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The complete genome of Hosta Virus X (HVX), which is thought to be a distinct species of Potexvirus, 
was sequenced. Nucleotide sequences of HVX were compared with those of other members of the genus 
Potexvirus and phylogenetic tree was constructed. The range of identities of viral replicase open reading 
frame 1 (ORF1) between HVX and other potexviruses were 43.1%–55.1% and 35.9%–46.6% at the 
nucleotide and amino acid levels, respectively. Phylogenetic analysis was performed according to the 
amino acid sequence of the replicase to determine the position of HVX in the genus Potexvirus. Results 
from the phylogenetic analysis demonstrated that HVX was in the same group as Cassava common 
mosaic virus (CsCMV), Plantago asiatica mosaic virus (PlAMV), Tulip virus X (TVX), and Hydrangea 
ring spot virus (HdRSV). In particular, coat protein (CP) sequences among viruses from different Hosta 
cultivars were revealed to be less variable than those from different isolates of Potato virus X (PVX), a 
Potexvirus type species. In the present study, HVX was transmissible by seeds of the Hosta “Blue Cadet” 
cultivar. Moreover, HVX was detected in the embryo but not in the seed coat or endosperm of the seed. 
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INTRODUCTION

The genomes of most members of the genus Potexvirus have been shown to have  
5 open reading frames (ORFs), with some species (e.g. Nerine virus X (NMV), 
Strawberry mild yellow edge virus (SMYEV), and Hydrangea ring spot virus 
(HdRSV)) having a sixth small ORF (ORF6) located completely within the coat pro-
tein (CP) gene; no protein product or function of ORF6 has yet been reported [12, 14, 
15]. In outgroup species such as Shallot virus X (ShVX), which belongs to the genus 
Allexivirus, ORF6 is located next to CP [16].

Hosta Virus X (HVX), a member of the genus Potexvirus, was first reported by 
Currier and Lockhart [7] in Hosta spp. in Minnesota, U.S.A. HVX usually induces 
mosaic and mottle symptoms in cultivated hostas [7, 21]. Sequences of the 3′-termi-
nal 2.7 kb of HVX, including partial replicase and triple gene block (TGB) proteins 
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and the 3′ non-coding region (NCR), have been previously reported [20]. TGB1 and 
CP sequences of 30 HVX isolates were recently determined and analyzed by another 
research group [10]. In the present study, we performed phylogenetic analyses and 
sequence alignments of the replicase coding region and 5′NCR based on complete 
genome sequences of HVX and compared HVX sequences with those of other mem-
bers of the genus Potexvirus. Genetic variability of the CP among HVX isolates was 
analyzed for comparison to that of other Potexvirus species such as Potato Virus X 
(PVX). We also attempted to determine whether HVX could be transmitted through 
seeds, which many researchers have believed improbable.

MATERIALS AND METHODS

Source of virus, preparation of viral RNA, and construction 
of cDNA library

Hosta (Hosta longipes) plants infected with HVX and showing severe mosaic 
between the leaf veins were used as the source of virus for this study. The initial 
visual diagnoses of virus infection in these plants were previously confirmed by west-
ern blot analysis and reverse transcription-polymerase chain reaction (RT-PCR) [21]. 
Virus was purified from virus-infected leaves of hosta plants as described by Currier 
and Lockhart [7] with minor modifications as follows. Viral genomic RNA was 
extracted from purified virions by SDS and proteinase-K/phenol extraction, ethanol 
precipitated, and dissolved in H2O. cDNA was synthesized from 5 μg of in vitro-
polyadenylated HVX viral genomic RNA using the Plasmid Choice cDNA Synthesis 
& Cloning kit (Gibco BRL, MD, USA). Double-stranded cDNA molecules were 
cloned into the NotI/SalI sites of the pSPORT1 vector (Invitrogen, CA, USA), and the 
recombinant plasmids were transformed into competent E. coli strain JM109 
(Promega, USA). Selected recombinant cDNA clones of various sizes were used to 
determine the sequence of HVX. Sequencing of cDNA clones was performed by the 
dideoxynucleotide chain termination method [23] at Bioneer Co. (Korea).

Nucleotide sequence analysis and generation of phylogenetic tree

Complete HVX sequences were obtained and analyzed using the online BLAST pro-
gram at the National Center for Biotechnology Information (NCBI) (National 
Institutes of Health, Bethesda, USA). Overlapping cDNA clones were selected and 
their sequences were arranged to assemble the complete HVX genome sequence. Any 
gaps in the sequences obtained were filled by sub-cloning. Contigs representing full-
length viral RNA were generated from the analyzed sequences using the EditSeq 
program (DNASTAR, Lasergene 6, Wisconsin, USA). The Conserved Domain 
Database at NCBI was used to search the HVX ORFs for specific domains [18]. The 



Phylogeny and genetic variability of HVX 153

Acta Biologica Hungarica 63, 2012

sequences of HVX and other potexviruses were compared using the DNAMAN soft-
ware package (version 5.1, Lynnon Biosoft, Quebec, Canada). Pairwise sequence 
comparisons and alignments were performed in the DNAMAN program using a 
Clustal W multiple sequence alignment algorithm with a gap open penalty of 10 and 
a gap extension penalty of 5 (nucleotide analysis) or a gap open penalty of 10 and a 
gap extension penalty of 0.2 (amino acid (aa) analysis). Sequence information for 28 
potexviruses and one Allexivirus species (as an outgroup species) for comparison 
with HVX was obtained from the GenBank Database (accession numbers listed in 
Table 1). Percent sequence similarity and phylogeny were acquired and analyzed. 
Phylogenetic analysis to estimate the relationship of HVX to other potexviruses was 
performed using the neighbor-joining algorithm in the DNAMAN program [22]. 
Bootstrap percentages based on 1,000 re-samplings were calculated for each internal 
branch of the tree. 

RT-PCR from diseased hosta plants to estimate genetic variability among 
HVX isolates and detect seed transmission

Leaf tissues were excised from the collected diseased hostas, a sample (0.1 g) of fresh 
tissue was ground in extraction buffer (50 mM Tris pH 8.0, 0.1% SDS, and 10 mM 
EDTA), and HVX genomic RNA was extracted by the SDS-proteinase K/phenol 
method. The resulting total RNA precipitates were dissolved in RNase-free distilled 
water. Total nucleic acids from infected hosta plants were used as templates for 
RT-PCR. Reverse transcription (RT) was performed in a reaction mixture (20 μl) 
containing 2.5 mM MgCl2, 0.5 mM each of dATP, dTTP, dGTP, and dCTP, 10 pM of 
reverse primer (HVCPDN: 5′-TCGGTGGAGCCTTGTTTATTG-3′), 1× buffer, 1 unit 
RNase inhibitor (Roche, USA), and 2.5 units MuLV reverse transcriptase (Roche, 
USA) at 42 °C for 60 minutes. PCR was performed in 20 μl reaction of the synthe-
sized cDNA, 1× buffer, 2.5 mM MgCl2, 0.04 unit Taq polymerase (Roche, USA), 10 
pM each of reverse (HVCPDN) and forward primers (HVCPUP: 5′-AGTCT-
CGAACTAACTAACAGG-3′ or HVXORF3UP: 5′-GTATTGCTAG CGGTAG-
TGATAG-3′). The primer pair used to amplify the CP gene was previously described 
[20]. PCR was performed in a thermal cycler (Perkin Elmer, Model 480, USA). 
Denaturation was performed at 94 °C for 3 min before starting the PCR cycle. The 
PCR cycle consisted of 40 sec at 94 °C, 1 min at 54 °C, and 1 min 30 sec at 72 °C. 
The cycle was repeated 40 times, and cycling ended with a final extension at 72 °C 
for 10 min. RT-PCR products were examined by electrophoresis on 1% agarose 
gels. 

Seeds produced by infected hosta plants were analyzed to determine whether HVX 
could be transmitted via seeds. Samples were prepared from 4 different hosta species 
or cultivars. These were Hosta longipes, H. longipes “Blue Cadet”, H. longipes 
“Geisha”, and H. minor. Seeds were collected in September from dried pods derived 
from infected hosta plants. HVX-infected seeds were analyzed anatomically. Seeds 
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Table 1
List of sizes for 5 coding regions of HVX and other potexviruses compared in this study

Species Replicase
(aa)

TGB1
(aa)

TGB2
(aa)

TGB3
(aa)

CP
(aa)

Genome 
size (bp)

Accession 
number

AlsVX 1,646(35.9) 234(23.1) 110(33.6) 99(14.1) 230(29.6) 7,009 NC_007408

AltMV 1,541(44.1) 232(46.6) 110(40.9) 63(19.0) 207(40.1) 6,607 AY863024

BaMV 1,365(41.5) 253(34.0) 119(32.8) 52(17.3) 242(16.9) 6,366 D26017

ChMVX 1,571(36.3) 235(28.5) 119(32.8) 84(9.5) 243(26.3) 6,858 DQ660333

ClYMV 1,670(38.7) 238(36.6) 114(42.1) 59(18.6) 257(33.1) 7,015 NC_001753

CsCMV 1,449(46.4) 231(44.2) 112(38.4) 97(22.7) 229(37.1) 6,376 U23414

CVX 1,543(40.9) 229(46.7) 110(46.4) 64(17.2) 224(35.7) 6,614 AF308158

CymMV 1,417(40.4) 229(20.1) 112(26.8) 91(15.4) 253(28.3) 6,227 NC_001812

FoMV 1,335(41.9) 236(36.0) 127(37.0) 52(21.2) 218(23.9) 6,161 AY121833

HdRSV 1,386(46.6) 232(44.4) 114(44.7) 73(31.5) 225(40.4) 6,185 NC_006943

HVX 1,507 230 116 74 220 6,528 AJ620114

LVX 1,298(37.6) 216(30.9) 108(36.2) 78(24.3) 219(28.6) 5,823 AJ633822

LeVX 1,708(39.3) 234(29.1) 113(34.5) 84(12.2) 242(29.1) 7,212 AM745758

MVX 1,312(37.6) 213(36.1) 106(39.7) 95(18.9) 228(30.9) 5,914 NC_006948

NMV 1,643(39.0) 233(22.6) 130(38.8) 100(14.9) 227(27.7) 6,956 AY225449

NVX 1,504(39.9) 229(30.4) 119(35.3) 120(20.3) 221(33.6) 6,582 AB219105

OVX 1,555(40.8) 229(40.9) 110(43.1) 63(18.9) 229(40.0) 6,653 AY366209

PAMV 1,646(37.6) 232(22.2) 111(28.4) 73(17.6) 249(27.7) 7,059 S73580

PapMV 1,547(44.3) 233(42.2) 111(36.2) 68(17.6) 215(39.5) 6,656 D13957

PepMV 1,439(39.7) 234(21.3) 123(25.0) 84(20.3) 237(33.6) 6,450 AF484251

PhaVX 1,298(37.6) 214(33.9) 112(38.8) 126(23.0) 207(29.1) 5,816 AB353071

PlAMV 1,385(44.4) 230(48.3) 110(42.2) 121(21.6) 207(35.9) 6,128 Z21647

PVX 1,456(40.7) 228(31.7) 115(40.5) 70(13.5) 237(35.5) 6,436 AF373782

ScaVX 1,631(38.5) 247(24.3) 119(37.9) 83(18.9) 230(28.2) 6,985 AJ316085

SMYEV 1,323(38.4) 229(30.9) 108(34.5) 75(14.9) 242(27.3) 5,966 D12517

TVX 1,361(45.5) 230(47.8) 109(39.7) 94(23.0) 207(37.3) 6,056 AB066288

WClMV 1,294(38.4) 236(31.7) 117(25.0) 66(17.6) 208(28.6) 5,846 X16636

ZVX 1,543(41.1) 229(43.5) 113(44.8) 62(17.6) 226(38.6) 6,624 AY366208

ShVX 1,718(33.2) 241(27.0) 103(42.2) 380(10.8) 262(24.1) 8,832 M97264

Percent sequence identity with HVX is shown in parentheses alongside size in amino acids (aa).
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were dissected into the seed coat, embryo, and endosperm, which were analyzed 
separately. RT-PCR to detect HVX CP was performed on these structures to deter-
mine whether HVX could be transmitted from HVX-infected hosta plants to their 
progeny via the seed.

RESULTS

Sequence comparison and phylogenetic analysis of HVX  
and other members of the genus Potexvirus

The full genome of HVX consisted of 6,528 nucleotides (nt), with a 5′NCR of 102 nt 
and a 3′NCR of 109 nt (Table 1). The complete nucleotide sequence for the virus 
reported in this study appears in the GenBank database under accession number 
AJ620114. BLAST analysis predicted 5 open reading frames corresponding in organ-
ization and size with those of previously characterized potexviruses. A total of 28 
recombinant plasmids with cDNA inserts ranging from 500–4,000 bp, which con-
tained overlapping cDNA fragments of the HVX genome, were identified. The HVX 
genome contained 5 ORFs coding for proteins of 172 kDa (ORF1; 1,507 aa), 26 kDa 
(ORF2; 234 aa), 13 kDa (ORF3; 116 aa), 8 kDa (ORF4; 74 aa), and 23 kDa (ORF5; 
220 aa) from the 5′ to 3′ end, which is typical of the Potexvirus genome structure.

The percent sequence identities of the HVX NCRs with those of other potexvi-
ruses studied ranged from 19.6% identity with Mint virus X (MVX) to 53.2% iden-
tity with Clover yellow mosaic virus (ClYMV) for the 5′NCR and 11.9% identity with 
Narcissus mosaic virus (NMV) and Lettuce virus X (LeVX) to 63.0% identity with 
Cactus virus X (CVX) for the 3′NCR; the phylogenetic analyses of both NCRs indi-
cated that HVX is quite closely related to ClYMV and CVX (data not shown). 
Because the HVX TGB CP protein sequences were previously analyzed and reported 
[19], the present study focused on analyzing the replicase sequence and comparing it 
with those of other Potexvirus species. A comparison at the nucleotide level between 
the HVX replicase sequence and those of 28 other potexviruses, excluding the out-
group species ShVX, revealed that HVX had the greatest identity with HdRSV 
(55.1%) and the least with MVX (43.1%). Interestingly, at the amino acid level HVX 
had the greatest identity with HdRSV (46.6%) and the least with Alstroemeria virus 
X (AlsVX) (35.9%). Among the potexviruses compared in this study, there was 
32.6% identity over the entire replicase protein at the amino acid level between 
AlsVX and Foxtail mosaic virus (FoMV) and 80.0% identity between CVX and 
Zygocactus virus X (ZVX). This result was in accordance with a previous analysis of 
19 potexviruses, including HVX, that detected high relatedness between HVX and 
CVX based on their TGB2 (amino acid level) and 3′NCR sequences [20]. 

A phylogenetic tree derived from amino acid sequences of the replicase proteins of 
HVX and other potexviruses was divided into 3 main branches (Fig. 1). HVX was 
grouped together with Cassava common mosaic virus (CsCMV), Plantago asiatica 
mosaic virus (PlAMV), Tulip virus X (TVX), and HdRSV as a sub-group in the main 
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group including 3 cactus infecting viruses (CVX, ZVX, Opuntia virus X (OVX)), 
Bamboo mosaic virus (BaMV), FoMV, Alternanthera mosaic virus (AltMV), Papaya 
mosaic virus (PapMV), ClYMV, and PVX. AlsVX, LeVX, Chenopodium mosaic 
virus X (ChMVX), Scallion virus X (ScaVX), NMV, Pepino mosaic virus (PepMV), 
Cymbidium mosaic virus (CymMV), Popato aucuba mosaic virus (PAMV), and 
White clover mosaic virus (WClMV) were grouped together, although WClMV 
diverged somewhat. Lily virus X (LVX), Phaius virus X (PhaVX), MVX, NVX, and 
SMYEV were grouped together as a relatively minor phylogenetic cluster. As expect-
ed, the outgroup virus ShVX was differently positioned within the phylogenetic 
tree.

Fig. 1. Phylogenetic relationships between HVX and other members of the genus Potexvirus based on the 
amino acid sequence of the replicase. The multiple sequence alignment was generated using the 
DNAMAN package (Lynnon Biosoft, Quebec, Canada) and the tree was constructed by the neighbor-
joining algorithm based on calculations from pairwise amino acid sequence distances. The horizontal 
branch lengths are proportional to the respective genetic distances, and numbers shown at branch points 

indicate bootstrap values. The data set was subjected to 1,000 bootstrap replicates
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Genetic variability in CP sequences among HVX isolates 
and potential for seed transmission

Total nucleic acid extracted from leaves of virus-infected hostas was used to detect 
HVX by RT-PCR using HVX-specific primers. All HVX-infected Hosta tissues 
resulted in RT-PCR products of approximately 670 bp in length, while no PCR prod-
uct was obtained when crude nucleic acid extract from a healthy plant was used as an 
RT-PCR template with the same primer. The HVX infection rate in collected culti-
vated hostas was 60.5% based on RT-PCR detection. We selected 11 RT-PCR ampli-
cons from individual isolates, for sequencing. Sequence variability among HVX 
isolates was investigated based on CP sequences of individual isolates from different 
Hosta varieties. Overall identity for the CP sequences from HVX isolates compared 
to HVX-Kr (AJ 620114) ranged from 99.7%–98.3% and from 100.0%–98.2% at the 
nucleotide and amino acid levels, respectively (Table 2). 

Seeds from Hosta cultivar “Geisha”, Hosta minor, and Hosta longipes were also 
tested for HVX RT-PCR; none of these hosta seeds tested positive for HVX. HVX 
was only detected in seeds of Hosta cultivar “Blue Cadet”, which has been reported 
to be especially susceptible to HVX [17]. The virus could be detected by RT-PCR in 
seeds originally obtained from the virus-infected Hosta plant. Over 7.5% of surveyed 
seeds were revealed to be infected with HVX. Various parts of the seed including the 
seed coat, endosperm, and embryo were prepared separately for extraction of total 
RNA for RT-PCR detection of HVX. HVX could be detected by RT-PCR in the 
embryo but not in the endosperm or seed coat (Fig. 2).

Table 2
Comparison of amino acid (aa) and nucleotide (nt) sequence identities 

between HVX-Kr and other isolates of HVX

HVX isolates
Percent CP identity (%)

Nucleotide Amino acid

HVX-K1 (“Gingko Craig”) 99.5  99.5

HVX-K2 (“Gingko Craig”) 99.5 100.0

HVX-K4 (Hosta minor) 98.9 100.0

HVX-K8 (“Blue Cadet”) 99.4 100.0

HVX-K12 (“Geisha”) 99.4 100.0

HVX-K13 (Hosta longipes) 99.7 100.0

HVX-K14 (Hosta undulata) 98.8  99.1

HVX-K18 (Hosta longipes) 98.6  98.2

HVX-K26 (Hosta spp.) 99.4  99.5

HVX-K30 (Hosta spp.) 98.6  98.6

HVX-K34 (Hosta longipes) 98.3  98.2

HVX-U (USA) 98.9 100.0
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DISCUSSION

The nucleotide sequence of the HVX 5′NCR includes an AC-rich domain beginning 
with the consensus motif 5′-GAAAA-3′, as observed in other potexviruses with the 
exceptions of the 5′-CAAAA-3′ motif of CsCMV and 5′-GGAAAA-3′ motif of 
Alstroemeria virus X (AlsMV) and several other potexviruses including LVX, LeVX, 
NVX, ScVX, and Malva mosaic virus (MaMV) [1, 2, 3, 5, 8, 11, 12]. The initial 
guanine duplication is readily explicable since the cytosine residue added to the 
3′-end of the cDNA due to the terminal transferase and template switching activity of 
many reverse transcriptases would be read as an extra guanosine at the 5′-end of the 
RNA [5]. As the sequences of these motifs are highly conserved, they have been 
thought to be necessary for the initiation of the RNA replication complex or for pro-
tein translation [3, 26]. ORF1 has been identified as a replicase consisting of 4,524 
nucleotides encoding 1,507 amino acids (Table 1). The size of the replicase varies 
among other potexviruses, ranging from 1,294 aa for WClMV to 1,708 aa for LeVX. 
The size of the HVX replicase was to be most similar to that of NVX among the other 
potexviruses for which sequences have been reported (Table 1). There were several 
well-known conserved sequences in this replicase protein, including the methyltrans-
ferase domain (aa 39–359), the viral helicase domain (aa 774–1,001), and the RNA-
dependent RNA polymerase (RdRp) domain (aa 1,052–1,502) at the proximal 3′-ter-
minal end. TGB1 of HVX also contained a Superfamily I viral helicase/NTPase 

Fig. 2. Detection of HVX in the seed coat, endosperm, embryo, and seedling of Hosta plant seeds by 
RT-PCR. Panel A: HVCP UP/DN primer, B: HVX ORF3 UP/ HVCP DN primer, lane M: DNA size 
marker, 1: seed coat, 2: endosperm, 3: embryo, 4: seedling, +: positive control, H. ‘Blue Cadet’-1 and -2: 

HVX-infected hostas, Hosta spp.: healthy hosta
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domain (aa 26–223)-containing motif characterized as GKTT (aa 35–38) [19]. TGB2 
of HVX included hydrophobic sequences assumed to be the transmembrane portions 
of a membrane protein with its N terminus exposed to the cytoplasm and endoplasmic 
reticulum [24]. The hydrophobic segment GDX7GGXYXDG was found at aa 42–57 
of HVX TGB2, but the distinct hydrophobic segment of TGB3 characterized as 
CX5GX8C was not found [19]. ORF5 of HVX, encoding CP, was revealed to contain 
the consensus amphipathic motif KYAAFDTFDSI (aa 141–151), which was pre-
sumed to mediate binding of viral RNA to CP via hydrophobic interactions as seen in 
many members of the Potexvirus and Carlavirus genera [3, 6, 9, 26]. The 3′NCR of 
HVX RNA contained 3 distinct motifs (I, II, and III) that are conserved among potex-
viruses. Motif I contained a conserved block containing the pentanucleotide sequence 
ACTTA, which has been shown to play an important role in the replication of ClYMV 
RNA [25]. A similar motif, ACTAA, was also found in the 3′NCR of the HVX RNA. 
Motif II was a G/T- or T/G-rich box, which was positioned downstream from the first 
motif. Motif III contained short stretches of T residues (TTT) in the 3′NCR of the 
HVX genome.

According to the phylogenetic tree of HVX and other potexviruses, HVX was 
found to be most closely related to CsCMV, PlAMV, TVX, and HdRSV based on the 
amino acid sequence of the replicase (Fig. 1). This phylogenetic result was in line 
with other studies showing that HVX and other Potexvirus species were clustered 
together with CsCVX, PlAMV, and TVX based on the 3′-terminal 2.7 kb of the 
genome [20]. An analysis of TVX genome sequences not including HVX sequences 
confirmed that TVX, PlAMV, and CsCMV were clustered together [27], and 
Hammond et al. [13] have reported that PlAMV, TVX, CsCMV, HdRSV, and HVX 
were in the same phylogenetic based on the replicase amino acid sequence. A phylo-
genetic analysis in the present study in which potexviruses, including HVX, were 
grouped based on the 5′NCR nucleotide sequence produced a much larger group than 
that based on the replicase; this group contained PapMV, AltMV, ClYMV, and PAMV 
as well as PlAMV, TVX, CsCMV, HdRSV, and HVX (data not shown). This phylo-
genetic analysis of the viral replicase-coding region and 5′NCR demonstrated that 
HVX is a very close relative of CsCMV, PlAMV, TVX, and HdRSV, and the phylo-
genetic tree could reflect the evolutionary position and genetic status of HVX in the 
genus Potexvirus. The complete nucleotide sequence of HVX could provide a useful 
source of information for comparison of additional isolates of HVX from other plants. 
In addition, the sequence information reported in this study could be used for molec-
ular taxonomy and estimation of evolution at the species level for origin of the Alpha- 
or Sindbis-like virus group as well as the Flexiviridae family.

HVX sequences form the USA (HVX-U) were compared with other samples to 
determine whether any geographical differences existed, but there was no distinguish-
able difference among the sequences. A recent study of phylogeny among HVX iso-
lates acquired from Tennessee, USA, revealed close relatedness among 30 isolates 
based on CP and TGB1 sequences [10]. Fajolu et al. [10] presumed that the low 
genetic variability of HVX was because of the very narrow host range and restricted 
manner of virus transmission. Furthermore, when the results of this study were com-
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pared to those for the genetic variability of PVX isolates, the CP sequences of HVX 
isolates were rather more conserved than those of PVX isolates. Among PVX iso-
lates, coat protein sequences showed only 78.8%–98.7% and 86.1%–100% identity, 
at the nucleotide and amino acid levels, respectively [4]. Therefore, we can conclude 
that sequence variability in the CP region of HVX is at the very least less than that of 
PVX.

To date, only a few routes of HVX infection of hosta plants, such as mechanical 
infection during vegetative propagation, have been demonstrated. However, unlike 
previous reports [10, 17], the results of this study suggest that for a particular cultivar, 
seed transmission is another possible mechanism for HVX transmission. In conclu-
sion, as our data suggest that HVX can be transmitted by seed sources, virus-free seed 
preservation may be essential for hosta plant cultivation and breeding programs.
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