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Abstract

Lotus (Nelumbo nucifera Gaertn) is a perennial aquatic plant that is economically important to China. Presently, only two viruses
are found on lotus: cucumber mosaic virus (CMV) and dasheen mosaic virus (DsMV). In this study, one novel strain of sweet
potato latent virus was identified from lotus (SPLV-lotus) by next-generation sequencing of SRNA and conventional Sanger
sequencing in Jiangsu province, China. The complete genome sequence of SPLV-lotus shared 76.43-76.76% identities with
other five reported isolates, and the polyprotein sequence shared 76.28—76.60% identities, these values were close to the species
demarcation criteria of the family Potyviridae. Compared with other reported SPLV isolates, SPLV-lotus has a substantially
shorter P3N-PIPO length. Twenty-one CP coding region sequences from positive lotus samples were determined. Phylogenetic
analysis based on CP coding region also supported that SPLV isolated from lotus were clustered into a separate group. SPLV-lotus
could infect Glycine max, Cucumis sativus, Nicotiana benthamiana, Chenopodium amaranticolor, Chenopodium quinoa and
Ipomoea batatas, but without typical symptoms. Field surveys showed that SPLV-lotus is prevalently distributed in China. This
study will have an important impact on control strategies for viral diseases of lotus.
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Introduction

Sacred lotus (Nelumbo nucifera Gaertn.) is an aquatic herb
crop of considerable agricultural, religious, ornamental, and
medical importance (Wang et al. 2013a, b; Guo 2009; Liu

The sequence determined in the present study are available in the public
DNA sequence databases with accession numbers MH705333,
MK923654-MK923674.
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et al. 2016). Lotus belongs to the small plant family of
Nelumbonaceae (Tian et al. 2008; Kubo et al. 2009). In terms
of morphological differences and molecular markers, lotuses
have been divided into rhizome lotus, seed lotus, and flower
lotus (Liu etal. 2016; Fuetal. 2011; Hu etal. 2012). Lotus has
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been cultivated widely in many countries around the world,
such as China, Japan, India, Thailand, South Korea, America
and Australia. China is considered to be one of the cultivation
centers of lotus (Guo 2009). In 2012, rhizome lotus and seed
lotus were cultivated across 660,000 and 67,000 ha of land,
respectively (Liu et al. 2016). Sacred lotus is known to be
infected with, or susceptible to, several plant pathogens such
as Curvularia lunata (Cui and Sun 2012), Fusarium
tricinctum (Li et al. 2016), Phytopythium helicoides (Yin
et al. 2016), cucumber mosaic virus (CMV) and dasheen mo-
saic virus (DsMV) (Yu et al. 2015).

Sweet potato latent virus (SPLV) is a specie of the
genus Potyvirus in the family Potyviridae (Wang et al.
2013a, b; Kwak et al. 2013). It infects Nicotiana
clevelandii and N. benthamiana by mechanical inocula-
tion (Wang et al. 2013a, b). SPLV has a single-stranded,
positive-sense RNA genome of approximately 10,000 nu-
cleotides (nts) (Wang et al. 2013a, b; Kwak et al. 2013).
The genome encodes a large polyprotein that is cleaved
into ten mature proteins after translation by three virus-
encoded proteinases. Five full length genomic sequences
of SPLV isolates from South Korea and Taiwan have been
published (Wang et al. 2013a, b; Kwak et al. 2013).

With the advent of next-generation sequencing (NGS) and
homology dependent or independent bioinformatics algo-
rithms, more than fifty new plant viruses (RNA and DNA
viruses) and subviruses have been identified through deep
sequencing of sSRNAs (Wu et al. 2015). In the present study,
one novel strain of sweet potato latent virus, was identified
from lotus (SPLV-lotus) by NGS of sSRNA and viral sequence-
specific amplification in Jiangsu province, China.

Materials and methods
Plant materials

The sRNA library was generated using samples of mixed
leaves from six lotus plants of cultivar ‘Meirenhong’ that ex-
hibited yellowing, with or without mottle symptoms, between
June to September of 2015 in Hanjiang and Wuzhong prefec-
tures of Jiangsu province, China.

Construction, sequencing and analyses of the sRNA
library

The sRNA libraries were constructed from 1.0 mg of total
RNA using the ‘Small RNA v1.5 Sample Prep’ kit from
[llumina and sequenced in a single lane on a Genome
Analyser IIx. The output files were processed with
[llumina’s CASAVA pipeline (version 1.8). The reads
resulting from NGS were processed by removing the adaptor
and then assembled de novo into larger contigs using Velvet
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Software 0.7.31 (Zerbino and Birney 2008) with a k-mer of
17. The resulting final contigs were compared against the
GenBank virus reference database using the BLASTN
programs.

RT-PCR, sequencing and assembly

Total RNA was extracted by TaKaRa MiniBEST Plant geno-
mic RNA Extraction Kit (TaKaRa, Dalian), and cDNA was
amplified using a reverse transcription (RT) kit (Promega).
The 5’ and 3’ terminal regions were determined using a rapid
amplification of cDNA ends (RACE) kit (Takara). To amplify
the full-length genomic sequences from lotus sample, seven
pairs of primers (Table S1) were derived from the NGS se-
quence. The coat protein (CP) encoding region of the virus
were determined using CP specific primers (Table S1). The
PCRs were carried out in 25 pl reaction volumes using the
Prime STAR® Max DNA Polymerase (TaKaRa), according
to the manufacturer’s rapid protocol recommendations.
Sequences of each fragment were determined using three in-
dependent cloned plasmids. At least four clone sequences of
CP encoding region from PCR products corresponding to the
random selected positive lotus samples were determined.
Each clone was sequenced using an automated DNA sequenc-
er (ABI PRISMTM 3730XL DNA Analyzer). Sequence reads
were assembled by BioEdit 5.0.9.

Sequence alignment and nucleotide identities

The genomic sequences of seventy-two species of
potyvirus (Table S2) derived from GenBank were used for
genetic analyses alongside the genome sequence of SPLV-
lotus obtained in this study. Additionally, hordeum mosaic
virus (HordMV) (GenBank accession No. NC005904)
(French and Stenger 2005) and ryegrass mosaic virus
(RGMV) (NCO001814) of the genus Rymovirus were used
as the outgroups, which share highest identities with the
genomic sequence of the genus Potyvirus in GenBank by
BLASTN searches. Multiple nucleotide (nt) and amino acid
(aa) sequence alignments for phylogenetic analyses were
performed using default options in CLUSTAL X2.
Nucleotide and amino acid sequence alignments with other
SPLV sequences published in GenBank were calculated
using DNAMAN 6.0. The pairwise nucleotide sequence
identity scores were represented as a distribution plot using
SDT version 1.2 software (available from http://web.cbio.
uct.ac.za/SDT).

Phylogenetic analysis
The maximum-likelihood (ML) method and the neighbor-

joining (NJ) method implemented in PhyML version 3.0 and
MEGA version 7.0.18 were used to analyze phylogenetic
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relationships of the aligned polyprotein and coat protein se-
quences. For the ML tree, the best fit model of each dataset
was selected using jModeltest v0.1.1, the general time-
reversible substitution model with invariant sites and a gamma
distribution and a proportion of invariable sites (GTR +1+
T4) was detected to be the best-fit nt substitutions model for
the aligned polyprotein and coat protein sequences.

Mechanical transmission and field surveys

To evaluate the host range of SPLV-lotus, mechanical inocu-
lations onto leguminous (Glycine max), solanaceous
(Lycopersicon esculentum, Piper nigrum, Nicotiana
benthamiana), cucurbitaceous (Cucumis sativus),
chenopodiaceous (Chenopodium amaranticolor and
C. quinoa) and convolvulaceous ([pomoea batatas) plants
were performed using the sap of infected lotus leaves which
confirmed by sequencing. For field surveys, leaf samples were
collected from 43 lotuses randomly chosen in Jiangsu prov-
ince of China in 2015 and 2016. The details of these samples,
such as geographical origins, collection time, and symptoms,
are given in Table S3. The fresh lotus leaves were stored at
—80 °C for later use. Total RNA of these samples were ex-
tracted by TaKaRa MiniBEST Plant genomic RNA Extraction
Kit (TaKaRa, Dalian) and detected by RT-PCR with specific
primers (Table S1).

Results
Potyviruses identified by NGS and RT-PCR

Sixty contigs generated from NGS of the SRNA library from
lotus shared similarities with the genomic regions of sweet
potato latent virus (SPLV), sweet potato virus 2 (SPV2), plum
pox virus, wild tomato mosaic virus, celery mosaic virus, tur-
nip mosaic virus, pokeweed mosaic virus, sweet potato virus
C (SPVCQ), peru tomato mosaic virus, lily mottle virus, and
freesia mosaic virus. These viruses belong to the genus
Potyvirus of the family Potyviridae, suggesting the presence
of one or more additional potyviruses in the lotus.

To confirm the presence of SPLV in the lotus tested, the
primers: SPLVF2—1: 5’-GAATGCTATCATACCTTGAG-
3’and SPLVR3-1: 5’-GCAACTGCGACATCACTATTG-3’
were designed according to the contig sequences of NGS

(Table S1). The above six lotus plants selected for NGS of
the SRNA library were tested by these primers, and a predicted
product of 854 bp was obtained from two (YZ1 and SZ1) of
the six lotus samples (Fig. S1). Then, one of the two
amplicons was selected to be cloned and sequenced. BlastN
showed that the 854 nt sequence had highest similarity (76%)
with SPLV in GenBank. Both the NGS and RT-PCR results
suggested that a probably novel potyvirus or strain of SPLV
was identified from lotus.

Complete genome sequence of a putative new
potyvirus

The complete genome sequence from YZ1 lotus sample was
determined by Sanger resequencing of seven overlapping
PCR fragments. The resulting 10,081 nts long sequence, ex-
cluding a poly (A) tail, was deposited in GenBank under the
accession No. MH705333. This isolate encodes a polyprotein
0f 3247 amino acid residues with a calculated Mr. of 366 kDa.
The sequence shows a typical genome organization of viruses
belonging to the genus Potyvirus (Fig. 1). Based on the pro-
posed cleavage sites (Table 1), the polyprotein was processed
into ten mature proteins, identified as the protein 1 (P1),
helper-component proteinase (HC-Pro), the protein 3 (P3),
the 6 k Dalton 1 (6K1), nuclear inclusion b protein (CI), the
6 k Dalton 2 (6K2), viral protein genome-linked (VPg), nu-
clear inclusion a (NIa), nuclear inclusion b (NIb), and coat
protein (CP). Similar to the members of the genus Potyvirus
(Chung et al. 2008), an additional protein (pretty interesting
Potyviridae ORF, PIPO) was also predicted to be expressed as
a fusion with the N-terminal region of the protein 3 (P3) of the
virus (Figs. 1 and 2). However, the conserved G,Ag4 sequence
in the P1 coding region of the monophyletic sweet potato
feathery mottle virus (SPFMV) group (including SPFMV,
SPVC, SPV2 and sweet potato virus G, but not SPLV) of
the genus Potyvirus (Untiveros et al. 2016), were not found
in this virus. The H-x8-D/G, GxSG, and RG motifs in the P1
coding region, the KITC, GE, GW/WG, and FRNK motifs in
the HC-Pro coding region, and the R-x44-D, DAG motif in
the CP coding region were found in this virus.

Taxonomic placement

The lotus virus identified here shares highest identity with
SPLV in the genus Potyvirus, with the values 76.43—

1 143 1469 2843 g 3899 4055 84 6143 6722 7451 9005 9887 10081
VPg <4 Pl gg; P3 | CI k2| Vpg 211.2_ NIb CP p— Poly(A)

3314 3811

Fig. 1 Schematic genome structure of SPLV-lotus. Open reading frame
and untranslated regions were showed by an open bar and a single line,
respectively. Vertical lines in the open bar indicated the putative cleavage

sites within polyprotein. The positisions of the first nucleotide of ten
mature protein coding regions were shown above the bar
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Difference of cleavage sites in the polyprotein of the SPLV group viruses

Table 1
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P1~HC-Pro HC-Pro~P3 P3~6 K1 6 K1~ Cl Cl~6 K2 6 K2~VPg VPg~Nla-Pro Nla-Pro~Nlb NIb~CP

Virus name

VHHQ/AA?>®
VHHQ/AD?>**°

VYAQ/SY?*+*

VIHE/SK?'%°

VSHQ/GY?*?

VTHQ/GY>"*

VQHQ/NK ¥

VEHQ/SK'**

A YVVG/GH**? VVHQ/AK'?**  VHHQ/SL'*%

MQHY/MD**

MMHY/AD**

SPLV-lotus

VHHQ/AD*>®

VYAQ/SY?*+*

VIHE/SK?'%°

VSHQ/GY?*"?

VQHQ/SK ¥

VVHQ/AK'%** VHHQ/SL"3%

YVVG/GH*?

MQHY/TD**

SPLV-TW

VYAQ/SY?*#*

VIHE/SK>'%?

VVHQ/AK'?** VHHQ/SL'3%¢

YVVG/GH*?

MQHY/TD**

SPLV-UN202
SPLV-HGI81
SPLV-HN76
SPLV-SC5
SpFMV
SpVC

Spv2

SpVG

VHHQ/AD>>®

VSHQ/GY?**?

VQHQN K194
VQHQ /EKI 949

VHHQ/AD*>®

VIHE/SK?'%? VYAQ/SY>*#

VSHQ/GY?*?

VVHQ/AK'?** VHHQ/SL'3%

YVVG/GH*?

VHHQ/AD*>®

VIHE/SK?'% VYAQ/SY>*#

VSHQ/GY?*?

YVVG/GH?? VVHQ/AK'*** VHHQ/SL'3%

MQHY/TD**

VYAQ/SY>*3#

VIHE/SK?'%°

VVHQ/AK'***  VHHQ/SL"%  VQHQ/NK'*¥

YVVG/GH’*

MERF/LS®"?

MQHY/TD**

VYHQ/SS3!'%0

VQHQ/GR***

VLHQ/TK?!"!

VYAQ/TR?%°

VGHE/SK?41®

VEHQ/GK 47 VYHQ/SL'*?®

YIVG/GV''**

YLVG/GL!'*# VEHQ/GK '46¢ VYHQ/SL'®'®  VLHQ/TK*'®! VAHQ/GK?*'* VGHE/SK?*®  VYAQ/AR**¥ VYHQ/SG*'7°

MERF/LR®

YLVG/GI'?”® VFHQ/AK!43° VYHQ/SL'*82  VQHQ/SA?'? VRHQ/GK?'"®  VTHE/SK**"? VYAQ/AK?0! VYHQ/SG!3¢

MEQF/SQ%*°

YLVG/GM'®  VQHQ/AK'**°  VYHQ/SL'"%3 VQHQ/SE>!2¢ VQHQ/AK?'®  VEHE/SK*"! VYTQ/SR?!4 VHHQ/SA3!®

MEQY/SM®%°

Note, differences amino acid of cleavage sites are underlined. Cleavage sites are showed in bold

76.76%, and 76.28-76.60% based on the complete genome
sequence and the polyprotein sequences (Table 2). These
values were close to, but not below the arbitrary threshold
value for species demarcation of the family Potyviridae,
which suggests that the potyvirus isolated from lotus probably
represents a novel strain of SPLV. Phylogenetic analysis,
based on the polyprotein of the virus obtained here and other
members of the genus Potyvirus, indicated that this lotus virus
is clustered with five SPLV isolates into a separate group
(Fig. 3). These results provide further support for the existence
of a novel strain of SPLV in the genus Potyvirus. In addition,
four proposed cleavage sites in P1/HC-Pro, CI/6K2, 6K2/VPg
and NIb/CP (Table 1) of the virus are bearing 1-2 aa substi-
tutions in comparison with five previous reported SPLV ge-
nomic sequences. Additionally, the PIPO length of the virus is
much smaller than that of SPLV (Fig. 2). In all, we considered
the potyvirus obtained in this study as a distant strain of SPLV
based on the analysis of sequence diversity and phylogeny,
and the different PIPO length.

Bioassays

To investigate the host range of this virus, G. max (varieties
sudou? and Jufeng), S. lycopersicum (varieties F203 and
F422), P. nigrum (varieties J4 and J6), C. sativus (varieties
yunv and KP2), N. benthamiana, C. amaranticolor,
C. quinoa and I. batatas were inoculated by young potyvirus
positive lotus sap. The virus was detected by RT-PCR with
with primers SPLVF2—1/SPLVR3-1 (Table S1) from upper
leaves of G. max (both the varieties sudou7 and Jufeng),
C. sativus (both the varieties yunv and KP2),
N. benthamiana, C. amaranticolor, C. quinoa and I. batatas
frequently, one month postinoculation (Table 3). More inter-
estingly, none of the infected plants showed typical symp-
toms. This virus was not detected in either of the two varieties
of S. lycopersicum or P. nigrum.

Field surveys

The previous SPLV infected lotus samples confirmed by se-
quencing were used as positive control, the RT-PCR were
performed with primers SPLVF2—1/SPLVR3-1 (Table S1)
to survey the SPLV-lotus in Jiangsu province. Twenty-one
SPLV positive samples were detected from all of 43 lotus
samples (Table S3), regardless of symptoms. The detection
rate was 62.7%, indicating a wide distribution of SPLV-lotus
in Jiangsu Province, China.

Phylogenetic analysis and pairwise identities based
on CP sequences

Twenty-one CP clone sequences from PCR products corre-
sponding to four random selected positive lotus samples were
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Fig. 2 Amino acid alignment of P3N-PIPO in the potyviruses isolates in SPLV group, including SPLV-lotus

determined and submitted to GenBank with the accession
number MK923654-MK923674. Phylogenetic analysis based
on CP coding region also supported that SPLV isolated from
lotus were clustered into a separate group (SPLV-Lotus) com-
pared with SPLV sweet potato isolates (Fig. 4a). Twenty-two
CP sequences in SPLV-Lotus group were divided into two
subgroup (1 and 2) (Fig. 4a). Clear intra-isolate variability
were found in samples YZ25 and YZ27, for example, two
clone sequences of YZ27 (YZ27—4 and YZ27-7) in subgroup
1 shared 89.6-90.1% identities with other five YZ27 clone
sequences in subgroup 2. The pairwise identity of CP se-
quences between twenty-two SPLV isolated from lotus and
five sweet potato isolates were around 76% (Fig. 4b).

Discussion

NGS is a powerful tool to identify viruses in herbaceous and
woody plants (Zerbino and Birney 2008; Liang et al. 2015; Al
Rwahnih et al. 2018; Rott et al. 2018) and has been used to
identify and characterize several novel potyvirids (Monger
et al. 2010; Dombrovsky et al. 2012; Fuentes et al. 2012; Li

et al. 2012; Wylie et al. 2013). In this study, we identified one
novel strain of SPLV from an aquatic crop, lotus, further
underscoring the benefits of NGS as a versatile tool for the
detection of viruses.

Phylogenetic analysis and sequence diversity showed that
the lotus virus obtained here is most closely related to SPLV in
the genus Potyvirus. The species demarcation criteria of the
family Potyviridae, based upon the large ORF, is generally
accepted as <76% nucleotide identity and < 82% amino acid
identity (Wylie et al. 2017). The similarity values between the
potyviruses isolated from lotus and five reported SPLV iso-
lates, based on the large OREF, is close to the species demar-
cation criteria of the family Potyviridae. Additionally, there
are four different polyprotein cleavage sites between the virus
obtained here and the five reported SPLV sweet potato iso-
lates, whereas these cleavage sites are almost identical be-
tween the SPLV sweet potato isolates (Table 1). In addition,
more, the P3N-PIPO length (66 aa) of the virus obtained here
is similar to that of SPFMV (67 aa), SPVC (67 aa), and SPV2
(64 aa), but largely shorter than that of SPLV sweet potato
isolates (75-79 aa). Considering the above differences from
SPLV, we considered this potyvirus obtained from lotus as a

Table 2 Nucleotide sequence identities of sweet potato latent virus lotus isolate to other members of SPLV group in the genus Potyvirus

Virus Accession  Full/ Polyprotein ~ P1 HC-Pro P3 6K1 CI 6K2 VPg  Nla-Pro NIb CP
number % /% 1% 1% 1% 1% 1% 1% 1% /% /% /%
SPLV-TW NC020896  76.76  76.60 67.19 7853 7235 80.77 79.00 76.73 7997 79.84 78.64 7834
SPLV-UN202 KP115614 7643  76.28 66.54 7795 72.16 81.41 79.73 78.62 7841 79.70 7773 77.55
SPLV-HG181 KP115611 7643  76.28 65.08 78.82 71.88 80.77 7994 7296 79.45 80.11 7793  78.12
SPLV-HN76  KP115612 76.52  76.34 6523  79.11 71.50 81.41 7989 7296 79.79 79.84 7825  78.00
SPLV-SC5 KP115613  76.50  76.32 65.01 78.68 7178 8333 7973 7296 7927 79.97 7825 78.68
SpFMV NC001841 53.14  53.59 3038 59.42 4488 61.54 61.66 51.57 5855 62.83 62.81 57.76
SpvC NC014742 53.00  53.31 28.72  60.26 4423  62.18 61.85 54.09 59.07 62.14 61.64 5843
SpV2 NC017970 5423  54.33 32.05 60.10 4544 59.62 63.04 5031 60.65 61.32 63.79 54.08
SpVG-Jesus NC018093 53.80  54.03 32.04 59.49 44.62 59.12 6293 5723 59.14 63.24 6296 51.59
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Fig. 3 Maximum-likelihood tree
calculated from the polyprotein
sequences of the viruses in the
genus Potyvirus. Numbers at each
node indicate the percentage of
supporting puzzling steps (or
bootstrap samples) in maximum-
likelihood. The homologous
sequences from an isolate of
hordeum mosaic virus (HordMV)
(GenBank accession No. NC-
005904) and ryegrass mosaic vi-
rus (RGMV) (NC-001814) in the
genus Rymovirus were used as
outgroups. SPLV-lotus isolate is
shown with red circles

distant strain of SPLV. Phylogenetic analysis and pairwise
identity based on CP coding region also supported that
SPLYV isolated from lotus was a distant strain.

As a perennial aquatic herb crop, lotus (Nelumbo
nucifera Gaertn.) is susceptible to accumulate several

@ Springer

100 NC 011541-NaY StV
97 NC 023628-NaLSYV
85 NC 003399-ScMV
100 NC 002509-TuMV

-I_‘ 100 AB701690-TuMV-OM

NC 000947-JYMV
NC 003605-LeMV

100 NC 007913-KoMV
NC 025254-CTLV-Cs
NC 001445-PPV
NC 014252-PxVY
NC 015393-CelMV
100 NC 014905-ApVY

100 NC 018093-SpVG-Jesus
100 NC 017970-SpV2
NC 014742-SpVC
100 NC 001841-SpFMV

100 @ SPLV-lotus-MH705333
NC 020896-SPLV
100 KP115614-SPLV-UN202
10011 | kp115611-SPLV-HG181
1O T KP115612-SPLV-HNT6
1L KP115613-SPLV-SC5

NC 004752-YMV

NC 001768-TVMoV

NC 004039-PVA

NC 018872-PkMV

NC 021065-SiMMV

NC 001555-TEV

67 NC 020072-ColDV

NC 019412-YamViWV

NC 021786-HabMV

NC 009994-TVBMV

NC 016044-ChiRSV

NC 009744-WToMV

NC 011918-PepVMoV
NC 005778-ChiVMoV
NC 018176-AMoV

100 NC 004426-WPMV
80
100 NC 004010-PVV
100 NG 001517-PepMoV’
= NC010735-VVY
NC 014325-BidMoV/
n NC 008393-PepSMV
100 NC 014038-SfCMoV

NC 005028-PLDMV

NC 008028-DapMV

NC 019409-OMV

NC 014064-FreMvV

NC 009741-BRMV

NC 009745-BaBrMV

l— NC 011560-ZMMV
NC 003224-ZYMV

59 100 NC 003536-CIYVV
1 NC 003492-BYMV
5] NC 005288-LiMoV
NC 007180-TFMV
62 NC 004011-LKYStV
98
97

100

98

— 100

NC 021196-CLLV
NC 002634-SbMV
70 NC 006262-WMV
NC 001671-PSbMV
93 1 NC 017967-HippMV
NC 003742-CfStV

W|—|:“°°°“°35'S’W
100 NC 007147-PeMV

NC 021197-DOVA

100

NC 005029-OYDV

NC 005904-HoMV

100 NC 001814-RGMV

—— Dicotyledon
0.2

—— Monocotyledon

TuMV-Group

SPFMV-Group

SPLV-Group

PVY-Supergroup

BYMV-Group

TEV-Group

ChVMoV-Group

PVY-Group

BCMV-Supergroup
BCMV-Group

SCMV-Group

I Rymoviruses

—— Mixed

plant pathogens, especially plant viruses, similar to other
perennial crops, such as sugarcane, potato and grape.
Previously, two viruses, CMV and DsMV (Wang et al.
2013a, b), have been found in lotus. Recently, our group
also found CMV (Dong et al. 2017), apple stem grooving
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Table 3 List of the herbaceous hosts mechanically inoculated with sweet potato latent virus lotus isolate
Family Species Variety Number of inoculated plants ~ Number of infected plants Infection rate (%)
Leguminosae Gycine max Sudou 7 7 6 85
Jufeng 10 5 50
Solanaceae Solanum lycopersicum F203 9 0
F422 8 0
Piper nigrum J4 10 0
J6 9 0 0
Nicotiana benthamiana 8 8 100
Cucurbitaceae Cucumis sativus yunv 11 11 100
KP2 12 12 100
Chenopodiaceae Chenopodium amaranticolor 13 13 100
C. quinoa 11 7 63.6
Convolvulaceae Ipomoea batatas 12 12 100

virus (He et al. 2019), and several badnaviruses (shown in
another paper) from lotus collected in Jiangsu Province.
The SPLV-lotus found here further imply the necessity of
virus-free lotus seeds in the healthy production of lotus in
China.

In conclusion, our study has identified one distant
strain of SPLV from lotus plants using next-

generation sequencing of sRNAs.. This study also
shows that the novel SPLV strain is widely distributed
in Jiangsu Province and could infect many plants in the
family Cucurbitaceae, Chenopodiaceae, Leguminosae
and Convolvulaceae. Our discovery will be greatly
helpful in designing control strategies for lotus viral
diseases.
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Fig. 4 Phylogenetic analysis and pairwise identity of sweet potato latent
virus (SPLV) based on CP coding region sequences. a maximum-
likelihood tree calculated from the coat protein sequences of SPLV.
Numbers at each node indicate the percentage of supporting bootstrap

samples in maximum-likelihood. SPLV isolate is shown with red circles.
b the distribution of pairwise identity scores of the coat protein coding
regions of SPLV using the MUSCLE multiple sequence alignment pro-
gram in SDT software
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