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Abstract The family Geminiviridae includes plant-

infecting circular single-stranded DNA viruses that have

geminate particle morphology. Members of this family

infect both monocotyledonous and dicotyledonous plants

and have a nearly global distribution. With the advent of

new molecular tools and low-cost sequencing, there has

been a significant increase in the discovery of new gem-

iniviruses in various cultivated and non-cultivated plants.

In this communication, we highlight the establishment of

three new genera (Becurtovirus, Eragrovirus and Turn-

curtovirus) to accommodate various recently discovered

geminiviruses that are highly divergent and, in some cases,

have unique genome architectures. The genus Becurtovirus

has two viral species, Beet curly top Iran virus (28 isolates;

leafhopper vector Circulifer haematoceps) and Spinach

curly top Arizona virus (1 isolate; unknown vector),

whereas the genera Eragrovirus and Turncurtovirus each

have a single assigned species: Eragrostis curvula streak

virus (6 isolates; unknown vector) and Turnip curly top

virus (20 isolates; leafhopper vector Circulifer haemato-

ceps), respectively. Based on analysis of all of the genome

sequences available in public databases for each of the

three new genera, we provide guidelines and protocols for

species and strain classification within these three new

genera.
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Introduction

Geminiviruses are single-stranded DNA viruses with either

monopartite or bipartite genomes that are encapsidated

within virions that have a geminate morphology. Different

geminiviruses can infect either monocotyledonous or

dicotyledonous plants, and collectively, these viruses cause

a variety of major crop diseases. Many of these diseases

pose a serious threat to the food security of developing

countries in the tropical and subtropical regions of the

world [25]. Due primarily to the development of new

molecular tools and the proliferation of industrial-scale

low-cost commercial sequencing services (applying both

Sanger and a variety of ‘‘next-generation’’ sequencing

techniques), there has been a tremendous increase over the

last five years in the rate at which new geminivirus gen-

omes have been characterised. Of the new molecular tools,

sequence-independent methodologies based on rolling-cir-

cle amplification that employ /29 DNA polymerase have

played a disproportionately important role in the discovery

of new highly divergent geminiviruses [17, 20, 27, 31].

The Geminiviridae Study Group of the International

Committee on Taxonomy of Viruses (ICTV) has proposed

various guidelines on how new geminivirus genome

sequences should be taxonomically classified and named

[6, 12, 13, 26, 36]. At the genus level, geminiviruses have

been classified based on host range, insect vector, genome

organisation and genome-wide pairwise sequence identi-

ties, and the Ninth Report of the ICTV [6] acknowledged

the existence of four genera: Mastrevirus, Begomovirus,

Curtovirus and Topocuvirus.

In this communication, we provide an update of the 9th

Report with the establishment of three additional genera in

the family Geminiviridae to accommodate divergent new

groups of geminiviruses that have been discovered and

characterised over the last five years (Fig. 1):

1) Becurtovirus: Including the species Beet curly top

Iran virus and Spinach curly top Arizona virus (Table 1)

[14, 18, 19, 33, 39]

2) Eragrovirus: Including the species Eragrostis curv-

ula streak virus (Table 2) [35]

3) Turncurtovirus: Including the species Turnip curly

top virus (Table 3) [5, 29, 30]

We additionally acknowledge the need for further new

genera to accommodate three other highly divergent groups

of geminiviruses that have recently been found infecting

grapevines in the USA [22, 28] and citrus plants in Turkey

[23], as well as two closely related viruses (*72 % genome-

wide pairwise sequence identity) infecting Euphorbia caput-

medusae in South Africa [4] and French beans in India.

Whereas the genome organisations of begomoviruses,

curtoviruses, topocuviruses, and turncurtoviruses are quite

similar, those of the mastreviruses, becurtoviruses and

eragroviruses, are quite diverse and distinctive from other

geminiviruses (Fig. 1). In general, these various gemini-

virus genomes encode up to eight genes, which are tran-

scribed bidirectionally. Of these, the replication-associated

protein gene (rep), located on the complementary-sense

strand, and the capsid protein gene (cp), located on the

virion-sense, are the only two that are conserved in all

characterised geminiviruses. Whereas homologues of the

replication enhancer (ren) genes and symptom determinant

(sd)/silencing suppressor (ss) genes are found in the gen-

omes of begomoviruses, curtoviruses, topocuviruses and

turncurtoviruses, homologues of the transcription activator

(trap) gene are additionally found in eragroviruses (Fig. 1).

Interestingly, despite the probable movement protein

genes (mp) of all geminiviruses being located in the same

region, downstream of the intergenic region (IR) from

which transcription begins, these proteins are very diverse,

and there is generally no detectable amino acid similarity

between the MP sequences of viruses from different genera.

Another genomic feature that distinguishes the mastre-

viruses, eragroviruses and becurtoviruses from the other

geminiviruses is the presence of two IRs: one containing

the virion-strand origin of replication (although it is called

the long or large IR [LIR] in mastreviruses, this is a mis-

nomer in eragroviruses because it is the smaller of the two

intergenic regions) and another containing the transcription

termination signals of the bidirectionally transcribed genes

(called the small or short IR [SIR] in mastreviruses).

Besides obvious differences in genome architectures, the

viruses in the different genera share what are probably

evolutionarily conserved gene expression strategies. For

example, whereas the mastreviruses and becurtoviruses all

potentially express two different replication-associated

proteins from alternatively spliced complementary-sense

transcripts, the mastreviruses additionally produce alter-

natively spliced virion-strand transcripts [38] (Fig. 1).

The evolutionary relationships between the members of the

different geminivirus genera are difficult to unravel, both

because it is very likely that recombination has played a fun-

damental role in the evolution of these viruses and because

large portions of the genomes of viruses from any two different

genera are not detectably homologous. With these reservations

in mind, we roughly determined the evolutionary relationships

between viruses in the different genera (it is important to note

that there is a high degree of alignment uncertainty) using

MUSCLE [10, 11] to align representative complete genomes

of viruses in the different genera (Supplementary Table S1)

and the neighbor-joining method (implemented in MEGA 5.2

[34]) with the Jukes-Cantor nucleotide substitution model and

1000 bootstrap replicates to produce a phylogenetic tree

(Fig. 2). As suggested by similarities in their genome organi-

sations, the begomoviruses, becurtoviruses, curtoviruses, top-

ocuvirus and turncurtoviruses cluster together, whereas the
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other groups all form distinct lineages branching directly from

the presumed root (in this case, simply the midpoint of the tree

between the two most divergent sequences). The only minor

exception is that the divergent geminiviruses from E. caput-

medusae, French bean and grapevine form a diverse cluster

with 70 % bootstrap support.

In order to gain better insights into the evolutionary

relationships between the main geminivirus groups, we

generated alignments of the Rep and CP amino acid

sequences using MUSCLE [10, 11] and inferred

maximum-likelihood phylogenetic trees with PHYML

[15, 16] using the RtREV?G?I?F model of amino acid

substitution (the best-fit model as determined using Prot-

Test; [1, 8]; Fig. 3) with approximate likelihood ratio test

(aLRT) for branch support [3]. Whereas the Rep sequences

of becurtoviruses, turncurtoviruses, mastreviruses and er-

agroviruses are monophyletic, for the CP sequences of

these viruses only the begomoviruses and turncurtoviruses

are monophyletic. Other important differences between the

Rep and CP phylogenies include both the fact that the Rep
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Fig. 1 Genome organisation of isolates in various geminivirus

lineages (LIR, long intergenic region; SIR, short intergenic region;

CR, common region; rep, replication-associated protein; ren, replica-

tion enhancer; trap, transactivator protein; ss, silencing suppressor;

tgs, transcriptional gene silencing; sd, symptom determinant; cp,

capsid protein; mp, movement protein; reg, regulatory gene; NSP,

nuclear shuttle protein). Please note that the DNA-A components of

Old World bipartite begomoviruses contain a V2 ORF. The V2, C2

and C4 ORFs of begomoviruses (TYLCV, TYLCSV and TGMV)

have been shown to suppress transcriptional gene silencing [7, 24, 37]
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sequences of becurtoviruses are monophyletic whereas

those of their CPs are not, and the fact that the Rep

sequences from Caput medusae, French bean and grape-

vine are monophyletic whereas their CP sequences are not.

Among the most obvious causes of these discrepancies are

that (1) the CP sequences of becurtoviruses and

curtoviruses share [76.5 % pairwise amino acid sequence

identity, whereas their Rep sequences share \33 % iden-

tity, and (2) the CP sequences of eragroviruses convinc-

ingly cluster within the mastrevirus clade and are clearly

most closely related to the Eurasian dwarf viruses wheat

dwarf virus and oat dwarf virus (Fig. 3), but their Rep

Table 1 Details of viruses belonging to the genus Becurtovirus

Species Strain Acronym / isolate GenBank accession # Host Country

Beet curly top Iran virus A BCTIV-A [IR-Hom-Tu69-10] JX987671 Beta vulgaris sub sp.

maritima

Iran

Beet curly top Iran virus A BCTIV-A [IR-Yaz-B15P-06] JQ707938 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Shi-B18 K-06] JQ707939 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Neg-B19 K-04] JQ707940 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Kav-B22 K-08] JQ707941 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Kam-B23 K-08] JQ707942 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Kam-B24 K-08] JQ707943 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Neg-B25P-08] JQ707944 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Neg-B26P-08] JQ707945 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Dash-B29P-08] JQ707946 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Neg-B31 K-08] JQ707947 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Neg-B32P-08] JQ707948 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Neg-B33P-08] JQ707949 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Neg-B34P-08] JQ707950 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Yaz-B35 K-06] JQ707951 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Yaz-05] EU273816 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Ker-05] EU273818 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Sh2-05] EU273817 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Zar-09] JX912248 Beta vulgaris Iran

Beet curly top Iran virus A BCTIV-A [IR-Siv-09] JX082259 Beta vulgaris Iran

Beet curly top Iran virus B BCTIV-B [IR-Tab-90-Cowpea-10] JX131633 Vigna unguiculata Iran

Beet curly top Iran virus B BCTIV-B [IR-Dar-128-Cowpea-10] JX131634 Vigna unguiculata Iran

Beet curly top Iran virus B BCTIV-B [IR-Sabz-134T-Tomato-10] JX966233 Solanum lycopersicum Iran

Beet curly top Iran virus B BCTIV-B [IR-Toro-1B-10] JX945569 Beta vulgaris Iran

Beet curly top Iran virus B BCTIV-B [IR-Boj-3B-10] JX945570 Beta vulgaris Iran

Beet curly top Iran virus C BCTIV-C [IR-Nesh-115-Bean-10] JX458087 Phaseolus vulgaris Iran

Beet curly top Iran virus D BCTIV-D [IR-Oru-7B-10] JX945571 Beta vulgaris Iran

Beet curly top Iran virus D BCTIV-D [IR-Tabr-8RB-

Sea beet-10]

JX945572 Beta vulgaris sub sp.

maritima

Iran

Spinach curly top Arizona virus - SCTAV [US-09-10] HQ443515 Spinacia oleracea USA

Table 2 Details of viruses belonging to the genus Eragrovirus

Species Strain Acronym / isolate GenBank accession # Host Country

Eragrostis curvula streak virus A ECSV-A [ZA-Gre1-g261-07] FJ665633 Eragrostis curvula South Africa

Eragrostis curvula streak virus A ECSV-A [ZA-Gre2-g256-07] FJ665629 Eragrostis curvula South Africa

Eragrostis curvula streak virus A ECSV-A [ZA-Gre3-g257-07] FJ665632 Eragrostis curvula South Africa

Eragrostis curvula streak virus A ECSV-A [ZA-Esc1-g382-08] FJ665631 Eragrostis curvula South Africa

Eragrostis curvula streak virus A ECSV-A [ZA-Gre5-Ky6-08] FJ665634 Eragrostis curvula South Africa

Eragrostis curvula streak virus B ECSV-B [ZA-Gre4-Ky3-08] FJ665630 Eragrostis curvula South Africa
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sequences are completely distinct from all other known

geminiviruses.

These phylogenetic analyses, coupled with obvious

differences in the genome organisations of the various

divergent geminiviruses analysed here provide clear sup-

port for the creation of new genera within the family Ge-

miniviridae to accommodate viruses that cannot justifiably

be assigned to the genera Begomovirus, Curtovirus, Mas-

trevirus, or Topocuvirus. Accordingly, three new gemini-

virus genera are now recognised by the ICTV [2].

Becurtovirus

This genus contains two recognised species: Beet curly top

Iran virus and Spinach curly top Arizona virus (Table 1).

Members of both species are unusual in that instead of the

‘‘TAATATTAC’’ nonanucleotide that is found at the origin of

virion-strand replication in almost all other known geminivi-

ruses, these have a ‘‘TAAGATTCC’’ nonanucleotide. Isolates

belonging to these two species have genomes that share

between 77 and 78 % identity. The 28 full-genome sequences

of beet curly top Iran virus (BCTIV) that were available in

GenBank on 22 October 2013 all share [88.6 % genome-

wide pairwise identity and have been found exclusively in Iran

where they have been isolated from the dicotyledonous plants

of the species Beta vulgaris, Beta vulgaris subsp. maritima,

Vigna unguiculata, Solanum lycopersicum and Phaseolus

vulgaris [14, 19, 39]. The only SCTAV isolate that has so far

been fully sequenced was found infecting Spinacia oleracea

plants in Arizona, USA [18]. Genome-wide pairwise identity

analysis of the 29 available becurtovirus genomes (404 pair-

wise comparisons) using SDT v1.0 (with the MUSCLE

alignment option; available for download from http://web.

cbio.uct.ac.za/SDT [26]) revealed pairwise identity peaks

between 76 and 79 %, between 88 and 93 %, and between 95

and 100 % and valleys between 80 and 87 % and between 93

and 95 % (Fig. 4). Based on this distribution of pairwise

identities, we propose tentative species and strain demarcation

thresholds of 80 % and 94 %, respectively. Hence, pairs of

becurtovirus full-genome sequences with [80 % pairwise

identity calculated from pairwise alignments produced using

the MUSCLE program with default settings (i.e., as it is

implemented in the program SDT v1.0 [26]) should for now

be considered members of the same species. Similarly, pairs

of genomes with [94 % pairwise identity using this same

analysis approach should for now be considered as members

of the same strain. Please note that both of these criteria are

tentative in that they are based on the information available for

only two species. As more becurtovirus sequences are cata-

logued, these thresholds may change.

Under this classification system, the genus includes two

species, with one of these, Beet curly top Iran virus,

including four strains. As has been done for the mastrevi-

ruses, we have opted to simply name these strains

Table 3 Details of viruses belonging to the genus Turncurtovirus

Species Strain Acronym / isolate GenBank accession # Host Country

Turnip curly top virus A TCTV-A [IR-Zaf-B11-06] GU456685 Brassica rapa Iran

Turnip curly top virus A TCTV-A [IR- Hom2-8K-09] GU456687 Brassica rapa Iran

Turnip curly top virus A TCTV-A [IR- Hom3-4K-09] GU456688 Brassica rapa Iran

Turnip curly top virus A TCTV-A [IR- Hom3-7K-09] GU456689 Brassica rapa Iran

Turnip curly top virus A TCTV-A [IR-Lap-L13-12] KC108893 Brassica rapa Iran

Turnip curly top virus A TCTV-A [IR-Zaf-Z8-12] KC108894 Brassica rapa Iran

Turnip curly top virus A TCTV-A [IR-Lap-L2-P-12] KC108895 Brassica rapa Iran

Turnip curly top virus B TCTV-B [IR-Lap-L16-12] KC108896 Brassica rapa Iran

Turnip curly top virus B TCTV-B [IR-Hom-H6-12] KC108899 Brassica rapa Iran

Turnip curly top virus B TCTV-B [IR-Zaf-Z2-14-12] KC108898 Brassica rapa Iran

Turnip curly top virus B TCTV-B [IR-Zaf-Z2-18-12] KC108900 Brassica rapa Iran

Turnip curly top virus B TCTV-B [IR-Hom1-2K-09] GU456686 Brassica rapa Iran

Turnip curly top virus B TCTV-B [IR-Zaf-Z9- 12] KC108897 Brassica rapa Iran

Turnip curly top virus B TCTV-B [IR-Hom-H8- 12] KC108904 Brassica rapa Iran

Turnip curly top virus B TCTV-B [IR-Hom-T57K-Rad-10] JQ742019 Raphanus sativus Iran

Turnip curly top virus C TCTV-C [IR-Zaf-Z2-1-12] KC108905 Brassica rapa Iran

Turnip curly top virus C TCTV-C [IR-Zaf-Z5-2- 12] KC108906 Brassica rapa Iran

Turnip curly top virus C TCTV-C [IR-Hom-H1-12] KC108901 Brassica rapa Iran

Turnip curly top virus C TCTV-C [IR-Zaf-Z10-12] KC108903 Brassica rapa Iran

Turnip curly top virus D TCTV-D [IR-Hom-H9-12] KC108902 Brassica rapa Iran

Rad raddish
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alphabetically [26]. This should, however, not be seen as

precluding the naming of strains based on consistently

observable biological differences between the members of

different strains (see Table 1 for the nomenclature).

Eragrovirus

This genus has only one recognised species, Eragrostis

curvula streak virus. All known isolates belonging to this
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Fig. 2 Neighbor-joining

phylogenetic tree of the full

genome sequences of

representative geminiviruses.

This phylogenetic tree is

provided only as a guide to

describe relative similarities

between the geminivirus groups,

as (1) it is not possible to

credibly align all of the

representative genomes from

various recognised genera and

novel divergent geminivirus

isolates, and (2) inter–species

and inter-genus recombination

has played a major part in the

diversification of the

represented virus isolates and

largely invalidates the use of

such a tree to accurately express

evolutionary relationships. This

tree is midpoint rooted
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Fig. 3 Maximum-likelihood (ML) phylogenetic trees of the Rep and

CP amino acid sequences of representative geminiviruses. The Rep

ML phylogenetic tree has been rooted with Rep sequences of cassava-

associated circular DNA virus (JQ412057) [9] and Sclerotinia

sclerotiorum hypovirulence-associated virus-1 (GQ365709) [21, 40],

whose Rep sequences are distantly related to those of geminiviruses

[32]. The CP tree has simply been rooted at the midpoint along the

branch path separating the two most divergent sequences represented
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species have been found infecting monocotyledonous

plants of the species Eragrostis curvula (weeping love

grass) in the Kwa-Zulu Natal region of South Africa

(Table 2) [35]. As is the case with the becurtoviruses, all

six isolates of Eragrostis curvula streak virus (ECSV)

have an unusual ‘‘TAAGATTCC’’ nonanucleotide

sequence motif at their origin of virion-strand replication.

These six ECSV isolates all share [91.6 % genome-wide

sequence identity, and the distribution of identities

between all 15 unique pairs of these viruses (as deter-

mined from MUSCLE alignments produced with default

settings using SDT v1.0) reveal peaks between 91 and

93 %, between 94 and 97 %, and between 98 and 100 %

and valleys at 93 % and 97 % (Fig. 4). Based on this

distribution of pairwise identities, we propose a tentative

strain demarcation threshold of 94 % (i.e., the same as

that proposed for the becurtoviruses). For now, pairs of

eragrovirus full-genome sequences that have [94 %

pairwise identity as determined by the method imple-

mented in SDT1.0 should be considered members/vari-

ants of the same strain. Based on this criterion, we have

classified the six known ECSV sequences into two

alphabetically named strains (see Table 2). As is the case

with becurtoviruses, our simple alphabetic naming system

should not preclude the future naming of strains based on

consistently observable biological differences between the

members of different strains (see Table 2 for the

nomenclature).

Turncurtovirus

Turnip curly top virus is currently the only species within

this genus. The 20 isolates belonging to this species that are

known so far have all been recovered from either Brassica

rapa or Raphanus sativus [5, 30]. Turnip curly top virus

(TCTV) has, however, also been detected by PCR in

Descurainia sophia, Anchusa sp., Solanum americanum

and Hibiscus trionum [29]. All 20 of the known TCTV

isolates have the same ‘‘TAATATTAC’’ nonanucleotide

sequence motif that is found at the virion-strand origins of

replication of mastreviruses, begomoviruses, curtoviruses

and topocuviruses. All of these isolates share [86.8 %

genome-wide pairwise identity, and the distribution of the

190 pairwise identities of every unique pair of these 20

sequences (calculated as described above using SDT v1.0;

[26]) has peaks between 86 and 88 %, between 89 and

91 %, between 93 and 95 %, and between 98 and 100 %

and valleys between 88 and 89 %, at 92 %, and between 95

and 98 %. Based on this distribution of pairwise identities,

we propose a tentative turncurtovirus strain demarcation

threshold of 95 %. For now, pairs of turncurtovirus gen-

omes with[95 % pairwise identity, as calculated using an

exactly equivalent approach to that described above (using

SDT v1.0), should be considered members/variants of the

same strain. Based on this criterion, four alphabetically

named TCTV strains are proposed. As with the becurt-

oviruses and eragroviruses, this simple naming system is

0
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Fig. 4 Distribution of pairwise identities of (a) becurtoviruses (404

pairwise comparisons), (b) eragroviruses (15 pairwise comparisons),

and (c) turncurtoviruses (190 pairwise comparisons), calculated using

SDT v1.0 [26] with the MUSCLE-alignment option
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not intended to preclude the naming of strains based on

consistently observable biological differences between the

members of different strains (see Table 3 for the

nomenclature).

Virus nomenclature

We suggest that the following system be used for naming

new becurtoviruses, eragroviruses and turncurtoviruses:

\virus name[ - \strain name[ [\country/territory

code[-\lab codes/old names/host species of origin/sample

number/location of origin[-\year of sampling[]

Bounded by square brackets (‘‘[ ]’’) the isolate

descriptor field may contain any number of sub-fields, each

separated by a hyphen (‘‘-’’). The first sub-field should be

the two-letter international code of the country/territory

from which the isolate was originally sampled, i.e., it

should be the country where either the virus itself or the

plant carrying the virus was sampled from the field (see

Supplementary Table S2 for two-letter country codes). The

last sub-field should be the year when viral DNA was last

present within living tissue, i.e., it should be the year when

the plant tissue sample was picked from a living plant and

was either stored (dried or frozen) or used for DNA

extraction, and not simply the year when viral genomic

DNA extraction was carried out. Between the first and the

last fields, any number of useful descriptors can be used,

including lab ID, field code, region of sampling and host

species.

Step-by-step guide to classifying new becurtoviruses,

eragroviruses and turncurtoviruses

1) A ‘nucleotide BLAST’ search (accessible via http://

blast.ncbi.nlm.nih.gov/Blast.cgi) of the NCBI ‘Nucleotide’

database should be performed to identify the species whose

members have sequences most similar to the new sequence.

a. The nucleotide database at the NCBI website (http://

www.ncbi.nlm.nih.gov/nuccore/) can also be searched

using the search term ‘‘txid1298630[Organism:exp]

AND 2500:4000[SLEN]’’, which will return all be-

curtovirus nucleotide sequences that are between

2500 and 4000 nucleotides long.

b. The nucleotide database at the NCBI website (http://

www.ncbi.nlm.nih.gov/nuccore/) can also be searched

using the search term ‘‘txid1298632[Organism:exp]

AND 2500:4000[SLEN]’’, which will return all er-

agrovirus nucleotide sequences that are between 2500

and 4000 nucleotides long.

c. The nucleotide database at the NCBI website (http://

www.ncbi.nlm.nih.gov/nuccore/) can also be searched

using the search term ‘‘txid1298631 [Organism:exp]

AND 2500:4000[SLEN]’’, which will return all

turncurtovirus nucleotide sequences that are between

2500 and 4000 nucleotides long.

2) The new sequence should be added to the set of

sequences (becurtoviruses, eragroviruses or turncurtovi-

ruses) obtained from the NCBI BLAST or the NCBI

nucleotide database websites and should be saved in

FASTA format. We have provided datasets of all full

genomes of becurtoviruses, eragroviruses and turncurtovi-

ruses available in GenBank as of 22 October 2013 (Sup-

plementary Files S1, S2 and S3).

3) Regardless of how datasets are compiled, sub-gen-

ome-length sequences should not be used in pairwise

sequence identity analyses and hence should be removed

from FASTA files prior to such analyses.

4) Before analyses are carried out, it should be ensured

that all of the sequences being analysed start at the same

genomic coordinate (ideally at the nicking site within the

conserved nonanucleotide at the origin of replication).

5) Either the MUSCLE option in SDT v1.0 (available at

http://web.cbio.uct.ac.za/SDT) or an exactly equivalent

method should be used to calculate identities between

every pair of sequences in the dataset. These pairwise

identities should be saved in SDT v1.0 in either a column

or matrix csv format. The csv file thus produced can then

be opened in a spreadsheet program such as Microsoft

Excel.

6) In the case of becurtoviruses, if the sequence shares

\80 % genome-wide pairwise identity to any other known

becurtovirus sequence, an appropriate species name should

be proposed. If the sequence is classified as belonging to a

particular species but shares\94 % genome-wide pairwise

identity to all other known isolates belonging to that spe-

cies, either a unique alphabetical letter should assigned as a

strain name or an alternative strain name may be chosen

based on a phenotypic characteristic that distinguishes the

isolate from all others that are known.

7) In the case of eragroviruses, if the sequence of a new

isolate shares \75 % sequence identity with any other

described eragrovirus, it should tentatively be assigned to a

new species. Note that this recommendation is simply

intended as a conservative guide and that as more eragro-

viruses are discovered it will likely be changed. If the

sequence of a new isolate shares \94 % genome-wide

pairwise identity to all other known eragrovirus isolates, it

should be assigned to a new strain, which should be named

either with a unique letter or according to some defining

phenotypic characteristic.

8) In case of turncurtoviruses, if the sequence of a new

isolate shares \75 % sequence identity with any other

described turncurtovirus it should tentatively be assigned to
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a new species. Note that this recommendation is simply

intended as a conservative guide and that as more turn-

curtoviruses are discovered it could be changed. If the

sequence of a new turncurtovirus isolate shares \95 %

genome-wide pairwise identity to all other known turn-

curtovirus isolates then it should be assigned to a new

strain which should be named either with a unique letter or

according to some defining phenotypic characteristic of

that isolate.

Conclusion

In this communication, we update the list of genera within

the family Geminiviridae to accommodate three groups of

highly divergent geminiviruses. Among these new genera,

the genus Becurtovirus has two recognised species, Beet

curly top Iran virus and Spinach curly top Arizona virus,

with BCTIV isolates subdivided into four strains (BCTIV-

A, -B, -C and -D), the genus Eragrovirus has one recog-

nised species, Eragrostis curvula streak virus, with two

strains (ECSV-A and-B), and the genus Turncurtovirus has

one recognised species, Turnip curly top virus, with four

strains (TCTV-A, -B, -C and -D). We have also provided

protocols for the establishment of species and strains

within these genera. Although the tentative strain and

species demarcation criteria that we have chosen would

need to be refined as more sequences are assigned to these

genera, we hope that they will provide some uniformity

with respect to the classification of newly determined

sequences. The Executive Committee of the ICTV has

approved the establishment of these three new genera

within the family Geminiviridae [2].
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