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Learning aims

Basic use of R and R help

How to give R commands

R data structures

Reading and writing data

Some more R commands (exercises)




R project

"R is a free software environment for
statistical computing and graphics”
(http://www.r-project.org)

"Bioconductor is a software project for the
analysis of genomic data”
(http://www.bloconductor.org)

— Currently works as an expansion to R



Packages

* R consists of a core and packages.

« Packages contain functions that are not
avallable In the core.

* For example, Bioconductor code Is
distributed as several dozen of packages
for R.

— Software packages
— Metadata (annotation) packages
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Start help

File Edit Misc Packages ‘Windows Help
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Help - Search engine

2 R: Search Engine - Microsoft Internet Explorer,

Fle Edit View Fawortes Tools Help
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A 'Go

Search Engine

Search
You can search for keywords, function and data names and text in help page titles.

Usage: Enter a string in the text field below and hit RETURM.

linear regression|

Help page titles = Keywords M Object names

For search to work, you need Java installed and both Java and JavaScript enabled in your browser.

bar. For help consult the R Installation and Administration manual.

On Mozilla-based browsers the links on the results page will become inactive if you return to it: to work around this
vou can open a link in a new tab or window.

Even if this search does not work on your systen, you can always use help.search at the R prompt.

Kevwords

On the Mozilla/Netscape family of browsers you should see "Applet SearchEngine started’ at the left edge of the status a8 cimeyan e sidochuntseachisearhengne hen

Fie Edt View Favorites Tools Help ar

Back - % [@] @8 O seah Sl
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@1 Applet SearchEngine started _J My Computer

v B0 uns
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Search Results
The search string was "'linear regression”
line
Sumple linear regression example
CVln
Cross-Validation for Linear Regression
cvlm
Cross-Validation for Linear Regression
anscombe
Anscombe's Quartet of "Identical” Simple Linear Regressions
transace
Additive Regression and Transformations using ace or avas
dpill
Select a Bandwidth for Local Linear Regression
[ms.curv
Relative Curvature Measures for Non-Linear Regression
slm
Fit a linear regression model using sparse matrix algebra
Nonlinear Least Squares
nls.control
Control the Iterations in nls
plot.profilenls -

& pane $ My Computer




Help - packages

()

: Package Index - Microsoft Internet Explorer

File Edit ‘iew Favorites  Tools  Help a’
e Back ~ </ |ﬂ @ _.l\l /..-\‘ Search ::1:( Favorites @3 /i k_{ .ﬁ] - _J @ ﬁ ﬁ
Address ‘@ C:\Program FilesiRiR-2. 3. 1docihtmlipackages. hml v | Go  Links
I}
)
abind Combine multi-dimensional arrays
acepack ace() and avag() for selecting regression transformations
affy Methods for Affymetrix Oligonucleotide Arrays
aftvdata Affymetrix Data for Demonstration Purpose
affvio Tools for parsing Atfvmetrix data files
affvPLhI B.-'Iethods fo]‘ :ﬁtt]ng l)l‘obe_level lllodels <A R: Grapics related functions for Bioconductor - Microsoft Internet Explorer; FEX
- ; N N . } } Fle Edt View Favortes Took Help w
annaffy Almotat.%on tools .101 Affymetrix biological metadata Q- © DB G Lot oron @ % - I@E B
annotate Annotation for nucroarrays s [ ) ciProgram FstRIR-2.3. jrarigenepitter hmhODindes: v B s ”
- y. Obiect-ori Ticroarray 2 rais cao . . . °
aroma - %¥1R _ b_]_ect oriented 1\\11(:10&1133 .—\11?_113 SIS pac!aa__e_ _ N Grapics related functions for Bioconductor
aroma.light Light-weight methods for normalization and visualization of microart;
basic R data types @
base The R Base Package
Biobage Biobase: Base functions for Bioconductor 2 )
biomaRt Interface to BioMart databases (e.g. Ensembl) . . . i
_ . i . . . N i i Documentation for package “geneplotter' version 1.10.0
Biostrings String objects representing biological sequences, and matching algoritl
boot Bootstrap R (S-Plus) Functions (Canty) User Guides and Package Vignettes
car Companion to Anplied Regression Read gverview or browse directory.
€ Help Pages
alongChrom A function for plotting expression data from an exprset for a given chromosome.
amplicon. plot Create an amplicon plot
buildACMainT abel A finction for plotting expression data from an exprset for a given chromosome.
cColor A function for marking specific probes on a cPlot.
clogeHtmIPage Open and close an HTML file for writing.
connection-class Virtual 84 classes for method dispatching
cPlot A plotting function for chromosomes.
cScale A function for mapping chromosome length to a number of points.
cullACXPoints A function for nlotting exnression data from an exnrset for a aiven chromosome. A/

&) Done: 4 My Computer




Anatomy of a help file 1/2

) R: MAS 5.0 expression measure - Microsoft Internet Explorer

File Edit ‘iew Favorites Tools  Help lﬂ'
~ A = . . 5 )
O Back ~ () \ﬂ \ELI | S ! Search ¢ Favaries 6’-& = [ - I_@ ﬁ “:‘}
fddress | € C:\Program Files\RIR-2.3. 1ibrary afFy\htmlimass, html v a Go | Links **
A
mass {afly ) R Documentation

Function {package}
MAS 5.0 expression measure

Description
This function converts an instance of AffvBatch-class into an metance of expreet-class using our implementation of / Ge ne ral descrl ptlon

Affymetric's MAS 5.0 expression measure.

H %)
Usage Command and it's
mas5 (object, normalize = TRUE, =sc = 500, analysis = "absclute", ...} < argument
Arguments . . L.

Detailed description

object an instance of AffvBatch-class Of arguments
normalize Jogical If TRUE scale normalization is used after we obtain an instance of exprset-class
sc Value at which all arrays will be scaled to.

analysis should we do absolute or comparison analysis, although "comparison' is still not implemented.
other arguments to be passed to expresso.

Details

This function is a wrapper for expresso and affy.scalevalue. exprset.

Value

@;‘] Done _-g Iy Computer




Anatomy of a help file 2/2

2N R: MAS 5.0 expression measure - Microsoft Internet Explorer

File Edit ‘iew Favorites Tools Help i
QBack M > | IiLI ﬂ ..‘J 7 ) Sgarch ‘u\r Favorites 6:‘“ T S w] - -:@ ﬁ j“i

Address @ C:\Program Files\R\R-2. 3. 14 ibrary affy\htmlimass. hkrml v a Go Lirks **
s Value at which all arrays will be scaled to. A

analysis should we do absolute or comparizon analysis, although "comparison' is still not implemented.
other arguments to be passed to expresso.

Details Description of how

This function is a wrapper for expresszo and affy.scalevalus. exprict. fu nCtI on aCtU al Iy
works

Value

exHpriest-class .

The methods uged by thiz function were implemented baged upon available documentation. In particular a useful reference ig What function

Statistical Algorithims Description Document by Affymetiix. Our implementation is based on what is written in the documentation /

and ag you might appreciate there are places where the documentation is less than clear. This finction does not give exactly the returns

same results. All source code of our implementation is available. You are free to read it and suggest fixes.
For more mformation visit this URL: http://stat-www_berleley. edu/users/bolstad/

See Also == Related functions

expresso.affv.scalevaluse. expriset ‘.—

Examples
data(affvbatch. exanple) Examples, Can be
aezet <- mash (affybatch. exampls) 4 run from R by

[Package affy version 1.10.0 Index] examp le ( masS )

@j _é My Computer




Functions or commands in R 1/3

* To use a function in a package, the
package needs to be loaded in memory.

 Command for this is library( ), for example:
library (affy)

» There are three parts in a command:
— the command
— brackets

— Arguments inside brackets (these are not always
present)



Functions or commands in R 2/3

* R Is case sensitive, so take care when typing in
the commands!

— library (affy) works, but Library (affy) does
not.

* Multiple commands can be written on the same
line. Here we first remove missing values from
the variable year, and then calculate it's
arithmetic average.

— Writing:
* na.omit(year)
* mean(year)

— Would be the same as
* mean(na.omit(year))



Functions or commands in R 3/3

« Command can have many arguments.
These are always giving inside the
brackets.

* Numeric (1, 2, 3...) or logic (T/F) values
and names of existing objects are given
for the arguments without quotes, but
string values, such as file names, are
always put inside quotes. For example:

e masb(dat3, normalize=T, analysis="absolute”)



Data structures 1/6

* Vector
— A list of numbers, such as (1,2,3,4,5)
—R: a<-c(1,2,3,4,5)
« Command c creates a vector that is assigned to object a
* Factor

— A list of levels, either numeric or string
— R: b<-as.factor (a)
« \ector a iIs converted into a factor



Data structures 2/6

« Data frame

— A table where columns can contain numeric
and string values

— R: d<-data.frame (a, b)

e Matrix

— All columns must contain either numeric or string
values, but these can not be combined

— R:e<-as.matrix(d)
e Data frame d iIs converted into a matrix e

— R: f<-as.data.frame (e)
e Matrix e is converted into a dataframe f



e List

Data structures 3/6

— Contains a list of objects of possibly different

types.
— R: g<-as.list (d)
« Converts a data frame d into a list g

 Class structures

— Many of the Bioconductor functions create a
formal class structure, such as an AffyBatch

O
-T
-S

Dject.
ney contain data in slots

ots can be accessed using the @-operator:

e dat2@cdfName



Data structures 4/6

Some command need to get, for example, a
matrix, and do not accept a data frame. Data
frame would give an error message.

To check the object type:

— R:class (d)

To check what fields there are in the object:
— R: d

— R:str (d)

To check the size of the table/matrix:

— R:dim(d)

To check the length of a factor of vector:

— R: length (a)



Data structures 5/6

 Some data frame related commands:
— R: names (d)
 Reports column names
— R: row.names (d)
« Reports row names

» These can also be used for giving the names for the
data frame. For example:
— R: row.names (d) <-c ("a", "b", "c","d","e")
« Letters from a to e are used as the row names for data frame d
 Note the quotes around the string values!
— R: row.names (d)



Data structures 5/6

* Naming objects:
— Never use command names as object names!

— If your unsure whether something is a command
name, type to the comman line first. If it gives an error
message, you're safe to use it.

— Object names can’t start with a number

— Never use special characters, such as a, 4, or 0 in
object names.

— Underscore () is not usable, use dot (.) instead.:
* Not acceptable: good data
* Better way: good.data

— Object names are case sensitive, just like commands



Reading data 1/2

« Command for reading in text files Is:

read.table (”“suomi.txt”, header=T, sep="\t”)

* This examples has one command with three
arguments: file name (in quotes), header that
tells whether columns have titles, and sep that
tells that the file is tab-delimited.



Reading data 2/2

It IS customary to save the data in an object In
R. This i1s done with the assignment operator

(<-):

dat<-read.table (”suomi.txt”, header=T, sep="\t”)

Here, the data read from file suomi.txt is saved
In an object dat iIn R memaory.

The name of the object Is on the left and what
IS assigned to the object Is on the right.

Command read.table ( ) creates a data
frame.



Using data frames

* Individual columns in the data frame can be
accessed using one of the following ways:

— Use its name:
e datS$Syear

« dat is the data frame, and year is the header of one of its columns.
Dollar sign ($) is an opertaor that accesses that column.

— Split the data frame into variables, and use the names
directly:
e attach (dat)

e year

— Use subscripts



Subscripts 1/2

» Subscripts are given inside square
brackets after the object’'s name:
—dat|[, 1]
» Gets the first column from the object dat
—dat|[, 1]
 Gets the first row from the object dat
—dat[1l,1]

* Gets the first row and it’s first column from the
object dat

* Note that dat Is now an object, not a
command!



Subscripts 2/2

« Subscripts can be used for, e.g., extracting a
subset of the data:
— dat [which (dat$Syear>1900), ]

Now, this takes a bit of pondering to work out...

First we have the object dat, and we are accessing a part of it,
because it’s name 1s followed by the square brackets

Then we have one command (which) that makes an evaluation
whether the column year in the object dat has a value higher than
1900.

Last the subscript ends with a comma, that tells us that we are
accessing rows.

So this command takes all the rows that have a year higher 1900
from the object dat that is a data frame.



Writing tables

« To write a table:
- write.table(dat, ”dat.txt”, sep="\t”)

— Here an object dat is written to a file called dat.txt. This file should be
tab-delimited (argument sep).

 To capture what is written on the screen:
— sink ("output.txt”)
— dat
~ sink( )

— Here, output written on the screen should be written to a file output.txt
Instead. Contents of the object dat are written to the named file. Last,
the file is closed.

— Note that if you accidentally omit the last command, you’ll not be able
to see any output on the screen, because output is still redirected to a
file!



Quitting R

Use command g () or menu choise File->Exit.

R asks whether to save workspace image. If you
do, all the object currently in R memory are
written to a file .Rdata, and all command will be
written a file .Rhistory.

These can be loaded later, and you can continue
your work from where you left it.

Loading can be done after starting R using the
manu choises File->Load Workspace and File->
Load History.



In summary 1/2

Commands can be recognized from the brackets ”( )" that follow
them. If you calculate how many bracket pairs there are, you'll be
able to identify the number of commands.

— pData (dat) <-pd
Assignment to an object is denoted by "<-" or "->” or "=". If you see a
notation "= =", you'll looking at a comparison operator.

— Many other notations can be found from the documentation for the Base
package or R.

Table-like objects are often followed by square brackets ’[ ]”. Square
never associate with commands, only objects.

- dat[, 1]
Special characters $ and @ are used denoting individual columns in

a data frame or an individual slot in a class type of an object,
respectively.

- datS$Syear
— dat2@cdfName



In summary 2/2

 If you encounter a new command during the exercises,
and you'd like to know what it does, please consult the
documentation. All R commands are listed nowhere, and
the only way to get to know new commands is to read the
documentation files, so we'd like you to practise this
youself.

* You'll probably see command and notations that were not
Introduced in this talk. This in intentional, because we
thought that these things are best handled on a
situational basis. In such cases, please ask for more
clarifications if needed.

 If you run into problems, please ask for help from the
teachers. That's why we are here!



Installing R



Downloading R

<3 The R Project for, Statistical Computing - Microsoft Internet Explorer
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The R Project for Statistical Computing
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Mlatuals B
Fade E .
Newelster Getting Started:
Bocks _ . - . . . .
Oither o Fl iz afree software environment for statistical computing and graphics. It compiles and runs on a wide varety of TN
0 platforms, Windows and MMacO3S. To dewnload B, please choose your preferred CEAT mirror.
Misc o Ifyou have questions about B like how to download and mstall the software, or what the license terms are, please read
Eioconductor 2 our answers to frequently asked questions before you send an email -

@ http: ffcran.p-project. org/mirrars, html 8 Intermet
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Downloading R

<3 The R Project for, Statistical Computing - Microsoft Internet Explorer
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Techmsche Tniversitast Wien
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Downloading R

< The Comprehensive R Archive Network - Microsoft Internet Explorer
File Edit ‘“iew Favorites Tools Help

GBack M > \ﬂ \ELI _h /-_-\J Search ‘{'\};’Favorites {‘E - k_,_d; v _‘ ﬁ

Address @ http:/foran, at.r-project, orgf V| GO Links **

B

The Comprehensive R Archive Network

Frequently used pages

Download and Install R

CEAN
I-.ﬁn'_olrs Precompied binary distributions of the base system and contnbuted packages, Windows and Mac
What's new? ) . ]
. users most ikely want one of these wersions of B
Task Views
Search o Limme
e MWacOsS X

About R o

ou o Windows (35 and later)
E Homepage
Software Source Code for all Platforms
E Scurces
E Binaries Windows and Mac users most likely want the precompiled binaries sted in the upper box, not the £
FPackages source code. The sources have to be compiled before you can use them. If you do not know what this
Other means, you probably do not want to do it
Document ation o The latest release (2006-04-24); B-2.3 0 tar gz (read what's new in the latest version).
Ilanuals
FAQ: o Dratly snapshots of current patched and development versions are avalable here Please read
Centnbuted about new features and bug fiwes before filing corresponding feature requests or bug reports.
Wewsletter o Source code of older versions of K iz available here.

s Contributed extension packages

Questions About R

o Ifvou have auestions about B like how to download and mnstall the software. or what the b

@ Done
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Downloading R

< The Comprehensive R Archive Network - Microsoft Internet Explorer

File Edit ‘“iew Favorites Tools Help

GBack M > \ﬂ \ELI _h /-_-\J Search ‘{'\};’Favorites {‘E - k_,_d; v _‘ ﬁ

Address @ http:/foran, at.r-project, orgf V| GO Links **

R for Windows

This directory contains binanes for a base distribution and packages to run on Windews (INT, 95 and later) on Intel and clones
{but not T on Alpha and other platforms).

CRAN Mote: CEAMN does not have Windows systems and cannot check these binanes for wiruses. Use the normal precautions with
Wirrors downloaded executables.
What's new? . .
Taslk Views subdirectories:
=earch
I base EBinaries for base distribution {managed by Duncan IMurdoch)
Rbo.l'lt R CUTILE IO, J_)J.I.m.l.lc UL IO LT
E Homepage
. Please do not submit binaries to CEAN. Package developers might want to contact Duncan Murdech or Twe Ligges directly in
Software case of questions [ suggestions related to Windows binaries.
E Scurces
E Binaries You may also want to read the B FAQ and B for Windows FAQ.
Packages
Other

Last modified: April 4, 2004, by Friedrnich Leisch

Document ation
Wanuals

Az

Contributed
Mewsletter

2]

€] one 0 Internet




Downloading R

< The Comprehensive R Archive Network - Microsoft Internet Explorer

File Edit ‘“iew Favorites Tools Help l';’
\ A = = . i’ . a4
Q Back - > \ﬂ \ELI | ) Search 7§ Favorites é‘} = _.‘ ._:i
Address @ http:/foran, at.r-project, orgf V| GO Links **
~

R-2.3.0 for Windows

This directory contains a binary distnibution of B-2.3.0 to run on Windows 95, 98, ME, IT4.0, 2000 and P on Inteliclone

chips.
CRAN Patches to this release are ncorporated in the r-patched snapshot buld.
Wrrors . . . . . . ) .
What's new? A build of the development version (which will eventually become the next major release of B) 1z available in the r-dewel snapshot
Task Views build.
Search L

In this directory:
About R
E Homepage EEADMEE-2.30 Installation and other mstructions.

CHANGES MNew features of this Windows wersion.
;c;sft.ware MEWS IMew features of all versions.
ﬁ E-2.30-win32 exe  Setup program (about 27 megabytes). Please download thiz from a mirror near vou,
. This corresponds to the file named SetupR.exe or twX XXX exe in pre-2.2.0 releases.
Packages
Ottos = TRETTSTET e

mdSsum txt mdSsum output for the setup program. & "Windows GUI version of mdsum 15 avalable at
Documentation httpofwrwrw mdSsummer. orgf; a Windows command line version 15 available at
Ifanuals hitp:forwrw. etree. orgfmdSc om. hitml.
FAQ:
Contributed Please see the B FAQ for general information about B and the B Windows FAQ for Windows-specific mformation, mcluding
Meweletter upgrade advice.

Mote to webmasters: & stable link which wnll redirect to the current Windows binary release 1s
=CEAN MIBROE=/binfwindows/basedrelease hirn,

@ http:ffcran. at.r-project. orgibinfwindows/basefR-2, 3.0-win32, exe 8 Intermet




Installing R for Windows

Execute the R-2.3.0-win32.exe with
administrator privileges

Once the program is installed, run the R
program by clicking on its icon

R 2.2.1 with Bioconductor 1.7.0 is installed
on corona.csc.fl, also

R 2.3.11s In works



Downloading Bioconductor

Welcome to Bioco tor — bioconductor.org - Microsoft Internet Explorer
File Edit ‘“iew Favorites Tools Help |'f
GBack M > \ﬂ \ELI __lj /-_-\J Search ::"\'( Favarites Q‘E ] - L_,_,'_ ) R _.‘ ﬁ
Address :E]http:,l'fwww.bioconductor.org,l’ b GO Links **

CONDUCTOR

open source software for

what is it¥ download docurmentation people publications

. search
project news

= 2006-04-06
Changes in BioZ Devel, March 2006

» 2006-02-08
Changes in BioC Devel, Fehbruary 2006

MWore...

QUICK LINKS

Bioconductor 1.8 released 27 April, 2006. This release is designed for R 2.3.0. View the packages

Upcoming: #
¢ 18 June - 23 June, 2006, Brixen-Bressanone (BZ), ltaly.

Upcoming:
7 July - 8 July 2006, Auckiand, New Zealand.

FI @ JOLEEs



Installing Bioconductor

File Edit Misc windows  Help

Load package. ..

Set CRAN mirror, ..

i R Console
Install package(s)...
Update packages

B : Copyri
Version 2.

r Statistical Computing
051-07-0

Install package(s) From local zip Files, ..

F is free software and comes with ABESOLUTELY NO WARRANTY.
Tou are welcome to redistribute it under certain conditions.
Type 'licensel)' or 'liecence()' for distribution details.

Natural language support but running in an English locale

F iz a collaborative project with many contributors.
Type 'contributors()' for wore information and
'citationi) ' on how to cite R or R packages in publications.

Type 'demo()' for some demosz, 'helpi()' for on-line help, or
'help.start()' for a HTHL hrowser interface to help.
Type 'gi)' to quit E.

> 1
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Installing Bioconductor

File Edit Misc Packages ‘Windows Help

R Console

R Copyright 2005, The R Foundation for Statistical Computing
Version 2.1.0 (2005-04-18), ISEN 3-200051-07-0

F is free software and comes with ABESOLUTELY NO WARRANTY.
Tou are welcome to redistribute it under certain conditions.
Type 'licensel)' or 'liecence()' for distribution details.

Natural language support but running in an English locale
F iz a collaborative project with many contributors.

Type 'contributors()' for wore information and
'citation(]' on how to cite R or R packages in pub lignbiiidals

Type 'demo()' for some demos, 'helpi)' for on-line h
'help.start()' for a HTHL hrowser interface to help.
Type 'gi)' to quit E.

> utils::setRepositoriesi)

[ ok | [ conca |
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Installing Bioconductor

File Edit Misc windows  Help

Load package. ..

Set CRAN mirror, ..
= R Console Select repositaries. .

Update packages

R Copyri
Version 2.

r Statistical Computing
051-07-0

Install package(s) From local zip Files, ..

F is free software and comes with ABESOLUTELY NO WARRANTY.
Tou are welcome to redistribute it under certain conditions.
Type 'licensel)' or 'liecence()' for distribution details.

Natural language support but running in an English locale
F iz a collaborative project with many contributors.

Type 'contributors()' for wore information and
'citationi) ' on how to cite R or R packages in publications.

Type 'demo()' for some demosz, 'helpi()' for on-line help, or
'help.start()' for a HTHL hrowser interface to help.
Type 'gi)' to quit E.

> utils::setRepositoriesi)

> 1
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Installing Bioconductor

File Edit Misc Packages ‘Windows Help

EESCIREEIEFE

# R Console

Packages

E : Copyright 2005, The R Foundation for Statistical %1
Version 2.1.0 (2005-04-18), ISBEN 3-200051-07-0 atfpcomp
affydata
B is free software and comes with ABSOLUTELY MO Wipg| [SffimGUl
Tou are welcome to redistribute it under certain comn :;ggﬁmﬂ b
Type 'licensei)' or 'licence()' for distribution detd |atedienws =
annaffy
MNatural language sSupport but running in an English AnnBuilder
anniatate
i . . i . apComplex
F iz a collaborative project with many contributors. arrayh agic -
Type 'contributors()' for wore information and arraylluality
'mitation()' on how to cite R or R packages in publid [bim

bioDist
Type 'demo()' for some demos, 'helpi)' for on-line hi b:gm::Flt
'help.start()' for a HTHML hrowser interface to help. Biostrings
Type 'qgi)' to cgquit ER. bridge
Category

> utils::setRepositoriesi) EEIEDiItEDS\::ts

# utils:::imenulnstallPkgs () corvert
clc

datda
DEDS
DMacopy
DynDoc
EBarrays
ecolith
edd
factDesign
gcima
gerdrise
genefilter
GeneMeta
geneplotter

[ ok | [ concel
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Installing Bioconductor (the best way)

 Alternatively, you can install Bioconductor
using a script:

source ("http://www.bioconductor.org/biocLite.R")
biocLite ()

biocLite(c(” "hgul33a", "hgul33acdf",
"hgul33aprobe", "ygs98", "ygs98cdf",
"ygs98probe")
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