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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:

Substitution matrices: Where our alignment match and mis-match
scores typically come from

Comparing methods: The trade-off between sensitivity, selectivity
and performance

Sequence motifs and patterns: Finding functional cues from
conservation patterns

Sequence profiles and position specific scoring matrices (PSSMs),
Building and searching with profiles, Their advantages and
limitations

PSI-BLAST algorithm: Application of iterative PSSM searching to
improve BLAST sensitivity

Hidden Markov models (HMMs): More versatile probabilistic model
for detection of remote similarities




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).

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 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.

|

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




@) 4. sandbox (R)

pico:sandbox> R < ———— “pY )
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 1t 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,

> 1 <4——— This is the R prompt: Type q() to quit!

What about Excel?

Data manipulation is easy

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

Limited statistical capabilities

Inflexible and irreproducible — Use the right ool

There are many many things Excel just cannot do!

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!

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

Productivity
Flexibility
Designed for data analysis

. C#
. PHP

. JavaScript

R and Python: The Numbers
R is the “lingua franca” of data science in

Popularity Rankings . .
industry and academia.
R and Pythons popularity between 2013 and Redmonk ranking, comparing the relativs performance of
February 2015 (Tiobe [ndex) programming languages on GitHub and Stack Overflow
(September 2012 and January 2013, 2014, 2015)
A Large user and developer community.
. 2012 2013 2014 2015

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

\ A~ Python
~_/ N

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

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

R $115,531 Python 994,139 Unparalleled exploratory data analysis
environment.




Modularity

Core R functions are modular and work
well with others

Interactivity

R offers an unparalleled exploratory
data analysis environment

Infrastructure

Access to existing tools and cutting-
edge statistical and graphical methods

Support

Extensive documentation and tutorials
available online for R

R Philosophy

Encourages open standards and
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.

Modularity

Core R functions are modular and work
well with others

Interactivity

R offers an unparalleled exploratory
data analysis environment

Infrastructure

Access to existing tools and cutting-
edge statistical and graphical methods

Support

Extensive documentation and tutorials
available online for R

R Philosophy

Encourages open standards and
reproducibility

‘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 Interactivity & exploratory data analysis

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

“Data analysis, like experimentation, must be considered as “Data analysis, like experimentation, must be considered as
a highly interactive, iterative process, whose actual steps a highly interactive, iterative process, whose actual steps
are selected segments of a stubbily branching, tree-like are selected segments of a stubbily branching, tree-like
pattern of possible actions”. [J. W. Tukey] 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
aa = get.seq("lrx2_a")

!

BLAST cr HMMER search
hits = blast(aa)

Downlead relatad structures
files = get.pdb(hits)

Input user Input simulation

specific PDBs pdbs = pdbaln(files) trajectory

i i i i

Ensemble NMA Ensemble PCA & addational
sequenca/structure analysis

pc = pca(pdbs)
4 conserv() rmsd()
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heatmap (modes) rmsip (pe,modes)
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Two main ways to use R

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. 10
You are welcome to redistribute it under certain conditions. :
Type 'license()' or 'licence()' for distribution details.

How do we use R‘? et 1o st b et £ o gt e
| |

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 HIML browser interface to help.
Type 'qQ)' to quit R.

>1

1. Terminal 2. RStudio

We will use RStudio today Lets get started...

| 3- Workspace '; ' | 3- Workspace
History . History

oo Pon Pacages  Melp Toes mon Pacages  Melp

- X tpoas - X tpcas

Diamond Pricing co Diamond Pricing




Some simple R commands Does your plot look like this?
/R prompt!

By > exp (1)

(1] 4 ?g;‘ﬂazfdthe [1] 2.718282

> 372 > 1log(2.718282)

(11 9 (11 1

> sqrt (25) > 1log (10,[ base=10) |
[1] 5 [1] 1 Optional

argument
> 2% (1+1) > log (10
[1] 4

. base =
>Order of \

Incomplete

precedence
(1] 3 > x=1:50 command

> plot(x, sin(x))

plot(x, sin(x), typ="1", col="blue", Iwd=3, xlab="x = 1:50")

Options:  7plot ?plot.default




el X Mean: 54.26

5 Lo Y Mean: 47.83

Bl ¥ 50 15,75

ot e, SIeN Y SD : 26.93
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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)720 <enter> YO U r tU rn '
+
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.

.github.io/bimm143 W18/class-material/04_rintro

+ Not separating arguments by commas e.g. If you have done the introductory DataCamp course
plot(1:10 col="red") then feel free to jump to section #3 Object Assignment

* 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

Vectors

* Vectors are the most basic data structure in R

* All elements of a vector must be the same type

dbl_var <- c¢(1, 2.5, 4.5)
log_var <- ¢c(TRUE, FALSE, T, F)
chr_var <- c("these are", "'some", "strings")

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

var <- c(1, "G", "4", 0.05, TRUE)

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

Names

* You can name a vector in several ways:
 When creating it: 'x<e@=1,b=22¢=38)
* By modifying an existing vector in place:
X <- 1:3; names(x) <- c("a", "b", "c")

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

x[c("o’, "a") ]




Why is this useful? What would happen?

* 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:

data.frame

R h as m any d ata data.frame is the de facto data structure for

most tabular data and what we use for statistics

Stru Ctu res and plotting with ggplot2 - more on this later!

These include: Arguably the most important R data structure
e vector

data frame
list

matrix
factors

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




data.frame continued.

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_xlIsx() eic...

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

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

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.

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

Use the code
editor for R scripts

Diamond Pricing

i R AR
4 - Plots and files




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!

Rscript: Third way to use R

my_analysis.R

1. Terminal 2. RStudio 3. Rscript

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

Side-note: RStudio shortcuts

@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)

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!




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.qgithub.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://r4ds.had.co.nz/ >

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

Introduction to Bioinformatics (BIMM-143)
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< https://www.datacamp.com/ >

DataCamp oot v | ssoxe @ A S

Foundations of Bioinformatics (BGGN-213)

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
data.frames (with more on lists and matrices next day).

Understand the basics of using functions (arguments,
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.

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.

DataCamp, StackOverflow and help() are your
friends.

Link: Muddy point assessment
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tions: 1, 11 & 12 only!

R Lugarilhms end Ezponentiels -

log ase) R D wrmar lalion
Logarithms and Exponentials

(eserietion ) What the function does in general terms

1oz compttes legartrms, by default naturcl logarthms, 1210 computee commoar (1c.. besa
10) logarithms. ard 1cg2 comeutes binary (i.e.. base 2) logarthms. The gensral fom 103 (x,
=) comutes legarthms wich hase T

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

=xz compLtes the exponential ‘unction.

~xpm (x] eamputes expfy) - 1 accuratsly alsa far b << 1

How to use the function

T (1))

What does the function need

x  anumeric or camplex vector.
base 2 positive ¢r comp ex Lmbar. the bage with respect tc whisk logarithms zre computed.

DafaLlts 0 =exp (1)

Details

All except Logb are gereric functiors: methocs car be dzfined %or them irdhidually or vic the
roup gererc.

310 2nd 102 a'e orly conzarience wrappers, bu: logs 10 bases 1C znd 2 whther
omputed v ortac wrappers) wil b computed mo'e efficienty anc aczurately wacre
supscrted by the Dt Vietrods can be set for them ndwicually (and othenvaise metacds ‘or 1og
will be used

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

All except 1og w2 pimilve fuctions

. I Og
% Logarthms anc Cxponertials =

What does the function return

Aveeter o ths samz length 25 x conzairing the trangtormed values. 1og (0) gves  Inf, anc
1oz ix) “or negative values of x is NaN. exp (-InZ) s 0

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

S4 methods

exp, expmi, 1og, Logliy, Log ard 1ogip are 4 generc and are members of t1e uata
croLp generic.

M e thiel thiss s Ll The 84 geen ¢ fir 103 s # sigualus with orly wie g s x
but tha: base can be passec to methods ibut will not be used for me:hod slectior). On the
cther hanc. f you ony set a mehod fer the Mach grcup gensric ther kase argumert o° loa
will b gno‘ed for your class.

Source

1oa1p and expml may be aker fiem the opsrating system. but i nct ava lable there ars
kased 01 the Fortran subrottine dinzel by W. -l erton ot Los Alamos Scieatiic Leboratery
(scc htop /. act io.o"gislatac/librdirrel £ and (for small x) a 5 nglc Newtan step fer the
soluton of Legip [y) = x respectively.

References

Backer, R. A., Crambors, J. M. and W/ lks, A R. (19€8) The New S Language. Wacsworh &
Biuoks/Culz. (for 1og, 1og10 an exp.)

Chambers, .. M. {1938) Programming witn Data. A Guide fo the S L
lugb)

Discover other related functions

e. Springer. (for

(Exampies ] Sample code showing how it works

epina(x, 10301+%], 101pIX), EXD(XI-T, expml (x))

[Fackage £ass version 3.0.1 Index:

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" "loglp" Illog2ll "lOgLik" "logb"

[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




