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ABSTRACT

Background: To describe domain knowledge consistently and precisely, the establishment of a controlled
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vocabulary, a so-called ontology, is essential. Internationally, the plant ontology (PO) in the ecology field has

been developed for the anatomy and developmental stages of plants in English, Spanish, and Japanese, but

there is no Korean version of the PO due to a lack of knowledge on standardization for Korean plants.

Objectives: We aimed to establish a Korean plant ontology with core PO architectures.
Methods: The latest ontology web language (OWL)-formatted raw version of the PO was collected from the
PO consortium site. A formal workflow process and OWL file-handing tools for efficient Korean content

development were conducted and executed.

Results: The macro- and micro-perspective frameworks of the PO were presented by analyzing the upper
model and the internal OWL-leveled physical structure, respectively. We developed and validated Korean
knowledge content for a total of 1,957 classes included in the PO and transplanted them into an ontology

modeling system.

Conclusions: A Korean plant ontology was established for international harmonization through improved

Highlights:

- The architectural frameworks of the
plant ontology (PO), a global ontology,
were projected.

- A semantic-based Korean knowledge
bases of plants harmonized with the
PO was developed.

- The developed Korean plant ontology
will support database construction
with high compatibility.

compatibility and data exchangeability with multilingual environmental and ecological knowledge bases.
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Fig. 1. Process flow for Korean contents construction of the plant ontology
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Table 1. Example of established Korean plant ontology knowledge content
ID Term Term in dictionary  Similarity Draft Revision Reference Remark
0bo:PO_0000001  Plantembryo  Embryo (Baea), 0.33 Sikmul Sikmul Papers and [Report]
proper Plant (Sikmul) Goyu Goyu professional ~ Expectations
Baea Baea books and problems
of blood
manipulated
from human
pluripotent
stem cells
0bo:PO_0000002  Anther wall Anther wall 1 Yakbyeok, Kkotbapbyeok  Biological
(Yakbyeok, Kkotbapbyeok terms
Kkotbapbyeok) (KAOBS)
obo:PO_0000003 Whole plant Plant (Sikmul) 0.5 Cheonchae Cheon Biological
Sikmul Sikmulchae terms
(KAOBS)
0bo:PO_0000004 Invitroplant  Invitro 0.5 Siheomgwannae Siheomgwannae Biological
structure (Siheomgwannae), Gujo Sikmul Gujo terms
Plant (Sikmul), (KAOBS)
Structure
(Gujo, Guseong)
0bo:PO_0000005  Cultured Cultured cell 0.66 Sikmul Baeyang Biological
plant cell (Baeyangsepo), Baeyangsepo Sikmulsepo terms
Plant (Sikmul) (KAOBS)
obo:PO_0000006  Plant Plant (Sikmul), 0.5 Sikmul Sikmul Biological
protoplast Protoplast Wonhyeongjlche Wonhyeongjlche  terms
(Wonhyeongilche) (KAOBS)
0bo:PO_0000007 Leaf-derived  Leaf (Ip, yeop), 0.5 Ip Yurae Ip Yurae Biological
cultured cultured cell Baeyang Baeyang terms
plant cell (Baeyangsepo), Sikmulsepo Sikmulsepo (KAOBS)
Plant (Sikmul)
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AL AS FAE 1, 7 &0l T & Dot AT FF 7AE
0.5, A gto] 2 1etol7} Ax|e AL 0.330. 8 FASFL) o
£ 509, plant embryo prober (PO &= tho])9] 39 A &3]
o131l embryo, plant”7} Z¥z} Hjo}, Al &o]gt= olr} 27k
A= o Bz FAEE Z4249] ofF]o] tisf 0.33°0.=
A5FITH(Table 1). E3E, Alo] oJ3F SAFEE 9A] ASE o

=

7} ZHTHTable 2). AT 28 ©13] FAME £4] A3E 285
of A=st AeAtse] 14 Mos AR, %4%9}01?4@
3} PO o3]7} A3] LX|ote AL o3 T4 & M &
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Table 2. Number of words by similarity between PO and the
biological terms

Similarity Number
1.00 368
0.75 7
0.66 192
0.50 556
0.44 1
0.33 268
0.25 134

~0.25 235
0 17
Total 1,778

Table 3. Platform development specification

No. Development items Specification and version
1 Web Protégé version 5.0.0
2 Development language (Front-end) Google Web
Toolkit 2.8.2
(Back-end) Java 16.0.2,
Python 3.9
Database management system MongoDB 5.0.10
Web server Apache-Tomcat 9.0.65
Operating system (Server) Centos 7

(Client) Microsoft Edge/
Google Chrome
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1.PO ZAYT L 312
HAI‘ I:H°| Ex

09.'.'

A= XA 2E

1.1. POS| HAIH T Q)3

PO= 4%9] /9.%9}4 EA| 213" (controlled vocabulary) 2.
E4, 0BO % 2E&4] gtolBdg] o] s 2 Y (anat-
omy and development) ZHe a2lof] AQl=] o] Itk E3h POE
233t OBOUo| 54 HE LEEAES FEH2E 7|
Z A 2EZA|(Basic Formal Ontology, BFO)& &40 &
Z3}Elo] Qiot. mhebA, A9 OBO BFOQ] ZH ALY Y PO
7F A8 A= AAA S = wkotsty] fsl], EMBL-EBI OLS2}
NCBO BioPortal &3 POE X3|5tal, Wi 49 o] &
G2 A% BAE Bolol, p0o] WA TeAIYL RAES
EE51oH(Fig. 2).

OBO&= MRIZHH thE LE2AEY 4 U= B84
2E=A7 AdE AYe] 4ue 1

~_Relation to time Continuant

Occurrent

Granularity Independent Dependent

Complex of organisms

Plant anatomy Common anatomy
(PO) reference
NCBI Taxonomy" ontology”
(NCBITaxon) (CARO)

Organ and organism Plant development

stage (PO)
Biological process”

Cell and cellular Plant cell
component (®0)

Molecule Molecular function’

Fig. 2. Macro perspective architecture design for the plant ontology.
*The ontologies connected from basic formal ontology



87 - ME| KIAMlo|AQ] 2RIE 5HE I3H 5 BX Al LEEX| Y Jos

EZX I5E IA ) AEAA, 2) BEASES =02 Table 4. Construction status of Korean knowledge-base for classes in
A28 A Fig. 2002 TYFIT, LERAY ojp) Z  theplantontology
AES Hjx]5lT 9tk poY 25 EZZFQ] A& o]3] =g Class Number
252 1) A EA| X (plant cell), 2) A&l F(plant anatomy), 3) Continuant (BFO)
AT (plant development stage)9] 37H] &2 7] AJE Independent continuant (BFO)
202 wdlg o] 9Jt}k. OBO BFO ZQ)9]3 T A] AF Biological entity (CARO)
A Sl A continuan) -5 F A nde- Anatomical entity (CARO) o
pendent) 24, AEA XL 9 AES|H IEF-E YA (occurrent) ArChegon?OPhore 0
=) b 022 WStk Eat pOTLA] Tadt Archegonium head 0
_ _ . Archegonium megagametophyte 0
NCBITaxon, CARO, GO °J3] ZAE 4T Ix /fde=z o Coma 0
2ok T2 AAEC 3l Gametophyte perianth 0
Inflorescence 26
1.2. POS| OJAIH T2 Infructescence 1
PO HAIF O & 77} o], BAYS dEsts 240t Second order inflorescence 0
&40 2 A= k. FH A= OBO 2E=EA] 51H Ao] Second order infructescence 0
E9] 51919 IRIS &5l 1-55H FAtolA AlEEL) &4 Shoot axis tegument layer 1
2 A, Hole] L 24 sl uelz ARslE T, AsHos Material entity (BFO) 1
FAE0] Qltt SeiAE H o3 HA, AHHs 9 Aoz Plant anatomical entity 3
HFE5}ITL, £4L2 55 (has_exact_synonym), AF9)/5H(is_a), Plant anatomical space 35
Z:‘_-?r(has_part) T So = mastn, ZefA9 &4 719 = Plant structure 1,567
go E3) WA To] FAHEE T2k o] 9t Portion of plant substance 15
Organism or virus or viroid (CARO)
1.3, 3128 AIZ KAl QE2X| X (A HO| £5 Occurrent (BFO)
Ot 22 PO ANH W UAH TN AL Bl g 1
= Biological_process (GO)
2, &=y Am AN SERA 52 AT 7S oY 3 e Molecular_function (GO)
5 thet 2ol mEeteleh 3, 75 g2 PO°l= PO < Plant structure development stage
o CARO, GO & H¥et Fxd 2E2A50] ZH| U9 Collective plant organ structure development stage 2
o) Iy REEA E 5894 2 A E Y Eolde Collective phyllome structure development stage 30
olfZ & AFoA+= PO A ZAETIO 2 ATt Shoot system development stage 11
A, 7= HYY = A4 PO AZA FHE 9JSHIRI AE Multi-tissue plant structure development stage
A} E GEFA(label), 9 (definition) ' H] 3 (comment) & Fruit development stage 8
AL Qg W4g 2317, pO9] M2 X4] el = oA W Plant organ development stage 51
E 4 55377 (has_exact_synonym) %42 A45+3ic) Seed development stage 10
Plant tissue development stage 1
2. 5128 A2 X|A| LEZX| 2EHIX 72 Vascular tissue development stage 10
Trichome development stage
21, MA AlZ es2%| ZElx 1% 247} Leaf tri.chome development stage
I 2.10] AAIEE Q3tol whek poo] SAjE A% olg] FA Seed trichome development stage
o e ’ Whole plant development stage
o sigote & 1957319 wh=g 42 A4 2aeA =4 Gametophyte development stage 36
25 750t er, of9] ZHE| e F53RF2 ot Btk Life of whole plant stage 0
(Table 4). 7V A9 =59 EEH}\O] A &A1 2 EAE S Sporophyte development stage 117
o=, pOo| e A&EA| = B FHA AEA=2A P&t Total 1,957
2] A4 (biological entity)2} EZ‘:_‘@ *]Xﬂ(materlal entity) &2 T3
=] glom, 7P w2 037} 23 A2 F 156779 A&

= AR ORI WA S¥ae *JEH@EE ol#}e] 7}
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A2 #ol1l, Az ¥ TAl(whole plant development stage) &
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S7F 1177402 7Y B2 HiSS AAF HSH 0w A
9 g2 AE A4 LEEA] ZE=E W3C OWL 34]9] PO
YAlHlolE 2 of BHA| THEFSEAL, Web-Protége AlAFIU O] O]
21513 CHFig. 3).
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Poscse nchusin ots (v 105 ) brome (Irachypodum
o s porin)
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Parents
o#y
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-]
0
y
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i
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O P15 Bamiheta iiforescence)
O 25 R Hiraceme inflorsscence)
O %44 52t Hi(cyme imncrescence)

© %34 2\ Tigamatopmyte periain

- O 4 27{ 24| 2(aneot wus legument iayer)
A §i(coma)

» O ¥ 074 (inkruckescence)

Q%7 U E(archegorium megagametophyle)

© %7 Bf2i(archogonium head)

© B B1% (achegoniophore)

Fig. 3. The screen that transplanted Korean plant ontology into the
Web-protégé system

(A)

Participates in

Flower meristem
(Kkot bunyeoljojik)

/

Reproductive shoot apical meristem
(Syuteu saengsikjeongdanbunyeoljojik)

X

Shoot apical meristem Reproductive shoot apex

(Syuteu (Saengsik syuteu jeongdan) ¢
jeongdanbunysasjojik) (Saengsik syuteugye baldalgi)
Pnrh‘ / ‘
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i Shoot axis Part of "
(Syuteu Has participant
k)

Shoot system meristem _ Shoot system
(Syuteugye bunyeoljojik) Part of ¥ (Syuteugye)

Inflorescence development stage
(Kkocecharye baldalgi)

N\

Reproductive shoot system development stage

2.2. 08 222X X4 2H= 715 GA| & EE

71513} A=A E(Climate-sensitive Biological Indicator
Species, CBIS) & St A& &9 AXZA(Symplocos tanakana
Naka) & A&, SHA FE0A 2524 = A3 4
GRS A|AJSEILAL St Fig. 4+ AdA| Q] 2 &) 5t
2 E4Q} I o7t ou|HAY T Z = yERd Zojch
7|9 HS} A HF2 7|5 233} o5 HEEO0E AAAE Y
S7HAY, SEjuEtoll A Alebd Ao 2 AIFEAY, Aol
Al BFo] SEE BRI AEFTOE AEE 4480 2T
g 8k ok 1 5 Arddie 9 97IUER 6ol 7]
Bl A YFEAH|(panicle inflorescence) = ZA Zo] Wt} 7
e b2 AE2EEA AAAACIA d5EA e BE of
Szt Ju|EAG T 2 /gt A £33 9] s et
A, sk EAS 231 4= Stk Y5EA = EA
(shoot sytem) & AJ4] FFEA|(reproductive shoot system)] 3|
Fot= Z(flowen)9] BE W], & £} (inflorescence) & Tt
FHoltt. ZxEE 2448 22 7](inflorescence development
stage) &-3F WAYSHA =1, ol= IA B4 FEA TD7(re-
productive shoot system development stage)ol] Z3=|H, T Af
9 Mo 2= FEA HE7](shoot system development stage)
of ZIEGL T 4= k. o]} A2 WA 2 F5E HE S
2 AE A4 LEEA ZHlxE 14 RIAEAC 3 22
9 pOL}t AAE 1L, AE ofFof] H-8&= /3 TAE], is a,
developed from 5)& “JJsto], oI$|zt ofu| TAL-Z #H s}

Panicle inflorescence
(Woniju kkocecharye)

/

Inflorescence
(Kkocccharye)

Reproductive shoot system
(Saengsik syuteugye)

/articipatas in

Fig. 4. (A) An ontology graph of selected term, panicle inflorescence which part of Symplocos tanakana. (B) Inflorescence of Symplocos

tanakana.
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