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Background

FIG has developed the SEED database for high-throughput, highly accurate annotation of genomes. This database integrates sequences from all publicly available genomes regardless of source. The stable, publicly available database () currently contains 38 Archaea, 643 Bacteria, 562 Eukarya, and 1335 viruses. In addition, installations are available elsewhere that incorporate almost 100 environmental metagenomes. Together with collaborators at Argonne National Labs, the University of Chicago, the University of Illinois at Urbana-Champaign and elsewhere, FIG is developing the National Microbial Pathogen Data Resource (NMPDR; http://www.nmpdr.org/) for the curation, comparative analysis, and annotation of many high-priority microbial pathogens.

To handle the flow of data and ensure the most timely and appropriate annotations, FIG pioneered the development of Subsystems-based annotations. This revolutionary approach to genome annotation eschews the idea of annotating one genome at a time, and instead empowers the annotator to focus on a piece of metabolism, cellular machinery, organismal structure, or other set of genes that they wish to study. By annotating each set of functional roles across all organisms in the database, the annotator quickly identifies interesting and novel phenomena associated with the area of study.

Populated subsystems provide a framework for improving almost every area of genome analysis, and especially comparative analysis. The curators assert the functional roles that constitute a subsystem, connect genes to those roles, and then whittle the choices down from potential paralogs to true orthologs, providing a single candidate gene for each functional role in the cell. Hence the assertion of a single gene from an organism fulfilling a functional role is strong evidence that this annotation is accurate. Chromosomal clustering and functional variants encoded within the subsystems support the assertions of function. The dataset produced by the subsystems analysis is unparalleled in consistency and accuracy, and can be used as the basis for comparative analysis, quantification, and metrics.

Subsystems and Gene Calling

There are many well-known problems with gene calling in genomes in general, and microbial genomes in particular. Subsystems-based annotations are critical in identifying and quantifying these problems, allowing software developers to improve their algorithms for subsequent analysis. For example, gene-calling software occasionally misses a potential coding sequence. When such coding sequences are in a cluster, and especially if members of the cluster are captured in a subsystem, it is obvious to spot the regions where genes have been missed. Current versions of the SEED software provide an interface for the user to locate and add missed gene calls, and these should be used as training datasets. A second example of the utility of the Subsystems framework for gene calling is the correct location of start sites. In many cases, the 3’ end of a gene is readily detected, but the precise 5’ end of the gene is obscure. By aligning protein sequences from multiple different genomes we have encoded a framework for the rapid identification of the most likely 5’ end of the gene and for propagation of those sequences. Once again, these corrected data should be used as training sets for gene calling algorithms, and have been used for the Gizmo gene caller that we now utilize in the SEED.

Subsystems and Annotation Consistency 
Generating consistent annotation is essential for most comparative genomics methods and techniques. The translation of experimental evidence to functional genomics, whether through genetics, microarrays, proteomics, or other wet-lab studies, requires consistent annotations. In addition, the computational benefits of consistent annotations for comparative genomics are obvious and well discussed. 

FIG has developed a generally applicable, computer generated, mechanism of annotation consistency to measure not only where annotation efforts are at the current time, but also how they improve over time. These metrics have the advantage of focusing our annotation team on problem areas that need careful manual curation. 

The consistency metric uses a subset of protein families where each member of the family performs the same function. There are many extant protein families such as FIGfams, PIRSF, TIGRFams, or KEGGfams that can be used for this purpose. The functional roles attached to the members of the family are counted, and the “consistency score”—the odds that any two proteins from the same family have the same function—is calculated. This score simultaneously measures the consistency of both the families and the annotations. 

