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ther experiment. In short, 
bioinformatics makes the best use of 
the data we have. 

LIMS AND LEGS 
Bioinformatics stands on three legs. 

mately, all the information, from the 
source literature through the experi
mental methods and results to the final 
write-up could be handled through a 
unified system. 

LOGIC AND LINKS 
The second leg of bioinformatics is 

the analysis and linkage of disparate 
data. Simple linkages, such as those 
between DNA and protein sequence or 
restriction maps, are easily understood 
and readily made by many software 
suites. More powerful packages, such as 
those developed by IntelliGenetics and 
GCG (Madison, WI) , can take "your" 
sequence, interrogate the huge nucle
otide and protein databases for similar 

be interested in the genome sequence 
if it were not just information, but was 
linked up with other sequences to pro
vide knowledge about people. 

A new generation of database 
programmes is starting to address these 
links. The ICRF Prolog-based system 
aims to link the genetic map of an 
organism, the clones derived therefrom, 
and the DNA sequence data derived 
from those clones. The National Cen
ter for Biotechnology Information 
(NCBI) at the National LibraryofMedi
cine (Bethesda, MD) hascreatedadata
base access programme called "En trez, " 
which can ·~ump" among the domains 
of DNA sequence, protein sequence, 
and literature reference: users can fol-

The first is at the laboratory bench. 
Visionary suggestions for totally inte
grated Laboratory Information Man
agement Systems (LIMS) 2·3 are starting 
to be implemented by large-scale clon
ing and sequencing groups, such as the 
MRC Laboratory of Molecular Biology 
(Cambridge, U.K.) and the Imperial 
Cancer Research Fund (London, U.K.). 
Several companies such as 
IntelliGenetics (Mountain View, CA) 
and Applied Biosystems (Foster City, 
CA) have also realised that the value of ones, translate it into protein, find spe- r==================il 
-------------------· cific sequences within a se- 11 
Figure 1. Links between data types. 
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quence, design PCR primers that 
will recognise it, and so on. Other 
software packages, such as those 
of Oxford Molecular (Oxford, 
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U.K.) and Biostructure 
(Strasbourg, France) explore 
more complex links, such as 
those between protein sequence 
and potential three-dimensional 
structure, but require interpre
tative skill from the user to know 
whether what the programme is 
suggesting is reasonable. And 
linking three-dimensional struc
ture to potential enzymatic ac-
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automated molecular genetics and DNA 
sequencing hardware can be improved 
by providing software that will take the 
huge amount of raw data-bytes, pho
ton counts, hybridization signals-and 
turn them into information. 

LIMS will be able to "talk" intimately 
with the databases of biological infor
mation . Already all submissions to the 
Brookhaven Protein Database (PDB; 
Brookhaven, NY) of macromolecular 
three-dimensional structures-and 
nearly all submissions to the GenBank 
(Los Alamos, NM) and European Mo
lecular Biology Laboratory (EMBL; 
Heidelberg, Germany) Data Library 
DNA sequence databases-are elec
tronic. But they still require human 
intervention. Programmes such as 
GenBank's Authorin (which automati
cally takes a DNA sequence author 
through the steps necessary to produce 
a correct GenBank entry) are a small 
step towards integration of laboratory 
results with central databases. Ulti-
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tivity or to disease phenotypes, 
whik possible, is still quite be
yond the computer. It is the do
main of the expert. 

What is needed is a more ex-
tensive network oflinks between 

databases (Figure 1). The network is 
easy to depict, but can it be realised? As 
the ORF example illustrates, biologists 
are currently much better at making 
connections between sets of informa
tion than are computers. Biochemists 
understand the relationship between 
the representation of glycine used in 
molecular biology (a short string of 
letters--Gly), that used in chemistry 
(HO"CCH

2
NH

2
), and that used in a 

structure optimization programme 
(which might treat the peptide chain as 
a ribbon with charged balls on it). But a 
computer will have to be taught how to 
translate between these very different 
views of the same thing. 

Without these links, the central data
bases remain a resource for the special
ist investigator. But it need not be that 
way. There may be over a million people 
in the developed world-life science 
researchers, product developers in 
healthcare and agriculture, university 
and high-school teachers-who would 
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