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Oblasti pouziti microarrays v biologii

Co se
Typ array | Sondy fluorescencné .. analyza ¢eho
na microarray znaci a hybridizuje
Expresni | DNA (cDNA, mRNA / cDNA méreni mnozstvi mMRNA v
oligonucleotidy) bunkach, nadorech ...
miRNA oligonukleotidy miRNA méfeni mnozstvi miRNA
CGH DNA (BAC vektory, | DNA zmény v genomu (zisk, ztrata
oligonukleotidy) chromozom( nebo jejich ¢asti
SNP DNA DNA detekce ,Single Nucleotid
(oligonukleotidy) Polymorphysms*; zmény v
genomu
Metylace | DNA (CpG islands) | DNA (ovlivnéna mira metylace promotorovych
bisulfidem sodnym) oblasti
Promoter | DNA (promotorové | DNA (ChiP mista vazby transkripénich
oblasti ~ 1kb) obohacena) faktord, modifikace histont
Tilling DNA vSechno dfive zminéné | vSechno dfive zminéné,
sekvenovani, anotace genl
Protein protilatky protein exprese proteint (ELISA)
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Analyza exprese a funkce
microRNA

Regulacni RNA molekuly
Struktura, vznik a funkce miRNA
Databaze a predikce miRNA
Metody analyzy miRNA

- microarrays

- gPCR

- bead-based methods

- funkéni analyzy

own -~

1. Regulacni RNA molekuly

* Negativni regulatory translace a stability mRNA

* 1998 objev RNA interference (Andy Fire a Craig Mello)

* Vyznam RNAi:

* Obrana proti virové infekci
Udrzeni genomové stability (umiceni
transposon()
Inhibice syntézy proteind a
regulace vyvoje organismu

e Zabranéni transkripce — udrzeni
chromatinu v kondenzovaném stavu
Experimentalni uml¢eni genl
Genova terapie




Proc¢ studovat miRNA

Kontrola bunécného cyklu, apoptozy, vyvojovych
a fyziologickych procesu

(diferenciace kmenovych bunék, hematopoéza,
hypoxie, vyvoj svalstva, neurogeneze, sekrece
inzulinu, metabolismus cholesterolu, imunitni
odpovéd, replikace virl)

Evolu¢né konzervovany mechanismus

Tkanoveé specificka a ¢asové ohrani¢ena
exprese behem embryogeneze

Zmeny v expresi pfi mnoha onemocnénich

Many microRNAs are down-regulated
In primary human tumours
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1. Regulacni RNA molekuly

» siRNA — short interfering RNA (dsRNA prekurzory s perfektni
komplementaritou)
*  miRNA — microRNA (dsRNA prekurzory s nedokonalym parovanim)

* piRNA — Piwi-interacting

Kim V. N. Genes Dev. 2006;20:1993-1997
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2. Struktura miRNA

* miRNA ¢asto kddovana
introny gen(

L4 Stru ktu ra Vlésen ky Lee RC, Feinbaum RL and Ambros V. 1993. The C. elegans heterochronic

gene /in-4 encodes small RNAs with antisense complementarity to /in-14. Cell
75: 843-85
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2. Biogeneze miRNA

1. Dlouhy primarni transkript -> I '
pri-miRNA (stovky nt-desitky % ol |
kbp) \ 7

2. Sestfih - RNasa Ill Drosha + \ A— S
Pasha/DGCRS8 \ | e

—> pre-miRNA (70 nt)

3. Export (Exportin 5)

4. Maturace — Rnasa |l Dicer —
zaclenéni jednoretézcové
19-23 nt dlouhé miRNA do
komplexu RISC (tvofen
proteiny Argonaut)

5. Negativni regulace mRNA —
inhibice translace nebo

)
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= 5«' N e

degradace (P-bodies)

Filipowicz et al. Nat Rev Genat 2008

2. Funkce miRNA

* Vazba e
komp|exu na = mRNAtlanm:rlp’:itmA P——— A
3'UTR p————
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» Degradace > ~ e
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3. Databaze a predikce miRNA

« miRBase (09/09 ver. 14.0)
* http://www.mirbase.org/

Sequence \_Targets

: [IIRIAN I LT Regisiry
miRBase miRBase
\_______/

2/11/2009
miRNA count: more than 10000 entries
(762 human)

AV

3. Predikce cilovych molekul

+ Kazda miRNA muze regulovat az 100 rdznych molekul
* miRNA jsou kratké

* 3'UTR jsou dlouhé a nepfilis kvalitné osekvenované a
anotované

* Dosud malo ovéfenych cilovych molekul
* Vazebna mista nejsou dokonale komplementarni
» Kli¢ova oblast specifity je kratka (6-8 nt)

+ TargetScan

e PicTar Targeichn M\ _Targets
* miRBase Target PredictioR of microRNA targets AL TT1
miRBase

oy




4. Metody analyzy miRNA

... aneb co brat v uvahu pfi vybéru metody
 ,Throughput“ — pocet vzorkd, miRNA

» Pfipadné artefakty

» Cena (reagencie, material, instrumentace)

» Oteviena vs. uzaviena platforma (moznost
vytvaret vlastni assays)

» Moznost standardizace

Priprava vzorku

Lpshoasd  Orgusie

- Celkova RNA TN N
(Trizol) W o i -

- RNA obohacena § »7 |
o malé molekuly =& == & 5 & ,} by

(komercni kity)
« Kontrola kvality




4. Metody analyzy miRNA

a. microarrays
gPCR
bead-based
methods

d. funkéni analyzy

Bead based multiplex arrays

< 4

Number of miRNAs per sample

Number of samples per run

locked nucleic acids for miRNA
detection

Zvyseni
afinity

M INCrease/m
against RNA Q)

Sensitive and specific detection of microRNAs by
northern blot analysis using LNA-modified
oligonucleotide prohes  Fiaure!

Anna Valoczi, Csaba Hornyik, Nora Varga, J
and Zoltan Havelda*

Agricultural Biotechnoiogy Center, Szent-Gyargyi Albert
Functional Genomics, Exigon, Bygstubben 9, DK-2950 v

FRecaved Septembar 29, 2004; Revsed and Accapied November 16, 2




Number of analytes vs number of samples

e

\/ L
Number of samples per run

Number of m}lﬁ&s\per sampl

b. gRT-PCR — SYBR Green

miRCURY™ LNA microRNA PCR system

Step 1:
First-strand cDNA synthesis

Tatal RNA

----- ':‘I‘ ture micraRNA * —_—
miR-specific cONA
RT primer temgplate
EXIQON
Seek Find Verify

Step 2:
Real-time PCR amplification

LNA™ PCR primer
— ONA template PCR Product

miRNA i
IRNA 30QUANCR ATED | niversal FCR primar




Chen et al. 2005 (ABI)

RT primer
LLEL b

Stop 1: l
Stem-loop RT

wl““':.:.:.'““ )

Step 2:
Realdime PCR
Forward primer
el L L L
—
Reoverse
TauMan probe

b. gRT-PCR - TagMan

TagMan® Probe Chemistry
=] .

R W 8
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Number of analytes vs number of samples

»

l-

Number of miRNAs per sample

Number of samples per run

v
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c. Bead-based methods

100 distinct bead sets
- Uniform polystyrene beads
5.6 microns diam

Internal labeling with
+ 2 dyes

¢——— |[NFARED DYE ——

* Each at 10 distinct levels

————— REDDYE ———

FlexmiR Workflow

Label total RNA  Hybridize miRNA targets to Wash away Add SAPE Analyze samples on
with biotin LNA-doped microspheres unbound sample reporter molecule  Luminex analyzer

12



d. Funkcni analyzy

(" _ ey

= o oligonucleotide
20 nM mIRCURY negative control
20 nM miRCURY Knockdown

 Luciferazové
reportéry

» Knockdown pomoci
modifikovanych
prob

« Overexprese miRNA e mren mAer mifisa mAat pueene

pMIR reporters

pMIR reporter expression (normalized)
>

™

Figure 1| Representative knockdown of microRNAs by miRCURY LNA Knockdown

probes. Expression levels of the Indicated miR reporter constructs carrying a mik
complementary region. The no-target control is the parental vector without a

miR target. Hela cells were cotransfectad with miR reporter (firefly luciferase),
pGL4.13-Renilla (for normalization) and miRCURY LNA Knockdown probes against
the named hsa-mir targets. Expression levels were measured using Dual-Glo™
Luciferase (Promega). Each experiment was performed at least thiee times, in
triplicate, and a representative exarmple Is shown.

Shrnuti + ,take home message”

* miRNA mohou regulovat az 30% genu
interakci s 3’'UTR na mRNA

« Metoda analyzy zavisi na poctu
detekovanych miRNA a poctu vzorku

 Profil exprese miRNA se méni pfi celé
fadé onemocnéni — diagnosticky Ci
terapeuticky potencial
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Oblasti pouziti microarrays v biologii

Co se
Typ array | Sondy fluorescencné ... analyza ¢eho
na microarray znadi a hybridizuje
Expresni | DNA (cDNA, mRNA / cDNA méreni mnozstvi mMRNA v
oligonucleotidy) bunkach, nadorech ...
miRNA oligonukleotidy miRNA méreni mnozstvi miRNA
CGH DNA (BAC vektory, | DNA zmény v genomu (zisk, ztrata
oligonukleotidy) chromozomu nebo jejich ¢asti
SNP DNA DNA detekce ,Single Nucleotid
(oligonukleotidy) Polymorphysms*; zmény v
genomu
Metylace | DNA (CpG islands) | DNA (ovlivnéna mira metylace promotorovych
bisulfidem sodnym) oblasti
Promoter | DNA (promotorové | DNA (ChiP mista vazby transkripénich
oblasti ~ 1kb) obohacena) faktord, modifikace histon(
Tilling DNA vSechno dfive zminéné | v8echno dfive zminéné,
sekvenovani, anotace genl
Protein protilatky protein exprese proteint (ELISA)

Komparativni genomicka hybridizace
BAC arrays
oligo arrays
SNP arrays
tilling arrays (BAC a oligonukleotidy)
exon-specific arrays
(dfive i cDNA arrays pouzivané pro expresi)

Genotypovani
SNP arrays

Sekvenovani
Re-Sequencing arrays

ChIP-Chip exprerimenty
tilling arrays (oligonukleotidy)

Pouziti microarrays ke studiu DNA

14



Komparativni genomicka hybridizace (CGH)

molekularné cytogeneticka metoda, ktera slouzi k analyze zmén
obsahu DNA v Zivych organismech

(delece, zisk, amplifikace ruznych oblasti genomu)
porovnavani intenzity fluorescence zkoumaného vzorku DNA a

normalniho diploidniho vzorku DNA v rliznych mistech
genomu

Komparativni genomicka hybridizace (CGH)

Raferance DNA Test DNA
- Po S 1 41
Laballing 4 «o e, £ oot VAT g

ARREEY,
A e
N '\Ff{?i,\\j_ Vv
% Human Cot-1 DMA #

Blocking of repeals AJ;_@?‘%: "

A
Hybridization <l - -

. y
bt
S fr ¥
Detection and quantitation
=
of Muogescenl sigrals —
P

Analysis

Mantripragada et al. Trends in Genetics 2003
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Komparativni genomicka hybridizace (CGH)

metafazni chromozomy
- darce s normalnim
diploidnim karyotypem

DNA:
cy3 (Cervena)
zkoumany vzorek

rozliSeni ~ 20MB

From Szuhai K. presentation: Determination of Genomic Imbalances by
Genome-wide Screening Approaches

Komparativni genomicka hybridizace (CGH)

From Szuhai K. presentation: Determination of Genomic Imbalances by
Genome-wide Screening Approaches
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Komparativni genomicka hybridizace (CGH)
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From Szuhai K. presentation: Determination of Genomic Imbalances by
Genome-wide Screening Approaches

»Array*“ komparativni genomicka hybridizace
(Array CGH)

chromosomy nahrazeny body na mikroskopickém skli¢ku,
které obsahuji specifické DNA sekvence
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Typy sond natisténych na microarray sklicku

BAC klony az 32 000 BAC klond na jednom skli¢ku
~ 160 kb dlouhé useky DNA

Oligonukleotidy 25 — 80 part dlouhé oligonukleotidy
mohou pokryvat i cely genom (repetitivni
sekvence jsou vynechany)

zname polohu a poradi vSech sond v lidském genomu

Knihovny BAC klont pro array CGH

BACPAC resources (CHORI)
http://bacpac.chori.org

Research Genetics (Invitrogen)
http://www.resgen.com/resources/index.php3

The Sanger Centre
http://www.geneservice.co.uk/home/

Cheung V. G. et al., Integration of cytogenetic landmarks into the draft
sequence of the human genome. Nature 409: 953 — 958, 2001.

Greshock J. et al., 1-Mb Resolution Array-Based Comparative Genomic
Hybridization Using a BAC Clone Set Optimized for Cancer Gene Analysis.
Genome Res 14: 179-187, 2004.

Krzywinski M. et al., A set of BAC clones spanning the human genome.
Nucleic Acids Res 32: 3651-3660, 2004.
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Array CGH s pouzitim BAC klon(
Log,Rat = Log, R/G

Log,Rat=0 2 kopie Log2Rat = -1 1 kopie (“loss”)

Log,Rat=0.5 3 kopie (“gain”) Log2Rat < -1 homozygotni delece

Log,Rat =1 4 kopie (“gain”)
Log2Rat = 2 8 kopii (“amplification”)

3

2

1

%
|
?
i
{

Log2Rat

Genome order

2464 BAC klonu UCSF HumArray3.1

Typy sond natisténych na microarray sklicku

BAC klony az 32 000 BAC klond na jednom skli¢ku
~ 160 kb dlouhé useky DNA

Oligonukleotidy 25 — 80 part dlouhé oligonukleotidy
mohou pokryvat i cely genom (repetitivni

sekvence jsou vynechany)

zname polohu a poradi vSech sond v lidském genomu

19



Array CGH - oligonukleotidy (NimbleGen)

i
: 6-kb median

' . )
| ety ppigigpr e PrODE Spacing
L A oA e — :

[

Selzer RR et al. Genes Chromosomes Cancer, 2005

SNPs

SNP = single nucleotide polymorphism

jednonukleotidové variace, které jsou nahodné rozmistény v
genomu (bodové mutace rozsifené v populaci)

nukleotidova variace, ktera se vyskytuje alespon u 1% jedincu v
populaci

predpokladany pocet SNPs: 10 milionu

vyskyt specifickych SNP spojen s predispozici k uréitym chorobam

20



SNP Arrays — probe design (Affymetrix)

SNP site
Genomic DNA
ATGCAACGTCACGTTCSTGTCATTCGAGT

Probe Quartet at SNP site

PMA TACGTTGCAGTGCAAG[TIACAGTAAGCTCA
MMA TACGTTGCAGTGCAAG A ACAGTAAGCTCA

PMB TACGTTGCAGTGCAAGKEACAGTAAGCTCA
MMB TACGTTGCAGTGCAAG C ACAGTAAGCTCA

From Xiao Y. presentation: Exploration and Analysis of Affymetrix SNP Arrays. Center for
Bioinformatics & Molecular Biostatistics, UCSF Division of Biostatistics

SNP Arrays — probe design

No.
Quartets

10K 14
100K 10

Arrays

12 3 4 5 6 12 3 4 5 6 12 3 4 5 6

From Xiao Y. presentation: Exploration and Analysis of Affymetrix SNP Arrays. Center for
Bioinformatics & Molecular Biostatistics, UCSF Division of Biostatistics
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SNP arrays x expression arrays

SNP Expression
Genomic DNA reference sequence 5 mRNA reference sequence 3
A ;;
{-‘ — — — —

- Dispersed, 3' biased e
Tiling P / \
Quartet Probeset
PMA TGCAGTGCAAG T ACAGTAAGCTCA  TCGTCTGTATCACAGACACAAAGTTGACTG
MMA  TTGCAGTGCAAG A ACAGTAAGCTCA CAGACATAGTGTCTGTGTTTCAACT
PMB TTGCAGTGCAAG G ACAGTAAGCTCA MM CAGACATAGTGTGTGTGTTTCAACT
mMmB TTGCAGTGCAAG C ACAGTAAGCTCA

PMA |
MMA
PMB
MMB

From Xiao Y. presentation: Exploration and Analysis of Affymetrix SNP Arrays. Center for
Bioinformatics & Molecular Biostatistics, UCSF Division of Biostatistics

SNP Arrays - labeling

Figure 1: GeneChip” Ma
Genomic DNA (250 ng) RE Digestion g
> — ———
Xba Xba Xba Adapter
S — PCR: One Primer Ligation
g —— B Amplification
Complexity —
Reduction
Hybridization
Fragmentation ‘ —— 5 et
and End-Labeling —_ __._ — ’

From Xiao Y. presentation: Exploration and Analysis of Affymetrix SNP Arrays. Center for
Bioinformatics & Molecular Biostatistics, UCSF Division of Biostatistics




SNP Arrays - APEX technologie

APEX = Arrayed Primer Extension

DNA from Client

/ PCR with ~20% dUTFl \

UNG and SAP treatment |

DNA (PCR product ~100-1000 bp)

CHR OB Ml ST
PRI DNA ~20-25 bp
P Satitbid

-“!

Kurg A. et al., Arrayed primer extension: solid-phase four-color DNA
resequencing and mutation detection technology. Genet Test 4:1-7, 2000.

Velké studie SNP

HapMap projekt: mezinarodni projekt, jehoz cilem je identifikovat a
katalogizovat SNPs v lidské populaci a vybrat z nich ,,tag“ SNPs,
kterymi se skupiny lidi odliSuji

— SNP SNP SNP
o S ' ' v
Chromosome1 AACACGCCA.... TTCGGGGTC.... AGTCGACCG....
Chromosome2 AACACGCCA.... TTCGAGGTC.... AGTCA ACCG....
Chromosome3 AACATGCCA.... TTCGGGGTC.... AGTCA ACCG....
Chromosome4 AACACGCCA.... TTCGGGGTC.... AGTCGACCG.... SNPS ktel'éjSOU na DNA
- o .
L-\“I \ s blizko sebe se take
b Haplotypes WS spole¢né dédi a uréuji
Haplotype1 CTCAAAGTACGGTTCAGGCA haplotyp dané skupiny lidi
Haplotype2 TTGATTGCGCAACAGTAATA
Haplotype3 CCCGATCTGTGATACTGGTG
Haplotype 4
v v ‘
A T c n v s .
& Tag SNPs I 5 .tag”“ SNPs odliSuji dané haplotypy
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HapMap projekt

http://www.hapmap.org/index.html.en

HapMap kolekce lidské DNA 270 vzorkti DNA

populace:

Nigerie 30 trojic vzorku (matka, otec, dité)
Japonsko 45 nepfibuznych vzorku
Cina 45 neptibuznych vzork(
USA 30 trojic vzorku (matka, otec, dité)

The International HapMap Consortium. A second generation human haplotype map
of over 3.1 million SNPs. Nature 449, 851-861. 2007.

The International HapMap Consortium. A Haplotype Map of the Human Genome.
Nature 437, 1299-1320. 2005.

Velké studie SNP

3000 zdravych jedincu

2000 pacientl

bipolar disorder (1 SNP)

coronary artery disease (1 SNP)

Crohn’s disease (9 SNPs)

hypertension

rheumatoid arthritis (3 SNPs)

type 1 diabetes (1 SNP)

type 2 diabetes (3 SNPs) P value < 5x107

Studovali 500 000 SNPs pomoci Affymetrix microarrays

Wellcome Trust Case control Consortium. Genome-wide association study of 14,000
cases of seven common diseases and 3,000 shared controls. Nature. 2007 Jun

7;447(7145):661-78.
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Odchylky od referenéniho genomu vétsi nez 1kb

jesté v roce 2003 se myslelo, ze vétsina ,zdravych® lidi se od
referenéniho genomu lisi velmi nepatrné (SNPs, mikrosatelity)

array komparativni genomicka hybridizace odhalila mnoho vétSich
oblasti DNA, které se u zdravych lidi vyskytuji v rizném poctu

Copy number variation

DNA segment (vétSinou vétsi nez 1 kb), ktery se u daného jedince
vyskytuje v jiném poctu kopii nez v referenénim lidském genomu

existuje mnoho takovych oblasti v genomu (fadove tisice)

“Database of Genomic Variants”
http://projects.tcag.ca/variation/

Copy number polymorphism — vyskyt u vice nez 1% jedincd dané populace

Vyuziti HapMap kolekce ke studiu copy number variant
vSichni jedinci v této kolekci byli zdravi, pfesto se nadlo velké mnoZstvi oblasti
DNA (12% genomu), které se u téchto lidi nachazeji v rdzném poctu kopii

25



Copy number variation

hledani fenotypovych projevd CNV (,ne$kodna“ genomova
varianta nebo pfiina nemoci???)

CNV: pathogenic x benign x unknown clinical significance

vrozenych genetickych poruch (mentalni opoZzdénost, vyvojové
odchylky)

Chromatin ImmunoPrecipitation on chip
ChIP-Chip

Add formaldehyde and
sonicate DNA to ~1kb

Add specific antibody
Amids |
: R
I ipitatio Reverse cross
mmunoprecipitation 1 ik |
DNA
Reverse cross links

and purify DNA
ERARARSY

+Cy5 | Amplify and label | +Cy3

Hydridize to
microarray
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Nalezeni vazebného mista

256 kb oblast 1p32 pokryta prekryvajicimi se PCR produkty (~400 bp)

protilatka: trimethylace histonu H3 Lys4

120
Tt 10 i
g |
ﬁ 80
T @ q
=
w 40| ¢ 1
3 s g 1
] an ! b 1
w ' 1 14
0 4 tmadh and LAl
o 50000 100000 150000 200000 250000
+—cen Genomic position (bp) 1pter —=
L ' == L = pr—
-— _— . f— - — - =
KCY SIL TALT  MAP17 QSNTLS  NM_178134

Carter and Vetrie 2004 Human Mol Genet
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