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Abstract
Tomato spotted wilt virus (TSWV) was identified in green red-rimmed ringspots on spider lily (Hymenocallis spp.) leaves in
Brisbane, Australia. Tospovirus-like particles were seen in thin sections of those lesions. RT-PCR using tospovirus-specific
primers amplified a DNA fragment whose sequence matched TSWV S RNA. The virus caused symptoms in Nicotiana
benthamiana following mechanical transmission and was confirmed as TSWV by RT-PCR.
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Spider lily is the common name for several plant species in the
family Amaryllidaceae. The genus Hymenocallis contains
over 60 species of herbaceous, bulbous perennial ornamental
plants that are native to the warmer regions of the Americas
and the Caribbean (Kew Science 2017). A number of
tospoviruses (genus Orthotospovirus, family Tospoviridae,
order Bunyavirales) have been shown to infect spider lilies,
often causing concentric chlorotic ringspots on infected
leaves, including calla lily chlorotic spot virus (Liu et al.
2012), hippeastrum chlorotic ringspot virus (Xu et al. 2013),
impatiens necrotic spot virus (Liu et al. 2010), and capsicum
chlorosis virus (Huang et al. 2017). A review of the host range
of tomato spotted wilt virus (TSWV) by Parrella et al. (2003)
lists four Hymenocallis species named in a textbook by
Edwardson and Christie (1997) as species reported to be in-
fected by TSWV, but without information on symptomatology
and geographic location. The reference given by Edwardson
and Christie however does not list any Hymenocallis species

as hosts (Klinkowski and Uschdraweit 1968) casting doubt on
the accuracy of this report. During a survey of ornamental
plants in September 2017, we observed a planting of spider
lilies (Hymenocallis spp.) with striking chlorotic ringspots
rimmed by dark red margins at the Mount Coot-tha
Botanical Garden in Brisbane, Australia (Fig. 1). This
prompted us to investigate if a tospovirus was associated with
this disease.

Small sections from the lesions of collected leaf samples
were fixed in 2.5% glutaraldehyde and 2% paraformaldehyde
in 0.05 M cacodylate buffer, pH 7.2 [Electron Microscopy
Science (EMS), Hatfield, PA, USA] and post-fixed in 1%
OsO4 (EMS), dehydrated in ethanol and embedded in low
viscosity Spurr’s epoxy resin (EMS). Thin sections from the
embedded tissues were obtained using a Leica EMUC6 ultra-
microtome equipped with Diatome diamond knife, mounted
on 300 mesh copper grids and stained with 3% uranyl acetate
and Reynold’s lead citrate (EMS) (Kitajima and Nome 1999).
Stained tissue sections were examined in a JEOL JEM 1011
transmission electron microscope and the images recorded
digitally. Membrane-bounded, roundish particles, 80–
100 nm in diameter, typical of tospoviruses, were consistently
found in cisternae of the endoplasmic reticulum in many epi-
dermal and parenchymal cells of the tissues from the lesions
(Fig. 2).

Total RNA was extracted from ringspot lesions using
RNeasy Plant Mini kit (Qiagen). Superscript One-Step RT-
PCR system with Platinum Taq DNA polymerase (Thermo
Fisher Scientific) was used following the manufacturer’s pro-
tocol and primer pair AM1-F and AM1-R using an annealing
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temperature of 50 °C (Hassani-Mehraban et al. 2016). A sin-
gle amplicon of 763 bp was obtained, similar in size to the
product obtained with TSWV RNA control (data not shown).
Amplified DNAwas purified using Wizard SV Gel and PCR
clean up kit (Promega), cloned into pGEM-T easy vector
(Promega) and transformed into Omnimax E. coli competent
cells following the manufacturer’s protocols. Following colo-
ny PCR, four positive recombinant clones were grown over-
night and plasmid DNAwas extracted for Sanger sequencing
using M13 forward and reverse primers at the Australian
Genome Research Facility (Brisbane). The tospovirus infect-
ing spider lily was identified as TSWV based on PCR ampli-
fication of a fragment of S RNA using generic American clade
tospovirus-specific primers (Hassani-Mehraban et al. 2016)
and on the nucleotide sequence of this fragment that was de-
posited as GenBank accession MG81238. In a Blast N search
on NCBI, the TSWV S RNA fragment amplified from spider
lily was 99% identical to S RNA sequences from 20 different
TSWVaccessions.

Freshly collected spider lily leaf lesions were cut into small
pieces, ground in a mortar and pestle in 10 mM phosphate

buffer, pH 7.6 and rub-inoculated onto carborundum-dusted
leaves of Nicotiana benthamiana plants; control plants were
inoculated with buffer only. Plants were maintained in a growth
cabinet at 25 °C with 16/8 h day/night cycle. New leaves
displayed chlorosis and downward curling symptoms 14 days
post inoculation (Fig. 3a) when leaf disks were collected and
stored at -80 °C. Total RNAwas extracted using RNeasy Plant
Mini kit and TSWV S RNA was detected using RT-PCR as
described above. RNA extracts from symptomatic spider lily
and inoculated N. benthamiana leaves were positive for
TSWV based on a single 763 bp band in 1% agarose/TBE gel
similar in size to the TSWV positive control, whereas extracts
from mock-inoculated N. benthamiana and no template control
lanes showed no bands (Fig. 3b).

We conclude that TSWV is associated with the striking red-
green ringspots on spider lily and that this isolate was mechan-
ically transmissible to the known experimental host N.
benthamiana where TSWV replicated, moved systemically
and caused symptoms. To the best of our knowledge this is
the first Australian report of TSWV infecting Hymenocallis
species.

Fig. 2 Transmission electron
micrograph images showing
tospovirus-like particles in
parenchymal cells of ringspot
lesions on leaves of spider lily
plants from Mt. Coot-tha
Botanical Garden

Fig. 1 Spider lily planting (right)
and close up (left) showing green
ringspots with bright red margins
on the leaves. Mt. Coot-tha
Botanical Garden, Brisbane
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Fig. 3 Transmission of TSWV from spider lily to Nicotiana
benthamiana. (a) N. benthamiana plants 14 days post inoculation with
spider lily ringspot tissue (bottom) or buffer (top); (b) TSWV RT-PCR of
total RNA extracts analysed by 1% agarose/TBE gel electrophoresis.
DNA size markers (basepairs), 1, 2, symptomatic spider lily; 3, 4, spider
lily sap-inoculated N. benthamiana; 5, 6, mock-inoculated N.
benthamiana; 7, no template control; 8, TSWV positive control
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