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Today’s Learning Goals

Familiarity with R’s basic syntax.
Familiarity with major R data structures.
Understand the basics of using functions.

Be able to use R to read and parse comma-separated
(.csv) formatted files ready for subsequent analysis.

Appreciate how you can use R scripts to aid with
reproducibility.

Recap From Last Time:

UNIX pipes and redirects: How UNIX commands can be
combined to generate flexible solutions to data manipulation tasks.

UNIX commands: Further exploration of the 22 key UNIX
commands that you will use during ~95% of your future UNIX work

Jetstream: Starting up instances; ssh access from your Terminal
application; Demoed installing and running bioinformatics software
for a genome scale annotation.

Cloud computing: Many bioinformatic tasks require large
amounts of computing power and can't realistically be run on your
own machine. These tasks are best performed using remote
computers or cloud computing, which can only be accessed
through a shell.

Side-Note: StackOverflow is your friend!

2 Answers
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10 Answers

aclueless PHB is just a plus

You are at viork to get money so you

What is R?

R is a freely distributed and widely
used programing language and
environment for statistical computing,

data analysis and graphics.

R provides an unparalleled interactive

environment for data analysis.

It is script-based (i.e. driven by
computer code) and not GUI-based
(point and click with menus).

@) 4. sandbox (R)
pico:sandbox> R

R version 3.2.2 (2015-08-14) -- "Fire Safety"
Copyright (C) 2015 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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O 4. sandbox (R)

pico:sandbox> R < r————

Type “R” in your terminal

R version 3.2.2 (2015-08-14) -- "Fire Safety"
Copyright (C) 2015 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.

|

4. sandbox (R)

pico:sandbox> R < r————

Type “R” in your terminal

R version 3.2.2 (2015-08-14) -- "Fire Safety"
Copyright (C) 2015 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,

N P nm— This is the R prompt: Type q() to quit!

O 4. sandbox (R)

ico:sandbox> R e———— wpon .
P Type “R” in your terminal

R version 3.2.2 (2015-08-14) -- "Fire Safety"
Copyright (C) 2015 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.

N P am— This is the R prompt

What R is NOT

A performance optimized software library for

incorporation into your own C/C++ etc. programs.

A molecular graphics program with a slick GUI.
Backed by a commercial guarantee or license.

Microsoft Excel!




What about Excel?

Data manipulation is easy
Can see what is happening
But: graphics are poor
Looping is hard

Limited statistical capabilities
hag |

Inflexible and irreproducible Use the right tooll

There are many many things Excel just cannot do!

Why use R?

Productivity
Flexibility
Designed for data analysis

1 Christie Bahlai
Weekly plug for scripted analyses:

Coauthor: "Can you change x,y,z about the analysis?"
Me [not crying]: "Yes." [changes 2 lines of code]

NEEkREE B0

Rule of thumb: Every analysis you do on a dataset
will have to be redone 10—15 times before publication.
Plan accordingly!

IEEE 2016 Top Programming Languages

Language Rank Types Spectrum Ranking
h @ 0% [HooE

2. Java &0 98.1

3. Python & O

4. C++

6. C#

7. PHP

8. JavaScript
9. Ruby

10. Go

http://spectrum.ieee.org/computing/software/the-2016-top-programming-languages




R and Python: The Numbers

Popularity Rankings

R and Pythons popularity hetween 2013 and Redmonk ranking, comparing the re]at‘.vngertormance of
February 2015 (Tiobe [ndex) programming languages on GitHub and Stack Overflow
(September 2012 and January 2013, 2014, 2015)

2012 2013 2014 2015

Python

Jobs And Salary?

201¢ Dice Tech Salary Survey: :
Averagz Salary For High Paying Skills and Experience

Python 94,139

http://www.kdnuggets.com/2015/05/r-vs-python-data-science.html?
utm_medium=email&utm_source=flipboard

Core R functions are modular and work

Modularity well with others

R offers an unparalleled exploratory

Interactivity data analysis environment

Access to existing tools and cutting-

Infrastructure edge statistical and graphical methods

Extensive documentation and tutorials

Support available online for R

Encourages open standards and

R Philosophy reproducibility

R is the “lingua franca” of data science in
industry and academia.

Large user and developer community.

* As of Aug 1st 2016 there are 8811 add on
R packages on CRAN and 1211 on
Bioconductor

Virtually every statistical technique is either
already built into R, or available as a free
package.

Unparalleled exploratory data analysis
environment.

Core R functions are modular and work

Modularity well with others

R offers an unparalleled exploratory

Interactivity data analysis environment

Access to existing tools and cutting-

Infrastructure edge statistical and graphical methods

Extensive documentation and tutorials

Support available online for R

Encourages open standards and

R Philosophy reproducibility




Modularity

R was designed to allow users to interactively build complex
workflows by interfacing smaller ‘modular’ functions
together.

An alternative approach is to write a single complex
program that takes raw data as input, and after hours of
data processing, outputs publication figures and a final
table of results.

Interactivity & exploratory data analysis

Learning R will give you the freedom to explore and
experiment with your data.

“Data analysis, like experimentation, must be considered as
a highly interactive, iterative process, whose actual steps
are selected segments of a stubbily branching, tree-like
pattern of possible actions”. [J. W. Tukey]

‘Scripting’ approach

Another common approach to bioinformatics data analysis
is to write individual scripts in Perl/ Python/Awk/C etc. to
carry out each subsequent step of an analysis

> BRI

This can offer many advantages but can be challenging to
make robustly modular and interactive.

Interactivity & exploratory data analysis

Learning R will give you the freedom to explore and
experiment with your data.

“Data analysis, like experimentation, must be considered as
a highly interactive, iterative process, whose actual steps
are selected segments of a stubbily branching, tree-like
pattern of possible actions”. [J. W. Tukey]

Bioinformatics data is intrinsically high dimensional and
frequently ‘messy’ requiring exploratory data analysis to
find patterns - both those that indicate interesting biological
signals or suggest potential problems.




R Features = functions()

Input sequence or structure Input sequence or structure
eq("1rx2_A"))

aa = get.seq("1rx2_a") aa

BLAST or HMMER search BLAST or HMMER search
hits = blast(aa) hits = blast(aa)
Downlead relatad structures Downlead relatad structures
files = get.pdb(hits) files = get.pdb(hits)

i
Input user [mm Gvals Input simulation Input user “Golls: o Input simulation

specific PDEs pdbs = pdbaln(files) 3 spexific PDBs pdbs = pdbaln(files)
Ensemble NMA Ensembla PCA & addational Ensemble NMA

sequenca/structure analysis %
7

PO

Enszmbla PCA & addational
sequence/structure analysis

pc = pca(pdbs) pc = pca(pdbs)
# conserv() rmsd() # conserv() rmsd()
modes = oma(pdbs) 4 rnsf() dcem() etc. modes = oma(pdbs) 4 rnsf() dcem() etc.

¥ ! ! l ¥ ! ! !

relation neticrks X-ray & MD PCA Fluctuation analysis Comelation natviorks! X-ray & MD PCA

Fluctuaticn analysis

ey § al L ¥ v, @ \F €
o Ay 1238 \ . po ASSs Er 8 \ -
Y I S\ W _— M ot S\ W _— -
plot(modes) cna(ecij) plot(pc) plot(modes) cna(eij) plot(pc)
Clustering PCA vs NMA Clustering PCAvs NVA
| : -.I
heatmap (modes ) rmsip(pe,modes) heatmap (modes ) rmsip(pe,modes)

Two main ways to use R

4. sandbox (R)

R version 3.2.2 (2015-08-14) -- "Fire Safety"
Copyright (C) 2015 The R Foundation for Statistical Computing H
Platform: x86_64-apple-darwin13.4.0 (64-bit) s

e —r 3- Workspace and
R is free software and comes with ABSOLUTELY NO WARRANTY. i.{ 1- Code Edito HIQTOF)’ P

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 s _nre - e & oo
n = Ciamond Pricing

R is a collaborative project with many contributors. . i + . 1 470)

Type 'contributors()' for more information and -
'citation()' on how to cite R or R packages in publications. _2_ R COHEO|E‘ NP 4 - Plots and files
a Pce

Y

Type 'demo()' for some demos, 'help()' for on-line help, or
*help.start()' for an HIML browser interface to help.
Type 'qQ)' to quit R.

>1

1. Terminal




We will use RStudio today

1- Code Editor

»12- R Console |

Some simple R commands

/R prompt!

By

(1] 4 Result of the

command
> 372

[1]1 9
> sqgrt (25)
[1] 5
> 2% (1+1)
(1] 4

> Order of

precedence
[1] 3

6 > exp(l)
[1] 2.718282

7 > log(2.718282)
[1]1 1

8) > log(10,( base=10)]

[1] 1 Optional

argument
9 > log (10

.r\base =

Incomplete

> x=1:50 command

> plot(x, sin(x))

pots O

Diamond Pncmg

4 - Plots and files

Does your plot look like this?
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Error Messages

Sometimes the commands you enter will generate errors.
Common beginner examples include:

* Incomplete brackets or quotes e.g.
((4+8)"20 <enter>
+
This eturns a + here, which means you need to enter the remaining
bracket - R is waiting for you to finish your input.
Press <ESC> to abandon this line if you don't want to fix it.

* Not separating arguments by commas e.g.
plot(1:10 col="red”)

» Typos including miss-spelling functions and using wrong type of brackets

e.g.
exp{4}

Topics Covered:

Calling Functions
Getting help in R
Vectors and vectorization
Workspace and working directory
RStudio projects

Your turn!

http://tinyurl.com/bggn213-rintro

If you have done the introductory DataCamp course
then feel free to jump to section #3 Object Assignment

Topics Covered:

Calling Functions
Getting help in R
Vectors and vectorization
Workspace and working directory
RStudio projects




Vectors

* Vectors are the most basic data structure in R

* All elements of a vector must be the same type

* When you attempt to combine different types they will
be coerced to the most flexible type.

Why is this useful?

Because if you know the name (i.e. your label)
then you don’t have to remember which element
of a vector the data you are after was stored in.
Consider this fictional example:

Names

* You can name a vector in several ways:

* When creating it: _
* By modifying an existing vector in place:

* You can then use the names to access (subset)
vector elements:

What would happen?




R has many data
structures

These include:

e vector
data frame
list
matrix
factors

data.frame continued. 'S

» Created with the function data.frame()

dat <- data.frame(id = letters[1:10], x = 1:10, y = 11:20)

* Or more commonly when reading delimited files
(i.e. importing data) with the functions
read.csv(), read.table(), read_xIsx() etfc...

dep <- read.csv2(“http://bio3d.uib.no/data/pdb_deposition2.csv")

* R Studio can do this for you via:
File > Import Dataset > From CSV...

data.frame

data.frame is the de facto data structure for
most tabular data and what we use for statistics
and plotting with ggplot2 - more on this later!

Arguably the most important R data structure

Data frames can have additional attributes such
as rownames() and colnames(), which can be
useful for annotating data, with things like
subject_id or sample_id

Useful data.frame Functions

head() -and tail() shows first 6 rows and last 6 rows
respectively

dim() - returns the dimensions (i.e. number of rows and
columns)

nrow() and ncol() returns the number of rows and
columns separately.

rownames() and colnames()- shows the names attribute
for rows and columns

str() - returns the structure including name, type and
preview of data in each column




Key Points

R’s basic data types are logical, character,
numeric, integer and complex.

R’s basic data structures include vectors, lists,
data frames, matrices and factors.

Objects may have attributes, such as name,
dimension, and class.

R scripts

A simple text file with your R commands (e.g. lecture?.r)
that contains your R code for one complete analysis

Scientific method: complete record of your analysis

Reproducible: rerunning your code is easy for you or
someone else

In RStudio, select code and type <ctrl+enter> to run the
code in the R console

Key point: Save your R script!

Use the code
editor for R scripts

mond Pricing

I =R
4 - Plots and files

@71 lecture.r* _| faithful

[ [Sourceonsave = Q /'~
1 view(faithful)
2 plot(faithful)
3

Sends current line or
selection to console (faster
to type:

command/ctrl+enter ) Sends entire

file to console

Other RStudio shortcuts! Re-send the lines of
Up/Down arrows (recall cmds) code you last ran to the
Ctrl + 2 (move cursor to console) console
Ctrl +1 (move cursor to editor) (useful after edits)




Rscript: Third way to use R

my_analysis.

1. Terminal 2. RStudio 3. Rscript

From the command line!
> Rscript --vanilla my_analysis.R
# or within R: source(my_analysis.R)

Learning Resources

TryR. An excellent interactive online R tutorial for beginners.
< http://tryr.codeschool.com/ >

RStudio. A well designed reference card for RStudio.
< https://help.github.com/categories/bootcamp/ >

DataCamp. Online tutorials using R in your browser.
< https://www.datacamp.com/ >

R for Data Science. A new O’Reilly book that will teach you
how to do data science with R, by Garrett Grolemund and
Hadley Wickham.

< http://rd4ds.had.co.nz/ >

Side-Note: R workspaces

When you close RStudio, SAVE YOUR .R SCRIPT

You can also save data and variables in an R workspace, but
this is generally not recommended

Exception: working with an enormous dataset

Better to start with a clean, empty workspace so that past
analyses don't interfere with current analyses

rm(list = Is()) clears out your workspace

You should be able to reproduce everything from your R script,
so save your R script, don’t save your workspace!

< https://www.datacamp.com/ >

DataCamp

Foundations of Bioinformatics (BGGN-213)

Buy More Seats
Member Activity 30 Days Manage Your Group

h Angela Nicho
20,700 XF

Ben 5
8 e




< https://www.datacamp.com/ >

wiww datacamp com/groupe undat

ol Uoal B

learn v Grouns Anout

o @ & B

Foundations of Bioinformatics (BGGN-213)

Assignments

d Control =l

Workir

Buy More Seats
Manage Your Group

Approved
Congratu aions. Your
DataCano Classroom
Acceunt vias approved
Allinviled sludents have
fu accessuril 2 Apr

< https://www.datacamp.com

What is an IDE
anyway?
RStuelals an INF thar makes R easier 10 use

by corbining 2 seL oT Lo sinwo asivgle

environmert.

What dces IDE stand for?

Possible Answers

@mc it Code View Flots Session Build Ucbug Profi  lools Help  buryus [ Sexsions <

Ql-lgr- G unc < addm Project. (N »

Consule Environment  History

#Imzort Dawset -
R versior 3.3.1 (2016-26-21) -~ "Sug in Your Hair”
Copyrighl (L) 2016 The R Founcalicn fer Slalistical Comp)
uting

Platfors: xB6_64-pc-linux-gnu (64-bil)

Gloha! Favironme-t -

R is free softecre und comes with ABSCLUTELY NO WARRANT

Y.

You cre welcome to redistribute it uncer certain conditi

ons.

Type "dzense(d” or “licerce()' fer distrbutior detatl

<. @ NewFolder | O Uplcas | @ Delee &) Rerare
4 Home

Hies  Plots  Packages Help  Viewer

Natural language supsort but rurning i an English
ole

- Name

s a collshorctive praject with many contributars
ibutors()’ for rors nformclion aid

* on hon Lo cile R or R packages in

Type *denoC3* for sume demcs, ‘helpl' for vn-line hels,
o

‘helz.stort()' for un KTML bromser interfuce to help.
Type "a(}’ to q

&

< https://www.datacamp.com/ >
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Groups About ~

Your Latest Activity

Introduction to Spark in R using Working with te RSt.

16 dovs ago

You have 2 new assignment:
Introduction to R

hjgrant invited you ta the
group 'Foundations o...

You have c new assignme
Orientati

9 month

See all notifications
DAILY PRACTICE

tice every day. £

€ Whatis an IO anyway? |[R %

@ Secure  htips:/,campus.datacamp.com/c:

View Plots Session fuid Debug Profle ook Help  samyus
Flsuncoo «| nddns -
Console Environment  History

Exercise Completed 3 versior 3.3.1 (2015-06-21) - "Bug in Your Hair'

apyright (() 2016 Ine Rk Foundation for Statistical Comp
Ll sting
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PRESS ENTER TO i

Become a power user|

Submit Answer| Ctr |+ Shit |+ Enter

See all keyboard shortcuts
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ributors()* for mre information cnd
)" on how to clte R or R zackzges in publicatl
Iype 'dema()’ for sove demos, 'halp()' far cn-line hels,
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< https://www.datacamp.com/ >

R’s basic data types are logical, character,

Foundations of Bioinformatics (BGGN-213) numeric, integer and complex

Key Points

Buy More Seats

. Manage Your Grou
Assignments Create Assignmen! t & p

R’s basic data structures include vectors, lists,
data frames, matrices and factors.

Objects may have attributes, such as name,
dimension, and class.

Approved
-

DataCamp, StackOverflow and help() are your
friends.

Final Knowledge Check!

What is R and why should we use it?
Familiarity with R’s basic syntax.

Familiarity with major R data structures namely vectors and http://swcarpentry.aithub.io/r-novice-inflammation/
data.frames (with more on lists and matrices next day). ' '

Understand the basics of using functions (arguments, Sections: 1, 11 & 12 only!

vectorizion and re-cycling).

Be able to use R to read and parse comma-separated (.csv)
formatted files ready for subsequent analysis.

Appreciate how you can use R scripts to aid with reproducibility.




Help from within R

* Getting help for a function
> help ("log")

> ?log

» Searching across packages
> help.search("logarithm")

* Finding all functions of a particular type

> apropos ("log")

[7] "SSlogis" "as.data.frame.logical" "as.logical"
"as.logical.factor" "dlogis" "is.logical"

[13] lllogll "loglo" llloglp" 'llogzll "lOgLik" lllogbll

[19] "logical" "loglin" "plogis" "print.logLik" "glogis"
"rlogis"

Optional Exercise

Use R to do the following. Create a new script to save

your work and code up the following four equations:

1+2(3+4)
In(43+32+1)
(4+3)2+1)

2

1+2
3+4

R Lugarithms end Ezponentiels -

Iy {biase) R Docurnar lalion

Logarithms and Exponentials

e legartims, by dctault naturcl logarthms, 12q10 computes commar (...
10) logarithms. ard 1cg2 comgutes binary (i.e.. base 2) logarithms. The gensral fom 103 (x,
tame) comautes legartkms with hase i

lozi= (x! computes log(1=¢) azcuraiey aso for [¢ << 7 land Izss accurately when x 's
spproximately -1).

=xz compLtes the exponential ‘unction.

(x) camputes expfy; - 1 accurataly alsn fo 4 << 1

How to use the function

. base = =xp(1])
lozb(x, rase = ep(l)]

What does the function need

% anumeric or camplex vector.

pas= a poskive cr comp ex nLmbar: the base with respec: to waict logarithms zre computed.
DafaLlts 10 6=exp (1)

Details

Al except Logb are gereric functiors: methocs car be dafined ‘o trem irdhidually or vic the
¥ath groLp gerenc.

1031t and 1032 a8 orly convarienca vrappers, bu: logs to bases 1C and 2 {whather
comp.ited vio 1og of tac wrappers) wil be computed mo'e efficienty anc accurately wacre
supscrted by the Dt Vietrods can be set for them ndwicually (and othenvaise metacds ‘o 1og
will be used)

Lozp is a wrapper for 1o3 for compatibility with S. ¥ (S3 or $1) methods are se: for Log they
will be dispatched. Co nat 52t £4 methods 01 loch itcclf:

Al excepl 10g are primilve fnclions

. I Og
% Logarthms anc Cxponertials =

What does the function return

What the function does in general terms ascctero ths sams iengih cs x conaring the tranctormed vakes. 205 (01 gucs Tat, anc

logix) “or negative values of x is NaX. exp -InZ) s 0

For cemplzx npus to the log funct ons, thc vaue 1 a compex numbar wth meginary oar: in
t1e range [-pi. pil- hick erd cf the rarge is usec mght be plafom-spacific

$4 methods

exp, expmi, 1og, Logly, Log ard 1ogip are 4 generc and are members of the uata
croup generic.

Mo bl this rmeans il the S4 groere fir 103 s # signalwe wilk oy we sy msol s
but tha: base can be passec to methods ibut will not be used for method szlectior). On the
cther hanc. if you on'y set a method fcr the Math grcup gensric ther base argumert of log
vall be gnored for your class.

Source

10315 and exa may be <aker ficm the opsrating system. but i nct avalatle there ars
based 01 the Fortran subroutine dinrel by W. ~Llerton of Los Alamos Scienthc Loboratery
(3cc htip:/Awva.ct id. o’ /inlib/dirrel f and (for small %) a s nglc Newtan step fer the.
coluton of 1eqip |y) <pectively.
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Discover other related functions

t, Aratometac

Sample code showing how it works

loziexp(3)]
0310 (1eT) § = 7

x 4= 10%-(142%1:9)
epind(x, 16301+%], 19010 I¥), EXD(X)-T, expni (X))

[Fackage bass version 3.0.1 Index’




