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A SIFT file is used to enter information about a scientific study for deposition into the National Toxicology Program (NTP) database CEBS.  The SIFT file allows the description of the study design, participant characteristics, protocols and applications, and the in-life observations and data from specimens for deposition into CEBS.  

The SIFT format uses a controlled vocabulary to ensure that study data are stored in CEBS in a way that permits accurate display.  SIFT is flexible; meaning that if a term is missing for information in your study, you can add it by defining a new term and supplying the information.  Additionally, the order of terms in a SIFT file is relatively unconstrained.

The SIFT format is closely related to the SOFT format used by the GEO repository at NCBI.  The idea behind SIFT is twofold:  (1) to make it possible to easily annotate existing data without the need to rearrange or reformat it; and (2) to permit the user to deposit protocol parameters and timeline information so that these data can be used in queries.

There are five punctuation marks in SIFT, ^, !, #, $, = and square brackets [].

^ indicates a section.  Sections in SIFT include STUDY, GROUP, SUBJECT, PROTOCOL, TIMELINE and ASSAY.

Each section can hold a number of attributes relevant to the section, for example, the STUDY section can have attributes such as “START_DATE” and “DURATION”.

! indicates an attribute of a section with only one value

# indicates an attribute of a section with one or more values

$ indicates the header of a list of attribute values

= is used for attributes with a single value, for defining new terms in SIFT, and for sections with possible subtypes.

Square brackets are used to add a second related value to an attribute.  An example would be a comment field or a standard deviation.

SIFT SECTIONS AND ATTRIBUTES
SIFT files have the following sections: STUDY, GROUP, SUBJECT, PROTOCOLS (CARE, STRESSOR_PROTOCOL, DISPOSITION, PREPARATION, and OBSERVATION), PHASE, TIMELINE, ASSAYS  and sections related to assays requiring sample preparation, e.g. EXTRACT_PREP and MICROARRAY_PROTOCOL. The section ASSAYS includes all the study data, including in-life observations, histopathology, clinical chemistry, hematology, urinalysis, organ weight, gross observations.

The SIFT format uses a carat “^” to mark each section.  Each section contains attributes specific to that section.  The attributes for section are then listed; if they are from the current CEBS controlled vocabulary no definition is required.  Following the attributes, the attribute values are given. 

For example, in the ^STUDY section, two attributes are DURATION and DURATION_UNIT, and the values could be 13 and day respectively.  The SIFT format would look like the following:

^STUDY

!DURATION=13

!DURATION_UNIT=day

If the user wishes to define a new attribute the format is 

#NEW_ATTR=Definition of new ATTR

The order of the attributes within the section is not important.

Attributes for which there are data should be included.  Listing attributes that have no values is  not necessary, but if included in the SIFT file will appear in the output with no data.

STUDY SECTION
The SIFT file must begin with the STUDY section.

Current attributes available for the ^STUDY section are provided in the attached xml file.  Select the file relevant to the study you are describing.  Required fields in the STUDY section include Study title, Study start date, Subject Type, Stressor Type, Study Design, Time Type, PI and Institution.

The SUBJECT_TYPE will be LAB_ANIMAL in the case of a study of lab animals. 

Options for STRESSOR_TYPE are Chemical, Genetic, Environmental, Physical, Biologic, None.  

The TIME_TYPE describes the mechanism of recording time during the study.  Options include STUDY time (in the case where the study day is recorded rather than the calendar day), CLOCK time (for studies where only the clock or calendar time is recorded) or NONE (for observational studies).  

Study Design uses controlled vocabulary, including Parallel, Latin Square, Factorial, and Crossover.

STUDY_VARIABLES is an important attribute in perturbational and some observational studies.  The main variables are often DOSE and TIME.  The format for this variable is:

!STUDY_VARIABLES=Dose|Time

For legacy reasons we use a pipe sign “|” as the list delimiter.  The terms used will be displayed in a list visible to other users and are searchable.

GROUP and SUBJECT SECTIONS
The GROUP section is used to describe the levels of the study variables as well as any characteristic shared by all subjects in the group.  If one study variable is dose, and the subjects are Fischer rats, then the group section may look like the following: 

^GROUP

#GROUP_NAME

#DOSE
#DOSE_UNIT

#GENUS
#SPECIES

#STRAIN

	$GROUP_NAME
	$DOSE
	$DOSE_UNIT
	$GENUS
	$SPECIES
	$STRAIN

	0_apap
	0
	mg/kg
	Rattus
	norvegicus
	Fischer 344

	10_apap
	10
	mg/kg
	Rattus
	norvegicus
	Fischer 344

	100_apap
	100
	mg/kg
	Rattus
	norvegicus
	Fischer 344


In this case each attribute has one or more value, and so the format changes from a list to a table.  To indicate this, the attributes (now column headers) are listed first using a “#” to indicate that they have one or more value, and then in the table with a $ sign to indicate that they are repeated.  It is not necessary to include the $ with the header name in the row of headers; the loader does not need it. The $ is included for the convenience of the user to more easily see the attributes in the text file.

Required fields for GROUP include IS_CONTROL_GROUP (T for groups to be used as comparator) and COMPARATOR_NAME (name of the group that the depositor uses for comparison)

The ^SUBJECT section is used to define subject-specific characteristics such as age or weight, and to assign the subjects to a group.  The Subject must be assigned to a group if the GROUP section is used.

Participant attributes can be used in either ^GROUP or ^SUBJECT section.  Generally attributes common to all subjects in a group are listed at the group level.

The required attributes for a lab animal are genus, species, strain, supplier, sex.  While other attributes are optional, the more information supplied, the more easily the study data can be queried in CEBS.

It is possible for a set of groups to belong to a super group.  This is indicated by listing

the supergroup name (with attribute IS_SUPERGROUP = T) and then referring to this supergroup when each member group is defined.  This is very similar to the reference group syntax.  

PROTOCOL SECTIONS
Protocols are divided first into those which occur during the study timeline and those which do not.  Examples of study timeline protocols are animal husbandry, euthanasia, in-life observations, body weight and food consumption.  Examples of protocols not restricted to the study timeline are assay protocols histopathology, gross observations, and organ weights.  

Timeline protocols come in five classes:  CARE, STRESSOR, OBSERVATION, PREPARATION and DISPOSITION.  Non-timeline protocols will be discussed in the ASSAY section.

Protocol sections are restricted based on the SUBJECT_TYPE or STRESSOR_TYPE.

In the case of a chemical stressor applied to a lab animal, the protocols needed are:

^CARE=HUSBANDRY_PROTOCOL

^DISPOSITION=EUTHANASIA_PROTOCOL

^STRESSOR_PROTOCOL=CHEM_STRESSOR_PROTOCOL

^PREPARATION=LAB_ANIMAL_PREPARATION_PROTOCOL

^OBSERVATION=IN_LIFE_OBSERVATION_PROTOCOL

^OBSERVATION=GROSS_OBS_PROTOCOL

Each protocol type has a specific set of attributes to describe protocol parameters such as feed type (CARE_PROTOCOL), anesthetic use (DISPOSITION_PROTOCOL), dose level, route of administration, (STRESSOR_PROTOCOL), temperature (SPECIMEN_PREPARATION), were the subjects disturbed for the observation (IN_LIFE_OBSERVATION_PROTOCOL) and organ name (GROSS_OBS_PROTOCOL).

TIMELINE SECTION

The timeline allows the user to link events with protocols being applied and the group to which the protocol is applied.  This permits the CEBS user to understand at a glance the study design and execution.  At its most basic, the TIMELINE section has four columns:  GROUP_NAME, PROTOCOL_NAME, STUDY_TIME and STUDY_TIME_UNIT.

It is possible for the user to define PHASES within the study timeline.  This is especially useful if the user uses different timescales for dosing and recovery, as an example.  To describe phases, the user adds a ^PHASE section, and lists the phase, the order and the duration (and duration unit).  If a PHASE section is added, then the user must add the phase name to the TIMELINE, and give TIME_IN_PHASE and TIME_IN_PHASE_UNIT in place of STUDY_TIME.

A given group can be the target of more than one stressor protocol if the study uses defined mixtures of stressors, or combination of stressors from different types (e.g. a genetic knockout and a chemical stressor).

ASSAY SECTION
All data derived during a study or from study specimens is reported in an assay section.  The format is more complex than other sections, since the ASSAY protocol and ASSAY data are both reported within the section.  The most basic information required for an assay protocol is the units used by the depositor.  The software, hardware, protocol calculations, etc. may also be described using SIFT.

Assays are assigned to domains for ease of searching and viewing.  Assay domains used in SIFT are:  CLINICAL CHEMISTRY, HEMATOLOGY, URINALYSIS, HISTOPATHOLOGY, IN_LIFE_OBSERVATIONS, GROSS_OBS, and others.  Each domain will have a number of associated assays.

The assay data has to be linked to the subject that produced it, as well as the time in the study that the specimen was taken or the in-life observation made.  This is done in the data portion of each ASSAY section.

Following the definition of each assay in the first portion of the ASSAY section, the assay names are re-used as column headers in the data portion.  Thus for clinical chemistry, one would first define the assay units used, then list the assay names in the order in which they are listed in the data, and then append the data.  An example of a clinical chemistry assay definition and data is provided.

Each assay domain is formatted as follows (assay definition then assay data):

^ASSAY=CLINICAL_CHEMISTRY

#ASSAY_DISPLAY_NAME

#DEPOSITOR_UNIT

#OTHER_ATTR

	$ASSAY_DISPLAY_NAME
	$DEPOSITOR_UNIT
	$OTHER_ATTR

	Alanine aminotransferase
	U/L
	Xxxxx

	Sorbitol dehydrogenase
	U/L
	Xxxxx


#PARTICIPANT_DISPLAY_NAME

#STUDY_TIME

#STUDY_TIME_UNIT

#PROTOCOL_NAME

#Alanine aminotransferase

#Sorbitol dehydrogenase

	$PARTICIPANT

DISPLAY NAME
	$STUDY TIME
	$STUDY TIME_UNIT
	$PROTOCOL

NAME
	$Alanine aminotransferase
	$Sorbitol dehydrogenase

	Rat1
	6
	Hour
	Blood collection
	100
	4

	Rat2
	24
	hour
	Blood collection
	250
	5


The first four columns define the “assay input”, an in-silico description of each specimen.  A specimen is collected by means of a specific specimen-preparation protocol, applied to a given subject, often at a defined time within the study.  All three bits of information define the assay input.

Another example, in life observations:

In this example, the study timeline has two in life observation protocols:  Clinical observations and Body weight.  It is important to align the data with the correct protocol, since the subjects were disturbed in one and not the other.  This example shows what having both assay results in one section; it is also permissible to separate them into two sections called ^ASSAY=IN_LIFE_OBSERVATIONS.

^ASSAY=IN_LIFE_OBSERVATIONS

#ASSAY_DISPLAY_NAME

#DEPOSITOR_UNIT

	$ASSAY_DISPLAY_NAME
	$DEPOSITOR_UNIT

	Behavior
	

	Daily_body_weight
	g


#PARTICIPANT_DISPLAY_NAME

#STUDY_TIME

#STUDY_TIME_UNIT

#PROTOCOL_NAME

#Daily_body_weight [weights made during the application of the Body weight protocol]

#Behavior [observations made during the Clinical observations protocol]

	$PARTICIPANT

DISPLAY NAME
	$STUDY TIME
	$STUDY TIME_UNIT
	$PROTOCOL

NAME
	$Daily_ body_weight
	$Behavior

	Rat1
	1
	Day
	Clinical observations
	
	Normal

	Rat2
	1
	Day
	Clinical observations
	
	Lethargic

	Rat1
	1
	Day
	Body weight
	219
	

	Rat2
	1
	Day
	Body weight
	221
	


If the PHASE section is used then the assay time becomes $TIME_IN_PHASE, $TIME_IN_PHASE_UNIT, and must include $PHASE_NAME

HISTOPATHOLOGY DATA

Histopathology data are characterized by a number of modifying adjectives, for example cell type, distribution, etc.  The SIFT format can recognize a number of these, including ORGAN, ORGAN_SECTION, SUB_TOPOGRAPHY, and CELLS.  Others can be included using a Qualifier / Qualifier value format.

SIFT marks these qualifiers to the original observation using square brackets.  An example of Histopathology data is shown below:

^ASSAY=HISTOPATHOLOGICAL_OBSERVATIONS

#PARTICIPANT_DISPLAY_NAME

#STUDY_TIME

#STUDY_TIME_UNIT

#PROTOCOL_NAME

#HISTOPATHOLOGICAL_OBSERVATIONS

#HISTOPATHOLOGICAL_OBSERVATIONS[ORGAN]
#HISTOPATHOLOGICAL_OBSERVATIONS[ORGAN_PART]
#HISTOPATHOLOGICAL_OBSERVATIONS[SUB_TOPOGRAPHY]
#HISTOPATHOLOGICAL_OBSERVATIONS[SEVERITY]
#HISTOPATHOLOGICAL_OBSERVATIONS[SEVERITY_SCALE]
#HISTOPATHOLOGICAL_OBSERVATIONS[CELLS]
#HISTOPATHOLOGICAL_OBSERVATIONS[IS_NORMAL]
#HISTOPATHOLOGICAL_OBSERVATIONS[QUALIFIER]
#HISTOPATHOLOGICAL_OBSERVATIONS[QUALIFIER_VALUE]
For readability I have turned the SIFT table on its side and used abbreviations

	$PARTICIPANT_NAME
	1
	2
	3

	$STUDY_TIME
	6
	24
	24

	$STUDY_TIME_UNIT
	hour
	Hour
	Hour

	$PROTOCOL_NAME
	Liver harvest
	Liver harvest
	Liver harvest

	$H_O
	NORMAL 
	Infiltration Cellular Mononuclear Cl, Minimal
	Centrilobular, Hepatocyte  Necrosis  Moderate  

	$H_O[ORGAN]
	Liver
	Liver
	Liver

	$H_O[ORGAN_PART]
	Left lobe
	Left lobe
	Left lobe

	$H_O[SUB_TOPOGRAPHY]
	
	
	Centrilobular

	$H_O[SEVERITY]
	
	Minimal
	Moderate

	$H_O[SEVERITY_SCALE]
	
	1 to 5
	1 to 5

	$H_O[CELLS]
	
	Mononuclear cells
	Hepatocyte

	$H_O[IS_NORMAL]
	T
	
	

	$H_O[QUALIFIER]
	
	
	Distribution

	$H_O[QUALIFIER_VALUE]
	
	
	Multifocal


MICROARRAY DATA

A number of assay types have specimen preparation steps with related protocol information and intermediate sample pooling / splitting steps.  Microarray experiments are a good example of this.  Microarray experiments can be divided into an extract step, a labeling step, a hybridization step and a scan step.  The extract and labeling steps can also apply to proteomics data, enzymology data, PCR, etc, so SIFT contains a section EXTRACT_PREP with subclasses for the protocols from these various applications.  For microarray data, the two extract_prep sections are:

^EXTRACT_PREP=RNA_PREP_PROTOCOL

^EXTRACT_PREP=LABELED_RNA_PROTOCOL
MIAME-checklist details are included in these sections.

The microarray-specific sections in SIFT are:

^MICROARRAY_PROTOCOL=HYB_PROTOCOL

^MICROARRAY_PROTOCOL=SCAN_PROTOCOL


With the above protocol sections defined one can set up the 

^ASSAY=MICROARRAY section.  SIFT has adopted MAGE Tab format for this section.

This section generally has the following components:

^ASSAY=MICROARRAY

#PARTICIPANT_DISPLAY_NAME

#STUDY_TIME

#STUDY_TIME_UNIT

#PROTOCOL_NAME

#EXTRACT_NAME

#LABELLED_EXTRACT_NAME

#HYBRIDIZATION_NAME

#EXTRACT_PROTOCOL_REF

#LABELLED_EXTRACT_PROTOCOL_REF

#HYB_PROTOCOL_REF

#SCAN_PROTOCOL_REF

#LABEL

This section permits the user to connect the assay-input (specimen preparation protocol, time in study and subject) with the extract prep protocols and microarray protocols and the hybridization name.  If extracts are pooled, each contributing assay input is listed on a separate line with the same labeled extract name and hybridization name.  If two labeled extracts are applied to a single hybridization, each is listed on a separate line (with different labeled extract names and labeling protocols) with the same hybridization name.

The hybridization data are not included in the SIFT file but are referenced by file name.

HIGH-THROUGHPUT SCREEN DATA

In this section ^ASSAY=IN_VITRO_HTS.  As in all assays, there is a section to define the assay:

#ASSAY_DISPLAY_NAME

#INSTRUMENT_NAME

#DERIVATION

BJ_caspase
Viewlux plate reader
Data were normalized to the controls for basal activity (DMSO only) and 100% stimulation (10 uM staurosporine). AC50 values were determined from concentration-response data modeled with the standard Hill equation.

The data are referenced by filename.  Our practice is to note that the group names are listed in the file, one line per group per normalized data set.

#PARTICIPANT_DISPLAY_NAME

#STUDY_TIME

#STUDY_TIME_UNIT

#PROTOCOL_NAME

#BJ_caspase

Names in file
21.3
hour
BJ_caspase_Read_plate
caspase3-bj-p1.txt

ORDERING THE SECTIONS

The general rule is that a referenced protocol or group name must be defined before it is used.  Thus a reference group must be defined before another group can refer to it as a reference.  A protocol and group must be defined before they can be referenced in the TIMELINE section.

In short, SIFT files must start with a STUDY section.  The GROUP section must precede the SUBJECT section.  The GROUP and PROTOCOL sections must precede TIMELINE.

Within a section the order of terms in the list must match the order found in the table section.

The data section can list each assay domain more than once, so that one assay could be described in each section if desired.

DATA TRANSFORMATIONS and CONCLUSIONS.

This section is in development, but has the following main points.

Data transformations require an input data set, and output data set and a transformation method.  The input dataset is defined by a group of one or more groups and a group of one or more assays.  The transformation protocol is defined as other protocols are defined.  Outlier points are listed for each group / assay combination, using square brackets.  The output data set from the data transformation will be referenced as we do for microarray and high-throughput screening data.

