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Outline	  

•  Why data visualization 
•  Examples of  the power of  data visualization 
•  A few rules of  thumb 
•  Breaking out of  tables 

•  Data visualization software 

Remember: these methods scale up to “big data”!  
What are the things you want to plot/visualize? 

	  



Why	  Data	  Visualization?	  

•  Large amount of  complex data 
•  GWAS results 
•  Meta-analysis 
•  Ancestry, regional information 
•  History 
• Previous studies 
• Prior knowledge about specific diseases/

conditions 
•  Multiple data types 
•  Emerging high throughput sequencing methods 



Why	  Data	  Visualization?	  

•  Visualizing data 
•  Highlighting issues or areas of  further investigation 

•  Important for all stages of  analysis 
•  Understanding your data 
•  The “sense-making” process 
•  Asking questions, exploration 

•  Sharing results  
•  Discussions 
•  Presentations 
•  Publications 



Landscape	  of	  the	  Data	  

•  Understanding your data 
•  Phenotype inspection 
–  Potential problems or need for transformation 

•  Trends in measurements 
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Landscape	  of	  the	  Data	  

•  Phenotype inspection 
–  Potential problems 

•  Trends in measurements 

Graphic: Pendergrass et al. 2010 
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Why	  Data	  Visualization?	  

•  Visualizing data 
•  Highlighting issues or areas of  further investigation 
•  Important for all stages of  analysis 

•  Expose patterns and connections within and 
between data 



Why	  Data	  Visualization?	  

•  Exposing Patterns 

Graphic: David McCandless 
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Why	  Data	  Visualization?	  

•  Within and between data 
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Why	  Data	  Visualization?	  

•  Visualizing data 
•  Indicate issues or areas of  further investigation 
•  Important for all stages of  analysis 

•  Expose patterns and connections within and 
between data 

•  Identify and show most important focus for a set 
of  results 



Why	  Data	  Visualization?	  

•  Most important focus for set of  results 

•  John Snow and a map of  a 
cholera outbreak - 1854 

•  Believed cholera transmission 
was not due to “bad air” 

•  Snow used this spot map to 
show others how cases of  
cholera were clustered around 
the Broad Street water pump 

The result of  the inquiry, then, is, that there has been no particular outbreak or prevalence of  cholera in this 
part of  London except among the persons who were in the habit of  drinking the water of  the above-
mentioned pump well. – John Snow 



Why	  Data	  Visualization?	  

•  Most important focus for set of  results 
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Graphic: http://gettinggeneticsdone.blogspot.com 



Why	  Data	  Visualization?	  

•  Example 
•  Genome wide association studies for Autism Spectrum 

disorders – two separate cohorts of  European ancestry 
•  Six single nucleotide polymorphisms identified between genes 

CDH10 and CDH9 



Why	  Data	  Visualization?	  

Graphic: Wang et al. 2009 

All SNPs with p values below 1x10-7 resided  
within the same ~100 kilobase ld block 

Spatial Context 



Why	  Data	  Visualization?	  

•  Most important focus for set of  results 

red lines: p-value < 0.01 

•  Example: PheWAS 
•  Phenome-wide 

association study 
•  84 SNPs, thousands 

of  phenotypes, 
across studies 

•  Result for one SNP 
across multiple 
phenotypes 

ARIC	  

WHI	  ARIC	  



Why	  Data	  Visualization?	  

Novembre et al. 2008 

•  Identify most important set of  results 

•  197,146 loci in 1,387 
individuals from Europe 

•  Used principle components 
analysis to cluster the data 

•  Individuals from the same 
geographic region cluster 
together - major populations 
are distinguishable 



Why	  Data	  Visualization?	  

Novembre et al. 2008 

•  Identify most important set of  results 

•  The resulting two-
dimensional plot 
resembles a geographic 
map of  Europe 



Why	  Data	  Visualization?	  

Novembre et al. 2008 

•  Identify most important set of  results 

•  The first two principle 
components accounting 
for the most variability in 
the data are effectively 
longitude/latitude 



Why	  Data	  Visualization?	  

Novembre et al. 2008 

•  Geographically 
adjacent populations 
abut each other 

•  Recognizable 
geographical features 

•  Identify most important set of  results 



Why	  Data	  Visualization?	  

•  Visualizing data 
•  Indicate issues or areas of  further investigation 
•  Important for all stages of  analysis 

•  Expose patterns and connections within and 
between data 

•  Identify and show most important focus for a set of  
results 

•  Data can make more sense, expose trends, tell a story, 
or allow a specific focus 



A	  Few	  Rules	  of	  Thumb	  

•  Edward Tufte 
•  Teaches courses in statistical evidence, information design, 

and interface design 
•  A few rules of  thumb 

•  Choose whatever it takes to display info 
•  “Don’t get it original, get it right” in using conventional 

formats 
•  Can anything be removed without erasing information? 
•  Does your diagram/plot compare to a good map? 
•  Evoke a content response from the start 



A	  Few	  Rules	  of	  Thumb	  

•  A few rules of  thumb 
•  WHAT is my QUESTION? 

•  Let the question dictate your choice of  plot 
•  Don’t let the software dictate your choice of  plot 
•  Axis? Temporal? Geographical? 

•  After visualization ask yourself  
•  Is there anything in this plot that is misleading?  

•  Share, share, share your data visualization 
•  Feedback!!!! 
 

•  7 Colors 
•  What can you do with shapes, point size? 



A	  Recommendation	  

•  A few rules of  thumb 
•  WHAT is my QUESTION? 

•  Let the question dictate your choice of  plot 
•  Don’t let the software dictate your choice of  plot 

•  How do I try out various types of  data reduction or make it 
easier to ask questions about my data? 

 



	  
•  We have all these software tools for organizing,  analysis, and 

annotation of  genomic data, what do we do with our results? 

•  How do I try out various types of  data reduction or make it 
easier to ask questions about my data? 

•  I could try to use Excel to spend some time perusing the data 
•  Limited in what you can do 
•  Whatever you do you have to do over and and over again 
•  Hard to share 
•  Can’t scale up to extremely extensive data 

 
•  DATABASES! 
•  Just like learning a little programming, learning how to create 

and use a database will be a very helpful tool 

Databases	  



	  
	  
•  So what is a database? 
•  Obviously we have talked about a 

bunch of  public repositories of  
data 
•  The interface you use actually is 

generating a query to pull 
specific information from a 
database 

 

	  

Table	  3	  
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Query	  

Database	  

Results	  of	  
Interest	  	  

Databases	  



	  

•  Relational databases 
•  Store information about data 
•  and connections between 

data 

•  Tables with rows and 
columns 

•  Way to retrieve related data 
based on your question of  
interest 
 

	  

Table	  3	  
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Query	  

Database	  

Results	  of	  
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Databases	  



Databases	  
 

•  Once your data is your database, you can share that exact 
database with others 

•  Database queries 
• How you ask your question  
• Generally user friendly and interpretable  
•  SELECT information FROM database WHERE 

criteria 
•  Show me only results 
•  p-value cutoff  of  interest 
•  In a chromsome region (bp to bp) 
• With only specific type of  annotation	  



Databases	  

	  
	  

•  Multiple tables of  information, using queries to bring 
together information filtered and interpretable 

•  Good idea to keep documentation about what you 
added and when 

	  



Databases	   

•  How do I begin?? 
• MySQL http://www.mysql.com/ 
•  http://dev.mysql.com/doc/refman/5.0/en/

tutorial.html 
•  Self-paced mini-course through Stanford 
• Free! 
•  https://class.stanford.edu/courses/DB/

2014/SelfPaced/about 



Color	  Brewer	  
•  7 Colors 
•  Color Brewer: http://colorbrewer2.org/ 
•  Color Brewer provides assistance for picking effective 

color combinations 
•  Contrasts between colors 
•  Avoiding red/green color combinations 
•  Choosing effective grey scale tones 



Breaking	  out	  of	  Tables	  

•  What tables do 
•  Show detail for all observations presented 
•  Useful for curiosity about specific points 

•  What tables don’t do 
•  Limited to comparing only a certain amount of  

information within a table 
•  “That is why they call it the big picture, rather than 

the big table” 



Breaking	  out	  of	  Tables	  

•  Example: gene expression heat map 
•  Microarray data (mRNA expression 

levels) could be presented in tables 
•  Heat maps were devised to move to a 

more visual way of  viewing the 
expression of  thousands of  genes 

GE
N
ES
	  

ARRAYS	  

Graphic: Pendergrass et al. 2010 

Par$cularly	  with	  huge	  amounts	  of	  data,	  don’t	  try	  to	  show	  ALL	  
the	  details	  

	  
Ex.	  Dropping	  gene	  names	  on	  heat	  map	  



Breaking	  out	  of	  Tables	  

hVp://www.coopercenter.org/demographics/Racial-‐Dot-‐Map	  

Choices	  to	  make	  when	  you	  have	  more	  data	  points	  per	  pixel	  



Breaking	  out	  of	  Tables	  

•  Example: SNP-phenotype association results 
•  Primarily presented in tabular form in both journals 

and presentations 
•  Data visualization can make trends more evident in 

interpreting as well as sharing results 



Breaking	  out	  of	  Tables	  

•  Example: SNP-phenotype association results 
•  BioVU proof-of-principle project 

• Ritchie et al. 2010 
• Question 

•  Can EMR based data be used to replicate 
previously reported SNP/phenotype 
associations? 

• Genotyped SNPs in the first ~10,000 BioVU 
samples accrued 



Breaking	  out	  of	  Tables	  

•  Example: SNP-phenotype association results 
•  BioVU proof-of-principle project 

•  21 SNPs 

•  Algorithms used to define cases and controls in SD for 5 diseases 
•  Atrial fibrilation 
•  Crohn’s disease 
•  Multiple sclerosis 
•  Rheumatoid arthritis  
•  Type 2 diabetes 

•  Content experts guided algorithm development 
•  ICD-9 billing codes, medication usage information, free-text 



Breaking	  out	  of	  Tables	  

•  Example: SNP-phenotype association results 
•  BioVU proof-of-principle project 

•  Multiple ways of defining cases 

•  Atrial fibrillation, Crohn’s disease, type 2 diabetes 
•  EA with definite cases 
•  EA + unknown ancestry with definite cases 

•  Rheumatoid arthritis, multiple sclerosis 
•  EA with definite cases 
•  EA with definite and probable cases 

•  Probable: potential overlapping with other disease 
•  EA + unknown with definite cases 
•  EA + unknown with definite and probable cases 



Breaking	  out	  of	  Tables	  

Robust Replication of  Genotype-Phenotype Associations across Multiple 
 Diseases in an Electronic Medical Record, Ritchie et al. 2010 



Breaking	  out	  of	  Tables	  

•  Forest plot, with multiple tracks of  data 

Graphic: Pendergrass et al. 2010 



•  Forest plot, with multiple tracks of  data 

Breaking	  out	  of	  Tables	  

P-‐Value	  LocaOon	  

AF	  =	  atrial	  fibrillaOon	  
CD	  =	  Crohn’s	  disease	  
RA	  =	  rheumatoid	  arthriOs	  
TD	  =	  type	  2	  diabetes	  
MS	  =	  mulOple	  sclerosis	  



Breaking	  out	  of	  Tables	  

•  Forest plot, with multiple tracks of  data 

Graphic: Pendergrass et al. 2010 



Breaking	  out	  of	  Tables	  BioVU	  Visualization	  



Breaking	  out	  of	  Tables	  

Graphic: Pendergrass et al. 2010 

•  Forest plot, with multiple tracks of  data 





Networks	  

•  You can expose the connections between data 
–  Can visualize these connections 
–  Analyze networks to expose bigger trends 
–  http://diseasome.eu/map.html 



Networks	  

The	  Human	  Disease	  Network	  	  
Goh	  K-‐I,	  Cusick	  ME,	  Valle	  D,	  Childs	  B,	  Vidal	  M,	  Barabási	  A-‐L	  (2007)	  



Data	  Visualization	  Software	  

•  Excel 
•  Pros 
•  Nearly everyone has Microsoft Office 
•  Bunch of  automated tools for producing various 

kinds of  plots 
•  Cons 
•  Limited to the charts they offer 
•  Repeating steps for same plots 



Data	  Visualization	  Software	  
•  What is chart junk? 
•  Addition of  unnecessary colors and/or shadow 
•  Three dimensionality when the data only has two 

dimensions 



Data	  Visualization	  Software	  
•  R 
•  Language and environment for statistical computing and 

graphics 
•  Individuals contribute packages to R 
•  http://www.r-project.org/ 

Graphics: http://rgm2.lab.nig.ac.jp/RGM2/	  



Data	  Visualization	  Software	  
•  R 
•  Language and environment for statistical computing and 

graphics 
•  Individuals contribute packages to R 
•  http://www.r-project.org/ 

Graphics: http://rgm2.lab.nig.ac.jp/RGM2/	  



Data	  Visualization	  Software	  
•  R 
•  Pros 

•  Statistical and graphical options of  every kind  
•  Publication quality graphs 
•  Once you have a script, easy to reuse and update 
•  Statistics and graphics together 

•  Cons 
•  Information usually exists on how to make the plot, but 

finding that information can take a while! 
•  Can be an investment in start up time to get a specific plot 



Data	  Visualization	  Software	  
•  R 
•  Resources 

•  The R project website 
•  The R Book 
•  “r project” web search 
•  R Graph Galleries 

–  Contains examples of  plots as well as the code 

•  R Graphical Manual: http://rgm3.lab.nig.ac.jp/RGM/ 
•  Also contains examples and code 

•  R-Commander GUI interface for R 



Data	  Visualization	  Software	  
•  GGPlot2 
•  Plotting system for R 
•  More automation for plotting data 

•  Piece by piece 
•  Clean graphical results 
•  http://ggplot2.org/ 
•  Book: ggplot2: Elegant Graphics for Data Analysis 



Data	  Visualization	  Software	  
•  GGPlot2 
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Data	  Visualization	  Software	  
•  GGPlot2 



Data	  Visualization	  Software	  
•  Locus Zoom 

–  Tool for plotting regional association results 
–  http://csg.sph.umich.edu/locuszoom/faq.php 

Graphic: O’Seaghdha et al. 2010 



Data	  Visualization	  Software	  
•  Synthesis-View software 

•  Developed to visually synthesize multiple pieces of 
data 
•  Stacked data-tracks  
•  Multiple measurements within a single image 

•  Rapid visual comparison for results of various kinds 
•  Input requires formatted table 
•  For data characterizing < 100 SNPs 
•  http://visualization.ritchielab.psu.edu/ 



SCN5A variation is associated with 
electrocardiographic traits in the 
Jackson Heart Study, Jeff  et al.,  
Circulation and Cardiovascular 
Genetics, 2010 

Synthesis	  View	  



Data	  Visualization	  Software	  

•  Interactive Plots 
•  Data Driven Documents: D3 
•  Java Script Library 
•  http://d3js.org/ 

– http://www.theguardian.com/world/interactive/
2013/apr/30/violence-guns-best-selling-video-
games 

Examples	  Galore!	  



Data	  Visualization	  Software	  

•  Networks 
•  Cytoscape and Gephi 
•  http://www.cytoscape.org/ 
•  https://gephi.github.io/ 



Published Genome-Wide Associations through 07/2012 

Published 't��Ăƚ�ƉчϱyϭϬ-8 for 18 trait categories 

NHGRI GWA Catalog 

www.genome.gov/GWAStudies 

www.ebi.ac.uk/fgpt/gwas/  

NHGRI	  GWAS	  Catalog	  Plot	  



PhenoGram	  



PhenoGram	  



PhenoGram	  



Data	  Visualization	  Software	  

•  Additional software packages  
– STATA 
– Matlab 
– SAS/Graph software 



Data	  Visualization	  



Data	  Visualization	  

•  Suggested Reading 
– Edward Tufte 
– http://flowingdata.com/ 
– http://infosthetics.com/ 
– http://www.visualcomplexity.com/vc/ 



Data	  Visualization	  

•  Questions? 


