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& 27t QUL LB o2 NGS H|0|H & EE Exome 10GB, Genome 100GBO|H, &5 ¥H|IE &
50 AHetE BA0| LT AIZH2 Genome?| AR YFY Y= A7} EIC} CHEE GATK (Genome
Analysis Toolkit, https://gatk.broadinstitute.org)2] HAFSt (Best Practices)2 AM23I0 WDL (The
Workflow Description Language)2 7HZEl WorkflowZE CH2ZE BHobA Cromwell (https://github.

com/broadinstitute/cromwell)2 50| 7+55tCt.
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Broad InstituteOflAl 7HE¢SH Terra (https://terra.
bio)= 22t EE BackendZ ¥7|8te] Jupyter
Notebook (https://jupyter.org) QIE{T{|0| A0 A
TESHATEQICt 7|22 2 2 Python Y10 (https://
python.org)S AF235t0] GATKS| HIASHO|

2 RN UYS LUSICH UZY FE ARE
S 24 AIZF MR RAHE S B8O| 0|
&l A

=l 4 9lor, 2|20{= lllumina oAM= FPGA
(Field-Programmable Gate Array Technology)
A&t DRAGEN Bio-IT Platform2 EFUH&
A2n Z A[ZE O|Uiol| 2ME o= 7t
Ct. NVIDIA it0| M= GPU (Graphics Processing
Unit)E AFES 4 U= Clara Parabricks (https://
developer.nvidia.com/clara-parabricks) 2t0|E
2{2|2 A|25t0H, Ciekst 2alA H0|E £A0f W
Q57|12 AT EQ|0] 2 Deep Learnings 0|25t

USA s 2ZEQ S ATt

I-_I ]

oAM= CHEE Microsoft it WindowsE
7|2 OS (Operating System)22 A3t [T},
Apple 2 macOSe Linux 7|8te] A EQ||0f
£ ZoYsiM AFEY &= U= JHEEEE AS5
2|2k Windows 2H&0lA= O Aot 0|Ct, 2|
20| Microsoft it LinuxE Kernelo| E&& 4
U= WSL2 (Windows Subsystem for Linux 2,
https://docs.microsoft.com/en-us/windows/
wsl/install-win10)E BHZESICE https://wsldl-
pg.github.io/docsOfl A CFFSH Linux H{ 0] CHst
WSL2E TR 2E ZOtM AFZE 4= ULt Linuxe
34 Red Hat2t Ubuntu HIE2 2% 0 A2
2e| HHEOoP =L

—_

d2iL, Linux2 Al2stAS 2&35tH2tE NGS
GIO|ef 2AM0] At

o{&ECt. BWA (http://bio-bwa.sourceforge.
net), SAMTOOLS/BCFTOOLS/HTSLIB (https://
www.htslib.org), GATK, SnpEff (http://
pcingola.github.io/SnpEff) E£= ANNOVAR
(https://annovar.openbioinformatics.org) 7}
AIEREH ZIJ1Ho=2 BEDTOOLS, VCFTOOLS,
CROMWELL 50| ZR35Itt 2ZEQ0{e] HX|
O|2l0f CtYet SME 25 O[sli5t7|= i O F
Ch 2= 22RE= AFEAPF 248t 2+ (vCPU,
VMEM, DISK)Z Docker (https://hub.docker.
com)E OSZE AHSsotCt LEHHQl AHLkM 7t 2
HHoz AZE SIES0f AHE &Eot= U

=2 o — —_
Dockere= OSE image It 2 st 0 HZ 15

o1

StCt Dockers 2 OSO| |7t &0, ES4E0
X2 = dockerimageE & (instance ‘&)
=20 At 2O, 67|10 NGS H[0[E] &4
%‘ ot 2= ATEQI0Z 0|2 4Z[st1 20|
SICE. https://hub.docker.com O GATKE
Holf 2™, B2 AFRS0| ChYet LinuxE AHEst
M E22 A|2tE S/ images LHREE
t2st 71 QUCH Broad Institute?| Terra

docker imageE AM23ICH.
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Apache 2.0 2t0|MAO| A GATK4S| BSD-3 2}0|
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AE O WDL O 2 A& Workflows Al
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St docker imageE Container RegistryOf| &2
E5IH VM instanced|M URIE &35t0] docker
imageg =AM Al 7t Ut 7742 4

St Google CloudoilA 244 St32 APIZ S35t
01 Z0H €A sHZ0| =4l APIs & Services O
0| 017t lifesciences APIZ ZA15H0] &435t5}
0 ARRE 471 QUCH APl= AH9o| &% Google
StorageOf|A It Q| ZA, 24 Workflow?| &3,
OUTPUT LS| =AL, S 29| By 5 At
A0l S Chlstot.

AUZEFHA|Of thet NGSHIOIE
, AMAHez 24 HEHI0IE
(Petabyte = 1000 Terabyte) 0|2t Of| A&t

271 ALt =2|0f U= MUS ZUHE HdEol7 | =

Ol 1@l 1 B2 HO[EE Ay & Us £2E

SAMHE A& 7|2 SO B

AL H25t710ll= 275ttt HALALe] 20|
810]= ClIO|E{0f| CHoto 2 4~ Si8 &2t OfL

2f, 1 %2 CI0|eE Y Ch22 & 2ot 5=
HEEME felctn 2E d= A2 =7hssttt
0 A4Sk 2~ QITH O|2{sh 24| M) Cist s 2E 2
5H0] 2rRL |, UK Biobank, 2|2 A0|0|2| HE
S22 25 22RE 20N 377 EICH NGS G
Ol EEMZ QoM S2REE AHESt= A0
YLIStEICH= 2|0|7} ECt

Ofzetez 2R20|M AHZ8 Google Cloud &
ZoM Exome 2 Genome H|O|Ef &4 WDL
workflowe http://dnaseq.exome.kr & http://
rnaseqg.exome.kr Ol A ZHCHSH HE S CHR 2
£} 7tsstot.

VM Instance
Cloud Storage
Linux
Docker
WDL Workflow
(GATK)
BWA APls
HTSLIB
GATK
SnpEff FASTQ
BEDTOOLS Referen.ces
VCFTOOLS Annotations
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Users
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TECHNOLOGY TREND

Ion AmpliSeq SARS—CoV—2 panel& ©0]-&3t
A =1H9 vlo]2|A 2] Whole Genome Sequencing

Thermo Fisher Scientific
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StZ|2t SARS-CoV-2& A|&2 02 HO|HO| ¢ CoV-2 A 99% O|AE ILetst= 2477
|1 Qlom o|of w2t BiAlo| 50| 2{5tE 2 ampliconZ} human gene expression controls
27t QUCt 2020 12¥, 9= 2HZE2 42| K Ql 57§ amplicon22 FA%|H. 1-10 ng?l total
IHO|Z Y2zl Z2LH9 HO|F B1.1.78 B RNA E££& 5-10 ng2l <DNAS ARESHCE lon
St Ol 7|2 R2LH9 Hio[A LD 24 Torrent2| CHEAQI ZEMICH A|ZAQ! lon S5 &=
O] O =Lt Y¥a{A QUCH A WHO, CDC, = lon GeneStudio S5 AI2|20|ME= (DNAE &H|
HAD &2 4 Uiyl 221419 =2 HO| BIO| < lon ChefZ 20|E2{2|& A522 Bts = U
2AE VOC (Variants of Concern), 242 &1 OO0 template 2H|2} 2 2L T JFSEICH A|RA
24z 20| 7|Er B0| Hio|2{A &= VOI (Variant of 0l £0{7t= lon 530 chip& & H0j| 15~207 &
Interest)2 2F5tH 202149 58 31 7|& F& A€, lon 540 chip2 60~8071 ZAE SAl0f &
alt HPOIHA HE L e HO[= of2H Bt ZCt Mgt 2= QUTH 2020F0] SA1E 2|41 MAts A1A
(WHO, Tracking SARS-CoV-2 variants, https:// M@l lon Torrent Genexus integrated sequencer
www.who.int/en/activities/tracking-SARS- = HIO|HA RNATHZ2H (DNA SHARE 25
CoV-2-variants/) NGS HEE S22 et 24412 2t 24

S| ZENA| gtz 4 ULt of Bl run2 2 1671
AZ7EA| LRl HO[Y M2 BHo|gs 2 BAHE SA0 Mg 4= A2, Genexus2| GX5
T solgh 4 Q= CYHEZAQI WS NGS (Next chip2 3270 ZA7IA| 7+=31Ct. E£5F Genexuss
Generation Sequencing)0|t, M2 I|M= 22 ot Al2FS &[0 NSt 25 SO 22t 7156t
L}19 BFO|2{ 29| Whole Genome Sequencing= O Z|CH 410 LE=O] A|2E S AlRHE = A7 T2
Z|5t= lon AmpliSeq SARS-CoV-2 research Off AA|E 8714 440 23 runstALE 167114 2tH
panel2 MEUCH O] I 30kb HE=Q! SARS-  rundt= & HAMIC| 4E0]| 230] 0|88 4 ATt

E WHO label =@ 0| 0|22 2| Spike Protein 0| 5% WA

69/70del, 144del (-484K), (S494P), N501Y, A570D, D614G,

o Alpha P681H, T7161,5982A, D1118H, (K1191N) United Kingdom
D80A, D215G, 241/242/243del, K417N, 4544, N501Y, .
B.1.351 Beta D614G, ATO1V South Africa
L18F, T20N, P26S, D138Y, R190S, K417T, £434K, N501Y, .
P.1 Gamma D614G, H655Y, T1027I Japan/Brazil
B.1.427 Epsilon L452R, D614G US-California
B.1.429 Epsilon S13l, W152C, L452R, D614G US-California
B.1.617.2 Delta TI19R, (G142D), 156-157del, R158G, | 452R, T478K, D614G, india

P681R, D950N

H 1. F2L}19 HIO[ A2 S (spike) RMAL HY
HO| HIO|HAE 2F. 2= = YR0M ZAE = 32
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TECHNOLOGY TREND

Up to 16 samples can be multiplexed on 2 lanes of GX5 chip in a single run on Genexus Integrated Sequencer

Nucleic acid
sample input

Automate cDNA synthesis, library
prep, template prep, sequencing
and variant analysis

1-10 ng total RNA

1 ng cDNA input per pool

321 1. cDNA GHAMEE £|F 2|ZENX| HA| 2t™o| XtSstEl g st
NGS A|AEIOl lon Genexus Al 214 2] SARS-CoV-2 research panel A| 2

124 2= lon Torrent A|ZMOfl= lon AmpliSeq
SARS-CoV-2 research panel2 {Ist 3719 A
EQo7t R22 HS=HAts 24 = 7Hsstet. 7|
& mappingZt variant calling & SnpEff, IRMA,
TRINITY 37H2| plugin 2TEQ|0{2 212} SARS-
CoV-2 HIO|2{A B10]Q] annotation, consensus
ME A de novo assemblyZt 7Hs3ICH Ol & S
O, SnpEff ZM0|M= FAA| F7[ME2| HO|
QF Of0[ A HO| 2T} A Z =22 HO[Y HHO0| 2
A OEE JtsotC,

MEZ T ME SARS-CoV-29| 4 Of7f #0|E A
£% 4 Q= Real-time PCR probe®t Sanger
sequencing= 0|8%t ZE2EEZ S FHA} HAHE
sequencing® 4 U= primer S8 3745tCL.
J2{Lt Bio[2{A HO|Ho| Cist 227t ZOHA| 12
Yo ghdsr HO

=
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Genexus Integrated Sequencer
lon AmpliSeq SARS-CoV-2 Research Panel

200 bp sequencing using lon Torrent GX5 Chip
« Up to 16 samples in a single run using 2 lanes
+ Up to 32 samples per chip

View variant report in the Genexus Software using:
= Covid19Annotate SNPeff plugin

« IRMAreport plugin

- AssemblerTrinity plugin

A xol 55,
Torrent A[EME 0|2%t lon AmpliSeq SARS-
COV-2 research panel2t g2t AT EQO{ =2 bt
Ol2A AJZE0] HZ0[AHLE NGS AHAI7F X Z¢!
e AR HRASE AZLH9 AEHO| H2A
o=F Y &= U= dot s=HO| £/ UCH4]
[51[6][7]. At 20l Y29| ODtLIA| S-S

H2 lon Genexuss =2
SARS-CoV-2 Gamma HO|
CH8]. 25 58 MAKO Medical
COVID-19 AlFE HEHY 755 F552,

_T'_l

ool xg

A|
o =10|=
= %‘I-O|o|'
o
(-

2|C) 2 200 7H ZATR| ARAS AHE S 3
CHO). R2LH9 Al 0} HIZ 2l 43
OIZ AN FZ2 HIO|2AA MAIZH 24 T|8to)

T T =
HSAHAE +Eet ARlZE 7|2 A0|Ct.

8 Technology Trend | lon AmpliSeq SARS-CoV-2 panelg 0|83t 3 ZL}19 HI0|2{A 2] Whole Genome Sequencing
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Thermo Fisher
SCIEMTIFIC

COVID19 Annotate SnpEff Results

FEA#R'E}J ERFAF'[;}‘ H':'_:‘,':,';g ANN[LHGVS_P ANN[:] EFFECT

241 C© T ENP Homozygous orflab  QHD43415.1 -1 c.-26C=T . upstream_gens_variant  MODIFIER 0.093397 14478 21056

34 C T ENP Homozygous orflab  QHD43415.1 1 c.TOC=T p.Leu2TPhe missense_variant MODERATE 0.997481 146577 52444
| 1058 c T ESNF  Homozygous orflab  QHD43415.1 1 C.7e4C=T p.Thr2glle missense_vanant MODERATE 0.995993 145582 5D44l

3037 © T ENP  Homozygous orflab  QHD43415.1 1 c2772C>T p.Phed2dPhe SYNonymous_variant LOW 0.810048 148233.8 4D4ﬂ'1l

Tan G A SNP  Homozypous orflab QHD434151 1 c.TOBEG=A p.ValZz336lle mizsenss_vanant MODERATE 0998933 14535 4742
11918 c T ENP  Homozygous orflab  QHD434151 1 c.11651C=T p.Serd8ddleu mizsenss_vanant MODERATE 0.092401 14631.4 32826
14408 C T ENP  Homozygous orflab  QHD43415.1 2 cl144C=T p.ProdT15Leu missense_variant MODERATE 0.923933 141048 4245
23403 A G SNP Homnzygnus‘ QHD43418.1 1 c,1841A>G missenss_vanant MODERATE 099294382 14731 67682
25563 G TSNP Homozypous ORF3a  QHD43417.1 1 cATIGT p.GIn37His missense_varant MODERATE 0.999438 14761.9 88412
28608 © T ENP  Homozygous N QHD434232 1 c3330=T P-Tyri11Tyr SYNONYMoUs_variant LoW 0.997935 148801 12054
20178 G T SNP  Homozygous N QHD434232 1 cH06G=T p-Pro302Pro SYNONYMOoUS_varniant LoW 0987983 148718 22220

T2 2. cDNA SHAMRE| %5 2| ZENX| M| 2pHo| xtsstEl gt
NGS A|AEI9l [on Genexus A|#A2] SARS-CoV-2 research panel A2 A 2 S &,

i)

[1] Eric J Haas et al., The Lancet 397, P1819-1829 (May 2021) Impact and effectiveness of mRNA BNT162b2 vaccine
against SARS-CoV-2 infections and COVID-19 cases, hospitalisations, and deaths following a nationwide vaccination
campaign in Israel: an observational study using national surveillance data.

[2] COVID-19 Vaccine Breakthrough Infections Reported to CDC — United States, January 1-April 30,2021. MMWR Morb
Mortal Wkly Rep. ePub: 25 May 2021. DOI: https://www.cdc.gov/mmwr/volumes/70/wr/mm7021e3.htm

[3] https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/959438/
Technical_Briefing_VOC_SH_NJL2_SH2.pdf

[4] https://thewell.unc.edu/2021/03/19/tracking-sars-cov-2-variants/

[5] https://newschannel9.com/news/local/baylor-school-lab-uses-new-machine-to-detect-variants-as-new-cases-
detected-in-tennessee

[6] https://newschannel9.com/news/local/baylor-school-lab-shows-evidence-that-covid-19-vaccines-help-combat-
variants

[7] https://www.washingtonpost.com/graphics/2020/national/genetic-science-coronavirus-outbreak-iowa/
[8] https://www.nikkei.com/article/DGXZQOFB111STOR10C21A2000000/

[9] https://www.globenewswire.com/en/news-release/2021/05/13/2229380/0/en/MAKO-Medical-Forges-Partnership-
with-the-CDC.html
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202143 28, 2= NX0] P.1 W0IE0 Genexus System8 AmpliSeq SARS-

CoV-2 Research PanelZ SOIC|USLILE.

Z1f 20J/501Y.V3(P.1 &€&)2| SARS-CoV-2
T missense variant 227, synonymous
variant 107}, intergenic region?| variant 3
7, frameshift variant 174, 212|2 in-frame
variant 17H& Z&5t0{ & 37712| H0|E 714
2 A}sUC A0i0|3 HEAES FHSH= S
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NOTABLE RESEARCH

Paternal leakage of mitochondrial DNA and
maternal inheritance
of heteroplasmy in Drosophila hybrids

215 ¢l

Mol = A

O EZE2|0f DNA(MIDNA) 242 2& O|0|A HA|o|Z2Lt, £3] ZHRIAE AAHEL A1 2IZFH A2t
1 A=0hE ot 20 mIDNAE 2A46l0Fste &8, 1 S0ME 29| 0| @37t 25t 2
A = Z LF0IM 371 0142 PHP (point heteroplasmy)ete AR =22 2 2

Ol THE heteroplasmy?| HIE = M| SJAtS] UM OHZO[Lt A|HIHZ0|0], 2=t HSE O
criteria?t U= A= OFLCt Heteroplasmy2| &/ 7|ME somatic mtDNA mutation, & 24E0]A
paternal leakage, heteroplasmyE 712 Z2A|28H R & O 71X|7F HA|=/D JUCEH O SOAM=
paternal leakage® @It heteroplasmy?2| Y-l BIE=of A5t 7Hgo| AHA SHE AAIS ==20] U0 &

WSt At S,

HAt=2 22 MU (P generation)Of|A 47tZ| CHE Bt Q| 2It2|E WBSIRACH 27FA| D. simulans (Zf2f
sil2f sille] mitotypeg 7t3)E LA 2, 27tA| D. mauritiana (22 malZt malle] mitotypes 7t3!) £A|2}
Wbfsto] ofeff Hef 20| 47tA] &332 BHSRUCt




1 24A 0/5/5 4/4/4 - 0/3 0/2 -

1 24B 19/41/43 5/5/55 0/6 5/17 9/13 5/5
1 24C 0/2/2 0/0/0 - 0/2 - -
1 24D 0/33/34 5/5/33 - 0/15 0/15 0/3
1 24E 1/34/37 5/5/35 0/3 0/9 1/20 0/2
1 24F 1/1/1 0/0/0 1/1 ; ] ]
2 22E 9/66/66 10/10/86 3/13 3/20 3/30 0/3
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2 221 0/6/6 8/8/8 0/5 0/1 . .
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Total 32/602/640 129/129/702  6/168 8/196 13/192 5/46

4712 2 CIA| D.simulans 224 £ D.mauritiana =242} WHIA|ZCH O{E 73|l = WHjol| ATHSIS
COZ 7t AF EIYYE A= &O[SICt, 0| 2HEES 2F 20T 43]4] Al5t)], £ TAl 2A HH (very
young, young, old, very old)0f| 2 471Z| F1 &Z0| Z2ZH5tA =IC} simulans x mauritiana wBl= 7t
M) dAHN =2 +AS YASICH 2= F1 £AS OB S B2t 2= F1 2313 o2 2 20|

D.simulans (PMICHS| D simulans@}t CFHE mitotypeg 7+2!) 2t mBHSHSCY

- 0

KSGD NEWS FORUM | Notable Research 13



si; mtla ma; mt2a
P
Fa
F2
o2 =01, F1 Y& (sil x mal)2 sill YEiAFS 7t
2 22 wHHAIAH, F29| heteroplasmyZt £2 0f
L Z20|M =R AEE 4 U SEAUCE F1 220

RACH F2 MTHE 22 =,
Z5tF L. heteroplasmy
= SSP-PCRZ A|SH3IH 20 mitotype & primer
sequenceQP I 272 & =201 ASeth R

O|g¢t 70| 230 S22 7HE T4 7, 5
A2 2HE 71 37| HAHS) HE | 2tel 2
712 H| S AlSHotCt 7HA 4 7+ Bl ofA
0= 5 7HA| 7} heteroplasmic®! B2 S 7HA
£ heteroplasmic2 2 ZtZ5HACt

02| WHIE AA|

6
F12t F2 25 Oj|et20

Ohu
oII

;RHI

r|o

20 MCH(D. simulans x D. mauritiana)O{|A 2474
O WH{7} HS 5t (14| A Q1 &Z THE 2  T| O] A|

H 2tR) F1MICHO|AM 7020t2|2] 4741t 6400}2| 2
AN HZ2 AUCH F1 LZH2 5.3% (32/602),
100% (129/129)0{|Al heteroplasmy
H0o| H-0f| T2 heteroplasmy2| g4 Bl of
S E3CHp<2.2+10-16). 7tAHIE &S
ol T2 20|= SUACHPp=0.7946). ¢ 24
g A Y2 heteroplasmy &4 HIE S
Aot Ao, 7HA(2A)of| T2t Rolet 2[0[& &
.99%10-5). 7I% =2 heteroplasmy 244
g2 B0 7S tHd22 AI-lst 271 FA{01|A,
2He] AHO| S/tL+=E heteroplasmy YAE
O] FolstH =U=Cl(p<0.00069), very young
=0 M= heteroplasmy 2440 0HO|AULL very
old A0 M= 2 progenyOflA heteroplasmy
£ 2

_E
J

>§9 R

1
—
ko)
N\
(@)
©

F12| 2& heteroplasmy? paternal leakageO|
M 7|15t BtH  F29| heteroplasmy= paternal
leakage®} maternal inheritance & 72| 7|
oz g £+ 8= #X) F1 A=
D.simulans (sil)4=2d2} SWHHA|ZCE 10742
heteroplasmic F1 Z7tA2F 107H2] homoplasmic
F1 2HAIZE QAL HUBiZ 2F ZHA 0 390 74
Aol F2& LACHS 780 Ot2]). F2 7HAIE Ch4d
O 2 7tA| Y heteroplasmy 2A&0]| 20|77t Q=
A| ZAet B, 7HA|Of et F22| heteroplasmy
L BT ®OSHA A0[HdE & &+ UASH
p<0.000099). =ZA|Q
7t paternal leakageO| F&= O|2[=A| M
St Z1t, homoplasmic F1 2X0A paternal
leakageO] 2|5t F29| heteroplasmy 2t440] 9|
StA| ol EetE o & UAUCHP=0.00009).
F29| heteroplasmyZt P 240f 2t EHA4E9
Z10[7F U=A| 248t 22t Foloh 2{0[7F AAUCE

=

—~

heteroplasmic AtEH

14 Notable Research | Paternal leakage of mitochondrial DNA and maternal inheritance of

heteroplasmy in Drosophila hybrids



(p=0.000013). F1 24|2| heteroplasmy state
QF F2 A1&=2] heteroplasmy 2/ BI&=&= hetero/
homo F1 20f hHZ 2t0[7t §IA LM (p=1), Ol=
homoplasmy F10|2t11 42t E F1 240] LoD
0[5t2| paternal mtDNAE 7HA|22 0|, FM|CH=
5128 AIAFSICE Heteroplasmyl| 24 &
| paternal leakageZt SZALHQIR| E4
F2 70A|1E M2 M (pooling) 244
Off F0|7t SIARIBHp=1), 7tAH| E=2
Mot AL, ZARXE heteroplasmyS 7+ 74
0l M paternal leakageO|| 2|St heteroplasmy
0| 7[5 =UCHP=0.0299).

> o
o] [url

it}
w rr

—_

Hr M
c

[|_|II

2 H0IM heteroplasmy ZE&E2 7HA0f T2t
FOI5HA 210[7} HHCh= Z41}, heteroplasmy 244
£0| =2 7IA/0f paternal leakage?t maternal
inheritance 7|20| & C &0{SiCt= S & -’,E
UAPCE 0|AHE 7 HE20| heteroplasmy &

= ZHTCE HS AlASIH, =8 Al At
=2

O_T_OI

=4S Ofots 2hy0| F22(7t oftet=s dS
AlAFStEt. O & S0, 4 YAl 2|9 HF0|

Jtet42 paternal leakage?t o BIEHEHA 2t
CA2H, O[Ho| AtHE ez of CHE o
OME =Yot LE0| BnEQUCt Ol Ofit=
uniparental transmission®| 20{st= KX At0]
HMERHOIZ7} £2A 7| IjR20|2} M2t=ICH 7|=&
O] 2I0t2|Z 08¢t H|et HAS0M &7 —?—
0| 2222tz A20| U/U=, 7HAIE Z2lst

) o 2142) 43 2 Hmer AIEIR] Tho]

—I.J ruN' oN

i

_l,:_l

LS AN

20| L} 2102 M2t

ﬂJE Yy

=l heteroplasmyZt Z|
2 M2 dE==A(0 Chsl HA=
‘strong heteroplasmy’?t ‘weak heteroplasmy
o & 7tA| £40| ZAffstctl 7ty st=4, F10
M 222l heteroplasmy origin2] D.mauritiana :
D.simulansZt 1:1Q1 Bt F20{|A4 11 H|&0[ 1:32
2 MEx(7| WFZO[Ct. O|2{gt ‘strong’ THEIO| 7HA|
2 heteroplasmy Ef4 EIE 2}0|2} 20| o0,
Ct2 =&O0|M A|AISH nuclear genetic contents
O| I =8H 9l epigenetics 7|0 ﬂFOﬁF Ho=2 M
Zt=|C}, St heteroplasmy 2HAE0| 52 7HA9
JWA[7F 37FA| O]l mtDNAZL] heteroplasmy%
LIEH 7tsdS AlAFSHRICE

=2 e =042 7HA 0 T2t 2F6te 2H =0t
2|0f|A IDE 20510 BEAMSO 24 (Y =2 2t

7|12 A0l HI3H & § Relst 2UE ¥E & U
QL E ol dH2H o 2= SSp-pCR &
F10{|lA At 720 heteroplasmys =2
(suspicious false negative) HEHAT} Z 2| Q4%
Ct. 20| 2+75t1, 664 19| WHHE A|&listL
2,162 Of2|e] zOt2|of|A| AHHS Z F0{5t0] 7
ot A3} IF 3.9982] 240 A== HE O
ot oA ZtLtst ARAS0A =282 S
LT AL EoH, 2 AT A LY HAM
O A mtDNAZ 3ljAlSH= o 21
2342|903 PHP ELZ|0f|A] ¢
_/F

=2
AN =/ =
Sl W =7 Y2 &4s| 20T A

mo A JHU

u

RN

e

1. Polovina ES et al. Paternal leakage of mitochondrial DNA and maternal inheritance of heteroplasmy in Drosophila
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[HIEH]

Clinical and Laboratory Standards Institute, MM17 Validation and Verification of Multiplex
Nucleic Acid Assays (2nd edition) https://clsi.org/standards/products/molecular-diagnostics/
documents/mm17/ (Update 2021. May)
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LU0 2H|C|7H 2[AMATH : Dow Biomedica is a market developer & distributor
of in-vitro diagnostics products. Through partnership with global leaders, we are
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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. »
20|t 2|0t 2|AkIH: There is a dramatic ‘DNA revolution’ happening today and
Illumina is leading it. Our technology and the solutions we continue to bring to market
are transforming our understanding of the genome and will ultimately transform
health care.
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NGS& ZIEt A|2(DxSeq), @& ADNA =& S (DxTube)

Cloll& e %) 20] Zhafeh= AR MA (Liquid biopsy)S S¢t TITH |Hol| F28t0] AHMICHE 7| A
GEM (NGS) 7|Ete| HIQIHE AlokS kst UELICH 3420 €3 2 F2 DNA (ctDNA)
S A7 e RHH| 7| & H2FS HIE QR JHUE A/ Sl EM T2 S Sl 22 HetEo|
A7t RIS ELICE Sy ctDN S 2M3t0] 2o 7| ZITt Y o FTIT0| 7hsS M TITkA|et
3! AR JHErS TIgst D UELICH
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BRCAaccuTest PLUS / HEMEaccuTest / SOLIDaccuTest / NGeneAnalySys

AHHO| 2= " 15 1020f] M2 RTARZOFATES 0] Ao 8 TS S
S| ALO|H, CHAZESI NGS 7| & iEfat ZE S 7|3 = ohHio| 2 SLIT HE 21 S0| & Aol
TS SHITIEHE0F SO M mapdat o H0| YSE KTIMZ0FEITHAIof

E M3t AFLICH

EfT2|4 / 2lopxt

OtAERHAUIZH= HM XIZH|7E S55HK] Rt X X 22| 31 Flo1g, StxtSol 42
HIIA| 7= 2lofF2 MIS3H7| 2I8l aHetx S F75H= 22 0|2 MBI ArLITH Al
7Hel =g HetZopel o, Mgt 8! MTITHAF ZEHCVMD), J2| 1 57| @et Ot |2} Xf7HH
SEe Y 9l M netEe S| K ZHel &2, Y, SS0 HE D ASFLICEL ZE L9
Flof 2sto| U, Li2|= BE 2Fo 2tehe MIS LT ok XA LXK gb2 2ol =
Hota SHAIE 7| 2l M= S ot O =2t M22 28 FLICH

= ARG ROIM = 1370 B0IM =L EX| 2l HASAH KEYTRUDA & BESI AU

SafeSEQ (Ultra-Sensitive NGS Liquid Biopsy Technology)

AABIA(Sysmex)= M| ZITH Q| 2| U RTINS K|S st 2R HIAE, MAIA 2 H

AL ofgt 20FS MEshs @AH|0] S|ALCE Y2 TH|of| 2AtSE £, 1700170 2710 HIZS HMS

St QUCE A|AHA T 2|0FHSysmex Korea)= 2013 42 2E 20| A A O = AFA S FIH

SHI1 QUCH Lol 22 Q| 27| 2ol ZITHE AL 2HA 7|7 S A2 SEotn ACH, S| EAHAA
o

ZOME=E S 2 0 HRE No. 12! HH|Z, AA7|0] Z0k| 2| Mol 27|=S RISt T,

FHIOIR2MIZ2 PCRE 7|8t 23H= MQATIEHE Q|2 7(7|5 JHE 3 MArsiH Chefst £
o2 FYE 70070 MF0| ASLICEL SA HE2 T, HEY, REEE, HLA typing 22 H|
E0p iy 2 d ki M2 T HES N, M Eshks TR Q7717

|
NHI2, 97 5 BE LE014 IHBIE| Jrf3HS 00| JKI2 AT UOH GMP Z2AA
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0|H| cobas® 6800/8800 system 2 £235}0] X} 55}
SARS-CoV-2 & Influenza A/B ZAIE ZIsisIA! &~ Q=L |CL.

Discover absolute automation of SARS-CoV-2 & influenza A/B virus
detection with PCR on the Molecular Work Area

L—L. .

cobas® SARS-CoV-2 & Influenza A/B

Accuracy
o A5t EZEl SARS-CoV2 ORF-1a/b 2F
E-gene Region targetingstdd Influenza A/BS

EA\| Qo= =S RISHEh|C

Hands-on Time
8hr c

30| Zich Sieie £3) ZALE HAE 4 9l
3l

o

SEe]

Z|C 8A[ZH] Q13 JHR) 910] ZHALS TIEEt =
QI&L|CE (cobas® 6800 System 7|Z)

O== od

Specificity m
/

Throughput
viviIv
... Negative, positive 12|11 internal control & 384 results - cobas® 6800 System
Sot0] TH| ZAL IFES TIRMFHLICE 960 results - cobas® 8800 System (8A|Zt 7|Z)

OIf|E| A|AEIS [Hl2sto H B2x| ool
_El_ﬂglljl:_l_ S MBUCRM ol 23 RS reagents 2} controls 2 H|2&tC 244 Z1to|
At 5 L o) A

= VariationS £| A3} H_|C}.

.. Simplici
Contamination control R
- (: AR H RHAQI0| HEZ AtE 7S

SR AXIEHE) cobas® 6800 system, cobas® 8800 system H|2| £90! 15-10875
- bas® SARS-CoV-2 & Influenza A/B &|2| 45| 21-115&
SEHA| L 5|2t 2] 2l =) cobas S
MBSEA T HiEI= 1082 22 MPLE 45 (2.06174) cobas® SARS-CoV-2 & Influenza A/B control Kit #|2| 25| 21-1155
TEL. 02-550-1212 FAX. 02-550-1218 cobas” Buffer Negative Control Kit ®|2| 441 15-9225

O

MC-KR-00584



iontorrent

The Genexus System
HMMA X = X3 NGS A|AHI
& 8ol =& 1022 hands-on time
£ TH|RH 2|ZE ZM7HX| Tk SHFE Lo 7ts!

o

oz 4y

lon Torrent™ Genexus™ lon Torrent™ Genexus™
Purification System Integrated Sequencer

=
-

o Lysate from FFPE tissue Automated nucleic acid extraction, Automated library preparation,
e Plasma purification, and quantification* sequencing, variant analysis, and report*
e \Whole blood

Peripheral blood leukocytes (PBLs)

Lysate from fresh-frozen tissue

Lysate form bone marrow

Find out more at thermofisher.com/genexus ThermoFisher
SCIENTIFIC

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



One sample. One application.
A multitude of tools to

uncover an answetr. Sequence
NovaSeq™ 6000 System
Illumina offers multiple tools to support « Simplified workflow reduces

hands-on time

« Scalable platform to meet
demand

* Proven lllumina SBS*
chemistry drives genome
and exome analyses
worldwide

a sample-to-report WGS workflow.

i!alyze, interpret, and report
« Comprehensive rare variant calling
powered by the DRAGEN ™ Bio-IT

Pw
« Intuitive variant annotation an

filtering with genome-wide
visualization

* Simplified interpretation, curation,
and report generation capabilities

Prepare library

Illumina DNA PCR-Free Prep

* Fast workflow takes ~90 min

* PCR-free chemistry minimizes
coverage bias

% * Broad DNA input range: 25-300 ng

*SBS = sequencing by synthesis
For Research Use Only. Not for use in
diagnostic procedures.

Why adopt WGS for rare genetic disease?

Performing WGS with next-generation sequencing (NGS) provides a comprehensive view of
the genome, enabling simultaneous assessment of many genes. This information can help
identify diverse variants of genetic disorders.

Superior diagnostic potential Decreased time to diagnosis,

WGS demonstrates the highest diagnostic decreased costs

yield, compared to standard of care,” in multiple WGS has been shown to decrease time to answer

patient groups '#* and cost of care compared to iterative testing "2
Comprehensive variant detection Broadest analysis of the genome available
A single WGS test can detect small variants WGS enables the most extensive analysis of the genome
(SNVs, indels), CNVs, mitochondrial variants, in patients suspected of rare disease, including coding
structural variants, repeat expansions, or noncoding regions or coupling with epigenetic or

and paralogs ' transcriptomic evaluations

*Standard of care testing defined as karyotype, microarray, gene panels, whole exome sequencing

*SNVs = single nucleotide variants, CNVs = copy number variations

WGS use is becoming more prominent in clinics worldwide as evidenced by Rady’s Children’s
Hospital, National Health Services (NHS) in the United Kingdom, and the Karolinska Institute in
Sweden. It is being used to make strides in population genomics through initiatives like All of Us and
the Million European Genome Alliance. All to improve health care today and tomorrow.

Learn more at illumina.com/raredisease

1. Lionel AC, Costain G, Monfared N, et al. Improved diagnostic yield compared with targeted gene sequencing panels suggests a role for whole-genome sequencing

as a firsttier genic test. Genet Med . 2017; Aug 3. doi: 10.1038/gim.2017.119.
2. FarnaesL, Hildreth A, Sweeney NM, et al. Rapid whole-genome sequencing decreases infant morbidity and cost of hospitalization. NPJ Genom Med. 2018;3:10. doi: 10.1038/
$41525-018-0049-4.
3. Lindstrand A, Eisfeldt J, Pettersson M, et al. From cytogenetics to cytogenomics: whole-genome sequencing as a firstline test comprehensively captures the diverse spectrum
of disease-causing genetic variation underlying intellectual disability. e e Med . 2019;11(1):68. doi:10.1186/s13073-019-0675-1.
4.  Clark MM, Stark Z, Farnaes L, et al. Meta-analysis of the diagnostic and clinical utility of genome and exome sequencing and chromosomal microarray in children with
suspected diseases. NFJ Genom Med . 2018 Jul 9;3:16. doi: 10. 1038/s41525-018-0053-8.
5% Splinter K, Abrams DR, Bacino CA et al. Effect of Genetic Diagnosis on Patients with Previously Undiagnosed Disease. ) i 2018;379(22):2131-2139.
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[Pan100 & TMB 500]
Optimal solution for cancer detection using ctDNA!

DxLiquid provides a comprehensive analysis genomic abnormalities for the detection of
multiple cancers. The panel incorporates SNV, InDel, CNV, RNA-fusion, Microsatellite
instability (MSI), Tumor Mutation Burden (TMB) for a complete coverage of cancer detection.

Dxseq

Magnetic Circulating DNA
Maxi Reagent
[REFowcos  24Reacions

CYNETS7826

Product Information

Validation conditions
HER2, EGFR, ALK, KRAS, NRAS, BRAF, Product Pani0o0 TMB500
Core Genes BRCAI, BRCA2, KIT, PDGFRA, IDH], IDH2

MYcC(C-myc), N-myc(MYCN) and more sample 30ng 30ng

Sequencing 20Gb 120Gb
Depth 20,000x 35,000x

‘ Non-Invasive Ve High value biomarkers
A LOD AF < 0.25% AF < 0.25%

DO towinputbna L] Robust analysis Platform NextSeq NovasSeq

DxLiquid Platform

Sample Collection N Sample Preparation N Target Enrichment Sequencing N Analysis & Report
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Bl m m =l ¢
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SNP & InDel CNV Translocation MSI RNA Fusion TMB
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DxLiquid Pan100

DxLiquid TMB500

Copyright© 2021. Dxome. All rights reserved.
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BRCAaccuTest® PLUS
Quiet/LhAc HUZICHIj

SOLIDaccuTest™

HLAaccuTest™ ONCOaccuPanel™
ESSESEPEIESEIRIRIE udy guyc e

NGS IHE

HEMEaccuTest™

golor eIty

HEREDaccuTest™

S| Ee YUzt

syHLAanalyzer™
TRIR SISl S8 2 SW

NGeneAnalySys®
NGSHIO|E| X5 24 sW

N GenEB | O 303~307, Daerung Post Tower 1st, 288, Digital-ro Guro-gu, Seoul, Korea (=" [ support.technology@ngenebio.com

www.ngenebio.com

These products are for research use only
NGB-MT-500UAK-20.004(0)-P



DIAGNOSE THE UNDIAGNOSED...

r/;f;- [ le'.‘:ﬁ'. ‘o
WEAl b"“—f\li‘a/v} 7\“{._/”?,;14,‘

DES/WES/DGS

Diagnostic Exome Sequencing/Whole Exome Sequencing/Diagnostic Genome Sequencing
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* SNV(Single Nucleotide Variant) / InDel(Insertion & Deletion) / CNV(Copy Number Variant) / GR(Gene Rearrangement)
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Oxford Gene Technology X
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CytoSure””%

Let our expertise work for you

e Cytocell® FISH probes — a comprehensive range of probes for haematology,
pathology and constitutional applications. All probes demonstrate tight, bright signals
to give you the confidence you require in your analysis.

e CytoSure™ array products — Labelling kits, microarrays and software designed to
offer superior resolution and data quality on the most important genomic targets
across a range of applications.

e SureSeq™ NGS products — an extensive range of next generation sequencing (NGS)
panels and library preparation products delivering unparalleled coverage uniformity
and confident detection of low-frequency variants.

Oxford Gene Technology - we have all the bases covered

A|AHA IR0} Tel. 1833-5366 Fax. 02-3498-5312 www.sysmex.co.kr






— o —
) ricie s
} Korean Society for Genetic Diagnostics

ksgd.org 02-772-9004 ksgd.office@gmail.com 04323 M2A| 845 sHATH = 372 MERLOtAE|2|Z AS 505=



