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Abstract
The present work reports the discovery and complete genome sequencing of a virus from symptomless radish seedlings, 
classifiable as a novel member of the genus Alphapartitivirus, family Partitiviridae. Total RNA extracted from germinating 
seedlings was sequenced using Illumina technology. Bioinformatic analysis of the RNA-seq data revealed two contigs rep-
resenting the near full-length genomic sequences of two genomic RNAs representing a new virus. Analysis of the genome 
sequence (excluding the polyA tail, RNA1: 1976 nt and RNA2: 1751 nt, respectively) showed a genomic organization 
typical of viruses classed within the Partitiviridae, with each genomic RNA encoding a single open reading frame (ORF). 
Phylogenetic analysis of the RNA dependent RNA polymerase (RNA1 ORF) and of the capsid protein (RNA2 ORF) clearly 
showed the new virus can be classified within the genus Alphapartitivirus, but sequence divergence establishes it as a new 
species, for which the name “Raphanus sativus cryptic virus 4” is proposed.

Introduction

Viruses classified within the family Partitiviridae have two 
essential, double-stranded RNA genome segments and have 
so far been reported in plants, fungi (both basidiomycetes 
and ascomycetes) and protozoa [1, 2]. Each genome seg-
ment, ca. 1300-2500 nucleotides (nt) in length, encodes a 
single open reading frame (ORF), with RNA1 encoding the 
viral RNA-dependent RNA polymerase (RdRp) and RNA2 
the capsid protein (CP) [1, 2]. The increased availability 
of genomic sequences has led to a profound taxonomic 

reorganization of the family into 5 genera, Alpha-, Beta-, 
Delta- and Gammapartitivirus and Cryspovirus [1], with 
plant-associated agents found in the first three genera [1, 
3]. These five genera are separated on the basis of phylo-
genetic analyses of the viral RdRp but also differ in some 
other properties, including the length of genome segments 
(and of the encoded proteins) and, possibly, in conserved 
sequences at the plus strand 5’ termini [1]. In plants, par-
titiviruses are historically referred to as cryptic viruses [4] 
and are characterized by a persistent life style [5]. Lacking 
a movement protein, they are unable to move from cell-to-
cell and systemically invade host plants, and rather move 
vertically through the cell division processes of their host 
[2, 4]. They are seed-transmitted with a high efficiency and 
generally are not associated with any symptomatology [4].

Material and methods

Virus material

A new alphapartitivirus was identified in radish (Raphanus 
sativus, unreleased breeding line F1147). Total nucleic acids 
were extracted from young seedlings collected 72h after seed 
imbibition in sterile germination boxes. Approximately 250 
seedlings were soaked in 50 ml of RNAlater® (Ambion) and 
mixed softly with a stomacher for 2 min. The suspension 
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was subsequently filtered on 100 µM and 5 µM membranes 
and the filtrate was centrifuged (10,000 g, 10 min, 4 °C). 
Total RNAs were extracted from the pellet using a protocol 
described by Darsonval et al. [6].

Results

Illumina RNA-Seq (HiSeq3000 platform, 2x150bp paired 
reads) was performed at the Genome-Transcriptome core 
facilities (Genotoul GeT-PlaGe; France). After demulti-
plexing and quality trimming, reads were assembled and 
the obtained contigs annotated using BLASTn and BLASTx 
against the GenBank database. Two contigs were identified 
with high homology to the two genomic RNAs of a group 
of plant-associated viruses classified within the Alphapar-
titivirus genus, in particular carrot cryptic virus (CCV) [7], 
beet cryptic virus 1 (BCV1) [8], Vicia cryptic virus (VCV) 
[9] and the type member of the genus, white clover cryptic 
virus 1 (WCCV1) [10]. Further analysis of the sequence 
data [11] and mapping of the reads from the two obtained 
contigs showed that they incorporated a high proportion of 
the sequencing reads (from 5.9 to 14.7% depending on the 
RNASeq library), providing extremely deep genome cover-
age (on average, 2500x and 3500x for RNA1 and RNA2, 
respectively). The 5’ genome ends were determined using 
total RNAs, extracted from 1-month old plants grown from 
the same seed batch, as templates for 5’ Rapid Amplification 
of cDNA Ends (RACE, Takara Bio Europe/Clontech, Saint-
Germain-en-Laye, France) while the 3’ genome ends were 
determined by RT-PCR using a PolyT primer and internal 
primers designed using the two contig sequences.

The complete genomic RNAs of the new agent are respec-
tively 1976 nt (RNA1, GenBank MF686921) and 1751 nt 
(RNA2, GenBank MF686922), sizes typical for viruses clas-
sifiable within the Alphapartitivirus [1]. As expected, each 
genomic RNA encodes a single ORF, corresponding to the 
RdRp (72.5 kDa; RNA1) and the CP (54.8 kDa; RNA2), 
respectively (Figure 1), as judged by sequence comparisons 
with other representative members of the genus. The size 
of these proteins is also in agreement with expectations for 
alphapartitiviruses [1] and the 5’ terminal sequence of the 
two genomic RNAs, 5’GGA TCA 3’, fits the (n)GAWnW 
consensus for members of the genus [1]. The 5’ non-coding 

regions for RNA1 and RNA2 are 93 and 118 nucleotides 
long, respectively, while the corresponding 3’ non-coding 
regions are 35 and 163 nucleotides long, respectively. The 
RdRp contains the expected conserved polymerase motif 
(cd01699, aa positions 237-439) and shows closest homol-
ogy (82.9% amino acid (aa) identity, 76.8% nucleotide iden-
tity) with the RdRp of CCV and 79.1-82.2% amino acid 
identity (75.8-76.3% nucleotide identity) with a small group 
of plant-associated alphapartitiviruses (WCCV1, BCV1, 
VCV as well as some putative genus members such as dill 
cryptic virus 1, spinach cryptic virus 1, black grass cryp-
tic virus 1 and red clover cryptic virus 1). By comparison, 
divergence is much higher with regards to fungus-associated 
genus members, with only 30.4-58.6% amino acid identity 
(42.0-62.5% nt identity). A similar range, or even higher, 
was also observed following comparisons with other par-
titiviruses, including those previously reported in radishes, 
such as Rapahanus sativus cryptic viruses 1 [12], 2 [13] and 
3 (Genbank FJ461349 and FJ461350) or Raphanus sativus 
partitivirus 1 (Genbank KT285019) (13.9-32.1% identity). 
The CP is less conserved, with only 50.6-56.4% aa identity 
(56.0-61.3% nucleotide identity) with plant-associated alp-
hapartitiviruses (13.5-23.3% amino acid identity and 34.9-
41.9% nucleotide identity with fungus-associated genus 
members. Phylogenetic analyses performed on the RdRp and 
CP sequences (Figures 2A and 2B) confirmed a clear asso-
ciation with the plant-associated members of the Alphapar-
titivirus genus, within which the newly identified virus forms 
a 100% bootstrap-supported subcluster. Interestingly, two 
expressed sequence tags (EST) from radish (Raphanus sati-
vus var oleiformis, cv. Arena) (EX887526 and EX891659, 
701 and 269 nt long, respectively) show 99% nt sequence 
identity with RNA1 of this virus, indicating that it is present 
in at least a second radish source, the released Arena variety.

Taken together, these results show that this virus is clearly 
distinct from previously characterized partitiviruses and, 
in particular, from those reported in radish. Our data also 
indicate that this virus fits all the criteria to be classified as 
a new species and member of the Alphapartitivirus genus 
member, with the name “Raphanus sativus cryptic virus 4” 
proposed. As with other plant-infecting alphapartitiviruses, 
it is unlikely that Raphanus sativus cryptic virus 4 (RsCV4) 
has any pathological significance since it was identified in 
symptomless plants.

Fig. 1  Schematic representation 
of the genome organization of 
Raphanus sativus cryptic virus 
4. The open reading frames are 
shown by rectangular boxes. 
RdRp: RNA-dependent RNA 
polymerase; CP: capsid protein; 
 A(n): polyA 3’ tail
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Fig. 2  Neighbor-joining 
phylogenetic trees constructed 
using the complete amino acid 
sequences of RNA-dependent 
RNA polymerases (A) and 
capsid proteins (B) of various 
partitiviruses. The trees use 
strict amino acid identity 
distances and the statistical 
significance of branches was 
evaluated by bootstrap analysis 
(1,000 replicates). Only values 
higher than 70% are indicated. 
The scale bars represents 
10% amino acid divergence. 
Raphanus sativus cryptic virus 4 
(RsCV4) proteins are indicated 
by black dots. The proteins of 
other viruses classified within 
the Partitiviridae and associ-
ated with radish infections are 
indicated by a white dot. The 
following acronyms are used: 
HPV13: Heterobasidion partiti-
virus 13; HPV15: Heterobasid-
ion partitivirus 15; HmPVV70: 
Helicobasidium mompa partiti-
virus V70; HPV12: Heteroba-
sidion partitivirus 12; HPV3: 
Heterobasidion partitivirus 3; 
CpCV1: Chondrostereum pur-
pureum cryptic virus 1; FvBV: 
Flammulina velutipes brown-
ing virus; RsCV1: Raphanus 
sativus cryptic virus 1; HPV1: 
Heterobasidion partitivirus 1; 
CCRSaPV: cherry chlorotic 
rusty spot-associated partitivi-
rus; BCV1: beet cryptic virus 
1; CCV: carrot cryptic virus, 
WCCV1: white clover cryptic 
virus 1; VCV: Vicia cryptic 
virus; RnPV2: Rosellinia 
necatrix partitivirus 2; RsPV1: 
Raphanus sativus partitivirus 1; 
AhV: Atkinsonella hypoxylon 
virus; WCCV2: white clover 
cryptic virus 2; CpV1: Crypto-
sporidium parvum virus 1; 
PsVF: Penicillium stoloniferum 
virus F; RsCV2: Raphanus 
sativus cryptic virus 2; RsCV3: 
Raphanus sativus cryptic virus 
3; SaCV1: Sinapis alba cryptic 
virus 1; BCV2: beet cryptic 
virus 2
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