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COMMON CELL TYPES

blood cells

intestinal cells

stem cells

liver cells herve cells

muscle cells
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@ FT4HAE (Stem cells)

OCT4 (POUSF1). SOX2. NANOG.
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@ I\ LR A8 (Intestinal

epithelial cells)
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@ MR (IXiE M4/ B 4Rhe A
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CD45 (PTPRC). CD3E (T#EfE) .
CD19 (B#HAE) . MPO (BEZR) .
GATAL (4%R)

4 BEANMEE (Skeletal muscle
cells)

MYOD1. MYOG (Myogenin).
ACTAL (ANzhEHol). TNNT3 (F145
EATI). CKM (AR & EEMEY)

B FFHEARE (Hepatocytes)

ALB (AZERA). CYP3A4. TAT (B&&
BRE EESES). AFP (FRRER).
FGA (4 EH R o)

® #£2T (Neurons)

MAP2. NEUN (RBFOX3). SYN1
(Synapsin 1), TUBB3 (BllI-tubulin).
GRINL (NMDASZ AT £)
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HIEEX FEYLFH KESFHIRE BHRERE

e g s . . . R REEEES X", WM
FUE R (Epigenetic TAEDNAT R MR E | DNAF R, BERE. ial A
Regulation) R S EEEE A H3K2TmeS SELEPITLA AR

kB . HiR L XE

¥ 3%KFEAIE (Transcriptional

Regulation)
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1.1. FZEYRFRDNAFS
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HEFFIMETFS) FHERRE—E, MR —THEXIMEEA,
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1.1. FZEYRFRDNAFS
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1.1. FiZEYHFRDNARFS

FER YR AR (RNAR SIS S ALR), FEEEREFELR N —10XM — 35X EES
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1.2 EZE WS FDNARS

A YERNA AT LR B SERREE TR RDNAFS, FREAEHTTH .
AT RS A R R T E LR RIRNIME S, NR IR R RERE .

BT, BT, B5T, AT
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1.2 EZE WS FDNARS

B3+ (Promoter)

ERNAREE SN A X HARBMN—AiLxFRTH, I NAIZRNAR SRS, GEIESRNA
REeMESERY L, ERNARSI{FEEXHTT,

ENAEYN RN FFY, FEEBEHXERS-300pXH-75bpXFEEE —EEEMNR
SysZ1

-30X: TATAAE (TATA frame): E—EUFF ATATAAMAAT), HEEFEZAEDR-10
73 (pribnow box)

-75X: CAATHE ( CAAT frame): —EUF5I AGGC(T)CAATCT, CAATHED] BEIZ I EH K
T UR HY IR
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1.2 EEYR T RDNAFS
TFIIB Recogrition element  TAT Amotif |mitiztor Em;e :Emgsrrﬁ

——{GIC GIC GICCGCC|  TATALA PPyl Tik PyPy — RG AT CGTGE  —
-EIE -?!.2 —f!EE +I1 +|3EI

1D

IIE:

11 & 1]

IIE, IH, Pl II: 1]

Seduence elements N a typlcal core promoter
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1.2 ERZEM5 R DNAKFS
iR+ (enhancer)

BB N IE_EEFES (far upstream sequence) » B EEE R B+ LU N
FEZRHIDNAFS, HEEEASFINARTR, SEEERN _ ETHRAAETT XK.
R A ERFZINAEREERE, BIARAEEE, BEEERRE.

(1) BREIELLE 37 K0 2 I I ] — S5 DNAGE_EBEEEREE SR, —REERS
n10~2001%, AMEZERE TR

(2) Was-FA/E R IR R SR R F A R, AndESVAO HYSE G 2 H2 21 % -
PRER A b, Rl 5 I R 1001 ; \

(3) IRy AY O B n] LIRS B3l RN A K3 e 81, i HAE A S A

FERERI S FAL ) T IARLC R &, BN TC IR AR 2 A, B AR A Oy ;
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1.2 EZEYHSFFDNARKS

WEETF  (enhancer)

(231) Miul Spel (252) 1feat
(47 .. 66) QZ18 NdelI (487)
(47 .. 66) pRS-marker (CMV promoter,
(1) Sprox CMV-F (772 ..792)
(AmpR promoter)

( ) Qz17 (5" LTR (truncated))
7789 .. 7808
KasI (1018)
(7789 .. 7808) Amp-R NarI (1019)
(7719) Scal Sfol (1020)
(7461) Fspl PII:EEJZZ)
(7239) AhdI HIV-1 @)
BspQI - SapI (1483)
(6654) PspFI R / KAL (2317)
(6650) BseYI /

(6487 .. 6506) pBR322o0ri-F

(cPPT/CTS)
(6454) DrdI

Xbal (2616)

(U6 promoten
mU6-F (2854 .. 2874)
HpaI (2935)
(6152) BspEIL AbsI - PaeR7I - PspXI - XhoI (2950)
Nhel (3104)
BmtI (3108)

(5805) Pwvull
(5770) Bsu36I

TspMI - Xmal (3244)
Smal (3246)

QZ8 (3466 .. 3485)
PfIFI - Tth111I (3509)
- BamHI (3519)
(5101 .. 5121) WPRE-R EcoRI (3541)
(4902) BsrGI SbfI (3551)
(4846 .. 4867) EGFP-C Stul (3553)
(4499 .. 4518) QZ14 LIG_SeqR3 (3554 .. 3569)
(4499 .. 4518) EXFP-R NotI (3577)
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1.2 EZE WS FDNARS

IR+ (enhancer) H H3K27ac (26 kb) e
Dayo [0-5751
1 Active Enhancer (EnAc) Th1-Day3 -3 i
2 Weak Enhancer (EnWk) Th1-Da [0-575]' =
: -Day6
3 Active Promoter (PrAc) '['0'_ 575']‘" - LH-.L_
4 Active Promoter Flanking (PrAcFl) i st - -I.-..l_
5 Weak Promoter (PrWk) Th1-Day12 _[2'575]_ - ad ‘
6 Weak Promoter Flanking (PrWkFI) Th2-Day3 [0-573]
7 Bivalent Promoter (PrBi
3 Ry Th2-Day6 [©-578]
8 Repressed Polycomb (ReprPC) —
9 Weak Repressed Polycomb (ReprPCWk) Th2-Day9 1©-°7°]
10 Heterochromatin (Het) Th2-Day12 [0-578
11 No signal (NS)  Emission probability : [0 - 575]
iTreg-Day3
28999 o [T ! . — =
~ a g € E iTreg-Day6 | ]
SR EVESEY.
cn T en M o iTreg-Day9 [0-37]
an s ‘E = s
iTreg-Day12 [0-37

4 IFnG
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1.2 EizE YR 7DNAFS

%hT: —MEBEEETHE, AENEREERBRARNERZEER, ELUERHE
BT BORE R R B =R RAE

An insulator may block an enhancer
An enhancer activates a promoter
Enhancer

Promoter
/AN NNCAANC/ANCANANANANCAN

An insulator blocks enhancer action
Enhancer Insulator Promoter

/AN NN ANLANCANL NN

No transcription

@wvirtualtext www. g ito.com
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1.2 AizE Y RDNAFS

PLRRT

RHAN—F R, R T REVEM, MGREEL R R T, AR RR
KB R EER/EH
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1.2 AizE Y RDNAFS

R TCHE (response element) 2 AL T ElFREw A& BRI &, M
A A —ESR KA DNAFF 4

PN 2T (heat shock response element, HSE)

4 @ WA T (metal response element, MRE)

B 7 o 2% W B e (glucor-ticoid response element, GRE)

M35 &0 (serum response element, SRE)Z,
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1. mXERTH

ERAE RS FDONARS (BRIT)
EREYNFERONARS (BalF, Bef, %1, A1)
2. RAIERAETF

RIERREFmE

Hx AT E GRS — Motif
3. B A AR EIREIR T

xR T ERRALEESMaNE (ChlP-seq, CUT&Tag, CUT&RUN)
o A FEEE R

TN % & & M
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2.1 RAIEAHEFBHE

RAASEREF

REERRHESINEERTTHHEEIER , SEmiEEE R
FH—RETEH, SRARKIERRE T

W i L s e A S HHIEEAR, HAUT=2£:

1. DNAIRFIEDNAL & 4#35: PRPT: I R-DNA
HAHET: BER-BEER

2. WIEERNE R RES I
3. SEHAEHEIREEH KT S
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21 RAEARF5 %
A B F iR Th B,

DNAZ &3 Bxiigsl; S&eHAAERREIThaeE.

RRBRDELEN
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2.1 &ﬁ1,EFH E?ﬁgg é@g.-. - g-ﬁna
IEI ﬁl]jj% E]/\J }iﬁ,ﬁzﬁﬁ El?élﬂ:ﬂ:@iﬂy maao G“...___ 5 "n' .@@‘3 q"’-

FERE B H R FEES o EhE

1. BRE-FE A - DR Lh AL WEE-H A - 18E  (helix-turn-helix)
2. PHREEH Bt (zinc finger) BH—/MEERGR S5 — MR T456, £F
F S HR R SRS AN B — S A e, mAS 44

SRR PSR AR PIEE (leucine zipper, ZIP) SEfa 5 A 1 BT FERASmaRES
DNAZE & X I — P i i
4. R - PR-WENELL ) METE-BR-HEE (helix-loop-helix, HLH) S &M e
F)—FIDNAZE A X £ it gr‘_..ég

o DA AR O.

R/

S
VZNYZA\YZ\\\

Elio-s =EEHvERESIaE S EIE
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2.2 ¥R RATFEENMNE — Motif

> R RET LSS R (s2)
s S B R ST 8 R AR @- &
R4 K 2 e )—» (30) (s

- RRETALEERTSE
TSI e C D

»  ERETChIP-seqBiE S

e=475 [0

%BREF3

ER7

B R R4
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2.2 #%EXEFEEGN S — Motif

B (Motif) 2iF7IFEMURTXE, HER2—AFIFHEEN—NERFIIER, SHFEE
F. AERFLES. £EBR. DNA. RNAFFIFREEFE, BERFIIPARMNRNRTEEARR,
—&Xﬁ?lﬁﬁ%%ﬁuﬂiﬁkﬁ’ﬁﬁu, i%%“ttiiaﬁ?ro BAEkHMotifftE R EL RN, FHAEREHE
BEEYFMRE. ExEFEERTIRSImotif, SERNIAREXESES, XEEFIERER

> RRFEL: DNAé%ﬁF“?IJ (consensus sequence)
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22 XA TFEENR -

List of symbols

Motif

> |UPACTE FhS

Symbol[z Meaning/derivation Possible bases  Complement S=GorC
P w— A — *S represents bases that form strong hydrogen bonds,
5 o a specmcally G (Guanine) and C (Cytosmg). G and C pair
_ together with three hydrogen bonds, which is stronger
G | Guanine 8| | compared to the two hydrogen bonds between A and T.
U | e i &S Hence, S is used to denote this stronger pairing.
u Uracil U A
W | Weak A T S W=AorT
S Strong G W *W represents bases that form weaker hydrogen bonds,
M aMino & A K specifically A (Adenine) and T (Thymine). Since Aand T
K Keto i T = 7 form only two hydrogen bonds, which are considered
0

TS R v ANB DREERF] weaker compared to the three hydrogen bonds between
§ - "’; = - . G and C, W is used to represent these bases.

pYrimidine I]Luz.f d y L
B not A (B comes after A) T v E m h u a .
D not C (D comes after C) A T 2 H m m Q ﬂ Q m
H not G (H comes after G) A T D ,
v not T (V comes after T and U) | A B B . m \‘ m m
N any Nucleotide (not a gap) A G T4 N ~
Z Zero 0 Z E
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2.2 ¥R RATFEENMNE — Motif

%2: LESZEIERE (position frequency matrix, PFM)

~
~
/

LY

> RNF

|

0.09
0.27
0.55
0.09

0.55 0.36 0.09 0.64

0.09 0.27 0.45 0.18
0.27 0.27 0.18 0.00

0.09 0.09 0.27 0.18

|

Position Probability Matrix (PPM )

A
C
G
T

‘_.

1
3
6
1

2

o~ N

3

- LN

1

<t on

3 3 2 0

|

< OO K

(OA-piE S

URURURCRGIE SN NS U S
BB BB H D W EE A
SRS SN SR CRUNE NS S TN S
URCRCRCEE A R U UGG

@]
@]

DL oLLo
(LRGN LR G R EG RGN G G R]

[ GRS ]

RN URCEUNURGECEGET)
HEH B AU BH B
ORI UR R U UG
[CNUBUUROEOIUIROROROIRU]
ORI TR S S = T Bl
UMD UDEHDHBRDA
[UNOEC UG OGRS IS RO
I R R = = =
DO LDULDOULLLO
LWL LULLLE DL A
DHUO@GOUHOQA O
U HEHDUUBHDLDWY
UL DB BB DE DD

BRG]
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2.2 ¥R RATFEENMNE — Motif

ETEHERFNERETFEE A ST

FAS) Y

> (LB ESEE (position weight matrix, PWM)

v B TDNAFAIBEBER AR —ERIFE, HITERATFEEUS
T B 35 EE A AL B SR BB A R A B EFE %

q;i.j

G414, Qan] Sij = 10g2(37) 54,1 94,20 194 |
L Sc1,8¢9,...,5

dc1:9c,2» - Y9cn . C1,°C2r »2Cn
) ) ey N S JS ’ ---;S

46,1, 96,2 den b, 2L ZEDNA SG,1 SG,z SG,n

_qT,lJ qT,ZJ"'JQT,n_ F%ﬂdﬂ:ljiﬁ'ﬁﬁﬁ [ DT 1,2T,2» 22T nl

(RS BN EERE
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2.2 ¥R RATFEENMNE — Motif

AL EWNE B [E position weight matrix (PWM)

PNIPKRRA/C/G/T, JFRFNR, bRTE RFEINE,
FR~PPMZE P 1 AR E IR

7
7N

. 000000
. 000000

. 000000
. 000000

.142857 0.000000 0.000000 0.857143
.857143 0.000000 0.071429 0.071429
.000000 1.000000 0.000000 0.000000 M k.|
.000000 0.000000 0.000000 1.000000 M - Eﬂ LA
.000000 0.000000 1.000000 0.000000 k.j .':? z b
.000000 0.000000 0.071429 0.928571 oM L
.000000 0.000000 0.000000 0.000000 ~2 ZEAE T
.000000 0.071429 0.000000 0.928571
.928571 0.000000 0.071429 0.000000
.214286 0.000000 0.000000 0.785714
.642857 0.071429 0.214286 0.071429
.357143 0.285714 0.000000 0.357143 Name | Freq. "] Bg. ] Bg.”l  Freq.] Namel
.000000 0.000000 0.000000 0.000000 Adenine 0.29 0.25 A ~ T 029 0.29 T 2ming. T
.357143 0.285714 0.000000 9.357143 Cytosine 0.21 0.21 c 0.21 0.21 Guasing— =1 F 4122
.500000 0.428571 0.000000 0.071429 S .
.000000 1.000000 0.000000 0.000000
0 0
0 0

.785714

. 000000 %ﬁggﬁ@?
.214286

FT—TE—%|4%]. log2(0.142857/0.29)=-1.02148117



02. REVEREF

2.2 ?r'gilzl?—n I:I1.-Ln\\

PWM%E P&

-1.02148117
1.563483014
-Inf
-Inf
-Inf
-Inf
1.785875195
-Inf

1.678959325
-0.436515303
1.148444953

.3008448945

. 785875195
-Inf
1.785875195
-Inf

-Inf

-Inf
2.251538767
-Inf

-Inf

-Inf

-Inf
-1.555807499
-Inf

-Inf
-1.5558087499
0.444182402
-Inf
0.444182402
1.029144903
2.251538767
-Inf

-Inf

Motif

-Inf
-1.555807499
-Inf

-Inf
2.251538767
-1.555807499
-Inf

-Inf
-1.555807499
-Inf
0.029148269
-Inf

-Inf

-Inf

-Inf

-Inf

-Inf
1.903614939

1.563483014
-2.021471071
-Inf
1.785875195
-Inf
1.678959325
-Inf
1.678959325
-Inf
1.437951367
-2.021471071
0.300448945
-Inf
0.300448945
-2.021471071
-Inf

19t spmpT
-0.436515303

RIEPWMIERE D] DUTE FFIRE D, BPEREES MR
FEPWMAEFE AV EA TN, M AN R3] — b
VUFFIE R .

5140 3R FFH TACTGTATATAHAHMCAGEI BB 4 4
1.56+1.56+2.25+1.79+2.25+1.68+
ZEPMREKTFO, MEAMZFIE—NEENIIGRA S,
M EIZMotif;

WRED/NTF0, MIAGZFIIE—EREYLFS, MRETFO,
MTA % B 5009 ,
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2.2 ¥R RATFEENMNE — Motif

ETEMRENERETEA AR

> M —ERDNAREFIEE —  arrarracocraeeAciAGEaaacacararsscacre
EREFHNEBEESSMUR
vV iBmEO (KEAN ;
v MR ENEREFETED
BOFEITITHS = Xy S, )
v ETH{EIFE

Pl | P2 | P3 | P4 | PS | P6 | P7 | P8 | P9 | Pl0 | Pl1

0.2038 |0.0483 | 0.000 [0.6218 |0.0567 |0.0924 [0.9034 | 0.0990 | 0.3866 | 0.0231 | 0.0063
0.0710 [0.8650 [0.9950 |0.0350 [-0.0550 0.5520 | 0.0180 | 0.2000 | 0.0000 | 0.0330 | 0.0020
0.5966 | 0.0525 [ 0.0042 | 0.2647 [ 0.3697 | 0.0777 | 0.0588 |-0.0500/ 0.6134 | 0.6996 | 0.9916
0.1282 [0.0336 | 0.000 [0.0777 [0.0168 [0.2773 |0.0189 | 0.4970 | 0.0000 | 0.2437 | 0.0000

HlQ o>

0.5966 + 0.8650 + 0.9950 + 0.6218 - 0.055 + 0.2773 + 0.9034 - 0.0500 + 0.0000 + 0.6996 + 0.9916 = 5.8453

A ERERENERE FEESSIR
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2.2 ¥R RATFEENMNE — Motif

> R E3: FHIERIRE (sequence logo)

i C
0- - (4] ™ < n [{+] M~ @ (=] o - N (o] <r n ({e] M~ (v 0] [«}]
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2.2 #RATESN S — Motif

Z075 ;"ft

library(ggseglogo) gow A 1 A
@ 0.25 M

library(ggplot2) e AT <! ce.éi

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

MOtIf N t(readtable("ppmtXt”)) base_pairing . Strong bonds l Weak bonds

rownames(Motif) <- ¢("A","C","G","T")

20
Ll
##list_col_schemes(v = &EFE & y
pl <- ggseglogo(Motif,method="prob",col_scheme="base_pairing") & 10 TA g
05
p2 <- ggseglogo(Motif, method="bits",col_scheme="nucleotide") AR L 1,.-5 1é_C I

12 3 4 5 6 7 8 9 10 11 12 13 14 B g

gridExtra::grid.arrange(pl1,p2)
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> BRATFESEFENLLI

v BT E S EXHDNARKY, EEDI K EAGITEE MRS BRE
&, FNRIZERE TR AN SIS i
The MEME Suite

Motif-based sequence analysis tools

MEMEH 3': Your DNA, RNA of Discovered iy Mouse-over for information on
e m’&‘m""” ety Sequence vach softwire 100l or resource
»Motif Discovery M STREME (de novo) databases Click fo submit & job to the foc
= 5 E MEMEV NP - o | or to view database delails
» Motif Enrichment j— IEME-C

=
GLAM2 =

— MoMao

Motif S

»Motif Scanning

— B FIMO —
»Motif Comparison - = Motif Enrichment MAST —
S | > CentriMo Enriched motifs MCAST ————
»Gene Regulation ‘ Motif AME - GLAM2SCAN - —
databases — —— -

SpaMo

K >
it GOMo

»Guides & Tutorials

Motif Comparison J (igned mevy
Tomtom 1 —_
» Sample Outputs of protein motifs

P Your BED fle of -'!9‘10"
» File Format - genome lod e wgésw
Reference | == (s : |_T-Gene
» Databases g = ==

»Download & Install

{ P 'J ~
N\ Multiple Em for Motif Elicitation Local Motif Enrichment Analysis "™ Find Indivi Motif O
»Alternate Servers

» Authors & Citing = STREME ) be @AME & MAST
W sensitive.Th apid, Analysis of Motif Enrichment Motif Alignment & Search Tool

»Recent Jobs
A A
© Previous version ,—'r’uﬁ MM ggﬁMyﬂEfcl‘.gr;; ‘» %mmysis Tool A y‘MPf‘cngAgt§§“I‘mem and
5.3.2
F1 4. .
- B -
5 g w«! Local Alignment of 4 Gene Ontology for Motifs K Scanning with Gapped Motifs

M E M E Su ite k*l_,@ \ 1 mw’fa Wmm'mol ‘Ip?‘gim!‘Genomic
DREME

\! -
" " Predicting Target Genes Discriminatiye Regular,.
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2.2 #RATESN S — Motif

FEO PSS AN ThEER

Motif Discovery

Motif Enrichment

Motif Scanning

Motif Comparison

Gene Regulation
ATl A\ F5 EaymotifE &,
DNA. RNAZ{ZE B 757

e

IAMEME 531

— Data Submission Form }

(2] ~

Perform motif discovery on DNA, RNA, protein or custom alphabet datasets.

Select the motif discovery mode

@ Classic mode O Discriminative mode O Differential Enrichment mode S

Select the sequence alphabet
Use sequences with a standard alphabet or specify a custom alphabet.
@ DNA, RNA or Protein O Custom |

Input the primary sequences
Enter sequences in which you want to find motifs. =

(Upload sequences v | iz | w=EZwit @
FEFENFFIE (fastaf80)

Select the site distribution
How do you expect motif sites to be distributed in sequences? [}
| Zero or One Occurrence Per Sequence (zoops) v |

Motifﬁ't}%'ﬂltﬂi}uﬁ’]m%i, EHATE (zoops) A W&
Icifz)F?@JEP EZ FJREbM—R, ShE\ENLM

Select the number of motifs
How many motifs should MEM fin

SwiImotigki B

Input job details
(Optional) Enter your email address. [

| J
(Optional) Enter a job description. [Z!

—_ )

[bAcMmood options
Note: if the combined form inputs gae®cd 80MB the job will be rejected,
| Start Search | | Clear Input
Version 5.3.3 Please send comments and questions to: meme-suite@uw.edu
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DISCOVERED MOTIFS

0go E-value Sites Width More Submit/Download

=L naCToTATAL AAQCA eom w1 ;

---------------

=TT abe. caglnalsansls . cbacarial] bl = ¢+ = 1 =

........................................

Stopped because requested number of motifs (3) found.

fH BIMotifZ£ R, ®&Logo, E-value. Sites. Width. MoreFSubmit/Download7<%,
Sequence LogoBREI=MOotif I —E M 5, FEISERTIZHEESite Count& FFH
HIAIE, ERPEENogoRTEE, AEENIKE,

E—motiffySites 414, RIFIABIFEFIF, ZMotiftHIk 7 145K,
WidthFRIZMotif K E .
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2.2 HXATERNS - Motif

MOTIF LOCATIONS

B Only Motf Sikes Motif Sifes+Scanned Sites All Seguences Downdoad POF % Downdoad SVE iﬁ
Name | p-value Matif Locations

1. doacin-df13 2.1de-15 T l I

I

2. cohcin-21 1.31&-5 + N

3.11m-41 " I 1 ] [ 1
4, colicin-ib 1.14e-38 f I I I I 1
5. reca 143017 7 I ] e
5. recn 12805 * I
7. aula 4.56e-12 F M I |

umu-apenan 4.95e-6 p2 [
p2e-12 * — | :
b 4.75¢8 © —

1 1 06g-4 I
2, colicin-a 2450 I
3. lexh 5.198-6 L
4 m o 248765 T I
5. him 1.55¢-13 I I

8. 70e-8

MotifZE 75 ERINEE R . &— Mﬁu\é’ﬁﬁw%uﬁ%%
B #iTX 5, Blockéﬁ,aJE%zTHE%l‘é 5 E S PEH J\, Eﬂ LBE tﬁBloeki\%T
ZMotif L F1E8E, TANAMTFR%E. BXFRE TBlock L AR T RRiZMotif iy IF (s 2.
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22 XA TFEENR -

Motif

INPUTS & SETTINGS

Sequences
Role Source | Alphabet || Sequence Count |’ Total Size |’/

Prmary Sequences lex0.fna DNA 16 3067
Background Model

Source: built from the (primary) sequences

Order: 0

Name || Freq. Bg. [ Bg. H Freq. ] Name ]

Adenine 0.25 0.25 A ~ T 0.2% 0.2% Thymine

Cytosine 0.21 0.21 C ~ 0.21 0.21 Guanine
Other Settings

Motif Site Distribution
Objective Function
Starting Point Function
Site Strand Handling
Maximum Number of Motifs
Motif E-value Threshold
Minimum Motif Width
Maximum Motif Width
Minimum Sites per Motif
Maximum Sites per Motif

ZOOPS: Zero or one site per sequence
E-value of product of p-values

E-value of product of p-values

Sites may be on either strand

3

no limit

8

50

2

16

Show Advanced Settings
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1. IR {EATH

Ei A e RONAES (R F)
EREYNFERONARS (BalF, Bef, %1, A1)
2. RXERETF
RAERBEFNEL (ExAF EXFEWET, HEHEF)
#Hx AT E SRR — Motif
3. #HER A FHENFEEHES T

ExEfEERAESMNSNE (ChlP-seq, CUT&Tag, CUT&RUN)
U X E R E
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3.1 #HXEFESMN=MAF

DNA + bound protein Fragment DNA Immunoprecipitate
Ch I P-S eq genomic DNA kantwboq
W = Q WX (o
) o ) ) ) cross-link #
Chromatin Immunoprecipitation Sequencing (ChlP-seq) is and shear V’
a powerful technique used to study protein-DNA interactions Sequence - Release -
on a genome-wide scale. It combines chromatin Map sequence - seduencing
. .. . . . . tags to genome — | library %
iImmunoprecipitation (ChlIP) with next-generation sequencing & identify E & & Rz
. . . . . . . peaks — j:th;'
(NGS) to identify binding sites of DNA-associated proteins, :
such as transcription factors, histones, or other chromatin- Cowsd R V| N I T T
modifying enzymes. R S L_A-“AMLLLLMM
% HG(":?Zn;o: .A..L.....A..MAL‘.... commn stk o L“A..
ChiP-chip MMJL‘&L.‘.‘.‘L_ML.
G—H—HH-HH—H
s o A ?%% a}‘g‘% %’Z; %5 h,qo
WO rkfIOW: Canterfor rmat rmat U Schoolof Medicine %S,

1.Chromatin crosslinking & shearing (via sonication or MNase digestion).
2.Immunoprecipitation (IP) with modification-specific antibodies.
3.Library preparation & sequencing (typically [llumina short reads).
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31 EHXEATFESNRNF CUT&RUN

Concanavalin A
Coated Beads
P N

pAG-MNase

CUT&RUN W\

AN
CUT&RUN (Cleavage Under Targets & Release Using Nuclease) : Primary Ab
is an innovative, high-resolution method for mapping protein- i S e l

DNA interactions in the genome. It is more efficient and
requires fewer cells than traditional ChIP-seq, making it ideal
for studying rare cell populations or low-abundance proteins.

2 : . 2+ A
MNase Digestion 1 Activation: Ca? at 4°C

1.Permeabilization of Cells/Nuclei
2.Antibody Binding

3.Targeted DNA Cleavage

4.DNA Release & Sequencing

DNA Purification l
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3.1 $§i|£| '?'—l:l A 14,‘\\51)-|\“r CUT&Tag

Concanavalin A
Coated Beads
()

CUT&Tag

A

A

is an advanced epigenomic profiling technique that builds upon CUT&RUN, QE:,S,‘,’:,‘;PAG‘T"’S | g i

Antibody

CUT&Tag (Cleavage Under Targets & Tagmentation)

offering even higher sensitivity and scalability for mapping protein-DNA
interactions. Instead of using Micrococcal Nuclease (MNase) like CUT&RUN,
CUT&TAG employs a fusion protein of Protein A-Tn5 transposase (pA-Tn5) to

simultaneously cleave and tag DNA at protein-binding sites. 1 Activation: Mg at 37°C

Tn5 Tagmentation

&L 2 S
/48 \/( B \
1.Cell Permeabilization e ,““ Z

2.Antibody Binding h -
3.Tn5 Transposase Tagmentation
4.DNA Release & Amplification %

DNA Purlﬁcuhon
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31 BRXEAFEANRMF

Method Input (Cells/DNA) Resolution Advantages Disadvantages
_ _ _ High background noise, requires
ChlP-seq High (~1M cells) ~200 bp Well-established, widely used o
crosslinking
CUT&RUN Low (~100-1000 cells) ~300 bp High signal-to-noise, no crosslinking

CUT&TAG Ultra-low (~10-100 cells) ~100 bp Direct tagmentation, high resolution Tn5 bias
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31 BRXEAFEANRMF

=7

Single cell CUT&Tag

A

&8\ Barcoding
PCR

3
pA-Tn5 tethering \,

Antibody binding
Integration

¥

Dissociated
cells

Sequencing

DNA library
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3.2 M XA FEEER

3% K FChIP-seq &5 it

1. SERENHBFEIAZChIP-seqtisVFiRE, N TRZERE
I E AT, HARARFTEFSIEIRILERKE
TEREFINREER

LR IT I B E N R B ST T AKE R EF, ChlP-seq3Le
1B = EIEZY20M0 FFreads

3. REHTEYFEEMW BRI MIEINTEE

N
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3.2 MMEE R EFEER
# 3% A+ ChIP-seq#ifz =2

ChIP-seqfE S oL R~ M FIRKALTESIER LA

BRI ATEERIR
> EREEREE
ERA 7 L FeA R 0 4

DNAIRIE 7> 47
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3.2 MM xE TEER

d chr18:33,701,151-33,720,150 2 kb
= ] & I L 4 + =
Data analyses Gror u
motifs
Cortex CTCF
m m enes m genes <120 bp| J
d genes g 9 0.0550 E—— . " " ] '
1 o fomale 0.30 ) 0.0525 — Male
e 0.25 0.0500 CTCFb
0.8 oo S >120 bp .
::: o 0.151 % 0.0450 - - - - - 0~ T
o 02 © 0.10 0.0425 ATAC
@ . P~ 25 TS5 2.5kb E 2.5 TS5 2.5Kb
E 2.5 185 2.5Kb Q N~ ) R L e s bt
§ Gastrocnemius o Gastrocnemius Q pgﬂw Kame1
™ d = — Female = Jo.zo- o — c:YE) 0.0%0 - — Female ChiP-seq | ||
T 081 — Male — Male 0.048 e P e s e mms . ST | | Lald Lud, wn . dedim . . aa

0.25

* 0.20 0.046 K4dmei
0.4 1 15 0.044 CUT&Tag
0.21 0.10 0.042 _ _ _ _ - - — .
25 Tss 2.5kb 2.5 TSS 2.5Kb 2.5 155 2.5Kb
K4me2
CUT&Tag “

K4me3
CUT&Tag

H2AZ
CUT&Tag
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3.2 M XA FEEER
E5iEEERERH

> ChIP-seqfF S o/ fl{L B~
K ChIP-seq#i#EF5 ¥ A bigWigsbedGraphg =
N EE REE NS RETE AT

Scale 100 kb} | hg3s
h chrX:  15,550,000] 15,600,000 15,650,000 15,700,000 15,750,000| 15,800,000/
15.5074 _ 42444 treat.bw
42444 treat.bw
| 0_ " l l aden L L l A abdl J al .. l
GENCODE V39 (31 items filtered out)
GENCODE V39 I -

ChIP-seq{5 S o]t L7~ H
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3.2 M XA FEEER

=S IEEERERES
> MFIEKAFESERELH (fraction of reads in peaks, FRiP)
v A EM MR IENFZKAGSIENEEREE
- REBFHIChIP-seqiEEARMRMNE RIZS, FRIPERS

« REREMCHIP-seqHiEFRIPERIK
v ER™

« FRIPEMX/NMNSESIENHEERRX, HTESIERAHESSEFRIPE

s BFEARE. GEVNSHEANRE, FRIPEEARGEFEFEREASEZATELS
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3.2 M XA FEEER

B IEEHEREES
> ¥R AT ChIP-seq B S S1E[X 1, LEXTE|E#EAYIEKSEEXT
B A ERIEKZ B~ E— M EME

)
EERN T /’ﬁ- IEEEM Ptk 4R
) =
e . Hot 5 S Z:;
==

3 S ch -> T
ERET =
frE ek

TR K wik:: 2259

ﬂ{.l.l.|l
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3.2 M XA FEEER

EEIEEREREET
> BFE% (cross-correlation)

v SR KEES RS EBEK bp KWEMESEMZRE) , SRBIET
HIEHEMAHEE S MR/RFIAXRY, SRMRXRRPE A LA

13;2111‘ bp (0 - F Ebp)
EE#fE5iE ) -
- . cc(read length)
HE(S Sk
_____________________________ min(cc)

k (bp)
o PR (read length)
e DNAFBKBE (fragment length)

cc(fragment length)
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3.2 M XA FEEER

EolEEEREEH
> AA[EE &IME (irreproducible discovery rate, IDR)
v BT &EChIP-seqfE S EEMFEEZ BIMAIE S M
v AILUEAIR A ESIERE{E

60 3 0.5
MEEEEE ., "L
R 22 S .

m— % 0.5

60 0 15000 30000
BEEBSEYE

AAEE LA MRFIETEE
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3.2 N RE FHRER
AR R RERES
> B EA T HHIE
v BREBNERETChIP-seqiiE, FSESETAHNTMEETRE
> FRSIORT % Hh

v B REF AR AR T PR

v BRENERETChIP-seqliE, ESERSHEAEEENFTIRT
> DNAIR (K534

v BREMEZETCNP-seqiiE, HABEEIRES, AHRLTES

\\\\\
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3.2 TN REFEER
RFIChIP-seq#liBE S

> B A ABEMACS, CisGenome. SISSRs%

> MACSTFABFEMA SIR:

vV T EE TR E RIS K S R A iR K 2 B EAAED, LIRS ESIE
TEER Wb, EEAE

bowtie2 -p 6 -x /path/to/index/genome_index \
-1 sample.Rl.clean.fq.gz -2 sample.R2.clean.fq.gz \
-S sample.sam --local

macs3 callpeak -t sample.bam -c control.bam -f BAMPE -n
sample name -g hs -B -q 0.01
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3.2 M XA FEEER

IHBIChIP-seqiiE {5 S
» MACSHZBHIHERNTTIR:
v RMZSAM S I EESIEN ST BEY, MUERES SRR RIS
F0: MAEXEME

A BiR T
o R S G
4\< — 1kb
o
il 5 kb
i
KL 10 kb

Mocar = MaxX(Agg, [Misl Asks Aox)
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IR7IChIP-seq¥iEERESIE

> EMHE
v MECHIP-seq# #7771 EIR A E S 1

v ZRESE: A—ERETRAETHRNEETLORA, ER—EREPRK
AR EENAREIRAE S

> EEHE
v EESIESRITERECHIP-seq#ERIMNIFIEZK E H

v BE G HERB RN ERESIE

library(DiffBind)

dba <- dba(sampleSheet = samples)

dba <- dba.count(dba)

dba <- dba.contrast(dba, categories=DBA_CONDITION)
dba <- dba.analyze(dba)
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3.2 M XA FEEER

s 3% B R EE
> BT ChIP-seqfE 5 IF 5% FEIAAL = B8 S TTUN
vV E—: BESIESERHITXE
VEZD: WMMESIERENE, HXMTTHITES
> B &1 AL RAB IR TN

v INREFAANE BB REFBNE SR, FHEEMPR. sbfeidRIABH,
ARVEERIKFRE T RENEWL, FAARAEESBRIFEER
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Epigenetic Sequencing

1. DNA-methylation (WGBS, RRBS, MeDIP-seq, single-cell WGBS)
2. Histone-modification
(ChlP-seq, CUT&RUN, CUT&Tag, single-cell CUT&Tag)
3. Chromatin accessibility (ATAC-Seq, DNase-seq, NOMe-seq, single-cell ATAC-seq)
4. Chromatin Structure (3C-seq, Hi-C-seq, single-cell Hi-C)
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Histone Modifications Lysine (K)
Serine (S)
Histone modifications, such as | 5 1215 2827 23 18 4,
methylation, acetylation, phosphorylation, B—E-g 36 __SKK K g 10
S Ac Ac pc K & PAc Ac Ac ro ®g
and ubiquitination, regulate gene Ac Ac Me Ac 5 AN\ 4
. ) Me '\ £
expression and chromatin structure. RNF20/40 — R /v o,
L,J(b SETD23 EZH2 gerpBt1 [
: 120 NSD1/2/3 SUV39H1/2 SET1A/B
Ub MLL1/2/3/4
RING1A/1B ~ &

SET8
SUV4-20H1/2

vos”

Ac Ac

| 2A-HUB

Ac Ac

H3

D

Crystal structure of the Me :n'l 1 3 5
wn;ptd with mm:ﬁa:‘ﬁm q—?‘ g‘? @ @ @\’@(’O‘@ ’ 5 9 1 6 1 2 8

)
K120
H28

Me Methylation Ac  Acetylation Ub Ubiquitination ® Phosphorylation

©

H2A
Ki19




0 01. EEIRRX{ER T e

1.2 EZE WS FDNARS

IR+ (enhancer) H H3K27ac (26 kb) e
Dayo [0-5751
1 Active Enhancer (EnAc) Th1-Day3 -3 i
2 Weak Enhancer (EnWk) Th1-Da [0-575]' =
: -Day6
3 Active Promoter (PrAc) '['0'_ 575']‘" - LH-.L_
4 Active Promoter Flanking (PrAcFl) i st - -I.-..l_
5 Weak Promoter (PrWk) Th1-Day12 _[2'575]_ - ad ‘
6 Weak Promoter Flanking (PrWkFI) Th2-Day3 [0-573]
7 Bivalent Promoter (PrBi
3 Ry Th2-Day6 [©-578]
8 Repressed Polycomb (ReprPC) —
9 Weak Repressed Polycomb (ReprPCWk) Th2-Day9 1©-°7°]
10 Heterochromatin (Het) Th2-Day12 [0-578
11 No signal (NS)  Emission probability : [0 - 575]
iTreg-Day3
28999 o [T ! . — =
~ a g € E iTreg-Day6 | ]
SR EVESEY.
cn T en M o iTreg-Day9 [0-37]
an s ‘E = s
iTreg-Day12 [0-37

4 IFnG
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Histone Modifications

1. ChlIP-seq (Chromatin Immunoprecipitation Sequencing)
2. CUT&RUN (Cleavage Under Targets and Release Using Nuclease)

3. CUT&TAG (Cleavage Under Targets and Tagmentation)



B (2 Histone Modification

2.1. ChIP-seq | s
DNA + bound protein Fragment DNA Immunoprecipitate
genomic DNA afiibod
Chromatin Immunoprecipitation Sequencing (ChlP-seq) is W 0= *m e =5 >
a powerful technique used to study protein-DNA interactions et ffv
on a genome-wide scale. It combines chromatin S ;
. .. . . . . equence repare
immunoprecipitation (ChIP) with next-generation sequencing M EEETCe . sequencing Re'easeDNA
(NGS) to identify binding sites of DNA-associated proteins, e e . (_li:ry - IR
such as transcription factors, histones, or other chromatin- peaks - RN oA

modifying enzymes.

voaame | LA ] il
- L_A-“LLLMLLLLM. o

%-::: H3K27me3

W ChiP-Seq .........._....“.LL‘“ cm stk o L“‘..

H ChiP-chip MMJL‘M‘L‘AH&-
G—H'H‘H—H

okl o
a‘% 2R %ﬁ’ %.a
Adzpted from sl :1-'-5=t:w‘5m £. Brown, Ph.D., o ] %

Cantar for Health Informat; &B informatics, NYU olof Madicine %,

>,

o

Workflow:
1.Chromatin crosslinking & shearing (via sonication or MNase digestion).
2.Immunoprecipitation (IP) with modification-specific antibodies.
3.Library preparation & sequencing (typically [llumina short reads).
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CUT&RUN
2.2. CUT&RUN Concanavelin A

Coated Beads
P N

pAG-MNase

D A o
CUT&RUN (Cleavage Under Targets & Release Using Nuclease) : /)k\
is an innovative, high-resolution method for mapping protein- Primary Ab
DNA interactions in the genome. It is more efficient and (handpae-Hihase l

requires fewer cells than traditional ChIP-seq, making it ideal
for studying rare cell populations or low-abundance proteins.

2 : . 2+ A
MNase Digestion 1 Activation: Ca? at 4°C

DNA Purification l
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CUT&Tag
2.3. CUT& Tag Concanavalin A

Coated Beads

CUT&Tag (Cleavage Under Targets & Tagmentation)
Is an advanced epigenomic profiling technique that builds
upon CUT&RUN, offering even higher sensitivity and Binding l ps:‘;ﬁd,;’
scalability for mapping protein-DNA interactions. Instead @, e
of using Micrococcal Nuclease (MNase) like CUT&RUN,
CUT&TAG employs a fusion protein of Protein A-Tn5

transposase (pA-Tn5) to simultaneously cleave and tag

Tn5 Tagmentation 1 Activation: Mg at 37°C
PN

DNA at protein-binding sites. @ % - -
145 / B \
‘ \\C&Q .
\ =~ 9 ; “ &Y /

DNA Purification ‘
\Q

o ——
S
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2.3. CUT&Tag
Method Input (Cells/DNA) Resolution Advantages Disadvantages
_ _ _ High background noise, requires
ChlP-seq High (~1M cells) ~200 bp Well-established, widely used o
crosslinking
CUT&RUN Low (~100-1000 cells) ~300 bp High signal-to-noise, no crosslinking
CUT&TAG Ultra-low (~10-100 cells) ~100 bp Direct tagmentation, high resolution Tn5 bias
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2.4. single cell CUT&Tag

A

Barcoding
PCR

()] (o))
£ £
d | -
g 2
0 ..nlu_ c
> O
d et
5 ¥ o
2 = O
E <« £
< a £

¥

Dissociated
cells

(o)
L
o
c
)
=3
o
]
w

DNA library
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2.5. Data analyses

e
FASTQ — [&i#z (FastQC, Trim Galore)
l fastgc sample_R1.fastqg.gz sample_R2.fastq.gz -o qc/
EExsEISEEEA (bowtie2) multigc gqc/ -o gc_report/
!

ZBRPCR duplicate (samtools markdup)

l
ReESthpeak (MACS2)

MPpmE. #L5R. FIESEKE. GCRE. ZRREN

bases,
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2.5. Data analyses

LExIZEIS=EEH
FASTQ — iz , Tri i i i
lS Q = [z (FastQC, Trim Galore) bowtie2 -x hg38 index -1 trimmed R1.fq.gz -2
tlﬁi@?ﬁﬂ%«%ﬁéﬂ (bowtie2) trimmed_R2.fg.gz -S sample.sam --threads 8

ZBRPCR duplicate (samtools markdup)
| samtools view -bS sample.sam > sample.bam

EE{&Impeak (MACS2
JeEXfZ{mpeak ( ) samtools sort -o sample.sorted.bam sample.bam

samtools index sample.sorted.bam
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2.5. Data analyses
EBRPCR duplicate

FASTQ — [z (FastQC, Trim Galore) picard MarkDuplicates I=sample.sorted.mapqg30.bam

tlﬁ%@?ﬂ%«?géﬂ (bowtie2) O=sample.dedup.bam M=dup_metrics.txt REMOVE_DUPLICATES=true
! # 88 chrM

AF#PCR duplicate  (samtools markdup) samtools idxstats sample.dedup.bam | cut -f1 | grep -v chrM | xargs

l

IRE&Hpeak (MACS2) samtools view -b sample.dedup.bam > sample.filtered.bam

# HERR blacklist
bedtools intersect -v -abam sample.filtered.bam -b hg38_blacklist.bed >

sample.clean.bam

samtools index sample.clean.bam
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2.5. Data analyses

Peak calling
FASTQ — [&#2 (FastQC, Trim Galore) g (H3K4me3, H3K27ac %) : MACS2 callpeak --nomodel --
! extsize/--shift B ERIAETL,

tEXI2ISEEEE (bowtie2)
l g (H3K27me3, H3K36me3) : MACS2 --broad. SICER, epic2

ZBRPCR duplicate (samtools markdup)

l

IRB& fhpeak (MACS2)
macs2 callpeak -t ChIPbam -c Input.bam -f BAM -g hs -n

sample H3K27ac -q 0.01 --outdir macs2_out

macs2 callpeak -t ChIPbam -c Input.bam -f BAM -g hs --broad -n
sample H3K27me3 --broad-cutoff 0.1
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2.5. Data analyses [
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2.5. Data analyses

1:‘ I:II:IEI%%E?&
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Eiﬁﬁpeak 1% promoter (BImFEEIY B
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sgScramble.rep1 o 1_ ’

sgScramble.rep2
sgSap30.rep2

M
n

3

@ @ sgScramble
sgSap30.rep1 . @ sgSap30
@ sgSin3a @ s9Sin3a

sgSap30.rep3
sgSin%a repp2 ® © sgChd4 -1 © sgCha4
: @ o

sgSin3a.rep1
@ -2 _ @ |

| sgSin3a.rep3 5 3 - - 5 7
Sﬁearman correlation PC1(54.36%) PC1(67.29%)

@ sgScramble
@ sgSap30

PC2(15.54%)
o
PC2(12.11%)

—_

e
©



02 Histone Modification I

2.5. Data analyses
Z=Fpeak

H sgScramble sgSin3a %Erpea k;Iﬁ
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? F G

SgSin3a vs Scrmable

SgSin3a vs Scrmable
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2.5. Data analyses
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