Introduction of Bioinformatics
Fall 2007

Part |: Introduction of R &
Bioconductor



Websites

* R: www.r-project.org
— Software
— Documentation
— RNews

* Bioconductor: www.bioconductor.org

— software, data, and documentation
— training materials from short courses
— mailing list



Introduction of R



What Is R?
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You can make your own contribution in the future.
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R Console

[ R Console E]@

F wersion 2.4.0 (2006-10-03)
Copyright (C) 2006 The B Foundation for Ztatistical Computing
IZEN 3-S900051-07-0
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File -> EXxit
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Getting help from R

e Getting help from R
— 2command and help(command): % 34 4 Z_&
£ (%4 4r2 package® §¢ ) g *
— Search help...: 433 &+ & & fié £ (package
AP e & ;“;) —help.search(“keyword ")
— search.r-project.org: & &%



>2+ 3

[1] 5

> sqrt(3/4)/(1/3-2/pit2)

[1] 6.626513

> exp(3.72)

[1] 41.26439

> sin(pi); log(10); log2(10); log10(10)



i‘,a LRI LA

SRS S
4\%{%\;}2? EJ;,()?B)_J,QO
B3 AR (@b g ADT 4 I A

—FEELEF ARG ERLE AN AR
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Some Simple Examples

e H — #iEm i F v
>x1=3.0
> x2 = “NTU”
> x3 = TRUE

o 21 & L -
F T+ \\\P ‘at .

>yl = exp(3.72)
>y2 =y1*3
° _‘E_ v

> out = Im(y~x+2z)
>y =NA



R 3 3¢ (function)

. d “SHC E CS N Ao mog A5k slide e
# mfunctlon. c, Im, seq, matrix, exp, etc.
E”-‘ Az = F

funcname( % #k)

e % :gfunctionsni * > =
— help or ?
Example: > ?Im # help(Im)



Help Menu

matriz(base)

Matrices

Description
matrix creates a matrix from the given set of wvalues.

as.matrizattempts to turn its areument into a matrix.

® Description ® Usage ® Arguments
® Detalls ® \alue ® References
® See Also ® Examples

E Documentation



apropos

apropos(“matrix”)

> apropos ("matrix™)

[1]
[3]
[3]
[7]
[2]
[11]
[13]
[13]
[17]
[12]
[£1]
[23]

> 1

. © matrix®

"model .mmatrix.defsult”™
"head.matrix"
"az.data.frame.matrix"
"as.matrix"™
"az.matrix.default”™
"az.matrix.POSIELL"
"determinant.macrix"™
Piz.matrix"

"iatrix™
fzubzset.matcrix™

funicque.matrix™

"roodel . .matrix™

"roodel .matrix. lm™
"tail.matrix"™
"az.data.frame.model.matrix™
"as.matrix.data.frame"™
"az.mwatrix.nogquote®
"data.matrix"
"duplicated.matrix"™
"igavyvmimetric.materix™
"prmatrix™
fzummary.matrix"™



N S T e 3 257

> args(“matrix”)

> oardgs ("watrix™)
function [(data = NA, nrow = 1, ncol = 1, byrow = FALSE, dimnawmwes = NULL)
NULL

|
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> matrix(x, 3, 2)

* RFETRE Sl L Fdp
> matrix(nrow=3, ncol=2, data=x)



R 3 3¢ (function)

» s R EP AR
> my.add <- function(x){x+3}
> my.add(1:3)
[1]14 56
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302032361272
>nod=c¢(3,0,2,0,3,2,3,6, 1, 2)

> nod
113020323612
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Data Is a vector!
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> length(x) # how many elements
> X[2] # the 2nd element
> X[1:5] # the first 5 elements
> x[c(1,2,5)] # specific elements
> X[x>3] # all greater than 3
> X[X<-2|%x>2]
> which(x==5) # which indices are equal to 5
> c(x,48,49,51,50,49) # append values to x

\




Example

> nod[2]

[1] O

> nod[-4]
11302323612
> nod[c(1,2,5)]

[1] 30 3

> nod[nod > 1]
113232362

> which(nod > 1)
1113567810



Matrix operation is similar!

> y2 = matrix(c(1:10), nrow = 2, ncol = 5)
>y2[2,1] )
> y21’] 2 2 & - = ) — =

> y2[,4] F R EC T %ﬂ‘[ﬂl Jf]a] =, 7 th] ’fg’*]

>y2[,-2] Y

> z2 = matrix(c(11:25), nrow = 3, ncol = 5)
> rbind(y2,z2)

> cbind(y2,z2) # error

> cbind(t(y2),t(z2))



Other Methods to Input Data

o FiiCHE ~ 2 S (M HA, R L)
> X <-scan() # Iinput numbers
> X <- scan(what="") # Input characters
Example: §]* scan # #
nod=¢(3,0,2,0,3,2,3,6,1, 2)
= nod = scanl)
1: 3 02 03 & 3 6 12

11:
Fead 10 items

>



Other Methods to Input Data

 Read from files:
> X <- scan(“test.txt”) # numbers
> X <- scan(“testc.txt”, what="")
# characters
o BT &1~ F IR & aF L read.table,
read.csv, etc



Read Excel Files

e XIs— csv (%% = — {7 eL4E)
e read.csv(file = “filename”)

_ M.L. Bittner, P. Meltzer, Y. Chen, et al., “Molecular
Example . Classification of Cutaneous Malignant Melanoma by Gene
Expression Profiling,” Nature, 2000, vol. 406, pp. 536-540.

> dd = read.csv(“melanoma.csv”)
> dd[,1]
> dd$PlatelLoc




Introduction of Bioconductor



Overview

* R software project for the analysis of biomedical and
genomic data
— Microarrays
— Genome sequence data
— Pathway graphs

o Started in 2001 by Robert Gentleman. Additional
packages developed and contributed by the research
community

* Tools for integrating biological metadata from the web
(annotation, literature)



Installation of Bioconductor

K R Console

F fEREEERE o AEE AR -
TER AR T Al LI H B R -
H 'license()' B 'licence()' ZRESRTAITEEIDIES -

r EE&/EEtE - SFEFARSHMETER -
A 'contributors()' IEEFIEADEGEILAGEH :
A 'citavion()' BEIFREINATELRS P IEREMERE r & R Bif -

H 'demoi)' FEE—EBTEIED - H 'helpi) R _CEEEE - 5
A 'help.starc()' iE#& HTML B\EEFEFEEHENEE -
H 'ay HERH r-

* source ("http://bioconductor..org/biocLice.RY)

» biocLite ()

Funning kbiocinstall wersion 2.0.8 with B wersion 2.5.1
Your wversion of B requires wversion 2.0 of Bioconductor.
Will install the following packages:

[1] "affv"™ "affydata™ PaffyvPLM"™ Mannatffv"™
[6] "EBiohase™ "BEiostrings" "DynDoc®™ fogorma’
[11] "geneplotter®™ fhgulSavz™ " 1lirma™ Tmarray™
[16] "mulctestc™ MROCTT Moan' futable'™

FPlease wait...

WEx

Mannotate™
"genefilter™
"matchprobes™
TaffyOCReporc™




Bioconductor Website

‘@ Welcome to Bioconductor — bioconductor.org - Mozilla Firefox
BED REO WAD BHE FEE IRED ZHHEHO

<,-j| < = @ ﬁ} | 2 hitpeitwurw bioconduetor.org! |'| [}] 'v| “\l
Coogle Scholer “¥? kimo [ | mep [ | SEEER G EIedsR (| NUmfe | SHER || &9B%E (5 Dictionery ) Friends [ Lib [ Mail [ Radio
Coogle | melanoma micro M CltEZ - 582 ™M~ ® (& ®EP 4 [E melmoms [E] microamsy [E] 587 genes (@ r=

open source software for

what is ity

project news

» 2007-08-31
The next release of Bioconductor is scheduled for October
5th, 2007

» 2007-08-11
Changes in BioC Devel, July 2007

BE




Bioconductor Packages

I|.|'-'|,|'h at iEi |tl?l

Install - How To

For Developers
Ipload a packa e ’
(CURRENTLY FULLY)

Join mailing list

The next release of Bioconductor is scheduled for Qctober Sth, 2007, For deta
o
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Bioconductor Packages

Bioconductor Task View: BiocViews

Subviews

+ Software
+ AnnotationData
* FxpenmentData

Packages in view

Mo packages in this wew



Bioconductor Packages -- Software

e Microarray: e Annotation:  Technology:
+ CneChannel * @ > IH"ECI"DEIITB_EF
X Exﬁlﬁaﬂf * Dathways ¢ Proteomics
. &Tﬂiﬁ*ol * PropretaryFlatforms Masss
, o « ReportWritine * [ass>pectrometty
+ Tranzcription * S"E"GE
o DNACopyumber ¢ _ellBasedbssays
* SMPsbndCGeneticVanabidity Sl T
e Statistics: * Visualization
¢ DifferentialEspression o GraphsAndNetworks
+ Clustering
¢ Clazsification e |nfrastructure

+ MultpleCompanszons
+ Tinei_ourse
+ equenceddatchine




Bioconductor Packages -- Others

These packages provide
annotation on the genes on microarrays. This
resource can be searched by organism, chip
manufacturer, chip name etc.

They contain published data
pre-prepared for Bioconductor. Many of the
tutorial s(vignettes) in Bioconductor use these
data in exercises.



Vignettes

e Each Bioconductor package contains at
east one , a document that
orovides a task-oriented description of
nackage functionality. Vignettes contain
executable examples and are intended to
be used interactively.




> librarviaffv)

Loading required packadge:
Loading required packadge:

Melcomwse to Bioconductor

Vignettes contalin introductory material.
To cite Bioconductor,
and for packages

'openWignette () ' .
'citation("Biobase™) !

Loading required packadge:

> openVignettel)
FPleaze zelect a wvignette:

affy
affvy
affvy
affy
affvy

LTI R B R Wy BY R S U SR

[
=

iR g

Enter an item

HEiE: O
-

Eiohasze
Eioha=ze
Eichase
Eiohase
Eiocha=ze

m & W

FPrimer

Biokhase
tools

affvio

Built-in Processing Methods
Custom Processzing Methods

Import Methods

To wiew,

Automatic downloading of CDF packages
An introduction to Biokhase and Expressionliets
Bioconductor Crrerwview
ezipply Introduction

Notez for eZet

Notez for writing introductory

from the menu,

developers

or O to exit

"how to!

type

'citation (pkgname) ' .

docaments



Classes and Methods

e |In order to deal with the complexity of microarray
data, the Bioconductor packages have adopted
the class/method object-oriented programming
(OOP) paradigm

— Classes are objects that follow a particular format.

— Methods are functions, such as plot, that behave
differently depending on class



> librarv(affvdata)
> data(Dilution)

> class(Dilution)
[1] "AffyvEBatch'
attr [, "package™)

[1] rraff?rr
> slotMNames(Dilution)

[1] "ocdfName'™ "nrow" "rncol®

[4] "aszzavDhata® "phenobata™ "featureData™

[7] "experimentData®™ Pannotation®™ . o lassVersion "

>



