R for bioinformatics
(or anything else)

Cait Harrigan & Gabi Morgenshtern



Before we begin....

pollev.com/charrigan888

Please vote on what you want to get out of today’s workshop


https://pollev.com/charrigan888

In this tutorial we will use two pieces of software, R and RStudio. Both are freely available online for download

What is R? What is Rstudio?

R is a programming language - a set of
rules for how to tell a computer todo
something

RStudio is an interface for coding with R.
You may see it called an “environment” or
an “IDE”
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7 Go to file/function
@] basics-intro.R @ preparingData.R

[ ISourceonSave = 4 /' ~

@) plotting.R

# This script works through downloading, processing, and integrating information from the

~ Addins ~

= Run

# a network of high-confidence yeast genes with the "mitotic cell cycle" GOSlim annotation.

#
10 # Adapted from Boris Steipe's material for BCH441
1 #

12 # Dataset Access:
STRING data source:

6
7 # STRING and GOSlim databases on Saccharomyces cerevisiae, in preparation for visualizing
8
9

=0

%% | _# Source ~

Download page: https://string-db.org/cgi/download.pl?species_text=Saccharomyces+cerevisiae
Data: (20.8 mb) https://string-db.org/download/protein.links.full.v11/4932.protein.links.full.vil.txt.gz

GOSlim data source:

I
~
WM W N W

21

22~ if (! require(readr, quietly = TRUE)) {
23 install.packages("readr")

24 library(readr)

25

726
25:2 (Top Level) =
Console  Terminal Jobs

~/Documents/lil-bioinf/

R version 3.3.3 (2017-03-06) -- "Another Canoe"
Copyright (C) 2017 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()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

Info page: http://www.geneontology.org/page/go-slim-and-subset-guide
Data: (3 mb) https://downloads.yeastgenome.org/curation/literature/go_slim_mapping.tab

R Script &

=0

History  Co
|3 | "7 Import Dataset ~
Global Environment ~

Files Plots Packages
© | New Folder  © Delete
") 4 Home - Documents

A Name

t.

[C] #] .gitignore
) @] basics-intro.R
[ £ data
lil-bioinf.Rproj
plotting.R
preparingData.R
README.md

'4

Build

Git

Environment is empty

Help  Viewer

& More ~

= Rename

lil-bioinf

scripts

Size

5938
5358

2058
3.2KB
4.9 KB
1.6 KB

R lil-bioinf ~
=0
— List ~ -
Q
=0
¥
Modified

Nov 9, 2019, 11:04 AM
Nov 9, 2019, 11:46 AM

Nov 9, 2019, 11:04 AM
Nov 9, 2019, 11:30 AM
Nov 9, 2019, 11:04 AM
Nov 9, 2019, 11:04 AM

RStudio environment

The console:
- runRcode

Scripts:
- write and save R code
- canbesourcedto
re-use useful code

Environment:
- what informationis
available to the
console

Files:
- files onyour machine

Project:
- acertain set-upfor a
group of scripts
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# Go to file/function
@] basics-intro.R @ preparingData.R

[ ISourceonSave = 4 /' ~

@) plotting.R

# This script works through downloading, processing, and integrating information from the

~ Addins ~

= Run

# a network of high-confidence yeast genes with the "mitotic cell cycle" GOSlim annotation.

o
6
7 # STRING and GOSlim databases on Saccharomyces cerevisiae, in preparation for visualizing
8
9

o

=D
+* Source | =

#
10 # Adapted from Boris Steipe's material for BCH441
1 #
12 # Dataset Access:
13 # STRING data source:
14 # Download page: https://string-db.org/cgi/download.pl?species_text=Saccharomyces+cerevisiae
15 # Data: (20.8 mb) https://string-db.org/download/protein.links.full.v11/4932.protein.links.full.vil.txt.gz
16 #
17 # GOSlim data source:
18 # Info page: http://www.geneontology.org/page/go-slim-and-subset-guide
19 # Data: (3 mb) https://downloads.yeastgenome.org/curation/literature/go_slim_mapping.tab
20 #
21

22~ if (! require(readr, quietly = TRUE)) {
23 install.packages("readr")

24 library(readr)

25

R.Script +

nsole  Terminal Jobs

~/Documents/lil-bioinf/

R version 3.3.3 (2017-03-06) -- "Another Canoe"
Copyright (C) 2017 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()' for on-line help, or
"help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.
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[C] #] .gitignore
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| plotting.R
preparingData.R
| README.md

Build  Git

Environment is empty

Help  Viewer

& More ~

= Rename
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scripts

Size
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Q
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Nov 9, 2019, 11:04 AM
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RStudio environment

The console:
- runRcode

Scripts:
- write and save R code
- canbesourcedto
re-use useful code

Environment:
- what informationis
available to the
console

Files:
- files onyour machine

Project:
- acertain set-upfor a
group of scripts
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=g = || A Gotofileffunction g - ~ Addins ~ \
@] basics-intro.R @ preparingData.R @) plotting.R - i History  Co Build  Git
4 [ ISourceonSave = 4 /- ¢ Run | %% |+ Source | = k [ | "7 Import Dataset ~ = &
oo
6 # This script works through downloading, processing, and integrating information from the Global EnvEoIImeNC =
7 # STRING and GOSlim databases on Saccharomyces cerevisiae, in preparation for visualizing
8 # a network of high-confidence yeast genes with the "mitotic cell cycle" GOSlim annotation.
9 # Environment is empty
10 # Adapted from Boris Steipe's material for BCH441
1 #
12 # Dataset Access:
13 # STRING data source:
14 # Download page: https://string-db.org/cgi/download.pl?species_text=Saccharomyces+cerevisiae
15 # Data: (20.8 mb) https://string-db.org/download/protein.links.full.v11/4932.protein.links.full.vil.txt.gz
16 #
17 # GOSlim data source:
18 # Info page: http://www.geneontology.org/page/go-slim-and-subset-guide
19 # Data: (3 mb) https://downloads.yeastgenome.org/curation/literature/go_slim_mapping.tab iles  Plots  Packages Help Viewer
20 # P NewFolder © Delete = Rename = {F More ~
21
i e .
22+ if (1 requireCreadr, quietly = TRUE)) § | 42} Home - Documents - lil-bioinf - scripts .
23 install.packages("readr") 2:Name: Szt
24 library(readr) 5 S
| ] &) gitignore 5938
26
2 (Top Level) ¢ R Scrip! [ @7 basics-intro.R 5358
Console  Terminal -~ Jobs = I data
~/Documents/lil-bioinf/  lil-bioinf.Rproj 2058
| plotting.R 3.2KB
R version 3.3.3 (2017-03-06) -- "Another Canoe" ) preparingData.R 4.9KB
Copyright (C) 2017 The R Foundation for Statistical Computing
Platform: | README.md 1.6 KB

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()' for on-line help, or
"help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.
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Q
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¥
Modified

Nov 9, 2019, 11:04 AM
Nov 9, 2019, 11:46 AM

Nov 9, 2019, 11:04 AM
Nov 9, 2019, 11:30 AM
Nov 9, 2019, 11:04 AM
Nov 9, 2019, 11:04 AM

RStudio environment

The console:
- runRcode

Scripts:
- write and save R code
- canbesourcedto
re-use useful code

Environment:
- what informationis
available to the
console

Files:
- files onyour machine

Project:
- acertain set-upfor a
group of scripts
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© -opl- = || A Gotofile/function 5 - ~ Addins ~
@] basics-intro.R @ preparingData.R @) plotting.R =
[[Isourceonsave | & /° ~ 1§ S Run | 5] [ Source <] =

oo
6 # This script works through downloading, processing, and integrating information from the
7 # STRING and GOSlim databases on Saccharomyces cerevisiae, in preparation for visualizing
8 # a network of high-confidence yeast genes with the "mitotic cell cycle" GOSlim annotation.
9

#
10 # Adapted from Boris Steipe's material for BCH441
1 #
12 # Dataset Access:
13 # STRING data source:
14 # Download page: https://string-db.org/cgi/download.pl?species_text=Saccharomyces+cerevisiae
15 # Data: (20.8 mb) https://string-db.org/download/protein.links.full.v11/4932.protein.links.full.vil.txt.gz
16 #
17 # GOSlim data source:
18 # Info page: http://www.geneontology.org/page/go-slim-and-subset-guide
19 # Data: (3 mb) https://downloads.yeastgenome.org/curation/literature/go_slim_mapping.tab
20 #
21

22~ if (! require(readr, quietly = TRUE)) {
23 install.packages("readr")
24 library(readr)

25
726
25:2 (Top Level) = R Script ¢
Console  Terminal Jobs =

~/Documents/lil-bioinf/

R version 3.3.3 (2017-03-06) -- "Another Canoe"
Copyright (C) 2017 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()' for on-line help, or
"help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

R lil-bioinf ~
(( i History  C Build  Git =m
- | | ©#* Import Dataset ~ { = List ~ -
1} Global Environment ~ Q
Environment is empty
Files Plots Packages Help Viewer =
© | New Folder | © Delete <] Rename = {3 More ~
[ A Home - Documents - lil-bioinf - scripts X
A Name Size Modified
t.
[C] #] .gitignore 5938 Nov 9, 2019, 11:04 AM
[} @] basics-intro.R 5358 Nov 9, 2019, 11:46 AM
[ £ data
. lil-bioinf.Rproj 2058 Nov 9, 2019, 11:04 AM
' | plotting.R 3.2KB Nov 9, 2019, 11:30 AM
preparingData.R 4.9 KB Nov 9, 2019, 11:04 AM
| README.md 1.6 KB Nov 9, 2019, 11:04 AM

RStudio environment

The console:
- runRcode

Scripts:
- write and save R code
- canbesourcedto
re-use useful code

Environment:
- whatinformationis
available to the
console

Files:
- files onyour machine

Project:
- acertain set-upfor a
group of scripts
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© -opl- = || A Gotofile/function 5 - ~ Addins ~
@] basics-intro.R @ preparingData.R @) plotting.R
[ ISourceonSave 4 / ~ - Run

oo
6 # This script works through downloading, processing, and integrating information from the
7 # STRING and GOSlim databases on Saccharomyces cerevisiae, in preparation for visualizing
8 # a network of high-confidence yeast genes with the "mitotic cell cycle" GOSlim annotation.
9

#
10 # Adapted from Boris Steipe's material for BCH441
1 #

12 # Dataset Access:

=0

# Source v =

13 # STRING data source:

14 # Download page: https://string-db.org/cgi/download.pl?species_text=Saccharomyces+cerevisiae

15 # Data: (20.8 mb) https://string-db.org/download/protein.links.full.v11/4932.protein.links.full.vil.txt.gz
16 #

17 # GOSlim data source:

18 # Info page: http://www.geneontology.org/page/go-slim-and-subset-guide

19 # Data: (3 mb) https://downloads.yeastgenome.org/curation/literature/go_slim_mapping.tab

20 #

21

22~ if (! require(readr, quietly = TRUE)) {
23 install.packages("readr")

24 library(readr)

25

726
25:2 (Top Level) =

Console  Terminal Jobs

~/Documents/lil-bioinf/

R version 3.3.3 (2017-03-06) -- "Another Canoe"
Copyright (C) 2017 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()' for on-line help, or
"help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

R Script &
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[ £ data
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' | plotting.R 3.2KB Nov 9, 2019, 11:30 AM
preparingData.R 4.9 KB Nov 9, 2019, 11:04 AM
| README.md 1.6 KB Nov 9, 2019, 11:04 AM

RStudio environment

The console:

- runRcode

Scripts:
- write and save R code
- canbesourcedto
re-use useful code

Environment:
- what informationis
available to the
console

Files:
- files onyour machine

Project:
- acertain set-upfor a
group of scripts
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6 # This script works through downloading, processing, and integrating information from the
7 # STRING and GOSlim databases on Saccharomyces cerevisiae, in preparation for visualizing
8 # a network of high-confidence yeast genes with the "mitotic cell cycle" GOSlim annotation.
9

#
10 # Adapted from Boris Steipe's material for BCH441
1 #

12 # Dataset Access:

13 # STRING data source:

14 # Download page: https://string-db.org/cgi/download.pl?species_text=Saccharomyces+cerevisiae

15 # Data: (20.8 mb) https://string-db.org/download/protein.links.full.v11/4932.protein.links.full.vil.txt.gz
16 #

17 # GOSlim data source:

18 # Info page: http://www.geneontology.org/page/go-slim-and-subset-guide

19 # Data: (3 mb) https://downloads.yeastgenome.org/curation/literature/go_slim_mapping.tab

20 #

21

22~ if (! require(readr, quietly = TRUE)) {
23 install.packages("readr")

24 library(readr)

25
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25:2 (Top Level) = R Script ¢
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Console  Terminal Jobs

~/Documents/lil-bioinf/

R version 3.3.3 (2017-03-06) -- "Another Canoe"
Copyright (C) 2017 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()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.
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RStudio environment

The console:

S 1S - runRcode
Scripts:
- write and save R code
- canbesourcedto
= re-use useful code
.

Environment:
- what informationis
available to the
console

Nov 9, 2019, 11:04 AM
Nov 9, 2019, 11:46 AM

Nov 9, 2019, 11:04 AM
Nov 9, 2019, 11:30 AM

Nov 9, 2019, 11:04 AM
Nov 9, 2019, 11:04 AM

Files:
- files onyour machine

Project:
- acertain set-up for a
group of scripts



Programming basics Objects & variables

Objects

Obijects let us talk about the things we want our code to do. Objects are part of a useful
paradigm that lets us turn abstract concepts into concrete actions.

Some examples of objects: a number, astring of characters, alist, or even a function.

Abstract concept ‘ Concrete action



Programming basics Objects & variables

Objects

Obijects let us talk about the things we want our code to do. Objects are part of a useful
paradigm that lets us turn abstract concepts into concrete actions.

Some examples of objects: a number, astring of characters, alist, or even a function.

Abstract concept ‘ Concrete action

What's the average speed 0.013m/s +0.008m/s +0.011m/s
of these three snails? 3




Programming basics Objects & variables

Objects

Obijects let us talk about the things we want our code to do. Objects are part of a useful
paradigm that lets us turn abstract concepts into concrete actions.

Some examples of objects: a number, astring of characters, alist, or even a function.

Abstract concept ‘ Concrete action
) Console  Terminal Jobs
What’s the average speed - /Documents/ll-bioinf/
of these three snails? . (0.013 + 0.008 + 0.011) / 3

[1] 9.01066667

> |
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Variables

Console  Terminal Jobs
~ /Documents /lil-bioinf/

> num_snails <- 3
> num_snails

[11 3

We can manipulate
variables in the same way
that we did the objects
they refer to.

Objects & variables

We can store objects in variables. They act as a
shorthand name for the object that they refer to.

We use the assignment operator <- tosetthe
value of avariable

Console Terminal Jobs

~ [Documents /lil-bioinf/

num_snails <- 3

speed_snaill <- ©.013

speed_snailZ <- 0.008

speed_snail3 <- 0.011

(speed_snaill + speed_snail2 + speed_snail3) / num_snails
1] 9.01066667

eV e NN
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Functions

We use functions to write reusable code. They let us make
modifications to objects, or get information about them.

A function takes input parameters, and returns output.

Console  Terminal Jobs
~ | Documents/lil-bioinf/
~~
> fastest_snail <- function(speeds){
+
+ snall_num <- which(speeds == max(speeds)) . .
+ message <- sprintf("The fastest is snail number %s", snail_num) >~ Function definition
+
+ return(message)
+ } '/ . . . .
> Function call - the input is the object

. i1(snail : -
En“f;f‘zt;‘i::;sgsggIS;Z’i’fezzzbe,, » snail_speeds and the return value is a

> message about the snails



Let's dive In!

) harrigi2/lil-bioinf: R workshop X~ +
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O Pull requests Issues Marketplace Explore A +- i

I harrig12 / lil-bioinf @unwatch~ 2 Kstar 0  YFork 0
<> Code Issues 0 I’ Pull requests 0 Actions [ Projects 1 Wiki Security L Insights £ Settings

R workshop for bioinformatics (and more!) https://harrig12.github.io/lil-bioinf

Manage topics

D 10 commits 4 branches (D 0 packages © 0 releases 4" 1 environment A2 2 contributors

New pull request Createnewfile Upload files  Find file ~[EILELIELILITTRS

R sabmorg Merge branch ‘master’ of https://github.com/harrig12/il-bioinf Clone with HTTPS @ Use SSH
- : Use Git or checkout with SVN using the web URL.
™ data added STRING RDS file, and code for prepping it and scCCnet
https://github.con/harrig12/1il-bioinf.g
gitignore init
README.md added STRING RDS file, and code for prepping it and scCCnet -
Open in Desktop Download ZIP
-bioint.Rproj init
plotting.R rm significance testing 9 days ago

preparingData.R added STRING RDS file, and code for prepping it and scCCnet 9 days ago

README.md ’

R workshop for bioinformatics (and more!)

https://github.com/harrig12/li-bioinf/archive/master.zip
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Programming basics Scripts

Scripts

Save code for reusability.
For example - we saw the basics-intro.R script

Scripts can be executed with “run” and this will sequentially step through all
the code in the script.

This can be done without explicitly opening an R session (ex. from the
command line). Running the script will start a fresh one, different from your
console session.



Programming basics Packages

Get more functionality

CRAN Bioconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

CRAN and Bioconductor are both great places to get maintained R packages.
After you install a new package, load it at the start of your scripts or in the
console with the library() function



Data manipulation and analysis Data structures

Data structures

To hold and manipulate data, we tend to use particular objects. Dataframes are great for their flexibility and
versatility. You may also see datain lists, matrices, etc.

Certain packages implement their own data structures with “slots” for different pieces of information.

For now, we'll focus on dataframes. Console Terminal = Jobs

~ [ Documents/lil-bioinf/

> snail_data <- data.frame(speed = snail_speeds, shell_colour = snail_shells_factor)
> print(snail_data)

Dataframes can be constructed with named or speed shell_colour
1 0.013 brown
un-named columns. 2 0.008 orange
3 0.011 brown

Console Terminal Jobs

~/Documents /lil-bioinf/

If you try to add data that is mismatched in length to
> data.frame(l:5, c("one", "two"))

other columns in the dataframe, you might get an error. Efror. in doto frokef1s. cCone®. “Ews :
arguments imply differing number of rows: 5, 2



Data manipulation and analysis Data structures

Useful functions with dataframes

Try each of these functions out on snail_data. What does each output?

Function Output
head()

dim()

colnames()

summary()

table()

plot()




Data manipulation and analysis

Useful functions with dataframes

Try each of these functions out on snail_data. What does each output?

Function

head()

dim()
colnames()
summary()

table()

plot()

Output

A preview of the dataframe

Dimensions of the dataframe
Column names of the dataframe
Summary of each column
Counts of matching entries

A plot

Data structures



Data manipulation and analysis Data structures

Accessing and subsetting dataframes

Subsetting is an important part of data manipulation!

For columns, we call this “selecting”. For rows, we call this “filtering” or “subsetting”.

In base R, there are a few ways to do this. In the wild, you may see the following forms:
snail_data$speed

snail_data[[“speed”]]

snail_data[,1]

You may find it easier to use subset()



Data manipulation and analysis Data structures

Accessing and subsetting dataframes

Subsetting is an important part of data manipulation!
For columns, we call this “selecting”. For rows, we call this “filtering” or “subsetting”.

A great way filter rows is to use boolean vectors, that record whether a desired property is true or not

Console Terminal Jobs
~ [Documents /lil-bioinf/

> print( snail_data[snail_data$shell_colour == "brown" ,] )
speed shell_colour

10.013 brown

3 9.011 brown



Exit survey


https://pollev.com/charrigan888

Thanks!

These slides and workshop
materials are available at


https://harrig12.github.io/lil-bioinf/

