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AMPORT | Bioinformatics Integration Support Contract (BISC)

NIH/NIAID/DAIT would like to:

maximize the return on the public investment in basic, translational and clinical
research

allow investigators to more effectively extract meaningful information from the
vast amounts of data generated from advanced research technologies

Bioinformatics Integration Support Contract (BISC) to support all DAIT-
funded programs - basic, translational and clinical research

Immunology Database and Analysis Portal (ImmPort) - www.ImmPort.org

Archive and manage basic and clinical research data
Analyze experiment data

Integrate with extensive biological knowledge
Analyze integrated data

Build upon data generated by previous studies
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ImmPort Overview - System Components

Semi-public web-based database and analysis
portal

—  Multi-level access control
—  Data sharing

Data

— Reference data

*  Types - Gene structure, protein function,
polymorphisms, metabolic, regulatory, signaling and
other networks, protein-protein, gene-gene, host-
pathogen interactions

*  Sources - NCBI, Uniprot, Swissprot, BIND, Reactome

— Experiment data

*  Methodologies — microarrays, SNP genotyping, flow
cytometry, ELISA, ELISPOT, qPCR, imaging, etc.

*  Metadata (defining how the experiment was
performed) - common features of all experiments

*  Primary results - from all experiment measurement
techniques

*  Processed results
—  Interpreted results
—  Analytical metadata

—  Clinical research data
*  Study design — from clinical protocol

* Participant characteristics/phenotype — from
assessments captured in CRF’s and laboratory testing

Query tools

—  To support retrieval of reference and experiment
data based on specified criteria

—  Pre-defined QBE

—  Customized semantic queries
Ontology

—  Thesaurus function

—  Organize terms and define relationships

*  Analysis tools
—  Genetic analysis
* LD analysis
*  TagSNP selection
*  Haplotype reconstruction
*  Genotype-phenotype association
—  Gene expression analysis
*  Filtering/normalization
e Clustering
*  Classification
—  Cell population analysis
»  Standard FACS statistics

*  Novel population identification based on high
dimensional data clustering

— Measurement of immune response (c.g.,
ELISA, ELISPOT)

»  Statistical analysis of distributions
— Biological network analysis
*  Quantification of topological parameters
*  Module identification
*  Visualization tools

—  Genome display, including genes, introns, exons,
SNPs, tagSNPs, etc.

—  Genetic analysis results

—  Gene expression results

—  Networks, pathways, and molecular interactions
—  Graphing and charting of statistical results
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Initial work

Population Genetics Analysis Program: Immunity to
Vaccines/Infections (PopGen)

Immune Function and Biodefense in Children, Elderly, and
Immunocompromised Populations (Special Pops)

HLA Region Genetics in Immune-mediated Diseases
Immune Tolerance Network (ITN)
Atopic Dermatitis and Vaccinia Network (ADVN)

NIAID non-human primate colony
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Varicella:

Immune Response to Varicella Vaccination in Subjects
with Atopic Dermatitis Compared to Nonatopic
Controls

Objectives:

To determine if children with AD have Varicella-
specific cell mediated immune (CMI) responses
to varicella vaccination that differ from those of
nonatopic controls (Th2)

Endpoint:

1.  ELISPOT: number of Varicella-specific T-cell

2. ELISA: levels of Varicella-specific antibodies

3.  Flow cytometry: perforin generation using 2-color
flow cytometry staining for both CD8 and
perforin.
(Perforin levels, which may contribute to defects
in CD8+ cytotoxic T lymphocyte function).

Informed Consent, Personal and Family Hisory
Questionnaire, Medical History review, and
Skin and Physical Exam

Group Assignment

Group A Group B
30 AD Patients 30 Nonatopic
Controls

V

Up to a 17.5 mL blood draw (including one or more of the
following tests: CBC with differential, IgE level, RAST,
and aim specific testing).

In the event that a complete CBC sample is unable to be obtained,
the local mstitution minimum sample volume may be collected.
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1-day
RIT

Screening

Pretreatment RIT
L 1 1

IT + anti-IgE

1 n=39

Placebo IT + anti-igE

1 n=40

IT + placebo anti-IgE

Placebo IT + placebo anti-IgE

1 n=40

1 n=40

Maintenance IT + study drug

1

Follow-up

Week-12 Week -9

f I
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Week 12

fl specimen Cotection
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Driving Projects - ADVN
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* Challenges

Extensive phenotypic characteristics of interest

Complex study designs of treatments, assessments, samplings, etc.
Few standards for how they are described or captured

Each supported project captures their data in a different format
Integration with mechanistic studies of specimens
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« Challenges
— Extensive phenotypic characteristics of interest
— Complex study designs of treatments, assessments, samplings, etc.
— Few standards for how they are described or captured
— Each supported project captures their data in a different format

— Integration with mechanistic studies of specimens

« Evaluation of existing clinical data standards

— BRIDG — designed for supporting the conduct of clinical trials, not a study
repository optimized for analysis

— CDISC STDM - specification for SAS transport files to the FDA

— CDISC CDASH — models clinical encounters, but not sequence of events;
requires use of EPOCHs (contiguous blocks of time)

— None designed to manage mechanistic studies
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« Challenges

Extensive phenotypic characteristics of interest

Complex study designs of treatments, assessments, samplings, etc.
Few standards for how they are described or captured

Each supported project captures their data in a different format

Integration with mechanistic studies of specimens

« Evaluation of existing clinical data standards

BRIDG — designed for supporting the conduct of clinical trials, not a study
repository optimized for analysis

CDISC STDM - specification for SAS transport files to the FDA

CDISC CDASH — models clinical encounters, but not sequence of events;
requires use of EPOCHs (contiguous blocks of time)

None designed to manage mechanistic studies

« Ontology-Based eXtensible Data Model (OBX)

Logical ontology structure (BFO/OBI) => extensible data model

Data element value sets derived from ontology hierarchy "
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« Objects * Processes

— Human subjects — Recruitment, enrollment, approval

— Specimens — Assays, physical exams

— Materials — Blood draw, PBMC isolation

— Plans — Treatment, surgery (interventions)
* Qualities — clinical phenotype » Context

— Malar rash — Time

— WBC count — Environment

— Weight

— Blood glucose levels
— Atopic dermatitis

« Roles

— Principal investigator, study
coordinator, study participant

— Reagent, therapeutic

11
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OBX Framework

Object (Independent Continuant)

-Object (subject, organ/tissue,biosample,compounds,instrument) 1D

-Object Name
-Object Description

Study
-Study ID Contont
-Study Name ontex
Study Design LComment -Context ID
-Study Design ID 1 4 FStudy Type -Context Type
-Study ID -Principal Investigator -Context Description
-Indus!on/ExdusIon LInstitution -start date/time
-Affection Status Definition -End Date/time
-Protocol Document -Duration
¢
|
1
n
Event

-Event ID

-Event Name

-Comment

uality/Valu: ult (Dependent Continuant]
N -Event Type : <unspecified> = Biomaterial Transformation, Assay, Data Transformation, Composite Procee Quality S/REsult Dep uant)
n L 1 n b
g‘b‘{dy Iz [Quality/Value/Result ID
ject ID Event ID
-Object Role [
e D -Quality/Value/Result Description

-Plannned Event Indicator : <unspecified> = Unplanned, Deviation, planned

-Event Objective
-Event Status

-Output Role
-Output Description

12
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Study Design Interventional Study Design
FProtacal 1D -Fs’{i";fg:mmse
Locati |-Brief Title ot B0
StAudy 2 |-Official Title -Intervention Model
-City of Study -Acronym -Masking
[ i -Study Type -Allocation
rCountry 1.4 -Sponsoring Organization
BIOINFORA ! |PiName
I-P| Institution
-Pl email ¥ T
Inclusion Exclusion Criteria -P| Telephone Observa:onlaIMSot::y Deslon
K T - |-Brief S Y -Observational
e | st D NS
Bl i Be 1 |-Target Number of Enrolled Subject -Biospecimen Retention Status
1.0 -Study Focus Conditon
-Primary Outcome
I-Secondary Outcome Tuny
|-Statistical Analysis Plan [Start Date
I-Maximum Age G Compiste Datg i
1 -Maximum Age Unit |-Number of Enrolled Subject
FMinimum Age
-Minimum Age Unit
I-Treatment Keywords
Arm
4.n  pArmName
1 1 -Arm Code
Description
o -Subject Inclusion Rule
1.n 1. -Arm Type
Visit
Feriod I-Name = 1
rName 1 1.n |VistOrderNumber [ 1 1.n [ VisitToAm
+Order Number FMinimum Start Day -Visit Accession
FMaximum Start Day -Arm Accession
|-Start Rule 1.n
I-End Rule
Planned Event
-Category
|-Event Name
-Type
-Description
Biomaterial Transform Plan Assay Plan Data Transform Plan
I—Q ALI JAVARE- | JAN A l
Eleried Deig Recimen Biosampling Plan | [ e Baseline Characteristics Defintion Outcome Measure Definition
"Name C [R2Eme ; = L
| Dose Interval Fixed Indicator Name Type -Over:fll Number of B_asallne Participants Name
etk FType L Planned Day Baseline M Title Meaure Type
PrCagn T I Plan Day LPlanned Visit Number FType [Heasea Uit
-Number of Dose Fixed Indicator _Planned Visit Numb - Number of Participants -Outcome Measure Reporting Status
-Dose Number Descriptive Statistics -Anticipated Posting Date
-gie ll]owef gge -Outcome Measure Time Frame
 Dose - b S5
Pyt Lab Test Plan st Siat o
-Number of Doses -Name
-Dose Termination Rule -Type ||
-Plan Day
-Planned Visit Number
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Assay Database Schema

[ LK_PREFERRED_ASSESSMENT_NAME |

PK _NAME

PREFERRED_NAME_SOURCE YARCHAR2(250)

(40)

)
|

A

SUBJECT_ORG_INFO _PANEL | COMPONENT
PK SUBJECT_ORG_ACC_HUM (15) PK ASSESSMENT_ACC_NUM VARCHAR2(15) =
USER_DEF_SUBJECT_ORG_ID VARCHAR2(40) FK SUBJECT. ORG_ACC_NUM VARCHARZ(15) PK ASSESSMENT_COMPONENT_ACC_HUM VARCHAR2(15)
GENDER VARCHAR2(40) FK ACTUAL_VISIT_ACG_NUM VARCHARZ(15) USER_DEF_ASSESSMENT_COMP_ID VARCHAR2(100)
ENROLLMENT_AGE_IN_YEARS NUMBER(22) FK PREFERRED_NAME VARCHAR2(40) ASSESSMENT_COMPONENT_NAME VARCHAR2(125)
BIRTH_YEAR NUMBER(22) USER_DEF_ASSESSMENT_PANEL_ID YARCHAR2(100) PREFERRED_ASS_COMP_NAME VARCHAR2(40)
DEATH_YEAR NUMBER(22) —o6<|  ASSESSMENT_NAME_REFORTED  VARCHAR2(2S)| o o< TIME_OF_DAY VARCHAR2(40)
AGE_AT_DEATH VARCHAR2(40) ASSESSMENT_TYPE VARCHAR2(125) SUBJECT_POSITION_REPORTED VARCHAR2(40)
BIRTH_COUNTRY VARCHAR2(40) STUDY_DAY VARCHAR2(40) SUBJECT_POSITION_PREFERRED VARCHAR2(40)
v || T G
z;sgzls_r:h x:xmﬁz(sm) :;EZ?:H&ESMMENT \c/:::;::;m(zsn) LOCATION_OF _FINDING_REPORTED VARCHAR?EZS;)
POP_NAME VARCHAR2(40) STATUS VARCHAR2(40) k?;ﬁﬂoﬂﬂ.{'QE}TJO(;}ZTJEFERRED xisgzﬁggsg
TAXONOMY_ID VARCHAR2(10) -VALUE |
PEDIGREE_ID VARCHAR2(20) Y §§§ﬂﬂ‘mﬁug 3222:22?&:3;
Eﬁ?ﬁiﬁiﬁ%ﬁiﬁ% ﬁﬁ:ﬁﬁggi | RESULT_VALUE_CATEGORY VARCHAR2(40)
MOTHER_PEDIGREEID VARCHAR2(20) 1 1S_CLINCALLY_SIGNIFICANT CHAR(1)
COMMON_ORG_NAME VARCHAR2(50) PLANNED_VISIT | OCCURENCE CHAR()
B ECITORSNESCH L PK PLANNED_VISIT_ACC HUM VARCHAR2(15) X:ZEQ;&%CISMMENT x:zg:ﬁs;gg?)
RSN SIATES b BCTUN. VI SAORDER M R FK REFERENCE_RANGE_ACC_NUM VARCHAR2(15
CAAZELELE G SEOINFELEEHIED SEGELRREL) PK ACTUAL_VISIT_ACC_HUM VARCHAR2(15) VISIT_NAME VARCHAR2(40) e s s &y
AFFECTION_PHENOTYYPE_PREFERRED VARCHAR2(40) VISIT_ORDER_NUMBER NUMBER(22) MIN_START_DAY NUMBER oo 5 VARCHAR2(12)
LANGUAGE VARCHAR2(50) 1S_PLANNED CHAR(1) Eso— o— MA&X_START_DAY NUMBER FK ASSESSHENT ACC. NUM VARCHARZ(15)
RELIGION VARCHAR2(S0) STUDY_DAY_VISIT_STARTS NUMBER(22) START_RULE VARCHAR2(256) A VARGHAR2(1%)
STUDY_DAY_OF_ENROLLMENT VARCHAR2(40) FK PLANNED_VISIT_ACC_NUM VARCHAR2(15) END_RULE VARCHAR2(256) OIS ASSESSED. VARCHAR2(40)
COLLECTION_DATE DATE FK SUBJECT_ORG_ACC_NUM VARCHARZ(15) FK STUDY_ACC_NUM VARCHAR2(15) ST S VARCHAR2(40)
RACE VARCHAR2(50) FK PERIOD_ACC_NUM VARCHAR2(15) AGE_ AT ONSET NMBER(2Z
ETHNICITY VARCHAR2(100) <L USER_DEF_PLANNED_VISIT_ID VARCHAR2(40) e PG T & ARCHA(RZ) o
UPLD_TCT_NUM VARCHAR2(100) | AT i (40)
PROJECT_D VARCHAR2(22)
DATE_CREATED ¥
ORIGINAL_PROJECT_ID VARCHAR2(22) i
CREATED_BY VARCHAR2(12)
S AreIlAs FOATED BIOSAMPLING | REFERENCE_RANGE
LAST_UPDATED_BY VARCHAR2(12) PK ING_ACC_NUM (15) PK REFERENCE_RANGE_ACC_HUM  VARCHAR2(15)
DATE_DELETED DATE NAME_REPORTED VARCHAR2(40) USER_DEF_REFERENCE_RANGE_ID VARCHAR2(100)
DELETED_BY VARCHAR2(12) NAME_PREFERRED VARCHAR2(40) UPPER_LIMIT VARCHAR2(40)
STUDY_SAMPLE_D VARCHAR2(125) LOWER_LIMIT VARCHAR2(40)
STUDY_DAY VARCHAR2(40) UNIT_OF_MEASURE VARCHAR2(40)
STATUS VARCHAR2(40) GENDER VARCHAR2(40)
DATE_CREATED DATE AGE_RANGE VARCHAR2(40)
CREATED_BY VARCHAR2(12) SUBJECT_CONDITION VARCHAR2(40)
VERBIATIM_COMMENT VARCHAR2(250) CATEGORY VARCHAR2(40)
BIOLOGICAL_SAMPLE o o | FK SUBJECT. ORG_ACC_NUI VARCHARZ(1%) LAB_OR_STUDY YARCHAR2(256)
PK BIO_SAM_ACC_HUM VARCHAR2(15) FK ACTUAL_VISIT_ACC_NUM VARCHAR2(15) TEST_OR_ASSESSMENT_NAME  VARCHAR2(125)
FK SUBJECT.ORG_ACC_NUM VARCHARZ(15)
FK BIOSAMPLING_ACC_NUM  VARCHARZ(15)
USER_DEF_BIOSAMPLE_D  VARCHAR2(100)
BIO_SAMPLE_DESCRPTION  VARCHAR2(3500)
PROJECT_ID VARCHAR2(22) EAHRTEST)
SAMPLE_NAME VARCHAR2(200) PK LAB_TEST_ACC_HUM VARCHAR2(15)
SAMPLE_TYPE_NAME VARCHAR2(50) EADCTESTTRANEL | USER_DEF_LAB_TEST_D VARCHAR2(100)
SAMPLE_SUBTYPE VARCHAR2(50) PK LAB_TEST_PANEL_ACC_NUM VARCHAR2(15) TEST_NAME_REPORTED VARCHAR2(125)
LOCATION_REPORTED_TERM VARCHAR2(40) LAB_TEST_PANEL_NAME VARCHAR2(125) PREFERRED_TEST_NAME VARCHAR2(40)
LOCATION_PREFERRED_TERM VARCHAR2(40) LUSERSDERSUARMESTSRSHEINDREARCESR oS o 4;<_ STUDY_DAY_RESULTS_REPORTED NUMBER(22)
DATE_CREATED DATE PREFERRED_PANEL_NAME VARCHAR2(125) RESULT_VALUE_REPORTED VARCHAR2(250)
CREATED_BY VARCHAR2(12) STATUS VARCHAR2(40) RESULT_VALUE VARCHAR2(40)
DATE_LAST_UPDATED DATE VERBATIM_COMMENT VARCHAR2(250) RESULT_UNIT VARCHAR2(40)
UPDATED_BY VARCHAR2(12) FK BIO_SAM_ACC_NUM VARCHAR2(15) 15_CLINCALLY _SIGNIFICANT CHAR(20)
DATE_DELETED DATE ASSESSOR_D VARCHAR2(40)
DELETED_BY VARCHAR2(12) VERBATIM_COMMENT VARCHAR2(250)
ORIGINAL_PROJECT_ID VARCHAR2(22) FK REFERENCE.RANGE_ACC_NUM VARCHARZ(15)
UPLD_TCT_NUM VARCHAR2(100) FK LAB_TEST_PANEL_ACC_NUM  VARCHAR2(15)
POOLED_SAMPLE_IND VARCHAR2(1)
BS_REASON_4_DELETION  VARCHAR2(200)
COLLECTION_DATE DATE
COLLECTION_STUDY_DAY  NUMBER
BS_SOURCE_ACC_NUM VARCHAR2(12)
BS_SOLRCE_WEIGHT VARCHAR2(100)
BS_SOURCE_WEIGHT_UNIT  VARCHAR2(20)
BS_SOLRCE_PURITY VARCHAR2(100)
BS_SOURCE_PURITY_UNIT  VARCHAR2(20)
BS_SOLRCE_CONC VARCHAR2(100)
BS_SOURCE_CONC_UNIT  VARCHAR2(20)
BS_SOURCE_VOL VARCHAR2(100)
BS_SOURCE_VOL_UNIT VARCHAR2(20)

po—+

( SCALE |

PK SCALE_ACC_HUM VARCHAR2(15)
SCALE_NAME VARCHAR2(40)
SCALE_DESCRIPTION YARCHAR2(250)

REFERENCE_RANGE_TO_SCALE |

PF REFERENCE_RANGE_ACC_NUM VARCHAR2(15)
PF SCALE_ACC_HUM VARCHAR2(15)
ORDER_IN_SCALE NUMBER(22)
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Blood Test:

Lab test mapping into OBX

ADVN Fields ADVN Fields Description ImmPort Table ImmPort Attribute
ID Sllbject ID Lab Test Subject 1D
SITE Study Site will not capture
VISITDT VISIT Date Lab Test Visit Date
Type = Blood Test
HGB Hemoglobin (g/dl): Lab Test Subtype = Hemoglobin Measurement
Test Result Value = HGB
Test Result Unit = grams per deciliter
CSHGB Hemoglobin Clinical Significant Lab Test Clinical Significance = CSHGB
Type = Blood Test
HCT Hematocrit (%): Lab Test Subtype = Hematocrit Measurement
Test Result Value = HCT
Test Result Unit = percentage
CSHCT Hematocrit Clinical Significant Lab Test Clinical Significance = CSHCT
Type = Blood Test
WBC Total WBC (x1000/pl): Lab Test Subtype = Total White Blood Cell
Measurement
Test Result Value = HGB
. L. Test Result Unit = 1000/pl
CSWBC Total WBC Clinical Significant Lab Test Clinical Significance = CSHGB
Type = Blood Test
NEUT Neutrophils (x1000/microliter): Lab Test Subtype = Neutrophils Measurement
Test Result Value = NEUT
Test Result Unit = 1000/pl
CSNEUT Neutrophils Clinical Significant Lab Test Clinical Significance = CSNEUT
Type = Blood Test
LYMP Lymphocytes (x1000/pl): Lab Test Subtype = Lymphocytes Measurement
Test Result Value = LYMP
Test Result Unit = 1000/pul
CSLYMP Lymphocytes Clinical Significant | Lab Test Clinical Significance = CSLYMP
Type = Blood Test
EOSIN Eosinophils (x1000/pl): Lab Test Subtype = Eosinophils Measurement
Test Result Value = EOSIN
Test Result Unit = 1000/pl
CSEOS Eosinophils Clinical Significant Lab Test

Clinical Significance = CSEOS
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Load File Examples

Lab_Test_Panel_Acc. Test_Name_Repor Result_Value Result_Unit

0101780 bled Hemeglobin 13.3 g/dl

0315450 bled Hemeglobin 12.8 g/dl

0315483 bled Hemoglobin 10.8 g/dl

0315831 bled Hemeglobin 13.6 g/dl

0316415 bled Hemeglobin 12.3 g/dl

0101780 bled Hematocrit 41 %

0315450 bled Hematocrit 35 %

0315483 bled Hematocrit 32 %

0315831 bled Hematocrit 40 %

0316415 bled Hematocrit 34 %

0101780 bled Total WBC 12.7 1000/microliter
0315450 bled Total WBC 5.22 1000/ microliter
0315483 bled Total WBC 4.53 1000/microliter
0315831 bled Total WBC 8.8 1000/ microliter
0316415 bled Total WBC 11.25 1000/ microliter
0101780 bled Total Neutrophils 3.3 1000/microliter
0315450 blod Total Neutrophils 0.31 1000/microliter
0315483 bled Total Neutrophils 1.81 1000/microliter
0315931 bled Total Neutrophils 1.14 1000/ microliter
0316415 bled Total Neutrophils 3.39 1000/microliter
0101780 bled Lymphocytes 7.6 1000/ microliter
0315450 bled Lymphocytes 3.92 1000/ microliter
0315483 bled Lymphocytes 1.2 1000/ microliter
0315831 bled Lymphocytes 7.04 1000/microliter
0316415 bled Lymphocytes 6.22 1000/microliter
0101780 bled Ecsinophils 0.9 1000/ microliter
0315450 bled Eosinophils 0.21 1000/microliter
0315483 bled Eosinophils 0.18 1000/microliter
0315831 bled Eosinophils 0 1000/ microliter
0316415 bled Eosinophils 0.98 1000/ microliter

0101780 easi
0104097 easi
0104302 easi
0104468 easi
0106229 easi
0101780 easi
0104097 easi
0104302 easi
0104468 easi
0106229 easi
0101780 easi
0104097 easi
0104302 easi
0104468 easi
0106229 easi
0101780 easi
0104097 easi
0104302 easi
0104468 easi
0106229 easi
0101780 easi
0104097 easi
0104302 easi
0104468 easi
0106229 easi

Erythema
Erythema
Erythema
Erythema
Erythema
Erythema
Erythema
Erythema
Erythema
Erythema
Erythema
Erythema
Erythema
Erythema
Erythema
Indurati
Indurati
Indurati
Indurati
Indurati
Lichenif
Lichenif
Lichenif
Lichenif
Lichenif

Head
Head
Head
Head
Head
Trun

Trun

Trun

Trun

Trun

Arms
Arms
Arms
Arms
Arms
Head
Head
Head
Head
Head
Head
Head
Head
Head
Head

Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin
Skin

Assessment_Compc Assessment_Co Location_of_Findi Organ_or_Body.. Result_ Value

Moderate
Moderate
Mild

Mild

Mild
Absent
Moderate
Absent
Absent
Moderate
Mild
Absent
Mild

Mild

Mild
Moderate
Mild

Mild

Mild

Mild
Absent
Mild
Absent
Absent
Absent
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Summary

OBX 1s an ontology-informed clinical research data model

Ontological framework incorporated provides for
extensibility and straightforward incorporation of ontology
terms as value sets

Ontological framework also facilitated distributed data
model development and guides ongoing mapping strategies

Successfully loaded two large, distinct clinical studies
Building the user interfaces for data extraction and analysis

Refinement through use — mapping, loading, extracting,
analysis

Term submission to OBO Foundry ontologies, especially
OBI

18
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