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visual design principles

COMMUNICATING CLEARLY

MARTIN KRZYWINSKI

CANADA’S MICHAEL SMITH GENOME SCIENCES CENTER
BC CANCER RESEARCH CENTER

VIZBI 2013



This Is an extended version
of my keynote presentation.

vizbi.org/2013

Additional redesign examples are included.



YOU WANT TO BE A BETTER COMMUNICATOR

NOT A BETTER ARTIST

VIZBI 2013



OBJECTIVE ASPECTS OF DESIGN
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THE MUSEUM ofr BAD ART

MASTERWORKS

MICHAEL FRANK and LOUISE REILLY SACCO

ViZBI 2013



15 all-new stories

aboul the crealures—some
alive, some not—who may

be prowling right outside

your door....

Metabolism

S

.

Adipocyte

MHCII and Adipose Inflammation

Focus on Metals
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Framework region

Excellent organization and consistency. Vertical lines cue

continuity. Good use of color.

Samollow, P.B., The opossum genome: insights and opportunities from an alternative

mammal. Genome Res, 2008. 18(8): p. 1199-215.

LINE-1

RTE

SVA

Chartjunk plentiful. Screaming ornamental and redundant
elements. Text inconsistent and illegible.

Gentles, A.J., et al., Evolutionary dynamics of transposable elements in the short-tailed
opossum Monodelphis domestica. Genome Res, 2007. 17(7): p. 992-1004.

ViZBI 2013



SCIENCE IS A PROCESS

DESIGN IS A PROCESS

VIZBI 2013



you have data
you may have a message

you need to create a figure
(or think you do)



you select your encoding

e.g. sequence logo



you generate the image with an application that
supports the encoding



you write a legend, making up
for things that are not obvious

Sequence logos showing the amino acid usage in the adenylate kinase lid (AKL) domain. (A) Across all
organisms. (B) from Gram-negative bacteria. (C) from Gram-positive bacteria.

The ADK lid domain structure is universally conserved, but is stabilized in the Gram-negatives by a
hydrogen bonding network between residues 4, 7, 9, 24, 27, and 29 (and several other residues in some
organisms), while the Gram-positives are stabilized by a bound metal ion, tetrahedrally coordinated by the
Cysteines at 4, 7, 24 and 27. The identities of several other positions (eg 5, 8, 30, 32) are
differentially constrained in each subfamily as well, apparently due to steric requirements of the
stabilizing residues.

William Ray, http://www.biovis.net/year/2013/info/redesign-contest
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your figure is done

how do you know
whether the creation process
was successful?



CREATE VISUALS WHEN NECESSARY
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PLEASE DO NOT .
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IS ABSOLUTE ACCURACY ALWAYS IMPORTANT?

1/3 of our operating
budget
goes towards
financial aid.

mdlon———ﬂ

via @jayjacobs, https://twitter.com/jayjacobs


https://twitter.com/jayjacobs
https://twitter.com/jayjacobs
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INFORMATIVE + INFORMATION-RICH

VIZBI 2013



strive to give your viewer
the greatest number of useful ideas
in the shortest time
with the least ink
In the smallest space

Tufte, E. The Visual Display of Quantitative Information (Graphic Press, Cheshire, Connecticut, USA, 2007).



INFORMATION-RICH INFORMATIVE

CLEAR MESSAGE

HIGH DATA-TO-INK RATIO

ACCESSIBLE COMPLEXITY



INFORMATION-RICH, NOT INFORMATIVE
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Chromosome colors:

Alekseyev, M.A. and P.A. Pevzner, Breakpoint graphs and ancestral genome reconstructions. Genome Res, 2009. 19(5): p. 943-57.



INFORMATIVE, NOT INFORMATION-RICH

0.8
0.7-
0.6
0.5"

0.47
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0.1°

high low

Harr, B., Genomic islands of differentiation between house mouse subspecies. Genome Res, 2006. 16(6): p. 730-7.



INFORMATION-RICH AND INFORMATIVE
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Hurle, B., W. Swanson, and E.D. Green, Comparative sequence analyses reveal rapid and divergent evolutionary changes of the WFDC locus in the primate lineage. Genome

Res, 2007. 17(3): p. 276-86.



JUNK SCIENCE REAL SCIENCE

Prince Charles Camilla Parker Bowles
Reference Chart 2nd Chart

Natal Chan Natal Chart

November 14, 1948 July 17, 1947

91400 PM GMT 7:00:00 AM BDST

London, England London, England

(left) Synastry chart. http://sasstrology.com/2011/03/the-astrology-of-marriage-in-the-royal-family-a-suitable-girl-and-the-bit-on-the-side.html
(right) Shakhnovich, B.E. and E.V. Koonin, Origins and impact of constraints in evolution of gene families. Genome Res, 2006. 16(12): p. 1529-36.



don’t merely display data

explain it



KNOW YOUR MESSAGE
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Kawai, J. and Y. Hayashizaki, DNA book. Genome Res, 2003. 13(6B): p. 1488-95.



Kawai, J. and Y. Hayashizaki, DNA book. Genome Res, 2003. 13(6B): p. 1488-95.
Fig 1. redesigned by M Krzywinski
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WHAT IS SHOWN?

WHAT IS COMMUNICATED?

WHAT IS INTERPRETED?

UNKNOWN. READER IS

RAW DATA 12 54 82 29 25 22 67 61 23 79 NO CLEAR MESSAGE. ON THEIR OV,
THREE RANGES ARE IMPORTANT.
DISCRETIZED XY EXXY X KX | SCALE INDIVIDUAL VALUES WITHIN A
RANGE ARE NOT.
® 0-30
@ 360
‘ 61-100
THERE ARE FEWER
BINNED _m I DISTRIBUTION e o s,
30 60
................. .... EXPECTED
TREND * SIGNIFICANGE THERE ARE SIGNIFICANTLY

FEWER MEDIUM-SIZED VALUES.



CONTEXT MUST NEVER DILUTE MESSAGE

no message message in context message in isolation
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STRIVE FOR CLEAR COMMUNICATION

VIZBI 2013
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to explore data, choose effective encoding

to communicate concepts, use effective design
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show the data

induce viewer to think about substance rather than methodology
encourage eye to compare different pieces of data

avoid distorting what the data represents

present many numbers in a small space

make large data sets coherent

reveal data at several levels of detail — broad overview and fine
structure

Tufte, E. The Visual Display of Quantitative Information (Graphic Press, Cheshire, Connecticut, USA, 2007).



redundancy
consistency
conciseness

clarity

focus & emphasis
salience & relevance
truth, accuracy & detall

INFORMS

SATISFIES

data encoding
symbols

color

typeface
arrows

line weight
alignment



ACCURACY ISN'T EVERYTHING

VIZBI 2013



Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo buffalo

http://en.wikipedia.org/wiki/Buffalo_buffalo_Buffalo_buffalo_buffalo_buffalo_Buffalo_buffalo


http://en.wikipedia.org/wiki/Buffalo_buffalo_Buffalo_buffalo_buffalo_buffalo_Buffalo_buffalo
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New York bison whom other New York bison bully,
themselves bully New York bison.

http://en.wikipedia.org/wiki/Buffalo_buffalo_Buffalo_buffalo_buffalo_buffalo_Buffalo_buffalo
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BUFFALO BUFFALO OF VISUALIZATION
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Chromosome colors:

Alekseyev, M.A. and P.A. Pevzner, Breakpoint graphs and ancestral genome reconstructions. Genome Res, 2009. 19(5): p. 943-57.



SATISFY YOUR AUDIENCE, NOT YOURSELF.
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BM]

Influence of data display formats on physician
investigators’ decisions to stop clinical trials: prospective
trial with repeated measures

Linda S Elting, Charles G Martin, Scott B Cantor, Edward B Rubenstein

table pie chart

Investigational treatment Conventional treatment
(n=50) (n=60)

Conventional treatment Investigational treatment Good prognosis Good prognosis

Total no % Fail Total no % Fail
Good prognosis 30 30 35 11
Poor prognosis 20 45 25 12
Total 50 38 60 12
Poor prognosis Poor prognosis
Il Response HH Fail
L]
bar graph icon graph
2 40 Conventional treatment
5 Sood "N NN ENNNNN
g Good H B B B B EEEEmN
“g 30  Prognosis Poor H B B B B EEEEMN
=z prognosis HE NN N ENENNENNN~N
Poor B OB B OB N N N N NN
20 prognosis
Investigational treatment
[ N N B OO
10 H B B B EEEEEN.
H B B B EEEEEN
H E EEE NN NN N
0 B BN BN BN OB N N N NN
Conventional treatment Investigational treatment . . . . . . . . . .
I Response HH Fail [ Good prognosis [ Poor prognosis

Bl Response HH Fail

Elting et al. BMJ 316 (1999).



BM]

Influence of data display formats on physician
investigators’ decisions to stop clinical trials: prospective
trial with repeated measures

Linda S Elting, Charles G Martin, Scott B Cantor, Edward B Rubenstein

% accuracy % preference
- m .
- 82 O
MM N N
30303511
50 38 60 12 608 62
||| 56 24

G 56 14

Elting et al. BMJ 316 (1999).



BM]

Influence of data display formats on physician
investigators’ decisions to stop clinical trials: prospective
trial with repeated measures

Linda S Elting, Charles G Martin, Scott B Cantor, Edward B Rubenstein

“...eight voiced
considerable contempt
for the [icon] display.”

Elting et al. BMJ 316 (1999).



BM]

Influence of data display formats on physician
investigators’ decisions to stop clinical trials: prospective
trial with repeated measures

Linda S Elting, Charles G Martin, Scott B Cantor, Edward B Rubenstein

“... Icon displays were often
preferred by nurses, students,
... but were considered
unacceptable by physicians.”

Elting et al. BMJ 316 (1999).



WE ARE EASILY DECEIVED

Shephard’s tables, http://www.michaelbach.de/ot/sze_shepardTables/



DO NOT BE CHARMED BY INEFFECTIVE FORMS

ISNN 1088.9051

November 2009

. LR J ‘ Y -
Human Coexpression Network + Allele-specific DNA Methylation in Mice * Ancient
Noncoding Sequences Preserve Synteny * Singapore Genome Variation Project

Cold Spring Harbor
Laboratory Press ¥
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Krzywinski et al. Briefings in Bioinformatics (2011).



RESPECT HUMAN VISUAL LIMITATIONS
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GET LAID, NOT SCREWED.

http://elenamiska.com/AIDS-Poster CORDIONS SONEIVES, I
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improved contrast

poor contrast improved contrast .
and consistency
RGB AL
106 107 174 ‘ 2.9 158 179 232 <EGF> 10.0 EGF
EGFR
107 185 103 58 176 229 158 14.6 @)
248 54 81 NNGAPIN 338 232 163 163 GAP 10.2 180 180 180 = GAP  10.1
~ RAS EPHB2 RHOGAP RAS EPHB2 RHOGAP | RAS EPHB2 RHOGAP

Peri S, Navarro JD, Amanchy R, Kristiansen TZ, Jonnalagadda CK, et al. (2003) Development of human protein reference database as an initial platform for approaching

systems biology in humans. Genome Res 13: 2363-2371.
VIiZBI 2013



UNIFORM PALETTE

o 00 o
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Patterns are hard to see when variation is due to both data and formatting.






AVOID EXCESS DEGREES OF FREEDOM




spacing variation is implied variation refactored

| ] ]

:\ =
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Sharov AA, Dudekula DB, Ko MS (2005) Genome-wide assembly and analysis of alternative transcripts in mouse. Genome Res 15: 748-754.



Avoid the use of similar encodings for independent variables.



PMT
detector

Co-axial
PME beam

685 nm . \
399 nm \
488 nm

594 nm

Scattered laser light
rejection filters

BODIPY-FL
Cy 5.5

AF405 Dye-labeled DNA fragments
separated by CE

Lewis EK, Haaland WC, Nguyen F, Heller DA, Allen MJ, et al. (2005) Color-blind fluorescence detection for four-color DNA sequencing. Proc Natl Acad Sci U S A 102:

5346-5351.
ViZBI 2013



homonymous encoding disambiguated

B 685nm D CY5.5 s 685nm T-@ (Y55

B 399nm @ AF405 e 399nm (—@ AF405
B 488nm @ BODIPY-FL 488nm  A—Q BODIPY-FL
S 594n0m T 6-ROX 594nm G- 6-ROX

Lewis EK, Haaland WC, Nguyen F, Heller DA, Allen MJ, et al. (2005) Color-blind fluorescence detection for four-color DNA sequencing. Proc Natl Acad Sci U S A 102:
5346-5351.
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Morphological
complexity
index

BONY

450 Mya VERTEBRATES

Large scale
Genome/Gene

Duplications

500-600Mya

650 Mya EARLY CHORDATES
(e.g. Ciona and Amphioxus)

TELEOSTS TETRAPODS

o dm + fmo
A /\

Very slow rate
of evolution of
CNEs
(Strong negative
selection)

Neo4functionalisation / Sub-functionalisation

Duplication

Rapid rate
of evolution of
CNEs

of CNEs

s mms

Appearance
of CNEs

o

McEwen GK, Woolfe A, Goode D, Vavouri T, Callaway H, et al. (2006) Ancient duplicated conserved noncoding elements in vertebrates: a genomic and functional analysis.

Genome Res 16: 451-465.
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arrows too complex

simplified arrows
4 species 1 species 2 , ,
O D) species 1 species 2 /l/f)(a 2 D2
slow
450 Mya ancestor (1 D2 ancestor 450 1 D1
l rapid
; B
]
A A
650 Mya early ancestor CNE EVOLUTION EVOLUTION RATE early ancestor 650 CNE EVOLUTION EVOLUTION RATE

McEwen GK, Woolfe A, Goode D, Vavouri T, Callaway H, et al. (2006) Ancient duplicated conserved noncoding elements in vertebrates: a genomic and functional analysis.
Genome Res 16: 451-465.



Don’t repeat yourself. Don’t repeat yourself.
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Zinc finger exon analysis for ZNF493 and ZNF738, two divergent genes from the ZNF431 clade. Hamilton, A.T., et al., Evolutionary expansion and divergence in the ZNF91
subfamily of primate-specific zinc finger genes. Genome Res, 2006. 16(5): p. 584-94.



overwhelming simplified integrated key
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LINE 1

BovB LINE
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: BovB LINE

:LINE 1T

.

Nikaido M, Rooney AP, Okada N (1999) Phylogenetic relationships among cetartiodactyls based on insertions of short and long interspersed elements: Hippopotamuses are the
closest extant relatives of whales. Proceedings of the National Academy of Sciences 96: 10261-10266.



Use the fewest elements possible —keep data-to-ink ratio high
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Alternative Termination
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Sharov AA, Dudekula DB, Ko MS (2005) Genome-wide assembly and analysis of alternative transcripts in mouse. Genome Res 15: 748-754.



ALTERNATIVE SPLICING ALTERNATIVE START
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ALTERNATIVE TERMINATION % new patterns

ACCEPTOR BREAK DONOR BREAK A acceptor skip event

Sharov AA, Dudekula DB, Ko MS (2005) Genome-wide assembly and analysis of alternative transcripts in mouse. Genome Res 15: 748-754.
redesign by M Krzywinski



D ENVELOPE
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N\ =A = A=A TRANSLATION
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A mix-and-match model for prokaryotic genome evolution. Charlebois, R.L. and W.F. Doolittle, Computing prokaryotic gene ubiquity: rescuing the core from extinction. Genome
Res, 2004. 14(12): p. 2469-77.

Q METABOLISM



simple visual vocabulary

FUNCTIONAL GENES

metabolism ‘ ‘ ‘
envelope A A A -

translation

® ® ® analogous
B == homologous

A mix-and-match model for prokaryotic genome evolution. Charlebois, R.L. and W.F. Doolittle, Computing prokaryotic gene ubiquity: rescuing the core from extinction. Genome

Res, 2004. 14(12): p. 2469-77.
redesign by M Krzywinski

MIX-AND-MATCH MODEL
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Use the fewest elements possible —keep data-to-ink ratio high.

Shelter your reader from unnecessary complexity.
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Telomere sequence gaps. Riethman, H., et al., Mapping and initial analysis of human subtelomeric sequence assemblies. Genome Res, 2004. 14(1): p. 18-28.



OPTION 1
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P 00O 00O 000 o0
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Telomere sequence gaps. Riethman, H., et al., Mapping and initial analysis of human subtelomeric sequence assemblies. Genome Res, 2004. 14(1): p. 18-28.
redesign by M Krzywinski



INDIVIDUALS
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Make sure that elements are visible and unobscured.

Don’t count on your audience to figure out what you mean. Say it.
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Match the pertinence of an object with its visual salience.

Apply visual organization Gestalt principles.
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CTCCTGEGATCGGCCCARGGCCAGTTCTCCGCRG | TGCATCCTARCGTTAGTCAAGGCTGCCARGEAGGCTGTGCA
TCCTGGGATCGGCCCAMGGCCAGTTCTCCGCAG | TGCATCCTAACGTTAGTCAAGGCTGCCARGGAGGCTGTGCAR
CCTGGGATCGGCCCAAGGCCAGTTCTCCGCOAG | TGCATCCTAACGTTAGTCAAGGCTGCCARGGAGGCTGTGCAAC
CTGGEATCGGCCCARGGACAGTTCTCCGCAG | TGCATCCTAACGTTAGTCARGECTGCCAAGGAGGCTGTGCARCA
ATCOGCCCAAGGCCAGTTCTCCGHEAG | TGCATCCTAACGTTAGTCARGGC TGCCAAGGAGGHCTGTGCARCATGCTC
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TCTCCTGGEATCCOCCCARGECCAGTTCTCCGCRAG | TGCATCCTAACGTTAGTCARGACTGCCAAGGAGECTGTGC

CTCCTGEGATCGGCCCARGGCCAGTTCTCCGCAG | TGCATCCTAACGTTAGTCAAGGCTGCCANGGAGGCTGTGCR

TCCTGGGATCGGCCCARGGCCAGTTCTCCGCAG | TGCATCCTAACGTTAGTCAAGGC TGCCAAGGAGGCTGTGCAR

CCTGGGATCGGCCCARGGCCAGTTCTCCGCAG | TGCATCCTAACGTTAGTCAAGGCTGCCAAGGAGGCTGTGCANC

CTGEGATCGECCCAAGGACAGTTCTCCGCAG | TGCATCCTAACGTTAGTCAAGGCTGCCAAGEGAGECTGTGCARCA

ATCGGCCCAMGGCCAGTTCTCCGCAG | TGCATCCTAACGTTAGTCARGGC TGCCARGGAGGC TGTGCANCATGCTC
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CTGGGATCGGCCCAAGGACAGTTCTCCGCAG | TGCATCCTAACGTTAGTCAAGGCTGCCAAGGAGGCTGTGCAACA
ATCGGCCCAAGGCCAGTTCTCCGCAG | TGCATCCTAACGTTAGTCAAGGC TGCCAAGGAGGCTGTGCAACATGCTC
TCGGCCCAAGGCCAGTTCTCCGCAG | TGCATCCTAACGTTAGTCAAGGCTGCCAAGGAGGCTGTGCAACATGCTCA
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what is the core message?
structure and evidence of a gene fusion

what is important?
gene name and orientation
location of breakpoint
change in orientation, if any
local sequence context
supporting evidence

what is not important, or peripheral?
gene size
gene location
gene model (learn to let go)
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TCTCCTEEGATCEACCCARGECCAGTTCTCCGCAG | TGCATCCTARCETTAGTCAAGGC TGCCARGEAGGCTGTGE
CTCCTGRGATCGGCCCARNGGCCAGTTCTCCGCAG | TGCATCCTARCGTTAGTCAAGGC TGCCARGGAGGCTGTGCA
TCCTGGGATCGGCCCARNGGCCAGTTCTCCGOAG | TGCATCCTARCGTTAGTCAAGGCTGCCARGGAGGCTGTGCAR
CCTGEGATCGECCCAAGGOCAGTTCTCCGCAG | TGCATCCTARCGTTAGTCAAGGC TGCCAAGGAGGCTGTGCARC
CTGGGATCGGCCCARGGACAGTTCTCCGCAG | TGCATCCTAACGTTAGTCAAGGCTGCCARGGAGGCTGTGCARCA
ATCGGCCCARGGCCAGTTCTCCGOAG | TGCATCCTAACGTTAGTCARGGCTGCCARGGAGGCTGTGCARCATGCTC
TCGGCCCARGGCCAGTTCTCCGCAG | TGCATCCTAACGTTAGTCARGGCTGCCARGGAGGCTGTGCARCATGCTCA
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