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Data analysis workflow

???

Data
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• The workflow can be complex and can involve multiple 
datasets, people, tools, etc.

• Workflows are (for the most part) poorly documented

• Can be difficult to reproduce even by the same group

• Solution? → LabKey + R



The R programming 
language

• Open-source software for statistical 
computing and graphics

• State-of-the art for data analysis and data 
visualization

• Community driven, with over 5000 packages 
available to extend the base functionalities

• Well suited for biological data analysis 
through the Bioconductor project
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R and LabKey

• LabKey provides a flexible R API for 
running R analysis on data stored in LabKey

• R views

• Attach an R script to a data view

• Limited output: a table, figure, text, pdf

• Very limited control of the output format



Literate programming

• Approach to programming introduced by 
Donald Knuth

• An explanation of a program logic in a 
plain English, interspersed with chunk of 
computer code.

• Sweave

• Create dynamic reports by embedding R 
code in latex documents



knitr vs. Sweave
• Sweave is good but … 

• Writing latex is painful

• Output is limited to pdf

• knitr

• Transparent engine for dynamic report 
generation

• knitr allows any input languages (e.g. R, Python 
and Awk) and any output markup languages



knitr
• Full control of input, code, and output

• Fine control over how the code is executed and the 
ouput is displayed

• knitr can process input files in various formats: 
latex, html, R markdown

• R markdown

• markdown:  easy-to-read, easy-to-write plain text 
format that can be converted to html

• R markdown: markdown + R code chunks
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R markdown
Option for code 

chunks



R markdown

knitr is fully integrated within RStudio
Many chunk options



R markdown
R expression and also be added and evaluated in 
line

Results in this output: "I counted 2 red trucks 
on the highway."



knitr and caching
• Large data and complex analysis can require 

significant computing time

• Not unusual for an analysis to take a few 
minutes to an hour

• This can result in some performance issues 
when viewing a report → User frustration

• Why rerun a script when nothing has changed?

• The solution is caching



knitr and caching

• cache can be turned on/off for each code 
chunk

• If caching is on, knitr will check if the code 
has changed when rerunning a report

• Chunks can be made dependent

• The caching mechanism is flexible can be 
attached to an R version an input dataset 
(e.g. labkey.data), a date, etc.



Some references

• www: http://yihui.name/knitr/

• RStudio (rstudio.com)

http://yihui.name/knitr/
http://yihui.name/knitr/
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Demo: Overview of the 
knitr environment in LabKey



HIPC

• The human immunology project consortium

• Collaborative effort across 7 centers

• Established in 2010 by the NIAID Division of Allergy, 
Immunology, and Transplantation

• Characterize the status of the immune system in 
diverse populations under both normal conditions and 
in response to stimuli

• Use systems biology approaches

• Generate large amount of data



HIPC → ImmuneSpace

• Wide range of data types

• Flow cytometry, Luminex, Antibody titers, gene 
expression, next generation sequencing, etc.

• Ultimate goal: combine data across assay and 
centers

• Need for central data management and analysis

• Database an analysis engine using LabKey and R

• ImmuneSpace.org



Demo
- Using knitr to query PubMed
- Using knitr to predict 
antibody response from gene 
expression



Other additions to 
LabKey server

• Rserve (TCP/IP interface to R): consistent 
R session, session management, remote 
server, etc. 

• API
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