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Hymenoptera

>115,000 spp.
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HymAToL - Assembling the Tree of Life for
Hymenoptera

>30 people collaborating to resolve relationships
between the major lineages of Hymenoptera

Morphology




Hymenoptera anatomy...

mesoscutum fore wing

costal vein fore wing
head tegula pterostigma

eye (or

compound eye) tergite

flagellomere
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fore leg
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mesopleuron hind leg tibia
fore leg

basitarsus hind leg femur

tarsal claw

__John Hall




We have NO single anatomical reference

ARTHROPOD
STRUCTURE &
DEVELOPMENT

ELSEVIER Arthropod Structure & Development 37 (2008) 1328

PRINCIPLES
dINSECT
MORPHOLOGY

Morphology of the pretarsus of the sawflies
and horntails (Hymenoptera: ‘Symphyta’)

D.V. Gladun*

wserInstitute of Zoology. Ukrainian Academy of Sciences, 15 B. Khmelnitsky St., 01601 Kiev MSP. Ukraine
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* Commp € Fabomat “The pretarsal structures have been studied in representatives of 13 families of nphyta’ by means of light microscopy. The pretarsal scler-
ites planta, and ary in shape among different familics. The shape o the mamirum i tiasgler i representatives of
Xyclidae and Orussidac and bifurcated in those For an clongated shape of the manubrium is
typical with such variations, as distally exp proximally expanded, clavate, spear- sh.lpn:d Plantac of different Symphyta vary in shape and
level of sclerotization. In representatives of Siricida, the female manubrium and arolium are significantly reduced, and arcus and dors

are completely absent. Siricid males possess all pretarsal sclerites and a well-developed arolium. Auxiliary sclerites are absent in represent
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FLSEVIER Cretaceous Research 25 (2004) 509516
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Terminological Problems - Homonyms

same spelling but different structure

“anellus”




Terminological Problems - Synonyms

same structure but different spelling

“‘unguis” or “(pre)tarsal claw”

AccV Spot Magn Det WD 1 200 um
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Terminological Problems - Other

alitrunk

uninformative terms

gaster
(=to be discouraged?)

and

taxon-specific terms

Proposition de trois nouveaux termes
de morphologie antennaire

“lost” terms

par Paul DEsSART

. Institut royal des Sciences naturelles de Belgique, Section Insectes et Arachnomorphes,
th igmomere rue Vautier 29, B-1040 Bruxelles.
th |g mus Summary
th |g mOChore The author proposes three new terms for antennal morphology: «thigmo-

chore» for an area clearly distinct by its special sensilla from the general
(sensorial) surface of an antennal joint, «thigmomere» for any flagellomere
provided with such an area, and «thigmus» for the ensemble (continuous or
discontinuous) of such thigmomeres. The three terms are illustrated by
examples in Hymenoptera Ceraphronoidea.




Serious Implications for Systematics

1.
2.
3.
4.

non-nhomologous characters
duplicated characters
miscommunication

wasted effort




Serious Implications for Genomics

1. mutant phenotype description
2. gene expression annotation (with GO)

3 Nasonia spp.

3 Formicidae spp.

Apis mellifera



Solution: Hymenoptera Anatomical Ontology

« community built (iterative) consensus lexicon
e comprehensive
* terms textually defined and typified

* terms related
IS _a
part _of
exact_synonym
obsolete _synonym

« complements existing ontologies

Several ways to implement and benefit...but
how do we build this resource?



getting started...

OO 6

OBO-Edit version 1.000-betal0

Fie Edit Plugins Help

EF— Classes Term fitter %y Advanced Options Q 26 results Q 5 results |
E— adun
ID Name
FE 43 abdomen R e Q Search
E4-ig cuticle HO:0000095 felt line
47 sclerte HO:0000358 interommatidial seta
HO:0000147 seta v
4—13 scrobe —
E 4 sculpture 'z Autoselect Select terms Results label 5 results I"d ,—Fte
— \ ~
B4 seta D1V
8 nterommatidial seta ID HO:0000147 | DAG Viewer
. |
4—I3 suture Namespace 5 [E adun
E 43 head OBOClass name B [ cuticle
mesosoma (Apocrita) sa seta
seta
[FE 40 metasoma (Apocnta) S
—Iig scopa Definition * Comment Complete definitions
E4-Ig segment Text  Dbxrefs Edit
E 43 sensilum A slender, hairdike, usually sensory HoW:glossary
A extension of the cuticle, connected to
[ 413 thorax the body wall by a socket
arva
Synonyms * Dbxrefs
Synonyms
hair Select a synonym from the list to
edit it, or press add to create a
- . new synonym
—— parn ol
— lype
—— union of
— | Add
=
| C mit | S
X % ) Q& @ aaas 1 path loaded. __| Allow multi-select



Hymenoptera Ontology ( settings | change projects )

Ontology OTUs

Ontology

views
how

edit
tags
figures
markup definition

functions
Tag
Fig

Tag Cloud
blue sky

Refs Images Tags

new list Search for term:
more options ...

scrobal groove id: 587

Logged in as adeans (logout | help | wiki-help )

backend

definition: A horizontal groove on the mesopleuron that may be continuous with the episternal groove anteriorly and ends at
the pleural grove posteriorly

public: Yes

acronym or abbrieviation: No

sensu: Goulet, H., and J. T. Huber. 1893. Hymenoptera of the World: An Identification Guide to Families. Research Branch,
Agriculture Canada Publication 1894/E., Ottawa, ON 668 pp..

New relationship

RELATIONSHIP | js 3 / A '

RELATED TERM [groove|

NoTEs | groove
outer groove
coxal groove
scrobal groove

femoral groove

data dump

Exisiting Relationships new relat| condylar groove
part

scrobal greove

relat hronotal groove on

art_of / )
pars epistomal groove

mX

OBO Foundry

subocular groove
encircling groove
acetabular groove
submarginal groove
subantennal groove
mesepisternal groove

- none --

.0bo

CS colleagues:

- unsupervised machine learning
- semantic image searching

[Term]
id: 587
name: scrobal groove

def: "A horizontal groove on the mesopleuron that
may be continuous with the e€lsternal groove
anterlor1¥ and ends at the pleural grove
posteriorly”

ref: "Goulet H, Huber JT, 1993. Hymenoptera of
the World: An Identification Guide to Families.
Research Branch, Agriculture Canada Publication
1894/E., Ottawa, ON. 668 pp.”

relationship: part_of 157 ! mesopleuron

relationship: is_a 138 ! groove
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o000 Single show - Morphbank :: Biological Imaging

HymenOptera Glo n/"] Usslel?%!eestShow About Browse Search  Tools Help

— Results from the Glossary

Annotation Record: [137427] tarsal claw

tarsal claw

\

definition: Hook-like structure

sensu: Goulet, H.,and J.T.H
Families. Research Branch, Ag

1. Pristaulacus strangaliae...

existing relationships:

unguis
pretarsal claw
tarsal claw
bifurcate
terminal hook

Search agaks [: [ (Display Information...) Add Annotation | Send Link "/

A
v
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Accessioning data - manually

Hymenoptera Ontology ( settings | change proje

Logged in as adeans (logout | help | wiki-help )
Ontology OTUs Refs

Images Tags
Ontology

Search for term:

definition: The first seament of a leq.
Figures for : 559

between the bodv and the trochanter

cancel/close

search Branch,

Dot WD P————] 700pm
€ 164 RLMVO16 bre

Caption Caption

<i>Beltya</i> <i>Beltya</i> Fore
leg, with coxa
highlighted.

MB annotation ID:

MB annotation ID:
Save

:ated on
Save
draw up down destroy draw up down destroy

4| ( Search )

e

adeans 12/14/2006




- batch upload

Logged in as adeans (logout | help | wiki-help )
Hymenoptera Ontology ( settings | change projects o (logout | help | MaiEhelp

Ontology OTUs Refs Images Tags

Ontology ney lis Search for term:

Batch load terms (BETA!!)

This function loads a series of terms from a text file. Each line in the file is considered to be a single term (can be multiple words). Results will display
and you will be asked to confirm the load. During confirmation individual terms can be omitted.

TEXT FILE CONTAINING TERMS  sysers/ardeans/Desktop/quality.obo  Browse... |

HIGHEST APPLICASLE TAXON (SETS |
FOR ALL)

REFERENCE (SETS FOR ALL) |
Options for OBO formatted text files:

NCLUDE OBO DBXREFID W

COMPARE AND UPDATE MODE R/
Create a single relationship for all terms:

RELATIONSHIP

TERM




- batch upload

Logged in as adeans (logout | help | wiki-help )

Hymenoptera Ontology ( settings | change projects )

Ontology OTUs Refs Images Tags

Ontology new S Search for term:

Verify addition/update of terms

The following terms were read and match those in the database. If you do not wish to update a term leave it unchecked.

/"Update' )

‘modcratc ”PA‘O:OOOO395
‘broker ”PA'O:OOOlddd
‘r.xgose ”PA'O:0001359
“punctiform '[PATO:0001366
'smoom ”PA’O:OOOO70'.
.sparse ”PA’O:0001609
.dense “PA’O:OOOlLSd
4glabrous ”PA°O:0000453

clavate PATO:0001883




Accessioning data - text mining and extraction

Logged in as adeans (logout | help | wiki-help )
Hymenoptera OﬂtOlOgy ( settings | change projects ) % Ih : .

Ontology OTUs Refs Images Tags

Ontology new st Search for term:

Type or paste text to proof

Blade of mandible with five teeth and denticles located along distal two thirds of blade's ;enthJ

__! Exclude common words? ( Submit

Fisher BL, Smith MA. 2008. A revision of Malagasy species of Anochetus Mayr
and Odontomachus Latreille (Hymenoptera: Formicidae). PLoS ONE 3(5): e1787
doi:10.1371/journal.pone.0001787




Logged in as adeans (logout | help | wiki=help )
Hymenoptera Ontology (settings | change projects ) ”g (ogout [ help | E—

Ontology OTUs Refs Images Tags

Ontology new list Search for term: show

Type or paste text to proof

Blade of mandible with five teeth and denticles located along distal two thirds of blade's length.

™ Exclude common words? { Submit )
Parsed text (may be truncated)
Blade of mandible with five teeth and denticles located along distal two thirds of blade’s length.

Add words (12 total)

Check terms to add then click [ Add

HIGHEST APPLICABLE TAXON (SETS

FOR ALL)
REFERENCE (SETS FOR ALL) |
Vv 0 0 W

blade blade mandible blades denticles

denticles located located located thirds mandible teeth

teeth teeth denticles thirds thirds blades
( Add )

Words already in the database

Click to view.

mandible




Accessioning data - text mining and extraction

Hymenoptera Ontology ( settings | change projects )

Ontology OTUs Refs Images Tags
Successfully added 2 terms.

Ontology

Listing terms

term definition
blade
denticles

Logged in as adeans (logout | help | wiki-help))

Search for term: | show

taxon # figs # tags creator last modifier created modified on
0 C adeans adeans 12/31/2008 12/31/2008
0 c adeans adeans 12/31/2008 12/31/2008
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visualization (next generation)
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visualization (next generation)
+
000000000

. NV co /\

)
Lo
S —

2 N Nt
{‘!-3;-' e
b ,l(/ . ‘:.,; i
Stk



Reaccessioning data - tagging

Logged in as adeans (logout | help | wiki-help )
Hymenoptera OﬂtOlOgy ( settings | change projects ) 0 (logout | help .

Ontology OTUs Refs Images Tags

Tags Keywords List by keyword:
Create new tags at the object which you wish to tag.
Listing Tags
previous | next | 2 3 ... 49 | refresh current

tagged to type keyword notes ref pg_startpg_end pages mod on
salebrose Part |[BEIONEEREIEEE Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
scabriculous Part |[BEIGISENEIEEE Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
scabriculous Part |FEIISSNGIEEIE Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
Part |BEIOIEEREIEEE Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
Part [BEIBIBEREIEEE Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
Part |EEIEISENEIEEIE Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
Part [BEIISEREIEEE Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
scarified Part |EEISISENEEENE Torms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
scarified Part |BEIOIEEREIEERE Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
scrobiculate Part [FEIEIESREEEIE Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
scrobiculate Part |[FEIIGENGIEEIE Terms should be included/proposed for PATO. 12/30/2008 ag Show Destroy
sculptured  Part |[BEISIBENEIEEE Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
sculptured  Part |[FEISISSNGIEEIE Terms should be included/proposed for PATO. 12/30/2008 ag Destroy
Part |BEIIBEREEEE Terms should be included/proposed for PATO. 12/30/2008 Show Edit Destroy
Part |[BEIOEEREEAE Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
Part |[BEIIBEREEERE Terms should be included/proposed for PATO. 12/30/2008 ag v Edit Destroy
Part |BEIOIEEREIEEE Terms should be included/proposed for PATO. 12/30/2008 ag Show Destroy
shagreened Part |[BEIGISNBIEIE Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy
shagreened Part |EEIBISENGIBEIS Terms should be included/proposed for PATO. 12/30/2008 ag Show Edit Destroy




Where we are now...

2,003 terms
1,956 relationships
13 contributors (of 40 added to the project)

homonyms:
e.g., anellus, speculum, pedicel, gaster, face, stigma, disc, metapleural
triangle

chaotic character systems:

e.g., propodeal ridges, pronotal ridges, glands, occipital carinae,
cuticular patches, male and female genitalia, thoracic musculature

How are we using the HAO?



1. Text Mark-up

* quality control

* provide definitions



proofing tool http://hymglossary.tamu.edu/

-| Proof text }

lower face uniformly brown, setose medially, sparsely setose laterally. torulus at midline of
eye. area between toruli without carina but raised as smooth, convex area. eye 0.4 times head
height. epistomal declivity of clypeus short, diverging slightly. gena nitid, denudate. malar
space 0.67 times eye height. clypeal process evenly round, not pinched in appearance. vertex
defined by slight, irregular surface [828 1614] sculpture. scape and pedicel [541 1470] light
brown to yellow. flagellomere evenly brown. mandible light brown, with 3 reddish teeth on
anterior face [828 1674] (4 teeth total).

diverging slightly. Gena nitid, denudate. Malar space 0.67
times eye height. Clypeal process evenly round, not pinched
in appearance. Vertex defined by slight, irregular surface
sculpture. Scape and pedicel light brown to yellow.
Flagellomere evenly brown. Mandible light brown, with 3
reddish teeth on anterior face (4 teeth total).

Submit:

How to proof:

Paste your text into the text box and click submit. Your text will be returned with matches highlighted and
linked back to the hymglossary.

Proofing caveats:

There is 2 1000 word limit. Matching is only as good as the present algorithm, which is passable. If you
suspect a word should match try it individualy from the main page. At present only single and paired
words in the text will be matched against. Fixed a error where truncated text was not linked. This function
is in development, feedback is welcome.




History
Species of Alobevania (at the start)

legs and soma covered in long setae; mesosoma roughly
rectangular in lateral view and strongly sculptured; 1st
subdiscal cell [3970 1211] enclosed by tubular veins; petiole 6
times longer than wide, evenly wide from anterior end to
posterior end; collected in southeastern Brazil

Alobevania longisaeta

2. 1st subdiscal cell closed

legs and soma covered in short setae; mesosoma roughly
romboid in lateral view and variably sculptured (usually with
many nitid areas); petiole 3-5 times longer than wide,

gradu

http://evanioidea.info

~| Results from the Glossary }

petiole

definition: Part of the metasoma, usually metasomal segment 1; the usually narrow, parallel-sided
stalk joining the rest of the metasoma to the propodeum

sensu: Goulet, H., and J. T. Huber. 1893. Hymenocptera of the World: An Identification Guide to
Families. Research Branch, Agriculture Canada Publication 1894/E., Ottawa, ON 668 pp..

| soarch morphbenk

existing relationships:

peticle part_of / metasoma
glymma part_of / petiole

Search again:

2. 1st subdiscal cell open

future couplets
Soma relatively large, ~3 mm from h... ... Alobevania tavaresi

e A

<s0ma re

latively small, ~2 mm from h... ... Alobevania gattiae




Evanioidea Online
catalog of information about evanioid wasps

explore:

Alobevania gattiae

lower face uniformly brown [Morphbank]. torulus slightly dorsal [Morphbank] to midline of eye. No carina present between
toruli; area of the frons dorsal to toruli slightly convex. eye 0.75 times head height. epistomal declivity of clypeus
divergent. gena nitid [Morphbank], always uniformly brown. malar space punctulate [Morphbank], setose, 0.4 times eye
height. Middle third of clypeus expanded ventrally as even, semicircular process [Morphbank]. vertex defined by slight,
irregular sculpture. scape and pedicel [541 1470] brown but usually lighter than flagellum. flagellomeres 1-7 yellow to

brown,; flagellomeres 8-11 dark brown. mandible light brown-yellow medially, reddish on dorsal and ventral margins, with 4
reddish teeth on anterior face [828 1614] of mandible (5 teeth total).

1. female head 2. male head

Web-accessible taxon descriptions

* high-lighting for definitions

« and feedback



05g0d I a3 adeans wiks-be

Chalcidoid Morphology (Heraty Lab)
Characters om Matnce Mater Tax Name ooy

Characters prem | P

Claval gustatory sensiila of female

Add new state

Characters

centralized glossary —
collaborative editing

0: no distinct patch of ventral sensilla, sensilla fgure siate
uniform and sparse or absent

clarification

1: arranged Into distinct ventroapical field of e sue
specialized sonsilla

planning to implement in

@orphbank

Cited in.

Cited on page:

Cited as character no.
Synonymous with

Immadiate child synonyms.
Document character code
Document character description

©

Ofen

ary apparent g 1hose that ha

Short/Matrix name: 22
Notes
Continuous: faise
Position: 21
Created by: mast
Updated by: harat
Created on: 0904720
Updated on: 0910272008




all characters involving the “prepectus”

Logged in as adeans (logout | help | wiki-help )

Chalcidoid Morphology (Heraty Lab) ( settings | change projects )

Characters OTUs Matrices Material Refs Taxon names Images Ontology Tags Phylo
Characters Character groups new list | show | | edit
more options
Prepectus
n Edit n All pessible text in a mapping to content type ( not mapped to a content fype )
default

prepectus: [unassigned | absent, no indication of fusion with any other sclerite | present, but sometimes concealed or fused with
show detailed pronotum];Position of free prepecius relative to pronotum: [unassigned | concealed under posterolateral margin dorsally |
exposed between pronotum and mesepisternum, at least dorsally];Structure of prepectus: [unassigned | prepectus relatively flat
and evenly sclerotized, exterior to pronotum except for anterodorsal angle, which articulates with first phragma anterior 1o
insertion of pl2-t2c muscle | prepectus flat and evenly sclerotized, exterior to pronotum, articulated with lateral edge of
mesoscutum posterolateral to insertion pl2-t2c muscle\ | prepectus enveloping mesoscutal process for pl2-t2c muscle exterior to
pronotum, with thickened medial edge that articulates in angle formed between first phragma and mesoscutal process for pl2-t2c
muscle, and with frontal surface either relatively flat ( | prepectus enveloping mesoscutal process for pl2-12c muscle underneath
pronotum, with concealed cuticle more-or-less membrancous except for thickened medial edge that articulates in angle formed
between first phragma and mesoscutal process for pl2-t2c muscl | prepectus divided into lateral prepectal surface exterior to
pronotum and interior strut-like medial edge that articulates with first phragma as described for states 2 and 3];Surface of
prepectus: [unassigned | prepectus relatively flat, not protuberant | prepectus protuberant anterior to mesothoracic
spiracle],Association between prepectus and posteroventral half of pronotum: [unassigned | loosely associated | rigidly
associated but not fused | fused];pronotum posteroventrally: [unassigned | not overlapping prepectus | overlapping prepectus,
reaching mesepisternum and completely covering ventro-lateral aspect of prepectus];Size and shape of the prepectus
[unassigned | large and triangular sclerite, ventromedially broad | intermediate size sclerite, more than 2X as long as broad,
ventromedially narrow | small, less than 2X as long as broad, ventromedially narrow | reduced to a thin sclerite, difficult to see
externally];Prepectal lateral panel shape: [unassigned | rhomboidal | triangular | L-shaped | rounded and essentially
oval];Ventroposterior margin of prepectus: [unassigned | completely separated from mesepisternum | ventral margin partially or
completely fused medially with episternum];prepectus ventrally: [unassigned | externally connected | no extemal connection
visible];Setation of lateral panel of prepectus: [unassigned | bare | setose];Structure of lateral panel of prepecius: [unassigned |
without fovea or raised rim | medially foveate, with posterior and/or dorsal rim];

fcontent mapping |

export character
descriptions



1. Text Mark-up

e quality control
e provide definitions

* in concert with other ontologies



distance from the carina posterior to the mesoscutellum to
the process dorsal to the propodeal foramen = 0.11 mm

PATO
spatial
HAO
units of measurement

(PATO:0000040) (HO:00001088) (BSPO:0000099) (HO:00000622)
(HO:00001075) (BSPO:0000098) (HO:00001074) (UO:0000016)




2. Search Algorithm

« exploit the logic for efficient queries

* diagnostic tools



AccV Spot Magn Det WD | { 20 pm
500kv 3.0 1741x SE 108 RLMV005
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>115,000 taxon descriptions

Which taxa have
mesoscutellum
orange?

Which taxa have
tarsal claw
pectinate?




3. Auto-scoring characters

 exploit the logic to score morphology



Plenty more to discuss...

* how to treat plural/adjectives/etc. (tags)
* how to recruit more contributors

e interaction with other ontology projects
- shunt terms to other ontologies

« foreign languages (Kopf exact synonym head)

* mapping to DGAOQO (benefit from Drosophila)

- submitting new terms/relationships/comments
* versioning, security

« expand our array of relationships?



