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Abstract. The medical research on twins, carried out at the Gregor Mendel Institute for 
Medical Genetics and Twin Study in Rome over the past four decades, has resulted in 
a vast collection of clinical paper records. A challenge was presented by the need for a 
more secure method of storage to preserve this enormously valuable historical and scien­
tific patrimony and to render its contents more easily accessible for research purposes. 
We met the challenge by planning and developing the computerization of this material. 
New concepts, currently being explored in biomedical informatics, were applied to build 
a Knowledge Data Base System, using a fourth-generation language (SQL). This ar­
chitecturally innovative computer system enables its users to manipulate data supplied, 
rather than just simply storing it. Based on heuristic relational criteria between variables 
and parameters, the system is employed to solve problems of sibling design analysis typi­
cally arising from twins' records, but is also equipped to meet future data base require­
ments. Another feature of the system is its users' ability to pull off data in the form of 
regular automated reports, which are distributed through a Local Area Network (LAN). 
Through a Bulletin Board System (BBS) and modem, any scientist (outside as well as 
within the Institute) is thus able to access data and exchange scientific information. 
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INTRODUCTION 

Informatics and computer science have been used extensively to transfer scientific infor­
mation from paper to magnetic media [2, 18-20, 25]. Thanks to the speed and power 
of computers today, the creation of an Informatic Laboratory (ILM) made it feasible 
to convert to electronic form the huge amount of data on twins held by the Mendel Insti­
tute. Our primary goal consisted in developing a common data-structure to link the 
different areas of scientific activity within the Institute, while, at the same time provid-
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ing a central reference bank to be shared by all [11-17, 22, 23]. Up until a few years ago, 
the more common method of storing and evaluating scientific data was based on the 
simple creation of electronic data bases. Such data banks were a response to the need 
of having information sorted according to one or more taxonomic criterion (indexed 
tables) [1, 3, 4, 7, 10, 17]. More recently, however, a new technique called "B-tree in­
dexing" was introduced, which allowed scientists to interrogate a database rapidly, us­
ing a formal computer language [6] called Structured Query Language (SQL). This lan­
guage is based on the algebraic theory of J. Boole, and enables logical operators like 
AND, OR, and NOR to search coherent clusters and sub-clusters within a large group 
of related variable lists, namely the Relational Data Base Management System, R-
DBMS [5, 8, 9, 24]. The latest development in these concepts is the Knowledge-DBMS, 
which allows for qualitative information such as, in our case, twins' genealogy, anam­
neses and follow-ups to be stored inside the data base in terms of knowledge rules. In 

Table 

Page Section Information units 

1 General case information Name, surname, dates of birth of: 
twins, mother, father. 
Zygosity determination criteria 
Medical pathological case reports in the parental and 
sibling genealogies. 

2 Ethnic origin of the parents and 
pregnancy data 

Geographical location and origin of parents 
Pharmacological treatment during pregnancy 
Previous Premature interruption of pregnancy 
Blood relation between parents 

3 Pregnancy profile/assisted fecun­
dation (AF) 

Pregnancy duration and delivery modality 
Fetus presentation 
Placenta and sac anomalies 
Pharmacological treatments 
Infertility treatment or assisted fecundation tech­
niques 
Location and outcome of AF 

4 Siblings 

5 Twin anamneses 

6 Twin update 

7 Pathology profile follow-up 

Names, ages, blood groups and karyotypes of 
brothers/sisters 

Height, weight, lactation and behaviour 
Follow-up data of twin 

Residence, jobs, habits, growth malformations and 
pathological events, update of the twins 

Incidence of illness during the follow-up 
Smoking habits, drug and/or alcohol consumption 

8 Psychological profiles Twins' similarities and peculiarities 
Interviews with parents 
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developing its twin data archive, the Mendel Institute adopted "B-tree indexing" and 
the latest concepts deriving from it. This paper schematically describes the technical en­
gineering aspects of the K-DBMS created, placing special emphasis on the strategy used 
for categorizing data relating to the pathologies found in twins' siblings. 

MATERIALS AND METHODS 

Hardware. Four AT-386 and 486 computers were connected in a LAN by using a 10 
megabyte Ethernet communication protocol based on a 50 Ohms coaxial cable. One of 
the machines was equipped with a 1.5 Gigabytes SCSI hard-disk and used as server for 
central heavy-processing calculations. Another machine was connected to a Hayes com­
patible Modem (2400 buds UART) to function as a door/bridge between the Informatic 
Laboratory and the external consultant. One central High-Resolution laser printer (HP 
LaserJet 4™) was installed to be shared by all the LAN nodes. 

Informatic environment. The LAN software configuration was based on a Peer-to-peer 
design, allowing each workstation to access data and send instructions to any other PC 
in the LAN without passing through the server station. The Operating system used was 
Microsoft DOS 6.2™ and the graphical interface for all running applications was Win­
dows for Workgroup 3.11. 

Data Base System. The Relational Data Base System used to implement the twin record 
information was Open Access IV™ (Software Product International, San Diego, Ca, 
USA). 

Programming language. The X-BASE 4th-generation language was adopted within the 
Open Access IV DBMS to programme for specific management functions such as special 
queries, automated tabulation, cross table etc. Using this language it was also possible 
to produce basic statistical contingencies and frequency counts for all the variables 
(fields) of the records. The programming language was particularly suitable for develop­
ing exporting procedures to create external data tabulation formats to share information 
with other systems, by phone line or simply via floppy disk exchange. Our data base can 
also be accessed by Digital™ Mainframe, Unix™ System and Apple™ computers. 

Statistical package. Besides standard statistical functions, such as average, median and 
canonical counts, which were included in the DBMS, non-parametric statistical stan­
dards, Statgraphics 2.1™ (STSC, Rockville, MD, USA) and SAS™ (SAS, MD, USA) 
were also used. 

Communication Software. The commercial products Cosession™ 6.2 and PCBoard™ 
15.0 were used to compute at a distance, and in programming the BBS interface of the 
twin data base. 
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DISCUSSION 

Since 1950, some 20,000 cases of twins have been clinically studied by The Gregor Men­
del Institute and their progress monitored in several follow-up visits. For each twin pair 
studied, their anamnesis, parental genealogy, sibling and clinical profiles were recorded 
in a total of 230 information units (fields). Because of the complexity and multiformity 
of the qualitative information relating to twins' histories, each data base record was 
divided into several sections to contain specific itemized data. Each section of the elec­
tronic archive of the Institute could be viewed on the computer screen as pages of a mask 
whose frames contained the specific data relating to that section. For example, the third 
page of the mask might show the section relating to the mother of the twins, and its 
frames contain information on her pregnancy, labour and delivery as well as any infer­
tility treatment or assisted fecundation programme followed. The Table briefly summa­
rizes the informational sections used in the main twin data base, although many other 
data bases not described here were used in parallel to facilitate record compilation and 
to eliminate any possible keyboarding errors. 

The specific itemized data within a section of the electronic archive were divided into 
quantitative and qualitative information, by defining variables and parameters; for in­
stance, within the category of number, we distinguished the number of placentae and 
sacs from physical parameters such as weight, age, etc., by a logical correlation between 
the first two values and the variable 'zygosity' instead of the variable 'karyotype'. On 
the other hand, such variables as pharmacological treatments during pregnancy had a 
priority score-correlation with regard to numerically related parameters such as weight, 
age, and number of malformations. Once the architecture of the data base was designed, 
and the data-entry performed with a mask system, an automated procedure was installed 
that created a glossary of pathologies intended to speed up searches of particular case-
reports. In a simulated trial, the programme was able to select 4 cases of a Hodgkin 
malignant lymphoma out of 50, 000 total records contained in the Institute's twin data 
base in 1.2 seconds in a local station. For an external request (RS-232) connection, the 
time taken was 3.4 seconds. The design of the multi-task and multi-user software allows 
a large number of people to access the data base to introduce or call up data simultane­
ously. Moreover, another feature of the the software architecture allows the automatic 
updating of information introduced into the data base. 

CONCLUSION 

Our preliminary experience with the new technology on electronic informative media, 
leads us to the conclusion that a large amount of scientific information can be reinter­
preted in a more useful way, thereby allowing for new kinds of epidemiological studies 
to be undertaken. New, hitherto undiscovered correlations in the investigation of twin­
ning can now be discovered with computer science, if it is applied correctly. Moreover, 
informatics appeared to be the most suitable and flexible tool to accumulate knowledge 
that can redirect an entire line of research ergonomically, without rearrangement of the 
database structure. Lastly, it should be noted that the adoption of informatic media, has 
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enormously increased the scope for the exchange of data betweeen different disciplines 
and different laboratories. 
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