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What is R? 

•  R is a software environment for data analysis 
•  R environment is similar to Unix 
•  It contains suite of functions for basic calculations and 

data analysis 
•  operators to work with arrays and large data matrices 
•  Also has graphical system 
 
 



History of R 

•  Created by Robert Gentleman & Ross Ihaka, Dept of 
Statistics, University of Auckland, New Zealand. 

•  It was developed to share the statistical methods. 
•  It is mainly an implementation of S language developed  

at Bell labs 
•  R’s development began in early 1990s 
•  R is made public in 1993  and current version R3.1.1 
•  R core Development team formed in 1997 
 



Why R is great? 

•  R is freely available  
•  Licensed under open source  
•  Is extensible with community developed packages 
•  Over 4000 packages 
•  Easy to install 
•  Cross platform 
•  Good documentation 
 
 



Where is it used 

•  Revolution Analytics 
•  Google 
•  Facebook uses for analyzing user behavior. 
•  National Weather Service: Flood forecasts. 
•  Orbitz: Statistical analysis to suggest best hotel. 
•  Trulia: Statistical modeling for real estate. 



Why not R? 
•  A bit of learning curve 
•  Can be very slow depending on the objects in workspace 

 



Expectations 

•  R pro in half a day    ✗ 
•  Comfortable to use R    ✓ 
•  read and analyze the data   ✓ 
•  find help and documentation   ✓ 
•  Solve your data analysis problems  ✓& ✗ 
•  and make data analysis reproducible (easy to share) ✓

  



Resources 

•  Google 
•  R bloggers 
•  Package documentation 
•  Books – R in Nutshell (Joseph Adler) 
•  Online courses Coursera, Harvard edX etc 
•  http://r-dir.com/learn/courses.html  
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R Studio 

Editor	  

Console	  

Workspace, 
History	  

Plots, 
Files, 
Packages, 
Help	  



R Console 

Console	  



Using R 

•  Console 
•  Command mode 
•  use functions/scripts to work with data 

•  Rstudio - IDE to manage projects 

Ctrl+Enter or Ctrl+R to run commands 
Ctrl+1, 2, 3 and 4 to shift between panes 
 
 



Vocabulary  

•  function – set of commands 
•  packages - new functions and methods ("Apps”) 
•  Repositories – collection of packages (App store)  
•  CRAN 
•  Bioconductor   

•  workspace - the working memory of R 

 



Data Types 

•  Supports any type of data 
•  Vectors (character, numeric, logical) 
•  c('GeneA', 'GeneB', 'GeneC', 'GeneD', 'GeneE')  
•  c(1,2,3) 

•  Matrix (one data type) 
•  Array (can have more than 2 dimensions) 
•  Data frames (allows columns to have both numeric and 

character) 
•  Lists (collection of objects) 
•  Factors 



R commands 
a <- 3.5 # R is case sensitive 
A = '2' 
print((a+as.numeric(A))/3) #expression 
 
class(a) 
typeof(a) 
 
is.numeric(a) 
is.numeric(A) 

Note the differences 



R commands 
a <- 3.5 # R is case sensitive 
A = '2' 
print((a+as.numeric(A))/3) #expression 
 
class(a) 
typeof(a) 
 
is.numeric(a) 
is.numeric(A) 
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Get the text file 



Matrix 
?matrix 
mat <- matrix(2:9, nrow=4, ncol=2) 
 
dim(mat) 
mat[,1] 
mat[2,1] 
 
class(mat) 
summary(mat) 

Note the differences 



Vectors and Dataframes 
gene <- c('GeneA', 'GeneB', 'GeneC', 'GeneD')  
exp1 <- c(1, 2, 3, 4) 
exp2 <- 5:8 
genedat1 <- cbind(gene, exp1, exp2) 
genedat2 <- as.data.frame(cbind(gene, exp1, exp2), 
stringsAsFactors=F) 

check the type/class of genedat1 and genedat2 



Basic operators 
Comparison operators 

 equal: == 
 not equal: != 
 greater/less than: > < 
 greater/less than or equal: >= <= 

 
Logical operators 

 AND: & 
 OR: | 
 NOT: ! 

 



Getting help in R 
•  help.search(”mean”) 

•  ?mean 
•  help(mean) 
•  example(mean) 



Getting data from file 
#check working directory 
getwd() 
 
#check working directory 
setwd("c:/User/myProjectDirectory") 
 
# easy with RStudio 



Getting data from file (Con'd) 
mycooldata <- read.csv("file1.csv") 
 
# other functions read.table, read.delim 
 
 
dim(mycooldata) 
head(mycooldata) 
str(mycooldata) 

check what is in the file 



Data transformation 
tab.split <- split(mycooldata[,1:2], mycooldata[,3]) 
 
 
 
 
write.table("file1.csv") 

Check what it does 



Plotting 
plot(mycooldata[,1], mycooldata[,2]) 
plot(mycooldata[,1], mycooldata[,2], xlab="height", 
ylab="weight") 
plot(mycooldata[,1], mycooldata[,2], xlab="height", 
ylab="weight", main = "Height Vs Weight") 
 
#save to file 
pdf(myplot.pdf) 
plot(mycooldata[,1], mycooldata[,2], xlab="height", 
ylab="weight", main = "Height Vs Weight") 
dev.off() 
 



Simulations in R 
•  sample(25) 
•  Plot(density(sample(25))) 

•  x <- rnorm(25) 
•  plot(density(x)) 

•  y <- runif(25) 
•  plot(density(y)) 



Simulations in R (cont’d) 
•  sample(gene, 6, replace=T) 

#try ample(gene, 6 



Functions 

a <- 2 

mysqrt <- function(n) { 
  sqrt(n) 
 } 

print(mysqrt(a)) 



Loop 

•  for (i in 1:50 ) { 
  print i 
  } 

•  while (i<5){ 
 print i 

} 



R environment 
•  R creates hidden files .RData, .Rhistory and .Rprofile 

(optional) to control R environment. 
•  History - save all commands you type 
•  Rdata saves everything in memory (can be large- be 

careful) 
•  Helpful to rename 
•  save.image(file=“my_project.RData”) 
•  save(myVec, file=“my_project_object.RData”) 



Steps in data analysis 

•  Read data (input) 
•  Review data 
•  Load or install required packages 
•  Analyze 
•  Save output to files 
•  Save commands to a script   myscript.R 

## In R   
source(“myscript.R”) 

## Or from the command line 
R CMD BATCH myscript.R 

•  Save scripts, projectNameDate.R,  
 
 



Bioconductor	  



Bioconductor 
•  Software for the analysis of genomic 

data. 
•  Open source and uses R 
•  Release coincides with R 
•  Install from website 

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

biocLite(“package”) 

 



Annotation Packages 
•  Gene centric AnnotationDbi packages: 
▫  org.Mm.eg.db, org.Hs.eg.db. 
▫  Technology/Platform: hgu133plus2.db. 
▫  GeneSets and Pathway (biology level): GO.db or KEGG.db 
 

•  Genome centric GenomicFeatures packages: 
▫  Transriptome level: TxDb.Hsapiens.UCSC.hg19.knownGene 
▫  Generic features: Can generate via GenomicFeatures 

•  biomaRt: 
▫  Query web-based `biomart' resource for genes, sequence, SNPs, 

and etc. 
 



Bioconductor to work 
•  Common data types 
•  Microarray 
•  NGS 
•  Proteomic 

library(affy) 
affybatch <- ReadAffy(celfile.path="[Location of your data]") 
 
#Normalization 
eSet<-justRMA() 
 
 



Steps in data analysis 

•  Read data (input) 
•  Review data 
•  Load or install required packages 
•  Analyze 
•  Save output to files 
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Public Microarray Data 
•  Gene Expression Omnibus - NCBI 
•  ArrayExpress at EBI 
•  Stanford Microarray database 
•  TCGA 
 
 
 



Expression analysis 
#data <- ReadAffy(filenames=targets$FileName) # Reads 
CEL files (specified in 'targets') into AffyBatch object. 
#eset <- rma(data) # Normalizes data with 'rma' function 
and 
 
Study 
GSE23031 <-  Ribovarin vs PBS treatment 
 



Expression analysis (cont’d) 
library (GEOquery) 
#gse23031 <- getGEO('GSE23031',GSEMatrix=TRUE) 
#gse23031 <- gse23031[[1]] 
#gse23031.exp <- exprs(gse23031) 
#save(gse23031.exp, file ="microarray.Rdata") 
 
Exercise  
Read expression table 
Load(microarray.Rdata) 
Visualize data using boxplot function 
 
 



Analysis 
table(sample.dat[,1]) 
colnames(gse23031.exp) <- sample.dat[,1] 
boxplot(gse23031.exp) 
#differentially regulated genes 
 
 



Differential expression 
design <- c(0,0,0,1,1,1) 
fit <- lmFit(gse23031.exp, design) 
ebayes <- eBayes(fit) 
top100 <- topTable(ebayes, adjust="fdr", sort.by="P", 
number=100) 
heatmap(gse23031.exp[rownames(top100),]) 
 



Annotate 
top100.annotate <- merge(gpl570.tab, top100, by.x=1, 
by.y='row.names') 



Differential expression 


