Technical Note, July. 2024
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12 1. Multiple layers of information connect genotype to phenotype [1]
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12l 2.Dynamic of epigenetic modifications.[5]

DNA &3} (DNA Methylation)

DNA 2| £ fIX|0f HE7|(-CHs)7t F7tEl= HF22, T2 MOIEL FH7|(Cytosine residues)Ofl A 2 YT [4]
21zt A== of 6 A 7iel MOIEMO| A2, 0] & ©f 5600 2 7= TOtHO| FEtE CpG F20f
QXIBHCL [6] ZRF A=Z0M= CpG F2I2 o 70~80%7F HAEZIO A=L,[7] AFO|EAIO] 5 B EbA [X|0f| M
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HE7[(-CH3)Z HHEH 5-HEAMOEMGEMC)O| =K, 5mC 7h 4tote|H 5-5H0|=EZA|H ZALO| E41(5hmC)0|
b

S gECh olge HE2 REA L HES EZT ChY Y=oty gl Sgs OjHohe] Mg S

o

o 22tz AFO|E 4l (methylated cytosine)2 FTAL &l AX|QF #EHO0| A2, Ol= AXME FHXLl ™AL AlZEf

F2L g5l DNA Mg S8 TO| 2A40M LAECH Btoj2, AO|EM O B2k (cytosine methylation)= HE
(o]

g & FUAL 3 R0 A= CpG 212 W 20| L7 A LS IS 5 AUCH O/NH
5mC 2t 5hmC 2| g=iot M2 d=otY aPgS Ofsist ¢t Z2 Yo THo 2% s nE =

UALE. 9]

EM-Seq (Enzymatic Methyl-Sequencing)

Z20l= HEs EH 2HdE O FUSHH =HL = A= 7I£E Enhanced Methylation Sequencing Of
1 ALt 7|E0&= Whole Genome Bisulfite Sequencing(WGBS)0| O € & (methylome) 249 BEF #HOZ
OfgteLt, Bisulfite M2l= 5mC 2t 5hmC Of M&EeS 7tH REHHE HStL|X] @7 M0 AR
oM o] & 7= B&F AO|EAMCR 3|A ECh =, WGBS = 5mC 2F 5hmC & F#&% + 210 F&ot
of IfH FHXA Yo 2HO| 0|X|= F&S mstr| oj2{2 tHEOo| RACH [9,10]

Sodium bisulfite EM-seq
method method
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1 & 3. Sodium bisulfite method vs EM-seq method [11]
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HQl Enzymatic Methyl-seq(EM-seq)0| S&}Ct EM-seq 2 5mC H

ot SHAIE S=ot7| 28, =47/8 ¥
5hmC & A5l M22 WEHoz T4 HeE S DNA &48 Za3stH, O H2 AlEY 2|EZ 5mC 3
S5hmC & O ?=5tH &L = UCH ©#0F OtL|2}, EM-Seq 2| 4 WGBS of s 2ot MBS Mdstr| W20
JIEL SLY 24 mo|Zetelg A8E + s FEES VAL Utk AWt Yot HEE =42 got
€2 2Y gH o7, Hor 2 2UEHE, 58 M= 9+ S Cidet ZoroA &85 ULt [11]

S|AE HY (Modification of Histone Proteins)

S|AE BIY2 S|AE CHMAO ZHaA Ef d(phosphate, methyl, or acetyl groups)E F7tst7 Lt M 715t DNA
H2de 2HSle ERUYA =F OFALSBOICE S|AE2 DNA E M m3dE FZE ddsth, of
TZ= TAMQIXIeE RNA Sga 4ol HZEES HOStol RIEA golg =Eoh {fEA €0 Eey W=
72U RE0 0|3st0] £EF AMAEA IS HO{FL, RNA Baaet MA QXS0 Z22HO| AYE +
UA| oiCt B2 REX7E AKX RS & M= 3|AE0| HMES O LS M ®2E Atbhetct
OlHX d|2E HYE2 REHOIN, R0 wat EfA7F FItE[AHLE MAE = ALt (A 4). 3]

Gene Histone tail

Methylation of DNA and
histones causes nucleosomes
to pack tightly together.
Transcription factors cannot
bind the DNA, and genes are
not expressed.

Histone

Histone acetylation results
in loose packing of nucleo-
somes. Transcription factors
can bind the DNA and genes
are expressed.

Acetyl group

DNA accessible, gene active

112 4. Nucleosomes can slide along DNA.

(A) When nucleosomes are spaced closely together, transcription factors cannot bind and gene expression is turned off.

(B) When nucleosomes are spaced far apart, transcription factors can bind, allowing gene expression to occur.[3]
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ChIP-Seq (Chromatin Immunoprecipitation Sequencing)

ChIP-Seq(Chromatin Immunoprecipitation Sequencing)2 57 DNA
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&l 5.ChIP Protocol Steps[14]

HME 22 (Chromatin Remodeling)
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ATAC-Seq (Assay for Transposase-Accessible Chromatin using Sequencing)

ne
r
e
_|>-
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Amplify &
sequence

3R HOIEHE= DNA HEs da2g HY, AZ0ME FZ2d0 Z2 Cgst HREH HIE XYoo
FHA Zes =Eote 2 HAN HIOIHE M= WolM ZeEes ZE RNA ZA2| Y2E HMSettt o +
HOIE MEs = E2H0|H, seeeME Sof RTUA 2 =EO| U7 LIES 20t FokA ojsie = ACE
o HojMel REA Z3u DNA Mgzt HIOHol S22 Fd o Ad =FH ZFR0A

3
b HALIZO et olsE =€ =+ U2O[16] wUSN, =IFTUHN, TAMSH

X -
HOolE{e| Set2 Y MFLIE T otL|2}, HO|0tH =21t X2 FEfS mpotet = ULt [17]
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of epigenetics-focused researchers also use transcriptomics

. Epigenetics-focused Transcriptomics-focused
researchers researchers

112 7. Basic science researchers combining epigenetics + transcriptomics [1]

Integrative Analysis of ATAC-Seq and RNA-Seq Data

ChE2O0lM= ATAC-Seq 2t RNA-Seq HIOIHE &% =M5t0] HO|RQDHE ECh ZAXoz Of3fstl
Q| (Early gastric cancer, EGO)S| EX {TXt A EXAF LSS =

SiCt O SlE 242t 30709 =7| YI/}EGC) =3, 9 MY 9B (Gastric precancerous lesions, GPLs) =X, 4
?l % (Normal) =ES 2435101 o ¢ HYUM ©S S EgS
HAUES W % EGCOIM L8 |AXE A XE QYo R Hotsts MER2 A-2 MSsh=

GPL
MEZ, 3 =22 2 W&2 ofafet ZCt

g
=

rer

QEAH M

on

1. RNA-Seq 2 S3t %t

i
fo
©
o

n

@® GPLs @} EGC ZF H|mO|A 2,457 72| XI5 Eai Q7 Xt(dif-mRNAs)

@ T Z=X(N)It EGC 7t H|WO|M 2,857 7he| A& & FTAS =2olstRen, of & 2,548 7o RTHAt=

Ol S7HML, 2,766 71| RTAHE ZRO0| ALY (18]

2. ATAC-Seq 2 S Y2l AME A9 ol

@ ATAC-Seq & & FMEC F2 AHFZS QS0 RNA-Seq ZIIRt LX[St= A5 A RUXE2 fIA|
= PS

=1 —
YEE LAULL Ol TAL AIZ AF(TSS) X2 FHEUA 2o =Z20| 2% SHO|C}

OpA

@ IBHCOE KXts & FTXHDEGs)E HHRULE [18]
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@ GPLs 2 EGC H|IO|AM 2,205 72| DEGs, M4t Z=XI(N)2t EGC H|MO|A 2,578 7H2| DEGs € =olsten, &
& 719 S E & DEGs = 1,705 7HRICt.

£3|, CPS1, CYP2D6, APOB, CHST5, ANPEP & 11 7H9| {&XAH= Feab ZE(N)ZH EGC HlmOfA g
EGC H[mO|M= Zoi0] ZASIRALE O|F Sl o] REAE0| Y Tdnr 2o =Xl

A o}
g2 &g = ASS SQISHR/ULE [18]

PVST NVST

PVSTmRNA Dova PVETmRNAUp

[;;uuuuluulﬂuwunluuulu“"'
F G NVST ATACesRNA Up PVS T ATACRNA Up

PVET ATAC-seq N VETTAC:Seq

L b L NVETmRNAUp NVS T adNA Dowa

NVST ATACsRNA Down — PVSTATACHKNA Down

112! 8. Differential Expression and Functional Enrichment of Candidate DEGs. [18]

i ATO0AME miRNA S IncRNA 23 Mk F7t2 O|ROFEH, o/ & AFAE2 ¢ =AM
g g, 22|10 =7 ez [atrs S ZYsts RHA 2 #stE 20 = ofsfstl, Xz
EtO] & + A= FUASE MEY = UASS EHECL (18]

CHE2 ChIP-Seq If RNA-Seq HIOIHE &8 &4510 =4 TE+d W (Acute Promyelocytic Leukemia,
APLOIM PML/RARa &% ECHHZEO| RESt= AN ZF OlgE MEogh AT =& AJHSHAXL Biot

o [
PML/RARa = 59§ TE+d WL APHUM 28 IS ot= 88 HHER, 7|E0= F2 A AHA=Z
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LN UAASLL, 2 HFAOAME ChIP-seq It RNA-Seq & S3ll PML/RARax 7t
gt =2 ACts MER E7HE MAIYLCE g =22 Fa W82 otafet

@ APLZEQI NB4 MZEE AFE3}0 ChIP-seq It RNA-seq 2 242 AL
@ ChiP-seq 2 53l 6415 7H9 PML/RARa Z% H2IE =QI5l1, RNA-seq =

L= 2,052 712 FTA A EUCE

REXE o

ZCt.

Ol E E3 = Jd O X SIMSL ©OX 2 ISk = ol RIXd |HFX
® O|E 33, PML/RARa = M FHAL 363 7Het g%t RTA 424 7HE =50l & 787 72l XY HXH
O ™MK= 07( A 2|-A'| n ] 74'6' 1H E o|sll AAXMEIES SHO|5lA
FUXE EE5AS A A b 2d %t HDACT o P300 2f Zg THEo| o5 AEE S 2elsHRALt
HM 47 L = ATH_O| 3 ad A SHS o X Ht5]{ 2 XAH™HBIAH O
@ =4 Z1, PML/RARa = FZ FH-Q%MM(super-enhancer) 0| ZAgsto] |TA Los ZHSIUCH,
= O] AH= St dste 3 CCS o A SISO II0| HIIE
Ol= APL MZ2| =0 o dgg UCL LD PML/RARa 7t GFI1 & Ed3tete 2 APL MZo| 235
AMlS HH &4 H 1L O O =E=X|s L M2 di7{dsH 2|
AAMot, HHE Mzl EZ Fottts de ZAUCKAE 9). [19]
A B
+(15;17) APL cell model NB4 calls é 30 Primary APL #1
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¢ # &8 = 20
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51— — =
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* ¢ EE — =
SR —— 2 .
2,052 . | DO K g S
6,415 differential expressed genes —— e ng%z@o*‘ﬁceb &
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(P=1x10" (FDR = 0.01 and 2315 — _
at least two-fold changes) 52 — s 154 Primary APL #2
=3 === 15
= =
28 = 104
Associate binding peaks with 89 =
differentially expressed genes N . - o %
F£F S 2 7]
m n " < =
A PML/RAR® direct target atlas (n =787), including logu(fold change) o =
363 genes directly repressed by PML/RARa (with / without PML/RARA I:’nc:k;:v%i) o = 0~
424 genes directly activated by PML/RAR: SO o A F
(SRS \5‘5‘3’\2\@0 e
C
GFI1
4 chr1192,069,572-92,490,396 U937 cells o NE4 calls -
E @
¥ ; 8 = 5 015 = 2 _ 0.4
o l 2kb  pMLRARG E § = = 03
= 30 s == 22 ]
£ . i
Input = E8 = o
. £ 7 20
—_— ) G + o+ o+ PGL3-GFI1  +  +
+ Ht H = - B N.C. siRNA + -
PML/RAR% siRNA - +
CEBPE
o chr14:23,116,483.23,122,326 U937 cells o NEB4 cells -
- : 1 kb PML/RARe % = E: 0.04 g = ’5‘ 0.3
£ 50 o = Z o0z = 2
= Input 2 = 2 E E o1+
Egyoo B8z
= = 0.00 = = 0.0 4
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""" pSG5-PML/RAR: et N.C. sIRNA  +
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D E
‘g v Activated
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2]
0.4 - 0.4 7T 2 31
o0 Activated 0.5 4 M‘mm & oy —
0o 1 = 25 4 Repressed
X O = 20
=) \-J T o2 \/ S s 4
= oz {nEs-1a7 £ 02 TnEs - 1.57 10 4
2 g-value = 0.0 2 54 Javalue=00 5
B -04 2 o tr—F—T—7
E o4 o Z o044 R R RN 25
:'E:J o4 NES = -1.67 E ZZ NES = -1.80 EFRGTEY TE
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= 2 5
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—0.4 - R
— = 20 e
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Genes ranked by log; (fold change) Genes ranked by logs (fold change) &0 P
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. PML/RARa exerts both repressive and activating functions through direct binding. [19]
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et A0 AME O A7= PML/RARa o MEZR X =zt AghE S, GFI1 o 22 MER 2N

FHAE S8l APL X[=22| MZ2 EtAL HHLISZS MAlSte 2% 2HE MSELh 53], PML/RARa 7t
- FHoM FME F= HoE SO APL ME & T

ool oM = SEFTM S AN 2 24 MHAE st U220, EIMOIM 249 HOIH =2
GEO HIOlH =4S X|&dts ZEo| XA HE &4 2ZEOE HEstn Ut AAAME CiEet O
o

=
MEE BaiHoz WBH 4 958 WA PE¥eE 4D AT

Enzymatic Methyl-Seq(EM-Seq) Service

DNA =4 210] methylation £40| 753t EM-Seq AMHIAE XS5t
Sequencing(WGBS)2 bisulfite X2|E &3 DNA 7t &£=4&[0] HE

o 2 = Ues ol ACH
O|E dZ% enzyme-based WRS AMESI0] DNA 9 42 XA3StD TNEOZ 5-mC 2 5

O|HIO| M2

hmCE A=Y = U= MH2E H3Ssta ULt
Sample requirement >2ug gDNA
Sample Type gDNA
Library method NEBNext® Enzymatic Methyl-seq Kit
NGS run format [llumina NovaSeq6000, PE150bp
Data yield ~120G/sample
Turnaround time ~6 weeks after DNA QC

Chromatin Profiling (ChIP-Seq) Service

FHsh A7E QS 01 R8T DNA oF =F THE 70| 4382 MY + U= ChiP-Seq MHIAE
n
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Sample requirement >20ul IP-DNA

Sample Type IP-DNA

Library method NEB Ultra DNA Library kit

NGS run format [llumina NovaSeq6000, PE100bp
Data yield ~4G/sample

Turnaround time ~3 weeks after Library QC

Transposase-Accessible Chromatin Profiling (ATAC-Seq) Service

atghd SOl Tn5 transposase 7F DNA £2|E THHZISET NGS adaptor Tagmentation & &3 open
profiling St A0, FHX U WHOM LojLt= HMEH(chromatin) +2H B30 MHE

(o K=1
=
d2 Jtset 395 245t ULk

— [

chromatin &

Sample requirement >~1x106 cells in Tml media (Cell viability >80%)
Sample Type Cell

Library method ACTIVE MOTIF® ATAC-Seq Kit

NGS run format [llumina NovaSeq6000, PE100bp

Data yield ~6G/ sample

Turnaround time ~5 weeks after Cell QC

Total RNA-Seq / mRNA-Seq Service

Genome Sequencing O] 2t2& MEZS HASZ RNA & 22|50 NGS 7|&2 Sl H At (transcriptome)

=82 =S50 QACE mRNA expression profiling £41 0[2|0| X IncRNA, isoform, Alternative Splicing Event &
Chst 242 xi@sta ULk
Total RNA-Seq mRNA-Seq
Sample requirement >2ug total RNA >2ug total RNA
Library method RiboCop rRNA Depletion kit Poly(A) RNA Selection kit
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+ CORALL RNA-seq Library Prep kit + CORALL RNA-seq Library Prep kit

NGS run format HiSeq or NovaSeq, PE100

Data yield >6Gb/sample >4Gb/sample

Turnaround time ~4 weeks after RNA QC

Sample type Tissue, Cell, Whole Blood(Paxgene), Plant, Fungi, Bacteria, etc.

QuantSeq 3' mRNA-Seq Service

Poly(A)7t EXdte dEFS HE2E RNA E £:2[510] 3' UTR 2&2 & A3
o

4o 2AE
st Aomf, mRNA expression profiling 2422 27% Al 01 NEHSH J—%x'ﬂ HIOIHE M35t

uct.

AN

Sample requirement >10ng total RNA

Sample Type Tissue, Cell, Whole Blood(Paxgene), Plant, Fungi, FFPE, Sorted cell, etc.

Library method

NGS run format

Data yield

Turnaround time

QuantSeq 3' mRNA-Seq Library Prep Kit FWD
NextSeq 500/550, SE 75bp

>10M read/sample

~3 weeks after RNA QC

++ RNA prep.2 ®ote 82 HIAL &olsto] o] 7ts.

ExDEGA(Excel based DEG Analysis)

ExDEGA(Excel based Differentially Expressed Gene Analysis) £4E&2 HARLXS0| Ml 7[HIOZ RNA-S

Microarray, Proteomics HIO|E{E EC} &A XHAHL= OE + UAZE ALSA HO[S (et g#HFot 24 S0|Ct.

% Microarray %
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12 10. ExDEGA Analysis image

ExPADA(Excel based Peak Annotation and Differential enrichment Analysis)

ExPADA(Excel based Peak Annotation and Differential enrichment Analysis)= ¥ TX+=0| DNA-Seq (EM-Seq, ChIP-
Seq, ATAC-Seq) HIO|HE EC} & HHUHMOZ CHE = JEF UHE AH 7|gHel M = 0|Ct DNA-Seq 2|

T A

24 ZAN2RE DEADA B 08010l R8% HEE ¥2 4 om, ABXES 2TAYES KsXo=
=
=

™ AA
Yoo AE AL ABHA| M2 FPAESE A A8Y = YRR XEHe=z YUHO|E E o Fo|tt

Velcane pict FOR < 0.08
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71110 I
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12! 11. ExPADA Analysis image
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