
Understanding your data with R
Bishwa Ghimire

13.03.2019
CSC, Espoo



  2 / 45

Session 1: Getting started 
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R learning curve

Source: Rogier Kievit
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Why R?

● Free and open source
● Platform independent
● Reproducible results
● Huge community
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Data set 1

GEO accession: GSE74660
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Data set 2

GEO accession: GSE99965
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Data analysis (RRBS)

Raw reads QC Alignment Meth. call Cov. filt DM Analysis

Chr Start End meth.level noC noT

chr1 1000233 1000233 0 0 26

chr1 1000239 1000239 6.25 2 30

chr1 100038192 100038192 8.6 2 21

chr1 100038210 100038210 0 0 23

chr1 100038220 100038220 0 0 23

samples

Methylation call

Pre

Pos
t

Chr Start End meth1 meth2 meth
.diff

chr1 1000233 1005233 0.5 1 -0.5

chr1 1000239 1000339 0.1 0.5 -0.4

chr1 100038192 100041192 0.9 0.2 0.7

chr1 100038210 100038510 0.85 0.21 0.64

chr1 100038220 100039720 0.1 0.8 -0.7

Pre vs. post DM analysis
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Data analysis (RNA-Seq)

Raw reads QC Alignment Gene count Filteration Normalization

Log 
transformation

DE analysis

S13_pre S14_post S14_pre S2_post S2_pre

DDX11L1 0 0 0 0 0

WASH7P 7 13 17 2 11

MIR6859-3 0 0 0 0 0

MIR6859-2 0 0 0 0 0

MIR6859-1 0 0 0 0 0

MIR6859-4 0 0 0 0 0

MIR1302-2 0 0 0 0 0

MIR1302-11 0 0 0 0 0

MIR1302-9 0 0 0 0 0

MIR1302-10 0 0 0 0 0

Samples → 

←
 G

en
es

logFC AvgExp P.value adj.P.value

METTL21EP 1.97 1.15 9.6E-11 6.7E-07

CA14 2.60 1.76 1.1E-10 6.7E-07

CALML6 3.43 2.48 1.7E-10 6.7E-07

FAM57B 1.98 1.24 4.2E-10 1.2E-06

FAM166B 4.83 3.94 1E-09 1.9E-06

TTN 18.54 18.40 3.1E-09 1.9E-06

ART3 5.59 4.82 3.8E-09 1.9E-06

MT1X 5.40 4.65 4E-09 1.9E-06

LOC646736 2.53 1.91 4.6E-09 1.9E-06

Pre vs. post DE analysis
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1.0 Installation

● Go to https://ftp.acc.umu.se/mirror/CRAN/
● Download R specific to your operating system.
● Install the program.

https://ftp.acc.umu.se/mirror/CRAN/
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1.0 Installation
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1.2 R-studio overview

R console: For running R command/syntax interactively

Environment: 
list of variables created during 
a session

History: 
List of commands/syntaxes 
executed during a session

Files: File explorer
Plots: Plot viewer
Packages:  For installing,loading, 

unloading and remove packages.
Help: For viewing a function documentation.
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1.3 Ready to code
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Session 2: Data Manipulation
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Data frame slicing

c1 c2

r1

r2

r2

r3

r4

my.df

● my.df[ ,c(’c1’,’c2’)]
● my.df[ ,c(TRUE, TRUE, FALSE, FALSE)]
● my.df[ ,1:2]
● my.df[ ,c(1,2)]

c1 c2 c3 c4 c5

r1

r2

r3

r4

r5
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Data frame slicing

c1 c2 c3 c4 c5

r1

r2

r3

r4

r5

my.df

● my.df[c(’r1’, ’r2’, ‘r3’), ]
● my.df[,c(TRUE,TRUE,TRUE,FALSE,FALSE,FALSE)]
● my.df[1:3, ]
● my.df[c(1, 2, 3), ]

c1 c2 c3 c4 c5

r1

r2

r3
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Data frame slicing

c1 c2 c3 c4 c5

r1

r2

r3

r4

r5

my.df

● my.df[c(’r1’, ’r2’), c(‘c3’, ’c4’, ‘c5’) ]
● my.df[c(TRUE,TRUE,FALSE,FALSE,FALSE,FALSE),

c(FALSE,FALSE,TRUE,TRUE,TRUE,FALSE)]
● my.df[1:2, 3:5]
● my.df[c(1,2), c(3,4,5) ]

c3 c4 c5

r1

r2
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Merge

cell1 cell2 cell3

g1

g2

g3

g4

g5

g6

cell1 cell2 cell3 cell10 cell20 cell30 cell40 cell50

g1

g2

g3

g4

g5

g6 NA NA NA

merge()

cell10 cell20 cell30 cell40 cell50

g1

g2

g3

g4

g5
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Tidy format

smp1 smp2 smp3 smp4

gene1 7 0 2 5

gene2 7 0 3 4

gene3 9 0 2 7

gene4 10 0 2 5

gene5 7 0 2 5

gene variable value

gene1 smp1 7

gene2 smp1 7

gene3 smp1 9

gene4 smp1 10

gene5 smp1 7

gene1 smp2 0

gene2 smp2 0

gene3 smp2 0

gene4 smp2 0

gene5 smp2 0

gene1 smp3 2

gene2 smp3 3

gene3 smp3 2

gene4 smp3 2

gene5 smp3 2

gene1 smp4 5

gene2 smp4 4

gene3 smp4 7

gene4 smp4 5

gene5 smp4 5
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Session 3: Basic visualization
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Ggplot

Syntax

library(“ggplot2”)
data("iris")

## making x-axis and y-axis
ggplot(iris, aes(x=Sepal.Length, y=Petal.Width))

## when only one x-axis is used
ggplot(iris, aes(x=Petal.Length)) + 
  geom_histogram()

## add a layer of points
ggplot(iris, aes(x=Sepal.Length, y=Petal.Width, color=Species)) +
  geom_point()
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Ggplot

Syntax
## add two layers
ggplot(iris, aes(x=Sepal.Length, y=Petal.Width)) +
  geom_point() +
  geom_smooth(method="lm")

## save to variable
p1 <- ggplot(iris, aes(x=Sepal.Length, y=Petal.Width)) +
  geom_point()

p2 <- p1 + geom_smooth(method="lm")

## save plot
ggsave(file ="histogram.png",
       width = 300,
       heigh = 300,
       dpi = 300,
       units="mm")
!
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Distance matrix

SampX SampY SampZ

Gene A 4 1 5

Gene B 3 4 1

Gene C 10 0 2

Gene D 6 1 7

Euclidean distance

XY =  √ (4-1)2 + (3-4)2 + (10-0)2 + (6-1)2    = 11.62
XZ = 8.36
YZ = 8.06

X

Y

Z

Distance matrix

11.62

8.06

8.36

Table: Expression matrix toy data.

X Y Z

X

Y 11.62

Z 8.36 8.06
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Hierarchical clustering

Raw data Hierarchical clustering

Image source: Wikipedia
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Session 4: Advanced visualization
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PCA

● Dimension reduction technique
● Idea is to preserve most of the variation when 

reduced to lower dimensions.
● Does not work well with the data 

– having non linear relationship with the 
variables

– having low variation
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PCA (Cont.)

About dimension.

Gene SampA

g1 4

g2 6

g3 8

g4 1

g5 15  -5             0            5            10           15

SampA
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PCA (Cont.)

Gene sampA SampB

g1 4 3

g2 6 1

g3 8 9

g4 1 11

g5 15 5

SampA

S
am

pB
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PCA (Cont.)

Gene SampA SampB SampC

g1 4 3 4

g2 6 1 1

g3 8 9 7

g4 1 11 3

g5 15 5 8

SampA

S
am

pC

SampB
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PCA (Cont.)

Gene Samp A SampB SampC SampD

g1 4 3 4 2

g2 6 1 1 1

g3 8 9 7 0

g4 1 11 3 4

g5 15 5 8 9

How does it look?
I have even 200 
samples.
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PCA (Cont.)

Gene Samp
A

Samp
B

g1 4 2

g2 6 4

g3 8 5

g4 1 1

g5 15 10

g6 3 4

g7 9 7

g8 10 7

PC1

P
C

2

Here we are plotting genes not samples.

SampA

S
am

pB



  34 / 45

PCA (Cont.)

Gene Influence 
in PC1

In 
numbers

g1 high -9

g2 low 4

g3 low 0

g4 high -14

g5 high 15

g6 high -10

g7 low 4

g8 low 5

g4

g6

g1

g2

g3

g7

g8

g5

Gene SampA SampB

g1 4 2

g2 6 4

g3 8 5

g4 1 1

g5 15 10

g6 3 4

g7 9 7

g8 10 7

Original data

PC1 score = ( 4 * -9 ) + ( 6 * 4 ) …… = 255
PC2 score = (4 * influence of g1 in PC2) 
                    + (6 * influence of g2 in PC2) …
                  =  50 (lets say)
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PCA (Cont.)

SampA
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PCA (Cont.)

PC1

PC2

Raw data PCA reduced data

Fig: PCA analogy

PC3
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PCA (Cont.)

PCA

Sampled points

3D model
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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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Graph

E

D

B

C

A

F

5

2 6

5

2

1

Vertex

Edge
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Correlation graph

● DMR

S1_post

S2_post

S1_pre

S2_pre

DMR 1
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Correlation graph

● DMR average methylation

S1_post

DMR 1

0.3 0.8

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

S1_post S1_pre S2_post S2_pre S3_post

DMR 1 Chr1 100,289 109289 0.55 NA 0.37 0.16 0.89

DMR 2 Chr1 456,869 458,850 0.77 0.32 NA NA 0.35
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Correlation graph

● DEG

S1_post

S2_post

S1_pre

S2_pre

Gene A

Gene A

Gene A

Gene A

Gene count = 59

Gene count = 209

Gene count = 9

Gene count = 0

Gene A is differentially expressed
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Correlation graph

S1_post S1_pre S2_post S2_pre S3_post

Gene A 59 9 209 0 5

Gene B 30 332 9 45 0

Gene C 45 87 9 23 345

S1_post S1_pre S2_post S2_pre S3_post

Chr1_100,289_109289 0.55 NA 0.37 0.16 0.89

Chr1_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

Correlation

DEG counts

DMR avg. meth.
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Correlation graph

Gene A Gene B Gene C DMR 1 DMR 2

Gene A 0.96 0.78

Genen B 0.95 0.66

Gene C 0.98 0.96

DMR 1

DMR 2

A

1

B

C

2

Correlation matrix Correlation graph
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Resources

● http://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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