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; Reference Sequence (RefSeq) Database

Scope

The Reference Sequence (RefSeq) database is a collection of standard sequences intended to represent
genomic sequences, transcripts, and translated products that occur naturally in an organism
(www.ncbi.nlm.nih.gov/refseq/). The taxonomic range of the collection spans much of the planet’s diversity
and includes eukaryotes, bacteria, archaea, and viruses. Each sequence record is based on public se-
quence data submitted to the International Nucleotide Sequence Database Collaboration (INSDC), but in
contrast to the public sequence archives, the RefSeq collection is largely non-redundant. Other attributes
that distinguish RefSeq from INSDC records are listed below.

Automatic processing of public sequence records, collaboration with authoritative scientists or groups outside NCBI, and
curation by biological experts at NCBI are at the center of the RefSeq processing pipelines. The product is a collection
that is richly annotated with structural and functional features, actively maintained, and flexible enough to provide se-
quence standards to meet the

needs of different research Taxonomic Node Release 97 Count Attribute INSDC* RefSeq

communities. For example, Archaea 1323 Accession includes underscore (*_’) No Yes
RefSeqGene records support [~ 60021 | | INSDC member Yes No
clinical laboratory testing for .
human disease, curated verte- Fungi 12561 Source of sequence Submitter | INSDC
brate transcript recor_ds Sl'!p' Invertebrate 3817 Source of annotation Submitter Multiple
port genome annotation pipe- | mitochondrion 10048 )

. . Owner of sequence record Submitter NCBI
lines and browsers, and ribo- [+ 4343 :
somal RNA records are pro- — Py Redundancy High Low

: asmi
vided ?S type standards for - Archive of experimental data Yes No
bacterial and archaeal ge- Plastid 4506 Ceview of exoermental dar N »
nomes. The RefSeq collection | protozoa 565 eview of experimental data ° e
is also a key element unifying Vertebrate_mammalian 1170 Curation by NCBI No Yes
several of the_ molecular re- Vertebrate other 4278 Regular update schedule No Yes
sources provided by NCBI. = :

Virus 9305 * The INSDC includes NCBI (USA), ENA (Europe), and DDB)J (Japan)

RefSeq also started to anno-
tated experimentally verified functional elements onto genomic records, with NG__ initialed accession. More information
on this effort is at: www.ncbi.nlm.nih.gov/refseg/functionalelements/

Access

RefSeq records are available by

e Searching in the nucleotide or protein databases (www.ncbi.nim.nih.gov/nuccore and www.ncbi.nlm.nih.gov/protein)
¢ BLASTIng against selected databases (blast.ncbi.nim.nih.gov), and

¢ Downloading through FTP (ftp.ncbi.nim.nih.gov/refseq/ and ftp.ncbi.nim.nih.gov/genomes/refseq/)

RefSeq records are also available through hyperlinks displayed from many NCBI resources, including Gene, Genome,
BioProject, dbSNP, ClinVar, Protein Clusters, and more. RefSeq filters in the Entrez Nucleotide or Protein databases
allows the quick retrieval of relevant RefSeq records from the query result. This filter (refseq[filter]) is also available to the
Entrez Programming Ultilities (EUtils, www.ncbi.nim.nih.gov/books/NBK25501/) for programmatic access. RefSeq rec-
ords are found in the general nucleotide (NT) and non-redundant protein (NR) BLAST databases. RefSeq-only data-
bases are also available from the Database pull-down list:

o Reference RNA sequences (refseq_rna)

Reference proteins (refseq_protein)

Reference genomic sequences (refseq_genomic)

NCBI genomes (chromosome) includes only the chromosome level records

16S ribosomal RNA sequences (Bacteria and Archaea)

In addition, RefSeq sub-project and organism oriented BLAST databases are available from organism-specific BLAST
pages, e.g., Human genome, Microbes, as well as the RefSeqGene project page. The complete RefSeq collection, sub-
sets defined by taxonomic node (e.g., plants) or type of molecule, or key model organisms can be downloaded by FTP
(ftp.ncbi.nim.nih.gov/refseqg/release/ and ftp.ncbi.nim.nih.gov/genomes/refseq/).
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Record Display

The Nucleotide database displays Reference Sequences in GenBank format by default (A). You can access the FASTA
and graphical displays using links (B) at the top of the page. Use links in the collapsible sections to the right (C) to ac-
cess relevant records from other sources, such as PubMed and Gene (D). Refer to the COMMENT section (E) for infor-
mation about the INSDC source data used to derive this record. For some records, this section may also include a re-
view status, a summary of the gene function in the summary paragraph, as well as structured reports of transcript evi-
dence, gene and sequence attributes of biological interest, and more. Refer to the table (F) for summary of biological
attributes that may be included in the COMMENT section. For more details, see www.pubmed.gov/26553804.

Homo sapiens potassium voltage-gated channel subfamily nge region shown -
C member 1 (KCNC1), @script variant 2, mRNA Eéj

NCBI Reference Sg==ance: NiM_00497oe
FASTA Graghics

tomize view o

Analyze this sequence

Gota www.ncbi.nlm.nih.gov/nuccore/NM _004976.4 R Biological Attributes
Reference section removed for brevity. Pick Pril picistroni i
LOCUS NH_8B4576 y bl Bicistronic transcript CDS
DEFINITION Homo sapiens potassium wvoltage-gated channel subfamily C member 1 .Ig ?g Uses downstream AUG
KCMC1), transcript wvariant 2, mRMA. Find in t .
F Inferred b
ACCESSION  NM 884976 nferred exon combination
WVERSION NM_2e4376.4 GI:163792199 i Gene product(s) localized to mitochondrion
KEYWORDS  RefSeq. Article Non-AUG initiat q
E Homo sapiens (human) Ky31u on- initiation codon
ANISM Homo sapiens secure 4 Nonsense-mediated mRNA decay
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; A VA ired f d
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; recurr| PolyA required for stop codon
Catarrhini; Hominidae; Homo. progres Protein contains selenocysteine
COMMENT REVIEWED REFSEQ: This record has been curated by NCBI staff. The dG;n;nr;E Readthrough transcript
reference sequence was derived from DN9931%2.1, BC187129.2, P : -
AC124856.8, AK125480.1 and AW452561.1. Ribosomal slippage
On Dec 2@, 2887 this sequence version replaced gi:115527118. Undergoes RNA editing
summary: This gene encodes a member of a family of integral JE>< Pathws Unitary pseudogene
membrane proteins that mediate the woltage-dependent potassium io

permeability of excitable membranes. Alternative splicing is Voltage | Regulatory uORF

thought to result in two transcript variants encoding iscforms that Patassi| Multifuncational protein
differ at their C-termini. These isoforms have had conflicting
names in the literature: the longer isoform has been called both Neuronal System

'b* and "alpha', while the shorter isoform has been called both ‘a
and 'beta’ (PMIDs 1432046, 12091563). [provided by Refseg, Oct 2014]. i .
Reference sequence information =

RefSeq alternative splicing
See 3 reference mRMNA sequence splice vanants

Transcript Variant: This variant (2) lacks two exons and its 3°
exon extends past a splice site used in wvariant 1, resulting in a

dls‘tlnct.3 coding region and 3' UTR, c?mp?red to variant 1. The for the KCNC1 nene

encoded isoform (2) has a shorter and distinct C|FEATURES Location/Qualifiers

to isoform 1. <E|
1..6807

Sequence MNote: This RefSeq record was created fr B /gene="KCNC1"
/ ol vnont ="RUI 1 RKV4: NGK2"

genomic sequence data because no single transcri /gene_synonym="KV3.1; Evi: NEKa2m o
/note="potassium voltage-gated channel, Shaw-related

for the full length of the gene. The extent of t subfamily, member 17

supported by transcript alignments. /db_xref="GeneID:3746"

/db_xref="HGNC: 62

Publication Mote: This Refseq record includes 3 Jfg_xfeg—"iin-i-

publications that are available for this gene. P cxon i..E;ge it
Link name Resource m iiiiiiiiiiiii ;’;::stjscjij'xrﬂ'('s; : RV4; NGK2"
GenelD NCBI Gene database ] /%nfggenceﬂ'allgnment tSplign:1.39.8"

bG70 c fe Lists
- o RCRCT™
HGNC HUGO Gene Nomenclature Committee L sup /ge__‘:_s“ Sym="EV3.1; KVé; NGK2"
MIM OMIM database SAM /note="upstream in-frame stop codon"
CDS $6..1591
protein_id NCBI protein database L J/f'g:ii;;gggi;;nms_:; KV4; NGK2"
ccos Consensus CDS ol el e vk | e g SN
variation NCBI SNP database FRY_S etk phismstt, matavin ly elitaecuncis pwesbni
N channel subunit Kv3.1"
IMGT/Gene-DB ImMunoGeneTics /codon_start=1
FlyBase Database of Drosophila Gene & Genomics
RGD Rat Genome Database The FEATURES section (G) contains detailed annotation of exons,
polyadenylation signals or sites, miscellaneous features
EcoGene EcoGene Database A . .
(misc_feature) of the gene, coding sequences (CDS) and protein

TAIR The Arabidopsis Information Resource products. Many features include cross-references to related records
SGD Saccharomyces Genome Database in other databases at NCBI or elsewhere. The table (left, H) sums
BeeBase hymenoptera genome database up link names and resources they represent.
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Links to RefSeq Entries from Other Resources

RefSeq records are

integral parts of many other NCBI resources. For example, the Gene full report page (A) reports the

RefSeq curation status (B). Click the in-page navigation link “NCBI Reference Sequences (RefSeq)” (C) to bring the sec-
tion in focus and see a detailed summary of individual RefSeq entries for the Gene record. Display the record in “Gene
Table” format (D) to get details on the exon/intron structure, their genomic coordinates, and links to FASTA sequence.

/.:,H Report v A ! Send to: v Hide sidebar >>

KCNC1 po ium voltage-gated channel subfamily C member 1 [ Homo sapiens (human)]

Format www.ncbi.nlm.nih.gov/gene/3746 Table of contents 2
Full ~| Summary 2z Summary
Report (te Official Symbol KCNC1 srovides by HGNG Genomie context
® Gene Table D] Official Full Name potassium voltage-gated channel subfamily C member 1 provided by HGNC Genomic regions, transcripts, and products
Gene Table t Primary source HGNC HGNC 6233 Expression
GeneRIF See related Ensembl:ENSGO0000129159 MIM:176258; Veqa:OTTHUMGO0000166359 Bibliography
Summary Gene type protein coding
Summary (text) RefSeq status REVIEWED Fhenolypes
Tabular Organism Homo sapiens Variation
Tabular {text) Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Euthena; Euarchontoglires; Pathways from BioSystems
ASN.1 Primates; Haplomhini; Catarrhini; Hominidae; Homo
XML Also known as  KV4; EPMT; NGK2; KV3.1 merackons
Ul List Summary This gene encodes a member of a family of integral membrane proteins that mediate the voltage-dependent ~ General gene information
potassium ion permeability of excitable membranes. Alternative splicing is thought to result in two transcript Markers, Clone Names, Homology, Gene Ontology

variants encoding isoforms that differ at their C-termini. These isoforms have had conflicting names in the
literature: the longer isoform has been called both "b" and "alpha”, while the shorter isoform has been
called both "a" and "beta” (PMIDs 1432046, 12091563). [provided by RefSeq, Oct 2014] C )NCBI Reference Sequences (RefSeq)
Expression Biased expression in brain (RPKM 5.1) and testis (RPKM 0.7) See more Related sequences
Orthologs mouse all

General protein information

Aadinonal links

RefSeq mRNA records are an integral part of the genome annotation process. The “Genomic regions, transcripts, and
products” section of the report presents this graphically using the embedded Sequence Viewer (SV) display (E), with

the alternatively
spliced transcripts
shown at the top
(F). Tracks below
the transcripts pro-
vide additional sup-
porting evidence
from RNA-seq data
(G).

Complete RefSeq
proteomes from a

selected subset of organisms representing key taxonomic groups, are also input into HomoloGene, which identifies
homologd through a comprehensive set of calculations. In addition, the NCBI eukaryotic genome annotation pipeline
automatically analyzes the RefSeq proteins it processes to identify homologous genes. Both sets of homologs are

available under the

£ NC_000011.10 ~ | Find: Y| E Q @ i == I A Tools~ | fTracks» & 2+
< ll? 730 K 17,735 K Il7,748 K |17,745 K ll?,? l17,755 K 17,760 K |17,?55 K 17,770 K 17,775 K “7,788 K 17,785 K |1
Genes, NCBI Homo sapiens Annotation Release 109, 2018-03-.. x
KCNC1
¥R 9308662 N >
Nh_go11127411 I 3 L | —— » nr_oonal ’1<E|
NM_284976.4 [} | > NP_B84967.1
Genes, Ensembl release 96 x
——
303.3
S 129159 [ » | > -
Clinical, dbSNP bl52 v2 x
i .
Cited Variations, dbSNP bl52 v2 X
Live RefSNPs, dbSNP bl52 v2 ®
. o a— " . - . -
RNA-seq exon coverage, aggregate (filtered), NCBI Homo sapiens Annotation Release 109 - log base 2 scaled x
5748
b s ARSI 10 ot A AdeMamah AN A anaun: | wori e o SRR
RNA-seq intron-spanning reads, aggregate (filtered), NCBI Homo sapiens Annotation Release 109 - log base 2 scaled
3528
< ]17,738 K 17,735 K 117,748 K 17,745 K ]17,758 K ]17,755 K 17,760 K |17.765 K 17,770 K 17,775 K ]17,788 K 17,785 K it
NC_000011.10: 18M..18M (63Kbp) " ¥ Tracks shown: 9/665

“Homology” heading (H) of the “General gene information” section of the Gene full report page.

= Markers

= Homolog

~ General gene information Homologs from comprehensive analysis of complete RefSeq

Homologs of the KCNC1 gene: The KCNC1 gene is conserved in chimpanzee, Rhesus monkey, dog, cow, mouse, rat, chicken, zebrafish,

»
~

proteomes from selected organisms HomolGene.

mosquito, and C_elegans.
Orthologs from Annotation Pipeline: 246 organisms have orthologs with human gene KCNC1

Orthologs

[#] Clone Names

B Gene Ontology Provided by GOA

] Homologs identified from eukaryotic genome
annotation pipeline.
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Searching RefSeq Using BLAST

The NCBI BLAST web service (blast.ncbi.nim.nih.gov) provides a way to search the public databases maintained at
NCBI using sequences as the query. You can search against RefSeq entries using search pages listed under the “Basic
BLAST” section by selecting RefSeg-only databases, i.e., refseq_rna, refseq_representative_genomes, ref-
seq_genomes, refseq_genomic, or ref- Web BLAST

seq_protein. To search against reference
genome assemblies of a specific organism,
use the organism-specific BLAST pages
listed in the “BLAST Genomes” section (A) of
the BLAST homepage. To locate the best
genomic data available for organisms not

listed, type the name in the search box (B), BLAST Genomes
select from the suggested list, and click
“Search”. This will retrieve a customized
search page with that dataset as the target Human Mouse Rat Microbes
database.
» NCBI/ BLAST! blastn suite Microbial Nucleotide BLAST
To search against RefSeq genomes | [biastn | biastp | biastx | tbiastn |
for bacteria and archaea, use the BLASTN programs search nucleotide databases using a nuclectide query. more... Reset]
Microbes link (C) from the BLAST Enter Query Sequence
hOTE_GFI)aGge, Wh|Cngg_‘|:_S to the Mi- Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &)
crobial Genome page
(shown in part). In this page, the From|
default database is set to a repre- To|
sentative subset (D) selected by the . =
research community and/or by Or, upload file Choose File | No file chosen ]
NCBI computation. Use the Organ- Job Title |

to specific taxa by typing and select-

ism inpUt box (E) to limit the search nter a descriptive title for your BLAST search @)
ing from the suggested list. Check Choose Search

the “All Genomes” radio button (F) Database [®'Representative genomes only ) All genomes e-gr————————
to see other microbial genomes Organism S .
available for selection. Hold ctrl key | “*"™ IE> escherichia cali O1 Exclufle

i i Escherichia coli 0104:H4 (taxid:1038927) axa will be shpwn. (@)
and click to select multiple datasets. T e e .

Optional Escherichia coli O157:HT (taxid:83334)

Additional Information Escherichia coli 0104:H4 str. 2011C-3493 (taxid-11338... 1
Documentation Escherichia coli 0104:H4 strain 2011C-3493 {taxid:113... k)
The RefSeq homepage (www.ncbi.nim.nih.gov/refseq) |Fecherichia coll O1S7-HT str. Sakai (taxid 386585) con- |[tains a gen-
eral description of the project and many technical de-  [Escherichia coli 0157:H7 strain Sat———

. . . y ® )
tails. Other documents available include: HEpessma: gunmis Daly N puoanes
Complete genomes

e The NCBI Handbook RefSeq Chapter at www.ncbi.nlm.nih.gov/books/ =y
NBK21091 Complete plasmids

¢ The RefSeq FAQ at www.ncbi.nIm.nih.gov/books/NBK50680 Complete bacteriophages

e Release notes at ftp.ncbi.nim.nih.gov/refseqg/release/release-notes

o Pruitt KD, et. al. 2014. RefSeq: an update on mammalian reference sequences. Nucleic Acids Res. 42
(Database issue):D756-63 (www.ncbi.nim.nih.gov/pubmed/24259432).

o RefSeq: an update on prokaryotic genome annotation and curation. Haft DH, et al. Nucleic Acids Res. 2018 Jan
4:46(D1):D851-D860 (www.ncbi.nim.nih.gov/pubmed/29112715)

Alternative ways for data access

The RefSeq sequence data are released on a regular schedule. Data files from the release are available from the
RefSeq FTP site (ftp.ncbi.nim.nih.gov/refseq) and the genomes ftp site (ftp.ncbi.nim.nih.gov/genomes/refseq). The
Aspera download site (www.ncbi.nim.nih.gov/public) provides a faster alternative, which requires Aspera browser plugin
(downloads.asperasoft.com/connect?/). In addition, EUtils can be used to access the RefSeq dataset from the Nucleo-
tide and Protein databases programmatically. The EDirect package provides command line access to RefSeq data and
allows flexible workflow and data parsing (www.ncbi.nlm.nih.gov/books/NBK179288/).

Feedback and technical assistance
e For RefSeq record update requests, contact www.ncbi.nlm.nih.gov/RefSeq/update.cqi
e For questions and feedback on NCBI resources in general, contact info@ncbi.nlm.nih.gov
e For questions and problems encountered during BLAST searches, contact blast-help@ncbi.nim.nih.gov
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