








(in which one copy retains the ancestral function, while the
other adapts to a new function) and subfunctionalization
(in which each copy specializes in a subset of the ancestral
functions) (9). If neofunctionalization has occurred, the
LDO is the copy predicted to retain the ancestral
function, i.e. the ‘same gene’ as the ancestor. An
example of ortholog and LDO identification is shown
in Figure 2.

Expanded sets of genomes and sequence identifiers for
PANTHER tools

Since its inception, the PANTHER website has provided,
for a limited set of ‘fully supported’ genomes (human,
mouse, rat and fruit fly), the following functionality: (i)

stored classifications for all protein-coding genes,
including family, subfamily, molecular function, biologi-
cal process and pathway, (ii) visualization tools such as
the whole genome pie chart view (Figure 3) of gene
functions and (iii) analysis tools such as the Gene
Expression Analysis Tool (10) for analyzing user-
generated data relative to PANTHER classifications.
For version 7, we have increased the number of fully
supported genomes from 4 to 12 organisms, those
participating in the GO Reference Genome Project (5),
listed at the beginning of Table 1.

In addition, we have increased the number of different
database identifiers supported by PANTHER tools and in
searches of the PANTHER database. Previously, for
genes only identifiers from NCBI Entrez Gene (17) or

Figure 3. Annotating a PANTHER tree with GO terms, and inferring GO terms for other genes by homology. The tree is the same as in Figure 2.
The ‘x’ marks in the adjoining table (right panel) show the experimental GO annotations for each gene in the tree. For instance, yeast RSP5 has been
determined experimentally to have the function ‘ubiquitin–protein ligase activity’, and be involved in the process of ‘cellular response to UV’. Based
on the distribution of experimental annotations among genes, and, in some cases, the target of protein activity, one can infer annotations of ancestral
genes. For instance, yeast RSP5 and human NEDD4 have been experimentally determined to operate in ‘cellular response to UV’, through targeting
of the RNAPII protein for degradation, so this function was likely present in their common ancestor and inherited by descent from this ancestor.
PANTHER captures this ancestral gene annotation, as well as rules for inferring functions for experimentally unannotated genes (shown with blue
bars). In this example, the ancestral gene annotation allows us to infer ‘cellular response to UV’ for all least-diverged orthologs of NEDD4/RSP5 in
animals and fungi. Note that different function annotations are inferred to have arisen in different ancestral genes (annotated nodes at left); this
results in different inferred annotations across the genes in the family (blue bars indicating gene annotations at right). For instance, all genes in the
tree can be inferred to have ‘ubiquitin–protein ligase activity’, while only a few genes (tetrapod orthologs of human NEDD4 and NEDD4L) can be
inferred to have ‘sodium channel regulatory activity’ (as their targets, specific epithelial sodium channel subunits, apparently evolved first in
tetrapods, not shown).
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FlyBase (15) were supported; for proteins only RefSeq
(24) or FlyBase identifiers. In PANTHER 7, we now
also support identifiers from Ensembl (23), model
organism databases, the International Protein Index
(IPI) (25) and UniProt (18). All of these identifiers are
obtained through the mapping files provided by UniProt
(ftp://ftp.uniprot.org/pub/databases/uniprot/
current_release/knowledgebase/idmapping/).

Pathway diagrams using SBGN

PANTHER 7 has adopted the Systems Biology Graphical
Notation (SBGN) standard (26) for the 165 pathway
diagrams currently available on the PANTHER website.
This standard was recently released at http://sbgn.org and
provides a consistent semantics for symbols used in
pathway diagrams.

Collaboration with GO Consortium

For almost 2 years now, there has been a formal collabo-
ration between the Gene Ontology Consortium and the
PANTHER database (5). As a result, in PANTHER 7,
all molecular function, biological process and cellular
component terms are exclusively GO terms [previous
versions of PANTHER used the PANTHER/X ontology
(1), though a mapping file to GO was provided]. The
PANTHER/X biological process ontology has been
retired, but we have retained the PANTHER/X molecular
function ontology and renamed it ‘Protein Class’ since
many terms are quite different from those in GO, and
we have gotten considerable feedback from users about
its utility.

As part of the GO Reference Genome Project, GO
curators are annotating trees from the PANTHER
database with GO terms describing molecular function,
biological process and cellular component. As described
in (5), the goal of this project is to provide accurate,
complete and consistent GO annotations for all genes in
12 model organism genomes. GO terms based on experi-
mental data from the scientific literature are used to
annotate ancestral genes in the phylogenetic tree; thus,
unannotated descendants of these ancestral genes are
inferred to have inherited these same GO annotations by
descent. An example of this annotation process is shown
in Figure 3.

This rigorous process for evolutionary inference
provides a means for accurate inference of GO
annotations by homology, as well as a means for
comparing and consistency-checking annotations for
related genes. While earlier versions of PANTHER have
allowed annotation of ‘subfamily nodes’ (i.e. ancestral
genes that founded a particular subfamily), this more
generalized GO annotation process requires all ancestral
genes to be annotatable in principle, which has only
become supported with the release of PANTHER 7. For
most end users, perhaps the most relevant outcomes of
this collaboration will be: (i) an increased number of GO
annotations, especially those inferred by homology and
(ii) the ability to trace all of the evidence behind each
homology-based annotation. This evidence includes not
only the gene that was experimentally demonstrated to

perform a particular function (and the scientific publica-
tion reporting the experiment), but also the ancestral gene
in which the function was inferred to have evolved. In the
long term, all PANTHER ontology annotations will be
migrated to this new standard.
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