Semantics for Cyberinfrastructure:
The iPlant Collaborative’s
Semantic Web Platform

O




NSF-funded, multi-institutional, collaborative project
similar in scope to EarthCube.

Mission:

To build a cyberinfrastructure for the nation’s plant scientists.

Successfully completed its first five years
and is anticipatory of the next (May 2013)

www.iplantcollaborative.org




All-too-Familiar Challenges

O
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A Constrained Solution Space

O
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Enterprise and HPC Assets

O

Web

Enterprise Class

Enterprise Class
Discovery Environment, Atmosphere P

Virtual Workdesk
Cloud, Virtual machines

High Performance Computing
PFLOPS-scale compute power
Petabyte scale storage
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Foundational Infrastructure
iPlant Data Store, HPC, etc.




Bridging Enterprise, HPC, and Web Assets

O

Distributed
Semantic Web Services
Logic-driven semantics

Enterprise Class Semantic Integration
Semantic Pipelining Enterprise Class
Virtual Work desk

Cloud, Virtual machines

Discovery Environment, Atmosphere

High Performance Computing
PFLOPS-scale compute power
Petabyte scale storage
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Foundational Infrastructure
iPlant Data Store, HPC, etc.




The Actors

—T7

The World

The World

www.iplantcollaborative.org

iPlant Computational
Resources

—T7

Your lab

Community
MODS (Model Organism Databases)
and
CODS (Clade Oriented Databases)
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The Antibody Analogy as a
Semantic Mediation Layer

resource subject
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Simple Semantic Web Architecture and Protocol
W3C OWL RDF/XML

O
D D

{8 TR a2 rafin e

PR RE

D,

PR RE

Resource
L

(RN

providesResource

‘ PDG —._| RDG aperatesOn ‘ hasMapping ‘ mapsTo {
. providedBy J a \ 5 d

name M name
oneLineDescription M anelineDescription
abautURI — aboutURI
metadata N metadata
— icon
R iy e inputURI
PDG: Provider Descrption Graph
RDG: Resaurce Desenption Sraph S outputURI

» Establish the framework for web resources to describe themselves and their offerings
* Establish the framework for ontological integration
* Engage first-order, description logic reasoning

* Provide a semantically enabled Discovery Server for service and pipeline coordination

http://sswap.info/protocol




iPlant Semantic Architecture

RESTful API

Web Ontology Client
Resource Servers
Data | Algorithm OWL _— ||
RDF/XML RDF/XML

Data and Service
Providers Ontologies Clients

www.iplantcollaborative.org




sswap.info/example

€->CH [D sswap.info

f\\) sswap.info,,

\ Simple Semantic Web Architecture and Protocol
iPlant Collaborative™

Enter a search phrase (e.g., "tree") or user:<login> to discover

Build semantic pipelines from web sites such as
DiversiTree and Cartogra

or search on key words such, Protoco |
Example

iPlant Just-In-Time Ontologies Tools Wiki Ask Contact

THEUNVERSTY ) ARKEPPARSIA &

www.iplantcollaborative.org




Semantic Integration from Third-party Web sites

TreeGenes’ DiversiTree

000 |\ Dendrome Database Project x |

‘ €&  C fi [) dendrome.ucdavis.edu/DiversiTree/

+ Documentation

+ EST (GenBank)

+ Contig [
FASTA Sequence: & 8140
(Ex: GCATAG...) E

EST Contig Name: E

(Ex: 0.8156)
waTCennk gy
ACCESSION: (ex: ADE7S65S)
aasTCensink g
Gl

(Ex: 224284550)

Pinus taeda (Loblolly Pine)

(Ex: ATPase) A Pinus taeda (Loblolly Pine)
CO Term: "copper ion binding % Pinus taeda (Loblolly Pine)
(Ex: Heat shock) Pinus taeda (Loblolly Pine)

R — Pinus taeda (Loblolly Pine)
InterPro Term:
(€x: Lipid) Pinus taeda (Loblolly Pine)

e — e \ \ lon bl Javascript snippet to launch
ke of s cL726Conts: ' A data for Web Discovery
with the press of a button

Larix decidua &
Picea abies ¥

Pinus cembra &
Pinus elliowtii &
Pinus lambertiana
Pinus mugo
Pinus pinaster ¥
Pinus radiata &
Pinus sylvestris &

www.iplantcollaborative.org
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Web Discovery into Semantic Pipelines

Reasoner-assisted Web workflows

O

000 0rg [ipe 4380530 -c804-43b-4cb9-652478c10146

( \) sswap.info..

ok%n- m-m- ] Prodisy
lllllllllllllll

| ¥ New pipeline Login
STTTTY 1
' '
* | Doagservice | I>
: jeznhere |
\_____z'
¥ Input Data Set
*w‘ Diszlay Dot Click harw to send the cutpus dats 10 5 viewsr [ozens In 5 new window)
Caey

ear fitee ;fEmerlnwm |ﬁ

teame:
20th 35 1" or "LADEDT2S ampiecs
ool proden  TresGenes Semontic Web Service Provider
e Treegenes’ Contig Sevios
= oo
TRl | oy TresGenes’ Sematic Web Service Provider
N
(e s, Soylmz locus Type Service
Q Provider  Testpresider
Jelf-olh




Just-In-Time Ontology Hosting

sswap.info/jit

|| SSWAP Just-In-Time Ontc %

« > CnH [D sswapmeet.sswap.info/jit/

&) =

=\ sswap.info,,

\ Simple Semantic Web Architecture and Protocol
iPlant Collaborative™

Just-In-Time Ontology Editor

Signin  New user? Register

V' Navigation Section

!hlm:llsswapmeet.sswap.lnfoltreeeenesl

oo | T

(. treeGenes
= (o alignment
T Alignment
O hasAlignment
D id
D length

Term Section

Add New Tab

http://sswapmeet.sswap.info/treeGenes/alignment/Alignment.json

Y

"t

{
"api" : "/makeType",
"prefix" : {

"treeGenes" : "http://sswapmeet.sswap.info/tre
"sequence" : "http://sswapmeet.sswap.info/sequ

:ali /Ali

"y

"rdfs:label” : "Alignment",

"rdfs "oy "o

notion of an Align

"treeGenes:alignment/id" : { },

A

http://sswapmeet.sswap.info/treeGenes/alignment/Alignment

<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-
syntax-ns#"
xmlns: p="http:// sswap.info/sswap/"

xmlns:owl="http:/ /ww.w3‘.org/ 2002/07/owl#"

xmlns:seq "http:// p sswap.info/seq
xmlns:t "http://, p sswap.info/tr
s/"

xmlns:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-
schema#">
<owl:Class

A

A

>

“




RESTful Pipeline Execution

O

o000 0 ipe /448053 bd-c804-41b-acb9-682478<0146
yroTy

( \) sswap mfo

lllllllllllllll

| ¥ New pipeline - running Logn
Coutg
A Treegenes' Tree Sample Service
Paame: Treegenes’ Tree Sampe Servior
A uth 25 "Fic-L" or "LADEDT moicen,
T Sample.
Proviger: TresGenes' Semontic Web Service Provider
October 012
metinished: XA
| cernne e Ster phraze lﬁ
Showing D resslts




Data Tree View

“Ontologized” data and metadata

o006 sswap.iplantcallabarative arg lipe /b5 1854 78-c94b-4747-0aBe- 752109188407
[') sswap.iplantcollaborative.org /ipc/b6 1 8b478-c94b-4747-Sake- 752109188407

4

UNITED STATES  SUSSEX

UNITED STATES JASPER
UNITED STATES  LUBERTY

3T FETTFETTTTFETFEETET T
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Semantic Integration into Third-party Web sites

TreeGenes’ CartograTree

o000 CartograTree
[ dendrome.ucdavis.edu/cartogratree/index.php?tid=06014-331,33,2002019,Paab-6, ACESAP-A12,Paab-5, Paab-4,Paab-3,19002,Paab-9,ACESAP-A11,191-Finland,41,Pimu-1,Paab-8, ACES...

~& Cartogralree

A Forest Tree Map Utility
About TreeGenes DiversiTree Documentation Contact

(-] Search ¥ . ¥ 37 A2 ) A
*Curmenty only wosks for 1D searches : % “, '*. . A » 1
(-1 Display © 2 X%y : RN
R )
TYree Samplos v

Sequanced: [ ﬁ No
Genstyped: () No
Phenctyped: () [ Mo

Phanotype Search: | S4/Ch ks har

oS s Third-party web sites can
ol engage as renderers on
it result sets ...
(4] Legend ©

[~] Selection Tools ¥
W N W ocete selected Shape )

(-] Layers
Repository ¥
Layer: Lapecinte
Opacity;

(Croaaer)

ﬂ‘ Solacted Markers @

www.iplantcollaborative.org



CartograTlree

Custom user interface data selection and analysis

000 ¥ Dendrome Database Projc % |\ CartograTree x

€ CH D ucdavis.ed find hp?tid=06014-331,33,2002019,Paab-6,ACESAP-A12,Paab-5,Paab-4,Paab-3,19002,Paab-9 ACESAP-A11,191-Fi.. @k 77 =

~& Cartogralree

A Forest Tree Map Utility

0s___DiversiTres _Documentation _Contact
[~] Search & N P e Ve e —
Search for ID
(-] Display ©
Toa: (%)
Tres Sampies ©

sequnces: O [ %o
Cenctyped: O [ Mo
Phenstyped: () [ we
Phanotyps Search:
oPs B g

TRY-DB Markees &
TRy-08: ()

Trait Search:

Environmental
O JB, Amoritux Stes

Web Discovery

[+] Legend ©
(-] Selection Tools ¥
I EE BB oo soeces shape )
[-] Layers
v

Repository
Layer: Layer info
Opacity: (05 %)

(A2 Laver :
e Layer L J|jowkm |
= Googlc IJ",—L_ j
[ e — il
o x I ”\
I
(
o= e T |
(
Blast Description Py Interpro. PFAM ExPASY EC thmm /
Number [} fTop Specles-Specific BLASTs I
Amploon (BLAST ne) signalP |
UMN_CL228Con| | Filter by Keyword Filter by Keyword Filter by Keyword Fllter by Keywoi| ||Filter by Keywe| || Filter by Keywore] || Filter by Keyw H
(
GO0006412 raralaton It
oos | . Satraelves | pRecicrED: 1PRO08E2 Resonoms | PPOTIES Msonoma | 3,653 Prosee- smeers (o) (i
9 | inters] (7.506-58) (Vs vera) entenl (1.50E54) (Vs vinters) p proten 5280 proren S26e Syrineszeg GTPase. | Sgrap: () I
Coratnant o rossoe L
v
p
D d O d DO d = O O

... enabling directed user
experiences back into




Semantic Integration from Third-party Web sites

Data slicing and contextual augmentation

¥ Dendrome Database Projc % |\ CartograTree % | sswap.planteollaborative %
& 5 C fi [ sswp. 1 fcd25212-2661-4143-237b-499147b736f %)

0 sswap.info,,
\),,),, at Collaborative™
¥ New pipeline Login / Register

m

------
==

¥ Input Data Set
~~=

Display Data: Click here to send the oUtpUT Ba13 to 3 viewer (opens in 3 new window)
TreeGenes £7¢2-40ee-bObE.
Produced by: /

= 2 |Erlerapfmsuwer.do¢n>wllmrm ]ﬁ
a

Showing 7 results

S Name:
Itipl amina acld or
Sarvios R P P 864
Provider: The iPlant Collaborative
e,
S Name
Description: MUSCLE s a of amino acid
Mg;g_g 1 Ry \ 3
Provider: The iPlant Collaborative
|
— Name:
g Provider: The iPlant Collaborative
Sy
¢ . Name: iPlant FastTree service
Service URL: httpy//sswap info/iplant/sve/fastiree
Provider: The iPlant Collsborative
Nt
Name: iPlant grep service




Direct and Indirect Data Referencing

URI dereferencing of arbitrarily large data sets

000 ¥ Dendrome Database Projc % | CartograTree % ' [ sswap.iplantcollaborative %
c ﬁ L" sswap.iplantcollaborative.org/ipc/fcd25212-2661-4143-237b-499147b736fa i? =
( \) sswap.info,,
Simple Serantic Webs Archisecture 26 Protocel
IPlanl Collaborative™
= ) ine - Login / Register .. .

i Serialize the data itself,

R—— =a or a URI to where the
— L ok .
* ﬁ — — TI— data is located

/ s

C' 4 [ dendrome.ucdavis.edu/DiversiTree/Aj ItiFasta.php?typ licon&id=UMN_CL228Contigl_03 o=
>UMN_CL228Contigl_03-11207_Pial-F.abl 493 0 0
AAGTCAAAACCCATCGGATTCCTACTTCTGCTTTCCTCGTTCTCTAT 'GATTGCTCGCTTTCEC AACTT ATT ‘
CcT TCTATTCTCATCCTCTTTCCCTTCTCTTTTCAT AMATAAACCAAATTCAA AMAAATTA TATTCTTTCAC CCTTCAAM
ACGAAGCA ACAAGC TAAGTTCATTCCCTCCTCCAAT AC TCCATTTTATACTCTTCTCTTTCTCTTCTATTTACTATG
oA AT T AATGAATGAAGGATA TTCTTCT - TGCTGTCC TRXX
>UMN_CL228Contigl_03-11207_Pial-R.abl 495 0 0
XxxxXXTTCCCAAACCCTAACCCTAACCCTAGCCTAACTCAAAAGTCAAN TGCTACTTCTGTT TCTGTAT
ATTCCTCCTTTCCCTCTACACAAACT GTAATTCCT 'rmccc‘rcn'r‘rcmmrcmcmcrcmﬂcmrmccmmmcmmﬂcm
AATTA TATTCTTTGAC! AAAGA ACA, el TAAGTTCATTCCCTCCTCCAATTCCGGCACATGCACTCCCAAGGTA
TTCCATTTTATACTCTTCTCTTTCTCTTCTATTTACTATCC. ATANC A ACGATAA C TTCTTCTTC
>UMN_CL228Contigl_03-11217_Piar-F.abl 500 0 0
CTAACTCAAAACGTCAAAACCCGATCCCATTCCAACTTCTGCTTCCTCGTTCTCTATTCCACCCCGC TCATTGCTCGTTTCCC! AAACTTCACCATGGT
ACTTCCT CATA. TCTATTCTCATCCTCTTTCCCTTCTCTTTTCAT AAATAAACCAAATTCAAACTCTC AAAAATTAAC TATTCTTTCAC ™
CAAAAGANGGAATGGAGGCCCCAACAAGCATCCCCGCCGCCATCTTANGTTCATTCGCTGCTCCAAT TCGATTTTATCCTCTTCTGTTGCTCTTCTATTTAC
TATCCAN CAATA CAT AATCA TTCTTCTTCCTAACAT CAAGCTGCTC

>UMN_CL228Contigl_03-11217_Piar-R.abl 503 0 0
xxxXTTCCCAAACCCTAACCCTAACCCTAACCCTAACCCTACCCTAACTCAAAACTCAMAACCCATCCCATTCCAACTTCTCCTTCCTCCTTC

ATACTGATTGCTCOTT TCTACACAAACTT ACTTCCT ACCCCTCTATTCTCATGCTCTTTCCCTTCTCTTTTCATICAAAATAAACCAAATTCAAAGTCTCTCT

TCAAAMA TATTCTTTGACT CAMA ACA TAAGTTCATTCCCTCCTCCAATTCCGOCAGATCCACTCCC

AACCTATTCCATTTTATCCTCTTCTCTTCCTCTTCTATTTACT ATA CAAATCA TTCTTCT7CCT

>UMN_CL228Contigl_03-11227_Picb-F.abl 472 0 0

TTCCTCCTTCTCTAT TCCGOA TGCTCCTTTCCCTCTACACAAACT T7CCT TATTCTCATCCTC
sy TTCCCTICICTTIICATICARANTAAAGCAANTTCAA TCTCTTTAARAA TAATCTTTOAC AAAGAAGGA ACA

GCCATGTTAAGTTCATTCCCTCCTCCARTTCCCCCACATCCACTCCCARGCTATTCCATT T TATCCTCTICTCTTCCTCTTCTATT TACTATCCAAT ATA TCATTGCC

ARATCA TTCTTCT ACATTC 7GCTCTCC

>UMN_CL228Contigl_03-11227_Picb-R.abl 490 0 0

XXXXTTCCCAAACCCTAACCCTACCCTAAAAACTCAAAAGTCAAA TCCTCTTCCAACTTCTCTTICCTCCTTCTCTAT cer 7607

GGTTTCCCTGTACACAAACTTCAC TTCCT CATAACCGCTCTATTCTCATCCTCTTTCCCTTCTCTTTTCATICAAAATAAAGCAAATTCAAAGGGTCTCTTTAAAAAATTAR

TAATCTTTOAC AAAGAAGGA ACA TAAGTTCATTCCCTCCTCCAAT CCCA TCCAT

TTTATCCTCTTCTGTTGCTCTTCTATTTAC ATAACACTGGA AATGA TTCTTGTTCG

>UMN_CL228Contigl_03-11237_Pico-F.abl 464 0 0

TATTTCCTGCTTCTCTATT . TTCGCTCCACACAA TTCCT TCTATTCTGATCCT

CTTACCCTTCTCTTTTCATIGAAAATAAAGCAAATTCAAAGCCTCTCTTCAAAAAATAA TATTCTTTCATTCCACACGTTCAAAAGAAGGA ACA,

GGCCATGTTAAGT TGTTCCAATTGC AC TCCATTTTATTCTGTTCTTTCTCCTCTTCTCTTTACT ATATCCCCAATAACACAGCAATAACTCATT
GCAA C TTCTTGTTCCTA 'GAGCAACCTCC! T

>UMN_CL228Contigl_03-11237_Pico-R.abl 476 0 0
XxXTTCCCAAACCCTAACCCTACCCTAAATCAAAAATCAAMAACCCATCTCTTTTCAACTTTTATTTCCTGCTTCTCTATT CGGCCCTCC AC TTCC
C AACCTCACC TICOTTATCCCCTATCACCOCTCTATICIGATGETCT TACCCTTCTCT T TICATICAAAATANAGCARAT TCAN AAAAATAN TAT

GTTATTCTTTGATT T 'CCGCAACA. TAAGTT TGTTCCAATTCGC
ATA

TCTTCTT TCTTCTCIT

Www.iplantcollaborati >UHNCL228Contx910311257Pxolrab148500




High Performance Computing

Services engage like any other Web services

= x/ 8

/ipc/88b2¢347-4cch-4cf5-86ab-c7f4762f1b51

~\) sswap.info,,
(\,,,),,: B

¥ Amplicon UMN_CL18Contig1_08 alignment, phylogenetic tree, and visualization

v iPlant TreeViz service
~ Name: iPlant Treeviz service

| Tree service

~ Service URI: hatp:/fsswap.infofiplant/sve/treevie
Pravider: The IPlant Callaborative
Timestacted:  N/A
Time finished:  N/A

| Clarfiter | |Entor fitr phrase
Showing 4 results

1g files stored on the user’s Plant Data Store cloud

hatp//sswap.info/iplent/sve/grep-ranger-1.0
The IPfant Collaborative

Extract images from page
Scans an HTML page and extracts all Images from it

it
-pipein

Test provider

www.iplantcollaborative.org




Publishing Pipelines

Private data, shared service parameterization

000 ¥ Dendrome Database Project =\ C. s * Bl sswap ore X\,
€ © C # | [ sswap.iplantcollaborative.org/ipc/04fd8134-1d43-45 1e-82d4-91fb1c78da85 &2 =
rA
-
ar filtes Enter a phrase or user:<login> to filter results m
Showing 8 results
Provider: The iPlant Collaborative [
" nt Cossvor .
Name: iPlant FastTree service
Description: FastTree infers app likelib byl trees from of d protein
Service URI: /) info/i /%: nger-2.1.4
Provider: The iPlant Collaborative
Name: iPlant grep service
) Description: A service that looks for phrases in occurring files stored on the user’s iPlant Data Store doud
Service URI: f/sswag.info/iplant/svc/grep-ranger-1.0 M
Provider: The [Plant Collaborative
Name: SoyBase Locus Type Service
Description: Returns a non-redundant list of all soybean genetic map loci contained in SoyBase.
Service UR: I/ o/ <swap-pipeline-test/test/data/) =
Provider: Test provider
Name: iPlant Data Store
’(‘\\ Description: Uploads data to a staging area in a user’s account In the IPlant Data Store
\ J Service URI: info/ipl
\w-/ Provider: The IPlant Collaborative
3 o
1.iPiant servics TR
= 4
View pipelines NITLYY J
S ———— v
Home (Plant Protocol Ontologies API Wiki Contact
THE UNIVERSITY &

www.iplantcollaborative.org




Phylogenetics

Pipeline runs are persisted in OWL and can start new pipelines

' ¢Dendrome Database Project * | Y CanograTree Interface % Ll sswap plantcollaborative.or % |
g/ipc/8Bb2¢347-4cch-4cf5-86ab-c7f4762f1bS1

( sswap.info,,
Singde Scrnasts \\d-MM«.r and h\loml
IPIant Collaborative™
¥ Amplicon UMN_CL18Contigl_08 alignment, phylogenetic tree, and visualization - executed

g»%»@»u»@-

. v Output Data Set

@ Display Data: de-mwdh-omdmn:m(msl 2 new window)
MyData UMN_CL18Contig) 08 tree_and, 2012-10-11-07-53-10.srg.owl
Produced by: http//sswap.Info/iplant/svc/treeviz

| Cear fiter ;‘Emum«pmn
Showing 0 results

www.iplantcollaborative.org




TreeViz
Multi-state, multi-institution, web/HPC run

DO 0/ ye : Project % CanograTrecinterface % 13 orative.cr: %/ [}
- 2 O ft [ p d llaborati /tree/0c756a3d24517217bbbas98500668195

File View

LEs]
.g UMN_CL18Contg! 038067 P1-Rabt
o,m

Qo .03-8053_P1:
%ﬂim‘ﬁ “-I“M.PUI-R.B

o
UMN_CL1BCoNtg 1 08-9030372_ PimgF
0733

0857
LR
UMN_CL1BContg1 02-3030346 |

ooce
UMN_CL1BContg1 029030372 PmgF.
olu:ﬁo.a.vmmu_oum-.’n#u

W2
Q183

)
g UMN_CL18Con1Q1_08.8062_P1F 20!
uu_a.ucomm eo-mu_rnun
UVN_CL18Cantg1_ 089030340,
e LVN_CL18CoNIQ1 o&wmm-! 1
0sm
9ama
1,000

0037
LMvN_CL18Contg1 029030376 | F.
0505 o

1.000
LMN_CL18CONTQT_08-10877_PaLF 801
0443

=] UMN_CL18Contg! 03-14391_Pra-F.ab!

0238
g UMN_CL18CONIg1_08-14731_Pay£.ab
LMN_CL 1800191 “Iml_’m“
=8 LN _CL18Contg1 08
1.000
0539

481

bt LVN_CL18Contg! 02-10877 PakA.ab!
omsT
LN _CL18Cont | ouo»um

“5
= lllLQlMUl 081581 l.’m
0341

Q290

LN CL |Mh|_“-ll!ﬂ_’ll-lll
WLQ!.OMI'!_“I‘” )

LMy CL10CoN01

T
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Quick Vitals

O
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