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Lecture 10: Exploring BioConductor

How do we load CEL files into an AffyBatch? how can we merge
batches? how can we partition batches?

How do we check that it worked?
How do we supply the associated phenoData?

Given an AffyBatch, how do we look at it? boxplot, hist, ma-plots,
ratio plots, PLM

Given an AffyBatch, how do we fit it? expresso, justRMA
Given an eset, what can we say about its contents?

How can we get the probe level values for a probeset?
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e How can we figure out what probeset corresponds to a given gene?

e How can we get the probe sequences for a probeset?
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Loading CEL files into an AffyBatch

One theme for today is TMTOWTDI.

We're going to try to extend this from Perl over to BioConductor, and to
the analysis of Affy data.

To begin with, let's say that we've got a set of CEL files. How do we pull
them in?

There are several options. How do | survey them?
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Loading CEL files into an AffyBatch

One theme for today is TMTOWTDI.

We're going to try to extend this from Perl over to BioConductor, and to
the analysis of Affy data.

To begin with, let's say that we've got a set of CEL files. How do we pull
them in?

There are several options. How do | survey them?

> library(affy)
> vignette("affy")
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Reading the Fine Manual: Vignettes

R Help

Q- ReadAffy

R Documentation
View or List Vignettes

Description
View a specified vignette, or list the available ones.

Usage

vignette|[topic, package = HULL, lib.loc = NULL)

## 53 method for class 'vignette':
print(x, ...)

## 53 method for class

edit{name, ...)

Arguments

topic  a character string giving the (base) name of the vignette to view. If omitted, all vignettes from
all installed packages are listed.

package a character vector with the names of packages to search through, or nuLL in which case all
available packages in the library trees specified by 1ib. loc are searched.

1lib. loc a character vector of directory names of R libraries, or wuLL. The default value of nUuLL
corresponds to all libraries currently known.

x, name Object of class vignette.
Ignored by the print method, passed onto file.edit by the edit method.

Details
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Listing Vignettes

R vignettes

| <functions> I :l

faffy?:

affv primer (source
afFfyv: Built-in

pdfl

customMethods affy: Cus

Csource,
dealing_with_cdfenwvs

affy: Auvutomatic downloading
{source,

CHowTo):

om Proce

Methods {(=source,

=ing Methods (HowTol

of cdfenwvs

affy: Import Methods (HowTo) {(source, pdf)

> vignette(package = "affy");
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ReadAffy: Help from Top

read.affybatch {affy}

R Help

Q- ReadAffy

R Documentation

Read CEL files into an AffyBatch

Description
Read CEL files into an Affybatch

Usage

read.affybatch{..., filenames =
phenoData =
description =
notes

MULL,

eszs =

= FALSE,

Readhffy(..., filenames=character(0),

character (0},
new| "phenobData" ),

getOption| "BioC")SaffyScompres
rm.outliers =
verbose = FALSE, sd=FALSE,

FALSE,
cdfname = NULL)

widget=getOption|{"BioC" )5affySuse.widgets

compress=getOption({"BioC" )SaffyScompre

celfile.path=NULL,
sampleNames=NULL,
phenoData=NULL,
description=HULL,
noteg=""
rm.mask=FALSE,
verbose=FALSE, sd=FALSE,

Arguments

file names separated by comma.

rm.outliers=FALSE,
cdfname =

L
s.cel,

rm.extra=FALSE,
HULL)
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ReadAffy: ... to Bottom

R Help

Q- ReadAffy

obtain a M1AME instance. If left NULL but widget=TRUE then widgets are used. If left nuLL and
widget=FALSE then an empty instance of MIAME is created..

Value
An AffyBatch object.

Author(s)

Ben Bolstad bmb@bmbolstad .com (read.affybatch), Laurent Gautier, and Rafael A. Irizarry (Read Affy)

See Also

AffyBatech
Examples

if(reguire({affydata)){
celpath <- paste(.path.package("affydata”),"celfiles",sep="/,/")
fns <= list.celfiles(path=celpath,full.names=TRURE)

cat | "Reading files:\n",paste(fns,collapse="%n"),"n")
##read a binary celfile

abatch =- Readhffy({filenames=fns[1])

##read a text celfile

abatch =- Readhffy({filenames=fns[2])

##read all files im that dir

abatch =- Readhffy{celfile.path=celpath)

[Package affy version 1.10.0 Index
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The Affy Index

R Help

Documentation for package "“affy' wversion 1.10.0
User Guides and Package Vignettes
Read overview or browse directory.

Help Pages

3. AffvBaich Class AffyBatwch

— A —-—

affv-options Options for the affy package
affv.scalevalue exprSet  Scale normalization for expreSets
AffvBatch Class AffyBatch

AffvBatch-class Class AffyBarwch

affvbatch .example AffyBarch instance affybatch.example
affvbatch.example2 AffyBatch instance affybatch.example
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Reading a list of files

The file subcels.txt contains 20 lines like this:

G:/Public/Singh-Prostate-Affymetrix/CelFiles/NO1__normal.
G:/Public/Singh-Prostate-Affymetrix/CelFiles/N58__normal.
G:/Public/Singh-Prostate-Affymetrix/CelFiles/N59__normal.
G:/Public/Singh-Prostate-Affymetrix/CelFiles/N61__normal.
G:/Public/Singh-Prostate-Affymetrix/CelFiles/N62__normal.
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Reading a list of files

> basedir <- file.path("G:", "Public", "Singh-Prostate-Affym
> celList <- read.table(file.path(basedir, "subcels.txt"))
> cellist[1:6, ]

G:/Public/Singh-Prostate-Affymetrix/CelFiles/NO1__normal.
G:/Public/Singh-Prostate-Affymetrix/CelFiles/N58__normal.
G:/Public/Singh-Prostate-Affymetrix/CelFiles/N59__normal.
G:/Public/Singh-Prostate-Affymetrix/CelFiles/N61__normal.
G:/Public/Singh-Prostate-Affymetrix/CelFiles/N62__normal.
G:/Public/Singh-Prostate-Affymetrix/CelFiles/NO2__normal.
Levels: G:/Public/Singh-Prostate-Affymetrix/CelFiles/NO1__

O Iml Ic)_ll I'-hl le l[\)l l|_\l

2
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Reading the CEL files

> ABatch <- ReadAffy(cellList)

Error : file names must be specified using a
charactervector, not a 'list'
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Reading the CEL files

> ABatch <- ReadAffy(celList)

Error : file names must be specified using a
charactervector, not a 'list'

00pS...
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The Evolution...
> cellist <- as.character(celList$V1)
> ABatch <- ReadAffy(celList)

Error : file names must be specified using a
charactervector, not a 'list'
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The Evolution...

> cellist <- as.character(celList$V1)

> ABatch <- ReadAffy(celList)

Error : file names must be specified using a
charactervector, not a 'list'

oops...
> ABatch <- ReadAffy(filenames = celList)

Ta Dal
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Checking the Contents

> slotNames (ABatch)

1] "cdfName" "nrow"

3] "ncol" "assayData"
(5] "phenoData" "featureData"
(7] "experimentData" "annotation"
9] ".__classVersion__"

> phenoData (ABatch)

rowNames: NO1l__normal.cel, N58__normal.cel, ..., T49__tumor
varLabels and varMetadata:
sample: arbitrary numbering
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Looking at phenoData
> class(phenoData(ABatch))
[1] "AnnotatedDataFrame"
attr(,"package")
[1] "Biobase"

> slotNames (phenoData(ABatch))

[1] "varMetadata" "data"

[3] "dimLabels" ", _classVersion_ "

> pd <- phenoData(ABatch)
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> pd@data

NO1__normal.
N58__normal.
N59__normal.
N61__normal.
N62__normal.
NO2__normal.

N11__normal.
N18__normal.
N21__normal.
N34__normal.

cel
cel
cel
cel
cel
cel
cel
cel
cel
cel

T36__tumor.cel
T40__tumor.cel
T43 _tumor.cel

sample

© 00 N O O i W N+~

e
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T68__tumor.
T59__tumor.
TO6__tumor.
T20__tumor.
T24__tumor.
T26__tumor.
T49__tumor.

> pd@varMetadata

sample arbitrary numbering

> pd@dimLabels

[1] "rowNames"

cel 14
cel 15
cel 16
cel 17
cel 18
cel 19
cel 20
labelDescription

"columnNames"
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subsamples.txt:

Assigning phenoData

Array name Sample name Status Batch Cluster

NO1__normal
N58__normal
N59__normal
N61__normal
N62__normal
NO2__normal
N11__normal
N18__normal

NO1A
N58A
N59A
N61A
N62A
NO2B
N11B
N18B

Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal

B2
B4
B3
B3
B3
B2
B2
B2

A

0 0 @™ = = = >
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Assigning phenoData

> pl <- read.phenoData(file.path(basedir, "subsamples.txt'))

Error in scan(file, what, nmax, sep, dec, quote,
skip, nlines, na.strings, : line 2 did not have 7
elements

In addition: Warning message:

read.phenoData is deprecated, use read.AnnotatedDataFrame
instead
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Assigning phenoData, pt 2

> pl <- read.AnnotatedDataFrame(file.path(basedir,

+ "subsamples.txt"), sep = "\t")
> pl

rowNames: 1, 2, ..., 21 (21 total)
varLabels and varMetadata:

V1: read from file

V2: read from file

V5: read from file
(5 total)

Not quite what we want.
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Assigning phenoData, pt 3

> pl <- read.AnnotatedDataFrame(file.path(basedir,
+ "subsamples.txt"), sep = "\t", header = TRUE)
> pl

rowNames: 1, 2, ..., 20 (20 total)

varLabels and varMetadata:
Array.name: read from file
Sample.name: read from file

Cluster: read from file
(5 total)

> phenoData(ABatch) <- pl
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Other ways of Reading Data

Are they all in one directory?
What is the list of filenames?
read.affybatch vs ReadAffy
GUI?
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Other ways of Reading Data 1

kabagg$ 1ls ../../DataSets/SinghSmall
N60__normal.CEL N61_ _normal.CEL N62__normal.CEL

> ABSmall <- ReadAffy(celfile.path=
"../../DataSets/SinghSmall"); # works
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Other ways of Reading Data 2

kabagg$ 1s ../../DataSets/SinghSmall?2
N60__normal .CEL.gz N61__normal.CEL.gz
N62__normal .CEL.gz

> ABSmall <- ReadAffy(celfile.path=
"../../DataSets/SinghSmall2",
compress=TRUE) ; # works

This takes only about 1/3 the space...
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Other ways of Reading Data 3

kabagg$ 1s ../../DataSets/SinghSmall3
N60.gz N61.gz N62.gz

> ABSmall <- ReadAffy(celfile.path=
"../../DataSets/SinghSmall3",
compress=TRUE) ; # fails

> ABSmall <- ReadAffy(filenames=
"../../DataSets/SinghSmall3/N60.gz",
compress=TRUE) ; # works

This still takes only about 1/3 the space...
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Quantification

> t0 <- date()

> eset(0 <- expresso(ABatch, bgcorrect.method = "rma",
+ normalize.method = "quantiles'", pmcorrect.method = "pm
+ summary.method = "medianpolish")

background correction: rma
normalization: quantiles

PM/MM correction : pmonly
expression values: medianpolish
background correcting...done.
normalizing...done.

12625 1ds to be processed

| |
| S |
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> t1 <- date()
> t0

26

[1] "Tue Oct 02 12:54:29 2007"

> tli

[1] "Tue Oct 02 13:01:57 2007"
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Quantification
> esetl <- justRMA(filenames = celList)

Error : the following are not valid files:

g 8 8 B B B B B B B

:/Private/ArrayCourse/Lectures07/Lecturel0/G:
:/Private/ArrayCourse/Lectures07/Lecturel0/G:
:/Private/ArrayCourse/Lectures07/Lecturel0/G:
:/Private/ArrayCourse/Lectures07/Lecturel0/G:
: /Private/ArrayCourse/Lectures07/Lecturel0/G:
: /Private/ArrayCourse/Lectures07/Lecturel0/G:
: /Private/ArrayCourse/Lectures07/Lecturel0/G:
: /Private/ArrayCourse/Lectures07/Lecturel0/G:
: /Private/ArrayCourse/Lectures07/Lecturel0/G:
: /Private/ArrayCourse/Lectures07/Lecturel0/G:
: /Private/ArrayCourse/Lectures07/Lecturel0/G:

/Public/Singh-P
/Public/Singh-P
/Public/Singh-P
/Public/Singh-P
/Public/Singh-P
/Public/Singh-P
/Public/Singh-P
/Public/Singh-P
/Public/Singh-P
/Public/Singh-P
/Public/Singh-P
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: /Private/ArrayCourse/Lectures07/Lecturel0/G:/Public/Singh-P
:/Private/ArrayCourse/Lectures07/Lecturel0/G:/Public/Singh-P
:/Private/ArrayCourse/Lectures07/Lecturel0/G:/Public/Singh-P
:/Private/ArrayCourse/Lectures07/Lecturel0/G:/Public/Singh-P
:/Private/ArrayCourse/Lectures07/Lecturel0/G:/Public/Singh-P
: /Private/ArrayCourse/Lectures07/Lecturel0/G:/Public/Singh-P
:/Private/ArrayCourse/Lectures07/Lecturel0/G:/Public/Singh-P
:/Private/ArrayCourse/Lectures07/Lecturel0/G:/Public/Singh-P
:/Private/ArrayCourse/Lectures07/Lecturel0/G:/Public/Singh-P

8 B B B8 B B B B B

> esetl <- justRMA(filenames = cellList, celfile.path = "")

Error : the following are not valid files:

/G:/Public/Singh-Prostate-Affymetrix/CelFiles/NO1__normal.cel
/G:/Public/Singh-Prostate-Affymetrix/CelFiles/N58__normal.cel
/G:/Public/Singh-Prostate-Affymetrix/CelFiles/N59__normal.cel
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/G:
/G:
/G:
/G:
/G:
/G:
/G:
/G:
/G:
/G:
/G:
/G:
/G:
/G:
/G:
/G:

/Public/Singh-Prostate-Affymetrix/CelFiles/N61__normal

/Public/Singh-Prostate-Affymetrix/CelFiles/N62__normal.
/Public/Singh-Prostate-Affymetrix/CelFiles/NO2__normal.
/Public/Singh-Prostate-Affymetrix/CelFiles/N11__normal.

/Public/Singh-Prostate-Affymetrix/CelFiles/N18__normal

/Public/Singh-Prostate-Affymetrix/CelFiles/N21__normal.
/Public/Singh-Prostate-Affymetrix/CelFiles/N34__normal.

/Public/Singh-Prostate-Affymetrix/CelFiles/T36__tumor.
/Public/Singh-Prostate-Affymetrix/CelFiles/T40__tumor.
/Public/Singh-Prostate-Affymetrix/CelFiles/T43__tumor.
/Public/Singh-Prostate-Affymetrix/CelFiles/T58__tumor.
/Public/Singh-Prostate-Affymetrix/CelFiles/T59__tumor.
/Public/Singh-Prostate-Affymetrix/CelFiles/T06__tumor.
/Public/Singh-Prostate-Affymetrix/CelFiles/T20__tumor.
/Public/Singh-Prostate-Affymetrix/CelFiles/T24__tumor.
/Public/Singh-Prostate-Affymetrix/CelFiles/T26__tumor.
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/G:/Public/Singh-Prostate-Affymetrix/CelFiles/T49__tumor.cel

> t2 = date()

> esetl <- justRMA(filenames =

Background correcting
Normalizing
Calculating Expression

> t3 = date()
> t2

[1] "Tue Oct 02 13:01:57 2007"

> t3

[1] "Tue Oct 02 13:02:34 2007"

celList, celfile.path = NULL)
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The following method will also work:

celpath <- file.path(basedir, "CelFiles")
cels <- sub(celpath, "", celList)

esetl <- justRMA(filenames = cels, celfile.path = celpath)
t2 <- date()

V Vv Vv V

The customized routines are better if they do what you want to do...

(also note that justRMA didn't build an AffyBatch.)
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Just Because I’'m Curious

> exprs(esetl)[1, 1:3]

NO1_ normal.cel N58_ normal.cel N59_ normal.cel
6.732579 6.893270 7.068655

Can we reconstruct this?

> ABatch.BG <- bg.correct.rma(ABatch)
> ABatch.BG.norm <- normalize.AffyBatch.quantiles(ABatch.BG)

These steps produce AffyBatch objects, with altered exprs.
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What is the First Gene?

(well, ok, probeset)

> gnl <- genelNames (ABatch.BG.norm) [1]
> gnl

[1] "100_g_at"
Ok, now what are the values?

> prl <- pm(ABatch.BG.norm, gnl)
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Looking at it, Take 1

> image(1:nrow(prl), 1:ncol(prl), prl, xlab = "Probes",
+ ylab = "Samples", main = paste("PM Intensities for",
+ gnl))

PM Intensities for 100 _g_at

Probes

Some parallelism, but we may be missing something...
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Looking at it, Take 2

> image (1:nrow(prl), 1:ncol(prl), log2(prl), xlab = "Probes"
+ ylab = "Samples", main = paste("PM Intensities for",
+ gnl))

PM Intensities for 100 _g_at

Probes

Logs!
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Fitting the Probes
> priFit <- medpolish(log2(pri))

1 : 121.5456
Final: 120.8225

> names (priFit)

[1] "overall" "row" "col"
[5] "name"

> (priFit$overall + priFit$col) [1:3]

1 2 3
6.732579 6.893270 7.068655

"residuals"
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This is what we found before!
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We can Check the Code

> medpolish

function (x, eps = 0.01, maxiter = 10, trace.iter = TRUE, na.
{

z <- as.matrix(x)

nr <- nrow(z)

nc <- ncol(z)

t <- 0

r <- numeric(ar)

c <- numeric(nc)

oldsum <- O

for (iter in 1:maxiter) {
na.rm)

rdelta <- apply(z, 1, median, na.rm

z <- z - matrix(rdelta, nr = nr, nc = nc)
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r <- r + rdelta

delta <- median(c, na.rm = na.rm)

c <- ¢ - delta

t <- t + delta

cdelta <- apply(z, 2, median, na.rm

na.rm)

z <- z - matrix(cdelta, nr = nr, nc = nc, byrow = TRU

c <- ¢ + cdelta

delta <- median(r, na.rm = na.rm)

r <- r - delta

t <- t + delta

newsum <- sum(abs(z), na.rm = na.rm)

converged <- newsum == 0 || abs(newsum - oldsum) < ep
newsum

if (converged)
break

oldsum <- newsum
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if (trace.iter)
cat(iter, ":", newsum, "\n")
}
if (converged) {
if (trace.iter)
cat("Final:", newsum, "\n")
}
else warning(gettextf ("medpolish() did not converge in %d
maxiter), domain = NA)
names(r) <- rownames(z)
names(c) <- colnames(z)
ans <- list(overall = t, row = r, col = ¢, residuals = z,
name = deparse(substitute(x)))
class(ans) <- "medpolish"
ans
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<environment: namespace:stats>
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and Check the Residuals

> image(1:nrow(prl), 1:ncol(prl), priFit$residuals,
+ xlab = "Probes", ylab = "Samples'", main = paste("PM In
+ gni))

PM Intensities for 100 _g_at
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One other Fitting Approach: PLM

PLM = "Probe Level Model”

> library(affyPLM)
plml <- fitPLM(ABatch)

\%

opar <- par(mfrow = c(2, 2))

image (ABatch[, 1], main = "NO1 Raw")

image (plml, type = "weights", which = 1, main = "NO1 Weigh
image (plml, type = "resids", which = 1, main = "NO1 Resids
image (plml, type = "sign.resids", which = 1, main = "NO1 s
par (opar)

vV V Vv Vv Vv V
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