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https://www.sas.com/en_us/insights/big-data/data-visualization.html
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(Krzwinski et al., 2009) ”Circos: an information aesthetic for comparative genomics”. Genome Research, 19(9), 1639–45. 
http://circos.ca/

http://circos.ca/


Circular Visualization
• Layering different data sets to create highly infographics with 

texture and visual appeal

• Integrate data for one or multiple samples to emphasize 

particularities, similarities or differences, in a single graphical 

representation

• Circos is capable of displaying data as:

• Scatter line
• Histogram plots
• Heat maps
• Tiles connectors and text

http://circos.ca/
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1. Genomic data 
• Circular layout that facilitate sequenced genomic 

information

• Each chromosome is a segment around the circle
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Features that have chromosomes and positions: 
Structural variants
Repetitive elements 
Homology
Evolutionary conservation scores
SNPs
Genes 
Differential gene expression 
DHS peaks
Copy number profiles
ChIP-seq peaks
CpG islands



2. Chord diagram
• Inter-relationships between data in a matrix on one 

or more scales

• The size of a segment is the sum across a row or 
column in that adjacency matrix

https://oidamen.files.wordpress.com/2014/06/wolrdcup2.jpg
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https://oidamen.files.wordpress.com/2014/06/wolrdcup2.jpg


3. Phylogeny
Distinct from both chromosomal coordinates and from 
chord diagrams (increased space for the leaf nodes)

A circos plot containing two phylogenetic trees with associated heatmaps

http://zuguang.de/circlize_book/book/
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http://zuguang.de/circlize_book/book/


Complicated Circos Plot

Circular representation of the Gloeobacter kilaueensis JS1T genome
From inside out: GC skew (Yellow>0, Green<0), GC percent (Blue>50%, Red<50%), Newbler scaffold contigs, Celera contigs, Velvet contigs (Illumina reads
only), read coverage (Combined 454 and Illumina reads sampled for 1,000 bp window. Highest coverage is 368×), minimal tiling clone pairs (shown in
red), recruited reads from metagenome, taxonomic rank of top BLAST hit (yellow = Cyanobacteria, Red = others, Grey = no BLAST hit), coding regions in
minus and plus strands (colored by COG functional categories). CRISPR repeat regions are highlighted in yellow in the outermost circle. Locations of genes
involved in photosystems are labeled in the outermost circle
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Why to use Circos?

• Interesting data patterns 

• Impressive figures for publications 
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Visualization tools

• Circos – command line based tool -writing a long configuration file, 
challenging for users with no computing experience

• Circoletto
• J-Circos
• Circa – not free
• R based

– RCircos
– OmicCircos
– Circlize
– Ggbio
– CIRCUS

https://omictools.com/circos-plot-generation-category
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https://omictools.com/circos-plot-generation-category


Integrative Genomics Viewer (IGV)

Dark blue = heterozygous, Cyan = homozygous variant, Grey = reference.
Filtered entries are transparent.



Variant Call Format (VCF) file
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Sequencing data workflow
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https://jasonjwilliamsny.github.io/wrangling-genomics/00-readQC.html

https://jasonjwilliamsny.github.io/wrangling-genomics/00-readQC.html


Variant Callers

• Identification of variants from sequence data

• When aligned read differ from the reference 

genome it is written to a VCF file

• Over 40 open-source tools

www.nature.com/articles/srep43169
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GATK

FreeBayes

Samtools

Variant tools

Platypus

VarScan

LoFreq

VarDict

http://www.nature.com/articles/srep43169


Variant Call Format (VCF) file

• Text format

• Storing genotyping information 

– SNP

– Indel

– Structural variation

• Contain variants position

• The number of reads 

• Overall quality
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Variant Call Format (VCF) file
Each line in the VCF file represents a single variant 
Various properties of that variant represented in the columns
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Fixed fields

MeaningField

Chromosome ID from the reference genomeCHROM 

Reference positionPOS 

The rs number (dbSNP variant)ID 

Reference base (forward strand)REF 

Alternate base observed in a sample/set of samples (forward strand)ALT 

Probability that the ALT allele is incorrectly specified, expressed on the 
phred scale 

QUAL 

PASS if this position has passed all quality control  filtersFILTER 

Additional informationINFO 
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INFO field keys
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Genotype field

MeaningField

Genotype, encoded as allele values separated by either of / or |. 
0/0 - the sample is homozygous reference
0/1 - the sample is heterozygous, carrying 1 copy of each of the REF and ALT 
alleles
1/1 - the sample is homozygous alternate

GT

Genotype quality (Phred, probability that the genotype call (G/T) is correct)GQ 

Filtered depth - number of filtered reads that support each of the reported 
alleles

DP

Haplotype quality (Phred)HQ
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Genotype field keys
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VCF documentation

https://samtools.github.io/hts-specs/VCFv4.2.pdf
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https://samtools.github.io/hts-specs/VCFv4.2.pdf


legolas.ariel.ac.il/~tools/CircosVCF/
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CircosVCF
• Interactive user-friendly web service

• Create beautiful circos plots without writing a single 
line of code

• Whole genome variation information

• Comparison of variation distribution in multiple 
genomes

• Any organism and any reference genome

• No limit to the number of tracks or datasets you can 
plot

• Input: VCF files
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Ring types

1. Genotype: Draw line in each SNP location

– Color based on GT (0/0, 0/1, 1/1)

– Recommended when plotting relatively small 
number of SNPs or variations in a single 
chromosome 

2. Density: SNP amount within a defined 
genomic length

– Darker color represents denser regions 
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Condition Types
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• AND Tree 

• OR Tree

• Equal Columns

• Inequal Columns



Comparison

• Has the possibility to plot a subset of SNPs that 
would fulfill a specific set of conditions

((a = b) OR (c = d)) AND (a != d) 

plotting all SNPs where the genotypes of sample a 
are equal to sample b, or the genotypes of sample c
are equal to sample d, as long as the genotypes of 
sample a are different from d. 
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((a = b) OR (c = d)) AND (a != d) 
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DEMO
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Reviving the Wines of Ancient Israel

• Dr. Shivi Drori and Dr. Mali Salmon-Divon

– Ariel University Wine Research Center

• Tracing the lost ancient varieties of wine 

grapes unique to the land of Israel

– Remains were discovered in archaeological sites 
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http://www.bbc.com/news/blogs-news-from-elsewhere-29458615

http://www.bbc.com/news/blogs-news-from-elsewhere-29458615


Reviving the Wines of Ancient Israel

• DNA sequencing and genetic analyses

– Genetic map of the various strands 

• Multi-VCF file of 9 Vitis vinifera  

– Sativa cultivars (domesticated) = 6 

– Sylvestris (wild) = 3

Circos Visualization
Variant Call 

Format (VCF) file
CircosVCF Demo Hands-on



Circos Visualization
Variant Call 

Format (VCF) file
CircosVCF Demo Hands-on

Input file: 6 gb



legolas.ariel.ac.il/~tools/CircosVCF/
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Condition tree for density ring
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Condition tree for genotype ring



chr2

Yellow Homozygosity to the reference 
Red Homozygosity to the alternative
Blue Heterozygosity
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Tracks/
Circles

1 SatGroup –
Density - SNPs 
distribution

2 SylGroup –
Density - SNPs 
distribution

3 Condition tree -
Sativa

4 Condition tree -
Sylvestris



Hands-on
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