Semmelweis Egyetem / Elettani Intézet / Budapest

Bioinformatika e€s genomanalizis az
orvostudomanyban

Nagy ateresztesu technikak

Cserzo Miklos
2020

https://semmelweis.zoom.us/j/96102872458?pwd=Rk1PL2tqS21sd1Uwc3B4eDFCZKNKQT09



Semmelweis Eqyetem / Elettani Intézet / Budapest

A mai eléadés %"w _ \~>.~‘-§c

A gen-chip mukodesi elve
Gen-chipek tipusai
Minosegellenorzes

Az adatok statisztikai elokészitese
Gen-chipes adatok elemzese
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Genexpresszios adatbazisok
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=
Hogyvan mukodik a gén-chip? !@ 77

> Rovid, egyszalu DNS
darabok

> Kovalensen kotve egy
hordozo felulethez

> A mintaban jelzett,
feldarabolt DNS van

> A komplementer
kotodik a hordozon

levo parjahoz
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> Robotok keszitik nyomdai technikaval

> A probak negyzethal6san vannak elrendezve

> A pontok szama nehany 10 és néhany millio
kozott

> A probak merete: altalaban 20 es 60 bazis

> A probak lehetnek egy adott keszletbol

> Vagy igény szerint tetszolegesen
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Kik gydrtjak? R~

> Nehany nagy gyarto dominal: Affymetrix,
[llumina, Agilent, Nimblegen, stb..
> A termekek nem kompatibilisek egymassal

> Sem fizikai méretiikben
> Sem tartalmuk alapjan

> A tipikus ar: 200 — 1000 $
> Ez csak a chip, a kesziilek kiilon jon

> Szolgaltatast is lehet rendelni
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A meres menete

> Tisztitas > Leolvasas
> Reverz transzkripcio  » Kiértékelés

> Festeés
> Hibridizalas

- inlensity

ratio

el cOMA a
Coupling Hybridization : Mormalization
""" and analysis
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A minta festése

> Keétszeres festés

> A mintat es a
referenciat ket
kiuilonbozo festekkel
jelolik — zold es piros

> Osszekeverik és a két
mintabol szarmazo
DNS versenyez a
probakert

> Relativ skala

Bioinformatika és genomanalizis az orvostudomanyban - 11 7



Semmelweis Eqyetem / Elettani Intézet / Budapest

S Bt
Egyszeres festés

> Egy festéket alkalmaznak
> Csak egy mintat visznek fel a chip-re

> A referenciat kiilon viszik fel egy masik chip-
re

> A ket minta nem zavarja egymast

> Ketszer annyiba kertil
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Mit lehet vizsgalni vele?

> “gene expression profiling”
> A gének aktivitasat merjik a minta mRINS

tartalman keresztiil
> Gyakran mereési sorozatok formajaban —

expresszio valtozas stimulus hatasara

> “comparative genomic hybridization”
> Kozeli rokon fajok 0sszehasonlitasa

> “genelD”
> Genetikai anyag alapt azonositas
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Folytatas...

> “ChiP-on-chip” — cromatin-immuno-
prcipitalas
> A DNS-t kovalensen kotjiik a fehéerjéhez
> A DNS-hez koto feheérjet antitesttel kicsapjuk
> Ez viszi magaval a DNS-darabot is

> Ezt keressiik meg a gen-chipe-en

> “SNP-chip” — “single nucloetide
polymorphism”

> Pontmutaciokat kerestink a vizsgalt genomban

Bioinformatika és genomanalizis az orvostudomanyban - 11 10
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Folytatas...

> “alternative splicing”

> Egy gen valtozatait keressiik
> A probakat az exon/intron hatarokra tervezziik

> “tiling array”
> Egy nagyobb kromoszomalis régio teljes térképe
> Rovid, atfedo szakaszok formajaban

11
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A gén-chipek bioinformatikaja !@

A legfontosabb kihivasok:

> A kiserlet megtervezese

> A kiserleti bizonytalansag kezelése
> Az adatok statisztikai elemzese

> Szabvanyok kidolgozasa

> Az adatok kezeléese
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Kiserlettervezeés

> Kiserleti kerdesfelteveés
> Csak biologiailag megismetelheto kérdest erdemes
vizsgalni
> A Kkiserleti protokol megismételhetosége

> Ugynabbol a mintabol két parhuzamos koherens
eredmeényt ad?

> A hiridizalas megismetelhetOsege
> Milyen probak legyenek a chip-en?
> Egyértelmt legyen a hibridizalas
> A proba valoban azt jelezze, amire kivancsi vagyok
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Kiserleti bizonytalansag r-vZ

> Ha RNS expresszios szintet mérink, az nem
feltetlentil aranyos a feherje szinttel

> Es a fehérje aktivitdsaval sem

> Egy gen adhat keresztreakciot egy masik
génnek szant probaval

> A proba lehet teves — nincs is olyan DNS-
darab a genomban
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Statisztikus feldolgozas

> A gen-chip kisérlet
eredmenye egy kep

> Az elso feladat:
beolvasni a kepet,
ertelmezni es
alkalmassa tenni a
tovabbi feldolgozasra

> Keépftelismereés az
iranypontok alapjan

‘GeneChir JAulTksub® ™

ey
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D
Belso ellenorzo pontok

Probe Set

> Egy préba a chip tobb l
pontjan is jelen van

Perfect match

> Egy gént tobb probaval
is elerink

Mismatch

> Minden probanak van T
Sa]a,t kontrolla Probe Cell Probe Pair

> “Perfect Match” —
“MisMatch” parok

> Ismert mennyisegu,
idegen DNS

A PMIMM Pair
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Minosegellenorzes

> Affymetrix chip-ekre ingyenesen elerheto on-
line ellen0rzo6 rendszer

> Web: http://www.arrayanalysis.org/

> Az alap: “Bioconductor”

» Parancssor alapu rendszer — kozossegi
fejlesztes

> Rugalmas, sokret(i, de baratsagtalan
> Web: http://www.bioconductor.org/
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ﬂ ArrayAnalysis.org

arrayanalysis.org

ARRAY
AnNALYSsIS

QUICK LINKS

[Affymetrix QC &
pre-processing]

[Illumina QC &
pre-processing]
NEW!
[Statistical analysis]

[Pathway analysis]
NEW!

P Bledl

Member of:

In
collaboration
with:

ﬂ Biocenductor - Home

- Friendly solutions for standardised high throughput data analysis -

Getstarted | Download sources QC Modules description | Documentation ‘Bu'gttacker

Welcome to ArrayAnalysis.org ! ArravAnalysis

ArrayAnalysis offers user-friendly solutions for gene expression data analysis, from raw data to biological pathways. It contains modules
of three types that can be lauched individually or successively as an integrated workflow.

>ssing] module gathers a complete panel of QC plots and indicators: a variety output plots or tables help you determine
Sample quallty hybndlSatlon and overall signal quality, signal comparability and bias diagnostic and array correlation. Pre-processing
methods combine probe set re-annotation, background correction and normalisation. Currently, modules are available for Affymetrix and
llumina arrays

[Statis A ] module models your gene expression data using a linear model applied at the probe set level. You are given the
possmllm to custom your analysis and computing several models on a run. For a quick interpretation of the output result, P-Value and
Fold change histograms can be computed as well as custom summary tables

[Pathway is] module allows to quickly and easily visualise your statistics results on a biological pathway basis and identify
significantly changed processes using PathVisio technology. This module will be activated soon, for now a mock-up medule is in place
that shows the possibilities using an example data sets.

Get started
Launch one of the analysis
modules now!

Download sources

st ]

g omesis banatios a8

Documentation
User guide, local installation,
functions description

Module descri tlon
fie

We gratefully acknowledge all authors of R/BioConductor packages used by ArrayAnalysis.org.
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€ wnw.arrayanalysis.org

ARRAY
AnaLysis
o ORG
QUICK LINKS

[Affymetrix QC &
pre-processing]

[Illumina QC &
pre-processing]
NEW!

[Statistical analysis]

[Pathway analysis]
NEW!

4
F:a BIGCa]

Member of:

5

DTL

In
collaboration

u Bieconductor - Home % & Home- GEO - NCBI

ArrayExpress < EMBL-EBI % | 3% MeV % | BRB-ArrayTools

B8 ¥+ & OB

- Friendly solutions for standardised high throughput data analysis -

Getlstarted] Download sources QC Modules description |B6Cimentation]| |JEUGHIAEKER

affyAnalysisQC module description

Overview of the Affymetrix Quality Control workflow

The quality control of an Aflymetrix arrays dataset follows this workflow:

Raw data

Raw data Quality Control
Data pre-processing

Evaluation of the effect of
normalization

QC report & export of

pre-processed
{normalized) data

Happy ™
with the

Pre-processed data

l.-_—

Remove faulty array(s) &
re-compute QC step

The dark blue boxes represent the main steps of the automated QC analysis. The violet box is managed by the user itself. The main steps of the workflow are the raw data guality
control, the pre-processing applied on raw data, the evaluation of the pre-processing and the results export. Then if the QC report shows no main quality problem, the user can
download the pre-processed data for further analysis. Otherwise, he can choose to remove one or more arrays from the dataset and then will have to re-compute the whole analysis

with the modified dataset, until the QC gives positive results.

The automated QC analysis includes the following steps:

Raw data Quality Control

Evaluation of the
pre-processing

Data pre-processing

Bioinformatika és genomanalizis az orvostudomanyban - 11
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% | BRB-ArrayTools
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ﬁ ArrayAnalysis.org \ u Bioconductor - Home % & Home- GEO - NCBI ArrayExpress < EMBL-EBI % | 3% MeV

€ wnw.arrayanalysis.org
Array - Friendly solutions for standardised high throughput data analysis -

ANALYSIS
2 ORG

Getstarted Download sources es descripti Documentation | Bug tracker
download the pre-processed data for further analysis. Otherwise, he can choose to remove one or more arrays from the dataset and then will have to re-compute the whole analysis

QUICK LINKS with the modified dataset, until the QC gives positive results
[;-f:}"'l;:_sf:'::;ﬁfg? The automated QC analysis includes the following steps:

. Evaluation of the

Data pre-processing .

pre-processing

[Illumina QC &
Raw data Quality Control

pre-processing]
NEW!

Normalization
strategies
gcRMA
RMA
MASS5
Plier

Sample Quality

PhI-anly

[Statistical analysis]

Phi-only

[Pathway analysis]
NEW!
Member of:

DTL

<

Hybridization & overall
signal quality

Spike-in hybrid. ¢

BGCa]
bioinformatics
Re-annotation

database

Ensembl
ENTREZ
RefSeqg

UniGene

Signal comparability &

In
collaboration

Raw data Quali

Signal comparability &
biases diagnostic

jistribution

Intensity-dependent bias

Spatiol bios

reference

Ph-only

1puted by default
sed by default

X!

probes. A summary QC table, presenting the QC values is built specifically for these plots.

biases diagnostic

Signal distribution

histrogra

Intensity-dependent bias

MA-plot

Contral.
Each white box represents a plot dedicated to one quality indicator. These plots are organized by groups, including: sample quality, hybridization quality, signal comparability and biases
and array correlation. The plots with a green cross are those proposed by default. Other plots are oplional. Some analyses are only available for arrays containing mismatch (MM}
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L) PLOS ONE: Molecular Pathways Invol...

Iﬁ ArrayAnalysis.org x | % PathVisio / WikiPathways | + |

€ (=)

&) Most Visited

welcom

[Pipeline Description]

Sample quality

RNA degradation plot
Hybridization quality

Spike-in controls

Background intensity

Percent present

PMA calls table

Meg contrs
fx control profiles

Signal comparability

Scale factor
Boxplot
Density histogram
Ma plots
Reference Layout
Pos/Meg COI plot
20 spatial images
NUSE plot
RLE plot

Array correlation

Correlation plot
PCA analysis
Clustering

BlGCaT

bioinformatics

arrayanalysis.org

sajto SOTE

AN ALYSIS.URG

W - boxplot

Logins Tool DAS m Biosites Library Athénba mentem Post-Card-iff post-card-iff

2 - Quick & easy on-line Affymetrix arrays Quality Control -
e pag

Getstarted Download sources  Pipeline description | Documentation | [Eug tracker
Sample prep controls: Dap, Thr, Phe and Lys -PolyA unlabeled spikes

These probe sets are designed from several B. subtilis genes (dap, thr, phe and lys). They are spiked at the beginning of the chip processing and used {o assess the overall success

of the target prep steps.
The ploy-A controls Dap, Thr, Phe and Lys should be called present at a decreasing intensity, to verify that there was no bias during the retro-transcription between highly expressed

genes and low expressed genes. The linearity for lys, phe and thr (dap is present at a much higher concentration) is affected by a double amplification.

Spike-in Sample Prep controls intensities and calls

Lys prosent calls = 11/ 12

Fhe Thr Dap

Intensity: OK {Lys < Phe < Thr < Dap for all arrays)
Present calls: 1 Lys not called present

In this example, the intensity is increasing from Lys to Dap for all arrays and the lowest expected intensity (Lys) are called present for 11 arrays among the 12. ERT1 array's Lys
probesetis called Absent (red "A" on the graph).

[Technical documentation of the function]

RNA quality control: 3’ /5" ratio for beta-actin and GAPDH

Because beta-actin and GAPDH are expressed is most cell types and are relatively long genes, Affymetrix chips use them as controls of the RMNA quality. Three probe-sets are
designed on 3 regions of these genes (5, mid (called M) and 3" extremities). Similar intensities for their 3 regions indicate thatthe transcripts were not truncated and labeled equally
along the sequence. By the way, since RNA degradation starts from the 5’ end of the molecule, it is commaon that the probesetintensity at that end is slightly lower.

For an array of good quality, Affiymetrix recommends that the 375" ratio should not exceed

- 3 for beta-actin

-1.25for GAPDH
These values were setfor human samples so the ratio may be slightly higher for other species.

The QC pipeline proposes the following graphs to evaluate these controls:

Bioinformatika és genomanalizis az orvostudomanyban - 11
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ﬁ ArrayAnalysis.org \ ﬂ Bieconductor - Home % & Home- GEO - NCBI ArrayExpress < EMBL-EBI % | 3% MeV % | BRB-ArrayTools
€ wnw.arrayanalysis.org Search * B ¥+ & O n
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- Friendly solutions for standardised high throughput data analysis -
ANALYSIS

eORG EETEN nownioad sources | QC Modules description  [DOcumentation] EUGIEEEn
The samplePrepPlot function
QUICK LINKS
DESCRIFTION
This function (from functions images.R) creates animage of sample preparation controls based on the vagc (vageaffy Bioconductor package) function, which generally only work for
chiptypes with perfect match and mismatch probes, but even not for all of those. As such, when these stalistics are not provided as parameters, trys are used in this function o

[Illumina OC & compute them internally. Values for which the try fails are not computed, butthe script will continue after giving a warning.
pre-processing] [Descriplion of the QUTPUT IMAGE and is interpretation]

NEW!

[Affymetrix QC &
pre-processing]

o : USAGE
[statistical analysis] By default, the script will call:

[PathwanEVa"aleisl samplePrepPlot (rawData, sprep, lys, plotColors)

INFPUT EBRRRMETERS

% BQU G c gl NAME TYPE STATUS |DESCRIPTION DEFAULT

pioinformatics Data AffyBatch | required [ The raw data object

A matrix of 3’'probe intensities for dap, thr,
Member of: lys, and phe, taken from an object of class

- ¥YAQCStats (yaqc function, yaqcaffy). When not
%. provided, it is computed within the function.
s

matrix optional

B_L. : Matrix of A, M, P calls for the 3" probeset of

Lys on each array, based on results from the
i detection.p.val function (simpleaffy) . When not
collaboration provided, it is computed within the function.

lys matrix optional

plotColors | character | required | Vector of colors assigned to each array.

WIDTH number |optional | png image width

HEIGHT number |optional | png image height

POINTSIZE | number |optional | png image point size

threshold to adapt the image to the number of

MAXARRAY | number |optional arrays

CUTPUT IMAGE

TYPE DESCRIPTION

png image | An image of sample preparation controls, called ‘RawDatasamplePrepControl’

The ratioPlot function

DESCRIETION

This function (from functions images.R) creates an image of beta-actin and GAPDH 3'5' ratios based on the ge (simpleafy Bioconductor package) function, which generally only
waork for chiptypes with perfect match and mismatch probes, but even not for all of those. As such, when these statistics are not provided as parameters, trys are used in this function to
compute them internally. Values for which the try fails are not computed, but the script will continue after giving a warning.

[Cescription of the OUTPUT IMAGE and its interpretation]

USAEGE
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) PLOS OME: Molecular Pathways Invol... |ﬁ ArrayAnalysis.org | "} RawDataSamplePrepControl_D1m.pn... x | &+ PathVisio / WikiPathways

(=] arrayanalysis.org/img/RawDataSamplePrepControl_D1m.png W - boxplot

DAS m Biosites Library Athénba mentem Post-Card-iff post-card-iff

|20 Most Visited sajto SOTE Legins Tool

Spike-in Sample Prep controls intensities and calls

Lys presentcalls = 11/12

>
=
9]
c
[0
2
£

Phe
Intensity: OK (Lys < Phe < Thr < Dap for all arrays)

Bioinformatika és genomanalizis az orvostudomanyban - 11

A

T
oy 1TPNS




Semmelweis Eqyetem / Elettani Intézet / Budapest

File Edit View History Bookmarks Tools Help
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Iﬁ ArrayAnalysis.org x | % PathVisio / WikiPathways | + |
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[Pipeline Description]

Sample quality
Sample prep controls
for control genes
A degradation plot
Hybridization quality
Spike-in controls
Background intensity
Percent present
PMA calls table
Meg contrs
fx control profiles
Signal comparability

Scale factor
Boxplot

Density histogram
Ma plots
Reference Layout
Pos/Meg COI plot
20 spatial images
NUSE plot

RLE plot

Array correlation

Correlation plot
PCA analysis
Clustering

BlGCaT

bioinformatics

Logins Tool DAS m Biosites Library Athénba mentem Post-Card-iff post-card-iff

- Quick & easy on-line Affymetrix arrays Quality Control -

Getstarted  Download sources  Pipeline description | Documentation |BUgtracker

RNA quality control: 3’ /5" ratio for beta-actin and GAPDH

Because beta-actin and GAPDH are expressed is most cell types and are relatively long genes, Affymetrix chips use them as controls of the RMNA quality. Three probe-sets are
designed on 3 regions of these genes (5, mid (called M) and 3" extremities). Similar intensities for their 3 regions indicate thatthe transcripts were not truncated and labeled equally
along the sequence. By the way, since RNA degradation starts from the 5’ end of the molecule, it is commaon that the probesetintensity at that end is slightly lower.

For an array of good quality, Affiymetrix recommends that the 375" ratio should not exceed
- 3 for beta-actin
-1.25for GAPDH
These values were setfor human samples so the ratio may be slightly higher for other species.

The QC pipeline proposes the following graphs to evaluate these controls:

3'/5" and 3'/M' ratios for beta-actin beta-actin QC: OK

all 35 alios « 3

Intensity ratio

Ritios shcuid stard witkin the grey rectangle

GAPDH QC: OK
all 315" s < 125
» 5 ratio fma = 1 02
/M ratio (ma = 1.02)

witkins the grey rectangh

Intensity ratio
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) PLOS OME: Molecular Pathways Invol... |ﬁ ArrayAnalysis.org | RawData53ratioPlot_beta-actin.png (.. = | L2 PathVisio / WikiPathways | + |

(=] arrayanalysis.org/img/RawData53ratioPlot_beta-actin.png W - boxplot

|20 Maost Visited sajto SOTE Logins Tool DAS m Biosites Library Athénba mentem Post-Card-iff post-card-iff

3'/5' and 3'/M' ratios for beta-actin beta-actin QC: OK

all 3/5' ratios < 3

A 3/5'ratio (max = 1.05)
A 3YM ratio (max = 1.11)

o
2
©
£
==
=
w
[
[}
o
E

Ratios should stand within the grey rectangle [0, 3]

35" ratio 3'/M ratio

HGERT2 —
HGERT3
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3'/5' and 3'/M' ratios for GAPDH GAPDH QC: OK

all 3'/5' ratios < 1.25

® 3/5' ratio (max = 1.02)
o 3M ratio (max = 1.02)
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Sample quality
Sample prep controls
for control genes
RNA d dation plot
Hybridization quality
Spike-in controls
Background intensity
Percent present
PMA calls table
Meg contrs
fx control profiles
Signal comparability

Scale factor
Boxplot

Density histogram
Ma plots
Reference Layout
Pos/Meg COI plot
20 spatial images
NUSE plot

RLE plot

Array correlation

Correlation plot
PCA analysis
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- Quick & easy on-line Affymetrix arrays Quality Control -

Getstarted  Download sources  Pipeline description | Documentation |BUgtracker

Overall RNA guality control: RNA degradation plot

In Affymetrix arrays, a probe-set is dedicated to each farget. A probe-set is composed by several probes (classically 11) all targeting the probe-set target sequence. The RMA
degradation plot proposes to plotthe average intensity of each probes across all probe-sets, ordered from the 5°to the 3’ end. Indeed since RNA degradation starts from the 5° end of
the molecule, we would expect probe intensities to be globally lowered at that end of a probe setwhen compared to the 3' end. The RMA degradation plot aims atvisualizing this trend
RNAwhich is too degraded will have a very high slope from 5 to 3. The standardized slope of the curves is thus used as a quantfitative indicator of the RMA degradation. An array with
unexpected degradation is identified because it has a bigger slope and should stand out

RNA degradation plot

lted and scaled

T T
4 B

-
Probe Mumber
Each line corresponds to an array. In this example, all arrays give curve with a regular slope, exept between the 10th and the 11th probes

[Technical documentation of the function]

Hybridization and overall signal quality

Hybridization spike-in controls: BioB, BioC, BioD and CreX
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Meg contrs
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Hybridization spike-in controls: BioB, BioC, BioD and CreX
Affymetrix arrays include spike-in hybridization controls: 4 targets are spiked before the labeling step with 4 different concentrations; fram the lowest to the highest: BioB, BioC, BioD
and CreX. bioB, bioC and bioD are genes in the biotin synthesis pathway of E. coli, and cre is the recombinase gene from P1 bacteriophage and are not expected to cross-hybrid with
non-bacterial and non-viral samples. Intensity pattern for these 4 controls should show the increase in target concentration. Other patterns would be a sign of bad hybridization
If BioB is not flagged “present”, this would also be a sign of bad quality, indicating that the sensitivity may not be sufficient for the array.

Spike-in controls intensities and calls

bioB present calls = 12/ 12

Intensity

bieC bioD
Spike-in calls: OK (all bioB are called present)

Each line corresponds to an array. The legend at the top left corner indicated the number of present calls among all BioB probe-sets. The text below the graph concludes aboutthese
calls. In this example, all arrays have a BioB probe-set called present.

[Technical documentation of the function]

Background intensity

The background intensity is defined for each array from the MM (mismatch probes) values. Average, minimum and maximum background should be comparable between arrays; an
array with a significantly higher (or lower) background value may be a sign of bad quality.

Dataset #1: Good result for this indicator | backround intensities are similar between arrays
and the overall intensity is quite low (around 40) :

Plot of background intensity Boxplot of average bg intensity
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Spike-in controls intensities and calls

bioB present calls = 12/ 12
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Spike-in calls: OK (all bioB are called present)
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[Pipeline Description] Background intensity
. The background intensity is defined for each array from the MW {mismatch probes) values. Average, minimum and maximum background should be comparable between arrays; an
Sample quality array with a significantly higher (or lower) background value may be a sign of bad quality.

Samp_‘e prep controls Dataset #1: Good result for this indicator ; backround intensities are similar between arrays

for control genes and the overall intensity is quite low (around 40) :

RNA degradation plot

Hybridization quality Plot of background intensity Boxplot of average bg intensity

Spike-in controls
und intensity
Percent present
PMA calls table
Meg contrs
fx control profiles
Signal comparability

Scale factor
Boxplot
Density histogram

background intensity

Ma plots
Reference Layout
Pos/Meg COI plot
20 spatial images
NUSE plot

RLE plot

Array correlation

Correlation plot Background QC: OK (low standard devistien)
PCA analysis
Clustering Dataset #2: Bad result for this indicator ; the values are different between arrays (sd = 80)
and globally the intensities are quite high (between 300 and 500):

Plot of background intensity Boxplot of average bg intensity

BlGCaT

bioinformatics

max - 555,63
8d = 30,99

background intensity
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Plot of background intensity Boxplot of average bg intensity
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background intensity
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Background QC: OK (low standard deviation)
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Plot of background intensity Boxplot of average bg intensity
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Background QC: not OK (high standard deviation)
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[Pipeline Description] Percent present

. Affymetrix MASS algorithm flags “present” probe-sets, indicating that their targeted transcript was present. The present calls are defined with significant PM (perfect match) values
Sample quality regarding the MM (mismatch) values. It is thus meaningfull only if MM probes are present onto the slide. The percentage of present calls should be similar for replicate arrays and

Sample prep contrals within a range of 10% over the arrays. Ifthis is not verified the quality of one of the replicates may be bad.

for control genes Dataset #1: Good result for this indicator ; all array are within a 10% range:
RNA degradation plot
¥l A Perem Tl Plot of percent present Boxplot of percent present
Spike-in controls
ckaround intensity
nt present
calls table
Meg contrs
fx control profiles
Signal comparability

Scale factor
Boxplot
Density histogram

percentage

Ma plots
Reference Layout
Pos/Meg COI plot
20 spatial images
NUSE plot
RLE plot

Array correlation
Correlation plot Percant prasent QG OK (spraad < 10%}

PCA analysis P

Clustering Dataset #2: Bad resultfor this indicator ; arrays S262-1, NoCT-1and NoE2-2 have

particularly low percentage of present calls

Plot of percent present Boxplot of percent present

BlGCaT

bioinformatics

percentage
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Plot of percent present Boxplot of percent present
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Percent present QC: OK (spread < 10%)
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Plot of percent present Boxplot of percent present
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percentage

Percent present QC: not OK (spread > 10%)
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[Pipeline Description] Present/Margin/Absent (PMA) table

. Optionaly, and for arrays containing perfect match (PM) and mismatch (MM) probes, we propose to create the table of the probeset present calls: "P” for Present, "M” for Margin and "A"
Sample quality for absent See description of Percent Present plot for explanations about the compuation of these values. The output table is a text file (td), each column is tab-separated so it is
Sample prep contrals easily open with any spredsheet editor like Excel:
for control genes — g i T £ ArrayS.present |Array. present
RNA degradation plot &
Hybridization quality
Spike-in controls
Background intensity
Percent present

fx control profiles

Signal comparability

Scale factor

Boxplot

Density histogram

Ma plots

Reference Layout

Pos/Meg COI plot

20 spatial images

NUSE plot

RLE plot

TETTTREBETTTTRETET T TR TTOE BT T

=T

B

CGTETy EICEE ST This table may be useful for further investigation on particular genes.

Correlation plot
[Technical documentation of the function]

PCA analysis
Clustering
Positive and Negative control distribution

Q dj' Affymetrix arrays contain border elements, positioned on the outer edge ofthe array. They serve for the automatic setfing of the grids but also as controls for signal intensity. For each
B G c a array the intensities for all border elements are collected. Elements with an intensity greater the 1.2 times the mean for that group are assumed to be positive controls. Elements with a

signal less that 0.8 of the mean are assumed to be negative controls. Elements falling in between these cut offs are not used in further calculations. This graph presents boxplots of
bioinformatics the positive and negative distribution. The means and spread of positive elements should be comparable between arrays. Dissimilarity can arise either from non-uniform hybridization
or gridding problems. The negative elements represent spots with no hybridization signal, so they are expected to be close to 0. Boxplots that are strongly elevated relative to all the
others reflect a higher background level

Dataset #1: Good result for this indicator ; positive and negative controls are in separate
intensity ranges. Megative controls have similar distributions between arrays

Positive Border Elements Negative Border Elements
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Sample quality
Sample prep controls
for control genes
RNA degradation plot
Hybridization quality
Spike-in controls
Background intensity
Percent present
A calls table

Signal comparability

Scale factor
Boxplot
Density histogram
Ma plots
Reference Layout
Pos/Meg COI plot
20 spatial images
NUSE plot
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Array correlation
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BlGCaT

bioinformatics

sajto SOTE

ANAHSBDRG

boxplot

Logins Tool DAS m Biosites Library Athénba mentem Post-Card-iff post-card-iff

e - Quick & easy on-line Affymetrix arrays Quality Control -
e p

Getstarted| Download sources
Positive and Negative control distribution

Pipeline description = Documentation | Bug tracker

Affymetrix arrays contain border elements, positioned on the outer edge of the array. They serve for the automatic sefting of the grids but also as controls for signal intensity. For each
array the intensities for all border elements are collected. Elements with an intensity greater the 1.2 imes the mean for that group are assumed to be positive controls. Elements with a
signal less that 0.8 of the mean are assumed to be negative controls. Elements falling in between these cut offs are not used in further calculations. This graph presents boxplots of
the positive and negative distribution. The means and spread of pesitive elements should be comparable between arrays. Dissimilarity can arise either from nen-uniform nybridization
or gridding problems. The negative elements represent spots with no hybridization signal, so they are expected to be close to 0. Boxplots that are strongly elevated relative to all the
others reflect a higher background level.

Dataset #1: Good result for this indicator ; positive and negative controls are in separate
intensity ranges. Megative controls have similar distributions between arrays

Positive Border Elements Negative Border Elements

2500 5000 3500
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Dataset #2: Bad result for this indicator ; positive controls reach the saturation level (50,000) and negative
controls are spread between 0 and 50,000. Array 2 has significatively higher negative controls

Pesitive Border Elements
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Logins

Profiles and boxplots of all controls (AFFX, INTRON, EXON)

Affymetrix arrays contain several control probesets, most of them annotated with the "AFFX" prefix. This is mainly the case for the spike-in sample prep and hybridization controls,
GAPDH and beta-actin 375’ controls, but other control probesets may be present, depending of your array type. The first image contains a list of graphs, one per "AFFX™-annotated
probeset, plotting log-intensity profiles of all probes for all arrays. Oulier arrays may have different intensity profiles compared to other arrays. The general tendance is represented by

Tool DAS m Biosites Library Athénba mentem

- Quick & easy on-line Affymetrix arrays Quality Control -

Getstarted| Download sources  Pipeline description

affx control profiles

an average curve, plotted in black. Some control probesets contain too many probes so the profile plot cannot be read properly and used for QC
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The second image is a boxplot summarizing all AFFX control log-intensities for each array. Other boxplots may be generated, depending on your array type, to present EXON and

INTRON controls.

[Technical documentation of the function]

Signal comparability and biases diagnostic
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Sample quality
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Spike-in controls
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Percent present
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Meg contrs
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Ma plots
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Scale factor

A main assumption behind most of the normalization methods for high-throughput expression arrays is that most of the genes are unchanged. The propedion of up- and
down-regulated genes should not disturd the average signal intensity which should be comparable between arrays. In this context, Affiymetrix MASS algorithm applies a scale factor to
each array in order to equalize their mean intensities. A dataset of arrays of good quality should not have very different scale factors. Affymetrix recommends that their scale factors

should be within 3-fold of one another.
Dataset #1: Good result for this indicator ; all scale factor values are similar between arrays:

Plot of Log scale factors Boxplot of scale factors

Scale factors QC; OK (all within 3-fold)

Dataset #2: Bad result for this indicator ; scale factor values are very dissimilar,
especially for three arrays ($2E2-1, NoCT-1 and NoE2-2):

Plot of Log scale factors Boxplot of scale factors
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Boxplots of log-intensities

Pipeline description = Documentation | Bug tracker

Bozxplots of log-intensity distribution are plotted for between-array comparison. The distributions of raw PM (perfect match probes) log-intensities are not expected to be identical but
still not totally different while the distributions of normalized (and summarized) probe-set log-intensities are expected to be more comparable if not identical (some nermalization
methods make the distributions even). Drawing these boxplots before and after normalization allows also checking the normalization step.

Left : Raw data // Right : Mormalized data.

Dataset #1: Raw signal distributions are similar even before normalization:

Dataset #2: Four arrays have particularly low intensities (S1TAM-1, S2E2-1, MoCT-1 and MoE2-2).
The normalization step does not manage to correct totally these differences:

g 15 B°0 B el

[Technical documentation of the function]

Density histogram of log-intensities
Density plots of log-intensity distribution of each array are superposed on a single graph for a better comparison between arrays and for an identification of arrays with weird
distribution. As for the boxplots, the density distributions of raw PW (perfect match probes) log-intensities are not expected to be identical but still not totally different while the
distributions of normalized probe-set log-intensities are expected to be more. Drawing these plots before and after normalization allows also checking the normalization step

Left : Raw data /f Right : Mormalized data.
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Density histogram of log-intensities

Pipeline description = Documentation | Bug tracker

Density plots of log-intensity distribution of each array are superposed on a single graph for a beiter comparison between arrays and for an identification of arrays with weird
distribution. As for the boxplots, the density distributions of raw PW (perfect match probes) log-intensities are not expected to be identical but still not totally different while the
distributions of normalized probe-set log-intensities are expected to be more. Drawing these plots before and after normalization allows also checking the normalization step

Left : Raw data // Right : Mormalized data.

Dataset #1: Raw signal distributions are similar even before normalization:

Dataset #2: Raw distributions are different when compared between arrays.
After the normalization, array MoE2-2 still presents a different distribution:

[Technical documentation of the function]

Unsmoothed density histogram

We propose an alternative function to draw the density histogram, using an unsmoothed density curve of the intensities for all arrays in the raw or normalized dataset. This function is
not called by default but is implemented. You may medify the function calls to be able to use this particular version.

Raw signal distributions shown on an unsmoothed density histogram

Density histogram of raw intensities
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[Pipeline Description] MA plot

The WA plots allow pairewise comparison of log-intensity of each array to a reference array and identification of intensity-dependent biases. The Y axis of the plot contains the log-ratio
Sample quality intensity of one array to the reference median array, which is called ‘W' while the X axis contains the average log-intensity of both arrays - called ‘A" Within a group of replicates, the
probe levels are not likely to differ a lot so we expect a MA plot centered on the Y=0 axis from low to high intensities. When the MA plots is computed for each replicate group separately,
the references array is the median array of each group. A smooth Loess regression curve is plotted to facilitated the comparisen to the Y=0 axis. The normalization is expected to
correct for intensity-dependent biases: these graphs plotted before and after normalization allow checking the efficiency of this correction

Sample prep controls
for control genes
RNA degradation plot
Hybridization quality Left: Raw data // Right: Normalized data.
Spike-in controls Dataset #1: Raw signal distributions does not show any intensity-dependent bias:
Background intensity

Percent present
PMA calls table
Meg contrs
fx control profiles

Signal comparability

Scale factor
Boxplot Dataset #2.1: There is an intensity-bias in the raw data that is corrected after normalization
¢ histogram
Reference Layout
Pos/Meg COI plot
20 spatial images
NUSE plot
RLE plot
Array correlation Dataset #2.2: The intensity-bias in the raw data is so strong that the normalization
cannot correct it totally

Correlation plot

PCA analysis - - JEP— T —

Clustering

-

BlGCaT

bioinformatics

[Technical documentation of the function]

Spatial biases

Array reference layout

This graph presents the layout of the grid by color-coding a 2D image of one array according to the probe type (mainly regular probes, control probes and control regions), using
available annotation libraries. Thus no data are plotted; the plot only shows the position of control and regular probes on the array. If applicable, a distinction is made between perfect
match (PM) and mismatch (MM) probes.
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Pipeline description | [
[Pipeline Description] Array reference layout

This graph presents the layout of the grid by color-coding a 2D image of one array according to the probe type (mainly regular probes, control probes and control regions), using
Sample quality

available annotation libraries. Thus no data are plotted; the plot only shows the position of control and regular probes on the array. If applicable, a distinction is made between perfect
match (PM) and mismatch (MM) probes.

Array reference layout

[Technical documentation of the function]

Spatial positive and negative border elements comparison
bioinformatics

The control elements are separated based on which edge of the array they are located. The mean values for the left, right, top and bottom elements are calculated for positive and
negative controls and a “center of intensity” (COI) for the controls is calculated. If the hybridization is uniform across the array, the COl will be located at the physical center of the array,

otherwise this may signify the presence of spatial biases. The COl is plotted on a relative scale where the point (0,0) is the center and 1 and -1 represent the edges of the array. Arrays
where the COI has coordinates with a magnitude greater that 0.5 may be consider as having spatial biases

Dataset #1: The Center Of Intensity is well centered around (0,0) for all arrays and
for positive as negative controls

Positive Elements Negative Elements
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Array reference layout

black/gray: regular match/mismatch probe
blue/light blue: control match/mismatch probe
red: unannotated probe (control region)
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Spatial positive and negative border elements comparison

The control elements are separated based on which edge of the array they are located. The mean values for the |eft, right, top and bottom elements are calculated for positive and
negative controls and a “center of intensity” (COI) for the controls is calculated. If the hybridization is uniform across the array, the COI will be located atthe physical center of the array,
otherwise this may signify the presence of spatial biases. The COl is plotted on a relative scale where the point (0,0)is the center and 4 and -1 representthe edges of the array. Arrays
where the COI has coordinates with a magnitude greater that 0.5 may be consider as having spatial biases

Dataset #1: The Center Of Intensity is well centered around (0,0) for all arrays and
for positive as negative controls

Positive Elements Negative Elements

¥ Gontar of Intansity positicn
b 0o
¥ Centar of Intansity pasiticn

X Cartor o Interwily pesition X Cantor o Interwity pesition

Dataset #2: Arrays with a COl out of the recommended range are tagged on the plot.
In this dataset, arrays 2, 9, 12, 13 and 16 have negative controls COI out of range:

Paositive Elements Negalive Elements

pasiticn

ol Intansity pasiicn

¥ Gontar of Intansity

¥ Carfer of Intarwily pesilion X Cantor o Intarwily pesition

[Technical documentation of the function]
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2D images for spatial bias diagnostic

The expression estimate’s characteristics plotted on the array positions allow to see spatial trends or biases that are not possible to distinguish on the raw data. Expression measure
may be estimated by a Probe Level Model (PLM) using a M-estimator robust regression or directly by the raw probe intensity measurment.

The 2D image proposed by defaulttries firstto use the PLM estimate and plots the model residuals. See spatiallmages for more technical details on the function. If the image cannot
be built, which is the case for certain types of arrays, an expression estimate is calculated from the raw data. It uses a median array and plot intensites relatively to other arrays ifthere
are more than 6 arrays in the dataset. Otherwise, it adapts the color-set so the spurious areas can be optimally diagnosed. See arravimage for more technical details on the function
The normalization step includes a spatial correction but as this step also includes probe intensity summarization into probe-set intensities, the graph is not re-computed after
normalization: there is no spatial position associated to probe-sets

Dataset #1: No spatial bias; the color-coded values are homogeneous:

20D virtual PLM image for model characteristic: resids 1/2
ERT3 ERTY

Dataset #2: We can see several spurious areas:

NoE2-1 NoE2-2
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NUSE plot

The Normalized Unscaled Standard Error (WUSE) is the individual probe error fitting the Probe-Level Model (the PLM models expression measures using a M-estimator robust
regression). The MUSE values are standardized at the probe-set level across the arrays: median values for each probe-set are setto 1. The boxplots allow checking (1) if all
distributions are centered near 1 — typically an array with a boxplot centered around 1.1 shows bad quality and (2) if one array has glebally higher spread of NUSE distribution than

others, which may also be a sign of low quality.
Normalized Unsealed Standard Errors (NUSE)

EAT1 EAT2 ERTZ WG1 HGZ HG3 HEEAT2

GEL fllaname

[Technical documentation of the function]

RLE plot

presenting the distribution of these log-ratios should then be centered near 0 and have similar spread. Other behavior would be a sign of low quality.

RLE

Bioinformatika és genomanalizis az orvostudomanyban - 11
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across all arrays of the experiment. It is assumed that most probe-sets are not changed across the arrays, 50 it is expected that these ratios are around 0 on a log scale. The baxplots
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RLE plot

The Relative Log Expression (RLE) values are computed by calculating for each probe-set the ratio between the expression of a probe-set and the median expression of this probe-set
across all arrays of the experiment. It is assumed that most probe-sets are not changed across the arrays, 50 it is expected that these ratios are around 0 on a log scale. The baxplots
presenting the distribution of these log-ratios should then be centered near 0 and have similar spread. Other behavior would be a sign of low quality.

RLE
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[Technical documentation of the function]

Correlation between arrays

Correlation plot

A correlation coefficientis computed for each pair of arrays in the dataset and is presented gualitatively on a colored matrix. The minimal value of this coefficient (given on the legend)
gives a good idea of the dataset homogeneity: low coefficients indicate important differences between array intensities. We suggest to plot it before and after normalization: as the

normalization makes the arrays more comparable, the correlation should be higher after this step.

Left . Raw data // Right : Mormalized data.

Dataset #1: Signals are highly correlated, even before normalization. The lower
correlation coefficient is 0.955 before and 0.99 after normalizatrion:
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[Pipeline Description] Correlation plot
A correlation coefficientis computed for each pair of arrays in the dataset and is presented gualitatively on a colored matrix. The minimal value of this coefficient (given on the legend)
Sample quality gives a good idea of the dataset homogeneity: low coefficients indicate important differences between array intensities. We suggest to plot it before and after normalization: as the

Sample prep contrals normalization makes the arrays more comparable, the correlation should be higher after this step.

for control genes Left : Raw data // Right : Normalized data.
RNA degradation plot

Hybridization quality Dataset #1: Signals are highly correlated, even before normalization. The lower
correlation coefficient is 0.955 before and 0.99 after normalizatrion:

Spike-in controls

Background intensity —— T————
Percent present .
PMA calls table . I .
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Boxplot : || :
Density histogram i . | |1 Ll

Ma plots

Reference Layout
Pos/Meg COI plot Dataset #2: Array 16 has a correlation coefficient =50% with all other arrays, even after normalization.

2D spatizl images Arrays 9 and 13 are correlated with a coefficient <90%.

NUSE plot e

RLE plot
Array correlation
-
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BGCa]

bioinformatics

[Technical documentation of the function]

PCA analysis

The PCA (Principal Component Analysis) gives an other view of the correlations of expression between arrays: the data are projected on several axes (or components), ordered by
decreasing significativity, the first principal component (PC1) explains most of the variations of expression. (in the following example, PC1 explains almost 47% of the variance).
Clusters of genes on a PCA plot present a strong correlation of expression signals. This analysis is proposed before and after normalization.

PCA analysis after RMA normalization

Bioinformatika és genomanalizis az orvostudomanyban - 11
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PCA analysis

The PCA (Principal Component Analysis) gives an other view of the correlations of expression between arrays: the data are projected on several axes (or components), ordered by
decreasing significativity, the first principal component (PC1) explains most of the variations of expression. (in the following example, PC1 explains almost 47% of the variance).
Clusters of genes on a PCA plot present a strong correlation of expression signals. This analysis is proposed before and after normalization.

PCA analysis after RMA normalization

campot

The PCA graph presents 4 plots: the array data are projected respectively on PC1versus PC2, PC1versus PC3 and PC2 versus PC3. The fourth plotis an histogram of the percentage
ofvariance explained per each component, by decreasing order of significance: PC1, PC2, PC3

We clearly see on this example that PC1 projects outlier array NoE2-2 very far from other arrays, because this variance is the most important in this dataset. By the way, PC2 and PC3
gives interesting results that are not spoiled by the outlier array: arrays from groups S1CT and S1TAM are all grouped together in the PC2 versus PC3 plot.

[Technical documentation of the function]

Hierarchical clustering

The Hierarchical Clustering plot is computed in two steps: first it computes an expression measure distance between all pairs of arrays and then it creates the tree fram these
distances. The distance absolute values are ofinterest as well as the groups of arrays that emerged from this analysis.

Left: Raw data // Right : Normalized data.

Bioinformatika és genomanalizis az orvostudomanyban - 11
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[Pipeline Description] Hierarchical clustering

. The Hierarchical Clustering plot is computed in two steps: first it computes an expression measure distance between all pairs of arrays and then it creates the tree fram these
Sample quality distances. The distance absolute values are of interest as well as the groups of arrays that emerged from this analysis.

Sample prep controls Left : Raw data I/ Right - Normalized data
for control genes
RNA degradation plot Dataset #1: The distance value ranges are very low (0.02 for raw data and less than 0.1

Hybridization quality after normalization). The expression values are very homogeneous between arrays.

Cluster Dendrogram Cluster Dendroagram
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Scale factor
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RLE plot Dataset #2: The distance ranges are higher for this dataset (1.2 for raw data and around
Array correlation 0.8 after normalization): we clearly see here that array NoE2-2 is very different from all other
arrays even after normalization which confirms what most of the quality contral graphs conluded
Correlation plot
PCA analysis
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[Technical documentation of the function]
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What is R?

Introduction to R

R is a language and environment for statistical computing and graphics. It is a GNU project which is
similar to the S language and environment which was developed at Bell Laboratories (formerly AT&T.
now Lucent Technologies) by John Chambers and colleagues. R can be considered as a different
implementation of 5. There are some important differences, but much code written for S runs unaltered
under R

R provides a wide variety of statistical (linear and nonlinear modelling, classical statistical tests, time-
series analysis, classification, clustering. ...) and graphical technigues, and is highly extensible. The S
language is often the vehicle of choice for research in statistical methodology, and R provides an Open
Source route to participation in that activity.

One of R's strengths is the ease with which well-designed publication-quality plots can be produced
including mathematical symbols and formulae where needed. Great care has been taken over the
defaults for the minor design choices in graphics. but the user retains full control

R is available as Free Software under the terms of the Free Software Foundation's GNU General Public
License in source code form. It compiles and runs on a wide variety of UNIX platforms and similar
systems (including FreeBSD and Linux), Windows and MacOSs

The R environment

R is an integrated suite of software facilities for data manipulation, calculation and graphical display. It
includes

« an effective data handling and storage facility,

+ a suite of operators for calculations on arrays, in particular matrices

« a large, coherent, integrated collection of intermediate tools for data analysis
graphical facilities for data analysis and display either on-screen or on hardcopy, and

a well-developed. simple and effective programming language which includes conditionals, loops
user-defined recursive functions and input and output facilities

The term “environment” is intended to characterize it as a fully planned and coherent system, rather
than an incremental accretion of very specific and inflexible tools, as is frequently the case with other
data analysis software

R, like 3, is designed around a true computer language, and it allows users to add additional
functionality by defining new functions. Much of the system is itself written in the R dialect of S, which
makes it easy for users to follow the algorithmic choices made. For computationally-intensive tasks, C
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Bioconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

Home » Bioconductor 3.8 » 3.8 Workflow Packages

Bioconductor version: Release (3.8)

Package Maintainer Title
Bioconductor
annotation Package Genomic Annotation Resources
Maintainer
Bioconductor
Fackage Using Bioconductor for Microarray Analysis
Maintainer
BiocMetaWorkflow Mike Smith BioC Workflow about publishing a Bioc Workflow
From reads to regions: a Bioconductor workflow
to detect differential binding in ChlP-seq data
Malgorzata CyTOF workflow: differential discovery in high-
Nowicka throughput high-dimensional cytometry datasets

t D Aaron Lun

cytofworkflow
Easy and efficient ensemble gene set testing with
EGSEA

Cloud-enabled cis-eQTL searches with
Bioconductor GGtools 5.x

EGSEA1 Matthew Ritchie

TL Vincent Carey

Karthikeyan

ExpressicnNormalizationWorkflow
Murugesan

Gene Expression Normalization Worlkflow

Bioconductor

generegulation Package
Maintainer

Finding Candidate Binding Sites for Known
Transcription Factors via Sequence Matching

Bioconductor
highthroughputassays Package Using Bioconductor with High Throughput Assays
Maintainer
Bioconductor
lifto Package
Maintainer

Changing gencmic coordinate systems with
rtracklayer::liftOver

maEndToEnd Bernd Klaus An end to end workflow for differential gene
I expression using Affymetrix microarrays
Jovana A cross-package Bioconductor workflow for
Maksimovic analysing methylation array data.

protecmics Laurent Gatto Mass spectrometry and proteomics data analysis

methylationA

RMA-geq analysiz iz easy as 1-2-3 with limma,

193 "
123 Matthew Ritchie Glimma and edgeR

RMNA-seq workflow for differential transcript usage

= DTL i " P
rnaseqDTU Michael Love following Salmon quantification

moem ™

Developers About

Packages

Bioconductor's stable, semi-annual
release:
= Analysis software packages.
Annotation packages.
Ilustrative experiment data
packages.
Workflow packages.
Latest release announcement.

Bioconductor is also available via
Docker and Amazen Machine Images.

Development Version

Bioconductor packages under
development:

= Analysis = re packages.
notation packages
= Illustrative experiment data packages

Developer Resources:

" GIT Log

Previous Releases

Bioconductor (R) versions:

Fk Mev
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.bioconductor.org

Bioconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

Help Developers About

Home » BiocViews

Bioconductor version 3.8 (Release) Packages found under Workflow:

Autocomplete biocViews search:

Software (1639)

AssayDomain (656)
BiologicalQuestion (664)
Infrastructure (357)
ResearchField (505)
StatisticalMethod (566)
Technology (1042)
WorkflowStep (881)

AnnotationData (941)

ExperimentDiata (358)

Worlkflow (21)
AnnotationWorkflow (2)
BasicWorkflow (4)
EpigeneticsWorkflow (3)
GeneExpressionWorkflow (7)
GenomicVariantsWorkflow (1)
PratanmicsWarkflow 21

informatika és genomanalizis az

Rank based on number of downloads: lower numbers are more frequently downloaded.

Package

Maintainer

Title Rank

annotation

BiocMetaWorkflow

Bioconductor
Package
Maintainer

Bioconductor
Fackage
Maintainer

Mike smith

Aaron Lun

Malgorzata
Nowicka

Matthew Ritchie

Wincent Carey

Karthikeyan
Murugesan

Bioconductor
Package
Maintainer

Bioconductor

Genomic Annotation
Resources

Using Bioconductor for
Microarray Analysis

BioC Workflow about
publishing a Bioc Workflow

From reads to regions: a3
Bioconductor workflow to
detect differential binding in
ChIP-seq data

CyTOF workflow: differential
discovery in high-throughput
high-dimensional cytometry
datasets

Easy and efficient ensemble
gene set testing with EGSEA
Cloud-enabled cis-eQTL
searches with Bioconductor
GGtools 5.x

Gene Expression
Normalization Workflow

Finding Candidate Binding
Sites for Known
Transcription Factors via
Sequence Matching

Using Bioconductor with High
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Tovébbi lépések

> Az adatok elemzese
» Az adatok az expresszios szint valtozasokat adjak meg
> Ezek klaszterekbe es gén-listakba rendezhetdk
> Ezek értelmezése rendszerbiologiai feladat

> Szabvanyositas

> A gen-chip-ek adatai nem hasonlithatok 6ssze
kozvetleniil — annotalas (GO)

» A kisérletek szintén nem 0sszevethetok - MIAME
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Kapcsolodo adatbazisok

> A gen-chip adatok nyers adatait adatbazisba
gyujtik

> ArrayExpress, GEO: nagyrészt attedo
tartalom, de ket figgetlen kezdemenyezes

> Web:

> http://www.ncbi.nlm.nih.gov/geo/
> http://www.ebi.ac.uk/arrayexpress/
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ArrayExpress < EMBL-EBI % | 3% MeV % | BRB-ArrayTools

wB ¥+ & OB

‘a ArrayAnalysis.org = H Bioconductor - BiocViews % = Home - GEO - NCEI
@ | https:/fwww.nchinlm.nih.gov/geo

3 NCBI  Resources (%) How

GEO Home Documentation ¥ | Query & Browse ¥ | Email GEO

Gene Expression Omnibus

Gene Expression Omnibus

GEQ is a public functional genomics data repository supporting MIAME-compliant data submissions. Array- and
sequence-based data are accepted. Tools are provided to help users query and download experiments and curated gene

expression profiles.

Getting Started
Overview

FAQ

About GEO DataSets
About GEO Profiles
About GEQ2R Analysis
How to Construct a Query

How to Download Data

Information for Submitters

Login to Submit

Tools

Search for Studies at GEO DataSets
Search for Gene Expression at GEO Profiles
Search GEO Documentation

Analyze a Study with GEO2R

GED BLAST

Programmatic Access

FTP Site

Submission Guidelines

Update Guidelines

Browse Content
Repository Browser
DataSets

Series: Ll

Platforms

Samples

MIAME Standards
Citing and Linking to GEO
Guidelines for Reviewers

GEO Publications

NLM | NIH | Email GEO | Disclaimer | Accessibility
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# EMBL-EBI a Services g2 Research & Training @ Aboutus EMBL-EBI Hinxton

@ ArrayExpress

ArrayExpress — functional genomics data  :lData Content
Updated today at 03:00

« 71502 experiments
« 2315758 assays
« 47.61 TB of archived data

ArrayExpress Archive of Functional Genomics Data stores data from high-throughput functional

genomics experiments, and provides these data for reuse to the research community.

@ Browse ArrayExpress

@ Latest News

30 October 2018 - A New and Improved Annotare has been released!
Recently, we released a new version of Annotare designed to simplify and speed up the submission process by introducing several novel submission templates

including a dedicated template for single-cell sequencing experiments. The templates pre-populate your submission with required sample attribute categories thus
making it easier for submitters to know what type of information they need to provide with each experiment and sample type. By using the Annotare templates you will
reduce the likelihood of being asked for additional metadata by our curation team and thus help us to process your submission more quickly.

You can find more details about the updated Annotare and the new templates here.
We're always looking to improve our service and very much appreciate any feedback from our users — please let us know what you think about the new Annotare and

how we can further improve it to make the submission process as smooth as possible. Contact us at annotare@ebi.ac.uk

& Links X, Tools and Access & Related Projects

Discover up and down regulated genes in
numerous experimental conditions in the

Information about how to search ArrayExpress, Annotare: web-based submission tool for
understand search results, how to submit data and ArrayExpress.

FAQ can be found in our Help section Expression Atlas.
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B ArrayAnalysis.org = u Bioconductor - BiocViews » &= Home - GEO - NCBI

(' www.ebi.ac.uk/arrayexpress/browse html

# EMBL-EBI % Services Research & Training © Aboutus

@ ArrayExpress

Browse
¥ Filter search results

By crganism:

Showing [IEPAY of experiments

All organisms
Type Organism

Browse < ArrayExpress < .. ® Sk MeV % | BRB-ArrayTools

wB ¥+ & OB

C r

EMBL-EEI Hinxton ~

Search

Contact Us

Page size 50

Assays Releasedv Processed Raw Views Atlas

By experiment type:

of pig peripheral transcription  Sus scrofa
Cs) vaccinated profiling by

1d respiratory array

1olecular pathways

d" PRRSV vaccine

All assays by molecule

All technologies

By array:

:pigenetic and
n profiling)

transcription  Homo sapiens

All arrays '
profiling by

[T ArrayExpress data only array

:pigenetic and methylation
1 profiling)

profiling by
array
Pediatric pineal germinomas: Epigenetic and

genomic approach (comparative genomic

hybridization)

Homo sapiens
Reset filters

E-MTAB-5106 comparative Homo sapiens
genomic
hybridization

by array

Microarray analysis of islets of Langerhans from 3
week-old NOD, NOR and C57BI/6 mice

transcription  Mus musculus
profiling by

array

RNA-seqof Rattus

coding RNA  norvegicus

E-MTAB-5223 Left ventricle transcriptomic analysis reveals the

initial decline in VO2peak from its lifetime apex

Bioinformatika és genomanalizis az or
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26/11/2016
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B ArrayAnalysis.org = u Bioconductor - BiocViews » &= Home - GEO - NCBI x| Browse < ArrayExpress < .. ® Sk MeV % | BRB-ArrayTools

€ www.ebiac.uk/arrayexpress/browse html?keywords=&organism= lexptype(]= 8lexptype(]= Barray=A-AFFY-44 c r ﬁ B 4+ & 0O n

# EMBL-EBI A Services Research & Training @ Aboutus EMBL-EBI Hinxton ~

@ ArrayExpress

Browse Contact Us

¥ Filter search results

Filtered by array gty
Page 23456 il Showing of experiments Page size 50 100 250 500

Accession Iitle Type Organism Assays  Releasedv Processed Raw  Views  Aflas

E-MTAB-4960 INTERLEUKIN 15-DEPENDENT T CELL-LIKE transcription  Homo sapiens 9 232016 - S, 42 -
INNATE INTRAEPITHELIAL LYMPHOCYTES profiling by
DEVELOP IN THE INTESTINE AND TRANSFORM  array
INTO LYMPHOMAS IN CELIAC DISEASE
E-MTAB-5195 Blood mRNA profiling to support prognosis of transcription  Homo sapiens 11/11/2016
disease severity in respiratory syncytial virus profiling by
infected infants array
E-MEXP-3991 Transcription profiling by array of human endothelial transcription  Homo sapiens 10/10/2016
cells from colorectal carcinoma biopsies with high  profiling by
and low GBP-1 expression array
human HG-3 B-lymphome cell line subclones transcription  Homo sapiens 30/09/2016
profiling by
array
Gene expression profiling of AOS Patient fibroblasts transcription  Homo sapiens 29/09/2016
against Control fibroblasts profiling by
array

In vitro assessment of acute exposure of THS2.2 transcription  Homo sapiens 31/08/2016
aerosol on organotypic acute human nasal tissue  profiling by
cultures array

transcription
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BRB-ArrayTools

wB ¥+ & OB

B ArrayAnalysis.org = u Bioconductor - BiocViews » &= Home - GEO - NCBI x| E-MTAB-5067 < Browse.. X Sk Mev

€ www.ebiac.uk/arrayexpress/experiments/E-MTAB-5067/ Tkeywords= Eorganism=&exptypel]= Blexptype[]= &array=A-AFFY-4 C r

. EMBL-EEI Hinxton ~

# ENMBL-EBI 4 Services ~ #f Research & Training @ Aboutus

@ ArrayExpress :

Examples:

Contact Us

E-MTAB-5067 - Gene expression profiling of AOS Patient fibroblasts against Control fibroblasts

Status  Submitted on 15 August 2015, last updated on 25 August 2016, released on 29 September 2016

Organism  Homo sapiens

Samples (9)  Click for detailed sample information and links to data

Array (1) A-AFFY-44 - Affymetrix GeneChip Human Genome U133 Plus 2.0 [HG-U133 Plus 2]

Protocols (6)  Click for detailed pratocol information

We described a striking divergence between the phenotypes arising from acute (siDOCKS) and chronic (DOCKSE KO cells) depletion is highly
suggestive of a suppression mechanism that buffers the prolonged absence of DOCKE. This mechanism is probably also active in AOS patients who
harbor homozygous loss-of-function mutations in DOCKE because the actin organization pattems in their fibroblasts resemble those of DOCKG KO
cells (Shaheen et al., 2011). To identify the factor(s) that compensate for the lack of DOCKEG activity, we compared mRMNA profiles of fibroblasts
isolated from an AQS patient who harbored a homozygous 4 base pair deletion in the DOCKS gene (c.1362_1365delAACT, p.Thr455Serfs*24,

RefSeq accession number: NM_020812.2) with two healthy controls {(Shaheen et al., 2011)

Description

Experiment types  transcription profiling by array, organism part comparison design

Contacts &% Berati Cerikan <beraticerikan@gmail.com=, & Elmar J Schiebel <e schiebel@zmbh.uni-heidelberg.de=

MIAME
Platforms Protocols Variables Processed Raw

Investigation description & B-5067.idf txt
Sample and data relationship X E-MTAB-5067 sdrf txt
Raw data (1) & E-MTAB-5067 raw.1 zip
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BRB-ArrayTools

wB ¥+ & OB

u Bioconductor - BiocViews » &= Home - GEO - NCBI x| A-AFFY-44 < Arrays < E-.. % Sk Mev

x
r

C

ﬁ ArrayAnalysis.org
s/ A-AFFY-44/Tref=E-MTAB-5067
EMBL-EBI Hinxton ~

CEN—

@ ArrayExpress i

€ www.ebi.ac.uk/arrayexpress/array
# EMBL-EBI % Services * Research & Training €@ Aboutus

A-AFFY-44 - Affymetrix GeneChip Human Genome U133 Plus 2.0 [HG-U133_Plus_2]

Organism  Homo sapiens
Version 1.0

Affymetrix, Inc. (support@affymetrix.com)

nts done using A-AFFY-44

Links Al 43 periment

Provider

Files  Array Design
Browse all available files

Industry About EMBL-EBI

Research Training
Train at EBI Members Area Contact us
Train outside EBI Workshops Events
Train online SME Forum Jobs

News

Contact organisers Contact Industry
programme People & groups

Publications
Research groups

By name {(A-Z)
Postdocs & PhDs

Help & Support

nyton, Cambridgeshire, CB10 18D, UK +44 (0)1223 40 44 44
Intranet 3

enome Campus, H

Copyright © EMBL-EBI 2016 | EMBL-EBI is part of the European Molecular Biology Laboratory | Terms of use
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ﬁ ArrayAnalysis.org = u Bioconductor - BiocViews » &= Home - GEO - NCBI J http:/fwww e V-4 adf.bt _-‘;; MeV % | BRB-ArrayTools
€ www.ebiac.uk/arrayexpress/files/A-AFFY-44/A-AFFY-44 adf bt ﬁ B ¥+ & O n

Array Design Name Affymetrix GeneChip Human Genome U133 Plus 2.0 [HG-U133_Plus_2]

Comment [AdditicnalFile:CDF] HG-U133_Plus_2.CDF

Comment [AdditionalFile:CDF] HG-U133 Plus_2.cdf

WVersion 1.0

Provider Affymetrix, Inc. (support@affymetrix.com)

Comment [ArrayExpressficcession] A-AFFY-44

Comment [SubmittedName] Affymetrix GeneChip Human Genome Ul33 Plus 2.0 [HG-U133_Plus_2]

Comment [Organism] Homo sapiens

Technology Type in situ oligo features

Technology Type Term Accession Number *in_situ_oligo_features

Technology Type Term Source REF The MGED Cntology

Surface Type glass

Surface Type Term Accession Number #glass

Surface Type Term Source REF mo

Term Source Name The MGED Cntology 1 affymetrix netaffx cp450 embl ensembl genbank interpro locus omim
pkr_hanks refseq scop swall unigene

Term Source File nttp://mged.sourceforge.net/ontologies/MEEDontology.php http://mged.sourceforge.net/ontologies/MGEDontology.php
hetp://www.affymetrix. com/analysis/ http://drnelson.utmen. edu/CytochromeP450.html http://www.chem.gmw.ac.uk/ivbmb/enzyme/ http://www.ebi.ac.uk
fembl/ http://www.ensembl.org http://www.ncbi.nlm.nih.gov/Genbank/index.html http://www.ebi.ac.uk/interpro http://www.ncbi.nlm.nih.gov/LocusLink/
nttp://www3.ncbi.nlm.nih, gov/omim http://pkr.sdsc.edu/html/pk_classification/pk catalytic/pk_hanks class.html nttp://www.ncbi.nlm.nih.gov
/LocusLink/refseq.html http://scop.berkeley.edu http://www.ebi.ac.uk/swissprot/access.html nttp://www.ncbi.nlm.nih.gov/UniGene/

Term Source Version

Comment [AdditicnalFile:txt] A-AFFY-44_ comments.txt

[main]

Compogite Element Name Composite Element Database Entry[affvmetrix netaffx] Composite Element Database Entry[embl] Composite Element Database
Entry[ensembl] Composite Element Database Entry[swall] Composite Element Database Entry[locus] Composite Element Database Entry[interpro] Composite
Element Database Entry[unigene] Composite Element Database Entry[omim] Composite Element Database Entry[refseq] Composite Element Database
Entry[=scop] Composite Element Database Entry[genbank] Composgite Element Database Entry[pkr hanks] Composite Element Database Entry[ec]
Composite Element Database Entry[cp450]

AFFX-BioB-5_at AFFX-BioB-5_at AFFX-BioB-5

AFFX-BioB-M at AFFX-BioB-M . AFFX-BioB-M

LFFX-BioB-3 at AFFX-BioB-3 at AFFX-BioB-3

AFFX-BioC-5_at AFFX-BioC-5_at AFFX-BioC-35

AFFX-BioC-3 at AFFX-BioC-3_at AFFX-BioC-3

AFFX-BioDn-5_at AFFX-BioDn-5 at AFFX-BioDn-5

AFFX-BioDn-3_at AFFX-BioDn-3_at AFFX-BioDn-3

AFFX-CreX-5 at AFFX-CreX-5_at AFFX-CreX-5

LFFX-CreX-3 at AFFX-CreX-3 at AFFX-CreX-3

AFFX-DapX-5_at AFFX-DapX-5_at AFFX-DapX-5

AFFX-DapX-M at AFFX-DapX-M at AFFX-DapX-M

LFFX-DapX-3 at AFFX-DapX-3 at AFFX-DapX-3

AFFX-LysX-5_at AFFX-LysX-5_at AFFX-LysX-5

AFFX-LysX-M at AFFX-LysX-M at AFFX-LvsX-M

LFFX-LysX-3 at AFFX-LysX-3 at AFFX-LysX-3

AFFX-PheX-5_at AFFX-PheX-5_at AFFX-PheX-5

AFFX-PheX-M at AFFX-PheX-M at AFFX-PheX-M

LFFX-PheX-3 at AFFX-FheX-3 at AFFX-PheX-3

AFFX-ThrX-5_at AFFX-ThrX-5_at AFFX-ThrX-5

AFFX-ThrX-M at AFFX-ThrX-M at AFFX-ThrX-M

LFFX-ThrX-3 at AFFX-ThrX-3 at AFFX-ThrX-3

AFFX-TrpnX-5_at AFFX-TrpnX-5_at AFFX-TrpnX-5

AFFX-TrpnX-M_at AFFX-TrpnX-M at AFFX-TrpnX-M

AFFX-TrpnX-3_at AFFX-TrpnX-3 at AFFX-TrpnX-3

v s o o
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Gen-chip elemz0 alkalmazasok

> Ingyenes es felhasznalobarat
> Mev:

> http://mev.tm4.org/#/welcome

> BRB-tools:
> https://brb.nci.nih.gov/BRB-ArrayTools/
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G mutus B Anintr 4F Mutua mutinf.pdf = Cloud f W DNAm ﬁ Arrayh u Biocon = Browse F Datasc J Biomet 3% MeV 3k Mev X

¢ @ @ mev.tmd.org/#/welcome rc N D & ,

Feedback®x ()

T tS oy @webmev _
weets o Welcome to the Web MEV With Google

[P
:}l&' tev WebMeV (Multiple Experiment Viewer) is a cloud-based application supporting analysis

visualization, and stratification of large genomic data, particularly for RNASeq and microarray Get Started

Due to recent Google Cloud Platform update, data _

WebleV has become unstable. We are working

on identifying and fiking the problem. We

apologize for inconvenience that this cause. — With WebMeV platform, you can
MeV Team

Perform RNASeq Analysis - Perform differential expression analysis using RNASeq raw
count data to draw biological insights

e mev Access to Public Domain Data - Directly search and pull TCGA and GEO gene
“n expression and sample attribute data in addition to private data for analysis

WebMeV wiki contain Platform description is now

) Stratify Cohorts using Clinical Attributes - Perform complex cohort stratification using
available at: github.com/df

sophisticated regular expression, facet filier, and set operations

~ dfci-ccch/mev

Phemenn MultiEXperiment Viewer. Gont. . Web MeV is being built to meet the challenge of exploring large public genomic data set and

LA Next-Generation Sequencing data with intuitive graphical interface for analysis. MeV is a free and
open-source cloud service platform that does not require log in to use

What's Inside

Where to start - A series of videos tutorials are available on YouTube and accessible after

e Mev entering the WeblMeV. Ex . . ; :
= g the WebleV. Example files for count matrix and sample atiribute are available here

e
WebMeV: A Cloud Platform for Analyzing and Tutorials and Documentation - tutorial documentation is available on the WeblMey )

Visualizing Cancer Genomic Data ) i
biondv.orglcontentiearlyl. . Customized Analysis - Complex bicinformatics analysis outside the scope of WebMeV GitHub M’

functionalities can contact the Center for Cancer Computational Biology at Dana-Farber Cancer See current developments
WebMeV: A Cloud Platform f... Institute as consulting project. Click here for more information and confribute to the project
Although large, complex gen here

v Mev

e
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<« ¢ D& ourceforge.net/proj m h O @ '
SO U RC E Fo RG E Help Create Jaoin Login

Open Source Software Business Software Services Resources v ‘ f ‘ in| _§|
UNTIBET v -
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BRB-ArrayTools Getting Started

Download BRB-ArrayTools v4.6.0 Stable

Developed by: Dr. Richard Simon & BRB-Array Tools Development Team
Download BRB-SeqTools v1.2

BRB-ArrayTools is an integrated package for the visualization and statistical analysis of Microarray gene expression, copy
number, methylation and RNA-Seq data. It was developed by professional statisticians experienced in the analysis of
microarray data and involved in the development of improved methods for the design and analysis of microarray based

BRB-ArrayTools Data Archive
FAQs

experiments. The analytic and visualization tools are integrated into Excel as an add-in. The analytic and visualization

tools themselves are developed in the powerful R statistical system, in C and Fortran programs and in Java applications BRB-ArrayTools User Community
Visual Basic for Applications is the glue that integrates the components and hides the complexity of the analytic methods
from the user. The system incorporates a variety of powerful analytic and visualization tools developed specifically for
microarray data analysis Frozen version for fixed R release (not
recommended)

Publications citing BRB-ArrayTools

BRB-ArrayTools is free for non-commercial use.
Modularized R packages

What analysis tools do we T

provide? )
BRB-ArrayTools v4.6.0 Stable is released

Class comparison for differential expression (Oct 4, 2018).

Class prediction with complete cross-validation using a wide BRB-SeqTools v1.2 is released
. variety of prediction methods (Aug 3,2017).

Ciusteﬂng
phical 2-D and 3-D interactive plots

ne Set Enrichment Analysis with many gene sets

Eutanniun Annnatatinnn

Bioinformatika és genomanalizis az orvostudomanyban - 11




B ArrayAnalysis.org ® u Bioconductor - BiocViews % = & Home - GEO - NCBI http://www.e...Y-44.adf it % o GitHub - dfci-cccb/mev: ... % J BRB-ArrayTools

€ ) © @ | https://brb.nci.nih.gov/BRB-ArrayTools/features.htm : r e e

m NATIONAL CANCER INSTITUTE

DCTD: BIOMETRIC |

BRB-ArrayTools

Developed by: Richard Simon & BRB-ArrayTools Development Team

Supported Data R o e
Types

= Expression data

o Affymetrix 3'-IVT arrays AL _| pataimport Wizard

o Affymetrix genechip ST E Data Type:

Select:

1.0 arrays i
File Type: elrix Gene -Array .CEL Data

a W
o Agilent single and dual . Qm‘;;;'xogmﬁal"a‘:f"f Deta

Agilent Dual-Channel Data Explain More |
channel a rrays C Agilent Single-Channel Data J
GenePix Dual-Channel Data

lllumina expression GenePix Single-Channel Data

arrays ﬂ Browse

GenePix data

mAdb Archive data

Bioinformatika és genomanalizis az orvostudomanyban - 11




Semmelweis Eqyetem / Elettani Intézet / Budapest

S -
Mit tanultunk ma?

> A gen-chip (micro-array) technologia nagyon
elterjedt es hatekony

> A kivalasztott rendszer globalis allapotat
jellemzi

> Bioinformatika nelkiil elképzelhetetlen az
adatok kiertekelese

> Nyilvanos adatbazisokon keresztiil rengeteg
eredmeny érheto el
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A GEO vagy az ArrayExpress adatbazisban
keress szamodra érdekes kisérletet.
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