Introduction to R and RStudio



Why R? @

Free & open source, popular

Has a lot of support

— Used in biology, finance, business analytics,
statistics

— Many tutorials available on-line

Libraries available for biological data analysis
through Bioconductor project

Easy to use, free user interface - RStudio



RStudio

* A very nice graphical user interface for R.
* |t's free!

* |Integrates well with knitr
— tool for writing statistical reports w/ R markdown
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R version 3.3.1 (2016-06-21) -- "Bug in Your Hair"
Copyright (C) 2016 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwinl3.4.0 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions.

Type 'license()' or 'licence()' for distribution details.
Natural language support but running in an English locale

R is a collaborative project with many contributors.

Type 'contributors()' for more information and

'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help(D)' for on-line help, or

'help.start()' for an HTML browser interface to help.

Type 'q()' to quit R.
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Customize RStudio panes

Select Tools >
Global Options >
Pane Layout

Configure:
— Top left: Source
— Top right: Console

— Bottom right:
Environment,
Files, Plots, Help

— Bottom left:
everything else

Options

— Choose the layout of the panes in RStudio by selecting from the controls in
t \ each quadrant.
General ( Source 4] [ Console )
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Enter & run commands in Console
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Practice: arithmetic expressions

> 5+0 e Add +
[1] 11 * Subtract -
> 5-6 * Multiply *
[1] -1 * Raise to a power **
> 2*5 e Expressions return values as
[1] 10 one-element vectors.

< ok e Also called scalars
> 2**4 e [1] indicates that this the first
[1] 16 value in the vector

* This is an index (an address)




R console tips

* Use UP arrow key to retrieve previous

commands
— Saves typing

O

* When you type a command, can type TAB to
get a hint. (More on this later)
— Makes writing commands much easier



Practice: Save results to variables

> ad =5+ b6 «<— ¢ Use '='to assign

> a <
[1] 11
>b =7 + 8

result to a variable

— Nothing returned; just
creates a variable

* Type variable name
to see what's in it

* Use variables in
expressions



Environment tab shows variables
defined thus far

> a=5+6

> a

[1] 11
> b=7+8
> a+b

[1] 26

>

Environment Files Plots Help

# [] _# Import Dataset

Global Environment -

Values
a 11
b 15

e Variables refer to
objects

 Most of what you
do in R involves
interacting with
objects



R has many functions

* R has functions for
— plotting
— statistical testing
— predictive modeling

* Functions accept inputs
called arguments

argument

v

> sqrt(4)
[1] 2

> sqrtCa)
[1] 3.316625

>




How to use a function in 4 steps

1. Type function name

2. Type " (" open parenthesis |> sart(4)
* RStudio types closing Elgqit(a)
parenthesis for you [1] 3.316625
3. Type argument >

— if more than one argument,

insert " " (comma) between ~ SArt calculates
them square root

4. Type ENTER



Practice: R has ordered arguments and
named arguments

T~

rnorm(10,mean=5,sd=2)

> rnorm(10,mean=5, sd=10)

[1] 5.992955 1.585141 8.044804 19.693630
[5] 22.016677 20.514699 10.653253 16.236811 Named
[9] -10.182795 2.034047 argument

> rnorm(10,sd=10,mean=5) order can vary
[1] -9.520978 -3.374612 8.046060 10.372663

[5] 5.750143 13.205880 11.925961 -15.266223
[9] ©6.809343 3.808163

> rnorm(10,sd=10)
[1] 7.0928288 -0.5725398 -0.3306876 -0.5715225
[5] 8.3853718 -11.2119116 -2.8124066 -6.2559263
[9] 7.3724010 -15.7621108

rnorm - makes a vector of random numbers from the normal distribution 13



-+

help shows how to use a function

- B 58

Console

>

> rnorm(10,mean=5)

[1] 8.014128 7.237323 3.111884 5.663325 4.445397
[6] 6.209346 4.906852 3.990580 4.387121 5.746039

>
>

> help(rnorm)

Type help(rnorm)

g1l

to list arguments,

defaults

helpis a function

—

— it takes other functions

as arguments
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Practice: Use ¢ to create new vectors

e Make a new character vector and save it to a
variable
char vec = c("How", "are","you?")
e Make a new numeric vector and save it to a
variable
num vec = c(1, 23, 5)
 Make a new logical vector and save it to a

variable
logi vec = c(TRUE,FALSE, TRUE)

15



Practice: Use : as a shortcut to make
new numeric vectors

* Using colon operator:

> help(':")

>

—num vec = 1:10

—another vec = 0:50

Environment Files Plots Help

— backward = 10:1 s & N

R: Colon Operator -

Useful shortcut when Colon {base}
subscripting - you'll see

, Colon Operator
it a lot today.

Description

Generate regular sequences.

16




: Use == to test for equality &
make new logical vectors

 Make two character vectors
a =c¢("I","1like", "coffee.")
b =c("T","1like", "tea.")
e Compare with ==:
> g ==
[l1] TRUE TRUE FALSE



. Use square brackets [ ]
(subscripting) to get elements from vectors

* Make a vector: The thing inside the

a = 10:1 square brackets is
e Get the 5th element: called an index-
al[5]
* Get the 2" to the 5% elements: al 7]
a[2:5]

* Get elements in any order; repeats are OK
afc(10,8,1,1)]



: Use a logical vector as an index to
retrieve elements from a vector

 Make a numeric vector:
> b = 1:5
> b
[1] 1 2 3 4 5
 Make alogical vector
> v = b < 3
> v
[1] TRUE TRUE FALSE FALSE FALSE
 Use it to get elements of b that are <5
> b[v]
[1] 1 2



Vectors can have indices

 Use names to give each element a name
> a = 1:3
> names(a)=c("'Mary", "loves", "John")
> a
Mary loves John
1 2 3

e Character vectors retrieve elements
> a[c("John","loves", "Mary") ]

John loves Mary
3 2 1



Matrices are two-dimension vectors -
they have rows & columns

e Usematrix to make a matrix from a vector
> a = 1:15

> a matrix = matrix(a,nrow=3)

> a matrix
[,11 [,2] [,31 [,41 [,5]

1, 1 4 7 10 13
2, 2 5 g 11 14
'3, 3 6 9 12 15




Use square brackets with comma to
retrieve data from a matrix

* Get elements from where the specified rows &
columns Can be single

_ value or a
—a matrix [rows,columns] | vector

> a matrix[l:2,3:4]
[,1] [,2] [,3]1 [,4] [,5]

1, 1 4 | 7 10 13
2, 2 5 g8 11 14
Ers 3 6 9 12 15
[,1] [,2] <€
(1,] 7 10
[2,] 8 11




Empty rows position means "all rows"

> a matrix[,3:4]

[,11 [,2] [,3]1 [,4] [,5]
(il 1 4 7 10 | 13
(2, 2 5 8§ 11 @ 14
=N 3 6 9 12 15

The returned
matrix has new
indices

=

> a matrix[,3:4]

(1, ]
(2, ]

(3]

[,1]
7
8

9

[+2]
10
11
12

23



Empty columns position means all
columns

> a matrix[c(1l,3),]
[,11 [,2]1 [,3]1 [,4] [,5]

1, 1 4 7 10 13
(2, ] 2 5 8 11 14
[ 3, ] 3 6 9 12 15
e Ik
ndices [,11 [,2] [,3] [,4] [,5]

s|r:,7 1 4 7 10 13
|:> (2,17 3 6 9 12 15




Matrices can have indices

> colnames(a matrix)=c("T1","T2","C1","C2","C3")
> rownames(a matrix)=c("Gl","G2","G3")
> a matrix

Tl T2 C1 C2 C3 Tip: use column and
Gl 1 4 7 10 13 row names to make
G2 2 5 8 11 14 your code more
G3 3 6 9 12 15 readable!

> a_matriX[C( "G].", ||G3|| ) ,C( "C].", ||C3u )]
Cl C3

Gl 7 13 <:, Observe how the
G3 9 15 new matrix uses

original row &
column names.




A list is a general-purpose container
for other objects

The 1ist
command makes a
new list

: Use dollar
operator $ to assign
or retrieve items
from a list by name

Use the
Environment tab or
names command
to find out what a
list contains

a_list = 1ist(Q)
a_list$numbers
a_list$letters
a_list$letters
[1] "a" "b" "c"

> a_list$numbers
[1]112345

> names(a_list)
[1] "numbers" "letters"
>

VvV V V YV

Environment Files Plots Help

# [ | [# Import Dataset~ | &

“% Global Environment

Values

@a_list List of 2
numbers: int [1:5] 1 2 3 4 5
letters: chr [1:3] "a" "b" "

C

26



A data frame is a list with rows & columns

i Itls Iike a matrix > letters = C("a"’"b"’"c")
— Rows are same length > numbers = 1:3
> df = data.frame(letters,numbers)
— Columns are same length S df
e Thedata.frame letters numbers
command makes data . : »
frames 3 c 3
> df$numbers

 Use dollar operator $ to

. | [1] 123

retrieve columns as vectors |, anescar)

or assign new values [1] "letters" "numbers"
dfSnumbers=4:6 >

df Snumbers[1]=2
dfSnumbers[1l:2]1=c(3,1)
e Use the Environment tab or
names command to find out

Environment Files Plots Help
# [ _#Import Dataset~ 3"

% Global Environment

Data

what columns a data frame | 4 3 obs. of 2 varigbles
contains Values
letters chr [1:3] "a" "b" "c"

numbers int [1:3] 12 3 27




Use [ ] to get data from a data frame - just like
with a matrix

e Uses same syntax das
for a matrix
— Subscripting accepts
* single values
* vectors

* Assign names to rows
using rownames

e Tip: use logical vectors
to extract rows that
satisfy a condition:

— Example - retrieve

rows where numbers
column>1

df [df Snumbers>1, ]

> df[1,2]

[1] 1

> df[1,1:2]
letters numbers

1 a 1

> df[,1:2]
letters numbers

1 a 1

2 b 2

3 C 3

> r‘ownameS(d'F)=C("1St"’nznd"’"3r'd")
> df
letters numbers

1st a 1
2nd b 2
3rd C 3

>

28




Data frame and list ideas you'll see
again

* Lists can contain anything
— vectors, matrices, data frames, other lists

— Bioconductor makes heavy use of list-based
objects to store results from statistical testing
* DGEList, DGELRT

e Data frames mainly used to store and manage
data imported into R from files

— use read .delim (or similar) commands to read
data from files into data frames



