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ABSTRACT

15Sequencing and annotation of the entire
Saccharomyces cerevisiae genome has made it pos-
sible to gain a genome-wide perspective on yeast
genes and gene products. To make this information
available on an ongoing basis, the Saccharomyces

20Genome Database (SGD) (http://www.yeastgenome.
org/) has created the Genome Snapshot (http://db.
yeastgenome.org/cgi-bin/genomeSnapShot.pl). The
Genome Snapshot summarizes the current state of
knowledge about the genes and chromosomal fea-

25 tures of S.cerevisiae. The information is organized
into two categories: (i) number of each type of chro-
mosomal feature annotated in the genome and
(ii) number and distribution of genes annotated to
Gene Ontology terms. Detailed lists are accessible

30 through SGD’s Advanced Search tool (http://db.
yeastgenome.org/cgi-bin/search/featureSearch), and
all the data presented on this page are available
from the SGD ftp site (ftp://ftp.yeastgenome.org/
yeast/).

35 INTRODUCTION

The knowledge gained from the sequencing and extensive
annotation of the Saccharomyces cerevisiae genome over the
past decade has enabled researchers to take a genome-wide

view of yeast genes and proteins. Because it is now possible to
40present information about the S.cerevisiae genome in its entir-

ety, basic questions about protein function and cellular pro-
cesses can be studied on a larger scale by searching for and
studying every gene involved, rather than just one or a few
genes. Moreover, researchers new to studies in S.cerevisiae

45can begin their inquiry at the genome level and be led to
individual genes, rather than the more classical approach of
starting with a phenotype and determining the genes involved.

To provide a composite overview of the genes and proteins
of S.cerevisiae, the Saccharomyces Genome Database (SGD;

50http://www.yeastgenome.org/) has created the Genome Snap-
shot (http://db.yeastgenome.org/cgi-bin/genomeSnapShot.pl).
The Genome Snapshot presents a graphical summary of
this genomic information, which is also available through
SGD’s ftp site (ftp://ftp.yeastgenome.org/yeast/) and

55Advanced Search form (http://db.yeastgenome.org/cgi-bin/
search/featureSearch). The current status of the entire
S.cerevisiae genome is displayed on a single page and orga-
nized into two categories: (i) an inventory of the different
types of chromosomal features found in S.cerevisiae and

60(ii) a summary of the distribution of gene product annotations
among Gene Ontology (GO) terms, which reflect the molecu-
lar function, biological role and cellular localization of the
gene products (1).

Organization of the Genome Snapshot

65The Genome Snapshot includes information on genomic
features as well as summaries of GO annotations. The data
are organized into four sections on the page.
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Graphical view of protein-coding genes

The total number of biologically significant open reading
frames (ORFs) in S.cerevisiae has been the subject of debate
since the genome sequence was finished, and estimates

5 continue to change as new experimental evidence becomes
available (2–5). In August 2003, SGD curators began
classifying ORFs into three categories, ‘Verified’, ‘Uncharac-
terized’ and ‘Dubious’, according to the degree of certainty
that they actually encode proteins. The assignment to one of

10 these categories is based on manual review of experimental
evidence and sequence conservation.

Dubious ORFs are not conserved in closely related Saccha-
romyces species, and no experimental evidence currently
exists that a gene product is produced. Many, but not all,

15 Dubious ORFs overlap other ORFs. Uncharacterized ORFs
have orthologs in at least one other species, suggesting that
they are bona fide protein-coding genes, but to date there is no
experimental evidence to support this. Verified ORFs are those
for which experimental evidence demonstrates that a gene

20 product is produced in S.cerevisiae.
It is important to note that these classifications are meant to

provide a current best estimate of the coding capacity of the
genome. The classifications are fluid and are updated continu-
ally as new experimental results become available, during the

25 normal process of literature curation; it is typical for a
designation to change from Uncharacterized to Verified as
more information is published. The color-coded pie chart at
the top of the Genome Snapshot summarizes the current clas-
sification status of all the ORFs in the yeast genome

30 (Figure 1A). Over the period from August 2003 through
June 2005, the number of Verified ORFs increased by 238,
from 4065 to 4303. The number of Dubious ORFs stayed

relatively constant over this time period, decreasing from
820 to 818.

35Genome Inventory

The Genome Inventory is in tabular form and displays several
types of information for each chromosome and for the genome
as a whole (Figure 1B). Although the complete sequence for
S.cerevisiae was first published in 1996 (6), annotation of

40the genome remains an ongoing process (2–4,7). In the past
5 years, the yeast genome catalog has expanded to include
426 new protein-coding genes and 255 other non-protein-
coding features (centromeres, ARS sequences, tRNA genes,
rRNA genes, etc.). The Genome Inventory lists all types of

45chromosomal features currently annotated in SGD and
provides a count for each type. Clicking on any feature
type initiates a search that uses SGD’s Advanced Search
tool (http://db.yeastgenome.org/cgi-bin/search/featureSearch)
to find all the features in SGD of that type. This table also lists

50the current length of each chromosome in base pairs.
Information for all chromosomal features is available in the
SGD_features.tab file at SGD’s ftp site (ftp://ftp.yeastgenome.
org/yeast/chromosomal_feature/).

Summary of Gene Ontology (GO) annotations

55A tabular overview summarizes the status of GO annotation at
SGD (Figure 2A). The first column ‘Total Number of
Annotations’ shows the total number of S.cerevisiae gene
products (protein and RNA gene products) currently annotated
to each of the three GO ontologies: Biological Process,

60Molecular Function and Cellular Component (1,8)
(see http://www.geneontology.org/ for detailed information
about the GO project). The ‘Total Number of Annotations’

Figure 1. Chromosomal features annotated in the S.cerevisiae genome at SGD. (A) Graphical View of Protein Coding Genes (http://db.yeastgenome.org/cgi-bin/
genomeSnapshot.pl#pieChart). ORFs are classified by SGD as ‘Verified’, ‘Uncharacterized’ and ‘Dubious’. ‘Verified’ ORFs are those for which experimental
evidence demonstrates that a gene product is produced in S.cerevisiae. ‘Uncharacterized’ ORFs have orthologs in at least one other species and are likely to encode
proteins although experimental proof has not yet been published. ‘Dubious’ ORFs are those unlikely to encode a protein because they are not conserved in closely
related Saccharomyces species, and because no data exist demonstrating that a protein is produced. (B) The Genome Inventory (http://db.yeastgenome.org/cgi-bin/
genomeSnapshot.pl#genomeInventory). A total count of each feature type in the genome as well as a count of each feature type on each chromosome is displayed in
this table. (Note that data for chromosomes IV through XIV are not shown in the figure.) Definitions for each feature type can be found in SGD’s Glossary. Clicking on
any feature type initiates a search that uses SGD’s Advanced Search tool (http://db.yeastgenome.org/cgi-bin/search/featureSearch) to find all the features in SGD of
that type. This table also lists the current length of each chromosome in base pair.
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column does not include annotations to the three terms that
represent lack of knowledge at this time, ‘molecular function
unknown’, ‘biological process unknown’ or ’cellular compo-
nent unknown’; these numbers are reported in the ‘Number of

5 Gene Products Annotated as Unknown’ column. Note that an
‘unknown’ annotation indicates that there are no published
data available for that gene product, in that category. Not
included in these counts, for either column, are GO annota-
tions made for ORFs classified as ‘Dubious’, or for features of

10 the type ‘Pseudogene’, ‘Not in systematic sequence of S288C’,
or ‘Not physically mapped’. GO annotations for S.cerevisiae
gene products are included in the gene_association.sgd file
available at SGD’s ftp site (ftp://ftp.yeastgenome.org/yeast/
literature_curation/).

15Distribution of gene products by process, function and
component

This last section of the Genome Snapshot displays distribu-
tions, presented as bar graphs, of gene products annotated to
GO terms other than ‘unknown’ (Figure 2B; Cellular

20 Component graph not shown). Instead of providing the
distribution based on the specific term to which the gene

product was annotated, which would make the graphs quite
large and difficult to interpret, gene products are more broadly
grouped using yeast GO Slim terms. The yeast GO Slim is a

25subset of GO terms that apply to broad categories of cell
processes, functions or components (and as such are placed
at a high level in their respective ontologies). Yeast GO Slim
terms allow grouping of genes into categories, some of which
are very general (e.g. ‘DNA metabolism’ and ‘nucleus’) and

30others that are tailored to yeast biology (e.g. ‘sporulation’ and
‘bud’). For example, DNA replication is a high-level term in
the Biological Process ontology that has a number of more
granular child terms. Genes annotated to these child terms are
all involved in the process of DNA replication and thus are

35grouped into the GO Slim category of that name. The GO Slim
terms for each of the GOs (Molecular Function, Biological
Process or Cellular Component) are listed on separate graphs,
along with the percentage of S.cerevisiae gene products
(proteins and RNAs) annotated to a specific term that maps

40up the ontology to that GO Slim term. Since some gene
products are annotated to GO terms that map to more
than one GO Slim term, there is some redundancy in
these distributions. Lists of ORFs annotated to these GO
terms may be accessed using the GO Slim Mapper

Figure 2. Gene Ontology annotation at SGD. (A) Summary of GO annotations (http://db.yeastgenome.org/cgi-bin/genomeSnapshot.pl#goAnnotations). The
column, ‘Total Number of Annotations’, refers to the total number of S.cerevisiae gene products (protein and RNA gene products) currently annotated to one
or more terms (other than ‘unknown’) in each of the three GO ontologies: Biological Process, Molecular Function and Cellular Component. The number of gene
products annotated to ‘unknown’ for any ontology is provided in the second column. The third column offers links to the graphs shown in Figure 2B. (B) Distribution
of gene products by process, function and component (http://db.yeastgenome.org/cgi-bin/genomeSnapshot.pl#barCharts). Shown are percentages of gene products
annotated to a specific term that maps up the ontology to a yeast GO Slim term. The yeast GO Slim is a high-level subset of GO terms that allows grouping of genes into
broad categories (see text for details). Annotations to ‘unknown’ are excluded. (Note that the Cellular Component graph is not shown.)
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(http://db.yeastgenome.org/cgi-bin/GO/goTermMapper) or
the Advanced Search tool (http://db.yeastgenome.org/cgi-
bin/search/featureSearch). An alternative processing of the
same data, with some redundancies removed, is available

5 from the go_slim_mapping.tab file on the SGD ftp site
(ftp://ftp.yeastgenome.org/yeast/literature_curation/).

SUMMARY

The wealth of information describing the genes and proteins
of S.cerevisiae has both necessitated and made possible the

10 creation of SGD’s new Genome Snapshot, a constantly
updated overview of the genome. This page answers a
range of questions, from the most basic ‘How many genes
in S.cerevisiae encode proteins?’ to more complex questions
regarding which and how many genes are involved in particu-

15 lar cellular processes. By making accessible lists of Unchar-
acterized ORFs, it points researchers to some of the many
intriguing questions that remain to be answered about the
yeast genome and biological processes. Finally, Genome
Snapshot documents the characterization of the genome,

20 both by tracking annotation of ORFs to GO terms and by
tracking increases in the number of Verified ORFs. SGD is
committed to continually expanding its resources to increase
the ease of access to information about S.cerevisiae and
welcomes all comments from the research community toward

25 this end. Please send any suggestions about the Genome
Snapshot or any other tool at SGD to: yeast-curator@
genome.stanford.edu.
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