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Abstract--The UNIQEM database, designed to accumulate general microbiological data, is currently used to 
store and make available information about microorganisms studied and maintained at the Institute of Micro- 
biology, Russian Academy of Sciences. UNIQEM can accumulate and maintain list-form information on a wide 
range of microorganisms (a property database) and facilitates collecting, processing, and publishing diverse 
data having to do with these microorganisms and their properties (a catalogue database). The database supports 
the retrieval of microorganisms by specifying an arbitrary set of their properties and has the potential for even- 
tually evolving into a computer instrument for unattended identification of microorganisms. 
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STORAGE OF SCIENTIFIC INFORMATION 

For centuries, the only way to disseminate scientific 
information was in the form of printed material. 
Towards the end of the second millennium, storage and 
exchange of scientific information became a serious 
problem. The number of publications increased so 
much that, by using journals and private communica- 
tion, it became impossible for researchers to follow the 
latest results obtained by the vast community of their 
colleagues working all over the world. The problem 
was to some extent eliminated with the advent of com- 
puters and global networks. This, however, was only a 
partial solution, because the form in which the data 
were represented in the computer did not change much. 
Like in the past, scientific information is stored in the 
computer mostly in the form of papers not readily ame- 
nable to analysis. The only solution to this problem 
consists in using advanced schemes to represent 
information in the computer. These are (1) databases, 
able to store huge volumes of data in a concise, catego- 
rized, and logically organized form; (2) knowledge 
bases, derived from databases and able to store ad hoc 
knowledge; and (3) expert systems, able to deduce and 
store nonalgorithmic and intuitive knowledge. 

Another problem that came to the forefront more 
recently is that specialists tend to require more 
advanced computer programs than can be offered by 
contemporary information technologies. There are two 
ways to solve this problem: specialists in information 
technologies can be given new software tools to 
increase their productivity or, alternatively, the end 
users can be given direct access to databases (DBs) 
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with no information technology experts serving as 
intermediaries. Both approaches rely on the application 
of advanced technologies for data storage and process- 
ing, and, specifically, the use of databases [1, 2]. 

TAXONOMIC DATABASES 

Developing a taxonomic database is an incompara- 
bly more complex problem than creating a database for 
an industrial plant or a cluster of industrial plants. This 
is primarily due to the facts that biological objects are 
extremely diverse and the available information about 
biological objects is incomplete, being continually 
updated or even changing its structure. Furthermore, 
biological information can often be both an object to be 
stored in a database and a subject currently under 
exploration. This implies that the information related to 
poorly studied objects (organisms) with questionable 
or even unknown properties and a not yet generally 
accepted taxonomic status may have to be entered into 
a database. Moreover, there can be situations when one 
has to enter information about organisms whose posi- 
tion in the taxonomic system, as well as many of their 
properties, is still to be determined, probably with the 
help of the very same database. This makes the problem 
of selecting typical (type.'?) strains in the database that 
can be used to typify and cluster organisms for com- 
puter identification acute [3]. 

The features used in describing plants or animals are 
basically morphological, but this is not at all the case 
with microorganisms. On the other hand, viruses as rel- 
atively simple objects can be characterized by a rela- 
tively few number of features and, therefore, are more 
suitable to the application of computer technologies. It 
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can be said that, among other existing taxonomic 
databases, the microbiological ones are the most 
complex, and numerous technical, informational, 
and theoretical problems are still waiting to be 
solved. 

TECHNICAL IMPLEMENTATION 
OF MICROBIOLOGICAL DATABASES 

The structure of most contemporary databases fol- 
lows the so-called relational model. In a relational data- 
base, the data are stored in one or several tables (rela- 
tions), each one possessing a fixed number of fields 
(attributes). The essential feature of tables in rela- 
tional databases is the atomic (quantum) character of 
values in the fields. This means that each field located 
at the intersection of the given row and column of the 
table can hold just one value rather than a set or a com- 
bination of such values [4]. 

There are a large number of reasons (first of all) a 
fixed number of fields and the impossibility of storing 
more than one value in a single field, why it is virtually 
impossible to describe microbiological objects 
within the framework of a relational model. There- 
fore, to enable more or less detailed descriptions of 
microorganisms, the models adopted for microbiologi- 
cal databases normally go beyond the relational model. 
Several artificial languages are being developed for 
this purpose, and one of the most powerful of them is 
DELTA. 

DELTA is a language that allows taxonomic data to 
be entered into a computer in a form suitable for com- 
puter processing [5]. It was adopted by the Interna- 
tional Taxonomic Description Work Group (TDWG) as 
a standard for data exchange between botanical gardens 
worldwide. DELTA offers an extremely wide range of 
possibilities. It suffices to note that, having a descrip- 
tion of a taxon in DELTA, its description can be gener- 
ated in a natural human language. At the same time, it 
should be emphasized that DELTA is employed prima- 
rily in botanical databases. It is a fairly involved lan- 
guage and can hardly be studied and used by working 
microbiologists. 

THE UNIQEM DATABASE 

Until now, the only comprehensive source of infor- 
mation one could readily use to promptly obtain con- 
centrated data on a microorganism of interest was vari- 
ous editions of the Bergey's Manual. This state of 
affairs was changed neither by the wide distribution of 
personal computers, enabling the user to reference 
huge amounts of data, nor by the emergence of global 
networks (e.g., the Interuet) that can provide access to 
centrally accumulated data at any point on the planet. 

Due to technical, historic, and organizational rea- 
sons, the well-known collections of microorganisms 
such as VKM and DSMZ evolved into centers accumu- 
lating microbial cultures but lacking comprehensive 

information on the properties of microorganisms and 
their descriptions similar to those contained in the 
Bergey's Manual. The databases published by all inter- 
national collections are without exception of a cata- 
logue type. They are developed exclusively for collec- 
tion maintenance and all they can provide are lists of 
the microorganisms stored, the cultivation media used, 
the authors of the description, etc. 

There are also a few databases that store more gen- 
eral information about microorganisms, gathered 
mostly from joumal publications. Such databases are 
seldom developed in cooperation with working micro- 
biologists and focus either on widespread and widely 
studied microorganisms or on quite narrow physiologi- 
cal (taxonomic) groups. Nevertheless, such databases 
could in the future be used to advantage in a (computer) 
system for the identification of microorganisms. 

There are rather numerous special databases avail- 
able to microbiologists (lists of validated names, syn- 
onyms, etc.). However, being highly specialized, they 
are referenced only by fairly narrow groups of 
researchers. 

In light of the outlined argument, the problem we 
had to solve was to develop a database that should be 
able both to maintain data lists relating to a wide range 
of microorganisms (a catalogue DB) and to be instru- 
mental in accumulating, processing, and publishing 
diverse information concerning these microorgan- 
isms and their characteristics (a property DB). 

The UNIQEM (UNIQue and Extremophilic Micro- 
organisms) database we developed is intended to store 
all and any microbiological information. In designing 
the structure of UNIQEM, we deliberately did not want 
to specify any priority research areas or impose any 
constraints on methods of data acquisition. It was 
assumed from the very start that the database to be cre- 
ated should be universal enough to serve the needs of 
researchers working with different physiological 
groups of microorganisms. 

The data to be stored in UNIQEM are directly pro- 
vided by specialists working with or maintaining 
cultures of microorganisms that belong to highly 
specialized or unique (extremophilic) physiological 
groups. This approach ensures that the information 
entered into the database is more reliable and complete. 
It can be concluded that, having the capacity to store all 
and any kind of microbiological information and, at the 
same time, to hold data directly supplied by microbiol- 
ogists, UNIQEM has considerable potential for future 
development. 

The objective we set ourselves when UNIQEM was 
initially designed and implemented was that the data 
input procedure should be as simple as possible (of 
course, with regard to the complexity of the problem at 
hand) to be readily mastered by microbiologists and 
should not require the expertise of information technol- 
ogy specialists and database administrators. This objec- 
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Key events in the design and development of the UNIQEM database, �9 Akhlynin, D.S. and Gal'chenko, V.F., 1998 

October 1998 
November 1998 

December 1998 

March 1999 

The first operational version of a program for UNIQEM editing (MBio 2) appeared 
First 300 groups of monofunctional properties, almost sufficient to describe pro- and eukaryotic 
microorganisms, were selected and incorporated into UNIQEM 
Data relating to the first 90 microorganisms were stored. A program (MBioNet 3) 
for data publishing on the Interact was developed 
UNIQEM goes public as an Internet resource at the site of the Laboratory for Classification 
and Storage of Unique Microorganisms, INMI, RAN 

2MBio Akhlynin, D.S. and Gal'chenko, V.F., 1998; 3MBioNet �9 Akhlynin, D.S. and Gal'chenko, V.F., 1998. 

tive was attained by developing a very simple computer 
language for strain description. 

The major problem we faced in designing UNIQEM 
was to develop a language for describing microorgan- 
isms and the appropriate software tools (amounting, in 
fact, to a database management system) that would 
make it possible to: (1) accept descriptions of microor- 
ganisms in this language; (2) translate such descrip- 
tions into the internal database format; and (3) support 
data manipulation in the internal format (retrieving, 
comparing, and publishing information). 

An incomplete list of the problems that had to be 
solved in designing, putting into operation, maintain- 

ing, and filling our database with microbiological data 
is given below: 

(1) Auxiliary software had to be developed to pro- 
vide access to low-level database functions for admin- 
istrators, microbiologists, and other end-users through 
a familiar interface [6]. The currently implemented 
interface is based on the graphical user interface featur- 
ing such primitives as pull-down menus, icons, buttons, 
tables, etc. 

(2) Documentation for the system and guidebooks 
(both to the microorganism description language and 
auxiliary software) was to be written. The availability 
of documentation is essential to facilitate database use 

Fig. 1. The main window of the MBio program, Akhlynin, D.S. and Gal'chenko, V.E, 1998. 

MICROBIOLOGY Vol. 69 No. 4 2000 



UNIQEM, A MICROBIOLOGICAL DATABASE 483 

by microbiologists, for system maintenance, for subse- 
quent development of the system, and to reduce the cost 
of its operation. 

(3) Interaction with microbiologists to foster data 
collection had to be established. The potential users had 
to be taught essentials of computer storage and data 
processing, acquainted with the language used to 
describe microorganisms, and shown basic ways to 
access UNIQEM and use its capabilities. Microbiolo- 
gists had to be assisted in deciding what data relating to 
the strains under study should be entered into the data- 
base, in designing the appropriate questionnaires, and 
in their actual work with the program. 

(4) Physical data protection had to be implemented. 
Data backup needs to be performed at regular intervals 
as a safety measure against hardware faults, and shared 
access to information has to be organized to prevent 
illegal interference from unauthorized users. 

(5) Legal and proprietary questions had to be 
solved. The most obvious steps in this direction 
included registration of UNIQEM with the state data- 
base registry, registration of trademarks, and copyright 
declarations. 

The work on UNIQEM started in 1998, but its 
progress was significantly delayed as a result of the 
complexity and novelty of the problems encountered 
and because of inadequate financial support. The first 
results were obtained only by the end of 1998 (table). 

UNIQEM LANGUAGE 
FOR STRAIN DESCRIPTION 

In UNIQEM, a strain is described by a set of pairs 
of the form 

{ Pi, Vi,j}, 

where Pi is the name of the ith property (attribute) in the 
database and Vi. j is the name of the jth property value 
(attribute value) of the ith property. 

The number of such pairs that can be defined for a 
strain is not limited. Each property value can, in princi- 
pal, be supplemented with an optional set of data. 
These additional data items, however, are not refer- 
enced during data search, and, in the current interface 
implementation (Fig. 1), are limited to plain text. 

The strain description language contains no direc- 
tives to create new properties or their values (and, for 
that matter, is not a data definition language). All such 
capabilities are available only in the database manage- 
ment software. This approach makes this language 
more straightforward and stringent and increases the 
chances that the software will detect gross errors in 
strain description. The language we developed, by all 
means, could be extended to include data definition 
directives, but, in our view, even such a minimal com- 
plication of the language is likely to hinder or block 
altogether its use by microbiologists. 

It should be stressed that the UNIQEM dictionary is 
controlled exclusively by database administrators. This 
is, in fact, a precaution taken to preserve the manage- 
ability and the overall logical integrity of the database. 

THE CURRENT STATE OF UNIQEM 

A simple variant of a language to describe microor- 
ganisms and the corresponding data format are imple- 
mented. In our view, our language strikes a reasonable 
balance between the completeness and the accuracy of 
the data on the one hand and the effort one has to invest 
in language development and its complexity for micro- 
biologists on the other. 

The software package we developed can (1) store, 
process, and publish information relating to more than 
1000 strains and characterized by no more than 1000 
groups of monofunctional properties; (2) hold attached 
graphical information; and (3) store text information 
such as compositions of growth media, nucleotide 
sequences, and strain descriptions in a text form. 

UNIQEM was tested in Russia and other countries and 
has been in operation for more than a year. By December 
1999, UNIQEM contained data on 111 strains (methan- 
otrophs and myxobacteria) described in terms of no less 
than 90 to 130 property groups. The total number of 
monofunctional property groups is 357 (the number of 
parameters in each property group is not restricted and 
some of them can be additionally included into 
UNIQEM descriptors). 

The UNIQEM database is published and made 
available through the Internet site (http://inmi.da.ru) of 
the Laboratory of Unique Microorganisms Classifica- 
tion and Storage, Institute of Microbiology, Russian 
Academy of Sciences (INMI, RAN). The site has 
already had more than 3000 visitors, and more than 
5000 database queries have been processed. At present, 
by using the Internet, one can (1) browse through the 
numeric database index; (2) browse through the cata- 
logue; (3) view short strain passports, furnished with 
micrographs; (4) enter on-line new data that one may 
wish to add to UNIQEM and publish it on the Web by 
filling in the input form to be sent to the database 
administrator; and (5) find strains in UNIQEM that 
possess an arbitrary set of properties. 

Item 5 in the preceding list, search of strains with 
an arbitrary set of properties, deserves special dis- 
cussion. This option makes it possible for UNIQEM 
users to locate strains in the database characterized by 
a given combination of properties, provided such infor- 
mation is contained in UNIQEM. The feasibility of 
queries based on a combination of parameters makes 
UNIQEM a powerful instrument of research. Let us 
consider the following example. Suppose we are inter- 
ested in strains of microorganisms having pink colonies 
and containing cytochrome c. Until now, answering this 
question might have involved the examination of huge 
amounts of data from diverse sources: papers published 
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Fig. 2. 0NIQEM data flow diagram. 

both in journals and on the Web, laboratory workbooks, 
etc. This is bound to take a lot of time. With UNIQEM, 
the result of the query is available in a matter of sec- 
onds. It can be argued, therefore, that microbiological 
information entered in UNIQEM is transformed to a 
qualitatively new level. When information is entered 
into a database, it is, actually, translated from a natural 
into an artificial computer language, and it is by means 
of this language that the computer acquires partial 
"competence" in the given data domain. 

ADVANTAGES AND SHORTCOMINGS 

The purpose of the UNIQEM database is to accu- 
mulate general microbiological information and to 
have it promptly published on the Internet. In its 
present form, it has become an unparalleled microbio- 
logical resource on the Internet. Its technical capabili- 
ties match the level of the best taxonomic databases 
worldwide. The strain description language imple- 
mented in UNIQEM is, on the one hand, powerful 
enough to capture quite diverse microbiological data 
and, on the other hand, simple enough to be readily 
used by microbiologists. In future, however, this sim- 
plicity of the strain description language may prevent 
the input of more precise and detailed data and make it 
difficult to maintain the logical integrity and microbio- 
logical consistency of the stored data. 

At the present time, UNIQEM can be accessed on 
the Internet and is always ready to accept and publish 
new data. It was positively evaluated by microbiolo- 

gists and workers in related fields from several coun- 
tries, including Belgium, Canada, the United States, 
Great Britain, and Spain. 

Adding new data to UNIQEM currently involves 
active communication between database administrators 
and microbiologists (Fig. 2). This process can be 
thought of as consisting of three steps. (1) The data 
administrator sends to the microbiologist the full list of 
properties currently implemented in the database. This 
list is examined by the microbiologist and new proper- 
ties that he or she might wish to be included in 
UNIQEM are sent to the administrator for consider- 
ation. (2) A new full data entry form, realizing the sug- 
gestions of the microbiologist, is distributed to be filled 
out by researchers wishing to describe the type strains 
contained in their collections. (3) Specialized data 
entry forms are produced, based on the given type 
strains, to make the task of describing similar microor- 
ganisms more obvious and simple for microbiologists. 

An additional simple step is the transfer of the 
accompanying data obtained by microbiologists. These 
data can be photographs, nucleotide sequences, or 
descriptions provided in the text form. It can be hypoth- 
esized that, in the process of UNIQEM development, 
the first and then the second steps of information 
exchange between the researcher and the database 
administrator will be phased out, and this will speed up 
and streamline the UNIQEM updates. 

In its current state, UNIQEM is virtually not docu- 
mented. The lack of detailed documentation, which 
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might have amounted to a hundred pages, is a signifi- 
cant obstacle in collecting information from working 
microbiologists and has a negative effect on the rate at 
which UNIQEM is filled with new data. 

system without the help of administrators. Once 
achieved, UNIQEM will turn into a self-developing 
system able to accumulate and process all available 
microbiological information. 

FUTURE WORK 

The priority goals for UNIQEM development are 
(1) writing the documentation, (2) improving the pro- 
cess of data acquisition from researchers, and (3) devel- 
oping the relevant software. 

One might expect that, as UNIQEM is filled with 
new data, its "paper" versions would be published. 
Holding vast amounts of diverse data, UNIQEM might 
be used to generate catalogues, illustrated atlases, and 
guidebooks for the identification of microbial cultures. 

Development of advanced software able to perform 
an intelligent data  search will make it possible to 
examine microorganisms by any given set of features to 
find similar and close strains. The fully fledged numeric 
analysis of strains via the Internet using UNIQEM data 
with generation of reports in text and graphical forms 
might become a reality. 

A very difficult problem consists in developing an 
algorithm that would be able to analyze microbiologi- 
cal data contained in UNIQEM in an unattended 
manner and look for new regularities. The purpose 
of such an algorithm would be to maintain the consis- 
tency of data in the database and to create new knowl- 
edge applicable to all microorganisms (this process is 
called data mining). 

The two important directions in which UNIQEM 
could be advanced are its integration with existing sys- 
tems for taxonomic data accumulation and employ- 
ment of a more powerful language for strain description 
[7]. The far-reaching aim of this project is to make it 
possible for microbiologists to enter new data into the 
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