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High-throughput methods

zvySeni rychlosti

zvy$eni po¢tu analyzovanych vzork
zlevnéni analyzy na jeden vzorek
miniaturizace (nano, piko ...)
automatizace (robotizace)

.large scale biology" - Genome, Proteome, Transcriptome,
Interactome, Metabolome, Epigenome ...

Systémova biologie - studium komplexnich interakci v
biologickych systémech




THE OMES PU

Where once there was the genome,
now there are thousands of ‘omes.
Nature goes in search of the
ones that matter.

BY MONYA BAKER

41E | BATURE | VOL 494 | 2F FEREVARY 2013

L] mnics bashingis in fashion. In the past year, The New York Times
and The Wall Street Jowrnal have run pieces poking fun at the
proliferation of scientific words ending in -ome, which now
number in the thousands. Omne scientist has created a bad-

omics generator, which randomly addsthe suffix to a list of biological

terms and generates eerily plausible titles for scientific papers (mmEm-
ple: “Sequencing the bact eriostaticome revesls insights into evalution
and the environment’). Jonathan Eisen, a microbiclogist atthe Uni-
versity of California, Davis, regul arly announces awards for unneces-
sary additions to the scientific vocabulary on hisblog (recent winner:
CircadiCmics, for genes imvolved in dail ycircadian thythms).

Established

GENOME

The genetic
material of an
organism

TRANSCRIPTOME
All RMNA
expressed

from the genome

METABOLOME
All the small
molecules in
a system

Emerging

YARIOME

All genetic
variation across
a population

EPIGENOME

All elements
controlling gene
expression not
encoded in DMA

FLUXOME
Dynamics of
small molecules
over time

Aspiring

PHENOME
Complete physical
descriptions that
can ideally be
related to genotype

REGULOME
All the regulatory
elements in a cell

OMNISCIOME’
The entirety of
knowledge about
a cell, organism
or sysiem

*Nature's proposed addition
to the scientific nomenclatures.




‘BY VIRTUE OF
THAT SUFFIX,
YOU ARE SAYING
THAT YOU ARE

PART OF A BRAND
NEW EXCITING
SCIENCE.”

{BAU

Does your ‘ome
meet the criteria?

GOODOME

Encapsulates a new focus
{Interactome: all interactions
between biomolecules)

Refers to a comprehensive
collection {Transcriptome:
everything transcribad from
DMA to BMNA)Y

Easy to say (Phanome:
comprehensive physical
characteristics of an
arganism)

Easy to understand
{Lipideme: all an organism's
fatty molecules)

Renames existing field
(Mutriome: study of
nutrients)

Limited in scope
(Museome: sequenced DNA
from objects in musaum
archives)

Unpronounceable
(tRNome: collection of
transfer RNAS)

Obscure

(Predatasome: genes used
by predatory protecbacteria
while invading other bacteria)




Genomika



Escherichia coli
alanine tRNA was
the first nucleic
acid molecule to
be sequenced

1965
1953 1970

Discovery of Discovery of
DNA double typell

Maxam-Gilbert
sequencing

1977

1983

Polymerase chain reaction
(PCR), developed by Kary B.

Frederick Sanger
sequencing

Genomika

helix by James restriction
Watson and enzymes by
Francis Crick Hamilton Smith

Mullis is revolutionary
technique that enables
scientists to rapidly amplify
DNA.

The first complete genome of a free-
living organism, the bacterium
Applied Haemophilus Influenzae by Craig Venter
Biosystems and Hamilton Smith at The Institute for
markets the first Genomic Research publish. Marks first use

automated DNA of whole-gencme shotgun sequencing,
eliminating need of mapping efforts. (5)

“MPSS” method
published by Lynx
Therapeutics, launching
“next generation”
sequencing(5)

h is.i.o r, i e 1986 1995 2000

1990 1996 2003

The Human Pyrosequencing method Completion of the
published by Pal Human Genome
Nyrén and Mostafa Project (2)
Ronaghi at the Royal Institute
of Technology

sequencing (3)

Genome Project
starts(2)




Genomika - sekvenovani

— stanoveni primdrni struktury DNA (poradi bazi)

A deoxyribonukleosidtrifosfat dideoxyribonukleosidtrifosfat

.
OM OM
/ /

Sangerova metoda

3' OH

je mozno prodlouzit fetézec na 3' -konci neni mozno prodlouzit fetézec na 3' -konci

normalni prekursory malé mnozstvi jednoho
deoxyribonukleosidtri-

fosfatd (dATP, dCTP,

dGTP, dTTP)

pro DNA-polymerazu DNA-polymerazou zastavi dalsi

5' rast molekuly DNA

. . i vzacna inkorporace
oligonukleotidovy primer , dideoxyribonukleosidtrifosfatu
GCTACCTGCATGGA

[N CGAT GGACGTACCTCTGAAGCG I
3 / 5

jednoFetdzcova DNA,
ktera bude sekvenovana




Sangerova metoda sekvenovani

Ned Shaw

Strand to be sequenced

© THE SANGER METHOD: Single-stranded DNA is
mixed with a primer and split into four aliquots, each
containing DNA polymerase, four deoxyribonucleotide triphos-
phates and a replication terminator. Each reaction proceeds until a replication-terminating
nucleotide is added. The mixtures are loaded into separate lanes of a gel and electrophoresis is used to
separate the DNA fragments. The sequence of the original strand is inferred from the results. (See p. 40
for an illustration of a high-speed DNA sequencer.)
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- Automatické sekvenovdni - v 1 zkumavce - rizné zna¢ené ddN TP




Output per instrument run
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Platforms

ABI 3730x! 454 GS-20| Solexa/lllumin: ABI SOLID Roche/454| lllumina GAllx, | lllumina Hi-Seq
capillary pyrosequencer sequence sequencer Titanium, SOLID 3.0 2000
sequencer analyser llumina GAIl

2001 2002 2003 2004 2005 2006 2007 2008 2009

q

1,000
1,000 Genomes, Watson Genomes pilot
Human Microbiome genome and HapMap3

Draft human
| HapMap Project begins | ENCODE Project begins projects begin publication | publications |

| genome
ENCODE Project| First tumour:normal Human genstic
pilot publications! genome publication syndromes publications |

Projects and publications




Table 1

Comparison of next-generation sequencing techniques.

Genomika - sekvenovani nové generace

Sequendng devices

Chemistry

Read length (bp)

Fiin Grme

Throughput per run

High-end insruments
454 G5 FLX + (Rodhe)

HiSeq 20002500 (llumina)

5500 | W SOLID (Life Technologies)

Bench-top devices
454 G5 Junior (Roche)

lon PGM [ Life Technologies )

MiSeq ( Illumina)

Pyrosequendng
Reversible terminator

Ligation

Pyrosequencng

Proton detedion

Reversible terminator

T00
2 = 150

1 = 75 Frag, 2 = 50 MP

i

100 or 200

2w 250

23 h

Highoutput: -11 days
Rapid run:-27 h
8 days

700 Mb

High output: 600 Gb
Rapid run: 120 Gb
-320 Gb

35 Mb

100 Mb (314 chip)
1 Gb (316 chip)

2 Gb (318 chip)
835 Gb

$10,000.00

$1,000.00

$100.00

£10.00

£1.00

Cost per Sequenced Mb

50.10

S D
) o
& o

oD

Sequencing Cost
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Pyrosekvenovani

sekvenovdni syntézou DNA - bez elektroforézy Ci jiné separace fragmentd

Princip: uvolnéni pyrofosfatu pri enzymatické syntéze a jeho ndsledna detekce

Template \\l

New Sequence \ . ATP

y | » | | »

1. Polymerase " 2.Sulfurylase " 3.Luciferase | ~ Light Peak

|
Apyrase

http://454.com/products/technology.asp




Pyrosekvenovani

2005 - 6520 firmy 454 Life Sciences (Roche)
2008 - GS FLX (Roche)
2009 - 6S Junior (Roche)

.. PyroMark Q24 a Q96 (Qiagen)

454
- fragmentace genomové DNA (300-800 bp)

- navdzani adaptorl (A - pro primer, B - znaceny biotinem)

- vazba oligonukleotidl na streptavidinové kulicky (1 na 1)

- PCR amplifikace v mikro-reaktorech (kuli¢ka ..obalend"
1 typem DNA)




Pyrosekvenovani

- centrigugace kuli¢ek do PicoTiter desticky (do 1 jamky se vejde jen 1)
- PicoTiter desti¢ka - 1600 tis jamek

- pyrosekvenovani v kazdé jamce

Load beads onto
PicoTiter™ plate

b

Read flowgram

- ATp Luciferin
Load PTP on / \‘/

Sulfurylase

i sequencer Luciferase Light + oxyluciferin

.. az stovky Mbp v jednom béhu



Tllumina (Solexa)

1996 - Pascal Mayer, Laurent Farinelli
- Glaxo Wellcome's Geneva Biomedical Research Institute

Solexa — Illumina

http://www.illumina.com/tec
hnology/next-generation-
sequencing/sequencing-
technology.html

MiSeq

Focused power. Speed and simplicity for targeted
and small genome sequencing

3 REQUEST PRICING

NextSeq 500

Flexible power. Speed and simplicity
for everyday genomics.

(2 REQUEST PRICING

HiSeq X Five

Population power. Maximurn throughput and
lowest cost for production-scale human whole
gEnOIMe sequencing

MiSeqDx

Focused Dx power. The first FDA-cleared WD
next-generation sequencing system

3 REQUEST PRICING

HiSeq 2500

Production power. Power and efficiency
for large-scale genomics

3 REQUEST PRICING

HiSeq X Ten

Population power. Maximurm throughput and
lowest cost for population-scale human whole
genome sequencing

| wwww

= W

MiSeq FGx

Focused forensic power. First fully validated
system for forensic genomics

@ REQUEST PRICING

HiSeq 3000/HiSeq 4000

Production power. Maximum throughput and
lowest cost for production-scale genomics

@ REQUEST PRICING

NeoPrep

Powerfully Simple. Library prep
reimagined




Tllumina (Solexa)

- sekvenovadni syntézou DNA - bez elektroforézy ¢i jiné separace fragmentt

Princip: za¢lenéni znacenych reverzibilnich termindtort a jejich ndslednd detekce

Sequencing By Synthesis

lumina




- Bridge amplification
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adapters 1o both ends of the frogments

Tllumina (Solexa)

. Prepare genomic DNA sample
Randomly frogment genomic DINA and ligose




Tllumina (Solexa)

- Fragments become double stranded

- Denature the double stranded
molecules

Completion of omplification

On comgletion, several million dense clustery
of double wanded DNA e generated in esch
channel of #ie flow cell




Tllumina (Solexa)

First chemistry cycle:

determine first base

To initicste the first sequencing oycle, add oll four
labeled reversible semnatons, peimers and DINA
polymerase sazyrme to the low cel

G

Image of first chemistry cycle

Al losor axcitation, copture the image of
omitted Buorescence from soch dusher on e
flow cell. Record the identity of the fest bose
for each cluster.

Second chemistry cycle:
ine second base

To initiote e next sequencing cycle, odd oll

four labeled reversible serminators and enzyme




Tllumina (Solexa)

ahe's - ’ “

e 40 mnl‘llgn clusters per f.lo?/v cell
El » °
o -

.. az desitky Gbp za den na jednom pristroji

.. Leden 2014 - Illumina - lidsky genom |ze osekvenovat za ~ 1000$

(pristrojovym vybavenim za 10 miliond $)

.the first sequenced human genome cost nearly $3 billion"




SOLID

.Sequencing by Oligonucleotide Ligation and Detection®

2006 - Life Technologies (Applied Biosystems)

Princip: ligace znacenych oligonukleotidl dle sekvence templdtové DNA + detekce

G-Gon-nenz-z-2

__+
Primer 3

3 ) R o
) Illulllllll ' 2nd Base
Adapter Sequence Template Sequence ® T‘j Tﬁagm;ce

Primer + 8 AA  GA
- - TC
T AG

.
Coe . le, B
TTTTTTTTT G i

o LLLLLLEETST LR LEEECEEELEEE L EEELLEE] o

LA

Adapter Sequence Template Sequence

4

_ Cleavage
Primer 22

.
T eAnaacs

gL e .
Adapter Sequence Template Sequence

Bead




1. Prime and Ligate 4. Cleave off Fluor

/PORN,
PRIMER ROUND 1 m h"ﬁ :

Cleavage Agent

5. Repeat steps 1-4 to Extend Sequence

Excite Fluorescence
\ n

Ligation cycle 1 x 4 - 3 7 ...{n cycles}

3. Cap Unextended Strands 6. Primer Reset

oo i« 2 il

PO, Unnersal seq pimer (n-1) 3 > 3
e [ L ——— 2. Primer resat 1. Meit off extendea
. sequence

m- . : R e R

7. Repeat steps 1-5 with new primer

PRIMERROUND2 |[JUBBNL
’ \ u
Unwersal seqprimer in-1) JAA CA CG TC AA TA CC
R L N e e s
SO UL
T GT GC TT AT GG

- £

8. Repeat Reset with , n-2, n-3, n-4 primers




SOLID

- adaptory
- vazba na kuli¢ky, klondlni amplifikace
- vazba kuli¢ek na sklenény Cip

- chemické reakce + detekce

5500 XL SOLiD

https://www.appliedbiosystems.com



Technologie ITon-Torrent

- sekvenovani syntézou DNA
Princip: detekce vodikového iontu uvolnéného pri zaclenéni dNTP do DNA
od roku 2010
postup pripravy vzorki analogicky jako u predchozich metod
(fragmentace DNA, adaptory, klondlni amplifikace na kulickdch,

chemickad syntéza DNA na Cipu a detekce)

detekce: ISFET (.ion-sensitive field-effect transistor) senzor

i

i

http://www.lifetechnologies.com/cz/en/home/brands/ion-torrent.html

“




Technologie Ion-Torrent

- “
N DOVOVRIVDIDIDIVODID

wwl QXD
Fragmented

Sze-Selected DOVOVDOVDIVDD
- 1

..az 10 6B za 2 hodiny




NGS - vyuziti

Next Gen-Omics™

Genome mRNA Tag
Resequencing Profiling

t"]

=) i !‘-A
Methylation - — Small RNA
Analysis v Identification

N

Transcriptome
Sequencing

Functional
Elements
(ChiP-Seq, DNAse-Seq)

DNA - identifikace SNP, mutaci, polymorfismi

- identifikace mikrobiomu, heterogenita nadort — terapie

RNA - analyza transkriptomu, mikroRNA, identifikace variant sestrihu ...

Funkéni elementy - promotory, transkripni faktory, nukleosomy ...



Epigenetika



Epigeneticka requlace exprese

bez zasahu do nukleotidové sekvence DNA

metylace DNA
modifikace histont

nekédujici RNA




Metylace DNA

Pripojeni metylové skupiny na €5 cytozinu: vznik 5-metylcytozinu
.pata baze"

Reverzibilni - odstranéni pasivné (replikaci) nebo aktivhé enzymaticky reparaci

qH NH, NH, oy NH,

V) A ﬁ V)
oR N7 A N7 o™ 0P N~

0”

)
HO HO_ . HO_ 1
o0 DNMT - o Tet proteln Y o Tet protein o Tet protein |0
) ; >
OH OH

Nitrogenous base: Nitrogenous base: Nitrogenous base: Nitrogenous base:
Cytosine 5-Methylcytosine 5-Hydroxymethyl- 5-formylcytosine
(5-mC) cytosine (5-hmC) (5-fC) 5-carboxylcytosine

“Sixth base” (5-caC)

Nitrogenous base:

CH
~ 113
HN

(I
SUGAR

SUGAR -
adenine Né6-methyladenine




Metylace DNA

Frekvence vyskytu a vyznam:

5-metylcytozin tvori 1-6% bdzi DNA vétsiny eukaryot

v genomu obratlovcl se 5-metylcytozin objevuje predevsim v
dinukleotidech 5" -CpG-3°

60-90% dinukleotidl Cp6 je v genomu obratlovcl metylovanych
dinukleotidy CpG nejsou zastoupeny v genomu rovhomérne, ale

tvori tzv. CpG ostrovy, které se objevuji prevazné v oblastech
promotort (60% promotord)

hypermetylace DNA v téchto oblastech obvykle zplsobuje
zastaveni transkripce prislusnych gen

Deregulace metylace DNA - deregulace genové exprese - vznik chorob




Zastaveni transkripce metylaci cytosinu

- proteiny vdzici se metylované CpG sekvence
- konformace DNA
- vazba TF, které nejsou citlivé k metylaci
- kondenzace/relaxace chromatinu

HDAC
Inhiditors




Metody studia DNA metylace

Enzymy citlive k metylaci
Specifické protilatky proti metyl-cytosinu
Konverze demetylovaného metyl-cytosinu bisulfitem na uracil

(pF'ipadné kombinace téchto metod)

|-|so3 HSO;
OH'
Sulfonation Hvdrolvtlc s AIkaIu

O 0,
3 deamlnatlon 2 desulfonatmn

Cvtosme Cytosme Uracnl Uracll
sulfonate sulfonate

Original sequence Sequence after bisulfite treatment

Unmethylated DNA | A-T-C-G-G-T-C-A-T-C-G-C-A-T A-T-U-G-G-T-U-A-T-U-G-U-A-T

Methylated DNA A-T-C-G-G-T-C-A-T-C-G-C-A-T A-T-C-G-G-T-U-A-T-C-G-U-A-T




high-throughput sequencing
MeDIP
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Restricni endonukledzy citlivée k metylaci DNA

velka skupina enzymi - schopnost §tépit ovlivnéna (zablokovana) dam
nebo dcm metylaci DNA

(NAHpall (2)Msp |

cCGe CCGEl  |ccee ceae
) 1 3

Cleavable Uncleav ahIT Cleavable Lleavable

T : DNA methylation

- vyuziti pro urceni metylace urcitého genu/promotoru nebo celého genomu

.
i
Treatmeant with
methy l-sansihea
v restrictlon enzyme ¥

!"**

PCR amplification
Claavage no cleavags
¥

no PCR product FCR product

* i -




Konverze demetylovaného metyl-cytosinu bisulfitem

reakce se provadi s ssDNA po predchozi denaturaci

nasleduje PCR a sekvenace
methylated locus unmethylated locus

CGCG

l bisulfite conversion

¢ polymerase chain reaction

TGTG




DNA metylace - analyza na drovni genomu

a Restriction landmark
genomic scanning (RLGS)

Restriction landmark genomic scanning (RLGS) Dideoxy-[ax-thio] blocking

of random breaks

\/

. v, v ’ 244 First digestion (Notl)
kombinace $tépeni riznymi RE s riznou GCLGGCCGE

L], , : v
citlivosti k meTYIGU 2P labelling of Notl ends

¥

v ’ ’ ) Second digestion (EcoRV)
rozdeleni elektroforézou ve dvou rozmeéerech L}

First-dimension gel
(0.8% agarose)

odecet spotl s rlznou intenzitou v

In situ third digestion (Hinfl)

\J

Second-dimension gel

izolace spotu a jeho charakterizace (5% acrylamide]
(klonovdni d plazmidu a sekvenace) e e




DNA metylace - analyza na drovni genomu

Amplifikace metylovanych CpG ostrivki (MCA) 5. .CCCGGG...3
3. GGGLCC...5

Smal - pouze nemetylovand sekvence CCCGGG, tupé konce .
5...CCCGGG..

3...6GGGCCL. .

XmaI - i metylované sekvence CCC6GG, 5 - prekryvajici konce
- pripojeni linkert, PCR, obohaceni metylovanych sekvenci pri hybridizaci

Methylated Cp&-Island Amplification (MCA)

Reference

Test
Hybridization
24 $e smar ??"?TH? e

= d igest

—
L
i e Ee——

-




DNA metylace - analyza na drovni genomu

methyl-DNA immunoprecipitation (MeDIP)

fragmentace DNA sonikaci

imunoprecipitace protilatkou specifickou pro metyl-
cytosin

detekce specifické sekvence - PCR

hybridizace na ¢ipu nebo sekvenace

d Methyl-DIP

RA DNA

‘ Sonication

(‘3\/1
'

Immuncprecipitation
of methylated DNA

[} Antibody

4
'

IP: methylated Input ONA

o /

Proximal
promoter ChiP-
on-chip array




Modifikace histonu: ,histonovy kod"

pozméhuje strukturu chromatinu

modifikace obvykle nastdva na N-koncich histonl, které jsou dobre pristupné

Typy modifikaci:
acetylace ribosylace malonylace propionylace
metylace butyrylace sukcinylace O-glcNAcylace
fosforylace formylace krotonylace
ubikvitinace hydroxylace glutathionylace

.Histonovy kod™:
vliv posttransla¢nich modifikaci histonl na genovou expresi

- specifickd kombinace modifikaci ma urcity vliv na genovou expresi

- vliv na strukturu chromatinu, vazbu proteind, vazbu ha DNA, ...




ac
fo

pr
Ar
bu me3
pr me2me2

H2A

me2
v Ar
me3 ac me vb ub

3

mel fo
me me me v me
e crer e cf ac crer Ar crOgoh flofo ac meohme Og ¢r fo Ogma Og ac sv
K KKK K T KK K/fIKSY KK K RY K S K. XK._S K § _K-K
5 1112 15 16 19 2023 30| 343637 4447 57 798385 91 /108109 112116 123125128

v
ac me

ac, acetylation; Ar, ADP-ribosylation; bu, butyrylation; cr, crotonylation; fo, formylation;
gt, glutathionylation; ma, malonylation; me, methylation; Og, O-glcNAcylation;

oh, hydroxylation; pr, propionylation; su, succinylation; ph, phosphorylation; ub, ubiquitination




Acetylace histonu

prenos acetylové skupiny z acetylkoenzymu A na lysin histonl

droven acetylace histonu vyplyvad ze sméru vychyleni
rovnovdhy aktivit histonovych acetyltransferdz (HAT) a
histonovych deacetylaz (HDAC)

Lysine
Ovliviuje

genovou expresi NHZ

sestavovdni nukleozomu r;le A

i |
interakce s DNA cH, by HATS

| Tt

| _
CH, Deacetylation CH,

by HDs

|EI'.-
\H/ﬁ\%f

|EI'.-
\Hxﬁ\\gf




Acetylace histont ma vliv na strukturu chromatinu

" acetylované histony usnadfiuji pristup transkripénich faktord k DNA
- spjaty s transkripcné aktivnim chromatinem

" odstranénim acetylové skupiny ziska lyzin pozitivni ndboj - umoznéna
elektrostatickad interakce mezi pozitivné nabitymi histony a negativné
nabitou DNA (kompaktni chromatin neumoznuje transkripci)

Aktivace transkripce

*Hypometylace DNA
*Hyperacetylace histon(

Represe transkripce

*Hypermetylace DNA
*Hypoacetylace histon(




Regulace acetylace histont

U nddorovych onemocnéni je ¢asta nadmérnd aktivita
HDAC (uml¢eni nddorovych supresort)

Inhibitory HDAC (terapeuticky potencial):

Table 2
HDACis in current clinical trials

HDACI Highest phase trial Cancer type Best clinical oulcome Reference

Panobinostat (LBH-589) ] CTCL Ongoing; promising in phase Il against CTCL 122-124
(74% tumor reduction), HL (74% tumor reduction and
27% OR), and WM (MR or better in 47% of patients, 50% SD)

Belinostat (PXD101) Thymoma Significantly enhanced survival 125
Entinostat (MS275) Melanoma Some clinical activity, promising PK and PD values 126-128
Mocetinostat (MGCD01030) B cell malignancies Disease control (35% rate) in HL 129

Givinostat (ITF2357) JAK2V5'F-pxprassing Pruritus relief (~100%), splenomegaly reduction 130
myeloproliferative neoplasms (75% of PV/ET and 38% of MF patients)

Practinostat (SB939) Prostate cancer Limited clinical efficacy to date but promising PK values 131,132
Chidamide (CS055/HBI-8000) Solid tumors and lymphomas Ongoing; PR was observed in 5/31 patients during phase | 61

Quisinostat (JNJ-26481585) CTCL Ongoing; 31.6% reduction in mSWAT score 63
of tumor burden, 1/19 CR, 4/19 PR

Abexinostat (PCI- 24781) FL Tumor reduction in 86%, ORR of 64% 64
CHR-3996 Various (mostly solid tumors) Favorable PK and PD values 60

AR-42 Hematological malignancies Ongoing, minor clinical responses in myeloma 62
and T cell lymphoma

CR, complete response; ET, essential thrombocythemia; FL, follicular lymphoma; MF, myelofibrosis; MR, minimal response; OR, overall response;
ORR, overali response rate; PD, pharmacodynamic; PK, pharmacokinetic; PR, partial response; PV, polycythaemia vera; SD, stable disease; WM,
Waldenstrédm macroglobulinemia.




Table Selected Epigenetic Drugs
Drug Compound Study Phase

DMMT inhibitors Azacitidine (Vidaza) US FDA-approved in MDS
Decitabine (Dacogen) US FDA-approved in MDS
5110 Phase |
CP-4200 (elaidic azacytidine) Preclinical
Manaomycin A Preclinical

HDAC inhibitors Vorinostat (folinza) US FDA-approved in CTCL
Romidepsin (Istodax) US FDA-approved in CTCL
Panobinostat Phase Il
Belinostat Phase 1111
Valproic acid Phase Il
Belinostat Phase [1/11

HMT inhibitors Deazaneoplanocin A (DZNep) Preclinical
Quinazoline derivatives Preclinical
Ellagic Acid Preclinical

Histone demethylase  Polyamine analogues Freclinical

inhibitors Hydroxamate analogues Freclinical

I ;
HAT inhibitors Spermidinyl-CoA derivatives  Preclinical Ll

Hydrazinocurcumin Preclinical
Pyrazolone-containing Preclinical Feb 23, 2015 03:18 FM EST

small molecules

Novartis receives FDA
CoA = coenzyme A; CTCL = cutaneous Tcall lymphoma; DMMT = DNA methyttransferase; HAT = histone approva I of Fa ryda k®, the
acetyltransferase; HDAC = histone deacatylase; HMT = histone methwitransferase; MDS = myelodysplastic first HDAC inhibitor for

syndrome. patients with multiple
myeloma

i i . i . § Mavigating Multiple Myeloma
« Farydak, an HDAC inkibitor with epigenetic activity, approved in combination for s 2 lsader in oncolagy, Novartis is
patients who received at least fwo prior regimens including bortezarnib and iMiD? committed to better understanding
multiple myeloma.

« Farydak prolonged median PES benefit when used with bortezomib and

dexamethasone combination versus combination alone (from & to 11 months)?

« Multiple myelama is an incurable biood cancer and there is an urgent nesd for new
treatrnents?

. Farydak is approved under FDA's accelerated aporoval program, regulatory
applications are underway in the EU, Japan and worldwide

Photo

Basel, February 23, 2015 - Movartis announced today that the US Food and INnJ%t]l;apshiE: Multiple Myeloma by The
Drug Administration (FO&) has approved Farydak® (panobinostat, previously See below for PDF version
known as LEBHS89) capsules in combination with bortezomib* and

RELATED DOCUMENTS
dexamethasone for the treatment of patients with multiple myeloma who have
received at least two prior regimens, including bartezomib and an 3
immunomodulatary (IMID) agentt, Backgrounder: Multiple Myeloma

182,39 kb PDF | Download




Modifikace histont - metodologie

vyuziti specifickych protilatek proti modifikovanym formam
histond

Izolace a purifikace histonu
Analyza jejich modifikaci
ChiP-qPCR - modifikace histont v blizkosti konkrétniho genu

ChiP-on-chip - modifikace histonu v blizkosti mnoha gent naraz
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DNA-protein
cross-linking

Cell lysis

Sonication or
enzyme digestion

Fragmented
chromatin

Immunoprecipitation
with specific antibody

Immune precipitate
(ChIP material)

DNA purification

\ Analysis of bound DNA

Qe




Nové moznosti regulace

genové exprese




Epigenetické pristupy

Princip
sekvencné specificka hybridizace s urcéitym
transkriptem: eliminace jeho translace

Ruzné varianty
protismysiné oligonukleotidy
protismysina RNA
ribozymy
DNAzymy

' Hammerhead Ribozyme




RNA interference

1990 - Napoli, Jorgensen - snaha zvysit fialové zabarveni petunii
zvySenou expresi enzymu chalkonové syntdzy — vysledek opacny

- nasledné popsano u Neurospora crassa (1992 - Romano, Macino)
Cenorhabditis elegans (1995 - Guo, Kemphues)
savCi buriky (2001 - Elbashir, Tuschl)




RNA interference

http://www.nature.com/nrg/multimedia/rnai/animation/index.html
mechanismus post-transkripcniho uml¢ovani gent

vyuziva dvouretézcové RNA pro interferenci s genovou expresi

za objasnéni tohoto procesu u hlistice
ziskali v roce 2006 Andrew Fire a
Craig C. Mello Nobelovu cenu

za fyziologii a Iékarstvi

(dsRNA efektivnéjsi nez ssRNA)




RNA interference

podstatou je enzymovd
degradace nebo

zastaveni translace
specifické mRNA

/7000000 gDNA

Pre-miRNA

Pri-miRNA

NUCLEUS

CYTOPLASM @ﬁ
miR/miR* P +

or siRNA duplex S T T e
(21-25 nt long small RNA) P

asymmetric RISC assembly

/\

P-BODIES P-BODIES

capped

target mMRNA target mMRNA

partial homology
>> TRANSLATIONAL
REPRESSION

most animal miRNAs

perfect homology
>> mRNA CLEAVAGE

most plant miRNAs, and siRNAs




interference
® ®

shRNA
expression Long dsRNA siRNA

vector
e 0 ? o0 0000 9 o000 9 ° ? PO0000OQ0OQCCO | e 0 r;e? e 0
| I | UL ) | i | h | [y W : ] : b’»arl.e
] L & L 00 0CO0O0COCOCOOOCO 0000000 O $ © 000 g‘ © 0
siRNA

REASARRRARARRRRARARZZ 4NN
e

Cleavage of targeted mRNl by RISC

Cytoplasm

zfejmeé Cdast bunééného obranného mechanismu proti virtim
perspektivni vyuziti v [€karstvi - obdoba genové terapie
siRNA (miRNA) Ize prenést jako exogen



mikroRNA

malé nekddujici endogenni dsRNA o velikosti 18-25 nukleotid
jejich ptivod je ale v ssRNA (vldsenkovad struktura)

negativni reguldtory genové exprese, které obvykle blokuji translaci
cilové mRNA (nedplha homologie)

mikroRNA vznikaji z primdrnich transkriptt pri-miRNA, které jsou
relativné velké (i nekolik kb)

pri-miRNA se v}'{édF'e zpracovdvaji RNAdGzou Drosha a proteinem Pasha
vazajicim dsRNA na pre-miRNA dlouhé cca 70 nukleotidu s nedokonalou
vldsenkovou strukturou

pre-miRNA se exportuji do cc}/‘roplazmy Exportinem 5 a $tépi se
nukleazou Dicer na konec¢né duplexy miRNA

miRNA se vdze k RISC,djedno vldkno se degraduje a druhé

zprostredkovdva degradaci nebo inhibici translace prislusné mRNA
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Novel MIRs in Cotton

//www.mirbase.org/)

azi MiRBase (http:

28 tis v datab
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siRNA

malé nekddujici dsRNA o velikosti 21-25 nukleotidt

negativni re uldjrorg l\%,eno,vé exprese, které obvykle zprostredkovdvaji
degradaci cilové mRNA (dplnd homologie)

exogenni plvod (viry, syntetické)
v cytoplazmé procesovdny proteinem Dicer

siRNA se vaze k RISC, jedno vldkno se degraduje a druhé
zprostredkovdva degradaci nebo inhibici translace prislusné mRNA

Double
overhang

Directed mRNA (passenger

cleavage site : strand)
9 Antisense strand

{guide strand)




MiRNA versus siRNA

obé RNA negativné reguluji translaci
miRNA je endogenni, siRNA je exogenni

miRNA miZe, ale obvykle neni lpIné komplementdrni uréitému
transkriptu, proto jedna miRNA muze blokovat translaci
nekolika/mnoha transkriptu (desitky az stovky)

siRNA je obvykle zcela komplementdrni - obvykle Stépeni jediné
cilové mRNA




RNAi screening
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vector library

Viral particles carrying =

shRNA expression <Q> (U> <U>
!

Pooled infection -

of target cells

P N
Selective conditions REFERENCE TEST

condition condition Vy hodnoceni

| |

]}
I 1! "m kompetitivni hybridizace na
l DNA mikroerejich

1]
|

PCR recovery of 1] 1 (1]
molecular tag J I} RNA sekvenovadni

TR TR T A TN TN

extraction

Genomic DNA " I I"

Labeling and
Microarray
hybridization




Genetické pristupy

prenos genl
cilené mutace

Metody genového inZzenyrstvi

zavadéni cilenych mutaci in vitro

priprava transgennich organizmi (knock-out, knock-in)
- exprese - trvala
- inducibilni
- tkanove specificka

zavadéni cilenych mutaci primo v genomech




Cilend mutageneze primo v genomech

Homologni rekombinace
Umeélé restrikéni enzymy

ZFN (zinc-finger nucleases)
TALENSs (transcription activator-like effector nuclease)

CRISPR/Cas9

_—
—_— s
F

| S— S— |

Targeted | | Targeted gene
|_mutagenesis | | replacement




Homologni rekombinace

Clonslraction inisrve
dans wn veotvar &

Gine cible, dans Ie
pénome de I'ovgunisme

Résultar : — ol — = S = —

Knock In : Mutagenese dirigée :
Knock Out ; remplacement du péne A remplacement de l'alléle “sauvage"
invalidation du géne A par un géne B (en général de du gene A par un alléle présentant
la méme famille) une mictation voulue

o TR A & o ’ o o
ruznd Ucinnost u ruznych organismu

T A 4

nejvice vyuzivany u bakterii, kvasinek a mysi (nizkd dcinnost ale vhodné
metody selekce)

Mys - dvojitd selekce
pozitivni selekéni marker - mezi homologickymi oblastmi
negativni selekéni marker - vné homologickych oblasti
protokoly po prdci s mysimi ES burikami (pluripotence)




Nukledzy s motivem zinkovych prsti

od 80. let - Cetnost homologické rekombinace je zvySena indukci dsDNA zlomd

75 .
/5 —l_— ;Qﬂ_
Nuclease-induced Y e Ve )
double-strand break ~

l FN cleavage \

_ | | —

Deletions )on ' .,
Jonor Add
L. template Donor DN//

Insertions — ___end joining

| -

Variable length l ‘

"Nonhomologous

Homologous
. recombination

indels

{ -

Targeted gene relacement Targeted mutagenesis

Precise insertion or modification

- snaha o vyvoj systému pro sekvencné specifickou tvorbu dsDNA zlomd




Nukledzy s motivem zinkovych prsti

Molekuly se 2 doménami - vazba na DNA
- Stépeni DNA

RE FokI (trida ITS - §tépi mimo rozpozndvaci sekvenci)
- DNA vazebnd doména rozezndva sekvenci 5'-6GATG-3
- DNA $tépici doména nemad zddnou sekvenéni specificitu
- ds zlomy vytvari ve formé dimeru

Linker

“r it r )
d ji (3%




Nukledzy s motivem zinkovych prsti

modifikaci DNA vazebné domény - regulace specifity

obvykle se pouzivaji min 3 motivy zinkovych prsti
- 18bp rozpozndvaci sekvence (jedinecnost v genomu)

specificita se ndsledné musi experimentdlné overit

produkovdny jiz otestované firmami: Sigma-Aldrich
Sangamo BioSciences

metoda funguje u mnoha typt organismi (rostliny, Zivocichové) ...




TALENSs

obdoba k ZFN

transcription activator-like effectors (TALEs) - proteiny
sekretované bakteriemi Xanthomonas - ovliviuji transkripci v
hostitelskych rostlinach

- U¢innost obdobna jako u ZFN, ale jednodussi design

Fokl

N-terminal TALE repeat C-terminal ggﬂzfse

domains domain
|




TALENSs

— TALE repetice v DNA vazebné doméné rozpozndvaji specificky
nukleotid

5 -+t CGTCAGT TGCCACATC A= 3

- vysledkem je jakdsi skldda¢ka pro libovolnou sekvenci
- kazdy si muze sam vytvorit (http://www.addgene.org/ TALEN/)

- podobné jako u ZFN - nutno prenést do bunék na expresnim vektoru




Cilena mutageneze umélymi nukleazami

- umelé restrikéni endonukledzy
- vazba na specifické misto v genomu

- do bunék se obvykle dopravuji na expresnich vektorech

|ze je vyuZit pro tvorbu - bodovych mutaci ...
- deleci
- inzerci
- inverzi
- duplikaci
- translokaci

podstatou je tvorba dsDNA zlomu a jeho oprava

sekvencni specifita je dana DNA-protein interakci




CRISPR/Cas9

CRISPR-associated protein 9 - nukledaza zeStreptococcus pyogenes
adaptivni imunita bakterii proti virtim

RGN - RNA-guided nuclease

sekvenéni specifita je ddna interakci DNA-RNA

Bakterie - inkorporace cizorodé DNA do CRISPR repetic v genomu
- tyto ndsledné prepsdny do RNA (crRNA)

Protospacer
crRNA - photospacer - fragment cizorodé DNA i
- CRISPR CRISPR

l repeats

Cr’F{NA |
. |




CRISPR/Cas9

Protospacer tracrBNA
//\'-rf__ .

crRNA poté hybridizuje s transakftivujici l Topeats
CRISPR RNA (tracrRNA) —

Vd_ tracrRNA
— ]

tento komplex RNA interaguje s Cas9 \ /
nukledzou

crRNA:tracrRNA
hybrids

Cas9:crANA-  /
tracrRNA
complex

Photospacer RNA navede cely komplex k
cizorodé DNA (komplementarita sekvenci)

vysledny ribonukleoproteinovy komplex
stépi cizorodou komplementdrni DNA

Target DNA site |
cleavageby \_ Cas9
Cas9:crRNA- \

tracrRNA complex




CRISPR/Cas9

b crRNA tracrBNA
1 Fusion of
— crRNA + tracrRNA

cely systém modifikovdn pro cilenou l
mutagenezi UY oRna

vektor - gRNA = crRNA + tracr RNA

soucdsti gRNA i 20nt komplementarni
Usek k cilovému mistu v genomové DNA

Cas9:gRNA
complex

+ koexprese Cas9 nukledazy

—/—*-
" Target DNA site

/’ cleavage by
Cas9:gRNA

_«,,/ complex




CRISPR/Cas9

- editace genomu - lidska embrya, etika ...

gnnﬁ. 1 /[fa /?0

"“x

Genomic DNA ||| I|I|I||II IS ’IIIIII|III|I||II|III|I||II||II||IIH ";HIIIIIIIGHHﬂmeNA

/ \ SRNA 2

Nonhomologous end joining Homologous recombination
| DNA Template
e '

ARVETRACEREES . -oFTACREFRTREY LTI TN




CRISPR/Cas9 - dalsi zpUsoby vyuziti

Nukledza-defektni systém

- flze s transaktivacni doménou - aktivace transkripce

- fdze s epigenetickymi reguldtory (metyldzy) - epigenetické regulace
- vizualizace sekvenci na DNA (repetic, telomér, ...)

(Activation AActivaton
L domain . gomain_/
goman, __ydomain.

: OFF = » ON

00 e a T R nhs 0 ¢ ® T — S SR 3 -
—> Gene activation

aCasd as9

———, ————n
‘\(E"»L‘CIOC'A [Effecton,
{ domasn A ( demain |
S P

:::H::: Other modification,

e.g., chromatin or DNA modification

—

A
> Imaging location

) of genomic locus




Proteomika



Historie proteomiky

1970 - SDS-PAGE

1975 - 2D SDS-PAGE

1986 - sekvenovdni proteind - tfandemovda hmotnostni spektrometrie
1988 - MALDTI MS (matrix-assisted laser desorption/ionization)

1993/1994 - algoritmus pro korelace sekvence proteint a MS dat
- 1. identifikovany protein z 2D




Historie proteomiky
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Hmotnostni spektrometrie

- umoznuje kvalitativni a kvantitativni analyzu latek

- principem je tvorba pozitivné ¢i negativné nabitych édstic (iontl), které
se rozlisi na zakladé poméri jejich hmotnosti a ndboje (m/z) a poté jsou
zaznamendny detektorem

- vysledkem je hmotnostni spektrum, které graficky zndzorfiuje cetnost
iontl na hodnoté m/z
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Proteomika

Nové metody: Biological
- priprava vzorku

- znaleni proteind

- separace proteind

- hmotnostni spektrometrie

Abundance
Protein properties
—> r'YChIOST (dimensions)

— kapacita : '
— citlivost s, e 56
- 3 Tissue distribution

— rozliseni R

. proteom organismu za 1. den"
Cell cycle Maodifications




Protein turnover

'}ﬁi Light-labelled protein

-;:'( Heavy-labelled protein
“ Method 2:
Methed 1: Cycloheximide

"',':C # ' Pulse-labelling treatment 6 hour;

-%
‘ﬁ; » SILAC or **N Any quantitative
I . mass spectrometry

'1:‘ technique

e

2

) h!

a Subcellular fraction: b Subcellular fraction: ¢ Subcellular fraction:
Cytosol Membranes Nucleus

-

. #ﬁk
* r
?___ d Total proteome analysis

Intensity
Intensity

Intensity
Intensity

|:| Light-labelled protein
I:l Heavy-labelled protein




- hladina izotopu *C v prirodé v historii konstantni
- testy nukledrnich bomb (1955-1963) - ndrtst ¢

- mnozstvi 4C v uréité oblasti Ize uréit analyzou letokruhi (MS)
Jonas Frisén

Cerebellum

900
200 +
700
ex
S00
400
300
200

Intestine




Databaze

obrovské mnozstvi dostupnych informaci
https://en.wikipedia.org/wiki/List_of_biological_databases
Genomy - organismy, sekvence, mutace, polymorfismy
Proteomy - organismy, sekvence, struktury, interakce
Transkriptomy - expresni databdze, izoformy, sestrih ...

Signdlni drdhy, metabolické drdhy, choroby, fenotypy, organismy, ...




Mikrofluidika

Lab-on-a-chip

- zarizeni, které v sobé integruje rizné laboratorni funkce v jediném Cipu
o velikosti nékolik mm az cm ¢tvereénich




Mikrofluidika

Biologické aplikace:

- PCR, imunoanalyzy, elektroforézy, detekce bakterii, kultivace a
kokultivace bunek, single-cell analyzy, simulace proudeéni krve,
analyza mechanickych vlastnosti bunék, migrace bunék,
intravazace/extravazace, funkce a struktura proteinu ...

Chemické aplikace:

- separace molekul, chemické reaktory, detekce chemikalii, biosenzory,
skrinink l€Civ, ...




Mikrofluidika

Single-cell analyzy

..‘..'-..... ~a-
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Mikrofluidika

Cell isolation using PDMS microfiltration membrane
e

Sortrovani bunék e O

“’. -.- -
P e LS -
- - - - »
~ | — | — -

| — | — .

- >

i
/ . . - — >
Other immune cells

© @

Size-based Sorting

RBCs, platelets, other
blood components

Runinin Red blood cell (8 x 10%/ml)
Biifrar 2 White blood cell (5 x 10¢/ml)
#  CTClabeled with magnetic beads (1-100/ml)

WBCs




Mikrofluidika

Analyza extravazace

‘ ‘
:$§c<— Tumor
N site

Circulating Blood
tumor cells *# vessel

0
!k/ Endothelial
cells
.. Q \

%

Cells
path

Extravasation
channels and

metastatic wells

Metastasis site
xtravasation

Jrens

“Bone marrow well”
or “metastatic well”




Dékuji za pozornost




