
How would you foresee bioinformatics and functional 
genomics playing a role in detection, cure, or 

management of metabolic diseases? 
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Bioinformatics is one of the new inter-disciplinary branches of science to come into existence as a result of 
the revolutions in modern biology and computer science. The term has expanded from its initial reference 
to electronic publishing of medical journals to a catchment term that describes the application of techniques 
and tools of computer science, discrete mathematics, information theory and statistics to the analysis of 
biological information. With the sequencing of the human genome and the complete genomes of many 
other important model organisms and pathogens, there is a growing need for making sense of the long 
strings of billions of nucleotide bases. Bioinformatics has come to describe these efforts. 
 
Depending on whom you read (there is no definitive authority to follow), functional genomics may be 
considered a subset of the field of Bioinformatics describes above. The following excerpt taken from 
http://bioinfo.weizmann.ac.il/mb/functional_genomics.html succinctly describes the term:  
"[Functional genomics] is characterized by high throughput or large-scale experimental methodologies 
combined with statistical and computational analysis of the results. The fundamental strategy in a 
functional genomics approach is to expand the scope of biological investigation from studying single genes 
or proteins to studying all genes or proteins at once in a systematic fashion. Computational biology will 
perform a critical and expanding role in this area: whereas structural genomics has been characterized by 
data management, functional genomics will be characterized by mining the data sets for particularly 
valuable information. Functional genomics promises to rapidly narrow the gap between sequence and 
function and to yield new insights into the behavior of biological systems."  In brief, the "central belief 
embedded in functional genomics is that the complete sequence of the genomes of many organisms, 
including humans, will change the way we do biology" towards a more holistic view of biological systems 
which is significantly different from the classical idea of investigating 'one (or a few) gene at a time'.    
 
In this work, I take metabolic disease to mean essentially, inborn errors of metabolism, i.e. disorders and 
consequences arising from a deleterious mutation or chromosomal damage or damage to cell organelles 
impairing normal gene regulation, protein synthesis and post-translational modification and packaging. 
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Earlier methods of detection of metabolic diseases consisted of biochemical assays for enzymes or specific 
products, karyotyping and detection of specific marker proteins in amniotic fluid or cultured fetal cells. 
While innovations in methodology, improvement in technology and the sensitivity of analytical methods 
has enabled one to work with smaller samples; most of these methods had to be performed on cultured fetal 
cells or associated fluids. 
 
The use of powerful molecular biology tools such as PCR, gene probing and microarrays may allow one to 
find the proverbial needle in the haystack. Further, many of these techniques may be applied to the parents’ 
genetic materiel to search for defective genes. 
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Characterizing the defective enzyme is often the first step towards early detection and cure strategies. This 
process can be accelerated with the whole genome sequences now available in genetic databanks. 

http://bioinfo.weizmann.ac.il/mb/functional_genomics.html
http://bioinfo.weizmann.ac.il/cards/bioinfo_intro.html
http://bioinfo.weizmann.ac.il/cards/knowledge.html


Combining information from protein characterization (published data), structural studies from the enzyme 
or related protein family (e.g. esterases or proteases or synthases) with raw sequence data will narrow the 
search down and enable one to design search primers to sequence and/or map the gene faster than by 
conventional means. 
 
As annotation of raw sequence data proceeds and efforts to link genetic data to metabolic pathways 
accelerate, mapping the genetics of metabolic disorders can become as much an in silico activity as it is in 
vitro or in vivo. Examples of progressive efforts on this front are the NCBI’s genetic and metabolic disease 
maps and research efforts (http://www.ncbi.nlm.nih.gov/disease/) and the Kyoto Encyclopedia of Genes 
and Genomes (KEGG) (http://www.genome.ad.jp/kegg/), a site that aims to make sense of the flood of 
sequencing data by linking genes to biochemical pathways.  
 
Much work is being done in Bioinformatics and functional genomics to study metabolic pathways, control, 
regulation and engineering (see (1, 2) &(3). 
 
A sketched out strategy I conceive to approach a metabolic disease is outlined below: 
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Initial mechanism of pathogenesis 
Identify the pathway being affected. 
Identify the enzymes involved 
Perform biochemical assays to identify the non-functional protein. 
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What is the sequence of this enzyme? 
BLAST search for gene name, EC number. 
Sequence search in EST databases 
Has the position of this gene been mapped? Search human genome map using sequence analogs, possibly 
from other species in which it has been characterized. 
Gather molecular data on the enzyme molecule. E.g. Molecular weight from purified proteins and attempt 
to estimate and predict mRNA size. Scan cDNA preps for products of certain size with sequence of domain 
from the protein family, if no other information is known. 
Locate literature on the gene, its flanking DNA regions. 
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PCR out the defective enzyme from tissue using primers designed against its sequence from several 
organisms (conservative). PCR from either a cDNA library or DNA to isolate either the coding sequence or 
exons and introns. 
Identify the difference between the sequence of the defective and healthy enzyme. 
If it can be narrowed down to a single exon, then the strategy for replacement becomes that much simpler. 
 
Early detection of metabolic disorders may become possible using microarray technology. Once a 
particular gene has been characterized using the approach outlined above, it will eventually become 
possible to generate chips with the relevant chromosomal materiel on them that can be used to scan fetal 
cells for mRNA. 
 
Alternatively, the design of accurate matching primer pairs may permit the PCR and sequencing of small 
stretches of DNA where the damage is typically known to occur. Sequencing small stretches of DNA is 
likely to enable diagnosis with very few cells much earlier in the game. 

http://www.ncbi.nlm.nih.gov/disease/
http://www.genome.ad.jp/kegg/


 
Similar diagnostic efforts can be directed at couples with a known history of metabolic disease in the 
family to scan for disease alleles. 
 
From a practical point of view, small research projects can be conceived with modest milestone goals such 
as: 
Review genetic database resources for all information on a particular gene of interest. Build a phylogenetic 
tree, identify alleles, and classify into gene family the gene of interest. 
 
Design a good set of primers to amplify DNA from fetal cells for the gene/exon/cDNA or interest 
 
Answer the question: do different cases of a particular metabolic disease in different populations result 
from the exact same mutation chromosomal damage/re-arrangement or has the disease arisen multiple 
times? 
 
Schork (1997) discusses the analysis of complex diseases. He points out that  the genetic dissection of 
complex diseases can be greatly facilitated by paying heed to two very basic distinctions. The first 
distinction is between complexity at the level of individuals and complexity at the level of populations. The 
second distinction is between the two sequentially pursued components of gene discovery paradigms: gene 
identification and gene effect characterization. Although genetic epidemiology, as a research field, is 
oriented to both components of gene discovery for complex diseases, it is suited to gene effect 
characterization at the population level more than anything else(4). Bioinformatics analysis of gene 
diversity within populations may play a key role in unraveling the multiple factors at work within a 
complex disease. 
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There are probably as many strategies for management called for as there are types of metabolic diseases. 
With no medical background, I am reluctant to ‘talk out of my hat’. Bioinformatics and functional 
genomics can contribute I think, indirectly to the management of metabolic disorders at this time, through 
providing an understanding of alternative metabolic pathways. Such efforts are part of metabolic 
engineering research such as mathematical modeling of metabolism in erythrocytes (5), alignment of 
metabolic pathways from different organisms (6). 
 
Among the new approaches to drug discovery is pharmacogenomics -- the application of genomic 
technologies such as gene sequencing, statistical genetics, and gene expression analysis to drugs in clinical 
development and on the market. This fledgling field applies the large-scale systematic approaches of 
genomics to speed the discovery of drug response markers, whether they act at the level of the drug target, 
drug metabolism, or disease pathways.(7) 
 
Possible future strategies that could use Bioinformatics and functional genomics components in their 
development are genetically modified foods to meet the special dietary needs of patients and the genetic 
engineering of  enteric symbionts to metabolize ingredients in foods. 
 
In general the in silico exploration and annotation of DNA sequence with associated links to metabolism 
will allow us to explore alternate pathways and how they might be stimulated in cells. In fact, recent 
developments of gene/protein functional assignment concern an examination of contextual information, 
such as metabolic reconstruction (8). 
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The two basic strategies for curing metabolic diseases appear to be gene therapy and targeted drug therapy 
(inactivation or breakdown of accumulating metabolic product). Both of these strategies are benefiting 
from the accumulating information in sequence, structure and metabolic pathway databases.  
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Many investigators in inborn errors of metabolism are beginning to apply Bioinformatics to their field ((9), 
(10, 11, 12, 13, 14). In the ‘old’ days, a Ph.D. thesis was expected to include the traditional ‘literature 
survey’ as a suitable introduction to the problem being studied. It seems appropriate these days, to expand 
this to include a Bioinformatics survey of available genetic, molecular and structural information available 
in public databases. Perhaps in recognition of the symbiotic partnership between the traditional information 
in the scientific and medical literature and the newer genetic information, the National Library of Medicine 
has coupled Genbank with PubMed in the same cache of online resources. 
 
An in silico biologist can make a synergistic addition to any research team tackling problems in molecular 
medicine today. 
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