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1. Introduction

BeadExplorer is a R software package for qualityticd, exploration and normalisation of
lllumina BeadChip expression data. The softwaesgecially useful for lab-bench
biologists due to its ease of use however the soéyrovides easy data import/export
analysis methods for more experienced bioinformeatgwhich can be used as a basis for
more in-depth analyses.

The current standard BeadChip analysis workflovoines the importation of scanned .tiff
image files into the lllumina BeadStudio softwaweltwhich displays basic quality control
parameters and enables normalisation of the diaitathis summarised data that is used by
BeadExplorer.

BeadExplorer uses the normalisation functions withe affy package and also requires
the R2ZHTML and widgetTools packages. The affy edbetTools packages are
available from the bioconductor repositomwww.bioconductor.orpand the R2ZHTML
package is available from the R-project websiteny. R-project.ory. The most useful
chapters for the inexperienced user are Chapt®uik start) and Chapter 5 (Additional
data exploration methods).

1.1 Background and ter minology

The lllumina BeadChip platform allows the simultans hybridisation of 6-16 samples
(depending on the chip type) onto a single chipthi¥ this vignette we use ‘chip’ to
describe the hybridisation and data of all samafest array’ to describe a single sample
within the entire chip.

2. R basics

Download the latest version of R fromww.R-project.orgFor windows users, download
the pre-compiled binary version. Ensure that dwpiired libraries (R2HTML,
widgetTools and affy) have been installed. Windaxsers can download these
automatically from within the R GUI. Set the appriate repository (bioconductor or
CRAN) by selecting ‘Select repositories...” from tRackages’ dropdown menu. The
required packages can then be installed by setgttiatall Package(s)...” from the




‘Packages’ drop down menu.

In addition to installing the required packagesa@mmend creating a new folder where
all the input files (and subsequent output fileg) be stored. This folder then needs to be
selected as the working directory by selectingfile’ dropdown and ‘Change dir...".

In addition to this package vignette, further imb@tion on individual functions and
general R usage can be gained by typftfigaction namer selecting the help dropdown
menu.

3. Quick start

BeadExplorer provides a wrapper function to autenstéandard analysis of BeadChip data.
This can be used in conjunction with a GUI widgetdasy data importation.

Launch the GUI by typing:

data<-beadAnalysis()

‘working Directary: C: /Program Files/R/R-2.4.0dev

BeadStudio versiore & One O Two

Diata File Marne: IEnter _gene_profile.csv file(s) Browse |

QC File Mame: IEnter Q2 files(s)-ensure correct version of Eeadft Brovise |

OC Log File Mame: IC: /Program Files/R/R-Z.4.0dev/ArrayQuality.txt Browse |

Analysis Mame: IEnter Analysis Name
Background adjustment: l— & Difset ¢ Floor
Select Normalization Method: % Quantle ¢ RobustQuantle ¢ Ozpline © None
Select output type: % prg O jpeg O bmp

RetunData:  © Raw & Momalised © none

Manifest File Mame [optional): i Browse

Select output files: v HTML ¥ Results W Aray W Sample

oK | Cancel |

An example of the BeadExplorer input widget

A number of analysis parameters can be set fronGthkinterface.

| nput data

Two BeadStudio output files (data file and gc fie¢ used as an input to BeadExplorer
and these need to be placed in the working dirgctor

First select the version of BeadStudio (‘one’ ardt) that was used in the initial analyses.
The input files for BeadExplorer are created ddfaly depending on the version of
BeadStudio that is being used:-

BeadStudio Version 1:




When an experiment is saved using BeadStudio vefsithe folder that is created will
contain the two input files required for BeadExplor

Thedata file which contains the intensity values will be nanrethe form:-
Experimentname_gene_profile.csv

Theqc file which contains the gc info will be named in thatio
Experimentname_qcinfo.csv

NOTE: when using version 1 files, the inputs regdiby BeadExplorer are .csv files as
outputted by BeadStudio v1.

BeadStudio Version 2:

In BeadStudio version 2, the required files areaudputted automatically when an
experiment is saved. Currently only Human verdiamips (WG6 and Ref8) can be
analysed using BeadStudio version 2 output filée flles therefore need to be saved
manually.

Thedatafilerequired is identical to that required from versioand can be created from a
project within BeadStudio version 2 by selectinglesr<Export to GeneSpring GX
format><Sample Gene Profile>. This will creatéxafile.

Theqcfile can be created from within a project in BeadStweision 2 by selecting the
‘Control Probe Profile’ tab of the qc window ane tiExport displayed data to file’ button.
This will save the qc data as a .txt file.

NOTE: when using version 2 files, the inputs reediby BeadExplorer are .txt files as
outputted by BeadStudio v2.

Data File Name:- Use ‘Browse’ to select the data file (.csv) fil@nce this is selected the
QClfile name, QC Log file Name and Analysis Namesaiected by default based on the
name of the data file.

Note that for files created using BeadStudio vergpthe qc file will have to be selected
manually (DO NOT rely on the automatic file selentused for BeadStudio V1 files)
because the naming of the files may be different.

Multiple files can be selected — in this case thi@@re combined into one analysis — useful
if an experiment is spread over 2 or more BeadChips

QC File Name:- The accompanying qc file (either .csv V1 or .t@ BeadStudio)

QC Log File Name:- A file where QC data from all previous BeadChiplgses is stored.
This file should be the same for every analysis.



AnalysisName:- A unique identifier for the analysis. By defatitte analysis name will be
the same as the import file name, however, mulapl@yses may be performed for a
particular input file (e.g. using different nornsation and background correction options)
and these can be saved separately by using unngyse names.

Background adjustment:- see section 4.3 for further details.
Select Normalisation Method: - see section 4.3 for further details.
Select output type:- format for graph outputs.

Return Data:- Select the type of BeadData object to return. éxample, if no further
analyses will be performed select ‘None’. If fuattanalyses will be performed (e.g. as
described in Chapter 5) use the following commamtiselect the option to return a
normalised BeadData object:-

n<-beadAnalysis()
‘n” will then hold a normalised beadData set and lba used in the further analyses.

Manifest File Name:- Optionally select an lllumina manifest (transcapiotation) .csv
file to be included in the output data file. Thes@ be found on the lllumina mapping
CDs.

Select output files:- See below.

Output files
Four output files can be created in the workingctiory:

1. Normalised intensities
(with ‘_results’ suffix) contains the normalisedansity values in tab delimited format.

2. Sample QC plots

A ‘jpeg, png or bmp’ image file with a *_samplesiféx containing quality control
information for each sample on the array thus mliogj a method for assessing intra-array
variability. The top row of images show the quatibntrol parameters (as determined in
the BeadStudio software). The bottom row (fron tiefright) shows a boxplot of raw
expression intensities, boxplot of normalised eggian intensities, a density plot of bead
standard deviations (curve shifts to the rightcatk potential outlying arrays due to
increased deviations), and a hierarchical clusgepiot using Euclidean distance of the
samples on the arrays.



Sample Quality Plots for Enter Analysis Name - Human_WG 6
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Example of a sample QC plot

3. Array QC plot

A ‘jpeg, png or bmp’ image file with a *_arrays’féiM containing quality control
information for the entire chip. As each analysiperformed, quality control parameters
for the entire chip are logged into a file in therking directory called ‘ArrayQuality.txt’.
The images in the Array QC plot uses this fileampare the current analysis QC values
against previous values and provides a methods&essing inter-array variability.

In addition, if the html output option is selectetitml report file will be produced and
displayed which show the array quality control esluanalysis parameters and provide
links to the files described above.



Array Quality Plots for MouseAlex1 - Mouse_Ref8 V1

Neise B e T
BeadS0mean
ke
———————— CR
B
T T T T T T
o 20 40 B0 a0 100
AlGenes e T o - B
Background [+~ B R
Signalhdean e
T T T T T T
100 200 300 400 500 600
B [oeeemeretomse e benseess s s s ehe s dhnssensee s s s nnannns S shiensen s B i e s sesseEeEnEnenn e e sR e SeeeeEnEnEnnnnes s G
HybLow
Signalsg eeeeeees e R
T T T T T
0 2000 4000 2] 000
P -
i 20D enrienee
3
Biotin R
Hybhd e
b High e e e s e
T T T T T T T
0 10000 20000 30000 40000 50000 60000
* Cumestiray * Humay_Re£eqs Human 56 [ * Morse_Rets il 3 Himan_Reeq-S-Mear © Himan_UG-5-Mear Motze—5 i1 -lear 3 Mowe_Rets wi-llear

An example of an array QC plot

Files Analysed

Array Typ

Normalisation Metho

An example of part of the HTML summary report



4. Description of standard workflow

A typical workflow for an analysis in BeadExploisrautomated by the wrapper function
described above in the quick start chapter. Ttosides a mechanism for the automated
analysis of BeadChip data. The functions withiwrapper are now described in greater
detail and can be performed separately using a @mrased input for greater flexibility
and customisation:

4.1 Import BeadChip datafile
data<-readBead(“Example_gene_profile.csv”)

The intensity data is read into a beadData objédtiwinherits from an Exprs object (see
chapter 7 for a description of classes used in Bepldrer). Note that by passing multiple
file names to this function, data from differentpshcan be combined into one analysis.

4.2 Import the QC datafile

For BeadStudio version 1 files, default file to ionpis the same name as the data file
expect that instead of a‘_gene_profile.csv’ suyffire software looks for a *_qcinfo.csv
suffix’.

gcdata<-getQC(datalfor BeadStudio version 1)
For BeadStudio version 2 files the file is a .k &xported from BeadStudio.
gcdata<-getQC2(data, qcfilepath.tXtfpr BeadStudio version 2)

The QC data is read into a beadQC object (see@h@or a description of classes used in
BeadExplorer). Because the format of BeadStudidilé¢? is different from V1, a
mapping file is required for each BeadChip typéisTis automatically included in this
distribution. The mapping file used is selecteaxrfrthe type of BeadChip in the data file.
Currently only Human WG-6 and Ref8 BeadChips appstted.

4.3 Normalisetheraw data

A number of normalisation methods are provided tisat algorithms within the affy
package. Alternatively, if the normalisation h&eady been performed within
BeadStudio and no further analysis is required thermethod can be set to ‘none’.

In addition to the normalisation options, adjustiseare made to remove negative values.
Negative intensities create problems for many doreasn applications that require logged
values or fold change calculations. They ariserwthe background intensity, based on the
negative control values are subtracted from theinéensities within BeadStudio. Two



methods are available to remove negative values:
1. All measurements less than 0.1 are set toc@lled ‘Floor’ in BeadExplorer).
2. A small constant or offset, (equal to the abisolowest intensity on the chip by
default) is added to each intensity value. Diffe@mounts of offset can be used by
typing a value into the input box.

This effect of adding an offset removes negatiMaasand also reduces the variability of
the data at low expression values. Note thabalih the variability in the data is reduced,
a compression of the fold-changes will also be seen

normdata<-normalise (data)

4.4 Write normalised data
Normalised data is written to a tab delimited tedults file within the working directory
called analysisname_results.txt.

write.beadData(data)

45 Writethe QC data.

The QC data for the analysis is written to thefiteg ‘ArrayQuality.txt’. If the log file is
not found within the working directory then a nedie fs created. Only QC data with a
unique analysis name will be written to the log fillf the analysis name is already found
within the log file then no data is written.

writeQC(gcdata)
4.6 Read QC logfile
The QC log file, containing QC data from previounsigses is loaded into a data frame.
This data is required for plotting graphs to assaes-chip variability.
gc<-readQC()
4.7 Generate sample (array) quality control plots
The sample quality control plots are plotted teeassample-sample variation (or
intra-chip variability). This allows the detectiohproblematic samples or hybridisations.
plotSamples(data, normdata, gcdata)

4.8 Generate chip quality control plots
The chip quality control plots enable the assesswiechip-chip variability (or inter-chip



variability). This allows the detection of a prebiatic chip.
dotPlotArrays(qcdata,qc)

If a large number of chips are present within teflle that a dot plot can become cluttered.
Another option is to plot the data as a boxplotead:

boxPlotArrays(gcdata,qc)
49 Generatean HTML report
The generation of an HTML report can be usefuldegktrack of analysis parameters used
within a particular analysis. Links are also po®d to all output files that are produced.

We routinely use the file as a starting point foe €xploration of all other output files.

htmlOutput (hormdata, data, qcdata)

5. Additional data exploration methods

Most of the subsequent methods require a normatisadData object (called ‘data’ in the
examples below). This can be obtained by usingwiagper function:

data<-beadAnalysis()
(and selecting Normalised data as the return type)
5.1 Filter data
Removes data that are not expressed (using a detention threshold) in any of the
samples on the chip
data<-filter(data, 0.99)
5.2 Pair wise scatter plots
Explore the overall differences in expression betweifferent samples on the chip. This

can be useful to gain an overall impression ofvixgability in the data.

pairs(data)
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An example of the output from pairs()

5.3 Identify up/down transcripts
Reports the pairwise number of transcripts up awindregulated using a predetermined
fold cutoff.

cutoff (data,2)

5.4 Plot atwo sample scatter plot comparison

Produces a scatterplot of two samples on the cBpecific points (determined by a vector
of transcript IDs) can be coloured differently loe fplot can be coloured by detection value
(see function description for more details). ldli&idn, if identify is TRUE (default) then
individual points on the graph can be clicked. Wh# points have been identified, values
are printed to the console that identify each pamnt give fold change and intensity values.
To include annotation data in the output to thesotamspecify a manifest data.frame in the



input. This can be produced bgad Manifesf).

man<-readManifest("d:\\Bead_Set_Manifest\Human_®/GVv")
scatterPlot(data, 1, 2, man)

5.5 Plot multiple density distributions of data
This is a similar function to boxplots expect thansity distributions are plotted instead.
e.g. to plot a distribution of expression values:
multiDensity(exprs(data))
bead standard deviations:
multiDensity(se.exprs(data))
detection scores:
multiDensity(detExprs(data))

5.6 Plot multiple estimated cumulative density plots of the data
Used similarly to above e.g.:-

multiecdf (exprs(data))

5.7 Plot individual QC plots

Many of the separate plots that are produced ydmt&amples(anddotplotArrays()can
be produced individually. These functions allow dgoeater customisation of plotting
parameters (e.g. colours, plotted data) and alalysis parameters.

Functions that can be used include:-

pc()
boxplot()
dotplotQC()
boxplotQC()
clusterplot()

5.8 Further data exploration and manipulation
Obtain sample namesampleNames (data)

Obtain summary of the datsummary (data)
Obtain the percentage of probes that pass a pnediefietection cutoff:



detectionCalls (data,0.99)
Obtain the number of transcriptsggenes (data)
Obtain analysis parameteparam (data)
Obtain QC parametergetArraysStats (data)
Create a beadData object using a subset of thelesump the chipdata<-data[,c(1,2,3)]

5.9 Dataimport into other R software.

The output data by BeadExplorer is a ‘beadDataecthjvhich is an ‘exprs’ object, (See
Biobase documentation for more details). Thislwamised in the same way as an ‘exprs’
object.

For example to obtain a matrix of unlogged expmssalues use:
exprs (data)

This can be used as an input into, for example pham

NOTE that the intensity data in the exprs slohignlogged format and therefore may need
to be logged before input into other statisticalkages (e.g. Limma).

Any functions that use an ‘exprs’ object as an trghould also work using a ‘beadData’
object as input.

6. Batch Analysis

Multiple files can be analysed in an automateditashUsing the batchanalysis () function
all files within the working directory that possdke suffix *_gene_profile.csv’ will be
analysed by the wrapper function, beadAnalysib(Qte that the corresponding
‘_qgcinfo.csv’ files will also be required withinéhworking directory. This function can
only be used with BeadStudio version 1 input files.

7. Description of classes

Two custom classes, ‘beadData’ and ‘beadQC’ ard wsthin BeadExplorer to hold the
expression data and gc data respectively. Theedaare described below with more
specific information within the corresponding htingllp file for the class.

7.1 BeadData
The BeadData class is an extension of the Expss elad thus contains all the slots and
methods of the Exprs class. Additional slots are :

fileOrigin- the filenames of the data used to teehe object
detExprs- a matrix of detection scores for eaghdcript and sample
param — various analysis parameters

normmethod- the normalisation method used (if any)



The class holds the analysis name within the atinatalot, intensity data (raw or
normalised) within the exprs slot, bead standaxdadiens (within the se.exprs slot) and
detection scores (within the detExprs) slot.

Most of the slots can be accessed (and replaced) thee name of the slot e.g.

exprs(data)
- to access the intensity values

7.2 BeadQC

The beadQC class holds the quality control inforometor each chip, mainly determined
from the corresponding ‘_qc_info.csv’ file.

The slots are:

fileOrigin — as above
annotation — analysis hame (as above)
sampleQC — various QC parameters for each samplaeochip.



