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Example high-throughput data output

Area
Perimeter
Roundness
Compactness
Isotropy
Rotational mass symmetry
Eccentricity
Slenderness of leaves

RGB traits

Greenness hues

Colour
segmentation

Greenness
hues

Original
image

Fluorescence parameters

Fo – minimum
fluorescence

Fm – maximum
fluorescence

= 8

= 9

= 17
Fo minimal fluorescence (dark adapted)
Fm maximal fluorescence (dark adapted)
Fo’  minimal fluorescence (light adapted)
Fm’  maximal fluorescence (light adapted)
Ft instantaneous fluorescence level at time (t)
Fv variable fluorescence (dark adapted)
Fp peak fluorescence in the initial Kautsky effect
Fv/Fm maximal PSII quantum yield (dark adapted)
ΦP actual PSII quantum yield (light adapted)
Fv’/Fm’  maximal PSII quantum yield (light adapted)
qP coefficient of photochemical quenching
ΦNO  quantum yield of non-photochemical dissipation
ΦNPQ  quantum yield of non-photochemical quenching
NPQ  non-photochemical quenching for PSII heat loss
PQ  photochemical quenching
qN ChlF quenched by non-photochemical processes
Rfd ratio of fluorescence decay



Example high-throughput data output

8 + 9 + 17 => 34 traits 
x 2 conditions 
x 7 time points
=> 476 data points per genotype! 

Sink or swim?



“Although we often hear that 
data speak for themselves, their 
voices can be soft and sly”

- Mostellet, Fienberg & Rouke
Beginning Statistics with Data Analysis



“Making decisions based on 
evidence requires the appropriate 
display of that evidence. Good 
displays of data help to reveal 
knowledge relevant to 
understanding mechanism, process 
and dynamics, cause and effect. 
That is, displays of statistical data 
should directly serve the analytical 
task at hand”

- Edward Tufte



Visualization of cholera 
saves the day… or does it?
• Cholera outbreak in London, August 1854
• John Snow puts the data in spatial context to 

identify strong relationship between 
Broadstreet Pump and deaths by cholera
 Place the data in appropriate context 

to asses cause and effect
 Make quantitative comparisons –

compared with what?
• Be careful with

 Individual vs rate representation
 Aggregation by time



Grammar of graphics

Leland Wilkinson (1980) “The Grammar of Graphics”
https://www.springer.com/in/book/9780387245447

“framework which follows a 
layered approach to describe 

and construct visualizations or 
graphics in a structured 

manner.”



Grammar of Graphics using ggplot

# R-code:
library(ggplot2)
head(iris)

ggplot(data = iris)

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232



# R-code:
library(ggplot2)
head(iris)

ggplot(data = iris) + 
aes(x = Sepal.Length)

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)
head(iris)

ggplot(data = iris) + 
aes(x = Sepal.Length) +
aes(y= Petal.Length)

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)
head(iris)

ggplot(data = iris) + 
aes(x = Sepal.Length) +
aes(y= Petal.Length) + 
geom_point()

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)
head(iris)

ggplot(data = iris) + 
aes(x = Sepal.Length) +
aes(y= Petal.Length) + 
geom_point() +
aes(col = Species)

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)
head(iris)

ggplot(data = iris) + 
aes(x = Sepal.Length) +
aes(y= Petal.Length) + 
geom_point() +
aes(col = Species) +
geom_smooth(method = "lm", se = F)

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)
head(iris)

ggplot(data = iris) + 
aes(x = Sepal.Length) +
aes(y= Petal.Length) + 
geom_point() +
aes(col = Species) +
geom_smooth(method = "lm", se = F) +
scale_color_manual(values = c("hotpink4", "purple", 

"cyan3"))

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)
head(iris)

ggplot(data = iris) + 
aes(x = Sepal.Length) +
aes(y= Petal.Length) + 
geom_point() +
aes(col = Species) +
geom_smooth(method = "lm", se = F) +
scale_color_manual(values = c("hotpink4", "purple", 

"cyan3")) +
ylim(0,7)

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)
head(iris)

ggplot(data = iris) + 
aes(x = Sepal.Length) +
aes(y= Petal.Length) + 
geom_point() +
aes(col = Species) +
geom_smooth(method = "lm", se = F) +
scale_color_manual(values = c("hotpink4", "purple", 

"cyan3")) +
ylim(0,7) +
labs(col="") +
labs(title="Relation between Petal & Sepal length in iris 

species") +
labs(subtitle="Source: Edgar Anderson's Iris Data") +
labs(x ="Sepal length (mm)") +
labs(y ="Petal length (mm)")

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)
head(iris)

ggplot(data = iris) + 
aes(x = Sepal.Length) +
aes(y= Petal.Length) + 
geom_point() +
aes(col = Species) +
geom_smooth(method = "lm", se = F) +
scale_color_manual(values = c("hotpink4", "purple", 

"cyan3")) +
ylim(0,7) +
labs(col="") +
labs(title="Relation between Petal & Sepal length in iris 

species") +
labs(subtitle="Source: Edgar Anderson's Iris Data") +
labs(x ="Sepal length (mm)") +
labs(y ="Petal length (mm)") +
theme_bw()

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)

ggplot(data = medals2)

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)

ggplot(data = medals2)+
aes(x = Year)+
aes(y = x)+
geom_bar(stat="identity")

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)

ggplot(data = medals2)+
aes(x = Year)+
aes(y = x)+
geom_bar(stat="identity")+
aes(fill = Event.gender)

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)

ggplot(data = medals2)+
aes(x = Year)+
aes(y = x)+
geom_bar(stat="identity")+
aes(fill = Event.gender)+
facet_wrap(~Country)

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)

ggplot(data = medals2)+
aes(x = Year)+
aes(y = x)+
geom_bar(stat="identity")+
aes(fill = Event.gender)+
facet_wrap(~Country)+
labs(col="")+
labs(title="Olympic medals between 1924 and 2006")+
labs(subtitle="Source: IOC | olympic.org")+
labs(x ="")+
labs(y ="Number of medals")+
theme(axis.text.x = element_text(angle = 90, hjust = 1))

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



# R-code:
library(ggplot2)

ggplot(data = medals2)+
aes(x = Year)+
aes(y = x)+
geom_bar(stat="identity")+
aes(fill = Event.gender)+
facet_wrap(~Country)+
labs(col="")+
labs(title="Olympic medals between 1924 and 2006")+
labs(subtitle="Source: IOC | olympic.org")+
labs(x ="")+
labs(y ="Number of medals")+
theme_bw()+
theme(axis.text.x = element_text(angle = 90, hjust = 1))

Inspired by Rladies ggplot2 flipbook 
https://evamaerey.github.io/ggplot_flipbook/ggplot_flipbook_xaringan.html#232

Grammar of Graphics using ggplot



Exploratory vs. confirmatory visualization
Exploratory questions:
+Which traits change in 

response to heat stress?
+How are my metabolites 

connected?

Confirmatory questions:
+Is my gene affecting ion 

uptake?
+Does my mutant 

accumulate less ABA?Which traits does my 
mutant affect?

Biomass & photosynthesis

Does my gene affects CO2 
accumulation?



Hypothesis after results are known (HARKing) 
is not OK!

Munafò, M. R., Nosek, B. A., Bishop, D. V. M., Button, K. S., Chambers, C. D., Sert, N. P. du, … Ioannidis, J. P. A. (2017). 
A manifesto for reproducible science. Nature Human Behaviour, 1(1), s41562-016-0021-016. https://doi.org/10.1038/s41562-016-0021



• Comparing and interpreting the 
data

• Understanding the relationship 
between variables

• Experimenting with multiple ways 
to present and summarize your 
data

• Producing crude representations
• (Interactive)
• Not intended for final publication

ID
A
B
A
A
C
D
A
A
F
F
F

Var1
1
13
0
2
5
6
2
20
0.5
1
2

Var2
0
1
0
0
0
1
1
1
0
0
0

Var3
0.02
0.30
0.13
0.59
0.30
0.02
0.22
0.89
0.30
0.15
1.02

Slide inspired by Aiora Zabala, GitHub bioinformatics-core-shared-training/effective-figure-design

Exploratory visualization



Illustrative visualization

• Helps to convey special point
• Carefully chosen (sub)set of 

data
• Optimized presentation
• Allows reader to critically 

evaluate your data
• Used in papers

Parker et al., An integrative systems genetic analysis of mammalian lipid 
metabolism (2019) Nature

Slide inspired by Aiora Zabala, GitHub bioinformatics-core-shared-training/effective-figure-design



Exploratory data visualization process

Collect raw data

Process / filter data Clean dataset

Exploratory
analysis & 

visualization

Generate 
conclusion

Prepare figure for 
illustrative

visualization

Publication figure

Produce “raw” 
figure 

(R/python/excel)

Edit design details 
(inkScape / 
Illustrator)

Peer review

Slide by Aiora Zabala, GitHub bioinformatics-core-shared-training/effective-figure-design



Correlogram to examine bi-variate relations

Histograms to examine data distribution

Interactive graphics (e.g. Plot.ly)

Multiple comparisons (e.g. ggpubr) S
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Interactive libraries for efficient data exploration

# R-code:
library(ggplot2)
library(plotly)

my_plot <- ggplot(data = done)+
aes(x = time.day)+
aes(y = Area)+
aes(group = Plant_ID)+
geom_line(stat="identity")+
facet_grid(~treatment)+
ylab(“Area (mm2)”)+
xlab(“time (days)”)+
theme(legend.position = “none”)+
ylim(0, 2900)

ggplotly(my_plot)



http://mvapp.kaust.edu.sa/

@MVApp007



MVApp >> outlier selection

MVApp.kaust.edu.sa



MVApp >> hypothesis testing

MVApp.kaust.edu.sa



Sins of confirmatory analysis:
#1 You can do better than a bar graph!



Same Stats, Different Graphs: Generating Datasets with Varied Appearance and Identical Statistics through Simulated Annealing

Sins of confirmatory analysis:
#1 You can do better than a bar graph!



Alternatives to bar 
graphs allow you to 
better present:

• paired / non-paired 
samples

• distribution of your 
data points

Weissgerber et al., PLOS Bio. 
(2015) Beyond Bar and Line 
Graphs: Time for a New Data 
Presentation Paradigm

Sins of confirmatory analysis:
#1 You can do better than a bar graph!



Bar graph alternatives



Making effective uni-variate plot
# R-code:
library(ggplot2)
library(ggbeeswarm)
library(RColorBrewer)
library(ggridges)
library(gapminder)

my_box_plot <- ggplot(data = mpg, 
aes(x = class, y = hwy)) 
+ geom_boxplot() 

my_box_plot



Making effective uni-variate plot
# R-code:
library(ggplot2)
library(ggbeeswarm)
library(RColorBrewer)
library(ggridges)
library(gapminder)

my_box_plot <- ggplot(data = mpg, 
aes(x = class, y = hwy)) 
+ geom_boxplot() 
+ geom_jitter()

my_box_plot



Making effective uni-variate plot
# R-code:
library(ggplot2)
library(ggbeeswarm)
library(RColorBrewer)
library(ggridges)
library(gapminder)

my_box_plot <- ggplot(data = mpg, 
aes(x = class, y = hwy)) 
+ geom_boxplot() 
+ geom_quasirandom()

my_box_plot



Making effective uni-variate plot
# R-code:
library(ggplot2)
library(ggbeeswarm)
library(RColorBrewer)
library(ggridges)
library(gapminder)

my_box_plot <- ggplot(data = mpg, 
aes(x = class, y = hwy, colour = class)) 
+ geom_boxplot() 
+ geom_quasirandom()

my_box_plot



Making effective uni-variate plot
# R-code:
library(ggplot2)
library(ggbeeswarm)
library(RColorBrewer)
library(ggridges)
library(gapminder)

my_box_plot <- ggplot(data = mpg, 
aes(x = class, y = hwy, colour = class)) 
+ geom_quasirandom(alpha = 0.6)
+ stat_summary(fun.y=mean, 

geom="point", shape=95, size=10, 
color="black", fill="black")

my_box_plot



Making effective uni-variate plot
# R-code:
library(ggplot2)
library(ggbeeswarm)
library(RColorBrewer)
library(ggridges)
library(gapminder)

my_box_plot <- ggplot(data = mpg, 
aes(x = class, y = hwy, colour = class)) 
+ geom_quasirandom(alpha = 0.6)
+ stat_summary(fun.y=mean, geom="point", 

shape=95, size=10, color="black",
fill="black")

+ labs(y = "fuel efficiency", x = "",
title = "Automobile Fuel Efficiency 
by Class")

+ theme(legend.position = "none")

my_box_plot



Making effective uni-variate plot
# R-code:
library(ggpubr)

my_comparisons <- list( c("2seater", "compact"), 
c("2seater", "midsize"), c("2seater", "suv"), 
c("2seater", "minivan"), c("2seater", "pickup"), 
c("2seater", "subcompact"))

# plot the graph
stat_graph
stat_graph <- ggboxplot(data = mpg, x = "class", 

y = "hwy", color = "class", 
add = "jitter")

+ theme(legend.position = "none")
+ 

stat_compare_means(comparisons = 
my_comparisons)

stat_graph



Slide inspired by Aiora Zabala, GitHub bioinformatics-core-shared-training/effective-figure-design

Sins of confirmatory analysis:
#2 Choosing the “most representative” experiment



Slide inspired by Aiora Zabala, GitHub bioinformatics-core-shared-training/effective-figure-design

Sins of confirmatory analysis:
#3 Choosing the wrong scale



Log axis exaggerate differences between groups or minimize them

Linear Logarithmic

Slide inspired by Aiora Zabala, GitHub bioinformatics-core-shared-training/effective-figure-design

Sins of confirmatory analysis:
#3 Choosing the wrong scale



Use logarithmic scales OK for

Logarithmically spaced values Log-normal data

Slide inspired by Aiora Zabala, GitHub bioinformatics-core-shared-training/effective-figure-design



Is my plot ethical? Would a reader come to a 
different conclusion if they 
could see the details of the 
data which were omitted 
from the plot?

YES NO

Slide inspired by Aiora Zabala, GitHub bioinformatics-core-shared-training/effective-figure-design



What would you 
like to show?Relationship

Comparison

Composition

Distribution

2 variables

3-4 variables

> 4 variables

20

30

40

2 3 4 5 6 7

scatter plot

20

30

40

2 3 4 5 6 7

bubble chart

correlation heatmap

1 variable

2 variables

density histogram

stacked count histogram

scatter plot
with rugs / box plot

Among items Over time

dot
plot

box
plot

violin 
plot

bar 
graph

faceting over 
multiple conditions

line graph facetted plot

Among items Over time
stacked column chart stacked radial 

bar chartabsolute % of total stacked area chart



10 rules for better figures

1. Know your audience
2. Identify your message
3. Adapt the figure to 

support medium

Rougier et al., PLOS Computational Biol. 
(2014) Ten Simple Rules for Better Figures



10 rules for better figures

1. Know your audience
2. Identify your message
3. Adapt the figure to support medium
4. Captions are NOT optional
5. Do not trust the defaults

Rougier et al., PLOS Computational Biol. 
(2014) Ten Simple Rules for Better Figures



10 rules for better figures

1. Know your audience
2. Identify your message
3. Adapt the figure to support 

medium
4. Captions are NOT optional
5. Do not trust the defaults
6. Use color effectively

Rougier et al., PLOS Computational Biol. 
(2014) Ten Simple Rules for Better Figures

http://colorbrewer2.org/



10 rules for better figures

1. Know your audience
2. Identify your message
3. Adapt the figure to support 

medium
4. Captions are NOT optional
5. Do not trust the defaults
6. Use color effectively

Rougier et al., PLOS Computational Biol. 
(2014) Ten Simple Rules for Better Figures

SimDaltonism



10 rules for better figures

1. Know your audience
2. Identify your message
3. Adapt the figure to support medium
4. Captions are NOT optional
5. Do not trust the defaults
6. Use color effectively
7. Do not mislead the reader
8. Avoid “chart junk”

Rougier et al., PLOS Computational Biol. 
(2014) Ten Simple Rules for Better Figures



10 rules for better figures

1. Know your audience
2. Identify your message
3. Adapt the figure to support medium
4. Captions are NOT optional
5. Do not trust the defaults
6. Use color effectively
7. Do not mislead the reader
8. Avoid “chart junk”
9. Message > beauty
10. Use the right tools

Rougier et al., PLOS Computational Biol. 
(2014) Ten Simple Rules for Better Figures

Publication figure

Produce “raw” 
figure

Edit design details 



Combining 
elements into 

figure

Have an idea of what your final figure will 
look like:

• What message are you trying to 
convey?

• How does each figure contribute to 
that message?

• Identify what is essential / supporting 
information

• Be consistent with color codes et al.

Figure outlines can reduce time spent 
moving or resizing images

Babraham Bioinformatics



Use grids & alignments

Slide inspired by Aiora Zabala, GitHub bioinformatics-core-shared-training/effective-figure-design



Visual weight & balance



Visual weight & balance
Visual weight: A measure of how much an object on the
page attracts and retains the attention of your viewer

Which elements do you WANT to stand out in your figure??
Slide by Aiora Zabala, GitHub bioinformatics-core-shared-training/effective-figure-design



Effective 
figure 

checklist:

 The figure is self contained: understandable without additional 
information

 Every element is labelled or explained in the caption, including 
x and y axes and units

 x and y axis: scales show appropriate variation of the data, or 
are comparable

Readability and contrast are appropriate

 Every use of color has a reason

 The figure works in grayscale (except for very complex figures)

 If there are groupings, they help understand the message 
without manipulating

 There are no channel inconsistencies within the figure

 It is as simple as possible: i.e. no decorations, every piece that 
could be eliminated without losing information has been 
eliminated

Has been validated by other people

Slide by Aiora Zabala, GitHub bioinformatics-core-shared-training/effective-figure-design



Interactive apps for your supplemental data
• Shiny App - http://shiny.rstudio.com/tutorial/

• Two files in folder “MyApp”:
server.R >> R
ui.R >> Markdown

• Make sure your directory in R is containing 
MyApp folder

• Run App by typing
runApp(“MyApp”)

• Publish on GitHub / shinyapps.io

# R-code for ui.R:
library(shiny)

shinyUI(pageWithSidebar(
headerPanel("Hello Shiny!"), 

sidebarPanel(
sliderInput("obs", "Number of observations:", 
min = 1, max = 1000, value = 500) ), 

mainPanel( plotOutput("distPlot") )
))

# R-code for server.R:
shinyServer(function(input, output) {

output$distPlot <- renderPlot({
dist <- rnorm(input$obs)
hist(dist) })

})



Interactive apps for your supplemental data



Take home:

• Present data in right context

• Exploratory or confirmatory 
analysis?

• Determine the right graph 
type

• Experiment with graph types 
and layering of aesthetics in 
your graph 

> Most information
> Simplest representation

• Interactive apps for 
extending lifespan of your 
supplemental data

• Report & cite which (R / 
python / …) libraries you 
used to make your figure



Thank you /شكر

Ge Gao

Stephanie 
Saade

Gaurav
Agarwal

Yveline
Pailles

Mitch
Morton

Mariam
Awlia

Guillaume Lobet
Jurlich / Louvain Uni.

@MVApp007



Useful resources

Short papers:
• Rolandi et al 2011. A Brief Guide to Designing Effective Figures for the Scientific Paper. Advanced 

Materials 23
• Rougier et al 2014. Ten Simple Rules for Better Figures. Plos Computational Biology 10:9

Design for scientists/ data:
• Carter. 2013. Designing science presentations – not just for figures, very clear
• Munzner. 2014. Visualization, analysis and design from a computer-graphics perspective
• Tufte. 2001. The visual display of quantitative information – from a theory-of-design perspective
• Meirelles. 2013. Design for information – advanced information visualizations (maps, time-space, 

flows)
Graphic design more generally:

• Krause. 2004. Design basics index – very concise and to the point
• Samara. 2014. Design elements: a graphic design manual – reference book
• Nature Points of View: http://blogs.nature.com/methagora/2013/07/data-visualization-points-of-

view.html


