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ESSENTIALS OF DATA VISUALIZATION

THINKING ABOUT DRAWING DATA + COMMUNICATING SCIENCE



SCIENTIFIC AMERICAN GRAPHIC SCIENCE

visualization and design process

art direction

Jen Christiansen (Scientific American)



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 | did for the June 2015 issue of Scientific American. It
appeared on the Graphic Science page.
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) tissue/cell type 2 5 D8 OnnEAn IR  Study
Trait Abbrev —-logP o i E ] PMID
Height 18391951
Height 40| |o 19343178
Crohn's disease 21102463
Chronic lymphocytic leukaemia 24292274
Type 1 diabetes autoantibodies 21829393
Type 1 diabetes 41 18978792
Platelet counts 20139978
Chronic lymphocytic leukaemia 23770605
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Graves' disease 23612905
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Type 1 diabetes 19430480
_Systemic lupus erythematosus 19838193
Systemic lupus erythematosus 23273568
Primary biliary cirrhosis 3.9 20639880
Red blood cell traits 23222517
Platelet counts 22139419
Mean platelet volume 22139419
Mean platelet volume 3.9 24026423
Rheumatoid arthritis 24390342
Multiple sclerosis 22190364
Rheumatoid arthritis 22446963
Mean platelet volume 19820697
HDL cholesterol 20864672
Height - 20881960
Multiple myeloma m 23955597
Adiponectin levels 24105470
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“PRinterval 23139255
Blood pressure 21909110
_Aortic root size 19584346
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Liver enzyme levels (g-glut tx) 22001757
Urate levels _ _ ol L |23263486
Adv. resp. to chemth. (neutr/leuc) 40| | HEEEEEEERENEEEE ETER HEIEERE R EREREN . IENEENEEEEN HEEEEEEEEE BERER 23648065
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Type 2 diabetes 17463249
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_Fasting glucose-related traits P.islets 4.1 [ ] 20081858
LDL cholesterol ver | HE A ] @ [ 24097068
Cholesterol, total Liver HENEEEEEEEEEEEEE HIEEEEEEEEEEEEEEEENEEEEN EEEN NN NN EEE EEEEEEESEE. 24097068
Cholesterol, total Liver | N I A A A O N A A (NN N N O N 20686565
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Platelet counts : | | | H NEEEEEEEEER HEEEN HEEEEEEEEEEENEEEN HEEEEEEE EEEEEE 24026423
Primary biliary cirrhosis p Il H ' " HE BER HEREY EEREEN ' HEEEEEEREEEER HEEEEEE 121399635
Mean corpuscular volume e _ . [ L] | | _ | [ 19862010
Inflammatory bowel disease | D B | EEEEE - BN B l m]. | B E- | 23128233
Ulcerative colitis A I A | | , I A I A I - L | .l HEEE 121297633
Aizheimer's disease (late onset) HENINEEEENEEEEER H I HEENENEEEE EEEEER HEEEEEEEEEEEEEEEN HEEEEEEREEE 24162737
Pre-eclampsia Bone :dzasswﬁ

Figure 9 | Epigenomic enrichments of genetic variants associated with identifier, PMID). Tissue (Abbrev) and P value 2 log,o) of most significant
diverse traits. Tissue-specific H3K4me1 peak enrichmentsignificanc@(log;,  enrichment are shown. Only rows and columns containing a value meeting
P value) for genetic variants associated with diverse traits. Circles denote  a FDR of 2% are shown (see Extended Data Figs 11 and 12 for full matrix for
reference epigenome (column) of most significant enrichment for SNPs all studies showing at least 2% FDR).

reported by a given study (row), defined by trait and publication (PubMed

Nature (2015) 518:317-330.
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TISSUE TYPE (FIG 9 SCHEME AND NAMES)

MR9O PsC Blood & T Cell Mescnch Epithelial Taymus Aciproae Feart Ogestive Encode
| ] ] ] S ] | |
ES cell ES derlv HSC & B Cell Neuraaph Bran Muscle Smosts musche Otrer
EPIGENETIC MODIFICATION
TRAIT H3K4mel H3K27ac H3K4me3 H3KSac H3K36me3 DNA access
height
crohnsdissase
chroniclymphocyticleukemia The epigenetic enrichment is shown for for each combination of
typeldisbetessutoantibodies epigensatic modifcation (H3K4dme, H3K2Tac, etc) and trait (e g.
diabetes) as a set of stacked bars. In the sketch only data for
typeldisbetes H3Kdme1l are shown. Here the bars can be optionally centered.
' The order of the traits and tissues is as given in Figure 9. Rows for
selfreportedallengy traits with the same name were combined.
gravesdisease Tissue types were renamed and grouped for clarity. TISSUE TYPE
oslisodi LCH COLOR
Color encodes the tissue type. The color scheme used in Figure 9 is SCHEME AND
rheumatoidarthritis shown on top. For the figure, | use a scheme with equal hue step in SHORTENED
multiplesclerosis LCH space. It could be adjusted to optimize disarimination in print (e.g. NAMES
Neurosph and Thymus appesr as similar). Some colors could be chosen .
celisodisesseandrheumatoidarthrits for emphasis to focus on the editor's cbsarvations about interesting imr90
ipsc
pimanytRanyinhosis For each trait the top 3 tissues are shown, by significance of  p
redbloodcelitraits observation (4og(P)). The size of the bar for each tissue is proportional .m
meanplateletvolune 10 Jog(P). The number of tissues per trait can be adjusted (see below). hech
hdicholesterol The order of tissue types and traits could be adjusted to emphasize mesench
multiplemyeloma patterns between groups.

NUMBER OF TISSUES PER TRAIT
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TISSUE TYPE

IMR9O PSC Blosd & T Cell Epithelial Thymus Adigose Haart Digestioe Encose
| | ] | S T e el e
ES ol ES deslv HSC & B Cebd Nos Urcmpiy Braks Muscie Smocth muscle Other

EPIGENETIC MODIFICATION
H3K4mel H3K27ac H3K4me3 H3K9ac H3K3Eme3 DNA acoess
TRAIT
height [+
crohnsdiseass O
chroniclympbocyticleukemia 0 The epigenetio enrichment is shown for for each combination of epigenetic
1d modifcation (H3K4dme, H3K27a0, etc) and trait (¢.g. diabetes) as a set of
iabetasautoantibodies
bpe @ concentric rings. This option would be less quantitative than the bars and
typeldisbetas . somewhat punchier visually.
Plalelstcounts @ The circles could be scaled or fxed in size and the proportion of e.g. three tissues
selfreportecallergy o with the most significant observations included. The size of the annulus could be
gravesdisease . proportional to the significance of each tissue.
celiacdisease (@] Instead of a series of conoentric circles, we could show 4 circles arranged in a 2x2
rheumatoicarthritis kayout 1o mimick the shape of a histone. This would be one way to gaometrically
multiplesclerosis CONNACE the SR0OAING to the SUject Mathee
ctliacdissassandrheumatoidarthritis o
systemiclupuserythematosus (®)
primarybiliarycirrhosis (»)
redbloodosiitaits @
meanplateletvolume o
hdicholesterol g
multiplemyeloma ©
adiponectnlevels ®
attenticnceficithyperactvitydisceder e
printerval o
bloodpressure ®
aorticrootsize .
pulmonaryfunction o
liverenzymelevelsgammagiutamyitransferase .
uratelevels o
sponsatochemotheragyneutropenialeuco peniapaciitaxe| "
breastcancer o
type2diabetes I3 duodenum
nsulinkkegrowthfactors " placenta
fastingglucoserelatadiraits ® pancress
dicholesterol () ngl
hng
cholesteroltotal @ .
metabolitelevels ® leukemia
meancor puscularvolume ymphoblastoid
nflammatoryboweldisease cervicalcances
ulcerativecolitis The color scheme here BN
alzheimersdiseaselateonset o is more saturated than bone
that used for the rectangular encoding.
presclampsia ®
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Graphic Science

Epigenome Head Tk

Deck teekay in teh space right here. Lorem ipsum

Lorem ipsum and officia ne nim dolorem quam qui tectotasit
ilis doluptam, nis dunto et ulparum ipsus ium quo ipissinias
soloresedi cumquiae volliquiat volorepudae vitionsectem laut
eos dioria consed magnam esed qui duci as asperch ictatet
fuga. Ditae. Am namus dolupic aboratiae exerspi dessita il
eum, odition sequis et eiusantur sitiumque consequis ent
quaecum intisciis que con plabor rectatiunt pro tecer

rum, con con nobitatis mo verit modit fugia consequi

dolorio nectiorposam fugit quas susae. Nequias

elligen issuntur?Aspiditas mi, se dendi debis et

maximin tibusdande acere est audaest inullor

sequis resequi debit ut vellecatiore non

conseque maxim explaut qui ulpa santio
tessunt uritiassedit aut ipsum volen -
da eperro corerspe maximus eveli -
quae. Nemoluptatem et illacer

feresci velit ipit, 115 words

—Dina Maron

MULTIPLE_MYELOMA

Alzheimer’s disease you
would think might be
associated with a regulatory
switch for the brain (the
switches in brown across the
top) but actually it's mostly
strongly related to the immune
system. Maybe one day we'll
declare that Alzheimer's
disease is an immune system
disease like MS.

ALZHEIMERS_DIS -A8E |

Breast cancer here is linked fo
regulatory switch of stomach
mucosa. Why would that be? It
doesn' really make any sense fo

Pre-eclampsia s surprisingly

us today but maybe it's because
soft tissue there has to do with
tissues inside the breast?
bone es
o - TYPE_2_DIABETES
()
PREECLAMPSIA

stomach
) esd
o
\QREAST_CANCER
myosat [fat

HDL_CHOLESTEROL

the liver.

LDL_CHOLESTEROL ~ Colon

5. LYMPHOCYTIC_LEUKEMIA
- o GRAVES_DISEASE

leukemia
o

CELIAC_DISEASE

Blood pressure you might
think would be associated with
the brain governing it or maybe
the liver metabolizing caffeine?
Or maybe the muscles? The
heart? It tumns out that it's driven
by the heart, specifically the left
ventricle. That makes sense the
requlatory circuitry seems fo
matter for blood pressure and
blood pressure builds there prior
to pumping through the
circulatory system

Inflammatory bowel

has its regulatory
switch in the immune system.
We knew it was an immune
disorder but here it also seems

ULCERATIVE_EOLITIS

Lo} o
to be associated with the intestine CROHNS_DISEASE
digestive system. That basically
says IBD is not just immune- BLOOD PRESSURE
assodiated but it's also linked heart 7
with the digestive system. @ , duodenum

=Formedassiﬁmﬁm notes, see ScientificAmerican.com/apr2015/graphic-science

RHEUMATOID_ARTHRITIS

lymphoblastoid
ADVERSE_CHEM_RESPONSE

pse

Q
muscle

Trait (red nodes)  Tissue location of epigenetic

activity (white nodes)

Connecting lines: Top
three tissue associations
per trait. Thicker lines =
stronger association

SOURCE: INTEGRATIVE ANALYSIS OF 111 REFERENCE HUMAN EPMIGENOMES*BY THE ROADMAP EFMGENOMICS CONSMEFAMA, JN18, FEBRUARY 2015

Graphic by Martin Krzywinski

Cholesterol switches are in
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Epigenome Head Tk

Deck teekay in teh space right here. Lorem ipsum

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Pellentesque molestie, erat ut elementum posuere, ante elit porttitor
nibh, a facilisis nunc leo ac libero. Praesent vehicula sapien ut turpis dignissim tincidunt. Aliquam cursus eget lectus at
tincidunt. Pellentesque habitant morbi tristique senectus et netus et malesuada fames ac turpis egestas. Maecenas semper felis
vitae commodo gravida. Morbi a hendrerit ipsum, id ornare tellus. Vivamus urna diam, interdum eget nibh quis, accumsan
aliquam lorem. Donec hendrerit vitae libero vel dignissim. Nulla facilisi. Etiam pellentesque metus quis purus suscipit
vehicula. Nullam placerat nulla a enim rutrum, eu vestibulum arcu malesuada. Maecenas bibendum, purus et tristique
fringilla, dolor nunc pretium ipsum, vitae varius urna ex vel velit. Suspendisse. 115 words —John Doe

CHRONIC LYMPHOCYTIC LEUKEMIA
ADVERSE CHEM RESPONSE TYPE 1 DIABETES GRAVE'S CELIAC DISEASE
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Pre-eclampsia ' surprisingly
related to the bone.

Connecting lines: associations
between traits and tissues.
Thicker lines = stronger
association. Dotted lines are
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Alzheimer's disease you would
think might be associated with
a regulatory switch for the brain
(the switches in brown across
the top) but actually it’s mostly
strongly related to the immune
system. Maybe one day we'll
declare that Alzheimer’s disease
is an immune system disease
like MS.

placenta  stemcellder  lungcancer
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Breast cancer here is linked 10 %
pancreas heart regulatory switch of stomach g
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Blood pressure you might think would be us today but maybe it’s becausegg

associated with the brain governining or maybe
the liver metabolizing caffeine? Or maybe the
muscles? The heart? It tums out that it's driven
by the heart, specifically the left ventricle. That
makes sense the regulatory dircuitry seems to
matter

soft tissue there has to do with 2
tissues inside the breast?

SOURCE: INTEGRATIVE ANALYSS
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Twists of Fate

Genes, traits and disease are linked in complex and surprising ways

Our gones are not the last word on discase risk or other traits.
Myriad control switches help to arbitrate how genes get ex-
pressed in different cells and tissues, and those switches are of-
ten triggered by matemal diet, toxic exposures and many other
environmental factors. To begin to understand what drives these
complex epigenetic effects, scientists analyzed 150 billion bits
of genomic data from more than 100 human tissues and cells—
brain, heart, bone, and so forth.

The first step was to locate the switches by analyzing specific
chemical modifications on the DNA and the proteins that it
wraps around. Then researchers took data comparing individuals

Genetic switches that determine if a patient will react negatively
to some chemotherapy reside in rectal and lymphoblastoid cells

who have specific biological traits with those who do not 1o see
which traits are associated with which switches. The result is an
epigenomic road map that links diseases and traits (red dots)
with the locations in the body (wohite dots) of the switches most
correlated with those features; thicker lines correspond to more
robust links. This blueprint should come in handy in sussing out
the molecular basis of human variation and disease and in dis-
covering potential new treatments. - Dina Fine Maron

SCIENTIFIC AMERICAN ONLINE
For enore graphics sbout humen goretics, see ScentiicAmericanconyiur20TSraphic scence

Although Alzheimer's
disease is a disorder
of the brain, it is most

Adverse chemotherapy Chronic lymphocytic  Type1 Graves’ Celiac Crohn's  Alzheimer’s Self-reported strongly related to
response leukemia diabetes disease disease disease disease allergy regulatory switches
@) @] L) @] @] of the immune system,

oooooooooo

Lymphoblastoid

Multiple sclerosis (@

Preeclampsia (a preg-
nancy-induced hyper-
tensive condition) is
linked with bone tissue

Brain ()

Preeclampsia ..°'

® .ADHD ® Multiple Height HDL
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Graphic Science

Twists of Fate

Genes, traits and disease are linked in complex and surprising ways

Our gones are not the last word on discase risk or other traits.
Myriad control switches help to arbitrate how genes get ex-
pressed in different cells and tissues, and those switches are of-
ten triggered by matemal diet, toxic exposures and many other
environmental factors. To begin to understand what drives these
complex epigenetic effects, scientists analyzed 150 billion bits
of genomic data from more than 100 human tissues and cells—
brain, heart, bone, and so forth.

The first step was to locate the switches by analyzing specific
chemical modifications on the DNA and the proteins that it
wraps around. Then researchers took data comparing individuals

who have specific biological traits with those who do not 1o see
which traits are associated with which switches. The result is an
epigenomic road map that links discases and traits (red dots)
with the locations in the body (white dots) of the switches most
correlated with those features; thicker lines correspond to more
robust links. This blueprint should come in handy in sussing out
the molecular basis of human variation and disease and in dis-
covering potential new treatments. - Dina Fine Maron
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This graphic took about 40 hours of work, give or take, and about 7/
iterations.

The final product is constrained by the available space on a page—some
room had to be left for the 120-odd word intro. As well as the level of
interest and patience of the reader.

There’s no real way to automate this kind of display because it’s highly
contingent on the data. None of the usual layout algorithms gave us
anything useable. For a paper, or a magazine, the amount of manual labor
Is worth it.

| can’t achieve this level of polish and inquiry into every visualization that |
make—it would simply take too long. But once in a while you have to sit
down and really work through something.

Whatever you're interested in, you should always have some projects on
the go. Chip away at them. Keep yourself in a state of confusion—it’s a
kind of endurance training.

| wish you good luck and hope that the topics presented here have been,
or will be, helpful in your visualization and artistic endeavours.
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