
The most frequent access to the MEDLINE

database of scientific abstracts is by

keyword search. However, this is often not

sufficient because although the user might

find all the useful abstracts, these are buried

in hundreds that are irrelevant. The

exploratory tool XplorMed has been

developed to analyse the result of any

MEDLINE query. It suggests main groups of

related topics and documents, sparing the

user the need of reading all abstracts.

A wealth of biological scientific
information is available in the MEDLINE
database (National Library of Medicine),
which now holds more than ten million
references to papers from biomedical
journals dating back to 1966. To recognize
research trends, integrate their own
research with general knowledge and
generate hypotheses to be tested in
experiments, the individual researcher
needs to be aware of only a small fraction
of this information. At least three factors
are making this increasingly difficult in
the field of molecular biology: the
introduction of high-throughput
technologies that produce heterogeneous
data, the softening of borders between
research areas and a general increase of
the number of scientific papers published.

As a result, exploratory literature
searches in unfamiliar research areas are
increasingly required and the researcher
could have to analyse the whole corpus of
references within MEDLINE. In this task,
the classical problems of information
retrieval (IR)1 are met. The selection of
relevant documents from a large collection
resulting from a user’s query has to be
optimized to increase both the precision
(fraction of retrieved documents that are
of potential use for the user) and the recall
(the fraction of the possibly useful
documents that are retrieved).

Current limitations

The MEDLINE public servers already
allow primary forms of document retrieval,
the most popular of which is the selection
of entries by the presence of a word or
series of words (that can be combined by
logical rules) in the titles, abstracts or

MeSH terms (controlled set of keywords
manually assigned by the compilers of
MEDLINE, http://www.nlm.nih.gov/mesh/
meshhome.html). Such ‘hard’selection
rules are not optimal for IR of documents
written by humans (in natural language)2.
Obviously, making a more unspecific
keyword search can maximize recall.
However, the number of entries retrieved
might then be huge (low precision result)

making the search useless. The user still
has to filter the results in some way.

An additional problem of an
exploratory search is that it is
indeterminate. The user might not be able
to state precisely the subjects of interest.
This information is only known after
examination of the literature.
Furthermore, the user might find
additional words that could be used to
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Fig. 1. Extracts from a typical run in the XplorMed server exploring proteins associated with obesity. After separating
unwanted abstracts (e.g. those on nutrition) several candidate proteins are revealed and phosphatases are explored
further. (a) Step 1: the results from a keyword query in PubMed with ‘obesity AND protein’ restricted, for simplicity, to
the second half of the year 2000, were used as input to the system; that is, the resulting 463 abstracts are analysed
now by XplorMed. The box graph depicts the steps of the analysis process. Steps 1 and 2 prepare the input, and
Steps 3–5 can be iterated. In Step 2, one can select abstracts from the input based on the major MeSH categories (not
applied in this example). (b) Step 3: words in the abstracts ranked by their degree of relatedness to other words.
Names of proteins appear in the list, for example, phosphatase. Now one can narrow the focus and explore, for
example, the association of phosphatases with obesity. (c) Exploring the relations of the word ‘phosphatase’ to other
words. The table shows dependent terms (e.g. in the 463 abstracts ‘ptp’ only occurs with ‘phosphatase’) and terms on
which ‘phosphatase’ depends (e.g. ‘phosphatase’ only occurs with ‘tyrosine’). (d) Retrieval of sentences within the
463 abstracts containing either the word ‘tyrosine’ or ‘phosphatase’ with a colour code: red, target words (unless they
appear consecutively – magenta); blue, sentences containing both words. MEDLINE identifiers (e.g. 20431776) are
linked to the corresponding MEDLINE entry. Through these sentences it becomes obvious that the terms are related
through ‘protein tyrosine phosphatase’. Note that ‘ptp’ is the abbreviation, and ‘1b’ the name of a gene encoding
human and mouse ‘ptp’. The third abstract (MEDLINE ID: 20534659) contains both terms but they are related in a
more casual way. (e) Step 4: word chains of related terms ordered by the number of abstracts containing the
corresponding words. ‘Protein’ and ‘phosphatase’ co-occur in six abstracts. (f) Step 5: selection of abstracts based on
the ‘protein, phosphatase’ word chain. The selection is not hard because an abstract might be selected even if it does
not contain one term of the word chain providing that it contains other terms strongly related to the missing one. For
example, the seventh abstract (MEDLINE ID: 20496288) does not contain the word ‘phosphatase’ but was selected
because it deals with ‘tyrosine phosphorylation’. The top two abstracts from the previous set were selected but not
the third one. From here one could iterate to Step 3. A deeper description of this example is given in a tutorial at
http://www.bork.embl-heidelberg.de/xplormed/example/ 



expand the query in MEDLINE (e.g.
unexpected abbreviations of a protein
name or synonyms of a disease) or to
explore unexpected findings laterally
related to the original subject. For
example, assume that a researcher
requires an overview of the proteins
associated with obesity. A query in
MEDLINE with ‘obesity AND protein’
(resulting in >12 000 abstracts!) contains a
heterogeneous collection of papers about
the molecular biology of obesity hidden
among papers about nutrition. 

Analysis with XplorMed

To aid the kind of manual analysis that
one would need in the cases described
above, we have developed a system
(XplorMed, http://www.bork.embl-
heidelberg.de/xplormed/) that provides an
intermediate level of analysis (Fig. 1). The
system starts with the results of a query in
MEDLINE (Fig. 1a). The relations
between words (nouns) present in the
same abstract are described using two
fuzzy binary relations3 that are more
suitable for the modelling of natural
language relationships than other
approaches4. (A fuzzy binary relation is
binary because it describes a relation
between two elements ‘a’and ‘b’, and it is
fuzzy because it describes this relation
with values between 0 and 1.) The degree
of relatedness between the words ‘a’and ‘b’
is estimated by the number of abstracts in
which ‘a’and ‘b’ co-occur divided by the
total number of abstracts containing ‘a’ or
‘b’ (e.g. in papers talking about the baker’s
yeast, ‘Saccharomyces’ is related to

‘cerevisiae’). The degree of inclusion of
word ‘a’ into word ‘b’ is estimated by the
number of abstracts in which ‘a’ co-occurs
with ‘b’divided by the number of abstracts
containing ‘a’. This relation expresses the
fact that words related to general concepts
include other words (e.g. ‘magnetic’ can
include ‘resonance’, ‘field’and ‘force’).
Important words can be identified by their
high association score (the sum of the
inclusion degree of all other words in that
word, normalized to the maximum) (Fig.
1b). The user can explore the relation of a
word to another (Fig. 1c) and the
sentences containing them in the original
abstracts (Fig. 1d). The system selects
words with a high association score and
the strongest relations between them are
displayed as chains of related words
(Fig. 1e). Finally, the user can choose one
or more of the suggested word chains to
select abstracts from the original query
(Fig. 1f). The confined set of abstracts can
be fed into the system in an iterative way
for computation of new word relationships
(e.g. on the abstracts related to ‘protein
tyrosine kinase’ found in the query ‘obesity
AND protein’) and further selection.

XplorMed overcomes some of the
limitations of current approaches to
abstract analysis. On the one hand,
XplorMed detects keywords by
examination of the query without the need
of previously analysing any corpus (a large
collection of abstracts; for example, the full
MEDLINE) as opposed to detecting
keywords using the difference between the
frequency of usage of a word in a corpus
and in the query text5,6. On the other hand,

XplorMed relates abstracts by their usage
of sets of keywords connected by
dependency instead of finding related
abstracts by the cosine score between
vectors of word composition7. The cosine
score is a commonly used measure of
similarity between texts (e.g. implemented
as clickable ‘MEDLINE neighbours’ in the
PubMed server8). However, one major
drawback of this measure is that it is very
sensitive to biases in the word usage and
other particularities inherent to human
(natural) language.

We foresee that this approach can be
successfully used for automation of data
mining and data organization in
molecular biology. XplorMed is, to the best
of our knowledge, the first practical
application towards this goal that can
save time, for example by gaining
precision of a query (Table 1) and by
providing an interface to analyse the
content of large samples of abstracts.
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Table 1. Improvement of precision of a MEDLINE query by XplorMed selectiona

Review MEDLINE query Precision in the Selection by Precision after Selection by Precision by Ref.

(1999–2000) MEDLINE query MeSH term MeSH selection XplorMed XplorMed

word chain 

Recognition of antigens by antibody AND 4/32 = 0.130 None 4/32 = 0.130 antibody, 4/10 = 0.400 9
single-domain antibody (camel OR llama) chain, vhh
fragment

Actin-based motility: stop and vasp 25/68 = 0.370 Biological 18/35 = 0.510 vasp, 17/29 = 0.590 10
go with Ena/VASP proteins sciences phosphoprotein

The histone fold is a key transcription AND 11/322 = 0.034 Biological 8/256 = 0.031 factor, 6/65 = 0.092 11
structural motif of factor AND histone sciences transcription,
transcription factor TFIID complex

Transmembrane signaling in chemotaxis AND 12/598 = 0.015 Biological 8/390 = 0.021 receptor, cell, 6/76 = 0.079 12
bacterial chemoreceptors receptor sciences kinase

aTo evaluate the capability of XplorMed to increase the precision of a query result in MEDLINE, four reviews9–12 were analysed. Accordingly to each review, one MEDLINE 
query in PubMed (http://www3.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed) was performed (limited to years 1999–2000 for simplicity) with carefully chosen keywords. 
The precision of such a query is defined by the fraction of papers that are also quoted in the review. For example, in the analysis of the review on chemoreceptors12, the 
corresponding MEDLINE query produced 598 papers of which 12 were cited in the review (precision = 0.015). The precision of this MEDLINE query can sometimes be improved 
by application of MeSH term selection; in this example, the selection of papers related to biological sciences reduced the total set to 390, although only eight papers quoted in 
the review remained there (precision 0.021). A word chain suggested by XplorMed produced a much smaller set of 76 papers of which six were referenced in the review 
(precision = 0.079); thereby, a considerable improvement in precision was achieved.
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Corrigendum

In the February issue, we published an article ‘The complexities of dystroglycan’ by Steven J. Winder (TiBS 26, 118–124).
It is stated in the text and shown in Fig. 2 that biglycan associates with the N terminus of α-dystroglycan. This is, in fact,
incorrect; biglycan associates specifically with the C terminus of α-dystroglycan. (Further details can be obtained from
Bowe et al. (2000) J. Cell Biol. 148, 801–810.)

Pete Jeffs is a freelancer working in Paris, France.


