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Main topics

1. Use of an ontology to link images to a phylogenetic dataset:
The Spider AToL

2. Image annotation using the anatomical ontology
3. Notes on multi-species ontology design

4. Ontologies bridging communities of systematics and model
organisms

Who | am

Spider AToL curator of image collection. Atlas of anatomy &
ontology.

Links to and from phylogenetic dataset.
Developed ontology (independently) to solve treatment of images
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SILK: Simple Image LinKing (Maddison & Ramirez 2006)
A Mesquite package for associating images with character matrices.
Beta test version available online at http://mesquiteproject.org/SILK




How to link images to dataset cells?

ATOL Spiders. Phylogenetic dataset with
500 terminals
1000 to 2000 characters
= 500,000 to 1,000,000 cells

1. ltis impossible to link images one by one. Documentation
should not be such a heavy burden

2. Ad-hoc links are difficult to maintain (characters and terminals
revised, ...)

3. Further images can be produced after the scoring. Workflow
for images and dataset may be independent

4. |mages are very useful before scoring cells (how a structure
looks in other terminals not yet scored?)



Mesquite (W. & D. Maddison) & SILK

ATolMatrixJZF used0 FO6041. nex

File Edit Characters Taxa&Trees WMatrix Select

Cell_Info  State_Info  Collaboration  Analysis  Window Help

Project of “ATohvitr=z)ZFused070604H nex" Taxa "JungxiaGenera” Character higtriz “Jungziahiatriz" StateMames (Jungeiahdatnz Characters "Jungxiahdatri=" Character sets of Jungziahdatrix
, | | e | o Z)

[

,-"(G raphicg\,-_"(Text\"-{(F‘ara meters‘{ﬂnd uleé"'-{'(Eitatiu ng L0 & |

ESearch Features

4898, Epiand spigots grouping ID01370; (0) dispersed; (1) 2 hunch;

FES4a 049 199 249399999599 548 A4 9549850050 150250550450
Taxon % Character Al:u A Ant EI|; EI|; EI|; Bo In; Ept E|:: Ept Do AI; AI; ‘uﬁ; P|; 1
2497 | Trachelas T i B R TREEEEEE T T (T[T
248 | Trachelas Mew Wiord |7 (7|7 (7|7 |7 |7 |7 |7 |7 |7 (7|7 (7|7 |7 |
249 | Trachelopachys I REE N Rl e e e e A R R e I I IR B
2580 | Chumma T TITIT|IT(IT|IT(Y0T|T B T
251 | Ammoxenus r A A R B i IR I R C R e I IRC T
252 | Cithaeron v SRR B e A B R e
2532 | *alianoella TIT|IT|IT(TNTANT TN EE R
254 | Meedo I B B I I B e R B B I S e e e e
255 | Meato 2 B BC e RC RE Rr e e R R B I I R R
288 | Doliomalus T . T TP T . TT _‘? T|T|TT |
2587 | Platyoides I B R I I I IR R e I I I I I R IR
262 | Asadipus I BE DE B B R B R R RC B e Re s B e e male (retrieved fram 5%
259 | Centrothele 2 R I I IR (R - I - IR I I I I R A
260 | Lamponidae Transkei |7 |7 |2 |2 |2 (7|7 (7|2 |7 |7 (2|7 |77 T
261 | of Moreno iES B BC E E RE R R R R R B I
262 | Lygromma i B R I A B e R e e I I I I
263 | Molycria I B R e e e e e e B B e e
264 | Meozimiris S o I IR IR R R I B B R e
265 | Texas of Prodidomidae] ™ |7 |7 |2 |72 |7 |7 (7|2 | |72 |7 |7
266 | Apodrassodes A R R B e e B R e B R e
267 | Camillina -’ .‘? I S e R I I e
268 | Eilica I el e e e e e e B B S e
269 | Gnaphosa I A RCE REE AC B ACE BE RE BE R © BEl
270 | Micaria i R R R I B IR A e B I I I

— T | male (retrieved fram 5w

S E L] . C

Character: Epiand spigots grouping
1001270

"Refers to the patter of epiandrous spigots, if

present. qgAtlas charG7gq"

State O (dispersed)

Epiandrous =pigot=s these are scattered

along the margin of the epigastric furrosw.
Type taxon: Megadictyna_thilenii

State 1 (2 bunch)

Epiandrous spigot= grouped into two

separate bunches. Type taxon:

Phyxelida_tanganensis

Charac

Standard Wiews:

[t.256 498 =¥] Epiand spigots grouping IDO1370: (00 dispersed; (1) 2 bunch;
Color of cell: Two images for this cell

[in taxon "Craliomalus"]




Cell images

E ATolMatrixJZF used0 FO6041. nex
File Edit

Characters Taxa&Trees Matrix Select Cell_Info  State_Info  Collaboration  Analysis Wi Help

Project of “ATolhiatrizJZFused070G04H nee" [gn (Taxa “JungxiaGenera" % (Chamcter hiatriz “Jungxiahtatriz" % (StateNames (Jungeiahiat

,-"(Graphicg\{rTextVParameters‘{ﬂndule%ﬁitatiuns O& | ESearch Featuras
Fz 432252352452 $ S5 2E53053 1322533534535 5365 =

Characters "Jungxiahdatri=" Character sets of Jungziahdatrix
[ | o Z)

Taxon % Character

247 | Trachelas 7 7 : 7 PMS paracribellar =ft= insertion IDO1EEZ in Character: PMS paracribellar shafts
Trachelopachys insertion ID01662

248 | Trachelas Mew Witorld

243 | Trachelopachys Refers to the number of shafts that arise from

d base. ggAtlas char93qq
State 0 (single)

2580 | Chumma

251 | Ammoxenus

252 | Cithaeron

2532 | *alianoella

254 | Meado

255 | Meato

256 | Doliomalus

257 | Platyoides

262 | Asadipus

259 | Centrothele One shaft per base. Type tawon:

Lathws_huamilis
260 | Lamponidae Transhei

261 | of Moreno

State 1 (grouped)

262 | Lygromma

263 | Malyzria

264 | Meozimiris

265 | Texas of Prodidomidae

266 | Apodrassodes

267 | Camillina

268 | Eilica

2680 | Gnaphosa Fewrto several shaft arise from an

270 | Micaria
B[]
|529. PMS paracribellar shafts ingerion IDO1662: (0) single; (1) grouped;

enlarged base. Type taxon:
Stiphidion_facetum

female (retrieved from 5%

Source: BambDio. 264 fidonathan Coddinaton’

[t2499 623 =7 PMS paracribellarshafts insedion IDOM662: (O)single; (1) grouped; [in taxon "Trachelopachys"] )
Color of cell: Two images for this cell b




Character state images & text

ATolMatrixJZF used0 FO6041. nex
File Edit

Characters Taxa&Trees Matrix Select Cell_Info  State_Info  Collaboration  Analysis  Window Help
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, | | e | :
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An Su An Abdd

Taxon % Character

2497 | Trachelas Eﬂgynurn 1002634 in Churrma

Character: Epigynum

248 | Trachelas Mew Witorld Any sclerotized modification of the cuticle

around the female genital region. qgatlas

2499 | Trachelopachys

char 131q9
State 0 (abs)

2580 | Churnma

251 | Ammoxenus

252 | Cithaeron

2532 | *alianoella T|IT|T|IT|T i
254 | Meedo I R R R A
255 | Meato I e B e e

2586 | Doliomalus T
257 | Platyoides T
262 | Asadipus TlPT|T
259 | Centrothele |7 7|7 Cuticle around genital region similar to

surrounding. Type taxon: Archoleptoneta
260 | Lamponidae Transkei |7 |7 |7 |7

State 1 (pres)

261 | of Moreno T
262 | Lygromma T Y
263 | Malyzria TlPT|T
264 | Meozimiris T female (retrievad fram 5%

265 | Texas of Prodidomidas] ™ |7 |7 |7

266 | Apodrassodes T

267 | Camillina T

268 | Eilica T

269 | naphosa TlTT|T "Cutizle around genital region sclerotized,

270 | Micaria alalals contrasts to surrounding, may or may not
h=we elaborate processes. Type taxon:

Ed B 4
BY0. Epigynuim IDO2E694: (0) abs; (1) pres;

wnnotation:

Source: n57.090 55115 m72 026

=@ || [t250 ¢ 690 =7 Epigynum IDO26394: (0) abz; (1) pres; [in taxon "Chumma®] -~
Color of cell: One image far this cell |










Image database: Metadata
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Image metadata: Anatomical IDs
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Images on the anatomical ontology

[®! IMatch - [ATOLAraneae. IMD]
ﬂ Database Edit Search Image View  Result Window Scrlptlng Tools  Options  'Window  Help

b tEB &Y B-HaEn W
: T W Ay e = % Trichoboth socket SEM {353} i I B Copy | 8§ Move |

'5@ Morphology. p— R trichobothri - proper Eh3 | ﬁssu_'
o DEEHRE WEM M- T W 81-%5-%0 B EEMM-
= E cephalothorax ; S S
e © Sort: | Light Table

oA color :
SR cuticle
44 labrum
B4 labiurn
[* E sternum
4 pleural area
[# ‘E carapace
= -&a appendages cephalothorax
- {3 leg articles mulkiple
43 color I j j 1003glLeft tarsal tich...
&4 chelicera
{3 female palp
E male palp
H-T A legI
A legu
&3 leg 111
- £ leg Iv
D {3 setae appendages cephalothorax

43 hairs

-4 scales 1020cltarzal ichobat. ..
4 scopula

43 claw buft

43 chemosensory setae

=144 trichobothria

© A wrichobothrial seta
=44 trichobothrial socket

E.I'ES\-'

i -&3 trlchcnhcnthrlal patterns
@ HEEREG Sbpalpal tibia tichob.. || 13cpalpal tibia richob... [ 14(4] Uroctes FE leqgl ..

Thumbnsil for Standard
Yiews Docurment from

 zelection

Build Mezquite indices
from DB

FEl:Lretadata
scales ATOL




Characters annotated with Anatomical IDs

ATolMatrixJZF used0 FO6041. nex
File Edit

Characters Taxa&Trees List

Columns  Analysis  Window  Help

Project of "&To LhiatrixJZFusedD 70604 nex" [g‘q (Taxa “JungxiaGenera” %(

Character hiatrix “Jungxiahtatri="

% (StateNames (Jungeiahtatrix] % (Chamcters “dungxiahdatri=" % (Chamcter sets of Jungxiahtatri= %

,-"(G raphic:?\,-_"(Text\"-{(F‘ara meters‘{ﬂnd uleé"'-{'(Eitatiu ns‘xC' & |

ESearch Features

Character

Defaul

Inc| Group Frobability bdodel

s}

Standard Wiew

Ptk (est.)

1D0057F2

Pkl (st

1DOz072

Pkt (est.)

1DO0T 26

bk (st

ID00OSE0

Pkl (st

1000574

Mk (est.)

1D005S9G

bk (st

([ elulutaiste]

Pkt (est.)

1DO0GAT

Ptk (est.)

1D00G20

SW03, sWaY

Pkl (st

1DO0G22

Pkt (est.)

1DO0G22

bk (st

1D00GST

Pkl (st

Pkl (st

100519

Char ID — Anatomical IDs

(Standard View ID
OBO term ID)

1000545

Mk (est.)

10072

bk (st

1D04709

Pkt (est.)

101710

Mk (==t

2492 | Endite medial surface glands IDOOST2 240
293 | Maxillary glands disposition 1D02072 241
294 | Palpal caxal hairs IDOO736 242
2495 | Cuspules extending onto heel IDOOSE0 243
298 | Endite ventral surface [DOOSTS 2494
24947 | Palpal femur proximodarsal area IDODSSG 2495
245 | Palpal femoral prolateral surface IDOOSS0 245
298 | Short medially thickened female palpal tarsus IDOOG1T 2497
280 | Female palpal tarsus chemosensony scopula on apical truncat{ 298
251 | Palpal tarsus apical setae IDOOSZZ 24949
252 | Famale palpal tarsus wentral lateral setae|DOOG23 z50
253 | Blunt seta at side of claw [DOOGST 251
254 | Female palpal tarsusz dorzal chemosensony scopula IDOOGS19 252
235 | pPalpal tarsal tip IDO0G42 253
256 | Palpal claw size |DOOG33 254
257 Shape of palpal clam apex truncate |DOOG4S 255
258 | Palpal claw form |DOOS3G 256
288 | Palp claw reduced to nubbin ID14401 257
280 | Palpal claw tooth count ID14102 255
261 | Palpal tarsus muscle W20 1002110 259
262 | Endite sexual dimorphism (placeholden IDO0S4S 260
283 | Palpal coxa tibia apophysis surfacelMi) IDODT 21 261
2684 | Palpal femur retralateral surface Chibd) 1001700 262
285 | Retrolateral fermaoral apophysis of (M) palp 1DO1710 263
286 | Palpal femur ventral proximal surface Chihd) 1004712 264
287 | Palp femurwentral apical apophysis (hhd) 1ID017 13 265

D072

bk Cast)

EE =

|

1004712

év Standard Wiew




Standard Views

| A combination of specific:

A4 * Sexand life stage
™\ -4 * Orientation

SV255: Male ALS spinning field SEM:

* Adult male
X * Ventral

Images are annotated as they are produced




Multiple SVs in one image
ALS spinning field

maAmp field

— Pi spigot

N e g | ol
N i X
R, | | | 1

A high resolution image may serve
multiple standard views (by zooming in)




Simple query to populate cells with images

Cell = Character X,
For Character X — Retrieve (SVs, OBO IDs)

Cell images =
For — Retrieve images tagged with



Next: Intelligent algorithms to fetch images

1. The basic:
Fetch parent terms for broader selection
Fetch parent term if child does not retrieve images

B4 abdomen
EH40E 2nd abdominal segment (epigastrium)
[+ 3rd abdominal segment (posterior booklungs ...
[H4—I anal tubarcle
+—d color
+—I cuticle
+—I heart
FH 4 intestine
E40E pedicel (1st abdominal segment)
M4 setae abdomen
[E 41 sigilla
El4—H spinnerets

ey
4+—5 ALS apical segmen

4—I3 ALS basal segment
4+—1I% ALS median segment
B4 ALS spinning field

4—0 maAmp
+—18 maAmp field
+—0 maAmp field sensilla

10 Pi
4+—|% spigots unspecific
FE4+E AMS-cribellum-colulus
EH+E PLS
EH+OE PMS
[+ spinning fields
+—I3 sternites
+—1[1 tergites

2. Process feedback from users ...




Future: Links to OBO from PDF, HTML, ...

Morphster, working on labels. HymAToL on ontology-driven text recognition

= Fie Edit View Document Tools  Window  Help

=4 ESaveaCDpy ; ‘;:h_l ﬁSearch \:IHI.L Select E} - __L _+_+| (2] ' & O3 - I@Helpv I:l'!."

|
>

| Pages

onductor (SPD:0000179)
Sclerite arising on the tegulum, usually
fitting part of the embolus.

"

Figs 4-7. Left copulatory bulbs of Amaurcbioidini. 4. Gamakia firswta Ramirez. 5. Coptoprepes flavopilosus Simon. 6. Ferrieria echinafa Simon.
7. Aysenoides colecole Ramirez. (Cl = primary conductor; C2 = secondary conductor; E = embolus; MA = median apophysis; pPMA = prolateral
cusp of paramedian apophysis; rPMA = retrolateral cusp of the paramedian apophysis; SD = sperm duet on distal tegulum; 8T = subtegulum; T =
tegulum.) Scale bars = 0.1 mm.

studies, especially the positional criterion, admitting that

some sclerites are missing in certain species. Between
the election was to some extent arbitrary. Under an

major groups, however, the correspondences are un-

clear. In Ramirez (2003) I made a thorough morpholo-

gical examination of many representatives using an

scanninge electron microscone. exnansions and dissec-
v 8.27 x 10,87 in <

| Comments \l\ attachiments

alternative schema of correspondences { Ramirez, 2003,
p. 50), the C1 as identified in Gayennini could be homo-
loeons to the nPMA as identified in Amanrohioidini.

e 14 4 | sozs

Bl O

(@Y



AToL Spider project, as of today

31,588 images, 62,121 anatomical annotations

910 characters (processed 4395 chars. from 67
datasets)

450 ontology terms (to accommodate characters).
Not only anatomy.

growing quickly...
Preparing migration to MorphBank

Documentation — Accumulation - Efficiency



Multi-species ontology

Species 1

Species 2

> Spinning fielg
‘-—--[a

*Pigot unspQOiﬁe
o MaAmp fig

3AMp of 4
mp fielg sensilly
E D} Pi base
F Pi Shaﬂ
ALs basa) Segmeny
3 aLs

Mediap S2g0meant

i ayg

B abdamin g S2gment 5

abdominal stemite
abdnmiaal tergite

+~ig Sxctern g abdomey,

g hean

intesting
g o

“Phaloﬂwm(

. Species n



Aligned ontologies

Aligned by homology
Species 1 -
Contrasting with
single-species
ontologies,
homology is
mandatory

term repeated for
each species (o

i Pipy., “doming
ase “Y“Minaj ¢q :
— 4 “=gmy
0 as basal segﬁ Pishag i:darr:ir.a| gem;‘ms . '
—n Als SSgment < abdomip ), o p ”l 'l )
— Mmed exte “rite 1
; ’ D Apmg ian segm#%::tnalabdgmen e S eCI e

bdorni
5 nal s m
abdomip g sﬁ:;rr.ire“ts

= i n‘rr‘:'stine
Cephg| Othoras




&nian, systam
theg) System
stage
B ggq
Poste Mbryg
laamga
abdg Mmen

i abdominal Segment
E.]l

abdominal
ab derrrir:aF
abdorr:ina!

“20ment q
“Sdmentp
“E0menty

abdomip g “Somentq
4

ALS
B+« ALs ;pi_p-a!uamam
B+ s’plnn!r_;s fielg
I~ g

LS Spigot UNspecifie
h Mafmp fielq
B
| —

B

7 “9Minga| s
+—g Pi base

“Soments
9Mina| Htemite
Ominaj tergi_ta:
abdamen

1 i gy zE:
I3 ALs basa) seq;rn«nt_=_:‘I1‘__mI
LS Median segmeﬁdgm
A P IS
+H abdomipn g Segment 5
g abdomip g stemite
abdomip g tergite
externg) ahdornen
hear
in
oeph_a_lothorax

intr‘.-stine
u:ephalothma:‘::

ALS maAmp shaft
transformed



Gains and losses

Species 1

&nian, systam
theg) System
stage
B+ egg
Postem
tdam g

bryo
abdom n

i abdominal Segment
E.]l

abdominal
ab derrrir:aF
abdorr:ina!

“20ment q
“Sdmentp
“E0menty

abdomip g “Somentq

2nsilla

7 “9Minga| s
+—g Pi base

“Soments
9Mina| Htemite
Ominaj tergi_ta:
abdamen

1 i gy zE:
I3 ALs basa) seq;rn«nt_=_:‘I1‘__mI
LS Median seq;rr.emal_t

i Ay i
+H abdomipn g Segment 5
g abdomip g stemite
abdomip g tergite
externg) ahdornen

hear

in
oeph_a_lothorax

iI’I'("‘.‘S‘liFI&
u:ephalothma:‘::

ALS absent



Gains and losses
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Many options for the “same” term...
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Ancestor ontology

Future
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Combinable components

Species 1 Species 2 Species 3 Multi-species
S S S S
A A
T
&

No real organism
has all this

mo QO o
Mmoo >

Silk spigot types:
Pkf, Agg, Ac, Pi, maAmp, miAmp, Fg, Psg, MS, ...

Open question: What if they cannot be combined?



Pragmatism

Many conceptual issues left unsolved. For example, are we using
several different meanings for “is_a™?

Leg IV is_aleg
Leg IV is_a (serial homolog of a) Leg

Macroseta is_a Seta
Macroseta is_a (modular homolog of a) Seta

Tracheal system is_a Organ system
Tracheal system is_a (granular level) Organ system

part_of... according to external vs. internal anatomy?
part_of... according to body segment, or to (segmented) organ?



Ontologies: What we systematists can get?

Document and share our data
Image a second species, not one species for the second time
Community feedback

Curation of our data

Permanent repository

Accumulation of knowledge

Expert contribution from research on model organisms



What we systematists can contribute?

A science of diversity

Diversity
Distinctiveness
Unique historical events

vs. generalization

www. tolweb.rg



A privileged access to diversity

Voucher localities for Dionycha study




spinnerets on abdominal tube

female PMS spigots
PMS advanced Ammoxenidae

PMS paracribellar spigots
PMS paracribellar distribution
PMS paracribellar

PMS paracribellar shafts
PMS paracribellar bases
PMS paracribellar

PMS 'paracribelar’

CY gland spigots

PMS CY three in one row large short shaft
PMS CY #

PMS cylindrical spigot field

female PMS Ac number
male PMS Ac number
PMS Ac shafts two size classes

PMS miAmp (c55 069)

female PMS miAmp #

male PMS miAmp #

miAmp on posterior median margin

Cribellum

Cribellum divided

Cribellar spigots

clumps of cribellate spigots
Cribellum spigot morphology
CR spigot sorrounding cuticle
Colulus

Spinneret claviform setae
PLS row of claviform setae
female PLS spigots

PLS short
PLS spigot base basally annulate flexible

ALS separation

ALS

ALS segments
ALS distal segment

PLS Cy number
PLS cyl Mimetidae indented

ALS advanced Molycriinae
Specialized setae on ALS

ALS cyl large piriforms on collapsable mound ALS Club gnaph

Spin cuti (ALS if different)

tartipores

Spigot shaft surface

ALS Pi spigot base cuticle (Cteno131)
setae among spigots

ALS Piriform bases reduced

female piriforms larger than maAmp

Pi shaft continuous with base

separate maAmp field with some Pi

ALS piriforms number and other details

piriforms w elongate bases acc by plumose setae

ALS MAmMp

Ampullate spigot shafts papillate
ALS MAmp in Pi field

ALS maAmp general #

ALS MAmp # female

female maAmp shaft sizes and details
ALS female Mamp cluster position
Position of MAP on ALS

ALS MAmMp # male

maAmp field separate by furrow
ALS ma Amp on separate 'segment’

PLS modified spigot

PLS MS in male

PLS modified spigot position

PLS triad one shaft fused with modified
PLS triad nubbins in female

PLS MS accompanying spigots

types of PLS MS accompanying spigots



Combing across diversity

If scorings in phylogenetic datasets
Were processed as annotations,

Modest dataset
50 species, 100 characters
— 5,000 annotations

Large datasets

150 species, 400 characters | ;
> 60,000 annotations Future: Provide an environment for

the sytematics community to map

500 species, 2000 characters their data to ontologies

— 1,000,000 annotations

Plus: Homology annotations & combinatory



Summary

The ontology is a powerful schema to
Annotate images
Retrieve relevant images,
open to more elaborate algorithms
Organize workflow

Ontologies can bridge the communities of model organisms and
of diversity

A common problem: The mechanistic causes of the diversity of
morphology
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