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I Session 1: Getting started
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I R learning curve

Learning Curves of Popular Stats Programs

WHEN YOU HEAR THIS:

geak & poke

Skill

YESTERDAY IT
WORKED

Time spent YO KNOW YOL'RE IN A
SOFTWARE PROJECT
B Minitab ] 5P55
B  sAS 5] R

Source: Rogier Kievit
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I Why R?

* Free and open source

* Platform independent
* Reproducible results

* Huge community
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I Data set 1

Developmental Cell

Recruitment of Rod Photoreceptors from Short-
Wavelength-Sensitive Cones during the Evolution
of Nocturnal Vision in Mammals

Jung-Woong Kim,"*® Hyun-Jin Yang,'® Adam Phillip Oel,** Matthew John Brooks," Li Jia,” David Charles Plachetzki,”
Wei Li,* William Ted Allison,*>* and Anand Swaroop'+*

Meurobiclogy-Meurodegeneration and Repair Laboratory, Mational Eye Institute, Mational Institutes of Health, Bethesda, MD 20892, USA
“Department of Life Science, College of Matural Sciences, Chung-Ang University, Seoul 156-756, Republic of Korea

“Department of Biological Sciences, University of Alberta, Edmonton, Alberta TEG 2ES, Canada

4Retinal Meurophysiclogy Section, Mational Eve Institute, Mational Institutes of Health, Bethesda, MD 20892, USA

“Department of Molecular, Cellular and Biomedical Sciences, University of New Hampshire, Durham, NH 03824, USA

SCo-first author

“Correspondence: ted.allison@ualberta.ca (W.T.A), swaroopa@nei.nih.gov (A.S.)

http://dx.doi.org/M10.1016/.deveel . 2016.05.023

GEOQO accession: GSE74660
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Data set 2
SCIENTIFIC REPQRTS

Correction: Author Correction

Transcriptomic and epigenetic
responses to short-term nutrient-
exercise stress in humans

Received: 13 July 2017 - R.C.Laker!, C. Garde!, D. M. Camera?, W. J. Smiles?, J. R. Zierath'?, J. A. Hawley** &
Accepted: 27 October 2017 " R.Barres®?

Published online: 09 November 2017

High fat feeding impairs skeletal muscle metabolic flexibility and induces insulin resistance, whereas
exercise training exerts positive effects on substrate handling and improves insulin sensitivity. To
identify the genomic mechanisms by which exercise ameliorates some ofthe deleterious effects of

. high fat feeding, we investigated the transcriptional and epigenetic response of human skeletal muscle

to 9 days of a high-fat diet (HFD) alone (Sed-HFD) or in combination with resistance exercise (Ex-
HFD), using genome-wide profiling of gene expression and DNA methylation. HFD markedly induced
expression ofimmune and inflammatory genes, which was not attenuated by Ex. Conversely, Ex
markedly remodelled expression of genes associated with muscle growth and structure. We detected

. marked DNA methylation changes following HFD alone and in combination with Ex. Among the genes

- that showed asignificant association between DNA methylation and gene expression changes were

- PYGM, which was epigenetically regulated in both groups, and ANGPTL4, which was regulated only

. following Ex. In conclusion, while short-term Ex did not prevent a HFD-induced inflammatory response,

© it provoked a genomic response that may protect skeletal muscle from atrophy. These epigenetic

. . adaptations provide mechanistic insight into the gene-specific regulation of inflammatory and
G E O accession. G S E 99 965 - metabolic processes in human skeletal muscle.

6/45



I Data analysis (RRBS)

Pre vs. post DM analysis

Start End th2 th
samples a " e

1000233 1005233

Start meth.level noC noT
1000239 1000339
1000233 1000233 26

1000239 1000239 b 30 100038192 100041192

100038192 100038192 . 21
100038210 100038510

100038210 100038210 23
100038220 100039720

100038220 100038220

Methylation call 7145



I Data analysis (RNA-Seq)

Samples -

DDX11L1

o
o
o

WASH7P

=
w
-
~
-
[E

METTL21EP

MIR6859-3 CAl4

CALML6
FAM57B
FAM166B
TTN

ART3

MT1X
LOC646736

MIR6859-2
MIR6859-1
MIR6859-4

— Genes

MIR1302-2

O O O o o o ~N o
o O O o o o N o

MIR1302-11

MIR1302-9

MIR1302-10

Pre vs. post DE analysis
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I 1.0 Installation

* Go to https://ftp.acc.umu.se/mirror/CRAN/
* Download R specific to your operating system.

* Install the program.

The Comprehensive R Archive Network

Download and Install R
Precompiled binary distributions of the base system and contributed
packages, Windows and Mac users most likely want one of these versions
of R:
CRAN
Mirrors « Download R for Linux
What's new? « Download R for (Mac) OS X
Task Views ¢ Download R for Windows
Search
R is part of many Linux distributions, you should check with your Linux
About R package management system in addition to the link above.
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I 1.0 Installation

Go gle rstudio =m Q
Kaikki Kuvahaku Videot Kartat Teokset Lisaa Asetukset Tyokalut Choose Your Version of RStudio
Noin 5 680 000 tulosta (0,29 sekuntia) RStudio is a set of integrated tools designed to help you be more productive with R. It includes a
console, syntax-highlighting editor that supports direct code execution, and a variety of robust
RStudio: Home tools for plotting, viewing history, debugging and managing your workspace. Learn More about -
https:/fwww.rstudio.com/ v Kaanna tama sivu RStudio features. . -—

24.9.2018 - RStudio provides popular open source and enterprise-ready professional software for the RS—
R statistical computing environment

Tulokset sivustosta rstudio.com Q studio U L op >tudic :
Open Source License  Commercial License  Open Source License Commercial License (0'“ ﬂ.E.( . cefe

Download RStudio Frequently Asked Questions
Download the RStudio IDE or RStudio Frequently Asked Questions. RStudio
Server. Package Manager ...
RStudio Desktop TensorFlow for R
Desktop. Run RStudio on your Documentation for the TensorFlow for “ m
desktop. RStudio Desktop Rintertace. Cearn more Learn More Learn Mare Learn Mare Learn Mare
R Packages RStudio Webinars
The RStudio team contributes code to Wehbinars and videos are presented
many R packages and ... on a variety of ...

Installers for Supported Platforms

Installers Size Date MD5

RStudio 1.1.46 858MB  2018-10-29  58b3d796d8cT96Tb8580c62T46ab64d4

RStudio 1.1.463 - Mac OS X 10.6+ (B4-bit) T45MB 20181029 a79032badd7daaa86a8da01948278d94

RStudio 1.1.463 - Ubuntu 12.04-15.10/Debian 8 (32-bit) 893MB 20181029 Ba6755Ta9fae2bafce289dT3358aaf63

RStudio 1.1.463 - Ubuntu 12.04-15.10/Debian 8 (B4-bit) 9T4MB 20181029 bec50d6bd34926clcc3aeda209d67d649

RStudio 1.1.463 - Ubuntu 16.04+/Debian 9+ (64-hit) B5MB  2018-10-29 ¢fTd659db18619cc78d1592fefaa7c753

RStudio 1.1.463 - Fedora 1%+/RedHat T+/openSUSE 13.1+ (32-bit) BRIMB  2018-10-29 742f0bad60dfeaa3281576el4ad6699%e

RStudio 1.1.463 - Fedora 1%+/RedHat T+/openSUSE 13.1+ (64-bit) S906MB  2018-10-29 ¢7303067a0ca%99deealed27b856952d1
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I 1.2 R-studio overview

RStudio

File Edit Code View Plots Session Build Debug Profile Tools Help
o - O = = Addins =

Console  Terminal

~/Desktop/HTBworkflow/analysisCodes.

R version 3.5.0 (2018-84-23) -- "Joy in Playing"
Copyright (C) 2018 The R Foundation for Statistical Computing
Platform: x86_64-pc-linux-gnu (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 console: For running R command/syntax interactively

®] Project: (None) -

Environment History Connections =
Trid “* Import Dataset = ' List =

] Global Environment =

Environment:
list of variables created during
a session

History:
List of commands/syntaxes
executed during a session

Files Plots Packages Help Viewer =
@ | New Folder @ Delete =| Rename i} More -
ﬁ Home

A Name Size Modified

. - . ey

Files: File explorer
Plots: Plot viewer
Packages: For installing,loading,
unloading and remove packages.
Help: For viewing a function documentation.
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I 1.3 Ready to code

Conscle  Terminal

=

R Markdown

~/Desktop/understanding-your-data-with-r-old/

=0

<mar’a}in(t =0.r =20,

RStudio - o x
File Edit Code View Plots Build Debug Profile Tools Help
& - Of = . New Session Rl project: (None) ~
3: session-1.Rmd | Environment History Connections |
ol W Terminate R... *3 Insert - +Run -~ | & -~ | = = [ | 2 Import Dataset ~ r's List =
16 --- Restart R Ctrl+shift+F10 “ 7} Global Environment »
17 \pagebreak Restart R and Clear Output
18- " {r setup, i RestartR and Run All Chunks »
;g I\([l]\.tl": :opts_ch Set Working Directory Jo Source File Location Environment is em
21 Load Workspace... To Files Pane Location
22- # Getting star Save Workspace As... Choose Directory... Ctrl+Shift+H
23 Clear Workspace...
24 In this sectio Quit Session... cri+Q a foundation for ther sections. If you have
not gone througm tnrs maverrat yer, v s nrgney recommended to do it before the actual course
day.
25
26 - ## R introduction and installation
27 R is free and open-source software for statistical computing and graphics. Files Plots Packages Help Viewer =M
28 Go to <https://www.r-project.org/> and download R binary depending on your operating system. = o & element text
In this course we use Rstudio as an IDE. Download it from <https://www.rstudio.com=. For R: Theme elements = | just D
instalaltion check presentation slides. 3
29 margin {ggplot2} R Documentation
30
31- ## R-studio installation and overview Theme e|eme nts
32
;i Check the presentation slides. Description
35- ## Ready to code In conjunction with the theme system, the element_
36 Open Rstudio from application list and run “getwd()  in R console. - functions specify the display of how non-data components
24:194 | [ Getting started R Markdown = of the plot are a drawn.

» element_blank: draws nothing. and assigns no
space.

» element_rect: borders and backgrounds.
* element_line: lines.
* element_text: text.

rel() is used to specify sizes relative to the parent,
margins{) is used to specify the margins of elements.

Usage
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I Session 2: Data Manlpulat

14 /745



I Data frame slicing

my.df
cl

rl
r2
r3
r4
)

c2 c3

1

,c(’'cl’,
, Cc (TRUE,
,1:2]

,Cc(1,2)]

c4 c5

Tcz2’) ]

TRUE,

FALSE, FALSE) ] ‘

rl
r2
r2
r3
r4

cl

c2
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Data frame slicing

my.df

r2

r4

ol 2 3 o4 o5
- I S O

S I

16 /45

my.df[c('rl’ "r2’ ‘r3’y,

my.df[, C(TRUE TRUE TRUE, FALSE FALSE, FALSE)
my.df[1:3, ]

my.df[c (1




Data frame slicing

my.df
cl c2 ¢c3 c4 c5

rl
2
r3
r4
5)

c3 c4 c5
e my.df[c('r1’", 'r2"), c(‘c3", 'cd’', ‘c5") ]
* my.df[c(TRUE, TRUE, FALSE, FALSE, FALSE, FALSE), rl
c (FALSE, FALSE, TRUE, TRUE, TRUE, FALSE) ] 5
r

e my.df[l:2, 3:5]
* my.df[c(1,2), c(3,4,5) |
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I Merge

g2
e
g4
e
g6

I S I A A N N
g2
I N .

g4
EEH I I I I R N
g6 NA NA NA
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I Tidy format

genel
gene2
gene3
gene4
geneb

smpl

smp2 smp3 smp4

o O O O O
N D N W DN
o1 01 N B~ O

gene variable value

genel smpl 7
gene2 smpl 7
gene3 smpl 9
gene4 smpl 10
geneb smpl 7
genel smp2 0
gene2 smp2 0
gene3 smp2 0
gene4 smp2 0
geneb smp2 0
genel smp3 2
gene2 smp3 3
gene3 smp3 2
gene4 smp3 2
geneb smp3 2
genel smp4 5
gene2 smp4 4
gene3 smp4 7
gene4 smp4 5
gene5 smp4 5
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I DON'T GET
YOLR CODE.
WHAT ARE
THESE LINES
FOR?

“LEIE’ ﬁﬁ 1

17

I HAVE NO IDEA.

BUT IT DOES NOT
& WORK WITHOUT
p [U y THEM
! a i)<
| @as [T} |

I Session 3: Basic visualization
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Ggplot

Petal. Width

Syntax

library(“ggplot2”)
data("iris")

6
Sepal.Length

ggplot(iris, aes(x=Sepal.Length, y=Petal. Width))

ggplot(iris, aes(x=Petal.Length)) +
geom_histogram()

Petal Width

ggplot(iris, aes(x=Sepal.Length, y=Petal.Width, color=Species)) +
geom_point()

25-

20~

0.5-

00~

a
Petal.Length

--------

Species

ooooo
® versicolor

® virginica

Sepal.Length

22 /45



Ggplot

Syntax

ggplot(iris, aes(x=Sepal.Length, y=Petal.Width)) +
geom_point() + 21
geom_smooth(method="Im")

Petal.Width

pl <- ggplot(iris, aes(x=Sepal.Length, y=Petal. Width)) +
geom_point()

p2 <- pl + geom_smooth(method="Im")

L
S S92 000000 L

ggsave(file ="histogram.png"”, ! .
width = 300, Sepal.Length
heigh = 300,

| dpi =300,
units="mm")
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Distance matrix

Table: Expression matrix toy data.

SampX SampY SampZ 8.36

Gene A 4 1 5 11.62

Gene B 3 4 1

Gene C 10 0 2 8.06

Gene D 6 1 7

Euclidean distance 4; =,’§(xm—x_,-k)2 Distance matrix
X Y Z
X

XY =V (4-1)? + (3-4)? + (10-0)* + (6-1)> =11.62 Y 11.62
XZ = 8.36 ya 836 806
YZ =8.06
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I Hierarchical clustering

® © @ © @

T
(def)
OENC) (beder)
O ’/
OO o

Raw data Hierarchical clustering

25745






I Session 4: Advanced visualization
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I PCA

* Dimension reduction technique

* Idea is to preserve most of the variation when
reduced to lower dimensions.

* Does not work well wit

- having non linear re
variables

— having low variation

nthe @

ata

ations

nip with the
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I PCA (Cont.)

About dimension.

Gene  SampA

gl 4

g2 6

g3 8

st ¢ I
g5 15 -5 0 5 10 15
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I PCA (Cont.)

Gene sampA SampB h
gl 4 3 8
g2 6 1 % 6
g3 8 9 o
g4 1 (R —
g5 15 5 ’
5 10 15
SampA
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I PCA (Cont.)

Gene SampA SampB SampC ¢ 9 @
gl 4 4 ?6
g2 6 1 1 Q . ®
g3 8 7 5 ®
g4 1 11 3 32
g5 15 ) 8 1 10
B ’
5 e &
B SampB
SampA u

12

14

31745



I PCA (Cont.)

Gene

4
6
8
1

15

3
1
9
11

o wWw ~N B~ b

SampA SampB SampC SampD

© b~ O P~ DN

How does it look?
| have even 200
samples

“rr,»—

ﬁ
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I PCA (Cont.)

11
10

9
Gene Samp Samp 8
A B
7
g]. 4 2 m 6
Q.
g2 6 4 E 5
n
g3 8 5 '
3
g4 1 1 )
g5 15 10 1
g6 0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
g/ 9 7
SampA
g8 10 7
Here we are plotting genes not samples. ¢ A o
o< o q' - @
® N | PC1
O
o
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I PCA (Cont.)

Gene Influence In
g6 g7 N inPC1  numbers
. v g2 s | 9o 5431\ high (-9
e e s @ : s I 92 low 4
\\_94// gl g3 J g3 \ low O
¢ > high -
Original data e
° g5 i
Gene  SampA SampB g6 high -10
g1 @ 2 g7 low 4
92 SN 4 8 low 5
g3 8 5 =2
9> B 10 PC1 score = (EJD* O+ ( 6*,4,)/././;:?5/?5/'5
g £ - PC2 score = (4 * influence of g1 in PC2)
g7 9 7 + (6 * influence of g2 in PC2) ... 34/ 45

g8 10 7 = 50 (lets say)



PCA (Cont.)

120
100 B
SampA
80

60

PC2

40

20

200 250 300 350 400 450 500 550
PC1
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PCA (Cont.)

D

PC2

Raw data PCA reduced data

Fig: PCA analogy
36 /45



PCA (Cont.)

3D model

PC2

-0.

PCA

-0.04 -

Sampled points

0.02-

.Q::o ouo-nouo{.
o 00 go00gooogge eno

o‘:: “ -t 2:.

[ ]
° o
oo
&

02- oes’

0.0181

0.0175

0.0183
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I Multidimensional scaling (MDS)

* Another common dimension reduction
technique.

* Projects data of high dimension to lower
dimension thereby preserving distances

(similarity) between observation as much as
possible.
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Vertex
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I Correlation graph

* DMR
e o .
S1 post l |
L 1Y I
S2 _post l |
AR |
S1 pre l |
i . °
S2 pre l |
| DMR 1 |
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Correlation graph

* DMR average methylation

W ? T ? O
S1 post l |
0.3 0.8

| DMR 1 |

Avg. meth for DMR1 in S1_post = (0.3 + 0.8)
2

S1 post S1 pre S2 post S2 pre S3_post

DMR 1 Chrl 100,289 109289 NA 0.37 0.16 0.89

DMR 2 Chrl 456,869 458,850 0.77 0.32 NA NA 0.35
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* DEG

S1 post

S2_post

S1 pre

S2_pre

Correlation graph

Gene count =59

Gene count = 209

Gene count=9

Gene count=0

Gene A is differentially expressed
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I Correlation graph

DEG counts

S1 post S1 pre S2 post S2 pre S3 post
GeneA 59 9 209 0 5
GeneB 30 332 9 45 0
GeneC 45 87 9 23 345

DMR avg. meth.

S1 post S1 pre S2 post S2_pre S3 post Correl ati on
Chr1_100,289 109289 0.55 NA 0.37 0.16 0.89
Chrl_456,869 458,850 0.77 0.32 NA NA 0.35

Gene A Gene B Gene C DMR 1 DMR2

Gene A 0.90 0.78
Genen B 0.60 0.66
Gene C 0.98 0.50
DMR1
DMR2
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I Correlation graph

Correlation matrix

Gene A Gene B Gene C
Gene A
Genen B
Gene C
DMR 1
DMR 2

DMR 1 DMR 2
0.96 0.78
0.95 0.66
0.98 0.96

=)

Correlation graph
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I Resources

* nttp://www.r-tutor.com/

* https://www.r-bloggers.com/

* https://stackoverflow.com/

* https://stats.stackexchange.com/

* https://ggplot2.tidyverse.org/

* https://github.com/jokergoo/ComplexHeatmap
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