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B Sequencing
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18,863
949
3,064
281
23,157
14,155
9,002

81.5%
4.1%
13.2%
1.2%
100.0%
61.1%
38.9%
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o« W= 2013 229 E] — 20184 529 &2 (CAGR 19%)
o F9:2013d 149 9] — 20181 402] Y] (CAGR 24%)
. o}AJolElT % 20131 89 Y] — 20181 24%] & (CAGR 23%)

m2012 m 2013 =2018

$ MILLIONS
6,000
5,155
5,000
4,000
3,000
2,000 -
1,000 -
74 93 185
0 - : I
North America Europe Asia-Pacific ROW
. CAGR%
North America 1,720.9 2,171.6 5,154.9 18.9%
Europe 1,068.7 1,360.7 3,973.4 23.9%
Asia Pacific 676.1 830.8 2,358.5 23.2%
73.8 92.9 185.4 14.8%
3,530.5] 4.456.0 [ 11672.2 21.2%

Source: BCC Research, DNA SEQUENCING: EMERGING TECHNOLOGIES AND APPLICATIONS, FEBRUARY 2014
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AA ADA A A - A EE s
o AA A A7 20134 449 D] — 20184 1169 D] (CAGR 21%)
o AA A M B2 A7 20131 209 EE] — 20181 752 €Y (CAGR 30%)

$ MILLIONS ®2012 m=2013 w2018

8,000

7,465

7,000

6,000

5,000

4,000

3,000

2,000

1,000 -

0 -

Sequencing instruments and Sequencing workflow products Sequencing services
consumables

CAGR%
Product Type 2012 2013 2018 1 (5013-2018)

Sequencing instruments and consumables 1,639.8 1,897.5 2,878.9 8.7%
Sequencing workflow products 483.9 570.3 1,327.9 18.4%
Sequencing services 1,415.8 1,988.2 7,465.4 30.3%

3,539.5| 4.456.0 [ 11672.2 21.2%

Source: BCC Research, DNA SEQUENCING: EMERGING TECHNOLOGIES AND APPLICATIONS, FEBRUARY 2014
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e H|=:20134 109 ¥ — 20181 32¢] 2] (CAGR 26%)
. 520134 79 2] 20184 299 2] (CAGR 33%)
o ofx]olE}H ok 2013 39 Ee] — 20181 139] & (CAGR 37%)

4,000
3,180
3,000
2,000
1,000 -
30 42 105
0 - : E—
North America Europe Asia-Pacific ROW
: CAGR%
North America 709.3 996.1 3,180.3 26.1
Europe 489.9 687.9 2,911.5 33.4
Asia Pacific 186.9 262.4 1,269.1 37.1
29.7 41.8 104.5 20.1
14158 [ 1988.2 | 7.465.4

Source: BCC Research, DNA SEQUENCING: EMERGING TECHNOLOGIES AND APPLICATIONS, FEBRUARY 2014
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AA QAR DA A A - Z N E/AEE gmorooen

A7 7R ASFITE A 20134 109 €2 — 20181 139 &2 (CAGR 5%)
e NGS 7]HF A4 e A7 20134 29 e — 2018 492 ] (CAGR 57%)

®2012 ®2013 #2018
$ MILLIONS
4,000
3,000
2,000
1,281
991
1,000 853
511
232
0 - ;
Sanger NGS
CAGR%
Platform 2012 2013 PAONRS (2013-2018)
Sanger Sequencing 853.3 991.3 1,280.5 5.3%
NGS 231.8 510.7 4,853.2 56.9%

Source: BCC Research, DNA SEQUENCING: EMERGING TECHNOLOGIES AND APPLICATIONS, FEBRUARY 2014
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AP ARG A A A - A A o

o AR A1 2013 49 Ee] — 20181 79 D] (CAGR 13%)
o ORI A1 20134 159 EE] — 20181 619] E (CAGR 33%)
o 7R FH A AH] 2 A4 20134 4007 EE] — 20184 49] 2 (CAGR 150%)

®2012 w®2013 =2018
$ MILLIONS

7,000

6,134

6,000

5,000

4,000

3,000

2,000

1,000 -

387
o & 2 2 4
Clinical Research Applled Consumer

=
Clinical 1,085.1 1,502.0 6,133.7 32.5%
Research 272.7 395.4 727.5 13.0%
Applied 55 9 86 8 217.3 20.1%
Consumer 386.9 149.5%

Source: BCC Research, DNA SEQUENCING: EMERGING TECHNOLOGIES AND APPLICATIONS, FEBRUARY 2014
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1. O - 1 =

1
« ek 20134 59 &¥{ — 20184 239 &2 (CAGR 36%)
o« Ejo} 2 Ao} 2~ 8] 2013 59 E — 2018\ 179 =2 (CAGR 27%)
« X5 331:20134 59 7] — 20181 18] Y| (CAGR 29%)

m2012 ®2013 w=2018

$ MILLIONS
2,500
2,265
2,000
1,734 1,780
1,500
1,000
485 526 491
500 - 354 266 443
. - B
Diagnosis Monitoring Screening Therapy guidance
: CAGR%
Diagnosis 356.3 485.2 2,265.1 36.1%
Monitoring - - 354.2 -
Screening 286.2 526.2 1,734.1 26.9%
Therapy guidance 442.6 490.6 1,780.3 29.4%
1,085.1 [ 1502.0 | 61337 32.5%

Source: BCC Research, DNA SEQUENCING: EMERGING TECHNOLOGIES AND APPLICATIONS, FEBRUARY 2014
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NGS Market
CAGR% (2012 — 2017)

W:1620% IN:12-16%
W 1418% [ 14-18% f
B 14-18% 1 :15-20% 13
W 20-25% [B:18-22%

¢ - -
ol TV
- »

Source: Next Generation Sequencing (NGS) Market — Global Forecast to 2017, marketsandmarkets.com, June 2013
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v Research Service

= NGSeq(Next Generation Sequencing) Service
«  WGS(Whole Genome Sequencing)
«  WES(Whole Exome Sequencing)
« Transcriptome, etc.

= CESeq(Capillary Sequencing Service)

= Oligo DNA Synthesis Service

= Microarray Analysis Service

= Geneticalliy Engineered Mice(GEM) Service

v" Clinical Service
= Clinical Sequencing Service based on NGSeq and CESeq
 NIPS(Non-Invasive Prenatal Screening Test)
« Clinical Exome Sequencing for patient
« Personal Genome Sequencing Service, etc.
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« STP H&F (2P X8} !
|
| | | | |
% 8,388% % 939 (1.1%) 4 o g Fdul oA} ]
« 523% 12 — 60% "= | | |
* A7 2051 -500%) S7hy S7hy S7hy

RXN <1000 RXN 1000-2500 RXN 2500-4000 RXN 4000-6000 RXN >6000 RXN <1000 RXN 1000-2500 RXN 2500-4000 RXN 4000-6000 RXN >6000

42 RXNYE 53 <2500 A >2500 A
5 (%)
N=13 N=13 N=7 N=7
Pricing ++ -- ++ --
Free re-sequencing service + - O O
Online ordering system (0] (0] + -
1st success rate + - (6] (0]
TAT (result) + - + -
TAT — tech support + (0] (0]
TAT — business support - ++ (0] (0]
Payment system O O O (@]
Customer service center + -
Technical support & advice +
Business support & advice (0] (0] +
Free Blast/Primer service o o (0] (0]
Free SW download service - +
Purification o o o O
Gel elution (0] o
PCR - +
SNP analysis - + - +
Plasmid extraction - +
16S/18S - +
Cloning - +
++=(10.0) +=(8.0) O=(5.00 -=(3.0) --=(1.0)

e 4 e & F = 5 5w O}A] oA
(%) 24 5 5 o ] H 2R ot of
At A A A} 237
A A} A}
N=20 N=20 N=10 N=10 N=17 N=17 N=6 N=6 N=6 N=6
Pricing ++ -- [e) 0 ++ .- ++ - + R
Free re-sequencing success + - (e} 0 ++ -- ++ -- + -
Online ordering + - - + ++ -- ++ -- 0 o
1st success rate + - ++ ++ -- ++ -- + -
TAT — result + - ++ ++ -- ++ -- ++ --
TAT — tech support + 0 - +
TAT — business support . + ++ + +
Payment system (0] O ++ (o) B
Customer service center O (6] + + +
Tech support and advice + + + +
Business support and advice . + + +
Free Blast/Primer service + - e} fe)
Free SW download - + - +
Purification (0] O - + ++ -- - +
Gel elution (0] (e} - + - + - +
PCR - + - + + - - +
SNP analysis - + - +
Plasmid extraction - + O (0] - +
165/18S - + R + o o
Cloning - + - + - +
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N =20
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AR DA &9 2 AAYE 24 (AARZE VS ZAA A7 T3
< Online Ordering
. 8,8.52
Accuracy/TAT tech BillinaPavment AT result/service 8,830 8835 Pricing
8 584 g‘ { o 48-Hrs Response B2 ¢ 10,823
Tech support Resequencing 1st Trial Success
@ 4,754
Add. service
I & 8717
v TR ERE New Benefit Progr
@ 5,667
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6 pCR‘ 3,6.04
Plasmid extraction s 22 Gel elution

NB SNP ¢ 3 544 @ 5538
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W 18sA4$3RNA
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o
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H
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2

1

0 T T T T : \

2 4 6 8 10 12
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AGE AP 2 A T R A 1

N =10
AN A Fe] RIF ABG RN (RAVSE VS A P4 AEA 5F)
9 m— \‘
( New Benef|t Progr
8 ~—_ & 75018 —
7
6

Resequencing
" Pricing7_10 5 Accuracy/TAT tech

1o Bl e et e A e
M- Add. service
o)
=r 4 ¢ 6204 Techsuppoft
B! Gel elution Cloning
16S/18S rRNA 7603
: ¢ 2703 @& 4QP | #5403 456005 oo s 3
3.70PGR PUrti¢ation Ordeting
2

1st Trial Success 4K IS [RES(PIE e

1 680.1 & o of 71467 tesult/service
BillidgPayment

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

BB AEN 5
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AGE AP 2 A T R A 1

N =17
= H 1=]
AN A 39 Fav] AAHEA ( AR
12 48-Hrs-Respoense
8.29,10 TAT result/sm
0 1st Trial Success 8.65, 10
Ordering
10
Pulfi 8180 Nass 1o
Resequencing Billing/Payment

8 & 7538 ¢ 912, 8—
et \ PCR New Benefit Prg
bo \
xr e
h
o 6
——
~
RO
T Tech support

4 Gelretutien 8.12.3 Accuracy/TAT tech

& [6.88,3 ¢ 606 3841,3
8.29,3 |
5 Add. service
SNP  plasmid extraction
16S/18S rRNA
6.35,0 665,0
0 . ; ; . & 5060 & && 68l09ing ; .
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
AAVEE $2
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e / 1st Trial Success Pricing \
Accuracy/TAT tech 4 10,8.50
8.00 3,8:00 / - 48-Hrs-Response
Npw Benefit Progr Ordering § %81 %;%% TAT result/service
K ¢ 8,7.50 10, 7.50 Resequencing
7.00

N,
$egh6$?,lo ort \ /
PP Billing/Payment

e ¢ 5,583
Add. service
N
A 500 6500
H
N
)
= 4.00
|7.|
SNP Purification
3.00 PCR
0, 2.67
T 0,250 Plasmid extraction
2 00 0-2-00 16S/18S rRNA
' i 0, 1.83 Gel elution
0,1.67 :
¢ 0 150 Cloning
1.00
0-00 T T T T T 1
0 2 4 6 8 10 12
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3 2 AN A B

A9E 334

SEANE ITHF R AT 4

3.00

2.00

1.00

0.00

N=6
= =] =] L= A =
AA T 59] obrlot AP RN (FAA AR 57 VS DAWNSE)
/ \
ew Benefit Progr ¢ g g33 TAT result/service
Tech support &3 800 L
T & 8,783 0. 7.83
Accuracy/TAT tecﬁ 3.7.50 & 5 7.67 Resequencing o 8 7.50 pricing 4]8-Hrs Response
SND st Trial Success
¢ 0,6.67 Add. serviceg 3 667 N —— \ /
L ¢ 5 6.17
) bIUIII.IIg 3, 583
Plasmid extractio 3, 5.67
. . 3,5.50
Purification
Gel elution 3,5.17
PCR ¢ 3 467
0 2 4 6 8 10 12
AR AR 57
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Mu| 2 24 2D AAAL 7 B pra—

kA AA Q] AAAF A B - FEALL A (N=36/93)

1st success rate
140

Free service of SW Turnaround time(result)

Turnaround time(technical
support)

= Macrogen

——seqwright

Business support Free service of resequencing

Agowa
— GATC

Beckman Genomics
=BGl
— AGRF

Free service of Blast/Primer Payment system

Turnaround time(business

support) Online ordering system

Customer service center Technical support
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Discovery of common Asian copy number variants using
integrated high-resolution array CGH and massively
parallel DNA sequencing

Hansoo Park!=*!10, Jong-1l Kim'**1°, Young Seok Ju'*!%, Omer Gokcumen?, Ryan E Mills?, Sheehyun Kim?,
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Extensive genomic and transcriptional diversity identified
through massively parallel DNA and RNA sequencing of
eighteen Korean individuals

Young Seok Ju'2?, Jong-1l Kim'*-59, Sheehyun Kim"2?, Dongwan Hong"%, Hansoo Park", Jong-Yeon Shin'?,
Seungbok Lee', Won-Chul Lee', Sujung Kim?®, Saet-Byeol Yu®, Sung-Soo Park®, Seung-Hyun Seo®, Ji-Young Yun®,
Hyun-Jin Kim'*, Dong-Sung Lee"#, Maryam Yavartanoo', Hyunseok Peter Kang', Omer Gokcumen®,
Diddahally R Govindaraju®, Jung Hee Jung?, Hyonyong Chong®”’, Kap-Seok Yang?, Hyungtae Kim?, Charles Lee® &
Jeong-Sun Seo'->7

Massively parallel sequencing technologies have identified a broad spectrum of human genome diversity. Here we deep sequenced
and correlated 18 genomes and 17 transcriptomes of unrelated Korean individuals. This has allowed us to construct a genome-
wide map of common and rare variants and also identify variants formed during DNA-RNA transcription. We identified 9.56
million genomic variants, 23.2% of which appear to be previously unidentified. From transcriptome sequencing, we discovered
4,414 transcripts not previously annotated. Finally, we revealed 1,809 sites of transcriptional base modification, where the
transcriptional landscape is different from the corresponding genomic sequences, and 380 sites of allele-specific expression.

Our findings suggest that a considerable number of unexplored genomic variants still remain to be identified in the human
genome, and that the integrated analysis of genome and transcriptome sequencing is powerful for understanding the diversity and

functional aspects of human genomic variants.

Massively parallel sequencing technologies have revolutionized
our understanding of human genome architecture. A diverse array
of high-throughput sequencing platforms and strategies have now
been developed and applied to the analyses of the genomes of both
healthy and clinically affected individuals'~”. Over the past few
years, a broad range of genetic variants including SNPs, copy number
Vs) and other structural genomic variants' 41 have
been discovered using deep sequencing. In 2010, a public database of
human variants (dbSNP 131) catalogued approximately 20.1 million
SNPs, and the database of genomic variants (DGV) listed 89,427
structural genetic variants from 38 projects'!. Next-generation
sequencing technologies have also allowed gene expression analy-
sis to provide transcriptome maps at nucleotide resolution!-!¢.
However, only a limited number of studies have analyzed human
genome and transcriptome sequences for the same individuals on a
genome-wide scale®!”

A primary goal of human genetics is to understand the relation.
ship between genomic variants and phenotypic traits. Although
genome-wide association studies (GWAS) have revealed associa
tions between hundreds of specific variants with complex traits and
diseases, only a small proportion of the heritability of these genetic

Genomic Medicine In
| National Un

Rockville, Maryla

Goyangsi, Korea, “These authors cont

Received 17 December 2010; accepted 3 June 2011; published online 3 July 21

NATURE GENETICS ADVANCE ONLINE PUBLICATION.

traits has actually been explained'®, presumably because, in part, of
unknown and rare functional variants. Comprehensive discovery
of the impact of unknown and rare genomic variants on missing
heritability requires unbiased whole-genome sequencing. The pilot
phase of the 1000 Genomes Project has been published'?, but to
gain a more detailed understanding of the genomic landscape of
common and rare variants in humans, more individuals from differ-
ent populations should be whole- genome sequenced at high-depth
coverage. Furthermore, comparisons between genomic variants and
their corresponding transcriptional profiles from the same individu

als need to be performed to help understand the functional aspects
of these variants.

Here we have analyzed both genomic and transcriptomic sequences
from healthy Korean individuals. These include high-coverage whole-
genome sequencing of ten individuals and whole-exome sequenc-
ing of an additional eight individuals. We also generated complete
transcriptome sequence data from 17 of these individuals to explore
the relationship between identified genomic variants and the corre
sponding transcriptome variants. Our analyses integrate genome and
transcriptome data across multiple individuals and reveal extensive
variation at both levels.

e addressed to J.-S.S. (jeongsun@snu.ac.kr)
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Fusion of KIF5B and RET transforming
gene in lung adenocarcinoma revealed
from whole-genome and transcriptome
sequencing

Young Seok Jul, Won-Chul Leel, Jong-Yeon Shin!, Seungbok Leel,
Thomas Bleazardl, Jae-Kyung WonZ, Young Tae Kim3, Jong-I1l Kim%,
Jin-Hyoung Kang? and Jeong-Sun Seol:%

Author Affiliations

* = - -
- Corresponding author; email: jeongsun@snu.ac.kr

Identification of the molecular events which drive cancer transformation is
essential to the development of targeted agents which improve the clinical
outcome of lung cancer. Many studies have reported genomic driver mutations in
non-small cell lung cancers (NSCLC) over the past decade, however, the molecular
pathogenesis of more than 40% of NSCLC is still unknown. To identify new
molecular targets in NSCLC, we performed the combined analysis of massively
parallel whole-genome and transcriptome sequencing for cancer and paired
normal tissue of a 33-year-old lung adenocarcinoma patient, who is a never-
smoker and has no familial cancer history. The cancer showed no known driver
mutation in EGFR or KRAS and no EML4-ALK fusion. Here we report a novel fusion
gene between K/F58 and RET proto-oncogene caused by a pericentric inversion of
10p11.22-g11.21. This fusion gene overexpresses chimeric RET receptor tyrosine
kinase, which could spontaneocusly induce cellular transformation. We identified
the KIF58-RET fusion in two more cases out of twenty primary lung
adenocarcinomas in the replication study. Our data demonstrate that a subset of
NSCLC could be caused by a fusion of KiIF58 and RET, and suggest the chimeric
oncogene as a promising molecular target for the personalized diagnosis and
treatment of lung cancer.
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The transcriptional landscape and mutational
profile of lung adenocarcinoma

Jeong-Sun Seo, "4 112 Young Seok Ju,*'" Won-Chul Lee,"*'" Jong-Yeon Shin,'*
June Koo Lee,"® Thomas Bleazard,” Junho Lee," Yoo in Jung,” Jung-Oh Kim,®
Jung-Young Shin,® Saet-Byeol Yu,” Jihye Kim,? Eung-Ryoung Lee,”

Chang-Hyun Kang, In-Kyu Park,” Hwanseok Rhee, Se-Hoon Lee,"®”

Jong-l Kim,%** Jin-Hyoung Kang,'®'? and Young Tae Kim'""*"'2

"Genomic Medicine Institute (GMI), Medical Research Center, Seoul National University, Seoul 110-799, Korea; 1Departmem

of Biochemistry, Seoul National University College of Medicine, Seoul 110-799, Korea; JDe;:n:n'rmem of Biomedical Sciences, Seoul
National University Graduate School, Seoul 110-799, Korea; "Macmgen Inc., Seoul 153-781, Korea; *psoma Therapeutics Inc., Seoul
153-781, Korea; ®Department of Internal Medicine, Seoul National University Hospital, Seaul 110-799, Korea; ‘Cancer Research
Institute, Seoul National University College of Medicine, Seoul 110-799, Korea; EDivision of Medical Oncology, Research Institute

of Medical Science, The Catholic University of Korea, Seoul 137-040, Korea; gDepanmenI of Thoradc and Cardiovascular Surgery,
Seoul National University Hospital, Seoul 110-799, Koreg: '°Division of Medical Oncology, Seoul St. Mary’s Hospital, The Catholic
University of Korea, Seoul 137-040, Korea

All cancers harbor molecular alterations in their genomes. The transariptional consequences of these somatic mutations
have not yet been comprehensively explored in lung cancer. Here we present the first large scale RNA sequencing study of
lung adenocarcinoma, demonstrating its power to identify somatic point mutations as well as transcriptional variants such
as gene fusions, alternative splicing events, and expression outliers. Qur results reveal the genetic basis of 200 lung
adenocardnomas in Koreans including deep characterization of 87 surgical specimens by transcriptome sequencing. We
identified driver somatic mutationsin cancer genes including EGFR, KRAS, NRAS, BRAF, PIK3CA, MET, and CTNNBI. Candidates
for novel driver mutations were also identified in genes newly implicated in lung adenocarcinoma such as LMTKZ, ARIDIA,
NOTCHZ, and SMARCA4. We found 45 fusion genes, eight of which were chimeric tyrosine kinases involving ALK, RET, ROSI,
FGFRZ, AXL, and PDGFRA. Among 17 recurrent alternative splicing events, we identified exon 14 skipping in the proto-
oncogene MET as highly likely to be a cancer driver. The number of somatic mutations and expression outliers varied
markedly between individual cancers and was strongly correlated with smoking history of patients. We identified genomic
blocks within which gene expression levels were consistently increased or decreased that could be explained by copy
number alterations in samples. We also found an association between lymph node metastasis and somatic mutations in
TP53. These findings broaden our understanding of lung adenocrcinoma and may also lead to new diagnostic and
therapeutic approaches.

[Supplemental material is available for this article.]
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An epigenomic roadmap to induced pluripotency
reveals DNA methylation as a reprogramming
modulator

Dong-Sung Lee'2**, Jong-Yeon Shin'®*, Peter D. Tonge®, Mira C. Puri®®, Seungbok Lee'2?, Hansoo Park'23,
Won-Chul Lee, Samer M.l Hussein®, Thomas Bleazard’, Ji-Young Yun', Jihye Kim'%, Mira Li%,

Nicole Cloonan®?, David Wood®, Jennifer L. Clancy'®, Rowland Masbergen”, Jae-Hyuk Yi', Kap-Seck Yang®,
Hyungtae Kim?¥, Hwanseok Rhee'?, Christine A. Wells''3, Thomas Preiss'®', Sean M. Grimmond®15,

lan M. Rugerss'm'”. Andras Nagys'w'm & Jeong-Sun Sep 234

Reprogramming of somatic cells lo induced pluripotent stem cells involves a dynamic

nt of the epi ic land . To characterize this epigenomic roadmap, we
have peformed MethylCseq, ChiPseq (H3K4/K27/K36me3) and RNA-Seq on samples
taken at several time points during murine secandary reprogramming as part of Project
Grandiase. We find that DNA methylation gain during rep occurs gradually, while
loss is achieved only at the ESC-like state. Binding sites of activated factors exhibit foal
o hylation during reprog g while ESC-like pluripotent cells are distinguished
by extension of demethylation to the wider neighbourhood. We observed that genes with
CpG-rich promaters demonstrate stable low methylation and strang engagement of histone
marks, whereas genes with CpG-poor promoters are safeguarded by methylation. Such DNA

methylation-driven control is the key to the regulation of ESC-pluripotency genes, including
Dppad, DppaSa and Esmb. These results reveal the crucial role that DNA methylation plays as
an epigenetic switch driving somatic cells to pluripotency.
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Use of NGS Technology—Global

Research to clinic transition of NGS can be gauged based on regional penetration of the technology.

Substantial amount of NIH
funding promotes the
penetration of technology in the
United States, which is
estimated to house over 5,000
instruments.

about 210
instruments.

DNA has become a

significant business in

Spain, where private

companies are cashing

in on legal restrictions

across the border and s
offering paternity tests.

Canada is expected to

house about 100 [ _

sequencers.

The United Kingdom
is estimated to house

Germany is estimated to

Netherlands is
expected to house

about 60 sequencers.

In France, PGD is
permitted for the
selection of healthy
embryos when a parent
or other close relative
has a serious genetic
disease. PGD providing
a tissue match for an ill
sibling is allowed.
France is expected to
house about 90
sequencers.

house over 200 instruments.
™ deCODE genetics is a DTC
. company based in Germany.

Countries such as Poland, United Arab Emirates (UAE),
Argentina, Thailand, Vietham, and several Eastern European
countries are reporting single-digit machine stats, showing low
use of this technology.

PGD = Preimplantation Genetic Diagnosis

9AB9/46

Note: Machine stats are only approximations and not accurate. These stats include

Favorable CFDA
regulations promote
the use of NGS in
hospitals in China.
China is estimated to
house about 300
instruments.

South Korea is
estimated to house 180
instruments, with

Macrogen being one of
the leading service
roviders.

Australia is expected to
house about 85
sequencers.

baoth research and clinical use.

Regions are numbered in order of NGS use, with 1 being the highest.

SULLIVAN

Source: Frost & Sullivan

macrogen

Frost & Sulivan2

‘Global Clinical Next—-generation Sequencing
Market' 01l A

OIR2dE8 8EX AUlA SSH

(the leading service provider)2 &%
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Precision Medicine Initiative %chmgen
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[2015. 9. 8] Dr. Francis Collins GMI-SNU &+2 J
- Ol=2 2 HHANIH) FZ Dr. Francis Collins GMI-SNU & &

- FREMI}: 2IAY, AU, 2E20|AL XIS 2 &, MSO|H 43 W=
Dr. Francis collins(NIH), Dr. Roger I. Glass(Forgarty International Center)
Mr. Kenneth Baisden(Z=2t0| [H At:t)
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NATURE | LETTER OPEN

De novo assembly and phasing of a Korean human
genome

Jeong-Sun Seo, Arang Rhie, Junsoo Kim, Sangjin Lee, Min-Hwan Sohn, Chang-Uk Kim,
Alex Hastie, Han Cao, Ji-Young Yun, Jihye Kim, Junho Kuk, Gun Hwa Park, Juhyeok Kim,
Hanna Ryu, Jongbum Kim, Mira Roh, Jeonghun Baek, Michael W. Hunkapiller, Jonas
Korlach, Jong-Yeon Shin & Changhoon Kim

Affiliations Contributions Corresponding authors

Nature 538, 243-247 (13 October 2016) | doi;10.1038/nature20098
Received 19 April 2016 | Accepted 15 September 2016 | Published online 05 October 2016

Advances in genome assembly and phasing provide an opportunity to investigate the
diploid architecture of the human genome and reveal the full range of structural variation
across population groups. Here we report the de novo assembly and haplotype phasing of
the Korean individual AK1 (ref, 1) using single-molecule real-time sequencing®, next-
generation mapping®, microfluidics-based linked reads®, and bacterial artificial
chromosome (BAC) sequencing approaches. Single-molecule sequencing coupled with
next-generation mapping generated a highly contiguous assembly, with a contig N50 size
of 17.9Mb and a scaffold N50 size of 44.8 Mb, resolving 8 chromosomal arms into single
scaffolds. The de novo assembly, along with local assemblies and spanning long reads,
closes 105 and extends into 72 out of 190 euchromatic gaps in the reference genome,
adding 1.03 Mb of previously intractable sequence. High concordance between the
assembly and paired-end sequences from 62,758 BAC clones provides strong support for
the robustness of the assembly. We identify 18,210 structural variants by direct

/

Macrogen Confidential

(© 2016, Macrogen, Inc. All Rights Reserved

50 | 25



3.1 2=

]
%}chrogen

(g e HE2 U J, =15
= MHIAZ X &y : ‘?,Hulﬁ

fN

& TH = )
Research Clinical Applied
AR A AR A AR A
NI AR NHI AR MEIAZ

O TAIA 15001 JH= 18,00001 D24 THat O =X

NBIA HSSE Soll =28t
AIA =10 =E2 AElA ZH

0
re ox

, UE

D
Qo
o
i
O A

X

X
o

e

’

0

o0

>
1 0
" e

18 >

o

2 o

5
Ol
10

>
I
4m
Pl

=]
=]

st o

OkOll CH et O SET A AHIA

G-AJHd SA 38 &8 ¢
Creet fade 38 S8t 20| etE 5

Consumer
AR A
MHIAZ

O Zuolst ABS 2o
22l =g RIIBED
222 Zyoist ME WERD 2S

SZJ| 2 Ext= =28

AL DY) NIVELEDIE=15— ¥ k| i}
Cteet KM 2 J18 MHIAZ
A S XI5 &0

Macrogen Confidential

(© 2016, Macrogen, Inc. All Rights Reserved

51 | 25




* Whole Genome Sequencing
- Exome Sequencing

+ Transcriptome Sequencing

- Epigenome Sequencing

- Metagenome Sequencing

nk You for Your Attention.

Humanizing Genomics

macrogen

ATGCCTA

Capillary ) ]
Electrophoresis Microarray Oligonucleotide
Sequencing Synthesis

+ Standard Sequencing * llumina * Oligo DNA

- EZ-5eq Service - Agilent - Modified / Labeled Oligo
- Metagenome Sequencing - Affymetrix
- Microsatellite Analysis

+ Primer Walking

Genetically
Engineered
Mouse

+ Trangenic Mouse
- Knock-out Mouse
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3.2 Clinical A%

macrogen

Comprehensive Cancer Panel

8 X0 & XX (FFPE, FF)Z
Sofl QA RV
100~3000H &4

2t =Y Drug X 0| OFLl
HO|Jl Y= KRAEXE
Target 6t0d Drug M &t

Hereditary Cancer Panel

st 2 Malo|stulF
(NS SLEN, 2 AHEH
e E Sl
AUlA H2

Macrogen Confidential

ctDNA in BloodE 0| &&t

X8 & LBl Y
9 F0| JhsA 2ol

[=)

02

gt
=

SIE0
=X
200100 &4

0
$2 0z
rr

10

=

0.
1

I8
N
02

0T
02

bal
I

(© 2016, Macrogen, Inc. All Rights Reserved

55 | 25




3.2 Consumer A%+

]
%}chmgen

iz

[0

+
e

Slg Mol X

20168 6E 2 H €8 F&E A 2= 0| CHoH
DTC(Direct to Consumer) 2 Al ol &

DTC

e e

)

24, =S4,
LOL/HOLESdIAHIE,

HNESX ==, &

Or3 =8, Ofell &= tHal DTC EAF AblA SAl Ol E

o= g
p UEUSE gusc
L wasmm ms e \ 9 SHEHIO! CHAL
1 ] n=es g »‘\. 23 HIEIBE &,
QWII-3/6 XYL S5

Macrogen Confidential

(© 2016, Macrogen, Inc. All Rights Reserved

56 | 25




= %}chmgen

 SEX N2 2 GOIE HOIAS & )
ABXQ S2H HIT

30

SERVICE

Genome Information

PRODUCT °

Genome DB

Macrogen Confidential

© 2016, Macrogen, Inc. All Rights Reserved 57 ‘ 25




* Whole Genome Sequencing
- Exome Sequencing

+ Transcriptome Sequencing

- Epigenome Sequencing

- Metagenome Sequencing

nk You for Your Attention.

Humanizing Genomics
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