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What drives advancements in biomedical research?

W

Data Collaboration Analysis Tools

Importantly, open data that is easily accessible is key to progressing
ongoing biomedical research and our understanding of what is known.



There is a need to develop standards for biomedical data

Large scale data is continually being generated by:

Hospitals Academic Institutions Industry and Biotech

As the amount of data collected grows exponentially, this necessitates a need to
standardize stored data format and develop tools to store analyze the data to
make it easy to find, accessible and reusable.



Working cooperatively to standardize data format and integration

Plan and Push Establish a Primary Recruit Researchers
a Feasible Standard Data Storage Location To Contribute and
Submit Data

Our data follows a standard format, creating a freely accessible public
source.



LungMARP: http://lungmap.net
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LungMAP seeks to improve lung health. We offer a web-based data resource (BREATH) for investigation into processes that regulate lung development.

Search BREATH to explore the developing lung

All Search

Data Inventory (mouse over to see # of experiments)

Annotated Images Histological stain




LungMAP stemmed from a NHLBI Initiative
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RTI's Contributions

As part of the Data Coordinating Center (DCC):

LungMAP Portal (Website) BREATH (Database)

Website development and
maintenance

Creation of web tools to browse
and interpret data

Maintenance of Cloud services
used

Operating procedures for data
management

Data processing, integration and
maintenance into BREATH DB

SPARQL queries

Management of ontology of lung
development, including cells,
structures, and cross-species
comparison



What data does LungMAP provide?

The proper development of an
organism is carefully
orchestrated by:

= (Gene expression
= Protein-protein interactions
= Cell-cell interactions

All are critical for correct
development of all organ
systems and the organism
as a whole.



What data does LungMAP provide?
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Any changes to the expression,
availability or interaction of
genes, proteins and metabolites
may result in improper
development.

Therefore, mapping what genes
are expressed, what proteins are
present and the anatomical
placement of cells may indicate
what markers or combination of
markers can lead to improper
development.



Ontologies: Useful for mapping anatomical information

Human Using anatomical terms,
t part_of lists of genes, proteins,
lipids, etc., we apply their
Arm relationships through
| is_a ontologies and triple store
Left Arm databases.
part_of part_of
Forearm Anatomical terms become
Upper Armﬁ entities and their known
Elbow part_of Wrist biological hierarchy to each
other establishes the
Hand relations.
T part_of

Finger



Ontologies: Useful for mapping anatomical information

A subset of LungMAP’s ontology Using anatomical terms,
lists of genes, proteins,

/ TRACHEA lipids, etc., we apply their
l . .
TRACHEA TRACHEA TRACHEA relatlonShlpS through
BIFURCATION WALL LUMEN 1 1
/ l \ ontologies and triple store
TRACHEAL
SL%%”CESQ/ Tucosa \AWENTmA databases.
N
TRACHEAL .
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/\ [ .
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LungMAP has been designed with the researcher in mind

At the web portal, experimental and biologic sample data is visualized
for user-case scenarios, such as:

A researcher interested in browsing available data of a particular
experiment type.

A researcher interested in finding data from all experiment types
related to a specific term of interest.

A researcher seeking specific reagents or detecting certain genes or
proteins during lung development.



Searching for information on a gene

A user arrives to
LungMAP and conducts
a search “Actal”

After arriving at the
gene information page,
they click to view all
Single-cell RNA-seq
experiments
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Gene j Search

Details for ACTA1

Gene Details
Symbol Actat
2D Image Experiments
IF (0) Name actin, alpha 1, skeletal muscle
ISH (0)
Omics Experiments Synonyms AAO59943, Acta-2, Acta2, Acts, Actsk-1, Actsk1
NanoString RNA (0) i
Species Mus musculus (Taxon ID: 10080)
Proteomics (0)
RNA-seq (1) Location Chr 8:128161741-128161824, minus strand
‘ Single-cell RNA-seq (2)
External Links UniGene | MGl | International_Mouse_Knockout_Project | MGI_GO_Links | ENSEMBL | Entrez
JOIN OUR MAILING LIST | CONTACT US | HOW TO CITE LUNGMAP | JOIN OUR FORUM Supported by the National Heart, Lung, and Blood Institute of the

National Institutes of Health under Award Number UO1HL122638
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Searching for information on a gene

A User arrlves tO entrez_id experiment_label
symbol analysis_id
L u n g M A P an d CO n d u Cts -I%OIS_EIIEAEPEST exper?r::?titgpefid anetlla{iii:li?ibel
a SearCh “Actal” experiment_id organism_label
analysis_label rdfs:label —— Im:has_submission_stage
o —> analysis_id meere » experiment_id » submission_stage_id

Afte r ar r IVI n g at th e Im:is_analysis_type Im:is_expenment_type
g ene | nfo rm atl on p ag € ! |m:s|$:§:;§:ifs_of overall_expression experiment_type_id
they click to view all
Single-cell RNA-seq | analysis_resul | VaLUES
experiments PATTERNS s o e o2 Gene,ID. 11459

. submission_stage_id = owl2:LMTG0000000007

entity_id

The following ontology o immaps_{o{01)
patte s are used to symbol entr;z_id e » owlGene_ID
retrieve all single-cell e
R NA'S eq ex p er | men tS 1axot1_id rdfs label » organism_label

associated with Actal



Single-cell RNA-seq experiments for gene Actat
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Gene j Search

1-2 of 2 results in category SINGLE-CELL RNA-SEQ for Actal

Gene Details Showl 10 =|entries
2D Image Experiments Preview Description Subject(s)
IF (0)
ISH (0)
Omics E . " Single-cell RNA-Seq on M ’
mics Experiments Actal unsorted lung cells from WT E:Jg;nuscu us
NanoString RNA (0) E16.5 C57BL6 mice
Proteomics (0)
RNA-seq (1)
Single-cell RNA-seq (2) Single-cell RNA-Seq on » ]
Actal unsorted lung cells from WT E:J;‘g?uscu us
E18.5 C57BL6 mice
Showing 1 to 2 of 2 entries Previous ‘ 1 ‘ Next
JOIN OUR MAILING LIST | CONTACT US | HOW TO CITE LUNGMAP | JOIN OUR FORUM Supported by the National Heart, Lung, and Blood Institute of the

National Institutes of Health under Award Number UOTHL 122638
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Using Ontologies and Triple Stores for Image Annotation

LungMAP features a large inventory comns | et i Mo
. .. TO SELECT coordinate_string annotation_id annotatior
of microscopic images of lung color condiion  annotationComment
tissue.
image_id
To understand what is pictured, o mpariof -« Imimage feature
. . RS . Im:has_shape_type
labels and annotations are required. ] feature_id —
; Im:coor:jM/lm:coloNT:m:commem
. coordinate_string color rotation comment shape_type
The following ontology patterns are H——————
: annotator |
used to.create gnd retrlgve | B L I v —
annOtatlonS Of Images’ InC|Ud|ng * annotation_id '=55555£§£}:a}:;_I_ni‘l_i’has_annnlation_review_status
position on the image, label and Smbas congton T was
annOtatOI’ condition Im:image_feature_annotation
: ‘ OPTIONAL
ey, TRIPLE PATTERNS
Image annotation uses OpenLayers.  condfiontebel |



Using Ontologies and Triple Stores for Image Annotation

“ LungMAP About LungMAP  Resources Help Forums Upload Document Library Breath Hub

Image Details

LR

Display Feature

2 = alveolar capillary bed, alveolar

capillary endothelium
. alveolar duct
alveolus
) bronchiole, lateral bronchiole
type Il pneumocyte
bronchiolar epithelium

@ pulmonary artery




LungMAP promotes collaboration
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Biomedical research Is ever-
evolving. Therefore, data and
assoclated ontologies must also be
flexible to change.




Future Works

= Integromics tool for analyzing biological molecules across omics data
types

= RESTful API for accessing BREATH database
= Improved data visualization tools

= Expansion of a story builder tool that enables users to create pages
describing findings derived from BREATH data

= New data types: nanoDESI, methylation, metabolomics
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