A
| &

A8

o
>
e
o]
e
m
el

£
:
i

&

BSS
N

7 7/
/

4 ,,/

b 4

i 7

Garuda

The way biology
connects

Samik Ghosh,

The Systems Biology Institute,
Tokyo

The Garuda Alliance
www.garuda-alliance.org

ECCB, September 2014

"GARUDA

\ THE WAY BIOLOGY CONNECTS



Computational Tools and Platforms



Landscape

Computational tools and platforms drive
analysis of experimental data

* A wide variety of tools and techniques
are available

* Genomic analysis
* Proteomic analysis
* Pathways and network analysis

* Simulation and modeling at multiple
scales



Landscape

* Complexity and multiple dimensions of
analysis characterize biomedical
research

* It is extremely challenging to develop a
single tools which covers these
dimensions

* The focus is shifting to “plattorms”



Why Garuda?
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Analytics Diversity
HD Data Il HD Analytics

Whole body modeling
Tissue and organ level
Metabolomics

Proteomics Scale
Transcriptomics
Genomics
Time
Tissue & Organ Proteomics & Genomics &
Level Metabolomics Transcriptomics

Physiological model, | | Mass-spec analysis Array Analysis,
ADME/TOX and PK/ Flux balance and Gene enrichment,
PD Modeling pathway analysis pathway analysis




Analytics Diversity

Plethora of databases, tools and services

Database Modeling

Informatics L Networks




Analytics Challenges

D1scoverab111ty which, how what







Analytics Challenges

Navigability: how to walk through
multiple tools




Analytics Challenges
Navigability: road-blocks, dead ends

PDB L —

REACTOME DDB ﬂ ENCBI X/

compatible formats

SNPFILTER

et nm Epl CIassMonSsle




Need for a Platform



Platform Needs

A platform for bio-medical research which is

* Open —Interface with multiple analytics tools

* Discoverable - One stop access

* Navigable — Reduce friction in using multiple tools

nature Software for systems biology: from tools to integrated platforms
GENETICS Samik Ghoshl, Yukiko Matsuokal:2, Yoshiyuki Asai3, Kun-Yi Hsin2 & Hiroaki

REVIEWS

Kitanol:3:4 About the authors




What is Garuda?



What is Garuda?

om Garuda is a divine bird in
e t o080
b yth Hindu mythology who is the

Bl i roosan mount ( vahana) of Vishnu —
., chuming the supreme God of the

= universe and commander of
| Churning of the Sea of Milk

| A Hindu myth in which gods
and demons cooperate to
churn the primordial ocean,
in order to produce amrita,
the elixir of immortality




What is Garuda?

T he Patform.... Garuda is an open,
community-driven,
Informaticians Clinicians common platform that

provides a framework
to —

interface,

discover, &

navigate through
different applications,
databases and services
in bio-medical
research

Biologists Modelers



What is Garuda?

Provide a consistent end user /‘: Garuda

experience through —

Dashboard interface / [ . Da‘s hboard
/ -

il
Build custom workflows catering Oncology CNS Cardio
to specific disease areas
Custom-made “gadgets” 1o provide M e# POWERED BY
cross-platform functionalities . . " G ARUDA

Rich set of Garuda APl across | G A R U D A

different software and databases ‘v \ PLATFORM

GARUDA

\ ALLIANCE

- EMBL@! ,:), b R T T e —
EEEN Owcew @5 0000 m MEL= @ama» SB|=




The Gadgets



Garuda Gadgets

Inter-operating universe of Garuda-enabled tools and

services
TrEMBL
' e

Garuda API

Abstraction Layer
Core API

° Core Protocol




The Dashboard



Garuda Dashboard

Provides the single window desktop interface to access
and navigate gadgets




The Gateway



Garuda Gateway

Web-based interface to access and discover gadgets

Home » CellDesigner for Mac < back to list
CellDesigner for Mac
account  log out

7 CellDesigner: AModeling Tool f Description
\Ei GARUDA GATEWAY About Garuda Gateway ~ Gadgets  Dashboard or Bochemical Networks :

bySBI

CellDesigner: A Modeling Tool for Biochemical Networks
My Gadgets Q 4, Download Dashboard

More>>,

= — ¥ Screen Shot

CellDesigner ‘ '
for Windows

CellDesigner is a structured diagram editor _F

for drawing gene-regulatory and biochemical

0 Use Reviews

B3 Free Download
New Gadgets (View All Share v §
PhysioDesigner In Flint for Mac Ortho Survey for £
: staller for Mac @ u Mac os Mac Review

Category Visualization

byAPhys:oDeslgner P by Flint project by Monash Universit Version 10 beta : :
rojects ©) y let's write review!
(0) P PP — (0) File size 52.7MB
Category Thu, 11/28/2013 - 15:30 UPDATE
Visualization Thu, 11/28/2013 - 15:42 UPDATE A simulator for physiological Wed, 11/27/2013 - 12:33 UPDATE Email Mail Author
Data Analysis Installer of PhysioDesigner. models Survey for layout of biological Website Author Website
i F——— pathways
WIS (Data Analysis) (V<) Related Gadgets
Pathway Analysis o o
Free Download Free Download Free Download

os
intx < back to list
Mac CellDesigner for M Gadget Social for
Universal 3¢ Loz b
Windows |

by SBI by SBI

(0) (0)

Tue, 11/19/2013 - 15:43 UPDATE Fr, 11/15/2013 - 15:23 UPDATE

CellDesigner: A Modeling Tool for | The gadget "social network”

Biochemical Networks Copyright © 2013 Garuda-Alliance org. Allrights reserved.

{ Visualization | | Mac ( Visualization | | Mac |

Free Download

Free Download

: http://gateway.garuda-alliance.org




The Alliance



Round the World




Star Alliance Book and Fly STAR ALLIANCE T !

Welcome Plan journey Choose flights Review itinerary Enter personal details Make payment Confirm booking

Round the World. Add destinations to your itinerary.

ARCTIC OCEAN

MHelsin
- >

b'-' Cop'er'lhage
<£°
London. Bru

. A,:: ontreal

; c et . El ChIO;.. 3
adrd o

» S Y QDT ’N York
i Saou ’_:] s ashmgto AL
Shangha? Tokyo ey .S

IJ' ouston

(4]

Honolulu

Your Round the World Itinerary

Add city to itinerary

INDIAN .
; 1. Tokyo (JP
OCEAN kyo (JP)
2. Frankfurt (DE)
3. New York (US)
4. Honolulu (US)

5. Tokyo (JP)

ltinerary status: Complete, please choose flights

B Directflights O Single connections @ Multiple connections © Not Selectable Segments: 4 (max 16)

 Stopovers: 3 (max 15) ~ Mileage: 18,576 — s 39,000
4 Previous Save Email Download PDF Print

Next P



Garuda Alliance

A global consortium of key leaders in informatics and
analytics

Wacrem [ ARCATER G

% GARUDA S—aD T o
\ \LLIANC]I

The
S B l Systems

Biology

Institute

7 '? Percellome Project

8 O Colr § Vo Ty W8

EBERHARD KARLS
UNIVERSITAT
TUBINGEN ®
-
w Human Genome Center JFA( '?\\1'

\ ool e psigicl st @ Ce"DeSigner.org



Garuda Alliance

Garuda Nine, Okinawa 2013



How does it work?



Bit of History....

commentary

Creating a bioinformatics nation

A web-services model willallow biologicaldatato be fully exploited.

Lincoln Stein NATURE|VOL417/9 MAY 2002| www.nature.com

A web-services model willallow biologicaldata to be fully exploited.

igmemesiey
Creating a bicinformatics nation

,_.-_~,-:-':£'.~'5'55
Raw data Bid

Confidential Daw Aats Daw A
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Planet of APIs

Power of Open APIs!!!  n:ise o sina

Rob Cottingham

Apparently our open APl is giving our customers

unprecedented control over their own lives and

allowing them to seize control of their destinies.
So please shut it down.

PY Confidential

32



Planet of APIs

Build an eco-system of Garuda APIs

resources

e Best por ma y

) o Whitten etc List

> & possible without glog HPTS nEEd
, C Appendix LISEI'S i(\ [‘ ICatio d ["_ 0 Infor ng:’:itﬂl(]Jnn
||Ufﬁ software COde

future

new US|n l|tdf Man Languages ideas

D servnce l“'“"‘ge D"aCthB set
eve O p e difficul

ocn open external consumlng tlme
LISEI Problems

appropriate

technical
available

working

standards others  Keep

Courtesy: Google Images

team ‘ K004 )\ |
(()nsldpr -~ ]~ release
nterfac 1 | ‘ 11 sl
related J ULV W
|

like

issues
Feedback
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Key Concepts
Dashboard

Provides the single window desktop interface to the end users for all things Garuda!

GCore

The engine driving the Garuda Platform. Provides the implementation
of the Garuda Protocol and does all the heavy lifting!

Gadgets

The “Garuda-enabled” software driving Garuda! Software which
implement the Garuda Protocol APIs

Gateway

The web interface to Garuda Platform.
Provides gadget management and related functionalities

P Confidential °



The Core Engine



Garuda Core

Core Protocol: A
communication framework on
existing networking protocols

Garuda API
Abstraction Layer Core API: Core engine
interface to the protocol
Core API
Core Protocol Abstraction Layer: A language
and system agnostic interface
to Core

Garuda API: Set of application programming interfaces to
interact with Garuda Core over the Garuda Protocol
(multi-language bindings)




Garuda Gadgets

A software or service which implements the Garuda API
to enable its functions on Garuda Platform

RO =0

PhysioDesigner Garuda API PhysioDesigner
Application Garuda Gadget
" [ ]

& )&

REACTOME
‘,\I]{%agtom-e Garuda API Reactome
eb Service Garuda Gadget
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Core Principles

Single platform for end users

Plug and Play (PnP) for users
Dynamic inter-operability
and discovery
Zero end-user configurations

Open APlIs for developers

Language independent protocols

Standardized UX
Multi-language bindings

PY Confidential °



History of Garuda
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Garuda One, Okinawa, Japan 2010

v' Concept of a common platform
v Motivation

v' Guiding principles

v' Core members

Confidential



Garuda Two, Manchester, UK 2010 Garuda Three, Edinburgh, UK 2010

v First seeds of Alliance v" First demo of dashboard
v" Need of APIs v' Concept of Gadgets
v" Need of services v' Concept of Garuda Core

v Garuda API (GAPI)

Confidential



Garuda Four, Okinawa, Japan 2011 Garuda Five, Heidelberg, Germany 2011

v' Garuda platform architecture v" Review of new architecture
v' Formalization of services v' Beta version www.garuda-alliance.org
v' Formalization of APIs v Garuda Logo launch

v' Scrap-built demo
v Garuda Logo conception

Confidential



Garuda Six, LCSB, Luxembourg, 2011

Garuda Se7en, Okinawa, 2012

v" Internal release of Alliance website

v" Draft specification of service & core
APIs

v Sample Garuda gadgets development
v’ Sample Garuda enabled software

Confidential

v Final specification of Core and API
v" First version of Java SDK
v New Dashboard design



Garuda 7.5, Long Beach, CA, 2012 Garuda 8, Toronto, Canada, 2012

v Garuda 1.0 Community alphal v Garuda 1-9 Community alpha2
v’ Beta version of Java SDK v" Beta2 version of Java SDK
v' C++ and Python bindings samples v Concept of Garuda Gateway

Confidential



Garuda 9, Okinawa, 2013

Goals
v'Hackathon — Enable gadgets on the dashboard

v Community expansion and outreach
v'Roadmap for public beta

v Community beta release

Confidential
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Garuda 9 okinawa, Japan Feb 2013

CinaCTem ﬂ

T Science, Technology

and Research
The National Centre for Text Mining SINGAPORE

PANTHER ﬁ;;

Classification System

Univ.of Tokyo Flint

AT @ L IKEN

RIKEN

CREATING GROWTH, ENHANCING LIVES

Cytoscape

The

Systems 3 D

Biology

Visualizing biological networks in 3D

Institute
= = : o1 ==
7 T Percellome Project RRLEAF
;:-,/ ’/. . g . :" Tokyo Institute of Technology
.:.'U'é O, Cellular & Molecular Toxicology, NIHS

- bh 7"\ { '
REACTOME 2° \!
o
A modeling tool for multilevel physiological systems @ c e I I D e s ' g n e r. o rg

° Confidential



Garuda 10, Copenhagen, 2013

First public workshop on Garuda!

v Introduction to Garuda

v Public beta users

v Comments and Feedback
v Sign-up for public beta

v Help us spread and improve Garuda

48



Garuda 2014

First public release of
Garuda!



Discover and Navigate

€0 Controladity for EGFR_signaing,_for_RTHC o> AN P=N

 sory EJ

. e =AML 0. Td B dodboo

= .| I— s 8 spnlnpa 8
Fehrdant Nodes LJ- - = + p -.Eﬁ "f_;?n U; (&}

o ©0o00o0sn

EnrichNet

EnrichNet comnu fp.ulﬁ.t_um rk-haced
pathw : | . .

the in p— m y : - z ¥ AcvR2 STM6
Path o Pathwa ' Log Ic G ot T — ‘n"
mOlea . p : 2 / - o o 2 G T of this ol cick Dz
athway Logic m cellular processe
- using formal executable speciﬁcations =
3

adget provides access to curated modg! 3
experimental evidence (dat mSs) knowledge




Garuda Alliance

www.garuda-alliance.org

-@s-f’ GARUDA i jmaami

THE WAY BIOLOGY CONNECTS Q E==

Overview Garuda Alliance Members Garuda Resources User Stories News/Topics Events Developer Center

A Developer CenterLog in

Garuda Alliance Member Center
Login
Garuda Developer Center
Login

Create an account

- About Garud vAIIiance:

Aruda Alliance About Aruda Alkance About
Aruda Alliance About Aruda

T e

= User Stories

Developers Center f
wil open in 2012

News/Topics © more
- o [ ma—
—— -~ + l--- 5 m Introduding Garuda
— ———— e 7 November, 2011
_.c-_.-‘ J —_—
e r— — [ =~ & m New Garuda-Allianceorg site
e tmae - — L e e
= | Se—— open For preview!
29 September, 2011

Events © more

© Garuda Seven in Okinawa
29 September, 2011

To understand Distributed pathway
mechanisms of drug

resistance

curation

© Garuda Six in Luxembourg
28 September, 2011

Distributed pathway curation - collaboration

Explore new user stories, Resources and Events!



Join the Community!



Community

Community is key to Garuda

Join the Garuda community and —

* Use gadgets in your projects

* Suggest new gadgets and pipelines

* Develop your own gadgets



Garuda

Science In Style




Garuda 1.0 beta — A Preview



Release Roadmap

Garuda Platform 1.0 beta public preview :
Over 30 gadgets from 20 academic partners covering
modeling, simulation, visualization, analytics and more.

Invited access to gadgets from gateway
Invited access to APIs in Java, C++, C#, Python, R and
Excel Macro and more...

Garuda 1.0 betal
Invited betal

32 gadgets
Java API

Garuda 1.0 beta2
Invited beta2

34 gadgets
Java API
Gateway access

Garuda 1.0beta
Public preview

35+ gadgets
Alliance website

Garuda 1.0

Community
publication

Java, C++, (4,
Python, Excel VBA
and R API and
more..

Dec. 2013 Mar. 2014

Summer 2014

We are here!

Fall 2014



Release Notes: 1.0 beta

3 5 Gadgets available in 1.0 beta
(33 gadgets with 2 installers)

/
LIU

Yo vac Available on OSX and Windows

¥ carupa cateway Access to Garuda Gateway
for download ot gadgets on
request



Release Notes: 1.0 beta

Integrated access to Garuda Gateway
from dashboard

Updated dashboard, 2 Installer
Dashboard with core gadgets

Pack: Dashboard with all gadgets

Free Download!

http://gateway.garuda-alliance.org




Garuda 1.0 Walkthrough



Getting Started



Garuda Dashboard

On launching Garuda, the Dashboard provides the window
to the world of Garuda gadgets

A Starter Kit
Analytics
CellDesigner Plugin
Database

Gateway C%gﬂ
Help

Modeling Provider
Pathways

. p = y SBI and LCSB
Simulation s pres » e
Visualization AR Description

Gene and pathway enrichment
service provided for a set of genes
as input. The gene list should be
given as a list of Ensemble ids

Gadgets -
- k— Double click

to launch

Categories

Preview

Info Panel

9 12
Preview Panel
(double.click:to.view)




\ll

- Usability Tips

Click on dock mode to
“dock” the dashboard

i

In Dock Mode,
re-size the window

to your desired size.

This will hide the category
and Information Panels!

SOEEEPe: B cEBRDE |




Where to start?

A good place to start is the “Starter Kit” category which has

four gadgets:

A Getting Started

Description

A starting point on using Garuda,
ssssssssssssssssssssssssss

EEEEEEEE

Find the social network of gadgets
on your dashboard
(who can exchange data with whom)

GadgetSocial

S

The discovery gadget to load data and
find gadgets for your workflow

Monitor activities between gadgets
as you work on Garuda

Garuda Trace

Gateway

Opens the gateway of
new gadgets



How “social” is your gadget?

Pipelines of gadgets in Garuda are built dynamically
depending on the data and analytics workflow

« Build your own pipeline of gadget starting with your
own files

 How can | know which gadgets can “talk” with
other gadgets ¢

GadgetSocial:
_ « Duilds dynamically the “social network” of

gadgets based on their connectivity




CellDesigne &

— AR

=

‘ E0COMOINIRT ANYICS

Panther Databane
Patveay Evanater

Cotatese
CelOesgner A Mooeing Tool for ColDorgrec
BRochemical Networks et

Nand Fle Gatewsy Il 1 | |_Iaa

1 Gadget Social ~ ©Reload  Layout~ | @ Help DataTypev | Search gadgets

[Filter network on (data type I -

&4 Gadget Social @ Reload  Order v | @ Help DataType~ [ Search gadgets

|IDesigner
ontrollability
'ytoscape 3.0.0
BPF Client
richNet
Social
da Trace
eway
e Extractor

iomodels Database
Jiogyadget

t

ey staller
g alphare
®

T

<

3

L

3

o

iocompendium Analytics

_*Gadgel Social:
The gadget “social inetwork’.

[Find |how gadgets
©n your dashboard

“talk” tto each other

Blomodgs e shows which gadgets

Controliab «can talk with each other
Cytoscape 3.

DBPF Clij
Enrichl
F|
S04
Garuda Tr;
Gatey
Gene Extrag
HelpViey
IPA
KEGGtransl|g
Knowledge Integrat|
Merge Mod}
Nandi File Gatey
Panther Databg
Pathway Logic Gad|
Percellof
PhysioDesigner Instaj
oome gadget, alpha releg
SBMLsimulg
SBMLsques
XMLViey
iP

SORS<T o RS0 20

| | L
Click or [hover ©on @ gadget inode
\to (get imore (information HEEEER [ [ ] Shows inumber ©f common

formats lbetween itwo gadgets
(click ito (get details)

ERLAE R AR ELE]

Network ~ Matrix

Network Matrix
* (Connectivity imatrix \view

SBIl Created by The Systems Biology Institute

SB| Created by The Systems Biology Institute
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% Usability Tips

-
"~

If you are running a Windows machine (Windows 7, 8 or
8.1),

Please ensure that your Internet Explorer (IE) version is
9.0 or above (the latest version is 11.0)

GadgetSocial does not work if the IE browser version is
less than 9.0




o

Monitor activities between gadgets as
you work on Garuda

11/28/2013 17:03:14.0517
Core sent a connection responce. Connection succesful. GadgetSocial

&)

11/28/2013 17:03:14.0516
GadgetSocial sent an activate gadget request to Core

Al

11/28/2013 17:03:12.0018
Core is attempting to launch GadgetSocial

11/28/2013 17:01:37.0343
Core sent a connection responce. Connection succesful. GadgetSocial

E] [

11/28/2013 17:01:37.0341
GadgetSocial sent an activate gadget request to Core

[A]

11/28/2013 17:01:34.0134

Core is attempting to launch GadgetSocial

11/28/2013 16:46:37.0117

E Core sent a LoadGadget request for gadget open "gadgets/ba528141-245¢-4358-b1c4-f1713cle5cad4/GarudaDashboard.jar" to
Dashboard

11/28/2013 16:46:37.0116
Core sent a LoadGadget request for gadget ./gadgets/cad84b2b-1289-4d43-9008-db855f459167 /GLauncher.sh to Gateway

Al &

11/28/2013 16:46:33.0565
Core sent a connection responce. Connection succesful. Dashboard

7

Communication message Destination
and data gadget




NANDI

« FILE GATEWAY

An entry point gadget
for the rest of the Garuda gadgets

—

@

x
—

| My NANDI

Load Youwr Data

o

Aevtyre & Wt of Ganes

File Content

File Lint

Orag and drop 2 File

Decover on Garnde

Garuda Distovery Engine

’ Garuda has not discovered any Gadgets yet Please load a file, choose a content and click Discover

NANDI

« FILE GATEWAY

Chooseyouriquestion-or

i

What do you want to do? (i ] “Show :all”

I X

if yyou \want ito explore

Show All gadgets

Load wour (data ifile
Load Your Data (oad wour (ata 1T

Drag and drop a File.

Choose a question or

| Load Sample Files | File Content

“show all gadgets”

Moggle ito wiew (contents

Load your data or
choose from sample
files

Select file content or
unknown if not sure

@‘&elsa_c,t ifile (content
or \format

T GARUDA

Garuda Discovery Engine

(Garuda shows \gad\gggs Lhere.

©
(Operes

rbuaarias not discovered
(Bouble click ©nya;gadgettossend your.data and be

a S€%a vu

4

anv Gad
gin.g

wNaehn

ets yet.
janalyze

(5]

[ChangeRyourdquestionfandiclickfdiscoverdio]
jyourXdatal

cover.

Press “discover”
Double click on
discovered gadgets to
start

>
Rress)
tto \find gadgets
to @nalyse )your (data




NANDI

« FILE GATEWAY

An entry point gadget
for the rest of the Garuda gadgets

NANDI ] )

« FILE GATEWAY
Aewiyre & Wt of Garen

Load Your Data File Content

P File List |
Orag and drop a2 File

Dmcover on Gornde |

Garuda Discovery Engine

Garuda has not discovered any Gadgets yet Please load a file, choose a content and click Discover

L Al y—

NANDI

« FILE GATEWAY

What do you want to do?

Analyze a list of Genes symbols

Load Your Data

| Load Sample Files | File Content

File List

Show File Contents

EnsembleGenelist.csv

EnsembleGenelist.txt

GeneSymbols.txt

KEGGList.txt

M-Phase.xml
PhysiologyModel_HodgkinHuxley_1952_neuron_model.phml

SimulationModel.xml
TL D vl

Garuda Discovery Engine

Reactome gadget EnrichNet Percellome Panther Database Knowledge Integr...

Garuda discovered 6 gadgets which can process the selected data file.
Double click to send file to a gadget and launch it.

Pathway Logic

. Spotlight Feature

After discovering gadgets
for a selected file and file
content, select your
question from the drop-
down to automatically
highlight recommended
gadgets for the question!

 Discover |




W Productivity Tips

Closing the Dashboard window does not close » @
Garuda Core. Show
To Close Garuda, Exit

1. Locate the Garuda icon on your taskbar and
2. click to show Dashboard to Exit Garuda Core.

(?) Clicking the help icon
on most gadgets bring
the help view.

@ Click on red cross to
close help.

Check “Don’t show on startup”

to prevent auto launch of help
Alt + H also brings the Help View.




What can I do?

aruda does not refine
It

any specific analytics workflows.
is an “open” platform where you discover and navigate

through different gadgets depending on your question

Gadget Social

6 0 O Garuda Dashboard
k4 Gadget Social CReload Layout~ @ Help DataTypew | Search gadgets
NANDI (@] (s c)
\ FILE GATEWAY .
What do you want to do? ?
View and Analyze pathways . PS
Load Your Data Load Sample Files | File Content
i & [ )
dh File List . o
[Chicago_2003_pancreatic_beta-cell_with_SBML.xml .
lcoupled_BVP_model.xml
[EGFR.xml Y . .
ot . .
[Expression_reacome.txt
(GeneSymbols.txt .
HodgkinHuxley_1952_neuron_model.xml
IM-Phase.xml . .
Garuda Discovery Engine
Garuda discovered 1 gadgets which can process the selected data file. .
Double click to send file to a gadget and launch it
Percellome
= = Percellome Project  Giioa] ©

Dr list of Ensemble
" s (b or cov) Pathways | MOV Search for Gene name. .
or double click to type

Biocompendium Analytics File Guide

v 030 0

[This gadget accepts as an input a txt or csv file that contains data in rows that are being separated by commas.
8.
12159

BTA

ENSBTA
 ENSBT 5 ENSBT

El
[ENSBTAG00000017089.
ENSBT,

ENSBTA
[ENSG00000008300,ENSBTAG00000021846
[Receiving the file through Garuda the following file extensions are paired with the following filetypes:

[Extensions|[ Filetypes
[oxe [[ensemble
[esv [[ensembie esv

[The exported file is being saved as a txt file and is being send through Garuda with txt extension and a kegg filetype.

0

Div. Cellular & Molecular Toxicology, NIHS

ANTHER >
= Ba— |

| Gene Name

Add

wo

Gene Accession

Chemical
Project

1,2,4-Triazole//Liver/... *

Software connected.




What can I do?

Nandi as the gate-keeper gadget can provide a starting
point with a pre-defined set of analytics

NANDI _IXI

« FILE GATEWAY

What do you want to do? ?

Show All gadgets

Analyze a list of Ensemble gene symbols
Simulate dynamic models
Analyze a list of Genes symbols
View and Analyze pathways
Simulate Physiology Models
View and analyze KEGG pathways
Show All gadgets
View experimental data for a list of genes

Garuda Discovery Engine

Garuda has not discovered any Gadgets yet.
Please load a file, choose a content and click Discover.
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Nandi (bull)

¥ Myth Tip: Nandi

From Wikipedia, the free encyclopedia

Nandi (Sanskrit: 7=, Tamil: BB, Telugu: $08) is the name for the bull which

serves as the mount (Sanskrit: Vahana) of the god Shiva and as the gate
keeper of Shiva and Parvati. In Hindu mythology, he is the chief guru of
eighteen masters (18 siddhas) including Patanjali and Thirumular.!] Temples
venerating Shiva display stone images of a seated Nandi, generally facing the
main shrine. There are also a number of temples dedicated solely to Nandi.

The application of the name Nandi to the bull (Sanskrit: vrsabha) is in fact a
development of recent centuries, as Gouriswar Bhattacharya has documented
in an illustrated article entitled "Nandin and Vrsabha".[2! The name Nandi was
earlier widely used instead for an anthropomorphic deity who was one of
Shiva’s two door-keepers, the other being Mahakala. The doorways of pre-

T e e A

nd Century A.D sculpture of Nandi bull. &-!

tenth-century North Indian temples are frequently flanked by images of Mahakala and Nandi, and it is in this role of

Shiva’s watchman that Nandi figures in Kalidasa’s poem the Kumarasambhava.




What can I do?

Perform enrichment analysis
on a list of Ensemble gene identifiers

NANDI

« FILE GATEWAY

What do you want to do?

Load Your Data

GH
11}

Analyze a list of Genes

Load Sample Files | File Content

EGFR.xm

EnsembleGenelist.csv

EnsembleGenelist.txt

Expression_reacome.txt

GeneSymbols.txt

HodgkinHuxley_1952_neuron_model.xml

M-Phase.xml
MAPK.xml o
[TLR.xml " GARUDA

Biocompendium A...

Garuda Discovery Engine

Garuda discovered 1 gadgets which can process the selected data file.
Double click to send file to a gadget and launch it.

bioCompendium

Drop a list of Ensemble Ids
(txt or csv)
or double click to type

ENSG00000103653
ENSG00000174021
ENSG00000124939
ENSG00000110347
ENSG00000005483
ENSG00000142168
ENSG00000086062
ENSG00000004897
ENSG00000102189
ENSG00000119820
ENSG00000167272
ENSG00000163806
ENSG00000178667
ENSG00000171566
ENSG00000147180
ENSG00000198399
ENSG00000053524
ENSG00000087086
ENSG00000103546
ENSG00000135476
ENSG00000060491
ENSG00000171067
ENSG00000112493
ENSG00000151576
ENSG00000166226
ENSG00000166851
ENSG00000141540

]

Pathways m‘

Search for Gene name. . [{(?)

& ™ GARUDA
Ensemb Gene Id | KEGG Pathway ID | KEGG Pathway Name | Adjusted P-Value | Gene Name | KEGG Gene Id

ENSG0000006759 hsa03040 Spliceosome 5.1746el5 DHX8 hsa:1659
6

ENSG0000010888 hsa03040 Spliceosome 5.1746e15 EFTUD2 hsa:9343
3
ENSG0000011552 hsa03040 Spliceosome 5.1746e15 SF3B1 hsa:23451
4
ENSG0000013187 hsa03040 Spliceosome 5.1746e15 SNRPA1 hsa:6627

6
ENSG0000013934 hsa03040

Spliceosome 5.1746e15 SNRPF hsa:6636

3
ENSG0000015031 hsa03040 Spliceosome 5.1746e15 Cwc1s hsa:51503

6
ENSG0000016020 hsa03040

Spliceosome 5.1746e15 U2AF1 hsa:7307

1
ENSG0000016460 hsa03040

Spliceosome 5.1746e15 SLu7 hsa:10569

9
ENSG0000016511 hsa03040 Spliceosome 5.1746e15 HNRNPK hsa:3190
9

ENSG0000017156 hsa03040 Spliceosome 5.1746e15 PLRG1 hsa:5356
6

ENSG0000017423 hsa03040 Spliceosome 5.1746e15 PRPF8 hsa:10594
1

ENSG0000000489 hsa04114 Oocyte meiosis 6.2973e07 cpcz7 hsa:996

6.2973e07

7
ENSG0000008758 hsa04114 Oocyte meiosis AURKA hsa:6790
6

ENSG0000011202 hsa04114 Oocyte meiosis 6.2973e07 FBXOS hsa:26271

All queries finished.

1. Choose Ensemble gene from sample data

and discover BioCompendium gadget

2. Click Search to perform
enrichment analysis on
BioCompendium



What can I do?

Continue the analysis for pathway enrichment by
clicking on Garuda Discover and selecting iPath gadget

(txt or csv)

ENSG00000103653
ENSG00000174021
ENSG00000124939
ENSG00000110347
ENSG00000005483
ENSG00000142168
ENSG00000086062
ENSG00000004897
ENSG00000102189
ENSG00000119820
ENSG00000167272
ENSG00000163806
ENSG00000178667
ENSG00000171566
ENSG00000147180
ENSG00000198399
ENSG00000053524
ENSG00000087086
ENSG00000103546
ENSG00000135476
ENSG00000060491
ENSG00000171067
ENSG00000112493
ENSG00000151576
ENSG00000166226
ENSG00000166851
ENSG00000141540

bioCompendium

Drop a list of Ensemble Ids

or double click to type

How
to use

G
e Pathways
n
e
s

Ensemb Gene Id | KEGG Pathway ID | KEGG Pathway Name | Adjusted P-Value |

ENSG0000006759 hsa03040
SNSGOOOOOIOBSS hsa03040
gNSGOOOOOllSSZ hsa03040
gNSGOOOOOl3187 hsa03040
SNSGOOOOOl3934 hsa03040
gNSGOOOOOlSOBl hsa03040
ENSGOOOOOIGOZO hsa03040
éNSGOOOOOlG460 hsa03040
ENSGOOOOOIGSll hsa03040
2NSGOOOOOI7156 hsa03040
ENSGOOOOOI7423 hsa03040
éNSGOOOOOOO489 hsa04114
ZNSGOOOOOOS?SS hsa04114
ENSGOOOOOIIZOZ hsa04114

Spliceosome
Spliceosome
Spliceosome
Spliceosome
Spliceosome
Spliceosome
Spliceosome
Spliceosome
Spliceosome
Spliceosome
Spliceosome
Oocyte meiosis
Oocyte meiosis

Oocyte meiosis

5.1746el5

5.1746el5

5.1746el5

5.1746el5

5.1746el5

5.1746el5

5.1746el5

5.1746el5

5.1746el5

5.1746el5

5.1746el5

6.2973e07

6.2973e07

6.2973e07

All queries finished.

GARUDA

THE WAY BIOLOGY CONNECTS

Gadgets

Nandi File Gateway
iPath

@ Close on Disconnect



What can I do?

Continue the analysis for pathway enrichment by
clicking on Garuda Discover and selecting iPath gadget

LNl e AAAAARL snAnS

i F3 | (@ search | ¢ Export | (@ Help
_eoo ot — . o . T - | Metabolic pathways | Reg ,pamwaysI i is of secondary
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KEGG Metabolic Pathways Selected Pathways Pathway Visualization Settings . I ) ':j_
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ENSG00000004897 Opacity ) . T e 1
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ENSG00000108883 ENSG00000004897 Edge Width g —‘%‘ ”L : J— I:@—]
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Color =
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ENSG00000112029 ENSG00000142168

ENSG00000135476 ENSG00000125845 Background

ENSG00000163806 ENSG00000086062 [

ENSG00000166851 ENSG00000171766 | Visualize

ENSG00000004897 ENSG00000125845
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ENSCNANNNNT421AR.
Add | | AddAIl |  Remove | [ SelectAll

1. Configure KEGG pathways on 2. Click Visualize to view on browser

iPath gadget
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@- Navigability Tip

-
"~

To navigate from one gadget to next,
locate the “Discover on Garuda” button and click to
show Garuda Panel

Biomodels Database @00
\ |2 {7 Garioa ) O
GARUDA
Model ID Model Name PubMed ID: 8983160
Model ID Model Name PubMed ID: 8983160
o Dooooo0000t Eg:::ﬁ::};gg-gg—:g:ﬁ:ﬂes Model Name: Edelstein1996_EPSP_AChEvent BIOMD0000000001 Edelstein1996_EPSP_AChEvent Model Name: Edelstein1996_f Sadgets
BIOMD0000000003 Goldbeter1991_MinMitOscil e el 1 L7 20 55 e EIOMBOO00000002 Edelstein] 996 EPSP_ACHSpecies Last Modified: 15 May 2012 15| FI
BIOMD0000000004 Goldbeter1991_MinMitOscil_Explin Title: EIOMDO0000ODODS Goldbeter1991_MinMitOscil " ! Nan Gateway
BIOMDO0000000005 Tyson1991 CelI_C cle_6var -Expiin... .. - - — - BIOMD0000000004 Goldbeter1991_MinMitOscil_Explin... Title: SBMLsi/
BOMB009000090 Tvson1991_CelICycIe_Zvar A kinetic med!amsm for nicotinic a_cetylcholme receptors BIOMD0000000005 Tyson1991_CellCycle_6var ‘A Kinetic mechanism for nicotl] CellDesigner
BIOMDO000000007 N‘{Nak1997-&"cyde- based on multiple allosteric transitions. BIOMDO000000006 Tyson1991_CellCycle_2var based on multiple allosteric tr.
BIOMDO0000000008 Gardnerl998, CellCycle_Goldbeter BIOMPO00DO00007 Novak1997_CellCycle
" ycle Authors: BIOMD0000000008 Gardner1998_CellCycle_Goldbeter
BIOMD0000000009 Huang1996_MAPK_ultrasens (a6 Auth
3 - " BIOMD0000000009 Huang1996_MAPK_ultrasens uthors
BIOMD0000000010 Kholodenko2000_MAPK_feedback Edelstein S) . '
BIOMD0000000010 Kholodenko2000_MAPK_feedback Edelstein S)
BIOMD0000000011 Levchenko2000_MAPK_noScaffold Schaad O BIOMD0000000011 Levchenko2000_MAPK _noScaffold
BIOMD0000000012 Elowitz2000_Repressilator Henry E MAPK Schaad O
" A Y BIOMD0000000012 Elowitz2000_Repressilator Henry E

BIOMD0000000013 Poolman2004_CalvinCycle . y
BIOMD0000000014 Levchenkozoo_o MAPK_Scaffold Journal: BIOMD0000000013 Poolman2004_CalvinCycle |
BIOMDO00000001S ¢ ety - ; BIOMD0000000014 Levchenko2000_MAPK_Scaffold ot

urto1998_purineMetabol Biological cybernetics BIOMDO0000000015 C 1998 Metabol
BIOMD0000000016 Goldbeter1995_CircClock urto1 398_purineMetabol Biological cybernetics
BIOMD0000000017 Hoefnagel2002 _PyruvateBranches BIOMD0000000016 Goldbeter1995_CircClock
BIOMD0000000018 Morrison1989 F_ola(eC cle Date: 1996 Nov BIOMD0000000017 Hoefnagel2002_PyruvateBranches
BIOMDO0000000019 Schoeberl2002 £CF. MAPK Abstract: EIOMBOO00000OLS Morrison1989_FolateCycle Date: 1996 Nov Double click
BIOMD0000000020 Hodgkin-HuxIe;wS_Z squid-axon B BIOMD0000000019 Schoeberl2002_EGF_MAPK Abstract S e
BIOMD000000002 1 Leloup1999_CircClock Nicotinic acetylcholine receptors are transmembrane BIOMD0000000020 Hodgkin-Huxley1952 squid-axon Nicotinic acetylcholine recept ona gadget
BIOMD0000000022 Ueda2001. CircClock ligomeric proteins that mediate interconversions b EIOMB000000002 1 Leloup1999_CircClock oligomeric proteins that medil 4r cered dats
BIOMD0000000023 Rohwer2001 Sucrose open and closed channel states under the control of BIOMD0000000022 Ueda2001_CircClock qn nd ID d channel stat to Send data
BIOMDO0000000024 Scheper1999. CircClock neurotransmitters. Fast in vitro chemical kinetics and in vivo BIOMD0000000023 Rohwer2001_Sucrose ope ? N 05: rc s (e : a(e e
BIOMD0000000025 SmolznZOOZ CircClock electrophysiological recordings are consistent with the BIOMD0000000024 Scheper1999_CircClock :Ieeucr:?orpal:yssn:éloegfc.a[arseclo';;n:; and GQntane

o e | [URC: ttp/feere nobiimnin derm=8983160 BIOMD0000000025 Smolen2002_CircClock .
:gmggggggggg:g m::::::ﬁ:ggg:'m::'g::::ga; BIOMD0000000026 Markevich2004_MAPK_orderedEle... URL: http://www.ncbi.nlm.nih.go yQur WQrk ﬂ QW
BIOMD0000000028 Markevi(hZ004_MAPK_phosphoRa BIOMD0000000027 Markevich2004_MAPK_orderedMM
BIOMD0000000029 Markevi(hz004-MAPK-phosphoRam BIOMD0000000028 Markevich2004_MAPK_phosphoRa...
BIOMD0000000030 Markevichz004_MAPK_AIIRandom BIOMD0000000029 Markevich2004_MAPK_phosphoRa...
BIOMDO00000003 1 Markevich2004_MAPK_orderedMM BIOMD0000000030 Markevich2004_MAPK_AllRandom...
BIOMD0000000032 Kofahl2004_PheromonePathway BIOMDO00000003 1 Markevicn2004_ark_ord Garuda panel
BIOMD0000000033 Brown2004_NGF EGF_signaling BIOMD0000000032 Kofahl2004_PheromonePathway | | =
BIOMD0000000034 SmolenZOO; CirC_C|OC|_( BIOMD0000000033 Brown2004_NGF_EGF_signaling
BIOMD0000000035 Vilar2002 Ogclllator BIOMD0000000034 Smolen2004_CircClock
BIOMD0000000036 Tvson199§ CircClock BIOMDO000000035 Vilar2002_Oscillator
BIOMDO000000037 Marwan Cenetics. 2003 BIOMD0000000036 Tyson1999_CircClock
BIOMDO0000000038 Rohwer2000_Phosphotransferase_... EIOMBO0000000S 7 Marwan_Genetics_2003
BIOMD0000000039 Marhl2000_CaOscillations BIOMD0000000038 Rohwer2000_Phosphotransferase_...
BIOMD0000000040 Field1974 Bregonamr BIOMD0000000039 Marhl2000_CaOscillations
= o Pm100000 S
BIOMD000000004 1 Kongas2007_CreatineKinase o ECrialtGlwillbring[uplthelGarudalRanel] @ Close on Disconnect
Smﬁwam connected.

Cntrl + Alt + G also brings the Garuda Panel
Click anywhere outside the panel to hide it



What can I do?

I have a list of Gene Symbols.
What kind of analytics can I perform?

NANDI

« FILE GATEWAY

15Choose;thisiqu
What do you want to do? & ?
Analyze a list of Genes symbols /i

Load Your Data

] X]

estion

l Load Sample Files | File Content

EnsembleGenelist.csv

toggle to,
EGFR.xml

EnsembleGenelist.txt

3. Choose gene list:fro

GeneSymbols.txt

genejlisyirom
droPdown

PhysiologyModel_HodgkinHuxley_1952_neuron_model.xml

SimulationModel.xml

X

TLR.xml

-

™ GARUDA

Panther Database Knowledge Integrat...Pathway Logic Gad...

Garuda discovered 3 gadgets which can process the selected data file.
Double click to send file to a gadget and launch it.

Tip: If no results are found,
choose “Show All gadgets” from question list and click Discover again!

Perform enrichment
analysis

Explore
semantic enrichment

Explore
literature mining



What can I do?

Panther gadget performs enrichment across genes,
families, pathways and GO category

FANTHER

ChaaFoowion Sy

et

EI = S Gene | Family | Pathway |Category Search by name

Bt
AT e &, Garioa| @
RAD s Gene Accession | Gene Name | Gene Symbol
RAM DICDI|dictyBase=DDB_G0289067|U Suppressor of Mek1 SMEK
APC niProtKB=Q54118
ASPM DICDI|dictyBase=DDB_G0281649|U Probable MKCE
BDNF niProtKB=Q54TN4 serine/threonine-protein
CFTR DICDI|dictyBase=DDB_G0273399|U MEK1 interacting protein 1 Q55716
CREBBP niProtKB=Q55716
CRH RAT|RGD=61888|UniProtKB=F1LMI4 Dual-specificity F1LMI4
CXCR4 mitogen-activated protein
DHFR DICDI|dictyBase=DDB_G0269152|U Dual specificity MP2K1
HFE niProtKB=Q55CL6 mitogen-activated protein
KRT14 RAT|RGD=70495|UniProtKkB=Q0198 Dual specificity MP2K1
KRTS 6 mitogen-activated protein
PGL2 CHLRE|ENTREZ=5726354|UniProtKB Predicted protein A8I6ED
PHF8 =AS8I6ED
RHO CHLRE|ENTREZ=5718079|UniProtKB Predicted protein A8IUA4
SDHB =A8IUA4
SDHC DICDI|dictyBase=DDB_G0268550|U Probable Y8550
SDHD niProtKB=Q55FV5 serine/threonine-protein
SRY CIOIN |[ENSEMBL=ENSCING00000023 Uncharacterized protein H2Y2V1
TsC1 510|UniProtKB=H2Y2V1
TsC2 RAT|RGD=1307318|UniProtKkB=D3Z Protein Stk36 D3ZA65
APP A65
GAST CHLRE|ENTREZ=5722233|UniProtKB Mitogen-activated protein A8BHYY7
INS =A8HYY7 kinase kinase 1
LCK CHLRE|ENTREZ=5722831|UniProtKB Predicted protein A8J6US8
LEP =A8J6U8
LIF CHLRE|ENTREZ=5722315|UniProtKB Predicted protein A8J4U2
LMCME =A8J)4U2
Retreiving results for CRH . 40 item(s) left in queue. [N W W W ¥




What can I do?

Knowledge Integration uses the Wolfram Alpha
semantic engine AP]I to retrieve enriched information
on genes

W 2N = F—

I L e L P TT———

3% WolframAlpha sz

[MEKT 2] T GARUDA | (3)
List of search terms MEK1 | MKK1 | MAPKK1 | PRKMKI1 |

MEK 1 protein kinase, mitogen—activated, kinase 1 (MAP kinase kinase 1)
AKT1
GED

RAD Mocation ——,
RAM
APC

ASPM
BDNF A ¥

CFTR AGGCGAGGCTTCCCCTTCCCCGCCCCTCCCCCGGCCTCCA

giEBBP .. AAATATACTATGAAATAAAAAAAAAAGGATGAAAGCTA

CXCR4
DHFR
HFE
KRT14
KRTS
PGL2
PHF8
RHO
SDHB
SDHC
SDHD

MAP2K1

SRY
TSC1
TSC2

Note: Knowledge Integration requires an API key registration to work
It will not launch on Mac OSX 10.6 or below




What can I do?

Pathway Logic performs specific search on curated
literature and logical connections derived from the
data

O L L A L L T —

Introduction = PLA Online | #5:88Ewtia ] Search all for Asapl

ArhGef7 l
Arll © Asapl .
Arl2 600 s ————— AW L OGIC G AU GO i sssiisssannis Vo—
:mtt)l Uniprot: QO9ULHI Introduction = PLA Online | PLA Datums | SEIde U R Te] & o0l
rr
Arrb2 Hugosym: ASAPI
Artemis Asapl all
Synonyms:
prv o Af GAP wj " Asapl[Ab] copptby[WB] Reps2[Ab] is detectabl
s domain-cont sap copptby eps is detectable
Atfl - @ 130-kDa phO cells: CHO in BMS _
Atf2 ARF1 GAP Source: ]2149250-Flg-221
Atf3 @ PIP2-depends : .
p xAsap1[tAb] copptby[WB] xPxn[GST] is detectable
Atg10 . {,‘,Ei Tibosy] cells: CHO in BMS
Atgl2 unaffected by: xReps2 [addition]
Atg3 : De““ﬁggﬂ*:gi Source: 12149250-Fig-6a
AtgS @ Paxillin-assoc ' i
xAsapl[tAb] copptby[WB] xRalbpI[tAb] is detectable
Ag7 ® PAG2 cells: CHO in BMS
Atm @ ASAPI enhanced by: xReps2 [addition]
Atplal o KIAA1249 inhibited by: xReps2(P423A/P426A) [addition]
Atp6VOC @ PAPalpha Source: 12149250-Fig-5b
Ato6Y0d1 ® ASAP1_H

xAsapI[tAb] copptby[ WB] xReps2[tAb] is detectable
cells: CHO in BMS
inhibited by: xReps2(P423A/P426A) [substitution]
Source: 12149250-Fig-4¢
5.

n AL Al L. ETIAT §2 o % IS 1LALOOA 1122 A AL . d
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What can I do?

Simulate biochemical models based on Ordinary
Differential Equations to study molecular dynamics

NANDI X

« FILE GATEWAY

What do you want to do? ?

Simulate dynamic models .

Load Your Data | Load Sample Files | File Content
: -

EGFR.xml

EnsembleGenelist.csv

EnsembleGenelist.txt

GeneSymbols.txt

KEGGList.txt

M-Phase.xml
PhysiologyModel_HodgkinHuxley_1952_neuron_model.xml
SimulationModel.xml

TLR.xml ™ GARUDA

Garuda Discovery Engine

® Ve 3 8 =

Flint SBMLsimulator PhysioDesigner CellDesigner SBMLsqueezer Cytoscape 3.0.0

Garuda discovered 6 gadgets which can process the selected data file.
Double click to send file to a gadget and launch it.




What can I do?

Compare simulation results for a single biochemical model
across different engines by using the different gadgets

Simulate the model using SBML Simulator

00 . . . SBMLsimulator 1.1 . . . . .
| =mB=® cO@ ~ 08 @ 0

| Performs a dynamic simulation run with the current settings. ited data Experimental data Model J

Flot Color—| Companent —|Uni Hong2009_CircadianClock
O I ciefault 1 g -
O I system ! 0.500
U I— mol - 17} s NN NN NNNNNNNANNNNNANNNN
¥ T mol - I} oasoll 1|1/ w’u\“Hv“\\(.‘w‘ul‘“\‘uww,‘\ ||
O  EEECP mol - 1 IRIBIRIRIE 1 Bl || ‘
(] I CP2 mol - I 04259 | | “‘ |““‘ ““"( ""“\ '}‘\“‘i
E———— mol 17} saont WA
@] I CProt mol - 1”2 03754| | " | ‘\ I “ | (v | “ T T
[ — - 0.350 L | 1 | 1 1 O O 1
Select Deselect ‘ \f [l || I | ]
' I | J (2 0.325 ‘“ | | N O
0.300 LN A N A A AR S A A A SR A A A S A A A A
Compartments Species > g 0.275
® 0.250
>
0.225
0.200
0.175
- -~ 0.150
default 1{F) 0.125
I (x) 0.100
system 1 =1 [
U U 0.075
0.050
0.025
0.000
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525
Timeins
Reset
Settings for the simulation Quality function Plot settings
Start time 0 || Number of steps [ 50,000‘[2] | Relative Squared Error :) () Grid
. @]Legend
End time 500 E] Differential equation solver | Adams Bashforth Solver 3| — .
|_| Tool tips

/) Computation time: 0.76 s



What can I do?

Compare simulation results for a single biochemical model
across different engines by using the different gadgets

— imulate th del using Flint
1 Simulate the model using Flin
e OO0 Flint Window
e 00 - [BIOMD0000000216]
| Simulation m Log |
Target = Range = Legend |

Variables Y1l [ ]log Y2 [ |log

/sbml:CP /sbml:TF 0.5

jsbmicr

/sbml:CPtot 0.4

/sbml:M

Jsbmlrl 0.3

/sbml:r10

Jsbmlrll 0.2

J/sbmlr12

/sbml:r13 0.1

/sbml:r14

/sbml:rls 0.0

/sbmlrl6 0 10 20 30 40 50 60 70 80 90 100

/sbmlr17 — TE — .

/sbmkrz [— [18) /sbml:TF — [17) /sbm:IC]

/sbml:r3 Abscissa || log ™ Legend

/sbml:rd

/sbml:rS time

/sbml:ré

( Plot | | Export CSV
o ()




What can I do?

Compare simulation results for a single biochemical mode
across different engines by using the different gadgets

/| Visualize the model in CellDesigner and
simulate using the in-built simulators

® CellDesignerd.dbetal File Edit Ci View Database Layout Si i Plugin Window SBW Garuda Preference Help
ControlPanel BIOMD0000000216.xml b
fati Dlovamaooscococoe@d [— % - m<

CellDesigner

File Edit Data Si

ICIEIEIES
Time span Error tolerance Solver N M;

BIOMD0000000216.xml

End Time | 100 (%] ® soslib . a - - [Visi_.. Spe... Color | |
“Il exe. [ -6]()|| O copast Concentration | raw 3| (¥ Species [ Fluxes [ Parameters (] Compan’| [ | v  mmm
Num. of...| 100 [} Osi i — S
8] () SimulationCore E D¢ mm
D ) cp2
Parameters Change amount b | ¥ c mm
[ CProt
Compartm... Quantity T... Initial Qua... Sul sl -
system Concentr.. 1.400 () s2
system Concentr.. 0.130 0 s3
system  Concentr. 0.037 ] s4
system Concentr.. 0.046 O ss
system Concentr.... 0.370 0.20 0 se
system CP+2*.. ] s7
default  Amount 0.000 0.15 O 8
default  Amount 0.000 O
default  Amount 0.000 0.10 o :?o
default  Amount 0.000 o
default  Amount 0.000 & o0
default  Amount 0.000 ’ y . ’ '
default  Amount 0.000 o 20 40 60 80
default  Amount 0.000 Time [ selecall |
default  Amount 0.000
default  Amount 0.000 H 100.00 species search
[ [ search |
Initialize Save As Execute [ show scatter plot L




What can I do?

How can I simulate Physiological Models?

NANDI ]

« FILE GATEWAY

1. Load your own model (e.g.

What do you want to do?

Simulate Physiology Models

PHML file) or choose
Hodgkin Huxley model
from Sample data.

2. Choose “Simulate
Physiology Models” from
question list

3. Click Discover button to
discover Physiodesigner

Load Your Data Load Sample Files | File Content

EGFR.xml

EnsembleGenelist.csv

EnsembleGenelist.txt

GeneSymbols.txt

KEGGList.txt

M-Phase.xml
|Physio|ogyModeI_HodgkinHuxley_1952_neuron_model.xm|
|SimulationModel.xml

!TLR.me  ExEoa

Garuda discovered 2 gadgets which can process the selected data file.
Double click to send file to a gadget and launch it.

and Flint gadgets




What can I do?

How can I simulate Physiological Models?

800

leak

aaaaaaa
aaaaaaa

®)) dmmi

L seseriEEEEECR e e Launch PhysioDesigner
e to view, edit the model
 Flint can be launched
from Physiodesigner

current_pulse_generator_membrane Hodgkin_Huxley 1952 model

*For simulation only, choose Flint







Garuda Pipeline

Pipelines of gadgets in Garuda are built dynamically
depending on the data and analytics workflow

I have a gene list and I want to -
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Garuda Pipeline

Build and explore complex analytics pipelines

I want to view a published mathematical model, visualize and simulate
its dynamics, then analyze network properties
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Garuda Architecture



Garuda Concepts

Provide a consistent end user
experience through
Dashboard interface

Build custom workflows catering
to specific disease areas

Custom-made “gadgets” to provide
cross-platform functionalities

different software and databases
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Platform Principles

1. Provide end-users with a single platform for implementing their varied
biological workflows

1. Each workflow constitutes different software modules to implement
specific functions

2. Users can download, install and use the modules from the single
platform interface

3. The platform should support inter-operability of Garuda powered
software tools and services

2. Provide developer community with a set of APIs, UX guidelines and
manuals to develop their own Garuda Apps by leveraging the APIs to access

multiple functions of the Garuda Alliance tools and services
1. Provide Garuda APIs

2. Provide Garuda UX design guidelines
3. Provide ease of testing Apps and enabling them on the Garuda Platform

for the end-users
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Platform Principles

End-Users

1. Plug and Play (PnP) architecture for the deployment of Apps

2. Zero Configuration (ZeroConf) installation, maintenance and updates for
the end-users

Developers

3. Provide a secure management and configuration layer (Garuda Service
Layer) to all Garuda powered tools and services to facilitate deployment and
use of Garuda gadgets

4. Free the developer of book-keeping and management layer functionalities
for enabling their gadgets on the Garuda Platform

Confidential

95



Platform Architecture

Garuda Alliance
member apps

Garuda Garuda Garuda
public public public
service service service

provider 1 provider 2 provider 3
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Platform Stack

Core Components

1. API

1. The Garuda API should provide a clean and consistent interface to the
functionalities of the Alliance software and services

3. It should also provide the interface to the Alliance members to enable
their software and services to comply and use the Garuda Platform

2. Management Services Architecture (GSL)
1. Provide the ability to register, manage and maintain Garuda Apps

2. Provide zero-conf broker services to the various Garuda Alliance
software for inter-operability and inter-tool communication
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