it
>F
E—Hi

Sk

=URESEE

- DREmRIFHE




n 43 LA e
n =V ST

H NGRS




@& | =506

Moon Earth  Venus  Sun  Mars

B VFINRTFEM: EX Ehii=Ean ciin R

1. RIFHENAIFZ R



@D L=FEAG

??El’\)\{ﬁll_l\n\\jj Il—l\é£$ “ /,'"/ ‘//.( {\)r(\\\ \ \) \ \ \\\
B (NE) | 198 (KE) g (@ )
ANEEE, T\

Hellocentrism

Bk

. RIEEHFWAIRZ



@D L=FEAG

8=l |=ESbuni

1. RFHRMAIRZ R




@& | =506

HEM: DPABHENBERI SR N AFRREIMRSERANFE, =AW
R MASAIRIEASRE, BYE, MR MERAESER

2.
WER - AN - (" - T

HETEHEHFEWAYFUN : FEKNTT, BE5(0

1. RIS HFIMAIFIRL




@D LR HEN

o Y. FEHAREE. 5170, e, EFNF
o ({F: EBH. DT, &

o I IRIRMIE, HWIKEE

o Y. #itie. BIEERE. PLiEN

1. RFHRMAIRZ R




Replication
(DNA —DNA)
DNA polymerase
Transcription
(DNA — RNA)

a
b
ik
y % RNA polymerase
s = Land Plants
R \ RNA w

Insecis

Reptiles Mammals : Iﬁm
1\mphibian5‘ Ribosome

’ rachnids '

Brachiopod Crustacean

w Z Scaweed

Bryozoans

Translation
(RNA — Protein)

Protophytes

Protists

2. DFEMFHFE




HESAIN A : Bt

Spike Protein (S)
glycosylated, trimeric protein
binds to ACE2 on host cells
proteolytic activation by TMPRSS2
10nm size, ~100 trimers/virion®

Membrane Protein (M)
interferon antagonist*
~2000 copies”

Envelope Protein (E)
viroporin (host cell lysis)*
~20 copies*

Nucleocapsid (N)
interferon antagonist®
~1000 copies®
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 5-Azacytidine (5-aza)E—Hcytosineftz ==L, Fa(ES
BT HIFIEZ ) 2.

. Constantinides&Il, 5-azanJLiHARESEBEIAEHT (FEAREIH
FBBEDNASEIEL) .

(E) Constantinides et al., 1977
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AcMe Ac AcP Ac Ac

Me Methylation Ci Citnullination

Ub Ubiquitination

AC Acetylation
P Prosphorylation

https://commons.wikimedia.org/w/index.php?curid=41382917
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- H3K27ac: BER3FE27MIRIEHLIE!

4, RIEEHARKN




Sta [RES )5

small scale intermediate scale large scale
10 bp - few kb ~10 kb - few Mb ~100 Mb - ~3000 Mb
compaction of DNA local regulation of intra- and interchromosomal regulation of contact frequency
into chromatin contact frequency regulation of contact frequency  between individual chromosomes
double chromatinloops and = 001 0mic compartments chromosome territories
helix topologically associating p(”%ctive” 35 “ingctive")
domains (TADs) E
nucleosomes

)
& &
D
“\
X3

~nuclear
- body ;

nuclear
envelope




JERFERNA

/ siRNA amplification cycle

in soma, gene silencing

dsRNA g3

(o]
03

Environmental
factor signaling

~

siRNA amplification cycle
in germ line

ON

Embryo carrying
epigenetic RNA
signal




4 R N A1|§Il:’lrﬁ [ :0..° o ® External stimuli

@ Metabolic sensors

. o
A oMy © signalling
Eabd kaH E:.H"“ pathways

CHOH GHOH Sha Translation
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wo oIl ,‘1\ o, L A& wo, <N__T[ J wog I L . @ Targeting
o a ol M o Transcription specificity
of readers
OHOH OHOH OHOH OH OH
miG —, mb mih m'C W
tRMNA
.—N W \ e RegUIatlon -
chromatin and © Coordination
Writers = METTL1 = METTL3-METTL14 = TRMT10 = NSLN1 to = ADART and = PUS1 to PUSIO = ELP1 and ELP3 t t
= WBSCR22 = METTL1G = TRMb- NSUN7 ADAR?2 = PUSTL * ALKEHE {mem®U) ransc"p ion
* RNMT * METTLS TRMB1 *DNMTZ * ADATZ and  » RPUSD1to RFUSD4  « CTUL and CTUZ ‘_-"""-..
= JCCHCA ADAT3 = DEC1 Imem®s*L) . .~\
Readers Unknown = YTHDF1 to YTHDF2? ALYREF Unknown Uniknowm Unknown Chromatin ™,
YTHDF3 regulatory
+ YTHDC1 and complex
YTHDC2
Erasers Unknown * ALKBHS ALKEH1 Unknown Unknown Uriknowm Unkmown NUCIeUS Cytoplasm
= FTO7 and ALKBH3
A-T G=C No effect No effect Disrupted No effect Altered Mo effect Altered
pairing
Huugstgen Diisrupted Mo effect Mo effect Mo effect Disrupted Altered Altered 7 H
pairs S, i
SN

METTL3/14(8 e Targeting specificty
of writers and erasers
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l Bisulfite
° EI[ @“EI&&E@ /@E&fi convers! Sodium bisulfite method EM-seq method
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° *ﬁvrlu ( d ete Ctlo N ) + Xmé:g Library preparation/sequencing
(observation)
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Acetylases, Deacetylases, Bromodomain,
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Writer (5§)
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Figure 1 Semi-conservative partition, followed by templated modification copying events: an imperfect “ideal” model. (A)
Model illustration for the inheritance mechanism of DNA methylation. (B) The “ideal” but recently proven incorrect model for
the inheritance of histone modifications.
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Cold Spring Harb Perspect Biol 2016,8:a019497

MeIEXREBIARGREIE
(fraglle -X syndrome)

BPERE
- BAE
- BZERXK

o EEk SRR

NORMAL

5-50 Repeats

REPEAT EXPANSION

, 9 O

PREMUTATION
50-200 Repeats

'pmM_FULL MUTATION

>200 Repeats

A CpG island in the 5'-regulatory region of FMR1
becomes aberrantly methylated on repeat expansion

Lead to loss of FMR1 expression
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Table 1 Epi-drugs currently in clinical trial

Target Drug Therapeutic Strategy Cancer/Disease Phase Reference/
NCT no
DNMT  Azacytidine (Vidaza®) ~ Monotherapy MDS, AML FDA [86]
approved
Polytherapy (cytarabine) AML n 58]
Decitabine (Dacogen®) Monotherapy MDS, AML FDA [87]
approved
Polytherapy (Talacotuzumab) AML m [159]
Disulfiram Polytherapy (Chelated Zinc) Melanoma ] NCT02101008
EGCG Polytherapy (Green tea) PC ] NCT00666562
hydralazine Polytherapy (magnesium valproate) Refractory solid tumour ] [160]
SGI-110 Monotherapy HCC ] NCT01752933
Polytherapy (Pemetrexed, Cisplatin, NSCLC [} [161]
Gefitinib)
6-thioguanine Polytherapy (Dexamethasone, Lymphoma v [162]
Cyclophosphamide, Vincristine etc.)
4"thio-2- Monotherapy Solid tumour I (recruiting)  [163]
deoxycytidine (TdCyd)
MG98 Monotherapy Solid turour | [164]
HDAC  Abexinostat (PCl- Monotherapy Lymphoma 1&1 165
24781) Polytherapy (Doxorubicin) Sarcoma, lymphoma 1&1 [166]
CUDC-101 Monotherapy Solid turour | [e7]
Belinostat (Beleodag ~ Monotherapy PTCL; HCC, Burkitt lymphorma, DLBCL, FDA [28]
/PXD101) thymic carcinoma, MDS approved;

HDAC

BET

Entinostat (SNDX-275)
Givinostat (ITF2357)

Mocetinostat
(MGCDO0103)

Panobinostat (LBH-
589)

Pracinostat (SB939)

Romidepsin
(Depsipeptide/FK228)

Valproic acid (VPA)

Vorinostat (SAHA)

|-BET762 (GSK525762/
molibresib)

Polytherapy (Paclitaxel, Carboplatin)

Polytherapy (Entinostat, Exemestane,
Placebo)

Monotherapy
Polytherapy (Gemcitabine)

Monotherapy

Polytherapy (Placebo)
Monotherapy

Polytherapy (Ruxolitinib)
Monotherapy

Polytherapy (Alisertib, Pralatrexate,
Gemcitabine)

Polytherapy (Azacytidine, All-trans retinoic
acid)
Monotherapy

Polytherapy (KW-0761)
Monaotherapy

Polytherapy (Abiraterone, Enzalutamide,
Prednisone)

FENIEPRETERHVET XS R B AY Q7 ERE LS4

Ovarian cancer, fallopian tube cancer,
bladder cancer
Breast cancer

Polycythemia vera

Metastatic leiomyosarcoma

MM; thyroid carcinoma, RCC, breast
cancer, AML

Hodgkin's lymphoma, MM
MLD

MLD

CTCL, PTCL

Relapsed PTCL
MDS, AML
crce

AML

Neoplasms

Solid turnour

FDA
approved;

FDA
approved

FDA
approved

[}
(recruiting)

| (recruiting)

NCT00421889

[169]

NCT01901432
NCT02303262

[99]

(1701
(71
[172]
NCT02267278
[101]

NCT01482962

[173]

[97]

[174)
NCTO1943851

NCT03150056
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- 1925, SmCEXEHAEDNARKRFHRAI, BZE/I+FREEARE.

(A)
5mC found in calf thymus SmC precedes guanine;
DNA by paper chromatography CpGs are underrepresented
(Hotchkiss, cited 540) (Sinsheimer et al., cited 143)
¢ ¢
1900 1910 (1920 e 25 e 193 () pres{ 194 o ‘48 | 1950 po '5 4 el
@ <
SmC reported in bacteria by microscopic SmC detected in several species
analysis of pyrimidine picrate crystals by paper chromategraphy
(Johnson & Coghill, cited 104) (Wyatt, cited 137)
(B) Hotchkiss, 1948 (C) Sinsheimer, 1954
3 : MG = 5mCpG
Adenine Thymine
,§ il é CA SmCis only detected
a a preceding guanine
o <]
4 i Cytosine a
| |Guanine Y o
E E TA
% Epi-cytosine -% TGHAA
s\ / \ i o GG
s B AG
i = R
"""" ¢ T g >
Separation of bases by Lowly abundant base that appeared to Peak height of MG and CG Separation of nucleotides by
migration be cytosine with some modification, suggests that CpGs are migration
hence named "epi-cytosine”, and underrepresented in the
suggested to be 5SmC genome

Trends in Genetics.
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» 19484, HotchkissFZXEiEiED B H—E{cytosineRU4ER, A& Hepi-
cytosine, FHHENI5mC,

- FiEFR, WyattxImZz¥). BR. BYSSHRIDNA LZEE5mC,
- 19505FgI/a, FARENARDNAREEYIR; 19535, DNAXUZERESEN,

» 19544, SinsheimerkI5SmCHDHEREHMECPGE, MCpGAS7EDNA
HRHHINAYSERRY IR,
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@) 4 i Paper chromatography

- B T—MERS BRAMNEISREA, IWERIRAREEEN (Thin
layer chromatography)
T
—
| — al
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Q5 IR
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- ZEDNAFRI IEIEYIRZ AT, DNAREWAIATIGERKIIRE X,
- SMCERSUMFZERIR, SEHEMFEERMERINZE.
- XRBAERL. S ERER.
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THY 5T

- 1960FF, pFEVMFIEARE, MERAEHERR. BRZEE, ZEIST

MFRIVSER,

(A)
5mC Is part of the bacterial Methyl groups are added
R-M system after DNA replication
(Arber, cited 178) {Billen, cited 67; Lark, cited 72)
T,\ <;) o
w1960 ‘65 ™ ‘66 ‘68 1970 = ‘71

Methionine starvation leads to DNA
replication defect in bacteria
(Billen & Hewitt, cited 28)

A
1\)

SmC found across many
species and cell types
(Vanyushin, cited 364)

DNA methylation lags
behind DNA synthesis
(Adams, cited 53)

Theories on 5SmC in gene regulation
(Holliday & Pugh, cited 1371;
Riggs, cited 946, Sager &
Kitchin, cited 207)

o o

Bimodal distribution
of 5mC
(Bird et al., cited 165)

‘75 ‘77 e T8 e 7O e

J

o o
5-aza treatment leads to Mspl/Hpall pair detects and maps
change in cell identity CCGG methylation
{Constantinides et al., cited 280) (Waalwijk & Flavell, cited 361;

Singer et al,, cited 125)
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« 19574, LederbergRl, REIMEFHREEHFE, REERRIHASS
EE TS EDNASHER,

* 19635, Gold &I FHITMEEAIAREEFFEEIEFMIIRENES; 1965
5, Arberfgt "[R#HI-E1R" ZANA, BEARELREAMRXSESM
FNEDNA,

ZJa, DNAREWEAREFIIEEIERMRLEEAN,

5. RWEEHRTE




@ iRy T RS

- 19685, F—MIRHIMEATIEBRAILERE.

- REMBUR/AFBURATIEEXS, WHpall/Mspl, p/AEZERIAFDNARZE(LRY
TH,

- [RENERYIEER A D FENFREENTREZ —, BE 7D FRERARTNER
TRIERRIREE.

(D) Singer et al., 1978
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« Mismatch repair Nobel prize
A NN y,/'

DNA repir

CH, CH,
3 1 N\ 1 5'
- N/ 3 .
: Aziz Sancar
MutH. MutL Tomas Lindahl
y » i
MutS, ATP e Swedish citizen ° ish citi
i & G 4 - ’ Paul Modnch U.S. and Turkish citizen
3 ! 2 /\ | 3 5 3 | 3 /\ | 2 5 ) Bor1967 ® U.S. citizen ® Born 1946
= \/ 3 &5 "/ — ® Emeritus group leader at ® Born 1946 ® University of North Carolina
Francis Crick Institute and School of Medicine
Emeritus director of Cancer .
exo VIl MutL, Muts, exol Research UK ® Howard Hughes Medical _ B _
or RecJ helicase Il, ATP Institute and Duke University Nucleotide excision repair
Base excision repair School of Medicine Th hanism that el
ismatch repair e mechanism that cells
CH 3 CH 3 CH 3 CH 3 Constantly counteracts M P use to repair UV damage to
3l N\ L 5 3' el /\ | 5 the collapse of our DNA How the cell corrects DNA
- — 3 & —_ errors that occur when
— DNA is replicated during 4D
Il divisi ) ¢ 4
DNA pol Il holoenzyme, *¢ 00 i et
SSB, se ‘ % ] o Lo ]
SRR
CH, CH, CH, CH, e = MIND THE
3" sl Lo 53 il Lo 5 7o ® GRAPH
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HE AL B4+

- 19684, Billeni@
SINEFTEE R AYRE L.

(B) Billen, 1968

JEMEREFSR, KIAEDNASSE, SmCRIFHIE

'Y

' Parent DNA (*C labeled;

light without SbU) Nascent DNA (no *C

label; heavy with 5bU)

/\

‘/‘\\

DNA density [g/cm?’]

signal

H(

No signal detected on

Exclusive 'H Mbﬂ‘ﬂ on nascent
light parent strand

strand shows methyl addition
post replication

— W(C: parent strand — JH: de novo methylation
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« 19644, SrinivasanfIBorek=ZE|MHELICHIE A, BEBANYIDNAREY
A ReSARIMNAELRE ERITHEEEX,

- MER, MIIANAREBELREENFENETEAR., Ett, BeJseDNARE
HEZEEER, FREXDNABEWIARIAMB RIS, FSA4fESE,
S o i 2.

(A)
he b Meth ps are added DNA meth lag P modal distrib
N m fter DNA replication b d hi S SmC
b Bil ; Lark, cited 72) Adam d Bird et al., cited 1
~ 1960 ~ ‘65 = ‘66 » - ‘68 1970 ‘71 » - ‘7S ‘77 ‘78 =79
M rvation leads to DNA 5mC found 5 nt lead Mspl/Hpall pair detects and maps
defec bacteria d iden CCGG methyl

Billen & Hewit d ( d C d al., cited (Waalwijk & Flavell, ci 1

Singer ¢ 25)
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@ oNAFREWFIEIEMEE

*+ 1970s, DNARENAERIIMIRSEEFRITIEEHRT 21918, WREHE:
- DNAREWEAETRAEETINRE;
- DNAREWATRESSHDNARSISREE, HMIESABEHE (C->TERFREZHNRM) ;
- DNARE((RIRERIEERETRIX.,

« 19664, Gurdon&BBiZfEtEefERA,
- 19755, Hollidayf1PughBBfiE HDNAREWEIEEREFRIX.
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- 1970s, ®ZZAARGINERTIEEEASSouthernii R, FHREEIFEERMR
HYBREMWIRE.

- BIARER. AEYFRILLER, MIKDBREWCRSETRE—ES. —EfR.
BEER. MERENERSDZEFENL. NTIDNARELREEERRIARN
M RIF S —EE .,
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 5-Azacytidine (5-aza)2—FfcytosineBIZE YD, FHIBIES

Tzl iz R,

A5 AR

 Constantinides T, 5-azar]LAILAEEEIAERT (FaAEHIEEE

DNAZZZTRIELS) .

« REZRRRA, 5-aza2—FRDNARELADFHI,

(E) Constantinides et al., 1977

\He
|/4%N
|

2
xi\!lf %O

H
Cytosine

18]

3

[=3l

5-Azacytosine
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Plasmids containing viral gene acetyl-transferase CAT driven by
different viral promoters were methylated with M.Hhall at indicated sites

o ! !
.

&,

—_— ( Ad12 IX SVao
po'
v

» 1980s, BEEHREEKARNRRE, FEI7T—F B’ B s
FTRYBASS RS, RICHREMWFNIFRE(LRIDNA e
ATEHNRE, MERREL, *® .

promoter-less | Methylation in promoter

CAM
unmethylated Ad12 Efla 3 .. suppresses transcription,

\a!

1-acetyl-CAM

hence no conversion of

- IFREMIRSENARAILIREA. a5t ool

MOPRTRIERIREDONAMERE L, FRIX, FHE o[ o il

transcription

“71::'\
e, 3
oD '
methylated svao | @dliP . AE—-—I

- HEERYS' im (promoterXim) XJERE(LEEN e Jomwonm

inhibit transcription

| Pos ey
unmethylated SV40 l

by migration
Who ?  Methyl group via M.Hpall Ad12 Ef1a promoter
Viral CAT gene Ad12 IX promoter
e CAT transcript SV40 promoter
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- ZUEAIRRZELEANTAIRZIDNAREWBIEERRIX
HNEHME, ESREMNERFFEATE, BKF o
HUMERER—EEE, FHEE. FRELE v
FEABRBETAREDRBRERRAYEE, 11 B - "’;Jaf;':f':f{).;;;l,_,,
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5mC represses transposable elements
during embryonic development

Plants accumulate developmental
(Walsh et al,, cited 788)

defects in the absence of 5mC

Inactive tissue-specific CGI {Kakutani et al., cited 99) DNA methylation imprints MBDs form repressive complexes
promoters often gain methylation g are established only through with HDACs
during in vtro culture First plant DNMT, MET], cloned germline passage {Nan et al., cited 2546; Hendrich &
(Antequera et al., cited 649) (Finnegan and Dennis, cited 204) (Tucker et al., cited 227) Bird, cited 989)
1990 92 e ‘93 ‘95 ‘96 ‘98 ‘99
5mC is essential for mammalian Mouse ESCs have at least one Discovery of De novo methylation is
development; Dnmtl is required to more DNMT in addition to DNMT1 Dnmt3o and -0 required for mammalian
maintain global DNA methylation (Lei et al,, cited 624) (Okano et al., cited: 1178) development
(Ui et al., cited 3066) (Okano et al., cited 4039)
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Reduced TET enzyme processivity (F) Tahiliani et al., 2009
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Chuan He

Post-transcriptional RNA modifications can be dynamic and might have functions beyond fine-tuning the
. . 2 scRNA structure and function of RNA. Understanding these RNA modification pathways and their functions may
DNA M) R NA % P rOte | n allow researchers to identify new layers of gene regulation at the RNA level.
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The birth of the Epitranscriptome: deciphering the
function of RNA modifications
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