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ESSENTIALS OF DATA VISUALIZATION

THINKING ABOUT DRAWING DATA + COMMUNICATING SCIENCE

http://mkweb.bcgsc.ca/essentials.of.data.visualization/
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Insights into Data Visualization: 8-part mini-series

This video series focuses on relevant and practical concepts in scientific data visualization. Our aim is to make you think more clearly about visual presentation
and to make you a better communicator.

Each video in the series presents fundamental ideas and is designed to provide constraints and guidance to your thoughts about communicating your data. The
purpose of scientific data visualization is not merely to inform but also to answer and generate hypotheses.

Though few firm rules exist when it comes to how to achieve clarity—whatever the communication medium—we must meet core requirements such as consistency,
redundancy and appropriate mapping between relevant and salience. We present these essential topics using biological data as examples. But if you're not a
biologist, don't worry. Instead, think about the data structure rather than meaning and you'll be fine.

Resources

Each video is about 15 minutes long and comes with a slide deck of the images used in the video, exercise and suggested solutions.

Download all course materials.

Episodes

1 DATA ENCODING
MAKE IT EASY TO ANSWER RELEVANT QUESTIONS.
watch | PDF | When you think of data visualization, the first ideas that come to mind are a scatter plot, or a bar char, a box plot or a network diagram. These are all

data encodings—methods that relate data values to the positions, sizes and shapes of the lines or symbols that appear on the screen or in a figure. There are many
data encodings—which do you choose?

2 SHAPES AND SYMBOLS

INTUITIVELY ENCODE ROLE AND RELEVANCE.

watch | PDF | Shapes and glyphs are really important. They make up the heart of a lot of data plots. Your default should be the circle. If you need different shapes,
try to map the classes as intuitively as possible onto the shapes. Use less prominent symbols for data that are less relevant (such as reference data included for
context).

3 COLOR

USE IT FOR EMPHASIS AND VISUAL SEPARATION.

watch | PDF | Color is one of the most exciting ways in which you can completely screw over your visualization. What can start off as a great diagram can be
absolutely ruined by a lack of color judgment. When using color, ask yourself—do [ need it? Try to work around it using grey tones from Brewer palettes. If you
succeed, you're in a perfect place to use spol color, sparingly, for emphasis.

4 UNCERTAINTY

DON'T MAKE ERRORS IN ERROR BARS.

watch | PDF | Knowing the limits of your knowledge is very important. In biology, it’s important to be able to sample the extent of biological variation. And so
being able to show this and other forms of variation in measurements or any computed values in visualizations is very important—it addresses reproducibility and
your capacity to make statistical inference. Often this is done with error bars. Ironically, there’s a lot of error associated with the use of and interpretation of error
bars.




DESIGNING
EFFECTIVE
VISUALIZATIONS
IN B0 OGICAL
SUENCES

CIRCOS+ MIVE PLOTS
CHALLINGING
VISUALIZATION

PARADIGMS

LUNCH BREAK

Distractions and
amusements, with a

sandwich and coffee.

LU
W
LU O [
oo won
QUOTES & WRITING

SIXIEEN ANDS

5 DESIGN

ORGANIZE AND CLARIFY,

watch | PDF | Design plays a large role in data visualization. Think of design as choreography for the page. In our context it’s not merely driven by aesthetic, but
function. Although there’s always room for aesthetic—gently applied—and I really encourage you to find your own and continue to refine it. But always remember,

be understood before being articulate. Be legible before being attractive! Your goal here isn’t to make inroads on the global stage of aesthetic studies. Become a
good visual explainer. It's harder ... and more worth doing.

6 NOTHING
NO DATA, NO INK.

watch | PDF | Data-to-ink ratio, taken to the extreme: if there is no data to show, no ink should be used. The idea of “no data to show” may correspond to a variety
of scenarios. There may be sincerely no data to show—no values were collected. Or, there are no significant changes to see. Where possible, you should use empty
space to indicate lack of data or lack of change in data. You should never be distracted by something that isn’t relevant and empty space is not distracting—it really
just provides contrast to adjacent elements, which presumably correspond to actual data or actionable data.

7T LABELS

RESPECT TYPE AND USE IT TO ESTABLISH HIERARCHY.

watch | PDF | Open up a journal or your favourite text book. Find a figure. There's probably some labels in there. Maybe it's a multi-panel figure and the labels are
the titles. Maybe there are some callouts that tell you what the parts are. If it’s a plot there are probably axis labels and tick labels and maybe a legend with some
labels. There's usually several informational layers in the image, each with their own labels. These labels should reflect that these layers are different. They should
also reflect the relative importance of these layers.

8 PROCESS

CREATING A VISUALIZATION FOR SCIENTIFIC AMERICAN GRAPHIC SCIENCE: FROM START TO FINISH.

watch | PDF | Let’s now look at the process of designing a visualization from scratch—from the encoding all the way to design. This was a graphic I did for the June
2015 issue of Scientific American. It appeared on the Graphic Science page.

© 1999-2017 Martin Krzywinski | contact | Genome Sciences Centre © BC Cancer Research Center € BC Cancer Agency




Essentials of Data Visualization

How do we get from data to visualization?
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Essentials of Data Visualization
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Essentials of Data Visualization

How do we get from data to visualization?

We need to understand:

e properties of the data/ data type
o Phylogenies (cladograms, phylograms, chronograms, cloudograms, etc.)
o  Networks (circos, hive plots, etc.)
e properties of the image / visual encoding
o  What? Points, lines, labels...
o Where? 2D, 3D...
o How?Size, shape, texture, color, hue...
e therules of mapping datatoimage
o  Principles of grouping
o etc
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Optical lllusions - Hermann Grid

https://en.wikipedia.org/wiki/List_of optical_illusions




Optical lllusions - Café Wall

https://en.wikipedia.org/wiki/List_of optical_illusions
S



Color

https://xkcd.com/1492/
S



Color Context

Context affects your color perception

https://xkcd.com/1492/
S



C2-Mb
C2-M¢

L. salivarius a
L. safivarius b
L. salivarius ¢
E. colia

E. colib

E. colic

B. fragilis a
8. fragilis b
B. fragilis c
Beads a
Beads b
Beads ¢

@
=
o
(8]

<
~N
:

Color Context

sssssssmasssnad

.
ER

Context affects your color perception

I
)
Q e
-
=

4
2
z
3
[~}

oz

™~
]
3
@
@
.s

m
@
o
.
N diaiaanivs s s e bR b s P A Sa el Mk an nmn s N Sl e e

ZSWIME  »#

-

r

w

»

o

]



@ a o
c2 222 82£L55% 82 4
Eggﬁﬁaaaagg.@ggg
O 0O O - - - W W W dodadaodos

Color Context

Context affects your color perception




Color Blindness

http://mkweb.bcgsc.ca/colorblind/




Color Blindness e epans o co n cor s

AND APPEARANCE OF SPECTRUM AND OBJECTS

COLOR PALETTES FOR COLOR BLINDNESS

In an audience of 8 men and 8 women, chances are 50% that
at least one has some degree of color blindness!2. When
encoding information or designing content, use colors that is
color-blind safe.

Color Oracle is a good and free color blindness simulator for
Windows, Mac and Linux.

COLOR RECEPTORS ARE REDUCED OR
ABSENT IN COLOR BLINDNESS

The normal human eye is a 3-channel color detector3. There are
three types of photoreceptors, each sensitive to a different part

of the spectrum. Their combined response to a given

perception of color. S S R S ————
300 400 500 GO0 700 nm

http://mkweb.bcgsc.ca/colorblind/

wavelength produces a unique response that is the basis of the



http://colororacle.org/
http://colororacle.org/

Color Blindness

indistinguishable colors in color blindness

deuteranopia

protanopia

| I

tritanopia

http://mkweb.bcgsc.ca/colorblind

http://mkweb.bcgsc.ca/colorblind/




Color Blindness - Palettes

e General advice: http://jfly.iam.u-tokyo.ac.jp/color

e Cartography: http://colorbrewer?2.org/
e R plotting system (ggplot2):

http://www.cookbook-r.com/Graphs/Colors lot2)/#a-colorblind-friendly-
alette for Photoshap, llustrator, for Word, Power
Original Simulation Freehand, etc. Point, Canvas, elc.
Protan Deutan Tritan Hue CMYK(%) RGB(0-255) R,G.B(%)
1- - - - WM Biack - (0,0,0,100) (0,0,0) _ (000)
2 - - - - EHE Crange 41° (0,50,100,0) (230,159,0) (90.50,0)
3 - - - - MM Sky Blue 202° (80,0,00) (86,180,233)  (35.70,90)
a - - - - WM bluish Green  164° (97,0,75.0)  (0,158,115) {0,60,50)
5 Yellow 56° (10,590,0) (240,22866)  (95.90,25)
& - - - - HH Biue 202° (100,50,0,0) (0,114,178) {0,45,70)
7 - - - - EHE Vermilion 27° (0,80,100,0) (213,94,0) (80,40,0)
B - - - - WM reddish Purple 326° (10,70,0,0) (204,121,167)  (80,60,70)

http://jfly.iam.u-tokyo.ac.jp/color/



http://jfly.iam.u-tokyo.ac.jp/color/
http://colorbrewer2.org/
http://www.cookbook-r.com/Graphs/Colors_(ggplot2)/#a-colorblind-friendly-palette
http://www.cookbook-r.com/Graphs/Colors_(ggplot2)/#a-colorblind-friendly-palette
http://www.cookbook-r.com/Graphs/Colors_(ggplot2)/#a-colorblind-friendly-palette

Color Blindness - Luminance

Krzywinski. 2016. Mol. Cell 62:652-656.
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Font Types
However...

Serifs are the small lines tailing from
the edges of letters and symbols,
separated into distinct units for a

typewriler or typsetter

Serif fonts are easier to
read in printed works

This is because the serif make the
individual letters more distinctive and
easier for our bramns to recognise
quickly. Without the serif, the brain has
to spend longer identifying the letter

because the shape is less distinctive

IN TYPOGRAPHY

Sans-serif is a typeface that
does not have the small
projecting features called

"serifs” at the end of strokes.

Modern, Minimol F-‘u‘.r:‘Jru['-::f:r'lI | am Sans

Sans serif fonts are
better on the web

An important exception must be
made for the web. Printed works
generally have a resolution of at
least 1,000 dots per inch; whereas,
computer monitors are typically
around 100 dots per inch.




Dyslexia

Dmvetlaeneopl rdnaieg drsodier (DRD) is the most cmmoon lernnaig dtliasiiby. Divesxla
is the msot rcizengoed of readnig drrdiseos, heweovr not all reaidng doirrdess are
Inekid to deliyxsa.

Some see dsyelixa as disticnt form rinadeqg dfcitfiliues rusinletg from ohetr casues, such
as a non-nolceiraugol deicfieney with viosin or hnrieag, or poor or igdutaaene rieandg
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deliysxa ehitiexbd iraesimpd vcoie-ricieotngen aibieltis.



Dyslexia Friendly Text

e Use aplain, evenly spaced sans serif font, e.g., Arial, ComicSans, Verdana,
Trebuchet, Calibri, Century Gothic...

e Fontsize should be 12-14 point or larger

e Use dark coloured text on a light (not white) background

e Avoid underlining and italics: these tend to make the text appear to run
together; use bold instead

e AVOIDTEXT INBLOCK CAPITALS!

e Use left-justified with ragged right edge

e Avoid narrow columns

e Linespacingof 1.5is preferable

e Use bullet points and numbering rather than continuous prose
s



Dyslexia Friendly Font Types - OpenDyslexic

OpenDy

&)

lEXlC | search here ... | Go

Get it Free Browse Products Get it Free  License News About Try it! FAQ

OpenDyslexic

A B @
OpenDyslexic is a new open source font J K E M N QP "5"?{‘
created to increase readability for Tz s —
. . 4 S T UNVNWXYZE
readers with dyslexia. The typeface s s s s e
includes regular, bold, italic, and bold- b\le ldifeF g it
italic styles. It is being updated _l(-_ [ mn e s SRS
continually and improved based on X Y Z
input from dyslexic users. OpenDyslexic t u v W i
is free for Commercial and Personal e

Use.

Download Now!




Dyslexia Friendly Font Types - Lexie

Reada'a'n
(dK-TYPE

LEX
LEXIE

READABLE

Home Fonts FreeFonts Kernel @ My Account @

Lexie Readable

Lexie Readable (formerly Lexia Readable) was designed with
accessibility and legibility in mind, an attempt to capture the
strength and clarity of Comic Sans without the comic boclk asso-
ciations. Features like the non-symmetrical b and d, and the
handwritten forms of a and g may help dyslexic readers. You

can read more about the story behind Lexie Readable in the Ker-
nel.

Lexie Readable now includes a full complement of Latin Extend-
ed-A characters and numerous subtle outline improvements.

The Regular and Bold weights can be downloaded and used
freely without a licence by educational and charitable institu
tions as well as by individuals.

The Basic Family includes Regular. Italic, Bold and Bold Italic,
The Heavy package includes a Heavy Outline version.

Download the Regular & Bold Free for Personal, Educational or
Charity Use:




Dyslexia Friendly Font Types - Dyslexie

d)‘sleie Dyslexie font is patented ﬂ' Size Background Language
ienteem AA _——
A d @ oty I &
Home Dyslexie font Order Support Books/Apps Contact

How the Dyslexie font works

To show you what makes the Dyslexie font
different from other fonts, we will show
you the 9 main features below.

02 Slanted parts

Characters which look auite similar have
been adapted by changing the tails, to
reduce the similarity and avoid the problem
of mirror letters.
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see all slides




Phylogenetic Tree Visualization Software

e Web Portals:
o Phylo.IO @ http://phylo.io
o Interactive Tree of Life viewer (iTOL) @ http://itol.embl.de
o EVOLVIEW @ http://www.evolgenius.info/evolview
e Software:
o FigTree @ http://tree.bio.ed.ac.uk/software/figtree/
o DensiTree @ https://www.cs.auckland.ac.nz/~remco/DensiTree/

o TreeGraph2 @ http://treegraph.biocinfweb.info
e Toolkits:

o PYTHON library: ETE toolkit @ http://etetoolkit.org
o Rrepository: PhyTools @ https://cran.r-project.org/web/packages/phytools/index.html

o JavaScript library: jsPhyloSVG @ http://www.jsphylosvg.com

e https://en.wikipedia.org/wiki/List_of_phylogenetic_tree_visualization_software



http://phylo.io
http://itol.embl.de
http://www.evolgenius.info/evolview
http://tree.bio.ed.ac.uk/software/figtree/
https://www.cs.auckland.ac.nz/~remco/DensiTree/
http://treegraph.bioinfweb.info
http://etetoolkit.org
https://cran.r-project.org/web/packages/phytools/index.html
http://www.jsphylosvg.com

Phylogenetic Tree Visualization Software

e Web Portals:

o  Phylo.IO @ http://phylo.io
o Interactive Tree of Life viewer (iTOL) @ http://itol.embl.de
o EVOLVIEW @ http://www.evolgenius.info/evolview
e Software:
o FigTree @ http://tree.bio.ed.ac.uk/software/figtree/
o DensiTree @ https://www.cs.auckland.ac.nz/~remco/DensiTree/
o TreeGraph2 @ http://treegraph.bioinfweb.info

e Toolkits:

o PYTHON library: ETE toolkit @ http://etetoolkit.org
o Rrepository: PhyTools @ https://cran.r-project.org/web/packages/phytools/index.html
o JavaScript library: jsPhyloSVG @ http://www.jsphylosvg.com

e https://en.wikipedia.org/wiki/List_of _phylogenetic_tree_visualization_software
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Web Portals

Phylo.IO @ http://phylo.io
Interactive Tree of Life viewer (iTOL) @ http://itol.embl.de

EVOLVIEW @ http://www.evolgenius.info/evolview

Others:

o PHYLOViZ Online @ https://online.phyloviz.net/index, (10-min YouTube tutorial:
https://www.youtube.com/watch?v=hmbmurFVéik)

Archaeopteryx-js @ http://www.phyloxml.org/archaeopteryx-js/bcl2_js.html
TreeLink @ http://www.treelinkapp.com

T-REX @ http://www.trex.ugam.ca
AQUAPONY @ http://www.lirmm.fr/~cazaux/AQUAPONY/

etc.

o O O O O
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Phylo.I1O

Very simple and intuitive, fast
Allow to export tree figures as images (.svg)

Quite limited

1’ demo @ https://www.youtube.com/watch?v=10QK3CP8GIA


https://www.youtube.com/watch?v=IOQK3CP8GlA

Phylo.lO demo

Phylo.io

Fl

1. Choose view for a single
tree, Compare for two trees

2. Add your trees into the text
boxes in newick format

Compare

3. Click "Render"
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Phylo.lO demo
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Phylo.lO demo
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Phylo.lO demo

View Compare
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Phylo.lIO demo
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Phylo.lO demo

1. Choose view for a single
tree, Compare for two trees

I 2. Add your trees into the text
boxes in newick format

3. Click "Render"

Paste your tree o

drop - tree file here

> here

© Dessimoz Lab



Phylo.lO demo
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Phylo.lIO demo
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Phylo.lIO demo
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Phylo.lIO demo

Link to share tree visualisation (s 6-month Iasting Iink




Web Portals

Phylo.IO @ http://phylo.io
Interactive Tree of Life viewer (iTOL) @ http://itol.embl.de

EVOLVIEW @ http://www.evolgenius.info/evolview

Others:
o PHYLOViZ Online @ https://online.phyloviz.net/index, (10-min YouTube tutorial:
https://www.youtube.com/watch?v=hmbmurFVéik)
Archaeopteryx-js @ http://www.phyloxml.org/archaeopteryx-js/bcl2_js.html
TreelLink @ http://www.treelinkapp.com
T-REX @ http://www.trex.ugam.ca
AQUAPONY @ http://www.lirmm.fr/~cazaux/AQUAPONY/
etc.

o O O O O


http://phylo.io
http://itol.embl.de
http://www.evolgenius.info/evolview
https://online.phyloviz.net/index
https://www.youtube.com/watch?v=hmbmurFV6ik
https://www.youtube.com/watch?v=hmbmurFV6ik
http://www.phyloxml.org/archaeopteryx-js/bcl2_js.html
http://www.treelinkapp.com
http://www.trex.uqam.ca
http://www.lirmm.fr/~cazaux/AQUAPONY/

ITOL

e Web based

e Highly
customizable/
programmable

e |[nteractive
interface

e Abletoexporttrees
in several formats

e T[reestoring
allowed

e Abletoloadreally
large trees




RN
4 ‘\\\\ \t\\\
A

\\

W

AN

W \\\‘{ m iﬁ}‘a/-/////ﬂ//&f W

Welcome to fiTOL v3

Interactive Tree Of Life is an online tool for the display, annotation and *
management of phylogenetic trees.
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Explore your trees directly in the browser, and annotate them with

various types of data.
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Current changelog: version 3.4.



ITOL demo - Uploading Data

1. Goto http://itol.embl.de/

If you wish to save your trees from session to session you may register

3. Goto Upload. There, you can copy our_tree.nw or save it locally and upload
it as Newick, Nexus or PhyloXML format. Then click upload!

N


http://itol.embl.de/

our_tree.nw

(Centruroides:1.866817169516780e-01, Synsphyronus:3.982413562183681e-01, ((Lip
histius:1.586096567169307e-01, (Mastigoproctus:1.453966099439421e-01,Damon:1.
332103864420345e-01)1.00:1.959232427470038e-02)1.00:2.980038140121848e-02, ((
Limulus:1.976959421750321e-01, (Peripatopsis long 1s0:3.261872681877993e-01,S
cutigera:2.212767162268583e-01)1.00:1.057606285127356e-01)1.00:1.75486204668
1610e-02, ( (Eremobates:1.924502405585649e-01, (Ixodes:3.038900301437783e-01, Te
tranychus:7.026474543095570e-01)0.93:3.270977853676584e-02)0.93:2.1597666642
09322e-02, (Metasiro:2.402845336869420e-01, ((Ricinoides:1.810767667451328e-02
yR karschi11:1.949305408859397e-02)1.00:2.919091302746515e-02, (Pseudocellus:4
.098385269473430e-02, (Cryptocellus Bocas:2.548915750691317e-02,Cryptocellus
becki1:2.383929304335081e-02)1.00:2.194619857092223e-02)1.00:1.13747331795313
1e-02)1.00:1.342660962530040e-01)1.00:1.510542954930570e-02)0.93:1.019147450
482914e-02)0.93:1.829267541645866e-02)0.93:2.236446951190263e-02) ;



ITOL demo - Uploading Data

Use this page to upload and visualize a new phylogenetic tree. It should be in a plain text file and in a supported format (Mewick, Nexus or
PhyloXML). You can also use .jplace files generated by RaxML or pplacer. Please check the help pages for detailed instructions.

Trees uploaded anonymously will be stored for 30 days, and are not protected from modifications by other users. If you want to keep them private
and protected, or have multiple trees to visualize, we recommend creating an iTOL personal account. If you already have an account, please login
first.

Datasets and other annotation should be dragged and dropped directly onto the interactive tree. Please check the help pages for detailed
instructions and dataset template files.

Upload Upload a new tree Paste your

Tree name:

your tree- tree here

Paste your tree inte the box below, or select a file using the Tree file selector You can also simply drag and drop the tree file onto the page.

here ...

Tree.

Seleccionar archivo | Mingln archive seleccionado

Upload

If you have trouble upleading your tree or datasets, please contact us.




iITOL demo - Control Panel

Once in the graphical interface we can go to control panel were we can change
different representation values:

Normal, circular or unrooted trees
Branch length

Support

Tree scale

Export image

Datasets (More about this later)
Others (Try toying around!)



iTOL demo - Control Panel

.|: e scale: 0.1 Centruroides [Qﬂmﬁ A-J

R karschii Fontstyle 20 =[xl B | I

Pseudocellus —_—
Branch lines | 1 - X v
Cryptocellus Bocas | |—| |g

Q Synsphyronus
o Basic Advanced Datasets Export ]
Liphistius [
@l Mastigoproctus Display mode Circular -m Unrooted
Damon Parameters | 0 % |° rotation
oa perpat B
Peripatopsis long iso Invert s No
Souligera Branch lengths [Il Ignore
Eremobates
Aligned At ti off
Ixodes Labels ips
o Label shift 0 *|Dashes| on | off
Metasiro —
rTaTeT Label font Anal =
—E Ricinoides

Cryptocellus becki Save/restore view Reset all

Look how many
options!




iTOL demo - Poking the Branches (& Nodes)

We can select any node or leaf by clicking on it. A new menu pops up that allows
several functions. The menu is slightly different if the node is internal:

Reroot the tree in that node

Collapse or prune (remove) the node (only internal)
Rotate node (only internal)

Style:

o Labels
o Branch color, thickness, style...
o Colorranges



iTOL demo - Poking the Branches (& Nodes)

— [ Afterclicking in this node cimulus

Peripatopsis long iso

@)\ Tree scale: 0,1 ¢ : Centruroides
Synsphyronus
Q Liphistius
@l Mastigoproctus
4' Damon
O
@

e n u Scutigera

Eremobates

Ixodes
MNode functions *® Tetranychus
Collapse node = Metasiro
Rotate node Ricinoides
Add node to pruned tree R karschii
Copy leaf labels to clipboard Pseudocelius
Editing Cryptocellus Bocas
Color » Cryptocellus becki
Style >
Leaf labels *
Tree structure *




iTOL demo - Datasets

iTOL allows a huge range of plots to compliment a tree:
http://itol.embl.de/help.cgi#annot

You can attach many types of data to your phylogenetic tree.
Examples:

1. Histogram with the number of genes in a given family for each organism
Pie chart representing relative frequencies of transposon families
Horizontal connections between nodes to represent HGT
Phenotypic characters for each branch
Protein architecture for each branch

ok WS


http://itol.embl.de/help.cgi#annot
http://itol.embl.de/help.cgi#annot

iTOL demo - Datasets

1. Dataset type . —DATASET STMPLEBAR
SEPLRATOR TA4AB

I

2. Separator (Space, TAB or DATASET LABEL simple bar testing
comma) / COLOR  #0000£f

3. Name of the dataset % WIDTH 1000

Other characteristics DATA

5. Data (from now on we will indicate S
Scutigera 718

the node ID and plot values) M s s 5g
Liphistius 321
Damon 104
Eremobates 12
Mastigoproctus Eq

B



Tree scale: 0.1 ¢
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iTOL demo - Datasets

You can add as many datasets as you want and visualize them

Once added, you can modify the global parameters through the interactive interface

A number of templates and examples are provided



Tree scale: 1 ¢

Prariavicun korg s

We can change color,

gremtaTs

width, etc. Now is

thinner and red —

A

{ Basic

Left margin |
Maximum width |
Show internal values

Border style |

Display value
Bar shift|
Bar height factor |

Bar zero at |

. Advanced | Datasets | Export ]

Legend color

Type Simple bar chart

3

150 | 3|px
1400  Z|px
Yes No
3 </ px |
0 =
0.5 e x
0 :l dataset value

= e

-~

simple_bar_testing

simple_piechart_testing

L@t -
L@

Switch
on-off
datasets




ITOL - Dataset Templates

(a) (b)

Gallus gallus o Gallus gallus [ ]
| Ho e I Hornog i

mo _—
Pan troglodytes o Pan troglodytes

Rattus norvegicus g Rattus norvegicus i

Mus musculus — o Mus musculus I ]

(c) (d)

Gallus gallus — - c— Gallus gallus — - s—m —
| Homao i — w0 I Homo sapi — -

Pan troglodytes Pan troglodytes — s —
L':—Rﬂm NOTVEgIicus m LI::Esm NOMVEQICUS mE——
Mus lus — us musculus —

" —
(e) (f)
Ii(iaﬂus galll_us == — -— I—.ﬁgllnu: ga'll_us - o s —T— .
L':::Pan troglodytes — s — Ll:San troglodytes — —— T
Rattus norvegicus m— e Rattus norvegicus L — E— — ]
Mus ilus — — us musculus — —_— .

(9) (h)

Gallus gallus — - e iiGaﬂus gallus

Homo sapiens prm— s Homo sap
LI:(‘:PW trogiodytes — — meT—— e I_I::EP : = =
Rattus norvegicus —  EE— Rattus norveg
Mus lus — P |
(i)

Gallus gallus
s:rno ms;piens

n odytes
Rattus norvegicus
Mus musculus

Letunic & Bork. 2011. Nucleics Acids
Res. doi:10.1093/nar/gkr201




iITOL - Even More Templates
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Web Portals

Phylo.IO @ http://phylo.io
Interactive Tree of Life viewer (iTOL) @ http://itol.embl.de

EVOLVIEW @ http://www.evolgenius.info/evolview

Others:
o PHYLOViZ Online @ https://online.phyloviz.net/index, (10-min YouTube tutorial:
https://www.youtube.com/watch?v=hmbmurFVéik)
Archaeopteryx-js @ http://www.phyloxml.org/archaeopteryx-js/bcl2_js.html
TreelLink @ http://www.treelinkapp.com
T-REX @ http://www.trex.ugam.ca
AQUAPONY @ http://www.lirmm.fr/~cazaux/AQUAPONY/
etc.

o O O O O


http://phylo.io
http://itol.embl.de
http://www.evolgenius.info/evolview
https://online.phyloviz.net/index
https://www.youtube.com/watch?v=hmbmurFV6ik
https://www.youtube.com/watch?v=hmbmurFV6ik
http://www.phyloxml.org/archaeopteryx-js/bcl2_js.html
http://www.treelinkapp.com
http://www.trex.uqam.ca
http://www.lirmm.fr/~cazaux/AQUAPONY/

EVOLVIEW

Web based

Interactive interface

Exporting tree images in several formats allowed
Highly customizable, programmable

Trees can be stored

Claims to be able to operate with thousands of leaves/tips
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EVOLVIEW
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EVOLVIEW demo

A quick start

In this "quick start", we'll show you step-by-step how to use this tool to display and customise a tree:

add a new tree (and a new project),

change the branch and leaf colors of the tree by uploading some datasets,

add two extra datasets to the tree,
play around with the tree and its uploaded datasets, and

export the customized tree as a pdf file as well as other formats \

Sign in with EvolGenius Account

Add a new tree to a new project .
Password:

w Stay signed in

Forgot your password?

e atthe "login" page, click "Use without an account’ EET——————————)

(beta) Sign in with

2 |G in B4V




EVOLVIEW demo

° at the "mytrees" page, click the folder icon on the "Basic" tab (the only icon that's clickable if no tree is active). in the popup window, enter
the following contents and click the button "Submit" at the bottom:

Project: new project

Name: test tree 1 —

Data: (chicken, ((mouse,rat), (chimp,human))); Upload a new tree
g r°Ja""':.-1em>rojtact = )
o e g 3

Format: | nawick talsa phylipt [

Data:  © {ehicken, [(mouse,rat), (ehing, human)) )| ] 4

Or upload: | Seeccicnar arcnivas  ningdn archive solsceionacn




EVOLVIEW demo

° at the "mytrees" page, click the folder icon on the "Basic" tab (the only icon that's clickable if no tree is active). in the popup window, enter
the following contents and click the button "Submit" at the bottom:

Project: new project
Name: test tree
Data: (chicken, ((mouse,rat), (chimp,human)));

° the tree will be shown as the following if there is no error in your input:

B EBESXF QST o Tn Bl

chicken
mouse
rat
chimp
human




EVOLVIEW demo

Change the branch and leaf colors of the tree

in the following we'll add several datasets to change the appearances of the tree.
Let's use the same tree again:

(chicken, ( (mouse, rat), (chimp, human)));

e  First of all add a dataset named "branch colors" to change the Annotation upload

colors of the branches by clicking the "branch colors" icon on the 2 P R il RO VOIS IR~
"Annotation upload" tab: ' E P i g e "{'L_L il ez (R I o

upload data for coloring branches

. chicken
click here

= mouse

rat

chimp

human

o




EVOLVIEW demo

you can put an annotation line anywhere in this dataset, provided that

## lines start with # are annotations;
all fields of a line are separated by 'tab'

## the # is the first character of the line let the dataset begin:
## first all, color all branches with'grey'

human,chicken grey ad
## and then highlight the branches connecting human and chimp

human,chimp red ad

Basic Annotation upload
After applying the dataset: P P

@ -E ey L:‘fi,F@{rlf- o (2 (BN R o BT

chicken
mouse
rat
chimp
human




EVOLVIEW demo

° then add another dataset to change colors of the tree leaves to match the colors of their corresponding branches by clicking the "tree leaf
colors" icon on the "Annotation upload" tab:

## Let the dataset begin
## Each line of the 'data part' consists three fields sparated by a 'tab' character:

## — The first field specifies the location on the tree; for example 'human' indicates the leaf node
## representing 'human' or the branch connecting to this leaf node, while 'human,mouse' indicates
#4# the internal node representing the last common ancester (LCA) of human and mouse

## — The second field specifies the color to be applied to the corresponding nodes / branches
## — The third field is optional; it can be one the following 'key-words':

## ad: the color will be applied to all decendents of the node specified by the first field
## prefix: the color will be applied to all leaf nodes (or connecting branches) whose names
## start with the string in the first field

#4# suffix: the color will be applied to all leaf nodes (or connecting branches) whose names
#4 end with the string in the first field

#H anywhere: the color will be applied to all leaf nodes (or connecting branches) whose names
## contain the string in the first field

## first all, color all leaves to'grey'
human,chicken grey ad

## then, highlight human and chimp with'red'
human,chimp red ad



EVOLVIEW demo

° then add another dataset to change colors of the tree leaves to match the colors of their corresponding branches by clicking the "tree leaf
colors" icon on the "Annotation upload" tab:

@ -E Ty {—;‘F@{;_—P e BB B MR BT

chicken
mouse
rat
chimp
human




EVOLVIEW demo

Add pie charts to the tree

From this section we'll add some more complicated datasets to the tree.
First of all, some pie charts; the pies will be displayed on the tree branches.
° click the "piechart" icon on the "Annotation upload" tab:
° copy and paste the following to the text box of the popup dialog box:

## Created on May 25, 2011

## Before the 'data section', now we have a new section that contains lines starting with '!'; this section
## is called the 'modifier section' because it's used to change / modify the default behaviors of the dataset
!'Groups A,B,C,D

lcolors #9F0251, #£88ef9, #effc00, #4D8963

!legendstyle rect

'title example pie chart

'maxradius 20

'minradius 8

lopacity 0.8

chicken, human 50,0,0,5

mouse, human 10,0,0,25

chimp, human 0,20,20,5



EVOLVIEW demo

Add pie charts to the tree

From this section we'll add some more complicated datasets to the tree.
First of all, some pie charts; the pies will be displayed on the tree branches.
° click the "piechart" icon on the "Annotation upload" tab:

° copy and paste the following to the text box of the popup dialog box: Anhioiation upload

O E el « tiid oMl

example pie chart

[
3
c ——— chicken
. D el_[ mouse
rat
L,
9 — chimp

/'S
— human




EVOLVIEW demo

Add bar plots to the tree (next to the leaf labels)

Here we'll add some bar plots to the tree; the bars will be plotted next to the leaf labels.
e first of all, click the "bar plots" icon on the "Annotation upload" tab:
° choose a name for the dataset and copy and paste the following to the text area in the popup dialog box:

##barplots

'groups a,b,c

lcolors darkblue, darkgreen, darkred Annotation upload

!'showLegends 0 :

lplotwidth 100 D -E Tedguiocafs sy,

'align

!grid f upload data for bar plot

chicken 2,3,1 "

mouse 8,9,2 ‘_:I.L!(_ hgrﬁ A m o
human 20,3,4 B A
chimp 10,20,1 C .
rat 4,6,5 D I




EVOLVIEW demo

Add bar plots to the tree (next to the leaf labels)

Here we'll add some bar plots to the tree; the bars will be plotted next to the leaf labels.
e first of all, click the "bar plots" icon on the "Annotation upload" tab:
° choose a name for the dataset and copy and paste the following to the text area in the popup dialog box:

O £ &QiDef. i@ oF B

example pie chart

.A
———chicken 1B
= @ orm
r[ e HE
o m -
— human EEEEL @0




EVOLVIEW demo

Add colored objects/ shapes to the tree (next to the leaf labels)

Here we'll add a dataset called "color strips / colored shapes”.
e  click the "color strips" icon on the "Annotation upload" tab:
° copy and paste the following to the text area in the popup dialog box:

f#color strips

lgroups a,b,c,d
|
'colors blue,green,grey, red Annotation upload m
ltype rect,circle,star,strip i E e 8t ool « B 02 3 8. 0
. i e o) « B Il et . L2
!'showlegends 1 i
human red, green,blue, purple ’ upload data for color shapes and strips
i i i - heck
chimp purple,darkred, lightgreen, lightblue click here _ check rect a
mouse lightblue, yellow strip \ \ // circle
chicken darkgreen, grey,pink, grey \\ //
rat grey,orange, pink, orange — A vE*®
+—8B v *®
o}

D Pvixeo®




EVOLVIEW demo

Add colored objects/ shapes to the tree (next to the leaf labels)

Here we'll add a dataset called "color strips / colored shapes”.
e  click the "color strips" icon on the "Annotation upload" tab:
° copy and paste the following to the text area in the popup dialog box:

O -E QB - B 3. . & Tl

example pie chart
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EVOLVIEW demo

Play around and then export the tree to pdf file

e  Trydifferent display mode:

%‘;54& - chicken 1. 1 | Be
T
R
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I o & 1
3 %
5 % .
3 .
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\ N 2
” \

s ° cxon

) DE D DD
f { Eu_{_pm’g_plm to .pdf }

e  Then download the plot as a PDF file: click here




Phylogenetic Tree Visualization Software

e Web Portals:
o  Phylo.lIO @ http://phylo.io
o Interactive Tree of Life viewer (iTOL) @ http://itol.embl.de
o EVOLVIEW @ http://www.evolgenius.info/evolview
e Software:
o FigTree @ http://tree.bio.ed.ac.uk/software/figtree/
o DensiTree @ https://www.cs.auckland.ac.nz/~remco/DensiTree/
o TreeGraph2 @ http://treegraph.bioinfweb.info
e Toolkits:
o PYTHON library: ETE toolkit @ http://etetoolkit.org
o Rrepository: PhyTools @ https://cran.r-project.org/web/packages/phytools/index.html
o JavaScript library: jsPhyloSVG @ http://www.jsphylosvg.com

e https://en.wikipedia.org/wiki/List_of _phylogenetic_tree_visualization_software


http://phylo.io
http://itol.embl.de
http://www.evolgenius.info/evolview
http://tree.bio.ed.ac.uk/software/figtree/
https://www.cs.auckland.ac.nz/~remco/DensiTree/
http://treegraph.bioinfweb.info
http://etetoolkit.org
https://cran.r-project.org/web/packages/phytools/index.html
http://www.jsphylosvg.com

Software

FigTree @ http://tree.bio.ed.ac.uk/software/figtree

DensiTree @ https://www.cs.auckland.ac.nz/~remco/DensiTree/

TreeGraph2 @ http://treegraph.bioinfweb.info
Others:

TreeView @ http://taxonomy.zoology.gla.ac.uk/rod/treeview.html
NJplot @ http://doua.prabi.fr/software/njplot
Dendroscope @ http://ab.inf.uni-tuebingen.de/software/dendroscope/

SpreaD3 @ https://github.com/phylogeography/SpreaD3
SeaView @ http://doua.prabi.fr/software/seaview

etc.

o O O O O O
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FigTree

FigTree

FigTree is designed as a graphical viewer of phylogenetic trees and as a program for producing
publication-ready figures. As with most of my programs, it was written for my own needs so may
not be as polished and feature-complete as a commercial program. In particular it is designed to
display summarized and annotated trees produced by BEAST.

Subscribe to the Figtree Announcement mailing list:

emai:
Visit this group

This mailing list is for announcements of new versions of FigTree only.

ann FigTres v1,1
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FigTree

Features:
e Cross-platform graphical tree display
Three different tree styles: rectangular, polar and radial
Display of node heights, branch lengths, support values and other annotations
Node height range bars if available
Collapse of clades into triangles
Colouring of branches and tip labels
Colouring by annotation (for example, support values)
Quick search for tip labels or partial tip labels
Printing and export as PDF graphics



Openfiles
FigTree o~~~ here
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® FigTreev1.4.2 File Edit Tree Window Help
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Software

FigTree @ http://tree.bio.ed.ac.uk/software/figtree

DensiTree @ https://www.cs.auckland.ac.nz/~remco/DensiTree/

TreeGraph2 @ http://treegraph.bioinfweb.info

Others:

o TreeView @ http://taxonomy.zoology.gla.ac.uk/rod/treeview.html
NJplot @ http://doua.prabi.fr/software/njplot

Dendroscope @ http://ab.inf.uni-tuebingen.de/software/dendroscope/
SeaView @ http://doua.prabi.fr/software/seaview
etc.

O O O O
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Introduction

Bayesian hierarchical clustering methods provide a powerful tool for phylogenetic analysis, linguistic research and hierarchical clustering in general such as applied in
marketing, political science, customer preference grouping etc. Bayesian methods use MCMC sampling which results in a large number of trees representing the distribution
over all possible hierarchies. DensiTree is a program for gualitative analysis of sets of trees. To get an impression of the capabilities of DensiTree, have a look at the gallery
below (click thumb nails to get larger image).

Show only consensus trees. This set shows that there is very little uncertainty in the topology of most of the tree, except for the few splits near the root.

Show only consensus trees. This highlights the uncertainty inside the clades, but shows that the split at the root into two groups is very certain (split into
progressive and conservative politicians).

ol

N —
- Show tree height by height grid and height bar. This tree set nicely demonstrates the increase in uncertainty of the node heights going from the leafs to the
root.
\ it
|
T
— As Figure preceding but in block trees. This tree set was generated with calibration points, which show up as dense node heights, for example, the parent of
Rrr and Bbb.

Decreased width of consensus trees, only consensus trees drawn. Intensity of consensus trees needed to be increased considerably. This is useful when there
is large uncertainty in the topology and hence many consensus trees (over 900 in this example) with little overlap. Without intensity increase they would not show up and only
a white image would be shown.




DensiTree
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DensiTree
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Cloudogram
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Cloudogram...
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Fig. 3. Giarla & Esselstyn. 2015. Syst. Biol. 64(5):727-740.
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Software

FigTree @ http://tree.bio.ed.ac.uk/software/figtree

DensiTree @ https://www.cs.auckland.ac.nz/~remco/DensiTree/

TreeGraph2 @ http://treegraph.bioinfweb.info

Others:

o TreeView @ http://taxonomy.zoology.gla.ac.uk/rod/treeview.html
NJplot @ http://doua.prabi.fr/software/njplot

Dendroscope @ http://ab.inf.uni-tuebingen.de/software/dendroscope/
SeaView @ http://doua.prabi.fr/software/seaview
etc.

O O O O
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Subversion repository
About

Publication:

Stover BC, Miiller KF:

TreeGraph 2: Combining
and visualizing evidence

from different
phylogenetic analyses.

BMC Bioinformatics 2010,
L {frfl Open Access

Highly accessed

% TreeGraph 2 is developed by Ben Stover, Sarah Wiechers, and Kai Miiller.

@ If you have any questions about TreeGraph 2 feel free to contact stoever@bioinfweb.info. You can find more o™ .
| software that has been developed by the authors on hitp://bicinfweb.info/Software. -

BiolnfWeb - TreeGraph

O TS

TreeGraph 2 - A feature rich and easy to use phylogenetic tree editor

3

TreeGraph 2 is a graphical editor for phylogenetic trees which allows you to apply lots

TreeGraph of graphical formats to the elements of your tree. Moreover, it supports several (visible or

2.13.0-748 beta

invisible) annotations (e.g. support values) for every branch or node. These annotations i

can be imported from Nexus ftree files or text files containing data in a table (e.g. *-
exported from a spreadsheet program). TreeGraph 2 is licensed under GNU General v b

Public License. @ e |

'
et

Citation

TreeGraph 2 has been published in BMC Bioinformatics:

« Stover B C, Miiller K F: TreeGraph 2: Combining and visualizing evidence from different phylogenetic
analyses. BMC Bioinformatics 2010, 11:7
« DOI: 10.1186/1471-2105-11-7 [What is this?]

[Download]

Key features

Example of some possible formats in TreeGraph 2 [Enlarge]

oo 1
Tawew 2
Tamw 3
Tasce £
Tamcwr A
Tawer 8
Tason C

Tamon D

— Tasw @

Tass G
Taso v
Tason 5
Tasw &
Tason 7
Taucw 8
Tauces B
Tamw )

Tasew S

Read trees in Newick, Nexus format (including annotations in hot comments), NeXML or PhyloXML
Import annotations from text files or combine information from different phylogenetic analyses

An unlimited number of numerical or textual annotations on every branch

Export trees to various vector and (anti-aliased) pixel graphic formats (e.qg. PDF, SVG, EMF or PNG)
Many global and element specific formats like line width or color and text formats

Editing operations like rerooting, ladderizing or moving and collapsing nodes or copying or manually creating whole clades

Getting started

Versatile editing and formatting options, such as automatically setting branch widths or colors according to the value of any attached data

« Download TreeGraph 2
» Documentation (help system)
» Tutorials




TreeGraph 2

® Main File Select Edit Format View Window Help
e0e

TreelGraph 2
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TreeGraph

® Main File Select Edit Format View Window Help

TreelGraph 2

B sle pXa® BE EEE R @E L] (e

“Lamiales_YP_root.MCC.tres

[ Z 3 4 5 & F & 9 10 11 13 14 15 16 IF 1E
T T T e T A T JCETTTEE THNTEN o WA g Y O T T T AR TRV T e g o

Paulownia tomentosa RGO 88 088 WTU

F| Lamium purpureum S J Wagstaff 4 1 90 12
‘E Callicarpa dichotoma RGO 88 012 WTU

Salvia plebeia W020118
Dedartia orientalis XZ 2008 1
Lancea tibetica XZ 2007 0525
Mazus reptans PB 2000 77 WTU
Mazus pumilus XZ 2007 051

— Mimulus aurantiacus var aridus

‘— Leucocarpus perfoliatus PB 89 070 WTU
Phryma leptostachya var asiatica Takahashi 1815

Trizsenophora rupestris XZ 2004 04 009

Rehmannia chingii Li H @ 20040801 HSNU '
Lindenbergia philippinensis a
—Buchnera hispida Salle 2B [ )
Phelipanche cf iberica ED428
Orobanche anatolica EDS55
Orobanche cernua ED423
E Orobanche amoena ED740

Orobanche transcaucasica ED750

Orobanche densiflora EDT46

Conopholis americana

deserticola ED1042

salsa EDVET
—rosea ED705

' lutead ED711
spnov EDBIZ
sinensis ED722

Seymeria laciniata Egger  Tank 1201 WTU
_— Triphysaria pusilla Egger 1261 WTU

i | -i: Castilleja elmerOlmstead 0178 WTU
Orthocarpus luteus Colwell s 0 WTU
Cordylanthus ramosus Smith 3567 WTU

Pedicularis attollens Tank 0150 WTL




Tree Graph 2 - Documentation

Feature overview

The application

» Main menu

= Tool bar

» Document window

= Synchronizing tree selections

Import/export

= Open files (Newick, Nexus (including hot comment annotations), NeXML,
PhyloXML)

= Adding support values (Merging support values from different analyses)

= Importing node/branch data (Importing annotations from tables)

= Importing ancestral state probabilities

» Exporting commands for ancestral state analyses

= Exporting trees as graphics

= Exporting trees as Newick/Nexus files

= Exporting node/branch data (Exporting annotations to tables)

= Exporting pie chart label colors

Parts of a TreeGraph 2 document
= Document element
= Node
= Branch
= Label
= Text label
= |con label
= Pie chart label
= Legend
= Scale bar

Formatting
= Element formats
= Document formats
= Set colors by node/branch data (Allows you to display annotations as colors.)
= Set distance values by node/branch data (Allows you to display annotations e.g.
as branch widths or text heights.)
= Scaling distance values
= Automatically position labels

Annotations
= Mode/branch data
= Text label
= Hidden node/branch data
= Adding support values
= Copying nodefbranch data
= Calculating nodefbranch data (Allows you to calculate annotations by
mathematical expressions from other annotations.)
= Deleting node/branch data outside interval
= Data table of the document window

Tree editing

= [nserting nodes

= Collapsing nodes

= Collapsing nodes by support

= Anchoring legends

= Copying/cutting document elements
= Ladderizing

= Sorting terminal nodes

L B

= Moving nodes

= Rerooting

= Editing text element values

= Changing branch lengths

= Replace text in node/branch data

Video tutorials

In addition to the articles on single features a set of screencasts is provided that
allow you to learn how to use TreeGraph 2 step by step. Currently the following
screencasts are available:

» Combining support values from different analyses in one tree
» Creating trees by hand (e.g. helpful in teaching)
» Displaying taxon counts of the angiosperm orders as branch widths

Additional tutorials can be found at the tutarial main page.




Tree Graph 2 - Video Tutorials

Video tutorials

Adding support values
This tutorial shows how to merge support values from different analyses in one tree, which is one of the most important features of TreeGraph 2.

[Tutorial overview] [First step] [Download files &]

Creating trees

TreeGraph 2 is one of very few tree editors that allows creating whole new trees without importing any e.g. Nexus file as well as adding new document
elements (e.g. nodes) to existing trees. This can be very helpful e.g. to rapidly generate a tree for a lecture.

[Tutorial overview] [First step] [Download files &]

Display taxon counts as branch widths

This tutorial demonstrates the ability of TreeGraph 2 to import node/branch data from tables and to display numeric values as formats (branch widths in
this case). Precisely that means that we will import a text file which contains taxon counts of different angiosperm orders into an angiosperm tree and
visualize the data as branch widths.

[Tutorial overview] [First step] [Download files ]

Other tutorials

= Calculating node/branch data: Calculating node ages
= Calculating node/branch data: Converting ancestral character states into probability columns

[ b e diza,

OO




Phylogenetic Tree Visualization Software

e Web Portals:
o  Phylo.lIO @ http://phylo.io
o Interactive Tree of Life viewer (iTOL) @ http://itol.embl.de
o EVOLVIEW @ http://www.evolgenius.info/evolview
e Software:
o FigTree @ http://tree.bio.ed.ac.uk/software/figtree/
o DensiTree @ https://www.cs.auckland.ac.nz/~remco/DensiTree/
o TreeGraph2 @ http://treegraph.bioinfweb.info

e Toolkits:
o PYTHON library: ETE toolkit @ http://etetoolkit.org

o Rrepository: PhyTools @ https://cran.r-project.org/web/packages/phytools/index.html
o JavaScript library: jsPhyloSVG @ http://www.jsphylosvg.com

e https://en.wikipedia.org/wiki/List_of _phylogenetic_tree_visualization_software



http://phylo.io
http://itol.embl.de
http://www.evolgenius.info/evolview
http://tree.bio.ed.ac.uk/software/figtree/
https://www.cs.auckland.ac.nz/~remco/DensiTree/
http://treegraph.bioinfweb.info
http://etetoolkit.org
https://cran.r-project.org/web/packages/phytools/index.html
http://www.jsphylosvg.com

Toolkits

PYTHON library: ETE3 toolkit @ http://etetoolkit.org
R repository: PhyTools @ https://cran.r-project.org/web/packages/phytools/index.html
JavaScript library: jsPhyloSVG @ http://www.jsphylosvg.com

Others:

(@)

o O O O

Archaeopteryx @ https://sites.google.com/site/cmzmasek/home/software/archaeopteryx

PhyD3 @ https://phyd3.bits.vib.be/index.html
GGTREE @ https://guangchuangyu.github.io/ggtree/
(More on phylogenetics in R here: https://cran.r-project.org/web/views/Phylogenetics.html)

etc.
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ETE Toolkit

A Python framework to work with trees
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ETE3

Python package, not a Python-based program

You can combine it with all the power of Python
(Ni!), but then you have to cut the mightiest
tree in the forest with a herring (less user
friendly)

Not only useful for annotations and
visualization

Nobody expects the Spanish Inquisition!




ETE3

As a package, ETE3 is much more powerful .
when used programmatically. You make a script, TOD BAD WE CAN
: Pros Y g GJUE IT A SOUL.

you use It over as many trees you want.

SURE

E L"HM import soul

Remember that ETE3 also has other functions. [r
And that you can import more than a package at
the same time. And that you can use ETE3 to
rrTake. programs or scripts and place them into a @ OH, RIGHT
pipeline. PYTHOM.

https://xkcd.com/413/




ETE3

You have already had your first contact
with ETE3. You can refresh what you
learned with the web tutorial for the
programmable tree drawing engine.

http://etetoolkit.org/docs/latest/tutorial/t
utorial_drawing.html



http://etetoolkit.org/docs/latest/tutorial/tutorial_drawing.html
http://etetoolkit.org/docs/latest/tutorial/tutorial_drawing.html
http://etetoolkit.org/docs/latest/tutorial/tutorial_drawing.html

ETE3 - Annotating Trees

Four elements:

1. TreeStyle: Properties of the whole tree

2. NodeStyle: Properties of nodes. You create it and then attach to a node
3. Faces: Additional datato a node

4. Layout: Rules to place all together

They are Python objects and as such they can be combined with variables, loops,
functions and all these sorcery



Toolkits

PYTHON library: ETE3 toolkit @ http://etetoolkit.org
R repository: PhyTools @ https://cran.r-project.org/web/packages/phytools/index.html

JavaScript library: jsPhyloSVG @ http://www.jsphylosvg.com
Others:

o Archaeopteryx @ https://sites.google.com/site/cmzmasek/home/software/archaeopteryx
o PhyD3 @ https://phyd3.bits.vib.be/index.html
o etc



http://etetoolkit.org
https://cran.r-project.org/web/packages/phytools/index.html
http://www.jsphylosvg.com
https://sites.google.com/site/cmzmasek/home/software/archaeopteryx
https://phyd3.bits.vib.be/index.html

Phytools

R based

This gives you nearly infinite “mathemagical”
power, use it wisely

Absurdly powerful drawing tools

Just like ETE, it has many functions beyond tree
representation

R is much more specialized than Python (also,
not named after the Monty Python)




Phytools demo

First we have to download Phytools. For this, go to R. You can do this by typing ‘R’ on
the terminal or through any R graphic user interface (RStudio, R GUI, QuickR...).

Then we install the package. For this, type:

install.packages ("phytools", repos="https://cloud.r-project.o
rg")

Once finished, check the installation with:

packageVersion ("phytools")


https://cloud.r-project.org
https://cloud.r-project.org
https://cloud.r-project.org

Phytools demo o

Now we load the package with: oY ‘&ﬂeﬁo

require (phytools)

Don’t you feel all this power already? Let’s start
simulating a tree and plotting it:

tree<-pbtree (n=26, tip.label=LETTERS)

plotTree (tree)

)
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Phytools demo

Now we simulate some random data for our
amazing tree. We use a Brownian motion i
function: IReme oy :

01901( at the.c oy can E
x<-fastBM (tree) A Varjyp, Onten; T

Wping ; o ZJUSt by
. . d

Now we plot a simple traitgram: e

phenogram(tree, x, spread. labels=TRUE)

[ ! !
0.00 052 1.25
fime

This variable stores This one. our data Spread visualization
our lree style, show leaf names

e S TS




Phylotools demo

Let’s try now to represent the values in x as dots in the tree. The size indicates the
value:

dotTree (tree, x, standardize=TRUE)

We are going to repeat it now with more data. First we create the data:
X<-fastBM(tree,nsim=10)

And now we plot again

dotTree (tree, X, standardize=TRUE)



Phylotools demo -

Let’s try a heat map with our data:

phylo.heatmap (tree, X, standardize=T
RUE)

phenoype

hiE & b6 e EE

Now some hardcore stuff: Traitgram with the
uncertainity of ancestral traits visualized using
transparent probability density:

L

fancy Tree(tree,type="phenogram95" x=x,s 000 082 125 187 250

pread.cost=c(1,0)) \ time

Now I write in comic sans because
“matemagical” power corrupts anyone




Phytools Examples
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http://blog.phytools.org/




Phytools Examples
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Toolkits

PYTHON library: ETE3 toolkit @ http://etetoolkit.org
R repository: PhyTools @ https://cran.r-project.org/web/packages/phytools/index.html

JavaScript library: jsPhyloSVG @ http://www.jsphylosvg.com
Others:

o Archaeopteryx @ https://sites.google.com/site/cmzmasek/home/software/archaeopteryx
o PhyD3 @ https://phyd3.bits.vib.be/index.html
o etc



http://etetoolkit.org
https://cran.r-project.org/web/packages/phytools/index.html
http://www.jsphylosvg.com
https://sites.google.com/site/cmzmasek/home/software/archaeopteryx
https://phyd3.bits.vib.be/index.html

jsPhyloSVG

JavaScript based

Much more focused on user
side web visualization

Very simple syntax

A bit limited compared to other
options




How can jsPhyloSVG help me?
jsPhyloSVG is an open-source javascript library specifically built for rendering highly-extensible, customizable phylogenetic trees. jsPhyloSVG can render complex
trees, yet offers a simple method to do so. It leverages the recent XML schema definition specified for phylogenetic trees, phyloXML.

Here is a quick example of how to render a rectangular phylogenetic tree:

1| phylocanvas = new Smits.PhyloCanvas( . ‘-
2 dataObject, // Newick or XML strin —=
= ‘svgCanvas', / i
4 1000, 1000 (=
50);
-
-
-
-
I
-
.
it
|-
-
1
The same tree, except this time a circular tree:
1| phylocanvas = new Smits.PhyloCanvas( \ .,
2 dataObject, // Newick XML string / 4
3 ‘svgCanvas”', // Div Id where to render ?f"’ \'
4 1000, 1660, // Heigh Ldth in pixels of \
5 ‘circular’ // Type of tree / \
6 ); l‘Il
1 ]
‘1{ ﬁi.
\ )
Y
N ; 7o
-~ _‘,.-"
T




What about interactive features?

The XML definition already includes the option of adding a hyperlink reference and description. jsPhyloSVG taps into this, and formats the text nodes with this
information.

Here's an example of what the XML format looks like:

Subterranean Termite</r
gth>9.17793</bra
1>
>GQ502663.1 Gut clone Cf8-081 </desc>
>http://www.jsphylosvg.com/GQ502663 </uri>

i b
2
3
4
5
6
7
8

Cool. Tell me more!
To get started, take a look at our documentation. You will find plenty of code and examples.
We are always looking for ways to make our library better. So please, let us know what you like, and how we

can make this better for you! If you create extensions, let us know so that the rest of the community can
benefit.




jSPhyloSVG

Documentation

1. Loading Trees
1.1 Dependencies
1.2 Best Methods
1.3 Loading Simple Trees
1.4 Using AJAX

2. Working with Tree Data
2.1 A Primer on passing data to the parser
2.2 Newick Format
2.3 PhyloXML Format
2.4 NeXML Format

3. Applying Visual, Interactive, and Charting Features
3.1 Interactive Features
3.2 Parameters
3.21 Overriding Styles in Javascript
3.3 Binary Arc Charts
3.4 Multiple Chart Tracks
3.41 Internal Arc Charts
3.5 Bar Charts
3.6 Highlight Labels
3.7 Gradient Labels
3.8 Integrated Ribbons
3.81 Integrated Ribbon Labels

4. Additional Manipulations
4.1 Save tree as SVG

http://www.jsphylosvg.com/documentation.php
s —————————————————————————_————_——_—-————————————_—————————--—--es -



Phylogenetic Tree Visualization Software

e Web Portals:
o  Phylo.lIO @ http://phylo.io
o Interactive Tree of Life viewer (iTOL) @ http://itol.embl.de
o EVOLVIEW @ http://www.evolgenius.info/evolview
e Software:
o FigTree @ http://tree.bio.ed.ac.uk/software/figtree/
o DensiTree @ https://www.cs.auckland.ac.nz/~remco/DensiTree/
o TreeGraph2 @ http://treegraph.bioinfweb.info
e Toolkits:
o PYTHON library: ETE toolkit @ http://etetoolkit.org
o Rrepository: PhyTools @ https://cran.r-project.org/web/packages/phytools/index.html
o JavaScript library: jsPhyloSVG @ http://www.jsphylosvg.com

e https://en.wikipedia.org/wiki/List_of_phylogenetic_tree_visualization_software


http://phylo.io
http://itol.embl.de
http://www.evolgenius.info/evolview
http://tree.bio.ed.ac.uk/software/figtree/
https://www.cs.auckland.ac.nz/~remco/DensiTree/
http://treegraph.bioinfweb.info
http://etetoolkit.org
https://cran.r-project.org/web/packages/phytools/index.html
http://www.jsphylosvg.com

& Not logged in Talk Contributions Create account Log in

Article Talk Read Edit View history |Search Wikipedia Q

wixieepiA | List of phylogenetic tree visualization software

et et yoopein From Wikipedia, the free encyclopedia
Main page This list of phylogenetic tree viewing software is a compilation of software tools and web portals used in visualising phylogenetic trees.
Contents .
Featured content Contents [hide]
S eve.nts 1 Online software
Random article
Donate to Wikipedia 2 Desktop Software
Wikipedia store 3 See also
Interaction A Raraneos
Help 5 External links
About Wikipedia
Community portal .
Racent thangss Online software [edi]
Contact page
Name Description Site | Citation
Tools
What links here Aquaponyd’ Javascript tree viewer for Beastd.
Rpiated cnarges Archaeopteryx | Java tree viewer and editor (used to be ATV) [1e |1
Upload file
S EvolView, an online tool for visualizing, annotating and managing phylogenetic trees. Qe |@
Permanent link ETE toolkit A Python Environment for Tree Exploration (online treeview) @@ |@
o mmiimad H i lise | hyl i ith this h bolic tree b [ 4] -
Wikidata itern ypergeny visualise large phylogenies wi is hyperbolic tree browser [4]
Cite this page InfoViz Tree
i the generic Javascript InfoViz toolkit supports hyperbolic, space and icicle trees [5] &
Print/export Tools
Create a book iTOL -
Download as PDF interactive annotate trees with various types of data and export to various graphical formats; scriptable through a batch interface 6]z |
Printable version Tree Of Life




Phylogenetic Tree Visualization Software

e Web Portals:
o  Phylo.IO @ http://phylo.io
o Interactive Tree of Life viewer j
o EVOLVIEW @ http://www.e
e Software:
o FigTree @ http://tree.bio
o DensiTree @ https://ww

e Toolkits:
o PYTHON library: EJgA
o Rrepository: PhyTools @ https s ackages/phytools/index.html

o JavaScript library: jsPhyloSVG @ h®p

e https://en.wikipedia.org/wiki/List_of _phylogenetic_tree_visualization_software



http://phylo.io
http://itol.embl.de
http://www.evolgenius.info/evolview
http://tree.bio.ed.ac.uk/software/figtree/
https://www.cs.auckland.ac.nz/~remco/DensiTree/
http://treegraph.bioinfweb.info
http://etetoolkit.org
https://cran.r-project.org/web/packages/phytools/index.html
http://www.jsphylosvg.com

Visualizing Networks - The Problem

=0}

ey
~——F

U B, Cabisia bnsge Lrasteed wnlh D Prekoss

httﬁ://mkweb.bcasc.ca/ﬁsa/circos.hiveﬁlot.ﬁdf



Visualizing Networks - Circos!

http://mkweb.bcgsc.ca/psalcircos.hiveplot.pdf




isualizing Networks - Circos

| circos

GUIDE IMAGES SOFTWARE DOCUMENTATION PRESENTATIONS NEWS CITATIONS SUI'PQIT CIRCOS ONLINE

Interested in network visualization? Frustrated by hairballs? See my hive slot project.

CIRCOS CONNECTS TO THE CONNECTOME

Methods to visualize the connectome are reviewed in Craddock et al —
Circos s one of them.

addock RC, |babdi 5, Yan C-G et al, (2013) |r
at Meth 10:524-539.

showing the connectome wa
Nt JIT

®  PUBLISHED IMAGES DATAVISUALIZATION FEATURES CIRCULARAFPROACH GENOMICDATA GENERALDATA TABULAR VISUALIZATION

WHAT IS CIRCOS?
CIRCULAR VISUALIZATION

Circos is a software package for visualizing data and information. Tt visualizes dala in a cireular layoul — this makes Circos ideal for exploring relationships
between objects or positions. There are other reasons why a circular layout is advantageous, not the least being the fact that it is attractive.

Circos is ideal for creating publication-quality infographics and illustrations with a high data-to-ink ratio, richly layered data and pleasant symmetries. You
have fine control each element in the figure to tailor its focus points and detail to your audience.

httﬁ://www.circos.ca/




Visualizing Networks - Circos

TUTORIALS

0. INSTALLATION AND CONFIGURATION 3. HIGHLIGHTS 6. 2D DATA TRACKS 8. RECIPES
1. UNIX vs Windows 1. Wedge Highlights 1. Scatter Plots 1. Microbial Genome
2. Installation 2. Highlight Parameters - Part [ - Embedded in Data File 2. Line Plots 2. Link Geometry - Detailed Bezier Control
3. Confi ion Files - ax. Col Fonts nit 3. Highlight Parameters - Part 11 - Using z-depth 3. Histograms 3. Labeling Karyotype Bands
4. Colors 4. Highlight Parameters - P. 11 - Radial Positio 4. Tiles 4, Image Maps
5. Data Files 5. ldeogram Highlishts 5. Heal Maps 5. Image Transparency and Bac
6. Required Per] Modules 6. Recipe 1 - Ideogram Highlights 6, Text—Basic 6. Complex Histograms
7. Runtime Parameters 7. Recipe 2 - Focusing on a Genome Region 7. Text—Stacking 7. Variable Radius Link Ends
8. Debugging 8. Recipe 3 - Plot Axis Range Highlights 8. Text—Rules 8. Stacked Histograms
9. Common Errors 9. Drawing on Top of Data 9. Glyphs—Part | 9. Transparent Links
10. PNG Output 10. Glyphs—Part 11 10.ID Fields
11. SVG Output 4. TICK MARKS. GRIDS AND LABELS 11. Connectors 1 HgaLME.D_Lll]kS

1. Tick Marks - Basics 12. Pulting It All Together 12, Jnyetted Lifks
1 ICK START 13. Copy Number Data
4 ﬂu 2. Tick Marks - Margins 7 AI(IS Sﬂ!' ING 14. Directed Links
1. Hello World 3. Tick Marks - Label Margins k 15. Pattern Fills
2. Ticks & Lahels 4, Tick Marks - Offsets 1. Global Seale Adjustment 16. Automating Tracks
3. Ideogram Selection, Scale, Color & Orientation 5. Grids 2. Global Relative Seale Adjustment 17. Automaling Healmaps
4. Links & Rules 6. Label Formats 3. Adjusting Scale for Regions 18, Circular Stacked Bar Plots
5. Histograms 7. Relative Ticks 4. Creating Zoomed Regions 19, Cortical Maps—Connectograms
6. Axes & Backgrounds 8. Ticks at Specific Positions 5. Overlapping Zoomed Regions 30. Cell Cycle—Part 1
7. Heat Maps & Colors 9. Tick Rin 6. Smoathing Scale 21. Cell Cycle—Part 2
8. Texl 7. Combining Seales 22. Nature Cover Encode Diagram
e Y o 5. LINKS AND RELATIONSHIPS 8. Drawing Data with Scale Adjustment 23. Naming Names
1. Drawing Basic Links

2. DRAWING IDEOGRAMS 2. Link geometry 9. HELPER TDOLS
1. Ideograms 3. Link Formatling 1. Generaling Random Link Data
2. Karyolypes 4. Link Rules - Part 1 2. Reardering Ideograms to Minimize Overlap
3. Filtering 5. Link Rules - Part I 3. Bundling Links
4. Ordering 6. Link Rules - Part 1T 4. Filtering Links
5. Cropping 7. Link Rules - Part [V 3. Visualizing Tabular Data
6. Spacing and Axis Breaks 8. Link Rules - Part V. 6. 1 i
7. Tags 9. Ribbons 7. Visualizing Categorical Data
8. Variable Radius 10. Ribbon Twists
9. Labels

10. Progression and Orientation

httﬁ://www.circos.ca/documentation/tutorials



Visualizing Networks - The Other Problem
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Visualizing Networks - Hive Plots!
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Visualizing Networks - Hive Plots!
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HIVE PLOTS
RATIONAL NETWORK VISUALIZATION — FAREWELL TO HAIRBALLS

Martin Krzywinski, Genome Sciences Center, Vancouver, BC

graphy | spam postry |

EF
Shamle

PUBLISHED IN BRIEFINGS IN BIOINFORMATICS

Krzywinski M, Birol I, Jones 5, Marra M (2011). Hive Plots — Rational Approach to Vi
Metworks. Briefings in Bioinformatics {early access 9 December 2011, doi:
10.1093/bib/bbr063). (download citation)

COMMECTHITY &

Join the discussion (Rich Morin) about hive plots in d3.js (demo, github). New to
hive plots? See this Useful d3.js + hive plot intro by Mike Bostock.

http://www.hiveplot.com/

GREN, AMPL,

THE HIVE PLOT IS A
PERCEPTUALLY UNIFORM
AND SCALABLE LINEAR
LAYOUT VISUALIZATION
FOR NETWORK VISUAL
ANALYTICS

UNDERSTANDING NETWORK
STRUCTURE WITH HIVE PLOTS.

(A} Normalized (top} and absolute
{bottom) connectivity of E. coli gene
regulatory network and Linux function
call network (Yan ef al.)

(B} Gene co-regulation netwarks in
neurobiastoma samples.

{C) Netwark edges shawn as ribbons
creating circularly composited stacked
bar plots (a perlodic streamgraph).

(D} Syntenic network of three modern
crucifer specles to ancestral genome.
{E) Layered network correlation matrix,
In each cell two layers u,z are depicted
with & used to order axes and nodes
while links for v are shown,

| zoom J Ger sLioES

‘We're interested in how you apply this
network visualization method to your
data set—let us know.

ABOUT




Hive Plots

Online: HiveGraph 1.0 @ http://wodaklab.org/hivegraph
Python API: pyveplot 0.6 @ https: L.python.or i/pyveplot

R library: HiveR @ http://academic.depauw.edu/~hanson/HiveR/HiveR.html
Java GUI: jhive @ https://www.bcgsc.ca/wiki/display/jhive/home


http://wodaklab.org/hivegraph/graph
https://pypi.python.org/pypi/pyveplot/
http://academic.depauw.edu/~hanson/HiveR/HiveR.html
https://www.bcgsc.ca/wiki/display/jhive/home

Further Reading

Data visualization: A view of every Points of View
column

30 Jul 2013 | 8:08 AM | Posted by Daniel Evanko | Category: Featured, Visualization

We’ve organized all the Points of View columns on data visualization published in Nature Methods
and provide this as a guide to accessing this trove of practical advice on visualizing scientific data.

As of July 30, 2013 Nature Methods has published 35 Points of View columns written by Bang Wong, Martin
Krzywinski and their co-authors: Nils Gehlenborg, Cydney Nielsen, Noam Shoresh, Rikke Schmidt
Kjeergaard, Erica Savig and Alberto Cairo. As we prepare to launch a new column in our September issue we
felt this would be a good time to collect and organize links to all the Points of View articles together in one
place to make it easier to navigate this wonderful resource that the authors have provided us. For the month
of August we will be making all the columns free to access so everyone can benefit from this practical advice
on data visualization.

This should not be the end of the Points of View column though. We will be inviting new visualization experts
to author articles on new topics that have not been covered so far or which can be expanded on. This page
will be continuously updated whenever a new article is published so stay tuned. If you have a suggestion for
a topic you would like to see covered in a future points of view article please comment below.

Update of March 28, 2015: A PDF eBook of the 38 Points of View articles published between August 2010
and February 2015 is now available at the Nature Shop for $7.99 under the title “Visual strategies for
biological data: the collected Points of View”. The article summaries below provide a nice overview of what is
contained in that eBook collection.

http://blogs.nature.com/methagora/2013/07/data-visualization-points-of-view.html




