Principy microarrays lll

Pavla Gajduskova

Analyticka cytometrie, 8. prosince 2009

Obsah prednasky

Technologie pfipravy microarrays
Oblasti pouziti microarrays v biologii
Uvod do statistického hodnoceni dat

Priklady konkrétnich aplikaci z literatury




Uvod do statistického hodnoceni dat
Predpriprava dat pro statistické hodnoceni

analyza obrazu (méfeni intenzity bodu a pozadi)

normalizace (nalezeni a odstranéni systematickych chyb, které
nejsou zpusobeny biologickym objektem)

filtrovani dat (odstranéni §patnych bodl nebo hybridizaci ze studie)
Nalezeni rozdilné exprimovanych genu

vypocet zvolené statistiky a nasledné uréeni p hodnot

Uprava p-hodnot

Analyza obrazu

16-bitovy obraz ve stupnich Sedi
hodnoty intenzity: 0 - 65 536

Dapi




Analyza obrazu

rozdéleni pixell v nasnimaném
obraze na ty, které nesou informaci o
intenzité bodd na sklicku nebo
pozadi

mnoho programu na analyzu
microarray obraz( (GenePix, Spot, ...)

vysledek: txt soubor — kazdy fadek
obsahuje informaci o jednom bodu na
skli€ku (pramérna intenzita uvnitf
bodu, intenzita okoli, variabilita mezi
pixely uvnitf bodu, ...)

Subarray

Analyza obrazu

R/IG
Nejcastéji se vyjadfuje pomoci logaritmu o zakladu 2

M = Log, RIG

Log, R/G = 1 ve vzorku znaceném Cervené je dvakrat vice kopii
2 specifické mMRNA nez v zelené znac¢eném vzorku

Log, R/G =-1 ve vzorku znaceném cCervené je poloviéni mnozstvi
2 .y .gn e ~ v w .
kopii specifické mMRNA nez v zelené zna¢eném
vzorku




Analyza obrazu

M = Log, RIG

Dalsi dulezita hodnota pro kontrolu kvality hybridizace je

pramérna intenzita bodu v obou snimanych kanalech

A = (Log,R+Log,G)/2

log2 RIG

log2 RIG

A=log2 (RIG)/2

Dilezité predpoklady

Sondy na skli¢ku jsou rozmistény zcela nahodné

do stejné pozice na skli€ku neseskupujeme geny s podobnou funkci;
sekvenc¢né pfibuzné; lezici na stejném chromosomu

Hybridizace byly provadény v ndhodném poradi

kontroly byly hybridizovany dohromady se zkoumanymi vzorky

Predpokladame, ze experiment ovlivni expresi pouze malého
poctu gentli v daném objektu (vétSina genti svoji expresi neméni)
primér (median) vSech pomért R/G je roven 1
primér (median) vSech logaritmd pomérd R/G je roven 0

nestaci mit na sklicku sondy pro geny, které nas zajimaji nebo olekavame, ze
jejich exprese se bude ménit

pro normalizaci jsou nutné i dal$i geny, jejichz exprese se neméni (téch by
méla byt vétsina)




Odstranéni ,,Spatnych” bodu
odstranéni bod(: body s morfologickymi abnormalitami
(problematicky tisk)

s nizkou intenzitou (neni exprese v
daném systemu)

s vysokym pozadim (negativni hybridizace)

Kontrolni body: prazdné body bez DNA (negativni kontrola)
»Spiked“ body (pozitivni kontrola)

stejné sondy na rtiznych mistech sklicka

Normalizace

nalezeni a odstranéni systematickych chyb, které nejsou
zpuisobeny biologickym objektem
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log2 RIG

Normalizace

Neni splnéna podminka, ze priimér (median)
vSech logaritmdi poméra R/G je roven 0

Pfed normalizaci: Po normalizaci:

log2 RIG

A=log2 (RIG)2 A=log2 (RIG)2

Loess Normalizace

Global
Median

Loess
=. (or other smoother)
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Normalizace mezi arrays

VSechny hybridizace v dané studii by mély mit podobné
rozlozeni hodnot kolem medianu

“Median Absolute Deviation (MAD) Scaling*
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Programy pro predpfipravu dat

Farber Cancer Institute

Product Authors/Company/institute Interface/Operating | p.feronce/Features
i . Software package oplimised for stastical analysis of
ArrayStat 1.0 Imaging Research Inc. Windows array gene expression data. Qualiy coniol, stafstical
fests of diferentia exprossion
. The R Project for Statistical i open source and open developmen re pr
Bioconductor Computin, Repackage | & i et e
Molecular Statistics and
BRB ArrayTools Bioinformatics Section, Excel add-in, R-| Wraht GW et al. A random variance model for detection
" . of diferential gene expression in samil microarray
3.23 Biometric Research Branch,| package experiments. Bioinformatics 2003 19:2448-2455.
NCI
Wong Lab, Harvard School Li C and Wong WH (2001) Model-based analysis of
dCHIP of Public Health and Dana- Windows oligonucieotie arrays: Expression index computation

and outler detection, Proc. Natl. Acad. Sci. Vol. 98, 31-
36

Genetraffic 3.1

lobion Informatics

Linux server,

Analysing and visualizing microarray expression data

Desktop 5.0

web client Compliant with MIAME & MAML standard.
Lucidea Arra! - . Fully automated image analysis software, taking into
) y Amersham Biosciences Windows ‘account pen effects and calculating various quality
Spotfinder 1.0 metrics
Lucidea Microarray o ) Software package developed to anayse data rom two-
color experiments, calculate various quality metrics and
Scorecard 1.0 Amersham Biosciences Windows Hormali data using an exponenial method
The R Project for Statistical One most famous statstcal packages. Most lbrares
R-package Computing R-package incluing spacic anesfor e anlysisofmicroaray
ata
SpotFire.net SpotFire Windows Asher B. Decision analyfics software solutions for

proteomics analysis. J Mol Graph Model 2000 18: 79-82.

Java tested on

TIGR Microarray il i Windows Saee etal a free, open-source system for
Data Analysis | o 1190 (00 SeOMIC | 2000/xP, Linux | Zerulibunst B 05"
Software (MIDAS) 7.2, MacOS

10.2
XLstat 3D Plot Addinsoft Excel add-in ;Hloe;»,::: display data in 3 dimension with an intuitive.
e T —

range of functionalities

http://arraysimage. free.fr/Soft.htm

Nalezeni rozdilné exprimovanych gen

odstranéni Spatnych bodd, provedena vhodna normalizace intenzit

Nulova hypotéza: median exprese daného genu se statisticky
neliSi od teoretické hodnoty medianu (v nasem pfipadé 0)

Pro kazdy gen testujeme tuto hypotézu zvIast

Gen 111
Gen 112
Gen 113
Gen 114
Gen 115

0.39
-0.28

-0.19
0.88

Array 1

Array 2

0.33
0.14
0.13
0.49

Array 3

-0.39
0.37
0.28

-0.13
0.54

Array 4

0.06
0.64
0.44
0.38
0.45

Median

0.06
0.35
0.28
0.00
0.52




Nalezeni rozdilné exprimovanych geni

Nulova hypotéza: median exprese daného genu se statisticky
neliSi od teoretické hodnoty medianu (v nasem pfipadé 0)

M . .
T= — . p hodnota pravdépodobnost s jakou Ize
se(M) nulovou hypotézu zamitnout
rozdilné exprimované geny ... p hodnota <0.01 (volitelny prah)
Array 1 Array2  Array3  Array 4 p hodnota
Gen 111 0.39 -0.39 0.06 0.78
Gen 112 -0.28 0.33 0.37 0.64 0.25
Gen 113 0.14 0.28 0.44 0.38
Gen114 -0.19 0.13 -0.13 0.38 0.99
Gen 115 0.88 0.49 0.54 0.45 0.02

Statistické problémy pri studiu tisicti genu
s malym pocétem opakovani experimentt

rozdilné exprimované geny ... p hodnota < 0.01

Priklad:

studujeme 20 000 genu na jednom sklicku

béhem normalizace a kontroly kvality vyfadime 12000 genu
testujeme 8 000 genu (pro kazdy vypocitame p hodnotu)

p hodnota < 0.01 pfipoustime, Ze 1% testovanych genu je oznaceno
jako rozdilné exprimované pouze nahodnou
variabilitou pokusu

8000 * 0.01 = 80 genti

= korekce p hodnot s ohledem k poctu testovanych gent
= pouziti alternativnich statistik




Specialized Methods: “Modified” t

*  Penalized-t (SAM, Tusher et al 2001, Efron et al 2000):

M Estimate penalty term a by 90th percentile
th=————= osfsd ofall inimizi
.d. genes, or by minimizing the
(s+a)in coefficient of variation of the absolute t.
*  Moderated-t (Limma, Smyth 2004): .
i - d+ spd
M Use shrinkage sd. 5 ———22 d:j .
# . . 0
"= ‘\F estimated by an empirical Bayes method
5/n S5 pooled s.d., dj; d.f. of prior

*  Regularized-t (Cyber-T, Baldi P & Long AD 2001);
M Use regularized s.d. # % -l

* = —
£ ¥/ ’n v, prior strength
o, background s.d.

vp+n-2

From Ru-Fang Yeh presentation: Statistical Methods in Bioinformatics: Case Studies.
Center for Bioinformatics & Molecular Biostatistics, UCSF Division of Biostatistics

Alternative Statistics

» B-statistic (Lonnstedt & Speed 2002): The log
posterior odds ratio that a gene is DE vs not DE, estimated by
the empirical Bayes method.

Fr{DE} P LAY £ +dy+d ledrdo)iz

e ——— :
PrinotDE} =P vy ° td +d

B=1lo

v +V[|
— Equivalent to moderated-t in terms of ranking genes.
— Dependent on p = expected proportion of DE genes
+ Distance Synthesis (DEDS, Yang et al 2004): Define
a distance statistic based on measures of choice, and estimate
false discovery rates using appropriate null distribution.
+ Single channel methods modelling absolute Cy5 &
Cy3 expression (Newton et al 2001, Wolfinger et al 2001)

From Ru-Fang Yeh presentation: Statistical Methods in Bioinformatics: Case Studies.

Center for Bioinformatics & Molecular Biostatistics, UCSF Division of Biostatistics
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Klastrovani

Klastrovani (shlukova analyza) je obecna metoda, kterou je
mozno pouzit ke spojovani prvki (s podobnymi viastnostmi)
do skupin (klastra)

Microarray analyza:

Klastrovani gent (fadkd) = identifikace skupin genu, které mohou
byt spole¢né regulované

Klastrovani vzorkt (sloupct) =» nalezeni skupin vzorkd, které maji
podobné zmeény v expresi gend (zmény na
urovni DNA)

Priklad:
Sorlie et al., Gene expression patterns of breast carcinomas distinguish

tumor subclasses with clinical implications. PNAS 98: 10869-10874, 2001.
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Design experimentu

78 karcinomui prsu (71 duktalnich, 5 lobularnich a 2 in-situ)
3 fibroadenomy
4 vzorky normalni tkané prsu

Microarrays: 8 102 cDNA klonu
kazdy vzorek (Cy3) hybridizovan s referenéni RNA (Cy5)

Analyza: nalezeno 456 cDNA klonu (427 genti) s velkou
variabilitou exprese mezi riiznymi vzorky, ale podobnou
expresi u pribuznych vzorkt

Otazka: Zda existuje rozdéleni karcinomd do podskupin, které
maji podobné zmény v expresi genti?

Sorlie et al., PNAS 98: 10869-10874, 2001.

Klastrovani
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Sorlie et al., PNAS 98: 10869-10874, 2001.
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Sorlie et al., PNAS 98: 10869-10874, 2001.

Rozdéleni do skupin a
prognéza vyvoje onemocnéni

A 5 tumor subtypes (based upon Fig 1) B 5 tumor subtypes (based upon Fig 1)
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Sorlie et al., PNAS 98: 10869-10874, 2001.
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Programy pro analyzu microarray dat

Product Authors/Company/institute '"'“"‘s“’o“m““g Reference/Features
ystem
) Windows | Sotvare pactage nat s optmise forstatistatanas
ArrayStat 1.0 Imaging Research Inc. of ey gona xprossion daa. Gl conol,slatetical

NT/2000 tests of dfferentia expression

Molecular Statistics and

BRB ArrayTools Bioinformatics Section, Excel add-in, R- A G ! ol andom varance o) for detecton
323 Biometric Research Branch| package ‘experiments. Bioinformatics 2003 19-2448-2455.
NCI
Michael Eisen's "
Eisen MB et l Guste anaysis and dispay o genome-
Cluster lab;Lawrence Berkeley Windows | o o P Ave 2 A 050

National Lab (LBNL) 95/98/NT 951486314868

Cluster

! Van Andel Research . Rhodes DR o al. CIT:identcalio of difrentaly
Indentification Tool " Windows expressed custers of genes ffom microaray data.
(CIT) Institute Bioinformatics 2002 18:205-206.
FDR controliing X Acdjusts pvalues generated in mulipe hypathesisteii
procedure Windows o gen oxpresiondaaobtined by DNA microaray
FDRalgo) e

Bioinformatics Group,

§ Institute of Biomedical Java, tested on | e sute conaining vaious ol such asfers

Genesis X normalizaton. veusizaton ol. clusierng, SOV, k

Engineering, Graz Windows ‘means, PCA, SVM, map onto chromosomal sequences.

University of Technology

Linux server, - | analysing and visualing microarray expression data
Genetraffic 3.1 lobion Informatics Web client | | Comstan wih MAVE & NAVL sandard
Java, tested on

Biainformatics research WIndows 2000, | 5,aysi0g gene exprssin dtaging accos 1o
J-express group at the Dept. of LINUX, Thrué4 Zz‘:;‘;\‘:““‘:,‘?iﬂ;"&z':;‘“‘;:ﬁz“"’g Fea os,

Informatics UNIX, Solaris e !

and Irix
P Kim G ot al Signfcance analyss oflxical bias n

LACK Windows | Rlcarey cats Simiomants 2003 42

Prediction Analysis | Tibshirani Lab, Excel add-in/ R | Nesmenanscr oagross ol e e

for Microarray [s)leaiafg:jmli:\it/ ::ssit(at\shcs, package oy shrunkon contds o on opression; PRAS 20
| Stanford University

R-package Eg?n':u:;cged for Statistical | g 2 ckage ;\;\:mng‘saemr ones o e amaljes o mcroarey

Signlficance Tibshirani Lab’ i -] Tibshirani and Chu. Significance analysis of microarrays

Analysis of Departement of Statistics, | =X08! 840N/ Re| B o S atasa s P 5007

Microarrays (SAM) | Stanford University package  f ssiesin

SpotFire.net ) ) er. Decisnanaics satvar lotors e

Dzskmp 50 SpotFire Windows | Bcome e ol G o 2000 12,762

http://arraysimage. free.fr/Soft.htm

Verejné databaze microarray dat

ArrayExpress

ChipDB

ExpressDB

Gene Expression Atlas

Gene Expression Database (GXD)

Gene Expression Omnibus (GEO)

GeneX

GermOnline

Human Gene Expression Index (HuGE Index)
List Of Lists Annotated (LOLA)

M-CHiPS (Multi-Conditional Hybridization Intensity Processing System)
MUSC DNA Microarray Database

NASCArrays

Oncomine

Public Expression Profiling Resource (PEPR)
READ (RIKEN cDNA Expression Array Database)
Rice Expression Database (RED)

RNA Abundance Database (RAD)
Saccharomyces Genome Database (SGD): Expression Connection
SGMD

Standford Microarray Database (SMD)

Yale Microarray Database

yeast Microarray Global Viewer (yMGV)




