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The National Center for Biotechnology Information (NCBI) provides curation support for many genomes, and  disseminates 
information in several resources including Entrez Gene, reference sequences (RefSeq), the Consensus CDS (CCDS) database, 
and the Genome Reference Consortium (GRC).  These projects are supported by several collaborations to provide:1) support 
to the international consortium maintaining the assemblies for human and mouse (GRC); 2) sequence standards for 
chromosomes, genes, transcripts and proteins (RefSeq); 3) reports of integrated information including nomenclature, 
publications, phenotypes and diseases, sequences, ontologies, interactions (Gene); and 4) identification of proteins that are 
consistently annotated on the human and mouse reference genomes, and consistently updated by collaborating members (CCDS).  

NCBI curation of any one data type (e.g., a gene) is closely integrated with evaluation of the genome assembly, and determining 
annotation by way of RefSeq transcript and protein sequences.  Database and work-flow infrastructure is designed to support 
reporting and tracking issues with the assembly, gene, or evidence data to collaborating groups, and to support collaborative 
review and discussions of issues that arise.  Curation depends on publicly available information to represent the gene extent, 
alternatively spliced transcripts, and protein isoforms.  Scientific consults occur regularly and wet-bench validation needs are 
supported by some of the collaborations.   Curation of genome annotation results in improved data presentation at the three major 
genome browser sites (Ensembl, NCBI, UCSC) and has resulted in efforts to define common curation guidelines to maximize 
consistency and minimize conflicts.

The presentation focuses on curation of the human genome, genes, and RefSeq sequence standards.    

Abstract:

Genes 
Extensive communication and coordination occurs between NCBI’s RefSeq curation staff, the HUGO 
Gene Nomenclature Committee (HGNC), the Sanger Institute’s Havana curation group, and other 
groups to maintain human gene information.  One focus for RefSeq curation is correct definition of 
the gene location, extent, exon structure, and gene type (e.g., pseudogene) for the human genome.  
Defining the extent and products for a gene is not trivial for regions with complex transcription 
profiles.  RefSeq uses the following guidelines:

 
           

Transcripts, Proteins, & CCDS
Maintaining the human genome assembly

GRC site: http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/ CCDS web site: http://www.ncbi.nlm.nih.gov/CCDS/

NCBI is a member of the Genome Reference Consortium (GRC). Consortuim goals include
providing periodic assembly updates to close gaps, provide an improved representation for some 
regtions. The GRC recently submitted an update for the human genome (CM000663- CM000686).

RefSeq curation contributes to the GRC goals by reporting potential assembly issues. RefSeq 
transcript alignments to the human genome were analyzed to identify all records that 
demonstrate an unaligned region or mismatch vs. the genome. Curation staff reviewed
results and either revised the RefSeq record, flagged the difference as a valid polymorphism 
intentionally retained in the RefSeq record, or reported the sequence conflict to the GRC for 
further evaluation.  This resulted in 322 reports to the GRC including: 1) known, annotated 
assembly gaps that impact annotation of tracked genes; 2) observed insertions or deletions 
relative to human cDNAs; and 3) haplotype differences that impact genome annotation results.

Curation at the NCBI:   Genomes, Genes, 
& Sequence Standards

The GRC web site reports regions under review.

1. Treat transcripts having any identical exons as a single gene (default).
       (may include different promoters (different first exons) and distinct proteins)
2.  Exception: treat complex transcribed locations as >2 genes if:
       a. discrete loci have been described historically & definitions continue to support scientific communication.
       b. abundant data define two non-overlapping complete transcript units and long connecting transcripts  
            are very rare in comparison.  

Selection of the translation initiation site:
   1. Always annotate the CDS from the first AUG
   2. Exceptions:
      a.  experimental evidence supports use of a downstream AUG
      b.  downstream AUG is consistent with historical definitions that continue to 
           support communication and there isn’t stronger support for the upstream site.
      c.  the upstream site has a poor Kozak signal and is not conserved in any species
          --and the downstream site has a strong Kozak, is strongly conserved
          --and no additional support for use of the upstream site (e.g. gaining domains)
  

Alternate translation initiation sites

ORF

versus

NCBI is a member of the Consensus CDS (CCDS) collaboration which identifies high-
quality identically annotated protein coding regions annotated on the human genome
by both NCBI’s and Ensembl’s genome annotation pipelines. Modifications to CCDS proteins 
are done by collaborative agreement in order to maintain consistency.  Proteins that are 
not included in the CCDS database are also reviewed to reach agreement on the correct 
protein definition to represent on the annotated genome.

The development of common curation guidelines used by NCBI’s RefSeq curators, the 
Sanger Instutute’s Havana curators, and the UCSC CCDS curation staff has improved
efficiency and reduced the need for lengthy discussions to resolve conflicting annotation.
These curation guidelines are now available on the CCDS web site.

Genome workbench display of NM_001042575.2  (top; RefSeq mode) and Entrez 
Graphics display of the updated protein (NP_001036040.2) illustrating the N-terminal 
extension made in the RefSeq record and agreed upon by the CCDS collaboration. The 
145 amino acid extension completes a CUB domain and adds a SEA domain.

RefSeq & CCDS curation of TMPRSS7 
(CCDS43129.1, NM_001042575.2, NP_001036040.2)

ATG ATG

The coding sequence of the RUNX2 RefSeq 
(NM_001015051; GeneID:860) was updated 
to use an internal AUG site that has a stronger 
Kozak signal. The resulting protein is consistent 
with published reports and clinical testing use.  

A Genome Workbench display, customized for RefSeq, 
showing transcripts aligned to the genome in the location 
of the RP1 gene (GeneID 6101). The historical definition of 
the functional protein and transcript unit is represented by 
NM_006269. Other data suggest that the locus is complex. 

A Genome Workbench display showing a mix of human 
and non-human transcripts aligned to the human genome 
in the location of the  AARSD1 gene (GeneID:80755).  
This region is treated as a single locus in human. In contrast, 
the homologous region of the mouse genome is tracked as 
two distinct genes as there is no evidence for the long 
connecting transcript data.

RefSeq curation includes review of the genome sequence, gene data,
and de�nition of transcript and protein products as RefSeq sequence
records.  Curation is highly collaborative and areas of concern are shared
with multiple groups including the Genome Reference Consortium, the
HUGO Gene Nomenclature Committee, and Consensus CDS collaborators.
These panels illustrate some areas of communication.

Genome Workbench is available for download: http://www.ncbi.nlm.nih.gov/projects/gbench/

(left) Map Viewer display showing BLAST results on the genome that 
suggest a problem with the genome assembly in the location of the 
MINK1 gene (GeneID:50488). Note the gap in the alignment for the 
RefSeq query sequence (NM_015716.3) on reference chromosome 17 
(NC_000017.9).  The full extent of the RefSeq record is supported by 
other abundant data.   This issue was reported to the GRC.

(below) Genome Workbench dot matrix displays illustrating the 
alignment gap found between NM_015716.3 and chromosome 17
(left panel).  The right panel shows an improved alignment is found
for the updated version of chromosome 17 (CM0000679.1).  This
update is being processed in NCBI’s genome annotation pipeline.

NCBI Build 36.3 (hg18), chr17 GRC update, chr17 
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