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Enabling	Data-driven	Discovery	
o  Systematic collection of quantitative molecular phenotypes to 

probe what has happened; 

o  Focused experimental design with specified outcomes; 

o  Big-data approaches leading to deep, holistic, perhaps  
unexpected understanding of the system and biology. 

o  DATA   à Understanding  à Predictive 
engineering     à LabKey        à assay, execution 

analytics  à algorithms   à interpretation 

vis/integration à network biology  à big picture, discovery. 
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~8,000 (cells, tissue) or >1500 (plasma)  
proteins identified & quantified 
 
480k MS/MS reads / 10-samples 

NextGen	Proteomics:	~	Complete	Quan?ta?on	

Sampl
e 
1 
2 
… 

10 
TMT 
126 

127N 
… 

131 

Sampl
e 

11 
12 
… 

20 
TMT 
126 

127N 
… 

131 

FASP trypsin digest  
TMT Labelling/mux 

OrbiTrap Fusion Tribrid 



Live poll from the audience at a recent ASMS workshop 
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The	Proteomics	Data	Pipeline	
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Picking	a	Solu?on,	aka	House	Hun?ng	

Fully Furnished Estate
 
Commercial	systems	
with	built-in	analysis	pipeline	

Custom Home
 

Proprietary	applica0on	



The	Pipeline	Design:	the	DIY	Edi?on	
Component Function Solution 
Study Design Sample annotation and experimental factors Proteome 

Discoverer Protein ID and Quant Peptide/protein ID, reporter ion intensities 

Data Preparation Protein quants, imputation, data cleansing & formatting Custom R-scripts 

Statistical modeling Ad hoc and formal analysis for the significant changes in 
protein abundances 

R/SAS, LabKey 

Data Visualization Delivery to the investigators for access and exploration.  
Ad hoc experimentation. 

R/Shiny, LabKey 

Pipelining Streamlining the workflow LabKey 

Data management Repository, project tracking, visualization, R-integration LabKey 

Pathway, G/PSEA Biological contextualization and hypothesis generation R/Shiny 



Solu?ons	in	the	Era	of	Open	Source	

Free Widgets 
DIY 
 
Designers 
Builders 

Free new construction 

LabKey,	R/Shiny	



LabKey	Implementa?on:	Data	Import	

Ini?ate	new	
inves?ga?on	

	
• Data	acquisi?on	&	PD	
processing	
• Load	data	to	LabKey	
database	
• Send	processed	data	
out	for	stat	analysis	
	
Import	new	study	

Visualize	primary	
data	
• Browse	the	
contents	by	table	
or	view’	
• In-depth	review	in	
Shiny	app	

Import		
stat	outcomes	
• AUach	data	to	
the	study	

Visualize	study	
&	analysis	
• Drill-down	from	
protein	ID	
• In-depth	review	
in	Shiny	app	

medImmune	Module 



Data	Model:	Meta	Data	
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Folder	Structure	vs	Meta	Data	Hierarchy	
	

Folder Structure 



Data	Loading	Logics:	Samples	
u  Populate	the	‘Factor’	and	‘Op?on’	

tables	if	necessary	as	described	
previously 

u  Create	entries	in	‘SampleOp?on’	
table	that	link	samples	to	op?ons	

u  Cross-reference	the	’Channel’	table	
via	‘Channel’	field	and	populate	the	
‘ChannelId’	
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MSMS,	PSM,	PsmPGrp	
u  For	each	row	in	PSM.all.Rdata	

–  Grab the FK to ‘MsRun’ with the ‘Run’ field 
–  Create an entry in ‘MSMS’ if the Run/Scan combination is not 

present already 
–  Create entry in ‘Precursor’ table with FK to ‘MSMS’ 

–  Create entries in ‘Reporter’ table for each channels with FK to 
‘Channel’ rows sharing the same ‘ChannelName’ 

–  Create an entry in ‘PSM’ table with FK to the ‘MSMS’ entry  

–  Grab the FK to ‘ProteinGrp’ with the ‘Accessions’ and ‘AnalysisId’ 
fields; 

–  Create an entry in ‘PsmPGrp’ table with FK to PSM and ProteinGrp.  



Data	Model:	Quan?ta?ve	Outcomes	
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medImmune	Module	and	TMT	Template	
u All	database	tables	and	server-

side	logics	are	implemented	in	
a	new	MedImmune	module	

u UI	layout	and	interac?ve	
repor?ng	are	wriUen	as	a	
“template”	folder,	which	can	
then	be	used	to	create	a	new	
“inves?ga?on”.		



1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 

Data	Loading	

One of the first workflow being implemented is TMT-based 
multiplex quantitation of the total proteome. Following the 
data acquisition and processing in ProteomeDiscoverer, the 
experimental design, peptide and protein identification and 
quantitation are imported into LabKey where a custom-built 
data ingestion pipeline written in R will transform the data and 
prepare them for deposition in a Microsoft SQL database.  

Configure	output	

1.  Upload PD 
data  
2. Import to R 
pipeline 

3. Analysis 
Parameters 

4. Save analysis to 
database 



LabKey	Impl:	Results	and	Visualiza?on	
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1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 

Study	Portal	



Study	Portal	 DIY	UI	and	Report	
u  Data	grid	+	custom	query	offers	flexible	

way	to	review	the	dataset	

u  Custom	URL	enable	master-detail	view	
into	complex	hierarchical	data	

1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 

/project/${container}/begin.view?pageId=MsRun%20%28New%29&qwp1.param.RunParam=${RowId}
&qwp2.param.RunParam=${RowId}&qwp3.param.RunParam=${RowId}&qwp4.param.RunParam=${RowId}
&qwp5.param.RunParam=${RowId} 



Proteins,	PSM	and	MSMS	Results	from	a	MS-Run	

1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 

/project/${container}/begin.view?pageId=MsRun%20%28New%29&qwp1.param.RunParam=$
{RowId}&qwp2.param.RunParam=${RowId}&qwp3.param.RunParam=${RowId}
&qwp4.param.RunParam=${RowId}&qwp5.param.RunParam=${RowId} 

•  A key strengths of LabKey is the flexibility of custom 
query, visualization and report with SQL/R or point-n-click 
interface.  

•  Once a study is imported, its experimental design, 
LcMsMs runs, protein identification and quantitation can 
be inspected via the web-interface as data grids or plots.  



plt01 = dcast(data=labkey.data[,c("name","value","abundance")], abundance~name, value.var='value');   
plt02 = dcast(data=labkey.data[,c("name","value","mswept")],    mswept~name, value.var='value');     
 
plt = rbind(plt01, plt02);  
 
bwplot(abundance~Cohort|Norm, groups=SampleID, data=plt, type=c("p"), layout=c(2, 1),  
       par.settings=simpleTheme(pch=c(10:20),cex=1.25,lwd=2),xlab="Cohort", ylab="Estimated Protein Abundance (log2, mean-summarized)", 
       scale=list(relation="free",alternating=1, y=list(tick.number=10, log=F, equispaced.log=F)), 
       panel = function(x, y, ...) { 
           panel.dotplot(x, y, par.settings=simpleTheme(pch=c(10:20),cex=0.75,lwd=1), cex=1, alpha=0.85,  ...) 
           panel.bwplot(x, y, pch = "|", ...)         } 
  ); 

Protein	Abundances	-	SQL/R	Repor?ng	

1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 

For simple visualization, boxplot, volcano plot can be readily 
generated in LabKey and shared with other researchers.  



PSM	à	MS/MS	Spectrum	via	OpenSlice	

1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 

•  To visualize the raw MS and MS/MS data, another open-source 
program, OpenSlice, was adopted. It pre-processes the raw files to 
allow instantaneous review of spectrum and XIC trace.  

•  Custom URL in LabKey enables drill-down of the experimental 
evidences from summary levels downward with OpenSlice.  



In-depth	Analysis	in	a	R/Shiny	App	

1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 1. Portal to the Internal and Public Studies 

•  Expose LabKey data to Shiny app for in-depth analysis 
•  Live data tables, linked volcano plots, enrichment 

analysis, heatmap, and integration with RNASeq, etc. 



Lessons	Learned	
u  LabKey,	due	to	its	open-source	

architect	and	abundance	of	widgets	
and	customizability,	is	an	ideal	
environment	to	manage	complex	
omics	data	such	proteomics	

u  By	externalizing	the	placorm-specific	
processes,	different	data	types	can	
be	readily	managed	in	LabKey.	

u  Template	folder	provides	a	good	
compromise	between	UI	flexibility	
and	usability.	

u  BeUer	grasp	of	the	‘folder’	concept	
and	the	scoping	rule	is	crucial	

u  Proper	division	of	labors	is	cri?cal		
–  Server-side	data	management	
–  Client-side	UI	customiza?on	and	

repor?ng	

u  BeUer	out-of-box	features	will	reduce	
the	upfront	works	in	a	commercial	
seengs.	



Future	Plan	

u Addi?onal	workflows	for		
–  Label-free	quan?ta?on	by	
Maxquant	

–  Targeted	proteomics	using	
the	“Panorama”	module		

u UI	refinements		

–  to	accommodate	mul?ple	
workflows	and	to	clarify	
user	inputs		

–  Factors,	factor	op?ons	and	
sample	aUribute	editor	

–  Request	for	Stat	Analysis	
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Data	Pipeline	for	Proteo/Metabolo/Lipidomics	
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