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Now What?

* Scenario: .
* You understand the P’ [ | = .
fundamentals of R ; Cbngrﬂulalions, You Made it!

* You’ve read your data ' Tow what?

into an R data frame
* During this session we

will talk about ‘ e /" 2‘(‘_
1. Basic data | E
summarization

2. Visualize data with
plots




Overview

1. Summarizing Data in R

2. Creating Plots in R Using ggplot2
a. Histograms
b. Boxplots
c. Scatter plots



Example Data Set:
Cancer Research

Home About Articles For Authors Alerts News

Molecular and Cellular Pathobiology

Activation of Wnt/B-Catenin in Ewing Sarcoma Cells Antagonizes EWS/ETS Function
and Promotes Phenotypic Transition to More Metastatic Cell States

Elisabeth A. Pedersen, Rajasree Menon, Kelly M. Bailey, Dafydd G. Thomas, Raelene A. Van Noord, Jenny Tran, Hongwei Wang, Ping Ping Qu, Antje Hoering, Eric R. Fearon,
Rashmi Chugh, and Elizabeth R. Lawlor

DQI: 10.1158/0008-5472.CAN-15-3422 Published September 2018

. Ewin%’s sarcoma: rare bone and soft tissue cancer occurring
in children and teenagers

e 70-80% survival

* In vitro CHLA25-7TGP ES cells stimulated to over-express
WNT3A

 RNA-Seq profiling used to quantify gene expression

Download pedersenLog2RPKM_v1.txt and pedersenLog2_matrix_v1.txt from the Day3
course website.



Data Frame

1. Download both Pedersen data files

2. Use setwd() to move to the data file folder
3. options(stringsAsFactors=F)
4

Use the read.delim() function to read in
“pedersenLog2RPKM _v1.txt” file into a data frame

called “datal”

5. Use the head() and dim() function to find out about
the structure of this data file

How many rows? What are the columns?



* R has many built in statistical functions that use fast
vector and matrix operations

* No need to write a for loop, sum, and then divide
by n

e Just provide a vector of data to the mean()
function:
> mean (datal$log2RPKM)

* With one line of code you have take the mean of
97,000 values!

Exercise: Use mean(), median(), max(), min(),
summary() functions on the Pedersen data



Using the table() Function

* When exploring new datasets it is often useful to
count the number of values

table() can be used to build a contingency table of
the counts of each value
* For one column:

> table(datal$tx)

control WNT3A
48585 48585

* For multiple columns:
> table(datal$tx,datal$rep)
1 2 3

control 16195 16195 16195
WNT3A 16195 16195 16195



Using the aggregate() Function

* Often times we want to perform a function on
subsets of our data

* example question: What is the mean expression for each
sample?

» aggregate() splits data into subsets, computes
summary statistics for each and returns the result
* aggregate() takes several arguments:

input data

> aggregate(log2RPKM ~ sample, datal, FUN='mean')
sample log2RPKM

1 control_repl 2.598991

2 control_rep2 2.583161

3 control_rep3 2.579987 formula format: y ~ x1

4  WNT3A_repl 2.593578 y is a numeric value

5  WNT3A_rep2 2.583571 : . :

6 WNT3A_rep3 2.598349 * x1is a grouping variable

possible to specify multiple

Exercise: Use aggregate() to calculate the oroups as x1 + x2 + ..

maximum log2RPKM value per sample.



Overview

1. Summarizing Data in R
2. Creating Plots in R Using ggplot2

a. Histograms
b. Boxplots
c. Scatter plots



Data Visualization Allows Researchers to
Visually Present Data
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* Line width indicates size of army
e Color indicates army’s course to and from Russia



Data Visualization Allows Researchers to
Visually Present Data

e Data visualizations should:
* Show the data
Avoid distorting the data
Present many numbers in a small space
Make large data sets coherent
Serve a reasonably clear purpose

Be closely integrated with the statistical and verbal
descriptions of a data set

https://en.wikipedia.org/wiki/Data_visualization



R Base Graphics Versus ggplot2

* R comes with “base graphics” built in to support
commonly used data visualizations

* Today we will focus on using an alternative data
visualization framework called ggplot?2

* ggplot2 is an external package that must be
downloaded, installed, and loaded with the library
command

A common practice is to use ggplot2 to construct
publication quality graphs but still use base
graphics to quickly visualize data

https://flowingdata.com/2016/03/22/comparing-ggplot2-and-r-base-graphics/



RStudio
File Edit Code View Plots Session Build Debug Profile Tools Help

O - pl-lAAH Go to file/function - Addins ~
Source

Console  Jobs

R version 3.6.1 (2019-07-05) -- "Action of the Toes"

Copyright (C) 2019 The R Foundation for Statistical Computing

Platform: x86_64-we4-mingw32/x64 (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.

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 'g()' to quit R.

>

Install ggplot2 Package

S0 Environment  History Connections
- Tues  Jnts  Packages Help Viewer
£ Install a Update
Nam Description
User Library
Lssertthat Easy Pre and Post Assiitions
Install Packages oduced Since R-3.0.0
Install from: ?! Configuring Repositories e [nterfaces
Repository (CRAN) v
. . Ibjects
Packages (separate multiple with space or comma):
ggplot2
Install to Library: ] Functions
C:/research/Riwin-library/3.6 [Defauli] v

+!Install dependencies

Install Cancel

e g

To install ggplot2:
1. select “packages” tab
. select “Install”
. Type in ggplot2
. Select “Install”

H W N

E Project: (None) =

=0
=

Version

0.2.1
114
1.68.0-1
110
134
0.6.20
083
0.2.0.1
04.0
131
15
14.2
20.2
0.2.0
03.2



L
goplot2

* ggplot2 is an R data visualization package created
by Hadley Wickham il
* One of the most popular R packages

* Breaks up graph construction into additive
functions called layers

e ggplot2 documentation and cheat sheet:
https://www.rdocumentation.org/packages/ggplot -
2/versions/3.0.0

I st
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https://www.rdocumentation.org/packages/ggplot2/versions/3.0.0

Creating a Visualization with
ggp | Otz options (stringsAsFactors=F)

* ggplot2 visualization
unction calls consist of
several basic components . .. . - i giio far

1. ggplot() datal = read.delim(inFile)

2. geom_XXX() ggplot (datal,aes(x = 1og2RPKM)) +
)

3. optional layers geom histogram
4 ggSaVE() ggsave ( ‘histogram_png—l )

* Multiple function calls are |
combined together using aesthetic
“layers”

e aes(thetic) functions are
used to map input data to
plot features (e.g. x axis, y
axis, colors)

library (ggplot?2)



Visualizing Data Using Histograms

* histogram: a type of bar graph
visualization in which data Pedersen Gene Expression
measurements are counted
based on value

* For discrete measures it shows
the frequency of values in each
category

log2RPKM

* For continuous measure it
shows the frequency of values
occurring in small intervals
covering the whole range



ow to Create a Basic Histogram
Jsing ggplot?2

options (stringsAsFactors=F)
library (ggplot?2)
inFilel =

'pedersenLogZ2RPKM vl.txt'
datal = read.delim(inFilel)

log2RPKM

ggplot (datal,aes (x = 1og2RPKM)) +
geom histogram()
ggsave ('histograml.png')



Exercise: Create a histogram
using the code from the previous

page and update your
visualization to:

1.

Change the color

e HINT: ?geom_histogram
e HINT: fill = "blue™

Set the image width and height
to be 5 inches

* HINT: ?ggsave
e HINT: height =5

Adjust the number of bins to 100
Add a title

e HINT: ?labs

00000

Pedersen WNT3A Gene Expression

||||||




Create Sub-plots Using Facets

* Sub-plots can easily be created
using facet layers:

e facet_wrap()

e facet_grid() i i i

Exercise: Update your & v s e

histogram visualization
to facet on sample ‘I e
1. Add a facet_wrap() layer PR e T
 HINT: + facet_wrap(~sample)

oooooooooooo

00000




Overview

1. Summarizing Data in R

2. Creating Plots in R Using ggplot2
a. Histograms
b. Boxplots
c. Scatter plots



Visualizing Data Using Boxplots

* boxplot: graphically represents data
distributions using quartiles

* box-and-whisker plot: includes .
boxplots with lines extending from i 1
boxes to indicate variability outside
the upper and lower quartiles

maxinmum

15 - -

third quartile
10~ —
oy . IOR
* Why it is useful? median — 11"%
* Summarize the main characteristics of s ——— first quartile
the data: Mean/median, quartile, - l :
spread, symmetry and outliers. — 4 minimum

e Efficient —less complicated than
histogram

* Allows us to represent multiple data
distributions in the same graph



How to Create a Boxplot Using
goplot?

options (stringsAsFactors=F)
library (ggplot?2)

inFilel = 'pedersenLog2RPKM vl.txt'
datal = read.delim(inFilel)

ggplot (datal,aes (x = sample, y = 10g2RPKM)) +
geom boxplot ()
ggsave ('boxplotl.png')

15-

-
o
'

log2RPKM

(6,
'

0- I I | T T |

control_rep1 control_rep2 control_rep3 WNT3A_rep1 WNT3A_rep2 WNT3A_rep3
sample



Exercise: Create a boxplot using
the code from the previous page
and update your visualization to:

1. Change the fill color
* HINT: fill = 'blue’

2 . Ad d a t it | e Pedersen WNT3A Gene Expression

. ¢¢L¢L¢

3333333333333333333333333

IogZRPKM

If time: Try creating a violin
plot using geom_violin()




Visualizing Data Using Scatter Plots

WNT3A repl WNT3A rep2

* Scatter Plots are gene
visualizations that ARG
display two data ALCF
values for the same -
measurement AZMLL

o . A2MP1
example: two sample /=~
re||o icates expression et
values for each gene AAAS

. AACS

* Data points that are AACSP1
not on the diagonal _AADAC
indicate disagreement asaci

AADAT

* We expect strong AAEDL

AAGAB
agreement between KL

sample replicates AAMDC

2.38
0.83
0.02
0.30
0.09
0.33
0.00
4.20
0.00
5.57
2.70
0.13
0.12
0.00
2.30
0.94
1.20
4.36
1.68
4.41

1.64
0.58
0.00
0.67
0.10
0.73
0.00
4.82
0.00
5.53
2.52
0.15
0.00
0.00
2.03
1.19
151
4.29
1.97
3.78

p2 log2 RPKM

WNT3A re

-
o
'

(&)
[

O- o]
0.0 25 5.0 75 10.0
WNT3A_rep1 log2 RPKM
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How to Create a Scatter Plot Using
goplot?

15-

options (stringsAsFactors=F)

library (ggplot?2)

p2

inFile2 = 3
'pedersenLog2RPKM matrix vl.txt' s
data?2 = read.delim(inFile2) >
ggplot (dataZ,aes (x = WNT3A repl, y =
WNT3A rep2)) + 0-
geom point () 0 5 10

ggsave ('scatterl.png') WNT3A_repf

15



Exercise: Create a boxplot using
the code from the previous page
and update your visualization to:

15-

1. Change the color and shape of
scatter plot points
* HINT: color = 'blue’
 HINT: shape =1

2. Add a black linear regression
line using a geom_smooth layer
e HINT: geom_smooth(method = Im)

p2
)

WNT3A re

10 15
WNT3A_rep1



|
ogoplot2

* We covered ~3 types of ggplot2 visualizations
today il

* There are many more!

* Check out https://www.r-graph-
gallery.com/portfolio/ggplot2-package/ for further i

Inspiration
“;': B0 ok R u‘_ e
carat :
.J‘,'.
7o Ny
o Vi
J '*\- ‘,:‘:)"' \ !



https://www.r-graph-gallery.com/portfolio/ggplot2-package/

References

e Gentleman, Robert. R Programming for
Bioinformatics. CRC Press, 2009.

e Slides sourced in part from Jacob Kitzman and
Barry Grant
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R Graphics Shapes
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Data Visualization
wnth ggplotz

@Studlo

geplot2 is based on the grammar of graphics, the
idea that you can build every graph from the same

few components: a data set, a set of geoms—visual
marks that reprasent data points, and 2 coordinate

system.
a6og.. ! :
[ —d
ree— & 4 of - = &
—— - o
:‘ e

To display data values, map variabies in the data set
o Besthetic properties of the geom like size, color,
and x and y locations.

e 2 -
 — . & s B )
L e— .
e —
=3
dats geom coardinate plot

gag s N
Bulld a graph with qplot{) or ggplot({)

qplot(s = cty. y = vy, color = oy, data = mpg, gecm = "pont’)
Creates a complete plot with given data, geom, and
mappings Supplies many usehu defaults.

geplot(data = mpg, aes(s « cty, y = hwy))
Begins a plot that you finish by adding layers to. No
defaults, but peovides more control than gpiotf).

o 2dd ayors,

claments with +

ggplot(mpg, aes( R cty)) +
geonm_point(aes(co or = “U) +
geon_smooth(method ="
coord_cartesian() +
scale_color_gradient() +
theme_bwl()

Add a new layer to a plot with a geom_*()
or stat_*() function. Each provides a geom, 2
set of aesthetic mappings, and a default stat

and position adjustment.

Retums the {ast plot

gesave("plot.png”, width =5, height = 5)
Saves fast plot as 5' x 5' file named “plot.png” in

Geoms - usea geom to represent data points, use the geom’s aesthetic properties to represent variables. Each function returns a layer.

Continuous

ﬁ 2 ~ geom_area(stat = "bin")

%, y, alpha, color, fill, linetype, sze
b + grom_arealaes(y = . demsity.), stat = "hin")

‘| = + geom_density(kernel = "gaussian”)

draadind

9

x, y, alpha, color, fill, inetype, size, weight

5

b + geom_density{aes(y = _county..|)

 geom_dotplot{)

%, y, alpha, color, fill

- geom_fregpoly()

gt
: .....I. 1o |

%, Y, alpha, color, linetype, size

b + geom_freqpoly(aesly = .density. })

7] = - geom_histogram(binwicth =5)
%, y, alpha, color, fill, linetype, size, weight
b + geom_histogramiaesiy « density..})

Discrete

b <- ggpiotimpg, aesifi

* geom _bar({)

x, alpha, color, fill, linetype, size, weight

Graphical Primitives

geplotimap, ae at

teom.polvton(aﬁ group =group))
x, y, alpha, coler, fill, linetype, size

[ B i
) 1 s

F]d + geom_path(hneend‘ butt”,

linejoin="round, linemitre=1)

14

1, y, alpha, color, linetype, sze

d + geom_ribbon(aesiyminsunemploy - 200,

ymavsunemploy + 900))
x, ymax, ymin, alpha, cola, fill, linetype, size

g <- gRpiotiseals, aesix = 10ng, y at

+{= - geom_segment(zes!
xend = long + delta_long,
i3] yend =lat+ delta_lat))

x, xend, y, yend, alpha, color, linetype, size

xmax=long + deita_long,
ymax = |at + delta_lat))
xmax, xmin, ymax, ymin, alpha, color, fill,

" fin
working directory. Matches file type to file extension. s 5 A
RStudc® & 2 vademank of RStudio, Inc. » (L2 RSucio » olo@rgudio (om « 544443 1212 « cngiafom

geom_rect{aesixmin = long, ymin = lat,

“feer

rese=e ey

L2

pos §

4

T
FIeeeis]

2
=

T
T

+ geom_bar(stat = "identity™)

x, ¥, alpha, coloe, fill, inetype, size, weight

) ST

}2882s

121

T
i

.
2
t

Contmuous X Conunuous Y

f + geom_blank{)

x, y, alpha, color, fill, shape, size

f - geom_point()

x,y, alpha, color, fill, shape, size

i - geom_quantile()

x,y, alpha, color, linetype, size, weght

+ geom_rug(sides = "bl")
alpha, color, linetype, size

~ geom_smooth(model = im)
x, y. alpha, color, fill, linetype, size weight

~ geom_text{aes/label = cty))

x,y, labed, alpha, angfe, color, family, fontface, |

hjust, Ineheight, size, vjust

Dlscrete X, Conlmuou: Y

gplotimpg. aesiclass

¢ - geom_boxplot()

lower, middle, upper, x, ymax, ymin, alpha,
colar, fill, linetype, shape, size, weight

¢ + geom_dotplot{binzas ="y,

stackdir = "center”)
%y, alpha, color, fill

7 + geom_violin(scale = "ar=a")
x, y, alpha, color, fill, linetype, size weight

Discrete X. Discrete Y

tidizamonds

© + geom_jitter()

x,y, alpha, color, fill, shape, size

m + geom_contour{zes|z =2))

%, y. Z, alpha, colour, linetype, se weight

Two Variables

Contmuous B«vanate D| stnbubon

+ geom_| band(Lunwndth clS, DSI)
XN, XN, ymax, {’m.n atpha, color, fill,
linetype, size,

+~ geom_density2d()

Xy, alpha, colour, linetype, size

* geom_hex{)

x y, alpha, colour, fill size

Continuous Function

esidate unen

EEplotieconomics, ass{cate, unempioy
~ geom_areal)
x, ¥, dpha, color, fill, linetype, size
~ geom_line()

x, ¥, dpha, color, linetype, sze

T p |~ Beom._step(direction =T’
!-a x, y, dipha, color, linetype, size

Visualizing error

+ geom_crossbar{fzten = 2)
4+ x,y, ymax, ymin, alpha, color, fill, linetype,
14 s2e

¥+ geom

T3]

x, ymax, ymin, alpha, color, linetype, size,

width [also geom_errorbarh())

a3

| © + geom_linerange{)

—
e

x, ymin, ymax, alpha color, inetype, size

=

| » - geom_pointrange()

pii

Xy, ymin, ymax, alpha, colo, fil, linesype,

shape, size

§ ;geom_map(x-,ng i = state), map = map) +

expand_limits{: - mapSiong, v= mapiia)

a map_id alpha color, fill, linetype, size

Three Variables

m + geom_raster{zesifill = 2), hjust=05,
vjust=05, interpolate=FALSE)
x, y, alpha, fill

m + geom _tile(zes(fill = z))
x, y, alpha, coler, fill, inetype, size

Learn more a1 docs.ggplot2.org « ggpia O

931 « Updatec 3715

https://www.rstudio.com/wp-content/uploads/2015/03/ggplot2-cheatsheet.pdf



https://www.rstudio.com/wp-content/uploads/2015/03/ggplot2-cheatsheet.pdf

Stats - an atternative way to build a layer

Some plots visualize a ansformation of the ongnal data set.
Use 3 stak to choose 3 common transiormation to visualine,
=g a + geom_bar{stat = "bin")

Sealbes control how a plot raps data values to the visual
values of an aesthetic. To change the rmapping, add a
custorm scale.

DOEET .
: o L 1
* —— P HEEE . 1l
— 0 .- |l
—
zama tat .——i—'-i '-:'t
mr mem

Each stat creates additional variables to map aesthetics
. These variables use & common ... syntax

stat functions and gesm functions bath combine a stat

with a geom to make a layer, ie. !mt_hh[gmnl‘hr‘:l
does the same as geam_bar[stat="hin

mm

M%M},
geom = "polygon”, n=
[ e fr zyer |

a+ stak_binfhirmidth = 1, origin= 10§ 10 ity
wy| -count., mecert..,_deriby., rdensity..

a+ stak_bindetf birsicth = 1, binads = "1
%,y.| -count., _ncount.

a + stak_densityadiss = 1, kirnel = gassian’)
wy.| count., doreiny., scaled.

1+ stat_pindwi{bins =30, drop = TRUE) I} s
w.y, | _count., _dansiy.. -

1= stat_pindveninins = 30)
iy, M| _count., _dansiy..

1= stat_denecityRdiconiour = TRUE, n = 500§
.y, color, sine | vl

varlabb created
by transformation

l"." -
| {
.

e

m+ z=3}, bins = _I].i.n i)
w bl salue
m+ =7/, bires = 30, fun= maan

n | alue.

¢ - stat_bewplog(cosf = 15) Compansons
:l.g,|| _lowar_, midde., upper., outiors

adjerst = 1, kel = “gauesian’, scale = *area”)
:l..y|.|ﬂnﬂb_l,l. srabed ., _count_, ., wioliresdth_, _width.

- stat_sedin = 40} Funct
my| -

1+ shat_rpmaetile{opiantiles = cj0L2S, 0.5, 0.75), formada = y - logix,
mathod =“mg7)
Wy | quantla., s« _y

1+ shat_omsseth(mathod = “3ubs”, foemala =y - 5, 52 = TRUE, n= 1,
fuliange = FALSE, lewval = 85}
Y|, g, N, _yman

prplo) - stat_femctisnfaesis =33
funi= dnom, n= 101, angs= kshisd=05))
x|

i+

ERplot) + stat_gylassiample=1100), distribution = gt,
dparams = kszidEs))
samgile x| e

[+ stat_sumi])

uy.sbm| _size.
f+ stat_summary{iun.data = “mean_d_boot")
1+ stat_unique]

areral

T = b+ geom_ban{esSl = i)

agsthirtic
M

ﬂl.n::l‘ "mplblue “blue", “nawy”)
limits = ci"d", "¢, "p", "r"], breals =ci"d", "e' p 'k
="fuel’, labels = c"D", "E","P~, "R

rangw of vabhers o | ttie %o e in | Labeh o usen | bresko o usen
jaRD Iegend s

General Purpose scales
Usewith amy sesthetic:
alpha, color, fill, linetype, shape, size
aeale_*_eontinuous() - map cont’ values to visual values
seale_*_discrete() - map discrete values to visual values
seale_*_jdentity() - use data values 84 visual values
seale_*_manual{values = o)) - map discrete values to
marually chosen visual values
X and Y location scales
Usewith x or y aesthatics (x shown hene)
(labels = date_fonmat]Ym Hd"),
breaks = date_breaks(*2 weeks®]] - treat x
values as dates. See Ystiptirme for label formats.
scale_x_datetimel) - treat x values a5 date times. Use
SAMe Arguments as scale_x_date().
scale_x_loglo{) - Plotx on loglo scale
scale_x_reverse() - Reverse direction of » axis
acale_x_sqrt() - Flot x on square roat scale

Color and fill scales

Discrete Contimuwous
E n== b+ a3
E .ﬂﬁlfﬂn : ﬁ“ B
@
| p:l.alm 'Bl.mi
For palette choices:
I ol Erawsr)
display brawer. all[)
%ﬁ_mmunm' =Iua,
navalua= ")
PTG Erewar. ]
Shape scales
Marual shape wiboin
P petl e0 ag e A
N 3 @ el el s
pﬂ.::mse. FF- T e
s t BEE-) 1!
|I-uulun-:: b e e - Bt a ]
Shapewaluasshown in - oy kg ﬂ_

Size scales

= f4+ mas =&}
S ey el T B S
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Coordinate Systems

r =+ coord_cartesiam{x/im = c[0.5))

wier, i
» The default cartesian coondinate system
@ r = coord_fixed{rato = 1/2)

raitio, lirn, ylim

Cartasian coordinates with fed aspect
ratio between x and y units

] r = coord_flip{)
alirm, ylim
Flipped Cartesian coordinates
+ opord_polar{theta = ", direction=1)
theta, start, direction
Polar conrdinates

r = cpord_trans{ytrans = "sqrt”)
wirans, ytrans, lims, liry
Transformed camesian coordinates. Set
extras and SErains to the name
of awindow function.

z + ooord_map{projection = "ortha”,

orientation=c(41, -74, 0]}
projection, arientation, sdim, ylim

Map projections from the mapproj package
[mercator (defavlt), azequalarea, lagrange, etc)

Position Adjustments
Pasition a:ljus.tmenr_‘. datarmins how to affangg
EROms that would otherwise -:u'_l:upy[he SEIME SNace.

s+ geom bar position = "dodge™|
Arrange elerments cide by side

5+ geom bar position = "fll"
Stack elements on top of one anather,
normalize height

5+ geom bar position = "stack™)
Stack elements on top of one another

f+ geom_point|position = "jitter™)
Add random noise to X and ¥ position
of each slerment to swoid overplatting

Each position adjustrment can be recast a5 a function
with manual whdth and helght 2rguments

L0 peorn bar position = posithen_dodge(width = 1)

- therme_ k] + theme_elassie])
I “htnmg':L'I::‘ white background
== wath grid lnes 1 no griclines
r + theme_grey() [~ + theme_minirmal()
» J Grey background [:2 J Minimal theme
T ideszult thermei o

Exthemies - Package with adcibonal gapiot? themes

Facets divide a plot into subplols based on the values
l:nf ane of more discrete variables.

¥ —

IIIII facet into colum r?based an fl
e
facet into rows based on year
I © - facet_grid(year - fl)
facet into both rows and columns

— ++ facet_wrap(- fl

wiragy fBCes into a rectangular [ayout

Sat seales o et ads limits vary across facets
t+facet _gridly - x, scales = "free™)
1 and y auis lirnits adjust to individual facets

« "free_x" - x axis limits adjust
« Pfpee_y"™ - y axis limits adjust

et labedber 1o adjust facet labels

t+ facet_grid!. - fl, labefler = label _both]
Ee Ed L] REp Er
t+ facet_gridl. - . labeller = label_bquote{alpha * (=]])
o ot o a”
o+ facet_gridl. - fl, labeller = label_parsed)
] ] ® [ r
+ gEtitle(”New Plot Title")

Add & main title above the plot
t+ wlab{"Mew X [abel")
Change the label on the X asis
t + ylab{"Mew ¥ |abel")
Change the label on the ¥ s
t + labs(tite =" New title”, x = "Mew ",y = "Mew y7)
All of the above

[ Llegends

t + theme{legend paosition = "bottom”)
Flace lagend at *battom®, “top®, “left’, or “right™

t+ guides{color = "mone”)
Set legend type for each aesthetic colorbar, legend,
ar none [no legend)

©+ scale_fill_discrete({nzme =
lzhels = c"A% "B,
Sef legend title and labels with a scale function.

Without clipping
r i

{ + eoord_cartesian
alirm = [0, 100, ylirn = {10, 20})
With clipping
¢+ xlirm(0, 100) + yhir{10, 20)
[:f" i +seale_x_eontinuews(limizs = (0, 100)) +
Lisarm miew atdocs ggplotl g - ggpiot? 0331 » Updated: 3/15

Use scale functions

0 update legend
Labstis

"Title”,

seale_y_eontinueus| imits = 0, 100/}

https://www.rstudio.com/wp-content/uploads/2015/03/ggplot2-cheatsheet.pdf
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