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Table 1. Current ChIP sequencing methodology
Meth Key Fragmen .
i Sample Mark Description Ref
od feature tation
20 ChIP on crqsslinked
histone chromatin by High—Resolution
ChIP- | genome— L methylation, Formaldehyde Profiling of Histone
seq wide Sonication | Human H2AZ Use_ antlt?odles Methylations in the
RNAPII against histone Human Genome Cell
CTCF methylation marks | 2007; 129: 823-837
and TFs
Epigenetic
characterization of the
Carri Add mRNA and early embryo with a
rfgkﬁ Low input | o i ation | Mouse TF recombinant histone . chromatin
P (104 cells) |~ i H2B as the carrier to immunoprecipitation
the lysate mixture protocol applicable to
small cell populations
Nat Genet 2006; 38:
835-841
RNAPIL . Lo
H3K4me Use sonication and . .
3 size selection to map Mﬁppmgt.accesglble
Sono N Human locations of high chromatin regions
— seq No 1P Sonication Yeast IISE§7m chromatin using SonOfSeq'PNAS
: accessibility in 2009; 106:
DNA promoter region 14926-14931
methylation
Genome—wide
L chromatin maps
Nano . Use optimized ChIP derived from limited
— | (oo ot | Sonication | Mouse | H3K4me3 | Conditions, ony numbers of
ChIP cells works lor highly hematopoietic
abundant marks progenitors Nat
Methods 2010; 7:
615—618
Use lambda ) .
exonuclease to digest (,omprehens‘lve
chromatin from 5' to Genon_le—mde
ChIP— High Sonication | Yeast TF 3" end until the sites | Protein—DNA
exo resolution | - Human of protein—DNA interactions detecped at
crosslink single—nucleotide
It has single—base resolution Cell 2011;
resolution 147: 1408-1419
ChIP on native High—resolution
\ . Yeast chromatin mapping of
RO ocligh | MNase | pryip TF It can detectTF transcription factor
resolution 1gestion Fly binding in less binding sites on native
accessible regions chromatin Nat Methods
2014; 11: 203-209
Add a small quanti'ty Quantifying ChIP—seq
SAP— TF of human chromatin | data: a spiking method
‘ChIP Spike—in | Sonication | Mouse RNAPII as the spike—in providing an internal
control for moouse reference for
Chip sample—to—sample
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normalization Genome
Res 2014; 24:
1157-1168

Table 2. Current 3C—based metholology

Use Drosophila cells

Quantitative ChIP—Seq

ChIP— H H3K4me3, | as spike—in control normalization reveals
R Spike=in | Sonication | U | H3K79me Mix cells during global modulation of
X ruit fly 2 nuclei isolation step the epigenome Cell
in ChIP Rep 2014; 9:
1163—-1170
T7 RNA
polymerase—based i .
Low input protocol for linear Single—tube linear
LinDA | (ox104~ | Sonication | Human. | H3K4me3, | amplification of ChIP | ~ DNA amplification
in ox1 onication |y TF DNA (LinDA) for robust
105 cells) It involves ChIP—seq Nat Methods
complicated library 20115 8+ 565-567
construction step
H3K4me3 Add a pool of Calibrating ChIP—Seq
E{S}g)me? semisynthetic with Nucleosomal
ICom Soikein MNase Human, H%%Kg(’fnr:: nucleosomes bearing Internal Standards to
ChIP P digestion | Mouse N 3 a given mark in a Measure Histone
K3K79me DNA—barcoded Modlflcatlpn Density
2 concentration series | Genome Wide Mol Cell
2015; 58: 886—899
Use CRISPR—Cas9 CETCh-seq: CRISPR
CRISPR system to insert an epitope tagging
CETCh epitope Sonication Human, Cohesin epitope (Flag) in ChIP—seq of
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ChIP codon of an Genome Res 2015; 25:
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-C 180 al—toma uman with oligonucleotide capture high resolution in a single,
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n Nat Genet 2014; 46: 205—212
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Captre | Oughput combines Hi—C with the promoter contacts in human
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Genet 2005; 37:31-40
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— ofrlelel EolAge] v IFAPHEAT UL Fall ofrefel FolH - SUAEZ R 2 A AZdA FAA EAHE £ e 7le)

AFEA FHol 274 g 9E HAE FAstT HFE A Ye] o
- A AR FAALAY H FEFAT AP E F& T U3 O Native—elongating transcripts sequencing (NET—seq)

AH 2L A — WA AR A Bk ohz dREe FAA dFAIA A}
FAA A odH oFA (wlHF, ) shdal A AFasg = 435l 3= RNA sequencing®+= 2] RNA polymerase| 2]s] wtEof
2a8g Mesled &dsta, BIT 3 st 54315 53 3 Ala sl=, & RNA polymerasest ZH3F=el 9l AAAE AA

A Al Bol AE ol ofiJo] A]F3H sequencingdt+ W <

hul hu RS | [elNe] A=
— FAA AFE oy ok "y wsIA A 2L A5 BIT o8 kA — B 7]€2 20114 UCSFell 21+ Jonathan Weissman Z&olA ZZE 7l
7 glo] T3 W (Churchm and Weissman, Nature, 2011) st
— FAA ok 4tiA D AF4L AES sl v FHAGA WA 7R - HT 2 7les d 7“*]—‘?—"*] H&stel dAAA SR A ¢ NEL
ARl ok vl oz 7bsby} Qg ArAAE HAst2 ZIsdT7t o] FX 2 9l (Mayer et al, Cell,
— AFA Sl Fodstr] ol kA ey oA e AFAE 4 2015)
g Az il AREA We 2-F-aEe] AAAL e ngzZE — £ 7]1%$ o]&ste] A|2& v|¢kE RNA(non—coding RNA)E #4353
g AT [ Zo| Lgd a2 7% A 2w AYsEa ds

— NET-seq 71€2 U =U2 23 7|2AFHoke FA7} vl=x 2
23

O Long non—coding RNA(IncRNA) 5& % 7|5 A+

L FAA 2 FAFAA AFHE vhekdt Alv|sEo] miEA A% — ENCODE A}ie E3 A 27k DNAS ¢ 90%7F AAR| = 1S o] x|

st S Ak, 1% oF 16%vute] ©hiAg gtgstele AoR YA

ol FAA ATHE AVNETe] 25D S £30e] 274 ~ webA, o 88% ol4be] RNASS A& ksslabd e nets A

o] FAA Absdel Hg AAY FHE s FAHA AFAH A7) AHAl (non—coding RNAs) ¢

& JRY =2 g8 o] QT — o]# & non—coding RNAZ AthA oz Zol7} 71 long non—coding
°

RNA (IncRNA)® 7ol dig 37} A AAFCZ gs] o] Fo{x 1

St
H v =

1o ksl A 3} 1) o ) =1 3L :_y]:_x«l 2] 9] ‘_o:l‘l—
78 on %{% g ?_SMO]: 3 wom, chekgt AgIte] A W AE TeREeAA Y HRE ol

1] [e]

noe * Aa RusE 9)S (Batista and Chang, Cell, 2013: Anderson et al,

Std A E FHAEA (Single cell genomics) Cell, 2015)

T TR AEE LU AIAA GRS sk Wske 2l 9 — 53], AZ Sold-£7 Sold A5 IncRNA FHo] AAHCR %)
A E FEAAY dA7Ad 4 7]%":3(Petropoulos et al, Cell, A Ay 7 9L

— upghA chefdt WA EZZHE O IncRNA & Hask, 1 A47d
, BVAIE AT, o] wW3ksl o3 7} = o
o wghgt olal7t Fad
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- ZAAZE o] g3 IncRNA2Q 75 7, thekdh AlZ 4

& IncRNA 54 % 75 d7E 28 AAE 743tz A55 A4

%Py
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N
=7

RUlAEE o] &3} transcriptome 2 epigenome dynamics -
FAFAE AH FAAATFAA JFHR Wit A 49
transcriptome 2 epigenome Aol et Fao Aol tiFE L glon}, o]
of H3 A7 BlE7] ££%Y (Weiner et al, Molecular Cell, 2015:
Nocetti and Whitehouse, Genes and Development, 2016)

— vhekgk Aol i ww g A7 A& ARte] olsistr] g Al
1]

Fo MAFA A2 transcriptome % epigenome dynamics #Aje| B}
tlo] x|ojo} 3}, o] & Fa Wt} WEI AW AE FAHUA o] 7t
=%
h=d]
=

- fﬁXH "/P‘?—ﬂ%’ﬂﬂ A2 thekdl ol AHA]E 9] transcriptome
o)
AR

— WA ZE o] &3} transcriptome % epigenome dynamics A7 A=
TAst] 7|2 FARE AAsta ol & vkt YA EZRE TET A
o} v|mwEAsle] FE3 AF TEHQAE WFsloiof g
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2.3 AtgH FAAEY E FEZAY A7

O "X et Az Ay A8 of 3 £a} A4

1) x4 Agdzy 3
O 149 % 4859 ¢, 159 % 523.49 9] oate] A5 gL

)

O 16 AH dl4k2 551 o (Addiv] 14.8% (73.6%) 571

O HAH 1589 & (28.7%), vwlelF 125.59 & (22.8%), 43

80.39 o (14.6%), AFg¥ 77.2o0 A (14%), 3N+-H 56.7¢
(10.3%), 2R 46.39 & (8.4%), A=A 7 & (1.3%)

o] W g oFF A Bl S A T 56.7‘)3‘ A5

=

AR71€ A 9 AR 24 TS 67.59, Az
135.7, AL FAA A7 122.19, 4bi8k ol=e 75 69.2
3

(=hsl: iwk 91)

1549 o)Ak 16 o4t
TE
alzk alek W & o4k Hden] <&} g g
(%) <5 (%)

i;;:?'ig%ﬂ 48,069 | 79,830 60.2 55,104 7,035 75,460 73.0

O vle) gz}t 12,500 | 18,316 68.2 12,550 50 17,476 71.8

O HAZAH 13,460 | 20,348 66.1 15,806 2,346 19,508 81.0

O AtgE A2 5 6,409 14,370 44.6 7,720 1,311 12,370 62.4

O 3l eksab 4,500 8,600 52.3 5,669 1,169 8,500 66.7

O sHHFAAEFR 2,500 4,786 52.2 4,632 2,132 4,786 96.8

O s&x%%4 8,000 12,410 64.5 8,027 27 11,920 67.3
O 45 700 1,000 70.0 700 - 900 77.8
- '14dE Fa AHREDFA 4519 24(93.1%), WAUR&DFA 334
(6.9%) 9%

O FAHE=E wmFxIstE 11569 H(255%), HZAFAF 1109 o
(24.3%), SER5H 80 L(17.7%), AHAEAALE 60
(13.3%), slFFAt 559 €(12.1%), sHFAAER 259

o

(5.5%), AHA 7o A(1.5%) £2& F&
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[ ulebgy i} A3} 290 4H

(o} 2)
T 2 2014 2015 2016 2017 2018 2019 2020 2021 A
Eal: I B 775.3 798.3 754.6 721.3 735.8 734.2 653.1 615.4 5,788

=159 EA2EA s o H FAA Al ek R&DFAHE £ 523.49
o2 AR R&D FA 477.49 H(91.2%), W7t R&D FA <F 469 ¢
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O HAMEEZ BAEZIL 131.349 & (28%)*, mfFx3}sE 1259
A (26%), sEFETH 80 A (16.6%), AdTAAH 5
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(5.2%), A8A 79 & (1.5%) £2=2 FA
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= NGS w7hel Fzbel sladdt wdoleE BHalm B8¥ 44
pame oW A 2L AT A wgo] Ba

s 24 FAA J1EE WAE A AEEd A7 BeF (o
eRNA, ncRNA, &dA 2 F44, CRISPR %)

s FAR FAA ATEFS WA J)E Al Aol Bag (o
WEE, vhol 2z g AT F)

1) Y44 NGS #8A Helo|g ¥4 =27y

O #AA WE %3 IT Qzmebe] WLz vhebat £l ShAd 4
A ARt FEel wek A wEY ARE TEL s 44

A, AAA, FAFAA 5 sAd el NGS A Hdels S AlAA

o7 ®A3}

h=
O 24l NGS #AA Mulele] 42 ANE % Wely 5 ol &3}
o oF FAA YRE Halshy, AW Wk, olF MR F
A gels Rdg FHse AT e 2
s glef el
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2)

SAE FAA T (Single cell genomics) @ Al E A A Holet o
AL EE Fo93+ AT FAA Hol&2 s A= AW

s
— AAAoZ FAA wolsh A ke 4RI 9 B 4 A
[e]

o
2N

= single cell genomics® ol7b= Aol gl

— Zjih:g]. /\ji]tf—'— r}}-i% 2] A 5E

cell genomics &8 YHE FAAZL A

— DA E FAASTE oo} e AR AT FolR T3

- HAAE BErlE 0 GG EE AFEA LElE el Abgske Ve
Z ‘single cell genomics'®] HAlolw, oS3} Z2 HlHo] S (ME
AF 3 52l A A (FACS : Fluorescence activated cell sorter) HWH,
dul s H-(micro—dissection) W, w]AlSF3] & 8t (microfluidics) W)

- Single cell ¥4& 913 DNARNA S 7% 7/ @ QAA < 2|24
< 34 B w2 e DNAS rRt=E 7e

2, and
=
P
o

- Single cell genome NGS dHlo]g &4 7| 7|4
Jgs] dolul7] 97 71€=E, DNAY AHAF EA

zo YAE EiFste €M dxElFe Mol e

A4
242 Falo] WA

A A7H (CRISPR—Cas9) @ FAAS AashA Zeh A 292

2 FAE 2T 5 oodb V142 EY FAY AR et
g F15E ¥ A WA o8 Adshe JeFel 4
o3 ol

— "y Cas9 : CRISPR-Cas9 7| % x7%E #FAAS AL = 5
= CRISPR-Cas99 FA4 84 FolA Cas9&4, RNA 55 #FAA o

Al B8 F M H=EE VE

— o}A X E(argonaute) A : A2 FHAHA WP
v 5 A2 glo] vl AsAl DNARSIE AdE + 9le Wy
— Cpfl @ CRISPR-Cas9 7|&9 Z¢ Hsls H2& 25 ZehlA X3
Zloll olo] gk wjgte @ 2 7|&o] Cpflel™, o]+ Cas9Rtl o =1
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— $elueel A CRISPR #7l #of 7 AAR +Ee 258 202
shot

- dE S0, AAF 259 IBS A7, (F)EA 52 AL AAA F
Ealys

pil = A=}
= X AAA 5o AF+= FAA L non—exonic 3o 7|5A AT
of 2% o] ukFEolx CRISPR 7|&S FAA ATl S&stels A77t
G SIEHA o] FAA L 9l

— & CRISPRY 224 AAH, IPE Frslr] A A7 Wetx e

A 55 ¢ MEL CRISPR F9 U3l AFE de d4Y
— otARE, felvete] T AwE 7S] wEE CRISPR A28 9
Al A s sk M't Hal gl

— welA CRISPRE ©]$3% non—coding A ¥4 o172} oelf#-A A

&

ole

4% §3 4l7]5 CRISPRE W= &, #4AA 71<2 CRISPR 7|
S92 Bol T2 AU FuT 4 oAb Pobd BT Ads:
Zlo] npghA & 124
in situ microarray &4 7€ @ 3 7He] mle]mZofe|o] 7|9 el A]
Mz e seaE ? ab el Al oW wk ) FEzA FA =
7|&

| AHE== vlolaRojeo] 22H 7lEE A 2E|E 7
$lol 22" sl= 7lEely, in situ §A V1€ 71T HelA Hake
25€ gEULE=E @& N4 T thdHer FA4st= 7

— In situ microarray 34 7]1€3 o]& 938 vlolzZ o] i FA L
}RE S aksls s
&35t FHE AdE =gl

— Agilent 3]AlellA =Z#E 7] 3
| &83ked AbdsE oS

Customarray ApellA ¥tz 7

o o

o
==
o
=

O Had 71 FAA deld £4 7€ A
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- AN A F A readsE

- A A DA readsE

[s3}
=

A A thesh o] TR

reference genomee®] ZFo] B

o] £3}lo] contigsE ®

- Al A4 AT} reference®to] AolE HAF

— o}7]el A variants® 8% 2v]E

elE=2] 7o

717) g #oA e

Celd A fRA R

gl

19

FAA AQ 20 7]
S dlolE e @7
A el
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3) FAA S

FAA dTeE

Rl =7} mlo]Z 2 u}le] ¥ o] E] B (National Microbiome Initiative, 2016)
Ae O mlo] 2 Zulo] o DH?SL ols] FAl. 7A7ek mpolaREule]E VTHE W X
2L gl A
WA w O AF dyrjake] patal stA 9 wizk e stA 2 A7 A FUF
R 71k wpo]l 2 Zulol 3 2l s F
O NIe g™, wink > oF 5 vpefd 224 <A o who] 22w}
A o] Aol oA FE vlo]ledE AT HF wlo|ZBulo] R AT F
AR EAdel| w2 AT AY A

O 3tAl 7t o1 x| 9) (Supporting interdisciplinary research)

— t}okal e A wlo]lZ Znlo] Lol ITat TR A Ao gt Jw w©A
O ZYF 71€71% (Developing platform technologies)

—thofet *“EH7ﬂ°| wko] 2 & ufe 1 ell anL E’Qﬂ* A A AN FFE
FYFIE e

oft
D

= Uoiiﬁ 2 ol¥3 Expandin, hmlrlm workfor
Faug w Faeer | O WG %]%% o awm;xfaﬂdﬂé TS e e st
O NMI A&E& g3 =Iztel Fa 29
-4 & WY} Ao A gk MRS Ao R o Y S| FTA T2
e 47k 19 el (of 1,170 ) FA A
=2 dke] ofy RIZF AF|RER AN W &S Sof of AR dFHA
E3 5o Rofoll A mAEL A AT A
7174/ <) 4 O FF 297k 1,219 ej(ef 1,4502%0) 74 <A
il A"l ©] 8} o] ] 4 E] B (Precision Medicine Initiative, 2015~)
O 7l FAA, 27 4 A&k Fof sflxrt A o 2l A ge Fas
e Aol gzt Aol Bad olste G g Afshe U
O 7Hel 2t kA EA AN
R R ) O AHAQl F7tedy AS5E YA
O #x9 FAA HHES virboz Jjed wE AEE Ad
A O NCI, NIH, FDA, ONC o] #elstes ch-Aabd F4
O el &% A 54 7N (More and better treatments for cancer)
—0.7928 £, NCI F=
— =7kl e) oF A4 vES T F5 gl sty
- AR A 7ake] oF QAAE e
—aAel w2y A8 A 2 grE sh&s)
O A= Ql #7bel T35 E A (Creation of a voluntary national research
cohort)
-1.39 @8 FA, NIH #%, ONC Fof
= (NIH)®ut & o] 4}e] b g Aozt A
—(ONC)-‘?—‘%' o £F3), 3 Fo 5 ohAE dHele mE Aaw i
Foue W ER o} O MAAH FF WA E 918 A28 (Commitment to protecting privacy)
e e —ooh‘aai 7 ONC F=
—AEels Fwe] sjedgy 4l diele Bl AlA® s
— (NIH)® gt = o]4ke] X}””‘ AT Froix 23]
- (ONC)d 9 xE3l, #a 5o 5 A dely wgh Al2g 7y
O JtAlel '}(Reguldtory modernization)
—-0.19 &2 Fx. FDA #
-NGS 7|& #7t5 9l “:L“d s
O &3 —wl7t Al F(Public—private partnerships)
(A AbEA AAx wk ge] A5 E AT FHye Fr
- A FodE AT A7 ARV AF(FE A, A7, A AR
B AEvE o8 &estA, oBAF N dAA” F)
O 20164 2.159 =&
713/ A 0 20174 3.09%] Ze]
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4)

ad
T

ohd Fa wholode WY
o) =

A A 2% (National Bioeconomy Blueprint, 2012.4)
g Zgslo] wlol Al YL s
=z

7 A gxalr) A A A

BRAIN Initiative(Brain Research through Advancing Innovative
Neurotechnologies, 2013.4~)

- Y A ZRAES] A7 AIAY Ho} ddE A7 V|2 ARE

- 7lefdE T et AW T ARAdE BAste] AW AEA A
Ely
- 7, A%, T, 8 3] w33 Eof ARl A=A #A AA

A A =rglgle} £ = 2 A E(National Action Plan to
Combat Antibiotic—Resistant Bacteria, 2015.3~)

— wetgte Fg ARI|AET A Frtske FAAA A dE ol &
A%t F7HH Ao ZrAE

— A WA g elel 2 ZRAEY A, dAA tFH FHsrle A
T ¥38 (PCAST)EHE AAR L& o|FHolul7] 213 dA A3 5
- 129 =28 (1.3%
ol 7]

) ol date]l dast, 2016\ FAAE A4 5

nlo]omj A~ AF/RY o] A E] B (Biomass Research and
Development
Initiative, 2009~)
- A oER ANA, dAldYA 7lE N, oy Rt o FAEE 4
TR
EU

Innovating for  Sustainable Growth:

Europe(2012)

A Bioeconomy for
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— ohMRRE FHgAAYNA RANEE F8 Fopz AGsta AA

wHe S 4F FYe dBer FE
(D QeAFHY 30 ABAS 5 =0 2253 4 ook S

H
wulo]d ERHY F FAANINE o] Tojrle ARFS
ok A B Fuk 7] ARAG 57
— wo ARl s B4 AW ASle YRE AREs AR
A Aol eA e Syan #d AA Q)

- A& 9§ oAF/Y 7]F(Japan Agency for Medical Research and
Development, AMED)(2015)
(1) 4& o8 #ofe R&D-eIZe 7529 4 o =
(2) BHHA-FA =54 AA A9 s =" o8 fopf
R&Del #3 o4& 2
(3) 71z A4 Ag3strtx el di
o], Akl " dAAE o A7 A

’

ru
Hu
r o
-
=
AC)
1o
it
=
rﬂl
B3
2
=
>

O A|57] #}3t7|< 7| EA2(2016-2020) % Hlo] 2 A H

- SR e s BRdade] AAEL e ARelA BA T AAE A
stA|7)a FA J THe W& vEEAdS dlelr] A FA
O 5=

O FRIAA 2 As|d A 124 57011 (2011~2015) 53
- A7) AxF AARM HAxleolek= HAA v FLE Ju]E THA

W, G2 FAStm ol F% AAAH e A4

N
ﬂ-l

- AFYHA, FAEE WA vgAdE
(D) 3 AA Astr1E AY 4, Her)e T A, AAAs e
2 7kl E 9 HEreAd 8 %)
O = sty A12x 5703 A F
- Fer)%e] NR-HAL B, FH25A A wE AR B e
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1 ©° h= A= [e}
el
O F7h A AF Abe) WA/ A A FA $4757

- 08 2 FEAVE AA Aol BAANAA o F R WFAIG
H S

oot AMAA, cBAA, AdLAAEAe|gt= AAA E=E THS

- A FArliee] Ediel A v aabv)eat A wAde] MR e
A A

O FZA % 2025
— A123 50d AFC11-"15) 04 A2Eake]l S4S FA
2o AxFA Ao )3t g FEAR 2025 A

O Zokdusl/=A 354, ‘Reverse Pharmacology”

- 53 AFYFE ‘TCM (Traditional Chinese Medicine) o] gt =7FE

A2 BRI 77 9% =z g

(D) 160"4 A Zoh gl Aede] A}, 700 A Fhek Fo|oF v go] £

" =7k e 9570 % AL Folof HoF o 4578 AA

(2) AAFe ka3 Agts], AAR T ALt 23 FA Fookat
slel A AA 5571 F7HAA)e] 18671 &3] 7F 7hyd

(3) &3 U] 467 7S FooF ZAGHI|AZ A%, THE 93 AA
oz A AAe A 45770 ALY S AT F&

O A 3=
ol

O Twelfth Five Year Plan*(2012—2017)

— upo] 2 A A & A Ak FofR FAstr] ¢d <1, A=

)
= -
5 olzet 4 45 9@ A% v

SRS
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BBz 2}l xod o x " sl xHeoe =2 mylelg o &=
O One—North Project(2001—2020) © tj bl e 47 % oletEsd $F Prisdes A3
S o
(e}

- AHA L AhERe] B nFulg o3I AW ohFA JgEe

o H 2 |
oA mpxl W olAHAZ gd] AVEZ AW zde ATAW TR O AA FAA A7 W& 2o dd F=2d % dFHs 7173, A7
wEs] gs) 1%k(2001~20104), 25k (2008~20154), 3% A el Wi SARe AAS A AAE Sy de
(2012~2020) = 4 O A+ Azt =7 HxE T ol 7I&, A3 2UEHE 2 A 4
: : oH S 7t #Foer U AAY st
O Research Innovation Enterprise 2020 °= ° Y eene
, O & Ao AET ‘A4 593 dFdelo T2ty g
— Xt ‘Research Innovation Enterprise 2015(RIE2015)'¢] Aoz o O}H-]-LOL}—‘M kl ]L—T]-Li 5 :'1'1:1 o] el A
A7, 4, 719 ARG AD AGH webew v SRR ATHGE kT L8 B
— 4R AxES, wAwol e e, AnlaAE AA, SARA 67 s gk ek o) Sl FAA A ww AHE £ A S
1;_4 X]é’?— 7]"‘:‘*j “oi 4‘,/” Zg_xrj %ﬂ:okoﬂ 7‘;:}25:_ _1[5_X]_ AS'E}‘X]_’-JL_E 21:‘7]' : %%(SCL H]SCI) -——> %%(SCL ‘PI'X\_ﬂ]a% ]Z], H]
SCI) = 7
B
O PDP (Productive Development Partnership, 2009~) O W] ezt o 2a%e] #+2 =8
— Bepd Aa ] YF 7Y AHE =o|AY utF AXTHE =4
A=t 2 FEIUE FEst7] Kl AY
ﬂ .
— (RAW)PDP AL A AFTA > WABEUSE A A > (7] = e =
) ZlEol A -FAFA AlF — (RAF) AAE AFY 5FH F406GW) o olEakA 2] distd AT A AT ST FWE A
< B3 F= &vA 25y s AA
o AWride BFe HWE #FobE HAsteof &
O %3 2b A7 dady 54  KOBICS m&A HA 7t gt 1leo] BoF
w Ul 7 2F Y S FRY FAE F45] ARF AakE
AFs H AE7)H Rolol F9
n FFATY U &3 vlek(FE E/AA/E AR 5
& shs)et gk FAAAGe] BUNAH FF AAnFE AHE

D) A o dat 25

O =ul F#es| 53 AAste] WA FA AFAse] FHedshkes AaH
W A EA)e) A5 (FFdT €D
— FAA 2 FAY Lo 7 o] TN ATAT LF L5 O AW7IA % FAA A+
O FTHAT FA2 A% 3 $AHAE FHOE B3} HY8E 74 o - 201797kA AWH FHAAIAE wpRtoz 28 RHE RAHAAE F
EFFory FEAT Fol A7AE 7 AR 2 A 5 243 #A 28 gAFES A Fo| TEJAZS 7|3 =7
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Table 1. Current ChIP sequencing methodology
Meth Key Fragmen L.
od feature tation Sample Mark Description Ref
ChIP— | genome— | Sonication | Human 20 ChIP on crosslinked High—Resolution
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histone chromatin by B ]
HEleylation Formalc!ehy;le Profiling Aof H}st(me
seq wide H2AZ ’ Usg antllqodles Methylations in the
RNAPiI against histone Human Genome Cell
CTCF methylation marks 2007; 129: 823—-837
and TFs
Epigenetic
characterization of the
. Add mRNA and early embryo with a
ng;lcl Low input Sonication | Mouse TF recombinant histone . chromgtlp .
P (104 cells) | ~ : H2B as the carrier to immunoprecipitation
the lysate mixture protocol applicable to
small cell populations
Nat Genet 2006; 38:
835—841
RNAPII . -
H3K4me Use sonication and Maboi essibl
3 size selecuonf Lk(: r}r;ap ci?ggiiic;:;;nse
Sono N Human locations of hig . S
— seq No IP Sonication Yeast H3I§§7m chromatin using Sonol—Seq'PNAS
DNA accessibility in 2009; 106:
methylétion promoter region 14926-14931
Genome—wide
o chromatin maps
Nano . Use optimized ChIP derived from limited
- HSZ ggﬁig Sonication | Mouse | H3K4me3 \:Z?Eltl?éghfgrﬁlyy numbers of
ChIP N s hematopoietic
abundant marks progenitors Nat
Methods 2010; 7:
615-618
Use lambda .
exonuclease to digest C‘omprehenglve
chromatin from 5' to Genome—mde
ChIP— High Sonicati Yeast TF 3" end until the sites | Protein—DNA
exo | resolution | “O™MOM | Human of protein—DNA interactions detected at
crosslink single —nucleotide
It has single—base resolution Cell 2011;
resolution 147: 1408—1419
ChIP on native High—resolution
. Yeast chromatin mapping of
OEIGCA resliiﬁ?ion dli\ggsat?gn Fruit TF It can detectTF transcription factor
Fly binding in less binding lsnes on native
accessible regions chromatin Nat Methods
20145 11: 203—209
Quantifying ChIP—seq
Add a small quantity | data .a.spiking. method
SAP— ) ) o TF. of human Chrom?ﬁn providing an internal
ChIP Spike—in | Sonication | Mouse RNAPII as the spike—in reference for
control for mouse sample—to—sample
> normalization Genome
Res 2014; 24:
1157—1168
Use Drosophila cells | Quantitative ChIP—Seq
ChIP— . o Human H3K4me3, as spikeﬁn coptrnl normalization rg\feals
Rx Spike—in | Sonication Fruit fly H3K79me Mix cells during global modulatlnn of
Y 2 nuclei isolation step the epigenome Cell
in ChIP Rep 2014; 9:
1163-1170
L input ! T7 RNAb 4 Single—tube linear
OW 1npu polymerase—base . SE ot
LinDA | (5x104~ | Sonication Igl“ma“* H3RAme3, | rotocol for linear (IEN%zs;mf]hmaEUnt
Vouse TF Lo " n or robus
105 cells) amplification of ChIP ChIP—seq Nat Methods
DNA 2011; 8: 565—567
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Table 2. Current 3C—based methodology

It involves
complicated library
construction step
%{Ig’ggmeg Add a pool of Calibrating ChIP—Seq
IIéK27Tneeé semisynthetic with Nucleosomal
ICe= | ¢ o s | MNase | Human, | foroe | nucleosomes bearing Internal Standards to
ChIP P digestion | Mouse - ? a given mark in a Measure Histone
< DNA—barcoded Modification Density
K3K79me | . ontration series | Genome Wide Mol Cell
2 2015; 58: 886—899
Use CRISPR—Cas9 CETCh—seq: CRISPR
CR.ISPR . Systpm to lnscrt'an epitope tagging
CETCh teDlto‘De Sonication Human, Co’h‘e‘sm epltopef(blag) in ChIP=seq of
agging Mouse TF place of the stop DNA-—binding proteins
ChIP codon of an Genome Res 2015; 25:
endogenous TF 1581—1589
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Method fK:; Interaction | Sample Description Ref
eature
chromatin is fixed and digested
simple with a restriction enzyme Sticky . " o
3C DNA one—to—on Yeast eends of the cross—linked DNA Capturing chromosome
loopin e ) is relegated and the ligated loci cor}f‘ormaFlon Science
ping is assessed by semi—qPCR or 2002: 295: 1306-1311
qPCR with specific primer set
Ligated 3C template is CerUlall” chromosome
Cheap processed with a second round CD“fDrmaFIOH capture (4C)
and high | one—to—al of DNA digestion and ligation to uncovers ex_tensw_e‘
4C resolutio I Mouse create DNA circles Using networks of e‘p1genetlcally
h view—point specific primers, rggulated intra and
n inverse PCR is performed. Then . mterg‘hromoson‘{al
they are analyzed by NGS interactions Nat Genet
2006; 38: 1341—-1347
3C template is hybridized to a
mix of oligonucleotides, Pairs of . .
multiplex oligonucleotides corresponding Chromosome  conformation
ligation— to interacting fragments are capture car'bon copy (5C):
5C mediated | many—to Human juxtaposed on the 3C template A massively paral_lel
h amplificat —many and can be ligated together All SOIUUOH, for mapping
ion ligation products can mtgractwns between
(LMA) subsequently be amplified genomic elements Genome
simultaneously in a multiplex Res 20065 16:1299-1309
PCR reaction
The first step involves conventional
' 3C. Immediately after ligation, the A novel 6C assay
combined chromatin is IP using an Ab against uncovers
6C 3C—ChIP | many—to Human the protein of interest. The Polycomb—mediated higher
- —many cross—links are reversed, and the order chromatin
cloning DNA_ls purified further. Then conformation Genome Res
cloned into a vector generated by 2008: 18: 1171-1179
the 3C portion of the protocol
h‘Xpins“ Before ligation, restriction ends . .
Huge are _biot_in—labevled_ follox_m‘_ng a blunt Comprehenswg mapping of
amont of ligation, DNA is purified and long—range interactions
Hi—-C information all—to—all | Human sheared, and a biotin pull—down is | reveals folding principles
require performed. Reads are mapped in DfS the hm;ggggeg;(?e
extensive  the genome, and scored as an cience 2UY9 .
interaction between two fragments 289-293
hlghh_tht" combines 3C and _Analysis of hundreds of
Capture Duf- iu l-to—all | next—generation sequencing cis—regulatory landscapes at
-C 180 all=to—a uman with oligonucleotide capture high resolution in a single,
resolutio technology (OCT) high—throughput experiment
n Nat Genet 2014; 46: 205—212
high—thr ) NP Mapping long—range
Captre | Oughput combines Hi—C with the promoter contacts in human
Hi—C high all-to—all | Human hybridization—based capture cells with high—resolution
resolutio of targeted genomic regions capture Hi—C Nat Genet
n 2015; 47: 598—606
. simple . . Loss of silent—chromatin
ChIP DNA one—to—on Human combmes 3C anfi .chr.omatm looping and impaired imprinting
loop looping e Mouse immunoprecipitation of DLX5 in Rett syndrome Nat
Genet 2005; 37:31-40
. It analyzes ligation junction An oestrogen—receptor—a—
combine . g D!
ChIA 3C with | all—to—all Human formed between DNA sites bound human chromatin
—PET ChIP pulled down with an antibody interactome Nature 2009;

against a protein of interest

462: 58—64
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