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Overview of PSB track on gene structure identification 
in large-scale genomic sequence 

The recent funding of more than a dozen major genome centers to be- 
gin community-wide high-throughput sequencing of the hunian genome has 
created a significant. new challenge for the computational analysis of DNA 
sequence and the prediction of gene structure and function. It has been es- 
timated that on average from 1996 to 2003, approximately 2 million bases of 
newly finished DNA sequence will be produced every day and be made avail- 
able on the Internet and in central databases. The finished (fully assembled) 
sequence generated each day will represent approximately 75 new genes (and 
their respective proteins), and many times this number will be represented in 
partially completed sequences. The information contained in these is of immea- 
surable value to medical research, biotechnology, the pharmaceutical industry 
and researchers in a host of fields ranging from microorganism metabolism, 
to structural biology, to bioremediation. Sequencing of microorganisms and 
other model organisms is also ramping up at a very rapid rate. The genomes 
for yeast and several microorganisms such as H. influenza have recently been 
fully sequenced, although the significance of many genes remains to be deter- 
mined. 

As the rate of sequence generation will continue to increase rapidly, se- 
quence will become more anonymous. Unlike past history where sequence was 
usually obtained because a particular gene of interest was present in perhaps a 
3-10 kb region, now megabases will be obtained with contents largely unknown 
to those who obtained the sequence. While considerable and long term invest- 
ment in experimentation will be necessary to understand large-scale genomic 
sequences, the initial burden of interpretation falls upon computational tools 
as the only approach capable of providing insight at a rate comparable to the 
generation of sequence. At a minimum, this data should be annotated to in- 
dicate the existence of gene coding regions, control regions, and relationships 
between the sequence and other known sequences. Additionally important are 
statistical patterns such as the distribution of G+C content, codon usage, and 
correspondences between computed biochemical properties and properties of 
expressed proteins measured in the wet-lab. Beyond coding region identifica- 
tion, finding features like short repeats and long repeats, characterizing the 
organization of promoters and coding regions, and tying together evidence for 
metabolic pathways are further computational annotation activities that add 
knowledge and value to a genome. 

The development of computational tools and methods for the interpreta- 
tion of sequence has turned out to be a difficult and challenging road. Despite 



some successes in exon, gene, and promoter prediction, for asample, the suite 
of tools at our disposal is in many ways inadequate for the expanses of ge- 
nomic DNA we are about to encounter. While researchers struggle with model 
problems, an entirely different scale of data and complesity is about to hit us 
head on. For example, most types of pattern recognition systems applied to 
DNA sequence have a significant false positive rate, which becomes a signifi- 
cant problem when the size of the sequence gets much larger. This problem 
applies to virtually all features in sequence, such as pronlater elements, ex- 
ons, and splice sites. Also, many gene prediction tools, for example, require 
that the sequence contain one and only 0111 gene and the user know which 
strand of the DNA the gene is on. Complex multiple gene regions are very 
difficult to interpret correctly using the best pattern recognition approaches, 
partly because the extent of individual genes are difficult. to determine. This 
is the subject of “An Editing Environment for DNA Sequence Analysis and 
Annotation” by Ed Uberbacher and Ying Xu, which derives and automated 
computational system which makes the best use of combined information from 
pattern recognition, ESTs, protein homologs, and cDNAs. This system parti- 
tions long genomic DNA sequence into segments which contain a single gene 
on either strand and can even deal effectively with genes embedded in introns. 
In the editing environment. the user can view the underlying evidences and 
adjust gene boundaries and other constraints if necessary, providing a means 
of producing high-quality annotation. This goal of accurate gene prediction 
using both pattern recognition methods as well as experimental information is 
the motivation behind “Recognition of Human Genes by Stochastic Parsing” 
by Kiyoshi Asai, Katunobu Itou, Yataka Ueno, and Tetsushi Yada, who ex- 
tend the gene finding work of David Searls on stochastic grammars and David 
Haussler on hidden hlarkov models to provide a new system with exceptional 
performance. Their system called GeneDecoder, uses a dictionary of “genetic 
words” consisting of “genetic phonemes” which inherently incorporate protein 
sequence and motif properties as well as DNA sequence “vocabulary” prefer- 
ences. 

In addition to determining the extent of genes in sequence, the recogni- 
tion of promoter elements provides information about the potential function 
and regulation of genes and gene networks. In “First Look at Discrimination 
of Human Core Pronioters” . Michael Zhang provides a S-ery careful statistical 
look at classes of core promoters and develops improved quadratic discrimi- 
nant analysis methods for recognition of promoters and the reduction of false 
positive noise. His results are promising with sensitivity a d  specificity ob- 
tained by cross validation above 85%. In “Automatic Extraction of Position 
Specific Cooccurrences of Transcription Factor Bindings on Promoters”, Tat- 



suhiko Tsunoda and Toshihisa Takagi use an entirely difirent approach. clas- 
sifying promoters based on clusters of signals which increw the strength of 
recognition and help discriminate against improper putative promoters. This 
follows somewhat on the work of Prestridge and other investigators who at- 
tempted to improve t.he signal to noise in promoter recognition by examining 
multiple factors simultaneously. The approach used here leads to new insights 
into the positional dependencies between sites and also poteatially to inference 
about gene function arid regulation based on observed tvpes of signals. The 
statistical behavior of clusters of binding sites in promot.er regions is also ex- 
amined by Andreas Wagner in “A Computational ’Genome Walk’ Technique 
to identify Regulatory Interactions in Gene Networks”, where a general ap- 
proach is described which takes advantage of the fact that many transcription 
factors show cooperatively in transcriptional activation, which manifests itself 
in multiple closely spaced transcription sites. This type of approach is ideal 
for the examination of gene networks (interacting or coregulated genes), which 
will perhaps be the next step in understanding genomes as genes are found. 
An alternative approach to recognizing the extend of individiial genes is taken 
by William Hayes and Mark Borodovsky in “Deriving Ribosomal Binding Site 
(RBS) Statistical Determinants from Unannotated DNA Sequences and The 
Use of an RBS Model for N-terminal Prediction”. This system uses Markov 
models derived from RBS signals in different gene classes to derive an accurate 
prediction of the translation initiation (N-terminal) site. 

While many promising individual tools and methods are being developed. 
large interoperable frameworks capable of linking tools and databases together 
to provide Comprehensive framework for analysis and annotation are desper- 
ately needed. The single most frequent complaint from users of informatics 
tools is the difficulty in moving data and results from too1 to tool, and the 
difficulty in integrating information of many different t.ypes related to their 
sequence. An essential component of this is the abilitx to combine esperi- 
mental evidence obtained in the laboratory with computational information 
sources. The solution to this problem is an essential foundation to the de- 
velopment of comprehensive analysis and annotation systems. In “The GAIA 
Software Framework for Genome Annotation” ~ Chris Overtor1 and Charles Bai- 
ley describe such a framework, which supports semi-automated annotation of 
uncha.racterized sequence data. Their annotation framework incorporates an- 
notation by data source integration, data analysis, and niariual data entry in 
a configurable pipeline. 

The interpretation of sequenced genomes represents the nes t  great chal- 
lenge at. t,he interface of computing and biology. The data is both time-critical 
and extremely valuable. and “annotation” is the essential prerequisite before 
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genome data can become useful. In fact, it is the post-sequencing analysis of 
genomic DNA which justifies the sequencing. The tools aid software frame- 
works described here take us a step further in preparing for the real world of 
large-scale genome analysis by demonstrating new ways of recognizing and un- 
derstanding the many important features of genomes and defining the frame- 
work necessary for high-quality and comprehensive analysis and annotation 
processes. 
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