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e |ntergenic RNA

Antisense RNA

Sense RNA

Intronic RNA

Long non- Competitive Endogenous RNA
pn COAING RNA s Enhancer RNA

(17,957) Bidirectional RNA
Circular RNA
Linear RNA
Cis RNA
e 1rans RNA

Non-coding

Transcriptome
RNA (98%)

(76%)

L]
. e Mlicro RNA
. Small non- Small nucleolar RNA
. e COAING RNA s Small interfering RNA
) - (7569) Srna.ll'nuclear. RNA
Protein- . e Piwi- interacting RNA
coding Coding _
genes RNA Protein
(19,954) (2%)
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— MicroRNAs (miRNAs)

— Small interfering RNA (SIRNA)

— Piwi interacting RNA (PiIRNA)

— Small nucleolar RNA (SnoRNA)

— Promoter associated small RNA (PASR)
— Termini-associated short non-coding RNA
(TASR)

— Sense
— Antisense
— Bidirectional

+ Intronic

— Long intergenic
— Competing endogenous
RNA(CeRNA)

— Transcribed ultraconserved
regions(T- UCRs)

— Extra coding
RNA (ecRNA)
— Exon-intron
CircRNA
(EICiRNA)

— Circular
intronic RNA
(CIRNA)
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L. Biological Functions
Class Symbol Characteristics .
Associations
. . 18-26 nt; comprises 2% of human genome and regulate . . . . L.
MicroRNAs miRNAs . . Control of proliferation, apoptosis, and differentiation.
up to 50% of protein-coding genes.
. . . 19-23 nt; processed by Dicer, and guide sequence-specific . . .
Small interfering RNAs siRNA . Post-transcriptional regulation of gene expression.
degradation of target mRNA.
Embryonic development, germline DNA integrity,
L. . . 24-31 nt; made by single-stranded RNA (ssRNA) transposon transcription silencing, translation
Piwi-interacting RNAs PiRNAs L . . .
precursors and it is Dicer-independent. suppression, heterochromatin creation, and sex
determination epigenetic control.
60-300 nt; divided into two classes: C/D box snoRNAs Responsible for post-transcriptional modification and
Small nucleolar RNAs snoRNAs  and H/ACA box snoRNAs. It is primarily accumulated in  maturation of ribosomal RNAs (rRNAs), small nuclear
the nucleoli. RNASs (snRNAs), and other RNAs (snRNAs).
Centromere repeat-associated . .. . . .
. . crasiRNAs  34-42 nt; processed from long dsRNAs. Activation of heterochromatin and centromeric proteins.
small interacting RNAs
. ~24 nt; pi-like small RNA and independent of Dicer . ) .
Telomere-specific small RNAs tel-sRNAs . Epigenetic regulation.
processing.
Pykn >16 nt long; observed in groups in intergenic and intronic  Primarily engaged in cell communication, transcriptional
ons
domains. regulation, signalling, and transport.
Diverse molecular and physiological processes, including
tRNA fragments tRFs 14-30 nt; dependent on angiogenin and Dicer processing.  gene suppression, RNA processing, protein translation,
stress responses, cell proliferation, and differentiation.
) . tiRNAs 29-50 nt; the most abundant right downstream of . . L .
tRNA-derived stress-induced L. . o . . Control of protein-coding gene transcription by targeting
(tRNA transcriptional end sites. It exhibits spatial preservation ) o .
RNAs . . . epigenetic silencing complexes.
halves) patterns and predominantly resides in GC-rich promoters.
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L n CBOO k 2 . O Integrating human long non-coding RNAs with multi-omics annotations

T B
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LncBook accommodates a high-quality collection of 95,243 human IncRNA genes and 323,950 IncRNA transcripts, and incorporates their abundant
annotations at different omics levels, thereby enabling users to decipher functional signatures of IncRNAs in human diseases and different biological
contexts.
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a SPAs and sno-IncRNAs (0.4-1.2 pm)

SPaz hnRNPM

TDP43  RBFOX2

sno-IncRNAs

SPAZ&‘/

Chromatin

Nucleus

d Nuclear speckle (0.8-1.8 pm)

: f Perinucleolar compartment l

(0.2-1.0 pm)

PTBP1

PNCTR
PTBP1-
binding site
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HOTAIR PLCs ,§[

iﬁ‘i';: 19 ;’
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5
11§14
Lyt X HOTAIR (chromosome 12) is required for gene-
3’ ’ ;a I.SD 1 CG rich silencing of the HOXD (chromosome 2) locus by PRC2
"A Vv region HOTAIR is also known as an oncogene, with its

expression strongly correlated with the grade and
prognosis of a variety of cancers
I
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10.1016/j.celrep.2013.09.003

Targeted disruption of Hotair leads to
homeotic transformation and gene de
repression

targeted deletion of mouseHotair INcCRNA leads to de
repression of hundreds of genes, resulting in homeotic
transformation of the spine and malformation of
metacarpalcarpal bones
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Xist (X-inactive specific transcript)
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X inactivation centre (XIC)
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https://www.youtube.com/watch?v=4SN2Sh6W_L0

Dosage compensation

A X-chromosome inactivation (XCI) is the form of dosage compensation in
mammalian female cells to balance-Knked gene expression levels of the two

sexes N g d
% If there is but one X chromosome in a diploid AA — XX X\?

cell (1X:2A), the fly is male. If there are two X 2 doses 2 doses 1 dose
chromosomes in a diploid cell (2X:2A), the fly
is female

20



a Dosage Compensation in Drosophila

L

i

XX XY
MSL complex
l K» H4 K16 Acetylation
XX XY

b The MSL Complex

https://www.youtube.com/watch?app=desktop&v=wrOIcBIMGAs
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E h R N A A Establishment and/or stabilization B Intervening with transcription machinery
n a n C e r of enhancer-promoter looping

I?’ eRNA
_Polll ‘ Polll. N
RNA ‘ 7 X
PSRN am

el
Cohesln Mediator |

7P- TEFb
J 3
~——]

Trapping transcription factor and co-activator Regulation of histone modifications

eRNAsre short, bidirectional ones, which are generally fpmtyadenylated and unstable,
whereaselncRNAsre usually polyadenylated and have higher stability 10.3389/fcell. 2023.1205540
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Circular RNA S

s ‘ Exon3 3
Intron 1 Intron 2 Intron 3
Mature mRNA circRNA biogenesis circRNA
A1) Self-splicing B.1) Direct back-splicing

s —{ S Eenzl]‘

The biological
function of
most circular
RNA is A.2) Self-splicing by formation of a lariat
unclear &




Circular IncRNA

Intron Intron Intron

Canonical linear Backsplicing
splicing
Linear RNAs circRNAs

oo [ I
o [T

ecircRNA ElciRNA ciRNA

Exonic circular RNA Intronic CircRNACIRNA

10.7150/ijbs.22531 Exonintron CircRNA
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benzola]pyrene diol epoxide

- DNA adducts
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DNA damaging agents

ROS uv X-Ray Replication
X-Ray IR error
Alkylating
agents
= ]
G G T=T G/G i1ld
U G
1
Uracil Dimer Interstrand A-G Mismatch
Abasic site Bulky adduct cross-links T-C Mismatch
8-Oxoguanine (6-4)pp Double-strand Insertion
Single-strand break Deletion
break v v
UNG-1, NTH-1, CSB-1, CSA-1 REC-1, BRD-1, MSH-6, MSH-2,
APN-1, EXO-3, XPA-1, XPC-1, RAD-51, RAD-54.B, MLH-1, PMS-2,
NDX-4, PARP-1, XPF-1, XPG-1,  RF5-1, RIP-1, MRE-11, EXO-1
PARP-2 RAD-23, ERCC-1, ATM-1, ATR-1, LIG-4,
RAD-1, RAD-9 CKU-70, CKU-80
NDDsiiEIEgans
PARP-1, NTH-1: XPA-1,CSB-1, NO

AD,PD  CSA-1:XP. CS Gl

REPCRT
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Nucleosomes and DNA mutations

A) N Y

T b DNA-histone
T s Histone \ binding sites
2‘ octamer {
A
Y 10bp

& ¢
ATk AN
B)
high Minor-in Minor-out
medium Linker DNA (Minor groove  (Minor. groove
low histones) solvent)
UV-light Smoking ROS Spontaneous
(CPD, 6-4PP) (BPDE-dG) (8-0x0-G) deamination
5meC
Mutation type C>T C>A T>C|G C>T

onadamage | | el | | —| !
DNA repair rate [ ﬂ [ ﬂ { [ &
Mutation rate ] # | h o [ h

Espiritu,D., Gribkova,A.K., Gupta,S., Shaytan,A.K. and Panchenko,A.R. (2021)
Molecular Mechanisms of Oncogenesis through the Lens of Nucleosomes and
Histones. J. Phys. Chem. B, 10.1021/acs.jpcbh.1c00694.
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APOBEC3 deaminases drive the acquisition of clustered
mutations in human cancer cells

APOBECO Bjdzii g L Oz dzOL " ( C>T) .
RLOJMIsder COC tjHOSCISSter {1 s
Bsekzls B Is! dzOyJjdzjdzr d dzO - -
o tcdd3j 6, Hdzw L OF dIsr Bls oc

[ & J dets 3O d3q .

[ lsOydtsdzdz § MdGe dzOIlskzter , Mo w %)
APOBEC38 L Odgj dz C>T d C>G d/ 4
C>A 9 IbtedqdzzC dzj slsdgHOR TCN,
dzs B2 gz G dzj slsdH .

I CdzommdW dS Oydd ohikzls Oyd tsdzdz" SL '
sdzd tsBBL dZOYJdzr ¢0O0¢ SBS2 ( & . .
d4dcdzOlskztcr, " OtOCIsj todz” j H dzv B Gag protein
APOBEC3, GBd&Otkyjd o 70% -‘t“;@*ﬂ

cOCO d 9 50% oMmMjrn OSSO A ) ... Q) 236

1
nonspecific
packaging

Petljak, M., Dananberg, A., Chu, Ket al. Mechanisms of APOBEC3 mutagenesis in human cancer cells.Nature 607, 7991 807 (2022).

https://doi.org/10.1038/s41586 -022-04972-y, httgs:/lpcr.news/novosti/belkiapobecSqeneriruvutmutatsii-v-rakovvkhkletkakh/
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Kataegis

Pancreatic cancer
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Genomic position
OeC>A oC>G oC>T @T>A T>C e T>G

- Kataegis (after the Greek for
thunderstorm) - hypermutation
localized to small genomic regions

- Kataegis is characterized by clusters
of C>T and/or C>G mutations which
are substantially enriched at TpCpN
trinucleotides and on the same DNA
strand. Foci of kataegis include from
a few to several thousand mutations
and are often found in the vicinity of
genomic rearrangements.

Alexandrov, L., NikZainal, S., Wedge, Det al. Signatures of

mutational processes in human cancer. Nature 500, 4151421

(2013). https://doi.org/10.1038/nature12477
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A) H3 Histones Histones H2A [H]ﬁ@ft@m@g H2B Histones

Canonical isoforms:  Variants Canonical isoforms: Canonical isoforms: Variants Canonical isoforms:
- H3.1 (H3C1, H3C2, - cenH3 (CENPA) - H4C1, H4C2, H4C3, - H2AC11, H2AC13, - H2A.P HZAP - H2BC4, H2BC6, H2BC7,
H3C3, H3C4, - H3.5 (H3-5) H4C4, H4C5, H2AC15, H2AC16, - H2A.Z. 1 S-IZAZI) H2BC8, H2BC10
H3C6, H3C7, - H3.3 (H3-3A, H3-3B) H4C6, H4C8, H2AC17 - H2AZ 2 (H2AZ2) - H2BC3 Variants:
H3C8, H3C10, -TS H3.4 3 4) H4C9, H4C11, - H2AC4, H2AC8 H2A.X (H. A)? - H2BC5 - TS H2B.1 (H2BC1)
H3C11, H3C12) -H3.Y.1 H4C12, H4C13, - H2AC18, H2AC19 2 TS H2A 1 (H AC1) - H2BC9 - H2B.W (H2BW1
- H3.2 (H3C13, - H3.Y.2 H3Y2 H4C14, H4C15, - H2AC6 H2A.J (H2AJ) -H2BC11 H2BW2) “
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Espiritu, D.; Gribkova, A. K.; Gupta, S.; Shaytan, A. K.; Panchenko, A. R. Molecular Mechanisms of Oncogenesis through the Lens of
Nucleosomes and Histones. J. Phys. Chem. B 2021. https://doi.org/10.1021/acs.jpch.1c00694.
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Histone Mutations
L

) f 1L
Mutation: * * ot Post-Trantiadiondi

Modified Reading, Writing & Erasing
of Post-Translational Modifications

. Maodification Sites
Interaction; === == - i
Chromatosome Mutations at Core

Histone Interfaces

Histone Interactions
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Mutations at Acidic Patch and
Other Exposed Residues
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Altered Interactions of Nucleosomes
with Other Biomolecules

o

< ' + DNA Replication

DNA Unwrapping and Bulging,
Altered Nucleosome Sliding
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DNA: =— Interface
Histone H1: .
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Tails
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Global Effects

1
r 1 Oncogenesis

Perturbed Regulation of:
* DNA Accessibility
+ Chromatin Compaction
* DNA Repair

VAN

* Gene Expression

Espiritu, D.; Gribkova, A. K.; Gupta, S.; Shaytan, A. K.; Panchenko, A. R. Molecular Mechanisms of Oncogenesis through the Lens of
Nucleosomes and Histones. J. Phys. Chem. B 2021. https://doi.org/10.1021/acs.jpch.1c00694.
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a Normal conditions Lymphomagenesis 41

Mutation
REBBP or
EP300

CBP or p300
mutation

\

\WDRS Tumour
. suppressor
RBBP5 i

Histone
tail y |

Promoter
Enhancer

Transcription

MLL3/MLL4
Enhancer Enhancer depletion or mutation

@® H3K4mel O H3K4me3 O H3/H4Kac O H3K27ac @ H3K27me3 O H3K36me2 @ H3K36me3 @ H3K79me

| Miswriting of chromatin modification promotes oncogenic development.
a| An activeenhancers markedby H3K4melandH3K27ac,which aregeneratedby mixedlineageleukaemia3 (MLL3) and
MLL4, andhistoneacetyltransferasesichasCREB-bindingprotein(CREBBP)andEP300 Enhancerareboundby transcription
factors(TF9), mediatorsandtranscriptioncoactivatorsuchasBRD4, which activateRNA polymerasél (RNA pol Il) for
mediatingproductivetranscriptionfrom promotersandgeneratinggnhanceRNA (eRNA) to facilitate geneactivation Enhanceir
promoteroopingunderliesactivationof genetranscriptionLossor inactivation mutation of CREBBP or EP300and/or MLL3
or MLL4 is characteristic of cancerssuchasB cell ymphoma, resulting in decreasedH3K27acand/or H3K4melat

enhancersand reducedexpressionof genesrelated to tumour suppression cell differentiation and/or antitumour immunity .
B
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@® H3K4mel O H3K4me3 O H3/H4Kac O H3K27ac @ H3K27me3 O H3K36me2z @ H3K36me3 @ H3K79me

b | Wild-type MLL1 uses an Merminal region for interacting with chromatmnding cofactors, menin and PC4 and SFRS1
interacting protein (PSIPIMLL1 or its partial tandem duplication (PTD) results in elevated H3K4me3 at oncogenes such
as HOX, promoting acute leukaemogenesign MLL1 fusion oncoprotein gains a-t&rminal segment from its fusion partner,
such as AF9, ENL or AF4, which recruits DOT1L complex (DotCom) for catalysing H3K79 methylation and/or the super
elongation complex (SEC) for catalysing serine 2 phosphorylation (Ser2ph) oft¢hmiGal domain (CTD) of RNA pol II.
H3K79me and RNA pol Il CTD Ser2ph, possibly with other activators such as PAF1, promote expression of oncogenes s
those of the HOX family.



c B cell lymphoma
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@ H3K4mel O H3K4me3 O H3/H4Kac O H3K27ac @ H3K27me3 O H3K36me2 @ H3K36me3 @ H3K79me

c | A collective action of wildype EZH2 and its gatof-function mutation, Y646X (X = F, C, H, S or N), causes abnormal

elevation of H3K27me3 in lymphoma, leading to downregulation of transcripts related to cell cycle control and B cell
differentiation.

Zhao, S., Allis, C.D. & Wang, G.G. The language of chromatin modification in human cancerfNat Rev CanceRl, 4137430 (2021).
https://doi.org/10.1038/s41568 -021-00357-x
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€ Breast cancer

SNAIL, ZEB1

@® H3K4mel O H3K4me3 O H3/H4Kac O H3K27ac @ H3K27me3 O H3K36me2 @ H3K36me3 @ H3K79me

e | In breast cancer, overexpressed DOTI1L interacts with MYC and EP300 to antagonize histone deacetylases (HDACs
DNMT1, leading to the elevated H3K79me and H3Kac levels at epitheksenchymal transition (EMIgromoting oncogenes
such as SNAIL and ZEBL1.

Zhao, S., Allis, C.D. &Vang, G.G. Thdanguage of chromatin modification in human cancers. Nat RevCancer21, 4137430 (2021).
https:// doi.org/10.1038/s41568 -021-00357-x
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We developed a singi®olecule multiparametric assay to
comprehensively profile the epigenetics of plassmdated nucleosomes
(EPINUC), DNA methylation and canespecific protein biomarkers. Our
system allows for higiesolution detection of six active and repressive
histone modifications and their ratios and combinatorial patterns on
millions of individual nucleosomes by singheolecule imaging.

EPINUC analysis of a cohort of 63 colorectal cancer, 10 pancreatic canc
and 33 healthy plasma samples detected cancer with high accuracy and
sensitivity, even at early stages.

Fedyuk, V., Erez, N., Furth, N. et al. Multiplexed, singlmolecule, epigenetic analysis of plasma-
isolated nucleosomes for cancer diagnostics. Nat Biotechnol 41, 212 1221 (2023).
https://doi.org/10.1038/s41587 -022-01447-3
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Epigenetic genome wide reprogramming
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