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Abstract
Dasheen mosaic virus (DsMV) is  one of the most important viral pathogens of aroids and 
can cause major economic losses for ornamental crops. Here, we present the detection and 
molecular characterisation of DsMV isolates originating from Monstera adansonii plants 
in Poland. Moreover, the genetic variability of DsMV isolates was analyzed based on the 
coat protein gene (CP) of the Polish and other DsMV isolates described to date. �e pre
sence of DsMV was con�rmed by transmission electron microscopy (TEM) and reverse 
transcription polymerase chain reaction (RT-PCR) with speci�c, diagnostic primers in 
three out of ten examined plants. To obtain full-length sequences of CP, two pairs of pri
mers were designed and used in the RT-PCR. �e speci�city of obtained products was con-
�rmed by Sanger sequencing. �e obtained sequences of CP were compared with 44 other 
DsMV sequences retrieved from the GenBank. Analyses revealed that DsMV population 
is very diverse. �e variability of DsMV isolates was con�rmed by low sequence identity 
and pervasive recombination events. �e phylogenetic analysis was performed based on 
37 non-recombinant CP sequences. �e maximum-likelihood reconstruction revealed 
that the Polish isolates are distinct and grouped separately from other DsMV isolates. Due 
to the high genetic diversity, detecting  the virus could be di�cult. Nonetheless disease 
management relies strongly on a fast and accurate identi�cation of the causal agent. To our 
knowledge this is the �rst report of DsMV in Poland. 
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Introduction

Monstera adansonii Schott., a member of the family 
Araceae, is a common ornamental plant, cultivated in 
many households worldwide. Unfortunately, M. adan-
sonii plants can be infected by bacteria, fungi and vi-
ruses, causing changes in the leaves� phenotype, which 
signi�cantly reduces their market value. In recent years, 
numerous viruses infecting aroids have been identi-
�ed, such as: dasheen mosaic virus (DsMV), tobacco 
mosaic virus (TMV), tomato mosaic virus (ToMV) 
and cucumber mosaic virus (CMV) (Zettler et al. 1970; 
MokrÆ and GötzovÆ 1994; Miura et al. 2013).

Dasheen mosaic virus (DsMV), belonging to the 
genus Potyvirus, family Potyviridae, was �rst detect-
ed in dasheen (taro; Colocasia esculenta (L.) Schott) 
in 1970 (Zettler et al. 1970) and since then has been 

detected rapidly throughout the world (Babu et al. 2011; 
Wang et al. 2017; Escalante et al. 2021; Qin et al. 2021). 
�e incidences of DsMV infection were recorded in 
many countries: Nicaragua, Ethiopia, the USA, Czech 
Republic, Bosnia and Herzegovina, Taiwan, Vietnam, 
China, India, Papua New Guinea, Samoa, Solomon Is-
lands, French Polynesia and New Caledonia (MokrÆ 
and GötzovÆ 1994; Revill et al. 2005; Babu et al. 2011; 
Grausgruber-Gröger et al. 2016; Kidanemariam et al. 
2018; Escalante et al. 2021; Qin et al. 2021). Nowadays, 
DsMV is known as one of the most important aroid 
pathogens, infecting over 16 genera of edible (Colo-
casia, Xanthosoma, Cyrtosperma) and ornamental 
(Aglaonema, Caladium, Die�enbachia, Philodendron 
and Zantedeschia) plants in the family Araceae (Nelson 
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2008). Nevertheless, the virus still poses the greatest 
threat to taro, an important crop in many tropical and 
subtropical countries (Chaïr et al. 2016). Depending 
on the host plant and season, the virus causes va
rious disease symptoms in infected plants (Revill et al. 
2005). �e most common symptoms include: mot-
tle, mosaic, chlorosis, stunting and leaf distortion 
(Wang et al. 2017; Escalante et al. 2021). DsMV is 
transmitted by several widely distributed aphid spe-
cies, including Myzus persicae (Sulzer) and Aphis gos-
sypii Glover. in a non-persistent manner. �e virus is 
also spread by mechanical inoculation and during ve
getative reproduction with infected propagative mate-
rial (Nelson 2008). Filamentous and �exible virus par-
ticles are 750 nm in length and contain positive sense 
single stranded (+ss) RNA genome. �e virus genome 
(~10 kb) includes 5·- and 3·-untranslated regions 
(UTR), and one open reading frame (ORF), encoding 
a single polyprotein, which is cleaved into 10 proteins: 
protease (P1), helper component proteinase (HC-Pro), 
P3, 6 K1, cylindrical inclusion protein (CI), 6K2, vi-
ral protein genome-linked (VPg), serine-like cysteine 
protease (NIa-Pro), RNA-dependent RNA polymerase 
(NIb-RdRp), coat protein (CP) and additional protein 
PIPO-P3 encoded by small ORF embedded within 
P3 cistron (expressing via ribosomal frameshi�-
ing or transcriptional slippage at a highly conserved 
G(1-2)A(6-7) motif at the 5� end of PIPO). �e pres-
ence of this protein was described for many potyvi-
ruses and is essential for virus intercellular movement 
(Chung et al. 2008). At the 5· end VPg is covalently 
attached, whereas 3· end is terminated with polyA tail 
(Chung et al. 2008; Kamala et al. 2015).

�e CP protein of potyvirus contains three do-
mains: N-domain (17-78 aa), core domain (213-218 aa, 
starting with KDK/D residues and ending with TER/H 
residues), C-domain (17-21 aa) (Yan et all. 2021). �e 
most variable part of CP is the N-domain, where in-
sertions and deletions occur the most frequently, caus-
ing di�erences in the length of nucleotide sequences 
(Pappu et al. 1994). Moreover, N-domain also contains 
highly conservative motif DAG, interacting with the 
PTK motif at C-terminus of Hc-Pro to facilitate bind-
ing of HC-Pro to the CP of virions. At the N-terminus 
of Hc-Pro is also localized the KITC motif, which in-
teracts with putative receptor in aphids stylets. �anks 
to both of these interactions Hc-Pro enable creating 
a bridge between virion and aphids mouthpart. �ere-
fore mutations within DAG motif can lead to inhibi-
tion of aphid transmission (Gadhave et al. 2020).

Previous research on DsMV focused on virus 
identi�cation, distribution and development of detec-
tion methods. �e phylogenetic analysis carried out 
by Wang et al. (2017) revealed that despite the high 
level of genetic diversity DsMV isolates grouped and 
clustered with ten other potyviruses, such as zucchini 

yellow mosaic virus (ZYMV), passion fruit woodiness 
virus (PWV), hardenbergia mosaic virus (HarMV), 
bean common mosaic virus (BCMV), bean common 
mosaic necrosis virus (BCMNV), east asian passi�ora 
virus (EAPV), wisteria vein mosaic virus (WVMV), 
watermelon mosaic virus (WMV), soybean mosaic 
virus (SMV), and calla lily latent virus (CLLV), form-
ing one subgroup. In addition, recombination analysis 
showed the presence of recombinant variants and in-
dicated that recombination occurred in the regions of 
P1, C1 to NIa-Pro and NIb to CP (Wang et al. 2017). 

DsMV has not been reported in Poland before. 
However, during 2020�2021 several plants of M. adan-
sonii showing symptoms of leaves mosaic and growth 
reduction were observed in commercial cultivation of 
ornamental plants. Here, we present the detection and 
partial molecular characterization of the Polish DsMV 
isolates. Moreover, the genetic variability of the DsMV 
population was established using isolates obtained in 
this study and others retrieved from the GenBank da-
tabase. 

Materials and Methods

Transmission electron microscopy (TEM) 

In 2020�2021 ten M. adansonii plants with virus-like 
symptoms such as bright green mosaic, mottle, leaves 
distortion and stunting, were collected (Fig.1). �e 
plants were unrelated and came from di�erent garden 
centers located in Wielkopolska region. All samples 
were analyzed using transmission electron microscope 
(TEM) (HT7700, Hitachi, Japan) to con�rm virus in-
fection. Fragments of leaves with visible symptoms 
were crushed in distilled water and obtained sap was 
applied to formvar coated copper grids (Polysciences, 
Warrington, UK). �en the grids were dyed with am-
monium molybdate (MA) or phosphotungstic acid 
(PTA) and dried. �e presence of the viral particles 
was examined by TEM at an accelerating voltage of 
100 kV.

RNA isolation and virus detection	

Total RNAs were extracted from each plant sample 
using the phenol/chloroform procedure (Sambrook 
and Russell 2001) and the quality and quantity of ob-
tained RNA were measured spectrophotometrically 
(Nanodrop 2000, �ermo Fisher Scienti�c, USA). 
�e samples were tested for the presence of DsMV 
using DMV5708-5731F and DMV6131-6154R prim-
ers (Wang et al. 2017; Table 1). �e reaction mixture 
consisted of 22 �l of sterile water, 25 �l of DreamTaq 
Green PCR Master Mix (2x) (�ermo Fisher Scienti
�c, USA), 1 �l of each DMV5708-5731F (10 �M · �l�1) 
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Phylogenetic and recombination analyses 

DsMV CP sequences of the Polish isolates were edited 
and compiled in BioEdit (Hall 1999) and deposited 
in GenBank under the following accession numbers: 
ON049418 (isolate M1), ON049419 (isolate B1) and 
ON049420 (isolate B2). Subsequently, obtained se-
quences were gathered together with 44 other DsMV 
CP sequences available in GenBank. �e CP sequences 
were aligned using the MUSCLE algorithm as imple-
mented in MEGA X (Kumar et al. 2018). Sequence 
identity matrices were prepared using BioEdit (Hall 
1999) and Sequence Demarcation Tool Version 1.2 
(SDTv1.2) (Muhire et al. 2014). Firstly, the presence 
of recombination events between DsMV isolates was 
examined using seven methods: RDP, GENECONV, 
Chimaera, MaxChi, BootScan, SiScan, 3 Seq as im-
plemented in the RDP4 program (Martin et al. 2015). 
Default parameters and a p-value threshold of 0.05 
were used. �e recombination events were considered 
as signi�cant if �ve or more methods had a p < 0.05. 
Next, selective pressure for individual sites was in-
vestigated using the Datamonkey Adaptive Evolution 
Server (Weaver et al. 2018) and four methods: Mixed 
E�ects Model of Evolution (MEME), Fixed E�ects 
Likelihood (FEL), Fast Unconstrained Bayesian Ap-
proximation (FUBAR), Single-Likelihood Ancestor 
Counting (SLAC), based on the ratio of nonsynony-
mous and synonymous substitutions (dN/dS). Depend-
ing on the dN/dS value selection is considered to be di-
versifying (dN/dS > 1), neutral (dN/dS = 1) or purifying 
(dN/dS < 1). �e signi�cance value for MEME, FEL and 
SLAC was set to p < 0.05 and for FUBAR according to 
the Bayesian approach, to posterior probability > 0.9.

Phylogenetic analysis was carried out using the 
maximum-likelihood method implemented in MEGA 
X with 37 non-recombinant full-length sequences of 
DsMV CP gene. �e General Time Reversible and 
discrete Gamma-distribution (GTR+G) nucleotide 
substitution model was established as the most appro-
priate. �e bootstrap values were counted using the 
1000 pseudorandom replicates method. �e sequence 
of konjack mosaic virus (KoMV, accession number: 
AB219545.1) was used as an outgroup. �e phyloge-
netic tree was edited and visualized in Evolview online 
platform (Subramanian et al. 2019). 

Results

Transmission electron microscopy (TEM)

During the initial virus identi�cation in TEM, �lamen-
tous particles about 750 nm in length in three out of ten 
examined plants were found (Fig. 2). �is type of parti-
cles is typical for members of the Potyvirus genus. 

Reverse transcription polymerase chain  
reaction (RT-PCR)

�e presence of DsMV was con�rmed in TEM-posi-
tive samples. RT-PCR with primers DMV5708-5731F 
and DMV6161-6154-R, resulted in products of appro-
priate size (447 bp). �e full-length CP sequences of 
about 942 bp of DsMV were obtained with two pairs 
of speci�c primers (DsMV9412F and DsMV9851R; 
DsMV8555F and DsMV9679R) and used for further 
analyses (Table 1).

Phylogenetic and recombination analyses 

Comparison of obtained sequences with 44 DsMV 
CP sequences retrieved from GenBank revealed that 
sequence identity in analyzed population ranged 
from 61.3 to 99.5% and from 66.2 to 99% for nucle-
otide and amino acid sequences, respectively (Fig. 3). 
Sequence diversity of the Polish isolates varied from 
4.5 to 12.7% for nucleotide and from 4.5 to 5.5% for 
amino acids sequences. Analyzed DsMV CP sequences 
were diverse in length from 855 to 1008 nt, resulting 
up to 51 aa di�erences in protein sequence size.

Most variations were localized within the aspara
gine rich N-terminal of CP, which also includes the 
carbohydrate p�B type kinase domain. �e DAG mo-
tif in the N-terminus of amino acids sequence of CP 
remained unchanged in 32 of the analyzed sequences. 
However, in 15 of the analyzed amino acids sequences 
the following DAG motif variations were observed: 
DAR, VAG, DTG, DKS, DVP, TAG, EVG, NGG, NAG, 
DVG. �e most frequent were alanine substitution by 

Fig. 2. Filamentous particles of DsMV observed in transmission 
electron microscopy (TEM). Arrows pointed to viral particles
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Fig. 3. Two dimensional visualization of nucleotide (A) and amino acids (B) CP gene sequence identity of 47 DsMV isolates examined 
in this study. The matrices were performed using SDTv1.2. Polish isolates marked by black dots














