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TOOL 

circular visualization of relationships and 
dense data 

www.circos.ca

CONCEPT

approach for rational, scalable and 
interpretable visualization of networks

www.hiveplot.com

CIRCOS HIVE PLOTS
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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.

WHAT’S THE PROBLEM?

4



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

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.

WHAT’S THE SOLUTION?
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The circle has made its comeback.

PARADIGM SHIFT - ROUND IS THE NEW SQUARE
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Circos has been accepted by the biological community as a standard for displaying sequence relationships and genome rearrangements.

CIRCOS IS WIDELY ACCEPTED
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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.

PRIMARY LITERATURE

8



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

AQ Magazine, April 2011 (Simon Fraser University). Figure by M Krzywinski.

POPULAR LITERATURE
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Wired, April 2010. Figure by M Krzywinski.

POPULAR CULTURE
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Ledford H 2010 Big science: The cancer genome challenge. Nature 464:972-974.

REVIEW LITERATURE
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The town of Caceres, Spain, a UNESCO World Heritage Site, used Circos to illustrate the relationships between businesses in their urban planning strategy. 

URBAN PLANNING
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.

ADVERTISING
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Moving your eye across the curved path is faster and more comfortable.

WHY CIRCLES?
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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.

WHY CIRCLES?
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The circular layout accommodates variable resolution.

WHY CIRCLES?
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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 
(31); 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 
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 
(I). Oriented homoeologous sites of duplicated 
gene blocks within maize. 

Schnable PS Ware D Fulton RS et al. 2009 The B73 
maize genome: complexity, diversity, and dynamics 
Science 326 1112-1115.

TYPICAL CIRCOS IMAGE
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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.

INFORMATION-DENSE, BUT PARSABLE
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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.

FLEXIBLE IDEOGRAM LAYOUT AND CROPPING
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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. 
Figure by M Krzywinski.

LINK BUNDLES
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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.

COMPOUND DATA TRACKS
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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.

NOT JUST FOR RELATIONSHIPS
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ALTER FORMATTING, NOT DATA

dynamic parameters and 
rules
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.

DYNAMIC PARAMETERS
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color	
  =	
  greys-­‐9-­‐seq

DYNAMIC PARAMETERS

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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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.

DYNAMIC RULES

<rule>
condition	
  	
  =	
  _VALUE_	
  <	
  15000
show	
  	
  	
  	
  	
  	
  	
  =	
  no
</rule>
<rule>
condition	
  	
  =	
  _VALUE_	
  <	
  20000
color	
  	
  	
  	
  	
  	
  =	
  vvlgrey
</rule>
<rule>
condition	
  	
  =	
  _VALUE_	
  >	
  100000
color	
  	
  	
  	
  	
  	
  =	
  black
</rule> 26
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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. 

DYNAMIC RULES
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TEMPLATE-DRIVEN TRACKS

automation
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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. 

TEMPLATE-DRIVEN TRACKS
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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.

TEMPLATE DRIVEN TRACK PARAMETERS
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###	
  circos.conf

...
#	
  track	
  definition
<plot>
type	
  	
  =	
  heatmap
file	
  	
  =	
  conservation.txt
#	
  track	
  start/end	
  radius
r0	
  	
  	
  	
  =	
  0.70r
r1	
  	
  	
  	
  =	
  0.75r
#	
  data	
  range	
  
min	
  	
  	
  =	
  0.1
max	
  	
  	
  =	
  0.9
#	
  color	
  map
color	
  =	
  spectral-­‐11-­‐div
</plot>
...

PLAIN TEXT CONFIGURATION
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circular visualization of relationships and 
dense data 

www.circos.ca

CONCEPT

approach for rational, scalable and 
interpretable visualization of networks

www.hiveplot.com

CIRCOS HIVE PLOTS
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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 
network. Genome Res, 2004. 14(3): p. 380-90. (3) Nayak, R.R., et al., Coexpression network based on natural variation in human gene expression reveals gene interactions and functions. Genome Res, 2009. 19(11): p. 1953-62. (4) Genome Res (5) 
Genome Res (6) Markson G. et al. Analysis of the human E2 ubiquitin conjugating enzyme protein interaction network. Genome Res. October 2009 19: 1905-1911 (7) Date S.V., Stoeckert Jr., C.J. Computational modeling of the Plasmodium 
falciparum interactome reveals protein function on a genome-wide scale. Genome Res. April 2006 16: 542-549 (8) Formstecher, E., et al., Protein interaction mapping: a Drosophila case study. Genome Res, 2005. 15(3): p. 376-84.

WHAT’S THE OTHER PROBLEM?
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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.

THE MISLEADING HAIRBALL
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(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). 

THE CHAMELEON 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.

THE LYING HAIRBALL
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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.

THE TRICKSTER HAIRBALL
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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.

THE TRICKSTER HAIRBALL
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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.

TOWARDS A RATIONAL LAYOUT
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(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. 

HIVE PLOT METHOD
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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. 

NAVIGATING THE HIVE PLOT 
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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.

E COLI REGULATORY HAIRBALL
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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
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.

COMPARING NETWORKS
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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. 

VISUALIZING RATIOS - ASSEMBLY QUALITY
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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).

VISUALIZING RATIOS - ASSEMBLY QUALITY
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CIRCOS HIVE PLOTS
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