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Beagle Biological Annotation Database (Mac version) 
(Download latest version at http://chgr.mgh.harvard.edu/genomesrus/index.php) 

Most recent update: 01/17/2019 
Important: Users who do not have the Filemaker application and access this database using the build-in Filemaker Runtime 

software may have to adjust their Security & Privacy settings to allow the running of this App. To get full access, use username 
Darwin and password Beagle 

 
The Beagle Biological Annotation Database allows users to explore, annotate, and analyze a variety 
of interactions between genes/loci in ten species most commonly used in research. Under ongoing 
development since 2004, Beagle includes records for all ~370,000 Homo sapiens, Pan troglodytes, 
Canis lupus familiaris, Mus musculus, Xenopus laevis, Danio rerio, Drosophila melanogaster, Caeno-
rhabditis elegans, Saccharomyces cerevisiae, and Schizosaccharomyces pombe loci (all loci with current 
NCBI LocusIDs are included; Beagle is synchronized with the NCBI database approximately monthly). 
Individual gene/locus records provide links to paralogs (similar genes within each species), to 
progressively less closely related members of gene families and super-families, as well as to a variety of 
functionally related genes. Beagle can also produce lists of proteins sharing conserved domains, and 
provides links to orthologs or, in their absence, to less closely related genes in other species. Beyond 
Beagle’s ability to document evolutionary, structural and functional relationships, it catalogs information 
and allows users to manipulate information on approximately 1.23 million ‘physical’, ‘transcriptional’, 
‘genetic’, ‘functional’, and ‘miRNA’ gene-to-gene, protein to protein, protein to RNA, or protein to gene 
interactions. What sets Beagle apart from other resources is that many interactions in Beagle are 
extensively annotated, and that users can select interactions that match a variety of criteria. Another 
difference is that the entire Beagle database must be downloaded to a Mac computer (layouts are 
optimized for a 15” or larger screen). Thus, researchers can use Beagle to import their experimental data 
(for example, gene lists identified by high-throughput methods or genetic screens), and conveniently 
analyze their data in the context of available information. Beagle contains ~14 years of single-person 
annotated information and comes with build-in Filemaker runtime software.  
 
Information in the Beagle database can be viewed in multiple layouts, the most important ones of which 
provide graphical summaries of structural, functional, and literature information. The current Beagle 
database, the scope of which is illustrated in Figure 1, uses ~6 Gigabyte of disc space. Aficionados can 

check the included database design 
report for more information. 
 
Figure 1; Beagle documents all loci with 
current NCBI, FlyBase or WormBase IDs in 
the ten listed species. Orthologs are genes 
whose encoded proteins produce 
reciprocally best BLASTP scores. For 
human-chimp orthologs, synteny is also 
considered in assigning orthology. Human 
and mouse interactor numbers include 
interactions in which at least one partner 
comes from this species. GO annotations 
are courtesy of the Gene Ontology 
consortium.  
 
After downloading and expanding the 
zip-compressed database file, double 
click the Beagle.app file (if you click any 
of the other files you may get an error 
message). After logging in as a “Guest”, 

hit the “Human” button. This will take you to the structural layout (Figure 2) of the last visited human 
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record. This layout is used to store results of BLASTP searches performed to identify orthologs and 
paralogs. When ortholog information was obtained from the Homologene database, this fact is indicated.  
 
To start the tour, hit the NCBI gene button near the top of the layout. If your computer is connected to the 
Internet, this will open the matching online gene record in your browser. Similarly, hitting the Unigene 
Vega, or EnsEMBL buttons will take you to matching records in these databases. Note that the label of 
the Unigene button changes to MIRbase in the case of miRNAs, and that buttons may be disabled and 
show “--“ for records that lack EnsEMBL or Vega IDs. Hitting the “dbSNP” button provides a graphic 
overview of SNPs linked to this gene in dbSNP. The ‘UCSC browser’ button shows the gene in the 
UCSC genome browser. Buttons are color-coded: green buttons link to other records within the 
database, blue ones to external resources, whereas yellow ones perform maintenance functions. 

Figure 2. Structural layout for the human SRC gene 
 
Next move the cursor over the synonym list field. A window will appear providing information about this 
field. Enter find mode by clicking the magnifying glass and type SRC1 (not case sensitive) in the 
synonym list field, then hit return. The synonym list is a repeating field that can contain up to 30 
synonyms (not all are shown; the synonym list and other fields can be modified in the “edit’ layout). The 
synonym list field is the preferred field for performing searches, although synonyms can be ambiguous 
and/or species-specific. Note, for example, that SRC1 finds records for the SRC tyrosine kinase and the 
NCOA1 Steroid Receptor Co-Activator-1 genes. In the SRC record you will notice (in the top right hand 
corner of the layout) several other SRC Gene Family members linked to this record by virtue of having 
the same (SRC) entry in the “paralog class” field. Click on any gene name in the paralogs portal window 
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to go to the corresponding record. Click on the ‘list all types’ button to see a list of all 11 human SRC 
family genes, as well as one related pseudo gene. While in the SRC record, click on the “List” button next 
to where it says “Protein tyrosine kinase” to produce a list of 90 thus annotated human genes. Note that 
annotations reflect structural, not necessarily functional similarity. In the case of protein-coding gene, any 
list produced identifies chimpanzee, dog, mouse, Xenopus laevis, zebrafish, D. melanogaster, C. 
elegans, S. cerevisiae and S. pombe orthologs in red, and less closely related genes in blue. Navigate 
back to the SRC record by clicking anywhere in the SRC row and click the “Ref” button next to the 
“Protein tyrosine kinase’ button. This will show the PubMed abstract(s) of the paper(s) that support this 
classification. Hitting the “List” button next to where it says ‘Protein kinase’ will identify 528 human 
conventional and unconventional protein kinase genes. Hitting the buttons next to ‘selected domains’ will 
similarly produce lists of genes whose encoded proteins include these domains. Table 1 provides an 
overview of the current level of annotation in the five indicated species.  
 

 H. sapiens D. melanogaster C. elegans S. cerevisiae S. pombe 
Protein-coding genes 203141 13929 20093 6002 5130 
# BLASTP searches 19380 9824 6657 4274 3585 
% genes annotated2 96.28 87.50 60.63 89.09 85.65 
Protein kinase 533 243 431 133 126 
Protein phosphatase 142 103 191 38 36 
Helicase 134 97 104 96 84 
Nuclear receptor 48 21 287 - - 
7-tm receptor 8063 235 1455 5 6 
Ras superfamily 154 72 64 32 22 
H2C2 Zn-finger 715 278 192 44 16 
Protease 587 614 397 120 117 
WD40 repeat protein 280 189 146 106 126 
RRM domain protein 238 144 115 59 76 

 
Table 1. Annotation summary, showing the size of selected gene families. Note that family membership is defined 
by structural and not necessarily functional similarity. Note also that BLASTP searches have typically been done 
with the largest protein isoforms, and that most searches have been restricted to RefSeq sequences. 1: a small 
number of human genes classified as ‘protein-coding’, but which lack any protein sequence information, are 
excluded. 2: Annotated genes are protein-coding genes assigned to gene (super)families; genes for which orthologs 
have been identified, genes whose encoded proteins include identified common domains, and genes for which 
BLASTP searches have been completed. 3: ~630 human 7-TM receptor pseudogenes exist. Annotation is fairly 
complete and numbers are unlikely to change significantly.  
 
Back in the SRC structural layout, click the “p” or “q” buttons below the chromosome field on the right. 
This will navigate to records of adjacent genes. Move back to the SRC record and hit the “Mm” button to 
go to the mouse ortholog. Hit the “list” button next to the field that says “chromosome 2”. This produces a 
list of >3400 genes on mouse chromosome 2, sorted by location and showing human orthologs and their 
chromosomal locations (i.e. a synteny map). For genes without linkage information the “p” and “q” 
buttons are blank and disabled. Gene order (linkage) information is included for all nine species. 
 
In the human SRC structural layout click the “list” button next to where it says “chromosome 20” just 
below the “p” and “q” buttons. Doing this will display a list of ~1000 human chromosome 20 genes sorted 
by gene order. This list again identifies orthologs in the other species. Clicking in any row of this or any 
other list will take you to the structural layout of the gene in question 
 
Next, hitting the “interactor” button in the human SRC gene record will display the layout shown in Figure 
3. Hit the “Physical”, “Transcription”, “Functional”, “Genetic” “Array”, “miRNA”, or “Other” buttons to 
display these different types of interactors. Note that interactors are color-coded and appear in two 
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separate portals. The color-coding reflects a confidence score calculated by the database (see below). 
The two portals reflect the fact that in the interactor part of the database the gene being queried can 
either be “gene 1” or “gene 2”. For all but transcription and miRNA-based interactions, there is no 
directionality to the way interactors are entered. For transcription interactions, the target gene of a DNA 
binding factor should always be locus 1. If a miRNA precursor produces two distinct mature miRNAs, 
genes targeted by either one have also been entered directionally.  
 
Rather than hard to interpret long lists of physical, transcriptional, genetic, functional, microarray-based, 
or miRNA interactors, the database allows users to prioritize and/or restrict interactions in multiple ways. 
For example, selecting “low” or the default “predicted” entry in the Confidence/ exclude field hides low 
confidence or predicted interactions. Hit the red reset button to restore all fields to default values. 
Selecting “yes” from the Attributed function pull-down menu shows only interactions that match this 
qualifier. Again hit reset and select “protein kinase” from the Superfamily pull down menu. This does not 
produce the same result as selecting “kinase/substrate” from the Enzyme/substrate menu, because not 
all interacting kinases are known to phosphorylate p53. One can similarly only display interactors that 
match selected GO annotations (GO annotations come in three flavors: component, function and 
process; some liberties have been taken in translating GO annotations; For example, any GO annotation 

that includes the term “apoptosis” has been 
condensed to either “apoptosis” or 
“regulation of apoptosis”). Beagle also 
includes interaction information downloaded 
from the BioGRID database, but has 
identified several of these interactions as 
erroneous. Rather than deleting these 
interactions after every BioGRID synchro-
nization, users can hide or show the errors 
by toggling the yellow ‘hide/show errors’ 
switch. 
 
Figure 3. Functional layout for human SRC. 
Interacting genes are shown in two portals, 
depending on whether the gene being analyzed 
was entered as interactor 1 or 2. Interactors are 
color-coded, based on a calculated confidence 
score. Clicking interactor names will open 
corresponding records in the interactor part of 
the database. Hit the BioGRID, HPRD, UniPRot, 
STRING or HEFalMP buttons to go to linked 
records in these online databases. Click on 
individual Gene Ontology terms to show lists of 
genes sharing descriptions. If the ‘Refs?’ field 
associated with a GO term says “yes”, clicking 
this field will produce the PubMED reference. 
ERROR! Indicates an interaction imported from 
the BioGRID database that is not supported by 
available data.  
 
Each human or mouse interactor record can 

be hyperlinked to 90 PubMed references. To update existing interactor records, click on their name to 
open the relevant interaction record and select appropriate annotations from the various pull-down 
menus. Note that selecting high or low confidence adds or subtracts 1 from an overall confidence score 
calculated by the database. Selecting ‘dogma’ in this field adds 6, whereas classifying an interactor as 
doubtful or controversial subtracts 3. If information is included that an interaction is conserved in 
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Drosophila, nematodes, and/or yeast, the confidence score is increased by 3. If both physically 
interacting proteins share at least one identical annotation in the “Subunits of complexes/structures” field 
(Figure 3), this also increases the confidence score. If two human physical interactors have cerevisiae 
orthologs that are subunits of at least one annotated complex, this again automatically increases the 
confidence score. Confidence is also automatically increased for Drosophila and budding yeast 
interactors whose human orthologs are subunits of at least one annotated complex, or when an 
interaction is supported by a co-crystal structure. 
 
Keep in mind that most annotations are not complete and that users should check and update 
information for their genes of interest. Also keep in mind that this database had its origin in 2004 and 
continues to evolve. Consequently, old interactor records may not have the same level of annotation as 
later ones. This database is intended as a tool to keep track of ever-increasing amounts of often 
confusing and sometimes contradictory biological information of variable quality. While it can do this, 
remember that this is a single-handed, not necessarily encyclopedic, effort.  

Proteins can be part of 
multi-subunit complexes, 
or function in pathways in 
which not all participants 
interact. In the human 
part of the database up 
to 14 annotations of this 
kind can be documented 
by entering appropriate 
terms in the “Members of 
Complexes etc” 
repeating field (it does 
not matter on which line 
of information is entered, 
but be aware that any 
entered term becomes 
part of a pull down list to 
facilitate future selection).  
 
Figure 4. Layout displaying 

members of human protein complexes or functionally related genes. 
 
To show how this feature works, hit the “list” button next to where it says “ATM/ATR substrate” in the 
TP53 interactor layout. This will create the list shown in Figure 4. PubMed IDs (PMIDs) documenting this 
kind of interaction can be entered after hitting the “PMID” button in the interactor layout. Note that the 
buttons to the right of the ‘list’ buttons change from “--“ to “Ref” when you do this. Pushing the buttons 
when they shows “--“ does nothing, pushing them when they show “Ref” will open the hyperlinked 
abstract(s) in your browser.  
 
Back in the TP53 interactor layout click on the “Transcript.” button, and see that AATF, BCL6, E2F4, and 
other transcription factors have been implicated in regulating TP53 expression (see CCND1 or CDKN1A 
for other examples of popular genes with complex transcriptional regulation). Press the “Reset” button if 
these interactors do not show. Records for transcription factors also show target genes, including 585 
potential targets in the case of TP53. Again, this information is not necessarily complete. 
 
Records to document new interactions are created by hitting the yellow “new” button in the interactor 
layout (Figure 3). This will create a new record in the interactor database, with the first gene already 
entered. Completing the new interaction record involves entering the unique NCBI LocusID for the 
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interacting protein/gene, and then hitting one of seven buttons to classify the interaction as physical, 
transcription-based, functional, genetic, array-based, miRNA-based, or other. The data entry layout of 
the interaction database includes a LocusID lookup panel. This panel finds LocusID numbers based on 
entered gene names or synonyms. When adding new interactions, the database automatically updates 
interaction numbers. It also automatically identifies new interactions as Unique or Duplicate. 
Supplementary data files containing information on multiple interactors can be imported using the Import 
Records function (under File Menu). Information in data fields can also be exported to text, Excel or other 
formats. 
 
To see how human records are linked to related records in the other species, go to the human MED12 
structural layout. To go to orthologous records, push the Pt, Mbf (man’s best friend), Mm, Dr, Dm, Ce, Sc 
or Sp buttons. Note that human genes are linked to only one gene in these species, but that genes in 
each of the non-vertebrate species can be linked back to up to three human genes. Also note that 140 
physical or genetic interactors are documented for the budding yeast Med12 ortholog, and that the 
budding/fission yeast, fly, and worm interactor layout(s) identify human orthologs of interacting genes.  
 
The interactor layout also lists annotations assigned to genes by the Gene Ontology (GO) consortium. If 
GO terms are followed by “yes” in the “Refs?” field, clicking on “yes” will open relevant PubMed abstracts 
in your browser (internet access required). Clicking on individual terms will produce a list of genes that 
share the same annotation. GO annotations are classified as to whether they relate to “process”, 
“function”, or “component”. Annotations that match these three classifications are displayed separately 
(click on classification field to cycle through the three terms).  
 
Beyond organizing structural and functional information, Beagle’s final main use is to keep track of the 
literature. To see how this works, go to the NF1 structural layout and hit the “References” button. Next hit 
the “list” button next to where it says “Cancer gene” to produce a list of >420 cancer genes (click the 
“Ref” button to reveal the source). Similarly, hitting the button next to where it says “cancer-related germ-
line mutations” will list 69 genes that match this description. The “OMIM”, “GeneCard” and “Cosmic” 
buttons provide links to corresponding records in these online databases. In the Hyperlinked references 
panel, click where it says “Identification” to see PubMed abstracts that fit this description. You can 
hyperlink additional references by hitting the PMID button and adding their PubMed ID’s in the 
appropriate fields. URLs that specify customized PubMed searcher for ~2150 human genes are stored in 
the database.  
 
The database is designed to automatically reformat any copy/pasted text. To try this feature paste text of 
any font, font size, or text color into one of the BLAST search result fields and then hit the “reformat” 
button. Using this button activates one of >1250 scripts that make the database work.  
 
Important: Records in this database are linked via unique locus ID (usually NCBI locus ID) numbers. 
Changing or updating locus ID numbers will break these links, unless the old locus ID is kept in any of 
the “old Locus ID” fields. Also note that most BLASTP searches have been restricted to RefSeq entries, 
and that preprogrammed BLASTP searches are similarly limited.  
 
Caveats and limitations: Always check any information before acting on it. If the date stamp of a record 
is older than 2 years, redo BLAST searches. Because of the amount of work involved in maintaining two 
versions of this database, the Windows version has been discontinued. Much information in Beagle 
comes from supplementary data files. When information from such sources is imported, the majority of 
referenced genes can usually be identified. However, some studies reference ESTs, discontinued genes, 
or use ambiguous identifiers to describe genes/proteins. Since this database only contains genes with 
identifiable and current NCBI gene IDs, such entries are not included. Remember that original 
publications are the gold standard when it comes to data. Finally, gene order, gene content, and gene 
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sequence information for some species remains subject to change. Thus, if your version of Beagle is 
more than a few months old (see start-up screen), consider replacing it with the most recent version.  
 
Given that this is a single-handed effort, data coverage in the “interactions’ part of Beagle can be spotty 
and users should consult the original literature and other resources to arrive at a more comprehensive 
survey. This is especially true for transcriptional, microRNA, and microarray interactions for which much 
more comprehensive resources exist. Keep this in mind when interpreting the data presented here. 
 
Useful tricks: In find mode entering “*” in a field will find all records in which the field is not empty, while 
entering = will find all records in which the field is empty. Performing a find using “==search term” will 
only find perfect matches. Check the “omit” checkbox to find records that do not match search criteria. 
Combine multiple searches by adding new search requests. Use “constrain found set” from “Requests” 
pull-down menu to search within a previously found set. Use the Export Records function to export found 
records to Excel or other file formats, and the Import Records function to import your own data sets. 
Select “New Window” from the Windows menu to perform side-by-side comparisons.  
 
To find out when the database was last updated, note the date in the heading of this file. The dates of 
the last NCBI and Gene Ontology synchronizations are shown on the start-up screen. Note that 
Targetscan miRNA predictions are in the process of being updated to version 7.0. Older predictions have 
been deleted. Approximately 200,000 low confidence Drosophila affinity capture/MS interactions have 
also been purged.  
 
Reference: This database evolved from a published survey of human and Drosophila Ras superfamily 
members, their regulators, and interactors (Bernards A., Ras Superfamily and Interacting Proteins 
Database. Methods Enzymol. Volume 407. Regulators and Effectors of small GTPases: Ras family. 
Balch WE, Der CJ, Hall A. Eds. Pp 1-9, 2005). The far more comprehensive current database covers all 
genes in nine commonly used species and bears only superficial similarity to this earlier product. 


