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ABSTRACT: Unicellular eukaryotes were among the first ones to be selected for complete genome sequencing because of
the small size of their genomes and their interactions with humans and a broad range of animals and plants. Currently, ten
completely sequenced unicellular genome sequences have been publicly released and as the number of available unicellular
genomes increases, comparative genomics analysis within this group of organisms becomes more and more instructive. However,
such an analysis is difficult to carry out without a suitable platform gathering not only the original annotations but also relevant
information available in public databases or obtained by applying common bioinformatics methods. With the aim of solving
these difficulties, we have developed a web-accessible database named u-Genome, the unicellular genome design database.
The database is unique in featuring three datasets namely (1) orthologous proteins (2) paralogous proteins and (3) statistical
distributions on exons, introns, intergenic DNA and correlations between them. A tool, Uniview, designed to visualize
the gene structures for individual genes in the genome is also integrated. This database is of importance in understanding
unicellular genome design and architecture and evolution related studies. The database is available through a web interface at
http://sege.ntu.edu.sg/wester/ugenome.
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INTRODUCTION

Biological insights through comparative genomics are now possible for a large number of prokary-
otic as well as eukaryotic genomes. The information derived from complete genome sequences and
particularly from their comparative analysis is used explicitly to study the biology of the microbial
cells and to infer phylogenetic conclusions. Genome sequencing has been completed for ten unicellular
eukaryotes and is in the finishing phase for several others. Because unicellular eukaryotes represent a
phylogenetically coherent group comprised of pathogens and non-pathogens, they offer, as such, an ideal
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set of model organisms for comparative genomic studies. However, in silico comparative genomics have
been hampered by several factors: (i) the lack of a suitable platform to formulate queries in comparative
genomics, (ii) inconsistencies in the annotation of the genomes, (iii) the lack of integration between
annotation data and other sources of information. Few individual databases addressing the issues of
introns and gene function in yeast genome exist [1,2]. However, the tools available for large-scale
comparative analysis on these genomes are still lacking. Also, comprehensive information on ortholo-
gous and paralogous genes and features of intron/exon are not available. We present here u-Genome, a
web-accessible database that is intended to solve these difficulties. The database is unique in featuring
three datasets namely (1) orthologous proteins (2) paralogous proteins and (3) statistical distributions on
exons, introns, intergenic DNA and correlations between them for ten completely sequenced unicellu-
lar genomes – Saccharomyces cerevisiae [3], Plasmodium falciparum [4], Encephalitozoan cuniculi [5],
Schizosaccharomycespombe [6], Yarrowia lipolytica [7], Kluyveromyces lactis [7], Candida glabrata [7],
Debaromyces hansenii [7] and Cryptococcus neoformans [8] and Eremothecium gossypii [9]. A tool,
Uniview, designed to visualize the gene structures for individual genes in the genome is also integrated.
u-Genome also provides an efficient system to query, visualize, and download sequence information.
Features are available to visualize the positions of introns in these datasets. Such comparative analysis
of genomes on a single platform can overcome the difficulties in obtaining relevant information available
from primary data sources. The purpose of u-Genome is to act as a one- stop-shop for gene and genome
architecture information on completely sequenced unicellular genomes. This dataset is of importance
for comparative genome analysis and provides insights to unicellular eukaryotic genome design, gene
function and gene evolution.

MATERIALS AND METHODS

Dataset generation and statistical analysis

The annotated genome sequence data for Saccharomyces cerevisiae, Plasmodium falciparum, En-
cephalitozoan cuniculi, Schizosaccharomyces pombe, Yarrowia lipolytica, Kluyveromyces lactis, De-
baromyces hansenii, Candida glabrata, Cryptococcus neoformans and Eremothecium gossypii were
downloaded from NCBI (ftp://ftp.ncbi.nih.gov/genomes/). The genome files were parsed using the
‘CDS’ annotation in the FEATURE and the protein and nucleotide sequences were extracted [10]. The
information extracted for exons and introns were stored as exon and intron datasets. The methodology
for construction of the datasets is described as a flowchart online. The number of exons, introns and
proteins are tabulated in Table1. Statistical analysis on exons, introns, intergenic DNA, and chromosome
size are available online.

Paralogous and orthologous proteins

CD-HIT was performed on the ten genomes at 60% and respective clusters of paralogous and ortholo-
gous proteins were identified [11]. Each of the clusters was subjected to ClustalW alignment and intron
positions were mapped onto the protein clusters. Alignments for the clusters are available in text and
picture format online with available introns positions. These data are essential for insights on intron
sliding and the process of splice site reassignment. The data is available through the web interface and
is accessible via a search engine.
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Table 1
Distribution of number of exons, introns, proteins, paralogous clusters for genomes in u-genome

Genome Genome size (Mega base pair) # of exons # of introns # of proteins # of paralogous clusters
S. cerevisiae 12.1 6159 312 5866 270
S. pombe 12.4 9677 4677 5000 161
E. cuniculi 2.9 2011 15 1996 66
P. falciparum 23 12658 7391 5267 70
C. glabrata 12.3 5265 84 5181 122
D. hansenii 12.2 6674 356 6318 216
K. lactis 10.6 5457 130 5327 79
Y. lipolytica 20.5 7261 740 6521 195
E. gossypii 9.2 4946 228 4718 36
C. neoformans 20 41631 35037 6594 386

Gene visualization tool – Uniview

The easiest way to gain a quick overall understanding of gene architecture is via a visual display
that allows the user to view information on the positions of introns, exons and intergenic regions.
Uniview, a gene visualizer allows for gene-by-gene view for a specific genome of interest among these
ten unicellular genomes. It displays information on number of exons, number of introns, introns phase,
splice-site consensus for each gene. Mouse over options allow the user to zoom to the desired view of
the data and to print or save the images to a file. Options are provided to BLAST the individual exons,
introns and intergenic regions against the pre-indexed exon and intron datasets.

PRELIMINARY DATA ANALYSIS

The genome size for the ten unicellular genomes varies from 2.9 to 23 Mega basepair. It is interesting
to see that they have much smaller genomes as compared to multi-cellular eukaryotes. The genomes of
these eukaryotes involve not only fewer genes but also smaller introns and intergenic regions. Preliminary
analysis on data obtained suggests that exons represent more than 50% of the sequence space on all the
chromosomes. This is significantly more than human and mouse for which exons represent < 5% of
sequence space on all the chromosomes [12]. Introns represent less than 1% of sequence space on
all chromosomes in all the genomes except C. neoformans in which the sequence space represented in
introns is 12%–13% on all the chromosomes. This can be explained based on the fact that a significant
proportion of genes in their genomes are intronless except for C. neoformans which is reported to be
intron-rich [8]. It is also interesting to observe that unlike multi-cellular eukaryotic genomes, these
unicellular genomes have greater standard deviations around the mean exon length than the standard
deviations about the mean introns lengths supporting their intronless gene architectures [12]. This is
also reflected in a positive correlation of > 0.99 for total length in exons and chromosome size for all
the unicellular genomes (data available online). Generally, more number of genes are found on larger
chromosomes in all the genomes. The results presented thus provide a framework for understanding the
nature and patterns of exon-intron length distributions, the constraints on them and their role in genome
design and evolution. These results for the first time suggest on the similar genome organizations in
unicellular eukaryotes at the gene structure level. Detailed analyses on data provided will provide further
insights to genome design in unicellular eukaryotes.
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UTILITY AND AVAILABILITY

u-Genome is a comprehensive tool for genomes related information on ten completely sequenced
unicellular genomes. The database aims to serve as a convenient starting point for studying the genome
architecture and design in unicellular genomes. This database is fundamental for comparative genomics
and evolutionary studies in unicellular eukaryotic genomes and is available at: http://sege.ntu.edu.sg/
wester/ugenome/.

We plan to update u-Genome every six months.

CAVEATS

It must be noted that the traditional gene finding algorithms treat the translation start site as the 5’
boundary of the gene and there are currently no computational tools to predict the non coding first
exons or non coding portions of the first exon except where the true full-length mRNA sequences are
available [13–15]. As this analysis is strictly based on CDS feature in genome data, it does not take into
account the first exon and is biased towards internal coding exons of the gene. Nonetheless, this platform
is a step towards understanding unicellular genome design.
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