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

MARTIN KRZYWINSKI

analyze as a specialist

present as a communicator

D E S I G N  I S  A L G O R I T H M I C S  F O R  T H E  PA G E
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The manufacture process of an object is irrelevant to its user.

YOUR AUDIENCE DOES NOT CARE
WHAT TOOL YOU USED TO

GENERATE A VISUALIZATION
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Novelty and utility are distinct.

YOUR AUDIENCE DOES NOT CARE
WHETHER YOUR VISUALIZATION IS

CUTTING EDGE
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You are talking with pictures.

But you’re still talking.

DATA VISUALIZATION IS
VISUAL COMMUNICATION
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(left) Strunk, W. Elements of Style.
(right) Krzywinski M (2013) Elements of visual style. Nat Methods 10:371.
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TOP-DOWN

redundancy
consistency
conciseness

clarity
focus & emphasis

salience & relevance
truth, accuracy & detail

BOTTOM-UP

data encoding
symbols
color
typeface
arrows
line weight
alignment

I N F O R M S

S AT I S F I E S
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HOW DO I MAKE 
A BAR PLOT?

HOW DO I CHANGE
THE BAR COLOR?

Software users ask
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WHY DO I NEED
A BAR PLOT?

WHY DID I CHOOSE THIS
 BAR COLOR?

Designers ask
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WHAT AM I TRYING TO SAY?

WHAT DOES THE READER WANT TO KNOW?

ARE THE TWO COMPATIBLE?

Communicators ask
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DO NOT BASE YOUR JUDGMENT
ON YOUR SOFTWARE’S OPTIONS

USE YOUR JUDGMENT TO
STEER YOUR SOFTWARE’S OPTIONS
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TO EXPLORE DATA, 
USE EFFECTIVE ENCODING

references
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TO COMMUNICATE CONCEPTS,
USE EFFECTIVE DESIGN

references
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It’s not all about taste.

OBJECTIVE ASPECTS OF DESIGN
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CATASTROPHE
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CATASTROPHE

Cell (2013) 17
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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.

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.
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(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.

JUNK SCIENCE REAL SCIENCE
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Don’t want something you don’t need.

CREATE VISUALS WHEN NECESSARY
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CATASTROPHE
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Your audience is not a computer.

ACCURACY DOES NOT
ENSURE COMPREHENSION
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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

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

BUFFALO BUFFALO OF VISUALIZATION



UBC TUG 7/2013

Stick to it.

KNOW YOUR MESSAGE



UBC TUG 7/2013

CATASTROPHE
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ACHIEVE FOCUS BY AGGREGATING

13  53  81  29  25
22  68  62  24  78

0–30 31–60 61–100
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Krzywinski M, Cairo A (2013) Storytelling. Nat Methods 10 (in print).

TELL A STORY

WHERE THERE’S SMOKE—THERE’S CANCER

Men Women

Cancer rates are up, but mortality is down. New diagnostics and treatments 
are responsible for part of this trend. But the greatest single contributing 
factor is the decline in smoking—rates are at their lowest level in 50 years.

source: American Cancer Society Cancer Statistics 2012; Monitoring the Future (University of Michigan).

Smoking is a major risk factor for 

contributor to cancer-related deaths. It 
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references

TELL A STORY

WHERE THERE’S SMOKE—THERE’S CANCER

Men Women

Cancer rates are up, but mortality is down. New diagnostics and treatments 
are responsible for part of this trend. But the greatest single contributing 
factor is the decline in smoking—rates are at their lowest level in 50 years.

source: American Cancer Society Cancer Statistics 2012; Monitoring the Future (University of Michigan).
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Be aware of bias in evaluating effectiveness of visual forms.

SATISFY YOUR AUDIENCE, NOT YOURSELF.
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Elting et al. BMJ 316 (1999).
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Elting et al. BMJ 316 (1999).
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“...eight voiced
considerable contempt
for the [icon] display.”

Elting et al. BMJ 316 (1999).
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“... icon displays were often
preferred by nurses, students, 

... but were considered
unacceptable by physicians.”

Elting et al. BMJ 316 (1999).
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Shephard’s tables, http://www.michaelbach.de/ot/sze_shepardTables/

WE ARE EASILY DECEIVED
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DO NOT BE CHARMED BY INEFFECTIVE FORMS
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Krzywinski et al. Briefings in Bioinformatics (2011).

THE INCOMPARABLE NETWORK
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RESPECT HUMAN VISUAL LIMITATIONS
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CATASTROPHE
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REDUNDANCY
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CATASTROPHE

http://elenamiska.com/AIDS-Poster
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Utility of RNA Sequencing for Analysis of Maize Reproductive Transcriptomes Plant Gen. 2011 4: 191–203 10.3835/plantgenome2011.05.0015



UBC TUG 7/2013

Quantitative judgment, isn’t.

VISUAL ANALYTICS
VS

VISUAL INTUITICS
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Nadeau JH, Burrage LC, Restivo J, Pao YH, Churchill G, et al. (2003) Pleiotropy, homeostasis, and functional networks based on assays of cardiovascular traits in 
genetically randomized populations. Genome Res 13: 2082-2091.

concentric
hypertrophy

eccentric
hypertrophy

normal

normalconcentric
hypertrophy

eccentric
hypertrophy

normalconcentric
hypertrophy

eccentric
hypertrophy

perceptually challenging helpful, but not explicit helpful and explicit
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Heer J, Bostock M (2010) Crowdsourcing graphical perception: using mechanical turk to assess visualization design. Proceedings of the 28th international conference on 
Human factors in computing systems. Atlanta, Georgia, USA: ACM. pp. 203-212.

1.5

2

2.5

log2(error)

YOU ARE AN IMPERFECT MEASURING DEVICE
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http://www.perceptualedge.com/blog/?p=1532
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Don’t repeat yourself. Don’t repeat yourself.

REDUNDANCY
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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.
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Use the fewest elements possible—keep data-to-ink ratio high.

Shelter your reader from unnecessary complexity.

REMOVE TO IMPROVE
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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.
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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
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Match the pertinence of an object with its visual salience.

Apply visual organization Gestalt principles.

FOCUS & EMPHASIS
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Marcin Ryczek, http://plfoto.com/182312
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Marcin Ryczek, http://plfoto.com/182312
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Bechah, Y., et al., Genomic, proteomic, and transcriptomic analysis of virulent and avirulent Rickettsia prowazekii reveals its adaptive mutation capabilities. Genome Res, 
2010. 20(5): p. 655-63.

EVERYTHING IS EMPHASIZED



UBC TUG 7/2013

Severino, S., Messina, R. (2011). Group Dynamics in On-Line and Face-to-Face Interactions: An Experimental Study on Learning Methods. Sociology Mind. Vol.1, No.2, 
65-73 DOI:10.4236/sm.2011.12008

NOTHING IS EMPHASIZED
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Fecteau JH, Munoz DP (2006) Salience, relevance, and firing: a priority map for target selection. Trends Cogn Sci 10: 382-390.
Yantis S (2005) How visual salience wins the battle for awareness. Nat Neurosci 8: 975-977.

MATCH VISUAL SALIENCE TO RELEVANCE

ATTENTIONAL CAPTURE

inhibitory interaction
low high

neural response
low high

DISTINCT

!t

HETEROGENEOUS

!t

HIGH
SALIENCE

LOW
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Vettore AL, da Silva FR, Kemper EL, Souza GM, da Silva AM, et al. (2003) Analysis and functional annotation of an expressed sequence tag collection for tropical crop 
sugarcane. Genome Res 13: 2725-2735.
Bono H, Yagi K, Kasukawa T, Nikaido I, Tominaga N, et al. (2003) Systematic expression profiling of the mouse transcriptome using RIKEN cDNA microarrays. Genome 
Res 13: 1318-1323.
Tenney AE, Wu JQ, Langton L, Klueh P, Quatrano R, et al. (2007) A tale of two templates: automatically resolving double traces has many applications, including efficient 
PCR-based elucidation of alternative splices. Genome Res 17: 212-218.

USE BREWER PALETTES

one color
dominates

di!cult to
distinguish murky

A B C D E

A B C D E

screen blend mode
3  4  5 5 6 3

set2
1  2  3  4  5  6  7  8

recolored with Brewer palettes
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Use symbols that intuitively encode related concepts.

HIERARCHY AND PRIORITY
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Zheng, D., et al., Pseudogenes in the ENCODE regions: consensus annotation, analysis of transcription, and evolution. Genome Res, 2007. 17(6): p. 839-51.



UBC TUG 7/2013
Zheng, D., et al., Pseudogenes in the ENCODE regions: consensus annotation, analysis of transcription, and evolution. Genome Res, 2007. 17(6): p. 839-51.
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Zheng, D., et al., Pseudogenes in the ENCODE regions: consensus annotation, analysis of transcription, and evolution. Genome Res, 2007. 17(6): p. 839-51.
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Chun HJE, Khattra J, Krzywinski M, Aparicio SA, Marra MA (Dellaire GD, Berman JN, Arceci RJ. editors). Cancer Genomics. 1st ed. Elsevier; 2013.

Cancer stem Cancer Neoplastic Necrotic Normal Immune

CELL TYPES
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mkweb.bcgsc.ca/freethedata
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