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CIRCOS
TOOL

circular visualization of relationships and
dense data

WWW.CIrcos.ca
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HIVE PLOTS
CONCEPT

approach for rational, scalable and
interpretable visualization of networks

www.hiveplot.com

......



WHAT'S THE PROBLEM?
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Segmental Duplications in Arabidopsis Genome. Alexander Kozik and Richard Michelmore, UC Davis, California
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(1) Fukui, T., et al., Complete genome sequence of the hyperthermophilic archaeon Thermococcus kodakaraensis KOD1 and comparison with Pyrococcus genomes. Genome Res, 2005. 15(3): p. 352-63. (2) Guo, X., et al., Natural genomic design in
Sinorhizobium meliloti: novel genomic architectures. Genome Res, 2003. 13(8): p. 1810-7. (3) Thomson, N.R., et al., Comparative genome analysis of Salmonella Enteritidis PT4 and Salmonella Gallinarum 287/91 provides insights into evolutionary
and host adaptation pathways. Genome Res, 2008. 18(10): p. 1624-37. (4) Lyle, R., et al., Islands of euchromatin-like sequence and expressed polymorphic sequences within the short arm of human chromosome 21. Genome Res, 2007. 17(11): p.
1690-6. (5) Veyrunes, F., et al., Bird-like sex chromosomes of platypus imply recent origin of mammal sex chromosomes. Genome Res, 2008. 18(6): p. 965-73. (6) Blanc, G., K. Hokamp, and K.H. Wolfe, A recent polyploidy superimposed on older

large-scale duplications in the Arabidopsis genome. Genome Res, 2003. 13(2): p. 137-44. (7) Pevzner, P. and G. Tesler, Genome rearrangements in mammalian evolution: lessons from human and mouse genomes. Genome Res, 2003. 13(1): p.

37-45. (9) Humphray, S.J., Oliver K. et al (2004) DNA sequence and analysis of the human chromosome 9. Nature 429(6990): 369-74.
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WHAT’S THE SOLUTION?

Regions of similarity between human and dog genomes. (A) human genome. (B) human ideograms. (C) dog genome. (D) dog ideograms, coded by most

similar human chromosome. (E,F) link bundles connect similar regions. (F1) rules are used to color bundles by size. (F2) bundles twist when similarity involves

opposite strands. American Scientist, Sept-Oct 2007. Cover figure by M Krzywinski. 5
M
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The circle has made its comeback.
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CIRCOS IS WIDELY ACCEPTED
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Circos has been accepted by the biological community as a standard for displaying sequence relationships and genome rearrangements.
7
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PRIMARY LITERATURE

Normal (European) Normal (African)

Deletions

Tandem duplications .
Inversions XL
\ /

Copy number

Cluster size

Intra-chr. insertions/ e >100
Unpaired inversions g} ;go
Inter-chr. insertions/ e ‘s . 11-20
Isolated translocations % : 610
3-5
Chromosome
Breast tumor 1 Breast tumor 2 Breast tumor 5

Hillmer AM, Yao F, Inaki K et al. 2011 Comprehensive long-span paired-end-tag mapping reveals characteristic patterns of structural variations in epithelial
cancer genomes. Genome research 21:665-675.
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POPULAR LITERATURE
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AQ Magazine, April 2011 (Simon Fraser University). Figure by M Krzywinski.
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Steven Jones and the modern

supercomputer take on a deadly foe.

In the 18th and 19th centuries cancer was a
rare disease. Today it hits one in three people,
Why the difference? The answer is we now
live Jonger.

Cancer is mainly a disease of older people.
In centuries past, people often died young or
in their puﬂhn‘:«ﬁsm such = lub:‘rw
losis, diphtheria, whooping cough, and other
illnesses. But we've conquened all of those with
vaccinations and antibiotics. We now live into
our seventies, cighties, and even nineties. Same
of us live to 100,

Unfortumately, as we age we increase our
chances of getting some form of cancer. The
prescribed treatment is surgery, radiation and/
ot chemotherapy, all of which can be ineffec
tive and produce serious side effeces. But now »
revolutionary anti-Cancer Woapon is emerging -
the modern supercospater. At the forefroat of
this approach is Steven Jones (MSc'94), professor
of Modecular Bnﬂun and Buxhcmuuy at SFU,
and associate disector of the BC Cancer Agency's

(;cmmc S(lmTl Cfﬂm.
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POPULAR CULTURE
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@ “Lost taught the audience how to watch

a big, serialized, sprawling epic; but
more important, it taught the networks that this model
was viable.” —Tim Kring/creator of Heroes
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Wired, April 2010. Figure by M Krzywinski.
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REVIEW LITERATURE

NEWS FRATURS NEWS FEATURE
-

i o

NEWS FEATURS

A

2 reTpret  Aasegn

dah oy wmnd i N vy -l - . . ek -~
w Seytha A e o wne widll ) v " ¥ e . e
Pt oot b ot o e f e Py g e - . ' A
Weoat of Bane regions seaally serve The  mwne sl posorts o prised b pug s
P - 4 smishrn i how I b ow iwer - -
o o s of o g« e . o O raoni s ol et & o by ey
e ot b pande . D smgurva 118 and way s wrre S
! . . Aot whh APARO. § < SR ot Nt
' | . g g we  Ewon Bl the level of TR —y
- e i - praphen, M) Nevaridon. 1000 samples, e i Vi Comade
o g M Bading o & ot Ih Ithirk we're probably - “ -
s - . . ot sl b 0\ o pen - - - - TR
e ommen e - - B0l g 1o R The o, g be ey e b
WER N - i " AN we Wl P » e B vl wiork meme
A /' | ) e . - SR e
Datatases could s00n be Hooded with genome sequences e )
from 25000 tumcurs. Meidi Ledfoed looks at the obstacies
- - - -~ TR A . bl srs B e 0 camoor renens ey . w e s Vgl o - ~

researchers lace a5 they search for meaning nthe data Pevber Cologr o M Pres— ey Notwmel Lobaaory i

v | b, Traan “Thow & pom Ao ile didoavia, bl 1N st o e O rah dan - s oy LT wi g bug bt s “« b
4 wen Bt S wvernd in - e poiied 1 we o vermable Baveia b o D I L L L L L TV I SN ST W B S SN T RN Ll Lt el angrin iy O ekt bhewniied by the TOLA e
NN, b8 o st of 35 cndrvs-  OUNOMLS AT A GLANCL anha b g whabyin’ Thts going be v B haed (e -l Ny v 07 b s Tven - - e A Ml h b et et ol bt The 1
s N . _ . . . ' v wed A 1 (1% qampbe - PN ‘ B Connell Mol ol o ot O Dvwr Farbon Cowon Co
e JIAYVY von o e - v s——t T b w oo Doy Sepmnal Dervers wanted g~V orn u €08 M » wny wg ey ol have - ¢ 1he Powro ondomabor ot d) gy Thathu
v B apywend i cndy cne o e M o ine — TN s nanh [P SR e—— Wit Mguy mandur. mdd (v vilr & mre  seen Ve e s e e et i Ave v e dwiry 1 New Tk o ot
e i e R v ek e e e o s wwd i) s - Nage i o Ml O o o TN Thee bnmbrvad b srnd prv e o b gV L L B e e o wrwwn bers ol s v den e
Ravw wvwaind s ad bl mte- . e L LI R Ty - cerdat p e AL et Rewn arper ol the o bat - o ot v Mt od e Nt > s e
LT - “ v > e dvnsassd . N o . > e bon ¢ illdnadivw ool drute 2o Srw ¢ . L T T T Pontom Mama. bt Mot v Bt —— - . « P
o bemer o (TN wihi b ro~ - - snbe Fon 08 Bown €1 gunt % Moy wevered hambond wended of Dhe Plomnan Gomomne Prgnt The Moy win o s b S s B Adet 0 & Py S e L A I
- gy L ‘ be [ ) ot Vs o o g e oo pren O oo et b - ey N peT—
00 @ ov i aey . et g Mgy Ay e d s 2008 whngrhan  Peve av i . v od e s peos o, evem & e @l (7 W o e vy vy whurrn and (e C ol Wriong Hode  rvie
s bt Commgrartong the g amgurss 4 an ey WX . - . s o s parsodes e, e 'S going 1o take alon e drbe 8 o LBhvved fomm—s ‘U y S —— .
- ot ol & ol rovech benme vrn Toogthher Bhoe po pes it will cont o e . Ny eages v pood obélashoned A e -0 pehey A
e bPe e o, PRRETE T SR ) SRR # D W e hawe te de! ogy 10 reaily A e b . £ you ? e m e o absm by b proen v ey
L - . - B S T L e Voo sl bo « Bengmn v P B g the pahgn T o perndhd wh the T g g
. - . . e DG B o b, b - v Setermame WhM thede  Lavuind 17 epmetng puit e e e o aerris e maee O o b . of drkeing oo
o ' ~ e paine wrn v Conmne Voo, o v M Al o e, TS ONL e doing *  wers Bhat had hevw whevrs B o = b e A prow athe - gt coebiy v
wtvrreety 1o BaResnrn w Velh e Wus e . G e Champrs w0 gone vopy sasmber (as be Vio e muer # -
Lar et wie s bl oy ltmatend . widge, UK and the LS N - v o i b b v d el e o e Ll o A L AT g Mtre bl womng Lot (olotond dwipuinioy  gries Dk b § o ot Seguans g
. ) \ . . . Phoneiin. Camuny Gumme Atk (TOGAL The v e, W b Py . . o P - e B eaneth @ bl N ey ce o iy el bt bers Mo "
-t v g & - iy b waor O ] S e Y - oo et O 174 e A ST LA = Lo 0] Womgeh -~ - A S fe ey R
DA e panded, the 110 ] swate | - - b gre e oo b gy [V whde g blabome Lo ) wes bes dure Ldinvred smmaes o 3 Manda o wrgern g shoadd p ol 1 A et ¢ wath
1o o rd again b 10N of e . s 9 v . . - 1o pes e ot abwaps i b wha s . Wi wenly W, o ‘it
Pl o 0 rpw of D amony ¢ ity e bl 2000 000 st B Pl e wor svgurmr of moote mevhad  bamd s e e b e W hen pow PRAIN CANCIR . . - . COA o hrvand Shoda o S bl T Ao

o . wlihg O cwn B R ot nmdaries of e . agrvn wih e A the g

o et me b oo’ hen - e N [ Rl e L

ok - o buharvae o . © ¢ Pon- pour. Do < o L et lot  pa § pret 0 of whveh had e N b .4 - Nt e 8 S e e —— O e - " % ey e b of dbudian 50 »~

. . s . v, Tl oo e 1w bovem B o Mol e ob oadeg vt b pacve ady bl wilh o athe . . Mpte e we v Jritonn $ua might b gene o vt  armbebirs .
- gl Pu o - - / N pS— - N R p— Wy ¢ o o b 1 o= ov  Dalrwnyg “~ e A Nawln dogwih vy vl Ledird s o reparter hw Ratoe =

. PP ——— .~ Ny S— ow Do rewd Doy po o T D e P ) bagwr Fa b ] Wb wnd v ward  Comiridige Mivsss s

- g s Wt bl ewgpra Ny s A srpest mw Banaws B passrmgns 4 1 e e ‘ " DO swing e T - ot ‘o d guemd b (et fare -

- o Cand o Mosap b yu . / - - e b @ &be ‘. o . [ VL S ey I T Ll R bow poge P The Svbens "

shroady Sawing bov o reg v ® warm  / / s o) oy o Sy oo Ldesily bey e o o rm b grve e dots ho mom emvaivrn S b y afva - spnanenrd et srghom « codaining CTNNAL o —

Fome yram abiw B bobia) Souimwry b e ” | o ot e Wt of Miheve oo Bt € b o e e e g 4 sebet of Y e L e e S . -l v —to ™

o e ey o e Tkl why s amnt greme oo - 1o s v rovaleng fase pauiene B Vo et Samngls (o oo § s ot vy Sope L T y o - -

o ts oy e - sy will (v Al - - evmars. \Wa o v ke Dy » . o % vt ol bl e 1y orpan g weowme. the 1A of e g Bt Do Uy Meamwh s cmm oty w0 apeadoy han)

Py vy the T T ) taoms ot e Sog o e B, B o e sl [0y w0 o e bremn ey ST TR aber 44 o ten aind @ Dot oy hd sumpent e v O large v v whiwd v R e T

e "

Ledford H 2010 Big science: The cancer genome challenge. Nature 464:972-974.
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URBAN PLANNING
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WHY CIRCLES?

Q 2] © Q

o o [13) 1) o
) o 7]
[12) o ©

© o

Moving your eye across the curved path is faster and more comfortable.
14
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WHY CIRCLES?

low focus medium focus

*
equal
broken adjacency perceived equal focus _—

L role across scale

high focus

broken continuity
in data tracks

o preserved
preserved continuity adjacency

in data tracks
I ‘ perceived role of data point

central peripheral

Linear layout of scale has disadvantages of changing focus (regions in the center of the image receive more attention), broken adjacency (neighbouring points
on a linear scale are separated), broken continuity (data tracks are difficult to follow from one edge of the figure to another), and non-uniform data emphasis
(center and edge of the axis are not perceived uniformly - the edge implies periphery, which may not apply. 15
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WHY CIRCLES?

d x d figure boundary

d/3

constant resolution, d/I[
X XXX EEEEEEIEIENEEIENIENIENNEENEERR

L=29l

The circular layout accommodates variable resolution.
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TYPICAL CIRCOS IMAGE

@, : & The maize B73 reference genome
' B73 RefGen_v1

Concentric circles show aspects of the genome.
Chromosome structure (A). Reference
chromosomes with physical fingerprint contigs (11)
as alternating gray and white bands. Presumed
centromeric positions are indicated by red bands
(81); enlarged for emphasis. Genetic map (B).
Genetic linkage across the genome, on the basis of
6363 genetically and physically mapped markers
(14, 19). Mu insertions (C). Genome mappings of
nonredundant Mu insertion sites (14, 19). Methyl-
filtration reads (D). Enrichment and depletion of
methyl filtration. For each nonoverlapping 1-Mb
window, read counts were divided by the total

501 number of mapped reads. Repeats (E). Sequence
coverage of TEs with RepeatMasker with all
identified intact elements in maize. Genes (F).
Density of genes in the filtered gene set across the
genome, from a gene count per 1-Mb sliding
window at 200-kb intervals. Sorghum synteny (G)
and rice synteny (H). Syntenic blocks between
maize and related cereals on the basis of 27,550
gene orthologs. Underlined blocks indicate
alignment in the reverse strand. Homoeology map
(). Oriented homoeologous sites of duplicated
gene blocks within maize.

=
Ala
© 00000000

Schnable PS Ware D Fulton RS et al. 2009 The B73
maize genome: complexity, diversity, and dynamics

O Recombination rate (c(M/Mb) 0 Science 326 1112-1115.

@ Muinsertions (sites/Mb)
() MF Enrichment (% reads) 0.1
O Repeat coverage (%)

URJ]S oSNl

) Rice chromosomes

P

1 2 3 4 5 6 7 8 9 101N 125
II!DI]III L/l
3 4 6 9 10 . 5 8

@ Sorghum chromosomes

Q@ Gene density (genes/Mb)
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http://www.sciencemag.org/content/326/5956/1112.full#ref-11
http://www.sciencemag.org/content/326/5956/1112.full#ref-11
http://www.sciencemag.org/content/326/5956/1112.full#ref-31
http://www.sciencemag.org/content/326/5956/1112.full#ref-31
http://www.sciencemag.org/content/326/5956/1112.full#ref-14
http://www.sciencemag.org/content/326/5956/1112.full#ref-14
http://www.sciencemag.org/content/326/5956/1112.full#ref-19
http://www.sciencemag.org/content/326/5956/1112.full#ref-19
http://www.sciencemag.org/content/326/5956/1112.full#ref-14
http://www.sciencemag.org/content/326/5956/1112.full#ref-14
http://www.sciencemag.org/content/326/5956/1112.full#ref-19
http://www.sciencemag.org/content/326/5956/1112.full#ref-19
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=19965430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=19965430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=19965430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=19965430
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Reith F, Etschmann B, Grosse C et al. 2009 Mechanisms of gold biomineralization in the bacterium Cupriavidus metallidurans Proc Natl Acad Sci U S A 106

17757-17762.
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FLEXIBLE IDEOGRAM LAYOUT AND CROPPING

L

covs0s
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v58-90d — FATLYAN

117.86)

11

The most frequent complex rearrangements involving MLL and (A) AFF1/AF4. Localization of chromosomal breakpoints and UPN of individual patients are
indicated. Colored lines indicate in-frame fusions (green), out-of-frame fusions (red), no partner gene present at the recombination site (blue).
Meyer, C., E. Kowarz, et al. (2009). "New insights to the MLL recombinome of acute leukemias." Leukemia 23(8): 1490-1499. Figure by M Krzywinski.
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LINK BUNDLES
erican Scientist

THE MAGCAZINE OF SICMA X1, THE SCENTIFIC RESEARCH SOCHTY

PETER J. RUSSELI

SIPTEMUER-OCTONER 2007

-
’ "..u.

-‘-.
\
\

1GENETICS

A Molecular Approach

1 1

LEFT Regions of similarity between human and dog genomes. American Scientist, Sept-Oct 2007. Figure by M Krzywinski.
RIGHT Similarity between genes in human and fly (D. melanogaster) genomes. Russell, P. J. (2010). iGenetics: A Molecular Approach, Benjamin Cummings.
20
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Figure by M Krzywinski.
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COMPOUND DATA TRACKS

7p S5

19 2 ,/ st 7 .‘.7@ Uty T
Various types of data tracks can be stacked. Five instances of a compound track each represent copy number information from a different sample. Using

links and highlights, attention is drawn to the progression of scale increase within chr17:53-63Mb. Krzywinski, M., J. Schein, et al. (2009). "Circos: an
information aesthetic for comparative genomics." Genome Res 19(9): 1639-1645. 21
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NOT JUST FOR RELATIONSHIPS

Reading the chart
2z3 539 T The outer ring represents 35 million base pairs in Chromosome 22.
‘;gf EREN Orange marks highlight areas of the chromosome that were tested for
2233 %33 a§ :’é 1 million CpG methylation in a pilot study by the Human Epigenome Project.
QREBOZIS=R IS base pairs P . ) )
&4g ﬁ(’;‘?@ Measuring CpG methylation
& Fx

Chromosome 22
Of the 23 pairs of
chromosomes in
the human genome,
22 is the second

Gray and white

bands on the
smallest, conlaining circular chart
only about 2 correspond to
percent of DNA in these bands on
the genome. the chromosome.

Bar charts indicate the average

- amount of CpG methylation found

within the tested areas. Each
chart covers 100,000 base pairs.
Some charts hava been shifted,
shown with connecting lines.

AMOUNT OF METHYLATION

0toc 20%
20 to 80%

—\ Bunn
o
Win,
i
| "

L

]
/
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"
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Data sets which do not sample the genome uniformly (A) can be effectively shown by using a connector track (B) to show the remapping onto an index scale
(C). Shown in the figure are methylation values (A) for 7 tissues are summarized using stacked histograms (C), whose bins represent statistics for remapped
methylation probe positions. Zimmer, C. (2008). Now: The Rest of the Genome. New York Times. Figure by M Krzywinski.

PSA ANNUAL MEETING 2011 GENOMICS WORKSHOP - circos & hive plots: challenging visualization paradigms

BC Cancer Agency

CARE »

RESEARCH

22

£ Shiblcks



dynamic parameters and

rules
ALTER FORMATTING, NOT DATA



DYNAMIC PARAMETERS
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DYNAMIC PARAMETERS
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color = greys-9-seq LEFT
color = spectral-11-div

RIGHT

color = eval(join(",",map { sprintf("chr¥%d_a
%d", $CONF{counter}{mmchain} ,$ ) }
(5,4,3,2,1) ))
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DYNAMIC RULES
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Each data point is tested against a rule chain. When the

rule’s condition matches, the data point’s value, position

and formatting can be dynamically adjusted.
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<rule>
condition
show
</rule>
<rule>
condition
color
</rule>
<rule>
condition
color
</rule>

_VALUE_ < 15000

_VALUE_ < 20000
vvlgrey

_VALUE_ > 100000
black
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DYNAMIC RULES

. o
rules adjust |
. o .
glyph size ¥ [T
and outline —~___ 0% ¢
based on value ®is/l "

4]
el ¢
H\ £
scatter plot
for data [-3,0]

o /A /9
4/ /s
B : ’0
.. o . . o (o} q
8, % ¢ .
o ° * ~* scatter plot .
s < " .. for data [0,3] Y, collapsed
@ [s] o ¢ o
« et I scatter plots
5 . > : : . for data
B @ [-3,0] (inner track)
- > [0,3] (outer track)
: o .
e
o 904 _ 0 @

The size and outline of each scatter plot glyph is influenced by the data value. The data value itself can be altered, as see in the two outermost collapsed

scatter plots, where the value for each point has been set to 0 to display the glyphs at the same radius.
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automation
TEMPLATE-DRIVEN TRACKS

28
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TEMPLATE-DRIVEN TRACKS

Each track is associated with several internal counters. The value of the counters are different for each track and can be used to drive track generation from a
single template. By referencing the template multiple times, new tracks can be created automatically, without having change the template.

29
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TEMPLATE DRIVEN TRACK PARAMETERS

Properties of each successive track are determined by the track’s index. Orientation, color, transparency, background can thus be made to alternate or
progressively change.
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PLAIN TEXT CONFIGURATION

H##t circos.conf

# track definition

<plot>

type = heatmap

file = conservation.txt
# track start/end radius
ro = 0.70r

rl = 0.75r

# data range

min = 0.1

max = 0.9

# color map
color = spectral-11-div
</plot>

31
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CIRCOS
TOOL

circular visualization of relationships and
dense data

WWW.CIrcos.ca
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HIVE PLOTS
CONCEPT

approach for rational, scalable and
interpretable visualization of networks

www.hiveplot.com
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WHAT’'S THE OTHER PROBLEM?
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(1) 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. (2) Prinz, S., et al., Control of yeast filamentous-form growth by modules in an integrated molecular
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THE MISLEADING HAIRBALL

a LCI CCSB-MIN

Overlap = 2.3% of LCI
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“The apparent banding pattern of the yellow nodes is an artefact of the graph layout
algorithm (Supplementary Data). Importantly, the layout algorithm was not informed by type
of supporting evidence and therefore does not explain the evident separation of blue and
red edges.” Figure 2 and caption quote from Rual et al., Nature 437(7062):1173-8.
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?.0..0 '

THE CHAMELEON HAIRBALL

'f.:'z"‘ gephi

‘ | A gves X TR o
_ AT T SPRING W Sw,. T FRUCHTERMAN
o disease EMBEDDED REINGOLD

oo YIFAN HU NV FORCE ATLAS BIOLAYOUT

(A) Visualizations of the largest connected component (2,104 gene symbols, 548 diseases, 3,941 edges) of the human disease network (3,823 gene symbols, 1,284 diseases, 6,275
edges) generated with Cytoscape 2.8.1 and Gephi 0.7. Fruchterman Reingold and force directed layouts (A1, A3) render nodes uniformly around dense hubs, whereas the y.organic
layout (A2) distributes the nodes at a constant radius around their hub. OpenOrd is efficient for very large networks and distinguishes clusters by collapsing neighbouring nodes (A4). 35
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THE LYING HAIRBALL
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(B) Affine transformations of the j.spring embedded layout from panel A. The same group of nodes is highlighted with a dotted circle for orientation.
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THE TRICKSTER HAIRBALL
A B

N1 E1 AXIS OF
SYMMETRY

SPRING FORCE
EMBEDDED DIRECTED

/‘}""{/"
o ’—é‘?: 6" : B
NN

N

MANUAL LAYOUT y.SIMULATED j.SUGIYAMA

ANNEALING

o—>O—0O (
'3 o
)
%
IMPLIED EDGE Y
DIRECTION

y.CIRCULAR  j.RADIALTREE y.ORTHOGONAL INVERTED

(A) Manual layout of a 15-node symmetric directed network. (B) Automated layouts of (A). (C) Spring embedded layout of instances of (A) with edge E1 and
node N1 removed.
37
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THE TRICKSTER HAIRBALL
A B

N1 E1 AXIS OF
SYMMETRY

SPRING FORCE
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(A) Manual layout of a 15-node symmetric directed network. (B) Automated layouts of (A). (C) Spring embedded layout of instances of (A) with edge E1 and
node N1 removed.
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TOWARDS A RATIONAL LAYOUT

E. coli transcriptional Lin Il h
regulatory network PERETIEE

master regulator

middle manager

workhorse - — 3 -

D T S S——— e e
e e A e e i e - ® e

e SR S R A
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The hierarchical layout of the E. coli transcriptional regulatory network and the Linux call graph. (Left) The transcriptional regulatory network of E. coli. (Right)
The call graph of the Linux Kernel. Nodes are classified into three categories on the basis of their location in the hierarchy: master regulators (nodes with zero
in-degree, Yellow), workhorses (nodes with zero out-degree, Green), and middle managers (nodes with nonzero in- and out-degree, Purple). Yan KK, Fang G,

Bhardwaj N 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):9186-9191.
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HIVE PLOT METHOD

A B REGULATOR
X

n1

‘ : n1, deg=3

n2

HIVE PLOT

n3
@ REGULATOR
) MANAGER % de9=t
y y
() WORKHORSE WORKHORSE MANAGER

(A) A small directed network, representing gene regulation. (B) 3-axis hive plot (HP) of (A) constructed using role of nodes for axis assignment and
connectivity for axis scale.
39
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NAVIGATING THE HIVE PLOT

N1 E1 AXIS OF
J SYMMETRY

MANUAL LAYOUT

»
-~

.ﬁ,
) ¢

<A
.

OO

HP of Figure 2A using rules from Figure 3B. Position of nodes on the HP is demonstrated with copies of Figure 2A highlighting the nodes in question. Edge
and node elements removed in Figure 2A to generate layouts in Figure 2C are indicated with E1 and L1, respectively.
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E COLI REGULATORY HAIRBALL
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Gama-Castro S, Salgado H, Peralta-Gil M et al.: RegulonDB version 7.0: transcriptional regulation of Escherichia coli K-12 integrated within genetic sensory

response units (Gensor Units). Nucleic Acids Research 2011, 39:D98-D105.
’
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E COLI REGULATORY HIVE PLOT
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E COLI REGULATORY HIVE PLOT
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E COLI REGULATORY HIVE PLOT
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E COLI REGULATORY HAIRBALL
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E COLI REGULATORY HAIRBALL
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COMPARING NETWORKS

OPHTHALMOLOGICAL HEMATOLOGICAL
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COMPARING NETWORKS

OPHTHALMOLOGICAL HEMATOLOGICAL
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VISUALIZING RATIOS - ASSEMBLY QUALITY

REFERENCE ASSEMBLY

050 O 050
MAXCONTIGSIZE 51100 O 51100 CONTIG
COVERAGE 100-200 @ 100-200 SIZEKB
2001+ @ 201+
MULTIMAPPED @ MULTIMAPPED
NO COVERAGE @ UNALIGNED

REFERENCE

100%

ASSEMBLY

100%

2% 0%
REFERENCE READS READS ASSEMBLY
020 QO 020 27 @ 7
MAX QUALITY 2130 O 2130 QUALITY KMER 35 O 35 UNIQUE
COVERAGE 3140 @ 3140 ASSEMBLY 41 © 41 CONTRIBUTION
41+ @ 414 ! 50 @ 50
COVERAGE BY MULTIMAPPED @ MULTIMAPPED 100%
NO COVERAGE @ UNALIGNED READS UNASSEMBLED @ ARTEFACT

Application of HPs to visualizing ratios. (A) Quality of a sequence assembly is visualized by relating (a) the fraction of reads, by assembly parameter, aligning
to the assembly, by contribution (b) the fraction of the assembly, by contig size, providing coverage of the reference genome, by contig coverage, and (c) the
fraction of reads, by quality, providing coverage of the reference genome, by quality coverage.

49
' ' ' ing visualizati ' BC Cancer Agency §é WO M E
PSA ANNUAL MEETING 2011 GENOMICS WORKSHOP - circos & hive plots: challenging visualization paradigms S BRORE 3¢ IEN,C.ES(



VISUALIZING RATIOS - ASSEMBLY QUALITY

REFERENCE ASSEMBLY

READS

B1AB1B B1 B1CB1D B2B B2 B2C B3A B3B B3 B3C B3D

B1EB1F B2E B2F B3F

Three assembly scenarios. (B1) complete coverage of the reference genome with some unused reads (B1F) which ambiguously map to the reference (B1E);
(B2) complete coverage of the reference with unique sequenced (B2E) and assembled (B2C) content; (B3) poor assembly with large fraction of unassembled
reads (B3F), assembly error indicated by regions uncovered by reads (B3D), and incomplete coverage of the reference by both reads (B3A) and contigs (B3B)>0
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CIRCOS

WWW.CIrcos.ca

HIVE PLOTS

www.hiveplot.com
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