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Standard Guide for

Investigation/Study/Assay Tab-Delimited Format for
Nanotechnologies (ISA-TAB-Nano): Standard File Format for
the Submission and Exchange of Data on Nanomaterials

and Characterizations’

This standard is issued under the fixed designation E2909; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide (ISA-TAB-Nano) specifies the format for
representing and sharing information about nanomaterials,
small molecules and biological specimens along with their
assay characterization data (including metadata, and summary
data) using spreadsheet or TAB-delimited files.

1.2 The Appendices Sections contain a detailed listing of
ISA-TAB-Nano fields (Appendix X1), a practical example
(Appendix X2), a discussion of optional files (Appendix X3),
and summary of background (Appendix X4).

1.3 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ISA-TAB Format Specification:*
ISA-TAB Release Candidate 1.0 ISA-TAB 1.0

2.2 Assay Protocol Documents from NCL:*
NCL Method GTA-1 (Version 1.1) LLC-PK1 Kidney Cyto-
toxicity Assay

! This guide is under the jurisdiction of ASTM Committee E56 on Nanotech-
nology and is the direct responsibility of Subcommittee E56.01 on Informatics and
Terminology.

Current edition approved Feb. 1, 2013. Published April 2013. DOI: 10.1520/
E2909-13.

2 Available from ISAtools, http://isa-tools.org.

3 Available from Nanotechnology Characterization Laboratory (NCL), Frederick
National Laboratory for Cancer Research, SAIC-Frederick, Inc., P.O. Box B,
Frederick, MD 21702-1201, http://ncl.cancer.gov.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States

2.3 Reports from NCL:*

NCL200612A Dendrimer-Based MRI Contrast Agents, Pre-
pared for Dendritic Nanotechnologies, Inc. December
2006

3. Significance and Use

3.1 This guide is intended to facilitate the meaningful
submission and exchange of nanomaterial descriptions and
characterization data (metadata and summary data) along with
the other files (raw/derived data files, image files, protocol
documents, etc.) among individual researchers and to or from
nanotechnology resources. This guide also serves to empower
organizations to adopt standard methods for representing data
in nanotechnology publications; and to provide researchers
with guidelines for representing nanomaterials and character-
izations to achieve cross-material comparison. This guide
encourages standardization in the field of informatics, where
adherence ISA-TAB-Nano concepts nanotechnology to a
broader and established bioinformatics community.

3.2 The format of this guide is of a file structure that
contains four primary files—investigation, study, assay (ISA),
and material files.

3.2.1 In addition, raw or derived data files and any other
files (for example, image files, protocol documents) specific to
each assay can be shared along with the four primary ISA-
TAB-Nano files if the data files are referenced in the primary
ISA-TAB-Nano files. The specification does not provide for-
mat specification for files other than the four primary files:
investigation, study, assay, and material files. The ISA-TAB-
Nano investigation file is used for three purposes: (/) to record
all declarative information referenced in other files; (2) to

+ Available from Nanotechnology Characterization Laboratory (NCL), Frederick
National Laboratory for Cancer Research, SAIC-Frederick, Inc., PO. Box B,
Frederick, MD 21702-1201, http://ncl.cancer.gov. Download available from http://
ncl.cancer.gov/120406.pdf.
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relate assay files to study files; and (3) to group multiple study
files that are part of the same investigation. The ISA-TAB-
Nano study file is used to record information about the source,
sampling methodology, treatment, preparation, and character-
istics of the subjects (biospecimens) studied using one or more
assays under an investigation. The ISA-TAB-Nano assay file
records the assay protocol names, endpoint measurements and
references to image/data files; and the material file is used to
represent the composition and characteristics of nanoparticle
formulations and small molecules.

3.2.2 Use of Ontologies and Standard Terminologies in
ISA-TAB-Nano:

3.2.2.1 ISA-TAB-Nano provides fields for entering and
referencing terms selected from ontologies and standard termi-
nologies. The ontologies are available at BioPortal,” which is
maintained by the National Center for Biomedical Ontologies.
Though the investigator may use alternative ontology and
vocabulary sources, the ability to evaluate and share data
require that all parties have access to those being used (they
should be available to the investigators). All terms and fields
used in this guide utilize the NCI EVS and Nanoparticle
Ontology elements. The NanoParticle Ontology (NPO)® pro-
vides a subset of the terms and relationships for the description
and characterization of nanomaterials in the ISA-TAB-Nano
file format.

3.2.2.2 Distinction Between Biological and Non-Biological
Samples—In nanotechnology, samples from biological and
non-biological sources can be the primary subjects of a study.
Therefore, in ISA-TAB-Nano, samples derived from biological
sources are called biological specimens or biospecimens (for
example, cell line, body fluids, organs, etc.). Whereas, samples
derived from non-biological sources are simply called material
samples (for example, nanomaterials, nanoparticle
formulations, small molecules). For physico-chemical charac-
terizations of nanomaterials, the sample is the nanomaterial.
For in-vitro and in-vivo characterizations, the sample is the
biological specimen (cell line, animal, and so forth). Hence, in

3 Available from BioPortal, The National Center for Biomedical Ontology,
Stanford Biomedical Informatics Research, Medical School Office Building X-215,
1265 Welch Road, Stanford, CA 94305-5479, http://www.bioontology.org.

¢ Thomas, D.G., Pappu, R.V., and Baker, N.A., “Nanoparticle Ontology for
Cancer Nanotechnology Research,” Journal of Biomedical Informatics, Vol 44, No.
1, 2011, pp. 59-74, http://www.nano-ontology.org.

ISA-TAB-Nano, the concept of a sample is defined to include
both biological specimens and material samples. The ISA-
TAB-Nano study file can only be used to record the source and
characteristics of biospecimens studied in an assay and cannot
support the representation of materials. Therefore, in ISA-
TAB-Nano, the material file is used to describe material
samples, while the study file is used to describe biospecimens.

3.2.2.3 ISA-TAB-Nano File Names—ISA-TAB-Nano file
names may end in either .txt or .xls extensions. The ISA-TAB-
Nano files used as examples in this document were prepared in
excel spreadsheets, and so their filenames have the .xls
extension.

4. ISA-TAB-Nano Release Candidate 1.0 Files and Struc-
ture

4.1 ISA-TAB-Nano File Structure:

4.1.1 ISA-TAB-Nano uses four primary files— investigation
file, study file, assay file and material file (Fig. 1). Other files
such as raw/derived data files, image files, protocol documents,
etc., referenced in the ISA-TAB-Nano files have to be shared
along with the ISA-TAB-Nano files.

4.1.2 When sharing primary ISA-TAB-Nano files, other
files referenced in these files have to be shared along with the
primary files.

4.2 ISA-TAB-Nano File Development Process:

4.2.1 InFig. 2, the ISA-TAB-Nano file development process
is described. Typically, the investigation file is developed first
and describes the overall investigation, associated studies and
assays. The investigation file is a text file with a naming
convention of “i_xxx.txt” or “i_xxx.xlIs,” in which xxx can be
any name provided by the investigator. Once the investigation
file has been completed, one or more study files (following the
convention “s_xxx.txt” or ‘“s_xxx.xIs”) can be created.
Similarly, one or more material files can be created. The
material file describes the nanomaterial (or small molecule)
and its components including structural information and fol-
lows the naming convention “m_xxx.txt” or “m_xxx.xls”.
Assay files (following the convention “a_xxx.txt” or “a_
xxx.xls”) are created for all assays performed. Each assay is
defined by the endpoint measured and the technique used to
measure that endpoint. Data files (raw or derived) specific to
each type of assay can be associated to the respective assay
files by referencing the names of the data files in the assay files.

FIG. 1 ISA-TAB-Nano File Structure
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FIG. 2 ISA-TAB-Nano File Development Process

4.3 Once the ISA-TAB-Nano files have been created, the
files can be validated and submitted into nanotechnology
resources that support the ISA-TAB-Nano specification.

4.4 ISA-TAB-Nano File Descriptions
4.4.1 Investigation File:
4.4.1.1 Description:

(1) The ISA-TAB-Nano investigation allows for the de-
scription of the primary investigation and associated studies
including assays and protocols. An investigation can have one
or more studies. For example, an investigation titled
“Dendrimer-Based MRI Contrast Agents” may have two stud-
ies titled as “Characterizing the Size of Dendrimer based MRI
Contrast Agents” and “Determining the cytotoxicity property
of Dendrimer based MRI Contrast Agents in porcine proximal
tubule cells.” Each study can have one or more assays
depending on the endpoint measured and the technique used.
For example, a cytotoxicity study may be conducted using an
MTT assay and a LDH release assay. A size characterization
study can include two types of assays based on the technique
used — one using DLS and the other using AFM.

(2) The ISA-TAB-Nano guide provides flexibility in rep-
resenting the level of granularity in information associated with
a study; however, the level of granularity should factor in the
effective representation of assays and protocols in conformance
with the specification. For example, a study focusing on “Size
Characterizations” will have multiple size measurements (for
example, Z-average size, hydrodynamic size) and may involve
the use of multiple techniques (for example, size by DLS, size
by AFM). These can be represented effectively in the ISA-
TAB-Nano file structure.

(3) The investigation file provides descriptive information
about studies including design descriptors, publications,
factors, assays, protocols, and contacts. This descriptive infor-
mation lays the foundation for other ISA-TAB-Nano files. For
example, Table 1 shows a subset of the Investigation File,
which is the study factors section of the investigation file. This
section provides the names of factors (for example,
temperature, solvent medium) used in the study and their
associated units of measurement (if the factors are quantita-
tive). The values of these factors (for example, PBS, 25
Celsius) are specified either in the study or the assay file.

Full document details: ASTM E2909-13

TABLE 1 Example Subset of the Investigation File Format

A B C
STUDY FACTORS
Study Factor Name

temperature solvent medium

Term Accession PATO_0000146 NPO_1855
Number

Term Source REF PATO NPO
Study Factor Type condition condition

Term Accession
Number
Term Source REF

4.4.1.2 File Format—The ISA-TAB-Nano investigation file
is a vertical-based spreadsheet format with row headers in the
first column, as shown in Table 1. The fields are divided into
sections, therefore, the field values in the investigation file are
entered in column order. For instance, in Table 1, Column A
indicates the field names and Columns B and C contain the
field values.

4.4.2 Study File:

4.42.1 Description—The ISA-TAB-Nano study file pro-
vides a mapping between the samples (biospecimens and
material samples) and processing events (occurs whenever a
protocol is applied) associated with a study. It is also used to
provide values for the parameters and factors associated with
an assay of the sample. In ISA-TAB-Nano, factors can be
either entered in the study file or in the assay file. For
physico-chemical characterizations of nanomaterials, the
sample is the nanomaterial. For in-vitro and in-vivo
characterizations, the sample is the biological specimen (cell

TABLE 2 Extensions and Constraints Applied to the ISA-TAB
Investigation File in Support of ISA-TAB-Nano

Section Field Change (;Iglspﬁégm:)

INVESTIGATION  Investigation Addition Optional
disease

INVESTIGATION Investigation Addition Optional
outcome

STUDY Study disease Addition Optional

STUDY Study outcome Addition Optional

STUDY ASSAYS  Study assay Addition Optional

measurement

name E I
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line, animal, and so forth). The nanomaterial applied to a
biospecimen in an in-vitro or in-vivo assay is considered as a
study factor along with other factors that vary in the experi-
ment (for example, dose). The study file is required as it
functions as the primary mapping file between the samples and
the assay. For studies involving nanomaterials (also applies to
small molecules), the material file allows for a detailed
description of the composition and characteristics of the
nanomaterial, and the ISA-TAB-Nano material file name is
referenced as a qualifier for the source sample (nanomaterial)
in the study file.

4.42.2 File Format—The ISA-TAB-Nano study file is a
horizontal-based spreadsheet format with column headers in
the first row. An example subset of this format is provided in
Table 3. Please note, the concept specified within the bracket [
]” is a variable depending on the type of sample.

4.4.3 Material File:

4.4.3.1 Description:

(1) The material file describes the composition of the
material formulation. The material file is an important file that
is designed to allow for nanomaterial comparison across
nanotechnology resources.

(2) An investigation typically involves the preparation of
multiple materials that are tested. These materials could be of
the same chemical composition (same type and amount of
chemical components in the sample) or different chemical
compositions. Materials having the same chemical composi-
tion should be described using one material file. Materials of
different chemical composition should be described separately
using multiple materials files.

4.4.3.2 File Format—The material file format leverages a
horizontal-based spreadsheet format with rows representing
multiple values. Table 4 shows an example subset of the
material file.

444 Assay File:

TABLE 4 Example Subset of the Material File Format

A B C D E
Material . .
Material Manufacturer ) L Material
Source Material Description )
o Name Lot ID Synthesis
Identifier
NCL-22-1 g45_coona_ G4.5 COONa
dendrimer terminated PAMAM
dendrimer
NCL-23-1 g45_coona_ G4.5 COONa
dendrimer_ terminated PAMAM
magnevist_ dendrimer-Magnevist*
complex complex
NCL-24-1 magnevist gadolinium based

image contrast agent

A Magnevist is a registered trademark by Berlex Laboratories, Inc.,

http://www.berlex.com.

4.4.4.1 Description—The assay file provides references to
assay results including measurements, raw data files, derived
data files, image files, and other file types. There can be

multiple assay files per study.

4.4.4.2 File Format—The ISA-TAB-Nano assay file is a
horizontal-based spreadsheet format with column headers and
row values. An example subset of this format is provided in
Table 5. Concepts specified within the bracket “[ 17 are
variables depending on the type of assay. Please note, ISA-
TAB-Nano allows the entry of summary data in the assay files
through an optional field called Measurement Value, as de-

scribed in Table 6.

5. Keywords

5.1 data sharing; ISA-TAB-Nano; nanomedicine; nanotech-

nology; ontologies

TABLE 5 Example Subset of the Assay File Format

TABLE 3 Example Subset of the Study File Format A B ¢ D E
A 5 C Measurement
Y Sample Assay Name Value ’ Statistic Unit
) Characteristics [cell Name [Hydrodynamic
Source Name Material Type .
type] Diameter]
LLC-PK1 biospecimen porcine proximal NCL-20-1 size by DLS 5.2 z-average Nm
tubule cells assay
LLC-PK1 biospecimen porcine proximal NCL-20-2 size by DLS 8.6 z-average Nm
tubule cells assay

Full document details: ASTM E2909-13
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TABLE 6 Extensions and Constraints Applied to the ISA-TAB
Assay File in Support of ISA-TAB-Nano

Field Change

Description

Field
Status
(if
applicable)

Measurement  Addition

Value [ ]

The measurement value is leveraged
to capture derived data values

Optional

associated with each assay. In ISA-
TAB, this is typically represented in a
raw or derived data file; however, in
assays in which there are only a few
measurements (for example,
Z-average size), it is useful to display
the factors along with the
measurements, and the measurement
value field is leveraged.

Statistic Addition

The ISA-TAB format allows for the

Optional

specification of units (for example, mg/
mL) but not a statistic (for example,
mean, SD, and so forth).

APPENDIXES

(Nonmandatory Information)

X1. ISA-TAB-NANO DETAILED STRUCTURE

X1.1 The following sections provide a detailed overview of
the structure of each ISA-TAB-Nano file along with example
data and recommendations for use of concepts in the field of
nanotechnology and nanomedicine.

X1.2 Appendix X1 of this guide provides a set of ISA-TAB-
Nano files leveraging data from NCL as an example
(NCL200612A).

X1.3 Investigation File

X1.3.1 The field names in an investigation file are organized
vertically in the first column. These fields are divided into the
following eleven sections as defined by ISA-TAB. These
sections are:

Ontology Source Reference (X1.3.2)
Investigation (X1.3.3)
Investigation Contacts (X1.3.4)
Investigation Publication (X1.3.5)
Study (X1.3.6)

Study Design Descriptors (X1.3.7)

Study Contacts (X1.3.8)

Study Publications (X1.3.9)

Study Assays (X1.3.10)

Study Factors (X1.3.11)

Study Protocols (X1.3.12)

X1.3.2 Ontology Source Reference:

X1.3.2.1 This section is used to define the vocabulary
source from which a term is selected and referenced in the
ISA-TAB-Nano files. Table X1.1 shows an example of the
Ontology Source Reference Section along with example data.

X1.3.2.2 The Ontology Source Reference Section uses four
concepts. These concepts are all taken from ISA-TAB and are
described below:

(1) Term Source Name—The name of the source from
where a term is selected and referenced in the ISA-TAB-Nano

Full document details: ASTM E2909-13

TABLE X1.2 Example Ontology Source Reference Section

A B C
Ontology Source Reference
Term Source Name MO NPO
Term Source File http:// http://
purl.bioontology.org/ purl.bioontology.org/
ontology/MO ontology/npo
Term Source Version v. 1.3.1.1 v. 2011-02-12

Term Source
Description

MGED Ontology NanoParticle Ontology

files. The source could be an ontology or a controlled vocabu-
lary. The source name is the full name or the acronym of the
ontology/controlled vocabulary. This is a required field if the
term source name is referenced in any of the ISA-TAB-Nano
files.

(2) Term Source File—A file name or a URI of the source
named in the ferm source name field.

(3) Term Source Version—Version number of the vocabu-
lary source file. This is a required field if the field for ferm
source file has a value.

(4) Term Source Description—Text description to disam-
biguate resources when homologous acronyms are used.

X1.3.3 Investigation:

X1.3.3.1 This section is used to describe an investigation.
An example of the Investigation Section is in Table X1.2 along
with example data.

X1.3.3.2 The Investigation Section uses nine concepts.
These concepts are taken from ISA-TAB unless otherwise
noted and are described below:

(1) Investigation Identifier—A locally unique identifier or
an accession number provided. by.a re;ﬁﬁﬂuments

Document Sharing Hub


http://www.avadocuments.com/doc/astm-e2909-13
http://www.avadocuments.com/doc/astm-e2909-13

Ay E2909 - 13

TABLE X1.3 Example Investigation Section

TABLE X1.4 Example Investigation Contacts Section

A B

A B

Investigation

Investigation Contacts

Investigation Identifier NCL200612A
Investigation Title Dendrimer-Based MRI Contrast
Agents

Investigation Description The goal of this investigation is to
characterize a PAMAM dendrimer
with an associated gadolinium
chelate MRI contrast agent.
Investigation Disease

Term Accession Number

Term Source REF

Investigation Outcome
Investigation Submission Date
Investigation Public Release Date

2002-11-30
2002-11-30

(2) Investigation Title—A concise phrase used as a title for
the investigation.

(3) Investigation Description—A textual description of the
investigation.

(4) Investigation Disease—Disease(s) that are the subject
of an investigation, if applicable. This concept is introduced in
ISA-TAB-Nano to identify the disease(s) related to the subject
of the investigation.

(5) Term Accession Number—Identification number of a
term selected from an ontology or a controlled vocabulary, if
the term is entered as a value for investigation disease.

(6) Term Source REF—The name which identifies the
source from where the term for investigation disease is
selected. This name should match one of the names entered in
the term source name field.

(7) Investigation Outcome—A textual description of the
outcome(s) of an investigation. This concept is introduced in
ISA-TAB-Nano to provide a brief summary or conclusion of an
investigation.

(8) Investigation Submission Date—The date on which the
investigation was reported to a repository (format: YYYY-
MM-DD).

(9) Investigation Public Release Date—The date on which
the investigation is publicly released or published (format:
YYYY-MM-DD).

X1.3.4 Investigation Contacts:

X1.3.4.1 The Investigation Contacts Section allows for the
identification of the point(s) of contact for an investigation. An
example of the Investigation Contacts Section of the spread-
sheet is in Table X1.3 along with example data.

X1.3.4.2 There are eleven concepts used as field names in
the Investigation Contacts Section. These concepts are all
taken from ISA-TAB and are described below:

(1) Investigation Person Last Name—The last name of a
person who is the point of contact for the investigation.

(2) Investigation Person First Name—The first name of a
person who is the point of contact for the investigation.

(3) Investigation Person Middle Initials—The middle ini-
tial(s) of a person who is the point of contact for the
investigation.

(4) Investigation Person Email—The email address of a
person who is the point of contact for the investigation.

Full document details: ASTM E2909-13

Investigation Person Last Name McNeil
Investigation Person First Name Scott
Investigation Person Middle E

Initials

Investigation Person Email
Investigation Person Telephone
Investigation Person Fax
Investigation Person Address

mcneils @mail.nih.gov

+1 301-846-6939

+1 610-832-9599

MSC 1050 Boyles Street,
Frederick, MD 21702

Investigation Person Affiliation Nanotechnology Characterization

Laboratory
Investigation Person Role investigator
Term Accession Number
Term Source REF MO

(5) Investigation Person Telephone—The telephone num-
ber of a person who is the point of contact for the investigation.

(6) Investigation Person Fax—The fax number of a person
who is the point of contact for the investigation.

(7) Investigation Person Address—The mailing address of
a person who is the point of contact for the investigation.

(8) Investigation Person Affiliation—The name of the or-
ganization to which the point of contact belongs.

(9) Investigation Person Role—The term which classifies
the role(s) performed by person who is the point of contact for
the investigation.

(10) Term Accession Number—Identification number of a
term selected from an ontology or a controlled vocabulary, if
the term is entered as a value for investigation person role.

(11) Term Source REF—Name of the ontology or con-
trolled vocabulary from which a term is selected and entered as
a value for investigation person role.

X1.3.5 Investigation Publication:

X1.3.5.1 The Investigation Publication Section allows for
the identification of articles (published) associated with the
investigation. Table X 1.4 shows an example of the Investiga-
tion Publication Section along with example data.

X1.3.5.2 There are seven concepts used in the Investigation
Publication Section. These concepts are taken from ISA-TAB
and are described below:

(1) Investigation PubMed ID—A Digital Object Identifier
(DOI) of the publication associated with the investigation.

(2) Investigation Publication DOI—A semicolon-delimited
(";") list of authors of a publication associated with the
investigation.

TABLE X1.5 Example Investigation Publications Section
A B
Investigation Publication

Investigation PubMed ID 18095846

Investigation Publication DOI 10.2217/17435889.2.6.789

Investigation Publication Author Hall JB; Dobrovolskaia MA; Patri

List AK; McNeil SE

Investigation Publication Title Characterization of nanoparticles
for therapeutics

Investigation Publication Status published

Term Accession Number

Term Source REF E l
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