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Notable Research

DNA Microscopy: Optics-free Spatio-genetic Imaging
by a Stand-Alone Chemical Reaction

ZEZ (SRR 2B/ 54K = Tl HARR St HE2))
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£ oz el Mode'l-b?sed/ Mc?del-free
e =arm ¢ Association studies (7}%/QI L &l Eh
FEFUA Linkage Disequilibrium based/Direct
¥
O el SAHO| Y= (FTX} Cloning, Sequencing)
O FEX /7|5 AT (Structural/Functional Study)
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& (Human Genome Project,

Project, 2002-2010) g2tet EI=0] THEZ DNA OF0| 3201210
Nucleotide Polymorphism, SNP) OFH E2E 0|get 1 R4 Hatd A+ (Genome-wide Association Study, GWAS) 7t =gt

dzot=ll 2

25to| 2t Q2 HO|(Susceptibility Genetic Variants) £

1990-2003), = LA Zliif At
Z(Microarray Chip) 7|=0| ZHEe|HAM HLHV|CHE Y (Single

2 (International HapMap

CDC Centers for Disease Control and Prevention
@ CDC 24/7: Saving Lives. Protecting People.™

Public Health Genomics and Precision Health Knowledge Base (v6.0)
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Last data update: Nov 22, 2019, (Total: 3203 diseases)

Altzheimer Disease Search

Alzheimer Disease

Related Diseases)

1917 genes has been reported with Alzheimer Disease  Download

[Click: g to re-sort the table]
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[A22] HUGE Navigator (www.phgkb.cdc.gov/PHGKB)
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ALASI0] V1B Y02t RUACI0IHE A4 o2 ZAstl 1, =71 HHA
Center, KOBIO)i= M4Hel A FEo| 22| & 24 7|BH1= AtYO] =5t QUL
A MAOIA 2ITHEE A FHA FE2F Mite|1 QI 0| 2-&st7| 2|8 CO[HH|0|A L Z7 SSHE0] F
OlZ S01, 78 45 F2o HEA(EMBL-EB)= AH21e HOZ 2ot AR YHE GWAS s
GWAS Catalog% SIH5H Q=0 2019 52 7|2 138,312 RUHO0[-H R Aol 2510] 2HHEEl 3,9897H

= A& 3715k ACH (www .ebi.ac.uk/gwas). £ 1998A O|= AHEXA| Of FHIEIS| Muin Khour

ZF C’Z*ZI A5t HEY A ‘Human Genome Epidemiology Network(HUGENet) 2 EH A | HY HA A 0| A

Genomics and Precision Health Knowledge Base(PHGKB)' 7t F+2&|0f Cifol A5t &

QuA J|u A At WY o=

=20
SNP Chipg 0|88t 2t GWASE 2006'F2E 2FMCH 7] M B (Next Generation Sequencing, NGS) 4177442t 1000 FAA|
F21(1000 Genome project, 2008-2010)2] 21t ?Ig}st0q, O|A| SNP 23t OtL |2} 4/)-ZAl HH0|(Insertion-deletion, Indel), £
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[1] Muin Khoury et al. Human Genome Epidemiology, 2nd Ed. Oxford University Press, New York 2010.

[2] Altshuler D, Daly MJ, Lander ES. Genetic mapping in human disease. Science. 2008; 7;322:881-8.

[3] ot=Q) KA EAIAIY(KOGES) ¢ ZdotE R 2 2= ZRE X8 24 WS M (201864 2 IAtE, P[22 /4
(4]

4] National Academies of Sciences, Engineering, and Medicine. 2017. Using 21st Century Science to Improve Risk-Related Evaluations. Washmgton DC:

The National Academies Press.

[5] Chu SH, et al. Integration of Metabolomic and Other Omics Data in Population-Based Study Designs: An Epidemiological Perspective. Metabolites. 2019;9. pii: E117.

[6] Ritchie MD, et al. Methods of integrating data to uncover genotype-phenotype interactions. Nat Rev Genet. 2015;16:85-97.
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Technology Trend

| cobas® HPV Test

HMAHSZE A E5Y EYES gAotl JUes FAHIEHM 8 o9 B2,
wq M6 1B hrOther Neg 2016\2E OF 124 014 HAES YO AZHLY WA HEHI8S
2 M Aot oty g2l 220 At 2 B 204 02 6017 220
- ot HAY 22 A=z 85F MEHAE Alsote S Hd82E BH21 AS0 =
32
32 2TotlB AP S716tE 2MHIE 20| ALt M A5 BF e G0l M e[ 7H]
5 HYHAE 48 712 A2V Y200 2A=85F MEBARRE &4 HPV BALE
5% 1
. ———i | §7[H22 oW S| OYT 4 UOE A HAIH2Z HPV DNA AL
R EEREEEEE CHot 2HA10] =01 12 QU
Months of Follow-
onfhs oTToTiowrdp 2B B L A0 A HPV DNA At 42 YA[H QI High Risk HPV 2 © 22 E
CIN2Z IshE BASS MEst)| 93 YRsHCH 127] Th20f HPV DNA
=o|=2

AAOM = e DTS ST Z B2, 40| 0% =0t f

CIN3+2f CIN2+0i| Cligt E0| =7t S| W20l US-FDAOI A= 20149 O[-7t2| HPV DN
BALZ M SIS ofA| QEQUCt

cobas HPVI10IQ] ZH 214 O & 40t 7 0IHO| 040 2 ZIGHSH ATHENA TriallBlS £5101 CIN2 0|40 QIAH BIZE 2 S0I51H o0,
2014955 US-FDAZRE AZ 82 HEHAIZM S0l HOE I AFHoME dEHA 7ts A2 50l H/UCE
(KMFMSH US-FDA, CE-IVD £9I)

ATHENA Trial8le 2p=2 AL ok MEA AR CHSH0 ASC-US Triage, Co-testing(30A| 0|4, Cytology+HPV SA| ZARH & HPV Testo
MEHAH25M O]4)0ll Choto] HPV DNA TestOll CHat0] A—18E Z40|CH O1E Sot0] 168 2 18 1= HPV 2 tt8E 22
O A= EF MEGAOM 42 HHE[0E, HPVIF gle (40l Bls At8 ZR 2] A (Pre-cancen) tHA|2 ZAg =50
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3 tests in 1 for confident risk stratification

31).33)(35)(39)45)(51

16 18

> HPV16 » HPV18 » 12 pooled hrHPV » pB-globin gntemal controf)

52)(56)(58) (59)(66) 68

A%}, ABE 3 ZF| BA 22o|E o/ 27} 5ol

cobas HPV102 16¥, 189 H
AARteo = & 3714 Z1HS SHAO

ol 2tRlet 4~ QUL 0|8 E5610 Atz B R Y RS &Qlst= /U 2Lt FHRE BiA|I6tL,
DS 2S00 tiet 20| 7Hs5tt 20  Internal ControlE BR5110 910, 22401 Cifet /31S BiA|E 4= QICtH
cobas HPVE AAte 4= Q= AH|= cobas 4800 Systeml10I0| A 7Hs3HCH. cobas 4800 System= SHLC| A B|0| A cobas HPVEEBE

otL|2t Virology(HBV, HCV, HIV, CMV), Microbiology & Oncology(Cell Free DNA EGFR)S 1271X| AssayE 2/aiE

cobas® HPV Test
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A
T
Primary TubeS B2 2tgt 4= Q10 cobas HPV AAF A3l A| 2FEFSH WorkflowE £510f 28402 HALS 21 4=

0

Z2 3{7pAE

01440 243 Lf % MEOA QR EE H0|2{AS BMZEH (Real-Time PCRISE HA5H= H|QIIHEA7|Z Ao}

- HPV 16, 1883 ot 2 1474 19 80| A (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68)

- BB NEZAHCervical Cytology) 24 B3 HHNZI} 2191522 0| RAIZQI7| 2 RIEHE:
SRS/ 01401 M 27120 UshY FAle H

- ABPL HMEHA 2T ASC-USR 2REI 0I50IN DAZZHPY 16, 1882 K2 20l 9I5H AIBIHs
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FEfRI ASC-US=

oA S0l 2

- DQETHPY FF &Rl fIo Ars 3 MEZGAO| £ 22 AR Jts
- A2AEQ e D52 HHO| A 2|58 SIS Q|5 ME A AHFirst-line Primary Screening Test)Ol| AR Tts
DAY THPV 16, 1882 F2 &Qlg 2ot ME HA0| AL THstil

[l  cobas 4800 HPV Amplification/Detection Kit (=61 12-2220%)/ cobas® 4800 system (=2l 11-1225%)
[ii]  (AFRSH 2 QA= 2 MIE | ZAF ZLtE MEHAL CHE 2 QQIHEIt TR J0| =2t &) A 2 et Shxt 22 |of Atg2h o= RUCE SFX|2E colposcopy

TAR TS 22 YRS BHOB AISY 4 QLY.

CDC, Cervical Cancer Statistics, https://www.cdc.gov/cancer/cervical/statistics/index.htm

]
(2] EASAR EHEAz, #U0Z ofdd - AUs o NIERY, TH2M o8 AE thd R2HE, 20160427
(3] =YYH, 2LATIAY, http://www.ncc.re.kr/main.ncc?uri=manage01_4
[4] TEEAYAFEIIY BEXtz, 0g0] Fofshof 2 B2 300 24, 400 H 2 &, 20190307
[5] JKorean Med Assoc 2007; 50(9): 762 - 768
[6] Meijer CJetal. Int. J. Cancer: 124, 516-520 (2009)
[7] Saslow et al. CA CANCER J CLIN 2012,62:147-172
[8] Wright TC, Jr., Stoler MH, Sharma A, Zhang G, Behrens C, Wright TL. Evaluation of HPV-16 and HPV-18 genotyping for the triage of women with

high-risk HPV+ cytology-negative results. Am J Clin Pathol 2011; 136: 578-586.
[9] PMA no.P100020/5008
[10] cobas 4800 HPV Amplification/Detection Kit (=81 12-2220%)/ cobas® 4800 system (=21 11-1225%)
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A EE L2 99% 0|42 Q1755 B0 A (Human Papillomavirus,
HPV) 2 Olaf g atoin %70%_ 16, 188 HPVOI| 2|olf H445tct 12
| HI5H 22 THA| (CIN3 O] A) 2 Rlglst
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SO0 A2 WYY HHE 7|0 YASIH 2| =ot= 20|Ct B 02{82
oY Vhset Ats 8RR LS e ME5HY| 2ot HPV DNA ZAS|
LUR2YS QRS 2] Li2fof A HPV DNA AL =7 2 X202
SESIIUAL E= F8I5k L QUCE

D]=2245ts] (American Cancer Society)+= 304 0|4 0140 M HPV Z A}

il b‘“)% Ao B8 ME HALS Eallotd Al A=
St QUERIE D= B7|, AQHl, HE2E S0lM=
Primary HPV DNA Screening)2 =/t Z212Ho 2
M8 HALE selistl A2, o HItEE0ME

M)g 2t HALZ ZRHACH
2

. National Program - Regional/Targeted Programs . Guidelines : Pilot Study / Other

¢
(@)
N
o0
0 1
r

© X o
o T
2 2
XNg
=

> ox

| N
6

[ 1] F7HE HPV Y2t M = SA) ZAtol chit 213 Hgt

)
Io
j>HLI

|-|_|O\J

I]:r_]'_l_
2 i >

25% 1 16 18 -rhrOther ~ Neg L2t HPV DN

oY
ng o
£
S\
o?

Bl :IOf“

o
0

>
d
kJ
40
o

20%

ol
Mo Mo
0y
|0
HU
nE
oy
gﬂ
go r
ini
0x
ON oH
0y
|0
HU

o
ob
n
~
40
:o.:
_I_
r|r
F|O
0
o
a
il
I
0
w
1
$0
T
N
!
oz
g
N
i
il

FU
nj
om
Qﬂ
e
:oé
on
oy
>..
N
ﬁ
HU
\d

15% 4

for
ro
o
1
$0
<
i)
9
il

o po -

N0
I
oY

o
rr
>~

for

o

Qﬂ
4>
<)
~

- 8 o
Mo

2CIN3
~
=z oN

[N
_O'ﬂ
e
_>|:
|_|-|
Mo
o nE -
0]
ol
ﬂ
il
Ir
M
>
tol

10%

T
T
<
)
=
> I
oY
>
nj

Percent Developing
rx
%
o
>
Jo
o

5% 1

=
R | A8 HA

0%

00 45 150 20 M0 50 @0 750 &0 %0 o s | Hvbrid Capture lI0[CH 2 3
Months of Follow-up Capture'§S At=dl ROt 24 2IEHS| Real-time PCR A|AEIQI cobas

2 2003 2|22 US-FDA 52 22 HPV DNA A&
L 2pg e 9 ZICHH AL SO M Hybnd

48005 =U 122 HX|5t2HA 2013 2P 24+ HPV ZAE =¥
SHA| I ACH YA 16, 18FH 1¢ ot QA Z2240| 22t
CHM RUY 240] V15t M2 A TS ot B A=0, 245 cobas 4800 HPV Test= LB ABH0|AM 2414 DIZ =IO Real-time

7128 2HEfStL I, £5] DI=0M CIN20J4, 40t 740 Ho| ({4 S CHa o2 HSH ATHENA TrialOl2tes T 22| Y4t AlE At E5610]
MAS QA QAR (Clinical Cut-Off) & AFE5H0] QA DIZHE L E0|E 2 B10I5H 4= Q97| 20| R A2 T2 =l 4 QICh WTHSHICH
EESH12709] High-risk HPVEF HPV 16/18 Genotyping2| 2201 T2t flel= S AlSete 4 V| U220 S84 U8 dAS dde ogat 4S54
e7t B2ot 0d s E5ts dl =85 & 4 UCLEh

=
S 20| A= cobas 4800 Systeme AFESHO HPV DNAZAF 0[2[0f ZHH(HBV, HCV)&A

@
Bl
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S
<

[2% 2] Genotype Based Risk Stratification in ATHENA Trial

P2 BYEGFREAE 8 g5t ALt Cobas
SA[ZHEF 0 22t 2Q10] JHsot0 HAFL O A

System AX| FEE 12 Y2501 717] HES & 2 AU 4 UM, 24 Test ZAF 2 A
AFE THEIHS U 4 QUCH 0213t A4S 2% U 7123 S48 J[9I0R Eol0) A 512t 12 22 0[2I0) HPVAALS ALf 212 2121 HEfo A
M AMZ Y2EeHE 4 AU

] WHO, Immunization, Vaccines and Biologicals, Human papillomavirus (HPV)
] Lancet 2007; 370(9590): 890-907
] GynecolOncol. 136 (2015) 189-197
] JKorean Med Assoc 2007; 50(9): 762 - 768
[5] Jhealth tech assess 2015;3(2):107-114
] CACancer JClin 2012;62:147-172
] 2019 ASGO Annual Meeting on Women's Cancer
] Stoler MH, et al. Am J Clin Pathol. 2007;127:335-337
] Saslow et al. American Cancer Society, American Society for Colposcopy and Cervical Pathology, and American Society for Clinical Pathology Screening Guidelines for the Prevention and Early Detection of
Cervical Cancer
[10] Stoler et al. High-Risk Human Papillomavirus Testing in Women With ASC-US Cytology

=0l American Society of Human Genetics (ASHG, 1948'A
Mgl = 0= HAtA FAE George R. Brown Convention
Center0flA{ 10% 15-199, 59 SOt i 2| =|AGLICtH Sdlle
280712] SIALOIIAM Exhibitions A1 E20[04, 8071 Lt2tof A
8,40980| A5t FaAl| A1| 2[4l A HS SFOIASHC

CiFot AT R0 7|2, A 271 A7t Plenary Session,
Platform Session, Poster Session, Education/Trainee
Workshop & Stte| dEf= ZHE[R1, Career Opportunities,
Networking Events S8 T2 T A SE[JA&LICH 2
AME 74 20| §5ote A2 dAlL S0t o5 g4
=24 S ofLIO[A|2, OJ-YH SAI0f 2Hz|%l= O] MH0fA

YHE = A4S 2F gSote A2 82|02 E7HsE Lt
[

R

)J

, £ ddoll ARe| it VHEE MR E
70| = A BHO| 712/ = (Genetic Exceptionalism, Deep

Learning, Public Databases) L2 & s R 6t11A gfL|Ct

o] A |3l 7|9/ =& Genetic Exceptionalism@ LICH 228 2 Presidential Symposium (“Genetic Exceptionalism - from Its

Beginning To Its End”)0i| A} Genetic Exceptionalism®| 7, =24, O|2§0i| Tl H2|otT A *= Cia At 2l AZts BRE U

S AMsHE0kO| Ethical, Legal, Socaial Implication(ELS)) 2t 242 2-A (Incidental Finding), |2 ZA, MEZAAF S0 5 2H4A10] REQHE

Az M= M Hel Thought LeaderZ28E] Holistic PerspectiveE 52 4 U= 7|13 € @2 20| 32 HEO0|AUSLICH Genetic

Exceptionalisma 7H&ts] A7HE2|H, AHY Genetics 21 AHA|2& 22 & 7§ F0[X| B 1997'H0)| HE&2/=F22l Thomas Murrayof|

Of5ll A& A E E0{LICH Thomas Murray= =2 £8 2401 2|0|0f| A 0] S0{E ALEHR| B Exceptionalism A= “Context” 0|
Z

1ot YHOR EE BHHOD A 4 Y Y

o] o

ol Zt &L CH GAHH 22 Genetic Exceptionalism% Genetic Essentialism2}
Genetic DeterminsismOi| A IFAE THF e 2, FHEB= SBotth= OfO|C|0{0f 7| 8FfL{Cf R

USTtet, Ol HIEXSS S2HA CHA| Y262 ELITH (“When everything in medicine is exceptional, nothing will
be---."). Garrison &0 2|sf A|2t=l Genomic ContextualismO|2ts 802 A&tz Qle 2|2 EAME=E B3 Contextualism

Exceptionalismef= 017f é*li‘ Y =ets 2502t ARV |0 & H H4E8e 802 EYLILE O] 40| Y U= SAE

EY5H2| 42 Medical InformationO|

TO (] [ i T s e |

Mol & H 71 E= Held (Deep Learing) & LICt. &= 5| nfehad 2O E'd S0 2ot 0, RICHH AL St HEO = A

Hedo| 250 2 s T AHEUS UL Held AE2|= 26 F 712 I/Hl*j'oﬂ S 02 3205|832 XAStHESLICE [1. Deep

Learing for Interpretation of Human Genetic Variation; Rd210]2| {44 2. A Deep Dive into Deep Learning, Sgfed4%t
S S

(Complex Disease)2| @/ = 0 =]. 214, R0 iAo Ciet L& LIEf O@tﬂol oA e o Attg A/t dE2l
HEH GH2Z LIME 4= URICH AP X350l A= 0{ 3] Challenge?t &= FAYLICH E5H Eefd 2 BE22 200l %5|0f
Ao M2 JHge Org UL A2 FR0l &t A2 Ot 2|2t §21'd0[2te A2 & 7L &= =

9[0JE] O] 80| Vhsah 7| HE YL CH R0/ ciM 2, Hei'ds Lefor Cheet Zde|E 4& O[|2|0| = Regulatory Genomics
(Histone Marks, DNase Hypersensitivity, eQTL, etc)S Zalot AOH%QR—*. 714 SiA, CHFSHG|OE{H]|O|A 22, Clonal Hematopoiesis@t
&2 Confounder2| clf4, Q&S CIO|E{S] S8 52 0| ChFer 0] L =|0]0F Vts ot 20F0|0Y, IR Aot T ot= 4|2t
of = QUBULCH 2= =22 2fol FHB10[(Noncoding, Splicing Variants, Missense Variants) sfAls ?ot Held &ie|S
(ExPecto, Basset, DeepSEA, SpliceAl) A-£20] CHot 2t 126 & ™ L21L|C} [2-5]

Cteez gdS 0186t Y& o =20 Cist A= St ATHEEILICH Complex Disease & SHLEZ Crohn's Diseasel| @ =S
0| 23517| 28l Polygenic Risk Score (PRS)2t Convolutional Neural Network(CNN - E2{d ¥n2|2 £ 5HLhHS H 86t 2115 B0l
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AL EE A=, 7|ICHME = CNNS| 50| PRS2 452 L H ZCt= 2102 B0 & ALJSLILH #+3d2= 1 0|7
ATHE L], PRSE 0|2diA= 422 4= 8= Complex Non-Linear EffectsE 20|+ Variant Combinations CNN &8s 0|25t
20| ASLICH O] FE

2

42 5 AT 252 M 2510| Causal VariantsOl= Simple Linear Additive Effect 0|49 2|0|17t QU<
o2t MZidi=d|, 1 Oﬁ% SIF2ol= A+ 2R 7|0f| A= 02 SO0|EH SUASLICH 2= Hel'd 310 G0 Z2 0|2|0=
En

=
Omics Data®t Environmental DataZ7tZ| S0 A& =CHH W S0|22 22t7F L= A0|2t 7|CHEfL T,
A M| 81 7|9 E= S/ HOIEH|0| AL T S & ' 0| B[l 0|8 Vtset R/ 2l6|0]E{ (gnomeAD, TOPMed, ENCODE,
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