Zaawansowane
. Metody Analizy
.~~~ ) Danych w

T4 Blologu Molekularnej

‘/" _ Semest Letni 2018




Zrodia zmiennosci
genetycznej - stany
chorobowe

Semest Letni 2018




Naturalne zréznicowanie

GENES AND PHENQTYPES

Gene: a functional unit of inheritance, usually corresponding
to the segment of DNA coding for a single protein.
Genome: all of an organism’s DNA sequences.

locus: the site of the gene in the genome

L - —_| Wild-type: the normal, Mutant: differing from the

alleles: alternative forms of a gene naturally ocearring type wild-type because ol a genetic
\ P y‘]/ I change (a mutation)
homaozygous A/A hatarnzygous a'A homazygous ala
GENQTYFE: the S‘mdﬁﬁ set of 'v/ . - = \ . - A . -\‘] "/ . I A | \)
alleles Torming the genome of
e e A
an individual — “ ,/

PHENO | YPE: the visible
character of the individual

/

allele Ais dominant (relative 1o a); allele a is recessive (relative 1o A)

In the exampla abava, tha phenotype of the hetarosygola is the same as that of one of the
homozygotes; in cases where it is different from both, the two alleles are said to be co-dominant.
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Komérka eukariotyczna

lizosom centrosom  gtadka siateczka $rodplazmatyczna
btona
komérkowa

jadro
komérkowe

inkluzja \\
krystaliczna 4

szorstka
siateczka
Srodplazmatyczna

| =
/ ziarna glikogenu
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Cykl komorkowy

Prosty fakt stojacy u podstawy zycia organicznego,
aby otrzymac jedna zywa komorke, to powielamy juz
istniejaca komorke.

Kazda zywa komorka posiada zestaw cech
pozwalajacy na zachowanie ciagtosci zycia.

Zdolnosc do przekazania materiatu genetycznego
komorkom potomnym.
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System kontroli cyklu komérkowego

Kaskada reakcji chemicznych uruchamiajaca kolejne procesy

. ~~—— Duplikacja chromosomow
daughter cells : ;
Segregacja chromosomow
1 CELLGROWTH
= . AND CHROMOSOME
REPLICATION

Wewnatrzkomorkowy system kontrolny

"~ CELL s
CYCLE | Zewnatrzkomorkowy system sygnatowy
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Giowne etapy cyklu komorkowego

¥ -

cytoplasm —< \\
nucleus & ) i
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Figure 17-2 Molecular Biology ¢f the Cell 5/e [0 Gadand Sdence 2008)

Duplikacja chromosomow
S phase - od DNA synthesis
10-12 godzin

M phase - od mitosis

Mniej niz 1h w komorkach ssakow
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Giowne etapy cyklu komorkowego

cytokinesis

mitosis

metaphase-to-anaphase transition

interphase prophase prometaphase metaphase | anaphase telophase
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Figure 17-3 Molecular Biclogy of the Cell 5/e (2> Garland Science 2008}
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Rozmnazanie organizmow

haploidainych i diploidalnych

(Al diploid organisms

germ-line
cells
MEIOSIS

t }

¢ A

haploid egg haploid sperm
L

|
FERTILIZATION
{

"

diploid zygote

MITOSIS

|

&

diploid organism

MANY HIGHER EUCARYOTES

Figure 21-3 Molecular Biology ¢f the Cell 5Ve (0 Garland Sdence 208!
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1 PROPHASE

intact
nuclear
envelope

kinetochore

condensing replicated chromosome, consisting of

centrosome

forming

_ mitotic

spindle

two sister chromatids he'd together along their length

At prophase, the replicated
chromosomes, each
consisting of two closely
astociated sister chromatids,
condense. Outside the
nucleus, the mitotic spindle
assembles between the two
centrosomes, which have
replicated and movad apart.
For simplicity, only three
chromosomes are shown. In
diploid cells, there would be
two copies of each chromo-
some present. In the photo-
micrograph, chromosomes
are stained orange and
microtubules are green.
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2 PROMETAPHASE

ase starts

abruptly with the
fragments of brantedom £th I
nuclear envelope Preakdown of the nuclear

envelope. Chromosomes

can now attach to spindle
microtubules via their
kinetochores and undergo
active movement.

ccntrosomq
atspindle ™~ _
pole

kinetochore ™ chromosome in active motion

micretubule
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3 METAPHASE

centrosomae at
spindle pole

e
kinetochore -~
microtubule

At metaphase, the
chromosomaes are aligned
at the equator of the
spindle, midway between
the spindle poles. The
kinetochore microtubules
attach sister chromatids to
opposite poles of the
spindle.
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4 ANAPHASE

aphase, the sister
chromatids synchronously
separate to form two
daughter chromosomaes,
and each is pulled slowly
toward the spindle pole it
faces. The kinetochore
microtubules get shorter,
and the spindle poles also
maove apart; both
processes contribute to
chromosome segregation.

daughter chramoasames At 2

shortening
kinetochare
microtubule

spindle pale
moving outward
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5 TELOPHASE

During telophase, the two
sets of daughter chromo-
somes arrive at the poles of
o the spindle and decondense.
_--contractilering 5 now nuclear envelope

starting to

Sontrset reassembles around each

set, completing the formation

of two nuclei and marking
the end of mitosis. The
division of the cytoplasm
begins with contraction of
the contractile ring.

set of daughter chromosomes
_. at spindle pole

centrosome

overlap
micratubules > nuelear envelope reassembling
around individual chromosomes
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6 CYTOKINESIS

During , the

completed nuclear envelope cytoplasm is divided in two
surrounds decondensing by a contractile ring of
chromosomes actin and myosin
filaments, which pinches
the cell in two to create
two daughters, each with
one nucleus.

contractile ring
creating cleavage

re-formation of interphase
array of microtubules nucleated
furrow by the centrosome

(Micrographs courtesy of Julie Canman and Ted Salmon.)
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Podziat redukcyjny - mejoza

Zaptodniona komorka jajowa dzieli sie mitotycznie. Aby liczba
chromosomow nie ulegata podwojeniu, komorki rozrodcze musza miec o
potowe mniej chromosomow niz komorki wegetatywne.
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5 | (B) MITOSIS
E paternal homolog -
g maternal homolog @
g t DNA REPLICATION { DNA REPLICATION
= r r_ 3
PAIRING OF DUPLICATED
I HOMOLOGS
I HOMOLOG PAIRS LINE
- UP ON THE SPINDLE
2
n B =
*
w DUPLICATED
= l SEPARATION OF HOMOLOGS CHROMOSOMES
AT ANAPHASE | LINE UP INDIVIDUALLY
ONTHE SPINDLE
% ‘@xﬁ'
L) )
SEPARATION OF SEPARATION OF
l I SISTER CHROMATIDS ’ SISTER CHROMATIDS
AT ANAPHASE Il AT ANAPHASE

2
a
o A
s
2 @ @

hapleid daughter cells diploid daughter cells
Figure 21-5 Molecular Biology of the Cell 5/e {7 Garland Science 2008)

autosomes,

sex chromosomes,
homologs,

homologous partner,
genetic recombination
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replicated replicated
paternal maternal
chromosome1 chromosome 1

Nie

~ centromere
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sister
chromatids
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Figure 21-6 Molecular Biology of the Cell 5/e {2 Garland 5cience 2008} \ ZMADBM 2017




Obserwacja postepu replikaciji

early S middleS lateS
0-2hours 3-5hours 6-8hours

3
\ “'\ /
Jd
o
5pm 7 S
Figure 3-31 Mclecular B ology of tFe e I5'e (0 Garlane Science 20Ly) > .<
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Obserwacja postepu replikaciji

culture of yeast cells

arrested before DNA
replication begins
_— _— —_ =
allow
replication
to begin
0 min 5 min 10 min 20 min
- - P —

_'Q‘,f- “‘q "‘:ﬁ

fragment DNA, separate strands, and fluorescently label
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Mutacje

Losowe, trwate zmiany w informacji genetycznej

Odnoszac sie do organizacji przestrzennej, jak mozna
poklasyfikowac mutacje?

« Odnoszace sie najczesciej do jednego genu -

mutacje punktowe; para nukleotydow zmieniana

jest na inng
« zmiany dotyczace fragmentow chromosomow -

aberracje chromosomowe :
« zmiany liczby chromosomow f

\\' ‘
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Mutacje punktowe

Co moze spowodowac mutacje? Ze wzgledu na
przyczyny jak podzieli¢ mutacje?

e Substytucje, s
e Insercje, G ™
* Delecje. /

e
P \{ ZMADBM 2017



Mutacje punktowe

Podziat ze wzgledu na efekt

bez mutacji ——
cicha
pozicm DNA TTC TTr
poziom mRNA AAG AAA
poziom biatek Lys Lys

Mutacje letalne

Mutacje punktowe\

nonsensowna

ATC

UAG
STOP

™~

zmiany sensu

TCC

AGG
Arg

Y»

e

AT

konsenvatywna niekonserwatywna

TGC

ACG
Thr

H}._Y H l
/.

o
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Konsekwencje mutacji

hompzygous mutant mother homozygous mutant father homezygous mutant mother homezygous mutant father
/ -_\ / | I- \ //_—\\ / 1. \'I
\ﬂ——/ \ | l! /\_-_/\ %I /
Ve ,,& ‘3;2 4& Ings ;& S A&
a ' AN A
N e A S

hybrid offspring shows narmal phenotype: hyhrid offspring shows mutant phenotype:
one normal copy of each gene is prasent na narmal copies of the mutatad gene are presant
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Aberracje chromosomowe

abcde fgh delecja abce
1 !
abcde f gh Inwersja
e m
inwersja
m,,m,,a»m
. dcb
mnocde

translokacja -
wzajemna ma b pg nr

e fbcgh

e, CEID-QEEED
niewzajemna

abcbcde fgh

duplikacj
e > DD
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Zmiana liczby chromosomow

liczba chromosomow

haploidalny organizm n

diploidalny organizm 2n (euploidalna)
zmiana liczby chromosomow aneuploidalna

jedna kopia danego chromosomu 2n-1 (monosomia)
diploidalny organizm 2n + 1 trisomia
poliploidalny organizm 3n, 4n, 5n... /?- '

[
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q

é \
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Przyktady mutacji

gy = -
Fiqure 8 53 MolcculasEBiclogy ol the Ce 15'¢ [ Garlawe Science 2008)

Wyzlin
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Przyktady mutacji

Figure 8-54 Molecular Biclogy of the Cell 5/e (2» Garland Science 2008)

C. elegans 3 . Y

ZMADBM 2017



Zmiany epigenetyczne: metylacja DNA

e Metylacja DNA u kregowcow ogranicza sie do cytozyny w sekwencji CG

cytosine 5-methylcytosine

3 N
6 1 methylatuon *

\ '{'7-_"'
{
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Metylacja DNA

e Ewolucja - deaminacja zmetylowanej cytozyny prowadzi do
powstania tyminy. Wiele obszarow CG przestato istnie¢ na skutek
tego przeksztatcenia

0 ‘ 0 ‘ _._NHJ l
H\ /“\ N/ U\, ... ~CH; N N/
S0 N
H,N N v 0 N H '
Q0 ——C(H, o
(o}
//
-;P=0 0

figure 5 44 Meletular Biology ef the Cell 5i¢ (2 Carland Science 2008)

« Regiony wysokiej koncentracji CG nazywane sa wyspami CG/CpG

v

{
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Metylacja DNA

e Metylacja jest przekazywana nici potomnej

e 7
AR CA SRR ACGTATCGT
methylated ' PEETREEETY  methylation > FEPTRTERY *
zy":“e_"‘y'a“d cytesine  mEcEeEEE -~ mEeE_EE.E
asmne 5 ' 5
\ CHs3 TGCATAGCA TGCATAGCA
\ | I
ACGTATCGT I CH;
s " Bed Bl Beled Bed 3 notrecognized recognized by
o UL L R - DNA by maintenance maintenance
TGCATAGCA replication methylase methylase -
| 3
ACEBTATCECET ACGTATCGT
' B : 3" methylation 5 3
Bl Bl Beied B2 .-.-.--.- |
3'-.‘-'.-.’.-.5' 3-. .-..- ' 5 B
! P o
TGCATAGCA 1. AT Al Ek -
I |
CHy CH,
T‘\

N>/

W momentach gwattownego rozwoju organizmu obserwuje sie demetyl CJe w1elu
regionow DNA. Jaka moze byc tego przyczyna? )
}/

S
X7
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DNA methylation targets

Typical mammalian DNA methylation landscape

Y
4

411 A A j Rasnf ! tt SR ! & 10

| ) | |

- L i
CpQ Isanc I ransposable Co@ lsland Cene
element ? melhy atec CoG
§ unmethylated CeG
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

Tssve-specific genes
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Methyl-CpG-binding domain
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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

PR A FEFEIRTTY PR FF IR [ S LA ) B 3 L2

Nucleic Acids Research

-
4

—~E
Wi me drce See 4582 S0 4L A0S PO PRI B0

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

% Mo, 712 Samtoan, srns & B /
-\ \ -
) \
1

7 “S ZMADBM 2017



Dziedziczenie epigenetyczne

POSITIVE
FEEDBACK
LOOP
ACTIVATED

protein A
not made

protein A made

Fn Y NEW GENE
EXPRESSION
PATTERN
INHERITED

*‘n

Qa9

POSITIVE FEEDBACK

ChRa s WA B v el 2 Gl i we ot

gejileeeerel

HISTONE
MODIFICATION

-

HISTONE MODIFICATION

Fizgone TR0 Modevi s Mg ot the Cel 5w O Saiand Soie s 20081

active chromatin

inactive chromatin

NEW
CHROMATIN
STATE
INHERITED
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Dziedziczenie epigenetyczne

S &

DNA unmethylated

CONFORMATION I folded
DNA region norma
METHYLATION & CHANGE TO protein
methylated DNA reglon AGGREGATED
STATE misfolded protein (prion)
NEW DNA
METHYLATION P NEW PROTEIN
STATE ﬁ CONFORMATION
INHERITED STATE
INHERITED i
DNA METHYLATION
e e PROTEIN AGGREGATION STATE /
Pigere ¥ 442 Noconha Blzlzpy ofthe Sl 20 o Cerlard Sderce 2005

e
Nie tylko DNA ale i chromosomy zawieraja wiele informacji, ktore sa pr kazywane
komdrkom potomnym i maja kluczowe znaczenie w regulacji ekspresji ?e enow. -

o
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Powstawanie nowych genow

ORIGINAL GENOME GENETIC INNOVATION
INTRAGENIC meitilien

MUTATION ‘
i = ‘ ;

| S yene U |

GENE
DUPLICATION _—
2 Eesssssssssual +
= ]
geneA DNA SEGMENT
[ —— SHUFFLING T eeemm——
3 -~ > +
CL I T
geneB
organismA
g TEEEEm— ]k
m -
I — HORIZONTAL
TRANSFER
4 + -
N
==
p ———
organism B

organismB with
new gene
sigure 1-23 MolecudarBislogy of the Cell 5/6 (0 Garlane Sciance 2008)

i
o
‘¥
7
/)

ZMADBM 2017



How genomes evolve

» view of the process of evolution
e information about family relationships among organisms
* molecular mechanisms by which evolution has proceeded

Homologous genes—that is, genes that are similar in both their
nucleotide sequence and function because of a common ancestry —can often be
recognised across vast phylogenetic distances.

* Nematode worms, fruit flies, yeasts, and even bacteria

* The protein-coding portion of a yeast gene can be substituted with its (
human homolog—even though humans and yeast are separated by more | ,-
than a billion years of evolutionary history |\ >

¥4
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Humans and mice

have a common ancestor 80 x 1076 years ago

most of nucleotides could be changed by mutations

functional sequences are much more conserved

conserved regions vs. non conserved regions (less likely to be critical for function)

Roughly 5% of the human genome consists of “multi-species conserved
sequences”’

Vi \  ZMADBM 2017



Geny paralogiczne i ortologiczne

ancestral organism ancestral organism early ancestral organism
gene G
- -
GENE DUPLICATION
SPECIATIONTO GIVETWO GENE DUPLICATION AND DIVERGENCE
SEPARATE SPECIES AND DIVERGENCE

species A spedesB later ancestral organism

gene G, gene G,
= = . EE——
XECIATION
genes G, and G, are orthologs genas G, and G, are paralogs species A spedes B

(Al (B) gano Gm gene G.B
o
gene G‘A gene G TN

all G genes are homologs ™~ ‘/
>,

G, is a paralog of G,, and G,

but an ortholog of G,
(€)

Figure 1.25 Malecular Rialogy of the Col /e (=2 Garland Science 2008
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Rodzina genow homologicznych

Drosophila glabin

shark myoglobin

ancestral human myoglobin

globin

chick myoglobin
shark Hb
chick Hb B

I_: chick Hb ¢
chick Hb p
human Hb B

humanHb &
humanHb ¢

human Hb Ay
human Hb Sy

sharkHba #£
human Hb 8-1

chick Hb a-A L\,/
a\

-

-

human Hb a1

human Hb o2
chick Hb o-D b
chick Hb )’
humanHb{
Sigure 1.26 Molecuar Biology of tha Call5/e (¢ Garland Sclance 200%) AD BM 201 7
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Wielkosé genomow

Mycoplasma  F. coli

BACTERIA | I
AND ARCHAEA yeast
FUNGI
PROTISTS
Arabidopsis bean lily
PLANTS | I |
Drosophila
INSECTS
MOLLUSKS
shark
CARTILAGINOUS FISH |
Fugu  zebrafish
BONYFISH |
newt
AMPHIBIANS |
REPTILES
BIRDS
human
MAMMALS I
R R R BRI R R
10° 10° 107 10¢ 10° 10'° 10’

number of nucleotide pairs per haploid genome
Figure 1-37 Mo 'ecular Bielogy of the Cell 5/e(© Garlard Science 2008)

Amoeba

fern

1 1012
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Genome alterations - failures of the
normal mechanisms

e copying DNA
e maintaining DNA
 transposable elements

Evolution depends on accidents and mistakes followed by nonrandom survival.



Encyclopedia of DNA Elements

Konsorcjum miedzynarodowe, ktorego celem jest opracowanie obszernej St
listy elementow funkcjonalnych w ludzkim genomie, w tym elementow b
dziatajacych na poziomie biatka, RNA i elementow regulujacych komorki,

i aktywnosc genow /

\  ZMADBM 2017



Encyclopedia of DNA Elements

m Hypersensitive Sites .__
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- ey '.'-./'2"”
5C DNase-seq  ChIP-seq  WCBS Computational  RNA-seq  CLIP-seq
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\ -
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ENCODE

https://www.encodeproject.org

Snyduyenda

Malo s & Motluus

ENCODE: Encyclopediz of DNA Elements

Tha FNCOCE [Facyeinpadia of DNA Ranentt)
Consontium is ar irtemational colaboraton cf
resoerch groups fuwded Ly te National -uman

Ranaera Remsarch Inctitidn NHGRI Tha goal of

/ CHLO

/ O ENCODE is to build a corrprehansive parte list of
J// / J(/ “\_\\ funcliona aermeits in the human genere, incivding
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https://www.encodeproject.org

ENCODE

https://genome.ucsc.edu
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SSINECAL 77T Genome Brawser
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EMCOOL - Souia) v Doogh

Oowenicads My Data

JOIT Ouronve M owisin | NV

Qur story

CrJuwe 22 2000, UTSC and Dreuther memnlers ol Ue
Irter~adoral Human Cormeme Mroject torsortiun complctec
the fretworkiag draft of the Furrangenome setembly, fosever
reraing free pulic seomes tathe gename and the information it
containg Afew weets late. on July 7. 2000, the sewly
amembled jerome wasrekeasedonthe web at
hplfpenomeucicedu dong with theinitialprototype o’ a
graphical viewing tool, the UCSC Genome Browrer. In the

ersune vears the wabatehas erown to irciude ) broad

Qur io00ls

® Consere Browser
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® LifeOver
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https://genome.ucsc.edu

ENCODE

https://genome.ucsc.edu/encode/
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DNA Methylation

HAIB Methyl RRBS

[DNA Methylation by Reduced Representation Bisulfite Seq from ENCODE/HudsonAlpha

HAIB Methyl450

|CpG Methylation by Methyl 450K Bead Arrays from ENCODE/HAIB

Reduced representation bisulfites sequencing (RRBS)
 high-throughput technique
e genome-wide methylation
 profiles on a single nucleotide level
e combines restriActi}Lenzymes and bisuAlfi}s.sequencing

e enzyme that cuts
DNA at or near
specific regions
called restriction
sites

e is the use of bisulfite
treatment of DNA to
determine its pattern
of methylation
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DNA Methylation

HAIB Methyl RRBS

[DNA Methylation by Reduced Representation Bisulfite Seq from ENCODE/HudsonAlpha

HAIB Methyl450

[CpG Methylation by Methyl 450K Bead Arrays from ENCODE/HAIB

-==ACTCCACGG===TCCATLGCT===
--—_GAGGTGCC---AGGTAEEFA---

== =AUTUUAJGE===TUUATCE T=—— === AUTUUAEE===T1
-—-IGAGGTGI - --AGGTAGLGA——~ ---TGAGGTG
\‘ ‘/'/

Allele 1 (methylated)
m

Bisulfite treament
Alkylation
Spontanecus danaturation

Non-methylation-specific PCR
Melhylalion-specilic PCR

'

Diffarantiation of bisulfita-genaratad polymarphisms

Allele 2 (unmethylated)
=== C0TCCACCE===-TCCATUGCT ===

=== 1I'GAGLTGLL---AGGTALGUGA=-~

IATUGUT ===

JC===AGGTASUGA=——

¢
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-
\
.

>
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-
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ENCODE

DNA Methylation i
HAIB Methyl RRBS  |DNA Methylation by Reduced Representation Bisulfite Seq from ENCODE/HudsonAlpha
HAIB Methyl450 |CpG Methylation by Methyl 450K Bead Arrays from ENCODE/HAIB

RRBS protocol:

« Trawienie genomu enzymem restrykcyjnym niewrazliwym na metylacje

e Enzymy nie sg zalezne od statusu metylacji sekwencji CpG

e Mspl - enzym celuje w sekwencje 5’CGG3’ i rozcina wigzania przed
dinukleotydem CpG

« Naprawiane sg lepkie konce 3’

Inny enzym restrykcyjny - Pstl - rozpoznaje sekwencje 5-CTGCAG-3"i przecina qu

nastepujacy sposob: f
5 CTGCA|G 3 %\,/f
3G|IACGTCYHY e

co daje konce lepkie z wystajacym 3"
5CTGCAJ 5G 3 e
3GY JACGTCY W/
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DNA Methylation

HAIB Methyl RRBS

[DNA Methylation by Reduced Representation Bisulfite Seq from ENCODE/HudsonAlpha

HAIB Methyl450

ICpG Methylation by Methyl 450K Bead Arrays from ENCODE/HAIB

RRBS protocol:

J =
LR |
|/ . |: N s
7 . 2
ol o '

Purification of genomic DN A

-
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..

)

-

Nize Selection

jad
o

End repair

Bisullite Coaversion

w
i o —
- e o - i —
Restrivtion enzyme digist
a
e Y. s u’ .
L Ly ey - o e
A-Tailing
Adiapter Ligadion
? " oy
LY o . L'.m' ‘
PCR Amplificution

W

Sequencing
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ENCODE

DNA Methylation
HAIB Methyl RRBS  [DNA Methylation by Reduced Representation Bisulfite Seq from ENCODE/HudsaonAlpha
HAIB Methyl450 [CpG Methylation by Methyl 450K Bead Arrays from ENCODE/HAIB

http://rohsdb.cmb.usc.edu/GBshape/cgi-bin/hgTables?
db=hg19&hgta group=regulation&hgta track=wgEncodeHaibMethyl450&hgta table=wg
EncodeHaibMethyl450Caco2SitesRep1&hgta doSchema=describe+table+schema

TORIC ST SN0 . L]

Tado Cuovdods Moy un Tebo B uwser

Seherma for FAIS Metayi450 - Cpl Methylation by Methyl 250K Beed Arrays from ENCODE'HAIR

Datadase Ng13 Privary Taske woEncode-abMetnilS0Caco2Sh0iRep! Row Coun: 432 421
Formrat desc ipticr Seowser wabsrmsbiy Gua
Fisld cxersgle ECL type in‘e description
wim J i ilen|8) wnsbysedbAn2e .Irﬁaing fold to tpend shromotaem anje guotie
r— Fart ST Malnes Raneancs cy mers S ramosarns v scafoid
chrceseart [15208 t=2k11)) azelcned FENOe 1A POSACH I chroncsome
carcelind [15865 1=k |1)] arsigned N3¢ End 2e8tbn ncoToscore
e Ky 1330834 fraccaaz (£33 alssa Nave o' iem
—s & v 129] ssmbrpend Penss .Ebera from O 100C
i eand Eﬁ —t ] palage & o - o
prv———y ] k1131 relgnad | FADOE (AR 0F Whien dikplay shailo B 135 (REWT racnn ]| T ==
taictind [1520D i=k 1131 araicued  FAN2E B0 51 WHE'E CSDE/ ShUIC DA LIGK (520F CO30N) e
1iemich 16744162 |i=t 1)) arsigued (2038 Usad as henRys a: of 2004-11-22 .
Sarpke Rows
U [t sum war St fclwen ] reow  soere etk St bhichEnd| iwmR gb /
O3Sl 15004 15065 g 1306304102 | 15064 15065 [281270 -
S3bjch 13226 18827 140030307089 |+ 18824 agar  |248.1270 . b
T T R T T T b I N TS L i = i
S35yt 20 52N KQIAOES T2 12 | 24 23425 PD2% \
SIS 2 30 KQANBI6042) |+ (R4 3435 DD2% "
535kis: 63848 S84 6 Ryt0253340 335 v KE34E Bedsd [1284,°28
S3ikcht GO t@&:' oge E72 MY | KOS5 IS0y 120,020 »
S3fch 01480 1851 |egdd 13040167 K155C  Pi8s1  Po2 {/
TRfehr TR [ R Jogia G T | TS [R5 [P 17T "
S83ichr 43907 KAR0IE  QIGWZBiR TS M MAINMn  RASOVE (2SR 127D
Nodo. sl 2'at coordinedes io our databsed 0w O-2ases, nol 120108 Seo axplarabior hrg.
HAIE Mathyi450 (WgEncodeHzibMathy450) Track Descripson DBM 201 7


http://rohsdb.cmb.usc.edu/GBshape/cgi-bin/hgTables?db=hg19&hgta_group=regulation&hgta_track=wgEncodeHaibMethyl450&hgta_table=wgEncodeHaibMethyl450Caco2SitesRep1&hgta_doSchema=describe+table+schema
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http://genome.ucsc.edu/encode/cellTypes.html
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ENCODE - metylacje

chrl6 53468112 53468162
chr3 37459206 37459256
chr3 171916037 171916087
chrl 91194674 91194724
chr8 42263294 42263344
chrl4 69341139 69341189
chrl6 28890100 28890150
chr8 41167802 41167852
chrl 230560793 230560843
chrl5 23034447 23034497
chr9 139997924 139997974
chrl9 54695678 54695728
—— ]

cg@0000029
cg00000108
cg@0000109
cg@0000a165
cg@0000e236
cg@0000289
cg00000292
cg@0000321
cg@0000363
cg00000622
cg@0000a658
cg@00e0e714

601
952
918
335
699
727
550
845
645
14

829
279

I+ + +

+ L+ + 1+ + 1

53468112
37459206
171916037
091194674
42263294
69341139
28890100
41167802
230560793
23034447
139997924
54695678

53468162
37459256
171916087
91194724
42263344
69341189
28890150
41167852
230560843
23034497
139997974
54695728

Lo

255,127,0
255,127,0
255,127,890
128,090,128
255,127,0
255,127,0
128,0,128
255,127,0
255,127,0
0,0,205

255,127,890
128,090,128
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ENCODE - geny
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Pytania

« Wyznacz 100 genow ktore istotnie roznia sie ekspresja pomiedzy
IDH wild type i IDH mutant (df z poprzednich cwiczen na temat
glejakow i TCGA).

« Wyznacz dla tych genow promotory (2000 bp upstream i 500 bp
downstream) - plik w formacie .bed (skorzystaj z plikow rds i bed
z tych zajecd).

« Wyznacz dla tych genow zakresy eksonow - format .bed

e Wyznacz dla tych genow zakresy intronow - format .bed
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