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Handroanthus  heptaphyllus  (Vell.) Mattos

ABSTRACT: In January 2022 and April 2024, plants of Handroanthus heptaphyllus,
designated HP22 and HP24, respectively, exhibiing symptoms of mosaic, leaf blistering,
and ring spots were observed in the municipality of Piracicaba, Sdo Paulo state, Brazil.
Molecular analysis of plant HP22 revealed the presence of cucumber mosaic virus (CMV,
genus Cucumovirus), and phylogenetic analysis classified it into subgroup IA. Additionally,
CMV was identified using a plate-trapped antigen enzyme-linked immunosorbent
assay (PTA-ELISA) in both plants (HP22 and HP24). The virus of HP22 plant was
mechanically transmitted to Handroanthus albus, H. heptaphyllus, H. impetiginosus,
Tabebuia heptaphylla, and T. roseoalba plants, a transmission that PTA-ELISA confirmed.
Furthermore, transmission was observed from Aphis gossypii to H. heptaphyllus and T.
heptaphylla plants. Despite the absence of discernible symptoms, the presence of CMV
was confirmed through PTA-ELISA. To the best of our knowledge, this represents the first
report on the occurrence of CMV in H. heptaphyllus worldwide.
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(family young leaves (Figure 1B) was identified on another

Bignoniaceae), commonly known as “pink ipé&”, is a
tree 10-20 m tall, native to South America. It is widely
cultivated as an ornamental street plant due to its
abundant flowering, showy flowers, and leaf senescence
at the same time as flowering (Amaral et al., 2011).
Additionally, it is used in the timber industry, for
medicinal purposes, and forest restoration (Scarante et
al., 2017).

The incidence of plant diseases can have a
detrimental impact on the production of H. heptaphyllus,
impeding the optimal development and flowering of the
plant. In Brazil, only plant diseases caused by fungi and
bacteria affecting plants of the genera Handroanthus and
Tabebuia (also known as ipé) have been identified and
documented (Auer, 2001). To date, no viral infection has
been documented in H. heptaphyllus plants.

Cucumber mosaic virus (CMV) is a member of the
species Cucumber mosaic virus and belongs to the genus
Cucumovirus (family Bromoviridae). CMV is an RNA
virus with a vast host range, infecting over 1,200 species
in at least 100 plant families (Jacquemond, 2012). CMV
virions are icosahedral with a diameter of approximately
30 nm, and the genome consists of three positive
sense single-stranded (+ss) RNAs, designated as 1 to 3
(Bujarski et al., 2019). CMV transmission by aphids is
non-persistent and non-circulative (Ng and Falk, 2006).

In January 2022, a young H. heptaphyllus plant,
designated HP22, exhibiting mosaic symptoms and leaf
blistering on young leaves (Figure 1A), was discovered on
a sidewalk in the city Piracicaba, Sdo Paulo state, Brazil
(22°43'46.2" S, 47°30'17.2" W, altitude 504 m). In April
2024, another young H. heptaphyllus plant, designated
HP24, exhibiting mosaic symptoms and ring spots on
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sidewalk in Piracicaba (22°41'42.3" S, 47°39'05.5" W,
altitude 511 m). Genomic RNA was extracted from four
separate leaves of each plant using the PureLink Viral
RNA/DNA Kit (Thermo Fisher Scientific), following
the manufacturer's instructions. A two-step reverse
transcription polymerase chain reaction (RT-PCR) was
carried out with the specific primer pair 5'CP and
3'CP for the CMV (melting temperature = 40 °C),
which amplified a fragment of approximately 870 bp
corresponding to the coat protein (CP) gene (Rizos et
al., 1992). The expected amplicon size for CMV (870
bp) was obtained with total RNA from one of the four
leaves of the HP22 plant. The RT-PCR analysis of the
four leaves of the HP24 plant did not yield any evidence
of CMV infection. The amplicon was sequenced by
Sanger sequencing using above CMV described primers.
The nucleotide sequence was then compared with other
sequences deposited in GenBank using the BLASTN tool
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). The nucleotide
sequence of the CP gene of the HP22 isolate (accession
number OR636716) exhibited 98.93 % identity with
the corresponding nucleotide sequence of CMV from
Cucumis melo L. (accession number MK614765). The
reason for the failure of RT-PCR to detect CMV in other
leaves from the same plant is unknown. It may be
associated with the irregular distribution of the virus in
tissues or due to inhibitors produced by the herbaceous
plants that were not completely removed during RNA
extraction.

The same extracted RNAs were employed for
RT-PCR to detect potyviruses with the primers CIFor/
CIRev (Ha et al., 2008) and orthotospoviruses with the
primers BR60/BR65 (Eiras et al., 2001). However, no
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detection was achieved due to the absence or failure of
the RT-PCR, which was attributed to the same factors
previously outlined.

The plate trapped antigen - enzyme linked
immunosorbent assay (PTA-ELISA) confirmed the
presence of the CMV. Leaf extracts from the same four
leaves of plants HP22 and HP24 were subjected to PTA-
ELISA analysis using a polyclonal antibody against CMV
produced from tobacco plants (Bello et al., 2023). Each
extract was tested in triplicate wells. The absorbance
value (405 nm) was determined 60 min after adding
the enzyme-substrate (p-nitrophenyl phosphate at 0.6
g mL™) using a Metertech 960 ELISA reader. Samples
were considered CMV-positive if the mean absorbance
value was at least three times greater than the negative
control's. The mean absorbance values for the extracts
of the four leaves of the HP22 plant were 0.850, 1.150,
0.874, and 1.089, respectively. These values were
compared to 0.104, representing the healthy control
of the same plant species, and 0.621, representing the
positive leaf extract from a tobacco plant. The absorbance
values of the extracts from the four leaves of the HP24
plant were 0.484, 0.582, 0.523, and 0.545, respectively.
These values were compared to the absorbance values of
the healthy and positive control of the same plant species,
which were 0.112 and 0.550, respectively. The serological
detection of CMV may have been more efficient than RT-
PCR due to the stability of the capsid protein in the plant
extract relative to RNA, as previously discussed.

Phylogenetic analyses were performed using the
consensus of the complete nucleotide sequence of the

Identification of CMV in H. heptaphyllus

CMV CP gene (657 nucleotides) obtained in this study
and 17 corresponding nucleotide sequences downloaded
from GenBank. Multiple alignments were conducted
using Clustal Omega of Geneious Prime 2023.1.2, and
a phylogenetic analysis was performed using MrBayes
v. 3.2.7 (CIPRES Science Gateway). The resulting
phylogenetic tree was constructed using the software
FigTree v.1.4.4.

The phylogenetic tree demonstrated that the CMV
isolate from H. heptaphyllus (HP22) is classified within the
subgroup IA (Figure 2). CMV is typically classified into
two subgroups designated as I and II, based on serological
assays, RT-PCR, followed by restriction fragment length
polymorphism analysis, or nucleotide sequencing
comparison (Palukaitis and Garcia-Arenal, 2003). The
phylogenetic analysis is also employed to classify isolates
into distinct subgroups, with subgroup I divided into IA
and IB (Roossinck, 2002). The nucleotide sequence of the
CMV HP22 isolate exhibited at least 97.97, 93.89, and
81.73 % identity with the corresponding 17 nucleotide
sequences of CMV isolates from the following subgroups:
IA, IB, and II, respectively. CMV isolates from subgroup
I (A and B) appear to be the most prevalent, occurring
in Brazil with no distinct host range, while CMV isolates
from subgroup II are scarce and/or unconfirmed (Bello et
al., 2023; Kitajima, 2020).

The mechanical transmissions were performed
using the CMV HP22 isolate and plants of varying species
(Table 1). The symptomatic leaves were ground in a 0.01
M potassium phosphate buffer (pH 7.0) containing 0.1 %
sodium sulfite (1:10 w/v). The extract was applied by

Table 1 — Reactions of different plant species after mechanical inoculation with leaf extract of Handroanthus heptaphyllus infected with
cucumber mosaic virus. The analysis was conducted based on symptoms, Reverse Transcription Polymerase Chain Reaction (RT-PCR),
and Plate-Trapped Antigen Enzyme-Linked Immunosorbent Assay (PTA-ELISA).

Family Plant species Number of tested plants Symptoms RT-PCR PTA-ELISA
Chenopodium quinoa Willd. 5 ns' -2 -
Amaranthaceae . .
Chenopodium amaranticolor Coste & Reyn. 5 ns - -
Handroanthus albus (Cham.) Mattos 3 mosaic 1/3 2/3
Handroanthus heptaphyllus (Vell.) Mattos 3 ns - 1/3
Bignoniaceae Handroanthus impetiginosus (Mart ex DC.) Mattos 3 mosaic 1/3 2/3
Tabebuia heptaphylla (Vell.) Toledo 3 ns - 1/3
Tabebuia roseoalba (Ridl.) Sandwith 3 mosaic - 1/3
Cucurbita pepo L. cv. Caserta 10 ns - -
C. pepo L. cv. PX 7051 10 ns - -
Cucurbita moschata D. cv. Menina Brasileira 10 ns - -
Cucurbitaceae Cucurbita maxima D. cv. Fortuna 10 ns - -
Cucumis melo L. cv. AF 682 10 ns - -
C. melo L. cv. Gaucho 10 ns - -
Cucumis sativus L. cv. Safira 10 ns - -
Solanum lycopersicum L. cv. Santa Clara 5 ns - -
S. lycopersicum L. cv. Compack 5 ns - -
Capsicum annuum L. cv. Dahra 5 ns - -
Solanaceae .
C. annuum L. cv. Heloisa 5 ns - -
Datura stramonium L. 5 ns - -
Physalis peruviana L. 5 ns - -

'no symptoms. Zall plants tested negative.
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Figure 1 — Symptoms of mosaic, blistering, and ring spots on young leaves of Handroanthus heptaphyllus A) HP22 and B) HP24 plants
from the field. Symptoms of interveinal chlorosis and leaf distortion on mechanically inoculated C) Handroanthus albus, D) Handroanthus

impetiginosus, and (E) Tabebuia roseoalba.

Figure 2 - Phylogenetic tree generated with nucleotide
sequences of the coat protein (CP) gene of cucumber mosaic
virus (CMV) isolates. The lengths of branches are proportional
to genetic distances, and branch significance is indicated at
nodes for posterior probability values higher than 50 %. The
nucleotide sequence of the CP gene of peanut stunt virus (PSV)
(JN135292) was used as an outgroup for comparison. The
nucleotide sequence of the CMV HP22 isolate is highlighted in
red. Subgroups of CMV isolates: IA, IB, and II.

rubbing it onto the leaves of the seedlings (2-3 true leaves),
which had previously been dusted with 600-mesh
carborundum. A total of three to ten plants of each
species or cultivar was inoculated and subsequently
kept in a glasshouse for observation of symptoms
within 30 days post-inoculation (dpi) for plants from
the Amaranthaceae, Cucurbitaceae, and Solanaceae
families, and 180 dpi for plants from the Bignoniaceae
family. To confirm viral infection, RT-PCR using the
5'CP/3'CP primer pair and PTA-ELISA were performed.

The CMV HP22 isolate was mechanically
transmitted to Handroanthus albus (66.6 % efficiency),
H. heptaphyllus (33.3 % efficiency), H. impetiginosus
(66.6 % efficiency), Tabebuia heptaphylla (33.3 %
efficiency), and T. roseoalba (33.3 % efficiency) (Table
1). RT-PCR yielded positive results in one of three H.
albus and H. impetiginosus plants. The mean absorbance
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values for extracts from infected plants were compared
to those of the respective healthy controls (same
plant species), and the results are as follows: H.
albus (0.212/0.016), H. heptaphyllus (0.276/0.074), H.
impetiginosus (0.297/0.047), T. heptaphylla (0.249/0.078),
and T roseoalba (0.238/0.078).

The vector transmission of the CMV HP22 isolate
was investigated using Aphis gossypii Glover reared
on cotton (Gossypium hirsutum L.). The aphids were
initially fasted for 60 min and subsequently transferred
to a symptomatic leaf of H. heptaphyllus (HP22) for a
15-minute virus acquisition access period. The aphids
(25 insects per plant) were transferred individually
to seedlings (2-3 true leaves) of test plants for a virus
inoculation access period (IAP) of 15 min. Four plants
of each species (H. heptaphyllus, H. impetiginosus,
T heptaphylla, and T roseoalba) were individually
inoculated. Following the IAP, the aphids were manually
killed, and the plants were treated with an insecticide
(thiamethoxan). All plants were subsequently kept in a
glasshouse to evaluate symptoms. Virus infection was
confirmed at 180 dpi by RT-PCR using the 5'CP/3'CP
primer pair and PTA-ELISA.

The A. gossypii successfully transmitted the CMV
HP22 isolate to all H. heptaphyllus and T. heptaphylla
plants (Table 1). The RT-PCR results were negative for
all samples. The mean absorbance values for extracts
from infected plants in comparison to the respective
healthy controls were as follows: 0.276/0.074 for H.
heptaphyllus and 0.306/0.085 for T. heptaphylla.

A minimum of 80 species of aphids are capable
of transmitting CMV, with A. gossypii and Myzus
persicae Sulz. being the most significant and effective
(Palukaitis and Garcia-Arenal, 2003). It is uncommon
for aphids to colonize ipé plants. However, as the
relationship between CMV and aphids is nonpersistent,
the virus can be acquired and transmitted from and to
H. heptaphyllus and T. heptaphylla plants during aphid
feeding probes to identify the host plants.

Interveinal chlorosis was documented in plants of
the H. albus, H. impetiginosus, and T. roseoalba species
that had been mechanically inoculated and manifested
at 150 dpi. Additionally, H. impetiginosus plants
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exhibited leaf distortion (Figure 1C-E). No symptoms
were observed in plants of H. heptaphyllus and T
heptaphylla that had been inoculated mechanically or
by aphids. None of the mechanically inoculated plants
from the families Cucurbitaceae (five species) and
Solanaceae (four species) exhibited symptoms. They
tested negative for CMV infection by RT-PCR and
PTA-ELISA (Table 1). Despite the broad host range of
CMYV, the isolate from H. heptaphyllus did not infect
all potential hosts, particularly those belonging to
the Cucurbitaceae and Solanaceae families, as might
occur in nature. Some common CMYV isolates, which
typically infect solanaceous and cucurbit crops, have
also been reported to be unable to infect legume
species (Jacquemond, 2012; Palukaitis et al., 1992).
Notably, the CMV HP22 isolate could not infect
Chenopodium amaranticolor H.J.Coste & A.Reyn. and
C. guinoa Willd. plants, which are commonly used as
indicator plants for CMV infection (Sastry et al., 2020).
This observation leads to the hypothesis that the CMV
from H. heptaphyllus may have a specific host range,
infecting only tree species of the genera Handroanthus
and Tabebuia.

The study of diseases caused by viruses in forest
trees is hindered by the sporadic occurrence of such
diseases, which has precluded the demonstration of
their impacts (Nienhaus and Castello, 1989). Despite the
difficulties in detecting viral pathogens in forest trees
(Buttner et al., 2023), the present study successfully
demonstrated the pathogenicity of the CMV HP22
isolate through mechanical and aphid transmission
tests. Additionally, the virus infection was effectively
detected through PTA-ELISA.

Among different tree species, CMV has only been
documented to infect the karaka tree (Corynocarpus
laevigatus]J.R. & G.Forst.) in New Zealand in 1997 (Ashby
et al., 1977) and the wisteria sinensis in Serbia in 2010
(Milojevi¢ et al., 2016). Given that H. heptaphyllus is a
perennial plant with an exceptionally long lifespan, it
is plausible that it may serve as a reservoir for CMV in
the field. To the best of our knowledge, this represents
the first report on CMV infecting H. heptaphyllus plants
on a global scale.
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