH=C|, O]= HO| 7t EhASH (K]
£ OtAZSHo] EEXNQI HEO|| o =6HK| U= F o1, = AE 5l TSt aiztof| A Hel 82 HIISHTF Bt 0= pair representa-

tionZ} MSA representation2 48%2| Evoformer AE0| =0 HE7t == recycling 2FE 2 AHEICE

O 2HS0|ZI RES ECHE FE MEO| AL EE 0f|F510, HO|o| HAM M-S Azt IO R AHlMoA HOFA| EICH HAM M
= &% 77| (reference residue)2t 0| ZH7| 2t2t9| log likelihoodQ| AtO|2 A|AtE|H, HO|7} CHHE ME X 7|50] OJX|= &
oS K|Skt Z40|Ch O A| AlAHE!l Held F0f ChHal Q17 EE= FEFOHIM Xt 2HEE[= M HO|Qf, 2HEE|X| 42 HRM Ho|
2 EF510] O|MZ=H 28 HEICt A Hol2] AL MAF (minor allele frequency)di| 2t 2RO 2 B8t 5|78t tHO|Jt 8t
off Z20i| 7|0 &= UEF THEXIE O FUCL O] = 3| 7ot HO|7t 2t 1Tt Kot C|o[E{AloflA ATHA o= S&sto], mHo| 1yl
& HOo|of| 2t et (overfitting) =l = 2XIE sHZ st X} SHALCE.
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F2/of cHgt dHo| U=, O|= LHE2 iR E Hofel= &2l AlphaMissense XH2HO|Ct,

ClinVar (Class-balanced 18924 varianis) ClinVar (Gene auROC on 612 genes) DDD (de novo variants) (410 variants)
AlphaMissense AlphaMissense AlphaMissense
VARITY_R_LOO REVEL PrimataAl
REVFI VARITY_R_LOO : Polyphen?_HVAR
ere‘ yMvP ESM1b
-‘:Eigen UE‘;i Polyphen2_HDIV
CADD mgr)n VARITY RLoo {— 34—
Polyphen2_HVAR ESM1b gMVP {
ESM1b Polyphen2 HVAR REVEL
SIFT ESM1v Eigen
Polyphen2_HDIV SIFT CADD
ESM1v Polyphen2_HDIV ESM1v
PrimateAl PrimateAl SIFT —
05 06 07 08 08 1 0.5 06 o7 08 09 1 05 08 (i) o8 0.9 1
auROC Mean auROC per gene auROC
Trained on ClinVar Trained on ClinVar
~ 100 5
c o
L 0. 15000 Y
51 -] £ 804
.g nl:‘ © per gene
. = ™ =10 &7. 1% 3‘- \\
2 10000 & N : \
T g = — 23
g E 3 |=a
£ 5000 5 = a2 \
e % — AlphaMissansa
o o 204 EVE

T T T I

825 85.0 87.5 90.0 92.5 95.0 9?.5
Targetl precision (%)

0.0 0.2 04 0.6 0.8 1.0
AlphaMissense score

¢ 322 A) ClinVare| 99971 tHiHol| X 94627H HlH 5! 946271 2+ HO| 12, B) RTXIE £|4 571 Held 9l 57 24 0|7}
QU= 61271 X, C) de novo variant cohortOllA| 2157 SMXEL| 35371 LtXt 5! 577l CHE HHO|0j|A] CFE HIX|0F= CHE| 24~
FICH= 0[0f7|O|Ct. D)= ClinVar 82,8727H HO[0l| A Hld F4o| REE HO{F=0| W7 HRld HO| M2HH QP HOIS = &
FZCH= LHZO|CL E= AlphaMissense?t SASH 12| 2 FAEI EVERL H|wE ZIOZ (T2HA] A, BOj|A] 7k HE 2 HA|), ClinVar
variantoi| CHaH CHFSH HRUEO0f|A 311 B &l HH0|2| H|E2 H| WSt EVES| 67.1%01 HIH 92.9% 2 3| SFat=|UCH= Xt=O|Ct

L

= 7|19| 2X2 AlphaMissensel| 22|} L2|ES L7| 9I8H 20|22, 0
=EE chatGPTOl| E11 HLHY E0{E = AT FHC}). SA| EH LIE0| ZZ3iCt
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[3] 8O} S EfOLS CHAOR SARIZIAIS B 4 U QX

1. AR EZIEZ(Citrullinemia)

A

2. 32|23-LIXt2 S = (Crigler-Najjar syndrome)

3. A EAEZ (Galactosemia)
4. 22EfEIMEF(Glutaric acidemia)
5. =X (Glycogen storage disease)
6. X 2l4te A S (Hypophosphatasia)
Al

7. M|==Ltet acyl-CoA EAa A AT F(Long chain 3-hydroxy acyl-CoA dehy-

drogenase deficiency)
8. tFESe U = (Maple syrup urine disease)
9. HIA|A S (Menkes syndrome)

10. HIAIEM 22| A& S (Nonketotic hyperglycinemia)
11. X|&4 Dol B0 oot Hoty| M (Persistent hyperinsulinemic

hypoglycemia of infancy)

12. 5% 2% HAZE Hol(Severe combined immunodeficiency disorder)

13. cé“._*EE!(Wolman disease)

4, 9| H S22 (Zellweger peroxisome syndrome)
15. 24" 1._*5—.%“8 254X (Ataxia telangiectasia)

16. MHCIEHE F(Mucopolysaccharidosis)
17. (Osteopetrosis)

18. 32 (Rett syndrome)

19. % (Osteochondroma)

20.
21.
22.
23.

24, 2t HE1%( -thalassemia)
25. 7tLgHE (Canavan disease)

W o
_Iv'O_I-
s
OIH

] OH

=
o
5
)
3

( )

= (Alagille syndrome)

40 N I od My &

™oz o0x R m
S0z nAd oM rR mH g

oo

ou -|o

ﬁ
oF

0|" 4 (Rhizomelic chondrodysplasia punctata)

=LHZ(Hereditary fructose intolerance = Aldolase A deficiency)
H|

26. HI20| = 2|Z XA Z(Ceroid lipofuscinosis == Batten disease)
27. MM Y 2ot (Congenital disorder of glycosylation)
28. 7|4 2 3+ ZAF(Cosman-cyclic neutropenia)
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M= M WE 1A

29. A|AEI=AMZ(Cystinosis)
30. HiL|A-EeH4| £= & (Denys-Drash syndrome)
31. GM1 Z22| 20| EZ(GM1 gangliosidosis)
32. 22X =HI-ANXH(Hallervorden-Spatz disease)
33. £#53&(Hydrocephalus : X-linked L1CAM)
34. MM HAYHE S (Hyper IgM syndrome)
35. F'Ti |Z[EZ IV(Mucolipidosis IV)
36. MO HH A (NEMO immunodeficiency)
37. 5ot .:.(Pulmonary hypertension)
38. °“E| L2l 2SH S (Actin-Nemaline myopathy)
39. YO-1HER '._| ZE S (Alpha-1 antitrypsin deficiency)
40.0t57| M5x¥M 25 HZE(Childhood ataxia with central nervous system
hypomyelination)
41, MHA mZtEY MZEES(Congenital Finnish nephrosis)
42.OlH|2 Z= = (Apert syndrome)
43, H2tat A2 (Choroideremia)
44, Y ZFI4Z d 0|4 (Cleidocranial dysplasia)
(Cockayne syndrome)

45. 3721 3=
46. MMM TH7|4 ZET|ZIZ(Congenital erythropoietic porphyria)
47 4|AR =X ZKHZ(Desmin storage myopathy)

48, E1|8te| ZtstotatS (Epidermolytic hyperkeratosis)

49, 2| =2}0|3| 25 A X (Friedreich’s ataxia)

50. 22|l &S (Glycine encephalopathy)

51. 9 MM =8N DME =T (Hereditary hemmorrhagic telangiectasia)

52. @REHAN BT XX 1 (Hemophagocytic lymphohistiocytosis)

53.2l|H|2 MMM SetA|(Leber retinal congenital amaurosis)

54. Hi| A EH(Best disease = Vitelliform macular dystrophy)

55. =t Z= 7 (Noonan syndrome)

56. 2| (Norrie disease)

57.= 2 X[0} 24 0" Z(Oculodentodigital dysplasia)

58. Al 41 2|%(Optic atrophy 1)

59. 8= 0| A~ F(Periventricular heterotopia)

60. It0|I{ ZZF(Pfeiffer syndrome)

61. HEF &M Z(Sacral agene5|s syndrome EE= Currarino syndrome)

62. AD|A-E]-QI|X& S5 F(Smith-Lemli-Opitz syndrome)

63. MMM Mz 2 Hy I“(Splndylo -epiphyseal dysplasia congenita)
64. E3|H 222 =7 (Treacher Collins syndrome)

65. HI2HE 23 Z2 7 (Waardenburg syndrome)
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YL ZE (Hereditary angioedema)
X 2}%oll(Hereditary deafness)
-Cto|ot=E ZS= & (Blackfan-Diamond syndrome)

M Z7|4 0tH|(Hypokalemic periodic paralysis)

2M: AHZ0|E MIEL| ZH S (X-linked ichthyosis: Steroid sulfa-
tase deficiency)

71. M4 {214 (Congenital harlequin ichthyosis)

Z(Hereditary lymphedema)

|tHZ(Pachyonychia congenita)

| sX3tE (Pseudohypoparathyroidism)

= (Baller-Gerold syndrome EE= Saethre-Chotzen syndrome)

West syndrome)

|4} (Diastrophic dysplasia)

(Von Willebrand disease)

4’g%(Multlple epiphyseal dysplasia)

80. 7(1|1°1 TN 7tEA ZHHEEEHM S (Progressive familial intrahepatic

cholestasis 1)

81. QEL|El ofo| .Mtz A AEE(Ornithine aminotransferase deficiency)

82. |19 Ap7tHAN Ot SZF(Autoimmune polyendocrine syndrome typel)

83. 0t7t0|-7- 28 AHEY Fofj(Branchio-oto-renal spectrum disorders)

84. MMM ZF X2tV B
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2t7| Z=(Congenital central hypoventilation syndrome)

85. H[2& FEX|EZ(Mucolipidosis II)

86. 0{2! X Z= (Fragile X syndrome)

87. 20|C|0f| = AMEZ(Loeye-Dietz syndrome)

88. WA 2H S5+ (Meckel Gruber syndrome)

89. H=XEHMHZ(Hypochondroplasia)

90. 7t A= M Z(Pseudoachondroplasia)

91. Combined oxidative phosphorylation deficiency 14(mCOXPD14)

92. ARC 3=2(ARC syndrome)

93. £tX| Z=(CHARGE syndrome)

94, MiES T (Sandhoff’s disease)

95. X| At 0|EH 4 Z(Thanatophoric dysplasia)

96. &l HHZ0|H 40| AS (Schimke immunoosseous dysplasia)

97. AEA ES 3 (Sotos syndrome)

98. RHIAE}RI-EH|0|H| E= = (Rubinstein-Taybi syndrome)

99. 2E-2% ZZH(Holt-Oram syndrome)

100. H|ZL 2 A& 20| 3 & F(Congenital alveolar dysplasia, Alveolar capillary
dysplasia)
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101. RMY Z=1d statAotH|(Hereditary spastic paraplegia)

102. &84 (Central Core Disease)

103. 7H27|Z5 =2 (Kabuki syndrome)

104. ZO| XX HA BZF(Peutz-Jeghers syndrome)

105. ZHAHM4-E el Medullary thyroid cancer)

106. X-H2 T =AM Zok(X-linked lymphoproliferative disease)

107. X-H2 24| 2E 2SS (X-linked myotubular myopathy)

108. F'&2|0t=20f| Z%#(Cornelia de Lange syndrome)

109. S ZZHAAE 48 (Hereditary sensory and autonomic neuropathy 1V)

110. 3t S (Farber” s syndrome)

111.H|7| Z=Z(VICI Syndrome)

112. 24 2|AHY | Z(Acute Necrotizing Encephalopathy)

113. I| 28I A7 | Lok 2T (Pyruvate kinase Deficiency)

114, 22 ME (Partial albinism)
A=

=
|

rk

[

115. H2tA S H(MELAS syndrome)
116. MM g2
117.HHE B2

= & (Hyperoxaluria, primary)

X&MdZ(Adrenal hypoplasia congenita)
(Batters syndrome)

118. SHMRF

119. FHE =7 (Joubert syndrome)

120. 42 EHMHE S5 Z(atypical Singleton-Merten syndrome)

121. stCtE 3= #(Haddad Syndrome)

122, K| AU M BHERE A M5 9| 255 (Dentatorubropallidoluysian atrophy)
123, BA Y B2 o|ddZ(Jeunes syndrome)

124. X|BH MM Y 1B FF 2(Lethal Congenital Contracture Syndrome 2)
125, & 08-2k& Z2 7 (Sjogren-Larsson syndrome)

126. 58 253 (microcephaly 5, primary, autosomal recessive)

127. =|st4-atst L&kl | eiEH (Megalencephalic Leukoencephalopathy
with Subcortical Cysts)

128. HiE2|-2l&2 E= 2 (dilated cardiomyopathy)

129. Tt X| SohlE X-FMA| Azt HAX|H S= 2 (Alpha Thalassemia X-linked
Mental Retardation Syndrome)

130. =B (Aniridia). CH2t, sHh 20 MEZ2| 9| Tthol| w2t of2tEl 7t ZEEE
ne{st MEXOI ZIALof| BHotCY,

131. ofz| = ztato|AE(Avellino corneal dystrophy). CHat, sligh £0F 20| o| Tt
Choj| wh2t o|2hEl 7tES| SZEE na{st MEXOI ZiALof| Stotrt.

132. AEP7I2 EH(Stargardt disease). CH, i 20F M 22| 9| Ttttof| 2t o2t
7tE9| ZZEE naet MEXQl ZAto| BhotLt,
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UZA HE2A ZSSH(Vascular Ehlers-Danlos Syndrome) 8
.
}= (Fibrosis of Extraoccular Muscles). CHaH si{ S 20F M Fo|of It
4132 TUBB3 EHRl RTH ZAL0l| BHEHCE.
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138.
brain calcifications, RILDBC2)

139. X|AHY CHbA ol M ZSH(Multiple Pterygium syndrome, Lethal type)

140. 21X| 3= (Lynch syndrome)

141. 0| A3 H ZF 7 (Escobar syndrome)

142. HLRCC A&t (Hereditary Leiomyomatosis and Renal Cell Cancer)

143, £2H acyl-CoA EA g A HEZ(Very long-chain acyl-CoA dehydroge-
nase deficiency)

144, C thHAE Tsh(Protein C Deficiency), CHat, sl 20F ME0| 9| THEtof 2} O
BHEl 71Ee| L E DE{ot MEXQI ZHAto| stetrt,

145. 2|\ Z=Z(Leigh syndrome). Ik, s 20 ME2| Q| BHEHO| w2t 2121 R
X7t 2olEl 7kES| ZFEE NSt MEXOI Z{AL0]

ZLAtol|
146. FENZ 0|HEZ(Cone-rod dystrophy). CHat, siet £0F M2 2|9 THEof| k2t

147. MM ZYHS-FIl1B%}HE (Osteopathia striata with cranial sclerosis)

148. LMNAO|Aof 2|5t 2haty MZHE(LMNA-related dilated cardiomyopathy)

149, XH2HLEX|HH MRS E 212 (Intellectual developmental disorder,
X-linked 12)

150. ZZ¢)|0| 22tE Z=F(Galloway-Mowat syndrome)

151. 74 OtU 20| =F(Hereditary amyloidosis)

152, SHHASHMO|A 0| =8 (Metaphyseal chondrodysplasia, Schmid type)

153, Ak|E, HHAERZ, |1 X 0|42 Shtot MAYEE O (Neurodevelopmental
disorder with microcephaly, arthrogryposis and structural brain anoma-
lies)

154, 0| S22/t MSEAK] acyl-CoA AM2tE A ZES (Mitchell syndrome/Peroxi-
somal acyl-CoA oxidase deficiency)

155, 2 5l M E [ HZ 9 (Developmental and epileptic encephalopathy 9)
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Hgolsteins #

cobas 5800/6800/8800 system, AVENIO Edge system, navify Mutation Profiler

AQIA HAHO|IFQ 22| TITIAIRIER fHeIORM 1990 9|20l £X7|YOR MREUOH HH A
o XX S2 AAlsto] Aol 27|, ofeh, ZIth X2 U BLIHZS I3t HATQl HE D MH|AS St
QUCH TITHAAAIG S (Core Lab & Point of care Solutions), 2XHEITHAIE S (Molecular Lab), ZXIZITIAIE S
(Pathology Lab), 214} o|AFZH K| ALY (Clinical Decision Support), 2= 2| Al 2 (Diabetes Care)2| 574
AIEEE FUE0] UAOH 24T HH W HAMO| 22 248 M2 TITIAA™, MY ISR H1E 2
M7|7] A2 B2 HRA T AL 77|t HLEEHT| S SRIX7L HALZ|7]0f 0|2 = HHL[EH HIE ZEE
2|28 ZEn QoM ZLlE E2 MIA HIQIZITHIVD) Al M=7|Y0|CL 2019 S22t E 7|gte| AMAT x|
cllo|ef 22 E u|b|mto| £HE = (Navify Tumor Board)S ZA[6HH CIX|E @A FHol| 22 ZTIERICL 59,
EHTCS 24x|oknte] X8 Sofj Jiele] RMH, RRIN EM S TT| £ Ho| X|FHS MEie £ QS Sk}
ot o 2T REE Qs AEC|RANE 2AMO 2 Hof 2170 4f0| g SMAIZ = UEE st UCt £t
IE#ZICH2 0HZ2|7H01210] §7| XM Z7|CH3], Ale] Se gots 8t L MASE 0210 XY, TSt ot S K|
&, A0t oA} K| SO NES AR SH BES Soll 7|2 Al ™ A S Tt | ol ldstn ULt oo 2%
Al(Aon Hewitt)0| M& %t $t= £| 10| X% (Best Employer in Korea)’ 242 20154, 20164, 20174 33| A4
2 AHOMH, 20195, 2020E0]|= Great Place To Work Institute =2t ‘Cieta = 2s}7| Z2 100CH7 |2 0f] ME |
QACH HCk XM A 2 = ZH|0|X| www.roche-diagnostics.co.krol A 2HIg 2~ QICt,

TIEH/E2] HAL

1983 ZLH 2| HAF HE7| 2o 2 MBIE SCLHTHEQ! MEo|nttHTA) 2 RIAI Q! HE 2ta|A|AHTE S4l
HOI AL ZZ M A TQIS E3f| MAIE 20| AN | 2O 2 X2 |0HZIHCE 199218 PCR 2A1E T8t 9l 244 2H = A
B DA AR EQl S H| 26l 1998 LI |22 MIAIX F - 2t2| 7|22l CAP(College of American Pathologists)
EHE 152 &S wixiiIX| ZAe] E ehake 2foH XX el LS 0|0fRACH 55| OFA|OF A|CH RES S A AR
S HIRSY SCL2 Rty - TlTh - XTI DTHHA - S22 M 5 127 ZAHE M0 40004 Z2f £| M |
£ S0l 400001 7§ HAL =S AlRHE 4= QU= HIAF Q! HAA|ARIS T H3UCE ot OFL|2E SCLE HAtM b=
T2 7|ESENAE, Q277 | QLA HHE § HFMES PR H7|£2 A2t 2otE 2o MRACH FEE
Lt ME ATQIES A EXIAA A HAR WL 2 S2, ALK, QMRS 230l 0|27|7HX] SCL
AT7|£3 ghatol F=a{stn QICk SCLE 2LiiatotL|at QFH 7|7 MotR o1 B4 S HIEt O 2 dfie| 2|2 7|
2t SEH|AIE F=stof ZEE it x|l 7|ofst UC.

G =E GOLD

. LHEXNIE
o B|AFATH
ThermoFisher
SCIENTIFIC
WS A AFO| AE|T| #
- CHEXNIE
illumina o B|AMATY

9 cH< dtolQuicizt
Dow BIOMEDICA

CtH[o| 2H|C|7} & LZ0|Lt R 2|0}

lon Torrent Genexus System(XHMICH G 7| M E 2447|, NGS), Cytoscan Dx(0F0| 22042{|0], CMA)

W2I| M ALO|HE|Z| (ThermoFisher Scientific)2 M| 5004 7 =7, ©F 120,000F 2| =l S2t ehH A o=
$38021 0| AH2 S SH= MIA|Z{Q) 1St S|AFRILICE AR I| A AFO|HE|ZIS DS 0| HAtS T2 AZst L, IR
SHH, QFHSHA| B 2= Q=S SECHs AFES 7HX 1, MY kst 20F o £, 7ot 2M | o &, 2hat TS
i Sl O|OFE T Al Al ALY MO st QLI

HQIZITHE 2| 27|7| & Next Generation Sequencing System

At Illumina, our goal is to apply innovative technologies to the analysis of genetic variation and function,
making studies possible that were not even imaginable just a few years ago. It is mission critical for us
to deliver innovative, flexible, and scalable solutions to meet the needs of our customers. As a global
company that places high value on collaborative interactions, rapid delivery of solutions, and providing
the highest level of quality, we strive to meet this challenge. lllumina innovative sequencing and array
technologies are fueling groundbreaking advancements in life science research, translational and
consumer genomics, and molecular diagnostics.
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NGS System & Library Prep Solutions

AATH(F)i= 202201 HEio MFaket 7|Xpx Hol S|ALZ, CHAZE WES e A7 Z| % Al 33 XY
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of L3tRE HIFQR HU} ilxel SR2MI HFSS Y=5t0] SFtAt St

Genomics, Element Biosciences, Watchmaker Genomics2| 24! CH2| & L |Ct.

g Al SILVER
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- CHEXNIE

Lynparza s
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Bt20tA E 2kH| | 7t&SH=2MSD #

- CHERZE

>XXIDIT

IMTEGRATED DMA TECHNOLOGIES

oto|C|E|Z2|o} #

. CHEAIE

% . B|AFATY

DIAGENEX

| % |CHolofEHa

Cto|opx|< A #

7|ERC}/ ZIIEXt (AZ Alliance product)

MSDi= 1891\ A& 0]2 130\ 0|4 T MIA| Al2tES2| 4f0i| 20| U= HEHE THST| ok 4l o oFF, A S et
off 2 AT S419| HHO| 2 MAB|ALR O 7423t MlAHS THE0] 7t QUSLICE 7L ZA 2| HIO|R H|2AB| A=A &F
THIVH o S2tE Tatet 2 E MER S SRS S MHS eRst= 2ete| ofdat X2 E 29I A4S Cistn
AELICH Ao MHS 7611 40| A =0|= ‘M2 2IeH L (Inventing for life)'S 01012 AJLICH HHS
Tt O LE2 48 Pt=& A, “Inventing for life”7t MSD2| §- ¢t H|F 0| Xt 0| M L|Ct,

qPCR, CRISPR,NGS S A|2f 8fA QI HE M

oto|2et & WO 2ALS & Integrated DNA Technologies, Inc.(IDT)= &ta A, ME 33, Ak ZICHS! X
of 7t 20FS Eetsts WHEY it T2 YH|O[CE IDTS T2 A2 A8 9453 DNA % RNA 22| 1+23
QE|E (22]|1) MZEE 22 22|19 GMP/OEM AMH|ATX| M23t 5l ofst Hofo| WM JHsSHA| ot= 0|M
7FX| 3 ALt

SXHEICHHZE % Single Cell Sequencing MIE &

(F)Cto[OkM|< A= 1985 (F)0|Z=2HO.2 A|ZH5H0] Roche Diagnostics, Ortho Clinical Diagnostics S| CH=
H X MES U0l 2| X2 ZUstH I HIQIEITe|27|7] AIEE MEsiRtEL T M= ZITHA 0l A
9| ok 401A2| 2 9l LSt & Sof, BAIRICH EXte e, ~E st 0| ME S| 20l M LYt IEEZ2|QE 3
=5t UELICHL CHEHQI XME S 2= Rewity (T HZIZH), Asuragen SO| UELICLEHAERI HES S0l S
=ot7| 2l @3t G 3 F= Ci2|® MAIE 2310 JACH HEQ| S = X AHE T X201 0|27]
TR H 2PEE SXE O 2 el £ QU E QIS|I7HE M E HIESI0] Sh&X|/, 7| & X2 HMAE =0t USLICh
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AlphaLiquid®100 NGS I§7 | X|

IMBdxi= 2 L M| Z0f|Af L2 DNAS| 242 S¢lf of2 TERI L JHelstEd HEAZE FHE + A= 7|
Hut 2 S 71 =L K| dKNEH 27| YL 2| AFE0] In My Blood Diagnostics of 2Fxtel Zio
A o|0jstZ0| HHS 0| 8ot YAl =2 MEHS HRI 1 ACH, XM ERet 5317|122 X0 242
FEal7t AELICE H LIOE7} AlphaLiquid® 22 ES S0l ofut JA M= TAIAIS| etRtet 259| 74E 02|
152 SEEAZTI0NA IMBAXZH| SEEQl MA|MH 7|sut HEH 2 R8% EE HSstL, &2l Tt

o RUER, K2 U SNt &L

BRCAaccuTest™PLUS / HEMEaccuTest™ / ONCOaccuPanel™ / HLAaccuTest™ / NGeneAnalySys™

NGS HZTIEH =7 | QllHIHI0| 2= BT 7|22 T 7| & 2 S Set YU SAE A2 JUf - 2 FUTIE
Jlgg dkots 2RE FHAZE HM 7| HUL|Ch APHIHI0| 2= 2017 SLH 2|2 NGS 7|HF G 84 REe ol
2 YUTITHHIE 8IS AR = dallel, net, 5|7 RXEe, ZRNeSel YT ME S Tt ME
HLEZI QRS PHSID AFLIC o ATHI0| = et HAROIA YLt R K| HIO|E S Hetstn 28H 2
Mo £ JUEE A AT EQ|0IS 483t MB 1t &M Mot UABLIC FHefet B, Sudt S5 X 1t &
7E SE SO UL RS AEIAUCH, 22| YLUOIE MH|AES o TIEHHIZ T HA MH|A RE AR
SEURAAHS Sol 2r2[otn ABLICH 3 XG0l Y 7|s &2t 8l eEE Solf T ol Crst 2

=0 =
OF 2lTi EIoHD, BretH| FBE SUTIEHCDX), BHe] o2} ofZ0) LRz o] 42, Ze TIEHRojojA
= o

y © C O =
T 7HAERl e HESIH 71E U AY HE S X|&3t ASFLIC

HIQITITH| =27 7|(NGS)

FCAES L ZHH He HALS 2let X RT HZS HY W MZSh= SJAFILICE FQ 2HelAb= NGS (Next
Generation Sequencing) 412 7|8tQ 2 3 & TITHMIZE S 7HYSH= AJLICH 22X HAL| SAAQl 78 24
E =oto] SEolel, ILER 5l £7| T ZOotol| M Auot HZE ZEZR|QE 1RSI UFLICL IFHCR=
et SHHolM AFSE7|of| Mot 2| 1 =FO| MES JHLSIL, b9 TRl RHEW X2 S 7Hs5HA 67| et HES
Y aolof| A HZst=s Ae SHE HLICh

SureSelect, Magnis, 4150/4200TapeStation

Agilentisaglobal leaderin life sciences, diagnostics and applied markets, recognized foruncompromising
integrity in all we do. Agilent supports scientists in 110 countries in cutting-edge life science research;
patient diagnostics; and testing required to ensure the safety of water, food and pharmaceuticals. Our
advanced instruments, software, consumables, and services enable our customers to produce the most
accurate and reliable results as well as optimal scientific, economic, and operational outcomes. We play
arole in advancing important research and testing, with our scientists creating some of the world's most
leading-edge technology and our field engineers working side by side with customers to help them
maximize productivity. Together with our customers, we’re bringing great science to life.

Alinity m, m2000systems, VIP 2000, Bioview system

Abbotte] REE= W M| ALRIS0| TS Aot diEhe FolE = A== S0 7[0S oM EEHUCH, 012 &
CHE HM7IX| 23 TS S 2Esl LIot7ta AELICH AFZIS0| A4 X ZHO| SES 2hE 4 ULE T EHAE
SIS, R HH HES HELCRM ZE 20fol|A 2tet 8l s blof MEoj| Kf2|otu UEFLICE Eot HIA| =7
= HES MSLZM, SHR0M AR E0| LS ULt 1 SRER S Mo A =2AE S A= sH2 M
EXQIHZS HSYLICEL B MS 2Atoll= TITrs, 2RTIE, Hof, at, el A7t 2IX[3) UM, oot
Qb ERME S BRSO T, ThH, B4, 25 X Ho| (AR E £ ASFLICH

£ CRISPR/Cas9 A AR 7|8t Hxf| A et ZITH|E

FAS|AFEIMNFHE CRISPR RFXIZHR| 7|52 7|22 6t AH U QEALFITH ME 7|HO R "Mzl o 7l
£t I F3 (Standardization of Liquid Biopsy Diagnosis)'s B2 eL|Ct SAts 1R2| ZEXQI CRISPR R A}
719 BIHT|SS HIEIO R, M J|gte| R7| 2t ZTIThS HIRSEH o= ol %, 2L 0|2= & 7| TcH
SAET=S AT HIE HE X HE, 24 MH|A S HS3t0 UELICE 0|2 Solf AH|EH 20k| LRSS 535t
1 M2 o ZZTICHoH2{Ct S MIASto] O|2He] MU 2 (Precision Medicine) At 0k AN MEFIIE
Xf2|ojdstaxt HElsta QL&LICh
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navify® Mutation Profiler

The power to do more

S2IRE 7|8te| 3kt HIO|E| M2 Edll O =2 +F2| MUolst X=RJ} 7tsELICt.
Al A NGS (KHMICH E7|ME 24, next generation sequencing) £ &FMQl navify® Mutation Profiler 7t
A 3|

M YUEOR R0t RHT SAH0IS LIS BBHOR HEE EOFELILY
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Jo 19
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AL T-
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+ navify® Mutation ProfilerS AHE3t0] RTA| 240 2HA} 2H7HRI0 HE 715t 5 K= T2FS0 ol
S HEXQ BEUIME XS st o TE20)|A ZHHst D ME3HA Ml = ASLICH

Highly curated evidence-based knowledge base

navif%

Mutation

Profiler@'

Variants Clinically actionable Clinical report
mutations

P YLErS
R R Y
SRS
22 §

File

®

Simpler Smarter Up-to-date

Report Curation User Interface Recommendations

< HLA MY }2EZR IS8} 7|52

Xdg + NGS lab0i| E#H0| E2E ZRst=
AHojet 4 A SEQ SM NSH - 2M Z0E EZ oY X[9el 9ofE
< APIZ 3t LISQHEMRS| Egfo 2 HI1A S0 7|2, AN, 2= Jto[=efelo|
I AQ AlZtE 22 MZbst Rl HSsHes 71 2| A M2 w2t HE Its
ahatst ot X|2H| MS Flokst

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



iontorrent

New

lon Torrent™ Genexus™
Dx Integrated Sequencer &
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Genexus System= &5t Oncomine Solution

ME I|M AFO|HE|Z!Q| lon Torrent™ Genexus™ Dx Integrated Sequencer= 7H-tet s}
S L£r2 o ARE 2let Chfet 0iE2|7|0|85 X|FRLICH

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

Thermo Fisher Scientific A2 A AJO|QIE|T 2 MA S5H5|A} ThermoFisher
NSA| 2T TR 281 24 QUIALIL 125, 06349 | LHEHS : 1661-9555 SCIENTIFIC

2 HE2 AT S MEL2 2l27|7|of sHEstA| &Lt
T lon Torrent™ Genexus™ Dx Integrated Sequencer System(&|2| =91 22-44285)2 H|2|



Enabling in-house cc¢
from tissue and liquid

TruSight™ Oncc

Portfolio offers flexibility basec
- Separate assays to support tissue (FFPE) Or

- Provide unigue tumor insights, get compleme
plood by leveraging same DNA panel design

TruSight Oncology 500 High-Th

lllumina « 080.234.5300 - techsupport@illumina.com « www.illumina.com
© 2024 lllumina, Inc. All rights reserved. All trademarks are the property of lllumina, Inc. or their respective owne
M-KR-00025

For Research Use Only. Not for use in dia




Trinity™ Targeted Sequencing Workflow

From DNA libraries to exome data, with next day results

Traditional Workflow .

Probe
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DNA Library Target Probes

Probe
/ Hybridization

Element Trinity Workflow.

Library Prep Hyb Setup
DEVA DEVA DEVA

9AM 1230 PM 1:30 PM

(Fast Hyb Protocol)

Information in this document is provided for research use only and is subject to change without notice.
© 2024 Element Biosciences, Inc. All rights reserved. Element Biosciences, Trinity, AVITI, and the Element Biosciences

Hybridization

Probe Hybridization
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Visit elementbiosciences.com for more information ™
In Solution Trinity

Trinity™ Targeted Sequencing Workflow

For Research Use Only. Not for use in diagnostic procedures. | LT-00045 Rev. A | October 2024
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xGen™ NGS made for

oncology research
infectious disease research

automation

Introducing the
A more comprehensive suite of flexible solutions to help you advance your
genomics research.

> WWW.IDTDNA.COM

Scan to explore
IDT's NGS solutions




ve
Asuragen

a bietechne brand

QuantideXX' qPCR BCR-ABL IS Kit:

The Original BCR-ABL Assay

The First FDA Cleared BCR-ABL Kit

Multiple International Scale (IS) Calibrators

Sensitivity beyond Deep Molecular Response

HUMAN RNA CELL LINE
Limit of Detection MR4.7 MR5.4

(T) 02-3411-9217
(F) 02-3412-9217
. (E) inquiry@diagenex.com

DIAGENEX xes#A 247 152 569 2
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