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ABSTRACT

Unlike the other currently available identificati@oftware, BioKeys allows the users to
create and use own polyclave identification keysarious taxonomic levels. The information
of dedicated taxonomic level is stored in the hiad of the key file so that BioKeys can
understand and search in the right field of thealolte for the records of matched taxa. The
results of database referencing or specimen ideatiin will be displayed in a form of web
page. Besides, utilities are available for creaing managing the database, for analyzing the
polyclave identification key. An example of usingpReys is provided with polyclave key of
plant families of Magnoliophyta that has been @dabased on the punched-card system of
Betel Hansen and Knud Rahn (1969).
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1. INTRODUCTION

Currently available identification systems allowethser only to use integrated keys to
identify organisms at one taxonomic level [1, 2]torcreate own keys but without automatic
recognition of taxonomic level by the software (@liver Coleman, James K. Lowry, Terry
Macfarlane 2010 [3]). BioKeys is an integrated tdwt allows the user to create and manage
biological database, and to use and create ownclawly identification keys of various
taxonomic levels. The result of an identificatiotogess is illustrated by displaying the records
of matched taxa from the database in the form wkeh page. BioKeys provides also several
statistics of the database and of the polyclavestifieation key.

2. MATERIAL AND METHODS

Delphi XE Professional Workstation ESD (item numb£010111885211109) of the
Embarcadero Technologies company [4] has been tseunleate BioKeys. The Installation
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package of BioKeys is available at the web sitehef Institute of Ecology and Biological
Resources, Vietham Academy of Science and Techynéidg

3. DESCRIPTION OF BIOKEYS
3.1. BioKeys User Interface

BioKeys main window (Fig. 1) is a multiple documemtierface that can display an image
component, a web browser component or a key fillel efindow. BioKeys main window has a
toolbar and a menu bar. Image component is dedidate browsing database records. Web
browser displays the results of database refergmmirof specimen identification in a form of
webpage that allows to use the links to open pistar informtaion of the taxa. Key file child
window serves as device for editing polyclave idaattion key. It can also display the BioKeys
simple stream files that contain results of the &eglysis.

Dialog boxes of BioKeys are the utilities for irdetive working. The ‘Reference
/Specimen ldentification’ dialog box (Fig. 2) isdieated for selecting characters in case of
database referencing or specimen identification.

W BioKeys = =

Database Keyfile Html Info Opened database: Mone

‘ﬂ off H P Eeol afesju] o|Q

Figure 1.BioKeys main window.

BioKeys-ldentifying FAMILY of ANGIOSPERMAE (MAGNOLIOPHYTA) n

R ining characters: 168
African ~
Anther 1, fertile

Anthers 1-locular at anthesis
Anthers 10, fertile

Anthers 2, fertile

Anthers 3, fertile

Anthers 4_ fertile

Anthers 5, fertile

Anthers 6, fertile

Anthers 7, fertile

Anthers 8, fertile

Anthers 9, fertile

Selected characters: 4 J J J

Leaves or leaflets lobed or divided
Leaves or leaflets with entire margin. Without any lobes or teeth

Open, Key file: BertelHansenKnudRahn bld " Extract from selected data

o Cancel |

Figure 2.Dialog box for database referencing or specimentitication.

‘Create/Edit key file’ (Fig. 3) is the dialog bowrfcreating template of a new polyclave
identification key file or editing an existing ong€he ‘Key analysis’ dialog box (Fig. 4) is
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dedicated for key analysis. In this dialog box vaa ¢et BioKeys calculate statistics to answer
several questions: What is the size of the key tmimber of characters)? How many characters
each taxon owns in this key? In how many taxa eaenacter is available? For a certain size of
character set: How many total possible succesdfiaracter sets and how many possible
successful character sets of each taxon or characte

BioKeys - Create/Edit key file

Remaining taxa: 405 Taxa to be treated: 6

ACANTHACEAE o ALANGIACEAE
ACERACEAE J ANCISTROCLADACEAE
ACHARIACEAE ANNONACEAE
ACHATOCARPACEAE OLACACEAE
ACTINIDIACEAE J OLEACEAE
ADOXACEAE OLINIACEAE
AEGICERATACEAE J
AEXTOXICACEAE

AGAVACEAE

AGDESTIDACEAE

APIACEAE

APOCYNACEAE

APONOGETONACEAE
ADNSTASTACTAR v

Character to be treated: | TVewKey'l
Options

" Create new key file from family list g " Remove character

Process

Figure 3.Dialog box for creating and editing key file.

Open|Key file: BertelHansenKnudR.ahn bld

]

a BioKeys - Key analysis
Key file
jBerte [Hansen& KnudRahn.bki
Total number of characters:172

Open key file
Character duplication check

Clocaeton andiyels Dbt suwher il Ena oheach tharacton |
1Chara cterBasedAnalysis-BertelHansen& KnudRahn bks

Character analysis: List and number of characters of each taxon ‘

]TaxunBasedAnal}'sis—Berte[E[ansen&KnudRahﬂ.bks
Maximal character number of one taxon:139(CAPPARACEAE)

Characterset analysis |2

2-Hairs stellate (also 2-amed, branched and tufted) -
36-Bulb present (monocots only)

25-Leaves with a ligule

2-Hairs tufted. non-glandular

33-Hairs stinging

11-Penianth segments 1

46-Pollen coherent into pollinia or was-like masses

10-Hairs vesicular or bladder-like

6-Corona present. or scales in the throat

12-Tendrils present

16-Style gynobasic w

Possible number of successful character sets of each character

30-LILIACEAE ~
3RESTIONACEAE

32 EUPHORBIACEAE

4-CYPERACEAE

23-MIMOSACEAE

1-CHENOPODIACEAE

6 MELASTOMATACEAE

3-ASCIEPIADACEAE

4 CYNOCRAMBACEAE

2 SAPINDACEAE

3POACEAE U

Possible number of successful character sets of each taxon

Total possible number of successful character sets:iz‘i‘a

Save to file Close

Figure 4 Dialog box for key analysis.
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blkd bki bks

Figure 5.Declared own file formats of BioKey.
3.2. BioKeys’ Declared File Formats

BioKeys declared three own file formats (Fig. 5):
- Database file (the file extention is *.bkd’).
- Polyclave identification key file (the file exteati is *.bki’).
- Simple stream file (the file extention is *.bks’).

Because being declared, once the BioKeys has Imséalléd with installation package, double
clicking on these files will cause BioKeys to bartad with opening the clicked file.

3.3. Create and Manage Database

Database in BioKeys is image oriented. One spa@ashe represented in the database by
one or more images. The database file consistseafeicords that contain information of images
with following fields: 1) Division/Phylum, 2) Clas8) Order, 4) Family, 5) Genus, 6) Species,
7) Name of image file.

To create a new database, we click on the “Createdatabase” submenu and set the name
of the automatically created one record templathenappeared save dialogbox to save it. After
that we can open the newly created database atycddj delete records as needed. To view the
opened database in web page form (Fig. 6), we olicthe ‘Create and show html’ submenu. If
we have text files with information on taxa (thke fimust be named after scientific name of the
corresponding taxon with ‘_E’ suffix, e.g., ‘sciditt name_E.txt’ file for the ‘species scientific
name’ taxon), we can click on the ‘Info’ link besithis taxon name in the web page to load and
view this file.

-\ BioKeys - b
Database Keyfile Html Info Opened database: 367.bkd

ﬂ Vn ! ﬂl = CE J FILE|C&[| m| 5] | O|

MAGNOLIOPHYTA - MOC LAN o 7EG o

MAGNOLIOPSIDA - MOC LAN mfo IPEG
MAGNOLIALES - MOC LAN 15 26

MAGNOLIACEAE - MOC LAN Info JPEG

FAGALES - SOI DE 1a5c G

Figure 6 Database view in web page form.
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When we add a record to the database, the pictilirbercopied to the folder of BioKeys with
original file name. We can change the variousri#enes of the pictures to standard file names
of BioKeys by clicking on the submenu item ‘Chamgane of picture file’. After changing, the
name of a picture file of a database record wilehtollowing formula:

‘s’ + record number + ‘.jpg’

LY BioKeys - Database structure - O RS
Divisiom’l’hyluml Class l Order Family IGenus l Species]

SAURURACEAE - DIEP CA

Selected taxon |P]PERACEAE -HAT TIEU Display
Search: |
In the field: Division/Phylmm | Class | Order | Family | Genus | Species | Close

Figure 7.Displaying the database structure in tab view mode

i, BioKeys - Database structure - 0O IRd
DivisionPhyhm | Class | Order | Family | Gemis \ Species \
‘A-L—\GNOLIOPH\T:—LMQC L: \A-L-\GNOLIOPsm;-LMC)c La |M-\GNOLL-—\LES _MOCLAN |)D1NON:—\CB'—\£7NA \ |
REODOPHYTA -RONG DO [NEGN e R oo [NEVG eVl ~ [MAGNOLIACEAE - MOCLA [Alphonsea ~
PEAEOPHYTA - RONGNAU |LILIOPSIDA - HANH LAURALES -LO) An
T eTmras meeaT nmrnoaTre Tnt o = axagorea
PINOPHY LA - THONG BAPAVERALES - Cyathostemma
HAMAMELIDALES - HO! Dasymaschalon
EUCOMMIALES - DO TR( Des
URTICALES - GAI esmos
CASUARINALES -PHILA Drepananthus
FAGALES - SOI DE Enicosanthellum
BETULALES - CANGLO ;
MYRICALES - THANH M. Fissistigma
TUGLANDALES - HO DAC Friesodiclsa
CARYOPHYLLALES - CAI Goniothalamus
POLYGONALES -RAURA Meiogyne
BIITRARTATES B Y R ©
Selected taxon |A]\'NONACEAE -NA Close

Figure 8.Displaying the database structure in column vievden

To explore a database, we need just to click erfhisplay database structure” menu. In
the appeared dialogbox we can choose to displagdtebase structure in tab view mode (Fig.
7) or in column view mode (Fig. 8). In these viett® next lower ordered taxa will be displayed
when any taxon is clicked. Once a taxon is clickeel can display all the lower ordered taxa in a
web page form by clicking on the “Display” button (ab view mode) or on the button above
the recently chosen taxon (in column view mode).

During exploring the database, when we came tspleeies list of a genus, we can change
to the picture browsing mode by double clickingtba name of the species. In this mode, we
can use the ‘Change picture of species’ buttonig¢av\all the pictures of the species. During
viewing a picture, we can use the ‘Change pictuze’ sip-down bar in order to change the size
of the picture, and we can keep the mouse dowmepicture and move it in order to move the
picture.
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To browse the records of the database, we us&witch between web/database browsing’
button to change to the database browsing modthisnmode, we use the ‘Browse database’
button to go through database. When the record auislthanged, BioKeys loads the picture of
the current record and displays it on the main wimdthe taxonomic information of the will be
displayed in title bar. Here we can also changesthe of the picture and move it around the
screen.

BioKeys allows user to search in the fields of treabase. In the tab view, we type the
search string in the edit field after label ‘Searthen click on a button in the line below that
indicates a taxon level field of the database, whhe searching should be conducted. In the
column view, we type the search string directlpitite edit field under the button with name of
a taxon level field where the searching should dredacted. After searching, BioKeys displays
the results in a web page form.

Finally, BioKeys can calculate and give statisticstaxa number of each taxonomic level
of the database or of the selected records (FigT®)get these statistics we click on the ‘The
whole database’ or ‘Selected items’ submenu.

) BioKeys - Statistics = =

DivisionPhyhm [l
Clss [19
Order [121
Family [360
S —
Species 4219

Close

Figure 9 Statistics of the database or of the selectenrdsc
3.4. Working with Polyclave Identification Key
3.4.1. Format of polyclave identification key file

BioKeys supports working with polyclave identificat keys. A polyclave identification
key file consist of a head line and key content Tibad line has the following format:

[WORD FOR TAXONOMIC LEVEL] OF [higher ordered taxpn

The word in the first square brackets must be ahpibhd can be one of the following:
DIVISION or PHYLUM, CLASS, ORDER, FAMILY, GENUS, SECIES. For example, the
head line of a polyclave identification key for idiéying family of specimen of the
Magnoliophyta plant division will be:

[FAMILY] OF [Magnoliophyta]

Thus the content of the first square bracketsaésdgime of the taxonomic level, the taxa of
which should be identified by this key. The contehthe second square brackets describes the
higher ordered taxon for which the current polyeladentifiction key is dedicated.

Each line of the key content consists of the tamame and the characteristics of taxon
(character list) and has following format:
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TaxonName=\\Character1\\Character2\\....\\Charbitter

Thus, each character is bound by two double bastkdiam the sides. In the case of a
polyclave identification key for identifying familpf specimen of the Magnoliophyta plant
division, the TaxonName will be a name of plant ifgnof this plant division: Magnoliace,
Annonaceae,... and hence one line of the key contidirite of following form:

Magnoliaceae=\\Character1\\Character2\\...
3.4.2. Create and edit polyclave identification kiey

The first way to create and edit polyclave ideaéifion key file is to use the key file child
window (Fig. 10). To open the key file child windome click on the ‘Create key file child
window’ submenu item under the ‘Key file’ menu itein the appeared child window we just
type in a new key or open a saved key file to edit.

] BioKeys = B
Cosodirliéu  Lam viéc vditép khda Html Théngtin  Tép cosd dirliéu dang mé: Khing

BioKeys - Clra s6 quan Iy khoa - BertelHansen&KnudRahn.bki EI@

JJJJJJJJJJJ

Ll

0 2-armed, branched
cl. distichous monocot
. distichous monox

ccl. distichous monoq
( distichous m|

Figure 1Q Key file child window.

The other way for creating and editing polyclavenitification key file is to use the
‘Create/Edit key file’ dialog box. To open this iig box we click on the ‘Create/Edit key file’
submenu item under the menu ‘Key file’ item. In dygpeared dialog box, after we open the
saved polyclave identification key file, the taxarh the key will be listed in the left list box. To
create a new, empty polyclave identification kdg fiith the same taxa as these of the opened
key, we choose the ‘Create new key file from fanfigy item in the options box, then click on
the ‘Process’ button. To add or remove a chardater character list of any taxa of the opened
key, we move these taxa from the left list box He tight list box (Taxa to be treated) by
marking them and clicking on the appropriate arrdvinen we type the character in the
‘Character to be treated’ edit field, choose thprapriate option (‘Add character’ or ‘Remove
character’), and click on the ‘Process’ button.

3.4.3. Analysis of a polyclave identification key

The interface for analysis of a polyclave idengfion key that is saved in a file is the ‘Key
analysis’ dialog box. To open this dialog box wielclon the ‘Key analysis’ submenu. In the
appeared dialog box we click on the ‘Open key filatton to open a polyclave identification
key, before any analysis can be conducted. Resuétralysis will be saved in files of ‘BioKeys
simple stream file’ format with *.bks’ extentioifter analysis we can use the key file child
window to open the file with analysis results.
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To check, if any character is duplicated in therabter list of one taxon, we click on the
‘Character duplication check’ button. BioKeys wilieck the character list of all the taxa of the
key. If a character is represented more than d@io&eys will make needed correction.

To create a file with information on how many anHieh taxa have a defined character
(Fig. 11), we click on the ‘Character analysis:tlaad number of taxa of each character’ button.
A save dialog box will appear with an automatic ided file name that consist of the
‘CharacterBasedAnalysis-‘ prefix and the name efapened key file. We just need to click on
save button to save the results.

& BioKeys - [BioKeys - Key file child window - CharacterBasedAnalysis-Polypodiophyta.bks] = B
?@_; Database Keyfile Html [nfo Opened database: None

JJJJJJJJJJJJ

Figure 11 Results of the character based analysis.

To create a file with information on how many ankatvcharacters each taxon of the key
has, we click on the ‘Character analysis: List anothber of characters of each taxon’ button. A
save dialog box will appear with an automatic pded file name that consists of the
‘TaxonBasedAnalysis-* prefix and the name of themgd key file. We just need to click on
save button to save the results (Fig. 12).

iy BioKeys - [BioKeys - Key file child window - TaxonBasedAnalysis-Polypodiophyta.bks] = &
f_ﬁ‘( Database Keyfile Html Info Opened database: Mone
J“@ﬂJJjﬂﬂJJJ

o tir nang nhé moc thanh nang quén
ao tir nang nhé moc thanh nang quéan & mit ¢

phl_l 51'1111 haj,-'
1 sinh hay &

Figure 12.Results of the taxon based analysis.
BioKeys allows us also to analyse the key in défgraspects of identification capability —

called Character-Set-Analysis. For this analysissefeat first a size of character set by entering
a number in the edit field (next to the ‘Charadet-analysis’ button on the ‘Key analysis’
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dialog box. Then we click on the ‘Character-setlysig to begin the analysis. A save dialog
box will appear with an automatic provided file r@amthat consist of the
‘CharacterSetBasedAnalysis-* prefix and the namthefopened key file. We just need to click
on save button to accept the file name. Duringyas| BioKeys will inform us through message
boxes on the total character number of the keynthgimal possible number of character sets
(calculated based on total character number okdélgeand the size of character set), the number
of successful sets of each character (based otrithddentification with using all possible
character sets), the number of successful setaobf taxon (also based on the trial identification
with using all possible character sets). After #malysis has been completed, we can open the
file to see the results (Figs. 13-14).

% BioKeys - [BioKeys - Key file child window - CharacterSetBasedAnalysis-Polypodiophyta.bks) = ©
@_} Database Keyfile Html Info Opened database: None
B3 ] ¢ AW od & 56[BR CR] |
INumber of all possible sets of 5 characters of the key:91962520 ~
Number of successful sets of 5 charact

Character related results: Number of successful sets of 5 characters with this character included
16-Vong day du

15-Bao tir nang chin réi rac hay tir day

6-Vong xéo, lién tuc

10-Nang quéan doc theo gin phu hay thanh cong nang quan

9-Phu sinh

Figure 13 Character set based analysis — Character relageits.

., BioKeys - [BioKeys - Key file child window - CharacterSetBasedAnalysis-Polypodiophyta.bks]
'-E{D_} Database Keyfile Html Info Opened database: None
BB | 5#| A% | &) 5G] B OY)
1L=Ddauy LUk 11?].[15 TIEORY DRIUMG LILeninn llil.llE Llll.'r].ll U 110dl UL 1a 11':1}" Lria Lo
12-L4 khéng leo quin
12-L4 non udn nhu dudi méo
12-Bao tif nang co cong
1-Nang quén tron
10-thelypteridaceae

9-dipteridaceae
27-dennstaedtiaceae
23-aspleniaceae
14-dryopteridaceae

Figure 14.Character set based analysis — Taxon relatedsesul
3.4.4. Reference/Specimen identification in BioKeys
Because after the identification process BioKeyH search all matched records in the

database and display them on the main window iridime of a web page, before we begin with
identification, we need to open the database. Atiecking on the ‘Reference/Specimen
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identification” submenu under the ‘Key file’ mena, dialog box will appear. To open a
polyclave identification key file, just click on {g&n’ button on this dialog box. After the key has
been opened, BioKeys extracts all the charactetfsedfey and list them in the first list box.

To reference on what taxa have some defined clessaste choose these characters from
the first list box (of source characters) and mevem to the second list box (of selected
characters) by using arrow keys, then click on‘@i€’ button, the BioKeys will identify what
taxa have all these characters then search thedeeob these taxa in the database and display
them in a form of web page. BioKeys will also like taxa that are not represented in the
database by any records at the end of the resultbgpage.

To identify a specimen, we read the charactershef gpecimen and choose these, if
available, in the list box of source characters amove them to the list box of selected
characters. Then we click on the ‘OK’ button anel $ame procedure will be done as in the case
above of referencing database.

4. AN EXAMPLE OF USING BIOKEYS
4.1. The Polyclave Identification Key for the Familkes of Magnoliophyta Plant Division

The polyclave identification key for the familie§ agnoliophyta plant division is built
based on the punched-card system of Hansen and (R868) [6]. There are 411 families from
Hutchinson (1959), Engler Syllabus (1964), Benth&nrHooker (1867-1880), and Engler
Pflanzenfamilien ed. 1. The polyclave key therfoomsists of a headline and the key content
that consists of 411 lines (Bertel Hansen and KRatin 1969). The key is saved to the file
named ‘Bertel[Hansen&KnudRahn.bki'.

4.2. Reference/Specimen ldentification

To use these utilities, we first open the plantabdase (‘367.bkd’). Then we open the
'Reference/Specimen identification' dialog box Isyng the submenu of the same name under
the ‘Key file' menu. In this dialog box, we open eth key file named
‘BertelHansen&KnudRahn.bki’. After opening the filRioKeys will list all the characters (172
characters) in the upper list box of the dialog.box

To reference, for example, which families from Malipphyta plant division have
contorted petals, we select this character fronufiger list box and move it to the lower one by
using arrow key. After clicking on the ‘OK’ buttoBjoKeys will define the taxa that have this
character by using the opened key file (matched)takhen BioKeys will search in the opened
database for the records of the matched taxa,ecfeathem the ‘_BioKeys.htm’ file and open
this file in the integrated web browser. A list 27 families that are not represented in this
database will also be attached.

4.3. Key Analysis
To analyze the polyclave identification key for tfanilies of the Magnoliophyta plant
division, we open the ‘Key analysis’ dialog boxdF4). In the appeared dialog box we open the

key from the ‘BertelHansen&KnudRahn.bki’ file. Tleeare 172 characters used in the key. The
results of taxon based analysis has shown thatactear lists of the Capparaceae and
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Euphorbaceae plant families are largest and cooGE39 characters, while the character list of
the Hydrostachyaceae plant family is smallest antbists of only 32 characters. The character
based analysis has shown that there are 3 charatiar are most rare characters and are
presented each only in 4 taxa. These character$allen coherent into pollinia or wax-like
masses', 'Hairs stinging’, and 'Bulb present (motsoonly)’. The most common character is
‘Filaments not connate’ and is presented in 3981df families.

Identification is based on the character sets. Bigger character set is, the larger the
number of maximal possible character sets becoméwn the size of character set is 2
characters, the number of maximal possible charaets is 14706, and the possible successful
character sets is 251. When the size of charaeteiss3 characters, the number of maximal
possible character sets became 833340, and thiélpossccessful character sets is 1554. But
when the size of character set is 7 charactersntingber of maximal possible character sets
became 780842580024, and the possible successafalatlr sets became 2487.

5. CONCLUSIONS

BioKeys is a fully functioned tool that allows theers to create and manage database and
polyclave key, to reference database and to idestiEcimen. The current version of BioKeys
can provide certain statistics of a database armgclpwe key. In the future, it is desired to
develop criteria or indices for quantitative evailora of polyclave keys.
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TOM TAT

BIOKEYS - MOT HE THONG LIEN KET CHO PHEP LAM VEC VOI CO SO DU LIEU VA
KHOA DINH LOAI DA TRUY G CAC BAC PHAN LOAI KHAC NHAU

Nguyén Vin Sinh

Vién Sinh thai & Tai n’guyén sinh;b, )/i,én HLKHCNVN,
18 Hoang Qdudc Vigt, Cau Giay, Ha Ni

Email: vansinh.nguyen@iebr.ac.vn

Khac Wi cac plin mém phan lai hién cd, BIOKEYS cho phép mgi ding to va st dung
khéadinh loai da truy @a riéng minhy cac tic phan lai khac nhau. Théng tindvbac phan lai
cia khoaduoc leu tai dongdiu cia €p khoa nén BIOKEYS c6 éhhiéu va timé ding twong
can thiét cia @ so dir liéu dé loc cac ln ghi dia cac taxon phldp. Két qua tra aru oo s dir
lidu haic dinh lcai duoc hién thi dusi dang web. Ngoai ra, con c6 céértiichdé tao va qun ly
co sd dit liéu, phan tich khédinh loai da truy. Mot vi du vé sir dung BIOKEYSdugc cung ép
vai khoada truydinh hp thyc vat nganh Mc lan (Magnoliophyta) la khédurgc xay drng dra
trén k¢ théng khdaduc 16 cua Betel Hansen va Knud Rahn (1969).

T khéa: khoada truy,dinh laai, co s dir liéu, phan tich khoa.
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