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Genome Transcriptome Proteome

~20-25,000 genes - ------- - - »  ~100,000 transcripts - === == ———-3 >1000,000 proteins
Alternative promoters Post-translational

Alternative splicing modifications
mRNA editing
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initiation of
translation

initiation of
transcription

1. CTpyKTYypa XpOMaTHUHA

* MetnnmnposaHue AAHK
* [NMCTOHOBbLIN KOA
2. TpaHcKpunuma

* Llnuc-perynAatTopHbIe 31€MEeHTHI
3, 4. [1oCT-TpaHCKPUNLMOHHbIE

* [MpoueccnuHr MmPHK
* Nlerpapauna PHK
5. TpaHchaumA

* BnoknpoBaHue MHULMALUN,
NHIMOWPOBAHME 3/IOHTaLUUX,
npexaespemeHHas/HespdeKTMBHanA
TepMUHaUMA

* TpaHCNAUMNOHHbLIN CABUT PAMKW
CYUTbIBAHUA

6,/. [loCT-TpaHCNAUMOHHbIE
* KoBasieHTHble mognduKkaumm benka
» [lerpapaums benka
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(DNA-methylation, w \  Euchromatin | °* MEeTUIn po BaHue ﬂl H K B
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~ g7 CTpyKTypa XpOMaTUHA

‘[ ----------------- Active
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e, = Transcrlptlonal Induced

modifications regulation

MeToabl nccneaoBaHuUNA

(transcription factors, \ .
enhancers, repressors, =~ o
chromatin remodeling complexes)

MeTtunuposaHue CpG
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CEKBEHUpPOBaHUE
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Rose N.R. and Klose R.J. Understanding the relationship between DNA and histone lysine methylation//
Biochimica et Biophysica Acta (BBA), 2014 DOI: 10.1016/j.bbagrm.2014.02.007




TpaHcKpUunuua

Liuc-perynatopHbie 3neMeHTbl
TpaHcKpunuuoHHblie ¢pakTopbl (TF)
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Promoter architecture

* Competitive PIC and X o
nucleosome assembly

* Higher Mediator
influence

BB

TATA-box
—

Hot nucleosome
Lower occupancy

¢ Cooperative PIC and

nucleosome assembly
* Lower Mediator

influence

TATA-like
ehf:ment

DD

MpomoTop
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Transcription
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Activators
These proteins bind to genes
at sites known as enhancers Repressorg ‘
and speed the rate These proteins bind
of transcription. to selected sets of genes
Enhancer at sites known as silencers
g and thus slow transcription.
7/,
X Repressor
(gc’@ Activator MeToapbl
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RNA-Seq
Coactivators +nocT-
These “adapter” molecules L
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and pernaps epressors: activators, these factors position moAaun CI) NKaL MK

RNA polymerase at the start of




NpoueccHr mPHK

HaunHaeTca cpa3y nocne nonmmepmsaumm nepsbix 25 Hykneotnaos! Splicing cofactors/
SR proteins
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Capping Splicing Polyadenylation Process



Deadenylation-dependent decay Deadenylation-independent decay

AUG UAA AUG UAA
cop — I oninaans, | cop — I aaaasan,
deadenylation Nonstop
decay endoribonucleolytic
cleavage
AUG UAA L A
v

cap —_-—;u
decapxy ——r AUG UAA
AUG UAA cap —-— X m—AAAAAAAAAAAL

5- 3’ decay 3~ 5° decay decapping

At | ad \
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UAA cap —_, 5’- 3" decay 3’- 5" decay
Cmm .. | =
5" Exo

Scavenger decapping

MNytn perpapgaumn MPHK — 3aBMcMmas ot geafeHUAMPOBaHMA U HE 3aBUCMMAA OT AeaJHUANPOBAHMA (C y4acTnem

3HAOHYKNea3bl) . X.\Wu and G.Brewer//Gene. 2012 May 25: 500(1): 10-21.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20X%5bAuthor%5d&cauthor=true&cauthor_uid=22452843
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brewer%20G%5bAuthor%5d&cauthor=true&cauthor_uid=22452843

CrabunbHoctb MPHK (B umtonnasme)

NMD complex
.' Nonsense-mediated rpRI\!A decay
/) AT A PTC (premature-termination codon)
w
Ccr4 deadenylation Decay complex formation
- loss of 5" -3’interactions -+ Recruitment of either exosome or Dcp
m'G¢ D AA -= Exosome recruitment

== Dcp recruitment and decapping
C > AA

== Xrn1 recruitment and exonuclease digestion

5’-+ 3’ degradation

C U
GA c A G--AA

U ¢

3=+ 5" degradation
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MmukpoPHK (cairt Ha 3’-UTR mPHK ayKapwuor)
* HanpasneHne mPHK B P-tenbua (P-bodies)
* pa3spesaHne mPHK
< * pectabunmnsaumsa mPHK B pesynbraTte ykopoyeHus noamnA xBocTa )




Cytoplasm = v
“Pioneer™ round of translation:

Ribosome encounters PTC
SURF formation

Interaction between CBC-SURF complex

AUG ] Exon-exon junction

Dissociation of eRF1-eRF3
SMG-1-UPF1 binds downstream EJC via UPF2
SMGI1 phosphorylates UPF1

Exon-exon junction

mRNA degradation

X.Wu and G.Brewer// Gene. 2012 May 25; 500(1): 10-21.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20X%5bAuthor%5d&cauthor=true&cauthor_uid=22452843
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brewer%20G%5bAuthor%5d&cauthor=true&cauthor_uid=22452843
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TRENDS in Molecutar Medicine

@KPOPHK

*  WHrMbMpoBaHME
TepMUHaLUA

3/10HTaUUNN,

* CHUXeHMe 3PPEKTUBHOCTU TPaHCAAUMM Ha pubocome,
Cap-40S WMHrMbmpoBaHME WHULMAUUKU, UHITMOUPOBAHME
obbeanHeHuna cybbegmnHul, ¢ 60S;

npexxaeBpemeHHas

& aerpagauma 6enka, conpsayKeHHaa ¢ ero TpaHcaaumen /

MeTtoabl nccnenoBaHuNA

BectepH-6n0T

NDA

BenkoBble MUKPOUMNMDbI
CKopocTb cuHTe3a benka

de PMeHTAaTUBHAA aKTUBHOCTb




MocT-TpaHCcAAUMOHHbIE moauduKauum benka
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Eliminylation
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Protein Degradation Pathways

The Ubiquitin/proteasome

system (UPS) Autophagy
EzEfs DUB’s Macroautophagy
W E— Chaperone-Mediated
Cargo material Autophagy
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Proteasome

MeToAabl uccnegosaHua

BectepH-6n0T

Macc-cnektpomeTpusa (de novo)
NMmMmyHOUNTOXMMUA (NOKaNM3aLUmnA B KNeTke)
BenkoBble MUKPOUMUMbI

AKTUBHOCTb Mogndpuumpytowmx 6enkos




MocT-TpaHCcAALUOHHDbIE moandUuKauumn 6enka = cUrHaauHr
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CobbiTne MeTtoabl aHanu3a

N3meHeHMe aKTUBHOCTU pepMeHTa CNeKTpomeTpus, XxpomaTtorpadusa (CKopocTb
obpa3oBaHMA NPOAYKTa/CHUKEHMUA
KOHUEHTpaunm cybctpaTa )

MocT-TpaHcAAUMOHHbIE moauduKauum BecTepH 61071, MDA, NnpoToyHasa uMTOMeTPUS,
6enkos H6enKkoBble MUKPOUUMbI, MacC-CMEKTPOMETPUS

U3meHeHnA Ha YpOBHe KonnyectseHHasa lLUP, Ho3epH 60T,
TpaHcKpunuuu/TpaHcnaumm 6enka cekBeHnpoBaHue PHK, PHK-mukpouunobl




DISCOVERY MEDICINE

variations in deposition of RNA
(e.q. hybrid dysgenesis, variations in pigmentation
phenotypes, transgenerational cardiac hypertrophy)

RNA

abnormal RNA editing
(e.g. embryonic lethality, neurological
disorders, longevity, cancer)

variations in RNA-dependent DNA methylation
(e.g. regulation of de novo methylation,
control of retrotransposable elements)

regulatory non-coding RNAs M

hydroxymethyl-Cytosine ?

' a | OTHER?

abnormal methyl-transferases
fe.q. ICF syndrome)

abnormal methyl-binding factors
(e.q. Rett syndrome)

abnormal Parental imprinting
(e.q. Prader-Willi, Angelman,
Beckwith-Wiedemann,
Silver-Russel disorders)

-

4 reverse-

_—

ranscription \translation
hyper-methylation methyl-Cytosine replication structures ?
{e.g. Cancer, autoimmunity,
neurological disorders, allergy, histone

cardiovascular diseases, aging)

structural inheritance

ellular unknown epigenetic relevance

abnormal hypo- and/or

modifications

abnormal histone modifications
(e.q. imprinting disorders, neurological
disorders, cancer) self-replication of sporadic
or acquired prions
(e.g. Transmissible Spongiform Encephalopathies,

potentially other neurological disorders)

chromatin
remodeling

PROTEIN

abnormal chromatin remodeling
(e.qg. Charge syndrome, neurological disorders, cancer)



