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Podumowanie transkrypcii

Animacje:

file:///Users/mjdabrowski/Movies/Animations/ch12_transcription.html
file:///Users/mjdabrowski/Movies/Animations/ch12_euk_trans_term.html
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Regulacja ekspresji genow

- Jak spomiedzy wielu tysiecy gendw wyroznic ten, ktory ma ulec ekspresji
- Jakie elementy informacji genetycznej ulegajg roznicowaniu?

neuron lymphocyte
Figure 7-1 Molecular Biokgy of the Cell 5/e {© Garland Science 2008) _ /
* > -l
~— v,



Informacja genetyczna

Dowdd na to, ze kazdej komorce ciata jest informacja genetyczna niezbedna do
utworzenia catego organizmu.

g nucleus in
pipette
skin cells in
culturedish
adult frog RS . R
ST : e i e
/ nudeus normal embryo tadpole
( injected
into egg
unfertilized nucleus destroyed
egg by UV light
Figure7-2a Moleculai Biology of the Cell S/e (© Garland Sciencs 2008)
.l*>_f Ny
« W trakcie rozwoju dochodzi do r6znicowania sie — powodem jest a
produkcja i akumulacja r6znego rodzaju RNA i biatek /
« Pomimo zréznicowa_nia, pewne cechy ws_pc’)lne ~ geny/bi_a’rka | s
dbajgce o utrzymanie domu (house keeping genes/proteins) - ‘,<’
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Zroznicowana odpowiedz komorek na
sygnaly z zewnatrz

unknown leukemia stomech o EkSpreSja W
prostate ll.mg brain |reml| ovatian breast liver g
- v e . O A - roznych typach
nowotworow
- Roznice w

ekspresji genow
pomiedzy réznymi
typami komorek
(zielony — istotnie
nizsza ekspresja,
czerwony —
istotnie wyzsza
ekspresja, ciemny/ s
czarny — poziom f G
ekspresiji zblizony |
do Sredniej)

Figure /-3 Walecular Bidogy d1the Cell /e o Garland Scierca zuLy) > ‘<
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Regulacja ekspresji genow

inactive mRNA
NUCLEUS CYTOSOL mRNA '
degradation 5
contrel
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protein -
Figura 7.5 NolecularBology ol the Cell S/e |2 Garland Science 2008)
1-kontrola transkrypcji f 4
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4-kontrola translacji P,
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6-kontrola aktywnosci biatka Y
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Regulacja transkrypciji — przede
wszystkim na poziomie inicjacji

- Specyficzne sekwencje regulatorowe DNA

-+ Specyficzne biatka rozpoznajgce — dopasowujgce sie, do krotkich sekwencji DNA
(~20pz) — nazywamy czynnikami transkrypcyjnymi (TF — transcription factors)

DNA-binding pratein
«’/-
'é@’ Potaczenie miedzy biatkiem a
& jedng parg zasad DNA. Zwykle
npRragne zakres oddziatywania to 10-20
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O |llH N
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Helix-turn-helix

+ Pierwszy motyw biatka wigzgcego sie¢ do DNA miat strukture helix-turn-helix
- Dwie helisy alfa potaczone pojedyncza nicig kilku aminokwasow
« Skret pomiedzy helisami utrzymywany jest dzieki oddziatywaniom

([~ ___ recognition
™ helix

COOH
(A)

Maguine 710 Melecular Mlalogy o the Call S (0 Qadand Srlvoes 008}

(B) |
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Palce cynkowe
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Figua7-26 NaacularRinlogy of *ha Call e (0 Garland Selanes 00K,
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Poznawanie miejsc wigzania na DNA

total cell proteins DNA-binding proteins
fromstep 1
STEP 1 s % STEP 2
.o o * ®
. ® v ® o
,a" @ P i
o " o g *

column with matrix column with matrix
containing DNA of many containing only
different sequences GGGCCC

CCCGGG

medium-salt wash

low-salt wash A remaves all proteins |3« A

removes proteins not specific for .

that do not bind GGGCCC

to DNA CCCGGG

\J
high-salt wash

medium-salt wash elutes rare protain
elutes many that specifically
different DNA- recognizes GGGCCC
binding proteins CCCGGG

Figure 7R Malacalar Rialagy o tha Call 5/e (© Gailand Sdlenes 2008

7“0\  ZMADBM 2018



Regulacja ekspresji genow

Geny wytgczane przez represory, a witgczane przez aktywatory

NEGATIVE REGULATICN

A bound repressor protein prevents transcription

bound repres<or

protein
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Regulacja ekspresji genow
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Figure 7-44 Molecuiar B ology of tha Cell S/e 12 Carland Scence 2008)
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Struktura chromatyny a ekspresja genow

chromatin remedeling
complex
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Figere 7 46 MolecularBiclogy ef the CellS/e (2 Garlasd Scienc: 2008)

Lo

P\ zmapem 2018



Modyfikacje histonowe podczas transkrypcii

« Promotor ludzkiego genu: interferonu
- Biatka aktywujgce (aktywatory) wigzg sie do DNA

&
'-_-Q ;
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Figure /-8 Melecular Biology of the Ca | yie (@ Galland Scenle JLUs

chromatin remodeling

REMAINDER OF TRANSCRIPTION
MACHINERY ASSEMBLIES

TRANSCRIPTION

* Przyciggajg enzymy

acetylujgce 9 lizyne histonu
H3 i 8 lizyne histonu H4

- Aktywatory przyciagajg

enzymy fosforylujgce seryne
10 histonu H3

+ Dzieje sie to tylko po
wczesniejszej acetylac;ji
Pojawienie sie fosforylacii
aktywuje acetylacje kolejnej
lizyny histonu H3

Czynniki transkrypcyijne f
przytaczajg sie do ‘
acetylowanych fragmento‘v\k /
dzigki specyficznym X
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(bromodomains)™._ . &
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Roézne typy oddziatywania represorow
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Podniesienie poziomu ekspresji

Jedno biatko reguluje wieloma genami

glucocorticoid
receptarin

. glucocorticoid

absence of
glucocorticoid

hormone

1

gene 1

g
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gene 2

7

L

gene 3

genes expressed at low level

Figqure 7-74 Me'ecular Rio oyy of the Cell 5/2 (£ Garland 5¢ ence 2208)

\K hormone

genes expressed at high level
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Elementy izolujgce - isulator

;""X-"'\ e l heterochromatin
. = 4 S

gene A  insulator enhancer gene B barrier
element sequence
|‘_ domain of actively ,I
transcribed chromatin

Figure 7-G62 Molecular Diokrgy of the Cell He (2 Garland Science 2008)
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Roznicowanie sie - 5 czynnikow 8 typow komorek

embryoniccell
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What is DNA methylation?

It is an epigenetic change
Modification that changes gene expression without affecting genetic sequence

Are these modifications important?
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What is DNA methylation?
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DNA methylotransferase
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DNA methylation targets

» \Vertebrates — 60-80% of CpG are methylated in somatic cells \-‘-‘:
» DNA methylation appears as default state

* Methylated C residues spontaneously deaminate to form T residues ‘

« CpGtoTpG L /

\
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DNA methylation targets

Typical mammalian DNA methylation landscape

411 A A j Rasnf S 2 "'1'?‘"1‘L" 1 ! & &
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element ? methyatec CoG
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CpG islands:

« Length greater than 200bp

« G+C content above 50%

« ~ 25,000 of CpG islands

« ~75% being less that 850bp long

« ~50% being located in promoter regions

« ~25% being located within gene bodies

* 60% to 70% of genes have an island in the promoter

* Unmethylated and enriched in chromatin modification H3K4
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Repression of CpG-dense promoters

Housekeeping genss
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Methyl-CpG-binding domain

Crystal structure of methyl CpG Binding
Domain of MBD4 in complex with the
5mCG/TG sequence

Effects of DNA methylation are mediated
Specific domain of ~70 residues
Linked to other domains that recruit:
* histone deacetylase complexes
* chromatin remodeling factors

DI A FEFEIRTTY PR FY IR [ S LA ) B 3 LR >

Nucleic Acids Research

Kir e drice See 4582 S 0% 240240 ¢0Ve-AYS32 PLcin 200249404 /

Dissection of the methyl-CpG binding domaln from the chromosomal
protein MeCP2,

X N, TCR Santoan, e & Hes

'i\\ ZMADBM 2018



Methyl-CpG-binding domain

3. MBD recruits @.\\ '/- o | .
histone deacetylases ¥ v 2. Methyl-CpG-binding domain protein
% %:,&c
O =CpG
® =mCpG g e
.. 4. Chromatin becomes )k\//
compacted P i @
( m:p.‘:r_-!rrlhr:?zrnﬁ’ln //‘ 2 .“
P

Kaiso-like family of proteins binds by zinc-finger motifs to methylaf;edTD'N‘A
/7" Kulisland Eteh831910018



Functions

Repress gene transcription
Essential for normal development

@ Associated with a number of key processes:

genomic imprinting,
chromatin structure,
X-chromosome inactivation,

repression of transposable elements, repression of CpG-dense o

promoters, methylation of the gene body of highly transcribed genes :
aging, ‘ b,/
G W

@ carcinogenesis. / |
iy J/

\
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Introduction to Next Generation

Sequencing - focus on Transcriptomics

Dr inz. Bartosz Wojtas
Pracownia Neurobiologii Molekularnej,
Centrum Neurobiologii,

Instytut Biologii Doswiadczalnej im. Nenckiego
PAN



DNA Sample Prep Workflow

DNA
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Hybridize Fragment & Extend

Adapter
sequence

Single DNA libraries are
hybridized to primer
lawn

Bound libraries then
extended by
polyme

Surface of flow cell
coated with a lawn of
oligo pairs




Hybridize Fragment & Extend

NOTE:
Single molecules

bind to flow cell in
a random pattern
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Denature Double-stranded DNA

o~ Newly
> synthesized
— % strand
Double-stranded onginal 3
molecule is denatured smpee >
Original template —
washed away 2
Newly synthesized BB i i
strand is covalently s i by 1 B ol
attached to flow cell ; 3 o IR L L L
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Bridge Amplification

Single-stranded molecule flips
over and forms a bridge by
hybridizing to adjacent,

comple

Hybridized primer is _

extended by PRSI e b g

polyme @ g R LT 1t
BB EEE P
g - : 3 g} 17
12 B D7 )
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Bridge Amplification
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Denature Double-stranded Bridge

Double-stranded bridge
is denatured

Result:
Two copies of covalently
bound single-stranded

templa




Bridge Amplification

Single-stranded molecules flip
over to hybridize to adjacent
primers

Hybridized primer is
extended by
polyme
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Reverse Strand Cleavage
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Sequencing By Synthesis

Terminator & fluorescen t
dye cleaved from FI-NTP

NTP imaged
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Raw sequencing result is a spatial
information

Cycle 1, base A read in position:
X=8,Y=38

Cycle 2, base T read in position:
X=8,Y=8

Cycle 3, base G read in position:
X=8,Y=8

Cycle 4, base C in position:
X=8,Y=8

After data transformation from
spatial to sequence (FASTQ) format
We will get sequence: ATGC



NGS summary
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h [/WwWw. .com/watch?v=9YxExTSwgPM
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https://www.youtube.com/watch?v=-kTcFZxP6kM&t=17s
https://www.youtube.com/watch?v=9YxExTSwgPM

Cwiczenia
tcga <- readRDS(gzcon(url("http://zbo.ipipan.waw.pl/files/data/TCGA_ KM _clinical data.rds")))
cec <- readRDS(gzcon(url("http://zbo.ipipan.waw.pl/files/data/OrigCecRNA _en.rds")))

« Wykonaj selekcje cech na podstawie ich zmiennosci. Zachowaj w df 3000
najbardziej zmiennych genow.

« Wykonaj drzewo hierarchiczne probek z TCGA dla 3000 wybranych genow.
Wartosci genow majg by¢ w dwoch wariantach: 1- jak w bazie danych; 2-
zlogarytmowane (funkcja “log”). Opisz czy uzyskane wyniki sg takie same.
Wyttumacz dlaczego.

Wskazowki: jest wiele narzedzi do wykonania tego zadania. Do policzenia dystansu

mozna uzy¢ funkciji: ,dist”, na policzonych dystansach funkcji ,hclust” i nastepnie

zrobi¢ wykres ,plot”. Dla chetnych polecam wyprobowac funkcje ,heatmap”.

- W drzewie roznymi kolorami oznacz etykiety pacjentow wzgledem ztosliwosci
,2grade”. (

« Dla wybranych 5 genow kodujgcych biatka, ktore regulujg proces transkrprJl RNA/‘
sprawdz czy ich ekspresja jest istotnie rézna u pacjentéw o réznym stopniu. *
ztosliwosci nowotworu (grade). Wyniki zobrazuj za pomoca wykresow'i wykonaJ
wiasciwe testy statystyczne.

!
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http://zbo.ipipan.waw.pl/files/data/TCGA_KM_clinical_data.rds
http://zbo.ipipan.waw.pl/files/data/OrigCecRNA_en.rds

