ERCC Data Analysis Workshop

Use Case 2 Part 2: exRNA Discovery and
Functional Analysis using the exRNA Atlas
and Network Analysis Resources
on the Genboree Workbench

Organized and Hosted by the Data Management
and Resource Repository (DMRR)
Sunday 17 April, 2016 6-9pm
Data kindly provided by Kendall Jensen, Translational Genomics Research Institute

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 tgeﬂ‘i'
of Pathology. PLoS ONE 9: e94839.



O ERCC Data Analysis Workshop

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: miBRNA Changes

. : : . lgens=i*
in Alzheimer’s and Parkinson’s Disease .

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.

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



Use Case 2: miBRNA Changes

. . . . tgensi-
in Alzheimer’s and Parkinson’s Disease 9

Biological Question of Interest

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.

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.



ERCC Data Analysis Workshop

Topics covered in Use Case 2 Part 2

« Accessing samples in the exRNA Atlas



Accessing samples in the exRNA
Atlas for discovery and
analysis

Sai Lakshmi Subramanian

ERC Consortium Data Management & Resource Repository (DMRR)
Baylor College of Medicine, Houston, TX



Outline

Introduction to the exRNA Atlas

Overview of exRNA profiling data flow

Faceted sub-selection of biosamples

Biosample partition grids

Linear Tree drill-down sub-selection of samples

Summary grid with exRNA profiling studies

Informational bar charts — Atlas Statistics




Introduction to the exRNA Atlas

Data repository of the Extracellular RNA Communication Consortium
(ERCC)

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

Contains the exRNA profiles from various biofluids, conditions

Faceted sub-selection and data navigation 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 Consortium Atlas



Overview of exRNA Profiling Data Flow

FTP submission of small
exRNA-seq Data & Metadata

Data / \ Metadata

exceRpt small RNA-seq ] GenboreeKB — small RNA-seq

assays
\- exRNA Atlas ]
Powered by GENBOREE DESeq2 Fold Change

Target Interaction Finder

http://genboree.org/ Pathway Finder




eXRNA Atlas

e Gotothe exRNA Portal at exrna.org
k to travel outside of cell 5 5
ey «  Scroll down to the “Quick Links” panel
 C(Click “exRNA Atlas”

Link to exRNA Atlas

01.2716 by Leonora Balaj and Louise C Laurent Quick Links
First CLIA-validated exosome-based —~———

oo . . EXRNA @ BioGPS
clinical liquid biopsy test is EXRNA @ WikiPathways

launched ExoCarta
Vesiclepedia

miRandola

Q - exosomed.

Exosome Diagnostics, Inc. has announced the
launch of ExoDx Lung(ALK), the first ever m) National Institutes of Health

Turning Discovery Into Health
CLIA-validated exosome based blood test. This test



Getting Started — Tutorials, Video

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

Select, view a

nd download extracellular RNA profiling data by using the various charts above. Alternatively, choose a grid view or drill-down search from the panel
ow to select exRMAprofiles of interest.

&) Getting Started - ThAs tutorial will provide more information on using the various features of the exRNA Atlas.
Select &RNA profiles - Click one or more slices from one or
-4, results in"agrid (opens in a new tab). Click the
from all slices.

icon to se

Introduction to the exRNA Atlas

EWatch Video Tutorial on all of the available features in the exRNA Atlas.

exRNA Atlas Tutorial Video
View tutorial video to

learn more about the
features in the Atlas

¥ For example: Let's select Healthy Control,

Alzheimer's and Parkinson's diseases from the
Mssabames | CONdition” chart




New Features in Atlas

G http://genbore...sfindex.rhtml 3 | -

N

& () genboree.org/exRNA-atlas/index.rhtml & | | Q search w B8 $ A O «|-@- =

exRNA Atlas

Select exRNA profiles: (0 selected)

Condition Biofluid RNA Source RNA Isolation Kit
Liver Disease
Prostate Lupus Bile
Extracellular )
Carcunoma Erythemalosus Plasma vesicle \ Extracellular m (.)Ff(]ﬁ.l_,drz
Cardlovellscular Co::aorg;xal '(:)er_gbmspinal exosome (Exigo ?élg,; S’ﬁ)sy
Uk
(P:ancreatnc HgL-clonéa_;gl
arcinoma protein-lipi miRcury - Cell & —e
Healiy Contra Colen Carcinoma SIE F’Ianrly(EXIt:lon)
Al
Glioblastoma » '
i Condmoned
Multiforme Media (SseralMir I'éiy i)
Ulcerative ; . ystem Biosci.
Colitis Parkinson's Total cell-free MiRVana Paris

Sahva

Alzheimer's biofluid RNA (Ambion)

L

Select, view and download extracellular RNA profiling data by using the various charts above. Alternatively, choose a grid view or drill-down search from the panel
below to select exRNA profiles of interest.

@& Getting Started - This tutorial will provide more information on using the various features of the exRNA Atlas.

Select exRNA profiles - Click one or more slices from one or more charts above. Then, click the = icon in the floating menubar to apply filters and view the
-4 results in a grid (opens in a new tab). Click the ~ icon to select all slices from all charts (i.e. all available exRNA profiles) or click the = icon to clear selections
from all slices.



Faceted sub-selection of samples

Select exRNA profiles: (277 selected) Faceted sub-selection of submitted samples
Condition Biofluid RNA Source @ RNA Isolation Kit ®
Liver Disease
Preeclampsia

Sie Extracellular

L vesicle \

upus
hematosus

Plasma
Hemorrhage gﬁgbmsmnal
HDL-containin
] protein-lipid-RN.
. geslatéonally 854 complex

Glioblastoma mall Fetus
Multiforme -

Cardiovascular
isord

Healthy Control
Plant (Exiqon)

Parkinson's Conditioned

Media

Ulcerative
Colitis

Alzheimer's

Extracellular miRcury
exosome A
(Exiqg miRNeasy
(Qiagen)
miRcury - Cell &

[System Biosci.)

Carcinoma MiRVana Paris

Total cell-free
biofluid RNA (Ambion)

Saliva

W colorectal cancer (21) M Plasma (656) B miRcury biofluids (Exigon) (43)
M Gastric Cancer Pgfhologic TNM Finding v7  (98) Saliva (198) miRCURY RNA isolation kit - Cell & Plafjt (Exigon)
B Colon Carcinom (132) (4)
W Prostate Carcingina (37) B miRNeasy (Qiagen) (669)
i Select all or Clear all
arouped §I|ce Number of from each donut
representing a _ u
Actual labels with samples selected
category of
. number of
conditions
samples for each
condition

13



Sample Sub-selection in exRNA Atlas

¢= Back to Search Page # Download Samples ~ G Go To Genboree Workbench
ERCC Quality Standards
Bilosample Name Condition Anatomical Location Biofluld Name exRNA Source RNA Isolation Kit p— ==
Standan Genome Reads Genome Ratio Reads
Sample_2523 Colon Carcinoma Entire cardiovascular system Plasma total cell-free biofluid ANA miRNeasy (Qiagen) YES 1 SortAscending  j06531 8,203,188
Sample_PC29 Prostate Carcinoma Entire cardiovascular system Plasma total cell-free biofluid RNA miRNeasy (Qiagen) vEs 4 SonDescending 371009 6,451,598
Sample_257 Colon Carcinoma Entire cardiovascular system Plasma total cell-free biofluid RNA miRNeasy (Qiagen) YES % Columns » 152528 5,654,350
Sample_PC32 Prostate Carcinoma Entire cardiovascular system Plasma total cell-free biofluid RNA miRNeasy (Qiagen) YES Filters » YES
Sample_2513 Colon Carcinoma Entire cardiovascular system Plasma total cell-free biofluid RNA miRNeasy (Qiagen) 10,014,349 Obrvoer wr e Ton
Sample_PC16 Prostate Carcinoma Entire cardiovascular system Plasma total cell-free biofluid RNA miRNeasy (Qiagen) 7,709,655 0.898957 6,930,650
Sample NS Colon Carcinoma Entire cardiovascular system Plasma total cell-free biofluid RNA miRNeasy (Qiagen) YES 7,629,281 0.86262 6,581,172
ple_3S5 Colon Carcinoma Entire cardiovascular system Plasma total cell-free biofluid RNA miRNeasy (Qiag YES 6,248,010 0.838497 5,238,840
ple_PC14 Prostate Carcinom; Entire cardiovascular system Plasma total cell-free biofluid RNA miRNeas YES 8,358,103 0.888418 7,425,489
ple_1518 Colon Carcinoma Entire cardiovascular system Plasma total cell-free biofluid RNA sy (Qiagen) YES 7,917,799 0.894843 7,085,186
ple_4512 Colon Carcinoma, Entire cardiovascular system Plasma total cell-free biofluid RNA IRNeasy (Qiagen) YES 5,985,837 0.877731 5,253,857
ple_ 4517 Colon Carcinom Entire cardiovascular system Plasma total cell-free biofluid R! miRNeasy (Qiagen) YES 8,794,760 0.872674 7,674,961
ple_4521 Colon Carcinom, Entire cardiovascular system Plasma total cell-free bioflyk miRNeasy (Qiagen) YES 9,271,599 0.884286 8,198,743
le_N44 Colon Carcino: Entire cardiovascular system Plasma total cell-fr uid RANA _

Sub-select or filter Filter each column T e T
samples of interest and based on column values e P s
&= & F (a B - 1 1 -
keywords, numbers) to sm 48 @@ EXRIPATEINEBUB2STES
Go TO Genboree ( y . ! ) h 4 ; : & 8 il (@ @ EXR-TPATE1NEBLIBPC32-BS
Workbench to SU bm|t restrICt number Of A &7 8 ik @ @ EXR-TPATE1NEBLIB2S13-BS
&8 &7 8 ik @ @ EXR-TPATE1NEBLIBPC16-BS
Downstream Analysis Samples selected e = &7 8 g @  EXR-TPATEINEBLIBNG-BS
¢ = &+ 8 il & @ EXR-TPATE1NEBLIB3S5-BS
TOOIS &= &+ 8 dls [ @  EXR-TPATEINEBLIBPC14-BS
&= &+ 8 ik (@ @ EXR-TPATE1NEBLIB1S19-BS
¢ = &+ 8 ik @ @ EXR-TPATE1NEBLIB4S12-BS
&= &7 8 ik [ @ EXR-TPATE1NEBLIB4S17-BS
A A | &7 8 il [ @ EXR-TPATE1NEBLIB4S21-BS
¢ = &+ 8 ik @ @ EXR-TPATE1NEBLIBN44-BS

14



Partition Grids in exRNA Atlas

smRNA-Seq mRNA-Seq qRT-PCR
DioFiuids vs Diseases Plasma 15

Parkinson's Meathy SMRNA-Seq ~ Serum 216
Disease Control Plasma AL

Biofluid vs Disease Biofluid vs Experiment Type

Serum © ” Serum e Cerebrospinal fluid 438

Sarea 100 Corobrospinal Nukd s

Pleame pe Bio s Bile 5

Cwscompna 7 & : : Saliva 198 l
Blood 266

BioFluids vs Diseases

Chronic
Alzheimer's Maternal Fetus Small | Subarachnoid Healthy
Disease Hypert.ensmn for Hemorrhage Control
with Gestational
Superimposed Age
Preeclampsia
Plasma 6
Serum 52 2 4 91
Cerebrospinal fluid 62 257 62
Bile
Saliva 100
Blood 266
Metadata about Biosamples:
smRNA-Seq » Bile
<= Back to Search Page = & Download Samples ~ Go To Genboree Workbench ~
ERCC Quality Standards
Biosample Name Anatomical Location exRNA Source Pafarence Download Data Download Actions
Meel:  Gonome Transcriptome = Transcriptom: Metadata
Standar( Reads Genome Ratlo Reads
IYB2 Entire bile duct extracellular vesicle NO 5,168,243  0.434522 2,245,... g 2 & F 8 ik & E
IYB4 Entire bile duct extracellular vesicle YES 1,620,149  0.585237 948,171 £ 8 & F 8 ik (& G
IYB1 Entire bile duct extracellular vesicle YES 994,960 0.770116 766,235 ® 2 & F 8 ik (& E
YB3 Entire bile duct extracellular vesicle YES 6,400,885  0.732687  4,689,... g 8 & F 8 ik (& E
IYB5 Entire bile duct extracellular vesicle YES 1,723,941 0.607476 1,047,... ® R & F 8 ik (& E




Drill-down search in exRNA Atlas

Samples By Anatomical Location, Biofluid, And Condition

Anatomical Locations Biofluids

O Colon part (18)

(O Cellular analyte (4)

High density
O lipoprotein (6)

a (241)

. Serum (196)

241/ 751
Samples Selected © Entire bile duct (5)

(32.09%)
O Brain ventricle
structure (181)
O Entire oral cavity
(100)

Conditions

© Colorectal Cancer (3)

. Healthy Control (39)

Ulcerative Colitis
e

. Cardiovascular
Disorder (20)

. Colon Carcinoma (132)

Prostate Carcinoma
(37)

. Pancreatic Carcinoma
(7

16



Submission Summaries in Atlas

Grid for exRNA Profiling Studies

Pl Name

Anna Krichevsky

Analysis Accession ID 1
EXR-AKRIC1AKGBMexo-AN
EXR-DGALA1GUTPLASM. ...
EXR-DWONG1TMDW78D-ANe
EXR-JFRAN1CRCDLDO00-AN
EXR-KJENS1ADPD0000-AN
EXR-KJENS1aSAHPR-AN
EXR-KVICK1KCVSLE00-AN
EXR-LLAURTMATDAMON-AN
EXR-TPATE15bHLB4-AN

EXR-TPATE1SwLbjS-AN

Study Title
AK-exosome RNA

The Complex Exogenous RNA Spectraii...

ExRNA

Profiles of Extl
aSAH Study fron§ Jensen lab

Sept2014_ExRNA
Human exRNA Sequencing
Mouse Extracellular Small RNA Sequer]

Grid with RNA Profile of Biosamples

lysis of colorectal cancer ce...
ellular miRNA in Cerebr...

David Galas
David Wong
Jeff Franklin

Kendall Jensen

Kendall Jensen

Property

Analysis

Genome Version
Type

Alignment Method
Grid View

Funding Source
NIH Common Fund
NIH Common Fund
NIH
Common Fund/NIH: U19 CA179514-02 (...
Michael J Fox Foundation for Parkinsons...
NIH

Value
EXR-DWONG1TMDW78D-AN
hg19

Reference Alignment

exceRpt smallRNA-seq Pipeline Version 2.2.8

<|

1

Grant Name/Number
1U19CA179563-01
1U01HL126496-01
1UH2TR000923-01
1U19CA179514-01

Non-ERCC Funded Study

1UH2TR000891-01

H2TR000906-01
H2TR000884-01
H2TR000884-01

ExRNA Profiling Studies

ExfRNA Profiing Studies

P1 Name Stady Title

Kendall Jensen  aSAM Saudy om
Tushor Pated Human exRNA S
Arra Krichovaky AK-excsome FINA
Kasey Vickers  HgryDensity Upog
Jeft Frarkin RNASeq analysis ¢
Oawia Qalas The Complex Exog

Organization
BWH
Pacific Northwest Diabetes Research Ins.
University of California-Los Angeles
Vanderbilt University School of Medicine
Translational Genomics Research Institutt
Translational Genomics Research Instituts
Vanderbilt University School of Medicine
University of California-San Diego
Mayo Clinic
Mayo Clinic

Biosamples

EXR-DWONG1GCB22S5-BS
ExperimentType: smRNA-Seq
Biofluids: Saliva

EXR-DWONG1GCB12S4-BS
ExperimentType: smRNA-Seq
Biofluids: Saliva

EXR-DWONG1GCB16S8-BS
ExperimentType: smRNA-Seq
Biofluids: Saliva

EXR-DWONG1GCB09S3-BS
ExperimentType: smRNA-Seq
Biofluids: Saliva

EXR-DWONG1GCB20S3-BS
ExperimentType: smRNA-Seq
Biofluids: Saliva

EXR-DWONG1GCB07S3-BS
ExperimentType: smRNA-Seq
Biofluids: Saliva
EXR-DWONG1GCB0554-BS
ExperimentType: smRNA-Seq

Actions Input Reads After Clipping | Failed Quality
Filter
i =
26,351,419 22,840,990 966,719
ik &
21,336,449 19,440,864 936,622
ik =
30,127,548 28,309,474 2,919,653
ih &
18,811,513 16,330,513 712,469
ih &
27,327,328 25,037,737 1,636,895
ih &
33,396,244 30.418,227 2,701,076
ih &
30,164,451 27,685,268 2,137,689

Failed

Homopolymer

Filter

16,730

49,707

34,181

17.901

19,692

22,045

9.486

Calibrator UniVec rRNAs
Contaminants
29734 352,126 1474434
1,123,315 451,420 2,776,712
3,627,535 590,215 489,461
1,283,739 414,625 605,702
2,064,483 549,676 1,717,042
4,561,878 1,315,529 390,196
2,781,277 344,879 1,892,810

<

1

|

Reads Used Genome miRNAs miRNAs piRNAs Sense
for Alignment Sense Antisense
-
20,001,247 12,236,321 2,365,823 237 69.437 |§
14,103,088 6,527,116 397,875 2152 339,072
20,648,429 7,934,985 106,331 1,010 67,747
12,296,077 4,760,247 31,594 870 26,709
19,049,949 7,415,962 69.261 1122 54,075
21,427,503 7,359,546 62,495 1,283 53,539
y
20,519,127 7,818,525 172,231 2,165 43,874 N
»




Submission Summaries in Atlas

Submitted Samples / Biofluid
100 -
80
96 60 -
40
20—
0 1 - ! -
S »ﬂ; @;
o*d\

Group: Submission Month/Year

Samples Passed QC / Biofluid

{b %
5636%9

100
80
96 60
40
20+

d®

Group: RFA Title

Transcriptome Mapped Reads / Biofluid

100
80
96 60
40
20

Read Mappings / RNA Type

l- |*|||

V\;V-.\; \\vﬁ
‘tﬁtﬁ%

100
80

96 60
40 H
20

0-

0
Qp

Project
Job 1+ Pl Name Submitter’'s Grant Number Mode of | Organization CoPl Pr ing Submissi Registered Number of
Date Name Submissiol of Pl Names Pipeline Category by Pl with Submitted Samples
dbGaP?
+ Group: Data Manag and R Rep y (DMRR) on Extracellular RNA (U54) RFA-RM-12-010
Fy— ~ Group: Defi AC hensive Ref Profile of Circulating Human Ext llular RNA (U01) RFA-RM-13-014
DCC Submission Summary = 6rou»: Defining A Come ° - =
2015-06  David J. Erle Paula Godoy 1U01HL126493-01 Genboree University of [Not exceRpt Samples Not Not Applicable 76
Workbench  California San applicable] small Meant for
Francisco RNA-seq Submission to
DCC
2015-07  David J. Erle Paula Godoy 1U01HL126493-01 Genboree University of [Not exceRpt Samples Not Not Applicable 4
Workbench  California San applicable] small Meant for
Francisco RNA-seq Submission to
DCC
2015-08  David J. Erle Paula Godoy 1U01HL126493-01 Genboree University of [Not exceRpt Samples Not Not Applicable 57
Workbench  California San applicable] small Meant for
Francisco RNA-seq Submission to
DCC
2015-09  Muneesh Ryan 1U01HL126499-01 Genboree Umverslty of [Not exceRpt Samples Not Not Applicable 22
Tewari Spengler Workbench higan at Ann pplicable] small Meant for
Arbor RNA-seq Submission to
DCC
+ Group: Ext llular RNA Biog: Biodistrik Uptake, and Effector Function (U19) RFA-RM-12-012
~ Group: Non-ERCC Submission
2015-06  Non-ERCC Alex H Non-ERCC Funded Genboree [Not exceRpt Samples Not Not Applicable 22 18
Pl Study Workbench applicable] small Meant for
RNA-seq Submission to
DCC




Drill-down search in exRNA Atlas

Use the circular partition diagram (or

Samples by Disease, Biofluid, and Anatomical Location "sunburst" diagram) to interactively drill
down into different subsets of
Diseases :
Subarachnoid Cerebrospinal fluid Entire brain b I Osa m p | es
Hemorrhage Biofluids °

If you hover over a colored segment,
you will see the Disease » Biofluid »
Anatomical Location 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.

e This drill-down tactic is the best
approach for low-population subsets
that are hard to select when zoomed
out.

* Clicking the Search icon in the floating
menubar will open the tabular view of
your biosample subset.

e 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. 19

Anatomical Location

9.11%



Tools available at the DMRR

)

Data Analysis Pipelines & Tools J

e exceRpt small RNA-seq Pipeline v3.3 — Genboree Workbench & FTP
Submission

e RSEQtools long RNA-seq Pipeline — Genboree Workbench

e Target Interaction Finder — Genboree Workbench

e Pathway Finder — Genboree Workbench

e Fold Change Calculation using DESeq2 — Genboree Workbench

e KNIFE — Known and Novel Circular and Linear Isoform Explorer — Genboree
Workbench

)

Data Submission Pipelines J

e exRNA FTP data submission pipeline for small RNA profiling data

eXRNA Metadata Tracking - GenboreeKB

e/

e Small RNA-Seq Assays
e Long RNA-Seq Assays




exceRpt v3.1.9 Workflow

standard formats

remove adapters
+ primers

for reads >15nt

map using
bowtie2
(faster, allows
indels)

hierarchical
mapping
using bowtie1

19nt seed
1 mismatch

map using
bowtie2
map using
bowtie & STAR

map using STAR map to all genomes in ensembl & NCBI o
—

¢ map to UniVec contaminants

/ map to host genome
(hg19 hg38 mm10)

=

sequenced read (50nt) -~

-r

IS IS IS IS #S#" ISHSSI"HS1S

smallRNA (~20-30nt) adapter (~20-30nt)
read-quality filter

fastQC

read length analysis

optional: map to spike-in library

unmapped reads

unmapped reads

map to 45S, 5S, & mitochondrial rRNAs

unmapped reads

-/

~

. miRNAs (miRBase)

. tRNAs (gtRNAdb)

. piRNAs (RNAdb)

. all other transcripts (gencode)

. circularRNA junctions (circBase)

unmapped reads

map to endogenous genome (again!)

and repetitive elements

-/

-

unmapped reads

map to exogenous
miRNAs and rRNAs

unmapped reads

input

preprocessing
filtering
QC

endogenous
alignment

exogenous
alignment

small RNA-seq
analysis toolkit

exceRpt

quantification (RPM) of
mMiRNA, tRNA, piRNA,
snoRNA, circularRNA,
& long transcript fragments

Developed by Rob Kitchen at the
Gerstein Lab, Yale University

21



exceRpt v3.1.9 in Genboree Workbench

() Import Samples - Example Data

() RSEQtools hg18 - Example Data / Database LR = Oligo (Spike-in) Library Options
Data

Tool Settings
—|Output Location:
Datab mallRNA-seq Pipeline - Group: Examples and Test Data
GENBOREE TOOL MENU BAR (CONTAINS ALL GENBOREE TOOLS) Example Data
-8 System/Network v | ‘_] Data v ‘ \ Genomd ( Transcriptome » Cistrome v H - ‘ ‘ - ‘l %) Vi ion v H ) HelP'I SRR RERG I USE —|exceRpt Ripes Settmg;}
S “Seq Data b L, EXCERPT u Analysis Name exceRpt Pipeline-2015-10-30-11:40:36
Welcome to the Genboree ideo Genome Version [0
L S bk | xRNA Data Analysis » 2nd Generation exceRpt small RNA-se§fPipeline (Stable) ‘
quence Options
Data Selector <7 Filter Reads 3rd Generation exceRpt small RNA-seq Pipeline (New)
cs? Refresh | fit| N7 Map Reads by Pash exceRpt small RNA-seq Post-processing \ . w Iﬁ';z':t;:gg";ﬁ: o
a @ Examples and Test Da'.a ﬁ G ro u p W Profile Combined Coverage Click to Download File % 3' Adapter Sequence
o Databases Examples and Test Data ‘i‘
1 () Atlas SNPZ Example Data Database smallRNA-seq Pipeline - Example Data
» () Bowtie - Example Data = Description Random|Barcode o
b L_‘J BWA hg19 - Example data Name placental_serum_plasma_SRA_Study_SRP... « Length
b ‘71 CreateHub hg19 - Exarr!ple Datal Random Barcode Sp-3p v
i [J) FastQC - Example Data Input Data Location
[
B
[

J placental_serum_plasma_SRA_Study_SRP018255_4_samples.tar.gz

thj RSEQtools hg19 - Example Data Select Library  No custom oligo library -

4[4y q Pipeline -
() Tracks -
= ’ DRAG YOUR INPUT DATA FILES HERE
> [ Lists & Selections Below, you can select your order of for library ali t. Numbers are listed in order of
prionity (1 15 higher prority than 5", etc.) By default, tha quantiication angine will irst align to mRNA, then
D @ SampleSets tRNA, then pIRNA, then Gencode annotations, and then circular RNA. You can change the order of priority by
altering the numberls bIEII:\“ !onu do not. usnht to slw%n toa pamcullarfhbrsry‘._eTss‘_ehthe number for that
F'I " o Ta particular library. You may not choose the same priority for multiple libraries.
: les | = miRNA [ |2
|-l exceRptPipeline_v3.1.9 1 * v XV ~
> [\ Placental smallRNAs SRA SRP018255 4-samples : (4 Your Database Remove mRNA Happin
v
F] |_serum_plasma_SRA_Study_SRP018255_4_: targz | .
T . Ao A
| smallRilAseqPipeline_v2.25. : DRAG YOUR OUTPUT DATABASE HERE - YOUR RESULT wNA [ S
spikelnLibraries - . R -
S . b i FILES WILL BE UPLOADED TO THIS DATABASE Remove tRNA apping
q-Fipeline == ==S=S=====
piRNA (3 |2

Remove piRNA Mapping

~

Gencode |4 s

Tool Settings ———
* Provide 3’ adapter sequence, if known Circular RN [5_[S

* Set options for random barcodes — length and location o

Current Priority List miRNA > tRNA > piRNA > Gencode > circRNA

* Upload custom oligo sequences or use previously uploaded oligo Maximum Number of 1 -

Mismatches Allowed

oo aer da— for library al t. The first choice, endogenous-only, will
disable mapping to exagencus mRNAS, The second choice, endogenous + exagenous (miRNA). wil make the

sequences

+ Select endogenous libraries for mapping
«  Change order of endogenous libraries gdg.y

* Set mapping options — mismatches, bowtie seed length :mmtnaﬁ';"bmw; -

* Choose exogenous library alignments :

Bowtie Seed Length 19




exceRpt v3.1.9 in Genboree Workbenc

GENBOREE

« c
Medicine

{@Systemmetworkv“\jmmv“ GenomevH Trauscriptorre-“ CistromevH i vH -H!} v“@ﬂe‘p-J
Welcome to the Genboree Workbench! H watch intro video
Data Selector Details
2 Refresh Data Fiter:| Select a fitter. "z fltrtute ke
=Fer Download Click to Download File o
4[LiFiles CONTAINS ALL EXCERPT RESULTS B s e to Download I 3
s - iexceRptPipeline_v3.1.9] Group Examples and Test Data
Circulating microRNAs from serum plasma - Stud Database smallRNA-seq Pipeline - Example Data
|_iobFile.json Description
3 \5 postProcessedResults_v3.1.0 Name exceRptPipeling_y3.1.9/Ci o il
ample_C1_non_pregnan ]
_ | sample_C1_non_pregnanti_SRR822433_fastq.log CONTAINS RESULTS FROM ONE EXCERPT TOOL JOB 08~

ﬂ sample_C1_non_pregnant1_SRR822433_fastq.stats
D[ 51 sample_C1_non_pregnant1_SRR822433_fastq

Lj sample_C1_non_pregnanti_SRR822433_fastq_Circulating%Z
ﬂ sample_C1_non_pregnant1_SRR822433_fastq.stats
Lj sample_C1_non_pregnant1_SRR822433_fastq_Circulating%20m

RESULT FILES FOR
EACH SAMPLE

b Esample_cs_non _pregnant5_SRR822436_fastq
3 15 Placental smallRNAs SRA SRP018255 4-samples
\j placental_serum_plasma_SRA_Study_SRP018255_4_:

tar.gz

spikelnLibraries
> @ q Pipeline ing - Data -

< m | »

(POTENTIALLY MULTIPLE SAMPLES)

v/

CONTAINS POST-PROCESSING RESULT FILES

CONTAINS CORE RESULT FILES FOR A GIVEN SAMPLE

densty

Provassed_pseucogens -
-
Iprime_overapping_ncrna = 4{ ]
non_stop_decay - —_— l

exgenous_genormes -

ex0g6n0us_ANA -
exgenous_mIANA
circularANA

1G_V_gere -

1e-02 10-01 Tesc0 Tes01 Tes02 Tesc3 Tes0s 10405
reacCour

miRNA abundance distributions (raw counts)
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ERCC Data Analysis Workshop

Topics covered in Use Case 2 Part 2

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



Using the exRNA Atlas to Perform
Comparative and Downstream
Analysis of exRNA Samples in the

Genboree Workbench

William Thistlethwaite

ERC Consortium Data Management & Resource Repository (DMRR)
Baylor College of Medicine, Houston, TX



Selecting 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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Selecting Samples of Interest

Select exRNA profiles: (181 selected)

E Condition Biofluid

Liver Disease

Prostate Lupus

( p Bile
Carcmon* Erythematosus Plasma
Cardiovascular Colorectal i
Disorder Ccancer Cerebrospinal

Fluid

Pancreatic
Carcinoma 181

Healthy Control

Colon Carcinoma

ot N ser congione
Ulce(r:agixg Parkinson's caiva
Alzheimer's
FIRST, SELECT exRNA PROFILES
SECOND, CLICK THE MAGNIFYING BY CLICKING THE DESIRED FACETS
GLASS ABOVE TO CREATE A GRID
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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.



Picking Out Samples for Further Analysis

Search Results - 181 Biosamples

<= Back to Search Page ¥ Download Samples ~ G Go To Genboree Workbench «

Pathway Finder

Biosample Name Conditi Biofluid Name exRNA Source

Target Interaction Finder
Run Post-Processing Tool

0758 Healthy Control CSF Healthy Control Fold Change Calculation Using DESeq2 Cerebrospinal fluid total cell-free biofluid RNA -

NN

9948 Alzheimer's disease CSF
0888 Healthy Control CSF
1004 Parkinson's Disease CSF
0146 Healthy Control CSF
0855 Healthy Control CSF
9618 Alzheimer's disease CSF
0438 Healthy Control CSF
0511 Alzheimer's disease CSF
1016 Alzheimer's disease CSF
9914 Healthy Control CSF
0207 Alzheimer's disease CSF
0552 Alzheimer's disease CSF
9635 Healthy Control CSF

Alzheimer's Disease
Healthy Control
Parkinson's Disease
Healthy Control
Healthy Control
Alzheimer's Disease
Healthy Control
Alzheimer's Disease
Alzheimer's Disease
Healthy Control
Alzheimer's Disease
Alzheimer's Disease

Healthy Control

Brain ventricle structure
Brain ventricle structure
Brain ventricle structure
Brain ventricle structure
Brain ventricle structure
Brain ventricle structure
Brain ventricle structure
Brain ventricle structure
Brain ventricle structure
Brain ventricle structure
Brain ventricle structure
Brain ventricle structure

Brain ventricle structure

Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid

Cerebrospinal fluid

total cell-free biofluid RNA
total cell-free biofluid RNA
total cell-free biofluid RNA
total cell-free biofluid RNA
total cell-free biofluid RNA
total cell-free biofluid RNA
total cell-free biofluid RNA
total cell-free biofluid RNA
total cell-free biofluid RNA
total cell-free biofluid RNA
total cell-free biofluid RNA
total cell-free biofluid RNA
total cell-free biofluid RNA
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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.



Going from Atlas to Workbench

ExRNA Atlas Log in

GENBOREE

The Genboree page you are trying to access requires you to be logged in.

- If you have access permission, you will be redirected to the page after login.
- Otherwise, there will be an opportunity to ask the group administrators for

access to their group.
{2t GENBOREE HOME

Login Name:
Password:

Login| Cancel

(Forgot your password?)

New to Genboree? Register here!

Genboree is built & maintained by the Bioinformatics Research Laboratory

z at Baylor College of Medicine.
L Genboree is 2 hosted service. Free open source code is availzble here.
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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.

Group: william_thistle2_group v

Database: Exrma-atlas Output v
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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 DESeq?2 differential expression tool



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.



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).



Run Post-Processing Tool

GENBOREE

:,g}SysterrVNeMork' Hl_rl Data~ H Genome~ H Transcriptome ~ ' ‘ Cistrome ~ H Epigenome H

Analyze RNA-Seq Data 4
Welcome to the Genboree

b

Analyze Small RNA-Seq Data ) exRNA Data Analysis
1 Differential Expression Analysis §
Data Selector 7 Filter Reads
@Refresh Data Fitter: | Select a filter... N Y Map Reads by Pash

4 =i/ genboree.org
> @ Epigenome Informatics Demo Output Data
> @ Epigenome ToolSet Demo Input Data
> @ Epigenomics Roadmap Repository
> @ Examples and Test Data
> @exRNAAtlas
> @ Extracellular RNA Atlas
> é Genboree Videos
> @ GenboreeKB Test
> @ Registries
> @ ROl Repository
4 @ william_thistle2_group
4| Databases
i () Exrna-atlas Output

%Y Profile Combined Coverage

Metagenome H ) Visualization v ‘ )@) Help~ ’

exceRpt small RNA-seq Pipeline

exceRpt small RNA-seq Post-processing

KNIFE (Known and Novel IsoForm Explorer)

Input Data
* ¥ XV

\j sample_SAMPLE_0329_PD_CSF_fastq_KJENS1-Alzheimers_Parkinsons-2| ~
.j sample_SAMPLE_9948_AD_CSF_fastq_KJENS1-Alzheimers_Parkinsons-2
.j sample_SAMPLE_1016_AD_CSF_fastq_KJENS1-Alzheimers_Parkinsons-2

4

Output Targets
*+ + XV

(1) Exrna-atlas Output

|| sample SAMPLE 0321 AD CSF fasta KJENS1-Alzheimers Parkinsons-2 ~
»
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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 Detalils panel.



Outputs from Post-Processing Tool

Data Selector

“Z Refresh Data Fitter: Files

4 @william_thistlez_group
4 |-/ Databases
4 [ ) Exrna-atlas Output
4 JFiles

> [~/ DESeq2_v1.0.0
J ExRNAAtlasDeseq2-Fri-Apr-15-2016-18:04:08-GMT-0500-(Central-Daylight-Time).txt
r jJ postProcessedResults_v3.1.0
4 jJ DESeq2-2016-4-15-18:23:22
|| DESeq2-2016-4-15-18%3A23%3A22_exceRpt_circularRNA_ReadCounts.txt
J DESeq2-2016-4-15-18%3A23%3A22_exceRpt_DiagnosticPlots.pdf
J DESeq2-2016-4-15-18%3A23%3A22_exceRpt_exogenousGenomes_kingdom Specific_ReadCounts.txt
J DESeq2-2016-4-15-18%3A23%3A22_exceRpt_exogenousGenomes_kingdom Specific_ReadsPerMillion.txt
J DESeq2-2016-4-15-18%3A23%3A22_exceRpt_exogenousGenomes_species Specific_ReadCounts.txt
J DESeq2-2016-4-15-18%3A23%3A22_exceRpt_exogenousGenomes_species Specific_ReadsPerMillion.txt
_] DESeq2-2016-4-15-18%3A23%3A22_exceRpt_gencode_ReadCounts.txt
|| DESeq2-2016-4-15-18%3A23%3A22_exceRpt_gencode_ReadsPerMillion.txt
| DESeq2-2016-4-15-18%3A23%3A22_exceRpt_miRNA_ReadCounts.txt
DESeq2-2016-4-15-18%3A23%3A22_exceRpt_miRNA_ReadsPerMillion.txt

=
__] DESeq2-2016-4-15-18%3A23%3A22_exceRpt_piRNA_ReadCounts.txt
J DESeq2-2016-4-15-18%3A23%3A22_exceRpt_piRNA_ReadsPerMillion.txt
J DESeq2-2016-4-15-18%3A23%3A22_exceRpt_ReadLengths.txt
J DESeq2-2016-4-15-18%3A23%3A22_exceRpt_readMapping Summary.txt
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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.



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



Fold Change Calculation Using DESeq2

GENBOREE Baylor

Medicine

{{}SystemlNeMorkv ’ ’|_:] Data~v H Genome ¥ ’ ’ Transcriptome H Cistrome ~ ’ ‘ Epigenome ~ ‘ ’ Metagenome ~ ‘ ’ ®) Visualization v | ’@) Help~ ‘

Analyze RNA-Seq Data b
Welcome to the Genboree deo
Analyze Small RNA-Seq Data b
Data Selector ] Differential Expression Analysis ) Fold Change Calculation Using DESeq2
% Refresh Data Fiter: No Fitter v Attribute Value

4 g}] genboree.org
[ @ Epigenome Informatics Demo Output Data
> @ Epigenome ToolSet Demo Input Data
4 @ Epigenomics Roadmap Repository

> @ Examples and Test Data

b g5 exRNAAtlas

I g% Extracellular RNA Atlas Input Data

> @ Genboree Videos _

> @ GenboreeKB Test * ¥ XV

> @ Registries |j sample_SAMPLE_0329_PD_CSF_fastq_KJENS1-Alzheimers_Parkinsons-2| «

3 33 i lj sample_SAMPLE_9948_AD_CSF_fastq_KJENS1-Alzheimers_Parkinsons-2

4 @ william_thistle2_group ,j sample_SAMPLE_1016_AD_CSF_fastq_KJENS1-Alzheimers_Parkinsons-2

4 Databases |~| sample SAMPLE 0321 AD CSF fasta KJENS1-Alzheimers Parkinsons-2 ~
> [ Exrna-atlas Output ! '

Output Targets
* X &

-
i) Exrna-atlas Output



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).



Fold Change Calculation Using DESeq2

Search Results - 181 Biosamples

= Back to Search Page ¥ Download Samples ~ G Go To Genboree Workbench ~

Biosample Name Condition Biofluid Name

0758 Healthy Control CSF
9948 Alzheimer's disease CSF
0888 Healthy Control CSF
1004 Parkinson's Disease CSF
0146 Healthy Control CSF
0855 Healthy Control CSF
9618 Alzheimer's disease CSF
0438 Healthy Control CSF
0511 Alzheimer's disease CSF
1016 Alzheimer's disease CSF
9914 Healthy Control CSF
0207 Alzheimer's disease CSF
0552 Alzheimer's disease CSF
9635 Healthy Control CSF

Healthy Control
Alzheimer's Disease
Healthy Control
Parkinson's Disease
Healthy Control
Healthy Control
Alzheimer's Disease
Healthy Control
Alzheimer's Disease
Alzheimer's Disease
Healthy Control
Alzheimer's Disease
Alzheimer's Disease

Healthy Control

FACTOR LEVELS

FACTOR NAMES

Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid
Cerebrospinal fluid

Cerebrospinal fluid

FACTOR LEVELS
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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



Fold Change Calculation Using DESeq2

Tool Settings
L

—|DESeq?2 Settings|

Analysis Name |DESeq2-2016-4-15-23:30:55

= Analysis Type

Below, you can select the factor name / factor levels for your DESeq2 analysis. For example, if your sample descriptor
document has a "disease” factor, you can select that factor and then choose a pair of factor levels to consider ("Alzheimer's
Disease” versus "Control”, for example). Please note that the second factor level is used as the base level in your DESeq2
analysis. Thus, if one of your factor levels is a control, then we recommend using that factor level as the second factor level.

Factor Name [Condition

Factor Level 1 |Alzheimer's Disease

Factor Level 2 \Healthy Control
(Base)

= ERCC Submission Options

If you are not a member of the ERCC, ignore this section. If you are a member of the ERCC, choose the appropriate options
for your submission with respect to your grant number and anticipated data repository. If your submission does not fall under
an ERCC grant, then choose the 'Non-ERCC Funded Study' option. If you are an ERCC member and your PI / grant numbers
are not showing up properly, please email Sai at sailakss@bcm.edu with your PI's name so you can be added to our database

as a submitter.

ERCC PI |Aleksandar Milosavljevic

ERCC Grant Number |Non-ERCC Funded Study v
Anticipated Data |None v |
Repository

= Advanced Options

Below, you can select your preference for advanced options that don't fit into the other categories above, The 'Remote Storage
Area' option will allow you to choose a remote storage (FTP) area where your result files will be uploaded. You can learn more
by visiting the tutorial.

Remote Storage |None Selected v |
Area

Submit| |Cancel




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 -> DESeqg2 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.



Outputs from DESeq2

Data Selector
":-fa Refresh Data Filter: Files N
4 =/ genboree.org -

> 53 Epigenome Informatics Demo Output Data
D> ;;—5 Epigenome ToolSet Demo Input Data
D 53 Epigenomics Roadmap Repository
> 33 Examples and Test Data
> g exRNAAtlas
> g Extracellular RNA Atlas
> (';3 Genboree Videos
D> 5—5 GenboreeKB Test
> g% Registries
D §3ROI Repository
4 gﬁwilliam_thistle2_group
4|/ Databases
4 [ Exrna-atlas Output
4 IFiles
4 |DESeq2_v1.0.0
4 jJ DESeq2-2016-4-15-18:23:22

|| DESeq2-2016-4-15-18%3A23%3A22_DESeq2_exceRpt_miRNA_ReadCounts.txt.diffExp.R

J DESeq2-2016-4-15-18%3A23%3A22_DESeq2_exceRpt_miRNA_ReadCounts.txt.foldChange.txt

.| jobFile.json

| EXRNAAtlasDeseq2-Fri-Apr-15-2016-18:04:08-GMT-0500-(Central-Daylight-Time).txt
j] postProcessedResults_v3.1.0 v
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Use Case 2: miBRNA Changes
In Alzheimer’s and Parkinson’s Disease

tgensi-

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.

exceRpt log2(FC)
-16 -12 -08 -04

exceRpt log2(FC)

(<0}

o

AD vs control in CSF
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ERCC Data Analysis Workshop

Topics covered in Use Case 2 Part 2

* Finding information about exRNAs of interest

 on Exocarta and Vesiclepedia
« on GeneWiki and Wikidata



Vesiclepedia and Exocarta

You can access both Vesiclepedia and Exocarta
from the Quick Links sidebar at exRNA.org.

‘1)exRNA.org

Quick Links

ExXRNA Atlas

EXRNA @ BioGPS
ExXRNA @ WikiPathways
ExoCarta

Vesiclepedia
miRandola
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Vesiclepedia and Exocarta

Vesiclegedia
ACRTCTCODCOITSS

of EVs




Vesiclepedia

AN COoTrC T N rrrTcer

STATISTICS STATISTICS
Studies Studies

Protein entries Protein entries
Proteins

MRNA entries MRNA entries

mRNA
mMiRNA MiRNA entries

Lipid entries Lipid entries

Species

Exocarta Vesiclepedia In Common
All Publications 132 271 108

Human Publications 100 190 78
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Exocarta

Credits | Contact | Vesiclepedia

txoCarta

""HOME | QUERY BROWSE DOWNLOAD DATA SUBMISSION HELP

EXOSOME PROTEIN, RNA AND LIPID DATABASE

Studies
Exosomes are 30-150 nm membrane vesicles of endocytic origin secreted by

most cell types in vitro. ExoCarta, an exosome database, provides with the
contents that were identified in exosomes in multiple organisms. Proteins
mRNA entries
mRNA
FunRich

Functional Enrichment Analysis Tool m | RN A

Protein entries

Lipid entries
Perform bioinformatics analysis of your extracellular vesicle data set

using FunRich, a open access standalone tool.

EXOSOMAL MARKERS

Vesiclepedia
AGCR2ICTICOCOTY

Statistics of proteins that are
identified more often in

o iy

exosomes.
Vesiclepedia - Compendium on extracellular vesicles

download ...




Vesiclepedia

Vesiclegedia

ANCOTC T Crirer

HOME QUERY BROWSE DOWNLOAD HELP

A community compendium for extracellular vesicles STATISTICS

Studies 538
Protein entries 92,897
mRNA entries 27,642

Extracellular vesicles (EVs) are membraneous vesicles released by a variety of cells into the extracellular microenvironment. Based on the mode of

biogenesis, EVs can be classified into three broad classes (i), ectosomes or shedding microvesicles (ii), exosomes and (iii), apoptotic bodies. Recent studies

. . s . - L . . . miRNA entries 4,934
have ignited significant interest on EVs by elucidating their role in intercellular communication, pathogenesis, drug, vaccine and gene-vector delivery and

Lipid entries 584

as possible reservoirs of biomarkers. With such immense interest, the amount of data generated has increased exponentially. Here, we describe Species -

Vesiclepedia, a manually curated compendium of molecular data (lipid, RNA and protein) identified in different classes of EVs. Currently, Vesiclepedia
comprises 35,264 protein, 18,718 mRNA, 1,772 miRNA and 342 lipid entries encompassed from 341 independent studies that were published over the past
several years. Even though databases are indispensable resources for the scientific community, r ecent studies have shown that more than 50% of the

09/01/2015 -

databases are not updated for a long time. In addition, more than 20% of the database links are not active after its initial publication. To prevent such ‘r’;seti:l;?:ﬁa Version 3.1

database decay and keep them updated, for the first time, we have initiated a continuous community annotation project with the active involvement of the 09/01/2015 - Addition of
new datasets to

EV researchers with long standing (> 10 years) and newly found reputation in the field. The principal investigators working on EVs have vowed to Vesiclepedia.
contribute data generated by their group in a regular and continuous fashion making this effort significantly unique. By undertaking such initiatives, we Vesiclepedia Version 2.1
foresee the EV research community as trendsetters in data sharing. We expect, Vesiclepedia to evolve as a primary resource for EV research. released!!

01/09/2013 - Addition of
new datasets to
Vesiclepedia.
01/04/2013 -
Vesicl dia high

FunRich

in Nature Methods
01/04/2013 - Manuscript
describing Vesiclepedia was
.. . . . . . highlighted in the tool
Perform bioinformatics analysis of your extracellular vesicle data set using FunRich, a open access standalone tool. section of Nature Methods.

Pul
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D

fferential Expression of miRNAs in CSF

Control vs Alzheimer’s

Burgos et al exceRpt + DESeq2
miR Name log2(FC) P-value log2(FC) P-value
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

We will focus on the
top 10 most differentially expressed miRNAs
in CSF of Alzheimers’ patients vs. healthy controls.

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

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

ExoCarta

Control vs
Alzheimer’s

miR Name
miR-124-3p
miR-138-5p
miR-127-3p
miR-132-3p
miR-127-5p
miR-136-3p
miR-381(-3p)
miR-101-5p
miR-199b-5p
miR-136-5p

HOME QUERY BROWSE DOWNLOAD HELP

27 miRNA description for miR-124-3p

miRNA accession miR-124-3p

Species Homo sapiens

22 miR-124-3p identified in exosomes derived from the following tissue/cell type

Colorectal cancer cells Unpublished / Not applicable
Colorectal cancer cells Unpublished / Not applicable
Melanoma cells 26176991 pyplMed
Plasma 23663360 Pubmed

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: 94839.



Querying Exocarta for miRNAs

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

7 Experiment description of studies that identified miR-124-32p in exosomes
Control vs

. ’ Experiment ID 218
Alzheimer’s P
. Identified molecule MiRNA w
miR Name
mlR-124-3p Identification method Human miRNA Microarray Kit
miR-138-5p PubMed ID Unpublished / Not applicable
. Organism Homo sapiens
miR-127-3p & P
. Experiment description | Characterization of colorectal cancer cell exosomal microRNA content in vitro
miR-132-3p
iR-127 Authors
MIk- -Sp Journal name Not applicable
mIR_136_3p Publication year 0
mlR'381('3 p) Sample Colorectal cancer cells
miR-101-5p Sample name HCT116
. HT29
miR-199b-5p
. Molecules identified in miRNA
miR-136-5p the study
Methods used inthe | i3 cRY LNA microRNA Array 7th Gen
study
Comments NOTFOUND NOTFOUND

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



Querying Exocarta for miRNAs

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

Experiment ID 265
Contr_OI VS, Identified molecule miRNA w
Alzheimer’s
Identification method RNA deep sequencing
mIR Name PubMed ID 26176991 Pubmed
mi R'124‘3p Organism Homo sapiens
1IR- - . - Small RNA deep sequencing discriminates subsets of extracellular vesicles
mi R 138 5p Experiment description released by melanoma cells &€"evidence of unique microRNA cargos
mil R'127'3p Auth Lunavat TR, Cheng L, Kim DK, Bhadury ], Jang SC, Lasser C, Sharples RA,
. uthors Lopez MD, Nilsson ], Gho YS, Hill AF, Lotvall J.
miR-132-3p :
Journal name RNA Biology
mi R'127_5p Publication year 2015
m | R-136-3p Sample Melanoma cells
mlR-381(-3p) Sample name MML-1
. Protein
miR-101-5p miRNA
H b Molecules identified in SNRNA
miR-199 _Sp the study SNORNA
mtRNA
mi R_136_5p Ro associated Y-RNA
MiscRNA
Methods used in the Western blotting
study RNA deep sequencing
Comments NOTFOUND NOTFOUND

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: 694839.



e
'
: &) Querying Exocarta for miRNAs
[)
e
" http://exocarta.org/mirna_summary ?species=Homo%20sapiens&mirna_id=miR-124-3p
Experiment ID 222
Contr_OI VS, Identified molecule miRNA w
Alzheimer’s
Identification method RT-PCR
miR Name PubMed ID 23663360 Pubmed
mIR-124-3p Organism Homo sapiens
m | R_138_5p Experiment description | Characterization of human plasma-derived exosomal RNAs by deep sequencing
. H X, Y T, Tsch M, Sun Z, Jacob H, Du M, Li M, Ditt RL,
miR-127-3p Authors Liu Y, Liang M, Kohii M, Thibodeau SN, Boardman L, Wang L
m|R_132_3p Journal name BMC Genomics
mlR-127-5 Publication year 2013
. p Sample Plasma
mi R_136_3p Sample name Plasma - Normal
miR-381(-3p) miRNA
. tRNA
mi R'101‘5p Molecules identified in EEEEICA
miR-199b-5p fhe stuay rRNA
) piRNA
miR-136-5p IncRNA
Methods used in the RT-PCR
study
Comments NOTFOUND NOTFOUND

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: 694839.



Querying Vesiclepedia for miRNAs

Control vs

Alzheimer’s

miR Name
miR-124-3p
miR-138-5p
miR-127-3p
miR-132-3p
miR-127-5p
miR-136-3p
miR-381(-3p)
miR-101-5p
miR-199b-5p
miR-136-5p

60

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

Vesiclepedia

A "ol DN VW anh W o

NS

QUERY MIRNA SUMMARY BROWSE DOWNLOAD HELP

D miRNA description for

miRNA accession

miR-124-3p

Species

Homo sapiens

D identified in exosomes derived from the following tissue/cell type

Urine [Exosomes]

D Experiment description of studies that identified

24352158 5 plmed

in exosomes

Experiment ID

35

Identified molecule

7
MIRNA ﬁ

Identification method

RNA deep sequencing

PubMed ID

24352158 Publ@ed

Organism

Homo sapiens

Experiment description

Characterization and deep sequencing analysis of exosomal miRNA in human urine

Authors

Lesley Cheng, Xin Sun, Bradley M. Coleman, Andrew F. Hill

Journal name

Not applicable

Publication year

0

Sample

Urine

Sample name

Urine - Normal

Molecules identified in the
study

miRNA

Methods used in the study

RNA deep sequencing

tgens;




Downloading Vesiclepedia and Exocarta

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

ExoCarta Download - 5

Protein/mRNA data ExoCarta protein mRNA_ details 5.txt
miRNA data ExoCarta_miRNA_details_5.txt

Lipid data ExoCarta lipid details 5.txt

Exosome study details ExoCarta experiment details 5.txt
Gene details ExoCarta gene details 5.txt

Top 100 proteins ExoCarta topl100 protein details 5.txt

Vesiclepedia Download - Version 3 (Release date: 9 Jan 2015)

Protein/mRNA data Vesiclepedia_protein_ mRNA_details.txt

miRNA data Vesiclepedia_miRNA_details.txt

Lipid data Vesiclepedia_lipid_details.txt

Experiment study details Vesiclepedia_experiment_details.txt

Gene details Vesiclepedia_gene_details.txt

PTM details Vesiclepedia_PTM_details.txt 61




Downloading Vesiclepedia and Exocarta

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

miRNA Experiment

CONTENT ID EXPERIMENT ID

CONTENT TYPE PUBMED 1ID

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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Downloading Vesiclepedia and Exocarta

10 input miRs
0 miRs with no info in Exocarta

Control vs 7 miRs with no info in Vesiclepedia
Alzheimer’s | mirNa Experiments where found
miR Name (E=Exocarta, V=Vesiclepedia)
miR-124-3p miR-124-3p e?218 el22?2 e?265 v357
miR-138-5p m%R—138—5p e218 €222 v357

: miR- -5p e
B | 1ir-136-3p €222
N | nir-381 226
miR-381(-3p) miR-101-5p e222
miR-101-5p miR-199b-5p ell? ell5 ell6 e218 e222
miR-199b-5p v117 v11l5 v11le
miR-136-5p miR-136-5p e218 el222

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.
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Downloading Vesiclepedia and Exocarta

Control vs

Alzheimer’s

miR Name

miR-124-3p
miR-138-5p
miR-127-3p
miR-132-3p
miR-127-5p
miR-136-3p

miR-381(-3p)

miR-101-5p
miR-199b-5p
miR-136-5p

miR-138-5p
miR-136-5p
miR-138-5p
miR-127-5p

miR-127-3p
miR-136-3p

miR-199b-5p miR-136-5p

Exp# PMID Cell Type miRNAs found
ell5 21505438 T miR-199b-5p
elle 21505438 B miR-199b-5p
ell7 21505438 dendritic miR-199b-5p
e2l8 -— colorectal miR-124-3p
cancer miR-199b-5p
e222 23663360 plasma miR-124-3p
miR-132-3p
miR-101-5p
e223 25330373 colon miR-132-3p
carcinoma
e226 26027894 endothelial miR-381
e265 26176991 melanoma miR-124-3p
v1ll5 21505438 T miR-199b-5p
v1il6e 21505438 B miR-199b-5p
v11l7 21505438 dendritic miR-199b-5p
v357 24352158 urine miR-124-3p

miR-138-5p

Here we have listed the Pubmed IDs of each publication, along with
the miRNAs associated with each one.
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,3.0.';.,
. o..' [ ] |
: & ) Results from Vesiclepedia and Exocarta
¥
} Control vs Alzheimer’s
Burgos et al exceRpt + DESeq2
miR Name log2(FC) P-value log2(FC) P-value
miR-199b-5p -1.22 6.70E-05 -1.36 1.29E-04
A o 21505458
COMMUNICATIONS
Received 9 Aug 2010 | Accepted 23 Mar 2011 | Published 19 Apr 2011

Unidirectional transfer of microRNA-loaded
exosomes from T cells to antigen-presenting cells

Maria Mittelbrunn'*, Cristina Gutiérrez-Vazquez"*, Carolina Villarroya-Beltri', Susana GonzaleZz',
Fatima Sadnchez-Cabo', Manuel Angel Gonzalez', Antonio Bernad' & Francisco Sanchez-Madrid'?

miR-199b-5p
Adjusted
Comparison Rank FC(log2) 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
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Results from Vesiclepedia and Exocarta

(swc  Characterization of human plasma-derived
Genomics axosomal RNAs by deep sequencing

2013, 14319

Xiaoyi Huang', Tiezheng Yuan', Michael Tschannen?, Zhifu Sun?, Howard Jacob? Meijun Du', Meihua Liang®,
Rachel L Dittmar', Yong Liu®, Mingyu Liang®, Manish Kohli®, Stephen N Thibodeau’, Lisa Boardman®
and Liang Wang"

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 miRNASs.” 66



Results from Vesiclepedia and Exocarta

Exp# PMID Cell Type miRNAs found
e223 25330373 colon miR-132-3p
carcinoma

@ PLOS |one
October 2014 | Volume 9 | Issue 10 | e110314

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

A23-Exos

EpCAM-Exos
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t—— miR-132-3p is depleted in immuno-affinity
isolated A33 exosomes 67



Results from Vesiclepedia and Exocarta

Table I. Top 15 miRNAs in cells

ID Rank in cells Rank in exosomes

miR-10B
miR-30A
miR-27B
miR-191
miR-411
miR-92B
miR-LET7I
miR-222
miR-100
miR-30E
miR-381

Exp# PMID Cell Type miRNAs found
e226 26027894 endothelial miR-381

DN BN W=

15
10
17
13

- O © 0O N O O &~ N =
—

— -,

s, Journal of
g) Extracellular Vesicles

Quantitative and qualitative analysis of small RNAs in
human endothelial cells and exosomes provides insights

Into localized RNA processing, degradation and sorting

Bas W. M. van Balkom'*, Almut S. Eisele', D. Michiel Pegtel?,
Sander Bervoets® and Marianne C. Verhaar'

"Department of Nephrology and Hypertension, UMC Utrecht, Utrecht, the Netherlands; 2Exosomes
Research Group, VU University Medical Center, Amsterdam, the Netherlands; ®ServiceXS B.V., Leiden,
the Netherlands 68



Results from Vesiclepedia and Exocarta

Exp# PMID Cell Type miRNAs found
v357 24352158 urine miR-124-3p miR-138-5p

Characterization and deep sequencing analysis of
exosomal and non-exosomal miRNA in human urine
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.
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FunRich

¥ FunRich

Functional Enrichment Analysis Tool

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.
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Vesiclepedia enables community annotation

Membership on three conditions:

1) The laboratory head or group leader needs to sign up.

2) You must agree to submit datasets pertaining to extracellular vesicles
continuously to Vesiclepedia, either before or after publication.

3) When reviewing articles, please mandate or request investigators
to submit datasets on extracellular vesicles to Vesiclepedia.

All members were co-authors on the initial Vesiclepedia manuscript.

http://www.microvesicles.org Kalra et al. PLoS Biology, 2012
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« Wikidata basics
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Talk Preferences Beta Watchlist Contributions L

WIKIDATA Nivolumab (704182
pharmaceutical drug
Main page MDX-1106 | ONO-4538 | BMS-936558

Community portal
Project chat

~ In more languages

Featured content

marketed as Opdivo, is a human IgG4 anti-PD-1 monoclonal antibody developed

& Sebotic Talk Sandbox Preferences Beta Watchlist Contributions Log out
Search Q Article Talk Read Edit View history More v | |Search Q
=) .
WAKIPEDIA Nivolumab
The Free E: lopedi:
SRR From Wikipedia, the free encyclopedia
Main page i ' : - - .
Conte‘;tg Nivolumab (nye vol' ue mab; ONO-4538, BMS-936558, or MDX1106), Nivolumab

Monoclonal antibody

Create a new item e (Lo DEseErEE VD (IR ES S — by Ono Pharmaceutical and Me.darex (later acqulred. by Bristol-Myers Squibb) for Tvpe D
Item by title Random article the treatment of cancer.[112] Nivolumab acts as an immunomodulator by S
: N : ource H
Recent changes English Nivolumab pharmaceutical drug MDX-1106 Donatelto Wikipedia blocking ligand activation of the programmed cell death 1 (PD-1) receptor on uman
pancemliten ONO-4538 Wikipedia store activated T cells. fRnost PD-1
Nearby BMS-936558 Clinical data
Help Interaction Nivolumab is approved by the Food and Drug Administration for treatment of Trade names Opdivo
German Nivolumab monoklonaler PD-1 Antikérper anti-PD-1 . - .
Donate Help patients with unresectable or metastatic melanoma who no longer respond to Identifiers
Print/export French Nivolumab No description defined gz‘:‘;‘g’;ﬁ:zﬁial other drugs.[3 In addition, [it]is approved for the treatment of squamous CAS Number 946414-94.4
non-small cell lung cancer.l*
I(:Z)reatT adbookPDF g g ATC code LO1XC17
ownload as i
Printable version Contact page Contents [hide] | Chemical/data
Formula C6362H9862N1712010955.
e Statements Tools S N S SR, . 6362 kgasz 171201995542
. olecular 143.6 kD:
: o . What links here 2 Clinical trials e @
What links here CAS registry number g 946414-94-4 Z edit ] RS
Related changes o Uoload fle g 2.1 Metastatic melanoma
Special pages » 1 reference s 2.2 Lung cancer
. Special pages o
Pe""é"e"t in Permanent link 2.3 Hodgkin's lymphoma
Page information + add Page information 3 External links
ginc::?t R Wikidata item 4 References
Ite this page Cite this page
UNII E 31YO63LBSN / edit
Print/export . .
y Mechanism of action [edit]
» 1 reference Create a book
Download as PDF Nivolumab is an inhibitory ligand blocking antibody against the programmed death receptor. In contrast to traditional
+ add Printable version chemotherapies and targeted anti-cancer therapies, which exert their effects by direct cytotoxic or tumor growth
Languages & inhibition, nivolumab acts by blocking a negative regulator of T-cell activation and response thus allowing the immune
aupsll system to attack the tumor.!51(6] This is an example of immune checkpoint blockade.
instance of § chemical compound Z edit EAANVIKG
o Frangais PD-1 is a protein on the surface of activated T cells. If another molecule, called programmed cell death 1 ligand 1 or
» 1 reference axE programmed cell death 1 ligand 2 (PD-L1 or PD-L2), binds to PD-1, the T cell becomes inactive. This is one way that the
Polski body regulates the immune system, to avoid an overreaction. Many cancer cells make PD-L1, which inhibits T cells from
i pharmaceutical drug 2/ edit # Edit links attacking the tumor. Nivolumab blocks PD-L1 from binding to PD-1, allowing the T cell to work.[51(6]
» 1 reference PD-1 blockade reinvigorates immune cells that are able to target cancer cells, which is speculated but not proven to
reduce side effects.[%]
# biopharmaceutical / edit L. )
N Clinical trials [edit]
» 1 reference
Metastatic melanoma [edit]
H monoclonal antibodies Z edit A phase 1 dose-optimization trial of nivolumab was performed in people with melanoma, lung cancer, kidney cancer and
} 1 reference other cancers. Among the 107 melanoma patients in this trial, nivolumab demonstrated one-, two-year and three year
survival rates of 62%, 48%, and 41%.
+ add Toxicities, which were not cumulative and which mostly occurred during the first 6 months of therapy, included
pneumonitis, low grade fatigue, diarrhea, pruritus, nausea, and decreased appetite. Pneumonitis was the most important
. ) adverse effect, leading to 3 deaths. Twenty-two percent of people in the trial experienced a treatment-related Grade 3 or
ChEMBL ID i CHEMBL2108738 2 edit Grade 4 toxicity 718}
» 1 reference A second phase 1 trial examined combination treatment of metastatic melanoma with nivolumab and ipilimumab. Among
53 people treated concurrently with the highest dose (1 mg/kg nivolumab and 3 mg/kg ipilimumab), 53% had an objective
+ add response, all of whom saw their tumors shrink by 80% or more. An updated report from this trial, including an additional
41 people treated with the highest dose, stated that 79% were still alive after 2 years.[81(°]
. . o In a phase 3 trial comparing nivolumab monotherapy to treatment with traditional chemotherapy, nivolumab gave
Wikipedia (6 entries) # edit ~ Wikibooks (0 entries) #Z edit h L oo N - -
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ZRIYT
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Wikidata APl and query endpoints

« 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/)



Example

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

http://query.wikidata.org



hsa-miR-127-3p (23830006

mature human miRNA
No aliases defined

~In more languages

Language Label Description

English hsa-miR-127-3p mature human miRNA
German No label defined No description defined
French No label defined No description defined
Statements

subclass of & mature microRNA

found in taxon

regulates (molecular
biology)

omo

omo

omo

omo

omo

~ 0 references

Mir-127

~ 0 references

human

~ 0 references

PR domain containing 1, with ZNF domain

~ 0 references

X-box binding protein 1

~ 0 references

B-cell CLL/lymphoma 6

~ 0 references

SET domain containing (lysine methyltransferase) 8

v N refarancrec

Also known as

/ edit

+ add reference

/ edit

+ add reference

+ add

/ edit

+ add reference

+ add

/ edit

+ add reference

Z edit

+ add reference

/ edit

+ add reference

Z edit

/ edit



|II||III|| Wikidata Query Service Examples X Prefixes ~
1 PREFIX wd: <http://www.wikidata.org/entity/>
2 PREFIX wdt: <http://www.wikidata.org/prop/direct/>
3 PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
4
5 select distinct * where {
?qid rdfs:label 'hsa-miR-127-3p'@en .
?7qid wdt:P128 ?gene .

}

6
7
8 ?gene rdfs:label ?label filter (lang(?label) = "en") .
9

£ Tools ~ @ Help~

Press [CTRL-SPACE] to activate auto completion. Data last updated: 6:52:44 AM PDT, Apr 17, 2016

Clear 23 Results in 147 ms

qid

Q wd:Q23839066
Q wd:Q23839066
Q wd:Q23839066
Q wd:Q23839066
Q wd:Q23839066
Q wd:Q23839066
Q wd:Q23839066
Q wd:Q23839066
Q wd:Q23839066
Q wd:Q23839066

Q wd:Q23839066

gene
Q wd:Q18028126
Q wd:Q18030532
Q wd:Q18030787
Q wd:Q18042716
Q wd:Q18042959
Q wd:Q18060686
Q wd:Q17847411
Q wd:Q17859718
Q wd:Q17916835
Q wd:Q18029207

Q wd:Q18036143

® Display ~

label

potassium voltage-gated channel, shaker-related subfamily, member 6
serpin peptidase inhibitor, clade B (ovalbumin), member 9
mitogen-activated protein kinase 4

repulsive guidance molecule family member a

ARP3 actin-related protein 3 homolog B (yeast)

ARP3 actin-related protein 3 homolog C (yeast)

B-cell CLL/lymphoma 6

septin 7

solute carrier family 29 (equilibrative nucleoside transporter), member 1
matrix metallopeptidase 13 (collagenase 3)

ZW10 interacting kinetochore protein

& Download ~

& Link~



|II||I|I|| Wikidata Query Service Examples A Prefixes ~ £ Tools~

1 PREFIX wd: <http://www.wikidata.org/entity/>
2 PREFIX wdt: <http://www.wikidata.org/prop/direct/>
3 PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

select distinct ?protein ?label ?go id ?go label ?go where {
wd:Q23839066 wdt:P128 [wdt:P688 ?protein]
?protein wdt:P681 ?go .
?protein rdfs:label ?label filter (lang(?label) = "en") .
?go wdt:P686 ?go id .
10 ?go rdfs:label ?go label filter (lang(?go label) = "en") .
11 } order by ?label

O 00 NO U B

Press [CTRL-SPACE] to activate auto completion. Data last updated: 7:10:52 PM PDT, Apr 16, 2016

Clear 154 Results in 191 ms

protein

Q wd:Q21130866
Q wd:Q21130866
Q wd:Q21130866
Q wd:Q21130866
Q wd:Q21130866
Q wd:Q21140508
Q wd:Q21108216
Q wd:Q21108216
Q wd:Q21116345
Q wd:Q21116345

Q wd:Q21111733

label

Actin-related protein 3B
Actin-related protein 3B
Actin-related protein 3B
Actin-related protein 3B
Actin-related protein 3B
Actin-related protein 3C
Actin-related protein 3C
Actin-related protein 3C
B-cell ymphoma 6 protein
B-cell ymphoma 6 protein

BolA-like protein 1

@ Help~

go_id

G0:0005737
G0:0005856
G0:0042995
G0:0070062
G0:0005885
G0:0005885
G0:0070062
G0:0005885
G0:0005657
G0:0005634

GO0:0005739

® Display ~

go_label

cytoplasm
cytoskeleton

cell projection
extracellular exosome
Arp2/3 protein complex
Arp2/3 protein complex
extracellular exosome
Arp2/3 protein complex
replication fork
nucleus

mitochondrion

()

& Download ~ & Link~

go
Q wd:Q79899

Q wd:Q154626

Q wd:Q14353100
Q wd:Q14864178
Q wd:Q21102007
Q wd:Q21102007
Q wd:Q14864178
Q wd:Q21102007
Q wd:Q14817957
Q wd:Q21541775

Q wd:Q39572



Statistics

WD items added # of Properties
Human genes 59,727 Biology 34
Mouse genes 73,352 Molecular biology 35
Human proteins 27,194 Medicine 28
Mouse proteins 16,172 Drugs/Chemistry 34
Gene Ontology terms 42,281
Human miRNAs 2,619
Human diseases 6,782
FDA approved drugs 2,079

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.



ERCC Data Analysis Workshop

Topics covered in Use Case 2 Part 2

- Pathway analysis using Cytoscape & WikiPathways
in the Genboree Workbench



Pathway and Network Analysis
from the Genboree Workbench
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Q 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?



Pathway and Network Analysis: Why?

...a list of differentially expressed miRNA

identifier
hsa-miR-195-5p
hsa-miR-30e-3p
hsa-miR-211-5p
hsa-miR-30b-5p
hsa-miR-30c-5p
hsa-miR-30a-3p
hsa-miR-664-3p
hsa-miR-26a-5p
hsa-miR-34c-5p
hsa-miR-582-3p
hsa-miR-26b-5p
hsa-miR-1298
hsa-let-7f-1-3p
hsa-miR-375
hsa-miR-1247-5p
hsa-miR-1911-5p
hsa-miR-374a-5p
hsa-miR-34b-5p
hsa-miR-152
hsa-miR-7-1-3p
hsa-miR-135a-5p
hsa-miR-18b-5p
hsa-miR-23c
hsa-miR-135b-5p
hsa-miR-374a-3p
hsa-miR-148b-3p
hsa-miR-18a-5p
hsa-miR-204-5p
hsa-miR-374b-5p
hsa-miR-3960
hsa-miR-3605-5p
hsa-miR-101-3p
hsa-miR-34b-3p
hsa-miR-503

baseMean
96.7700199 2.44841391
702.455493 2.02502471

49.2191661
87.5770117
177.914843
727.311039
9.70560333
4601.81791
635.267228
32.7961329

755.55888
739.885163
4.75127804
1005.63367
10.2790818
99.7237089
10.8650312
41.0116005
77.4552781
2.63312729
11.9855253
8.77201213
103.658692
8.74843581
7.55916002
812.441206
10.7773676
65558.9447
17.1285677
24.1059322
33.4311818
2484.00912
33.7603604
2.88157858

2.44930572
1.93973337

1.7910964
1.88682103
2.35032438
1.69854746
2.12361583

1.8613787
1.76395192
2.05340959
1.89744027

-1.610137
-1.8194525
1.98039539
1.89672368
2.00714578
1.35732907
1.67557636
1.86274748
1.78357817
1.36705145
1.82445524
1.62705861

1.2714604
1.70424536
1.71577961
1.46507029
1.43616846
-1.4371226

1.2855992
1.70785085
1.66640756

log2FoldChai IfcSE

0.49366515
0.41203155
0.51596328
0.41974017
0.39047141
0.41998768
0.53633997
0.40517223
0.52355429
0.46851513

0.4495387
0.54460665
0.51372912
0.44283469
0.51240356
0.55768118
0.53132051

0.5692402

0.3898756
0.49030805
0.56392061
0.53584358

0.4124759
0.55621122
0.50745634
0.39939394
0.53683176
0.54088519
0.47932833
0.47370107
0.47567792
0.42889521
0.57338237
0.55795946

pvalue
7.06E-07
8.89E-07
2.06E-06
3.81E-06
4.50E-06
7.04E-06
1.18E-05
2.76E-05
4.99E-05
7.10E-05
8.71E-05
0.00016296
0.00022122
0.00027693
0.00038403
0.00038359
0.00035721
0.00042187
0.00049872
0.00063223
0.00095585
0.00087302
0.00091887
0.00103753
0.00134453
0.00145519
0.00150025
0.00151305
0.00223932
0.00243098
0.00251767
0.00272233
0.00289611
0.00282089

padj

0.00018136
0.00018136
0.00028071
0.00036691
0.00036691
0.00047852
0.00068493
0.00140918
0.00226158
0.00289653
0.00323141
0.00554052
0.00694289
0.00807049
0.00921681
0.00921681
0.00921681
0.00956246
0.01070941
0.01289758
0.01695599
0.01695599
0.01695599
0.01763794
0.02194265
0.02204724
0.02204724
0.02204724
0.03150498
0.03306127
0.03313582
0.03470976
0.03475334
0.03475334

> ldentify expected hits

» Look up each one

» Prioritize for validation and
further investigation
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Pathway and Network Analysis: Why?

- - |

GO-ID Description
/8284 positive regulation of cell proliferation
130154 cell differentiation
50793 regulation of developmental process
48856 anatomical structure development
148869 cellular developmental process
43627 response to estrogen stimulus
32502 developmental process
142127 regulation of cell proliferation
7275 multicellular organismal development
48731 system development
131960 response to corticosteroid stimulus
48646 anatomical structure formation involved in morphogenesis
48513 organ development

A L
serts | | swewr

[
=

Apoptosis Pathway

Cell Death | [tapkrt

ooner | e

MAPK13

[swoae

-y

Apoptosis Pathway ~ai--

Cell Death

..., corr p-val

... 6.3743E-7
...2.4311E-6
...2.4311E-6
... 2.4311E-6
... 3.3453E-6
... 3.3453E-6
...4.0164E-6
...5.0150E-6
... 7.8071E-6
... 9.0406E-6
... 9.1021E-6
... 1.4801E-5
... 1.5414E-5
.. 2.4400E-5

Ty
CASPY

caors |

FE
33

=

cASP3
-

hsarn.l 1-5p

cluster freq
22/135 16.2%
41/135 30.3%
27/135 20.0%
54/135 40.0%
41/135 30.3%
11/135 8.1%
60/135 44.4%
27/135 20.0%
56/135 41.4%
49/135 36.2%
10/135 7.4%
17/135 12.5%
40/135 29.6%
9/135 6.6%

Dopaminergic Neuron

> Networks
* Target protein interactions
* TF or drug interactions
* Functional characterization
» Pathways
* Known mechanism
* New hypotheses
» Prioritize for validation and
further investigation
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Pathway and Network Analysis: What?

Network Analysis

Find a database with miRNA-target protein interaction
Lookup each of your miRNA of interest

Merge binary interactions into a single network model
Apply layout algorithm on network

Visualize your data on network

Lk wbh e

Pathway Analysis

Find a database of pathway diagrams

Annotate pathways with miRNA based on target protein database
Lookup each of your miRNA of interest

Produce ranked list of relevant pathways

Load pathway into visualization tool

Visualize your data on network

SGIP S S



Pathway and Network Analysis: What?

Network Analysis

1. Findadata GENBOREE fein-interaction
2. lLookupeac
3. Mergebing Target Interaction Finder network-model
4. Apply layout algorithm on network o=

&L C
5. Visualize your data on network V}' yto
Pathway Analysis

Find a database of pathway diagrams

Annotate pathways with miRNA based on target protein database
Lookup each of your miRNA of interest

Produce ranked list of relevant pathways

Load pathway into visualization tool

Visualize your data on network

OU A WN e
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Pathway and Network Analysis: What?

Network Analysis

; Find-a-data GENBOREE fein-nteraction

3. Mergebing Target Interaction Finder network-model

4. Apply layout algorithm on network .g\ié?

5. Visualize your data on network ,ﬁ\.CvtOii‘?“%
Pathway Analy5|s

1. - ‘

2. ‘

3. lLookupeache .

4 Pathway Finder

5. Load pathway into visualization tool \“9
6. Visualize your data on network %,\)'Cyto(m;; MO
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Pathway and Network Analysis: How?

Home Workbench Browser Profile v Groups v Projects ~ Databases ~ Tools + Log Out
GENBOREE por
Medicine
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Welcome to the Genboree Workbench! H watch Intro Video

Data Selector Details
“Z Refresh Data Filter: Select a filter... % Attribute Value
/3° EpIgenome INTOrmarics Uemo Uutput vata Group exRNA KJENS1
,3:} Epigenome ToolSet Demo Input Data Role author
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~-IPostProcessedRuns
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* ¥ XV
| KJ_diffExp_InputList.txt
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4> exRNA Metadata Standards
B Genboree is built & maintained by the Bioinformatics Research Laboratory
p'\ R at Baylor College of Medicine.
L
Genboree is a hosted service. Code is available free for academic use.
© 2001-2015

Bioinformatics Research Laboratory
400D Jewish Wing, MS:BCM225
1 Baylor Plaza

Houston, TX 77030

Questions or comments?
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Pathway and Network Analysis: How?

)

Upregulated and
downregulated in PD
- with dementia relative

to PD alone.
Burgos K., et al. (2014) PLoS ONE

=
.// °

po-5p
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Pathway and Network Analysis

. How?

7
445@%?':“
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Pathway and Network Analysis: How?

BINGO @

Bl N GO Calculates overrepresented GO
terms in the network and display
them as a network of significant
GO terms.

* W W W v (54) 19530 downloads

GO-ID Description ... corr p-val cluster freq
18284 positive regulation of cell proliferation ...6.3743E-7 22/135 16.2%
' 130154 cell differentiation ...2.4311E-6 41/135 30.3%
150793 regulation of developmental process ...2.4311E-6 27/135 20.0%
/48856 anatomical structure development ...2.4311E-6 54/135 40.0%
. 148869 cellular developmental process ... 3.3453E-6 41/135 30.3%
143627 response to estrogen stimulus ... 3.3453E-6 11/135 8.1%

' 132502 developmental process ...4.0164E-6 60/135 44.4%
142127 regulation of cell proliferation ... 5.0150E-6 27/135 20.0%
17275 multicellular organismal development ... 7.8071E-6 56/135 41.4%
148731 system development ... 9.0406E-6 49/135 36.2%
131960 response to corticosteroid stimulus ...9.1021E-6 10/135 7.4%
148646 anatomical structure formation involved in morphogenesis ... 1.4801E-5 17/135 12.5%
| 148513 organ development ... 1.5414E-5 40/135 29.6%
I

48754 branching morphogenesis of a tube ... 2.4400E-5 9/135 6.6%




Pathway and Network Analysis: How?
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Genboree is a hosted service. Code is available free for academic use.
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Questions or comments?
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Pathway and Network Analysis: How?
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Pathway and Network Analysis: How?

B e o o ]

- All known

Welcome to the Genboree Workbench! e mre e
I t ti
O rexe s S St oomssss ™ roicor omorwsa
it ool sy 2o OaiEs S oconaise
ot Dinr 2 osissn  Soikon omoror)
e DSy e ool S4ikoq oo
rotiet g Dy ‘oot osoes  4i0e0s oconetss
et iy siion sy Ouows  7aads oooe)
o ramadecs a3 sotun ossm 31005 omouns
Texs et L Lo ousinn  1ieos omons
e oo 3imerss osmvean  4omos omnise
» S e osasions
amaiss e i ouat  47ices ol
trred hiios L astiron Gouniig st
s Ly Saio osmesis osomn ocowron
Namaiiirss LeImons -3 aisets ostiowe ocon ocomiies
- et Toscans S memsn osvio ooy oamries =
- Namass oo Soumesn ‘osenics oMoty omwmmete
Namainats sy Lagts osomon osouss ool
i Somnorss LavED osMY omotes o
amainots i asvssd ossenis oaions oot
e ity Leamte osoressh olsass ocionEs
et Gssiour ismer ostomss ol ok
Namasss Sisiies ‘et ounern ooty ook
et Socaoms 3 mars oarss oy o

PD vs PDD diff exp
Burgos K., et al. (2014) PLoS ONE

8006 Parkinsons Disease Pathway
Dopamea
o | {
N
2
— ShSQ
scx 1 (emoon) Touey s NN
Y onte N\
> NN Phosphorylation NN
pogston AR
| - | WAPKSigRaling
< R e}
(‘U [ s =) =~ wr signating
oAt =) HiRAz
=
Oopamine |—&—{ L00PA —a—{ LTywsne [ |— — . oot
\ e | - 1GO-ID. Description =]
LS ves (18284 positive regulation of cell proliferation 5 22/135 16.2%
Dopamine oxidation Ubiquitin pathway components . oves (130154 cell differentiation . 41/135 30.3%
iquitin pathway comp: .
T\ e ~ ~ X (/50793 regulation of developmental process : 27/135 20.0%
\ Ub Protecsome System AN ) 48856 anatomical structure development . 54/135 40.0%
o ICEER S ystunction X vor | 148869 cellular developmental process . 41/135 30.3%
H — / \ - 4 *[_]43627 response to estrogen stimulus . 11/135 8.1%
T (ovee ) (132502 developmental process 4 60/135 44.4%
m Onidative Stress Targets for Ub degradation . P (1142127 regulation of cell proliferation . 27/135 20.0%
oery | [ s [ APAF1 ) (17275 multicellular organismal development . 56/135 41.4%
A\ septs | [ sweap CASPY [148731 system development 9 49/135 36.2%
e 7131960 response to corticosteroid stimulus 10/135 7.4%
Apoptosis Pathway \ MAPKT2 e o g (/48646 anatomical structure formation involved in morphogenesis 17/135 12.5%
A | |z .
\ X (148513 organ development 40/135 29.6%
a1 8
Coll Death \ oo | (e } x: (748754 branching morphogenesis of a tube 9/135 6.6%
coner | Apoptosis Pathway -+ rdrectacton
EE. \ ki == - . .
\ — Cell Death e
Oghcosyition svoa [ swoap T I n r n
i — Dopaminergic Neuron

]

- 98




O Pathway and Network Analysis: Who?

1.Why would you do this?
2.What would you do?
3.How would you do it?

4.Who can do this?




Pathway and Network Analysis: Who?

Login:

Email:

Home  Workbench  Browser  Profile~ Groups v Projects v

GENBOREE

| s systemiNetwork - ‘ | (- |Data~ || Genome~ || Transcriptome~ || Cistrome~ |

Databases + Toolsw  LogOut  Help

Welcome to the Genboree Workbench! H watch 1ntro video

Data Selector

%% Refresh
4 EpIgenome InTormarics Uemo UUTpUX Uaw
£ Epigenome ToolSet Demo Input Data
" Epigenomics Roadmap Repository
) Examples and Test Data
) exRNA
4 g exRNA KJENS1
[ Databases
4 ) ADPDdb
) Tracks
4 Lists & Selections
4 “Lists of Files

@ samplesets
4 samples
4 JFiles
4/ JoriginalDiffExpResults
| KJ_diffExp_InputList.txt
JPostProcessedRuns

J
JsmallRNAseqPipeline
“IProjects

3 exRNA Metadata Standards

pig v || @Heip~ ‘

Details

DataFilter: Select a fiter. o Ao e
Group exRNA KJENST
Role author
Name ADPDdb
Description Database for the Alzheimer's and Parkinson's Disease

Project from Kendall Jensen's lab at TGen - ERCC

Snacins Homo sanians
Input Data
* ¥ XV

| KJ_diffExp_InputList.txt

Output Targets
* ¥ XV
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o R
L
© 2001-2015
Bioinformatics Research Laboratory
400D Jewish Wing, MS:BCM225
1 Baylor Plaza
Houston, TX 77030

Genboree is built & maintained by the Bioinformatics Research Laboratory
at Baylor College of Medicine.

Genboree is a hosted service. Code is available free for academic use.

Questions or comments?

alex.pico

gladstone.ucsf.edu
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Useful Links

[exRNA Portal ]

e http://exrna.org
e Portal Data & Software Resources
e http://exrna.org/resources/data/
e http://exrna.org/resources/software

[exRNA Atlas ]

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

[ERCC Data Coordination Center Wiki ]

e http://genboree.org/theCommons/projects/exrna-mads/wiki

[exRNA Data Analysis Tools Wiki ]

e http://genboree.org/theCommons/projects/exrna-tools-may2014/wiki 101




(*}) Presenters

exRNA Atlas
Sai Lakshmi Subramanian, Baylor College of Medicine, Houston, TX

DESeq / exceRpt pipelines
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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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