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ABSTRACT

Cucumber mosaic virus (CMV) has the broadest host range, infecting more than 1300 species in more than 500 genera
from over 100 botanical families. In ornamental plants, CMV can cause mosaic and distortion of leaves, stunting, color
break, and malformation of flowers. CMV coat protein (CP) sequences obtained from seven ornamental plants and
other homologous sequences available in GenBank were compared, and phylogenetic relationships were established.
Total RNA from virus-infected ornamental species were extracted, submitted to RT-PCR with specific primers, and
amplicons obtained were sequenced. A nucleotide substitution model and phylogenetic analyses were carried out using
the PAUP program. The seven sequences of CMV CP obtained showed similar identity percentages and close
relationships with subgroup I isolates from other countries and hosts. CMV isolates from different regions of Sdo Paulo
state, Brazil (Salvia splendens, Catharanthus roseus, Nematanthus nervosus (=Hypocyrta nervosa), Impatiens wal-
leriana, Eucharis grandiflora and Commelina sp.) formed a monophyletic group, indicating a possible common origin.
It was found that when lily sequences of CMV only from different geographic regions were compared, Brazilian
isolates shared the same common ancestor with those from Poland and Taiwan. Furthermore, this monophyletic group
presented a quite basal position.
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1. Introduction stunting, chlorosis, necrosis and leaf deformation.

Isolates of CMV have been classified into subgroups I
and II, based on their biological and serological proper-
ties and nucleic acid hybridization tests [6]. A further
division of subgroup I, into [A and IB, has been proposed
based on phylogeny estimates, with the CP ORF and re-
arrangements in the 5’ nontranslated region (NTR) of
RNA 3 [2,9].

In Brazil, CMV is the only species of Cucumovirus
detected so far, and all isolates described belong to sub-
group I [10]. CMV is transmitted by almost 60 aphid spe-
cies in a non-persistent manner [11], which increases vir-
us dissemination among different plant species, with low
genetic variability among isolates. Additionally, the virus

The Cucumber mosaic virus (CMV), one of the four
species in the Cucumovirus genus, Bromoviridae family
[1], is characterized by isometric particles, three capped
plus-sense single stranded RNAs and five open reading
frames (ORFs) [2]. CMV is a typical generalist found
worldwide, with the broadest host range among plant
viruses, including more than 1300 species in more than
500 genera of over 100 families. New CMV hosts are re-
ported every year [3,4], including both cultivated and
spontaneous plants [5]. Whether alone or in combination
with other viruses CMV affects food crops, medicinal
and aromatic plants, and weeds [6,7]. CMV also infects

many ornamentals, frequently causing flower breaks
which may either enhance or detract from the aesthetic
qualities of the flower, depending in part on the flower
color [8]. Moreover, it induces symptoms such as mosaic,
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is also transmitted by seed, as well as by mechanical inocu-
lation.

The present study draws an overview of CMV, and
compares it with other Brazilian and world isolates. ORF
sequences corresponding to coat protein (CP) from seven
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ornamental isolates were aligned with sequences available
on GenBank, and phylogenetic analyses were carried out.

2. Material and Methods

2.1. Virus Material and Mechanical
Transmission

Ornamental plants (Table 1) showing virus-like symptoms
from different regions of Sdo Paulo State, Brazil were
inspected by electron microscopy and mechanically ino-
culated. Infected leaf tissues were homogenized in 0.05 M
phosphate buffer plus 0.5% sodium sulfite and mecha-
nically applied onto leaves of indicator plants using carbo-
rundum. Different herbaceous plants were used: Gom-
phrena globosa, Chenopodium amaranticolor, C. murale,
C. quinoa, Datura stramonium, Nicotiana benthamiana,
N. debneyi, N. glutinosa, N. rustica and N. tabacum
“Xanthi”. Inoculated plants were kept in an insect-proof
greenhouse for up to 30 days to allow the progression of
symptoms.

2.2. Serological Tests

The leaves of each sample were submitted to DAS-
ELISA using antisera against CMV subgroups I and II
(Agdia Inc., Elkhart, IN, USA). Reactions were consid-
ered positive when the absorbance value was three times
as high as that of the corresponding control. Positive and
negative controls (Agdia Inc., Elkhart, IN, USA) were
used.

2.3. RNA Extraction, RT-PCR, Cloning and
Sequencing

CMV isolates from the ornamental plants were propagated
in N. glutinosa and their total RNA was extracted ac-
cording to Chomczynski and Sacchi [12].

Anti-sense primer (5’GCCGTAAGCTGGATGGAC
AA3’) for the 3’-terminus of CP [13] and sense primer
(5’CATCGACCATGGACAAATCTGAATCAAC3’)

corresponding to the 3’-terminus of ORF movement pro-
tein (MP) were used for the RT-PCR. PCR was carried
out with an initial heating cycle at 94°C/2 min, followed
by 35 cycles at 94°C/1 min, 50°C/1 min and 72°C/1 min
and then one cycle of elongation at 72°C/7 min. Purified
amplicons (Concert Rapid Gel Extraction Kit, Gibco-
BRL) were cloned (Escherichia coli XL-1 Blue compe-
tent cells) and sequenced using automated sequencing
(ABI Prism Big Dye Terminator System, PE Applied Bio-
systems).

2.4. Sequence and Phylogenetic Analyses

Four sets of phylogenetic analyses were carried out with
CP CMV sequences obtained from seven ornamental
species (Table 1) and other homologous sequences of
CMYV isolates obtained from GenBank: 1) 20 sequences
of serogroup I from different geographic regions, two
from serogroup II and one sequence of Tomato aspermy
virus (TAV), used as outgroup; 2) 20 sequences of orna-
mental species-CMV isolates from different geographic
regions and one of serogroup II used as outgroup (S
70105); 3) 12 CP sequences from different regions of
Brazil; 4) 19 sequences of CMV-lily isolates. The se-
quences were aligned visually, using the Se-Al program.
Phylogenetic reconstructions were obtained by maximum
parsimony (MP) (PAUP 3.1.1) [14] and maximum likeli-
hood (ML) method (PAUP 3.1.1) [15]. The MP recon-
struction took into account all molecular characters as-
sessed as independent, unordered and equally weighted,
ACCTRAN (accelerated transformation) algorithms with
heuristic search by stepwise addition, simple addition of
the sequences and branch-swapping by the TBR (tree bi-
section and reconnection) algorithm. Robustness of the
nodes of the phylogenetic tree was assessed by bootstrap,
bootstrap percentages computed after 1,000 resamplings
using the branch-and-bound method [16]. Consistency
(CI) and retention (RI) indexes [17] were measured using
the MacClade 3.03 program [18]. The ML analysis was

Table 1. Isolates of Cucumber mosaic virus (CMV) from ornamental species from Sao Paulo state, Brazil.

Species/Family

Symptoms

Isolates/GenBank accession number

Catharanthus roseus/Apocynaceae

Eustoma grandiflorum/Gentianaceae
Eucharis grandiflora/Amaryllidaceae
Impatiens walleriana/Balsaminaceae

Lilium sp./Liliaceae

Nematanthus nervosus*/Gesneriaceae

Salvia splendens/Lamiaceae

Mosaic and deformation

Chlorotic vein-banding

Mosaic

Mosaic and chlorotic vein-banding
Chlorotic spots

Chlorotic rings and spots

Mosaic and chlorotic vein- banding

CMV-Cat/AY376840
CMV-Eus/AY380533
CMV-Euch/ AY380812
CMV-Imp/ AY374327
CMV-Lil/ AY374328
CMV-Nem/AY377584

CMV-Sal/ AY380532

Copyright © 2013 SciRes.
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based on the assessment of the evolutionary models for
substitutions, by way of a test of the rate of similarity
using the Modeltest program [19]. Once the model was
found, the tree topology was constructed.

3. Results

All isolates induced mosaic symptoms on N. glutinosa,
except the lily CMV isolate (CMV-Lil), which affected
systemically only N. tabacum “Xanthi” and N. bentha-
miana. CMV-Sal did not induce symptoms in D. stramo-
nium.

Positive reaction with antiserum against CMV-I only
was observed by DAS-ELISA performed with leaf ex-
tract from the 7 ornamental species.

Products of 657 bp in size were obtained by RT-PCR
using total RNA extracts from ornamental plants infected
by CMV as template. DNA amplicons corresponding to
the complete CP gene were sequenced. The sequences
were submitted to GenBank, and the accession numbers
can be seen in Table 1.

Comparisons among nucleotide sequences of CMV-
Cat, CMV-Euch, CMV-Eus, CMV-Nem, CMV-Imp,
CMV-Lil and CMV-Sal CP showed similar identity per-
centages and close relationships with subgroup I isolates
from other countries and hosts.

Alignment of the nt CP from the CMV ornamental
Brazilian isolates revealed a high level of sequence iden-
tity (96% - 98%), and a identity percentage that ranged
from 90 to 96, compared with the other isolates. The CP
from these isolates showed a strong conservation of nu-
cleotide sequences, varying between one (CMV-Imp and
CMV-Euch) and 17 changes (CMV-Lil). Thirty-eight
variable sites were observed, of which 22 were silent
nucleotide changes, i.e. those that do not result in an
amino acid substitution.

The most parsimonious of the 13,080 MP phylograms
reconstructed from 657 nucleotides (nt) of the CP of 29
CMV isolates, with 293 steps, was used to compute the
strict consensus tree. The values of the CI (excluding un-
informative characters) and RI were 0.83 and 0.79, re-
spectively.

Phylogenetic analyses (MP and MV) using Tomato
aspermy virus as outgroup showed that seven CMV iso-
lates share a common ancestor with CMV-I (100% boot-
strap value), since they fell within a cluster distant from
CMV-II. The division into two subgroups was also very
clear, since the WL (S70105) and Alstroemeria (AJ
131622) strains belonging to subgroup II formed a mono-
phyletic group and sister group of other subgroup I iso-
lates (data not shown).

The phylogenetic tree proposed under ML condition,
using CP sequence of CMVII WL strain as outgroup and
CMYV isolated from ornamental plants, revealed a mono-
phyletic group formed by Brazilian ornamental CMV

Copyright © 2013 SciRes.

isolates supported by a high bootstrap value, except for
CMV-Lily (Figure 1). A very consistent monophyletic
group (100% bootstrap) formed by CMV-lily from Brazil,
China and Taiwan was also recognized. In addition, the
lily CMV clade formed a monophyletic group with CMV
from Gladiolus (AJ131623) and Chrysanthemum (AF
316362) from The Netherlands and Korea, respectively.

Among the CMV isolates from the same species (Im-
patiens sp., Lilium sp., Eustoma grandiflora and Ca-
tharanthus roseus) from Brazil, China, India and Taiwan,
only those from lily plants shared the same clade.

CMV-Lil (Brazil) shared the same common ancestor
of CMYV isolated from lily plants from Poland and Tai-
wan. In addition the Indian lily sequence (AJ831578)
presented a quite basal position in the phylogenetic tree
proposed (Figure 2).

4. Discussion

No clear differences were observed in host range for the
isolates obtained, which could easily be transmitted by
mechanical inoculation showing similar symptoms. CMV-
Lily affected systemically only N. tabacum “Xanthi” and N.
benthamiana. These results are consistent with those
obtained by [20], suggesting that the CMV from lily is
host-selective, compared to other CMV strains. Among
the Brazilian isolates studied, CMV-Sal did not induce
symptoms in D. stramonium, unlike the isolate described
in India [7].

The results obtained for symptoms, host range and
DAS-ELISA showed that viruses isolated from the seven
ornamental species are CMV-I, confirming the prevalence of
the CMV subgroup in Brazil [10].

With respect sequence analyses the overall higher
degree of homology at amino acid level between all
CMV strains might indicate the constraints imposed on
the virus: variation in the CP to maintain the structural
and functional role presumably for virion stability, trans-
mission by aphids and the movement within the host
plants [21].

It is worth mentioning that in Brazil the occurrence of
CMYV subgroup II has not been described so far, though
the prevalence of CMV subgroup A was reported [10].
According to [22], the CMV strains of subgroup I are
considered more virulent than those of subgroup II. Sub-
group IB is more common in Asia, with the parental
lineage from Southeast Asia appearing to be the origin of
CMV. The less virulent strains be- long to subgroup II
and were found to occur in the USA, Australia, and Africa.

The lineages that gave rise to CMV from Brazilian
Eustoma seem to have a more basal divergence in com-
parison with the other lineages, when CP sequences from
ornamental species only were analyzed. CMV from the
ornamental species Alstroemeria sp. (AJ131622), Tagetes
erecta (AM396983) and Impatiens sp. (DQ 018289) be-
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longs to subgroup II.

CMV could not be separated in terms of its hosts.
However, a tendency of isolates from the same geogra-
phical region to share the same common ancestor was
observed.

The lineages that gave rise to CMV from Brazilian
Eustoma seem to have a more basal divergence in
comparison with the other lineages, when CP sequences
from ornamental species only were analyzed. CMV from

S70105-CMV II-WL
r DQO018289-CMV II-Impatiens sp.
—— AM396983-CMV II-Tagetes erecta

—— AJ131622-CMV I1I-Alstroemeria sp.

100

Due to different environmental constraints on the evolu-
tion of new CMV strains, it is important to study the phy-
logenetic relationship of viruses at local level [21]. When
phylogenetic analysis was performed using CP sequences
of CMV isolates from different hosts from Brazil only,
ornamental CMV isolates from Sdo Paulo state [Salvia
(CMV-Sal), Catharanthus (CMV-Cat), Nematanthus
(CMV-Nem), Impatiens (CMV-Imp), Eucharis (CMV-
Euch) and Commelina] formed a monophyletic group,

Brazil «—— i

rAY380533-Eustoma grandiflorum

! AY380812-Eucharis grandiflora

— AY380532-Salvia splendens

r AY374327-Lmpatiens walleriana

*

EY3 76840-Catharanthus roseus
AY377584-Nematanthus nervosus

AY374328-Lilium sp. - Brazil
AJ131618-Lilium sp. - Taiwan

Taiwan *———— 91

China

0.1

71

EF158110-Lilium sp. - China

]:AJB 1623 - Gladiolus sp. The Netherlands
AF316362 - Chrysanthemum boreale - Korea

957 AJ131627 - Eustoma grandiflorum
AJ131626 - Delphinium sp.

87AJl31625 - Amaranthus sp.

AJ871492 - Allamanda cathartica
EF417579-Lmpatiens sp.
1001 EF417578 - C. roseus

EF424777- C. roseus

AY 600989 - Salvia miltorrhiza

EF424778- -C. roseus

EF187827 - Amaryllis sp. - Taiwan

EU600215 - Salvia splendens - India

100| | EU726631 - C. roseus - Malaysia
1001 EU310928 - C. roseus - Lndia

Figure 1. Maximum likelihood tree constructed with coat protein sequences of Cucumber mosaic virus (CMV) isolates from
ornamental plants and comparable CMV sequences retrieved from GenBank using PAUP program with K80+1+G
substitution model, invariable site (I = 0.39) and gamma-distributed rate (G = 0.64). CMV Il WL strain (S70105) was used as
outgroup. * (= Hypocyrta nervosa). Bootstrap values are indicated near the branches

Copyright © 2013 SciRes.
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AJ131622 -CMV 11 - Alstroemeria sp.

r DQO018290 - Poland

AJ831578 - Lndia

r EF158110 - China
EU191026 - Poland

L[— AB049568 - Japan

AJ131615 - The Netherlands

0.1

L{ AJ890465 - Lndia
AJ131616 - The Netherlands
EU315691 - China®
AJ131618 - Taiwan

— Ab506797 - Korea

- DQ767971 - China

Dl AJ890464 - Lndia

AJ495841 - Korca

r AB506800 - Korea
AJ131617 - The Netherlands
AY 374328 - Brazil

- DQ18286 - Poland

AJ131619 - Taiwan

Figure 2. Maximum likelihood tree constructed with coat protein sequences of Cucumber mosaic virus (CMV) isolates
from Lilium sp. plants from Brazil (highlighted) and from different geographic regions retrieved from GenBank using
PAUP program with K80 substitution model and gamma-distributed rate (G = 0.45). CMV Il Astroemeria strain (AJ

131622) was used as outgroup. * CMV from wild lily.

indicating a possible common origin (data not shown).
Similar results were observed when phylogenetic analy-
sis was performed with CP sequences of CMV isolates
from different countries from ornamentals only. In a stu-
dy on CMV infecting Gladiolus, Dubey et al. [21] sug-
gested that the formation of one cluster among all Indian
strains may indicate their common origin.

Copyright © 2013 SciRes.

Although CMV-Eus and CMV-Lily isolates did not
cluster with those isolated from ornamental plants, they
shared the same common ancestor of isolates from the
same geographic region (data not shown).

The comparison of CP sequences of CMV-Lily with
sequences of CMV isolated from lily plants deposited in
GenBank revealed that the Indian lily sequence presented
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a quite basal position in the phylogenetic tree proposed.
The other isolates were divided into two groups, and the
Brazilian isolate shared the same common ancestor with
Poland and Taiwan isolates. In addition, the mono-
phyletic group formed by CMV-Lil also presented a
quite basal position. It should be noted that the majority
of commercially available lilies distributed worldwide
originate from Asia. The wild lilies were taken to Europe
100 years ago, and bred as commercial lily varieties [20].

Chen et al. [23] observed that lily isolates of distinct
geographic origins (France, The Netherlands and Tai-
wan), as well as those isolated from other horticultural
varieties were extremely homologous to each other, shar-
ing a common ancestor. Interestingly, the Brazilian iso-
late of lily showed the same behavior. The authors sug-
gested two possible reasons: recent dispersal of contami-
nated bulbs through trade or genuine host specificity,
since lily plants mechanically inoculated with several
CMYV isolates, only lily isolates were able to re-infect lily
plants successfully. A hypothesis was then proposed,
suggesting that CMV lily isolates constitute a unique pa-
thological population, evolutionary adapted to lily plants
[24]. It should be noted that a CMV isolate from wild lily
of China remained at the most basal position within the
monophyletic group composed by Asian and Dutch iso-
lates. This fact supports the idea of the origin of lily
CMV isolate in Asia and its dispersal of contaminated
bulbs through trade [23]. Because lily CMVs are nor-
mally transmitted through the bulb, once they infect a
certain lily they can exist for generations in that lily and
its vegetative offspring [20]. Davino et al. [11], studying
population genetics of CMV infecting medicinal, aro-
matic and ornamental plants, suggested that several events
of long-distance migration (gene flow) have occurred
between Italy and other countries. Nucleotide diversities
between different subpopulations were of the same order
as within subpopulations diversities, supporting the hypo-
thesis of gene flow between distant geographical regions.

The occurrence of CMV in different crops and regions
of the world shows the success of this virus species. In
this sense, phylogenetic analysis is a useful tool to im-
portant information about CMV evolutionary history.
Studies by Roossinck [2] showed that phylogenetic trees
estimated by ORFs located in different RNAs were not
congruent, indicating that they had independent evolu-
tionary histories. The authors also report that rearran-
gements may have led to genetic diversity among isolates
of CMV and contributed to its enormous evolutionary
success.

New isolates in new hosts, consistently reported both
in Brazil and in other parts of the world, can lead to
colonization of other susceptible species and unexpected
synergism with other viruses [25], causing considerable
losses in economically important crops.

Copyright © 2013 SciRes.

The occurrence of novel viral isolates in an array of
new different hosts, which has been repeatedly reported
both in Brazil and other countries, may be seen as evi-
dence of the colonization of susceptible plant species in
the near future, as well as of the emergence of synergy of
CMV with other virus species harmful to plants. In this
scenario, further studies are required to investigate this
phenomenon, shedding new light on the development of
innovative management strategies against viral infections
in order to prevent the substantial losses they cause in
economically important crops worldwide.
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