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JGI Database

Database Description

The US Department of Energy’s Joint Genome Institute maintains the Integrated Microbial Genomes database, which is intended to provide a means by which to compare a genome to previously sequenced and annotated genomes in an effort to gain a greater understanding of how the particular genome functions. The IMG database is organized to allow the user to maximize comparison between new and previously established genes and genomes.
Navigating the Website

While the JGI Database can provide a variety of functions for data analysis, the website itself can be confusing to navigate. The general structure of the site is divided into a hierarchy of specificity. The Organism Details page (http://imgweb.jgi-psf.org/cgi-bin/img_edu_v260/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2500575004) provides a general overview of the particular genome of the organism (in this case Halorhabdus utahensis) that is being examined. From this central page the user can access Organism Information, Genome Statistics, Genome Viewers, Compare Gene Annotations, or Export Genome Data. Each of these individual headings provides a different manner of approaching the analysis of the genome. 
This tutorial will focus specifically on the Genome Statistics page and its subpages because thus group provides a logical way to go about examining the genome. 
Selecting a Gene
On the Organism Details page scroll down to Genome Statistics, which is organized in a table: 
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This table breaks down the genome into numerous different categories, providing the user the opportunity to browse different sequences by specific groupings. 
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Select Protein coding genes. A new page will open with a list of genes, organized by gene ID number
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Name

Acetylransferase (GNAT) family. [Halothabius utahensis AX-2, DSM 12940]
FOG: GAF dommain [Halorhablus utehensis AX-2, DSM 12040]

PAS domain §-bos: [Halorhabous wizhensis AX-2, DSM 12940]

Predicted senso protein/domain [Halorhabus utahensis AX-2, DSM 12040]
Methyl-accepting chemotaxis protein [Halorhabius wizhensis 4X-2, DSM 12940]
Esteraseflipase [Halothabus utahensis AX-2, DSM 12940]

DNA-directed RNA polymerase, subunit M (EC 27.7.6) (IMGtermn) [Halorhabous wizhensis AX-2, DSM
12940

Predicted nucleic acid-binding protein, contains PIN domain [Halorhabius wizhensis 4X-2, DSM 12940]
ABC-type mubidrug transport system, ATPase component [Halothabdus utahensis AX-2, DSM 12940]
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Choose a gene by clicking on the Gene ID number.
Clicking on the ID opens a new page labeled Gene Details.

Examining Gene Details

From this page the user can access specifics about the particular gene that was selected. At the top of the page there is a general overview of the gene in another table that is labeled Gene Information. The various links in the table provide the user with multiple methods by which to explore the gene itself (amino acid sequence, nucleotide sequence, etc.), and also to compare the DNA sequence to similar genes and proteins.
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Further down the Gene Details page is a table labeled Evidence for Function Prediction. This top half of this table (Neighborhood) allows the user to visually examine the location of the gene and the nucleotide sequence. 






The next section of the table is titled Conserved Neighborhood. This area of the page allows the user to view neighborhoods of similarily-sized orthologs in other organisms.
 
These clusters of genes are once more represented graphically as large arrows in the Ortholog Neighborhood Viewer, and the colors of the orthologs denote which orthologous group they belong to.
 


The final part of the table demonstrates how the database determined the likely protein product of the query gene. The COG section of the table reflects the similarity of the sequence to other COGs and the Pfam section of the table lists the hits from the Pfam database that demonstrate similarity to the amino acid sequence of the gene. 
Both areas of the table supply statistical tools to determine the legitimacy of the alignments between the query gene and the hits that the databases provide.








The next area of the page presents further resources for verifying the protein product of the gene and is under the headings of External Sequence Search and IMG Sequence Search. The former contains three websites independent of the IMG database that can be used to determine the homology and function of the protein coded by the gene. When the user selects any of these databases, the amino acid sequence is automatically entered into the search bar, allowing for quick verification of JGI’s conclusions about the protein. 
The IMG Sequence Search presents further tools within the JGI website to compare the gene to similar genes in other genomes. However, the IMG Genome BLAST link is not exceptionally helpful for verification of the product of a gene; it requires that the user choose other genomes to compare the sequence to, meaning that it is possible that the selected genome will not contain a homolog of the gene in question and will not be useful in determining whether the gene produces a particular protein or not. 
Similarily, the Phylogenetic Profile Similarity Search searches for profiles similar to the genome of the query gene in order to establish a phylogenetic record. The tool is not as useful as others in the database when verifying protein products.
The final section of the Gene Details page is the Homolog Display, which is intended to be used to find homologs of the gene. The Customized Homolog Display allows the user to display the homologs of the gene, organized according to various qualifiers, while the Homolog Selection menu gives the ability to choose the type of homolog displayed. This is very useful because it provides a way to narrow the search for homologous sequences. 
Conclusion
JGI’s database, IMG, provides a variety of tools that are very useful for identifying examining the function and nature of the proteins that various genes code for. Although the database appears complicated, an understanding of its workings and efficient navigation of its different layers transforms it into an instrument that can effectively analyze the large amount of data that is associated with an organism’s entire genome. 
Genes with function prediction, Genes w/o function with similarity, and Genes w/o function w/o similarity are particularly useful for examining genes





The Locus Tag of the gene is an identifier associated with the gene and is usually assigned sequentially along a genome.





The DNA Coordinates of the gene show what the database believes are the locations of the first and last base in the gene. The (+) or (-) indicates whether the gene is on the positive strand (5’-3’) or the negative strand (3’-5’). 








The Product Name of the gene is the protein that the IMG database believes the gene will code for. 








Selecting the base pair number (855bp) opens a new page that displays the nucleotide sequence of the gene in FASTA format. 








Clicking on the Amino Acid Sequence Length accesses a FASTA format version of the amino acid sequence








The COG link opens a page that gives a list of organisms containging the group of orthologous proteins the gene is thought to belong to.








The peptide link brings up statistics about the protein the gene is thought to code for





Genes coding for enzymes sometimes have information about the enzymatic pathway that contains the enzyme:








These links open a page on the database Pfam that provides information on the predicted protein








The Enzymes category contains the EC number of the enzyme, a manner of enzyme classification, and opens a page of statistics about the enzyme from the KEGG database. 








The KEGG Pathway category provides a link to a graphic of the enzyme’s role in the enzymatic pathway.








The gene under examination is marked in red and shaped like an arrow to identify the direction that it is oriented. 





Provides a graphic of predicted genes in the surrounding area that are color-coded to reflect their particular content of GC base pairs.





Provides a visualization of predicted genes in the surrounded area that are color-coded by COG number.











Link to graphic representation of ortholog neighborhoods





Target gene represented in red





Each line represents different organism





COG number, indicating the orthologous group the protein hit belongs to 





Percent Identity is the percentage of perfect base pair matches 





The lower the e-value, the more significant the relationship between the sequences  





The higher the bit score or HMM score, the better the alignment of the sequences  





Percent Alignment indicates the percent to which the sequences are identical 





Links to Pfam page detailing the hit proteins 





For instance, by selecting the 50 link to the right of RNA, the user is linked to a page that displays the ID numbers of the 50 genes that the IMG database predicts code for RNA sequences








