New RefSeq protein product and data model

Background

With the advent of high-throughput sequencing, the generation and use of genome sequences is evolving. One
such change isthe sequencing of very large numbers of nearly identical bacterialgenomes to analyze food borne
pathogensorinfection outbreaks. Inthese cases, annotatingthe genes onthese genomesisimportantand useful
for identifying the small number of places where mutations may affect function, but most of the genes annotated
on these new genomes encode proteins that are identical to one already in the RefSeq dataset.

In orderto manage the flood of identical proteins and decrease existing redundancy, particularly from bacterial
genomes butsoonfromviruses and eukaryotes aswell, NCBlisintroducinganew protein datatype inthe RefSeq
collectionsignified by a “WP’ accession prefix. WP accessions provide non-redundantidentifiers for protein
sequences. This new datatype is provided through NCBI’s genome annotation pipeline but will be managed
independently of the genome sequence data to ensure the dataset remains non-redundant. We are doing this for
two major reasons: 1) WP protein records representanon-redundant protein collection that provides information
aboutthe protein sequence and name with linked information to genomic context and taxonomicsample; 2) use
of WP accessions allows us to avoid creating millions of redundant protein records in the RefSeq collection.

When the NCBI genome annotation pipeline annotates a bacterial protein thatis 100% identical and the same
length as an existing WP accessioned protein (oristruncated due toan assembly gap) NCBIwill nolongercreate a
new proteinrecord (with exception below). Instead, NCBI willannotate that protein on the genome by
referencingthe existing WP accessioninthe annotated CDS feature, indicatingthat the genome represents yet
another exact example of that known protein sequence. Any annotation of protein function onthe genome
record (such as the product name) will be inherited from the independent WP record. WP records, therefore,
always mean one exact sequence that may be observed only once or many timesin different strains or species.
Also, WP records will always have aversion of “1” and will not be updated like taxon-specific RefSeq records.

Where an importantrepresentative genome exists, such as Escherichia coli K12, that has an existing set of
annotated proteins with NP or YP accessions, the representative genome will retain its current protein accessions;
however, these protein records will referto the matching WP protein accessioninthe sequenceblock. This
approach allowsthe NP (orYP) protein records to continue serving their function of defining taxonomically-
oriented sets of proteins and to track sequence changes overtime. Each NP will continue to carry its authoritative
annotation, single taxonomicname, revision history, and version number (that will continue to update if the
sequenceisrevised). If aNP protein sequence is revised by curation, and its version number changes, it willnow
referto a different WP record that is identical to the updated NP sequence. For some species NCBI will provide
more than one representative genome that, for example, reflects existing community standards or has specific
experimental support.

Obviously thisistoostricta rule to group non-identical but similar proteins which have similarorevenidentical
function. So there will be a (future) process of clustering WP proteinsinto functional groups, and assigning
separate identifiersand names for such groups. WP records withinthe same cluster may indicate sequence
differencesresulting from population variation or fromincomplete genome sequence data; protein clusters may
therefore indicate alargergroup of related genomes than any individual WP record. Thus, this data model not
onlyreducesthe redundancy in the protein dataset, it also removes redundancy from clustering and other
approachesthat use the WP protein dataset.



Details:

Accession format:

WP_ +9 digits+ version number. Forexample, WP_000000001.1
The version numberisalways ‘1’, WP records will not be updatedtoa new version but they may be
discontinuedif nolongerfound onany genome.

Features of thisrecord type include:

Thereisa stable 1:1 correspondence between the accession number and the amino acid sequence.
Each WP_ record logically represents a protein thatisfoundin one or many genomesfromone or
multiple species.
WP proteins will be suppressed if they are nolongerannotated on any genome or no longerreferenced
by any NP or YP record. This processingis notyetimplemented.
If the genome sequence or CDS feature annotationis updated ina mannerthat changesthe protein
sequence, thenthatannotation will pointtoanew WP_ accession number.
WP_ records will include protein product name information when available.
WP_ records include RefSeq as a keyword.
WP_ records will include Region and Site feature annotation when available from NCBI’s Conserved
Domain Database.
WP _records will includeastandard comment:

O REFSEQ: Thisrecord representsasingle, non-redundant, protein sequence which may be

annotated on many different RefSeq genomes from the same, or different, species.

WP_ records will notinclude the ‘DBSOURCE’ line in GenPept presentation format.
Theinitial setof WP_ records will include Source featureannotation of asingle species-leveltax_id.
However, asmall sub-set of proteins will represent sequences for more than one species. Inthe future,
these records will be updated toinclude annotation information for the multiple organismsin which the
protein hasbeenidentified.
WP _ records will notinclude information about the corresponding Nucleotide sequences on the sequence
record.
WP_ records will have links to Nucleotide in the Related Information section of the page display. Linksin
this section are available through NCBI’s E-utilities API.
Supplemental FTP files will be provided on the RefSeq FTP site reporting protein, nucleotide, and
taxonomy data associations. We hope to be able to provide these files with the July RefSeq release or
soon thereafter.

Timing:

This new RefSeq product will be included in the July 2013 RefSeq FTP release 60for WGS bacterial genomes.
Previously, WGS bacterial genomesincluded proteins annotated using the ZP accession prefix. These records are
now suppressed and the WGS genome annotation has been updated to referto the new WP protein products.

RefSeqrelease 60 will include WP_ protein datainthe complete and microbial nodes. These records will be
provided usinganew file name format and will not be logically bundled with the genomicsequences upon which
they are annotated. The file name format will be: microbial.nonredundant_protein #.{file format type}.gz

Bacterial RefSeq processingis currently beginning to use of the new WP records for all bacterial genomes that
representvariation. Thus there will be atransition period during which other RefSeq protein accessions will be
suppressedand the corresponding genome annotation will be updated to reference WP protein accessions. This
transitionis coupled with updating RefSeq annotation using NCBI’s RefSeq genome annotation pipeline. We have
not finalized the timing of this step; it may occur before RefSeqrelease 60or 61.



As noted above, NCBI will continue to provide separate protein records for bacterial RefSeq genomes that are
consideredto be the bestrepresentative(s)forthe species; theserecords willbe updated overtime to cross-
reference the corresponding protein WP accessions but will continue to be provided as a taxonomically organized
reference dataset. This new datamodelis expectedto be appliedto othertaxonomicbranches of RefSeq over

time.

Bacterial RefSeq Updates - General Timeline:
e Phase0: implemented;installed withJuly 2013 RefSeq release 60

(0]

o
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RefSeq WGS genomes utilizingthe NZ_* accession prefixhave been updated. Annotated CDS
features now referto WP_ protein accessions. The original protein accessions with the prefix of
‘ZP_'have beensuppressed.

The ‘ZP_’ accession prefix is deprecated and will nolonger be used.

Example: Suppressed accession ZP_06483007.1 was previouslyannotated on NZ_GG700426.1
which was updated to referto non-redundant protein WP_005733990.1.

e Phase1:in progress;installed with July 2013 RefSeq release 60
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NP and YP proteinsannotated on RefSeq complete bacterial genomes are being updated to cross-
reference WP records. Thus, bacterial RefSeq protein records will adopt the practice of providing
a CONTIGlineinthe sequence block.

e Phase 2: furtherreductioninredundancy;installedin RefSeqrelease 61and/or 62
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RefSeqgenomes will be stratified into two primary categories, that of reference or representative
genomes, and those thatrepresentvariant genomes thatare most redundantand, for instance,
generated through population or clonal sequencing approaches.

One representative genome will be provided perspecies. Forsome species, more thanone
representative genome will be providedin orderto specifically represent a pathogenicstrain, ora
community standard, ora genome with specificexperimental support of the annotation.
Representative genomes willcontinueto cross-reference the NP or YP accession prefix in CDS
feature annotation.

The additional variant genomes will refer directly to the WP protein identifier.

e Phase 3: re-annotation of most RefSeq bacterial genomes; ongoing processing; will first be included for
some genomesin RefSeqrelease61 or 62

(0]

NCBI plansto re-annotate most complete and draft WGS genomesin the RefSeq bacterial
genome annotation pipeline. Exceptions will be made forgenomes for which annotation is
provided through collaboration.

Re-annotation usingasingle framework will resultin overall greater consistency in annotation
across the RefSeq bacterial genomes dataset.

This phase is expected toresultin some additions and removalsinthe WP protein dataset.



Examples:

1.A WP protein may be annotated on multiple genomes.

WP_000289090.1 representsaproteinsequence thatisidentifiedin, and annotated on, over 500 genomes of
Escherichiaand Shigella. Each of these genomes has a CDS feature which cross-references this protein accession.

Annotation on NZ_ANMC01000219.1 (Escherichiacoli 97.0007):

CD3 complement (10258..10452)
............ /gene="pEdn
flocus tag="ECS%70007 363av
f:cdunZstart=1 h
ftransl table=11
/product="bacterioferritin-a=sscciated ferredoxin"
/protein id="WEP 000285090.1" ef———
Jdbo xref="GI:446211235"
ftrEﬁﬂlatian="HY?C:EKGT53KKIRGA?RQFHPQSFQQLRKFIE?SKQCGK:IR
AAREVMODELMOMEEFEEIAM

Annotation on NZ_ADUT01000021.1 (Shigelladysenteriae):

CD5 complement (452012..452208)

............ chcua_ﬁag="5DlElT_2124"
fcodon_start=1
ftransl table=11
Hprcdu:E="ba:tE;icferritin—assa:iat&d ferredoxin”
/protein_id="WF 000283030.1"
fdb_xref="Gl:446211235"
/translation="MYVCLCHGVSODEEIRQAVROFHPOSFQQLREFIFVGNOCGECIR
AARREVMQDELMOMPEFEEIA"

2. Interim processing may add then remove redundant WP proteins - and - partial CDS features at the
end ofa contig may refer to a longer WP

Duringthe transition phase to shift to the new WP data model, some records may be updated more than once.
For example, an genome may be updated to remove references to ZP proteins (which were then suppressed)and
add referencesto WP proteins and updated again to change the WP references for partial CDS features that are at
the end of the contig without changingthe annotated CDS coordinates. Asimilartype of update (to change the
WP reference) will occurif the CDS coordinates, or nucleotide sequence within the CDS region, are updated over
time (resultingin adifferent protein sequence). This exampleillustrates the former, which occurs duringthe
initial phase of movingto this new datamodel butis not expected to continue once the transitionis complete.

The CDS annotation on NZ_AJGF01000004.1 (Myocbacterium abscessus M93) was updated on May 8, 2013 to
remove referencesto ZP accessioned proteins (which were suppressed) and to add references to WP proteins.
NCBI’s revision history displaycan be used to compare and view older versions of thisgenomicrecord.

Focusingon a single gene with locus_tag “OUW_04031”, the May 8" update replaced ZP_14236142.1 with
WP_005080260.1 , a 398 aa protein;the original ZP protein and the replacement WP protein are identical in
sequence and length. This update step reflects the initial phase of the process, converting RefSeq WGS genomes
to the WP data model.



CD5 224972..>228l66
/locus_tag="OUW_04031"
/note="C0G1290 Cytochrome b subunit of the bc complex"”
fcodon_start=1
/transl_table=11
/product="ubigquinol-cytochrome ¢ reductase cytochrome b
subunitc™
/protein id="ZP 1423614Z.1" ‘_
/db xref="GI:415%708673"

CDS 224972..>2268166
............ flocus tag="0UW 04031"
fncte=FC031293 Eytcchrcme b subunit of the bc complex™
/codon_start=1
/transl_table=11
Jproduct="ubigquincl-cytochrome ¢ reductase cytochrome b
subunit"”
/protein id="WP (005080260.1" .‘_
/db xref="GI:491221850"

Similar processing of RefSeq WGS genome NZ_AKTX01000006.1 (Mycobacterium abscessus 55-0304) to remove
ZP accessions and replace with the new data model WP accessions, resulted inreplacing ZP_15341076.1 with
WP_005099714.1, a 543 aa proteinwhichisidentical to, butlongerthan, the above protein WP_00508260.1.

Post-analysis to identify redundant WP proteinsthatare identical in sequence but differinlength specifically due
to unavailable nucleotide sequence data (the end of a contig) resulted in asecond update to NZ_AJGF01000004.1
(Myocbacterium abscessus M93) on June 3 2013 to remove the referenceto partial protein WP_00508260.1 and
replace itwith a reference tothe complete protein WP_005099714.1 (image below). Future processing will
identify WP proteins that are nolongerannotated on any genome (norreferredto by any NP or YP accession) and
suppress them. Thus, WP_005099714.1 is annotated on two related genomes; in one case as a complete CDS
(NZ_AKTX01000006.1) because the contigsequence completely represents the CDS region, and inthe otheras a
partial CDS (NZ_AJGF01000004.1) at the end of the contigsequence (note the CDS coordinates and contig
coordinates marked with arrows below).

CDS 224972..322616F affmm—

............ flocus tag="0OUW 04031"
/EC number="1.10.2.2"
fnote="C0G1290 Cytochrome b subunit of the bc complex™
fcodon_start=1
ftransl table=11
JSproduct="menaguinol-cytochrome C reductase cytochrome b
Fubunit"”
/protein id="WF 005089714.1" ..‘_
/dbo_xref="GI:451241505"
ftranzlation="MSDTAQEPSRARKOAEAMDSEYHLARGMEROINEVFPTHWSFML
GEIALYSFIVLLLSGVYLTLFFDESMSEVIYNGIYOPLRGVOMSEAYETTLNISFEVRE
GELEVEQIHHWARIMFRASTMVHMARTFFTGAFREPREANWVIGALLFILAMFEGFFG
¥SLPDDLLSGTGIRARTL SGITMGLPLIGTWMHWALFGEDFPGNILIPRLYEAMHTLLIE
AITIALIGIHLALVWYQEHTOFPGPGATEENVVGVRILEVFALEGESFFAFTTATILAL
MSCELLOINEIWVLGPYEESQISAGSOPDFYMMATDGLLRIIPAWE IYPFGHTIEOAVH
VAVEMGLVEGLLIAYPFLERRLTGDDAHHNLLORPRDAEVETATGSARTSLYMLEFTLM
CMHDII"™

CONTIG join (AJGFOL1000004.1:1..2268166) -‘—




3.A NP proteinrecord for a representative genome refers to a WP protein.

Proteinsannotated onthe Escherichia coli K12 reference genome will continue to be tracked with existing NP
accessions whichinturnrefersto the non-redundant WP record. The E. coli K12 annotated genome record,
NC_000913.2, includes CDS feature annotation fortransaldolase:

CDS B238..9191
{gene="talB"
/locus_tag="bO000E"
/gene synonym="ECE0008; JW0007; yaaR"
/EC_number="2.2.1.2"

/function="enzyme; Central intermediary metabolism:
Non-oxidative kbranch, pentose pathway"
/function="1.7.3 metabolism; central intermediary
metabolism; pentose phosphate shunt, non-oxidative branch"
/function="7.1 location of gene products; cytoplasm"
/G0 _component="G0:0005737 - cytoplasm"

/G0 _process="G0:0009052 - pentose-phosphate shunt,
non-oxidative branch"

/codon_start=1

/transl table=11

/product="transaldolase B"

/protein id="NP 414540.1" —

NP_414549.1 includesrich feature annotationincluding and refers to the non-redundant protein record
WP_001264707.1 in the Proteinfeature and the sequence block (the CONTIGIline). Inthe nearfuture, we will
presentthese records with boththe CONTIGline and the ORIGIN line with sequence.

Protein We_000130185.1:1..317 *‘-—

............................ /product="transaldolase”
fcalculated mol wt=330B8

CONTIG join (WP 000130185.1:1..317) e —

WP_001264707.1 is alsoannotated on 59 Escherishia coligenomesincluding NZ_ANXP01000003.1.

4. A cluster of WP accessions may belogically related butrepresentdistinctsequences.

The following five WP accessions represent five specificsequences of the 50S ribosomal protein foundin
Salmonella. These sequences differ by individual amino acids orlength and inthe number of genomes that they
have been annotated on. These sequences (and more) are found in the same protein clusterand are logically
related atthe level of sequence; proteinsin the same clusteralso likely have the same function. Currently,
individual WP records do not include feature annotation orlinks to the protein cluster but we anticipate providing
thisinformationinthe nearfuture.

e WP_000091935.1
0 177 aa, 50S ribosomal protein L6 [Salmonella enterical
0 AnnotatedonNZ_CM001471.1



e WP_000091937.1
0 177 aa, 50S ribosomal protein L6 [Salmonella bongori]
0 Identicaltoreference protein YP_004731847.1 whichis annotated onthe representative genome
for thisspecies (NC_015761).
e WP_000091938.1
0 177 aa, 50S ribosomal protein L6 [Salmonella enterical
0 Annotated on more than one genomeincludingNZ_KB731367.1, NZ_CMO001151.1
e WP_000091939.1
0 177 aa, 50S ribosomal protein L6 [Salmonella enterical
0 Annotatedonover300 Salmonellagenomesincluding NZ_CATS01000166.1
e WP_000091948.1
0 177 aa, 50S ribosomal protein L6 [Salmonella enterica]
0 Annotated onover 600 genomes from Escherichia coli (NZ_KB733094.1) and Shigellaflexneri
(NZ_AFHB01000042.1)
0 Identicaltoreference protein YP_001573135.1 whichis annotated on a Salmonellaenterica
genome (NC_010067.1)
e WP_001641229.1
0 165 aa, LSU ribosomal protein L6p [Salmonella enterica]
0 AnnotatedonNZ_AFCS01001059.1

Each of these 5 WP accessions represents aunique, butrelated, sequence. Sequence differences are seenina
Neeleman-Wunsch protein multiplealignment, using WP_000091935.1 as the query:
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