MIxS as RDF: Fields as
Object Properties
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Context: modeling of fields (e.g. altitude)

Ticket: https://github.com/GenomicsStandardsConsortium/mixs-rdf/issues/9

Possibilities

Data Property: Range is a literal (e.g. xsd string)

Class
Annotation Property: Range is either literal or object

Object Property: Range is an object

Note:

e This will not impact people using CSVs for metadata (it’s all just columns)


https://github.com/GenomicsStandardsConsortium/mixs-rdf/issues/9

NMDC rendering of mixs (via

< > © schema (https://microbiomedata/schema) Search...

) atiribute ) alt

Active ontology x‘ Entities x‘ Individuals by class x\ DL Query x‘ Individual Hierarchy Tab x|

Datatypes ] Individuals = WM alt — https://microbiomedata/schema/mixs/alt
Data properties | Annotation properties Annotations | Usage |
Classes | Object properties Annotations: alt ZISEX
Annotations
= Asserted rdfs:label
alt

v B owl:topObjectProperty
 acted on behalf of
. activity id
. activity set
mm add_date
> B alternate identifiers
v attribute
W= _16s_recover
B _16s_recover_software
B abs_air_humi
B adapters
™ add_recov_method
B additional_info
B address
= adj_room
W aero_struc
™ agrochem_addition

B al_sat_meth

. alkalinity

B alkalinity_method
= alkyl_diethers
1t

BN aminopept_act

B ammonium

. amniotic_fluid_color
== amount_light

B ances_data

W annot

B annual_precpt

B annual_temp

== antibiotic_regm
W api

B arch_struc

skos:definition

"Altitude is a term used to identify heights of objects such as airplanes, space shuttles,
rockets, atmospheric balloons and heights of places such as atmospheric layers and
clouds. It is used to measure the height of an object which is above the earthbs surface. In
this context, the altitude measurement is the vertical distance between the earth's surface
above sea level and the sampled position in the air"

pattern
{float} {unit}

skos:inScheme

environment

Chai IS M §Description: alt POEERE
Functional Equivalent To

Inverse funct
SubProperty Of

Transitive mmattribute
Symmetric
Inverse Of
Asymmetric
N Domains (intersection)
Reflexive: @ study or biosample
Irreflexive

Ranges (intersection)

@ 'quantity value'

biolinkml

https://github.com/microbiomedata/nmd

c-metadata/tree/master/schema



https://github.com/microbiomedata/nmdc-metadata/tree/master/schema
https://github.com/microbiomedata/nmdc-metadata/tree/master/schema

NMDC rendering of mixs

< > © schema (https://microbiomedata/schema) Search...
attribute ) alt
Active ontology x| Entities x | Individuals by class x| DL Query x| Individual Hierarchy Tab x|
Datatypes | Individuals | = mmalt — https://microbiomedata/schema/mixs /alt
Data properties lAnnotation properties \ Annotations \ Usage \
Classes | Obiject properties ‘ Annotations: alt B[O

bject property hierarchy: RIIIHE X

Annotations

To S5 Asserted rdfs:label
v B owl:topObjectProperty alt
 acted on behalf of
. activity id skos:definition

. activity set "Altitude is a term used to identify heights of objects such as airplanes, space shuttles,

mm add_date
> B alternate identifiers
v attribute

W= _16s_recover

B _16s_recover_software
B abs_air_humi
B adapters

== add_recov_method
B additional_info

B address

= adj_room
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rockets, atmospheric balloons and heights of places such as atmospheric layers and
clouds. It is used to measure the height of object which is above the earthbs surface. In
this context, the altitude measurement j vertical distance between the earth's surface
above sea level and the sampled po; he air”
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NMDC rendering of mixs (via biolinkml

< > © schema (https://microbiomedata/schema) Search...
attribute ) alt
Active ontology x| Entities x | Individuals by class x| DL Query x| Individual Hierarchy Tab x|
Datatypes | Individuals | = mmalt — https://microbiomedata/schema/mixs /alt
Data propertie§ [Annotation properties ‘ Annotations ‘ Usage \
Classes | Object properties ‘ Annotations: alt BN =X

Pbject property hierarchy: IIH =X

Annotations

+
=S Asserted rdfs:label
v B owl:topObjectProperty alt
 acted on behalf of
. activity id skos:definition
W activity set "Altitude is a term used to identify heights of objects such as airplanes, space shuttles,
m add_date rockets, atmospheric balloons and heights of places such as atmospheric layers and

clouds. It is used to measure the height of an object which is above the earthbs surface. In
this context, the altitude measurement is the vertical distance between the earth's surface

> B alternate identifiers
v attribute

W= _16s_recover

B _16s_recover_software
B abs_air_humi
B adapters

== add_recov_method
B additional_info

B address

= adj_room

W aero_struc

™ agrochem_addition

= al_sat_meth
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above sea level and the sampled position in the air"
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environment
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Object Property;

range is Quantity Value




Example range class: Quantity Value

T S SR et Lt e s T e ——

Classes | Object properties
Class hierarchy: quantity value RIS ME[x W Annotations: quantity value (2100 = ] (%]
RAENIE

v @ owl:Thing
> @ activity
@ agent
v @ attribute value

@ boolean value

| Data properties l \Annotatuons Usa$|

Asserted

Annotations
rdfs:label
quantity value

skos:definition
A simple quantity, e.g. 2cm

@ controlled term value
@ geolocation value skos:exactMatch

@ integer value
@ person value

L M quantity value

@ text value

http://schema.org/QuantityValue

@ timestamp value

@ url value
@ boolean
@ bytes
@ class_definition
@ database
@ date
@ datetime
@ decimal degree
@ double
@ float
@ integer
@ language code
@ named thing
@ ncname
@ nodeidentifier
@ objectidentifier
@ slot_definition
@ string

\ Class description | Taxon constraints |
Description: quantity value 210 = E[x

Equivalent To

SubClass Of
() 'attribute value'
) 'has numeric value' max 1 double
@ 'has raw value' max 1 string
@ 'has unit' max 1 unit



Example range class: Quantity Value

R R PR SR e A e e et

: .
Classes | Object properties | Data properties | Annotations | Usage |

Class hierarchy: quantity value EIMSMm[x @ Annotations: quantity value [2] (1 S m] (%]
t: [:1- ' Asserted Annotations

T T Tp——— e ——

v @ owl:Thing rdfs:label
> @ activity quantity value
@ agent
¥ @ attribute value skos:definition
© boolean value A simple quantity, e.g. 2cm
@ controlled term value
@ geolocation value skos:exactMatch
@ integer value http://schema.org/QuantityValue

@ person value

L M quantity value
@ text value
@ timestamp value

@ url value
@ boolean
@ bytes
@ class_definition
@ database
@ date \Class description | Taxon constraints |
© datetime Description: quantity value FNEE
@ decimal degree
@ double Equivalent To
@ float
@ integer
@ language code S“bCIaS'S Of_ ,
> @ named thing ) 'attribute value
@ ncname () 'has numeric value' max 1 double
@ nodeidentifier \ ‘ z @ 5 . 0 .
© objectidentifier g9 hias gl e et string E.g. “2 cm” -- literal string representation
© slot_definition @ 'has unit' max 1 unit

@ string



D S R

Example range class: Quantity Value

et Lt e

e g -

Classes | Object properties
Class hierarchy: quantity value 2= [x W Annotations: quantity value 210 = ] [x]
RN

v @ owl:Thing

>

v

1 S
| Data properties | | Annotations | Usage |

@ activity

@ agent

@ attribute value
@ boolean value

A
Asserted Annotations
rdfs:label
quantity value

skos:definition
A simple quantity, e.g. 2cm

@ controlled term value
@ geolocation value skos:exactMatch

@ integer value
@ person value

L M quantity value

@ text value

http://schema.org/QuantityValue

@ timestamp value

@ url value
@ boolean
@ bytes
@ class_definition
@ database
@ date
@ datetime
@ decimal degree
@ double
@ float
@ integer
@ language code
@ named thing
@ ncname
@ nodeidentifier
@ objectidentifier
@ slot_definition
@ string

\ Class description | Taxon constraints |
Description: quantity value {21 1] =] CIfES)

Equivalent To

SubClass Of
() 'attribute value'
@ 'has numeric value' max 1 double Stl’u CtU red,
@ 'has raw value' max 1 string broken into 3 Su b_parts

@ 'has unit' max 1 unit



Example range class: Quantity Value

R R PR SR e A e e et

: .
Classes | Object properties | Data properties | Annotations | Usage |

Class hierarchy: quantity value EIMSMm[x @ Annotations: quantity value [2] (1 S m] (%]
t: [:1- ' Asserted Annotations

T T Tp——— e ——

v @ owl:Thing rdfs:label
> @ activity quantity value
@ agent
¥ @ attribute value skos:definition
© boolean value A simple quantity, e.g. 2cm
@ controlled term value
@ geolocation value skos:exactMatch
@ integer value http://schema.org/QuantityValue

@ person value

L M quantity value
@ text value
@ timestamp value

@ url value
@ boolean
@ bytes
@ class_definition
@ database
@ date \Class description | Taxon constraints |
© datetime Description: quantity value e[ ] =100]Es|
@ decimal degree
@ double Equivalent To
@ float
@ integer
@ language code SubGIASSiOr
> @ named thing ) 'attribute value'
@ ncname @ 'has numeric value' max 1 double E g “2”/\/\XSC| dou ble
© nodeidentifier @ 'has raw value' max 1 string

@ objectidentifier

initi ®'h nit' max 1 uni
o et CEg.om (UO)
[




Other Object Property Ranges

'S | UDJect properties | bata propertes | | Annotations | Usage |
ierarchy: controlled term valu ZIIIHE [ @ Annotations: controlled term value
)] ~
Asserted
< > ® schema (https://microbiomedata/schema) ) ‘ & Annotations
S rdfs:label
) attribute ) env_local_scale v @ attribute value
@ boolean value controlled term value
Active ontology x[ Entities x‘ Individuals by class x| Individual Hierarchy Tab x| DL Query x| Ul controlled term value B
- - = — i - - eolocation value skos:definition
‘Annotahon properties | Datatypes | Individuals l = mm env_local_scale — https://microbiome: @ integer value A controlled term or class from an ontology
\ Classes Object properties Data properties Annotations H Usage | person value
Object property hierarchy: env_local. ZIIE®x Wl Annotations: env_local_scale : :‘;:"\::In:a'"e
|T= | = ‘ | x4 Asserted Knnciations timestamp value
@ url value Class description “ Taxon constraints |
m= door_cond rdfs:label ® Errors | Povr—
m= door_direct env_local_scale ® Error6 Description: controlled term value
== door_loc - @ float Equivalent To
= door_mat skos:definition @ integer
- d°°’—“]°"e "In this field, report the entity or entities whic © language _code ‘ .
= door_size have significant causal influences on your san~ & named thing SubClass O
= door_type are of smaller spatial grain than your entry fc~ @& ncname @ 'attribute value'
m= door_type_metal (multiple terms_): termLabe! [termID]IFermLab @ nofieic_lemif_ier @ term max 1 'ontology class'
== door_type_wood taken from various vegetation layers in a fore< @ objectidentifier
== door water mold 01000337]|litter layer [ENVO:01000338J|ur @ slot_definition
M douche request new terms on the ENVO tracker, idel— @ string Géhieral class axIoims
== down_par @ subset_definition
B drainage_class Characte 2IT1Sm X § Description: env_lod © time s s SubClass Of (Anonymous Ancestor)
== drawings © type_definition . , o
Functional Inverse Of ® unit ) 'was generated by' max 1 activity

B drug_usage

s & i
W efficiency_percent Inverse functio
. elev Domains (intersection)
B elevator 2
- :r:uTsions Transkive
X Ranges (intersection)
SmEncoded tralts Symmetric ) 'controlled term value'
> WM env_broad_scale
~ Asymmetric

e ) Disjoint With
B env_package Reflexive



Example instance data

Active ontology x| Entities x | Individuals by class x| DL Query x| Individual Hierarchy Tab x|
Class hierarchy: biosample E[I=I0IER | Annotations | Usage | |
(% [8. || =X Asserted Annotations: SAM1234 ZIEEE ||

@ timestamp value Annotations Q
@ url value rdfs:label [language: en]
. boolean SAM1234
@ bytes
@ class_definition
@ database
@ date
@ datetime
@ decimal degree
@ double
@ float

@ integer Description: SAM1234 RIMI= =[x §Property assertions: SAM1234 =[x §

@ language code

v . named thing Types : Object property assertions
® @ biosample mmalt 87afe5342e

Direct instances: SAM1234 (21 [ = ] [x]
Same Individual As Data property assertions
Kk

For: & blosample Different Individuals Negative object property assertions

SAM1234 L

@ sAm2345

Negative data property assertions



Example instance data

Yes | know 2cm is a silly
value for alt...

Didn’t have time to change

Active ontology x] Entities x] Individuals by class x| DL Query x| Individual Hierarchy Tab x|
Class hierarchy: biosample 1 1|=ICIEH | Annotations | Usage
ale. ][ Asserted Annotations: SAM1234 EIEmX || example
® timestamp value Annotations °
@ url value rdfs:label [language: en]
@ boolean SAM1234 f
@ bytes
@ class_definition
@ database i
@ date
@ datetime
@ decimal degree
@ double
@ float — .
@ integer Description: SAM1234 RIMHEMm[x f§ Property assertions: SAM1234 =[x
@ language code y
v . named thing Types Object property assertions i
® ) biosample mmalt 87afe5342e
Direct instances: SAM1234 [21 0 =5 ] [x]
1 Same Individual As Data property assertions
& X
For: © biosample Different Individuals Negative object property assertions
1
’ SAM2345 Negative data property assertions

Direct instances: 87afe5342e (21 (10 = ] <]
®' X

For: @ 'quantity value'
87afe5342e

description: 87afe5342e

ypes 0 Object property assertions
) 'quantity value' = 'has unit' cm

Property assertions: 87afe5342e (00 = ] <]

Same Individual As Data property assertions _

m'has raw value' "2 cm"
Different Individuals mmvalue "2.0"AAxsd:double



Example instance data - as JSON-LD

Active ontology x[ Entities x] Individuals by class x| DL Query x] Individual Hierarchy Tab x[

i AR

© tlmestamp value
@ url value

@ boolean

@ bytes

@ class_definition

@ database

@ date

@ datetime

@ decimal degree

@ double

@ float

@ integer

@ language code

v @ named thing

Edbiosample]

Direct instances: SAM1234 [21 0 =5 ] [x]

& X

For: & biosample

SAM1234

@ sAM2345

Annotations ’ Usage
Asserted . Annotations: SAM1234

Annotations 0

rdfs:label
SAM1234

[language: en]

Description: SAM1234

Types
) biosample

Same Individual As

Different Individuals

Direct instances: 87afe5342e (21 (10 = ] <]
4+

## JSON-LD
{“@context”: { ...},

{“id”: “SAM1234”,
“alt”: {
“Has_raw_value”: “2 cm”,
“Value” : 2.0,
“Has unit”

b

”n

y342e = = x]

L B

For: &0 'quantity value'

87afe5342e

voes @

) 'quantity value'
Same Individual As

Different Individuals

Object property assertions

m='has unit' cm

B 'has raw value' "2 cm"
mmvalue "2.0"AAxsd:double



ShEXx

<Biosample> CLOSED {
( $<Biosample_tes> ( &<NamedThing_tes> ;

rdf:type [ <NamedThing> 1 ? ;
<https://microbiomedata/schema/mixs/env_package> @<TextValue> ? ;
<lat_lon> @<GeolocationValue> ;
<https://microbiomedata/schema/mixs/geo_loc_name> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/collection_date> @<TimestampValue> ? ;
<env_broad_scale> @<ControlledTermValue> ;
<env_local_scale> @<ControlledTermvValue> ;
<env_medium> @<ControlledTermValue> ;
<ecosystem> @<AttributeValue> ? ;
<ecosystem_category> @<AttributevValue> ? ;
<ecosystem_type> @<AttributeValue> ? ;
<ecosystem_subtype> @<AttributeValue> ? ;
<specific_ecosystem> @<Attributevalue> ? ;
<depth> @<QuantityValue> ? ;
<https://microbiomedata/schema/mixs/tot_org_carb> @<QuantityValue> ? ;

l <https://microbiomedata/schema/mixs/alt> @<QuantityValue> ? ;
<https://microbiomedata/schema/mixs/elev> @<QuantityValue> ? ;
<https://microbiomedata/schema/mixs/salinity> @<QuantityValue> ? ;
<https://microbiomedata/schema/mixs/diss_oxygen> @<QuantityValue> ? ;
<https://microbiomedata/schema/mixs/nitrate> @<QuantityVvalue> ? ;
<https://microbiomedata/schema/mixs/chlorophyll> @<QuantityValue> ? ;
<https://microbiomedata/schema/mixs/cur_land_use> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/cur_vegetation> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/cur_vegetation_meth> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/previous_land_use> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/previous_land_use_meth> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/crop_rotation> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/agrochem_addition> @<QuantityValue> ? ;
<https://microbiomedata/schema/mixs/tillage> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/fire> @<TimestampValue> ? ;
<https://microbiomedata/schema/mixs/flooding> @<TimestampValue> ? ;
<https://microbiomedata/schema/mixs/extreme_event> @<TimestampValue> ? ;
<https://microbiomedata/schema/mixs/horizon> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/horizon_meth> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/sieving> @<QuantityValue> ? ;
<https://microbiomedata/schema/mixs/water_content> @<QuantityValue> ? ;
<https://microbiomedata/schema/mixs/water_content_soil_meth> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/samp_vol_we_dna_ext> @<QuantityValue> ? ;
<https://microbiomedata/schema/mixs/pool_dna_extracts> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/store_cond> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/link_climate_info> @<TextValue> ? ;
<https://microbiomedata/schema/mixs/season_temp> @<QuantityValue> ?
<https://microbiomedata/schema/mixs/annual_temp> @<QuantityValue> ?
<https://microbiomedata/schema/mixs/season_precpt> @<QuantityValue>

YRy s



JSON-Schema

}
“Biosample": {
"additionalProperties": false,
“description": "A material sample. It may be environmental (encompassing many organisms) or isolate or tissue. An environmental sample containing genetic material from multiple indivi
Gto as a biosample.",
“properties": {
“agrochem_addition": {

"$ref'": "#/definitions/Quantityvalue",

"description": "\"Addition of fertilizers, pesticides, etc. — amount and time of applications\""
},
"al_sat": {

"$ref": "#/definitions/QuantityValue",

"description": "Aluminum saturation (esp. For tropical soils)"

h
"al_sat_meth": {
"$ref': "#/definitions/TextValue",
"description": "Reference or method used in determining Al saturation"

’
"alt": {
“$ref": "#/definitions/QuantityValue",
"descriptiol \"Altitude is a term used to identify heights of objects such as airplanes, space shuttles, rockets, atmospheric balloons and heights of places such as atmospheric

Gsed to measure the height of an object which is above the earthbs surface. In this context, the altitude measurement is the vertical distance between the earth's surface above sea level and the
gy

ifiers": {
"The same biosample may have distinct identifiers in different databases (e.g. GOLD and EMSL)",

“type": "string"

’
type"

“array"
’
“annual_precpt": {
"$ref "#/definitions/Quantityvalue",

"description”: "\"The average of all annual precipitation values known, or an estimated equivalent value derived by such methods as regional indexes or Isohyetal maps. \""

’
“annual_temp": {
"$ref" /definitions/QuantityValue",
"description": "Mean annual temperature"

}

“chlorophyll*: {
“$ref" /definitions/QuantityValue",
"description": "Concentration of chlorophyll"

'
“collection_date": {

k. ": "#/definitions/TimestampValue",
"description": "\"The time of sampling, either as an instance (single point in time) or interval. In case no exact time is available, the date/time can be right truncated i.e. all

:10+00:00; 2008-01-23T19:23:10; 2008-01-23; 2008-01; 2008; Except: 2008-01; 2008 all are IS08601 compliant\""

§2008-01-23T19:

’
“crop_rotation": {

"$ref': "#/definitions/TextValue",

"description": "\"Whether or not crop is rotated, and if yes, rotation schedule\""

,
“cur_land_use": {

" B /definitions/TextValue",
"description": "Present state of sample site"

},
"cur_vegetatiol
"$ref": "#/definitions/TextValue",

"dacerintian®s "\"anatatinan rlaccificatinn from ane ar mare ctandard claceificatinn cucteme

ar anricnltoral cran\tt



Summary

e Using Object Properties allows us to have complex objects as values
o Have our cake and eat it: one value can be the raw string value

m E.g.“2cm”, “ENVO:nnnnn mangrove biome”
o Extensible to including provenance

e Will not affect majority of MIXS users



