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 21 

Abstract 22 

The family Partitiviridae has five genera among which is the genus Deltapartitivirus. We report here the 23 

complete genomic sequence of a deltapartitivirus from red clover, termed red clover cryptic virus 3 24 

(RCCV3). RCCV3 has a bi-segmented double-stranded (ds) RNA genome. DsRNA1 and dsRNA2 are 1580 25 

and 1589 nucleotides (nts) in length and would encode RNA-directed RNA polymerase (RdRP) and capsid 26 

protein (CP), respectively. RCCV3 RdRP shares the highest sequence identity with a previously reported 27 

deltapartitivirus, Medicago sativa deltapartitivirus 1 (MsDPV1) (76.5%), while RCCV3 CP show 50% 28 

sequence identity to MsDPV1 CP. RdRP- and CP-based phylogenetic trees place RCCV3 into a clade of 29 

deltapartitiviruses. The sequence and phylogenetic analyses clearly indicate that RCCV3 represents a new 30 

species within the genus Deltapartitivirus. RCCV3 was detectable in all three tested cultivars of red clover.  31 
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 3 

Members of the family Partitiviridae are omnipresent in fungi and plants. The family has five 34 

established genera: Alphapartitivirus, Betapartitivirus, Gammapartitivirus, Deltapartitivirus and 35 

Cryspovirus [13, 20]. The first two genera accommodate both plant and fungal viruses, while the genera 36 

Gammapartitivirus and Deltapartitivirus exclusively encompass fungal or plant viruses, respectively. 37 

Cryspoviruses infect protozoans. A few other genera, such as ³EpVilonparWiWiYirXV´ and ³ZeWaparWiWiYirXV´, 38 

were recently proposed to accommodate fungal and insect viruses [5, 12]. Members of these genera or 39 

proposed genera are differentiated by phylogenetic relation, molecular attributes and sequence identities in 40 

addition to host organisms. Partitiviruses commonly have a bi-segmented, bi-particulate double-stranded 41 

(ds) RNA genome which is encapsidated by a 120-subunit T=1capsid of 25-54 nm in diameter [2, 14]. 42 

The genus Deltapartitivirus has a relatively small number of members, the genomes of which range 43 

from 3.1 kbp to 3.2 kbp [13]. Deltapartitiviruses have been reported in herbaceous and woody plants such 44 

as pepper, beet, watermelon, crimson glory vine, and Japanese pear [1, 4, 11, 16, 17, 21]. Deltapartitiviruses 45 

show biological properties similar to other plant partitiviruses that include high rates of seed transmission, 46 

symptomless nature, very low virus content in infected cells, lack of mechanical transmissibility and cell-47 

to-cell movement. A noteworthy difference between deltapartitiviruses and other partitiviruses is a 48 

relatively long size range for their 5ƍ untranslated regions (UTR). During the study of the characterization 49 

of diverse fungal and plant partitiviruses initiated in 2008, we discovered a deltapartitivirus from red clover 50 

(Trifolium pratense L.) designated as red clover cryptic virus 3 (RCCV3). In this study, we report on its 51 

molecular characterization and prevalence in red clover variety. 52 

Red clover cultivar ³Hokuseki´ was grown and maintained in the experimental field of the Institute 53 

of Plant Science and Resources, Okayama University. This is part of the virome study of biota associated 54 

with the experimental field [7]. Three root samples were collected from three symptomless plants and used 55 

for total RNA isolation using TaKaRa RNAiso Plus Reagent (TaKaRa Biotech. Co., Shiga, Japan) as 56 

described by the manufacturer. The red clover RNA samples were pooled together with that of three carrot 57 

root samples prepared by the same method and subjected to an RNA-seq analysis as a part of root virome 58 

analyses in this field. The pooled RNA (18.3 µg, RIN 6.8) was sent to Macrogen Inc. (Tokyo, Japan) for 59 

cDNA library construction (TruSeq Stranded Total RNA LT Sample Prep Kit-Plant, Illumina) and pair-end 60 

high-throughput sequencing (HTS) (100 bp pair-end reads) using the Illumina HiSeq 2500 platforms 61 

(Illumina). After HTS, de novo assembly of 48 M pair-end raw reads was performed using the CLC 62 

Genomics Workbench (version 11, CLC Bio-Qiagen, Aarhus, Demark). The assembled sequence contigs 63 

(total 97,222) derived from the pooled sample were subjected to local Blast searches against the viral 64 

reference sequence (RefSeq) dataset of NCBI. Virus-like contigs related to five plant partitiviruses (so-65 

called cryptoviruses) and two plant RNA viruses (alfalfa mosaic virus and red clover nepovirus A) together 66 
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 4 

with some mycovirus-like sequences were detected. Among them, a putative deltapartitivirus (RCCV3) 67 

was characterized for molecular properties in this study, and other remaining virus-like sequences will be 68 

published elsewhere after their thorough characterization. 69 

The contigs 540 (1566 nt, 9457 reads) and 791 (1568 nt, 8267 reads) corresponded to dsRNA1 and 70 

dsRNA2 of RCCV3. The contig sequences were confirmed by Sanger sequencing of RT-PCR clones 71 

obtained using contig-specific primer sets (Supplementary Table 1). The terminal sequences of the genomic 72 

segments were determined by RLM-RACE (RNA ligase mediated rapid amplification of complementary 73 

DNA ends) [19]. The complete sequences of both genomic segments are available from the 74 

GenBank/ENA/DDBJ databank with their accession numbers LC652484 and LC652485. The genome 75 

organization is shown in Fig. 1A. RCCV3 dsRNA1 of 1580 bp encodes a putative RNA-directed RNA 76 

polymerase (RdRP) of 477 amino acids, while RCCV3 dsRNA2 is 1589 bp in length with a single large 77 

ORF encoding a putative CP of 430 amino acids. Phylogenetic analysis with RCCV3 deduced RdRP (Fig. 78 

1B) and CP (Supplementary Fig. S1) sequences and their respective protein homologs showed that the virus 79 

is placed in the genus Deltapartitivirus with the highest phylogenetic affinity to Medicago sativa 80 

deltapartitivirus 1 (MsDPV1) [6, 10]. Other closely related putative deltapartitiviruses, revealed by Blastp 81 

search, included Pyrus pyrifolia cryptic virus [15], Vitis cryptic virus [11], and pepper cryptic virus 1 [17]. 82 

The sizes of the RCCV3 genome (3.2 kb), encoded proteins (RdRP, 477 amino acids; CP, 430 amino acids), 83 

5ƍ-UTR (95 nts for dsRNA1; 83 nt for dsRNA2) and 3ƍ-UTR (51 nts for dsRNA1; 213 nt for dsRNA2) fall 84 

well within a range expected for a deltapartitivirus. Generally, RdRP-encoding dsRNA1 is larger than CP-85 

encoding dsRNA2 in partitiviruses, while there are a few exceptions reported [3]. RCCV3 has a relatively 86 

long 5¶-UTR and shares the hepta-nucleotide (5ƍ-AGAAUUU«.) in the extreme terminal sequences of 87 

both segments (Supplementary Fig. S2A) and in many other deltapartitiviruses (Supplementary Fig. S2B). 88 

Among five other partitiviral candidates (two alpha-, one beta- and one delta partitiviruses), the 89 

betapartitivirus has been confirmed to be present in the red clover samples (data not shown). The contig 90 

19527 (2,415 nt, 533 reads) has potentially derived from the dsRNA1 segment of this virus and has 99.6% 91 

sequence identity to crimson clover cryptic virus 2 (CCCV2) dsRNA1 [9]. The putative dsRNA2 sequence 92 

could be identified only as partial fragments (~354 nts with low row reads) from the sequence pool. 93 

We tested two red clover cultivars other than ³Hokuseki´, used in the above experiments, to 94 

evaluate RCCV3 infection by one-step RT-PCR with dsRNA1-specific primers 5ƍ-95 

GTCGGAGAAGTTACAGACCTTG-3ƍ (Forward) and 5ƍ-ACTTGGTCCATGTCCGGTGATA-3ƍ 96 

(Reverse). As shown in Supplementary Fig. S3, three red clover cXlWiYarV, ³TaiVeWVX,´ ³NaWVX\X,´ and 97 

³HokXVeki´ WeVWed poViWiYe for RCCV3, whereas white clover (Trifolium repens L.) and carrot (Daucus 98 

carota) were RCCV3-negative. 99 
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 5 

In this study, we characterized the genome of RCCV3. A few partitiviruses have been reported 100 

from red clover, such as red clover cryptic virus 1 (RCCV1) and red clover cryptic virus 2 (RCCV2) [8, 9]. 101 

These previously identified partitiviruses, RCCV1 and RCCV2, belong to the genera Alphapartitivirus and 102 

Betapartitivirus, respectively. Partitivirus species demarcation criteria set by ICTV are: � 90% amino acids 103 

sequence identity in the RdRP, and � 80% amino acid sequence identity in the CP (Vainio et al., 2018). 104 

The closest relative of RCCV3 is MsDPV1, which shares 76.5% and 50% amino acid sequence identities 105 

to RCCV3 RdRP and CP, respectively, that are far below the threshold identity scores. Therefore, RCCV3 106 

appears to represent a new species in the genus Deltapartitivirus. 107 
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 190 

Figure legends 191 

Figure 1. (A) A schematic genome organization of a novel deltapartitivirus, red clover cryptic virus 3 192 

(RCCV3). (B) Phylogenetic relationship of RCCV3 with members of family Partitiviridae. Maximum-193 

likelihood phylogenetic tree (a best-fit model LG+G+I) based on an RdRP sequence alignment were 194 

generated by MEGA11. The values next to the branches indicate the bootstrap probability for 1000 195 

replicates. GenBank accession numbers follow virus names. The RdRP of a totivirus (Saccharomyces 196 

cerevisiae virus L-A) was included as an outgroup. RCCV3 is highlighted by a red triangle. The scale bar 197 

represents a genetic distance of 1.00 amino acid substitutions per site. 198 
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 201 

Supplementary Figure S1.  Capsid protein-based phylogenetic tree. See the legend to Fig. 1 for a CP 202 

amino acid sequence alignment and phylogenetic tree generation. 203 

Supplementary Figure S2. Conserved 5ƍ-terminal sequences of deltapartitiviruses. The 5ƍ-terminal 204 

sequences of dsRNA1 and dsRNA2 of red clover cryptic virus 3 (A) and selected members of the genera 205 

Deltapartitivirus (B). Strictly conserved nucleotides are shaded. 206 

Supplementary Figure S3. Detection of the deltapartitivirus red clover cryptic virus 3, RCCV3. Total 207 

RNA was prepared from carrot, white clover and red clover for one-step RT-PCR [18]. PCR products 208 

were electrophoresed through a 1% agarose gel in 1X TAE. Lane numbers 1±3 refer to the three red clover 209 

cultivars, Taisetsu, Natsuyu, and Hokuseki, respectively. M indicates GeneRuler 1-kb DNA ladder 210 

(Thermo Fisher Scientific., Inc., Waltham, MA, USA). The arrow on the right points to the RT-PCR 211 

product of RCCV3 (576 bp). 212 
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Red clover cryptic virus 3 dsRNA1      AGAAUUUA   
Red clover cryptic virus 3 dsRNA2     AGAAUUUC
Pepper cryptic virus 1 dsRNA1            AGAAUUUC 
Pepper cryptic virus 1 dsRNA2      AGAAUUUG
Pepper cryptic virus 2 dsRNA1 AGAAUUUU      
Pepper cryptic virus 2 dsRNA2       AGAAUUUU
Beet cryptic virus 2 dsRNA1         AGAAUUAU
Beet cryptic virus 2 dsRNA2a  AGAAUUAU      
Beet cryptic virus 2 dsRNA2b        AGAAUUUC
Persimmon cryptic virus dsRNA1      GGAAUUAC
Persimmon cryptic virus dsRNA2      AGAAUUUC
Carnation cryptic virus 3 dsRNA1    AGAAUUUA
Carnation cryptic virus 3 dsRNA2    AGAAUUUC
Rhodiola cryptic virus 2 dsRNA2   AGAAUUUA

dsRNA1 5’ -AGAAUUUAAACCAGUCGUAAAC--
dsRNA2 5’ -AGAAUUUCUCGCAACUACGUAU--

A

B

Supplementary Fig. S2



Supplementary Fig. S3



Supplementary Table S1. List of primers used in this study 

No. Primer name Primer sequences (5’- 3’) Purpose Target virus

1 Ca Delta Confirm F GTCGGAGAAGTTACAGACCTTG RT-PCR RCCV3
2 Ca Delta Confirm R ACTTGGTCCATGTCCGGTGATA RT-PCR RCCV3
3 RC delta CP F GCCGCTATTAATTCTGGTATCCG RT-PCR RCCV3
4 RC delta CP R GCTGTTGTGTGTTGAGCAGTGAA RT-PCR RCCV3
5 Car Delta RdRp 5T CGCACTGATAACCATAGCCAG RLM-RACE RCCV3
6 Car Delta RdRp 3T CGACACATTCATCCCACCAGA RLM-RACE RCCV3
7 Car Delta Cp 5T ATGTGAGTGGGGCGGATAC RLM-RACE RCCV3
8 Car Delta Cp 3T GACATTCTGCCCCTGAAGGT RLM-RACE RCCV3
9 RC/carrot beta F ACCTCTGTTGATTCCGACCCAAAT RT-PCR CCCV2
10 RC/carrot beta R ATGTGGTTGCGGGTGAACAGTAA RT-PCR CCCV2


