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THE BREAKSPOINT GRAPH G(M,R,D,Q
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MEAN AND 95% CONFIDENCE INTERVAL OF AVERAGE G4 BASED ON DIRECT SEQUENCING OF FRAGMENTS WITHIN HIGH (N = 8)
AND LOW (N = 6) DIFFERENTIATION REGIONS IN NATURAL POPULATION OF HOUSE MICE.

Harr, B., Genomic islands of differentiation between house mouse subspecies. Genome Res, 2006. 16(6): p. 730-7.
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EVOLUTIONARY HISTORY OF THE CENTROMERIC WFEDC SUBLOCUS.

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.
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recovered from humans

Intact recO

Spontaneous
virulence lost

Split genes due to:
* indels in poly(A) or (T):

recO, methyltransferase, "
exported protein, etc... 4

* deletion: ankyrin repeat $
* stop codon: metk s

g

Genes restoration: Genes restoration: 9

deletion: adrl é

non-synonymous mutations:
mraW, recG, sca3
trxB1 & other...

putative
Methyltransferase

rted
e:r?:tein

uv

recO

passage in the lungs

culture in L929 cells : : ?
of mice & guinea pigs

SCHEME OF R. PROWAZEKII STRAINS ORIGIN AND EVOLUTION.

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.



Is a graphical
representation really
necessary?

Does the legend obviate
the figure?

What is my message?

Does my figure
communicate it clearly?

Are there extraneous or
ornamental elements?

What can | remove
without changing the
overall story?

ave | left the reader
wanting more, or less?




The reader does not
know what they need to
know.

You must tell them.

The reader does not
know what is important.

You must show them.

The reader’s
cognitive and visual
acuity are limited.

he reader may
have time for a good
presentation.

The reader never
has time for a bad
presentation.




quality of communication
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LACK OF CLEAR MESSAGE
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REDUNDANCY
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VISUALIZATION OF GENOMIC DATA http://blog.ivman.com/ironic-funny-signs



your figure
............................ is here
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VISUALIZATION OF GENOMIC DATA

next 60 minutes

part 1
MAKING IT LEGIBLE

part 2
MAKING IT CLEAR

part 3
MAKING IT PRETTY
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ANN/GA' BayesANN 2 SVM
MI (25 features) 76.3% 71.1% + 0.08% 74.9%
SAM (25 features) 73.3% 80.5% + 0.009% 78.2%
STEPWISE (25 features) 79.4% 80.2% + 1.10% 82.2%
all features - - 79.2%

"'best accuracy of 20 individuals after 20 generations in the Genetic Algorithm

% averaged over 10 classifiers

B

cyto- mitochon. peroxism. lamina nucleus nucleoli ER cytoplasm  Golgi plasma microtub. artifacts averaged
nuclear memb.

ACCURACY OF PHENOTYPE CLASSIFICATION.

Conrad, C., et al., Automatic identification of subcellular phenotypes on human cell arrays. Genome Res, 2004. 14(6): p.

1130-6.




Martin Krzywinski

VISUALIZATION OF GENOMIC DATA

O

next

part 1
MAKING IT LEGIBLE

part 2
MAKING IT CLEAR

part 3
MAKING IT PRETTY



PARSABILITY




Kbp

3,000 Kbp

____ Help the reader identify
' meaningful patterns.

If no such patterns exist, the
figure is not necessary.

INTRA- AND INTERCHROMOSOMAL SHUFFLING OF VIBRIO GENES.

Chen, C.Y., et al., Comparative genome analysis of Vibrio vulnificus, a marine pathogen. Genome Res, 2003. 13(12): p.

2577-87.




A figure should reduce
complexity for the reader.

There is no emergent pattern
here.

This figure is not parsable.

THE SPECIFIC DOMAINS AND COMBINATIONS IN THE DOMAIN GRAPH.

Ye, Y. and A. Godzik, Comparative analysis of protein domain organization. Genome Res, 2004. 14(3): p. 343-53.
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An emergent pattern in raw
data.

To see the pattern, the entire
data set must be shown.

MICrORNA Host Gends and Trapseription Lingts Sequence
Variation Actoss Envitanmonfal Response’ Gidun Tailless
Retropscudogenes Human, Mase, 20d Rat Gename Large-Scale
Rearrangements Maize Gorame Insights

THE COVER DESIGN DEPICTS HAIRPIN SECONDARY STRUCTURE OF RNA SEQUENCES, PRECURSORS TO MICRORNA.

Genome Res, 2004. 14(10a): cover.
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part 1
@ MAKING IT LEGIBLE

COLOR




SOME HUES APPEAR BRIGHTER

We do not perceive all hues to have
equal brightness.

Yellow appears brighter than blue.
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YELLOW COMMANDS ATTENTION
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Transcription factor domains
THE 10 MOST COMMON TRANSCRIPTION FACTOR PFAM DOMAINS IN SAS PROTEINS.
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NORMALIZED LUMINANCE - PERCEPTUAL UNIFORMITY

hue
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THE 10 MOST COMMON TRANSCRIPTION FACTOR PFAM DOMAINS IN SAS PROTEINS.

Vettore, A.L., et al., Analysis and functional annotation of an expressed sequence tag collection for tropical crop
sugarcane.

Genome Res, 2003. 13(12): p. 2725-35.
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THE EGF RECEPTOR SIGNALING PATHWAY GENERATED BY USING THE DATA CONTAINED IN HPRD.

Peri, S., et al., Development of human protein reference database as an initial platform for approaching systems biology
in humans. Genome Res, 2003. 13(10): p. 2363-71.
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THE EGF RECEPTOR SIGNALING PATHWAY GENERATED BY USING THE DATA CONTAINED IN HPRD.
FIGURE MODIFIED FROM ORIGINAL

Peri, S., et al., Development of human protein reference database as an initial platform for approaching systems biology

in humans. Genome Res, 2003. 13(10): p. 2363-71.
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PIE CHARTS FOR TISSUE PROFILING BY GENE ONTOLOGY.

Bono, H., et al., Systematic expression profiling of the mouse transcriptome using RIKEN cDNA microarrays. Genome

Res, 2003. 13(6B): p. 1318-23.
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PIE CHARTS FOR TISSUE PROFILING BY GENE ONTOLOGY.

Bono, H., et al., Systematic expression profiling of the mouse transcriptome using RIKEN cDNA microarrays. Genome

Res, 2003. 13(6B): p. 1318-23.



HOW TO CHOOSE COLORS

colorbrewer.org to choose palettes
kuler.adobe.com to peruse/create attractive color combinations

effective colors — perceived as
equally important
equally distant
having a natural order (for sequential palettes)

|| :
| ]
il "Mk

SEQUENTIAL PALETTES QUALITATIVE PALETTES
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part 1
@ MAKING IT LEGIBLE

VISIBILITY
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SCHEMATIC OF CHROMOSOMAL COMPARISON OF 22 STRAINS OF Y. PESTIS
DETAILING ALL OF THE REGIONS OF DIVERGENCE FROM CO-92.
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2D HISTOGRAM 2D HISTOGRAM

LARGE GLYPHS SMALL GLYPHS 50 X 50 BINS 200 X 200 BINS
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LEFT TWO SCATTERPLOTS OF LOG-EXPRESSIONS OF A PAIR OF MICROARRAYS.
RIGHT TWO-DIMENSIONAL HISTOGRAMS, DERIVED FROM THE SCATTERPLOTS IN FIGURE 1.

Eilers, P.H. and J.J. Goeman, Enhancing scatterplots with smoothed densities. Bioinformatics, 2004. 20(5): p. 623-8.
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H3K4me2

1 2 3 4 5 6
H3K4me1

CO-OCCURRENCE OF INPUT-NORMALIZED HISTONE MODIFICATION
NEAR THE PROMOTERS (0-2000 BP) IN HUMAN ISLETS.



READER IS NOT

A COMPUTER
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AN EXTENDED VERSION OF FIGURE 2 SHOWING ROC VALUES FOR EACH INDIVIDUAL FEATURE CONSIDERED. THE X-AXIS IS THE
FALSE POSITIVE RATE AND THE Y-AXIS IS THE TRUE POSITIVE RATE.

Ernst, J., et al., Integrating multiple evidence sources to predict transcription factor binding in the human genome.

Genome Res, 2010. 20(4): p. 526-36.
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OVERALL EXPRESSION OF SENSE AND ANTISENSE GENES AS DETERMINED BY USING AN OLIGO DNA MICROARRAY.

Kiyosawa, H., et al., Disclosing hidden transcripts: mouse natural sense-antisense transcripts tend to be poly(A) negative

and nuclear localized.
Genome Res, 2005. 15(4): p. 463-74.



EST freqguency

EST frequency

SC10

SC1 3sCs
12 8 6
24
10 - s 4
6
>
64 S o fo3d
bl -
= &
75 g
4 \ 2 1
/ \‘ A 2 \
—1 ’-i N~ i
2 |~ b H . | 1
[ v " N
;| 1 I ! _ ’
0 10 20 30 40 S0 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
12 14 14
12 4 124
10
o 101 o, 10
2 2
@ @
g 8 & @
o o
v »
w e
o 6 !4
i3 @
4 4
2 4 2
o SN i o
0 100 20 30 40 50 60 70 80 90 100
% genetic map length (top) and ¥ SC length (bottom) % genetic map length (top) and % SC length (bottom)

0 10 20 30 40 S0 60 70 80 90 100

% genetic map length (top) and % SC length (bottom}

THE DISTRIBUTION OF ESTS FROM MAIZE CHROMOSOMES 1, 5, AND 10 IN 1-CM BINS ON
GENETIC LINKAGE MAPS (TOP PANEL) AND IN 0.2- MM LENGTH BINS ON THE PHYSICAL

Anderson, L.K., et al., Uneven distribution of expressed sequence tag loci on maize pachytene chromosomes. Genome
Res, 2006. 16(1): p. 115-22.




RNA SNP allele frequency (EST)

RNA SNP allele frequency (EST)

1.0

0.8

0.6

0.4 '3.-::"'“ 5 g
- edut spme .
s
02 ”:
0.0
00 02 04 06 08

1.0

Genomic SNP allele frequency (CEU)

1.0

0.8

0.6

—
0.4

0.2

0.0

0.0

0.2

0.4

0.6

0.8

1.0

Genomic SNP allele frequency (HCB)

RNA SNP allele frequency (EST)

RNA SNP allele frequency (EST)

1.0

0.8

0.6

0.4

0.2 f;

0.0

0.0

0.2

0.4

0.6

0.8

1.0

Genomic SNP allele frequency (YRI)

0.0

0.2

0.4

0.6

0.8

1.0

Genomic SNP allele frequency (JPT)

RNA SNP allele frequency (EST)

RNA SNP allele frequency (EST)

1.0

ot
®

o
o

o
>

o
()

00 ©
0.0 0.2 0.4 0.6
Genomic SNP allele frequency (CEU)

1.0

et
®

04 °

o
()

0.0

0.0 0.2 0.4 0.6
Genomic SNP allele frequency (HCB)

08 1.0

0.8 1.0

RNA SNP allele frequency (EST)

RNA SNP allele frequency (EST)

-
o

0.8

o
o

o
'

°
N

1.0

00 °©

e B v
AR BB} el 't
'y, ' Rk -.Vf.";'- "'; .

AR
& ° KWL

LN >

A
iR
R e

0.0 0.2 0.4 0.6 08 1.0
Genomic SNP allele frequency (YRI)

0.0

0.2 0.4 0.6
Genomic SNP allele frequency (JPT)

08 1.0

EST ALLELE FREQUENCIES VERSUS ALLELE FREQUENCIES IN DIFFERENT ETHNIC GROUPS.

Ge, B., et al., Survey of allelic expression using EST mining. Genome Res, 2005. 15(11): p. 1584-91.



1241

ORIENTATION




+

= ol
g - | ssaooxd drjogelow

<

+ uonduosuer)

- uodsuen urajoxd

Farc

| SISOUDFOIQ pUR UOIBZIURTIO
| yoouodwod e[|

| s1s9ua3olg pue
| UoneZIue3Io d[[ouedIo

*coan ASD
| [ewSIUBGIO Te[n[[oon[NW

- 91949 [[99

uonedjipow urdjold

SIsejsoowoy [[99
ssa001d d1[0qRIOW YN

- uononpsuel) [eu3Is

| A319Ud m:m o1 omuSu
10Snd1dj0 uoILIAUD

V m_mo:owo_m mca
| UOIJBZIUBSIO UOJI[SOIAD

+ Jodsuer uol

| SRSy

- ssao01d orjoqeiowr urdjold

1odsuen

' $s9301d_Teo130[01q
- paugisse’ou’ -

$s9001d o1]0qRIOW
1 w_om JIJ[ONU puB 9pno3[dnu
| 9pISod[Inu “Iseqodfonu

- ssa001d d1]0qRIRD
ssa001d eo130[01q
- Jodsuen uoxd

- $s9001d onjayuAsoIq

QATJBALIOD PIOE OUIWE

ssa001d d110qRIdW

ssaoco0ud arj0qe)oW
ot \m [0qe}

BPU0IS

—a—+  ssa001d orjoqerowr pidi|

1
0.5+

@ 59559001d [BO130]01q

VERTEBRATE FAMILY SIZE (NV) AGAINST THE AVERAGE INVERTEBRATE FAMILY SIZE.

THE SLOPES FROM A SIMPLE LINEAR MODEL (A) AND A ROBUST LINEAR MODEL (B) FOR THE REGRESSION OF THE AVERAGE

VISUALIZATION OF GENOMIC DATA

Martin Krzywinski



a:g o r—_ peroxisome f 11 |
(Beta Globin) ENm009 BN Moderate microbody l T3 l
ENr111 - E—1 Loose spliceosome 1 1+
e mitochondrion | —— T —F+—————
ENr114 ribonucleoprotein complex | ——————— 1T +——
(IG'(:gmg; ag:); mitochondrial part {1}
ENF131 mitochondrial membrane e
ENr121 organelle envelope | T +—————
(Chr22) %\'\l”?gg endomembrane system | —— T +———
BN133 envelope | ———T— 33—
ENr211 organelle membrane | ———— 1 }——
ggfg endoplasmic reticulum T N e |
(Alpha Globin) ENm008 - cytoplasmicpart | T F—
(Chr21) ENm00S organellepart | —m—— 1 }—
(Apo Cluster) ENm003 — .
(7621.13) ENmO13 intracellular organellepart | /{1 +————
ENr324 cytoplasm | —m——— 1T +———
(CFTR) Eﬁ"ﬂ%g? membrane-bound organelle | —m——(—— T }————"—
(Interleukin Cluster) ENm002 intracellular membrane-bound organelle | ———— T +—————]
(7931.33) ENm014 | intracellularpart | m—— 1 +———H
a:g;g intracellular | m———— 1 +————
(ChrX) ENm006 cellpart | m— 1T +———"
EN213 - cell | —{—T—F
ENr221
ENr312 plasma membrane | | T 1 i
ENr323 plasma membrane part | } T 1 !
agg‘: integral to plasma membrane | | T 1 {
ENr321 intrinsic to plasma membrane | | T 1 i
gg;g ; extracellular space | | T 1
ENF332 extracellular region | | T 1
ENr333 extracellular region part | | T 1
(FOXF2) %\'\l”ggf ! proteinaceous extracellular matrix } T 1 i
EN:233 : extracellular matrix | | T i
(HOXA Cluster) ENmo10 contractile fiber HT—1+—
I T T I T T
0.00 0.05 0.10 0.15 0.20 0.25 0.0 0.5 1.0 1.5
Fraction of Region v

(LEFT) CONSTRAINED BASES IN EACH ENCODE REGION.
(RIGHT) BOX PLOT OF ¥ =DT/DS VALUES ARRANGED BY GO CELLULAR COMPONENT TERM.

Martin Krzywinski
VISUALIZATION OF GENOMIC DATA



next

O part 1
MAKING IT LEGIBLE

part 2
MAKING IT CLEAR

O part 3
MAKING IT PRETTY



REDUNDANCY




A fu-cldn 7a
77 zf-cldn 7
100 hu-cldn 7
100
& _'_—_—m Class I
95 —98: fu-cldn 1
zf-cldn 19
100

100 hu-cldn 19
fu-cldn 19

fu-cldn 10a

95 100 hu-cldn 10
61

51
1 fu-cldn 10b

87 100 fu-cldn 10d

_: fu-cldn 10¢
fu-cldn 10e Class II
100 fu-cldn 15b

71 - fu-cldn 152
100

S B
fu-cldn 25
fu-cldn 26

J— —— All labels are of the form

fu-cldn 18
fu-cldn 23b

% fu-cldn 23a fu-cldn 7a
B s 53 fu-cldn 11a fU'CIdn 7b

il fu-cldn 11b

50 s£.cldn 11 Class I1I zf-cldn 7
o gy mu-cldn 19
100:11“.‘:]@16 hU'CIdn 15

_wq—_— fu-cldn 12
zf-cldn 12
100 ':hu-cldn 12

55

hu-cldn 15

100)

74

100

ci134049

CONSENSUS PHYLOGENETIC TREE OF CLAUDIN PROTEINS.

Y. H. Loh, A. Christoffels, S. Brenner, W. Hunziker, B. Venkatesh, Genome Res 14, 1248 (Jul, 2004).



10— {mu-cldn 18) —‘m: ® 18
70 b hu-cldn 18 70 O 18 W FU
- fu-cldn 18 - B 18 O HU
l—fu—cldn23b . W 23B ® MU
l go[— fu-cldn 23a _ﬂ H 23A o zF
—_ ® 23
— 53— fu-cldn 11a - | m 1A
[ L———fucldn 11b _NL m 1B
100 L zf-cldn 11 100 O 1
s 00— hu-cldn 11 o ——— 11
t———mu-cldn 11 _ ® 11
100_— 100 | ® 16
b hu-cldn 16 O 16
“ 1 00— (UZCIdnT2 A . m 12
i L sfcldn12 e o 12
100[—hu-cldn 12 100 o 12
———mu-cldn 12 ® 12

CONSENSUS PHYLOGENETIC TREE OF CLAUDIN PROTEINS.

Y. H. Loh, A. Christoffels, S. Brenner, W. Hunziker, B. Venkatesh, Genome Res 14, 1248 (Jul, 2004).



H_ZNF492 MHQ||ENT||RHT [[QONT|| — |QTA|| — [QTT||QHT||QTT||RHT||LQT|| - |QTK||QHT||NIR
C_ZNF492/ZNF739  |MHQ||ENT|[QHT||ONT|| --- [QTA|| - |QTT||[RHT|[QTT||RHT||LQT|| - |QTK||[QHT[[NIR
™ T
R_ZNF492/ZNF739  |VHQ||ENT||QHT||QNT|| — [QTA|| — [QTT||RHT||LQT||QTK||QYT|| -~ [RTK|[QHT||NIR
oD oD
H_ZNF739 MHQ||ENT||RHT [[ONT|| — |QTA|| - [QTT||RHT||QTT||RHT||LQT|| - |QTK||QHT]||NIR
H_ZNF730 IHQ | |ENT||WHT|[|QNT||QNE||WTK||[RTR || QTI | |RHT|[QTT|| --- |RTT|[|[RHR
C_ZNF730 - == - |ONT||QNE|[WTK||RTR|| QTI||RHT||QTT|| - [RTT||RHR

ZINC FINGER EXON ANALYSIS FOR ZNF493 AND ZNF738, TWO DIVERGENT GENES FROM THE ZNF431 CLADE.

Martin Krzywinski
VISUALIZATION OF GENOMIC DATA



H_ZNF492 MHQ||ENT|[|RHT [|QNT]|| --- |QTA QTT||QHT||QTT||RHT||LQT QTK||[QHT||NIR
C_ZNF492/ZNF739 MHQ||ENT||[QHT [|QNT]|| -- QTA - QTT||RHT|[|QTT||RHT||LQT QTK||QHT/||NIR
A A
R_ZNF492/ZNF739  [VHQ||ENT|[QHT||QNT|| --- |QTA QTT||RHT|[|LQT||QTK||QYT RTK | [QHT||NIR
D Do
H_ZNF739 MHQ|[ENT[|RHT [[QNT|| --- [QTA[| --- |QTT||RHT||{QTT||RHT||LQT QTK|[|QHT|[NIR
H_ZNF730 IHQ | |[ENT||WHT||QNT||QNE||WTK||RTR || QTI | [RHT | [QTT - |RTT||RHR
C_ZNF730 - - QNT|[|QNE|[WTK|[[RTR|| QTI [ [RHT|[QTT - |RTT||RHR
MHQ ENT RHT QONT QNE QTA RTR QTT QHT QTT RHT LQT RHR QTK QHT NIR
H492
C492/739 - Q.. R
+ 4
R492/739 V.. Q R.. LQ. QTK QY R
-»> >
H739 M.. ... ... ... ... R.. OTK
H730 I W W.K IR RT
C730 cee oo W.K ... ..I R.. ... RT.

ZINC FINGER EXON ANALYSIS FOR ZNF493 AND ZNF738, TWO DIVERGENT GENES FROM THE ZNF431 CLADE.

Martin Krzywinski
VISUALIZATION OF GENOMIC DATA



LEGEND




o/o
n (o
0.6} s ——1.000 (A)
' ‘=1 1.259 (B)
— 1.585 (C)
J + =1 1.995 (D)
o= — 2512 (E)
05} "N 1=+ 3.162 (F)
’ S — 3.981 (G)
; I 3\ ‘=1 5,012 (H)
- — 6.310 (1)
—~ 04} ‘= 7.943 (J)
e = 10.000 (K)
=1
go
<
0.3}
0'2- "-.—'-'5.5--
E
2y A
& ~\
| 4 '.’.‘ u-l-'_:-o--~u-,-'-.-
0 - 1 n-l-lq.-.-l-lllﬁ- .-.—I-fl-l-.-'-I-l-'l-l-l-'=‘-'-‘
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5

t

PRECISION (KL-DIVERGENCE IN THE FIGURE) AS A FUNCTION OF DIVERGENCE TIME.

Martin Krzywinski
VISUALIZATION OF GENOMIC DATA



22 35
2 Rat SINE (no MIR) 3 Rat LINE
18} 1% di <1% div
5 s L Lo
6} 4-10% dis - iv
g ¢ 10-2%"/0(15\@(/ - 10-20% div
S 14}t 20-30% div 20-30% div
g 2 30-40% div
s 12}
2
E 1
[}
T o8
0.6
0.4
0.2
0
0.35 0.40 0.45 0.50 0.55
3 35
Mouse SINE (no MIR) 3 Ml:f/ LLNE
2.5 <1% div TSy
1-4% div 4% v
> 4-10% div 25 10-20% dlv
g 2 10-20% div 20-30% div
g 20-30% div 30-40% div
g
2 14
3
&
1
0.5

o . . .
0.35 0.40 0.45 0.50 0.55 0.35 0.40 0.45 0.50 0.55

1. 1.8
Hum LINE
4 1.6 <1% div
: 1-4% div
1.4 4-10% div
10-20% div
1. 20-30% div
1.2 30-40% div

Relative frequency

Human SINE (no MIR)

0. <1% div
1-4% div
4-10% div 04
0. 10-20% div
20-30% div 0.2

03.35 0.40 0.45 0.50 0.55 0 0.35 0..40 0..45 OI.SO 0.55
GC GC
A B
FREQUENCY OF OCCURRENCE OF DIFFERENT AGES AND FAMILIES OF INTERSPERSED REPEATS IN REGIONS OF DIFFERENT GC-

CONTENT.

Yang, S., et al., Patterns of insertions and their covariation with substitutions in the rat, mouse, and human genomes.

Genome Res, 2004. 14(4): p. 517-27.



GENE

all genes
A specific in situ result INSITU INLIT
/\ selective in situ result SPECIFIC @ A
/' nonselective in situ result SELECTIVE

specific in litterature NON-SELECTIVE O

nonspecific in litterature NON-SPECIEIC A

ISH RESULTS IN RELATION TO PROFILE SIMILARITY TO SM-MHC (Y-AXIS) AND TO EXPRESSION LEVEL (X-AXIS).
LEGEND MODIFIED FROM ORIGINAL

Martin Krzywinski
VISUALIZATION OF GENOMIC DATA



Total 1000
number of —. ~
datasets
Datasets with N 800
X
significant _. > ‘é
support for st o
plurality g @
topology > ? s
o
A 2 600
0 ~ g
Datasets ©
conflicting o
significantly | J o
with plurality %S 400
topology = o
-
§ S]
< 8
£ 200
=
c

g Iﬂ Ir‘i‘l'r'l\I\

0 50 100 150 200 250 300

quartets

QUARTET DECOMPOSITION ANALYSIS OF CYANOBACTERIA.

Zhaxybayeva, O., et al., Phylogenetic analyses of cyanobacterial genomes: quantification of horizontal gene transfer

events. Genome Res, 2006. 16(9): p. 1099-108.



CONSISTENCY




A
State HC1 State HC2 State HG State CG

/A o A A

human  chimp gorilla human  chimp gorilla human  chimp gorilla human  chimp gorilla

B
Million years Million years
3.4| 5.1 7.0 |2.2

aactggtacg R.cifl-@tacgaactgg
EElelelofogddeled cggtcg pALeler-Elelele o]
aacctgttcg gad.idle@ttcgaacctyg
atctggtacg Rd:(cidle@tacgatctgg

—__

_ =

Q6 OL
oOMOTIT

HG is blue in (A).

HG is yellow in (B).

THE FOUR GENEALOGY TYPES ASSOCIATED WITH THE STATES OF THE HIDDEN MARKOV MODEL.
THE STATE-TRANSITION DIAGRAM FOR THE HMM AND AN EXAMPLE ALIGNMENT.

Siepel, A., Phylogenomics of primates and their ancestral populations. Genome Res, 2009. 19(11): p. 1929-41.



Breast Cancer Colorectal Cancer
CaMP-GSEA Group CaMP CaMP-GSEA Group CaMP

2|0|0|2

@
11 |‘]C|>0 OO ®
O
chi-square filter O iPath chi-square filter
O BioCarta
@ sigPathway

COMPARISON OF MUTATION ENRICHMENT IN CELLULAR PATHWAYS
USING COMPLEMENTARY STATISTICAL APPROACHES.

Martin Krzywinski
VISUALIZATION OF GENOMIC DATA



MESSAGE




I =@ =[]=MA ENVELOPE
/=€ =¢=C) METABOLISM
N =A =A.=4A TRANSLATION

@ @

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.



Publisher

' F T R % R

CONCEPT OF THE “DNA BOOK.”

Martin Krzywinski
VISUALIZATION OF GENOMIC DATA



Normal Left
/ Ventricle
Concentric Eccentric
Hypertrophy Hypertrophy

CONCENTRIC VS. ECCENTRIC HYPERTROPHY.

Nadeau, J.H., et al., Pleiotropy, homeostasis, and functional networks based on assays of cardiovascular traits in
genetically randomized populations.

Genome Res, 2003. 13(9): p. 2082-91.



/ oo \

00

Eccentric

CONCENTRIC ECCENTRIC
HYPERTROPHY INORMAL HYPERTROPHY

CONCENTRIC VS. ECCENTRIC HYPERTROPHY.
FIGURE MODIFIED FROM ORIGINAL

Nadeau, J.H., et al., Pleiotropy, homeostasis, and functional networks based on assays of cardiovascular traits in
genetically randomized populations.

Genome Res, 2003. 13(9): p. 2082-91.



OUTLIERS




0.5

o region of
6 Opisthokonts élevated :
Deuterosto'mia . gain rate region of
balanced
evolution
Sr Metazoa O .
: Ascomycota
Pezizomycotina region of
Chordata elevated
4T Homsa loss rate .
Unikonts @ : . B den
2 ioin Fungi ;
< Caeel Drome Diptera
c 3 5 Anoga ScAch‘ -
S Dicdi Plafa Schpo
21 i
1 Opisthokonts |
Roden
(#';h © 8 %
! I . |
3 4 9 6
loss rate

Martin Krzywinski
VISUALIZATION OF GENOMIC DATA

INTRON GAIN AND LOSS RATES OF EUKARYOTIC LINEAGES.



@ Deuterostomia

1 0.5,6

0.5

region of

g jsthokonts e vated

P gain rate
Metazoa

Pezizomycotina

Chordata
Homsa

Orysa Unikonts
Arath

Caeel Drome

Anoga ScAfNc

@ Ascomycota

/ 545

region of
balanced
evolution

region of

elevated
. loss rate
O
Fungi Roden
Diptera

Dicdi Plafa Schpo

Martin Krzywinski
VISUALIZATION OF GENOMIC DATA

INTRON GAIN AND LOSS RATES OF EUKARYOTIC LINEAGES.
REINTERPRETED FIGURE



part 2
O MAKING IT CLEAR




relative ratio of larva stages

relative ratio of larva stage
/'/ \ 1

relative ratio

s {
L ——
| f
h /
\\/ [
relative ratio

relative ratio

DNA METHYL TRANSFERASE INHIBITORS EFFECTS ON DEVELOPMENTAL STAGES DISTRIBUTION.
Martin Krzywinski

VISUALIZATION OF GENOMIC DATA



Cerebrum Kidney
Heart % e
. g & Pancreas
S. Muscle PC2 . " s
;’. :&. e %: Lung
. @
Liver ¢ . '&i:: ‘: t:‘ \
% e PC1
TestisI ¢e Spleen
Ovary |C PC3 D PC34
|
Prostate a0, s, Cerebellum
©® e e e ? ee
Bladder ¢ Lo o
¢ o ‘e %S¢ |MCerebrum
Colon ® s ¢®
lleum ’J." oo *_0 . -
@ @ ¢ ¢ ea
4 T o’
Stomach o — f® T . // e
Ureter l§| PC1 ¢ T ° \
/40 . ® & pc2 ||Pc2 Ce PC1
Uterus et o . . °e S. Muscle

PRINCIPAL COMPONENTS ANALYSIS.

Son, C.G,, et al., Database of mMRNA gene expression profiles of multiple human organs. Genome Res, 2005. 15(3): p.

443-50.



o x
X
%
*
o * %
x

SCHEMATIC REPRESENTATION OF THE QUADRATIC PROGRAMMING PROBLEM.

Djordjevic, M., A.M. Sengupta, and B.I. Shraiman, A biophysical approach to transcription factor binding site discovery.

Genome Res, 2003. 13(11): p. 2381-90.



SCHEMATIC REPRESENTATION OF THE QUADRATIC PROGRAMMING PROBLEM.
FIGURE MODIFIED FROM ORIGINAL

Djordjevic, M., A.M. Sengupta, and B.I. Shraiman, A biophysical approach to transcription factor binding site discovery.

Genome Res, 2003. 13(11): p. 2381-90.



EXCESS INK




£
p—
[l
-
e
.
i-u
ol
p—
-2
-
l|-—

gDNA

-
@
-
2
-
@
P’
(7]
-
(2
-=)

GT GT G/

y - - 1
L o) LA n Al

G=76.2 T=76.3 G =539 T=533 T=62.6 G=526 T=659 G=744
A
L= = Ltk We==ss) i L = L=
G=764 T=T71.7 G=534 T=557 T=62.2 T=504 T=653 G=735
_— _———e————— = = = e ———
g .
e B
o< + 1 T 1
g e ol P = - P e It —— AL e ¢ — e L
o G=76.6 T=T76.7 G=524 T=53.7 T=63.1 G =522 T=65.1 G=74.1
C : =
L=k == = < = e 115.& ik R=sssss
- - - - = - - =
RT- =

Offspring
Y T e T e e e S D SRS SR Y Ty CEITEETTCEI, GEESEITRSEE,
gDNA
1]
L
1"
L
t 0
-
L 1
.
- | |
1]
ML
]

PARENT-OF-ORIGIN ANALYSIS OF GENES SHOWING ASE IN A REPLICATE SET.

Bjornsson, H.T., et al., SNP-specific array-based allele-specific expression analysis. Genome Res, 2008. 18(5): p. 771-9.



E

1 2 3 4 5 6 7 8 9101112 131415 161718 1920

I |

|
X QN NN NI
< Q1@

H

@ = 0kb

@ < 20kb

© < 20-70kb
O = unk, srpt

TELOMERE SEQUENCE GAPS.

Martin Krzywinski
VISUALIZATION OF GENOMIC DATA



nogap @
<20kb
<20-70kb

unk/srp O
acrocentric o

OPTION 1

5

1 23456
P 000 ©
I00 o000

OPTION 2

10111213141516171819202122 XY

..‘ooo‘ o o
o 0000%°%%000°®°®

5

1 2 3 4
q o ©

TELOMERE SEQUENCE GAPS.
FIGURE MODIFIED FROM THE ORIGINAL

Riethman, H., et al., Mapping and initial analysis of human subtelomeric sequence assemblies. Genome

Res, 2004. 14(1): p. 18-28.



INDIVIDUALS

)
oo ©
s O
L=
-
- O
o ©
- O
- >
o ©
)

.- O
=
o —
o

001 1000000000000

OO O OO
oo O OO
OO OO
OO O O
O O — O
SO O — O
SO = O O
SO = O O
O - O O O
O — O O O
— o O O O
— o O O O
OO O OO
OO O OO
oo O OO
OO O OO

il

>0 0000000000000 11

OO awn

INDIVIDUALS
A

om— O

0000 111100001111

001100110011 0011

—o o o0
oo OO
—_— o O — O
SO O — -
—_— 0 - OO
OO O~
—_— O - — O
OO - -
——o O O
O O O~
—_—— O - O
Ol O
—_——— OO
O ——o
— O
S

T

QRLO0OO0awn

RESEQUENCING WITH NAIVE AND LOG POOL DESIGNS.

Martin Krzywinski

VISUALIZATION OF GENOMIC DATA



INDIVIDUALS

ettt etitednte

MmO O OO O OO -
OMV\\OOOOOOOI

OO o000~ O
w OO0 oo —~O

‘MH\\O.O 0.0 O — O O
m O O OO O = O O
‘MUN\O O OO~ O OO

_—o o000~ 0O
w O oo~ o0 o

w o oo~ o000

OO~ OO OO O
w00 oo

o oo oo oo
o~ OO0 000 O
e =l = RN Y
w_-—— O o0 o000 o

OO awn

INDIVIDUALS
A

SEEERERERERRREE

NI

O O OO
‘@11100001

_—— OO O~ O
@11000011

m— O — = O — OO
|l O — OO O
e O O — O — — O

Wl — OO OO |-
‘%01111000

e O | |—|o|—|o|o|—~
O OO O
O — OO~ O
O O OO
OO O~ — O
O OO O
O O[O ||t [t |t |

QRLO0OO0awn

RESEQUENCING WITH NAIVE AND LOG POOL DESIGNS.

VISUALIZATION OF GENOMIC DATA

Martin Krzywinski



Acceptor skip Donor skip

Alternative Splicing

acceptor-middle donor-middle

Alternative start

start-middle

:'T/I | l I | | k| |\|/I
A A
acceptor-conventional donor-conventional start-conventional
k_ll [ | W{ | | }\|7|:|
acceptor-next-middle donor-next-middle start-next-middle
* y i oy SHISH | *| @ | || >\I;Q:
acceptor-multiple donor-multiple start-multiple
| Y| | — | || [ ||
A A
acceptor-switch-middle donor-switch-middle start-switch-middle
*WI | | | | | % | WI |
acceptor-switch-conventional donor-switch-conventional start-switch-conventional
g o e s S % | | s N 5
acceptor-switch-multiple donor-switch-multiple N start-switch-multiple
|| * |

A D A ) O

Alternative Termination
acceptor-break donor-break

:’@4 |

=

% New patterns
a Donor skip event
a Acceptor skip event

COMBINATORIAL CLASSIFICATION OF ATS UNITS.

Martin Krzywinski
VISUALIZATION OF GENOMIC DATA



ALTERNATIVE SPLICING ALTERNATIVE START

ACCEPTOR SKIP DONOR SKIP
MIDDLE :\_/y . '\_// ) *U
CONVENTIONAL :Q// . U w
NEXT MIDDLE % — — * Q *w
MULTIPLE =~ == —F * Y\if * = —
SWITCH MIDDLE *:@ * Q:. *:\%
SWITCH CONVENTIONAL :@ * @: *:\%
SWITCH MULTIPLE @_\ Y 'C_//’D: *i \_//_\ \
ALTERNATIVE TERMINATION % new patterns
ACCEPTOR BREAK DONOR BREAK A acceptor skip event

:@j U v donor Sklp event

COMBINATORIAL CLASSIFICATION OF ATS UNITS.
FIGURE REFORMATTED FROM ORIGINAL

Martin Krzywinski
VISUALIZATION OF GENOMIC DATA



REPRESENTATION




Breast Cancer

CaMP-GSEA Group CaMP

chi-square filter

Colorectal Cancer
CaMP-GSEA Group CaMP

chi-square filter
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QiPath

O BioCarta
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COMPARISON OF MUTATION ENRICHMENT IN CELLULAR PATHWAYS
USING COMPLEMENTARY STATISTICAL APPROACHES.

Lin, J., et al., A multidimensional analysis of genes mutated in breast and colorectal cancers. Genome Res, 2007. 17(9):

p. 1304-18.
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Lin, J., et al., A multidimensional analysis of genes mutated in breast and colorectal cancers. Genome Res, 2007. 17(9):

p. 1304-18.
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Nested Cross-Species
insertions Analysis

COMPARISON OF THREE INDEPENDENT METHODS FOR DATING DNA TRANSPOSONS.

Pace, J.K., 2nd and C. Feschotte, The evolutionary history of human DNA transposons: evidence for intense activity in
the primate lineage.

Genome Res, 2007. 17(4): p. 422-32.
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COMPARISON OF THREE INDEPENDENT METHODS FOR DATING DNA TRANSPOSONS.

Pace, J.K., 2nd and C. Feschotte, The evolutionary history of human DNA transposons: evidence for intense activity in
the primate lineage.

Genome Res, 2007. 17(4): p. 422-32.



A percentage in E. coli percentage in Linux

regulatory network call graph
master regulator 4.6 29.6
middle manager 51 58.2
workhorse 90.2 12.3

NODE CLASSIFICATION

E.COLI LINUX
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THE HIERARCHICAL LAYOUT OF THE E. COLI TRANSCRIPTIONAL REGULATORY NETWORK AND THE LINUX CALL GRAPH.

regulator ouT

l

manager | @ INOUT
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workhorse @ IN

Yan, K.K., et al., Comparing genomes to computer operating systems in terms of the topology and evolution of their
regulatory control networks.

Proc Natl Acad Sci U S A, 2010. 107(20): p. 9186-91.
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THE HIERARCHICAL LAYOUT OF THE E. COLI TRANSCRIPTIONAL REGULATORY NETWORK AND THE LINUX CALL GRAPH.

Yan, K.K., et al., Comparing genomes to computer operating systems in terms of the topology and evolution of their
regulatory control networks.

Proc Natl Acad Sci U S A, 2010. 107(20): p. 9186-91.
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E. coli transcriptional
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THE HIERARCHICAL LAYOUT OF THE E. COLI TRANSCRIPTIONAL REGULATORY NETWORK AND THE LINUX CALL GRAPH.

Yan, K.K., et al., Comparing genomes to computer operating systems in terms of the topology and evolution of their
regulatory control networks.

Proc Natl Acad Sci U S A, 2010. 107(20): p. 9186-91.
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THE HIERARCHICAL LAYOUT OF THE E. COLI TRANSCRIPTIONAL REGULATORY NETWORK AND THE LINUX CALL GRAPH.
REINTERPRETED FIGURE.

Yan, K.K., et al., Comparing genomes to computer operating systems in terms of the topology and evolution of their
regulatory control networks.

Proc Natl Acad Sci U S A, 2010. 107(20): p. 9186-91.



5'-CTCTCTCTTCCAGTAAGACTGCGAAAAAT-3"
5'-AAAAATGCCAGTAAGACTGACGGGGGG-3"

[ 1+ 2 ()
5'-CTCTCTCTTCCAGTAAGACTGCGAAAAAT-3"
3'-TTTTTACGGTCATTCTGACTGCCCCCC-5" ABySS Explorer visualizes
sequence assemblies on a
graph.

./—\\‘ Contigs are edges.
1- A/-z-\.

Nodes represent overlap.

3'-TCTCTCGAAGGTCATTCTGACGCTTTTTA-S5"
3'-TTTTTACGGTCATTCTGACTGCCCCCC-5"

EXAMPLE OF VERTEX POLARITY USING AN OVERLAP SIZE OF 6 NT.
BOTH GRAPH AND SEQUENCE REPRESENTATIONS ARE SHOWN.

Nielsen, C. B., Jackman, S. D., Birol, I., and Jones, S. J. 2009. ABySS-Explorer: Visualizing Genome Sequence
Assemblies. IEEE Transactions on Visualization and Computer Graphics 15, 6 (Nov. 2009), 881-888




Assembly structures (here,
contig cycle) are depicted more
intuitively.

DETAIL OF AN ASSEMBLED CONTIG CYCLE.

Nielsen, C. B., Jackman, S. D., Birol, |., and Jones, S. J. 2009. ABySS-Explorer: Visualizing Genome Sequence

Assemblies. IEEE Transactions on Visualization and Computer Graphics 15, 6 (Nov. 2009), 881-888



ABYSS-EXPLORER VIEW OF ROUGHLY 200,000 NT ASSEMBLED FROM THE HUMAN
LYMPHOMA GENOME

Nielsen, C. B., Jackman, S. D., Birol, I., and Jones, S. J. 2009. ABySS-Explorer: Visualizing Genome Sequence

Assemblies. IEEE Transactions on Visualization and Computer Graphics 15, 6 (Nov. 2009), 881-888
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POSSIBLE PATTERNS OF NUCLEOSOME POSITIONING.

Valouev, A., et al., A high-resolution, nucleosome position map of C. elegans reveals a lack of universal sequence-

dictated positioning. Genome Res, 2008. 18(7): p. 1051-63.
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POSSIBLE PATTERNS OF NUCLEOSOME POSITIONING.
REINTERPRETED FIGURE

Valouev, A., et al., A high-resolution, nucleosome position map of C. elegans reveals a lack of universal sequence-

dictated positioning. Genome Res, 2008. 18(7): p. 1051-63.






REFINE AND SIMPLIFY GLYPHS

Use either shape or color, not both.
Circle and square can appear similar.

Use empty/filled (or small/large) glyphs to categorize data
empty or small — insignificant
filled or large — significant

Martin Krzywinski
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COMPARISON OF KA /KS RATIO AND SNP DENSITY FOR GENES AND PSEUDOGENES.

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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COMPARISON OF KA /KS RATIO AND SNP DENSITY FOR GENES AND PSEUDOGENES.

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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RESULTS OF THE ALTERNATE SPLICING EXPERIMENT.

Tenney, A.E., et al., A tale of two templates: automatically resolving double traces has many applications, including

efficient PCR-based elucidation of alternative splices.
Genome Res, 2007. 17(2): p. 212-8.
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RESULTS OF THE ALTERNATE SPLICING EXPERIMENT.

Tenney, A.E., et al., A tale of two templates: automatically resolving double traces has many applications, including
efficient PCR-based elucidation of alternative splices.

Genome Res, 2007. 17(2): p. 212-8.
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Raina, S.Z., et al., Evolution of base-substitution gradients in primate mitochondrial genomes. Genome Res, 2005. 15(5):
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FREQUENCIES (%) OF Y-CHROMOSOMAL HAPLOGROUPS AMONG ETHNIC POPULATIONS.

Basu, A., et al., Ethnic India: a genomic view, with special reference to peopling and structure. Genome Res, 2003. 13

(10): p. 2277-90.
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Basu, A, et al., Ethnic India: a genomic view, with special reference to peopling and structure. Genome Res, 2003. 13
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Basu, A., et al., Ethnic India: a genomic view, with special reference to peopling and structure. Genome Res, 2003. 13
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COMPREHENSIVE MAPS OF THE ENTIRE DNA METHYLOME
OF FETAL LUNG FIBROBLASTS (IMR90) AND ES CELLS (H1).

Costello, J.F., M. Krzywinski, and M.A. Marra, A first look at entire human methylomes. Nat Biotechnol, 2009. 27(12): p.
1130-2.




part 3
J MAKING IT PRETTY

CIRCOS




VARIOUS DATA SETS, BY CIRCOS.
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