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Purpose. The purpose of the work was to demonstrate the applications of methods of database
construction on the example of information about rainbow trout and viral infections affecting it. In
process of such databases construction for electronic information systems it is necessary to find the
ways of biological data preparation for each of solved tasks, than to make an adequate processing of
these input data. Further step is the use of the methods of object-oriented system analysis for the
aforementioned database construction in optimal way.

Methodology. The methods of object-oriented system analysis, ER-diagram design, and the
methods of computer databases construction were used in process of present work fulfillment.

Findings. At the initial stage of the work some fish databases known in the world were
observed. The peculiarities of biological objects (fishes) that have to be taken into account for this
task fulfillment were analyzed. Further the approach of object-oriented analysis for constructing of
computer databases in optimal manner was suggested. The first logical steps of algorithm for
construction of databases with relative information about fish were described as well the practical
recommendations for the development of databases with information concerning domestic biological
organisms (on example of rainbow trout, its viral infection) for electronic information systems were
done.

Originality. No large-scale implementation of contemporary information-computer technologies
in Ukraine was done yet. The obtained results would be contributed to further intensive
implementation of contemporary information technologies for the development of domestic fishery
industry.

Practical value. Rainbow trout is important specie for fishery economy; its studying as well as
viral infections affecting it are of great value for food safety. Information computer technologies
application suggested in the work would make this branch of economy more effective in Ukraine and
in the whole world.

Keywords: fish, fishery economy, trout, databases, electronic information systems object-
oriented system analysis.
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Mema. Mema pobomu — npodeMOoHCMpPy8amu 3adCMOCY8AHHA Memoodie cmeopeHHs 6a3u
daHux pub Ha npuknadi iHpopmayii npo palidyxcHy popenb ma sipycHi iHpekyii, wo ii yparcyroms. Y
npouyeci KOHCMPYBAHHA Makux 6a3 0aHux 01 eneKMPOHHUX iHGopmauiliHux cucmem HeobxiOHO
8U3HAYUMU WAAXU Ni020moeKU 6ion02iYHUX MOKA3HUKIE8 078 KOMCHO20 3 eupiuly8aHux 3080dHb,
Hadani 30ilicHumu adeksamHy 0b6pobKy yux 8xiOHUX OaHUX. HacmyrnHUM KpPOKOM € 3aCmocCy8aHHA
memodie 06'eKMHO-0PIEHMOBAHO20 CUCMEMHO020 aHAsi3y 078 nobydosu bionoziyHoi 6a3u AaHUX
0NMUMAnbHUM YUHOM.

Memooduka. Y npoueci 8UKOHGHHA pPobim euKopucmaHo memoou 06'eKMHO-0PIEHMOBAHO20
cucmemMHo20 aHaizy, npoekmyeaHHsA ER-Oiazpam, memoou KOHCMPYOBAHHSA KoM 'tomepHux 6a3 OaHUX.

Pe3yasmamu. Ha noyamkogomy emarni 6ysn0 8UKOHAHO 02750 HU3KU 8i0oMux y ceimi 6a3 0aHux
pub. lMpoaHanizoeaHo ocobausocmi GionoziuHUx 06'ekmie (pub), AKki HeobxiOHO epaxosysamu npu
KoOHcmpytosaHHi 6a3 daHux. Hadani 3anponoHosaHo nioxio 06'ekmHo-opieHMo8aHo20 aHanisy 0.
KOHCMPY0B8AHHA Komm'tomepHux 6a3 0aHUX onmumManbHUM YuHom. OnucaHo nepwi Ao2iyHi emanu
an20puMMy KOHCMPYHBAHHA 6a3 OaHUX 3 8i0M0BIOHOK IHPOPMAUIED, A MAKOM MPAKMUYHI
pekomeHOauii 3 po3pobKu 6a3 OaHux 3 iHhopmayiero Npo 8iM4u3HAHI 6ionoeiyHi opeaHiamu (Ha
npuknadi palioyxcHoi hopeni, ii 8ipycHuUx iHgeKyili) 0aa enekmpoHHUX iHGopmayiliHux cucmem.

Haykoea Hoeu3Ha. MacwmabHe 6rnpos8adHeHHA Cy4yacHUX iHGopmauiliHo-Kommn'tomepHuUx
mexHosoeili Ha ocHo8i bionoziyHux 6a3 daHux 8 YKpaiHi wje He 30ilicHeHo. OmpumMaHi peaynemamu
cnpuamumyme nodanbWomy iHMeHCUBHOMY 8MPOBAOHEHHIO CYYACHUX iHGhopmayiliHux mexHonoeil
0719 pO38UMKY 8iMYU3HAHOI pubHOI Npomucsosocmi.

MpakmuyHa 3Ha4yumicme. PalidyxHa opens € UiHHUM 06°ekmom 048 pubHoz0
2ocriodapcmea; 0ocnioxeHHA ii ocobausocmeli ma gipycHUX iHeKuil, wo i yparcyroms, marome
cymmese 3Ha4eHHA 0718 podoeosbyoi besneku. 3acmocy8aHHA iHGOPMauiliHUX KOMM'tomepHUX
mexHosoe2ill, 3arnponoHos8aHux y pobomi, 3pobume yro 2any3e eKOHOMIKU 8 YKpaiHi ma cseimi binbw
epekmusHoro.

Kntoyoei cnoea: puba, pubHe 2ocnodapcmeao, hopens, 6a3u OaHUX, eneKmMpPoHHO-iHGopmauyidiHi
cucmemu, 06'ekmHo-opieHMoeaHuUli cucmemHuli aHAAI3.

KOHCTPYUPOBAHUE MH®OPMALIMOHHbIX BA3 AOAHHbIX Pblb: MOArTOTOBKA
AAHHbBIX U OBbEKTHO-OPUEHTUPOBAHHbBIA CUCTEMHbIA AHANU3

E. M. Kntouko, kelenaXX@ukr.net, UHCTUTYT aKCNepMMeHTaNbHOM NaTON0Mu,
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N. N. byyaukuii, iridol@bigmir.net, UHCTUTYT pblibHOro X03alicTBa HAAH YKpauHbl,
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Leno. Lleabs pabomel — npodemMoHCmMpuposame rnpumeHeHue memooos co30aHuUs 6a3bl OaHHbIX
pbl6 Ha npumepe UHGopmauyuu o padyxHoll openu U NopPamarUUx ee sUpPyCHbIX UHgeKkyuax. B
npoyecce KOHCMPYUupo8AHUA MaKux 6a3 OGHHbLIX 018 3/1eKMPOHHbIX UHEGOPMAYUOHHbLIX cucmem
Heobxodumo onpedeaums nymu no02omosKu buosozudyeckux nokazameseli 047 Kax 0020 pewaemozo
300aHus, 8 OanbHeliwem ocywjecmsums a0eK8amHyo 06pabomky amux 8XO00HbIX OGHHbIX.
Cnedyrowuli waz — 3amo npumeHeHue 06BLEKMHO-OPUEHMUPOBAHHO20 CUCMEMHO020 aHAAU3a 04
rnocmpoeHus buonozuyeckoli 6a3bl OAHHbLIX OTMUMAsIbHLIM 06pa30M.

Memoduka. B npouecce ebinosHeHUA pabomsl UCMOAb308GHbI Memodbl 06bEeKmMHO-
OPUEHMUPOBAHHO20  CUCMEMHO20  aHaAu3d, npoekmuposaHue  ER-Ouazpamm,  mMemoodsl
KOHCMPYUpOoBaHUS KOMMblomepHbix 603 OQHHbIX.

Pe3ynomamel. Ha Ha4ansHOM smarie bbis 8biMoaHeH 0630p pAda u3secmHbix 8 Mupe 6a3 OaHHbIX
pbib. [poaHanu3uposaHel ocobeHHocmu 6uonoau4eckux ob6bekmos (pbib), Komopeie Heobxodumo
y4umeleames npu  KOHCMpyuposaHuu 6a3 OaHHbix. [anee npedsnoxeH nodxo0 06beKMHo-
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OPUEHMUPOBAHHO20 GHAAU3A 0719 KOHCMPYUPOBAHUSA KOMIbloMepHbIX 643 OGHHbIX ONMUMAsbHEIM
obpaszom. OnucaHel nepsbie s02uvyeckue 3mansl an120pUMMA  KOHCmpyuposaHus 6a3 OGHHbLIX C
coomeemcmayrowjeli uHgpopmayuel, a Makxice npakmuyeckue pexkomeHoayuu no paspabomxe 6a3
OaHHbIX € UHopmayueli 06 omedyecmeeHHbIXx buosozuveckux obvekmax (Ha npumepe pPadymHol
hopenu, ee 8UPYCHbIX UHEKYUL) 0518 31eKMPOHHbIX UHEPOPMAUUOHHBIX CUCMEM.

Hay4yHasa Hosu3Ha. MacwmabHoe sHedpeHuUe cospemMeHHbIX UHHOPMAUUOHHO-KOMMbIOMEPHbIX
mexHosnoauli Ha OCHosaHUU 6a3 OaHHbLIX 8 YKpauHe euwe He ocyujecmsneHo. [losny4yeHHble
pe3ysbmameol 6yoym crnocobcmeosams dasbHeliwemy UHMEHCUBHOMY 8HEOPEHUKD COBPEeMEHHbIX
UHOPpMayUOHHbIX mexHono2auli 048 pa3zsumus omeyecmseeHHoU pbib6HOU NpomblwneHHocMu.

Mpakmuyeckoe 3Ha4yeHue. PadywHas ¢openv A6a9emca YeHHbIM 06bekmom 075 pPblbHO20
xo3alicmea; uccnedosaHue ee ocobeHHocmel U MOPAXAOWUX ee BUPYCHbIX UHPeKyul umeem
cywecmeeHHoe — 3Ha4YeHue  0a8  npodososbcmeeHHoli  6esonacHocmu.  Mcnons3oeaHue
UH(OPMAYUOHHbIX KOMMbIOMepPHbIX MexHos02ull, npedaoxeHHbix 8 pabome, coeanaem amy cghepy
3KOHOMUKU 8 YKpauHe u mupe bosee appekmugHoll.

Knrouesble cnosa: poiba, peibHoe xo3alicmeo, ¢opens, 6a3bl OAHHLIX, 3AEKMPOHHO-
UHOPpMayUOHHbIe cucmeMbl, 06beKMHO-0pUeHMUPOBAHHLILU cucmeMHbIU aHAAU3.

PROBLEM STATEMENT AND ANALYSIS OF THE LAST
STUDIES AND PUBLICATIONS

Biodiversity of species is a beautiful treasure that the Nature gave us. However
during the last two decades, the development of information and computer technology
(ICT) gives us a possibility not to understand only the beauty and grandeur of
biodiversity, but also to display them in adequate numerical characteristics, to organize
vast amounts of information about living organisms in databases that allow this
information automatic processing. Respectively, the possibility of the new methods of
science-intensive economy organization, its control, the account of biological organisms
for the purpose of their protection, and etc. appeared with ICT development. In addition
to the reports, tables, lists of species in the past, that biologists of previous generations
prepared carefully that play an important role in conservation measures, pest control,
increase of productivity and prevent starvation of the population, modern ICTs offer
new methods and tools. One of the important sets of such ICT methods is the
development of databases (DB) of living organisms with further their connection to
electronic information systems (ICs).

In our previous publications, we have already written about the development of such
ICs with DB in Ukraine for fishes [1] and arthropods [2, 3, 24]. We set ourselves the goal
to contribute to the development of living organisms databases in Ukraine (and, first of
all, fish DB), linked with ISs that visualized DB in the Internet. The development of IS
with DB of living organisms (including fishes) is becoming more popular and more
widespread in the world today [4-23]. However, the electronic databases of organisms
developed by the inhabitants of each country who knows local fauna and the most
interested in such ISs have the greatest value [24]. Therefore, in our own work we based,
first of all, on fish research of contemporary scientists of Ukraine [25-41, 52, 58]. In
previous publications our experience of DBs construction for biology is disclosed [42-51]
as well as the achievements of other professionals in DBs construction was also studied
during this work [55-57]. In one of our previous articles the authors have already
published the results of some theoretical generalizations of the first stages of fishes” DB
development [1]. Present work is its continuation with the practical recommendations for
application of previously described methods of the DB development.
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An overview of some foreign fish databases. Fishery industry is an important
component of economies in many countries of the world. That is why successful
experience on the development of fish databases exists already (industrial DBs and
high-quality amateur DBs) [4-23]. A brief review of some fish databases we have
already given [1]. In present work we would like to continue the works in this direction
on example of rainbow trout, and to add more material about word fish databases.

“FishTraits Database” is known in the world database [22]. It was written that
“the need for integrated and widely accessible sources of species traits data to facilitate
studies of ecology, conservation, and management has motivated development of traits
databases for various taxa. In spite of the increasing number of traits-based analyses of
freshwater fishes in the United States, no consolidated database of traits of this group
exists publicly, and much useful information on these species is documented only in
obscure sources. The largely inaccessible and unconsolidated traits information makes
large-scale analysis involving many fishes and/or traits particularly challenging”.
Characterizing this DB the authors gave the following information: “.FishTraits is a
database of more than 100 traits for 809 (731 native and 78 exotic) fish species found in
freshwaters of the conterminous United States, including 37 native families and 145
native genera. The database contains information concerning four major categories of
traits: (1) trophic ecology, (2) body size and reproductive ecology (life history), (3)
habitat associations, and (4) salinity and temperature tolerances. Information on
geographic distribution and conservation status is also included. Together, we refer to
the traits, distribution, and conservation status information as attributes. Descriptions of
attributes are available here. Many sources were consulted to compile attributes,
including state and regional species accounts and other databases.

FishTraits provides many opportunities for conducting research on fish species
traits and constitutes the first step toward establishing a central repository for a
continually expanding set of traits and species of North” [22].

“SalmonDB” is another important new multiorganism database [23] containing
the information about fishes’ genome sequences, for example, EST sequences
from Salmo salar, Oncorhynchus mykiss and the whole genome sequence of Danio
rerio, Gasterosteus aculeatus, Tetraodon nigroviridis, Oryzias latipes and Takifugu
rubripes, built with core components from GMOD project, GOPArc system and the
BioMart project. The information provided by this resource includes Gene Ontology
terms, metabolic pathways, SNP prediction, CDS prediction, orthologs prediction,
several precalculated BLAST searches and domains. SalmonDB also provides a
BLAST server for matching user-provided sequences to any of the databases and an
advanced query tool (BioMart) that allows easy browsing of EST databases with user-
defined criteria. These tools make SalmonDB database a valuable resource for
researchers searching for transcripts and genomic information regarding S. salar and
other salmonid species. The database is expected to grow in the near feature,
particularly with the S. salar genome sequencing project [23].

DEFINING OF PARTS OF THE PROBLEM THAT WERE
NOT SOLVED BEFORE. THE PURPOSE OF THE WORK

In process of fish computer databases construction for electronic information
systems it is necessary to find the ways of biological data preparation for each of solved
tasks, than to make an adequate processing of these input data. Further it is necessary to
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use the methods of object-oriented system analysis for the successful construction of
biological database in optimal way and among them — the method of design of ER-
diagram as result of analysis of the future DB content organization. Below the authors
will demonstrate all of these methods applications on the example of database with the
data about rainbow trout, its’ viral infections, and virus carrier.

MATERIALS AND METHODS

The methods of analysis of objects, potentially suitable for ordering in database,
object-oriented system analysis, ER-diagram design, and the methods of computer
databases construction were used in process of the work fulfillment.

RESULTS OF THE STUDIES AND THEIR DISCUSSION

Features of biological objects that are important for databases construction. Lets
consider some important features of biological objects that are necessary to take into
account for databases construction [53]. From the very beginning of the practice of
biological data processing it was noted that during the application of information
technologies/computer technologies (IT/CT) in the field of biology it was necessary
to remember the following features of the objects of nature, which complicate the
computer processing of data and results. First of all, it was necessary to concentrate
our attention on the problem of complexity of biological objects, which had several
reasons.

1. The first of the reasons - objective - is the complexity of biological organisms by
itself. After all, there are millions of species on the Earth that are characterized by great
variability of individual organisms, populations, and so on. The species have complex
chemistry, physiology, developmental cycles and behavior, which are the result of
millions of years of evolution. There are hundreds, if not thousands of ecosystems, in
which many species are inked between themselves with a large number of complex
relationships.

2. The second reason of the complexity is a subjective one. Since ecosystems are
located in different territories of different countries, they often interfere with the
interests of different groups of people: scientific, economic, commercial, others; and
this is reflected on the process their data registration for future DB. Observational data
obtained in different ecosystems often differ in precision and accuracy; they are made in
different meteorological or geographical conditions. Many of these observations (often
valuable) were made by amateurs. It is clear that all such field data observations and
experiments when creating electronic databases should be formalized, unified and
standardized.

If to speak about genetic material that characterizes certain types of ecosystems,
then obtained data are really accurate, meet generally accepted standards and they are
often the ideal material for development of electronic databases and ISs. The ambiguity
arises when IT professional during his work must match these exact data, for example,
with the name of the type. But the fullness of the names of the kinds of humanity still
does not exist; the systematic of species is constantly revised, the evolutionary changes
of organisms happen constantly, and many species on the Earth still have no names...
This situation complicates greatly the use of IT/CT in biology.

The application of IT/CT in biology is complicated also the fact that most of the
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existing computer methods were developed for certain conditions, certain tasks, limited
time periods. In reality, scientists deal with evolution, processes that are developing
during hundreds and thousands of years, organisms that consist of billions of molecules.
To solve such problems the standard methods do not exist yet, they need to be invented
and developed. With simple transfer of the already developed techniques or precise
discipline methods a large amount of valuable biologic information is lost.

A particular problem is the digitization of biological data accumulated over the
centuries; all modern biological knowledge is based on such digitalization. So, even in
the United States on 2001, where the biological data digitalization was initiated, it was
necessary to digitize information on more than 750 million biological species [53]. So,
this task needs to be solved globally, despite the fact that it is extremely labour-
intensive.

This is only a brief list of biological objects specific characteristics that are need to
be taken into account during the biological databases development. Addtional list of
such specific for biological objects characteristics is given in our articles [2, 3, 24].

Domain —y Eukaryota
Kingdom —y Metazoa
\
Type N Chordata
3
Subtype —y Craniata
3
Class — Actinopterygii
2
Sub-class —y Neopterygii
\
Infraclass N Teleostei
3
Series —y Salmoniformes
3
Family N Salmonidae
2
Sub-family N Salmoninae
3
Genus —y Oncorhychus
3
Specie —y rainbow trout (Oncorhynchus mykiss Walbaum, 1792)

Fig. I. Hierarchic classification of Oncorhynchus mykiss (Walbaum, 1792)

Object-oriented programming and hierarchical model of biological objects.
Hierarchy of objects is one of cornerstones of object-oriented programming. From the
other side, hierarchical model is an extremely important model of objects organization
and classification in living Nature [24, 54]. Similarity of these two ideas is a great
philosophic problem, but now we are interested in possibility how to use it and other
object-oriented programming approaches for the construction of databases with
information about biological objects (Fig. 1).; and such databases have to be as more
adequate as possible to biological objects hierarchy in the Nature. On Fig. 1 we have
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represented hierarchical scheme of rainbow trout - Oncorhynchus mykiss
(Walbaum, 1792) that belongs to the animals from Eukaryota Domain (according to
Linne classic hierarchical scheme [54]).

Approach of Object Oriented Analysis (OOA) for analyzing and constructing of
models. OOA methods enable to construct the DB with optimal characteristics. This is
really important because 1) numerical recordings of DB need great volumes of
computer memory and if not to optimize DB structure from the very beginning it cause
great memory losses with time; 2) some sectors of DB may be accessible ONLY being
linked through the “keys” after OOA and ER-diagram development. In general, OOA is
a method, which provides simulation of object model (OM) and formation of
requirements for subject space (SbS) by means of a notion “entity-relationship ER”,
specification of data streams and related processes [55-57].

Analysis of SbS is carried out using object-oriented methods and corresponding
standards. The ultimate objective of the object-oriented analysis of SbS is the definition
of the object model (OM) with the help of selected objects, the relations between them
and their properties and characteristics. For analytical design of objects, their attributes
and relations between them the scheme called ER-diagram was developed. On Fig. 2 we
have depicted ER-diagram for the abstract objects “Fish” , “Virus”, and “Carrier” of
this virus.

It means that in our investigation we united in linked databases the information
about fishes (for example, about the rainbow trout Oncorhynchus mykiss), viruses that
are the reasons of O.mykiss diseases, and organisms-carriers of these viruses. For
example, for O.mykiss it is known that they have such virus diseases: viral hemorrhagic
septicemia, trout infectious anemia, infectious necrosis of salivary hematopoietic tissue,
herpesvirus disease of salmons, and etc., which are characterized by the high mortality
of fishes that causes significant economic losses to world aquaculture.

At the next step we have to describe at one scheme these 3 objects (trout — virus -
virus carrier) with all their important characteristics and relations between objects. Such
scheme one could see on Fig. 2, that is “ER-diagram” for the fish “Rainbow trout”. It is
necessary to mention that these three objects for our database we picked up on the base
of experimental results. In these experiments two groups of fishes were in the pool:
salmons and trout [58]. Both species became sick after they had been infected by
alfavirus; and Talitrus saltator was the carrier for this alfavirus [58].

ER-diagram description. Objects here are the nouns, the main entities, information
about them have to be included into the DB (rectangles): fish, virus, and virus carrier.
Attributes there are object characteristics, necessary for object description (ovals): Latin
name, native name, location of living, and etc. Relations (thombus) here mean links that
unite the objects if they are logically linked (for example, “trout” is infected by
“virus”). Important characteristics of the relations between objects are the “Power of
relation” (Fig. 3). If one fish species is infected by one virus strain the “power of
relation” is 1:1. Similarly, if 1 specie of carrier carries 1 virus strain the “power of
relation” is 1:1. But if “M species of fishes were infected by N strains of viruses"
“power of relation” is M:N and so on. More about the art of DB construction one can
read in [1, 2, 3, 24].
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Fishes’ species N Viruses’ strains

M:N
: . 1 1 :
Virus strain Carrier

Fig. 3. Power of relations between the 3 objects during the database
elaboration.

Above: "M : N" - "many-to-many". In this example, this means:
"M species of fishes were infected by N strains of viruses" [1]
Below: "1 : 1" - "one-to-one". In this example, this means:

"1 specie of carrier carries 1 strain of virus"

CONCLUSIONS AND PROSPECTS OF FURTHER DEVELOPMENT

At the beginning of this article we observed some fish databases known in the
world. Than the peculiarities of biological objects that have to be taken into account
during DB construction were analyzed. Further the approaches of object-oriented
analysis for DB construction in optimal manner were suggested. The first logical steps
of algorithm of DB with information about fish (trout) development have been
described as well. At this step of DB construction some practical recommendations for
the development of databases with information about domestic biological organisms for
electronic information systems may be done: maximal accuracy in data mining,
standardization of input data about fishes, using of approach of object-oriented system
analysis with further ER-diagram designing, and so on.

It is necessary to emphasize the originality of results in the present article. No
large-scale implementation of contemporary information-computer technologies in
Ukraine was done yet and our findings described in the article will contribute to further
intensive development of fishery industry here.

We would like to hope that practical implementation of our work results will have
good prospects in Ukraine. Rainbow trout is important specie for fishery economy; it
and its viral infections affecting it are of great value for food safety. Information
computer technologies applying suggested in the present article, will make this sphere
of economy more effective in Ukraine and in the whole world.
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