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Preface

About the Object Management Group

OMG

Founded in 1989, the Object Management Group, Inc. (OMG) is an open membership, not-for-profit computer industry
standards consortium that produces and maintains computer industry specifications for interoperable, portable and
reusable enterprise applications in distributed, heterogeneous environments. Membership includes Information
Technology vendors, end users, government agencies and academia.

OMG member companies write, adopt, and maintain its specifications following a mature, open process. OMG's
specifications implement the Model Driven Architecture® (MDA®), maximizing ROI through a full-lifecycle approach to
enterprise integration that covers multiple operating systems, programming languages, middleware and networking
infrastructures, and software development environments. OMG's specifications include: UML® (Unified Modeling
Language™); CORBA® (Common Object Request Broker Architecture); CWM™ (Common Warehouse Metamodel);
and industry-specific standards for dozens of vertical markets.

More information on the OMG is available at http://www.omg.org/.

OMG Specifications

As noted, OMG specifications address middleware, modeling and vertical domain frameworks. A catalog of all OMG
Specifications is available from the OMG website at:

http://mww.omg.org/technol ogy/documents/spec _catalog.htm

Specifications within the Catalog are organized by the following categories:

OMG Modeling Specifications

. UML
. MOF
e XMI

. CWM

. Profile specifications.

OMG Middleware Specifications
. CORBA/IIOP
. IDL/Language Mappings
. Specialized CORBA specifications
. CORBA Component Model (CCM).

Platform Specific Model and Interface Specifications
. CORBAservices
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e CORBAfacilities

. OMG Domain specifications

. OMG Embedded Intelligence specifications
. OMG Security specifications.

All of OMG’s formal specifications may be downloaded without charge from our website. (Products implementing OMG
specifications are available from individual suppliers.) Copies of specifications, available in PostScript and PDF format,

may be obtained from the Specifications Catalog cited above or by contacting the Object Management Group, Inc. (as of
January 16, 2006) at:

OMG Headquarters
140 Kendrick Street
Building A, Suite 300
Needham, MA 02494
USA

Tel: +1-781-444-0404
Fax: +1-781-444-0320
Email: pubs@omg.org

Certain OMG specifications are also available as SO standards. Please consult http://www.iso.org

Issues

The reader is encouraged to report any technical or editing issues/problems with this specification to http://www.omg.org/
technol ogy/agreement.htm.
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1 Scope
Please see Chapter 6 - Introduction.
2 Conformance

The normative parts of this specification are;

» Platform independent model expressed in the attached XML file created according to XMI format rules, v2.1, using
program Enterprise Architect, version 7.0.817.1, UML version 2.1.

» Platform specific model, representing an XML -based data exchange format, defined by an XML Schema definition.

Any implementation using or producing data exchange format defined by the Platform specific model defined by this
specification is considered complying with this specification.

Any platform specific model that is derived from the platform independent model defined by this specification is also
considered compliant.

If there is any inconsistency, or discrepancy between generality and specificity, between the platform independent and
platform specific model, the platform specific model has precedence.

The normative parts are expressed in the accompanied files in a document whose number is given in Appendix A (or
elsewhere in this document). Parts of these files may also appear in the explanatory text of this document. If they do and
if there are some differences or discrepancies the contents of the normative accompanied files has precedence.

Regarding the use of ontology, it is not normative to use the ones listed in the “Ontology” section of this document, but
it is highly suggested. The reason why this specification is not stricter about it is the reflection of the fact that ontology is
a moving target in the bio-community and insisting on using only specific ones, may harm the usahility of this
specification.

3 Normative References

There are no normative references associated with this specification.
4  Terms and Definitions

Please see Annex C — Glossary.
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6 Introduction

Modern biology is striving to understand what factors generate inter-individual differences in structure, development, or
behaviour within a species. Genetic factors (‘ genotypes') are undoubtedly of key importance in this equation, as are
environmental conditions and even stochastic events, and much research is being done to elucidate how these things
impact a range of normal and disease ‘phenotypes’ (i.e., the characteristics that can be observed). Progress in this area
will ultimately lead to improved and increasingly personalised medical care, more productive agricultural and farming
systems, and better solutions for environmental monitoring and control.

Many organisms are being explored and utilised with regards to deciphering genotype-phenotype relationships. On the
genetic level, it is now possible to determine DNA sequences at extremely high-throughput, thereby revealing normal and
pathogenic variation in and around genes, across individuals. On the level of the phenotype, an aimost unlimited number
of things could be influenced by genetic variants, and increasingly precise and standardised assays are being devised to
measure and assess such things.

Both genetic and phenotype datasets need to be managed and combined to elucidate genotype-phenotype relationships.
The genetic datasets have so far mostly comprised assays of specific sites of variation (creating ‘ genotypes’), which have
recently been growing exponentially due to technical advances. A subsequent new era is emerging wherein large DNA
stretches (and perhaps complete genetic complements) are being fully (re)sequenced in relevant individuals. Phenotype
datasets, both in human and non-human model organisms, are also being scaled up via the investigation of thousands or
tens of thousands of individuals. Indeed, study integration is a major feature of current research; for example, existing
Genome-wide Association (GWA) data done on various different studies are being merged in the ENAGE (ref) program
leading to a potential GWA resource of 80,000 samples. As aresult of this rapid progress in the modes of both genetic
and phenotype analysis, the amount of genotype-phenotype data being generated is increasing at an exponential rate. The
potential for converting this raw 'data’ into useful ‘knowledge’ is therefore immense, but achieving this effectively will
require distinct studies to be inter-related, cross-validated, and compared. In short, there is now an urgent need to ensure
that genotype-phenotype investigations are supported by technologies that make them interoperable. Key to achieving this
is arobust reference model for these types of data, viawhich all relevant domain knowledge can be effectively integrated
and disseminated. That is the precisely the motivation behind building the Phenotype And GEnotype Object Model
(PAGE-OM).

Anticipated user communities for PAGE-OM include biomedical researchers, clinicians, people involved in teaching and
training such groups, and information technol ogists working in support of these domains.

Given the modern data production systems now at their disposal, biomedical researchers are constantly facing challenges
of genotype-phenotype data management (e.g., storage, retrieval, tracking, reformatting, merging) and this directly
impacts their ability to effectively analyse, share, and report their various datasets. Clinicians - for whom genotype-
phenotype relationships are only one of many things to be considered - require streamlined and standardised access to
explanations about DNA sequence alternatives and how and in which situations they may impact their clinical work. All
of these needs will be helped by the development of PAGE-OM, which specifies the rational and functional segmentation
of genotype-phenotype information into sub-components that are operationally distinct (the high-level objects in the
model) and lays out the natural inter-relationships between these components. Once biomedical researchers and clinicians
come to be familiar with these logical components and their relationships, it will be far easier for both groups to process
and make sense of genotype-phenotype information, both within their own fields and in the important task of
communicating between their domains of work. For this reason, it is also highly desirable that teachers of their two
professions become familiar with the object modeling concepts, in order that they may suitably educate the researchers
and doctors of the future.
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Information technologists working in the biomedical fields will, more than any other group, benefit from understanding
PAGE-OM in depth. These individuals have the job of providing the universe of databases, data pipelines, analysis toals,
search functionalities, and exchanges protocols in which genotype-phenotype information will exist and be processed for
exploitation. In the absence of any data model for genotype-phenotype information, these workers would each have to
devise their own data model. Not only would this constant re-invention of the wheel be highly wasteful of manpower, it
is aso likely that many of the solutions they come up with would be suboptimal - given the limited experience that any
one IT individual or IT team would usually have. Instead, PAGE-OM has been designed and piloted by a consortium of
expert participants from nearly 50 Institutions engaged in many diverse genotype-phenotype projects. The PAGE-OM
therefore provides a first-version common language, well-documented entity list, and carefully considered array of entity-
relationships that I T workers can take directly off the shelf, with confidence that it should need nothing more than small
adjustments or additions to serve their own specific needs. Additionally, as more and more IT groups adopt PAGE-OM
and base their systems upon it, those systems will naturally become more and more similar and able to inter-
communicate. This is an absolute necessity if the totality of genotype-phenotype information is ever to be merged into a
single virtual corpus, for holistic and optimal utilisation.

To enable PAGE-OM to achieve its goals, it is structured as several high level concepts - each of which can be used as a
standalone model with its own object classes and relationships thereof. These concepts are: Marker, Assay, Sample,
Genotype, Frequency, Phenotype, and Experiment. By way of example uses; a company providing DNA analysis kits
might only need to use the Marker and Assay parts of this model. A genome variation database might use solely the
Marker component, or perhaps the Assay, Sample, Genotype, and Frequency entities as well listing variant findings in
population groups. A project involved in collecting and examining clinical samples might use only Sample and Phenotype
parts, and if that team subsequently undertook DNA analysis it could extend their data systems by incorporating some or
al of the remaining concepts in order to fully describe whatever genotype-phenotype relationships they might discover.
Such flexibility is a necessary and innate characteristic of PAGE-OM, and that extends into the way we have matched the
design principles and various classes of the model to those of other data standards initiates that cover other domains of
biomedical research.

In conclusion, we believe PAGE-OM provides a timely, robust, and useful data model, sufficiently developed and tested
to justify formal registration and deployment to the many and various communities engaged in genotype-phenotype data
handling.
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7  Platform Independent Model

The platform independent model is expressed as a UML model, UML version 2.1. The normative is its XM
representation, attached in the “Accompanied files’ as the file PIM/ PAGE-OM_uml_2.1 xmi_2.1.xml. The XMI was
generated by the tool Enterprise Architect (EA), version 7.0.817.1, without including the EA specific extensions.

The XMI representing the platform independent model includes, because of the technical reasons and because of lacking
package names, also the classes of the SNP-PML specification (that are used by this specification).

The basic data types (e.g., string or dateTime) are those inspired by the data types from the XML Schema (XML Schema
Part 2: Datatypes - http://www.w3.org/TR/xmlschema-2/), where their exact descriptions can be found.

The full details with class and attributes description are attached in a generated file PIM/PAGE-OM .rtf. This file can be
used interchangeably with the XMI file because both were generated from a model created by the Enterprise Architect
tool - whose main file is also attached as file PIM/PAGE-OM.EAP. Note, however, that the latter file may have some EA
specific expressions and extensions that are not normative for this specification.

For convenience, the whole PAGE-OM specification can be seen at http://www.pageom.org/models’fomg/v_1.0/.

7.1 Detailed Model Documentation

7.1.1 PAGE-OM

Type: Package
Package: M odel
7.1.1.1 Page

Type: Class
Package: PAGE-OM
Document:

root element of page xml-schema

Connections

Connector Source Target
Association

Source ->Destination PAGE-OM::Page Page::Algorithm
Association

Source ->Destination PAGE-OM::Page SNP2::Heterozygosity
Association

Source ->Destination PAGE-OM::Page PAGE::Location on plate
Association

Source ->Destination PAGE-OM::Page PAGE::Mé€lting_temperature
Association

Source ->Destination PAGE-OM::Page PAGE::Multi-variation assay
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Association

Source ->Destination PAGE-OM::Page PAGE::Observable feature category

Association

Source ->Destination PAGE-OM::Page PAGE::Observation method

Association

Source ->Destination PAGE-OM::Page PAGE::Observed vaue

Association

Source ->Destination PAGE-OM::Page PAGE::Frequency set

Association

Sour ce ->Destination PAGE-OM::Page PAGE::Genotype [henotype_correlation
experiment

Association

Source ->Destination PAGE-OM::Page PAGE::Experiment_result

Association

Source ->Destination PAGE-OM::Page PAGE::Plate

Association

Source ->Destination PAGE-OM::Page PAGE::Run

Association

Source ->Destination PAGE-OM::Page SNP2::Assayed _genomic_genotype

Association

Source ->Destination PAGE-OM::Page SNP2::Functiona _change

Association

Source ->Destination PAGE-OM::Page SNP2::Gene based haplotype

Association

Source ->Destination PAGE-OM::Page SNP2::Genic_variation

Association

Source ->Destination PAGE-OM::Page SNP2::Genomic allele

Association

Source ->Destination PAGE-OM::Page SNP2::Genomic_allele_population_
frequency

Association

Source ->Destination PAGE-OM::Page PAGE::Phenotype feature

Association

Source ->Destination PAGE-OM::Page PAGE::Association_study

Association

Source ->Destination PAGE-OM::Page PAGE::Lifestyle feature

Association

Source ->Destination PAGE-OM::Page SNP2::Genotype _haplotype

Association

Source ->Destination PAGE-OM::Page SNP2::Band_size

Association

Source ->Destination PAGE-OM::Page PAGE::Conclusion

Association

Source ->Destination PAGE-OM::Page PAGE::Environment_feature

Association

Source ->Destination PAGE-OM::Page PAGE::Evidence

Association

Source ->Destination PAGE-OM::Page PAGE::Hypothesis

Association

Source ->Destination PAGE-OM::Page Person

Association

Source ->Destination PAGE-OM::Page Cytogenetic_map

Association

Source ->Destination PAGE-OM::Page Db xref
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Association

Source ->Destination PAGE-OM::Page Exon

Association

Source ->Destination PAGE-OM::Page Genetic_location

Association

Source ->Destination PAGE-OM::Page Genetic_map

Association

Source ->Destination PAGE-OM::Page Genomic _reference alele

Association

Source ->Destination PAGE-OM::Page Geographic_location

Association

Source ->Destination PAGE-OM::Page SNP2::Genomic_gene_structure

Association

Source ->Destination PAGE-OM::Page Organization

Association

Source ->Destination PAGE-OM::Page CDS

Association

Source ->Desgtination PAGE-OM::Page Reference_genomic_assembly

Association

Source ->Degtination PAGE-OM::Page Reference_genomic_landmark

Association

Source ->Destination PAGE-OM::Page Subject _descriptor

Association

Source ->Destination PAGE-OM::Page Taxon

Association

Source ->Destination PAGE-OM::Page BREF::Bibliographic_reference

Association

Source ->Destination PAGE-OM::Page BREF::Bibref _description

Association

Source ->Destination PAGE-OM::Page BREF::Journa

Association

Source ->Destination PAGE-OM::Page BREF::Service

Association

Source ->Destination PAGE-OM::Page Oligo

Association

Source ->Destination PAGE-OM::Page SNP2::Panel

Association

Source ->Destination PAGE-OM::Page SNP2::Genomic_haplotype_population
frequency

Association

Source ->Destination PAGE-OM::Page SNP2::Genomic_variation

Association

Source ->Destination PAGE-OM::Page SNP2::Haplotype block

Association

Source ->Destination PAGE-OM::Page SNP2::Haplotype derivation methods

Association

Source ->Destination PAGE-OM::Page SNP2::Haplotype map

Association

Source ->Destination PAGE-OM::Page SNP2::Individua

Association

Source ->Destination PAGE-OM::Page SNP2::Latent_genotype

Association

Source ->Destination PAGE-OM::Page Cytogenetic_location

Association

Source ->Destination PAGE-OM::Page SNP2::Neighbor variation
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Association

Source ->Destination PAGE-OM::Page Contributor

Association

Source ->Destination PAGE-OM::Page SNP2::Reference_genomic_location

Association

Source ->Destination PAGE-OM::Page SNP2::Structural_change

Association

Source ->Destination PAGE-OM::Page SNP2::Transcription_change

Association

Source ->Destination PAGE-OM::Page SNP2::Trandation_change

Association

Source ->Destination PAGE-OM::Page SNP2::Variation_assay

Association

Source ->Destination PAGE-OM::Page Anatomic_location

Association

Source ->Destination PAGE-OM::Page Annotation

Association

Source ->Destination PAGE-OM::Page SNP2::Genomic_genotype_population
frequency

Association

Source ->Destination PAGE-OM::Page SNP2::Molecular_sample

Association

Source ->Destination PAGE-OM::Page BREF::Source

7.1.2 PAGE

Type: Package «X SDschema»

Package: PAGE-OM

Evidence and value - (Logical diagram)

Core (“simple”) string, arithmetic data types and object references are modeled here, in the Value model. The model is
based on concept developed in Generation Challenge Program: http://pantheon.generationcp.org/demeter/Values.html.
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class Evidenceandvaue

Evidence_code
Uit Eum + code: Ontology_temn
+ type: Ontdogy_tem 0.* |
SNP::Person
supporting evidence
0.1 + affiliation: stiing
Value range RO | 4 el stiing
: +hierachical_yd ue”| Evidence + etal: boolean
+ mf"”f: Nmeflc_\;he + firg_name: gtiing
+ min: Numeiic_value . + mid_iniials stirg
\A e + poad_addgs: dring
e sl il
Observed vaue fvalue
PEr————— '/ A SNP::Identifiable
creation_date: dring
* delete_date: sring
sring . . Iad:.snng .
Constraint modify date: sting
+ value: sting — . name: sring
+ description: sting
Boolean
0.1 + \alue: boolean
Tme_accurac
- Y Numeric_value Error | .
+ code: Ontology_tem Ontol ogy_term
+ term sing
Integer_value Float_value
+ vaue it + \alue: double
Figure 7.1

Frequency - (Logical diagram)

Alleles (Genomic_alleles), genotypes (Consensus_genomic_genotype) and haplotypes
(Genomic_haplotype) can have measured frequencies in population samples (Panels).

In addition, heterozygosity (Heterozygosity) is a measure of observed variability of a polymorphic site
(Genomic_variation) in a sub-population (Panel).
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class Frequency

SNP2::Abstract_population

SNP2:: 7 + ethnidty. sring
ed i Frequency_set + language_family: stirg
Assayed_genomic_genotype i SNP2:: + pimary_language: stiing
+ assmy_failure: boolean Abstract_obseai + race: string
+ quality_soore: float

é 1.* 1x . A
SNP2: Frequency
4 SNP2:Panel

+ oount int
+ value: double + count_unit: sing =individud | SNP2:Individual
+ pooled: boolean o]

5 B o + birth date: sring
o e + death_date: string
Methodology] V\ o ’ + father id: sting
SNP2::Variation_as say + gender: gtring
ks |+ moveia wing
+ desniption: sting N N
thout asay
SNP2:: SNP2: SNP2::
detectable genolypes | Gengriic_genotype_populatioh_frequency | [ Genomic_allele_population_frequéncy Genoric_haplotype_population_frequency
measured genoty
0.1
SNP2:Genoric_variation 1

flank_down: string

Sequence
flank up: sting *|  SNP2:Genomic_alldle |——— ez
is mutation: boolean SNP2:Latent_genotype p— d Genomic_haplotype |1
repeat_unit: string N r;;-eel"gim - -
type: Ontology_tem L ¢
validation_status stiing + repeat is exad: boolean

SNP2: NP2
set_of_haplotypes I
\dentifiable ) Value _of_haplotype: Gene_based_haplotype
SNP:Locatable Experiment_result "

T E T

Figure 7.2
Genotype - (Logical diagram)
An assay (Variation_assay) is applied to a sample (Molecular_sample) to get a genotype

(Assayed_genomic_genotype). One or more Assayed_genomic_genotype are used to reach a consensus

(Consensus_genomic_genotype). The assays commonly use oligo primers to detect allelic variations (Genomic_allelesin
Genomic_variation).

Assay can have reference to possible detectable latent genotypes (combination of alleles depending on ploidy). One of
these combinations can be detected in single genotype measurement (Assayed_genomic_genotype) done using the
specific assay.
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class Genotype

Figure 7.3

Genonic_observati on
B\P2:Genormic_haplotypd

SNP2::
Molecular_sample

e SNP2:Parel
SNP2:Frequency |- + count_unit: sring
+ pooled: boolean
+ oout int + siz: long
+ \alue: double .
Aun + type: string B
Identill B + insrument: sting SNP2: Individual
SNP:Locatable + un_date: dateTime [+
_ + hith_date: sting
b it + death date: sring
Plate + father_id: sting
+ gender giing
+ mother id: sting
Sequence_mep L~
SNP:Sequence
3 vells ¥
+ moleade: sting 1 —>fLocation_on_plate
+ sequence: dring 0.1 "
Iy BNP2:Variation_assayl  with assay . *
o details
SNP2:Genonic_variation i+ cescripti e Genonic_obsenvation | N V
N 0.1 * ! ”
SNP2:: ‘SNP2::Abstract_population
+ flank down: string 2
o * * Assayed_genomic_genot;
+ flankwp: siing aecgenomic_genoPe | derived_from e + ethricity. sting
+ is mutation: boolean without assay details, + assay_failure: boolean | Consensus_genomic_genotype + language fanily. grirg
+ repeat_unit: string 0.1 « |+ quality_score: float + pimary_language: ging
+ type: Ontology_tem detectable genotypes + race giing
+ validation_status string
S
measured genotype 0.1
i 0.1
derived from raw
— -data- — — — —, I
* Defining_feature |
reer |
Genornic_observation [« |
SNP2:Genomic_allele .
+ bin: sing
*|+ repeat_count: int 1
+ repeat is ead: boolean
vl +hierachical value’
Melting_temperature Band_size 1/\1

+ moleaule: stirg

i

Genotype2 - (Logical diagram)
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class Genotype2

SNP2::Frequency

+ count: int

+ value: double| )

+ insrument: stiing
+ run_date: dateTime|

*

Locatable \ 1w1]'mta&ydﬁtals
SNP2::Genomic_variation |0..1 * SNP2::
Assayed_genomic_genotype
+ flank down: dtring Ll\PZ::Variaﬁm_as;ay W‘h. asay
+ flank up: sting detsils + asay failure: boolean
+ is mutation: boolean (L *[+ desaiption: sting [5) «|+_quality score: float
+ repeat_unit: string
+ type: Ontology_tam ﬂeteaalble
+ validation_status sting genot 'pes

0

Observable_feature
SNP2::Molecular_sample

+ molecule: dring
L1 —
dentifiable
*|Observable_feature_category

Multi_vartiation_assay]|

*

Sequence
SNP2::Genomic_allele SNP2::

Genomic_haplotype

+ bin: stiing O
+ repeat_oount: int
+ repeat_is exact: boolean

*

Figure 7.4
Identifiable - (Logical diagram)

All classes in the model inherit from Identifiable. In this way, their instances are uniquely identifiable. Any Identifiable
instance must use its “Isid attribute.” For this attribute, it is recommended to use the OMG Life Sciences Identifier
specification. All classes in the model can be linked with annotation (Annotation) and database cross-reference (Db_xref).
Special kinds of cross references are Source for source of data, Distributor for the original database of the data, and
Contributor for tracking editorial changes to data.
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class Identifiable

Algorithm

Conclusion

+ description: sfring

Hypothesis

+ description: sting

SNP2::
Abstract_value | [
Vaue
+hierarchical_value *
BREF:Publication
Figure 7.5

+ p_\alue: double

Study

absract: dring
acknowledgements string
badground: string
conclusons string
key_results gring
limitati s strirg
objectives sring
source_of_bias sring
Sudy_design: gring
sudy_power. dring
sudy_size_reaon: sring
bmisson date: date
title: sting

update_date: date

+ o+ F ot F o+

N

SN\P::Identifi able

+ o+ o+ o+ +

creation_date: sring
delete_date: sting
Isd: dring
modify_date: gring
name: gring

SNP:: Annatation
*

SNP::Contributor

+ name: gring
+ value: Value

+ date: sring

:

Phenotype - (Logical diagram)

BREF:Source
o + address string
71+ emall: grirg
SNP::Db_xref + fax: sring
R + indituion: sting
+ dbr sring + name: gring
+ db verson: gring + tel: g
+ field: srirg '
+ uid: sring
+ ur: sring %
BREF::Distributor

Phenotype, environment and life style features are special cases of observable features from which observations can be
made using specific observation methods. These observations lead to observed values obtained at specific time point from
observation target (next diagram). Values can be also derived or categorized values (for example, high cholesterol level)

in which case supporting values can be obtained from associated values, implemented using a recursion in the value

model.

Phenotype and Genotype Object Model, Beta 2

15



class Phenotype

Otisarvatie featre categary [ I
R

v hservaie feature|

SNPidentfiable
= Observation_method
_— + creation date: sing
— + delete_date: sing
+ value: doble L < o
> + modify_date: sting
Uesyio Phenotype._festure. Environment featire + name: sing
D Genotype_phenatype_correlation experimert
+ objective: sing
+ outoome: siing
+ sudy.id: sting 3
+ type: stiing Absra
Otserved valie ——|>| a“dml
_ +hierarchi
ey o + time dateTime. walu
—_— SNP2:Abstract_population 1
SNP2: bstract_obsenvation_target] S
Genorric_heplatype SNP2:Mdecuar_sample T amay S
f language_family: srirg
T e e e 0.1|+ pimary_language: stirg
+ race: sting
SNP2:Individual
S\P2:Panel
* + bith_date: siing
+ cont it sting =individel + death date: sring
+ pooled: bodlean E + father ict sting
+ sz long + gender siing
+ type: sing + mother it sting

L

Figure 7.6
Phenotype 2 - (Logical diagram)
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class Phenotype 2

BNP2:Assayed genomic_genotype

+ assay failure: boolean
+ quality_sore: float

Coservable feature

Hentifiable
*|Cbservable feature_category

Phenotype_feature

Environment_feature |dtiy
Observation method

/. ‘

S\P2: S + ethridty. dring
Molecular_sanple + language fanily: strirg

SNP2:Abstract_population

+ maecue:

sing. 01

+ pimary_language: stirg
+ race: sring

2

SNP2:Parel

SNP2:Individual

+ cant_unit: sring=indiidal |
+ pooled: boolean §
+ dz: long
+ type: gring

L

+ birth_date: sing
+ death_date: sring
+ father_id: sring
+ gender string

+ mother id: sing

Figure 7.7

Sudy - (Logical diagram)

Observed value

+ time: dateTime |*

Studies, like association studies, are composed from set of experiments done over observation targets. These experiments

leads to set of results (Experiment_result) documented by genomic observations and observed phenotype values.
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class Study

+arget]

\alue

S\P2:

Assayed genomic_genotype

+ asmy fallure: bodean
+ quality score: float

SNP2::Abstract_population

+ ethnidty: stiing
+ language_family: sting
+ pimary_language: sting

+ race: sring

0.1 [S\P2:Variation_assa) SNP2:Panel
+ description: stiing + count_unit: sting =individud
+ pooled: boolean
N + gz long
95’. expeiinent " * bpe ding
Genoni c_ob:
' identifiabe
Identifiabl s
Conclusit i
usion
et abe details |7 + abmct siing
Otservefon + p_alue: double + acknowledgements sring
= * + gring
Genotype pljenotype corelation @ b ! Ky
— Association sf LA Sl
« + ojective: stirlg AR SRl iitshors iy
+ outome: gy + objedives sing
Observed value + study_id: sting + ource of bias gring
: + type: giing N + sudy desgn: string
+ time dateTine ™~ Gentifiab] e
Hypothesis + sudy sze reason: sring
* Genomicvaic — + aibmisson date: date
. Rellt  eperiment \ + deiplon S + title: sting
. + update_date: date
4oy
* o * Locatable
SNP2::Genomi ¢_variation
“+hierarchical value * P t_resul =
1Halue R + flank doan: gring
[ *|+ flank up: stiing
Abstrad_value| + is mutation: boolean
Value + repeat_unit: gring
+ type: Ontd ogy_tem
+ validation_status sring
Algarithm

Figure 7.8

7.1.2.1 Algorithm

Type:
Package:

Document:

Step-by-step procedure for solving a problem.

Connections

+ deription: sting

Class_ldentifiable

PAGE

Connector

Source

Target

Association

Source -> Destination

PAGE-OM::Page

PAGE::Algorithm

18
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Generalization

Source -> Destination PAGE::Algorithm Identifiable

Association

Source -> Destination PAGE::Experiment_result PAGE::Algorithm
Attributes

Attribute Notes

description string

Description of algorithm

7.1.2.2 Association_study

Type: Class_Study
Package: PAGE
Document:

Examination of genetic variation across the human genome, designed to identify genetic associations with observable

phenotypes.
Connections
Connector Sour ce Target
Association
Source -> Destination PAGE-OM::Page PAGE::Association_study

Generalization
Source -> Destination

PAGE::Association_study

PAGE::Study

Adgaregation
Source -> Destination

PAGE::Genotype phenotype_correlation_experiment

PAGE::Association_study

7.1.2.3 Band_size

Type: Class_Latent_genotype_specification
Package: PAGE
Document:

DNA fragment length estimated from gel electrophoresis
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Connections

Connector Source

Target

Generalization
Source -> Destination PAGE::Band_size

SNP2::Latent_genotype_specification

Association
Source -> Destination PAGE-OM::Page

PAGE::Band size

Association
Source -> Destination PAGE::Band_size

SNP2::Abstract value

7.1.2.4 Boolean

Type: Class Vaue
Package: PAGE
Document:

Value of type boolean

Connections
Connector Sour ce Target
Generalization
Source -> Destination PAGE::Boolean PAGE::Vaue
Attributes
Attribute Notes
value boolean Boolean value
7.1.2.5 Conclusion
Type: Class_ldentifiable
Package: PAGE
Document:

A reasoned judgment of an experiment

20
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Connections

Connector

Sour ce

Target

Association
Source -> Destination

PAGE::Genotype_phenotype_correlation_experiment

PAGE::Conclusion

Association
Source -> Destination

PAGE-OM::Page

PAGE::Conclusion

Generalization

Source -> Destination PAGE::Conclusion Identifiable
Attributes
Attribute Notes

p_value double

Probability value

7.1.2.6 Constraint

Type: Class
Package: PAGE
Document:

The contents of a Value can be limited by Constraints. Different types of Constraints allow various ways how to limit or
validate one or more Value instances. The Constraint superclass only stores a string description of the Constraint. The
actual full semantics of a constraint are specified in various subclasses described below.

But there are no subclasses in the PAGE-OM - because they are out of scope of PAGE-OM.

Connections
Connector Source Target
Adgaregation
Source -> Destination PAGE::Constraint PAGE::Vaue
Attributes
Attribute Notes
description string Description
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7.1.2.7 Defining_feature

Type: AssociationClass
Package: PAGE
Document:

Association class has list of values which are used in defining the instance of Latent_genotype_specifications (for
example intensity values used in allele calling).

Connections

Connector Sour ce Target

Association
Source -> Destination PAGE::Defining_feature SNP2::Abstract_value

Association
Source -> Destination PAGE::Defining_feature SNP2::Latent_genotype_specification

Attributes

Attribute Notes
type string Type of feature

7.1.2.8 Enum

Type: Class Vaue
Package: PAGE
Document:

Enumeration contains list of Values

Connections
Connector Sour ce Target
Adgaregation
Source -> Destination PAGE::Vaue PAGE::Enum

Generalization
Source -> Destination PAGE::Enum PAGE::Vaue
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7.1.2.9 Environment_feature

Type: Class _Observable feature
Package: PAGE
Document:

Circumstances, objects, or conditions by which one is surrounded.

Connections

Connector

Source

Target

Generalization
Source -> Destination

PAGE::Environment_feature

PAGE::Observable feature

Association
Source -> Destination PAGE-OM::Page PAGE::Environment_feature
7.1.2.10 Error
Type: Class_ Numeric_value
Package: PAGE
Document:

Error value is numeric value of accuracy. Quality score

Connections
Connector Sour ce Target
Generalization
Source -> Destination PAGE::Error PAGE::Numeric_value

Association
Source -> Destination

PAGE::Numeric_value

PAGE::Error

7.1.2.11 Evidence

Type: Class_Evidence code
Package: PAGE
Document:

Evidence indicates reliability of a feature or simply documents its authoritative origin.
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Connections

Source -> Destination

Connector Sour ce Target
Adgar egation
supporting_source Identifiable PAGE::Evidence

Association
Source -> Destination

PAGE::Evidence

score score of value
PAGE::Vaue

Association
Source -> Destination

PAGE-OM::Page

PAGE::Evidence

Generalization
Source -> Destination

PAGE::Evidence

PAGE::Evidence _code

Association
Source -> Destination

PAGE::Evidence

curator Curator of evidence
Person

7.1.2.12 Evidence_code

Type: Class
Package: PAGE
Document:

Evidence can be an EvidenceCode (which is a controlled vocabulary term such as a GO evidence code or ICIS Method
code) but can be a more fully documented Evidence object (inheriting from EvidenceCode) generally curated by a

specified person, a curator modeled as a Contact.

Its strength is expressed by the score (which is usually a numeric value between 0 and 1, but also other types of Value are

allowed - e.g., an ontology term value).

The core of an evidence is its supporting source which can be anything (because it is identified by a Simpleldentifier).
Usual evidence sources are BiblioReferences, Studies and OntologyTerms. Reference (generationcp - http://

pantheon.generationcp.org/demeter/Features.html).

Connections

Connector

Source

Target

Generalization
Source -> Destination

PAGE::Evidence

PAGE::Evidence code

Adgaregation
supporting_evidence
Source -> Destination

PAGE::Evidence code

PAGE::Vaue

24

Phenotype and Genotype Object Model, Beta 2




Attributes

Attribute

Notes

code Ontology_term

Evidence code as specified using ontology term.

7.1.2.13 Experiment_result

Type: Class Value
Package: PAGE
Document:

Result of experiment

Connections
Connector Source Target
Association
Source -> Destination PAGE-OM::Page PAGE::Experiment_result

Association
Source -> Destination

PAGE::Experiment_result

SNP2::Genomic_observation

Association Result
Source -> Destination

PAGE::Genotype_phenotype_correlation_experiment

PAGE::Experiment_result

Association
Source -> Destination

PAGE::Experiment_result

PAGE::Algorithm

Generalization
Source -> Destination

PAGE::Experiment_result

PAGE::Vaue

Association
Source -> Destination

PAGE::Experiment_result

SNP2::Abstract_observation_target

Association
Source -> Destination

PAGE::Experiment_result

PAGE::Observed value

Association
Source -> Destination

PAGE::Experiment_result

SNP2::Genomic_variation

7.1.2.14 Float_value

Type:
Package:

Class_Numeric_vaue
PAGE

Phenotype and Genotype Object Model, Beta 2

25




Document:
Value of type float

Connections

Connector

Sour ce

Target

Generalization
Source -> Destination

PAGE::Float_value

PAGE::Numeric_value

Attributes
Attribute Notes
value double Vaue

7.1.2.15 Frequency_set

Type: Class_Frequency
Package: PAGE
Document:

Set of frequencies

Connections
Connector Source Target
Association
Source -> Destination PAGE-OM::Page PAGE::Frequency_set

Generalization
Source -> Destination

PAGE::Frequency_set

SNP2::Frequency

Adgaregation
Source -> Destination

SNP2::Freguency

PAGE::Frequency _set

7.1.2.16 Genotype_phenotype_correlation_experiment

Type: Class ldentifiable
Package: PAGE
Document:

Family or case control based association study.

26

Phenotype and Genotype Object Model, Beta 2




Connections

Connector

Source

Target

Association
Source -> Destination

PAGE::Genotype phenotype correlation_
experiment

PAGE::Genotype phenotype correlation
experiment

Association
Source -> Destination

PAGE::Genotype_phenotype _correlation_
experiment

PAGE::Conclusion

Association
Source -> Destination

PAGE-OM::Page

PAGE::Genotype phenotype correlation
experiment

Association Result
Source -> Destination

PAGE::Genotype_phenotype correlation_
experiment

PAGE::Experiment_result

Association
Source -> Destination

PAGE::Genotype phenotype correlation_
experiment

SNP2::Genomic_observation

Association Observation targets
used in experiment
Source -> Destination

PAGE::Genotype phenotype correlation_
experiment

SNP2::Abstract_observation_target

Aqgaregation
Source -> Destination

PAGE::Genotype_phenotype_correlation_
experiment

PAGE::Association_study

Association
Source -> Destination

PAGE::Genotype phenotype correlation_
experiment

PAGE::Hypothesis

Association Genomic variations
used in experiment
Source -> Destination

PAGE::Genotype_phenotype correlation_
experiment

SNP2::Genomic_variation

Generalization
Source -> Destination

PAGE::Genotype phenotype correlation_
experiment

Identifiable
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Attributes

Attribute Notes

obj ective string Objective of experiment
outcome string Outcome of experiment
study_id string Identifier of study

type string Type of experiment

7.1.2.17 Hypothesis

Type: Class ldentifiable
Package: PAGE
Document:

Hypothesis of study

Connections

Connector Source Target

Generalization

Source -> Destination PAGE::Hypothesis Identifiable
Association

Source -> Destination PAGE-OM::Page PAGE::Hypothesis
Association

Source -> Destination PAGE::Genotype_phenotype correlation_experiment | PAGE::Hypothesis

Attributes
Attribute Notes
description string Description of hypothesis

7.1.2.18 Integer_value

Type: Class_ Numeric_value
Package: PAGE
Document:

Value of type integer
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Connections

Connector Source Target

Generalization

Source -> Destination PAGE::Integer_value PAGE::Numeric_value
Attributes

Attribute Notes

valueint Integer value

7.1.2.19 Lifestyle feature

Type: Class_Observable feature
Package: PAGE
Document:

Way of life of an individual or panel

Connections

Connector Source Target

Generalization

Source -> Destination PAGE::Lifestyle feature PAGE::Observable feature
Association
Source -> Destination PAGE-OM::Page PAGE::Lifestyle feature

7.1.2.20 Location_on_plate

Type: Class
Package: PAGE
Document:

X,Y plate_positions (wells). Numbering starts from one. Each well can contain one or more observation targets
(molecular samples) prepared for measurement using one or more variation assays (e.g., assay multiplexing Assay_set).
Note: These are optional |aboratory specific details (Sample and Assay information is in Assayed _genomic_genotype).

Connections

Connector Source Target

Association wells
Source -> Destination PAGE::Plate PAGE::Location_on_plate
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Association

Source -> Destination PAGE::Location_on_plate SNP2::Abstract_observation_target

Association

Source -> Destination PAGE-OM::Page PAGE::Location_on_plate
Attributes

Attribute Notes

X int x coordinate of plate.

y int y coordinate of plate

7.1.2.21 Melting_temperature

Type: Class_Latent_genotype specification
Package: PAGE
Document:

The temperature at which DNA goes from a double-stranded to a single-stranded state. Unit of temperature is Celsius.

Connections
Connector Source Target
Generalization
Source -> Destination PAGE::Méelting_temperature SNP2::Latent_genotype_specification
Association
Source -> Destination PAGE-OM::Page PAGE::Méelting_temperature
Association
Source -> Destination PAGE::Méelting_temperature SNP2::Abstract_value

7.1.2.22 Multi_vartiation_assay

Type: Class Variation_assay
Package: PAGE
Document:

Multi_variation_assay is a collection of assays which may be used simultaneously. Examples would be multiplex assays,
micro-array based assays, or a panel of single-plex assays that share some common feature or purpose.
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Connections

Connector

Source

Target

Generalization
Source -> Destination

PAGE::Multi_vartiation_assay

SNP2::Variation_assay

Aqgaregation
Source -> Destination

SNP2::Variation_assay

PAGE:Multi_vartiation_assay

Association
Source -> Destination

PAGE-OM::Page

PAGE:Multi_vartiation_assay

7.1.2.23 Numeric_value

Type: Class Vaue
Package: PAGE
Document:

Numeric value

Connections

Connector

Source

Target

Generalization
Source -> Destination

PAGE::Integer_value

PAGE::Numeric_value

Generalization
Source -> Destination

PAGE::Float_value

PAGE::Numeric_value

Generalization

Source -> Destination PAGE::Error PAGE::Numeric_value
Association

Source -> Destination PAGE::Numeric_value PAGE::Error
Generalization

Source -> Destination PAGE::Numeric_value PAGE::Vaue

7.1.2.24 Observable_feature

Type: Class Abstract observable feature
Package: PAGE
Document:

Measurable feature of observable (e.g., size of nose)
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Connections

Connector

Source

Target

Generalization
Source -> Destination

PAGE::Observable feature

SNP2::Abstract_observable feature

Generalization
Source -> Destination

PAGE::Environment_feature

PAGE::Observable feature

Association
Source -> Destination

PAGE::Observable feature

PAGE::Observable feature category

Association
Source -> Destination

PAGE::Observable feature

PAGE::Observation_method

Generalization
Source -> Destination

PAGE::Phenotype feature

PAGE::Observable feature

Generalization
Source -> Destination

PAGE::Lifestyle feature

PAGE::Observable feature

7.1.2.25 Observable_feature_category

Type:
Package:

Document:

Class_ldentifiable
PAGE

Phenotype category or ontology

Connections

Connector

Source

Target

Association
Source -> Destination

PAGE::Observable feature category

PAGE::Observable feature category

Generalization
Source -> Destination

PAGE::Phenotype disease category

PAGE::Observable feature category

Association
Source -> Destination

PAGE::Observable feature

PAGE::Observable feature category

Association
Source -> Destination

PAGE-OM::Page

PAGE::Observable feature category

Generalization
Source -> Destination

PAGE::Observable feature category

Identifiable
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7.1.2.26 Observation_method

Type: Class_|dentifiable
Package: PAGE
Document:

Method of observation (e.g., ruler - can be also questionnaire).

Connections

Connector

Sour ce

Target

Association
Source -> Destination

PAGE::Observable feature

PAGE::Observation_method

Association
Source -> Destination

PAGE-OM::Page

PAGE::Observation_method

Association
Source -> Destination

PAGE::Observation_method

PAGE::Observed value

Generalization

Source -> Destination PAGE::Observation_method Identifiable
7.1.2.27 Observed_value
Type: Class Value
Package: PAGE
Document:
Observation done at specific point in time.
Connections
Connector Source Target
Association

Source -> Destination

PAGE::Observed value

PAGE::Time_accuracy

Association
Source -> Destination

PAGE-OM::Page

PAGE::Observed_value

Association has value
Source -> Destination

PAGE::Observed value

target
SNP2::Abstract_observation_target

Association
Source -> Destination

PAGE::Observed value

value
PAGE::Vaue
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Generalization
Source -> Destination

PAGE::Observed value

PAGE::Vaue

Association
Source -> Destination

PAGE::Observation_method

PAGE::Observed value

Association
Source -> Destination

PAGE::Experiment_result

PAGE::Observed value

Attributes

Attribute

Notes

time dateTime

Time of observation

7.1.2.28 Phenotype_disease_category

Type: Class_Observable feature category
Package: PAGE
Document:

Disease ontology.

Connections

Connector

Source

Target

Generalization
Source -> Destination

PAGE::Phenotype disease category

PAGE::Observable feature category

7.1.2.29 Phenotype_feature

Type: Class_Observable feature
Package: PAGE
Document:

Observable part of the structure, function, or behavior of a living organism.

Connections

Connector

Source

Target

Generalization
Source -> Destination

PAGE::Phenotype feature

PAGE::Observable feature

Association
Source -> Destination

PAGE-OM::Page

PAGE::Phenotype feature
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7.1.2.30 Plate

Type: Class_|dentifiable
Package: PAGE
Document:

A sample holder, for example a microtiter plate used in one or many Runs. Samples (Observation_targets) are positioned
on the plate using Location_on_plate-class.

Connections
Connector Source Target
Association wells
Source -> Destination PAGE::Plate PAGE::Location_on_plate
Generalization
Source -> Destination PAGE::Plate Identifiable
Association
Source -> Destination PAGE::Run PAGE::Plate
Association
Source -> Destination PAGE-OM::Page PAGE::Plate
7.1.2.31 Run
Type: Class_Abstract_run
Package: PAGE
Document:

The class contains information on execution of measurement experiments like time of execution and name of instrument.

Connections
Connector Source Target
Association
Source -> Destination PAGE::Run PAGE::Plate
Association
Source -> Destination PAGE-OM::Page PAGE::Run
Generalization
Source -> Destination PAGE::Run SNP2::Abstract_run
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Attributes

Attribute Notes
instrument string Name of the instrument
run_date dateTime Date of run.

7.1.2.32 String_value

Type: Class Vaue
Package: PAGE
Document:

Value of type string

Connections

Connector Source

Target

Generalization
Source -> Destination PAGE::String_value

PAGE::Vaue

Attributes

Attribute Notes

value string Actual value

7.1.2.33 Study

Type: Class |dentifiable
Package: PAGE

Document:

Research study

Connections

Connector Source

Target

Generalization
Source -> Destination PAGE::Association_study

PAGE:: Study

Generalization
Source -> Destination PAGE::Study

Identifiable
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Attributes

Attribute Notes

abstract string Abstract
acknowledgements string Acknowledgements
background string Background information
conclusions string Conclusions

key resultsstring Key findings
limitations string Limitations

objectives string

Objectives of study

source_of biasstring

Possible source of bias

study_design string Study design
study_power string Power of study

study_size reason string

Reason for study size

submission_date date

Submission date of study

title string

Title of study

update _date date

Date when study is updated

7.1.2.34 Time_accuracy

Type: Class
Package: PAGE
Document:

Accuracy code for time. Accuracy code contains information on incompleteness of time. For example in some cases exact
time is not known or cannot be given accurately for various reasons.

Connections

Connector Sour ce

Target

Association
Source -> Destination

PAGE::Observed value

PAGE:: Time_accuracy
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Attributes

Attribute Notes
code Ontology_term Accuracy code as defined in specific ontology.
7.1.2.35 Unit
Type: Class
Package: PAGE
Document:

Unit of value. Unit is defined using ontology term

Connections

Connector Source Target

Adgaregation
Source -> Destination PAGE::Unit PAGE::Vaue

Attributes

Attribute Notes
type Ontology_term Type of unit

7.1.2.36 Value

Type: Class Abstract_value
Package: PAGE

Document:

Abstract class. Extension point for Value implementations. Value model is based on concept developed in Generation
Challenge Program: http://pantheon.generationcp.org/demeter/Val ues.html

Connections

Connector Source Target

Generalization

Source -> Destination PAGE::Vaue SNP2::Abstract_value
Adgaregation
Source -> Destination PAGE::Vaue PAGE::Enum

Generalization
Source -> Destination PAGE::Value range PAGE::Value

38 Phenotype and Genotype Object Model, Beta 2



Generalization

Source -> Destination

Source -> Destination PAGE::String_value PAGE::Vaue
Generalization

Source -> Destination PAGE::Boolean PAGE::Vaue
Adgaregation

Source -> Destination PAGE::Constraint PAGE::Vaue
Association score score of value
Source -> Destination PAGE::Evidence PAGE::Vaue
Generalization

Source -> Destination PAGE::Experiment_result PAGE::Vaue
Association vaue

Source -> Destination PAGE::Observed value PAGE::Vaue
Generalization

Source -> Destination PAGE::Observed value PAGE::Vaue
Adgaregation

Source -> Destination PAGE::Unit PAGE::Vaue
Generalization

Source -> Destination PAGE::Enum PAGE::Vaue
Association hierarchical_value
Source -> Destination PAGE::Vaue PAGE::Vaue
Generalization

Source -> Destination PAGE::Numeric_value PAGE::Vaue
Aqgaregation

supporting_evidence PAGE::Evidence code PAGE::Vaue

7.1.2.37 Value_range

Type: Class Value
Package: PAGE
Document:

Inclusive value range
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Connections

Connector Sour ce Target
Generalization
Source -> Destination PAGE::Value range PAGE::Vaue

Attributes

Attribute

Notes

max Numeric_value

maximum value

min Numeric_value

minimum value

7.1.3 SNP2
Type: Package «X SDschema»
Package: PAGE-OM

Haplotype - (Logical diagram)

Haplotype (Genomic_haplotype) is a set of polymorphisms (Genomic alleles) on a single chromosome (chromatid).
Haplotypes may be grouped into sets like haplotype blocks (Haplotype block) separated by recombination regions and
gene based haplotypes (Gene_based haplotype), which combines sets of haplotypes on same gene structure.

Depending on an assay used, a genotype (Consensus_genomic_genotype) may contain information about the phase of the
detected Genomic_alleles. Alternatively, various additional methods (Haplotype derivation_methods) can be used to
measure or calculate haplotypes (Genomic_haplotypes) from the genotype data.

The aim of many haplotype studies is to find haplotypes within a given sequence region that define most of the variation

in populations

(Set_of_haplotypes). Haplotype blocks

(Haplotype_blocks) are clusters determined by linkage disequilibrium-based methods. The other common way to define

clusters is use a the sequence region of the gene.

(Gene_based_haplotype).
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class Haplotype

Hentifiable|
Genomic_observation

Sequence
Genomic_allele A

Latent_genotype_specification q_ + bin ging

+ repeat_oount: int 1
+ repeat_is exact: boolean \0
IGenomic_haplatype]
A

dentifi ablef Assayed_genonic_genotype i

Latent_genotype Consensus_genomic_genatype oot hepo [ Physical_map
- Haplotype_map

[\

Gene_based haplotype Haplotype_block

Methodology|
Haplotype_derivation_methods

Figure 7.9
Map - (Logical diagram)

A map organizes genomic features and assigns them locations. The primary maps (Physical_map, Sequence_map), which
have additive sequence residue count distances between markers, are separated here from secondary maps (Ordered_map)
that at best can only deal with non-metric distances. For each type a map (Map) there is a corresponding location
(Location). Hence a marker (Genetic_variation) can have several locations (Reference_genomic_location) in sequences
(Reference_genomic_landmark) and additionally be located within a band (Cytogenetic_location) in a species-specific
karyotype (Cytogenetic_map) as well as in (Genetic_|location) several genetic maps (Genetic_map), e.g., in maps based
on male and femal e recombination frequencies. Genomic assembly (Reference_genomic_assembly) is a physical sequence
map that is combination of genomic sequences (Reference_genomic_landmark). Feature locations can also be expressed
in chromosomal locations in an assembly(Reference_genomic_location_in_assembly).
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class Map

Oytogenetic_location

SNP:Ordered_location

dentifiable
SNP:Map ISNP:: Physical_map)
v\ S\P::
? Sequence_map
dentifiable Fororypelies)
SNP::Location
Logations

h

/ K S\P::Sequence

Reference_genomic_location

+ postion: sting

%

S\P: SN\P:Genetic_map|
Cytogenetic_map
SNP:: S\

Figure 7.10

Genetic_location

Sample - (Logical diagram)

+ end int
+ sat: int
+ srand: sting=unknoan

+ moleale: sring
+ sequence: sring

Genomic_variation

+ flank down: stiing

+ flank up: sting

+ is mutation: boolean
+ repeat_unit: sting

+ type: Ontology_term

+ \alidation_datus sring

i

entifiable|
SNP::Locatable

An Individual (Individual) interacts with the rest of the model by giving one or more samples (Molecular_samples) from
different tissues. Mixed samples and more complicated sample organisations are modeled by allowing

Molecular_samples and Panels be composed of multiples of themselves. In these cases it is common that individuals can
not be identified.

Anindividual (Individual) has parent 1Ds as attributes. This information makes it possible to reconstruct pedigrees when
needed. A taxon identifies the taxonomic group, typically species, the individual or the population sample belongs to.
Further, they can be place on a geographic map (Geographic_location).
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class Sample

dentifi
Abstract_observable_featur

,—D

Identifisble Molecular_sample
SNP::
Anatomic_|ocation

* «|+ mdeaie: sing

Individual

0.1 birth_date: $ring

¥
Identi fiable + death_date: string
Abstract_population + father id: sting
S\P::Geographic_location 5 R ilre
+ ethnicity: sting -
+ mex_latitude: double + language farily. sting + mother_id: $ring
+ mex_longitude: double 2|+ primary_language: sting =
+ min_laitude: double + rae dring
+ min_longitude: double
* *
*
Kdentifiable
SNP:Taxon R
+ rk sring ount_unit sring =individud

+ gientific_rame: sting szer log

type: sting "

]

+
+ pooled: boolean
+
+

Figure 7.11
Sequence - (Logical diagram)

All sequences inherit from a generic Sequence class. All sequences (Sequence) and sequence features (e.g.,
Genomic_variation) can be located within a genomic sequence (Reference_genomic_sequence). This is modeled by
common inheritance from an abstract superclass Locatable that can have several locations (Genomic_reference_location).

A Reference_genomic_landmark is any accessioned sequence within Reference_genomic_assembly. The model allows for
multiple assemblies. Any location within alandmark and therefore in an assembly is called Reference_genomic_location.
Any variable site in an assembly is a Genomic_polymorphism. The variable sequences within Genomic_variations are
called Genomic_alleles.
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class Sequence

Reference_genomic_|andmark

SNP::

Location|
Reference_genomic_location

+ end int
+ dart: int
+ srand: sting=unknown

Ve

Gene_produd_change|
SNP::Residue_change

+ origina_resdue: sting

+ changed_rescier string Kq————

Transcription_change

+ changed_aodon: string
+ codon _pastion: int
+ original_codon: sfrirg

~Jatent _geraype:q)eciﬁmﬁm

Genonic_observati on

Genonic_alele

+ bin: sting
+ repeat_count: int
+ repeat_is exact: bodean

Figure 7.12

Sequence 2 - (Logical diagram)
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Genomic_variation
+ flank down: sting
+ flank up: sing
+ is mutation: boolean +affed transcri
—<+ repeat wnit: sing tisieated as Geric_variation "
+ type: Ontology tem = *
+ validation_status sting
+s genic *
*
Hentifi able|
S equence_nap SNP: Locatable kJ———— Genoric_gene_structure
SN\P::Sequence
+ gene_g/mbal: sring
—D + moleale: grirg
+ ®quence: sring <’— S\P::Exon —
1.*
*
S\P:CDS Gene_product_dhange [ +affets function

+affects protein

Translation_change]
7

+affeds srudure

%

Gene product_change

Functional_change

Structural_change
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class Sequence 2

Neighbour_variation

!

Residue_change]
Genomic_variation Transcription_change
Genonic obsenvation i LG sl s treated a + changed_codon: sring
Latent_genotype specification + flank up: gring - - Residue_change |+affects transript codon_position: int
Genonic_dlde + is muation: bodean & Genic_variation + oiginal_codon: string
e + repea_unit: sing * *
+ bin: string [ + tye: Ontology_tem ) ) *
+ repeat_count: int + \elidation status sring +s genic
+ repeat is exact: boolean N
. +affects protein/|\ *
J] *
Seqenc iy Genomic_gene_structure
SNP: Sequence dentifiable = —== *
gene_smpa: snng
+ moleaule: stiing SNP-:Locatable ResidLe VDR
, . . +affects_sructure
+ sequence: string > [Tanslation_change]
S
*
Locations
*
* *|
Reference_genomic_| ocation
S\P:: + end int AN Ko .
Reference_genomic_landmark « + gart int SNP::Location
+ drand: s ng= unknown Gene_produdt_change
* Functional_chenge
*
b\ -
N . S ffects fundi *
Sequence map Reference_genomic_location in_assembly| +affects fundion
Gene_produd_chan,
SNP:: + chromosome_name: sring o L
Reference_genomric_assenbly * Structural_change
*
Figure 7.13

7.1.3.1 Abstract_observable_feature

Type: Class ldentifiable
Package: SNP2
Document:

Abstract extension point for observable (Phenotype) features. Measurable feature of observable (e.g., size of nose)

Connections

Connector Sour ce Target

Generalization
Source -> Destination PAGE::Observable feature SNP2::Abstract_observable feature
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Adgaregation
Source -> Destination

SNP2::Abstract_observable feature

SNP2::Abstract_observation_target

Generalization
Source -> Destination

SNP2::Abstract_observable feature

Identifiable

7.1.3.2 Abstract_observation_target

Type: Class_|dentifiable
Package: SNP2
Document:

Abstract_observation_target is abstract super class of observable properties of objects like samples and individuals.

Capable of being observed. For example nose size or eye color (Phenotype features)

Connections

Connector

Source

Target

Generalization
Source -> Destination

SNP2::Molecular_sample

SNP2::Abstract_observation_target

Association
Source -> Destination

SNP2::Assayed genomic_genotype

SNP2::Abstract_observation_target

Adgaregation
Source -> Destination

SNP2::Abstract_observable feature

SNP2::Abstract_observation_target

Association
Source -> Destination

PAGE::Location_on plate

SNP2::Abstract_observation_target

Generalization
Source -> Destination

SNP2::Abstract_population

SNP2::Abstract_observation_target

Association
Source -> Destination

SNP2::Freguency

SNP2::Abstract_observation_target

Source -> Destination

Association target

has value PAGE::Observed value SNP2::Abstract_observation_target
Source -> Destination

Association

PAGE::Experiment_result

SNP2::Abstract_observation_target
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Association

Observation targetsused in
experiment

Source -> Destination

experiment

PAGE::Genotype phenotype correlation_

SNP2::Abstract_observation_target

Generalization
Source -> Destination

SNP2::Abstract_observation_target

Identifiable

7.1.3.3 Abstract_population

Type: Class_Abstract_observation_target
Package: SNP2
Document:

An interbreeding set of individuals, from whom a Panel is drawn. (Population in SNP-PML). Extends
Abstract_observation_target, which is abstract class for all entities from which one can make genotype or phenotype

measurements or observations.

Connections

Connector

Source

Target

Generalization
Source -> Destination

SNP2::Abstract_population

SNP2::Abstract_observation_target

Association
Source -> Destination

SNP2::Molecular_sample

SNP2::Abstract_population

Association
Source -> Destination

SNP2::Abstract_population

Geographic_location

Association
Source -> Destination

SNP2::Abstract_population

Taxon

Generalization

Source -> Destination SNP2::Individua SNP2::Abstract_population

Generalization

Source -> Destination SNP2::Panel SNP2::Abstract_population
Attributes

Attribute Notes

ethnicity string

Additional ethnic category of the population sample or “mixed.”
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language family string Language family name or code, e.g., asin Ethnologue.

primary_language string | Language spoken (name or code), e.g., asin Ethnologue.

race string Broad ethnic category of the population sample or “mixed.”

7.1.3.4 Abstract_run

Type: Class ldentifiable
Package: SNP2
Document:

Abstract extension point for experiment runs

Connections

Connector Source Target

Generalization
Source -> Destination SNP2::Abstract_run Identifiable

Association
Source -> Destination SNP2::Assayed genomic_genotype SNP2::Abstract_run

Generalization
Source -> Destination PAGE::Run SNP2::Abstract_run

7.1.3.5 Abstract_value

Type: Class_|dentifiable
Package: SNP2
Document:

Abstract class, extension point for values.

Connections
Connector Source Target
Association
Source -> Destination PAGE::Defining_feature SNP2::Abstract_value

Generalization
Source -> Destination PAGE::Vaue SNP2::Abstract_value
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Generalization
Source -> Destination SNP2::Abstract_value Identifiable

Dependency
derived from raw data SNP2::Latent_genotype SNP2::Abstract_value

Source -> Destination
Association
Source -> Destination SNP2::Assayed genomic_genotype SNP2::Abstract_value

Association
Source -> Destination PAGE::Mé€lting_temperature SNP2::Abstract_value
Association
Source -> Destination PAGE::Band_size SNP2::Abstract_value

7.1.3.6 Assayed_genomic_genotype

Type: Class_Genomic_observation
Package: SNP2
Document:

The result of applying a Variation_assay to an individual, to reveal one or more of the Genomic_alleles carried by that
individual. This term applies to the observed data rather than to the inferred state of the individual (see
Consensus_genomic_genotype). Thus the same individual might have several different Assayed genomic_genotypes at
the same Genomic_variation, where the variation might be due to differing assays, experimental error, dominant systems,
missing data, and so forth. Synonym: Measurement.

Association to Genomic_allele is replaced by Latent_genotype, which has possible alleles (Genomic_alleles) as an
extension of abstract class Latent_genotype specification.

Associations from Assayed genomic_genotype to Value and Run. Value contains raw data like intensity values and Run
gives information about experiment run like date and instrument type.

Association from Assayed_genomic_genotype to Molecular_sample is replaced by association to
Abstract_observation_target, which is abstract super class of Molecular_sample Assayed_genomic_genotype is now sub-
class of Genomic_observation. Genomic_observation is also super class of Frequency and Genomic_Haplotype and
Haplotype block.

Connections

Connector Source Target

Association
Source -> Destination SNP2::Assayed genomic_genotype SNP2::Abstract_observation_target

Association
Source -> Destination SNP2::Assayed genomic_genotype SNP2::Abstract_run

Phenotype and Genotype Object Model, Beta 2 49



Association
measured genotype
Source -> Destination

SNP2::Assayed genomic_genotype

SNP2::Latent_genotype

Association
without assay details
Source -> Destination

SNP2::Assayed genomic_genotype

SNP2::Genomic_variation

Source -> Destination

SNP2::Consensus_genomic_genotype

Association

with assay details SNP2::Assayed genomic_genotype SNP2::Variation_assay
Source -> Destination

Association derived_from

SNP2::Assayed genomic_genotype

Association
Source -> Destination

PAGE-OM::Page

SNP2::Assayed genomic_genotype

Generalization
Source -> Destination

SNP2::Consensus_genomic_genotype

SNP2::Assayed genomic_genotype

Association
Source -> Destination

SNP2::Assayed genomic_genotype

SNP2::Abstract_value

Generalization
Source -> Destination

SNP2::Assayed genomic_genotype

SNP2::Genomic_observation

Attributes

Attribute

Notes

assay_failure boolean

Failure of assay. Valueistrue if assay hasfailed

quality_score float

Quality score of measurement. Depends on the instrument

7.1.3.7 Consensus_genomic_genotype

Type:
Package: SNP2

Document:

A list of one or more Genomic_alleles carried by a single individua for a single Genomic_variation. Unlike the
Assayed genomic_genotype, the Consensus _genomic_genotype is intended to be used solely for assertions as to the true
value of the alleles, after experimental error and other factors are taken into account. The number of Genomic_allelesis
equal to the ploidy (copy number) of the individual's genomic DNA at the Reference_genomic_location of the

Class_Assayed_genomic_genotype

polymorphism. Synonym: Inferred_genomic_genotype, Genomic_genotype.
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Connections

Connector

Sour ce

Target

Association
Destination -> Source

SNP2::Haplotype derivation_methods

SNP2::Consensus_genomic_genotype

Source -> Destination

SNP2::Consensus_genomic_genotype

Association

Unspecified SNP2::Genomic_genotype population_ | SNP2::Consensus_genomic_genotype
frequency

Association derived from

SNP2::Assayed _genomic_genotype

Generalization
Source -> Destination

SNP2::Consensus_genomic_genotype

SNP2::Assayed _genomic_genotype

7.1.3.8 Frequency

Type: Class_Genomic_observation
Package: SNP2
Document:

Abstract class for frequencies, expressed in percentages. Alleles (Genomic_alleles), genotypes

(Consensus_genomic_genotype) and haplotypes (Genomic_haplotype) can have measured frequencies in population

samples (Panels). In addition, heterozygosity (Heterozygosity) is a measure of observed variability of a polymorphic site
(Genomic_variation)in a sub-population (Panel).

Connections

Connector

Source

Target

Generalization

SNP2::Heterozygosity

SNP2::Frequency

Association

Source -> Destination SNP2::Frequency SNP2::Abstract_observation_target
Generalization

Source -> Destination SNP2::Frequency SNP2::Genomic_observation

Generalization
Source -> Destination

SNP2::Genomic_haplotype population_frequency

SNP2::Frequency

Association
Source -> Destination

SNP2::Frequency

SNP2::Variation_assay
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Generalization

Source -> Destination PAGE::Frequency_set SNP2::Frequency
Association

Source -> Destination SNP2::Frequency SNP2::Genomic_variation
Adgaregation

Source -> Destination SNP2::Frequency PAGE::Frequency_set
Generalization

Source -> Destination SNP2::Genomic_allele population_frequency SNP2::Frequency
Generalization

Source -> Destination SNP2::Genomic_genotype population_frequency SNP2::Frequency

Attributes
Attribute Notes
count int Total number
value double Value of frequency (%)

7.1.3.9 Functional_change

Type: Class_Gene product_change
Package: SNP2
Document:

Change in the function of the fina gene product.

Connections

Connector

Source Target

Association
Source -> Destination

SNP2::Functional_change

SNP2::Trandation_change

Association
Source -> Destination

SNP2::Functional_change

affects function
SNP2::Structural_change

Association
Source -> Destination

PAGE-OM::Page

SNP2::Functional_change

Generalization
Source -> Destination

SNP2::Functional_change

Gene_product_change
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7.1.3.10 Gene_based_haplotype

Type: Class_Set_of haplotypes
Package: SNP2
Document:

Collection of variable nucleotides (Genomic_alleles in Genomic_variations) that define a gene. In older usage same as

locus.
Connections
Connector Source Target
Association
Source -> Destination PAGE-OM::Page SNP2::Gene_based haplotype

Generalization
Source -> Destination

SNP2::Gene _based_haplotype

SNP2::Set_of _haplotypes

7.1.3.11 Genic_variation

Type: Class_Residue _change
Package: SNP2
Document:

Genomic variation with location in genic coordinates. Synonym: mutation (when change from a common allele affects

phenotype).

Connections

Connector

Source

Target

Generalization

SNP2::Genic_variation

Residue_change

Association
Source -> Destination

SNP2::Genomic_gene_structure

SNP2::Genic_variation

Association
Source -> Destination

SNP2::Genic_variation

is treated as
SNP2::Genomic_variation

Association
Source -> Destination

SNP2::Transcription_change

affects_transcript
SNP2::Genic_variation

Association
Source -> Destination

is genic
SNP2::Genic_variation

SNP2::Genomic_gene_structure
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Association
Source -> Destination

PAGE-OM::Page

SNP2::Genic_variation

7.1.3.12 Genomic_allele

Type: Class_Genomic_observation, Latent_genotype_specification, Sequence
Package: SNP2
Document:

One of several alternative DNA segquences of a Reference_genomic_location as it appears in the population of organisms.

Synonym: variant, allele

Connections

Connector

Source

Target

Generalization

Genomic_reference allele

SNP2::Genomic _allele

Association
Unspecified

SNP2::Genomic_allele

SNP2::Genomic_haplotype

Adgaregation
Source -> Destination

SNP2::Genomic_allele

SNP2::Genomic_variation

Generalization
Source -> Destination

SNP2::Genomic_allele

Generalization

SNP2::Genomic_allele

Sequence

Generalization
Source -> Destination

SNP2::Genomic_allele

SNP2::Genomic_observation

Association
Source -> Destination

one_of
Genomic_reference allele

SNP2::Genomic_allele

Association
Source -> Destination

PAGE-OM::Page

SNP2::Genomic_allele

Association
Source -> Destination

SNP2::Genomic_allele population frequency | SNP2::Genomic allele
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Attributes

Attribute Notes

bin string Size class for microsatellite alleles when exact size cannot be determined. Semantic name.

repeat_count int If the Genomic_variation typeis ‘microsatellite,” get number of repeat units asvalue, e.g., 7.

repeat_is exact boolean | The Genomic_variation typeis‘microsatellite’ and gets value trueif the allele region consists
of repeat units only.

7.1.3.13 Genomic_allele_population_frequency

Type: Class_Frequency
Package: SNP2
Document:

The frequency with which a particular Genomic_allele is seen in a particular Panel. This frequency can be measured from
pooled samples. Synonyms. Genomic_allele panel_frequency, allele frequency.

Connections
Connector Sour ce Target
Association
Source -> Destination PAGE-OM::Page SNP2::Genomic_allele population
frequency
Association

Source -> Destination SNP2::Genomic_allele population_frequency SNP2::Genomic_allele

Generalization
Source -> Destination SNP2::Genomic_allele population_frequency SNP2::Frequency

7.1.3.14 Genomic_gene_structure

Type: Class_Locatable
Package: SNP2
Document:

A structure of a gene expressed as location of the CDS and exons. Defines genic coordinate system from start of the CDS
downstream.

Phenotype and Genotype Object Model, Beta 2 55



Connections

Connector Sour ce Target

Association

Unspecified Exon SNP2::Genomic_gene_structure
Association

Unspecified CDSs SNP2::Genomic_gene_structure

Generalization

SNP2::Genomic_gene_structure

Locatable

Association
Source -> Destination

SNP2::Genomic_gene_structure

SNP2::Genic_variation

Association
Source -> Destination

is genic
SNP2::Genic_variation

SNP2::Genomic_gene_structure

Association

Source -> Destination PAGE-OM::Page SNP2::Genomic_gene_structure
Attributes

Attribute Notes

gene_symbol string

nomenclature committee.

gene symbol for the gene e.g., approved by the HUGO

7.1.3.15 Genomic_genotype_population_frequency

Type: Class_Fregquency
Package: SNP2
Document:

Frequency of a Consensus_genomic_genotype in a Panel.

OSAGE-OM

Has many to one relationship to Latent_genotype (Consensus_genomic_genotype in SNP-PML).

Connections

Connector

Source

Target

Association
measured genotype
Source -> Destination

SNP2::Genomic_genotype population frequency | SNP2::Latent_genotype
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Association
Unspecified

SNP2::Genomic_genotype population_frequency

SNP2::Consensus_genomic_genotype

Association
Source -> Destination

PAGE-OM::Page

SNP2::Genomic_genotype population
frequency

Generalization
Source -> Destination

SNP2::Genomic_genotype population_frequency

SNP2::Freguency

7.1.3.16 Genomic_haplotype

Type:
Package:

Document:

A set of Genomic_alleles across an equal number of Genomic_variations in a single chromosome and in a single

SNP2

Class_Genomic_observation

individual. The Genomic_haplotype is derived from a set of Consensus_genomic_genotype. For each Genomic_variation,
the haplotype contains one and only one Genomic_allele. Furthermore, the Genomic_alleles are required to be in phase on
the individual, meaning that they are located on the same contiguous strand of DNA. Synonym: Haplotype.

Connections
Connector Sour ce Target
Association
Unspecified SNP2::Genomic_allele SNP2::Genomic_haplotype
Association

Destination -> Source

SNP2::Genomic_haplotype

SNP2:

:Haplotype derivation_methods

Association
Unspecified

SNP2::Genomic_haplotype

SNP2:

:Set_of haplotypes

Generalization
Source -> Destination

SNP2::Genomic_haplotype

SNP2::

Genomic_observation

Association
Source -> Destination

SNP2::Genomic_haplotype

SNP2::

Molecular_sample

Association
Source -> Destination

SNP2::Haplotype _map

::Genomic_haplotype

Association
Source -> Destination

PAGE-OM::Page

::Genomic_haplotype
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Association
Source -> Destination

SNP2::Genomic_haplotype population_frequency | SNP2::Genomic_haplotype

Association
Source -> Destination

SNP2::Genomic_haplotype

SNP2::Haplotype map

7.1.3.17 Genomic_haplotype_population_frequency

Type: Class_Frequency
Package: SNP2
Document:

Freguency of a Genomic_haplotype in a Panel.

Connections
Connector Source Target
Association
Source -> Destination PAGE-OM::Page SNP2::Genomic_haplotype_population_frequency

Generalization
Source -> Destination

SNP2::Genomic_haplotype population_
frequency

SNP2::Frequency

Association
Source -> Destination

SNP2::Genomic_haplotype population
frequency

SNP2::Genomic_haplotype

7.1.3.18 Genomic_observation

Type: Class ldentifiable
Package: SNP2
Document:

Genomic observation
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Connections

Connector

Source

Target

Generalization
Source -> Destination

SNP2::Genomic_haplotype

SNP2::Genomic_observation

Generalization
Source -> Destination

SNP2::Genomic_allele

SNP2::Genomic_observation

Generalization
Source -> Destination

SNP2::Frequency

SNP2::Genomic_observation

Association
Source -> Destination

PAGE::Experiment_result

SNP2::Genomic_observation

Association
Source -> Destination

PAGE::Genotype phenotype_correlation_experiment

SNP2::Genomic_observation

Generalization
Source -> Destination

SNP2::Genomic_observation

Identifiable

Generalization
Source -> Destination

SNP2::Set_of _haplotypes

SNP2::Genomic_observation

Generalization
Source -> Destination

SNP2::Assayed genomic_genotype

SNP2::Genomic_observation

7.1.3.19 Genomic_variation

Type:
Package:

Document:

SNP2

Class Locatable

A variable site in a Reference_genomic_landmark sequence. Synonyms:. polymorphic site, marker,
(Genomic_polymorphism in SNP-PML). The relationship to Latent_genotype_specification gives information on possible
sequence variations attached to the locus (as defined by flanking sequences).

Connections

Connector

Source

Target

Generalization

SNP2::Neighbour_variation

SNP2::Genomic_variation
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Adgaregation
Source -> Destination

SNP2::Genomic_allele

SNP2::Genomic_variation

Association
Source -> Destination

SNP2::Reference_genomic_location

SNP2::Genomic_variation

Association
Destination -> Source

SNP2::Genomic_variation

Reference_genomic_landmark

Association
Source -> Destination

SNP2::Variation_assay

SNP2::Genomic_variation

Association
Source -> Destination

SNP2::Genomic_variation

SNP2::Reference_genomic_location

Association
Source -> Destination

SNP2::Genic_variation

is treated as
SNP2::Genomic_variation

Association
Destination -> Source

Ordered location

SNP2::Genomic_variation

Association
without assay details
Source -> Destination

SNP2::Assayed genomic_genotype

SNP2::Genomic_variation

Association

Unspecified SNP2::Genomic_variation SNP2::Heterozygosity
Association

Unspecified SNP2::Genomic_variation SNP2::Neighbour_variation

Generalization
Source -> Destination

SNP2::Genomic_variation

Locatable

Association
Source -> Destination

PAGE-OM::Page

SNP2::Genomic_variation

Association
Source -> Destination

SNP2::Freguency

SNP2::Genomic_variation

Association

in experiment
Source -> Destination

Genomic variations used

PAGE::Genotype_phenotype_correlation_experiment

SNP2::Genomic_variation

Association
Source -> Destination

PAGE::Experiment_result

SNP2::Genomic_variation
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Attributes

Attribute

Notes

flank_down string

Downstream flanking sequence (at least 25 residues, if possible).

flank_up string

Upstream flanking sequence (at least 25 residues, if possible).

is_ mutation boolean

Proven phenotype change causing mutation.

repeat_unit string

If typeis'microsatellite,’ givesthe repeat unit, e.g., “CA.”

type Ontology_term

The type of the polymorphism (e.g., SNP, microsatellite, indel, translocation,...).

validation_status string

Validation status, e.g., “Proven,” “Suspected.”

7.1.3.20 Haplotype_block

Type: Class_Set_of haplotypes
Package: SNP2
Document:

Large (spanning a few kb to >100 kb) blocks of Genomic_alleles in linkage disequilibrium (LD) and a few haplotypes per

block, separated by regions of recombination.

Connections

Connector

Sour ce

Target

Generalization

SNP2::Haplotype block

SNP2::Set_of haplotypes

Association
Source -> Destination

PAGE-OM::Page

SNP2::Haplotype block

7.1.3.21 Haplotype_derivation_methods

Type: Class_Methodology
Package: SNP2
Document:

Association class describing methods used to derive Genomic_haplotypes from Consensus_genomic_genotypes.
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Connections

Connector

Source

Target

Association
Destination -> Source

SNP2::Genomic_haplotype

SNP2::Haplotype derivation_methods

Association
Destination -> Source

SNP2::Haplotype derivation_methods

SNP2::Consensus_genomic_genotype

Association
Source -> Destination

PAGE-OM::Page

SNP2::Haplotype derivation_methods

Generalization
Source -> Destination

SNP2::Haplotype derivation_methods

M ethodol ogy

7.1.3.22 Haplotype_map

Type: Class_Physical_map
Package: SNP2
Document:

Map of haplotypes. Features include: * Block length distribution * measures of block variability * relative proportions of
common haplotypes * block coverage of chromosomes and/or genome * LD and other values between haplotypes,

markers, alleles.

Connections
Connector Source Target
Generalization
SNP2::Haplotype map Physical_map
Association
Unspecified SNP2::Haplotype map SNP2::Set_of _haplotypes
Association

Source -> Destination

SNP2::Haplotype map

SNP2::Genomic_haplotype

Association
Source -> Destination

PAGE-OM::Page

SNP2::Haplotype map

Association
Source -> Destination

SNP2::Genomic_haplotype

SNP2::Haplotype map
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7.1.3.23 Heterozygosity

Type: Class_Frequency
Package: SNP2
Document:

A numerical measure of observed abundance of different Genomic_alleles in a Genomic_variation.

Connections

Connector

Source

Target

Generalization

SNP2::Heterozygosity

SNP2::Freguency

Association
Unspecified SNP2::Genomic_variation SNP2::Heterozygosity
Association
Source -> Destination PAGE-OM::Page SNP2::Heterozygosity
7.1.3.24 Individual
Type: Class_Abstract_population
Package: SNP2
Document:

A single member of a species, where a species is an accessioned taxon defined by a public database, and the individual is
accessioned in a public or private database. Synonym: “inbred strain” in homozygous lineages.

Connections
Connector Source Target
Association
Unspecified SNP2::Individua SNP2::Panel
Generalization
Source -> Destination SNP2::Individua SNP2::Abstract_population
Association
Source -> Destination PAGE-OM::Page SNP2::Individua
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Attributes

Attribute

Notes

birth_date string

the individual.

Date of hirth of theindividual. May be better abbreviated to birth year to protect the privacy of

death_date string

of theindividual.

Date of death of the individual. May be better abbreviated to plain year to protect the privacy

father_id string

Id of the father to alow building of pedigrees.

gender string

denote unusual karyotypes.

Recommended values are ‘ unknown,” ‘male,” and ‘female.” Additional values can be used to

mother_id string

Id of the mother to allow building of pedigrees.

7.1.3.25 Latent_genotype

Type: Class_|dentifiable
Package: SNP2
Document:

Potentially existing genotypes that could be observed by Variation_assays (Polymorphism_assays in SNP-PML)
Application of a Variation_assay on one Molecular_sample generates a single Latent_genotype which has one or more
Latent_genotype_specifications (this depends on ploidy level in case of Genomic_allele).

Latent_genotypes associated to one instance of a Variation_assay can have only one type of

Latent_genotype_specifications, as defined by Defining_feature.

Class is a holder for one or many observable variation objects (Latent_genotype specification). Latent genotype is used
to attach possible variations to measurements (Assayed_genomic_genotype), variation assays (Variation_assay) and
marker loci (Genomic_variation). The construct is used in places where Genomic_allele was used in the SNP-PML.

Connections
Connector Source Target
Generalization
Source -> Destination SNP2::Latent_genotype Identifiable

AssociationClass
Unspecified

SNP2::Latent_genotype

SNP2::Latent_genotype_specification

Association
detectable genotypes
Source -> Destination

SNP2::Variation_assay

SNP2::Latent_genotype

Association
measured genotype
Source -> Destination

SNP2::Assayed _genomic_genotype

SNP2::Latent_genotype
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Association
measured genotype
Source -> Destination

SNP2::Genomic_genotype population_frequency | SNP2::Latent_genotype

Association
Source -> Destination PAGE-OM::Page

SNP2::Latent_genotype

Dependency
derived from raw data SNP2::Latent_genotype

Source -> Destination

SNP2::Abstract_value

7.1.3.26 Latent_genotype_specification

Type: Class
Package: SNP2
Document:

Abstract super class of observable variation objects, like alleles, melting temperatures (Melting_temperature), band sizes
(Band_size). The class makes possible to extend the model to cover different kind of sequence or chromosomal

variations.

Connections

Connector Source

Target

AssociationClass
Unspecified SNP2::Latent_genotype

SNP2::Latent_genotype specification

Generalization

Source -> Destination PAGE::Mé€lting_temperature

SNP2::Latent_genotype specification

Generalization
Source -> Destination PAGE::Band size

SNP2::Latent_genotype specification

Generalization
Source -> Destination SNP2::Genomic_allele

SNP2::Latent_genotype specification

Association
Source -> Destination PAGE::Defining_feature

SNP2::Latent_genotype specification

7.1.3.27 Molecular_sample

Type: Class_Abstract_observation_target
Package: SNP2
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Document:

A sample from an Individual or from a Panel defining the molecule and tissue/cell used (Anatomic_locations) in the

Variation_assay. Synonym: Sample_of_individual.

Class extends the Abstract_observation_target, which is abstract class for all entities from which one can make genotype

or phenotype measurements or observations.

Connections

Connector

Source

Target

Association
Source -> Destination

SNP2::Molecular_sample

SNP2::Molecular_sample

Generalization
Source -> Destination

SNP2::Molecular_sample

SNP2::Abstract_observation_target

Association
Source -> Destination

SNP2::Molecular_sample

SNP2::Abstract_population

Association
Source -> Destination

SNP2::Genomic_haplotype

SNP2::Molecular_sample

Association
Source -> Destination

SNP2::Molecular_sample

Anatomic_location

Association

Source -> Destination PAGE-OM::Page SNP2::Molecular_sample
Attributes

Attribute Notes

molecule string The molecule (RNA, DNA, protein) used in the assay.

7.1.3.28 Neighbour_variation

Type: Class_Genomic_variation
Package: SNP2
Document:

Another Genomic_variation close enough to affect the primer design.
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Connections

Connector Sour ce Target
Generalization
SNP2::Neighbour_variation SNP2::Genomic_variation
Association
Unspecified SNP2::Genomic_variation SNP2::Neighbour_variation
Association
Source -> Destination PAGE-OM::Page SNP2::Neighbour_variation
7.1.3.29 Panel
Type: Class_Abstract_population
Package: SNP2
Document:

A set of samples from individuals drawn from the same species and used for genetic studies. A panel must be identifiable

with alist of accessioned individuals, if possible. (Note: do not use term “population” here!) Synonym: SampleSet,

Sample from population(s), “Plate” in Coriel sense. Recursion. Panels of panels

Connections

Connector

Sour ce Target

Association
Unspecified

SNP2::Individual SNP2::Panél

Association
Source -> Destination

SNP2::Panel SNP2::Panel

Association
Source -> Destination

PAGE-OM::Page SNP2::Panel

Generalization
Source -> Destination

SNP2::Panel SNP2::Abstract_population

Attributes

Attribute

Notes

count_unit string
individual

Values are ‘ chromosome’ and ‘individual.” Default is ‘individual .’
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pooled boolean Trueif accessioned individuals are not available.

sizelong The size of the sample. Note that the count_unit field affects how thisvalueis
interpreted.
type string Optional identifier of the panel category: e.g., plate, family, population sample.

7.1.3.30 Reference_genomic_location

Type: Class_Location
Package: SNP2
Document:

A location within a Reference_genomic_landmark. Attributes of the location are the Reference_genomic_assembly and/or
the Reference_genomic_landmark, the start and end range and strand of the feature relative to the
Reference_genomic_|landmark.

Connections
Connector Source Target
Association
Destination -> Source Reference_genomic_assembly SNP2::Reference_genomic_location
Association
Destination -> Source Reference_genomic_landmark SNP2::Reference_genomic_location

Generalization
SNP2::Reference_genomic_location_in_assembly | SNP2::Reference_genomic_location

Generalization

SNP2::Reference_genomic_location Location

Association

Source -> Destination SNP2::Reference_genomic_location SNP2::Genomic_variation

Association

Source -> Destination SNP2::Genomic_variation SNP2::Reference_genomic_location

Association

Source -> Destination PAGE-OM::Page SNP2::Reference_genomic_location
Attributes

Attribute Notes

end int End of the location in the reference sequence.
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start int Start of the location in the reference sequence.

strand string Orientation of the feature in the reference sequence. One of ‘forward, 'reverse,” ‘unknown.’
unknown Defaults to ‘unknown.’

7.1.3.31 Reference_genomic_location_in_assembly

Type: Class_Reference _genomic_location
Package: SNP2
Document:

A location in one chromosome of a reference genomic assembly. Instead of the reference sequence being an accessioned
sequence, it is a versioned assembly.

Connections

Connector Source Target

Generalization
SNP2::Reference_genomic_location _in_assembly | SNP2::Reference_genomic_location

Association
Destination -> Source Reference_genomic_assembly SNP2::Reference_genomic_location in_
assembly

Attributes

Attribute Notes

chromosome_name string | Name of the chromosome in the assembly.
7.1.3.32 Set_of_haplotypes
Type: Class_Genomic_observation
Package: SNP2
Document:
An abstract representation of a collection of haplotypes.
Connections

Connector Source Target

Generalization

SNP2::Haplotype block SNP2::Set_of haplotypes
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Association

Unspecified SNP2::Genomic_haplotype SNP2::Set_of _haplotypes
Association
Unspecified SNP2::Haplotype map SNP2::Set_of _haplotypes

Generalization
Source -> Destination

SNP2::Gene_based haplotype

SNP2::Set_of _haplotypes

Generalization
Source -> Destination

SNP2::Set_of haplotypes

SNP2::Genomic_observation

7.1.3.33 Structural_change

Type: Class_Gene_product_change
Package: SNP2
Document:

Change in the 3D structure of the polypeptide chain.
Connections

Connector Source Target

Generalization

Source -> Destination SNP2::Structural_change Gene_product_change

Association
Source -> Destination

affects function

SNP2::Functional_change SNP2::Structural_change

Association
Source -> Destination

affects_structure

SNP2::Structural_change SNP2::Trandation_change

Association

Source -> Destination PAGE-OM::Page SNP2::Structural_change

7.1.3.34 Transcription_change

Type: Class_Residue_change
Package: SNP2
Document:

Change in the quality or quantity of the mature RNA product.
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Connections

Connector

Sour ce

Target

Association
Source -> Destination

SNP2::Trandation_change

affects protein
SNP2::Transcription_change

Association
Source -> Destination

SNP2::Transcription_change

affects_transcript
SNP2::Genic_variation

Association
Source -> Destination

PAGE-OM::Page

SNP2::Transcription_change

Generalization
Source -> Destination

SNP2::Transcription_change

Residue_change

Attributes

Attribute

Notes

changed_codon string

The new codon in the transcript, if applicable.

codon_position int

Thefirst affected nucleotide in the codon. Valuesare: 1, 2 or 3.

original_codon string

The affected codon in the transcript.

7.1.3.35 Translation_change

Type: Class_Residue_change
Package: SNP2
Document:

Change in the quality or quantity of (predicted) polypeptide chain (2D).

Connections

Connector

Source

Target

Generalization

SNP2::Trandation_change

Residue_change

Association
Source -> Destination

SNP2::Functional_change

SNP2::Translation_change

Association
Source -> Destination

SNP2::Structural_change

affects_structure
SNP2::Translation_change
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Association
Source -> Destination

SNP2::Translation_change

affects_protein
SNP2:: Transcription_change

Association
Source -> Destination

PAGE-OM::Page

SNP2::Trandation_change

7.1.3.36 Variation_assay

Type: Class_Methodology
Package: SNP2
Document:

An experimental lab protocol and set of reagents for detecting the Genomic_alleles of Genomic_variations carried by an
individual or a panel of individuals. Synonym: Assay. Non instrument part of the experiment - same assay can be used in

different instrument runs. (Polymorphism_assay in SNP-PML).

Variation assay designed for the Genomic_variation has one-to-many association to Latent_genotype_specification, which
gives information on measurable variations (by this assay) attached to the locus.

Connections

Connector

Source

Target

Generalization
Source -> Destination

PAGE:Multi_vartiation_assay

SNP2::Variation_assay

Generalization

Source -> Destination

SNP2::Variation_assay M ethodology
Association
detectable genotypes SNP2::Variation_assay SNP2::Latent_genotype
Source -> Destination
Association

SNP2::Variation_assay

SNP2::Genomic_variation

Adgaregation
Source -> Destination

SNP2::Variation_assay

PAGE::Multi_vartiation_assay

Association
Source -> Destination

SNP2::Variation_assay

Oligo

Association
With assay details
Source -> Destination

SNP2::Assayed _genomic_genotype

SNP2::Variation_assay

Association
Source -> Destination

PAGE-OM::Page

SNP2::Variation_assay
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Association
Source -> Destination SNP2::Frequency SNP2::Variation_assay
Attributes
Attribute Notes
description string Free text description of the assay protocol.
7.1.4 FUGE
Type: Package «X SDschema»
Package: PAGE-OM

Ontology - (Logical diagram)

class Ontology

SN\P:Identifiable

+ creation date: gring
+ delete_date: sting
+ ldd: sring

+ nodify_date: sring
+ name: gring

Ontology_term
Ontoogy_source

+ temn dring
+ ontology_UR:: anyURl (0.1 *

Figure 7.14

7.1.4.1 Ontology_source

Type: Class_|dentifiable
Package: FUGE
Document:

The source ontology or controlled vocabulary list that ontology terms have been obtained from.
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Connections

Connector

Source

Target

Association
Source -> Destination

FUGE::Ontology_term

FUGE::Ontology_source

Generalization
Source -> Destination

FUGE::Ontology_source

Identifiable

Attributes

Attribute

Notes

ontology_URI anyURI

A URI isshort for Uniform Resource I dentifier.
A URI isacompact sequence of characters that identifies an abstract or physical resource.

7.1.4.2 Ontology_term

Type: Class ldentifiable
Package: FUGE
Document:

Ontology term, defined in more detail in FUGE (http://fuge.sourceforge.net/). Thisiis just a place holder

Connections

Connector

Source

Target

Association
Source -> Destination

FUGE::Ontology_term

FUGE::Ontology_source

Generalization
Source -> Destination

FUGE::Ontology_term

Identifiable

Attributes

Attribute Notes

term string Ontology term
74
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7.1.5 BasicTypes

Type:

Package:

Package «X SDschema»

PAGE-OM

BasicTypes - (Logical diagram)

wX Shsimple Type®
Ny Type

“:}“—1—'—‘—\

«XSDEimpleType»f/ﬁ

double

wX Shsimple Type=

anySi mpl e Type .-_‘:j‘_—__#_i

w X Shzimple Type»
deci mal

wXShsimple Types
integer

wXShsimple Types
boalean

wXShsimpleTypen
lang

i

wxXSDhsimpleTypex
int

X SDsimple Typex
dateTima
X SDEimpleTypex X SDsimple Typex
anyUR] flo=t
wXShsimple Types
=tring
wX SDEimple Type®
d=ate
Figure 7.15
7.1.5.1 anySimpleType
Type: Class_anyType
Package: BasicTypes
Document:
Connections
Connector Source Target

Generalization

BasicTypes::decimal

BasicTypes::anySimpleType

Generalization

BasicTypes::float

BasicTypes::anySimpleType
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Generalization
BasicTypes::anyURI

BasicTypes::anySimpleType

Generalization
BasicTypes::dateTime

BasicTypes::anySimpleType

Generalization
BasicTypes::date

BasicTypes::anySimpleType

Generalization
BasicTypes::double

BasicTypes::anySimpleType

Generalization
BasicTypes:.:anySimpleType

BasicTypes::anyType

Generalization
BasicTypes::string

BasicTypes::anySimpleType

Generalization
BasicTypes::itime

BasicTypes::anySimpleType

Generalization
BasicTypes::boolean

BasicTypes::anySimpleType

7.1.5.2 anyType

Type: Class
Package: BasicTypes
Document:
Connections
Connector Source Target

Generalization
BasicTypes::anySimpleType

BasicTypes::anyType

7.1.5.3 anyURI

Type: Class_anySimpleType
Package: BasicTypes
Document:
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Connections

Connector Source

Target

Generalization
BasicTypes::anyURI

BasicTypes::anySimpleType

7.1.5.4 boolean

Type: Class_anySimpleType
Package: BasicTypes
Document:
Connections
Connector Source Target

Generalization
BasicTypes::boolean

BasicTypes::anySimpleType

7.1.5.5 date
Type: Class_anySimpleType
Package: BasicTypes
Document:
Connections
Connector Source Target

Generalization
BasicTypes::date

BasicTypes::anySimpleType

7.1.5.6 dateTime

Type: Class_anySimpleType
Package: BasicTypes
Document:
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Connections

Connector Sour ce Target

Generalization

BasicTypes::dateTime BasicTypes::anySimpleType
7.1.5.7 decimal
Type: Class_anySimpleType
Package: BasicTypes
Document:
Connections
Connector Source Target
Generalization
BasicTypes::decimal BasicTypes::anySimpleType
Generalization
BasicTypes::integer BasicTypes::decimal
7.1.5.8 double
Type: Class_anySimpleType
Package: BasicTypes
Document:
Connections
Connector Source Target
Generalization
BasicTypes::double BasicTypes::anySimpleType
7.1.5.9 float
Type: Class_anySimpleType
Package: BasicTypes
Document:
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Connections

Connector Source

Target

Generalization
BasicTypes::float

BasicTypes::anySimpleType

7.1.5.10int

Type: Class long
Package: BasicTypes
Document:

Connections

Connector Source

Target

Generalization
BasicTypes::short

BasicTypes::int

Generalization

BasicTypes::int BasicTypes::long
7.1.5.11 integer
Type: Class_decimal
Package: BasicTypes
Document:
Connections
Connector Source Target

Generalization
BasicTypes::long

BasicTypes::integer

Generalization
BasicTypes::integer

BasicTypes::decimal

7.1.5.12 long

Type: Class _integer
Package: BasicTypes
Document:
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Connections

Connector Sour ce Target
Generalization
BasicTypes::int BasicTypes::long
Generalization
BasicTypes::long BasicTypes::integer
7.1.5.13 short
Type: Class int
Package: BasicTypes
Document:
Connections
Connector Source Target
Generalization
BasicTypes::short BasicTypes::int
7.1.5.14 string
Type: Class_anySimpleType
Package: BasicTypes
Document:
Connections
Connector Source Target
Generalization
BasicTypes::string BasicTypes::anySimpleType
7.1.5.15time
Type: Class_anySimpleType
Package: BasicTypes
Document:
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Connections

Connector

Source

Target

Generalization

BasicTypes::.time

BasicTypes::anySimpleType

7.1.6 SNP
Type: Package «X SDschema»
Package: PAGE-OM

Map - (Logical diagram)

dentifiabe
Map Physical_map
> K——
? Sequence_mep
dentifiable Zl NP2
Location Haplotype_mep
Locations
h
K Sequence
Qrdered | ocation SNP2::
. : + moeade: sring
+ positiorr sring Reference_genomic_location p———
+ end int
+ dat: int

class Map
Qrdered map
Qtogenetic_map Genetic_map
*
Gytogenetic_location Genetic_location

Figure 7.16

Sample - (Logical diagram)

+ srand: sting =unknown

SNP2::Genomic_variation |,

+ flank down: sting
+ flank up: gring

+ repeat_unit: sting
+ type: Ontology_tem
+ \alidation satus dring
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class Saple

Identifiable

Vil

Abstract_observation_target

SNP2:Molecular_sanple

Anatomic_location [

+ molecue: sting

0.1

Identi fiable
Geographic_location

Abstract_obser\etion target
SNP2:Abstract_populati on

+ + + +

mex_latitude: double
mex_longitude: double
min_lai tude: double
min_longitude: double

+ ethnicity: sting

nhs language _family. sting
+ primary_language: stiing

+ race: dring

Figure 7.17

*

*

Taxon

Identifiable

+ rank string

+ ientific_ reme: strirg

SNP2: Indivi dual

+ birth_date: sting
+ death date: dring

+ father_id: sing
+ gender gring
+ mother_id: sting

SNP2:: Panel

+ + + +

Sequence - (Logical diagram)

82

count_unit: gring =individual

poded boolean
sze: long
type: sting
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class Sequence

SNP2:Genomic_variation

is treated as

Residue_change

+ changed_resdue: dril

+ original_resdue: giirg

+ flank down: stiing S
+ flank up: stiing | . Tanscription_change
+ is_mutation: boolean +aff nsipt pp—
T c_variationy« | + codon postion: int
+ o= o + original_codon: sting
+ validation datus gring \B
Hentifiable) +s geric * =
[e=Eih +affeds _protein
Sequence_nep NP2 |T SNP2::
S e Geromic_gene_structure ranslation_change
L Sy Exon + gene symbol: sing
+ squence: gring —1 :L*—<> 7
+affects sncture
as .
SNP2::
SN\P2: +affeds function| Structural_change
Functiona_change [ o
Idertifiable
Gene_product_change :]

Figure 7.18

Sequence 2 - (Logical diagram)

SNP2::

+ label: sing
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class Sequence 2

SNP2::
Neighbour_variation

¢

Genonic_observation

SNP2::Genomic_variation

Residue_change
SNP2::
Transcription_change

Latent_genotype sedfication + flank down: string
SNP2::Genomic allele + flank_up: gring Hs treated_a Residue_change [+affects transipt changed codon: string
_ 7 + ismuation bodean ENP2: Genic variaionS |+ codon_position: int
+ bin siing * + repeat_unit: sting + oigindl_codon: sting
+ repeat_count int + tye: Ontology_temn . i *
+ repeat is exad: boolean + \alidation satus sring +s genic
. +affects protein/|\ *
*
Sequence_nap| e
Seqeice dentifiable Genomic_gene_structure, *
+ moleale: sirg Locatable + gene smbol: sting Reside_change|
+ sequence: string * SNP2::
Translation_change
A Locations *
N
\ . . N
SNP2::
Reference_genomic_landmark ference_genomiclocalicn SN U@naue .
+ end int Locatiary
"+ sart int Gene_produd_change
* + srand: sing= uknown S\P2:
Functional _change
f

£
Sequence_nap

A

SNP2::

Reference_genomic_assembly

Figure 7.19

Reference_genomic_location in_assenbly]|

+affects fundion\|/*

Gene_produd_change

*| + chromosome_rame: sting

SNP2::
Structural_change

7.1.6.1 Anatomic_location

Type:
Package: SNP

Document:

Class _|dentifiable

+affects sructure

Description of the anatomical location the molecular sample is derived from. Best expressed as a controlled vocabulary of

anatomical terms.

Connections

Connector

Source

Target

Association
Source -> Destination

SNP2::Molecular_sample

Anatomic_location
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Association
Source -> Destination PAGE-OM::Page Anatomic_location

Generalization
Source -> Destination Anatomic_location Identifiable

7.1.6.2 Annotation

Type: Class
Package: SNP
Document:

A free text of name and value pair. Note: name should be Ontology term

Connections
Connector Source Target
Association
Source -> Destination Identifiable Annotation
Association
Source -> Destination PAGE-OM::Page Annotation
Attributes
Attribute Notes
name string Name of the annotation feature
value Vaue Value of annotation feature
7.1.6.3 CDS
Type: Class_Sequence
Package: SNP
Document:

Region in a reference sequence that determines the start, end, and strand of the gene coding region.
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Connections

Connector Sour ce Target
Association
Unspecified CDSs SNP2::Genomic_gene_structure
Generalization
CDSs Sequence
Association
Source -> Destination PAGE-OM::Page CDSs
7.1.6.4 Contributor
Type: Class_Source
Package: SNP
Document:

Person who has edited data in the data set. Synonym: curator.

Connections
Connector Source Target
Association
Source -> Destination PAGE-OM::Page Contributor
Generalization
Source -> Destination Contributor BREF::Source
Attributes
Attribute Notes
date string Date of the editing.

7.1.6.5 Cytogenetic_location

Type: Class_Ordered_|ocation
Package: SNP
Document:

A location in a cytogenetic map expressed as a band or a range of bands.
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Connections

Connector Sour ce Target
Association
Destination -> Source Cytogenetic_map Cytogenetic_location

Generalization

Cytogenetic_location

Ordered location

Association
Source -> Destination

PAGE-OM::Page

Cytogenetic_location

7.1.6.6 Cytogenetic_map

Type: Class_Ordered_map
Package: SNP
Document:

Map of cytogenetic bands describing their relative order.

Connections
Connector Sour ce Target
Association
Destination -> Source Cytogenetic_map Cytogenetic_location
Generalization
Cytogenetic_map Ordered map
Association
Source -> Destination PAGE-OM::Page Cytogenetic_map
7.1.6.7 Db_xref
Type: Class_ldentifiable
Package: SNP
Document:

Cross reference between two ldentifiables in different databases.
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Connections

Connector Sour ce Target

Association

Source -> Destination Identifiable Db_xref

Association identifier

Destination -> Source Db_xref BREF::Bibliographic_reference

Association

Source -> Destination PAGE-OM::Page Db_xref

Generalization

Source -> Destination Db_xref Identifiable
Attributes

Attribute Notes

db string The remote database name or abbreviation.

db_version string

Version of the database

field string Field in the remote database where the UID valueisfound (e.g., ID or ACin
EMBL). Optional
uid string Unique identifier in the remote database.
url string Full URL to the cross-referenced entry
7.1.6.8 Exon
Type: Class_Sequence
Package: SNP
Document:

Region in a reference sequence that determines the start, end, and strand of the transcript that is not spliced away.

Connections
Connector Source Target
Association
Unspecified Exon SNP2::Genomic_gene_structure
Association
Source -> Destination PAGE-OM::Page Exon
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Generalization

Source -> Destination Exon Sequence
7.1.6.9 Gene_product_change
Type: Class_ldentifiable
Package: SNP
Document:
Free form description of change in gene product
Connections
Connector Source Target

Generalization
Source -> Destination

SNP2::Structural_change

Gene_product_change

Generalization
Source -> Destination

Gene_product_change

Identifiable

Generalization
Source -> Destination

Residue_change

Gene_product_change

Generalization
Source -> Destination

SNP2::Functional_change

Gene_product_change

Attributes
Attribute Notes
label string Human understandable term for the change (e.g., missense, truncation).

7.1.6.10 Genetic_location

Type: Class_Ordered _location
Package: SNP
Document:

A relative location of a marker in a genetic map based on recombination.
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Connections

Connector Sour ce Target
Association
Destination -> Source Genetic_ map Genetic_location

Generalization

Source -> Destination Genetic_|ocation Ordered _location
Association
Source -> Destination PAGE-OM::Page Genetic_location

7.1.6.11 Genetic_map

Type: Class _Ordered_map
Package: SNP
Document:

A map containing the order and non-metric distance between genetic markers for identifiable sequence features. Unit:
centiMorgan.

Connections
Connector Source Target
Association
Destination -> Source Genetic_map Genetic_location

Generalization
Genetic_map Ordered_map

Association
Source -> Destination PAGE-OM::Page Genetic_map

7.1.6.12 Genomic_reference_allele

Type: Class_Genomic_allele
Package: SNP
Document:

The DNA sequence of a Genomic_variation as it appears in the public database.
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Connections

Connector Sour ce Target
Generalization

Genomic_reference allele SNP2::Genomic_allele
Association present_in
Source -> Destination Reference_genomic_assembly Genomic_reference allele
Association one_of
Source -> Destination Genomic_reference_allele SNP2::Genomic_allele
Association
Source -> Destination PAGE-OM::Page Genomic_reference allele

7.1.6.13 Geographic_location

Type: Class _|dentifiable
Package: SNP
Document:

Location of an individual or population in a geographic map. Locations are expressed in decimal degrees. Northern
latitudes (if north of the equator) and eastern longitudes (if east of GM) have positive values by convention.

Connections
Connector Source Target
Association
Source -> Destination SNP2::Abstract_population Geographic_location
Association
Source -> Destination PAGE-OM::Page Geographic_location
Generalization
Source -> Destination Geographic_location Identifiable
Attributes
Attribute Notes
max_latitude double Upper bound of a geographical location expressed in degrees from the equator.
max_longitude double Upper bound of a geographical location expressed in degrees from the Greenwich meridian.
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min_latitude double Lower bound of a geographical location expressed in degrees from the equator.

min_longitude double Lower bound of a geographical location expressed in degrees from the Greenwich meridian.

7.1.6.14 Identifiable

Type: Class
Package: SNP
Document:

Anything with a unique identifier.

Connections

Connector Source Target
Generalization

Subject_descriptor Identifiable
Generalization
Source -> Destination SNP2::Latent_genotype Identifiable
Generalization
Source -> Destination PAGE::Hypothesis Identifiable
Adgaregation
supporting_source Identifiable PAGE::Evidence
Source -> Destination
Generalization
Source -> Destination PAGE::Plate Identifiable
Generalization
Source -> Destination SNP2::Abstract_run | dentifiable
Association
Source -> Destination Identifiable Annotation
Association
Source -> Destination Identifiable BREF::Publication
Association
Source -> Destination Identifiable Db_xref
Generalization

BREF::Bibref_scope | dentifiable
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Generalization

BREF::Journal Identifiable
Association
Source -> Destination Identifiable BREF::Source
Generalization
Source -> Destination Gene _product_change Identifiable
Generalization
Source -> Destination PAGE::Algorithm Identifiable
Generalization
Source -> Destination FUGE::Ontology_source Identifiable
Generalization
Source -> Destination SNP2::Abstract_value Identifiable
Generalization
Source -> Destination FUGE::Ontology_term Identifiable
Generalization
Source -> Destination SNP2::Genomic_observation Identifiable
Generalization
Source -> Destination BREF::Provider Identifiable
Generalization
Source -> Destination Location Identifiable
Generalization
Source -> Destination Taxon Identifiable
Generalization
Source -> Destination PAGE::Study Identifiable
Generalization
Source -> Destination PAGE::Conclusion Identifiable
Generalization
Source -> Destination M ethodol ogy Identifiable
Generalization
Source -> Destination Db_xref Identifiable
Generalization
Source -> Destination Map Identifiable
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Generalization
Source -> Destination Anatomic_location Identifiable
Generalization
Source -> Destination SNP2::Abstract_observation_target Identifiable
Generalization
Source -> Destination PAGE::Genotype phenotype_correlation_experiment Identifiable
Generalization
Source -> Destination PAGE::Observable feature category Identifiable
Generalization
Source -> Destination SNP2::Abstract_observable feature Identifiable
Generalization
Source -> Destination Geographic_location Identifiable
Generalization
Source -> Destination Locatable Identifiable
Generalization
Source -> Destination PAGE::Observation_method Identifiable

Attributes

Attribute

Notes

creation_date string

Date of creation of the object.

delete date string

Date of deletion of the object.

Isid string

Life Science ldentifier.

modify_date string

Date of last modification of the object.

name string

Name can be non unique. Display name

7.1.6.15 Locatable

Type:
Package: SNP

Document:

Class _|dentifiable

Abstract class for anything that can be placed on a sequence, i.e., can act as a sequence feature.
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Connections

Connector Sour ce Target
Generalization
SNP2::Genomic_gene_structure Locatable
Generalization
Source -> Destination SNP2::Genomic_variation Locatable
Association
Locations Locatable Location
Source -> Destination
Generalization
Source -> Destination Residue_change Locatable
Generalization
Source -> Destination Sequence Locatable
Generalization
Source -> Destination Locatable Identifiable
7.1.6.16 Location
Type: Class_ldentifiable
Package: SNP
Document:
A position in an abstract map.
Connections
Connector Sour ce Target
Association
Source -> Destination Location Location
Generalization
SNP2::Reference_genomic_location Location
Association
Destination -> Source Map Location
Generalization
Source -> Destination Ordered_location L ocation
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Association
Locations
Source -> Destination

Locatable

Location

Generalization
Source -> Destination

Location

Identifiable

7.1.6.17 Map

Type: Class_|dentifiable

Package: SNP
Document:
An abstract map.

Connections

Connector

Source

Target

Generalization
Source -> Destination

Physical_map

Map

Association
Destination -> Source

Map

Location

Generalization
Source -> Destination

Ordered_map

Map

Generalization
Source -> Destination

Map

Identifiable

7.1.6.18 Methodology

Type: Class_|dentifiable

Package: SNP

Document:

Abstract class for a laboratory method or a computational protocol.

Connections

Connector

Source

Target

Generalization

SNP2::Variation_assay

Methodology
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Generalization
Source -> Destination

SNP2::Haplotype derivation_methods

M ethodology

Generalization
Source -> Destination

M ethodol ogy

Identifiable

7.1.6.19 Oligo

Type: Class_Sequence

Package: SNP

Document:

A DNA oligonucleotide used for detection and assay of Genomic_variations in Variation_assays. Synonym: primer

Connections
Connector Source Target
Generalization

Oligo Sequence

Association
Source -> Destination SNP2::Variation_assay Oligo
Association
Source -> Destination PAGE-OM::Page Oligo

7.1.6.20 Ordered_location

Type: Class_L ocation
Package: SNP
Document:

A location on a secondary map that gives ordering information. That map can be a genetic or a cytogenetic map.

Connections

Connector

Source

Target

Generalization
Source -> Destination

Genetic_location

Ordered_location

Generalization
Source -> Destination

Ordered_location

Location
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Association
Destination -> Source Ordered location

SNP2::Genomic_variation

Generalization

Cytogenetic_location

Ordered _location

Attributes
Attribute Notes
position string L ocation description

7.1.6.21 Ordered_map

Type: Class Map
Package: SNP
Document:

A non-metric map category.

Connections

Connector Source Target
Generalization

Cytogenetic_map Ordered map
Generalization

Genetic_ map Ordered map
Generalization
Source -> Destination Ordered_map Map

7.1.6.22 Organization

Type: Class_Provider
Package: SNP
Document:

Affiliation of a group of unidentified persons.
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Connections

Connector Source Target
Generalization
Organization BREF::Provider
Association
Source -> Destination PAGE-OM::Page Organization
7.1.6.23 Person
Type: Class_Provider
Package: SNP
Document:

An individual identified by name who is involved with creating or disseminating publications. Possible roles are author,
editor, contributor, publisher, or applicant.

Connections
Connector Source Target
Generalization

Person BREF::Provider

Association editor
Destination -> Source Person BREF::Book
Association
Source -> Destination PAGE-OM::Page Person

Association
Source -> Destination

PAGE::Evidence

curator Curator of evidence
Person

Attributes

Attribute

Notes

affiliation string

Name of the organization the person is affiliated with.

to true.

email string Email address
et_al boolean Indicator that there are more personsin the list of persons; used typically for the bibliographic

reference that contains only an abbreviated author list. Last listed author should have et_al set
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first_name string First name

mid_initials string

Initials of any subsequent personal names.

postal_address string Full postal address
surname string Last name.

7.1.6.24 Physical_map

Type: Class Map
Package: SNP
Document:

Map of physical entities, e.g., clones, contigs.

Connections

Connector Source Target
Generalization
Source -> Destination Physical_map Map
Generalization

SNP2::Haplotype _map Physical_map
Generalization
Source -> Destination Sequence_map Physical_map

7.1.6.25 Reference_genomic_assembly

Type: Class_Sequence_map
Package: SNP
Document:

Set of reference sequences (Reference_genomic_landmarks) with an algorithm to define the genome and its constituents.
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Connections

Connector

Source

Target

Association
Destination -> Source

Reference_genomic_assembly

SNP2::Reference_genomic_location

Association
Unspecified

Reference_genomic_landmark

Reference_genomic_assembly

Association
Destination -> Source

Reference_genomic_assembly

SNP2::Reference_genomic_location_in_assembly

Source -> Destination

Reference_genomic_assembly

Association
Unspecified Reference_genomic_assembly Taxon
Generalization

Reference_genomic_assembly Sequence_map
Association present_in

Genomic_reference allele

Association
Source -> Destination

PAGE-OM::Page

Reference_genomic_assembly

7.1.6.26 Reference_genomic_landmark

Type: Class_Sequence
Package: SNP
Document:

An accessioned genomic sequence which can be unambiguously assigned to a location in an assembly based on
information in public databases.

Connections
Connector Source Target
Association
Unspecified Reference_genomic_landmark Reference_genomic_assembly
Association

Destination -> Source

Reference_genomic_landmark

SNP2::Reference_genomic_location

Association
Destination -> Source

SNP2::Genomic_variation

Reference_genomic_landmark
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Generalization
Reference_genomic_landmark Sequence
Association
Source -> Destination PAGE-OM::Page Reference_genomic_landmark

7.1.6.27 Residue_change

Type: Class_Gene_product_change, Locatable
Package: SNP
Document:

Abstract superclass for classes describing residue changes in gene-related sequences.

Connections
Connector Source Target
Generalization
SNP2::Translation_change Residue_change
Generalization
SNP2::Genic_variation Residue_change
Generalization
Source -> Destination Residue_change Gene_product_change
Generalization
Source -> Destination Residue_change Locatable
Generalization
Source -> Destination SNP2::Transcription_change Residue_change
Attributes
Attribute Notes
changed_residue string The new residue in the reference sequence.

original_residue string The affected residue in the reference sequence.

7.1.6.28 Sequence

Type: Class_L ocatable, Sequence_map
Package: SNP
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Document:

Biological sequence. A sequence accessioned by a public database and associated with an accessioned taxon, a version

number and a release date.

Connections

Connector Sour ce Target
Generalization

Oligo Sequence
Generalization

CDS Sequence
Generalization

SNP2::Genomic_allele Sequence
Generalization

Reference_genomic_|landmark Sequence
Generalization
Source -> Destination Exon Sequence
Generalization
Source -> Destination Sequence Locatable
Generalization
Source -> Destination Sequence Sequence_map

Attributes
Attribute Notes
molecule string Indicates the alphabet of the sequence molecule e.g., ‘DNA," ‘RNA/
‘protein.’

sequence string The residue sequence string.

7.1.6.29 Sequence_map

Type: Class_Physical_map
Package: SNP
Document:

A map composed of one or more biological sequences.
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Connections

Connector Sour ce Target
Generalization

Reference_genomic_assembly Sequence_map
Generalization
Source -> Destination Sequence Sequence_map
Generalization
Source -> Destination Sequence_map Physical_map

7.1.6.30 Subject_descriptor

Type: Class ldentifiable
Package: SNP
Document:

Subject term and vocabulary name container.

Connections
Connector Source Target
Generalization
Subject_descriptor Identifiable
Association subject_heading
Destination -> Source Subject_descriptor BREF::Bibref _subject
Association code
Destination -> Source Subject_descriptor BREF::Bibref subject
Association keyword
Destination -> Source Subject_descriptor BREF::Bibref subject
Association
Source -> Destination PAGE-OM::Page Subject_descriptor
Attributes
Attribute Notes
term string The keyword, code, or subject heading value string.
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vocabulary _name string

Name of the controlled vocabulary (e.g., Sears List of Subject
Headings (SEARS), Library of Congress Subject Headings (LCSH), or
Medical Subject Headings (MeSH).

7.1.6.31 Taxon

Type: Class_|dentifiable
Package: SNP
Document:

Taxonomic unit. The UID is typically a species TaxID from the Taxonomy Database (http://www.ncbi.nih.gov/

Taxonomy/).
Connections
Connector Sour ce Target
Association
Source -> Destination SNP2::Abstract_population Taxon
Association
Unspecified Reference_genomic_assembly Taxon
Association
Source -> Destination PAGE-OM::Page Taxon
Generalization
Source -> Destination Taxon Identifiable
Attributes
Attribute Notes
rank string Rank of the taxon in the hierarchy. Typically ‘ species.’

scientific_name string

Scientific name, e.g., Homo sapiens.

7.1.7 BREF
Type: Package «X SDschema»
Package: PAGE-OM

Bib - (Logical diagram)
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Figure 7.20

7.1.7.1 Article

Type:
Package: BREF

Document:

Class_Bibliographic_reference

Non fictional prose forming an independent part of a publication.

Connections

Connector

Source

Target

Generalization

BREF::Journal_article

BREF::Article

Generalization

BREF::Article
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Generalization

BREF::Book_article

BREF::Article

Attributes
Attribute Notes
first_pageint First pagein aarticle
last_pageint Last pageinaarticle

7.1.7.2 Bibliographic_reference

Type: Class_Publication
Package: BREF
Document:

The BibliographicReference class is the core of the data model. It is a super-class for all specialized citation types, but it

can also be instantiated and represent an additional type not specifically defined in this specification.

Connections

Connector Sour ce Target
Generalization

BREF::Article BREF::Bibliographic_reference
Generalization

BREF::Book BREF::Bibliographic_reference
Generalization

BREF::Patent BREF::Bibliographic_reference
Generalization

BREF::Thesis BREF::Bibliographic_reference

Generalization

BREF::Web_resource

BREF:

:Bibliographic_reference

Association
Destination -> Source

desciption
BREF::Bibref_description

BREF:

:Bibliographic_reference

Generalization

BREF::Tech_report

BREF:

:Bibliographic_reference

Phenotype and Genotype Object Model, Beta 2

107



Association
Destination -> Source

status

BREF::Entry_status BREF::Bibliographic_reference

Generalization

BREF::Proceeding BREF::Bibliographic_reference

Generalization

BREF::Bibliographic_reference BREF::Publication

Destination -> Source

Association identifier

Destination -> Source Db_xref BREF::Bibliographic_reference
Association publisher

Destination -> Source BREF::Provider BREF::Bibliographic_reference
Association

Destination -> Source BREF::Provider BREF::Bibliographic_reference
Association author

Destination -> Source BREF::Provider BREF::Bibliographic_reference
Association subject

BREF::Bibref_subject BREF::Bibliographic_reference

Association
Destination -> Source

coverage

BREF::Bibref _scope BREF::Bibliographic_reference

Association contributor
Destination -> Source BREF::Provider BREF::Bibliographic_reference
Association
Source -> Destination PAGE-OM::Page BREF::Bibliographic_reference
Attributes
Attribute Notes
date string Defines a date associated with an event in the life cycle of the cited resource, when this
resource became available. Usually, it is adate of publishing, however, for not yet published
resources, it can be a date of creation.
format string Describes the physical or digital manifestation of the cited resource. It can have very different
content depending on the citation type.
language string Defines alanguage of theintellectual contents of the cited resource. The recommendationisto
use values as defined by RFC1766 which includes atwo-letter Language Code (taken from the
I SO639 standard, followed optionally by a two-letter Country Code (taken from the 1 SO3166
standard). For example, “en” for English, “fr” for French, or “en-uk” for English used in the
United Kingdom. Ancther possihility isto use MARC List of Languages.
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rights string

Specifies information about rights over the cited resource. Typically, it contains arights
management statement for the resource, or it refersto a service providing such information.
Rights information often encompasses Intellectual Property Rights [IPR], Copyrights, and
various Property Rights.

title string A title given to the cited resource (a name by which the resource is formally known).
typestring It defines the nature or genre of the cited resource. Although aworking draft of Dublin Core

Types recommends a type classification, the proposed types are mostly out of scope of this
specification. The majority of cited resources would fall in the same category “text.” For the
future, however, Dublin Coreis considering the addition of subtypesto the high level types, or
other ways of making sub-categories.

7.1.7.3 Bibref_description

Type: Class
Package: BREF
Document:

A brief account of the content of the cited resource. It can be either the abstract, or the table of contents, or both. It can
be written in a language different from the language of the cited resource.

Connections

Connector Source Target

Association desciption

Destination -> Source BREF::Bibref _description BREF::Bibliographic_reference

Association

Source -> Destination PAGE-OM::Page BREF::Bibref _description
Attributes

Attribute Notes

abstract_typestring

Format of the abstract expressed in MIME (Multipurpose Internet Mail Extensions).

language string

Language of the description.

table _of contentsstring

A list of divisions (chapters or articles) and the pages on which they start.

the_abstract string

Summary of the main points of the publication.

toc_typestring

Format of the table of contents expressed in MIME (Multipurpose Internet Mail Extensions).
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7.1.7.4 Bibref_scope

Type: Class_|dentifiable
Package: BREF
Document:

It defines the extent or scope of the content of the cited resource. It can include spatial location (a place hame or
geographic co-ordinates), temporal period (a period label, date, or date range), or both. Finally, it can have additional
dynamic properties such as jurisdiction).

Connections
Connector Source Target
Generalization
BREF::Bibref _scope Identifiable

Association
Destination -> Source

coverage
BREF::Bibref scope

BREF::Bibliographic_reference

Attributes

Attribute

Notes

spatial_location string

A place or area name or geographic coordinates in string format.

temporal_period string

A period label, date, or date range.

7.1.7.5 Bibref_subject

Type: Class
Package: BREF
Document:

It defines the topic of the content of the cited resource.

Connections
Connector Source Target
Association subject_heading

Destination -> Source

Subject_descriptor

BREF::Bibref subject

Association
Destination -> Source

code
Subject_descriptor

BREF::Bibref _subject
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Association
Destination -> Source

keyword
Subject_descriptor

BREF::Bibref_subject

Association
Destination -> Source

subject
BREF::Bibref_subject

BREF::Bibliographic_reference

7.1.7.6 Book

Type: Class_Bibliographic_reference
Package: BREF

Document:

A written work or composition that has been published; usually printed on pages bound together.

Connections

Connector Source Target

Generalization

BREF::Book BREF::Bibliographic_reference

Association from_book

Destination -> Source BREF::Book BREF::Book_article

Association editor

Destination -> Source Person BREF::Book
Attributes

Attribute Notes

edition string Name of the edition.

isbn string International Standard Book Number

series string Name of a collection of books.

volumeint Volume number of the book in a series.
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7.1.7.7 Book_article

Type: Class_Article
Package: BREF
Document:

Article that forms part of a book.

Connections
Connector Source Target
Generalization
BREF::Book_article BREF::Article

Association from_book
Destination -> Source BREF::Book

BREF::Book_article

7.1.7.8 Distributor

Type: Class_Source
Package: BREF
Document:

The original source of the data.

Connections
Connector Source Target
Generalization
BREF::Distributor BREF::Source

7.1.7.9 Entry_status

Type: Class_Publication
Package: BREF
Document:

Defines information related to the citation itself rather than to the cited resource.
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Connections

Connector Sour ce Target
Association status
Destination -> Source BREF::Entry_status BREF::Bibliographic_reference
Generalization
BREF::Entry_status BREF::Publication
Attributes
Attribute Notes

last_modified_date string

Last date the citation entry was changed.

subset string

Some bibliographic repositories consist of several, or even many, databases. The subset helps
to locate the citation.

7.1.7.10 Journal

Type: Class_|dentifiable
Package: BREF
Document:

A class describing a journal; a periodical dedicated to a particular subject. The citations referring to the journal articles
have a reference to this class. There are only few explicit attributes defined, the rest are accessible using dynamic

properties.

Connections
Connector Sour ce Target
Generalization

BREF::Journa Identifiable

Association from_journal
Destination -> Source BREF::Journal BREF::Journa_article
Association
Source -> Destination PAGE-OM::Page BREF::Journal
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Attributes

Attribute

Notes

abbreviation string

Accepted abbreviated form of the journal name.

issn string

The ISSN (International Standard Serial Number) is an eight-digit number that identifies
periodical publications as such.

7.1.7.11 Journal_article

Type: Class_Article
Package: BREF
Document:

Article, especially a scientific one that forms part of ajournal.

Connections

Connector Source Target

Generalization

BREF::Journal_article BREF::Article

Association from_journal

Destination -> Source BREF::Journal BREF::Journal_article
Attributes

Attribute Notes

issueint Integer indicating the ordering of the issue within a volume.

issue_supplement string

Additional identifier for a separate supplement of the issue.

volumeint

to the same volume.

Volume number of the journal. Typically all issues of ajournal published within ayear belong

7.1.7.12 Patent

Type: Class_Bibliographic_reference
Package: BREF
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Document:

A document granting an inventor sole rights to an invention.

Connections
Connector Source Target
Generalization
BREF::Patent BREF::Bibliographic_reference
Association applicant
Destination -> Source BREF::Provider BREF::Patent
Attributes
Attribute Notes
doc_number string Patent identifier
doc officestring Name of the patent office (e.g., European Patent Office).
doc typestring Type of apatent (e.g., ‘ utility,” ‘design,’” and ‘plant’).
7.1.7.13 Proceeding
Type: Class_Bibliographic_reference
Package: BREF
Document:

Printed communication from a scientific organization.

Connections

Connector Source Target

Generalization

BREF::Proceeding BREF::Bibliographic_reference
7.1.7.14 Provider
Type: Class_|dentifiable
Package: BREF
Document:

Bibliographic resources. The most obvious examples are authors, but it includes also publishers and other contributors.
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These attributes define the active participants. They may be persons, organizations, or even services. A publisher is
responsible for making the resource available. The authors and contributors are in ordered lists. The authors and
contributors are responsible for creating the contents of the cited resource. There is no formal definition of how this 60
Single Nucleotide Polymorphisms Specification responsibility is divided between them. However, the authors are usually
primary creators while contributors may be illustrators, translators, or other creative providers. Their role may be

specified in a separate attribute in dynamic properties.

Connections
Connector Source Target
Generalization
Organization BREF::Provider
Generalization
Person BREF::Provider
Association publisher
Destination -> Source BREF::Provider BREF::Bibliographic_reference
Association
Destination -> Source BREF::Provider BREF::Bibliographic_reference
Association author
Destination -> Source BREF::Provider BREF::Bibliographic_reference
Association applicant
Destination -> Source BREF::Provider BREF::Patent
Association contributor
Destination -> Source BREF::Provider BREF::Bibliographic_reference
Generalization
Source -> Destination BREF::Service BREF::Provider
Generalization
Source -> Destination BREF::Provider | dentifiable

7.1.7.15 Publication

Type: Class
Package: BREF
Document:

A Citation. REF BibRef OMG standard. Not identifiable (Defined in model).
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Connections

Connector Sour ce Target
Association
Source -> Destination Identifiable BREF::Publication

Generalization

BREF::Bibliographic_reference

BREF::Publication

Generalization
BREF::Entry_status

BREF::Publication

7.1.7.16 Service

Type: Class_Provider
Package: BREF
Document:

Provider of software service

Connections

Connector Source

Target

Generalization
Source -> Destination BREF::Service

BREF::Provider

Association
Source -> Destination PAGE-OM::Page

BREF::Service

7.1.7.17 Source

Type: Class

Package: BREF

Document:

Source of the data (Individual or institute).

Connections

Connector Source

Target

Generalization
BREF::Distributor

BREF::Source
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Association
Source -> Destination Identifiable BREF::Source
Generalization
Source -> Destination Contributor BREF::Source
Association
Source -> Destination PAGE-OM::Page BREF::Source
Attributes
Attribute Notes
address string Street address.
email string Contact e-mail.
fax string Fax number.
institution string Name of theinstitution
name string Name of the Source.
tel string Telephone number.
7.1.7.18 Tech_report
Type: Class_Bibliographic_reference
Package: BREF
Document:
Technical report
Connections
Connector Source Target

Generalization
BREF::Tech_report

BREF::Bibliographic_reference

7.1.7.19 Thesis

Type: Class_Bibliographic_reference
Package: BREF
118

Phenotype and Genotype Object Model, Beta 2



Document:

A treatise advancing a new point of view resulting from original research; usually a requirement for an advanced

academic degree.

Connections

Connector

Sour ce

Target

Generalization

BREF::Thesis

BREF::Bibliographic_reference

7.1.7.20 Web_resource

Type: Class_Bibliographic_reference

Package: BREF
Document:
A referred web address

Connections

Connector

Source

Target

Generalization

BREF::Web_resource

BREF::Bibliographic_reference

Attributes
Attribute Notes
cost string Cost of accessing the information

estimated_size string

Rough size of the retrieved reference entry

url anyURI

Uniform Resource Locator
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8 Platform Specific Model

The previous chapter defines a platform independent model. The real implementations, however, are expected to depend
on a more specific platform. This chapter shows an XML -based platform specific model expressing exchange format for
data that conforms to platform independent model described above.

The platform specific model for XML derives its architecture according to the XML as suggested by W3C document
“Extensible Markup Language (XML) 1.0 (http://www.w3.org/TR/REC-xml/)”.

The model is defined by XML Schema as suggested by following W3C documents.
» XML Schema Part O: Primer (http://www.w3.0rg/TR/xmlschema-0/)
« XML Schema Part 1: Structure (http://www.w3.org/TR/xmlschema-1/)
» XML Schema Part 2; Datatypes (http://www.w3.0rg/ TR/xmlschema-2/)

The normative XML schema was generated from the modelling tool Enterprise Architect (EA), version 7.0.817.1. The
target namespaces were propagated by the EA tool into the resulting XML Schema. However, because these target
namespaces are not part of the XMI, when using a different tool, the namespaces must be changed in the resulting XML
Schema manually as follows:

UML Package name Target namespace

SNP http://www.openpml.org/page-om/snp
SNP2 http://www.openpml.org/page-om/snp2
PAGE http://www.openpml.org/page-om/page
BREF http://www.openpml.org/page-om/bref
FUGE http://www.openpml.org/page-om/fuge

Also following manual modifications were done into the XML schema files:
Schemal_ocations attributes were added into the import elements for all packages (snp.xsd, snp2.xsd, page.xsd, bref.xsd
and fuge.xsd) respectively.

Duplicate attributes coming from diamond inheritance are removed manually from snp.xsd file by editing out first
occurrences of attributes from Isid to Source in Sequence and Residue elements.

The normative XML schema also uses consistently constructs xs : choice minOccurs="0"
maxOccurs="unbounded instead of constructs xs : sequence.

The normative XML Schema is attached in the “ Accompanied files’ as file PSM/PAGE-OM .xsd.
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Accompanied Files

Annex A

(Informative)

This annex is a set of the accompanied files. Some of these files are normative and some of them contain examples and

convenient images. If there is a discrepancy between the contents of the normative files and this document, then the

normative files take precedence.

The accompanied files are divided into two sections, PIM and PSM. The PIM section includes files related directly to the

“Platform Independent Model,” the PSM section contains the files used in the “Platform Specific Model.”

Platform Independent Model
PAGE-OM_uml_2.1 xmi_2.1.xml

A normative representation of the PAGE-OM specification.

PAGE-OM.EAP

This is the main file created by the Enterprise Architect modeling tool. It served as a base for generating the XMI and

description files, mentioned above.

BREF Bib.png
BasicTypes.png
FUGE_Ontology.png
PAGE_Evidence and_value.png
PAGE_Frequency.png
PAGE_Genotype.png
PAGE_Genotype2.png
PAGE_Identifiable.png
PAGE_Phenotype.png
PAGE_Phenotype2.png
Page_study.png
Root_bref.png
Root_snp.png
Root_snp2.png
SNP2_Haplotype.png
SNP2_Map.png
SNP2_Sample.png
SNP2_Sequence.png
SNP2_Sequence2.png
SNP_Map.png
SNP_Sample.png
SNP_Sequence.png
SNP_Sequence2.png
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Diagrams of the PAGE-OM specification. These are the same diagrams as in this document but perhaps with a better

resolution.
Platform Specific Model

all.xsd
basictypes.xsd
bref.xsd
fuge.xsd
page.xsd
snp.xsd
snp2.xsd
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Annex C
Glossary

(Informative)

Term

Anatomic location

Assay Set
Assayed genomic genotype

Association Study

CDS

Consensus genomic genotype

Contributor
Cytogenetic location
Cytogenetic map
Db xref

Disease

Environment

Definition

Description of the anatomical location the molecular sample is derived
from. Best expressed as a controlled vocabulary of anatomical terms.

Set of assays which are group experimentally. (e.g., microarray)

The result of applying aVariation assay to an individual, to revea one or
more of the Genomic alleles carried by that individual. This term applies
to the observed data rather than to the inferred state of the individual (see
Consensus genomic genotype). Thus the same individual might have
severa different Assayed genomic genotypes at the same Genomic
variation, where the variation might be due to differing assays,
experimental error, dominant systems, missing data, and so forth.
Synonym: M easurement.

Examination of genetic variation across the human genome, designed to
identify genetic associations with observable phenotypes

Region in a reference sequence that determines the start, end and strand
of the gene coding region.

A list of one or more Genomic alleles carried by asingle individual for a
single Genomic variation. Unlike the Assayed genomic genotype, the
genomic genotype is intended to be used solely for assertions as to the
true value of the aléeles, after experimental error and other factors are
taken into account. The number of Genomic alelesis equal to the ploidy
(copy number) of the individual's genomic DNA at the Reference
genomic location of the Genomic variation. Synonym: Inferred genomic
genotype, Genomic genotype.

Person who has edited data in the data set. Synonym: curator.

A location in a cytogenetic map expressed as a band or a range of bands.
Map of cytogenetic bands describing their relative order.
Cross-reference between two Identifiable in different databases.

Specia case of a phenotype describing a disease state.

Circumstances, objects, or conditions by which one is surrounded.
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Exon

Freguency Set

Functional change

Gene based haplotype

Gene product change
Genetic location

Genetic map

Genic variation

Genomic alele

Genomic allele population frequency

Genomic gene structure

Genomic genotype population frequency

Genomic haplotype

Genomic haplotype population frequency

Genomic reference allele

Genomic Variation

Genomic variation

Genotype Phenotype Correlation Experiment

Region in a reference sequence that determines the start, end and strand
of the transcript that is not spliced away.

Set of frequencies for one genomic variation in one panel using one
variation assay

Change in the function of the final gene product.

Collection of nucleotides (Genomic alleles in Genomic variations) that
define a gene. In older usage same as locus.

Abstract superclass for a different genic change descriptors.
A relative location of amarker in a genetic map based on recombination.

A map containing the order and non-metric distance between genetic
markers for identifiable sequence features. Unit: centi-morgan.

Genomic variation with location in coordinates. Synonym: mutation
(when change from a common allele affects phenotype).

One of several aternative DNA sequences of a Reference genomic
location as it appears in the population of organisms. Synonym: variant,
dlele.

The frequency with which a particular Genomic alleleis seenin a
particular Panel. This can be measured from pooled samples. Synonyms:
Genomic allele panel frequency, allele frequency.

A of a gene expressed as location of the CDS and exons. Defines genic
coordinate system from start of the CDS downstream.

Frequency of a Consensus genomic genotype in a Panel.

A set of Genomic alleles across an equal number of Genomic variations
in a single chromosome and in a single individual. The Genomic
haplotype is derived from a set of genomic genotype. For each Genomic
variation, the haplotype contains one and only one Genomic allele.
Furthermore, the Genomic alleles are required to be in phase on the
individual, meaning that they are located on the same contiguous strand
of DNA. Synonym: Haplotype.

Frequency of a Genomic haplotype in a Panel.

The DNA sequence of a Genomic variation as it appears in the public
database.

A variable site in a Reference genomic landmark sequence. Synonyms:
polymorphic site, marker

A site in a Reference genomic sequence. Synonyms: polymorphic site,
polymorphism, SNP.

Study to detect associations between genotype and phenotype. Can be
family, population, or case/control based. Synonyms: Association study,
Linkage Study.
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Hapl otype block Large (afew kb to >100 kb) blocks of Genomic alleles in linkage
disequilibrium (LD) and a few haplotypes per block, separated by region
of recombination.

Hapl otype derivation methods Association class describing methods used to derive Genomic haplotypes
from Consensus genomic genotypes.

Heterozygosity A numerical measure of observed abundance of different Genomic alleles
in a Genomic variation.

Hapl otype map Map of haplotypes. Features include: 1.

Individual A single member of a species, where a species is an accessioned taxon

defined by a public database, and the individual is accessioned in a
public or private database. Synonym: “inbred strain" in homozygous

lineages.
M ethodol ogy Abstract class for a laboratory method or a computational protocol.
Molecular sample A sample from Individual from a Panel defining the molecule and tissue/
cell used (Anatomic locations) in the Variation assay. Synonym: Sample
of individual.
Neighbour variation Another Genomic variation close enough to affect the Variation assay.
Observable Feature Measurable feature of observable (e.g., size of nose)
Observable Feature Category Observable category ideally expressed using an appropriate ontology
Observation Method Method of observation (e.g., ruler). Can be also questionnaire.
Observation Target Capable of being observed. For example nose size or eye color.
Observation Value Observation done at specific point in time. Time is expressed according

to the W3C profile version of an 1SO 8601 date-time string. http:/
www.w3.0rg/TR/NOTE-datetime

Oligo A DNA oligo-nucleotide used for detection and assay of Genomic
variations in Variation assay. Synonym: primer.

Ordered location A location on a secondary map that gives ordering information. That map
can be a genetic or a cytogenetic map.

Ordered map A non-metric map category.

Panel A set of samples from individuals drawn from the same species and used

for genetic studies. A panel must be identifiable with alist of accessioned
individuals, if possible. (Note: do not use "population” herel) Synonym:
Sample Set, Sample from population(s). Plate in Coriel sense.

Phenotype Observable part of the structure, function or behavior of aliving
organism.

Phenotype Disease Category Category associated with disease phenotype. Best expressed using a
disease ontology.

Physical map Map of physical entities, e.g., clones, contigs.

Population A interbreeding set of individuals, from whom a Panel is drawn.
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Reference genomic assembly Set of reference sequences (Reference genomic landmarks) with an
algorithm to define the genome and its constituents.

Reference genomic landmark An accessioned sequence which can be unambiguously assigned a
location in an assembly based on information in public databases.

Reference genomic location A location within a Reference genomic. Attributes of the location are the
Reference genomic assembly and/or the Reference genomic landmark,
the start and end range strand of the feature relative to the Reference
genomic landmark.

Reference genomic location in assembly A location in one chromosome of a reference genomic assembly. Instead
of the reference sequence being an accessioned sequence, it is a
versioned assembly.

Residue change Abstract superclass for classes describing residue changes in gene-related
sequences.

Sequence Biological sequence. A sequence accessioned by a public database and
associated with an accessioned taxon, a version number and a release
date.

Sequence map A map composed of one or more biological sequences.

Set of haplotypes An abstract representation of a collection of haplotypes.

Structural change Change in the 3D structure of the polypeptide chain.

Taxon Taxonomic unit. The UID istypicaly a TaxID from the Taxonomy

Database (http://www.nchi.nih.gov/Taxonomy/).
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