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During 2011-2013, plants of the invasive weed species Alliaria
petiolata (garlic mustard) were observed with virus-like disease
symptoms in three separate locations i2n Ramsey and Anoka
counties, Minnesota. Symptoms consisted of conspicuous mosaic,
leaf deformation and stunting (Fig. 1). Numerous virus-like, 300
× 18 nm particles resembling those of tobamoviruses (6) were
observed by transmission electron microscopy (TEM) in
negatively stained, partially purified leaf-tissue extracts from
diseased plants. No other virus-like particles were observed in
these partially purified extracts, or in similar preparations from
asymptomatic plants collected in the same locations. Foliar
symptoms in garlic mustard infected with the tobamo-like virus
were similar to those caused by Turnip mosaic virus (TuMV)
occurring in Minnesota (2), but in the second year of growth these
plants were generally less stunted than those infected with TuMV.
The objective of the study was to establish the identity of the
tobamo-like virus occurring naturally in garlic mustard in
Minnesota, and to determine its role in the etiology of the disease.
The identity of the virus associated with disease symptoms in
garlic mustard was first established by immunosorbent electron
microscopy (ISEM) (3) using partially purified leaf tissue extracts
and antibodies to the penstemon ringspot isolate (PenRSV) of
Turnip vein-clearing virus (TVCV-PenRS) (3). Virus particles
present in partially purified leaf tissue extracts from the diseased
garlic mustard samples were trapped and decorated by antibodies
to PenRSV (Fig. 2). The identity of the tobamovirus associated
with the disease in garlic mustard was further confirmed by
reverse-transcription PCR (RT-PCR) using three primer pairs
designed to generate amplicons of 745 bp from the replicase (5´GAC-ATC-GGC-GGT-AAC-TTT-TC/ 5´-AGA-TGG-TCC-TCTCGG-CAT-TA) of 701 bp from the movement protein (5´-GATCTT-GCC-GAA-GGC-TCT-AA/ 5´-CTG-GTA-CTG-ATT-CGGGTT-TG) and of 698 bp from the coat protein (5´-CGT-TGTCAT-GAA-GGG-TTT-GA/ 5´-AGT-AGC-AGG-CGC-AGT-AGTCC) regions, respectively, of TVCV (NC_001873). Total RNA
was extracted from infected garlic mustard leaf tissue using a
Qiagen RNeasy kit, and RT-PCR was carried out using illustra
Ready-to-Go beads (GE Healthcare, Little Chalfont, UK)
according to manufacturer’s instructions. Amplicons of the
expected size were obtained (Fig. 3), and were cloned using a
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FIGURE 1
Symptoms, left, induced in garlic mustard by inoculation with Turnip
vein-clearing virus from garlic mustard. Healthy plant at right.

FIGURE 2
Virions isolated from infected garlic mustard trapped and decorated
with antibodies to Turnip vein-clearing virus. Negatively stained with
sodium phosphotungstate (pH 7.8). Scale bar = 100 nm.

pGEM T-easy-cloning kit (Promega) according to manufacturer’s
instructions. Three clones of each amplicon were sequenced in
both directions. Raw sequences obtained from the replicase
region and the region encompassing the movement and coat
proteins were assembled into two consensus sequences and
deposited in GenBank under accession number KM067149
(replicase) and KM067150 (movement and coat protein). The
replicase and movement/coat protein sequences had 99%
nucleotide sequence identity to the corresponding genomic
sequences of TVCV (accession number U03387). From the data
presented above it was concluded that the virus associated with
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N. benthamiana, the TVCV-GM isolate induced necrotic lesions
on inoculated leaves followed by systemic mosaic. When backinoculated from N. benthamiana to healthy garlic mustard
seedlings, the TVCV-GM isolate induced systemic symptoms
identical to those observed in the original infected plants (Fig. 1),
therefore confirming its role in the etiology of the disease.
The natural occurrence of TVCV infection in garlic mustard in
three widely separated locations in south-central Minnesota raises
the question of the source of the disease. Unlike TuMV, which
occurs commonly in perennial adventitious damesrocket
(Hesperis matronalis) in Minnesota and elsewhere in North
America (5), and is readily transmitted in a nonpersistent manner
by several aphid species (3), TVCV has been identified in the
United States only in penstemon (3) and more recently petunia
(4), and as a tobamovirus, is unlikely to be transmitted by aphid
vectors (6). Further research would be required to determine
whether native weed hosts of TVCV exist or whether vertical
transmission could occasionally result from seedcoat
contamination as has been documented, for example, for Tobacco
mosaic virus (TMV) transmission to seedlings of pepper and
tomato (6). This is the first report of TVCV infection in garlic
mustard.
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FIGURE 3
Results of RT-PCR using primers designed to generate amplicons from
the replicase (745 bp, lane 1), movement protein (701 bp, lane 2) and
coat protein (698 bp, lane 3) regions of the Turnip vein-clearing virus
garlic mustard isolate (TVCV-GM).

the disease of garlic mustard occurring in Minnesota was an
isolate of TVCV.
To establish proof of pathogenicity, the garlic mustard TVCV
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