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Abstract

Pepper yellow mosaic virus on Petunia hybrida, bean yellow mosaic virus on Viola odorata and Narcissus yellow stripe
virus on Narcissus cyclamineus were identified in Brazil using RT-PCR. Serology, mechanical transmission, host range, and

electron microscopy were used to study the viruses further.
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The ornamental plant market in Brazil is growing due to the
introduction of novel flower colours and shapes of widely
traded species, and the introduction of new species and vari-
eties. Commercially exploited since the 1950s, the sector
has expanded in recent decades, mainly due to improved
socioeconomic conditions, distribution of novel plants and
the expansion of flower-growing areas (Paiva et al. 2020).
Brazil has about 8,300 producers and 15,600 hectares of
cultivated area, making it the world’s 8th largest producer
of ornamental plants (Portal do Governo 2019).

Viral diseases, however, may cause production losses,
especially those from the genus Potyvirus (family Potyviri-
dae, order Patatavirales), which induce leaf or floral symp-
toms. In addition to being transmitted by aphids in a non-
persistent manner, potyviruses may accumulate in plants
such as ornamental flowers grown from bulbs or rhizomes
(Revers and Garcia 2015; Wylie et al. 2019).

This paper reports the occurrence of three potyviruses
with different characteristics in ornamental plants: (i) bean
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yellow mosaic virus (BYMV) of common occurrence, (ii)
Narcissus yellow stripe virus (NYSV), restricted to a few
hosts, and (iii) pepper yellow mosaic virus (PepYMV), a
vegetable potyvirus possibly originating in central Brazil.

Samples of Narcissus cyclamineus (Amaryllidaceae)
showing faint mosaic and stripes, Petunia hybrida (Sola-
naceae) with mosaic and Viola odorata (Violaceae) with
mosaic and necrosis symptoms (Fig. 1) were collected from
ornamental flower beds or purchased from a flower market
in Sdo Paulo state.

Leaves from the three naturally infected ornamental spe-
cies were ground in 0.01 M phosphate buffer, pH 7.0, con-
taining 0.5% sodium sulphite and the extracts were rubbed
on carborundum-dusted leaves of Chenopodium giganteum,
C. quinoa (Amaranthaceae) and Nicotiana glutinosa, N.
megalosiphon and N. benthamiana (Solanaceae). Success-
ful inoculation was determined by symptom expression and
assayed by serological tests. The petunia virus induced sys-
temic symptoms in N. megalosiphon. Viruses from the other
infected species were not mechanically transmitted to the
inoculated indicator hosts. Extracts from infected P. hybrida
(petunia) and V. odorata (sweet violet) were inoculated into
the original hosts and the symptoms reproduced. However,
the original symptoms in N. cyclamineus (narcissus) could
not be reproduced because healthy seedlings could not be
obtained.

The presence of elongated flexible particles, ca. 700 nm
long, were observed in negatively stained leaf extract of the
three symptomatic species. Cylindrical inclusions charac-
teristic of potyvirus infection in a palisade parenchyma cell
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Fig. 1 Leaf symptoms exhibited in a naturally infected plants: A Narcissus cyclamineus with faint mosaic and stripes; B Viola odorata with

mosaic and necrosis; C Petunia hybrida with mosaic

cytoplasm were observed in symptomatic V. odorata leaf
extract (Fig. 2).

When leaf extracts from naturally infected samples were
submitted to serological tests with potyvirus group antise-
rum (ACP-ELISA, AGDIA®) according to the manufac-
turer’s instructions, only petunia yielded a positive reac-
tion, with absorbance values (A450=0.926) approximately
40 times higher than those of the healthy petunia plants
(A405=0.022). Moura et al. (2011) also reported a posi-
tive reaction with the same antiserum. It is important to
emphasize that although the Potyvirus group antiserum
(ACP-ELISA, AGDIA®) reacts positively with BYMV

Fig.2 Transmission electron
micrograph of the potyvi-

rus associated with mosaic
symptom of Viola odorata. A
Negatively stained leaf extract
of symptomatic V. odorata,
showing an elongated flex-
ible particle, ca. 700 nm long,
suggestive of infection by
potyvirus. B Thin section of
symptomatic V. odorata leaf,
showing laminated aggregates
(LA), in a palisade parenchyma
cell cytoplasm
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and NYMYV, as tested and reported (https://www.agdia.
com/testing-services/potyvirus-group-test), the results
were negative for Brazilian isolates of these viruses from V.
odorata and N. cyclamineus. It is possible that these viral
isolates exhibit antigenic specificity that differs somewhat
from that of the other strains, as previously reported for
BYMYV (Granett and Provvidenti 1975).

Total RNA was extracted from symptomatic samples
using TRIzol, following the manufacturer's instructions
(Ambion life technologies, USA). RT-PCR amplified
a~700 bp fragment corresponding to the potyvirus cyto-
plasmic inclusion (CI) region, using the same primers
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Table 1 Comparison between

. . MN340313/PepYMV—  MN365272/NYSV—  MN365273/
potyviruses from Petunia Pet-19 Nar-2 BYMV—Viola-
(PepYMV—Pet-19), Narcissus SP
(NYSV—Nar-2) and Viola
(BYMV—Viola-SP) nucleotide nt aa nt aa nt aa
and amino acid sequence
identities and 22 other MN340313/ PepYMV—Pet-19 - - 61.2 59.5 62.6 64.6
sequences of potyvirus PepYMV/AB541985 934 97.7 61.0 60.6 61.2 63.5

HyMV/KU870775 63.9 67.5 63.3 63.5 65.4 69.1
PRSV/MN364666 60.1 64.0 59.5 59.0 61.2 61.8
CIYVV/KU922565 60.3 62.9 59.9 60.6 73.0 82.0
PTMV/AJ437280 72.1 80.9 61.5 59.0 62.5 64.6
BruMV/JX867236 72.5 81.5 61.0 60.1 62.5 61.2
PVY/MT380738 71.0 71.5 59.7 59.5 60.7 62.4
MN365272/ NYSV—Nar-2 61.2 59.5 - - 62.9 61.2
NYSV/LC314397 62.0 60.7 89.3 90.4 62.4 61.8
NLSYV/MHS886515 60.7 61.8 76.6 84.8 62.7 64.5
NV1/LC314399 64.0 62.9 73.2 83.1 65.4 63.5
TuMV/AP017737 63.5 68.0 67.6 69.1 63.3 66.8
WoSV/LC159495 60.5 62.4 68.5 74.2 62.5 62.4
MN365273/ BYMV—YViola-SP 62.5 64.6 62.9 61.2 - -

BYMV/AB439730 62.5 64.6 61.6 61.2 97.6 99.4
HuPLV1/KX884567 62.7 65.7 63.3 62.4 80.9 96.6
WLMV/DQ641248 64.0 64.6 64.8 63.8 80.3 95.5
CIYVV/MN399731 59.9 62.4 59.9 61.8 76.0 80.3
OBPV/MN723596 60.3 62.9 60.5 60.7 73.2 82.0
HMV/MH779476 62.2 64.0 60.1 584 67.0 68.0
SPVG/MH388503 61.0 65.2 62.7 63.5 65.0 66.3
TBV/MH886517 61.4 65.7 62.5 64.0 66,8 71.3
CDV/JQ801448 65.2 66.8 61.8 57.9 66.5 65.2
SPFMV/MG656421 62.5 65.2 62.7 62.9 65.9 67.4

BruMV Brugmansia mosaic virus, BYMV bean yellow mosaic virus, CDV Colombian datura virus, C/YVV
clover yellow vein virus, HMV henbane mosaic virus, HuPLVI Hubei poty-like virus 1, HyMV Hyacinth
mosaic virus, NLSYV Narcissus late season yellows virus, NVI Narcissus virus 1, NYSV Narcissus yel-
low stripe virus, OBPV Ocimum basilicum potyvirus, PepYMV pepper yellow mosaic virus, PRSV papaya
ringspot virus, PTMV Peru tomato mosaic virus, PVY potato virus Y, SPFMYV sweet potato feathery mot-
tle virus, SPVG sweet potato virus G, TBV Tulip breaking virus, TuMV turnip mosaic virus, WLMV white
lupin mosaic virus, WoSV wild onion symptomless virus

(CI-F—GGIVVIGTIGGIWSIGGIAARTCIAC and CI-R—
ACICCRTTYTCDATDATRTTIGTIGC) and conditions
recommended by Ha et al. (2008). The directly sequenced
fragments in both forward and reverse directions using
PCR primers in an ABI PRISM377 sequencer (Applied
Biosystems) were deposited in the GenBank sequence data-
base under the following accession numbers: P. hybrida
(MN340313), N. cyclamineus (MN365272) and V. odorata
(MN365273). The sequences used in the analyses were
obtained after being submitted to the Basic Local Align-
ment Search Tool (Blast 2.0) (http://www.ncbi.nlm.nih.
gov/BLAST/), and aligned with Potyvirus species using
the CLUSTAL X program. The highest identity percent-
ages in the nucleotide (nt) and amino acid (aa) of the dif-
ferent potyviruses isolated from P. hybrida, N. cyclamineus

and V. odorata were obtained with PepYMYV strain DF
(AB541985), NYSV isol. NY-HG27 (LC314397) and
BYMYV strain G (AB439730), respectively (Table 1), which
were designated PepYMV—Pet 19, NYSV—Nar 2 and
BYMV-Viola-SP.

Phylogenetic analyses constructed by maximum likeli-
hood (ML) PAUP v. 4.0b10 software revealed that PepYMV
—Pet 19 shared the same common ancestor as the Brazil-
ian isolate PepYMV. NYSV—Nar 2 and BYMV-Viola-SP
formed a sister group with the NYSV Japanese isolate from
N. tazzeta var. chinensis and the BYMYV Japanese isolate
from the Gladiolus hybrid (100% bootstrap), respectively
(Fig. 3).

Recently introduced in Brazilian floriculture, Narcis-
sus plants have been well accepted in the market. However,
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Fig.3 Phylogenetic tree constructed by maximum likelihood using
CI partial sequences available in GenBank for Potyvirus isolates
from Petunia hybrida (PepYMV-Pet 19), Narcissus cyclamineus
(NYSV-Nar-2) and Viola odorata (BYMV-Viola SP). The tree was
constructed using the HKY +I1+G nucleotide substitution model
(I=0.2398, G=1,0367) obtained by Modeltest v. 3.06 program.
BruMV Brugmansia mosaic virus, BYMV bean yellow mosaic virus,
CDV Colombian datura virus, CIYVV Clover yellow vein virus, HMV
henbane mosaic virus, HuPLVI] Hubei poty-like virus 1, HyMV
Hyacinth mosaic virus, NLSYV Narcissus late season yellows virus,
NVI Narcissus virus 1, NYSV Narcissus yellow stripe virus, OBPV

faint stripe mosaic symptoms in narcissus plants have also
been associated with the presence of potyviruses, the most
prevalent being Narcissus degeneration virus, Narcissus late
season yellows virus, NYSV, and Cyrtanthus elatus virus-A
(Mowat et al. 1998; Raj et al. 2018). This is the first report
of NYSV in narcissus plants in Brazil.

Petunia has been reported as the natural host of several
viruses, including Potyvirus species, such as Petunia flower
mottle virus (Feldhoff et al. 1998), potato virus Y (Baracsi
et al. 2006) and turnip mosaic virus (Farzadfar et al. 2005).
PepYMV was described in sweet pepper in Central and
Southeast Brazil by Inoue-Nagata et al. (2002), and it has
become the most important and widespread virus in pepper,
occurring only in Brazil, where it was completely sequenced
(Lucinda et al. 2012). Thus, this is the first report of natural
infection of this virus in an ornamental species of the Sola-
naceae family.

Natural infection by cosmopolitan viruses, such as
cucumber mosaic virus (CMV) and BYMYV, has also been
reported in V. odorata, in addition to Viola mottle virus
described in Italy (Lisa and Dellavalle 1977), small
rhabdovirus-like particles similar to orchid fleck virus (OFV)
in Australia (Gowanlock and Dietzegen 1995), and Brev-
ipalpus transmitted virus (BTV) in Brazil (Kitajima et al.
2010). In Brazil, the occurrence of BYMV in ornamental
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Ocimum basilicum potyvirus, PepYMV pepper yellow mosaic virus,
PRSV papaya ringspot virus, PTMV Peru tomato mosaic virus, PVY
potato virus Y, SPFMV sweet potato feathery mottle virus, SPVG
sweet potato virus G, TBV Tulip breaking virus, 7uMV turnip mosaic
virus, WLMV white lupin mosaic virus, WoSV wild onion symp-
tomless virus. Homologous sequence from Ryegrass mosaiv virus
(RMV—Genus Rymovirus) was used as outgroup. Bootstrap values
obtained by the branch-and-bound method and computed after 1000
resamplings, followed by an MP reconstruction, are indicated near the
branches

species has only been described in Gladiolus x hortulanus,
Hippeastrum sp. and Lilium sp. (Kitajima 2020). BYMYV is
usually mechanically transmitted, as well as by more than
20 aphid species and by seed (to 3%) (Brunt et al. 1996).
However, BYMV-Viola SP was not transmitted to experi-
mental hosts. This is the first report of BYMYV in Viola odo-
rata, in Brazil.

Narcissus and sweet violet are vegetatively propagated,
which can make them vulnerable to the accumulation of
viruses over subsequent generations. Thus, the interna-
tional trade in plant propagules may expand the geographi-
cal range of viruses (Wylie et al. 2019). As such, the use of
virus-free propagation material is essential for the sanitary
status of seedlings.
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