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Introduction

The Drosophila Anatomy Ontology (DAO) Is a queryable store of knowledge about Drosophila anatomy, including cell types as well
as larger structures. The majority of new terms currently being added are for components of the nervous system and the ontology Is
being maintained and updated as part of a collaboration between FlyBase (flybase.org) and Virtual Fly Brain (v2.virtualflybrain.org).

Classification

The DAO supports multiple types of classification used by biologists to describe anatomical features. We use inferred classification
and logical relationships, where possible, for scalability. Currently, 35% of over 13,500 classifications are inferred.

Loglcal neuron and ('part of' some 'adult fruitless pIP10 lineage clone')
e and expresses some fruitless
definition
capable_of_part_of some "'male courtship behavior, veined wing generated song production'
has_soma_location some 'adult brain cell body rind'
Asserted SO GoTon oM '
. . has_synaptic_terminal_in some 'adult protocerebrum’
ClaSSIfICatIOn has_synaptic_terminal_in some 'periesophageal neuropils’

has_synaptic_terminal_in some 'wing neuropil’

'‘adult descending neuron'

I nfe rred 'fruitless expressing neuron'
ClaSSIfICatIOn 'male-specific neuron'’

'part of' some 'nervous system'

neuron

I N hented from and (expresses some fruitless)

neuron

pare nt Classes and (has_soma_location some 'adult head')

and (fasciculates_with some 'cervical connective')

neuron and 'part of' some 'male organism'

Figure 1A Example relationships for FBbt:00110854 ‘adult
fruitless pIP10 (male) neuron’, Including gene expression,
function, soma location, synapse location and fasciculation.

'‘adult fruitless pIP10 (male) neuron' SubClassOf has_synaptic_terminal_in some 'wing neuropil’

'adult fruitless pIP10 (male) neuron' EquivalentTo neuron and ('part of' some 'adult fruitless pIP10 (male) lineage clone') and (expresses some fruitless)
'‘adult fruitless pIP10 (male) neuron' SubClassOf has_soma_location some 'adult brain cell body rind'

neuron and (overlaps some 'adult brain') and (overlaps some 'thoracico-abdominal ganglion') SubClassOf fasciculates_with some 'cervical connective'
has_synaptic_terminal_in o 'part of' SubPropertyOf: has_synaptic_terminal_in
has_soma_location o 'part of' SubPropertyOf: has_soma_location

'‘adult descending neuron' EquivalentTo neuron and (has_soma_location some 'adult head') and (fasciculates_with some 'cervical connective')

'adult brain cell body rind' SubClassOf 'part of' some 'adult brain’
'‘adult brain' SubClassOf 'part of' some 'adult head'
has_soma_location SubPropertyOf: overlaps

'wing neuropil' SubClassOf 'part of' some 'adult mesothoracic neuromere'
'‘adult mesothoracic neuromere' SubClassOf 'part of' some 'thoracico-abdominal ganglion'
has_synaptic_terminal_in SubPropertyOf: overlaps

Figure 1B Logical explanation for inferred classification as ‘adult descending neuron’.

‘adult brain’

Figure 1C Example ‘adult descending neuron’
(DNp02%) illustrating the features used for
classification in Figure 1B. Neurons that have parts
In the ‘adult brain’ and the ‘thoracico-abdominal
ganglion’ must pass though the ‘cervical connective’
(cc). A neuron that has its soma (arrow) in the ‘adult
head’ and passes through the ‘cervical connective’ is
an ‘adult descending neuron’.

‘thoracico-abdominal ganglion’

Semi-automated addition of terms

We use patterns and templates to improve consistency and save time when adding a large set of similar terms.

A name: logical_axioms:
text: "%s-sensing neuron of %s leg -
tarsal taste bristle %s" axiom_type: equivalentTo
vars: text: "FBbt:00005106 that 'capable_of' some %s
- mode_1 and 'has_postsynaptic_terminal_in' some %s"
- leg_name vars:
- sensillum - mode_ID

- sensillum_ID

'sugar-sensing neuron of the leg'
B ® 'sugar-sensing neuron of mesothoracic leg tarsal taste bristle 4s'
'sugar-sensing neuron of mesothoracic leg tarsal taste bristle 5b'

'sugar-sensing neuron of mesothoracic leg tarsal taste bristle 5v' neuron

'sugar-sensing neuron of metathoracic leg tarsal taste bristle 4s' and (has_postsynaptic_terminal_in some 'mesothoracic leg tarsal
'sugar-sensing neuron of metathoracic leg tarsal taste bristle 5b’ taste bristle 4s’)

'sugar-sensing neuron of metathoracic leg tarsal taste bristle 5v' and (capable_of some 'detection of chemical stimulus involved in
'sugar-sensing neuron of prothoracic leg tarsal taste bristle 2b' sensory perception of sweet taste')

'sugar-sensing neuron of prothoracic leg tarsal taste bristle 3b'

'sugar-sensing neuron of prothoracic leg tarsal taste bristle 4b'

'sugar-sensing neuron of prothoracic leg tarsal taste bristle 4s'

'sugar-sensing neuron of prothoracic leg tarsal taste bristle 5b' 'mesothoracic leg taste bristle chemosensory neuron'’
'sugar-sensing neuron of prothoracic leg tarsal taste bristle 5s' 'sugar-sensing neuron of the leg'

'sugar-sensing neuron of prothoracic leg tarsal taste bristle 5v'

Figure 2 Generation of groups of similar terms using Dead Simple Owl Design Patterns
(DOSDP)-. A Partial pattern showing generation of nhame and logical definition using
variables stored in a seperate .tsv file. B Some of the terms generated, showing a logical
definition and some inferred classification.

A e 5 C
c % g definition
g % g Descending neuron belonging to the DNa group, having a cell body on the anterior dorsal surface of the brain. This
g s S, neuron does not cross the midline and descends on the ipsilateral side of the cervical connective. It has neurites in the
s C 3 § - lateral accessory lobe, posterior lateral protocerebrum, inferior posterior slope, superior posterior slope, epaulette,
v g = & 3 5 & gorget, vest, gnathal ganglion, T1 leg neuropil, T2 leg neuropil and T3 leg neuropil. It fasciculates with the
T8 : € g *“é' g 5 3 intermediate tract of the dorsal cervical fascicle in the thoracico-abdominal ganglion. There is a cluster of up to two of
2 5 £ o 2 823 3 3 these cells in each hemisphere.
8 £ § 5 2 935 8 2 @ w w
= s ytiirfgiseifE¥ozencze
zZ G E 5 0 a & 2 a £ 3 F P2 2 E S a S
DNaOl DNa 2 N | 1 0 0 0 1 1 1 1 1 0 0 0 1 0 0 0 FlyBase:FBrf0239335
DNaO2 DNa 2 N I 1 O O 0 1 1 1 1.1 O O O 1 0o o0 O
DNaO3 DNa 1 N | O O O 0 1 1 0 0 0 O O 1 0 0 o0 O dfs: t
DNaO4 DNa 1 N | 1 0 0 0 1.1 0 0 O O O 1 0o 0 o0 O rdrs:commen
DNa05 DNa 1 N | 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 O Namiki et al., 2018 (FBrf0239335), identify this as being morphologically similar to the fruitless aSP3 neuron (FBbt:
00110553), described by Yu et al., 2010 (FBrf0211884) and VGIlut-F-200324, described by FlyCircuit (FBrf0212704).
has_exact_synonym
'descending neuron of the anterior dorsal brain' DNa0O1
fasciculates_with some 'intermediate tract of the dorsal
cervical fascicle' 'official symbol used on Virtual Fly Brain'
has_synaptic_terminal_in some 'adult gnathal ganglion'
has_synaptic_terminal_in some 'adult T1 leg neuropil’ FlyBase:FBrf0239335
has_synaptic_terminal_in some 'adult T2 leg neuropil’
has_synaptic_terminal_in some 'adult T3 leg neuropil’ database_cross_reference
has_synaptic_terminal_in some 'inferior posterior slope' VFB:FBbt_00047572

Figure 3 Generation of groups of similar terms using ROBOT?. This method allows greater flexibility
than DOSDP, but is more labour-intensive. A Part of input spreadsheet giving various details about a
large (~100) group of neuron classes. A python script was used to convert this data into a ROBOT
template, used by ROBOT to generate an .owl file, which was merged into the DAO. B & C Asserted
classification (B) and annotations (C) on one of the ROBOT-generated classes (DNaO1l).

Neuroanatomical queries

The curated knowledge in the ontology can be used to find neurons matching certain criteria via the Virtual Fly Brain website.

| cervicil connective R Nerons fasciculating in cervical connective :
@ i : : F F : A
O cervical connective (cervical connective on adult VNS template, Court2018) @ NeuronS Wlth Synaptlc termlnals In Wlng neuropll v

(O cervical connective on adult VNS template, Court2018

@® cervical nerve [ . v
@[ Subclasses of fruitless expressing neuron v

. ; ]ﬁ[ Parts of male organism =
v Select query for cervical connective

List all example images of cervical connective
Subclasses of cervical connective Search for the item you'd like to query agalnst...
Parts of cervical connective

Neurons fasciculatingin cervical connective

o o

0 results 1 results

Figure 4 Building a query on Virtual Fly Brain. A Find an anatomy term. B Select a query
based on chosen anatomy term. C Multiple queries can be combined, probing different
types of biologically meaningful classification; these example queries each match ‘adult
fruitless pIP10 (male) neuron’ (see above) among other results.

1 Neurons fasciculating in cervical connective AND Subclasses of fruitless expressing neuron AND Parts of male organism AND
Neurons with synaptic terminals in wing neuropil

Filter Results

Name Definition Type Images

Male-specific fruitless expressing neuron of the pIP10 lineage clone with its soma in the pIP10 neuron in the adult brain
medial posterior brain (Phillipsborn et al., 2011). It extends neurites bilaterally adult descending '

innervating the periesophageal region and the lateral protocerebrum; one long process  neuron, neuron,

descends to the thoracico-abdominal ganglion, where it extensively innervates the wing fruitless expressing

neuropil (Phillipsborn et al., 2011). It can initiate pulse song (Phillipsborn et al., 2011; neuron

O'Sullivan et al., 2018).

Figure 5 Entities that match all queries are listed with descriptions and thumbnails (where
Images are available) in the results table.
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