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Topics to be Covered

e R: Language Basics, Plotting, Getting Help
¢ Using the RStudio Editor



What is R?

¢ Free, open source
e Startedin 1993
e Geared towards scientific computing

m Created by Ross lhaka and Robert Gentleman
(statisticians)

¢ |nterpreted; similar to Python and MATLAB



Why is R Popular?

¢ Free, open source
¢ |nteractive data analysis

m Script-driven rather than menu-driven helps
reproducibility

e Flexible and powerful plotting support

e Excellent package management system



R Package Management System

e | arge and growing collection of statistical analysis methods
¢ Simple package installation; dependency management
e R scripts usually portable to other platforms

e Package repositories ensure functionality, documentation,
and interoperability

e Vignettes (tutorials) provided as runnable analyses
e | arge diversity of packages for data analysts
m This presentation was produced with R packages



Extending R and Package
Repositories

e Comprehensive R Archive Network (CRAN)
m 5800 R packages (as of June 2014)

® Many packages call C, C++, Fortran, or Java code for
speedups

e Bioconductor
m 800+ R packages focused on bioinformatics
m 50+ packages dedicated to pathway analysis

e Devtools

m R package that allows package installation from code
repositories



RStudio

e https://www.rstudio.com/
e Available for Windows, OSX, and Linux

e Simplifies common tasks: plotting, package installation,
accessing files, viewing variables, etc.

¢ Provides code-completion so users do not have to
remember whole lists functions and tons parameters


https://www.rstudio.com/

Installing R and RStudio

e |nstall R

m https://cran.rstudio.com/

¢ |[nstall RStudio
m https://www.rstudio.com/products/rstudio/download/

e RStudio does not come with R and R must be installed first


https://cran.rstudio.com/
https://www.rstudio.com/products/rstudio/download/

YouTube Video Guides to Install R
and RStudio

¢ The following videos show how to install R and RStudio
from scratch

® |nclude instructions for many common dependencies
needed for pathway analysis package paxtoolsr

m OS X: https://youtu.be/[lUwP6KncMOo
» Windows: https://youtu.be/LcnCngOlblJc
m Linux: https://youtu.be/JICy9IwZrOk



https://youtu.be/lUwP6KncMOo
https://youtu.be/LcnCngOlbJc
https://youtu.be/JlCy9IwZrOk

RStudio Overview

[ NON ] ~/default/workspace/rTutorial - RStudio
Q- =~ =) | [ ) file |52 | Addins = & rTutorial =
@1 intro_machine_learning.Rmd - ] Environment History -
al MEOQ g KnitHTML = () ~ [ ~#Run +| % | = | £ [ | [(#Import Dataset~ | & st~ | &
51 "} Global Environment -
52 Compare the Species label with the clustering result Data
55 T
54- **{r} Diris i)
55 table(iris$Species, @ iris_dat |

56+ : O newiri E : t [
; Editor IR Environment §
58 Plot the clusters a limensions in the data and that only the first two .

dimensions are used lose to the green centre (asterisk) are actually
closer to the black centre in the four dimensional space.

59 iris_species Factor w/ 3 levels "setosa","versicol..

60+ ***{r} D ke List of 9
61 pl(?t(iris[c("Sepal.Length", "Sepal .Width")], I-'Jg=c("r'ed","gr'een3","blue")[kc$c1uster‘], pch=21) O pcaResult st 0F 5
62 points(Ckc$centers[,c("Sepal.Length", "Sepal.Width")], col=c("red","green3","blue"), pch=8, cex=2)
Ry

64 . B
65 - ## Dimension Reduction o & zoom | E|Export- | Q] | ¥ % | ©
66 - ### Principal Component Analysis

67

68 From: http://www.r-bloggers.com/computing-and-visualizing-pca-in-r/
69

70- " {r}

71 iris_data <- iris[, 1:4]

72  iris_species <- iris[, 5]

Files Plots Packages Help Viewer |

-
2:1 E3 Machine Learning Introduction = R Markdown =

Console ~/default/workspace/rTutorial/ =
pointsCkc$centers[,c("Se green3”,"blue"), pch=8, cex=2)

PC2

# Chunk 7

iris_data <- iris[, 1:4] CO nSO I e

iris_species <- iris[, 5

pcaResult <- prcomp(iris_data)

# Plot the first 2 principal components
plot(pcaResult$x, pch=21, bg=c("red","green3","blue")[unclass(iris$Species)]) PC1
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Table View of Variables

e Highlighted boxes open a table view of variable contents

[ JON ) ~/default/workspace/rTutorial - RStudio
Q- ~ - Addins ~ & rTutorial =
@7 intro_machine_learning.Rmd | iris Environment  History
Filter # [  _#Import Dataset~ =3 List=
Sepal.Length Sepal.Width Petal.Length Petal.Width Species Global Environment =
1 5.1 3.5 1.4 0.2 setosa Data
2 4.9 3.0 1.4 0.2 | setosa iris 158 obs. of 5 variables |
3 47 32 13 05 | setosa iris_data 150 obs. of 4 variables H
A e o e e newiris 150 obs. of 4 variables H
5 5.0 3.6 1.4 0.2 Values
i d W . setosa 3
iris_coef Named num [1:2] -0.363 0.416
6 5.4 3.9 1.7 0.4 setosa irisiim List of 12
4 4.6 3.4 14 0.3 | setosa iris_species Factor w/ 3 levels "setosa","versicol..
8 5.0 3.4 1.5 0.2 setosa kc List of 9
9 4.4 2.9 1.4 0.2 setosa pcaResult List of 5
10 4.9 3.1 1.5 0.1 setosa
Files Plots Packages Help Viewer
11 5.4 3.7 15 0.2 setosa =
] & Zoom & Export~ @ y Eon
12 4.8 3.4 1.6 0.2 setosa >
13 4.8 3.0 1.4 0.1 setosa
14 4.3 3.0 At 0.1 setosa
15 5.8 4.0 1.2 0.2  setosa
16 5.7 4.4 15 0.4 setosa o : ®
17 5.4 3.9 1.3 0.4  setnsa T o ® [} Py
- - e
Showing 1 to 17 of 150 entries | .’ ..~.
H o, &%
Console N =} ‘. [5°)
O 1 0% %
> o = @ ® ..‘. ®
> # Chunk 7 - 0% "’.’ @
> iris_data <- iris[, 1:4] °e @ o
> iris_species <- iris[, 5] S — L
> ! ‘ @
> pcaResult <- prcomp(iris_data) I o I I I I I I. |
>
> o e firs principal components - - -
# Plot the first 2 1 t 3 2 1 0 1 2 3 4
> plot(pcaResult$x, pch=21, bg=c("red","green3","blue")[unclass(iris$Species)])
> View(iris) PC1
>




Change Current Directory

e Highlighted boxes open a table view of variable contents

& RStudio File Edit Gode View Plots [[IESSaill Buid Debug Tools Window Help m e e e 56% @) Sat 1:33PM Q=
@ New Session rkspace/rTutorial - RStudio
Ql~| 2~ B & rTutorial =
@7 intro_machine_learning.Rmd iris Restart R @ #Fi0 Environment = History
/ Filter Terminate R... # [ _*Import Dataset~ List=
Sepal.Length Sepal.Width Petal.Length Pe " - . i ), Global Environment =
& g s g Set Working Directory > To Project Directory
1 5.1 35 1.4 Data
2 4.9 3.0 1.4 Load Workspace... To Files Pane Location Jiris 150 obs. of 5 variables 8
Save Workspace As... Miric datn 180 nhs nf 4 vgriables |
3 4.7 3.2 13 Choose Directory... ~40H Select and change to a new working directory L abl
4 4.6 3.1 1.5 Clear Workspace... (~{rH) variables i3}
5 5.0 3.6 1.4 LU
i : i Quit Session... iris_coef Named num [1:2] -0.363 0.416
6 5.4 3.9 1.7 0.4 | setosa D iris_1lm List of 12
7 4.6 3.4 1.4 0.3 setosa iris_species Factor w/ 3 levels "setosa","versicol..
8 5.0 3.4 1.5 0.2 setosa D ke List of 9
9 4.4 2.9 1.4 0.2 setosa 2 pcaResult List of 5
10 4.9 3.1 1.5 0.1 setosa
Files Plots Packages Help Viewer
11 5.4 3.7 1.5 0.2 setosa =
] & Zoom & Export~ & y 5,
12 4.8 3.4 1.6 0.2 setosa
13 4.8 3.0 1.4 0.1 setosa
14 4.3 3.0 1.1 0.1 setosa
15 5.8 4.0 12 0.2 setosa
16 5.7 4.4 15 0.4 setosa = © o
> e
17 54 39 13 0.4  setosa - ® ° @ PY
] : &)
Showing 1 to 17 of 150 entries ] .' ? s..~.
.‘ .. 0go®
N
Console S g _| ® ’. . %
> o ® <) @ ‘.
@ °®
> # Chunk 7 _ ) o
i s o e &
> iris_data <- iris[, 1:4] °® [¢) ®
> iris_species <- iris[, 5] S | ]
> ) ‘ L]
> pcaResult <- prcomp(iris_data) l e I I I l I I. I
>
> # Plot the first 2 principal components 3 2 A1 0 1 2 3 4
> plot(pcaResult$x, pch=21, bg=c("red","green3","blue")[unclass(iris$Species)])
> View(iris) PC1
>




Making a New R Script

& RStudio WECH Edit Code View Plots Session Build Debug Tools Window Help m A b e M) = 52% @) Sat1:47PM Q =
@® @® New File > R Script STV Create a new R script (2 %N) Btudio
Q- <2 - New Project... & rTutorial ~
‘ ) R Markdown... '
@7 intro_machine_ (szen It:I::el... %0 Shiny Web App... =[] | Environment History
ecent Files >
T 7 Text File < [ | Import Dataset - od List -
sepal.Ler Open Project... C++ File "} Global Environment »
1 Open Project in New Session... Data
5 Recent Projects > 2?—:&?9 Oiris 150 obs. of 5 variables
3 R Piasentation D iris_data 150 obs. of 4 variables
2 Hiocmentaion D newiris 150 obs. of 4 variables
: ; Values
5 0.2 setosa L.
Print iris_coef Named num [1:2] -0.363 0.416
g k... LERL @1iris_1m List of 12
4 Close Eaul 03 | setosa iris_species Factor w/ 3 levels "setosa","
8 Close All 1 8W 0.2 setosa D ke List of 9
9 Close All Except Current X OQ®W 0.2 setosa @ pcaResult List of 5
10 : 0.1 setosa
Close Project Files Plots Packages Help Viewer
i1 0.2 setosa .
= Quit Session... proes oo 0 2 zoom | # Export~ @ 5.
S . . i a setosa
13 4.8 3.0 1.4 0.1 setosa
14 4.3 3.0 151 0.1 setosa
15 5.8 4.0 1.2 0.2 setosa
16 5.7 4.4 1.5 0.4 setosa & © o
. e
17 5.4 3.9 1.3 0.4  setnsa - Py (0] PY
Showing 1 to 17 of 150 entries ] .' ‘.‘.M
(5} % o
Console /worl ori == S o | ‘. ﬁ.J e
(@]
> a © . “QO‘. e
> # Chunk 7 — 0% ‘.’.‘ [ 4
> iris_data <- iris[, 1:4] °® ® ®
> iris_species <- iris[, 5] S | [}
> T 8 °
> pcaResult <- prcomp(iris_data) I 4 I i I I I I. I
>
> # Plot the first 2 principal components 3 -2 -1 0 1 2 3 4

> plot(pcaResult$x, pch=21, bg=c("red","green3","blue")[unclass(iris$Species)])
> View(iris) PC1

>




First Script: Hello World!

e cat() prints asimple message in the console

cat("Hello World!")

Hello World!



Running Hello World Script

O
v

S

@®
-l B B
O_, intro_machine_learning.Rmd iris @7 Untitled1*
= Source on Save | O /-
1 cat("Hello World!")
2

-

Addins -

~/default/workspace/rTutorial - RStudio

“Run” button runs current line or selected lines

“Source” button runs all lines in file

& rTutorial =

Environment History

~= Run

Source

1 # [ #Import Dataset~ | 3 T

2:1 (Top Level)
Console
> iris_data <- iris[, 1:4]
> iris_species <- iris[, 5]
>
> pcaResult <- prcomp(iris_data)
>
> # Plot the first 2 principal components
> plot(pcaResult$x, pch=21, bg=c("red","green3","blue")[unclass(iris$Species)])
> View(iris)
> cat("Hello World!™)

Hello World!
>

Global Environment =

Data
iris 150 obs. of 5 variables
iris_data 150 obs. of 4 variables
newiris 150 obs. of 4 variables
Values
iris_coef Named num [1:2] -0.363 0.416
iris_1m List of 12

iris_species

Factor w/ 3 levels "setosa","versicol..

ke List of 9
pcaResult List of 5
Files Plots Packages Help Viewer
A & Zoom | E Export~ | @ 4 o
O
o ®
- 7] e © %
] o
R Script Jeod q.$..~.
Q Q
(¢
8 o | B, Dk,
o o @ “..%. ™)
— ... . '
(6] ®
o | o9 °
N 8 ®
b ®




Code Completion

e Pressing “Enter” will complete the name of the function

O ® ~/default/workspace/rTutorial - RStudio
@l-<t- H (B - Addins ~ A rTutorial =
@7 intro_machine_learning.Rmd |iris @7 Untitled1* Environment = History
: | Source on Save '-:g Z | ~= Run b9 | 4 Source =~ T |4l _*Import Dataset ~ Y List =
1 fish Global Environment =
& fisher.test fisher.test(x, y = NULL, workspace = 2e+@5, hybrid = Data
FALSE, control = 1list(), or = 1, alternative = iris 150 obs. of 5 variables
@wo.smed , conf.int = TRUE, conf.level = 0.95, Sris.data 150 obs. of 4 variables
simulate.p.value = FALSE, B = 2000) . .
newiris 150 obs. of 4 variables
Performs Fisher's exact test for testing the null of independence of Val
rows and columns in a contingency table with fixed marginals. CILE(E3
o iris_coef Named num [1:2] -0.363 0.416
iris_1lm List of 12
iris_species Factor w/ 3 levels "setosa","versicol..
ke List of 9
pcaResult List of 5
Files Plots Packages Help Viewer
3 & Zoom | H Export~ | @ = o
[©]
(= @ L
— )
° Ro &
1:5 (Top Level) R Script — o $..~.
®, ke oo
Console S o | ° ‘. o)
s fod o @ ....% - Y
o 4
- (¢] .. ® A '
o °% .
o 8 ®
° o




Installing Packages

e CRAN packages can be installed using RStudio or

install.packages()

@ RStudio File Edit Code View Plots Session Build Debug Window Help m A s 0 = 43% @) Sat2:13PM Q =
[ NON ) ~/dé Import Dataset >
°¢-=- 80 Zpboding 2 Install Packages... {nsiatfipactages . cluiosl 2
@ intro_machine_learning.Rmd |iris 37 Untitled1* Check for Package Updates... Environment History
A = Source on Save Q /- Version Control > - # [2  _*Import Dataset~ 3 List=
1 cat("Hello World!™) Global Environment =
% Shell... e
2 Addins > ata
iris 150 obs. of 5 variables ]
Keyboard Shortcuts Help X €K iris_data 15@ obs. of 4 variables ]
Modify Keyboard Shortcuts... newiris 150 obs. of 4 variables 5|
Project Options... 0%, Values
iris_coef Named num [1:2] -0.363 0.416
Global Options... iris_lm List of 12
iris_species Factor w/ 3 levels "setosa","versicol..
kc List of 9
pcaResult List of 5
Files Plots Packages Help Viewer
= & Zoom | -E| Export~ @ y %
5}
o )
- 1 e ®
° o o
2:1 (Top Level) R Script — .' 2 ‘O.~.
5
® QP
Console S o | ‘. o
> cat("Hello World!™) BE =

Hello World! |
> |

-1.0

@
[ ]
... Q ..
8 )
@ [ ]




Creating Reports with R

e R and RStudio simplifies creating PDF and HTML (webpage) reports
that can include:

= Code

= R coderesults

= Formatted text

= Tables

= Figures
e R Markdown files have the extension .Rmd instead of .R
e Tutorials (vignettes) are commonly written in this format

e Markdown cheatsheet:
https://www.rstudio.com/resources/cheatsheets/


https://www.rstudio.com/resources/cheatsheets/

Example RMarkdown (Rmd) Content

e NOTE: Remove apostrophes before each line when trying
the Rmd file

# Heading
## Sub-heading

Text

o Ar}
#R code
gg?("Hello")

- - - - - - - - -



Converting Rmd to HTML

e Rendering .Rmdto HTML is done with the Knit HTML
button in RStudio

@® @® ~/default/workspace/rTutorial - RStudio
Q- - =l - Addins - & rTutorial -
@7 intro_machine_learning.Rmd @7 using_r.Rmd ;%;l overview.Rpres* Environment  History = Presentation
- Ii:* 7 <3 ~#Run ~| %% 7 [ | . Import Dataset~ | & List~
126 -~ # Data Frames Global Environment ~
127 =0 frk Data
s data(?r}s) iris 150 obs. of 5 variables
129 head(iris) . )
139~ “° iris_data 150 obs. of 4 variables
131 newiris 150 obs. of 4 variables
132 - ## Rename data.frame columns Values
133~ ‘”{”'} iris_coef Named num [1:2] -0.363 0.416
134 numeric_vector <- c(1,"2‘,‘ 32 o s m List of 12
135 character_vector <- c("a", "b", "c") — - B
136 boolean_vector <- c(TRUE, FALSE, FALSE) iris_species Factor w/ 3 levels "setosa","versicolor",..: 1 1 1.
. 3 t}
137 ke List of 9
138 df <- data.frame(numbers=numeric_vector, characters=character_vector, boolean=boolean_vector) pcaResult List of 5
138« **
140
141 - ## Selecting columns by name Files Plots Packages Help Viewer
142 - ** {r
143 irii[}"Sepal Length"] - & zoom | & Exportr | @ “5- Publish
. .
144 iris$Sepal.Length
145+
146
147 ~ # Exporting data
148 %) P
149 - ## Writing files o ° ©®
=] Using R R Markdown b (6} ° @
S eod ..'.5.‘ G I 1Y
Console o .. e 000°®
o o O
> O T o Ofep b N oo
g S | e °%eP £ Bee
W 0 @ °
| ) 00 ) e
. @
o ° % &
i & °
] [ )
T T I T l l I I
-3 -2 -1 0 1 2 3 4




Example Rendered .Rmd

[ NON ) ~/default/workspace/rTutorial/using_r.html

1 | Open in Browser

Data Frames

data(iris)
head(iris)

## Sepal.Length Sepal.Width Petal.Length Petal.Width Species

## 1 541 3.5 1.4 0.2 setosa
## 2 4.9 350 1.4 0.2 setosa
## 3 4.7 3.2 1.3 0.2 setosa
## 4 4.6 3l 1..:5 0.2 setosa
## 5 5.0 3.6 1.4 0.2 setosa
## 6 5.4 3.9 1 0.4 setosa

Rename data.frame columns

numeric_vector <- c(1, 2, 3)
character_vector <- c("a", "b", "c")
boolean_vector <- c(TRUE, FALSE, FALSE)

Selecting columns by name

iris[,"Sepal.Length"]

## [1] 5.1 4.9 4.7 4.6 5.0 5.4 4.6 5.0 4.4 4.9 5.4 4.8 4.8 4.3 5.8 5.7 5.4
## [18] 5.1 5.7 5.1 5.4 5.1 4.6 5.1 4.8 5.0 5.0 5.2 5.2 4.7 4.8 5.4 5.2 5.5
## [35] 4.9 5.0 5.5 4.9 4.4 5.1 5.0 4.5 4.4 5.0 5.1 4.8 5.1 4.6 5.3 5.0 7.0
## [52] 6.4 6.9 5.5 6.5 5.7 6.3 4.9 6.6 5.2 5.0 5.9 6.0 6.1 5.6 6.7 5.6 5.8
## [69] 6.2 5.6 5.9 6.1 6.3 6.1 6.4 6.6 6.8 6.7 6.0 5.7 5.5 5.5 5.8 6.0 5.4
## [86] 6.0 6.7 6.3 5.6 5.5 5.5 6.1 5.8 5.0 5.6 5.7 5.7 6.2 5.1 5.7 6.3 5.8
#HE [103] 7.1 6.3 6.5 7.6 4.9 7.3 6.7 T2 6.5 6.4 6.85.7 58 6.4 6.5 7.7 7.7
## [120] 6.0 6.9 5.6 7.7 6.3 6.7 7.2 6.2 6.1 6.4 7.2 7.4 7.9 6.4 6.3 6.1 7.7

df <- data.frame(numbers=numeric_vector, characters=character_vector, boolean=boolean_vector)

“%, Publish




Getting Help

e Solutions to many R problems have been posted online
m Search the web with the error messages
e Question/Answer Sites
m Stack Overflow: http://stackoverflow.com/
m Biostars (Bioinformatics): https://www.biostars.org/
e Cheatsheets

® Summarize available functionality

m R: https://cran.r-project.org/doc/contrib/Short-
refcard.pdf

s RStudio:
https://www.rstudio.com/resources/cheatsheets/


http://stackoverflow.com/
https://www.biostars.org/
https://cran.r-project.org/doc/contrib/Short-refcard.pdf
https://www.rstudio.com/resources/cheatsheets/

