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O #H& A= 1 () 37 Ax= A5
A A, (1) AES] 9=
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@ Ha 2 FEe Aol

A 59 2 Genotype—Tissue Expression (GTEx) AF&d3} Cambridge Biorepository

for Translational Medicine (CBTM)3} %2 A}sdoll A +&F3F &2, A A A=A

U gAY FE B V)ES IF ZEEF 5o =%

O HCA A= &l A4 IZHAE dlelBl = At FAlod 37hsts 2= 32 =
sled Data Coordination Platform(DCP)E TF3sla, ol && £2/2F dHolHE
28 & A=), DCPE T4 dolgels A2 AASs A8 & e F7, 4
B, WA, U oAl 2% 7o gk W&ol 23E. DCPE 3l AAdE dlolE
T X293 ) & F3l AFEAANA AFTF

O HCA At o= Aikdd #F A7 &4 23, 7leWd 52 s F33 34A54
BuAE st HCAS A7| <A Abgd 7| 8o &8ss g

O HCA+ Human Genome Project ©]& o]ofX|Z 9+ F8& A HAALAHFQ stz
# 7]£2] ICGC (International Cancer Genome Consortium), FANTOM, 1000
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Technical Forum @ 7|&2°] ©dAx 24 7|Heo g % Al7|< gz g7 1

dz ZEZAE 3

Data Coordination Platform : Q7 EZX =& ¢8| AAE dlo|ee AR, 7hF,

A, A3, FNE g AZE o]
5

Analysis Garden : Z5FE]

I% 5. HCA 74 84
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45, 0Ce F9 &322 HCAS A7) 9l £, HCA ##H A A+ ol
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7, HCA Az ¥z, HCA ¥4 e &+ 93, HCA Ak #dH A7) ZHE 73
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o
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OCE= 299 943 592 OC e s 4% Executive Committee(EC)E &
odsla, o (Ao AFL), v (BEE AFL), FHAT, G2 A3+4),

ofrlo} (2]A AF4), 4Fd o AF AFF4A(Executive Offices)E &
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A Working Groups2 &+ (i) Analysis Working Group (AWG), (ii) Meta Data
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Working Group (MDWG), (iii) Common Coordinate Framework Working Group
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A do] 7t
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Flagship Projects : HCA 1x 3}A] Z3}&E<9l HCA Draf Atlas Plan 1.0= :r’-/\*"h_
e FXE st IAEHN HCA 7|2 Aol wet 3 AZS Fdstar A F

°l
TH7E HaF 23 Fro dTvE AYsts HA

Of

& Fo) AAE dolel DCPol 7%k F, &2l AL E5eke A7
FAE FAsta A ATAel o8 A AT

Wy W AFE I RAge 3E )R

|o
fru
ot

HCAS %8l A4sle AAEAEE A 52 dEsls ERAEAE] 57 ¢
S AAA, ARA, BHY TS o+ E F dlefol SR A AAY BE F7}
o4 A, ol, AF, B4, BAE HES 5 ot ARE Hustn PHGEE 3

AEel thepy HRE S8 A AE HusT AR FN BF TEEIE Y
L oA gelE # 1 73]

stel AW Fh Al BHE £YT £ ol
Zl:_

F85l7] 98l 2018 HCA w]Elo] 4 OC

A5l thefad B ool et Fod dAFAY] kA E FHE7] 9ste] o8 ebe] o}
ofgt W@ S 7HA AFAESY FHeol FEF. dA, Hul, F9H, oFxlol, &F9 AFA
E0] OC 91z &5 Fo]lxx HCA communityell= o]n] AA ZE 52 od+%
S0l 555 AF

= =] =
g5y 0CE o2 I EF A7 A4
Sof thet AR E BF3F ®g HCA 3A FMAE °ﬂ7ﬂ Fd Zza9, Yz A
HHA~ 55 AFste] 7 A Az AE FAstn BESE LolshA st= W
s =R

2.1.5. HCA®| &4dF ¥%

O HCA®| e17n] el 7% (1) 24F F¥71%, (2) 0 54 94, (3) A, 4
WEE WA A Sol adg

O WxzA<l Zt= FH EA7|H2 ot} Z5(E 2)

e u|=: NIH Common Fund, NIH BRAIN Initiative, National Cancer Institute
(Cancer Moonshot), National Institute of Allergy and Infections Disease

(Immune system %4} A}4d), National Institute of Diabetes and Digestive and
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Kidney Disease (Kidney % AF&)
e EU: H2020 funding mechanism
e =9 German Federal Ministry of Education and Research
+ o] efe JdE ARIE Au EdE

O HCA°| #<13t w7t ©tA| 2= Wellcome Trust (=), Chan—Zuckerberg Initiative
(n]=+), Kalvi Foundation (®]=), Helmsley Charitable Trust (®]=F) So| 3%

e, BT, THl TolAY VAol s

X 2. HCA #& A i 2] 2 Aldn] 42

=7} 7| ol 4] vl a1
- > P o ¥
ey Broad Institute, $220M HCA %7] 2}¢d A3 FA vl g(alzh W
Wellcome Trust _ AAE AEX A%, "WANE A= T
oF= . (2H 4w o] £)
Sanger Institute Abedell F9)
200M (23" 2w o
National Institute 3 ( T2 39 Fok "M E 2 Holo
vl = 25 2015—20184 _
of Health ) A3k A
A )
65.6M
gz NH-Brain ?ok 7o 9l ks HAE A= A AR (9] A
= x>
2 7k 559 - & 5149 afalr| 7t
Initiative 9017-20214) 7T 559 5 5ol Aksd7|zh)
NIH—-Kid 33.75M _
W% Precicion Medic fok . F 1000 @) A B 4-577k B
re.c1s1on edicine 2l Sk AR AE AE A el
Project 2017—-2021)
Chan Zuckerb $600M( 2k
o) I 'a'n 'uc erberg 63 6ml o] 90181 38742 AlwAbel A7
tiat
Htatve 2017-2022)
o= Cancer Research $25M(ek 2700 %d;  Fuker A EZA X 7)¥F virtual reality map
° UK 2017-2022) =4
Cancer Research $20M(eF 2209 H;
ol AA /el A 7| HE eFA E X% A E
3= UK 2017—2022) of LA/ | 7] | ] |
O HCA:= Anle} A5 AFS §3 AdA Fodeol 7135 AlFsle] s Aol A
HH 7)E W AZEJo]] AL 73S HFHT £ YRR FrF
O HCA AJAF dlelgl7} Alek 7fbg 93t A5 & AT F vt HS F-2sle] A eof
AEe) AEAYE Bl AFUNE Sual] ST Wt T4 F

O HCA= A d4uE

o A

—

A —
TR
p .

= .
52, =3 HCA 2139 A 7 o 2 & 7|39 Fo
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i+ 7lE T 2 HEAE HF T wE WAS Sl FHd F e AlEe
o gk A& A AbA (whole trancriptome) 4+7F 7Fs 3l %

o] Zglolw s} FEE wlo]Z 7 YAE o] &3 DNA 7|Hl AlE npzd o 7]&o|
HA wAlFA7]E D g ojElo] gl AFEHWA TUAME FHY FEE

-1
FAM N AE FEOE o] &1

20094 Cambridge ™32 Lao®} Surani Z&5o] ©LdAE tAE FAA e B A
ZRZEFZE o]§3ld F 9 blastomered] Wil HgoE TUA x| HAF A
T4 AAE LR scRNA-seq 7|2 =2 2dlsoz FAA 2ALYE
7hsshr] el B FES S

2014 o]~zetadl o] Weizmann Institute®] Tanay &3 Amit 252 FH 719
AAE Well A in vivo AAF AEIES BAst7] Y3 AFstE ik wE oo
RNA A]#A A (massively parallel single—cell RNA—sequencing) el MARS—Seq
HEHE ARG

201549 st = wistwe] McCarroll®} Macoskow= 70 A|EZ2] RNAe| tfgt nfi=
5 Egste v 2E AAHY A" HE AEE 2] FEFoEN FH AN A
WA Lol ojg whE 2 o] 7153k Drop—Seq WS A A8t Drop—SeqE ol &
stod Aabe] AME Fel FEE FAT A 44,808 /W e F W Al EA 5@ 3}
of 39709 AR FRAAA = AE HATS FoForEn deiil Al E
Fet MEE TR AE ofgef sl FAA WH LA Ax=E AAIG

o‘j rﬂ]O

201549 Cellular Research Inc.= CytoSeq ZEZEZ & o] &35to] +H 7§12 AN E
o dal 4EAeT A oS Telg AEY vhT=} A =D EA

It
o] &3to] whAAE Yol A mRNAS zt7t ZA|ely 5=

W maele ahd e A
59 FAA PP RS ol gshel ATHFOEM FrhE BAHAA LA
2 1$E A% eKo2 YET FTYAE ANE. o) /142 Duminasd

N}
(e
—
N
am
=
—
=
wn
=
=
@
=
M
!

< g W™ A E RNA AJAAE 913 Seq—Wello]
gt ol 7hsdt AnE FAFS ARG Seq—Well2 HHF22 o] &3 ABux
2]l & ofdglo]E o] gsle] EIA Q] AE lysiset EF o] 753k o] 5L Seq—Well
= o|&sted Ao =EFH FH Mo dA A7 A A E it AAA £A4E
Ty
AR dHele= RNA AlEA 48 8% & 4
RNA A #EA ZHZ2ZE= oil dropletel] AE2E 7H5+= Droplet YA 3 A&
(microwell)oll A/EXE Y= WAo] 9S8 F A%
o3 Al (reverse transcription) HF-2o] o oji}md
E thE& DNA A|ALE F7lste] AlxE via=S F35H HXH AR = s P S
< Clontech (&7 thzteb)e] 7§gtk SMART—seq¥

SGAAE FAA AlFAAS FEAAS s 2R dYskA X3 FES HAa
st517] 9lall 9t F5+° Unique molecular identifier (UMDE A Aol F-=hA]#
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Ll AA 2] 79 DNA Al- A tagZt 3% &AE AF&3te] AAL
2} DNA tagE 7 #A4sts WHoz AAAeZ Ax F7 F2o] o 73
+ AAA] ol A FEo] o8| human CD42°} CD8 T

23 8. Droplet 71¥F2] single cell RNA—seq. A. Oil drop ¢tell Bl =% cDNA 34, B.
HlZ =5 ¢cDNA. C. UMI (Unique molecular identifier)

2% 9. Droplet 718Fe] scRNA—Seq®} scTHS—seq dHleo|& A4 (PMID29227469)

e Frozen tissueZH ¥ S Hzlsled A2} chromatin accessibilityS 413 F+
Hole & dAAsle] FAA Hd FSE3 2F 1S 2S5t AE EYS 24
. DNA Ald2 wF=7} Bats gAE Asste] AE £4 F scRNA-Seq 4331

Cell—Gene UMI A H 2} Cell-Ab barcode (protein) BXERE EA3H(dH 10)
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o7 deo|lHE
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2% 11. FISSEQeS AH&3 non—targeted WA 9] thF &7 &4 (PMID23852452).

mRNAZ HE] cDNA 3§43 padlock probeE Z3gA]7). GAP filling¥} ligation® &
44" DNA circles $Z35}1 ¢

Sequencing by ligation” 433

O "ddAMzZE FAFHA &4

SAAE FAFRA LH7IE FAFAA NS AR0ETFEE o] FaL = DNASL
slag sl Wy 9 FaA wWskE ez Aol A4 (identity) I =

A 5old Jled FAste HelE dTshe Eokd

Fel FAFAA EM7IES 54 AlzAste] FdH <l

Jﬂ%;%ﬂ7m}3%#°‘doi_ﬁﬂﬁ.qﬁ
i

, 3 7)]E 4= A= suspension AHE] 2

o]

=l



W= 2A A ¢, o] & A (heterogeneous) 2% Wo thefdt AEE A E F

ol A EMHet= 7l kel Aol BopxAa gl HLAAEZ FEelM DNA #HE

3}(scDNAme—seq), ZEZwE HZA(scATAC—seq), 3]2E W3 (scChlP—seq),
FrRE AL FERELA7]E(scHI—C)o] wtE £ 2 s glon, E7|A4%

2 30
noorad Fold ALel Az thepd e Aok U ETE FEHD 98

S84 dlele % high—throughput Al #40o] 7}53 7-$+= tagmentations
o] 43+ chromatin accessibility &% W © & Assay for Transposase accessible
chromatin (ATAC—Seq) o]yt ©o]& 7§41 A|%] transposome hypersensitive site

sequencing (THS—Seq)o] sj&%

Methylation =5 &A sl t}efdl

gk 8% wlolE Aake] o3 A

kv

_‘_.
i
o~

Heo AL ttdAx AL= Ate7F 4614

o
i

SUAME w3 24 (sigle cell DNAme—seq)

Bisulfite sequencing= ©]%3F DNA W H3} £47]2 wdd7|4Fol4 DNA H]
g3l zraldd o] 7hsslm, NGS 7|seo] Westel| utel, AA A2 DNA #H €3}
o] 7hsa A

DNA #®3}l= in vitro, in vivo EFolA wl$ oAl Az EA 5617 wfiol,
ddA xR 7] D Ago] wjmwA Folsicta & £ slS. 2Ev A N AE

£ high—depth2 A|@Ast= 21 o8] wlgF=o] W A= £AH ] &

_{
d

;A ZEREFHg Adexow FFH 7ted 7[so] FubEvH, B e
depthol A= #A4e] 7hed Zow Hel T3 AW A4 7| WEE
bisulfite modificationo]t} $3%S AAA ¥ux ZAFAHOZ DNA wE3St A]HA o]
bl Zlvkd = A 2 DNA # g8t 42 B §o|d ZAow HY

Az pd =dAE DNA  H"s 4 7leEZE 1) RRBS (
reduced—representation bisulfite sequencing) HH & LA X FFoz 83514
g FE YolA EE BESE EWCoEN DNA &45 F43ske 7|

% (Guo, H. et al
Genome Res, 2013); 2) PBAT (post—bisulfite adaptor tagging) WH o2 A¥E o
27 readZ A|FABEed, oF 4wt CpG Ale|EE HA 3= 7]+ (Miura, F. et al,
Nucleic Acids Res, 2012); 3) post—bisulfite zto]B&lg] A=A 7€ =2, Hr} <2
AlAA depth(A £ & 29"t read) & R} Y2 coverage (PF¢2 AlF2| 8~48.4%
CpG)E EA3 #7F 98 (Smallwood, S. A. et al, Nat. Methods, 2014; 2% 12)

ZA AN E ChIP—seq

)
>
>

aznrte]l Wl A7} (chromatin immuno precipitation) A]FA L 3| AE H3E,
Z2AQA 5 Az DNA 7He] At 2SS A Am FoodA B8
). ChIP—seq 94 & A=z Aol HzA A9l Aeints el 4+ 9l
o v
=

el Al ZF o] 24

N
2

o
bu e
P
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I3 12, LA E DNA #H =3 24, RRBS, reduced—representation bisulfite sequencing;
PBAT, post—bisulfite adaptor tagging (Schwartman & Tanay, Nature Reviews Cancer, 2015)

e u|= st E=tde] Bradley Bernstein ®< microfluidics, DNA H}ZH, NGS 7]&
S ZAgsted, dUdAZ s|AE WY (H3K4me3d, H3K4me2)s #Ash=d A& sl
92 (Rotem, A. et al, Nat Biotechnology,

2015).  Chpel 7 2 A

off—target Alo]E L] u]E-o]
= 27l Hsted, w3 Ato]
AZntele] lEAE &<l

obA IPE FHsIA=. WletETIAEE A
AE & 1000 unique readsE A 4bslo] E
4135} 73 3} pluripotency AFEf 2}
differentiation priming AYEje] Z Zwlel A
JUAE A= AIEZE9 subpopulation 2~
AEHS HAS F sl (2d 13)

)
-©
Off
4
é
i
ol
-

a9 13, ©YAE ChIP—seq 7|%. (Rotem,
A. et al, Nat Biotechnology, 2015)
GdAE ATAC—seq

e ATAC-seq(assay for transposase—accessible chromatin using sequencing)< =

Zatel AT (accessibility) & 435t 7I€2 AP E2] Tnd transposases ©|

,24,



ofr

fod Al Ao ATAol =2 Ade 2k AFA AREE Zole HeE ol
Foon)= ~"lE=t3te] William Greenleaf B2 uwlo|ma 2 ZFRo|gr ZYPZ S
3 A A E ATAC-seq 71ES 7HHel9 S (Buenrostro, et al, Nature, 2015;
14)

ofp oo

o
ot oo o

13 14, YA E ATAC—seq(Buenrostro, et al, Nature, 2015)

GYUAE Hi—C

3C(Chromosome Conformation Capture) 7|l 7|¥F gt Hi—C 7|&9| /W= AX
M o] zEubel AR E ¢} Topologically associated domain(TAD)Z= = ZnhEl
Al el el A A4sAg Aot @ds] A= . shARE Hi-C Ade
Wk 7o) Mol jpputo @ Washe, upepa] A EA O] HFgholets AL 9lS
20139 =HIAE Hi—C &40] mbg-2 A EoA HF AEH o Fe|Hoq &
2= AE R HESe oESE WS throughpute] A3 o] 9l&(Nagano, T. et al,
Nature, 2013).

2017d w]= YA 3] Jay Shendure® 2 w}F = lul A~ #£3lo] 2|3k 10,6967

GUAE Hi—C dlo]ElE AJikst=dl 43359 = (Ramani, V., et al, Nat Protocol,

2017). o] 712 AHAxk 7He] AEE A EFddslo|l=r AL WS =&

Al A Dpnll Agdaiz AE F, 96—welldd & EF35ta vlo] o8l #o]E% u}

F= DNAEZ|AE oA ligationslslg. vlZ=7 ozt 3

poolingqt ¥, 23 96—welle] S EF5tL AMZL vlI=7F = Y-oRHE
=|

ligationdh= WHOoE 96X96 £3e =LA E Hi—C dlolHE Aitstdls. ©dA

,25,



% Hi—C dlo]8 & 33 (karyotype)d} A|EF 7| ufe} A E
A 2} M| EAfolo| ZEubE] 3RF X o]t o)L WIS

Am
u
feiu)
—
oo
N—

13 15. ©kdAE Hi—C 7] (Ramani V, et al, 2017, Nat Methods)

O TdUAE o|ulA] B X A 7]%&(spatial transcriptomics)

o] M ES EF 4 AHE "ozl MEE gt Weln, Aboldls Al
of Mx g FAxACcRERY Ll HOoFHE DNAY RNAE fi.%fé}. S A
o] ABE A A AEY A FARE doie]s wAHo] S, 7]Ho} 27
oA HAAES] 75 AL MR W F gl AWIAE VHAER AE A
ARE FAg AbeolA 29~ HolHE AA =W ol AE} AE FF FEol
7t %
1% 3t 5 F7 BAo] 75 RNA SAHOoZ = A18A &2 33 7k &
o, et AL FA 7uto7 YF 52 AR A (mass cytometry)S o] &3 4
o

o] =)

9e. e EAEE BHAOR = A% WA JE FEIM fetels £7
H o O
T R

~ 70 %, RNA & &% ~ A 7} multiplexinge] 7}

Ztob 1 mm® 3% o|n|A sk dlevt o5 A|7te]
Ardotes Aol g, ARgEla sde AnlEe] 7ol Wi wobA, HiE 5 A7)

,26,



B M= =2 T3] At A7 S+

Imaging Mass Cytometry (IMC)= I o A], AT A A ol AE o] g3}
of Ao ofof JRE AAAHCE HA 5} °é°17ﬂ 2A YAE By FeRvt u
y—217ts  AEA7](plasma  time—of—flight ~mass  spectrometer=mass
cytometer=CyTOF)& 2438k o] 7|42 A 3wz} F48 500—1000nm 3l
Aol A 527 A FAo] 7hs. 3A TR APS HAAE £2AHY FAE £Es

o 7% ANE dom AgEE dolHi ouxs WA Fust (1Y 16)

1% 16. CyTOFE o]&3 o% &3t &4 (PMID24584193)

l-

= t}E ¥ el multi—parameter ion beam imaging (MIBI)2 o|xfo]2 A&F

)=}
R
523 (Secondary ion mass spectrometry, SIMS)E o] £35te] Ao wrd A A

S o]Zo] W, o] 7]&L o]& M Eo] 50nmelA 4,000 nm WA £2S 1 nm
oA 250 nme Z AEE AL F L.

MIBIE 59 924 %4 3 A2 822 AF4353 YA, 71 942 o] 435}
o

B, AL Atk 55 £2A UellA ST F o EE it BRI E AFEE ol
S E2H A7 A 7lE FFEAA 2 1,000 nme] ¥ Zo 2 (oF 500 nme| HA
5) 1 mm28] ZA el thal] 1ol AR, W& dAE (2,000 nm)eoll A A&E3E H AL
(152)% 3 & 3HAE (200 nm~500 nm)oll 4] thA] o|u| x| stsl= wprl o=z
olH & A= Aol a&A-Y AR AAFA(ZH 17)

2~ ETH®| Bodenmiller ZFollA+, A& o|ulA 7]uto

9} mRNAE FAlell EA435k= WS HESAS. o 7IHES IMCE ol &3l 7|E

o] A E o] g3t whmA FA Wl fluorescence in situ hybridization (FISH)

uorescences W+ §34A o4l Az EMo| 7}FE
}o:l_

AN H .

o
-
Z,
[J>

metal conjugate

,27,



a9 17. AEA IMCE o] &3t RNAGE e Al 245 54l st= Wi 718 (Schultz et al,

2017 Cell Systems)

20179 £29¢ DcDonnell ZE4= 237 MALDI o|u|Az AR AAE
o] g3l  FE  HgRdolA  wA}  gARAE FAld HESGS
(MALDI-FTICR MSI). MALDI o|n| A2 u]|Zx] v o g oA E HEL & 9l

tt= AAo] ¢)L (Dilillo et al, 2017 Scientific Report; =% 18).

2% 18. MALDI-FTICR MSIE o] &gt tfAkA] o|u]A €] < (Dilillo et al
2017 Scientific Report)



o2 ot Ao Agtste= Ae ¥AE HESIE WHoeR, FAlel MY 8 3Fol
HE 7b5sl N wrEsicbd M x N 7He daA & A5e 4 98,

71Ee &34 o|n|A An|E AlgstEZ WHEAo] =ow 3} o|u|A o] A= A
HE Ao r A3, W2 wWole A AL vhssted AuEA 7|Hbe] u3)
high throughpute] 7}sstob= Aol &, X3 RNA 43} wW-E35he] A e}
FAAE FAlod thFEo] 7h53

a1y =
HAA A vk Az ASu 7}
wetd B A AEF 3 ABAI|e WS vkt AR A gl

(29 19).

23 19. Cyclic Immunofluorescence=
o] 43t WA A& o tieksdl A 3gub

¥ (Lim 2017 Assay Drug Dev Tech)

Cyclic immunofluorescene® tf& 3t W oz A& 3y oju]x HIHE AFE3s)
Ely

of Tl Wl ¥ EAS )=d Nolan ZFel4+= CODEX (CO

>O

Detection of Expression) ®Holz} WS, d33n| 4 S AFE3te] 50 ~ 100
Hel ME ol AL AHsty A4 3L + oS, CODEX+= A ZeHdE £F
S M5l & Ale= DNA ej27} £ g1 = dF=2LE

Y
i
X
)
Z,
>
o é
n*r\n:
2

TCEP ol 93t disulfide cleavageE o]&a #|#sl= Wy
gt o) 2-5717bx ¢ el A SA & WS F. 400nm SAAEE <IZF W] 7|3t

o] Z7|AEE AAst7] ¢al olm] ARgE vl 9l

2 B4 7 GAAE A B4

Z o= (1) Az B ALE5 = oAl A8 %43t6t3 (ii) tandem mass
tags (TMT) W el /fAdsle] SdAEz2HE HAAN olate] dhwlAS AHfst= A=

,29,



¢ "W (SCoPE—MS; Single Cell ProtEomics by Mass Spectrometry)< 7HHHgH

LN

(Budnik et al 2017 Bioaxiv; L% 20)

13 20 SCoPE—MS; Single Cell ProtEomics by Mass Spectrometry
FE multplexing 57} 55 &3 A 4 7t dWA e & AE F7HA 714

A A EHE ddAE A FAFAA EMAE EERer Agd

[ ]
ool

% s

L Aoz 7|y=

olu]d 7|¥F GUAE HALA £A
A EBEHE o] &3 AlE Ayt ksl A= 7] A EsH A 1998 Singer

° S %

L

W
B oot Mo

5ol 41 Single—Molecule Fluorescence In—Situ Hybridization (smFISH) 4%
WSk, o] F, 2006 Bezig w9 Photo Activated Localization Microscopy
(PALM), Zhuang 135¢ STochastic Optical Reconstruction Microscopy
(STORM) 5 Z=#lA= &wn|7 (super—resolution imaging) 7]&2 7= <als)
smFISH ¢ A2 =7t FobxmA, e mRNA o] HEo] obd, AHFA &

A E 97 Md 24 AR ThsetAl sl 7l A EAe] A= (2d 20).
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a9 22. FISSEQS ¢]&F library 74 W
(Lee et al 2014 Science)

e 2014\ Church ZLF A+ Fluorescence In Situ RNA SEQuencing (FISSEQ) eo|z}

,31,



e ol52oz AE Yol £4slmA st= RNAo| dl©st= ¢cDNA amplicong rolling
circle amplification (RCA)Z wH&31, ©o|& SoLiD &t ligation 7|HF <37]4d
Hozg HA 7eds HAZ(Lee et al 2014 Science). & 7]& F
multiplexed FISH W B l= §80] vton U =ro pRNAE SAS 4+ ¢
v B AR gle] A el Thesltte Aol e (¥ 21).

Spatial barcoding "W % 3&l-}ql Spatial Transcriptomics (ST) + %% &
oligonucleotide array”} AlolZl #2] &elol=of wjA|sle] F7nla=E HAe &
HY AT 971 ol&dte] cDNAE whsozx 54 gAAL o|n|A 7ledts
Bola, e FHA BHo] 7heeS B <9J(Stahl et al 2016 Science; LH

22).

1% 23. Spatial Transcriptomics ™S AF&3 vl g3} do|g 4
(Stahl et al 2016 Science)

g 7inke] SAHOoZ = RNAo oid =HE] E3 A Fluorescence In  Situ
Hybridization (FISH) ©¢] 2. RNA o]u|A Z|¥e|A single molecular FISH
(smFISH)= 7H'8 AlZoll A RNA A wiok $1AE & & e TEskd .
chekgh W o] JiHbE|o] glem 10~1,000 7} RNA ¥ o|n|A S & &+ Sl&.

2012y Cai 1%‘01]*1 g A7t 52 Ao A E Z|HEeZ 3t uiI = mRNAE
o]-§3led 327 FAAS] mRNA Wa & sAle] ZAlsl= =&+ Nat. Methodsel|
# 3 (Lubeck et al 2012 Nat Methods). o5 o]zigt W o=z <f7|Ad EA717
7VodhS 20144 Nat. Methods.o] "% 3l32 Sequential In Situ Hybridization
(SeqFISH) &} =& (Lubeck et al 2014 Nat Methods). o] WHES £ A 593} 7]
solyt £AWA 7l AEsHH RNA &9 At fd=E HAdAI2

(L9 23).

il

0] o
AT

ol

,32,



2% 24. SeqFISH W e 7§18 9 o|u]A Z3} (Lubeck et al 2014 Nature Methods)

e 20159¥ Zhuang ZF°l4= Multiplexed Error Robust FISH (MERFISH) ®'H S
o] &3k RNA sequencing 7|E€< Wi o] 7|2 A vli=7} 5& RNA o &
=4 ¢k EEAE FAcE 27w FR(0 &2 1) sted, vz=9 TR

@7IM el Zolo| met 140709 FAATA B o] 7Hed(2H 24).

=4

2% 25. MERFISHE o] &3 o 37 B4 (Moffitt et al 2016 PNAS)

—

722 3, Eberwine 5ol 41+ Transcriptome In Vivo Analysis (TIVA) & 7|&

<= MEstadedl, 24 AHAA EA AlEwbs Wef| o] Aujomn ZAdstate]
el d 07 mRNAS o] EAst= wHE 29 (Lovatt et al 2014 Nat
Methods).

N



%3 AAE o|u] A 7|k AAbA 24 7w A 4 2 AA
ki =%
7 RCAE o] &3 ¢DNA A4 % SoLiD sequencing by ligaion
J|5A o7 Fa3 HAAIAES 108] oA enrich 7Ms, AMAEA
s -
AestE AxZ ) Ag 71E A A oo] WA ¥y
o= AAL Aad HES WIS Hs AxZ dnH AHE
olu|d £x7} =8 of 2-3F7F o|u|A A7t HAaF
FISSS 'RNA (ribosomal RNA)7} A|715)#] exm x|, oF 80% o] 4e]
read& AA ¢
2= 0
;lgj olm| A A|7FE w&3l7] $]3F sequencing 71E E2 AEL oln|
o = A 719 Fa. & &9 signal/background ratio (S/N ratio) &
- ;L =o|7] 93 light sheet& o] &3 excitation 5
W | RNAZ AdEHoz AAY 5 ode % AL
H
2% A#HS vz =7F TAH RT primer? array 9ol =31 3%
EAE 37|35 o] &35te] cDNAZS wb o] Z o]gslo] 7| d S
A8
A2 FHH ARE FAStHA LA E oA 7Ee] EAb
g olul A An] F2 A )&l HAA 5.
Spatial 27 AH S Uz FAFEA A Be o fFAx
Transc Aol 7t
riptomi AEFFY] =2 dA=/Eelse] Bad B3y FAsA &s
cs = 9e.
7l < 9
g A
€4 = Tales =ol7] S 24 W 7w S 2eA
u u}
H
N ZHAE Hr|AHE ol&, FTHH FL AAAE UM AEE
ia mRNA v}3 = 9] 3hg)
g g Adele] wg F7tE A Ee et e TR FAA &
°r Al 4 7
ZAE Hul7d AHE 78“319] Al ok
S = Q5 3 3 - 3] = u
SeqFIS | ©HA 0217]:0‘ % DNaseZ o]23t &3 vpae A7 Ao wa o] =
o
. olul A g sa MIE Aol Fo
?13794] ZAE dv|A e 22 A% vt olwA EilTs =Y
°
B s w g s 24 AR o Eas 2t
[ H4 vtm= A7 W JHA: MERFISH o] chemical W< o
w £5tH F o ZtHAstz whE o|wA Jhs
H
574 readout Wl =2} o]e} AJt 7F53 o4 79 encoding B}
MERFI 7Y T2 A7t wet xR r PolEma A /M A oRE
SH TH T 23How %Toh o2 B A3

o
e

=
multiplex ¥ 3} disulfide Z2§E o] &3+ &34 vz = A Ao o}
gt > A7kl B T MEE A F A ¥

W

,34,




o THUAE G7IEA WA A AAE .
- o Auet wiz= AF @ B 5o A EeA b dlolEHE wE
v Al 7boll = 2]al7] 918 A Z 2 o|u|A] EA why HQ
7l = 9
gt A e "R EASE o|ulA 7HE GrAd 2AY F MR we 79
4 = AEE wE A Zbe 4 7hssht, vlEE dAe wE 5EA 9
5 ou 7144 EAgke] Zhs stk AleF
H
A o ZF Ao EA MEuts AeAoR FA, 7|ES dUAE
h sequencing W AR&3F

o Alxo] FAH HHEE FASHA HYAE o]n| A 7ube] HAH
s gk ou| A Au] £ 24 7|so| B4 ¢

o In vivo 0] 713t

o TIVA tags o|&dllof g §HAo] §olshAl ¢k HA A (stability)

o] oAl
TIVA | &4 e CPP (cell penetrating peptide)E o|&3sl22 AHX FFol welt
w E3lAdo] ZelA multiplex,

e 3D in vivo A A WA S 213 TIVA tage 4 H&
7]l = 9
gk Al | e TIVA tag® 74 &2 U ol&3t 5F Ax Auld g8 7|«
€4 = Nk sd g, olu A ZuEe] FAA BAe] ofEZ V|E UM E
5 ou d7)Aed W e @AV aE A S
lee!

olu|A 7HF FUAE QYA Y& P A3 dIY 24 L A7 Y8 A
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A1 A A (Nervous System, Brain map)

e e el vHE FRACE Ak ZIEAd 72 7le e A
2 g AR 9 odde] Wa. ¥ AEAE AR

(Neuron) % 2 o]e] AMx2 545 WO EZH ¥ Ao & EFo
AssiA 2 A, =gt olwA EME F3l theke HAEES ¥
o] 42 % mapping st= FAH= FHt] = e Fopo] EEIE A E/HEHE

AT 5 o

HAZAE AFE slAAE DA, FARAA, DA Are 2 Feel 14
AT AETERS ZE dRata An, AsAA 54 2L )%

YHEE =¥ A FEE frozen AE 2 nuclear RNA—Seq@] thate] = v o} x]5e] 7

LI

AT AL 7|Eo| AAE G ¥ xS F
mapping st= Zhedo] U g 3

| =2 Allen Human Reference Atlas &2 Big Brain Atlas”} 2D/3D 9] “common

coordinate framework”@ 24 < 9l&. A 7R Cerebral cortex 32277] A3,
Frontal cortex/Visual cortex/ Cerebellar hemisphere 3528943, Tempral lobe

466 AlE (epilepsy), Hippocampus®} prefrontal cortex 195504 % 2] single cell

,37,



RNA-seqe| =22 RuFlen Z+7ZF microfluidic C1 A¥|Z nuclei, Drop—seq
© 2 Nuclei (snDrop—seq), Cl12& fresh cells, Drop—seq®® Nuclei

(DroNc—seq) & AF&35tod dlo]e]7} Ay Ab=] sl 5

HY9 A (Immune system map)

HAAAE o|F= AE AE F3o| ekt £39 YA ] ofF 9 X
s SAA gl o dAe] FHElH Fl ofFE AT 2 WM Ee A
FAldlH et 2A ] YAl wet AxE FHI 7]so] W Aoyt

HAAN 2= FprxEelng AuAE F3= 22| dissociation o] Zagoere
AR T AEZHFEA g EAZF WA Sw. wEkA vl ohekd A EE gt e
2 A E AALA S T A A AR BaEe] gl

%% 7]/9 (Lung map)

AR 7L A o= HAx 4009719 EAHQ MEFYo] EAlsl= Aoz deA 3l
O} Al EAo} ARy 7|5A Ao dalA= AHoR dHA
d AEZA % (Lung cell atlas)?q T+FHE ¢siA= (proximal—distal

N
b
o

( o.l){
>

A

=
= S o
2 A Uy g e

axis)< wet t5A A5 RV} "Hesi o] F Hd EFESH
gelst ot oS

E ¥ ol HNA WA (mucosal immune
22 WA AExAE A4S daAE ASH &
d A% 24X Hel2 1) broncho—biopsy =3 ¥7]= (lung

=
=
FARS R 24 3) G5E £HO

ubAd wHAA #HAZE COPD, HA, &4
Hel A5 gre H93 dAx] Agakel A d £ Ao gk scRNA—-Seq dl o] E
mouse A B AFE3F dlo]H &2 o} A2 AJatgfo] wWx] oFg

Al AEXE (kidney map) A<= HallA= #7715 AAFelA A7, AAAE A
8, a22]x AA biopsyE Ed kidney cortex, medulla, pelvis, ureter® #4138 4
0] O

AA =

olg1gt AlA £ A EL micro—dissection IS Fd s|FdHog FTuzg HE
(e: glomerulus)ell Hg HE 4 A2z o] + SlF. Heol v AR
A gt A] 2 & (lupus nephritis, nephrotic syndrome, immune complex

glomerulonephritis, diabetic kidney disease, acute kidney injury, etc.)o]v} 7] 5-Hb

$ B /SHEE FUW AFIAG HAD Gt AAFERH AEE FHE 5

,38,



A

A Rt Zzhe) Aghell A oA

(<3

)% Fd 5H AL THEToI} Age
! %

AR
7|2 A ¢l scRNA—Seq 2|9l flow cytometryt} mass cytometryS 283+ gtz <
Toll A2 HAFo]l BYsty AEES I LT HFslodof &

o O
Aol Alget stejete ¥, 9, aAEF S FHbel e e AU o9, A
W aela UEAe] thE AS, AlE qualityel owd dIFES 7 A= s ok
=

ghoolA BA7|e A doel A &F57] wel o714 HA sk fresh tissuet

AlApe] Abm| A2 (epithelial celDE2 A1 WM XE  (immune cel)E X}
dissociation protocolell A © &AFE §17] 4]7] wistoll, fresh tissue®} snap—frozen
9] nuclei prep 7Fe] dissociation protocole] ot o33k 7| X =A% =rels)of
3k Spatial analysis® ¢& XE AF oA non—disaggregated sampleE g
snap—frozen®} FFPE block® & X #ajjof gt

ZH(Liver map)
7H2 "iAb 2AF R oE AV tEA dA A AAY
b EAs e A A= 4 9l Liver map ZE2HE
1 o]

80
2e BAY 2 G] H 7)ol 5 AS

E %2 highly localized, & cell typed] FodZE olE EA AHXE F3&
do] ZHA 3% olgo F83

b A EZAE o] AAE ¢l 4= Parenchymal (PC)&} nonparenchymal (NPC)<

gk chEke]l AlEE ddojof sa, FEETAHCE 2 major lobes, AREHOE 872
segmentsel] tha| FE3te] biopsyE A& okgH(PC, NPC, gallbladder, common
bile duct). A& tt& F-9mict thefgt X FAS 7HA L S17] Wi Foll ohekdk F

9]ol| 4] cell type signature, proteome, metabolome #4115 %l ajoF 3t

Zhel & oE SAS @A e wel e A2m el o], A, wleF A
Zb, CEZ, A9A, 54 TS vxEste] o A Ztelut Fi &6l o= o

ZEA R o o3t Al Wy sas o] o ThAEe} WA EES] 75
| F-a-H S Aol FgFS Wh] wio ZHAES 3D #EE T 9t oS B2
A EELE 2F 452 metabolic gradientsel] ¢3S W] wjFof A|E Fu|E
[s) [e)

=

7t A5 = Aabe] 7hg o)Al E w segmenti}t wedge biopsiesE HE F 9 A
7)ol Aol AsfE 9 F AAE AdE F AU o YeE F3AY HAERAE HE
oli} 7| E ZF Atk A Alo] A|EE IS FE U

™
o
= g
o
o,
fol
.}
=
>
N
N,
N
ke
)
%
ri
o)
off
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o
o>
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>
=2
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H
>
53]
He
o
o
4
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 nh9le

#] & (Pancreas map)
AL 9B (exocrine) @t W i8] (endocrine) 715 st= AEZEE FAS 9
<. exocrine pancreas+ zymogense= AJAFs}+ acinar cells¥} branched tubules®
T35+ ductal cells® TFAE A|qE o] F2 AA A tfokal2 o} % dejx 3glA|
o
=

1
5

cO

Endocrine  pancreas+— gAZggA Mozt  EE¥e FXRE
hormone—secreting epithelial cells® FAE o] 92, o5 F a, b, d d
glucagon, insulin, somatostatine AJ4+e. A& I AIFo2 = A1y Tk, 23
2%, pancreatitis, cystic fibrosis, adenocarcinoma$s 2] ZHo] <
®} adenocarcinoma #< 79+ stromal cell (fibroblast, stellate cell, vascular
endothelial and smooth muscle cells)3}2] At& #tgo] F 93
AL A5 A5 A AHAA AER A 2 FelA 2 A & FE ATRE
a7} A& =™ in vitro cultureE d HS AIZF glell= S

A2 o] 7)5o] Heln® o]lF muldt Mgl ALx|ojof 3F ohro A £A

| &7}

“
28 @ Z Ao 3t scRNA—seq Hlo|E7} =F 2 & HE5o] 95

4 A/ A (Gastrointestinal: Small intestine, colon)

243 A SAEY nAES LElElFe Aol it dd/FEs &
Tole 29, olglgt AYA Aol A% Fds 9 LG WA AIAEE
7t 7y 3—59 =2 72A17knich mAl g, whE £ 59] Self-renewal>“crypts’8tal &
gl FRAA A E7IMET Fdsta 127HA] AlE For Z3goE M o] Fol
%)

ol A2 7T T3 AU wAE, "WIME, 71AE, AAAEFTHY Ao AEe
o] =AEH. AUr|AEL] ¢S FFH FHstd ARbH] AR E v E5)e
g 27], HA, 2EF, A AW PFAdE Hodstes He® deA 9l
. 23 Aol = 4004F o] Ake] AlxE F3Ho| EAstE ALE dHA UH

o} AA layerel] i3k

= =] o)
Qi -1 AA
e SN E % ATl Frv)Fe] Hag st ojee Ax

A EZA = y

FEoly w g F7F AL AEE A7) A wHe] ATslojof &

a7k HEE iR ddAE AAA dlo]El= mouse HlolElolm Abghe] wjihet
FH AAEA A g A|FA del 7t 7 Ex%

7| 5 (skin)

AR A BEE A Eeld AEQ R ok 14 wWel wol slwe) 3%

,40,



2 9 3
o wjok®l Au|AE (keratinocyte)2} lupus BHAFS] wHAAE HALA] A|FA dlo|E 7}
=Fog wuE b gle

o AZIA Hj e AE A2lhA oldie =2 HolARt, vk AEESIE F
AHez olsfistr] $17k A A< —cx}‘ﬂfﬂ A A Ao BEF EARA L o=
F % model T&& o|&slo] olFofRl=dl, AtgelAl A st 243 AAdE A
7] e A3 whE A|7E qbell UM ERE Falsle] AEEHY] ol Aol B

< srieats E7AEE o] ARAE NS F

 ALUe A old o
| .

o ¥ FES Aud AE £33 B st5e FFEo v Ao 9w xido)
oA, Aol ARS HE =2 AR ddAE vt oHE Aelmr, £
sl2]7F B8 %+ nuclear scRNA—seqge] ®igte] & 4 9l

= 5
) oare ¥, 4%, 7

>

Al trajectory wAlo] H Q3 Holo) HA
A S|4 dojp= adult stem—cell process®} in vitro system, EBjHFS E3}
developmental time coursesollA] 9] =% 3 Zo7 tj2 £A dFele] As

22 &3} ﬁl—tﬂ4 0]‘6]— xﬂu /“7:10] sﬂg_?;s:}-

e ol EANE AT A9 B ATAel o7 BAjo] Bl o[ FelAT S

o Zolol A% Aedmte A ohE MEA 9 Eax 54E vpA1 gleng Wxo
AEAE Aol Loslm 144 o|tE oz 3 Aol x4} thu]sE Lo} £
A 5 3ho)

-1 =
A Az w3

’ o 1=} fu =
AEHE HAT 5 ode A, B BED olrak AR =R o

2.2.3. 27txol= AF FTF
O L7lxol=9 A9

o ZACFHE Relg AEE 3AY wldH oz ofx] AT, AEFAA 7]
dFe BastAY A7t gakgt FEE vks ¢ ooledl, ol®HA AR 3A Al
E AYAE 270l =(organoid, &7]FAH) et &

° 3;‘(}0

2 eobwol=olis A7) Sold HESo] £ 9lom, A7} 4R 54 ]
) ) .

v
S AESE & ol AA Ao FAket HElE FA 2A S vhs g Al W
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13 36. Global single cell analysis market forecast (2017—2025)
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2% 41. “Single cell RNA Sequencing” 3%

1% 42. “Single cell RNA Sequencing”¥#
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5.3. AZAZA = Aksd 718 9] HE7F A AL
5.3.1. 3¢ AL #¥ 8. white paper

Title: Korean Human Cell Atlas Project

Purposes

To apply cutting—edge omics technologies towards personalized medicine
To develop diagnostic, prognostic, and predictive biomarkers for
cancer patients based on single—cell molecular profiling of patient
tissues

To develop novel technologies for single cell analyses including single
cell imaging, in situ sequencing, single cell proteomics, and data
analysis algorithms

To join human cell atlas (HCA)—Asia projects and collaborate with

other researchers (Japan, Singapore, India, and others)

Backgrounds

Recent developments of single cell analytic technologies allow us to
profile cells (normal or diseased) at each cell level

The human cell atlas (HCA) project started with an aim to map all
the cells (approximately 34 trillion) in the human body

The HCA—Asia project are under development to foster collaborations

among Asian scientists

Goals

To realized precision medicine based on single—cell analyses of
disease tissues (cancer, neurodegenerative diseases, and other chronic
diseases)

To evaluate various organoid model systems for human disease
modeling and testing

To develop cutting—edge technologies for single cell sequencing and

image analysis
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To join international collaboration networks including human cell atlas
(HCA) and HCA—Asia develop bioinformatics tools and infrastructures

for sharing and analyses of single cell omics data

Planned projects

Samples acquisition for single cell analyses of diseased tissues (i.e., cancer)
Single cell omics of disease tissues (single cell transcriptomics,
epigenomics, proteomics, etc)

Single cell omics of patient derived organoids and key model
organisms

Super—resolution imaging of cells for spatial analyses

Bioinformatics for single—cell omics data (analysis pipelines,
algorithms, tools and software)

Establishment of data storage and data sharing infrastructure

Budgets and schedules

3 + 3 years (6 years: 2109—-2024)

$5M per year (a total of $30M for six years)

5—7 projects (single cell transcriptomics of disease tissues including
cancer, single cell imaging, organoids and stem cells, bioinformatics,

data storage and sharing, and clinical applications, etc)

Expected results

Fostering of multi—disciplinary collaborations among diverse fields
including clinical applications, omics analyses, molecular imaging, stem
cell and developmental biology, and computational biology
Development of novel biomarkers based on cell—level association
studies of patients

Development of novel therapeutic targets based on single—cell level

omics analyses
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5.3.2. ¢ A&7t A 8 8°oF A
O Dr. Shyam Prabhakar (Associated Director, Integrated Genomics Center, Genome
Institute of Singapore)
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