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Data Visualization Resources

Datacamp

• Introduction to Data Visualization with ggplot2

• Intermediate Data Visualization with ggplot2

• Visualization Best Practices in R

Claus Wilke Data Visualization in R Course (U Texas)

R for Data Science

https://learn.datacamp.com/
https://learn.datacamp.com/courses/introduction-to-data-visualization-with-ggplot2
https://learn.datacamp.com/courses/intermediate-data-visualization-with-ggplot2
https://learn.datacamp.com/courses/visualization-best-practices-in-r
https://wilkelab.org/SDS375/syllabus.html
https://r4ds.had.co.nz/


Scientific Communication and Professionalism

• Clear, accurate, and complete representation of your data

• Efficient, reproducible, and automated methods

• Clean, professional, and aesthetically pleasing appearance



The Right Tools for the Job

A few examples

• R and ggplot

• Circos

• Processing

• Adobe Illustrator

https://ggplot2.tidyverse.org/index.html
http://circos.ca/
https://processing.org/
https://www.adobe.com/products/illustrator.html


Making Figures with Code

ggplot(cnld) + geom_point(aes(x=CumPos, y=r2, size=0.75, colour=as.factor(ChromPrint), alpha = 
1/8)) + scale_size_identity() + theme_bw(base_size=15) + 
scale_color_manual(values=c(rep(c('black', 'dark gray'),11), 'black', 'red')) + 
scale_x_continuous(expand = c(0.015, 0.015),labels=c(as.character(1:chrNum), "X"), 
breaks=bpMidVec) + theme(plot.margin = unit( c(0.03,0.03,0.03,0.03) , "in" ), 
legend.position='none', axis.text.x = element_text(size=6), axis.text.y = element_text(size=7), 
axis.title.x = element_text(size=8), axis.title.y = element_text(size=8)) + xlab('Chromosome 
Position') + ylab(expression(paste("Mitonuclear LD (",r^2, ")"))) 



https://dbsloan.github.io/TS2022/exercises/r_markdown.html

https://dbsloan.github.io/TS2022/exercises/r_markdown.html


The Grammar of Graphics

Image: Thomas de Beus

• aes: Aesthetic mapping of data to plot elements

• position (X or Y coordinates), shapes, sizes, 
color, line weight/type, transparency, etc.

• geoms: Layers visually representing your 
mapped data

• points, lines, bars, density curves, etc.

• themes: Non-data plot elements

• axis labels, grid lines, titles, etc.



A Few Principles of Data Visualization

• The Demise of the Bar Plot

• Choosing a Scale: Log vs. Linear

• Accessibility for a Diverse Audience



The Demise of the Bar Plot



When Possible… Show All the Data!

Use point size, jitter, and/or transparency to mitigate the effects of overlapping points. 



Better Ways of Comparing and Summarizing Distributions
All Data Points: geom_point() [with jitter] Box Plots: geom_boxplot()

Violin Plots: geom_violin() Ridge Plots: geom_density_ridges()

Examples from Claus Wilke: https://wilkelab.org/SDS375/slides/visualizing-distributions-2.html#1

https://wilkelab.org/SDS375/slides/visualizing-distributions-2.html


Linear vs. Log Scales

• Use linear scales to emphasize absolute differences.

• Use log scales to emphasize proportional differences.

Linear Scale Log Scale



Accessibility

Color is a powerful tool for visualizations, but it 
will not be perceived in the same way by 
everyone in your audience. Tips for making your 
visualizations accessible to color bind 
individuals….

• Use palettes consisting of colors that are more distinguishable for individuals with common 
forms of color blindness.

• Use color and shape of points redundantly to distinguish among groups in plot.

> ggplot(MouseData, aes(x=age, y=weight, color=genotype, shape=genotype)) 
+ geom_point()

• Make use of figure labeling and legend descriptions to make the plot accessible even if colors 
are difficult to distinguish.

https://cran.r-project.org/web/packages/colorBlindness/vignettes/colorBlindness.html


https://dbsloan.github.io/TS2022/exercises/ggplot.html

https://dbsloan.github.io/TS2022/exercises/ggplot.html


Drawing with Data

R and other tools can generate custom, data-based visualizations. If you can picture the figure, 
you can probably generate code to draw it.

trichopoda. When mapped back against their corresponding
plastid DNA sequences, these fragments cover anywhere from
0.5% to 87.2% of the plastid genome (table 1 and fig. 2).
Plastid-derived sequences accounted for less than 1% of
many angiosperm mitochondrial genomes. At the other ex-
treme, they represent 10.3% of the Boea hygrometrica mito-
chondrial genome. An even higher percentage has been
reported for the mitochondrial genome of Cucurbita pepo
(Alverson et al. 2010), but this species was not included in
our study because it lacks a sequenced plastid genome. These
values are based on identified fragments of at least 200 bp in
length, but including smaller fragments does not increase the
totals substantially.

The largest mtpt fragment was 12.6 kb in length (found
in Zea mays), but there was clear evidence that some of the ex-
isting sequences were part of larger transfers that were sub-
sequently broken up by large deletions and rearrangements.

For example, the Silene conica mitochondrial genome con-
tains two mtpt fragments from a 35-kb region of plastid
DNA (fig. 3). Although these fragments are now located on
different chromosomes in the S. conica mitochondrial
genome, their corresponding boundaries precisely abut
in the plastid genome, suggesting that they were derived
from a single transfer that was subsequently split by a rear-
rangement. This transfer appears to have occurred relatively
recently because it shares the derived inversion found in the
S. conica plastid genome (Sloan, Alverson, Wu, et al. 2012).
The transferred 35 kb sequence has been reduced to only
18 kb by a series of 23 large deletions ranging from 96
to 4,615 bp in size. Many of these were likely associated
with a microhomology-mediated repair process (Deriano
and Roth 2013), as 14 of the 23 deletions show small regions
(7–18 bp) of sequence similarity between the pair of deletion
breakpoints (fig. 3).

FIG. 2.—Origins of mtpts from the plastid genome. The location of each mtpt fragment (minimum 200 bp) within the plastid genome. Shading indicates

nucleotide sequence identity (excluding gaps) relative to the corresponding plastid sequence. The Nicotiana tabacum plastid genome was used as a reference

for defining position. The map of the N. tabacum plastid genome at the bottom of the figure was generated with OGDRAW v1.2 (Lohse et al. 2007) after

removing the second copy of the inverted repeat.

Sloan and Wu GBE
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 inferences based on gene-order support earlier sequence-

based analyses that suggested that these two insect endosym-
bionts form a monophyletic group (fig. 5a–c) (Spaulding and
von Dohlen 1998; Thao and Baumann 2004; Sloan and
Moran 2012b).

Proliferation of Short Tandem Repeats and the Indel
Spectrum in Portiera BT Intergenic Regions

Despite containing a slightly larger number of genes, the
Portiera TV genome is approximately 20% smaller in size
than its counterparts in B. tabaci (table 2). The size difference
reflects the presence of much longer intergenic sequences in
Portiera BT (fig. 6), which may have resulted from a relaxation
of the typical bias in the indel mutation spectrum. In contrast
to the pattern observed in other bacteria (Mira et al. 2001;
Kuo and Ochman 2009), recent intergenic indels in Portiera BT
do not exhibit an excess of deletions (fig. 7). Notably, the
Portiera BT indel spectrum is highly enriched for 7-bp changes
(fig. 7). All these indels occur in the context of short tandem
repeats, and the distribution of tandem repeat lengths in the
Portiera BT genome exhibits a dramatic spike at 7 bp that is
not found in other insect endosymbionts, including Portiera TV
(fig. 8). These repeats are concentrated in intergenic regions
(fig. 1) and spatially correlated with structural variation in the
Portiera BT genome identified by paired-end read conflicts
(r¼ 0.45; P<0.0001). In contrast, tandem repeats in the
Portiera TV genome are rare and not significantly correlated
with paired-end read conflicts (r¼ 0.03; P¼0.43).

Accurately characterizing an indel spectrum requires high-
quality genome sequences and an appropriate model for in-
ferring ancestral states. In identifying indels that were unique
among the four Portiera BT genomes, we found that the two
genomes from B. tabaci biotype B exhibited a higher degree of
similarity than the two frombiotype Q. Althoughwe identified
numerous indels between the two Portiera BT-B genomes,
these only occurred in structurally variable regions that were
not conserved with Portiera BT-Q and, therefore, had to be
excluded from the analysis. We found that 23 of 28 of the
short indels (<4bp) that were unique to one of the two
Portiera BT-Q genomes were in or adjacent to single-
nucleotide repeat regions (homopolymers). By itself, this is

not surprising because homopolymers are prone to high
rates of indel mutations, but we unexpectedly found that a
clear majority (18 of 23) of these indels occurred in one of the
two genomes (GenBank accession CP003835). Although this
genome may have experienced a higher rate of structural
change, it is also possible that some of the homopolymer-
associated indels in this genome represent sequencing
errors, because it was generated largely with the Roche 454
platform, a technology that is known to produce imprecise
estimates of homopolymer length (Santos-Garcia et al. 2012).
Therefore, sequencing errors probably added noise to our
estimate of the indel spectrum. Although these inaccuracies
should not pertain to the large number of indels found in
microsatellite regions, short tandem repeats are prone to re-
current mutations (homoplasy) and, therefore, may violate
our parsimony assumption for inferring ancestral states.
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FIG. 5.—Phylogenetic relationships among select Gammaproteobacteria as inferred from gene order and orientation with MGR (A), TIBA (B), and

BADGER (C). Bipartition support is indicated with bootstrap values and Bayesian posterior probabilities from the TIBA and BADGER analyses, respectively. A

relative rate test using Carsonella as the closest outgroup to Portiera found that inversions had accumulated asymmetrically in the Portiera BT genome (D).

Portiera BT (244.9-278.6 kb)

Portiera TV (183.5-203.6 kb)

FIG. 6.—Abnormally large intergenic regions in the Portiera BT

genome. Gray shading connects orthologous genes that are shared be-

tween strains in a region of conserved synteny. Yellow blocks represent

genes without an intact ortholog in the other strain.
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Indel Size (bp) 

32 Insertions (170 bp total) 
22 Deletions (-133 bp total) 

Mean Indel = +0.69 bp 

FIG. 7.—Size distribution of indels in Portiera BT.
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Drawing with Data

R and other tools can generate custom, data-based visualizations. If you can picture the figure, 
you can probably generate code to draw it.



https://dbsloan.github.io/TS2022/exercises/r_figure_drawing.html

https://dbsloan.github.io/TS2022/exercises/r_figure_drawing.html


Circular Data Representations



https://dbsloan.github.io/TS2022/exercises/circos.html

https://dbsloan.github.io/TS2022/exercises/circos.html

