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Supplemental Figure 1: A) Comparison between the Core of the OME Data Model and the 4DN-BINA Basic Extension. Simplified Entity-Relationship
diagrammatic representation of the Basic extension of the <INSTRUMENT> and <IMAGE> elements of the OME Data Model that is put forth by the 4D Nucleome
(4DN) Imaging Standards Working Group (IWG) (1,2) and by the Bioimaging North America (BINA) Quality Control and Data Management Working Group (QC-
DM-WG) (3). Red and Blue boxes represent elements that belong to the Core of the OME Data Model. Grey boxes represent elements that were introduced de novo
as part of the proposed extension. Dashed-lined boxes represent Abstract Parent Elements (APE). These elements describe general families to which the indicated
“children” elements belong. For example, in the model a <Laser> IS-4 (black dashed arrow) child of a <LightSource-APE>. For simplicity’s sake only a

selected subset of all available children-elements is indicated in this summary diagram.
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Supplemental Figure 1: B) Comparison between the Core of the OME Data Model and the 4DN-BINA Advanced & Confocal Extension. Simplified Entity-
Relationship diagrammatic representation of the Advanced & Confocal extension of the <INSTRUMENT> and <IMAGE> elements of the OME Data Model that is
put forth by 4DN and BINA (1-3). Red and Blue boxes represent elements that belong to the Core of the OME Data Model. Green boxes represent elements that
were introduced de novo as part of the proposed extension. Dashed-lined boxes represent Abstract Parent Elements (APE). These elements describe general families
to which the indicated “children” elements belong. For example, in the model a <WaveFrontSensor> IS-4 (black dashed arrow) child of a <Camera-APE>.

For simplicity’s sake only a selected subset of all available children-elements is indicated in this summary diagram.



OME Core vs.
4DN-BINA-OME Calibration & Performance Extension
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Supplemental Figure 1:C) Comparison between the Core of the OME Data Model and the 4DN-BINA Calibration & Performance Extension. Simplified
Entity-Relationship diagrammatic representation of the Calibration & Performance extension of the <INSTRUMENT> and <IMAGE> elements of the OME Data
Model that is put forth by 4DN and BINA (1-3). Red and Blue boxes represent elements that belong to the Core of the OME Data Model. Maroon boxes represent
elements that were introduced de novo as part of the proposed extension. Dashed-lined boxes represent Abstract Parent Elements (APE). These elements describe
general families to which the indicated “children” elements belong. For example, in the model a <CalibrationStandardSlide> IS-A (black dashed arrow) child of a
<OpfticalStandard-APE>. For simplicity’s sake only a selected subset of all available children-elements is indicated in this summary diagram.
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OME Core vs. 4DN-BINA-OME Basic Extension OME Core vs. 4DN-BINA-OME Basic Extension
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Supplemental Figure 2: Entity-Relationship diagram representing the BASIC 4DN-BINA extension of the OME Data Model. This is an Entity-Relationship
diagrammatic representation of the BASIC EXTENSION (grey boxes) of the OME Core Data Model (blue/red boxes) proposed by 4DN and BINA (1-3).
Downloadable version of this schema is available online (7,69). The Entity-Relationship formalism can be utilized to model information about a real-world
situation or actual objects (in this case a microscope INSTRUMENT and an IMAGE acquired using that Instrument) by using three types of model elements: 1)
Entities, represented by Boxes; 2) Relationships, represented by blue lines connecting boxes; and 3) Attributes, represented by fields within boxes. When
describing a real-life situation or an object, entities can be thought of as nouns that represent the items that we want to collect information about. At the same time
relationships are analogous to verbs and represent actions/states/occurrences that connect Entities with each other. Finally, attributes correspond to adjectives and
they describe the actual information (in our case metadata) about each Entity we want to collect. To interpret the schema please start from either the
<INSTRUMENT> or <IMAGE> elements of the Microscope Hardware Specifications and Image Acquisition Settings sections of the diagram, respectively. Then
follow the blue lines to the connected boxes and think something like, an Instrument has a Microscope Body, might rest on a Microscope Table, utilizes a Light
Source and magnifies the sample using an Objective. Alternatively, an Image was produced as part of a specific Experiment, was collected in a specific Imaging
Environment using specific Microscope Settings and has four Channels. Black dashed arrows symbolize an inheritance relationship like what would connect a
hypothetical "Feline" parent element with a "Cat" child element. In this example, while the "Cat" element represents a "concrete" entity that exists in the real
world, the "Feline" element represents an "abstract" category that is only useful for categorization purposes. In a similar manner, these arrows connect concrete
elements that represent actual microscope hardware components, with their Abstract Parent Elements (APE), which are useful for making the model less repetitive
and more efficient to read by software tools. These arrows should be read as follows, a "Laser" IS-A "LightSource". Grey dashed edges signify "Extends" and they
should be read as follows: "Objective" extends "ManufacturerSpecs". Units were omitted from this diagram for simplicity. However, they are essential for
reproducibility and they are included in the model and in all its formal representations. Attributes listed after the --- separator have been added to the OME Core as
part of the proposed revision. Attributes listed in parenthesis and after the .... separator have been removed as part of the proposed extension. Abbreviations: APE,
Abstract Parent Entity (see explanation above).
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(blue/red boxes) along side a proposed OME BASIC EXTENSION (grey boxes) developed by members of the Imaging
Working Group of the 4D Nucleome network (https://www.4dnucleome.org) and by members of the BINA Quality
Control and Data Management Working Group (https://www.bioimagingna.org/qc-dm-wg).

Cutoff
WavelenghtProfieflie | |Black dashed arrows, these arrows simbolize an inheritance relationship similar to what would connect
a hypothetical "Feline" parent element with a "Cat” child element. In this example, while the "Cat"
element represents a "concrete” entity that exist in the real-world, the “Feline" element represents an
“abstract” category that is only useful for categorization pruposes. In a similar manner, these arrows
connect concrete elements that actual mi hardware with their Abstract
Parent Elements (APE), which are utilized for making the model less repetitive and more efficient to
read by software tools. These arrows should be read as follows, a "Laser” IS-A "LightSource”.

The Entity-Relationship formalism can be utilized to model information about a real-world situation or an actual object
(in this casea Microscope INSTRUMENT and an IMAGE acquired using that Instrument) by using three types of model
element:

1 ENTITIES. represented by Boxes;

2) RELATIONSHIPS, represented by blue lines connecting boxes; and

3) ATTRIBUTES, represented by fields within boxes

Dashed grey edges, these edges signify "Extends" and they should be read as follows: “Objective
extends "ManufacturerSpecs”. In this example, the concept of extension indicates that Objective is of
type "ManufacturerSpecs” but it has additional attributes that are unique to it and distinguishes from
other elements.

-AnnotationRef, This element always refers to a Comment/Annotation element as described for
Channel. However for simplicity most Comment/Annotation elements have been omitted and the
AnnotationRef has been inserted in the referring element as an attributs

~[Sub-Element], For simplicity and when indicated Sub-Elements are Ilsled within the referring element
as an attribute.

~References, For simplicity and when indicated, Reference elements (e.g., ImageRef) are listed whithin
the referring element as attributes.

—~Units were omitted from this diagram for simplicity. However, they are essential for reproducibility and
they are included in the model and in all its formal representations.

-Attributes listed after the --- separator have been added to the OME Core as part of the proposed
revision.

-Attributes listed in parenthesis and after the ... separator have been removed as part of the proposed
extension.

~APE, Abstract Parent Entity (see explanation above).

\When describing a real-life situation or object:

1) ENTITIES correspond to NOUNS = the items we want to collect information about.

2) RELATIONSHIPS to VERBS = acti that connect Entities with each other

3) ATTRIBUTES correspond to ADJECTIVES = they describe the actual information (in our case metadata) that we want to
record about each Entity.

In order to interpret the schema please start either from the <INSTRUMENT> element for the Microscope Hardware
Specifications section of the diagram or from the <IMAGE> element of the Image Acquisition Settings sections.Then
follow the blue lines to the connected boxes and think something like:

1) An Instrument has a Microscope Body, might rest on a Microscope Table, utilizes a Light Source and magnifies the
sample using an Objective.

2) Alternatively, an Image was produced as part of a specific Experiment, was collected in a specific Imaging
Environment and using specific Microscope Settings and has four Channels.

For questions or please contact: caterina i edu

Supplemental Figure 3: Entity-Relationship diagram representing the ADVANCED & CONFOCAL 4DN-BINA extension of the OME Data Model. This
is an Entity-Relationship diagrammatic representation of the ADVANCED & CONFOCAL EXTENSION (grey boxes) of the OME Core Data Model (blue/red
boxes) proposed by 4DN and BINA (1-3). Downloadable version of this schema is available online (7,69). For more details, please see the legend for Supplemental
Figure 1.
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Black dashed arrows, these arrows simbolize an inheritance relationship similar to what would connect a ical "Feline”
parent element with a "Cat" child element. In this example, while the "Cat" element represents a "concrete” entity that exist in
the real-world, the “Feline" element represents an "abstract” category that is only uselul for categorization pruposes. In a
similar manner, these arrows connect concrete elements that actual hardware with their
Abstract Parent Elements (APE), which are utilized for making the model less repetitive and more efficient to read by software
tools. These arrows should be read as follows, a "Laser” IS-A "LightSource".

Dashed grey edges, these edges signify "Extends” and they should be read as follows: "Objective” extends
“ManufacturerSpecs". In this example, the concept of extension indicates that Objective is of type "ManufacturerSpecs” but it
has additional attributes that are unique to it and distinguishes from other elements.

-AnnotationRef, This element always refers to a Comment/Annotation element as described for Channel. However for
simplicity sake most Comment/Annotation elements have been omitted and the AnnotationRef has been inserted in the
referring element as an attribute.

~[Sub-Element], For simplicity and when indicated Sub-Elements are listed within the referring element as an attribute.
-References, For simplicity and when indicated, Reference elements (e.g., ImageRef) are listed whithin the referring element
as attributes.

~Units were omitted from this diagram for simplicity. However, they are essential for reproducibility and they are included
in the model and in all its formal representations.

-Attributes listed after the --- separator have been added to the OME Core as part of the proposed revision.

~Attributes listed in parenthesis and after the .... separator have been removed as part of the proposed extension.

-APE, Abstract Parent Entity (see above).

The Entity ism can be utilized to model information about a real-world situation or an actual object
(in this case a Mlcmsmpe INSTRUMENT and an IMAGE acquired using that Instrument) by using three types of model
elements:

1) ENTITIES, represented by Boxes;

2) RELATIONSHIPS, represented by blue lines connecting boxes; and

3) ATTRIBUTES, represented by fields within boxes

When describing a real-life situation or object:

1) ENTITIES correspond to NOUNS = the items we want to collect information about.

2) RELATIONSHIPS correspond to VERBS = actions/states/occurrences that connect Entities with each other

3) ATTRIBUTES correspond to ADJECTIVES = they describe the actual information (in our case metadata) that we want to
record about each Entity.

In order to interpret the schema please start either from the <INSTRUMENT> element for the Microscope Hardware
Specifications section of the diagram or from the <IMAGE> element of the Image Acquisition Settings sections.Then
follow the blue lines to the connected boxes and think something like:

1) An Instrument has a Microscope Body, might rest on a Microscope Table, utilizes a Light Source and magnifies the
sample using an Objective.

2) Alternatively, an Image was produced as part of a specific Experiment, was collected in a specific Imaging
Environment and using specific Microscope Settings and has four Channels.

For questions or please contact: caterina. i edu

Supplemental Figure 4: Entity-Relationship diagram representing the CALIBRATION & PERFORMANCE 4DN-BINA
Model. This is an Entity-Relationship diagrammatic representation of the CALIBRATION & PERFORMANCE EXTENSION (maroon boxes) of the OME Core
Data Model (blue/red boxes) proposed by 4DN and BINA (1-3). Downloadable version of this schema is available online (7,69). For more details, please see the

legend for Supplemental Figure 1.
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Supplemental Tables

Supplemental Table I

Supplemental Table I: Extended view of the Tiers for the reporting of Light Microscopy Metadata as proposed by the Imaging Standards Working Group of the
4D Nucleome initiative and by the Quality Control and Data Management Working Group of Bioimaging North America.
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Legend: Each tier accommodates increasingly complex images, experiments, instrumentation, and analytical needs and therefore requires progressively more metadata. This tiered system is not intended to meet the needs of all imaging
communities. Rather it is proposed as a framework that might need to be adapted and modified depending on the needs of individual data collection consortia, disciplines, or institutions.




