
Anatomical scaffolding of transport  
models

Reference map for cross-repository model harmonisation 

B. de Bono, N. Kokash, R. Occhipinti, D. Nickerson, P. Hunter



Models need explicit boundaries

Problem

● Quantitative physiology models describe flows between compartments.
● Where does the process actually happen? 
● Compartment boundary definitions are usually missing 
● Many physiological processes occur across a material boundary

○ a membrane, vessel wall, epithelial layer or shared tissue interface.

Solution

● ApiNATOMY methodology provides means to pin-point process location
● Knowledge representation where these boundaries are first-class objects
● Foundation for interoperable multiscale physiology models

https://apinatomy.org/











Survey of quantitative modelling repositories 

20  repositories grouped to 6 categories

Category Example Anatomy represented 
as

Missing

No anatomy SABIO-RK Molecular/experimental 
metadata

Anatomical location

Ontology 
terms

BioModels GO compartment terms Explicit boundary

Geometry VCell Membrane surfaces & 
volumes

Semantic identity

Relations / 
IDs

Virtual 
Brain

Region-to-region 
connections

Intervening structure

Flux 
annotation

CellML / 
PMR

Source → sink → 
mediator

Explicit boundary 
object

Implicit 
process

Gene 
Ontology

Biological-process term Membrane, direction, 
route



Boundary as first class citizen in semantic modeling 
Lyph = a layered biological conduit

Each layer has:

● identity
● material
● ontology annotation(s)
● geometry
● potential parameters

Scale-free

The same construct can represent 

● a vessel
● nephron segment
● bronchiole
● axon
● cell
● membrane transporter
● … luminal facet of the capillary endothelial cell



Lyphs - define compartment composition

The aorta, the body's largest artery, consists of three distinct 
structural layers—the inner intima, middle media, and outer 
adventitia… 

"layers": [
    "mat-blood",
    "mat-tissue-cardiovascular-endothelium",
    "mat-basement-membrane",
    "mat-tissue-cardiovascular-vascular-media",
    "mat-tissue-cardiovascular-vascular-adventitia"],...



same lyph, many levels

dynamic number of levels to 
spread through a housing chain

different lyph at each level

Chains - concatenate lyphs to routes



● Lateral or diffusive exchange
● Several biological conduits may communicate through the same material region.

Coalescences define lyph sets sharing a boundary



Model: lyphs + materials + chains + coalescences + …

transporter's cytoplasmic, transmembrane and extracellular 
regions each sit in the correct facet-specific environment



Modularization and namespaces

Model-A Model-B
endothelial_cell

Model-B:endothelial_cell

endothelial_cell

● No naming conflicts
● Models remain independent
● Entities from one model can be unambiguously 

referenced or reused in another
● Extend existing definitions, e.g., use external 

lyph as supertype
● Quality control via path finding 
● Automatic encapsulation of subgraphs, 

dynamic groups (e.g., neuron populations)

If resource is referenced but not defined: 
1. raise a warning 
2. generate default local resource (fault tolerance)

If referenced with namespace - do nothing until Model-B 
is imported  

Potential benefits for PBPK modeling
● Model interoperability
● Automatic identification of shared anatomy
● Reusable anatomical assumptions
● Explicit parameter locations
● Detection of conflicting assumptions
● Multiscale route reasoning
● Foundation for whole-body / digital-twin model 

composition



Interactive KG visualization

Major practical contribution!

ApiNATOMY visualization respects 
semantic constraints:

● A is-part-of B → A is inside of B
● A traverses B → nodes of a link 

conveying A are constrained to 
the borders of B

● …



TOO map - a scaffold to visually arrange models

A T–O map (orbis terrarum, orb or circle of the lands; with the letter T 
inside an O), also known as an Isidoran map, is a type of early world 
map that represents the Afro-Eurasian landmass as a circle (= O) 
divided into three parts by a T-shaped combination of the 
Mediterranean sea, the river Tanais (Don) and the Nile.

A KG with thousands of objects is difficult to understand as a graph

https://en.wikipedia.org/wiki/T_and_O_map
https://en.wikipedia.org/wiki/Early_world_maps
https://en.wikipedia.org/wiki/Early_world_maps
https://en.wikipedia.org/wiki/Afro-Eurasia
https://en.wikipedia.org/wiki/Don_(river)
https://en.wikipedia.org/wiki/Nile


The TOO Map
Preserves

● connectivity
● topology
● anatomical relationships

Sacrificing:

● metric spatial accuracy
● detailed geometry

Two ways to explore

1. Manually select structures
2. Search by biological terms or 

ontology IDs

Semantic search 

Ontology-based similarity

Only relevant graph subset display.
A major practical contribution is an interactive KG visualization

https://apinatomy.net/uscala.html?scena=triptych_v2 

https://apinatomy.net/uscala.html?scena=triptych_v2


ApiNATOMY records provenance with the assertion. Unsupported claims are discarded; uncertain claims are escalated for adjudication.

Literature → extraction → identity resolution → verification → expert ratification 

The workflow records:

● source publication
● species
● evidence sentence
● verification result
● expert ratifier
● date

Whole-Body Knowledge Graph (WBKG)

Epithelial surface (green), circulation (red), nervous system (blue)a

● Literature mining 
● harvest evidence about 

membrane proteins 
● embedded in distinct 

membrane facets 
● cells that line the 

epithelium and 
endothelium. 



Nuclear traffic in the medulla

Medulla divided into cerebrospinal fluid, ependyma, 
and parenchyma

Counted neuron segments entering and leaving each 
nucleus

Counts are automatically derived from model 
relations

Interactive multi-scale views

Neuro-effector junction

Nerve ending and pancreatic beta cell come into close 
contact

The connection occurs between specific anatomical 
surfaces



Semantic filtering

Enter a free-text query, such as “Endothelial 
cell” and “intestinal L cell”. 

Matching ApiNATOMY entities are shown on 
the map, while non-matching entities are 
hidden. 

The similarity threshold and number of 
results can be adjusted by the user.



Core, content & mapping modules

Shows modules and their 
dependencies

Flags cross-module references 
as resolved or dangling

Provides resource counts per 
module

Currently contains modules for:

● Gastrointestinal: 592
● Neurons: 1,396
● Neural: 310
● Renal: 260
● Pulmonary: 116
● Membrane proteins: 66
● Core objects: 105



Where we are and what’s next

WBKG is not a finished map 

Three organs curated to cell-level detail, the rest scaffolded for growth 

Next step: connect WBKG's material boundaries to the annotation practices researchers 
already use 

No need to abandon your native format!

The bigger point: models can be assembled together, even if authored separately 

Once they explicitly reference the same material boundaries!

Let's talk resource integration — reach out!


