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A novel deltapartitivirus from red clover
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Abstract

The family Partitiviridae has five genera among which is the genus Deltapartitivirus. We report here the
complete genomic sequence of a deltapartitivirus from red clover, termed red clover cryptic virus 3
(RCCV3). RCCV3 has a bi-segmented double-stranded (ds) RNA genome. DsRNAT and dsRNA2 are 1580
and 1589 nucleotides (nts) in length and would encode RNA-directed RNA polymerase (RdRP) and capsid
protein (CP), respectively. RCCV3 RdRP shares the highest sequence identity with a previously reported
deltapartitivirus, Medicago sativa deltapartitivirus 1 (MsDPV1) (76.5%), while RCCV3 CP show 50%
sequence identity to MsDPV1 CP. RdRP- and CP-based phylogenetic trees place RCCV3 into a clade of
deltapartitiviruses. The sequence and phylogenetic analyses clearly indicate that RCCV 3 represents a new

species within the genus Deltapartitivirus. RCCV3 was detectable in all three tested cultivars of red clover.
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Members of the family Partitiviridae are omnipresent in fungi and plants. The family has five
established genera: Alphapartitivirus, Betapartitivirus, Gammapartitivirus, Deltapartitivirus and
Cryspovirus [13, 20]. The first two genera accommodate both plant and fungal viruses, while the genera
Gammapartitivirus and Deltapartitivirus exclusively encompass fungal or plant viruses, respectively.
Cryspoviruses infect protozoans. A few other genera, such as “Epsilonpartitivirus” and “Zetapartitivirus”,
were recently proposed to accommodate fungal and insect viruses [5, 12]. Members of these genera or
proposed genera are differentiated by phylogenetic relation, molecular attributes and sequence identities in
addition to host organisms. Partitiviruses commonly have a bi-segmented, bi-particulate double-stranded

(ds) RNA genome which is encapsidated by a 120-subunit 7=1capsid of 25-54 nm in diameter [2, 14].

The genus Deltapartitivirus has a relatively small number of members, the genomes of which range
from 3.1 kbp to 3.2 kbp [13]. Deltapartitiviruses have been reported in herbaceous and woody plants such
as pepper, beet, watermelon, crimson glory vine, and Japanese pear [1,4, 11, 16, 17, 21]. Deltapartitiviruses
show biological properties similar to other plant partitiviruses that include high rates of seed transmission,
symptomless nature, very low virus content in infected cells, lack of mechanical transmissibility and cell-
to-cell movement. A noteworthy difference between deltapartitiviruses and other partitiviruses is a
relatively long size range for their 5’ untranslated regions (UTR). During the study of the characterization
of diverse fungal and plant partitiviruses initiated in 2008, we discovered a deltapartitivirus from red clover
(Trifolium pratense L.) designated as red clover cryptic virus 3 (RCCV3). In this study, we report on its

molecular characterization and prevalence in red clover variety.

Red clover cultivar “Hokuseki” was grown and maintained in the experimental field of the Institute
of Plant Science and Resources, Okayama University. This is part of the virome study of biota associated
with the experimental field [7]. Three root samples were collected from three symptomless plants and used
for total RNA isolation using TaKaRa RNAiso Plus Reagent (TaKaRa Biotech. Co., Shiga, Japan) as
described by the manufacturer. The red clover RNA samples were pooled together with that of three carrot
root samples prepared by the same method and subjected to an RNA-seq analysis as a part of root virome
analyses in this field. The pooled RNA (18.3 pg, RIN 6.8) was sent to Macrogen Inc. (Tokyo, Japan) for
cDNA library construction (TruSeq Stranded Total RNA LT Sample Prep Kit-Plant, [llumina) and pair-end
high-throughput sequencing (HTS) (100 bp pair-end reads) using the Illumina HiSeq 2500 platforms
(Illumina). After HTS, de novo assembly of 48 M pair-end raw reads was performed using the CLC
Genomics Workbench (version 11, CLC Bio-Qiagen, Aarhus, Demark). The assembled sequence contigs
(total 97,222) derived from the pooled sample were subjected to local Blast searches against the viral
reference sequence (RefSeq) dataset of NCBI. Virus-like contigs related to five plant partitiviruses (so-

called cryptoviruses) and two plant RNA viruses (alfalfa mosaic virus and red clover nepovirus A) together
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with some mycovirus-like sequences were detected. Among them, a putative deltapartitivirus (RCCV3)
was characterized for molecular properties in this study, and other remaining virus-like sequences will be

published elsewhere after their thorough characterization.

The contigs 540 (1566 nt, 9457 reads) and 791 (1568 nt, 8267 reads) corresponded to dsSRNA1 and
dsRNA2 of RCCV3. The contig sequences were confirmed by Sanger sequencing of RT-PCR clones
obtained using contig-specific primer sets (Supplementary Table 1). The terminal sequences of the genomic
segments were determined by RLM-RACE (RNA ligase mediated rapid amplification of complementary
DNA ends) [19]. The complete sequences of both genomic segments are available from the
GenBank/ENA/DDBJ databank with their accession numbers LC652484 and LC652485. The genome
organization is shown in Fig. 1A. RCCV3 dsRNA1 of 1580 bp encodes a putative RNA-directed RNA
polymerase (RdRP) of 477 amino acids, while RCCV3 dsRNA2 is 1589 bp in length with a single large
OREF encoding a putative CP of 430 amino acids. Phylogenetic analysis with RCCV3 deduced RdRP (Fig.
1B) and CP (Supplementary Fig. S1) sequences and their respective protein homologs showed that the virus
is placed in the genus Deltapartitivirus with the highest phylogenetic affinity to Medicago sativa
deltapartitivirus 1 (MsDPV1) [6, 10]. Other closely related putative deltapartitiviruses, revealed by Blastp
search, included Pyrus pyrifolia cryptic virus [15], Vitis cryptic virus [11], and pepper cryptic virus 1 [17].
The sizes of the RCCV3 genome (3.2 kb), encoded proteins (RARP, 477 amino acids; CP, 430 amino acids),
5'-UTR (95 nts for dsSRNA1; 83 nt for dsSRNA2) and 3’-UTR (51 nts for dsSRNA1; 213 nt for dsSRNA?2) fall
well within a range expected for a deltapartitivirus. Generally, RdARP-encoding dsRNA1 is larger than CP-
encoding dsRNA?2 in partitiviruses, while there are a few exceptions reported [3]. RCCV3 has a relatively
long 5°-UTR and shares the hepta-nucleotide (5'-AGAAUUU....) in the extreme terminal sequences of
both segments (Supplementary Fig. S2A) and in many other deltapartitiviruses (Supplementary Fig. S2B).
Among five other partitiviral candidates (two alpha-, one beta- and one delta partitiviruses), the
betapartitivirus has been confirmed to be present in the red clover samples (data not shown). The contig
19527 (2,415 nt, 533 reads) has potentially derived from the dsSRNA1 segment of this virus and has 99.6%
sequence identity to crimson clover cryptic virus 2 (CCCV2) dsRNAT1 [9]. The putative dSRNA2 sequence

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

We tested two red clover cultivars other than “Hokuseki”, used in the above experiments, to
evaluate RCCV3 infection by one-step RT-PCR with dsRNAl-specific primers 5'-
GTCGGAGAAGTTACAGACCTTG-3" (Forward) and 5-ACTTGGTCCATGTCCGGTGATA-3’
(Reverse). As shown in Supplementary Fig. S3, three red clover cultivars, “Taisetsu,” “Natsuyu,” and
“Hokuseki” tested positive for RCCV3, whereas white clover (Trifolium repens L.) and carrot (Daucus

carota) were RCCV3-negative.
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In this study, we characterized the genome of RCCV3. A few partitiviruses have been reported
from red clover, such as red clover cryptic virus 1 (RCCV1) and red clover cryptic virus 2 (RCCV2) [8, 9].
These previously identified partitiviruses, RCCV1 and RCCV2, belong to the genera Alphapartitivirus and
Betapartitivirus, respectively. Partitivirus species demarcation criteria set by ICTV are: < 90% amino acids
sequence identity in the RdRP, and < 80% amino acid sequence identity in the CP (Vainio et al., 2018).
The closest relative of RCCV3 is MsDPV1, which shares 76.5% and 50% amino acid sequence identities
to RCCV3 RdRP and CP, respectively, that are far below the threshold identity scores. Therefore, RCCV3

appears to represent a new species in the genus Deltapartitivirus.
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The online version contains supplementary material available at ----.
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Figure legends

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

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

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

generated by MEGAI11. The values next to the branches indicate the bootstrap probability for 1000

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

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

represents a genetic distance of 1.00 amino acid substitutions per site.
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Supplementary Figure S1. Capsid protein-based phylogenetic tree. See the legend to Fig. 1 for a CP

amino acid sequence alignment and phylogenetic tree generation.

Supplementary Figure S2. Conserved 5'-terminal sequences of deltapartitiviruses. The 5'-terminal
sequences of dSRNA1 and dsRNA2 of red clover cryptic virus 3 (A) and selected members of the genera

Deltapartitivirus (B). Strictly conserved nucleotides are shaded.

Supplementary Figure S3. Detection of the deltapartitivirus red clover cryptic virus 3, RCCV3. Total
RNA was prepared from carrot, white clover and red clover for one-step RT-PCR [18]. PCR products
were electrophoresed through a 1% agarose gel in 1X TAE. Lane numbers 1-3 refer to the three red clover
cultivars, Taisetsu, Natsuyu, and Hokuseki, respectively. M indicates GeneRuler 1-kb DNA ladder
(Thermo Fisher Scientific., Inc., Waltham, MA, USA). The arrow on the right points to the RT-PCR
product of RCCV3 (576 bp).



Figure 1

96 1529

dsRNA1 RARP 1580
dsrva2 1 [ I 1555

84 1376

wo ~ A\ Red clover cryptic virus 3
9 | L Medicago sativa deltapartitivirus 1 ATJ00052
Rhodiola cryptic virus 2 QED42888
Vitis cryptic wus BCS51497
— Pepper cryplic vwus 1 AEJOT8%0

1)

996 Pepper crypbic wus 2 AEJD7892
Persimmon cryptic virus CCH50609
9] @ _[ Beet cryptc virus 2 ADP24757
100 = Camaton cryptic virus 3 BEBMOGZE8
Fig cryptic virus CBW77436

ol |

Click here to access/download;Figure;Fig. 1.jpg *

Deltapartitivirus

Raphanus sativus cryptic virus 2 ABB04855
,,I [RosecrypbcwuslABZSOMS
100 L Fragaria chiloensis cryptc wirus AAZDG 131

Pencilium stolonderum virus F AALSS758
Fusanum solam vings 1 BAADSS20

Aspergilus ochraceous virus ABV306TS
Gremmemelia abieting RNA virus MS1 AAM12240
Ophiostoma parttvirus 1 CAJ31886

Peniciium aurantiogriseum parttivirus 1 ALOS0131
Discula destructiva virus 1 AAGSG816

Descuda destructiva vinss 2 AAKSS378

Aspergilus fumigatus pacttmvirus 1 CAY25801

% & Ustiaginodea virens parttivirus AGO04402

1.0

Gammapartitivirus

Saccharomyces cerewsiae vwus LA (L1) AMAS0508  Totivirus



O 00 N o U

10
11
12
13

14
15

16

17

18

Supplementary Data for

A novel deltapartitivirus from red clover

Paul Telengech', Sabitree Shahi', Hideki Kondo', and Nobuhiro Suzuki'

1. Institute of Plant Science and Resources, Okayama University, Kurashiki, 710-0046, Japan.

Corresponding author:

Nobuhiro Suzuki

e-mail: nsuzuki@okayama.u-ac.jp
Tel. +81(086) 434-1230

Fax. +81(086) 434-1232

Supplementary figures, S1 to S3

Supplementary table, 1



19
20

21
22

23
24
25

26
27
28
29
30
31

32

33
34
35

36

Legends to Supplementary Figures

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

amino acid sequence alignment and phylogenetic tree generation.

Supplementary Figure S2. Conserved 5'-terminal sequences of deltapartitiviruses. The 5'-terminal
sequences of dSRNA1 and dsRNA?2 of red clover cryptic virus 3 (A) and selected members of the genera

Deltapartitivirus (B). Strictly conserved nucleotides are shaded.

Supplementary Figure S3. Detection of the deltapartitivirus red clover cryptic virus 3, RCCV3. Total
RNA was prepared from carrot, white clover and red clover for one-step RT-PCR [1]. PCR products were
electrophoresed through a 1% agarose gel in 1X TAE. Lane numbers 1-3 refer to the three red clover
cultivars, Taisetsu, Natsuyu, and Hokuseki, respectively. M indicates GeneRuler 1-kb DNA ladder
(Thermo Fisher Scientific., Inc., Waltham, MA, USA). The arrow on the right points to the RT-PCR
product of RCCV3 (576 bp).

1. Sato Y, Shamsi W, Jamal A, Bhatti MF, Kondo H, Suzuki N (2020) Hadaka virus 1: a capsidless eleven-
segmented positive-sense single-stranded RNA virus from a phytopathogenic fungus, Fusarium
oxysporum. mBio 11:¢00450-00420. DOI: 00410.01128/mBi0.00450-00420
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Supplementary Table S1. List of primers used in this study

No. Primer name Primer sequences (5’- 3’) Purpose Target virus
1  CaDeltaConfirmF GTCGGAGAAGTTACAGACCTTG RT-PCR RCCV3
2  CaDeltaConfirm R ACTTGGTCCATGTCCGGTGATA RT-PCR RCCV3
3 RCdeltaCPF GCCGCTATTAATTCTGGTATCCG  RT-PCR RCCV3
4  RCdeltaCPR GCTGTTGTGTGTTGAGCAGTGAA  RT-PCR RCCV3
5 CarDeltaRdRp ST CGCACTGATAACCATAGCCAG RLM-RACE ~ RCCV3
6  CarDeltaRdRp3T CGACACATTCATCCCACCAGA RLM-RACE ~ RCCV3
7 CarDelta 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




