3bitiion

3B-EXOME, Unaffected individual cinicaiuse

2iX} 7|2 HE (PATIENT INFORMATION)

Unique ID [Unique ID] Eleto| [&Eef]

3billion ID [3billion ID] =t Pediatrics

MAZII /HE  yyyy-mm-dd / Male olz|7|at [e217]2H

QIE East asian

e Mother

et B2e 4

SAd Intellectual disability, Atrial septal defect, Cryptorchidism

Z1} 2°F (RESULT SUMMARY)

Primary findings Variant reported Additional findings

Secondary findings

Requested gene(s) findings

No variant reported

No variant reported

1X} Z2t (PRIMARY FINDINGS)

DETECTED

Carriership Findings

SAMPLE

Report date: N/A

Unique ID: [Unique ID]
3billion ID: [3billion ID]

MEEIY EDTA blood

MEMFIY yyyy-mm-dd
HAISEY yyyy-mm-dd
MEFLA yyyy-mm-dd

No variant reported

Variant reported

GAA {FXI0|M pathogenic $0|7} heterozygousZ HAE|AELICE. GAA SFXH= autosomal recessive 'Glycogen storage disease Il (OMIM:
232300)'| ¥l SHXIALICE. 2t 7H2| heterozygous #HO|2H0| LAEAY| H20]| ZALHAX= HOIXIQILICE siEh Aeh2 71E=g e Qg Ze

Z HOIX|Zh Y&t HRAS 2Rl Sk

— o

2HA], ZAF CHAIRHS Ol2iE! B /AT A2 ¢

=21
20| HREILICE 2 AL it ol2/E) HHE/ENS 4

co= =2
= Zeto]| CHsl 2IXtY 2~ AFLICH

[

O'L— HA

Glycogen storage disease Il (OMIM: 232300)

www.3billion.io

Gene Variant
GAA Genomic Position 17-80117016-G-C (GRCh38)
cDNA NM_000152.5:c.2238G>C
Protein NP_000143.2:p.Trp746Cys
Zygosity Heterozygous
Inheritance Unknown
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Classification

Pathogenic
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SAMPLE

3 bl = = IOI‘\ Report date: N/A
. o o Unique ID: [Unique ID]
3B'EXOME, Unaffected |nd|V|dua| Clinical use 3billion ID: [3billion ID]

1Xt Z1t 5lfA (PRIMARY FINDINGS INTERPRETATION)

GAA NM_000152.5:¢.2238G>C (NP_000143.2:p.Trp746Cys)

Population Data The variant is observed at an extremely low frequency in the gnomAD v4.1.0 dataset (total allele frequency:
0.048%).

Predicted Consequence/ Missense variant

Location

Segregation Data None

Computation and Functional studies provide supporting evidence of the variant having a damaging effect on the gene or gene

Functional Data product (PMID: 21757382, 23430493, 7981676). In silico tool predictions suggest damaging effect of the
variant on gene or gene product [REVEL: 0.90 (>=0.6, sensitivity 0.68 and specificity 0.92); 3Cnet: 0.99 (>
0.75, sensitivity 0.96 and precision 0.92)].

Previously Reported The same nucleotide change resulting in the same amino acid change has been previously reported as

Variant Data pathogenic/likely pathogenic with strong evidence (ClinVar ID: VCV000265160 / PMID: 18458862). The
variant has been reported to be in trans with a pathogenic variant as either compound heterozygous or
homozygous in at least 4 similarly affected unrelated individuals (PMID: 21232767, 25093132, 25526786).
Different missense changes at the same codon (p.Trp746Arg, p.Trp746Gly, p.Trp746Ser) have been
reported as pathogenic/likely pathogenic with strong evidence (ClinVar ID: VCV000188484,
VCV000499293, VCV000556431 / PMID: 18425781, 20080426, 23430493).

Disease Association Glycogen storage disease Il (OMIM: 232300)

Validation Not performed as the variant was considered high-quality

Variant Classification Pathogenic

HMEHOo= 2 Mo| Q= #0| (ADDITIONAL FINDINGS)

1l
U
0
1l
4>
A 3o

L} Holo| HelME AUSE atst evidenceZt BE310] primary findings @2 E11817| {212 variants of uncertain
Ho| & &4l (mode-of-inheritance) ot 27| gl0| et 42 FEXOZ HHY ~ U= |FHX-EHO|M pathogenic/
US, EESH 2iXte| S48t A2t glo] o| 2XI0| Mgt 7HEof| 2HAE HO|S Zatet 371 #H0|= 2RI=|X| iptSLICH

o SAMH
20| QU= HO|"= ZeE|0f UX| eEELICE)

significance (VUS), &2
likely pathogenic 0] &
(B2 2aMol= “ErHE

rr
< |0

10
i
=]

2X} & Z3t (SECONDARY FINDINGS)

American College of Medical Genetics and Genomics (ACMG)0i|A] &5t 7t0|=E2IQI0i[A HESH= Qe o= XX| 7ts%t 8472 24t WA | Xt
(Secondary Finding)' S=0l|A YAHOZ 2HAE 2|0|QU= HO |7 SQIE|X] §IUSLICE J2{LE HAMS| 7|=H SHAILL AXHIEX] BH5X|X| @b2 oA HE

Of B SC= {7 HO7 HAHR|X| gAE THs 8= ASLICH
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SAMPLE

3 bl = = IOI‘\ Report date: N/A
3

Unique ID: [Unique ID]

B'EXOME, Unaffected indiVid ual Clinical use 3billion ID: [3billion ID]

HOIX} Z{AL Z1} (CARRIERSHIP FINDINGS)
Otz #i= Primary Findings 0] 210&l tH0| 2[of 24 CHa 203770 FHXt0l|A 2felEl 221Xt 2t 4 Pathogenic HO| SR LICE. J2{Lf, A2 o

AR eloh B HOPL FREUS THe-E2 TS| Biim[Z 4~ RUSLICH (B AL #2, #7, #8 TZX).

oo ! !

Gene Variant Zygosity Inheritance In sillico Allele frequency Class Disease
LZTR1 NM_006767 .4:c.295G>A  Heterozygous Unknown REVEL: 0.30, gnomAD: 1/ Pathogenic  Noonan syndrome 10(AD)
(p-Asp99Asn) 3Cnet: 0.00 1461814
SpliceAl: 0.02

"= QME FHX} (REQUESTED GENE FINDINGS)

LFE TSN YLZOZ Fo|nfet 0|7k =l E|X| & LICH QB E 1070 RTXIe| protein-coding exon2 &3] A2 Y E[AELICH

=
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SAMPLE

° ' ‘ °
3 bl nlion Report date: N/A

Unique ID: [Unique ID]

3B'EXOME, Unaffected indiVid ual Clinical use 3billion ID: [3billion ID]

&3 H|0|E{|0] A (RESOURCES)

- Online Mendelian Inheritance in Man®:This report contains information from the Online Mendelian Inheritance in Man® (OMIM®)

database, which has been obtained under a license from Johns Hopkins University. This report does not represent the entire,
unmodified OMIM® database, which is available in its entirety at http://omim.org/downloads.

- gnomAD (genome Aggregation Database): gnomad.broadinstitute.org

- ClinVar (National Center for Biotechnology Information ClinVar Database): ncbi.nim.nih.gov/clinvar

+ HGVS (Human Genome Variation Society): varnomen.hgvs.org

+ HGMD (The Human Gene Mutation Database) Professional

- MITOMAP (A human mitochondrial genome database): https://www.mitomap.org/MITOMAP

#1128 (REFERENCES)

1.

10.

11.

Richards S et al. ACMG Laboratory Quality Assurance Committee. Standards and guidelines for the interpretation of sequence variants: a
joint consensus recommendation of the American College of Medical Genetics and Genomics and the Association for Molecular
Pathology. Genet Med. 2015 May;17(5):405-24. PMID: 25741868.

. Erin R et al. Technical standards for the interpretation and reporting of constitutional copy-number variants: a joint consensus

recommendation of the American College of Medical Genetics and Genomics (ACMG) and the Clinical Genome Resource (ClinGen).
Genet Med. 2020 Feb;22(2):245-257.

. Elizabeth M et al. Specifications of the ACMG/AMP standards and guidelines for mitochondrial DNA variant interpretation. Hum Mutat.

2020 Dec;41(12):2028-2057.

. Seo GH et al. Diagnostic yield and clinical utility of whole exome sequencing using an automated variant prioritization system, EVIDENCE.

Clin Genet. 2020 Dec;98(6):562-570. PMID: 32901917.

. Lee, K., Abul-Husn, N.S., Amendola, L.M. et al. ACMG SF v3.3 list for reporting of secondary findings in clinical exome and genome

sequencing: A policy statement of the American College of Medical Genetics and Genomics (ACMG). Genet Med. 2025 un
23;27(8):101454 PMID 40568962.

. Dhong-Gun Won et al. 3Cnet: pathogenicity prediction of human variants using multitask learning with evolutionary constraints.

Bioinformatics. 2021 Jul 16;btab529. PMID: 34270679.

. McKenna A, Hanna M, Banks E, Sivachenko A. et al. The Genome Analysis Toolkit: a MapReduce framework for analyzing next-

generation DNA sequencing data. Genome Res. 2010 Sep;20(9):1297-303. PMID: 20644199

. Xiaoyu Chen, Ole Schulz-Trieglaff, Richard Shaw, et al. Manta v1.6.0: rapid detection of structural variants and indels for germline and

cancer sequencing applications. Bioinformatics. 2016 Apr 15;32(8):1220-2. PMID: 26647377

. Dolzhenko E, Deshpande V, Schlesinger F, et al. ExpansionHunter: a sequence-graph-based tool to analyze variation in short tandem

repeat regions. Bioinformatics. 2019 Nov 15;35(22):4754-6. PMID: 31134279

Gardner EJ, Lam VK, Harris DN, et al. The Mobile Element Locator Tool (MELT): population-scale mobile element discovery and biology.
Genome Res. 2017 Nov;27(11):1916-29. PMID: 28855259

Quinodoz M, Peter VG, Bedoni N, et al. AutoMap is a high performance homozygosity mapping tool using next-generation sequencing
data. Nat Commun. 2021 Jan 22;12(1):518. PMID: 33483490
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SAMPLE

3 bl = = IOI‘\ Report date: N/A
3

B-EXOME, Unaffected individual cincaiuse s

1. A1t Qo Zit= Detected 12|11 Not detected & 7IX|2 2R ElL|C}

Category Explanation
Detected - 71210 2= Hgto] flol QMR YATOE Rolnfg 7H540] QU= HOIZH PILPVUS) 2RlEl= 2
Not Detected - 71E=0]| S Zeto| ol R AL Soj|M UMM R PHAEl o|0|Ql= HO|7E &I X| ghs R

2. 0| 22 (Variant Classification): ACMG guideline (PMID 25741868)0{A] XAt evidence type [population data, computational and
predictive data, functional data, segregation data, de novo data, allelic data] 22 ZI evidence2| Z [very strong (VS), strong (S),
moderate (M), supporting (P)]& Z&5t0] 2 HO|E =38t 2= (classify)2iLICH

FZEAFEH (RECOMMENDATIONS)
1. AL Zato]| CHSt @ MEho| Hesh|ct
z Elh= CHREEO| olld Hod Lfjo| hld 7| M 0| (single nucleotide variant), ZH2 AQl/Z A #10| (small INDEL(<50bp)), 21
2|11 O|E2E=2|0f X|& #HO| (mitochondrial genome variant) & =2 E2 L2 AEY o USLICE A9 (inversion), 2| (translocation)2t 22
0|7t QlMEl= B2, sliE RAS| HO|E LSS E MR CHE DAE a8ct= AE #E ELICL 71 RTXt (pseudogenes)2t 20| B7|ME A
0] &2 XI=9| (highly homologous regions)oll = #HO|= AE0| AL =7t R £ JUELICEL T Al 2o FHof| = QUE
(intronic) H0|, ARSI HO| (epigenetic factors)Lt regulatory region0i| Q= HO| EEsH AZE0| O{E Lt Hete 7t Ho{E 4 Q1 BH=0| 27

4+ iLict.

rr

X

—

2.0l A= EEE 3
r

4

rir

ooz rE

+

o

1

3. 2 A 2t MISE AAMCHARIS| A4 MERL JHEH S J|8to 2 ot MERTA| 24401 CHSt sHAIL|CH M2l ZACHAIX o) Cist QIA HETH 2 -t
SHALE ES R E2 AR Qs ZUE MSOHK| 2 2 2 JSLICE 2 AL Zat7t AACHAIKIS| QA HE ot Mt 2tA |7t ofst AR, FX|o[Qf Tt
M2t =7t AAH Eee > UELICE H0|2| segregationg 2HQ15L7| 2{sHA] CHE 7HE F o] CHEE THAZAIZA = Mof AIZA HALE St 20|
HEHEILICE 2H|$HO0|(CNV)E Zelst X #H0| (SV)2| ZBL, "ttt breakpointZh EQ1El HO |2 Ao AJRA O Z HARE 4 UELICH D|ER=E|
OF X|i= Ho|2| AR, X£=Z (low heteroplasmic level, <20%) HO|= 0| A|ZAIOZ HAFSt 4= gIELICE

4. 2 ZAks R Holel 235 2o, Azt 211 TA| Z7HE Aolst M2 H|o[E{H|0| ARt 2t 291S oy | IR0, MER 2latE/atsty =4 A7
A7t FIHE B, HEE HI0[HS0| R AEAol= M HETLobd & QUELICH

5. 2 ZAH 2ol 20| Ho |7t ENEX| RtE B2, 8 A2to| gich= AHE 2l0[stz 20| ofL|H, MER BTt 37+ w2t Ho| 25 3l ZIg
O] HAE = JUBLICEL M2M0| MEI 22, MER BEE AMBSIH MEAS AlstD, M2 ARX|E UL Ch BEels SXIol|A| AHSEAH| LIEH

X

T4 HEE FII510] 20| A BE =S & = USLICE

6. Primary Findings %!/=== Secondary FindingsOfl Zz|X| @42 H0|= Sanger sequencing® 2 validation =|X| @4&LICE [2kA H&$ quality 7|
=g &&ot=Holgt B ELICE

7. Carrier Status Findings= &EMA| G4 fo= X-AHt R Hetnt AR AFH| HolEl TRt S5 LHo| ERlM (Pathogenic) = 7HsE /A (Likely
Pathogenic) $0|2 H|StELICE. Inversion 3! translocation| Z<L, STt tH0|2| ”EHE (breakpoint)O| =SS0 ZIeHEl FFX} LHOY| 2|X|5H Z<01| Bt
HIELICE MM 24, 0|EE=2|of, ZXt0|3 #Ho| B! £ty #0|(Variant of Uncertain Significance, VUS)= & 2401 HIQIEL|Ct 2 24
2 HOIX} M ZAf(carrier screening test)7} OFL|H, TITHS 2O 2 K| 4&LICEH
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SAMPLE

° ' ‘ °
3 bl nlion Report date: N/A

Unique ID: [Unique ID]

3B'EXOME, Unaffected indiVid ual Clinical use 3billion ID: [3billion ID]

ZAperH (METHODS)

EEXAXEMO| w2t EDTA bloodS AMESH0] AiF|El ME ME|AM genomic DNAS Z=ZEMELICE TruSeq DNA PCR-Free kit (lllumina, San
Diego, CA, USA)E AFE3I0d sequencing libraryS HZtStE 11, NovaSeq X system (lllumina, San Diego, CA, USA)S At23t0 sequencings £
SHEHELICE MMEl = 145786,689,891712] &7 ME HI0|E{= masking It20| XE=l Genome Reference Consortium Human Build 38
(GRCh38)1t 2IZHi|E 2 =2|0F DNA2| Revised Cambridge Reference Sequence (rCRS)0] align=|A&LICE Masking IHl0| HEE GRCh382
Genome Reference Consortium (GRC)2te| RS o GMA| 218 R FSE FIs2 NCE X[etet HAMLICH (Nat Biotechnol.
2022:;40:672-680). TE LFEA|= 41.62x mean depth-of-coverage 2 A|AA! E|AUELICH FHEQFHM|Q| oF 97.95% (FIA| AHAK|Q| 98.74%)7}
20x O|AtO 2 A|ZA E[AELICH EX S FA| HHoi| it depth-of-coverage (DOC) M= QK A| HZELICH £ 3,950,0047H2] THUHET|ME HO|
(SNV)2F1,021,332712] =2 4¢) 5! A4 #HO| (small INDEL)O| ZHI=AELICH AlZA HIOJE 24 51 HOo| siAi2 Ma|dz|AHofA ZHEEl XtSHO| of
A A|ARIQI EVIDENCE v4.5 (Clin Genet. 2020;98:562-570)2 AtE5t0] £85I RSLICE EVIDENCEE SNV/small INDEL ZZEE 23l GATK best
practices (GATK v4.4.0, Genome Res. 2010;20:1297-303)E A&}, copy number variant (CNV) & ZEgt structural variant (SV)2t
aneuploidy AE2 2|8, DOC HEE 7[HtoZ XpH| 7HEst T2 Q1 3bCNV v2.12 Manta v1.6.0 (Bioinformatics. 2016;32:1220-2)2 £&5t04
A2SIEELICE 32|11 mitochondrial genome Of low level heteroplasmic SNV/INDEL ZHZES I8l Mutect2 v4.40 (Genome Res.
2010;20:1297-303), repeat expansion H0| A=2 2[dll ExpansionHunter v5.0.0 (Bioinformatics. 2019;35:4754-6)& AtESIE 2, mobile
element insertion AES I8l MELT v2.2.2 (Genome Res. 2017:27:1916-29)2 A5t ELICE EESH regions of homozygosity (ROH) I A=
2 {3 AutoMap v1.3(Nat Commun. 2021;12:518)& AtESIY CM, 0| FMS |silA= Variant Effect Predictor v112.0 (VEP, Ensemb,
Genome Biology 2016;17:122.)7} AFE[/USLICE |H #Hol2| ME 5! 2 F&= American College of Medical Genetics and Genomics (ACMG) %
Association for Molecular Pathology (AMP)0IA] #E3SH= X|E (Genet Med. 2015;17:405-424, Genet Med. 2020:22:245-257, Hum Mutat.
2020;41:2028-2057)0f ti2f, Stxje] HHH, 71E3, 12|10 0|0l A|ME|UT HAL BIHE T|HIOE SJE|USLICE HO| siAd AITHo| d4Eo= {9
0|5t 2EXte| TSt 20| QICID ZHE|= HO|TH BN EL|CE MERTKM|AAL 2| Ho| HE T E HBSt= LI A0 2AsHH, M=ot 2
SNV, small INDEL, 2|11 breakpoint 7t 20|= SV #HO|Zt Mo A|ZAME Sdff =Holgt LICE @K A, FASTQ I, VCF ItY, = FA0| H2l small

variant 222 A3 giLct
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SAMPLE

3 bl = = IOI‘\ Report date: N/A
. o o Unique ID: [Unique ID]
3B'EXOME, Unaffected |nd|V|dua| Clinical use 3billion ID: [3billion ID]

HMZEZ (DISCLAIMER)

B A= tieRol QFA oA, THUHI|IME HO| (single nucleotide variant, SNV) 3! 22 Al /ZA! HHO| (small insertion and deletion, small
INDEL)2 2% 0] (structural variant)E Z&E3}7| e M2|LU2|A0A] FHL = ASLICE Repeat expansion $H0|2| AE2 457 RTXE Kotz &
H(*) RHXIe| Z2 repeat expansion number 7t dtAEIF E 4 JAELICE ((AFF2* AR, ARX, ATNT, ATXN1, ATXN2, ATXN3, ATXN7, ATXN8OS*
ATXN10* BEANT* COORF72, CACNATA, CNBP, COMP, DABT, DIP2B* DMPK* FGF14, FMR1* FOXL2, FXN, GIPCT* GLS* HOXD13, HTT,
JPH3, LRP12* MARCHF6* NOP56, NOTCH2NLC, NUTM2B-AS1* PABPN1, PHOX2B, PPP2R2B, PRDM12, RAPGEF2* RFC1* RILPL1*
SAMD12* STARD7* TBP, TCF4, XYLT1* ZIC2). J2|11 0|EZE=2|0f X|=LHollA SNV/INDELZ >10% heteroplasmy level2t AEELICE & AAMM2
College of American Pathologists (CAP#:8750906)%2} Clinical Laboratory Improvement Amendments (CLIA#: 99D2274041)25E 10| x ¢
AMAME A 2= U= XS Q1T HSLICE ZAMHO| MM QST AN RaM AS2 o= SMX ZA LIt 0= o5t |t 9l RTH(St
(ACMG)Q| 7|2EZ= U 7I0|=21Q! MIM G (https://www.acmg.net/PDFLibrary/Standards-Guidelines-Clinical-Molecular-Genetics.pdf) 5! CAP A}
MIcH E7| B2 (NGS) fIFAIE(Santani A et al. J Mol Diagn. 2019 May;21(3):369-374; https://www. cap.org/member-resources/precision-
medicine/next-generation-sequencing-ngs-worksheets) Off (2} $HE|REL|CE X{4=Z 2XI0|3 HO| (low level mosaicism)7t 2 AE[HLE SZ, A|
A S HEHO 7|2 o222 Qo S&ATIOH| AR Y E == Y L H0|7F o M=l = Z2, THA| ZHALE - A4S #HESLICL O] EOMO| UYRE =AL
SHALE SX[E 4~ @iELICE O] B M= T 118 HM0|H, ZA ZUE TIThl| 28317| fIsiA= HIEA| & Hoignto] ARtetA| =tel Sof =710l

—_ L——
HE0| Eegfict

ACCREDITATIONS AND CERTIFICATIONS

CAP License # CLIAID #
8750906, AU-ID# 2052626 99D2274041

Ol HIZEE QAL RHEAL, EoIAZ FYE LJEO| SeH 2 HEYSLIC

Report electronically signed by:

Go Hun Seo, M.D, Ph.D.
Chief Medical Officer & Laboratory Director
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