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Topics covered in Use Case 2 Part 2

•  Accessing samples in the exRNA Atlas

•  Comparative analysis of exRNA samples 
using DESeq / exceRpt pipeline results 
and tools in the Genboree Workbench

•  Finding information about exRNAs of interest 
•  on Exocarta and Vesiclepedia
•  on GeneWiki and Wikidata

•  Pathway analysis using Cytoscape & WikiPathways 
in the Genboree Workbench



Use Case 2: miRNA Changes 
in Alzheimer’s and Parkinson’s Disease

Burgos K., et al.  (2014) Profiles of Extracellular miRNA in Cerebrospinal Fluid and Serum from Patients with 
Alzheimer’s and Parkinson’s Diseases Correlate with Disease Status and Features of Pathology. 
PLoS ONE 9: e94839.	 3	

One goal of this use case is to show that the Genboree 
Workbench and the exceRpt small RNA-seq analysis 
pipeline can replicate the results of Burgos et al. 

We have developed these pipelines because as the 
number of datasets in the exRNA Atlas grows, it is vital 
that they be analyzed in a reproducible and comparable 
way.



Use Case 2: miRNA Changes 
in Alzheimer’s and Parkinson’s Disease

Biological Question of Interest

Burgos K., et al.  (2014) Profiles of Extracellular miRNA in Cerebrospinal Fluid and Serum from Patients with 
Alzheimer’s and Parkinson’s Diseases Correlate with Disease Status and Features of Pathology. 
PLoS ONE 9: e94839.	 4	

Alzheimer’s and Parkinson’s are two neurodegenerative diseases that are 
difficult to assess by biopsy, since the affected tissue is inaccessible.

In their study, Burgos et al. assessed the miRNA content in cerebrospinal 
fluid (CSF) and serum from postmortem subjects with full neuropathology 
evaluations. The goal of the study was to identify extracellular miRNA 
biomarkers that correlate with disease status and progression.

In this use case, we focus on biomarkers that correlate with disease status 
by replicating the differential expression analysis in Burgos et al.



Topics covered in Use Case 2 Part 2

•  Accessing samples in the exRNA Atlas

•  Comparative analysis of exRNA samples 
using DESeq / exceRpt pipeline results 
and tools in the Genboree Workbench

•  Finding information about exRNAs of interest 
•  on Exocarta and Vesiclepedia
•  on GeneWiki and Wikidata

•  Pathway analysis using Cytoscape & WikiPathways 
in the Genboree Workbench
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Accessing	samples	in	the	exRNA	
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Baylor	College	of	Medicine,	Houston,	TX	
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Outline 		

Introduc,on	to	the	exRNA	Atlas	

Overview	of	exRNA	profiling	data	flow	

Faceted	sub-selec,on	of	biosamples	

Biosample	par,,on	grids	

Linear	Tree	drill-down	sub-selec,on	of	samples	

Summary	grid	with	exRNA	profiling	studies	

Informa,onal	bar	charts	–	Atlas	Sta,s,cs	
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Introduc<on	to	the	exRNA	Atlas		

Data	repository	of	the	Extracellular	RNA	Communica,on	Consor,um	
(ERCC)	

Developed	and	maintained	by	the	Data	Management	and	Resource	
Repository	(DMRR)	

Contains	the	exRNA	profiles	from	various	biofluids,	condi,ons	

Faceted	sub-selec,on	and	data	naviga,on	tools	are	available	in	the	Atlas	

Currently,	stores	samples	profiled	using	small	RNA-sequencing	assays	
		

All	datasets	are	uniformly	processed	using	the	exceRpt	small	RNA-seq	
pipeline	

As	of	today	–	751	exRNA	profiles	are	available	in	the	Public	Atlas	and	
1658	profiles	are	available	in	the	Consor<um	Atlas	



9	

Overview	of	exRNA	Profiling	Data	Flow	

Data	Submission	
Pipeline	

FTP	submission	of	small		
exRNA-seq	Data	&	Metadata	

Data	Analysis	
Pipelines	

exceRpt	small	RNA-seq	

exRNA	Metadata	
Tracking	System	

GenboreeKB	–	small	RNA-seq	
assays	

Data	 Metadata	

Data	Repository	

exRNA	Atlas	

Downstream	Data	
Analysis	

DESeq2	Fold	Change	
Target	Interac<on	Finder	
Pathway	Finder	

Powered	by	GENBOREE	
hXp://genboree.org/	
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exRNA	Atlas	
•  Go	to	the	exRNA	Portal	at	exrna.org	
•  Scroll	down	to	the	“Quick	Links”	panel	
•  Click	“exRNA	Atlas”	
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GeVng	Started	–	Tutorials,	Video	

Open	the	exRNA	Atlas	page	à	Click	the	link	“GeVng	Started”	below	
the	charts,	to	open	the	tutorial	Wiki	in	a	new	tab.	

View	tutorial	video	to	
learn	more	about	the	
features	in	the	Atlas	



New	Features	in	Atlas	
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Faceted	sub-selec<on	of	samples	
Faceted	sub-selec<on	of	submiYed	samples	

Select	all	or	Clear	all	
from	each	donut	

Grouped	slice	
represen,ng	a	
category	of	
condi,ons	

Actual	labels	with	
number	of	
samples	for	each	
condi,on	

Number	of	
samples	selected	
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Sample	Sub-selec<on	in	exRNA	Atlas	

Sub-select	or	filter	
samples	of	interest	and	
Go	To	Genboree	
Workbench	to	submit	
Downstream	Analysis	
Tools	

Filter	each	column	
based	on	column	values	
(keywords,	numbers)	to	
restrict	number	of	
samples	selected	
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Par<<on	Grids	in	exRNA	Atlas	
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Drill-down	search	in	exRNA	Atlas	
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Submission	Summaries	in	Atlas	
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Submission	Summaries	in	Atlas	
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Drill-down	search	in	exRNA	Atlas	
•  Use	the	circular	par,,on	diagram	(or	

"sunburst"	diagram)	to	interac,vely	drill	
down	into	different	subsets	of	
biosamples.	

•  If	you	hover	over	a	colored	segment,	
you	will	see	the	Disease	»	Biofluid	»	
Anatomical	Loca<on	values	for	the	
biosamples	in	that	subset.	

•  The	percentage	of	samples	falling	into	
that	subset	will	also	be	displayed.	

•  If	you	click	a	specific	segment,	you	will	
zoom	into	that	subset.	

•  This	drill-down	tac,c	is	the	best	
approach	for	low-popula,on	subsets	
that	are	hard	to	select	when	zoomed	
out.	

•  Clicking	the	Search	icon	in	the	floa,ng	
menubar	will	open	the	tabular	view	of	
your	biosample	subset.	

•  Click	the	center	circle	to	zoom	out	to	the	
previous	level.	

•  Your	last	hovered	path	is	always	visible.	
To	clear	it,	click	outside	the	circle.	
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Tools	available	at	the	DMRR		

• exceRpt	small	RNA-seq	Pipeline	v3.3	–	Genboree	Workbench	&	FTP	
Submission		

• RSEQtools	long	RNA-seq	Pipeline	–	Genboree	Workbench		
• Target	Interac,on	Finder	–	Genboree	Workbench		
• Pathway	Finder	–	Genboree	Workbench		
• Fold	Change	Calcula,on	using	DESeq2	–	Genboree	Workbench		
• KNIFE	–	Known	and	Novel	Circular	and	Linear	Isoform	Explorer	–	Genboree	
Workbench		

Data	Analysis	Pipelines	&	Tools	

• exRNA	FTP	data	submission	pipeline	for	small	RNA	profiling	data	

Data	Submission	Pipelines	

• Small	RNA-Seq	Assays	
• Long	RNA-Seq	Assays	

exRNA	Metadata	Tracking	-	GenboreeKB	
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exceRpt	v3.1.9	Workflow	

Developed	by	Rob	Kitchen	at	the	
Gerstein	Lab,	Yale	University	
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exceRpt	v3.1.9	in	Genboree	Workbench	

Group	

Database	

Files	

Tool	SeVngs	
•  Provide	3’	adapter	sequence,	if	known	
•  Set	op,ons	for	random	barcodes	–	length	and	loca,on	
•  Upload	custom	oligo	sequences	or	use	previously	uploaded	oligo	

sequences	
•  Select	endogenous	libraries	for	mapping	
•  Change	order	of	endogenous	libraries	
•  Set	mapping	op,ons	–	mismatches,	bow,e	seed	length	
•  Choose	exogenous	library	alignments	
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exceRpt	v3.1.9	in	Genboree	Workbench	



Topics covered in Use Case 2 Part 2

•  Accessing samples in the exRNA Atlas

•  Comparative analysis of exRNA samples 
using DESeq / exceRpt pipeline results 
and tools in the Genboree Workbench

•  Finding information about exRNAs of interest 
•  on Exocarta and Vesiclepedia
•  on GeneWiki and Wikidata

•  Pathway analysis using Cytoscape & WikiPathways 
in the Genboree Workbench

ERCC Data Analysis Workshop



	

William	Thistlethwaite	
ERC	Consor,um	Data	Management	&	Resource	Repository	(DMRR)	

Baylor	College	of	Medicine,	Houston,	TX	
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Selec<ng	Samples	of	Interest	

•  Go to the exRNA Atlas website 
•  Public:  

•  http://genboree.org/exRNA-atlas/index.rhtml 
•  Private (ERCC Only):  

•  http://genboree.org/java-bin/exRNA-atlas/
index.jsp 

•  Use the faceted charts to select your samples of interest. 
•  Click the appropriate facets and then click the 

magnifying glass icon to show corresponding samples 
in a grid. 
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Selec<ng	Samples	of	Interest	
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Picking	Out	Samples	for	Further	Analysis	

•  Pick out the desired samples using the checkboxes to the 
left of each sample. 
•  To select all samples, click the checkbox in the upper 

left corner of the grid. 

•  The different metadata columns (Condition, Anatomical 
Location, etc.) should help you figure out your samples of 
interest. 

•  Once you've picked out your samples, click the "Go to 
Genboree Workbench" button to see available tools. 
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Picking	Out	Samples	for	Further	Analysis	
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Going	from	Atlas	to	Workbench	

•  Once you've clicked the "Go to Genboree Workbench" 
button, you can choose a tool to run on your selected 
samples. 

•  You will be prompted to log into the Genboree Workbench 
once you choose a tool.  This means that you must have a 
Genboree account to use the tools. 
•  If you have an account already, you can fill in your 

login information and then click the "Login" button. 
•  If you don't have an account, you can click the 

"Register here" link to create one. 
•  Once you've logged in, you won't need to log in again 

for that Atlas session.     
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Going	from	Atlas	to	Workbench	
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Going	from	Atlas	to	Workbench	

•  After you've logged in, you'll be able to select the Group 
and Database which you want to use to store your output 
files for that tool run. 
•  Each Genboree account starts out with a Group 

(named after your username), but you will need to 
create a Database in order to run any tools. 

•  If the group you select doesn't have a Database, we 
will offer to create a Database for you (named "Exrna-
atlas Output"). 

•  Pathway Finder does not require a Database to run. 
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Going	from	Atlas	to	Workbench	

•  Once you click "Activate Tool", you will be taken to the 
Genboree Workbench. 

•  Your Input Data panel and Output Targets panel will be 
filled out automatically by the Atlas. 

•  You can then select your tool of interest, fill out the 
appropriate settings, and then launch a tool job. 

•  We will now go into more depth on running  
•  the exceRpt pipeline post-processing tool and 
•  the DESeq2 differential expression tool 
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Run	Post-Processing	Tool	

•  The post-processing tool will take results from any number 
of exceRpt small RNA-seq pipeline runs and will condense 
valuable information into an easy-to-read format. 
•  Instead of looking at read counts from 400 different 

files (each generated by a different sample), look at 1 
file that contains all of the most important information! 

•  The tool also generates useful plots and histograms for 
comparative analysis. 

 



35	

Run	Post-Processing	Tool	

•  In order to run the tool, select "Run Post-Processing Tool" 
from the Atlas and choose your Group and Database. 

•  Then, choose the post-processing tool in the tool menu: 
•  Transcriptome -> Analyze Small RNA-Seq Data -> 

exRNA Data Analysis -> exceRpt small RNA-seq Post-
processing 

•  Finally, fill out your Analysis Name (used for organizing 
your results on the Workbench) and click "Submit". 

•  You can follow the progress of your Job using the "Job 
Summary" tool (found under System/Network -> Jobs). 
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Run	Post-Processing	Tool	
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Outputs	from	Post-Processing	Tool	

•  Once your job has completed, you can download the 
result files from the Workbench, using the Data Selector 
Panel. 

•  You should navigate to the Group and Database you 
chose earlier in the Atlas. 

•  Then, navigate to the following directory: 
•  Files -> postProcessedResults_v3.1.0 -> [Your 

Analysis Name] 
•  In order to download a given file, click on it in the Data 

Selector panel and then click the "Click to Download File" 
link in the Details panel. 
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Outputs	from	Post-Processing	Tool	
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Fold Change Calculation Using DESeq2

•  This tool will test exRNA samples for differential 
expression of miRNAs using DESeq2 (version 1.6.3).  

•  Currently, the tool allows you to test a given factor 
(disease, for example) across two different factor levels 
(Alzheimer's disease versus control, for example).  

•  We will continue to develop this tool and will add new 
features (like allowing analysis over multiple factors) in the 
coming months. 
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Fold Change Calculation Using DESeq2

•  In order to run the tool, select "Fold Change Calculation 
Using DESeq2" from the Atlas and choose your Group 
and Database. 

•  Then, choose the DESeq2 tool in the tool menu: 
•  Transcriptome -> Differential Expression Analysis -> 

Fold Change Calculation Using DESeq2 
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Fold	Change	Calcula<on	Using	DESeq2	
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Fold Change Calculation Using DESeq2

•  After choosing DESeq2, you will need to fill out your tool 
settings in the dialog box that pops up. 
 

•  You can use the Atlas grid to choose your factor name / 
factor levels. 
•  Factor name is column name (Condition or Biofluid 

Name for now) 
•  Factor levels can be found within those columns 

(Alzheimer's Disease, Healthy Control, etc.). 
 

•  Second factor level is used as base level (should probably 
be your control). 
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Fold	Change	Calcula<on	Using	DESeq2	
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Fold Change Calculation Using DESeq2

•  If you are an ERCC member, you should also fill out the 
ERCC Submission Options section. 
•  This section helps us keep track of tool usage, and we 

can use the information to improve the tools and get 
valuable user feedback. 
 

•  Finally, you can choose to have your results uploaded to 
our FTP server via the "Remote Storage Area" option in 
the "Advanced Options" section. To learn more, follow this 
link: 
•  http://genboree.org/theCommons/projects/exrna-tools-may2014/

wiki/Using_Remote_(FTP)_Storage_for_exceRpt  
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Fold	Change	Calcula<on	Using	DESeq2	
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Outputs	from	DESeq2	

•  Once your job has completed, you can download the 
result files from the Workbench, using the Data Selector 
Panel. 

•  You should navigate to the Group and Database you 
chose earlier in the Atlas. 

•  Then, navigate to the following directory: 
•  Files -> DESeq2_v1.0.0 -> [Your Analysis Name] 

•  In order to download a given file, click on it in the Data 
Selector panel and then click the "Click to Download File" 
link in the Details panel. 
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Outputs	from	DESeq2	
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Below is a comparison of the differential expression analysis results 
from Burgos et al. with the results from Genboree Workbench, namely 
running DESeq2 on the output of the exceRpt pipeline.
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AD vs PD in Serum	
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PD vs control in Serum	AD vs control in Serum	

AD vs PD in CSF	PD vs control in CSF	AD vs control in CSF	
rPearson = 0.89 	 rPearson = 0.98 	 rPearson = 0.90  	

rPearson = 0.93  	 rPearson = 0.97  	 rPearson = 0.93  	

Use Case 2: miRNA Changes 
in Alzheimer’s and Parkinson’s Disease
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Vesiclepedia and Exocarta
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You can access both Vesiclepedia and Exocarta
from the Quick Links sidebar at exRNA.org.

exRNA.org 
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Vesiclepedia and Exocarta

•  a compendium of proteins, RNA and lipids found in exosomes
•  manually curated from the scientific literature
•  available since 2009

Mathivanan et al. Proteomics 2009
Keerthikumar et al. J. Mol. Biol. 2016

•  a compendium of proteins, RNA, and lipids found in all types of EVs
•  manually curated from the scientific literature
•  focuses strongly on community annotation
•  available since 2012

Kalra et al. PLoS Biology 2012
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Vital Statistics

Exocarta Vesiclepedia In Common
All Publications 132 271 108
Human Publications 100 190 78



Exocarta
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Vesiclepedia

54	



55	

Burgos K., et al.  (2014) Profiles of Extracellular miRNA in Cerebrospinal Fluid and Serum from Patients with 
Alzheimer’s and Parkinson’s Diseases Correlate with Disease Status and Features of Pathology. 
PLoS ONE 9: e94839.	

Differential Expression of miRNAs in CSF

Control vs Alzheimer’s
miR$Name log2(FC) P1value log2(FC) P1value
miR$124$3p $1.56 1.00E$06 $1.68 2.00E$06
miR$138$5p $1.46 1.00E$06 $1.48 7.00E$06
miR$127$3p $1.17 1.90E$05 $1.11 2.55E$04
miR$132$3p $0.89 1.90E$05 $0.86 1.29E$04
miR$127$5p $1.15 3.10E$05 $1.09 3.07E$04
miR$136$3p $1.02 4.00E$05 $0.88 1.16E$03
miR$381($3p)* $1.14 4.90E$05 $1.05 9.86E$04
miR$101$5p $0.92 6.70E$05 $0.85 9.86E$04
miR$199b$5p $1.22 6.70E$05 $1.36 1.29E$04
miR$136$5p $0.91 1.91E$04 $0.91 7.73E$04
miR$184 $0.97 2.69E$04 $0.92 1.73E$03
miR$181a$5p $0.71 3.57E$04 $0.62 3.49E$03
miR$598($3p)* $0.96 4.15E$04 $1.01 4.24E$04
miR$218$5p $0.79 4.93E$04 $0.76 2.56E$03
miR$9$3p $0.84 4.95E$04 $0.96 3.07E$04
miR$769$5p $0.84 6.20E$04 $0.80 3.49E$03
miR$95($3p)* $0.95 6.20E$04 $1.00 9.86E$04
miR$760 $0.88 8.46E$04 $0.87 1.94E$03
miR$181a$3p $0.74 1.01E$03 $0.67 7.55E$03

Burgos$et$al exceRpt$+$DESeq2

We will focus on the 
top 10 most differentially expressed miRNAs 
in CSF of Alzheimers’ patients vs. healthy controls.	
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Burgos K., et al.  (2014) Profiles of Extracellular miRNA in Cerebrospinal Fluid and Serum from Patients with 
Alzheimer’s and Parkinson’s Diseases Correlate with Disease Status and Features of Pathology. 
PLoS ONE 9: e94839.	

Querying Exocarta for miRNAs

Control vs 
Alzheimer’s
miR$Name log2(FC) P1value log2(FC) P1value
miR$124$3p $1.56 1.00E$06 $1.68 2.00E$06
miR$138$5p $1.46 1.00E$06 $1.48 7.00E$06
miR$127$3p $1.17 1.90E$05 $1.11 2.55E$04
miR$132$3p $0.89 1.90E$05 $0.86 1.29E$04
miR$127$5p $1.15 3.10E$05 $1.09 3.07E$04
miR$136$3p $1.02 4.00E$05 $0.88 1.16E$03
miR$381($3p)* $1.14 4.90E$05 $1.05 9.86E$04
miR$101$5p $0.92 6.70E$05 $0.85 9.86E$04
miR$199b$5p $1.22 6.70E$05 $1.36 1.29E$04
miR$136$5p $0.91 1.91E$04 $0.91 7.73E$04
miR$184 $0.97 2.69E$04 $0.92 1.73E$03
miR$181a$5p $0.71 3.57E$04 $0.62 3.49E$03
miR$598($3p)* $0.96 4.15E$04 $1.01 4.24E$04
miR$218$5p $0.79 4.93E$04 $0.76 2.56E$03
miR$9$3p $0.84 4.95E$04 $0.96 3.07E$04
miR$769$5p $0.84 6.20E$04 $0.80 3.49E$03
miR$95($3p)* $0.95 6.20E$04 $1.00 9.86E$04
miR$760 $0.88 8.46E$04 $0.87 1.94E$03
miR$181a$3p $0.74 1.01E$03 $0.67 7.55E$03

Burgos$et$al exceRpt$+$DESeq2

http://exocarta.org/mirna_summary?species=Homo%20sapiens&mirna_id=miR-124-3p
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Burgos K., et al.  (2014) Profiles of Extracellular miRNA in Cerebrospinal Fluid and Serum from Patients with 
Alzheimer’s and Parkinson’s Diseases Correlate with Disease Status and Features of Pathology. 
PLoS ONE 9: e94839.	

http://exocarta.org/mirna_summary?species=Homo%20sapiens&mirna_id=miR-124-3p

Control vs 
Alzheimer’s
miR$Name log2(FC) P1value log2(FC) P1value
miR$124$3p $1.56 1.00E$06 $1.68 2.00E$06
miR$138$5p $1.46 1.00E$06 $1.48 7.00E$06
miR$127$3p $1.17 1.90E$05 $1.11 2.55E$04
miR$132$3p $0.89 1.90E$05 $0.86 1.29E$04
miR$127$5p $1.15 3.10E$05 $1.09 3.07E$04
miR$136$3p $1.02 4.00E$05 $0.88 1.16E$03
miR$381($3p)* $1.14 4.90E$05 $1.05 9.86E$04
miR$101$5p $0.92 6.70E$05 $0.85 9.86E$04
miR$199b$5p $1.22 6.70E$05 $1.36 1.29E$04
miR$136$5p $0.91 1.91E$04 $0.91 7.73E$04
miR$184 $0.97 2.69E$04 $0.92 1.73E$03
miR$181a$5p $0.71 3.57E$04 $0.62 3.49E$03
miR$598($3p)* $0.96 4.15E$04 $1.01 4.24E$04
miR$218$5p $0.79 4.93E$04 $0.76 2.56E$03
miR$9$3p $0.84 4.95E$04 $0.96 3.07E$04
miR$769$5p $0.84 6.20E$04 $0.80 3.49E$03
miR$95($3p)* $0.95 6.20E$04 $1.00 9.86E$04
miR$760 $0.88 8.46E$04 $0.87 1.94E$03
miR$181a$3p $0.74 1.01E$03 $0.67 7.55E$03

Burgos$et$al exceRpt$+$DESeq2

Querying Exocarta for miRNAs
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Burgos K., et al.  (2014) Profiles of Extracellular miRNA in Cerebrospinal Fluid and Serum from Patients with 
Alzheimer’s and Parkinson’s Diseases Correlate with Disease Status and Features of Pathology. 
PLoS ONE 9: e94839.	

http://exocarta.org/mirna_summary?species=Homo%20sapiens&mirna_id=miR-124-3p

Control vs 
Alzheimer’s
miR$Name log2(FC) P1value log2(FC) P1value
miR$124$3p $1.56 1.00E$06 $1.68 2.00E$06
miR$138$5p $1.46 1.00E$06 $1.48 7.00E$06
miR$127$3p $1.17 1.90E$05 $1.11 2.55E$04
miR$132$3p $0.89 1.90E$05 $0.86 1.29E$04
miR$127$5p $1.15 3.10E$05 $1.09 3.07E$04
miR$136$3p $1.02 4.00E$05 $0.88 1.16E$03
miR$381($3p)* $1.14 4.90E$05 $1.05 9.86E$04
miR$101$5p $0.92 6.70E$05 $0.85 9.86E$04
miR$199b$5p $1.22 6.70E$05 $1.36 1.29E$04
miR$136$5p $0.91 1.91E$04 $0.91 7.73E$04
miR$184 $0.97 2.69E$04 $0.92 1.73E$03
miR$181a$5p $0.71 3.57E$04 $0.62 3.49E$03
miR$598($3p)* $0.96 4.15E$04 $1.01 4.24E$04
miR$218$5p $0.79 4.93E$04 $0.76 2.56E$03
miR$9$3p $0.84 4.95E$04 $0.96 3.07E$04
miR$769$5p $0.84 6.20E$04 $0.80 3.49E$03
miR$95($3p)* $0.95 6.20E$04 $1.00 9.86E$04
miR$760 $0.88 8.46E$04 $0.87 1.94E$03
miR$181a$3p $0.74 1.01E$03 $0.67 7.55E$03

Burgos$et$al exceRpt$+$DESeq2

Querying Exocarta for miRNAs
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Burgos K., et al.  (2014) Profiles of Extracellular miRNA in Cerebrospinal Fluid and Serum from Patients with 
Alzheimer’s and Parkinson’s Diseases Correlate with Disease Status and Features of Pathology. 
PLoS ONE 9: e94839.	

http://exocarta.org/mirna_summary?species=Homo%20sapiens&mirna_id=miR-124-3p

Control vs 
Alzheimer’s
miR$Name log2(FC) P1value log2(FC) P1value
miR$124$3p $1.56 1.00E$06 $1.68 2.00E$06
miR$138$5p $1.46 1.00E$06 $1.48 7.00E$06
miR$127$3p $1.17 1.90E$05 $1.11 2.55E$04
miR$132$3p $0.89 1.90E$05 $0.86 1.29E$04
miR$127$5p $1.15 3.10E$05 $1.09 3.07E$04
miR$136$3p $1.02 4.00E$05 $0.88 1.16E$03
miR$381($3p)* $1.14 4.90E$05 $1.05 9.86E$04
miR$101$5p $0.92 6.70E$05 $0.85 9.86E$04
miR$199b$5p $1.22 6.70E$05 $1.36 1.29E$04
miR$136$5p $0.91 1.91E$04 $0.91 7.73E$04
miR$184 $0.97 2.69E$04 $0.92 1.73E$03
miR$181a$5p $0.71 3.57E$04 $0.62 3.49E$03
miR$598($3p)* $0.96 4.15E$04 $1.01 4.24E$04
miR$218$5p $0.79 4.93E$04 $0.76 2.56E$03
miR$9$3p $0.84 4.95E$04 $0.96 3.07E$04
miR$769$5p $0.84 6.20E$04 $0.80 3.49E$03
miR$95($3p)* $0.95 6.20E$04 $1.00 9.86E$04
miR$760 $0.88 8.46E$04 $0.87 1.94E$03
miR$181a$3p $0.74 1.01E$03 $0.67 7.55E$03

Burgos$et$al exceRpt$+$DESeq2

Querying Exocarta for miRNAs
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Querying Vesiclepedia for miRNAs

Control vs 
Alzheimer’s
miR$Name log2(FC) P1value log2(FC) P1value
miR$124$3p $1.56 1.00E$06 $1.68 2.00E$06
miR$138$5p $1.46 1.00E$06 $1.48 7.00E$06
miR$127$3p $1.17 1.90E$05 $1.11 2.55E$04
miR$132$3p $0.89 1.90E$05 $0.86 1.29E$04
miR$127$5p $1.15 3.10E$05 $1.09 3.07E$04
miR$136$3p $1.02 4.00E$05 $0.88 1.16E$03
miR$381($3p)* $1.14 4.90E$05 $1.05 9.86E$04
miR$101$5p $0.92 6.70E$05 $0.85 9.86E$04
miR$199b$5p $1.22 6.70E$05 $1.36 1.29E$04
miR$136$5p $0.91 1.91E$04 $0.91 7.73E$04
miR$184 $0.97 2.69E$04 $0.92 1.73E$03
miR$181a$5p $0.71 3.57E$04 $0.62 3.49E$03
miR$598($3p)* $0.96 4.15E$04 $1.01 4.24E$04
miR$218$5p $0.79 4.93E$04 $0.76 2.56E$03
miR$9$3p $0.84 4.95E$04 $0.96 3.07E$04
miR$769$5p $0.84 6.20E$04 $0.80 3.49E$03
miR$95($3p)* $0.95 6.20E$04 $1.00 9.86E$04
miR$760 $0.88 8.46E$04 $0.87 1.94E$03
miR$181a$3p $0.74 1.01E$03 $0.67 7.55E$03

Burgos$et$al exceRpt$+$DESeq2

http://microvesicles.org/mirna_summary?species=Homo%20sapiens&mirna_id=miR-124-3p



Downloading Vesiclepedia and Exocarta
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You can download both the Exocarta and Vesiclepedia 
databases as structured text files.



Downloading Vesiclepedia and Exocarta
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The miRNA and Experiment structured text files 
have the following fields.

      miRNA             Experiment 
      CONTENT ID        EXPERIMENT ID          
      CONTENT TYPE      PUBMED ID              
      MIRNA ID          SPECIES                
      SPECIES           EXPERIMENT DESCRIPTION 
      EXPERIMENT ID     SAMPLE                 
      METHODS           SAMPLE SOURCE          
      ENTREZ GENE ID    SAMPLE NAME            
      COMMENTS          IDENTIFICATIONS        
                        METHODS                
                        YEAR                   
                        ISOLATION METHOD       
                        VESICLE TYPE (Vesiclepedia only)  
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Control vs 
Alzheimer’s
miR$Name log2(FC) P1value log2(FC) P1value
miR$124$3p $1.56 1.00E$06 $1.68 2.00E$06
miR$138$5p $1.46 1.00E$06 $1.48 7.00E$06
miR$127$3p $1.17 1.90E$05 $1.11 2.55E$04
miR$132$3p $0.89 1.90E$05 $0.86 1.29E$04
miR$127$5p $1.15 3.10E$05 $1.09 3.07E$04
miR$136$3p $1.02 4.00E$05 $0.88 1.16E$03
miR$381($3p)* $1.14 4.90E$05 $1.05 9.86E$04
miR$101$5p $0.92 6.70E$05 $0.85 9.86E$04
miR$199b$5p $1.22 6.70E$05 $1.36 1.29E$04
miR$136$5p $0.91 1.91E$04 $0.91 7.73E$04
miR$184 $0.97 2.69E$04 $0.92 1.73E$03
miR$181a$5p $0.71 3.57E$04 $0.62 3.49E$03
miR$598($3p)* $0.96 4.15E$04 $1.01 4.24E$04
miR$218$5p $0.79 4.93E$04 $0.76 2.56E$03
miR$9$3p $0.84 4.95E$04 $0.96 3.07E$04
miR$769$5p $0.84 6.20E$04 $0.80 3.49E$03
miR$95($3p)* $0.95 6.20E$04 $1.00 9.86E$04
miR$760 $0.88 8.46E$04 $0.87 1.94E$03
miR$181a$3p $0.74 1.01E$03 $0.67 7.55E$03

Burgos$et$al exceRpt$+$DESeq2miRNA          Experiments where found  
  (E=Exocarta, V=Vesiclepedia) 

miR-124-3p  e218  e222  e265  v357 
miR-138-5p  e218  e222  v357 
miR-127-3p  e222 
miR-132-3p  e222  e223 
miR-127-5p  e222 
miR-136-3p  e222 
miR-381   e226 
miR-101-5p  e222 
miR-199b-5p  e117  e115  e116  e218  e222 

    v117  v115  v116 
miR-136-5p  e218  e222 

After a bit of Perl scripting, we find the above associations between 
studies cataloged in Exocarta and Vesiclepedia and the top 10 
differentially expressed miRNAs in the AD vs control comparison. 

10 input miRs 
 0 miRs with no info in Exocarta 
 7 miRs with no info in Vesiclepedia 

Downloading Vesiclepedia and Exocarta
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Exp#  PMID      Cell Type   miRNAs found 
e115  21505438      T       miR-199b-5p 
e116  21505438      B       miR-199b-5p 
e117  21505438  dendritic   miR-199b-5p 
e218     --     colorectal  miR-124-3p  miR-138-5p 
                 cancer     miR-199b-5p miR-136-5p 
e222  23663360  plasma      miR-124-3p  miR-138-5p  miR-127-3p 
                            miR-132-3p  miR-127-5p  miR-136-3p 
                            miR-101-5p  miR-199b-5p miR-136-5p 
e223  25330373  colon       miR-132-3p 
                 carcinoma 
e226  26027894  endothelial miR-381 
e265  26176991  melanoma    miR-124-3p 
v115  21505438      T       miR-199b-5p 
v116  21505438      B       miR-199b-5p 
v117  21505438  dendritic   miR-199b-5p 
v357  24352158  urine       miR-124-3p  miR-138-5p 

Control vs 
Alzheimer’s
miR$Name log2(FC) P1value log2(FC) P1value
miR$124$3p $1.56 1.00E$06 $1.68 2.00E$06
miR$138$5p $1.46 1.00E$06 $1.48 7.00E$06
miR$127$3p $1.17 1.90E$05 $1.11 2.55E$04
miR$132$3p $0.89 1.90E$05 $0.86 1.29E$04
miR$127$5p $1.15 3.10E$05 $1.09 3.07E$04
miR$136$3p $1.02 4.00E$05 $0.88 1.16E$03
miR$381($3p)* $1.14 4.90E$05 $1.05 9.86E$04
miR$101$5p $0.92 6.70E$05 $0.85 9.86E$04
miR$199b$5p $1.22 6.70E$05 $1.36 1.29E$04
miR$136$5p $0.91 1.91E$04 $0.91 7.73E$04
miR$184 $0.97 2.69E$04 $0.92 1.73E$03
miR$181a$5p $0.71 3.57E$04 $0.62 3.49E$03
miR$598($3p)* $0.96 4.15E$04 $1.01 4.24E$04
miR$218$5p $0.79 4.93E$04 $0.76 2.56E$03
miR$9$3p $0.84 4.95E$04 $0.96 3.07E$04
miR$769$5p $0.84 6.20E$04 $0.80 3.49E$03
miR$95($3p)* $0.95 6.20E$04 $1.00 9.86E$04
miR$760 $0.88 8.46E$04 $0.87 1.94E$03
miR$181a$3p $0.74 1.01E$03 $0.67 7.55E$03

Burgos$et$al exceRpt$+$DESeq2

Downloading Vesiclepedia and Exocarta

Here we have listed the Pubmed IDs of each publication, along with 
the miRNAs associated with each one.
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Control vs Alzheimer’s
miR$Name log2(FC) P1value log2(FC) P1value
miR$124$3p $1.56 1.00E$06 $1.68 2.00E$06
miR$138$5p $1.46 1.00E$06 $1.48 7.00E$06
miR$127$3p $1.17 1.90E$05 $1.11 2.55E$04
miR$132$3p $0.89 1.90E$05 $0.86 1.29E$04
miR$127$5p $1.15 3.10E$05 $1.09 3.07E$04
miR$136$3p $1.02 4.00E$05 $0.88 1.16E$03
miR$381($3p)* $1.14 4.90E$05 $1.05 9.86E$04
miR$101$5p $0.92 6.70E$05 $0.85 9.86E$04
miR$199b$5p $1.22 6.70E$05 $1.36 1.29E$04
miR$136$5p $0.91 1.91E$04 $0.91 7.73E$04
miR$184 $0.97 2.69E$04 $0.92 1.73E$03
miR$181a$5p $0.71 3.57E$04 $0.62 3.49E$03
miR$598($3p)* $0.96 4.15E$04 $1.01 4.24E$04
miR$218$5p $0.79 4.93E$04 $0.76 2.56E$03
miR$9$3p $0.84 4.95E$04 $0.96 3.07E$04
miR$769$5p $0.84 6.20E$04 $0.80 3.49E$03
miR$95($3p)* $0.95 6.20E$04 $1.00 9.86E$04
miR$760 $0.88 8.46E$04 $0.87 1.94E$03
miR$181a$3p $0.74 1.01E$03 $0.67 7.55E$03

Burgos$et$al exceRpt$+$DESeq2

miR-199b-5p

Comparison Rank FC(log2)
Adjusted 
p-value

Raji Cells vs Exosomes 42 -2.08 2.11E-02
DC Cells vs Exosomes 116 2.37 1.38E-02
J77 Cells vs Exosomes 166 1.79 1.49E-02

miR$Name log2(FC) P1value log2(FC) P1value
miR$124$3p $1.56 1.00E$06 $1.68 2.00E$06
miR$138$5p $1.46 1.00E$06 $1.48 7.00E$06
miR$127$3p $1.17 1.90E$05 $1.11 2.55E$04
miR$132$3p $0.89 1.90E$05 $0.86 1.29E$04
miR$127$5p $1.15 3.10E$05 $1.09 3.07E$04
miR$136$3p $1.02 4.00E$05 $0.88 1.16E$03
miR$381($3p)* $1.14 4.90E$05 $1.05 9.86E$04
miR$101$5p $0.92 6.70E$05 $0.85 9.86E$04
miR$199b$5p $1.22 6.70E$05 $1.36 1.29E$04
miR$136$5p $0.91 1.91E$04 $0.91 7.73E$04
miR$184 $0.97 2.69E$04 $0.92 1.73E$03
miR$181a$5p $0.71 3.57E$04 $0.62 3.49E$03
miR$598($3p)* $0.96 4.15E$04 $1.01 4.24E$04
miR$218$5p $0.79 4.93E$04 $0.76 2.56E$03
miR$9$3p $0.84 4.95E$04 $0.96 3.07E$04
miR$769$5p $0.84 6.20E$04 $0.80 3.49E$03
miR$95($3p)* $0.95 6.20E$04 $1.00 9.86E$04
miR$760 $0.88 8.46E$04 $0.87 1.94E$03
miR$181a$3p $0.74 1.01E$03 $0.67 7.55E$03

Burgos$et$al exceRpt$+$DESeq2

PMID 21505438	

Results from Vesiclepedia and Exocarta
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Exp#  PMID      Cell Type   miRNAs found 
e222  23663360  plasma      miR-124-3p  miR-138-5p  miR-127-3p 
                            miR-132-3p  miR-127-5p  miR-136-3p 
                            miR-101-5p  miR-199b-5p miR-136-5p 

miR-124-3p and miR-127-3p were among the 20 most 
abundant RNAs found in plasma exosomes.

“The five most abundant miRNAs in the libraries were 
miR-99a-5p, miR-128, miR-124-3p, miR-22-3p, and 
miR-99b-5p, which together accounted for 48.99% of all 
detectable miRNAs.”

Results from Vesiclepedia and Exocarta
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Exp#  PMID      Cell Type   miRNAs found 
e223  25330373  colon       miR-132-3p 
                 carcinoma 

miR-132-3p is depleted in immuno-affinity 
isolated A33 exosomes	

Deep sequencing of RNA from three different EV subtypes released from the human 
LIM1863 colon cancer cell line uncovers distinct miRNA-enrichment signatures

Results from Vesiclepedia and Exocarta
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Exp#  PMID      Cell Type   miRNAs found 
e226  26027894  endothelial miR-381 

Results from Vesiclepedia and Exocarta
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Exp#  PMID      Cell Type   miRNAs found 
v357  24352158  urine       miR-124-3p  miR-138-5p 

Kidney International 2014 86: 433

In a technical study of methods for extracting miRNA from 
exosomes from urine, the authors found that miR-124-3p was 
only found when purified by a Norgen Biotek Urine Exosomal 
RNA kit, while miR-138-5p was not found by that kit but was 
found by ultracentrifugation.

Results from Vesiclepedia and Exocarta
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FunRich

Finding relevant literature about small sets of miRNAs in 
Vesiclepedia is a piecemeal approach. 

For a more integrative method, you can try FunRich.  
Currently a Windows application, it will be released as a 
tool on the Genboree Workbench this year.



Vesiclepedia enables community annotation
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					1)	The	laboratory	head	or	group	leader	needs	to	sign	up.	
	
					2)	You	must	agree	to	submit	datasets	pertaining	to	extracellular	vesicles	
									con<nuously	to	Vesiclepedia,	either	before	or	ader	publica<on.	
	
					3)	When	reviewing	ar<cles,	please	mandate	or	request	inves<gators		
										to	submit	datasets	on	extracellular	vesicles	to	Vesiclepedia.	
	
	
	
	
	
	
	
	

All	members	were	co-authors	on	the	ini<al	Vesiclepedia	manuscript.	

Membership on three conditions: 

Credit 

hYp://www.microvesicles.org	 Kalra	et	al.	PLoS	Biology,	2012	



Wikidata for Interpretation 
of miRNA RNA-seq data 

https://commons.wikimedia.org/wiki/File:Wikidata-logo-en.svg 

Sebastian Burgstaller-Muehlbacher, PhD 
        

@sebotic 



Contents 

l  Wikidata basics 
-  Graph database 
-  Document based 
-  Semantic web integration 

l  Example 
-  Data: Jensen Alzheimers and Parkinson disease 

data set. 
-  Aim: Retrieve extracellular miRNA target genes and 

Gene Ontology terms. 





A Wikidata Statement 

https://commons.wikimedia.org/wiki/File:Wikidata_statement.svg 



Wikidata is a Graph database 

From neo4j.com 



Wikidata API and query endpoints 

l  Three ways to access data: 
-  Wikidata API allows read, write and full text search. 

(www.wikidata.org/w/api.php) 
-  REST endpoint for fast, direct data access. 

(queryr.wmflabs.org/) 
-  Wikidata query service (WDQS) as a SPARQL 

endpoint for complex queries. 
-  (query.wikidata.org/) 

l    



Example 

https://www.wikidata.org/wiki/Q23839066 
 

http://query.wikidata.org 









Statistics 

WD items added 
Human genes 59,727 
Mouse genes 73,352 
Human proteins 27,194 
Mouse proteins 16,172 
Gene Ontology terms 42,281 
Human miRNAs 2,619 
Human diseases 6,782 
FDA approved drugs 2,079 

# of Properties 
Biology 34 
Molecular biology 35 
Medicine 28 
Chemistry 34 

# of Properties 
Biology 34 
Molecular biology 35 
Medicine 28 
Drugs/Chemistry 34 

In total, our bots maintain ~220,000 items with each typically >10 statements. This results in 
a current extent of ~2,200,000 values being maintained on Wikidata by our bots. 



Topics covered in Use Case 2 Part 2

•  Accessing samples in the exRNA Atlas

•  Comparative analysis of exRNA samples 
using DESeq / exceRpt pipeline results 
and tools in the Genboree Workbench

•  Finding information about exRNAs of interest 
•  on Exocarta and Vesiclepedia
•  on GeneWiki and Wikidata

•  Pathway analysis using Cytoscape & WikiPathways 
in the Genboree Workbench

ERCC Data Analysis Workshop
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Pathway and Network Analysis
from the Genboree Workbench

Alex	Pico,	PhD	
Gladstone	Ins<tutes,	San	Francisco	

April	17,	2016	
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Pathway and Network Analysis
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Pathway and Network Analysis

1.  Why	would	you	do	this?	

2.  What	would	you	do?	

3.  How	would	you	do	it?	
4.  Who	can	do	this?	
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Pathway and Network Analysis: Why?

…a	list	of	differen/ally	expressed	miRNA	

Ø  Iden<fy	expected	hits	
Ø  Look	up	each	one	
Ø  Priori<ze	for	valida<on	and	

further	inves<ga<on	
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Pathway and Network Analysis: Why?

Ø  Networks	
•  Target	protein	interac<ons	
•  TF	or	drug	interac<ons	
•  Func<onal	characteriza<on	

Ø  Pathways	
•  Known	mechanism	
•  New	hypotheses	

Ø  Priori<ze	for	valida<on	and	
further	inves<ga<on	
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Pathway and Network Analysis: What?

Network	Analysis	
1.  Find	a	database	with	miRNA-target	protein	interac,on	
2.  Lookup	each	of	your	miRNA	of	interest	
3.  Merge	binary	interac,ons	into	a	single	network	model	
4.  Apply	layout	algorithm	on	network	
5.  Visualize	your	data	on	network		

Pathway	Analysis	
1.  Find	a	database	of	pathway	diagrams	
2.  Annotate	pathways	with	miRNA	based	on	target	protein	database	
3.  Lookup	each	of	your	miRNA	of	interest	
4.  Produce	ranked	list	of	relevant	pathways	
5.  Load	pathway	into	visualiza,on	tool	
6.  Visualize	your	data	on	network		
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Pathway and Network Analysis: What?

Network	Analysis	
1.  Find	a	database	with	miRNA-target	protein	interac,on	
2.  Lookup	each	of	your	miRNA	of	interest	
3.  Merge	binary	interac,ons	into	a	single	network	model	
4.  Apply	layout	algorithm	on	network	
5.  Visualize	your	data	on	network		

Pathway	Analysis	
1.  Find	a	database	of	pathway	diagrams	
2.  Annotate	pathways	with	miRNA	based	on	target	protein	database	
3.  Lookup	each	of	your	miRNA	of	interest	
4.  Produce	ranked	list	of	relevant	pathways	
5.  Load	pathway	into	visualiza,on	tool	
6.  Visualize	your	data	on	network		

Target	Interac<on	Finder	
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Pathway and Network Analysis: What?

Network	Analysis	
1.  Find	a	database	with	miRNA-target	protein	interac,on	
2.  Lookup	each	of	your	miRNA	of	interest	
3.  Merge	binary	interac,ons	into	a	single	network	model	
4.  Apply	layout	algorithm	on	network	
5.  Visualize	your	data	on	network		

Pathway	Analysis	
1.  Find	a	database	of	pathway	diagrams	
2.  Annotate	pathways	with	miRNA	based	on	target	protein	database	
3.  Lookup	each	of	your	miRNA	of	interest	
4.  Produce	ranked	list	of	relevant	pathways	
5.  Load	pathway	into	visualiza,on	tool	
6.  Visualize	your	data	on	network		

Target	Interac<on	Finder	

Pathway	Finder	
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Pathway and Network Analysis: How?
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1.  Why	would	you	do	this?	

2.  What	would	you	do?	

3.  How	would	you	do	it?	
4.  Who	can	do	this?	
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Login:	

alex.pico@gladstone.ucsf.edu	Email:	
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Useful	Links	

exRNA	Portal	
•  hXp://exrna.org	
•  Portal	Data	&	Sodware	Resources	
•  hXp://exrna.org/resources/data/	
•  hXp://exrna.org/resources/sorware	

exRNA	Atlas	
•  hXp://genboree.org/exRNA-atlas/	
•  Atlas	Tutorials	
• hXp://genboree.org/theCommons/projects/exrna-mads/wiki/exRNA%20Atlas	

ERCC	Data	Coordina<on	Center	Wiki	
•  hXp://genboree.org/theCommons/projects/exrna-mads/wiki	

exRNA	Data	Analysis	Tools	Wiki	
•  hXp://genboree.org/theCommons/projects/exrna-tools-may2014/wiki	
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exRNA Atlas
Sai Lakshmi Subramanian, Baylor College of Medicine, Houston, TX

DESeq / exceRpt pipelines
William Thistlethwaite, Baylor College of Medicine, Houston, TX

Exocarta and Vesiclepedia
Roger P. Alexander, Pacific NW Diabetes Research Institute, Seattle, WA

GeneWiki and Wikidata
Sebastian Burgstaller-Muehlbacher, Scripps Research Inst., San Diego, CA

Pathway analysis
Alex Pico, Gladstone Institutes, San Francisco, CA
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