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Abstract

Background

Grapevine Vitis viniferalL.) is one of the most important fruit crops in the world and
as a valuable model for fruit development in woody species. A niagakthrough i
grapevine genomics was achieved in 2007 with the sequencing dfitthevinifera cv.
PN40024 genome. Subsequently, data on structural and functional chaaioterof grap
genes accumulated exponentially. To better exploit the reshoiégned by the international
community, we think that a coordinated nomenclature for gene namisgeities wit
sequenced genomes is essential. It will pave the way for tuenatation of functional data
that will enable effective scientific discussion and discovehe €xploitation of data that
were generated independently of the genome release is hampetbdirblgeterogeneous
nature and by often incompatible and decentralized storage. Cligsdmae amounts f
data describing gene functions are only available in printedesrtand therefore rem
hardly accessible for automatic text mining. On the other hand, high throughputs'Qlaia
are typically stored in public repositories, but should be arrangedmpendia to better
contribute to the annotation and functional characterization of the genes.

Results

With the objective of providing a high quality and highly accessablgotation of grapevine
genes, the International Grapevine Genome Project (IGGP) coimnedsan internationa
Super-Nomenclature Committee for Grape Gene Annotation (SNC@Gegordinate th
effort of experts to annotate the grapevine genes. The goa¢ aotmmittee is to provide|a
standard nomenclature for locus identifiers and to define conventiors dg@ne naming
system in this paper.

D

Conclusions

Learning from similar initiatives in other plant species sucArabidopsis rice and tomatd
a versatile nomenclature system has been developed in anbicipztifuture genomi
developments and annotation issues. The SNCGGa’s first outreach goagigecommunit
has been focused on implementing recommended guidelines for the aaxpatdtors by: (i
providing a common annotation platform that enables community-based geterg (i)
developing a gene nomenclature scheme reflecting the biologatatde of gene produgts
that is consistent with that used in other organisms in order to facilitate congarealyses

N ()




Background

As for many other major model plant species, the releaieecfrapevine genome in 2007
[1] led to a rapid accumulation of “Omics”-scale data and a lofifsigh-throughput studies.
In 2010, theV. vinifera cv. PN40024 genome sequence was updated from 8X to 12X
coverage [2] and is, to date, the reference genom¥. fainifera The gene models and their
putative functions have been automatically predicted from the genequersce and have
been used in many functional studies. The results from these pubbsheéiés were
deposited in general-purpose gene databases such as NCBI, but alsa indehendent
repositories. These data are a highly informative resource |po dueate the automatic
prediction. Another resource, consisting of manually curated genéesmrassociated with
heterogeneous levels of functional evidence is also growing rg@idl} but lacks a central
storage system allowing coordination of gene nomenclature. Pramipostant efforts have
been made in the past to curate the automated functional annotatiorh¢gp data are
publicly available, but are not well integrated into major genomiabdases such as NCBI
and EBI.

To streamline the new nomenclature initiative from the sNCG&aet of directives,

addressing the most important issues, has to be provided to alloveritseigration of the

various, diverse resources into an improved global annotation of thevip;|E@genome, both

at the structural and functional levels. These directives amedaat facilitating exchanges
between international genomic repositories to assist the analfsgene experimental
functional data and comparisons with other species.

In addition to the sequencing of the nearly homozygous PN40024 genome, othercgenom
resources forV. vinifera, and related species, continue to be generated, including the
sequencing of the genomes of other varieties [8-10], EST sequemntiegrated genetic
maps, and the whole genome re-sequencing for polymorphism discovexther Vitis
varieties and species [11]. The EST and genome resources havdegoethet design of a
wide variety of microarrays for large-scale mRNA expresgiafiling studies (for example:
[12]), but microarrays are being replaced by RNA-seq (fomgtex [9]). A majority of the
expression data are maintained in the PLEXdb database [13]. Howeaeeogeeeity in the
design of the microarray platforms, both in terms of the orrsif the annotation and in
technical design, requires considerable bioinformatic effort to fgeh® probes or probesets
corresponding to a unique gene. Besides, the assembly of the genome whia¢ties [9,10]

and the elucidation of their transcriptomes [14], produce varietalfigpsets of genes that

will have to be traced. These under-exploited resources can lee bstd to improve the
annotation of the reference genome.

The availability of the annotated genome sequence also facilita¢esdentification of
proteins resulting from mass spectrometry analyses and insrdeseffectiveness of high
throughput proteomics studies in grapevine [15]. Proteomic analysesbleaweused to
characterize differential expression of proteins underlying séveaspects of grapevine
physiology in the berry or vegetative tissues [15,16]. Furthermdmgmation acquired from
these studies on the potential functional role of the genes codirigefee proteins would
benefit gene annotation curation. Conversely, the continuous improved annotadtion wi
impact favourably on expression and proteomics analyses, provided thistiann@mains
easily accessible.



To achieve our goals, a network of annotation experts with a cléefilyed strategy and
modus operandis needed. From the several plant genomes sequenced in rementoydy
Arabidopsishas really benefited from a comprehensive monitoring and aafament of
data generated automatically. This was mainly because of xilséng large scientific
community, supplied with significant financial support from grantiggncies, allowing the
development of resources such as TAIR [17]. Rice [18] and tomato df@]at an
intermediate level; their data curation structures have beablisked. The herein proposed
directives have been inspired by the sets of rules for genenctanee that are available for
Arabidopsig[20], rice [21],Medicago[22] and tomato [23].

The grapevine genomics community at large is mostly structaraahd the International
Grape Genome Program (IGGP; www.vitaceae.org) whose missioa faciiitate the
networking of grapevine researchers in order to develop common andlyaalable
resources. These resources facilitate the elucidation of thetigeand molecular basis of
biological processes iWitis and should lead to a more efficient exploitation of Yhis
biological resources for the development of new cultivars and cliba¢shave improved
guality and reduced economic and environmental costs. It may alsofallamore efficient
vineyard management.

It is therefore the IGGP’s objective to provide a common platfoon dontinuous
improvement of the annotation of grapevine genes. This objectivéevidbordinated by the
Supernomenclature Committee for Grapevine Gene Annotation (SNCGGa),was
supported by the Grape Research Coordination Network (funded by thed Usiates
National Science Foundation in the USA). The first milestone ptedehere is the
development of a standardized protocol for gene naming, with namdsatigato be unique,
consistent with other plant models and sustainable. This report propodengs for the
nomenclature of the genes from the latest version of the gereusal annotation, promoted
by the COST (European Cooperation in Science and Technology) ACFK2106 (funded
by the European Union), and performed on the assembly (V2) of thelddaffim the 12X
version of the reference genome performed in a collaboration between the hetional de
la Recherche Agronomique (INRA) and the Istituto di Genomica Appli¢gBA). The
automatic annotation of the genes was performed with the Eugenearsofid] at the
Vlaams Instituut voor Biotechnologie (VIB) and released through thEABERwebsite that
will be used for community annotation [25]. The important points addréssssth section
of the manuscript to help gene annotators to address specifs gt they may encounter
are highlighted in Figure 1.

Figure 1 Summary of the point raised in each of the sections.

Results and discussion

Nomenclature and definition of the gene naming systn and convention

There are three main categories of nomenclature that need addbessed for each gene
(Table 1). In the first place, the Locus Identifier (Locus I@)l represent the unique
identifier of the gene in the genome. This identifier is not intendéeé telated to a physical
position on the chromosome. The second and the third places correspondrudl thiame
and the Symbol, respectively, and refer to the description of thedoakrole of the protein
encoded by the gene. The Symbol is a short abbreviation of theafuk. To deal with pre-



existing naming schemes we propose to add synonyms. Thesgpooeto other types of
names that have been encountered in the literature; they can be symbols or fill name

Table 1Brief definition and example of the main elements of the gene nomdature

Elements Locus ID Full Name Symbol Synonyms
Example Vitvil8912230 \(itis vinifera Alcohol (VVi)ADH1 GV-ADH1 aldehyde
dehydrogenase 1 reductase, ethanol
dehydrogenase
DescriptionGenome Relatively descriptive function, Concise (3—-10 characters), Any known synonyms
localization include the level of curation (seshould be descriptive of
Figure 2) function when possible

Definition of a standard system for loci annotation: systematic attribution of
locus identifier

A Locus-ID will be assigned to all genetic objects having a unppsgition on the genome.
This Locus ID provides a unique identifier initially provided a#iatomatic annotation to a
specific object along the genome. Locus-IDs under no circumst@acebe re-used, but
objects, like genes, can be changed when corrected. Initiallyndingbering will be
incremental along the chromosomes. With updates of the assembly, anbvivg of
unanchored contigs from chromosome “00” to their real location, new UBsusvill be
created in series, as detailed in the “numeric code” sectiomacneglthe chromosome “00”-
related Locus-IDs. Merging (concatenating) gene models olithi the same rules, with the
difference that one of the Locus-ID’s will be discarded. In the caseitiirgpene models, a
new Locus-ID will be created and attributed to the new gene madesuch, Locus-IDs
should not be seen as positional and derived products; however, pnaod proteins will
remain linked to these Locus-IDs. These rules can be virtapfified to any objects that are
absent from the reference genome, such as genes that ardemtifyeid in other cultivars or
Vitis species. Non-reference genes can then be referenced withhtieerosome number (or
“00” if unknown) and a numeric code can be stored in the ORCAE plat@isirtat will be
used for community annotation.

Taking into account previous experiences acquired through the previousigealoeus 1D
schemes [26] and structures defined in other species, an ID conthiaifajlowing elements
was retained: Taxonomy ID / Chromosome number / Object type / iNuooele / Sequence
variant / Version.

Each element separated by a slash has a specific function as descobed bel
Taxonomy ID

For the reference genome of the vinifera var. PN40024, it was decided to follow the
species abbreviation list that exists at UniProt [27], and therSaupenclature Committee
considered using this five-digit code fdr vinifera,'VITVI’ (three letters for the genus and
two for the species). This abbreviation is widely used in UniProgéore abbreviation, but
more rarely for locus name, but it was considered the best éomg-$olution. Other
important plant species have their own strategies. In toratarfum lycopersicuma five-
letter code is used with two letters for the genus and threbd@pecies; SOLYC instead of
SOLLC as recommended at UniProt. Note thatBhassicacommunity also uses a three-
letter code [28], while most of the other species use two lettis. For othevitis species,

the most widely occurringitis species already appear in the UniProt species list and this



abbreviation should be used. Prefixes for other species must incluttedbdetters ‘VIT’
and the code defined by tMtis International Variety (VIV) Catalogue [29], for example the
code forVitis berlandierishould be VITVBR, with six letters. This code must be utilized
when registering new genome sequencing ¥itia species. No reference should be made to
the cultivar in the taxonomy ID, which should be done in the sequence variant section.

Chromosome number

The second item refers to the number of the chromosome to whicartbasgpredicted to be
localized. The chromosome number is attributed as defined by @i #&d ranges from 00
to 19. The chromosome “00” corresponds to an assembly, in a random ordeffaltls that
could not be positioned yet on the chromosomes.

Object type

The third item represents the type of object corresponding to trecutad entity,g for gene;

t for protein coding transcripp for protein;nc for non-codingjtr for transfer RNAjte for
transposable element; for ribosomal RNA;mi for microRNA; ps for pseudogenesi for
small interfering RNA;sn for small nuclear RNA. Initially and before curation, the “Object
types” referring to the DNA structure are labeled with thé code when referring to the
locus, the t” code when referring to the nucleic acid coding sequence ofahectipt and
the “p” code when referring to the amino acid sequence of the protein.

Numeric code

The numeric code includes five digits that are initially defime sequential order of the
genes along a chromosome in ascending order from the telontbeesdfort arm (north side)
to the telomere of the long arm (south side). In other specwssidecided to leave a gap
between genes to allow the addition of further genes if new infammatas discovered. In
Arabidopsisfor instance, with a similar five-digit code, the gene IDs wemmbered with an
increment of 10 to allow room in-between currently annotated gamésabidopsis,known
gaps in the DNA sequence were assigned 200 ‘spare’ idenpkers00 Kb of gap [20]. In
rice [21], a seven-digit code was used and genes were assiginedements of 100. In
tomato, a six-digit code was used and genes were assignedemamts of 10. In th¥itis
Locus ID, because further improvements of the assembly aretedp&e decided that no
gaps would be left between the numeric codes of the genes (emdseril). If new objects
have to be defined in the future, the next available number witlllbeated as Locus-ID.
Indeed, this means that after future rounds of improvement of thisasionathe ID number
will not reliably reflect the gene order along the chromosome.éddew we think that this
method presents several advantages. Given that the grapevine genstiieaisvork in
progress with many unanchored scaffolds and whole regions with unse®mngations, we
can anticipate that scaffolds will be inserted or re-orientedtlaadthe chosen numbering
method will not lead to the risk of running out of numbers in the cas¢hihagaps between
two genes are larger than foreseen. Such an event will nottithgacomenclature; even if it
involves chromosome changes, the old Locus ID will be stored as a syraimy a new
Locus ID will be allocated, while in the case of a changesaaiffold orientation, nothing
would change. With a length of 5 digits for all the objects per chsome (up to 99,999),
the risk of running out of numbers is very low. The ORCAE platform [2hhg used by the
grapevine community can automatically handle any changes to IDerandecreasing the
risk of errors.



Sequence variant

This segment, which shall be preceded by a hyphen, will betasdidcriminate molecular
variants (allele, splice variant) that map to the same lochs.cbde can be numeric or
alphabetic (e.g. for cultivar-specific polymorphism). If no atlelariant is present, one
should refer to the primary sequence from the reference genome. Note thataihiereot be
any cultivar-specific terms in the reference genome, ttexses would be addressed in the
species’ genomes. The splice variant is used only for object types “t” or “p”.

The choice of numeric or alphabetic naming of the section (adleliee variant, cultivar etc.)
is left to the authors’ discretion but it should be as concigossible. As an example, it was
identified that in the cultivar Tempranillo (abbreviated by thehenst tp) that allele A
produces mRNAs of splice form 1, 2, and 3; allele B produces mRNAglioé form 1, 2,
and 4; and Allele C produces mRNAs of splice form 1, 2, and 3. Thersegfgplice variants
as described above should be the following: —al, —a2, —a3, —bl, —-b2, —b4, —ci¢3;a, -
tpal, —tpa2, —tpa3, —tpbl, —tpb2, —tpb4, —tpcl, —tpc2, —tpc3, if the cultivarnisomed.
Authors must make sure that the code for the splice variant that they araglefinnique.

Version

Any modification (addition, deletion) of any number of nucleotides, h&f structural
annotation of a gene will result in incrementing (+1) the versionbeanVersion numbers
are appended at the end of the locus ID, separated by a dot. t#édyntite most recent
version of the gene model is implied. Versions are used whemdufications do not
require Locus-ID change.

Definition of the nomenclature for assessing the level of confidence of the
function as assigned to the full name

A guideline for defining the level of confidence of the annotatsopresented in Figure 2. It
is largely inspired by the guidelines proposed for the annotatidmeafide [21] and tomato
[23] genomes. Given that information obtained from experimental exedsrscarce iwitis,

it seems sensible to divide all loci into (i) those with defireafirmed function (confirmed
through biochemical characterization of the corresponding protein ohdinacterization of a
mutant), (ii) those defined only by sequence similarity (‘putatimmes”) and (iii) genes of
unknown function (including those with no match). Given the relative paucitynational
data available for grape it might be dangerous to suggest a tivefirfull name for a gene
whose function has not been experimentally proven. On the other hand, ndedagsn
silico inferred function would hide highly valuable information for hypothdsigen
experiments. We propose a set of guidelines that satisfy tlwssderations and the
recommendations of UniProt in terms of the degree of proof that ddfieedifferent levels
of quality of the functional annotation [30]. Definition of the terms from Figurep2esented
in Table 2.In silico evidence experimental characterizaticendsome experimental evidenc
should lead to the assignment of the GO annotation and the GO ftalel @RCAE database
should be edited complying with the Evidence Codes for the Gene Ontology (GO) [31].

Figure 2 Decision tree of rules for classifying sequences according to the lewél
evidence for its function.




Table 2 Definition of the level of curation terms
Value Definition

Hypothetical protein Allocated to each locus athieginning of the process, meaning that the gene
codes for a protein, for which no information retdjag its function or actual
existence is known. It should be removed only wixestence of transcript is
proven.

Expressed Replaces “hypothetical” if existencaaidcripts has been proven through
expression data (proof of existence of RNA(s): RIRP EST, RNA-seq,
Northern blots, microarrays, etc.). The next stefpidetermine if similarity with
sequences in other species can be observed.

ZZZ domain containing Allocated if by comparisorttwbther sequences or by performing a domain
analysis, the highest level infformation on the coding protein is the preserfca
given domain ZZZ.

Similar to Indicates that the existence of a proteiprobable because a minimal level of
similarity with a protein from a plant species wast. An e-value of e-20 is
considered to be a reasonable cut-off or to haleaat 30% identity for at least
80 contiguous amino acids, which places it into"#zfe zone” as defined by
[32]. The gene is labelled here as “similar to XXOffith “XXX" being the
homologous protein from another species.

YYY If the gene has been experimentally characteriand named YYY or if there is
>959% identical amino acids on the whole sequeneegmpevine protein YYY
with a known functionthen the label should be the value “YYY” thatresponds
to a gene whose function has been discovered ardaterized in th¥itis
Genus.

Putative Derived fronn silico evidencen function, indicates that there is some logizal
conclusive evidence that the given annotation caplaly. This non-experimental
qualifier is often used to present results fromgirosequence analysis software,
which are only annotated if the result makes sentiee biological context of a
given protein. A typical example is the annotatiddM-glycosylation sites in
secreted proteins.

Probable Indicates stronger evidence than thefggrdiputative” on function. This
qualifier implies that there must be at lessine experimental evidenaeehich
indicates that the information is expected to hebin the natural environment

of a protein.

Uncertain Indicates that the existence of the jimaseunsure and that there is evidence that
the sequence corresponds fosaudogea.

Translated Is acquired when experimeptatience at the protein levieldicates that there is

clear proof of the existence of the protein. Thteda include partial or complete
Edman sequencing, clear identification by masstspeetry, X-ray or NMR
structure, good quality protein-protein interactardetection of the protein by
antibodies.

Definition of a convention for functional names and symbols

The adoption of a common nomenclature across diverse organistitéscistructural,
functional, and evolutionary comparisons of genes and genetic variation.tif@oomset of
genetic research, genes were often named referring toutsminthe genes could be linked
to. This is not only true for plants, but this gene-naming schemehardly be maintained
across many species or is sometimes confusing or even dngjeahen looking deeper at
the evidence compiled using cutting edge technologies. Indeed, mbstexdrty gene names
and symbols describing visible phenotypes provided by the ealielsnce for the existence
of a gene might not have the same effect or worse more genes thatdeaeltain phenotype
would end up with related name while being completely different. In grapevine, timenehs
less mutational data than Arabidopsis and only a few genes were named after a phenotype.
However, the naming system should be developed to be flexible enough tevitogbe
expansion of data that will be produced in the future, including fromoydte invented
technology. Therefore the goal should be a system where both timarfudl and the symbol
are composed by a descriptive (full name) and/or a short (symho neferring to the
function of the coding protein and a number to discriminate the isoformcenthis later



number is known as the locus designator and indicates the chronologiealin which a
particular gene or gene family member was identified [21]. &peyvine, the function of most
genes is in the large majority inferred by sequencelaityi The ‘guilt-by-association’
approach, however, presents problems when a single-copy, weltteneed gene from one
plant corresponds to multiple grapevine paralogs. In this casensstemt individual
numbering system in grapevine needs to be put in place. Another isgewaen, through
independent studies carried out by different authors, multiple namesyatals were given
to genes that converge to a single locus in grapevine. Itasraty common for enzymes to
be represented by different synonyms for the same function. Whefaihe nomenclature
system is to state on rules where only one full name and one syhsistent with each
other, will be attributed and where all the other known names heillconsidered as
synonyms. Rules for the attribution of both the main name and the numbering of the members
of gene families are described below. When naming enzymes, thefube Enzyme
Commission nomenclature (EC) for the primary name should be preferred and wibfepos
a bibliographic reference for the synonym should be stored in &R@46i, Pubmed ID...).
Names corresponding to mutant phenotype should be used when a mutaialideawath
the name describing some aspect of the corresponding phenotypes Narmresponding to
gene product should be used regardless of the availability of a nwitemt the symbol
describes some aspect of gene structure or function.

The gene symbol should consist of two to five letters if possiblehendorresponding locus
designator consisting of one to three digitsBhassicaceagethe gene symbol can have up to
six digits. InArabidopsisand rice the use of species-specific prefixes (At, Oshi®symbol
and the full name in the official name is discouraged becausedohdancy with species
information already known elsewhere (in the Locus ID, for examphe same shall apply
for Vitis. However, it could be added when specifically referring to \tes gene in
publications, with thevinifera prefix being Vvi and the other prefixes as shown in the VIV
catalogue [29]. AlthouglVitis vinifera genes were named with the vv (or Vv) prefix, this
creates confusion with the bactevidorio vulnificus whose genome was published before the
grapevine and “locked” the vv prefix into major databases. A twerlebde is also too short
for discrimination betweeWitis species. The intention of this paper is to strive to a consistent
naming scheme that would avoid redundancy and confusion within and genesgamilies.
When a mutant phenotype existsMitis, the root of the full name and the symbol will refer
to it, else it is recommended to use when possible the same sysnihe corresponding gene
family in the model plant Arabidopsis to facilitate cross-sgg@omparisons since it is the
best annotated plant to date. Bearing these crucial rules in seudral strategies can be
followed for the numbering of the members of a gene family. lecommended to use
numbers based on phylogenetic or ‘guilt-by-association’, homologydbaggroaches
although we recognize that phylogenetic trees may evolve asspecees are sequenced in
the future and that the functional information of such numbering tnesefore be less
relevant after several years, specifically when the gpehengs to a large family, alternative
can be used: keep historical names when they do exist, numbericgronalogical order of
discovery and random numbering. Use of the position on the chromosome is not
recommended because it will be misleading when new genes in tiilg &m found or
segments of the genome are rearranged.

If an author plans to change or to update a name, we provide a samgndecision tree in
Figure 3, which we hope will allow one to evaluate what necessepg to take that will lead
to a appropriate naming. The next paragraphs give some case stndieecommendations
for gene naming based on a phylogenetic approach.



Figure 3 Decision tree on the naming or possible renaming procedure of a gene.

Gene naming based on phylogenetic trees

In order to provide a reproducible phylogenetic tree, it is recardetk to follow the
instructions on homology determination provided by Gramene [33] (thdnoohetvas
published in [34]). Only orthologs one2one should be considered when allothéng
Arabidopsislike name to theVitis gene. When the relationship is one-2-many or many-2-
many, a new gene product symbol should be attributed. The new symbol will congigbbf a
with common protein group term (enzyme, transcription factor, transpeli@tor family...)
paired with a number higher than the highest number used alreadyodorVitis and
Arabidopsis Alternatively, as Gramene provides pre-computed alignmentplafidgenetic
trees, we would recommend to use these and include thé/itewgenes, for the sake of
uniformity. If a tree has to be generatiinove curators can find useful resources at [35]. It
is recommended to use branch support or bootstrapping to validate ueterstr Poorly
supported branches, like bootstrap values below 70% should be collapsed, bekhsse va
below this level imply a potentially misleading hierarchy. Tmglogenetic trees are based
on alignments that should be calculated from codons (at the nucleogd)erégher than with

the amino acid sequences, to increase the discriminative powerdnetiosely relatedlitis
genes. Grapevine genes (two or more) at the same phylogendgiocdisrom a single
homolog inArabidopsisshould be differentiated by a number. If the Arabidopsis gene name
ends with a number, the characters used to differentiaiétibgenes should be letters.

Examples of gene name confusion and the recommended nomenclature
procedure

To highlight different gene name problems and the recommended resolatioexamples
are described in the following section:

Example 1. Uncharacterized members in Arabidopsis and members withedmaengs: the
EIL family (Figure4).

Figure 4 Molecular phylogenetic analysis oWitis vinifera and Arabidopsis thaliana EIL

gene models by the maximum likelihood methodViultiple sequence alignment for full-
length transcription factors was inferred using MUSCLE [36]. The evolutionstgriiwas
inferred by using the Maximum Likelihood method based on the JTT matrix-based model
[37]. The bootstrap consensus tree inferred from 100 replicates [38] is taken tenefires
evolutionary history of the taxa analyzed [38]. Branches corresponding to partitions
reproduced in less than 70% of bootstrap replicates were collapsed. The pergentage
replicate trees in which the associated taxa clustered together in the pdetst{a00
replicates) is shown next to the branches [38]. Initial tree(s) for theshesearch were
obtained automatically by applying Neighbor-Join and BioNJ algorithms tdraxrof

pairwise distances estimated using a JTT model, and then selecting theytoptiog

superior log likelihood value. The analysis involved 10 amino acid sequences. The coding
data was translated assuming a Standard genetic code table. All positiomsrapgtgps and
missing data were eliminated. There were a total of 273 positions in the fias¢dat
Evolutionary analyses were conducted in MEGAS [39]. Arrows point toward recommended
Vitis symbols.




The four Vitis genes that have been identified E®3-like transcription factorsHIL) [7]
were compared to th&lL genes ofArabidopsisfound in the plantTFDB [40] and a
phylogenetic tree was reconstructed. Plant transcription factor faymipols are available in
plantTFDB or pInTFDB [41] and can be used for comparison Vitils.

The geneVIT06s00099g0138@ orthologous tdArabidopsis EIN3 Even thougtEIN3 is the
gene that gives its name to the whole family, it does not cortfmtine family name symbol
and refers to a phenotype. In addition, there is no evidence that ffevigeagene induces
the EIN3 phenotype. Under these circumstances it is recommended to navfigstbetholog
EIL3, because the number 3 is the next available numbers us&chfddopsis.The symbol
VVIEIN3 would then be used as a synonym. The choice of the lead symbdleasighbnym
should be left to the curator’'s discretion since it will depend orhigtery of the gene and
additional evidences on the function (or phenotype). Only in the case #fimailar function

or phenotype, described for @wabidopsisgene, could be experimentally demonstrated in
Vitis, then only the namEIN3 would be justified. In any other caB#.3 should be favored.

Two genes are equally distant froBilL2. Since there are two genes, an additional letter
should follow the symbol to differentiate them.

The lastVitis geneVIT00s0357g0012@s equidistant from two unnamed and unclassified
ElLs, and fromSLIM1 andEIL1. Therefore, the root will be ‘EIL’ and the index, the next
available independent number. To avoid any confusion, the recommended symdbol
these conditions should MiEIL4.

There is no order in whicNIT06s0009g0138@nd VIT00s0357g0012@hould be named,;
either one can beviEIL3 or VVIEILA4.

Example 2. Genes already named in grapevine, but names inconsistentakitiiopsis and
Arabidopsis genes without symbols: sugar transporters.

The grapevine sugar transporter genes were classifiedfduyfa®Bastien et al. [3]; when
available, their classification was based on the literature.eThfethe sugar transporter
families provide examples for different scenarios.

The sucrose transporter family was classified by Davieal.ef42] as SUCXX and by
Ageorges et al. [43] aSUTXXwith the SUC11/SUT1gene being identified and named
differently in the two papers. The phylogenetic tree drawri3 (adapted in Figure 5A)
shows the genetic distance with tAeabidopsisgenes and the proposed names of the
symbols are shown in the middle column where $WCXX format is prioritized as in
Arabidopsis as shown her8UT1should be used as a synonym $wC11. SUT3hould be
kept as a synonym and a new name fitting the “SUC” format rnedus created. Since there
is no closest ortholog, the number should be incremented aftergiveshinumber in both
Vitis andArabidopsis which isVviSUC28 The names that would have been used if the genes
were not named in earlier publications and only theoretically gdebby homology are
indicated in the right section of Figure 5A.

Figure 5 Molecular phylogenetic analysis oWitis vinifera and Arabidopsis thaliana sugar
transporter gene models by the Maximum Likelihood methodThe trees are adapted from
[3] and produced using MUSCLE [36] and PhyML with the JTT amino acid substitution
model. Bootstrapping was performed with 100 replicates. In addition to the origitakpi



branches corresponding to partitions reproduced in less than 70% of bootstrap replicates w
collapsed. The percentage of replicate trees in which the associated ttet@adltegether in

the bootstrap test (100 replicates) is shown next to the branched)38ijcrose transporters

B) hexose transporte®) ERD6-like proteins. Arrows point toward recommenyéib

symbols, the green symbols are the putative symbols that would be used had/it the

gene been previously annotated in the literature. Recommended synonyms ateeiis.brac

The grapevine hexose transporters were symbolizétlrxX and functionally characterized
[44] for HTY, [45] for HT3, HT4, HT5. Other sequences were identified and classified up to
HT24[3]. However, inArabidopsisthis family is named sugar transporter prote®isH. As

a consequence, it is recommended that the symbols undévithEXXformat should be kept

as synonyms and the main symbol should be undevitgrPXXformat; the numbering of
the genes should be in accordance with the phylogenetic tregmped in [3] as adapted in
Figure 5B.

The grapevine sugar transporERDG6like family was also compared frabidopsis[3]; the
phylogenetic tree was adapted in Figure 5C. In this work, no sgmiere assigned to the
Arabidopsisgenes, probably because they were never published, even though a nameenclat
existed and they appeared as full names in the UniProt and NM@RBbases. As a
consequence no symbols were transferred td/thie genes in that publication. In addition,
since the symbdERD6 ends with a number it is recommended to add the letter L,iker -I
between the family root of the symbol and the number as presentepire BC. This family

in Vitis contains also a branch that is not relatedrabidopsis;the numbers of the genes in
this branch shall be incremented after the last known number férabelopsisgenes.

Example 3. When gene name and function change with new discoverie€DHar@ily and
the NCED subfamilies.

The Vitis genes for theCCD/NCED family were characterized and named according to
homology with genes fromArabidopsis [41,42], although some were characterized in
previous studies. The phylogenetic tree was independently rabutigure 6 and differs
from the one presented in [46] since genes fromAm@idopsisspecies were used. The tree
is similar to [47] except for the genes not present in that siliihge previously undetected
genes were added/{iCCD8bin [47] andVviCCD4b VviCCD1hn [46]), but the gene’s
nomenclature would have been relatively similar. N@ED genes are a subset of t6ED
family and they share similar features, including sequencdasityiand carotenoid double-
bond-cleaving dioxygenase activit¢.CDs are distinguished by the specificity of double
bond cleavage anNCED'’s are plastid-localized [48]. Hereby, the genes belonging to the
NCED family should only bear th&lCED symbol, likewise for theCCD genes, to avoid
confusion. However, two historical members were nam€ED1/NCED1 and
CCD4/NCED4 In this case both symbols should be kept v@@D1 (or 4) as the main
symbol andNCEDL1 (or 4) as the synonym, since this gene presents a @O like
function as demonstrated in [47]. A note should be linked tNBED synonym to indicate

its obsolescence.

Figure 6 Molecular phylogenetic analysis oWitis vinifera and Arabidopsis CCD and

NCED gene models by the Maximum Likelihood methodMultiple sequence alignment

for full-length carotenoid cleavage dioxygenases was inferred using MEIEB]. The
evolutionary history was inferred by using the Maximum Likelihood method based on the
JTT matrix-based model [37]. The bootstrap consensus tree inferred from 10Gesp88h



is taken to represent the evolutionary history of the taxa analyzed [38]. Branches
corresponding to partitions reproduced in less than 70% of bootstrap replicates were
collapsed. The percentage of replicate trees in which the associated teet@dltegether in
the bootstrap test (100 replicates) is shown next to the branches [38]. Ini{sg)| foe¢he
heuristic search were obtained automatically by applying Neighbor-Join and BioN
algorithms to a matrix of pairwise distances estimated using a JTT modehen selecting
the topology with superior log likelihood value. The analysis involved 20 amino acid
sequences. The coding data was translated assuming a Standard gdaetibleoAll
positions containing gaps and missing data were eliminated. There were a 2@l of
positions in the final dataset. Evolutionary analyses were conducted in MEGAS [B9}iSAr
point toward recommendadtis symbols. Asterisks indicate redundant synonyms.

Since a second gene from grapevine appears to belong ©CHBé& subgroup, the genes
should be renamed with an extra character to differentiate tR&DY 1 and CCD1p
however the symbolsCCD2’" and “NCEDZI were attributed taCCDl1aand should be kept
as synonyms for it. SincéviCCD4bwas not identified in [47], authors name&iCCD4c
with the letter b and [46] also nam&WViCCD4b with the letter b. To avoid any kind of
confusion, new names can also be allocated to these genes angadvibas names should
be reported as synonyms with a note indicating that a given synbagnibeen used for
multiple genes.

Similarly, VVINCED3was incorrectly identified aBICED1 in [49]. Therefore VVINCED1
should appear as ¥viNCED3 synonym but with a note indicating that this synonym is
incorrect.

The geneVIT04s0008g0351(coding for a member of the well describé@D8b group of
orthologous genes in the grapevine was named with this symbol even thoAghbidopsis
gene belongs to this family, because it is a well described group of orthologesq 4&in

Example 4. Genes not present in Arabidopsis: the STS family.

The grapevine trihydroxystilbene synthase (STS) gene famdy characterized in two
concomitant articles [4,5]. As this family is not presenAmbidopsis it is not possible to
rely on sequence similarity with thArabidopsisgenes to address the nomenclature. While
describing the genes, both authors used the same strategy to nayaeeh@ccording to the
syntenic positions, which is logical since the genes are groupedvanchusters on
chromosomes 10 and 16. The names in both studies are identical. Hosawer of the
genes were already described in previous studies [50,51], and thitMagen into account
for the naming of the members of the STS family. The genes stered in public databases
such as UniProt and Refseq under their original denominations. ThHeolsyare written
differently, STS vs StSy, while the full names are both tribygstilbene synthase. This
causes problems: for example, trihydroxystilbene synthase Sefeayto two different genes
(Stsy5/VvSTS1andVvSTSE thus, the symbols are distinct but the full names are idéntica
There was one gene, howeveYvETS4), that was previously named with &TSlike
symbol §TS2 in addition to the synonym¥INST1 PSV25VST). There is no problem in
keepingVvSTS47s a synonym, but the sym®T S2refers to two different gene¥{STS2
and VvSTS4y which causes confusion. The strategy of ordering according to the
chromosome position should be avoided. It presents the disadvantage ofnvelidated
each time changes occur at the level of the genomenbser when new members of the



family are discovered. It is therefore recommended to condeevehtylogenetic tree strategy
for gene naming (Figure 7).

Figure 7 Molecular phylogenetic analysis oWitis vinifera trinydroxystilbene synthase
gene models by the Maximum Likelihood methodMultiple sequence alignment for full-
length trihydroxystilbene synthases was inferred using MUSCLE [36] fnemucleotide
sequence. The evolutionary history was inferred by using the Maximum Likelihethdan
based on the JTT matrix-based model [37]. The bootstrap consensus tree inferred from 100
replicates [38] is taken to represent the evolutionary history of the taxa@th§Bg].
Branches corresponding to partitions reproduced in less than 70% of bootstrap seplicate
were collapsed. The percentage of replicate trees in which the as$tama elustered
together in the bootstrap test (100 replicates) is shown next to the branches [@8jrdeis)
for the heuristic search were obtained automatically by applying Neiglooand BioNJ
algorithms to a matrix of pairwise distances estimated using a JTT modehem selecting
the topology with superior log likelihood value. The analysis involved 40 amino acid
sequences. The coding data was translated assuming a standard genedldeodlid t
positions with less than 95% site coverage were eliminated. That is, fewé&%halignment
gaps, missing data, and ambiguous bases were allowed at any position. Thexeotadrof
292 positions in the final dataset. Evolutionary analyses were conducted in MEGAS [39]
Arrows point toward recommend&fitis symbols A,B,C refer to the groups in [4].

Annotation platform and informatics tools

There is a need for a centralized online platform that alloersual curation of gene-models
and their functional annotation by experts. Besides the centralitemgpseveral other
(offline) resources are available that can be used to improve the annotation.

Platform for community curation of grapevine gene annotation

The annotation platform for the grapevine genome is centralized amttamed in the
ORCAE database with online interface from the VIB [25] and wassen to perform
community annotation fovitis. ORCAE was developed with a gene-centric vision, meaning
that the gene information pages are the central access pwitdad of a genome browser.
The basic setup of ORCAE can be compared to a wiki systeminfitimation pages for
each gene like a ‘topic’ page of a traditional wiki text. ORCAE was dedigmsuit the needs
of genome sequencing projects from small consortia, like the\gnapéd.ike wikis, the data
stored in ORCAE is never removed and a complete history of the chapgked by curators
is kept. Also a number of analyses are run and updated in the back@itemadhanges
affecting the gene structures have been supplied. Updates to ceptsitories, like NCBI,
will be organized on a six months basis, if the number of moddicaittan be considered as
worthwhile. Users, willing to manually curate data will haeeregister with the ORCAE
system, mostly to allow communication between curators worldwitk® Accounts are a
way to remediate when erroneous modifications occur or to tramts enrthe input data, and
discuss with the authors that mistakenly entered incorrect dataviidie systems history of
modifications allows the retrieval of previous versions of gene moBetthermore, to limit
simple errors, tests have been implemented for checking thmgegirocess, via the
GenomeView application. These checks result in the ability of yeeerm to reject genes
models that contain obvious errors after user’s modifications. Geatesvould be missing
from the current genome assembly, but are proven to be in Vilihernddded to ORCAE as
standalone genes, although, only after thorough checking to ensuresthatetactually real.



As for the genes represented in the reference genome, theplieiv the same process for
submitting annotation to NCBI and their nomenclature will followdhme rules as for other
genes.

Guidelines for community gene functional and structural annotation

The SNCGGa can be contacted from the IGGP website at
http://www.vitaceae.org/index.php/Annotation. Official announcement fromctimemittee

can be found at that address. A preliminary functional annotationaluteralso available
[52] and will be updated with the present paper. Topics described itutiigl are open to
debate and can be amended during the process of community annotatieNC®B&a can

be contacted for enquiries at the Google group.

One of the major goals is to bring together experts for each fgemly to allow them to
perform their annotation through the ORCAE annotation website, which inirdeewill
synchronized with major public databases such as NCBI or Uniprot. The anndtaticaeh fit
the IGGP Committee guidelines in terms of nhomenclature and falegldressing the level
of confidence. In any case where possible, it is advised to anootafdete gene families or
all the enzymes involved in a metabolic pathway, rather thangéessolated member of a
larger group of genes.

Conclusions

The intent of the grapevine nomenclature standardization is, takingaodount the
accumulated experience from other species and in grapevine, ao wugbe gene name
confusion and redundancy. In particular we want to anticipate orvénegeowing amount of
new sequencing data. It is important to consider that the ¢olleat experimental evidence
for grapevine genes will most likely be limited and that theroomity is forced to opt for a
strategy that can consider annotation inferred from similaatyther species. This is a
problem endemic to small and medium-sized research communities. With the cupesnttpa
was chosen to propose a set of guidelines aiming at a harmonizedatetone for the full
names and symbols ¥fitis genes that allow easy correspondence with other species, without
being restrictive or too rigid. On the other hand the attribution ofldbes ID is done
automatically and will be systematically attributed to eaclh gene according to internal
rules. This rule-based nomenclature system is intended to redufigsion, improve gene
and protein comparisons, and facilitate the comparison of functionssaspesies. The
success of a nomenclature system requires the participatibe gfape community, who by
contributing will share the knowledge through discussions and throygementation of the
system to improve grape gene nomenclature and annotation.

Methods

Phylogenetic analysis

Multiple sequence alignment was inferred using MUSCLE [36]. Nwugonary history
was inferred by using the Maximum Likelihood method based on thenddtfix-based
model [37]. The bootstrap consensus tree inferred from 100 replicatess[3&8ken to
represent the evolutionary history of the taxa analyzed [38]. Brancheesponding to
partitions reproduced in less than 70% of bootstrap replicates wémpseal. Initial tree(s)



for the heuristic search were obtained automatically by appNeighbor-Join and BioNJ
algorithms to a matrix of pairwise distances estimatedyusidTT model, and then selecting
the topology with superior log likelihood value. The coding data waslatged assuming a
Standard genetic code table. All positions containing gaps and missing dataliménated.
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3 unique identifiers for a gene
- LocusID (ex: VIT00g00000-1.1)
- Functional name (ex: Alcohol dehydrogenase 1)
- Symbol (ex: (Vvi)ADHI1)

Described in Table 1

LocusID

- Primary identifier (systematic, stable)

-The LocusID from the reference genome are predefined but the rules must be followed when:
« Edition because of manual curation of structural annotation
«Attribution of new LocusID for other Vitis species or cultivar

Section: Definition of a standard system for loci annotation: systematic attribution of Locus Identifier

Function
Identification of the function is not covered in the paper but some advice on
addressing the function by homology is presented in the online tutorial at IGGP
http://www.vitaceae.org/index.php/Annotation_tutorial

Level of confidence of the function

-Should be used in the functional name

Section: Definition of the nomenclature for assessing the level of confidence of
the function as assigned to the full name Figure 2, detail in Table 2

If the gene has previously been annotated, curator should follow Figure 3
Definition and usage of the prefixes (Vvi for Vitis vinifera)

Symbol and functional name
The symbol and functional name follow similar rules. Section: Definition of a convention for functional names and symbols

Contains a descriptor common to the gene family (short for symbol, descriptive for the functional name) and a unique numeric value

Annotation of one gene

Not recommended if the gene belongs to a family
If the gene belongs to a family, it is still important to:

- Check if some standard code has been given to other members

- Symbol and functional name must not be redundant with other genes

- Blast against Arabidopsis can be performed to identify the ortholog but it
is recommended to build a phylogenetic tree (can be done from the NCBI
website from the Blast results) to check if there is a direct ortholog (ortholog
one2one only according to Gramene)

-If no direct ortholog, increment the numeric value after the highest known
in Arabidopsis

Annotation of a family
-It is recommended to perform a phylogenetic analysis between the grapevine
genes. Identification of the individual in a family is presented in the tutorial

Solving specific problems
Section: Examples of the nomenclature procedure
Example 1: ortholog has mutation/phenotype symbol
ortholog symbol is unclear
two grapevine genes have the same ortholog
one grapevine gene has multiple orthologs
Figure 4
Example 2: a) gene already named twice in Vitis
b) gene already named in Vitis but it is not consistent with Arabidopsis
¢) no symbol has been defined in Arabidopsis orthologs
Figure 5
Example 3: the family contains a subfamily
genes already have been named but the annotation is not correct
Figure 6
Example 4: the family is unknown in Arabidopsis
Figure 7

available at the IGGP website.
-Branches with a bootstrap value < 70 should be collapsed to avoid incorrect

orthology
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