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ABSTRACT

Objective/Background. Phytoplasmas are obligate plant pathogens that exhibit
strong specificity with their hosts. Typical symptoms induced by these pathogens
include stunted growth and general decline, among others, and they rarely lead to
plant death. The aim of this research was to determine the phytoplasma associated
with the ‘witch’s broom’ symptom in an ornamental cactus (Opuntia sp.).

Materials and Methods. Four samples of ornamental cacti exhibiting ‘witch’s
broom’ symptoms were collected from four commercial nurseries in Texcoco,
State of Mexico. DNA extraction was performed on the samples, followed by PCR
using specific primers for phytoplasmas (P1/P7 and R16F2n/R16R2). Phytoplasma
determination was carried out through PCR, in vitro RFLP, sequencing, and
phylogenetic analysis.

Results. According to the various analyses conducted, it was determined that
the phytoplasma associated with the ornamental cactus belongs to the subgroup
16SrlI-C.

Conclusion. Based on the obtained results, it is established that a phytoplasma
from the 16SrII-C subgroup is associated with the ‘witch’s broom’ symptom in the

ornamental cactus (Opuntia sp.).
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INTRODUCTION

Different cacti have been planted and introduced in some parts of the world as
ornamental and edible plants. Cacti are susceptible to infections by phytoplasmas
and they develop diseases with symptoms characterized by growth in the shape of
a witch’s broom and a green mosaic pattern on the epidermis (Cai et al., 2008).
The global movement of bulbs, trimmings and seeds of ornamental and for human
consumption has enabled the introduction of new pathogens to diverse ecological
niches (Miedaner and Garbelotto, 2024). When the native flora is susceptible to
an introduced pathogen, this can give rise to a rapid decline, which may lead to its
extinction (Miedaner and Garbelotto, 2024). In recent years, increasing amounts of
ornamental plants have been found to have symptoms of phytoplasmas, pathogens
with a broad genetic plasticity, which helps them inhabit and infect any type of
plant, an example of which is ‘Candidatus Phytoplasma asteris’, which has been
found in over 80 monocotyledonous and dicotyledonous species in different parts
of the world (Lee et al., 2009). Phytoplasmas are obligate plant and insect parasites,
and in most cases, they need both hosts to disperse in nature (Whitcomb and
Tully, 1989). These bacteria are characterized by having a small genome, and as a
consequence, they have a limited metabolic capacity, thus they necessarily require
an insect vector and a host plant to reproduce. Phytoplasmas are pathogens that
have colonized both the animal and plant kingdoms, and the symptoms they induce
interfere with plant development, since they cause proliferation, virescence and
phyllody primarily (Bertaccini, 2015).

Considering the importance of generating scientific knowledge of the emerging
pathogens with the potential of spreading easily and efficiently by insect vectors
onto crops of economic interest, it is necessary to know the different groups of
phytoplasmas that can be found in ornamental cacti that are widely sold in Mexico
due to their phenotypic characteristics, making them a source of inoculum.
Therefore, the aim of this investigation was to detect and identify the phytoplasma
related to the thickening and proliferation cladodes in an ornamental cactus.

13

Detection of phytoplasmas. Four cactus samples with “witches’ broom”
symptom were obtained from four nurseries in Texcoco, State of Mexico
(Figure 1B-C). DNA extraction was carried out using the CTAB 2% method,
and rDNA amplification (100 ng pL') was carried out using universal primers
for phytoplasmas, P1 (5'-AAGAGTTTGATCCTGGCTCAGGATT-3") and P7
(5"-CGTCCTTCATCGGCTCTT-3") (Deng y Hiruki, 1991; Schneider et al.,
1995) which amplify 1.8 kb, followed by a second PCR (nested reaction) with
the pair RI16F2n (5'-GAAACGACTGCTAAGACTGG-3") and RI6R2(5'-
TGACGGGCGGTGTGTACAAACCCCG-3") (Gundersen and Lee, 1996)

which amplify 1.2 kb. The PCR reactions were carried out in a Techne® TC-300
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Figure 1. A) Amplifications of 16S rDNA of phytoplasmas obtained using primers R16F2n/R16R2. Lane M;
Molecular marker 100 pb, lane +; DNA from Dimorphotheca sinuata infected with “Candidatus
Phytoplasma asteris” (16Srl-B), lane -; Negative control, PCR without a template, lane 1-4; samples
of cactus (Opuntia sp.) with “witches’ broom” syndrome, from nurseries located in Texcoco, State of
Mexico; B-C) “Witches’ broom” symptoms in an ornamental cactus.

thermocycler, with an amplification protocol described earlier by Ortega-Acosta et
al. (2019). As a positive control, DNA from Dimorphotheca sinuata infected with
‘Candidatus Phytoplasma asteris’ (16SrI-B) was used. From the nested PCR, 5 pLL
of amplified product were loaded and observed on 1% agarose gel stained with
ethidium bromide and viewed on a UV transilluminator.
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RFLP analyses. Approximately 500 ng of each one of the products obtained from
the second PCR with the primers R16F2n/R16R2 underwent a Restriction fragment
length polymorphism (RFLP) using the restriction enzymes Rsal, Msel (Tru 91),
Kpnl, EcoRI (Promega, USA) and Haelll (Sigma-Aldrich, USA) at 37 °C for 4 h.
For this analysis, only the key enzymes used to identify groups of phytoplasmas
were considered. The number and size of the resulting fragments were analyzed by
electrophoresis in 3% agarose gel. The restriction patterns obtained were compared
with those published earlier (Lee et al., 1998) and with those obtained with the tool
iPhyClassifier from a reference strain from subgroup 16SrII-C (Zhao et al., 2009).

Sequencing and phylogenetic analysis. The products obtained from the nested
PCR were purified and sequenced in both directions (Macrogen Inc. Korea) and
afterwards, a phylogenetic tree was generated using the neighbor-joining method
in MEGA X (Kumar et al., 2018) using sequences from different groups and
subgroups of phytoplasmas. In this case, Acheloplasma laidlawii was used as an
external group.

The results indicated the presence of phytoplasmas in the four samples of
ornamental cacti with symptoms of “witches’ broom” (Figure 1A). The consensual
sequence obtained in this study was deposited in the in NCBI (National Center for
Biotechnology Information) GeneBank with accession number 0N413680.1. The
BLAST analysis of the sequence indicated a 100% similarity with cactus witches’
broom phytoplasma (group 16Srll, subgroup C) (accession numbers MH644006-
MH644007). The analysis of electrophoretic patterns with restriction enzymes
confirmed that the phytoplasma under study is a member of subgroup 16SrlI-C
(Figure 2B). On the other hand, the in silico electrophoretic profile of reference
strain AJ293216.2 of subgroup 16SrlI-C (Figure 2C), which considers 17 restriction
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Figure 2. RFLP analysis of the 16S rDNA of phytoplasmas amplified using primers R16F2n/R16R2 and digested

with five restriction enzymes: EcoRl, Haelll, Kpnl, Msel and Rsal M: molecular marker 100 pb (Promega,
USA); A) Positive control ‘Candidatus Phytoplasma asteris’ (I-B); B) Symptomatic sample of cactus from
this study (Accession number: ON413680); C) Restriction patterns in silico, generated from the sequences of
gene 16S rDNA of the Cactus witches’-broom phytoplasma 16SrII-C (Accession number: AJ293216.2) of the
reconnaissance sites for 17 restriction enzymes.
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enzymes, coincided with the result of the RFLP obtained with the digestion carried
out in the laboratory with the five key enzymes that provide certainty of the group
to which a certain phytoplasma belongs. The phylogenetic analysis placed the
phytoplasma under study (ON413680) in subgroup 16Sr II-C (Figure 3).
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Figure 3. Phylogenetic tree created using the neighbor-joining method, with sequences of the 16S rDNA deposited in the
GeneBank, showing the relationship between the phytoplasmas for groups 16Srl and 16Srll with the phytoplasma that

induced “witches’ broom” in cactus (Opuntia sp.) (Accession number: ON413680.1). The bar indicates the number of

substitutions per nucleotides.
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For their reproduction, phytoplasmas require diverse hosts, whether plants
or insects. Some insects reported as phytoplasma vectors are Macrosteles
quadrilineatus, Haplaxius crudus, Dictyophara europaea, Euscelidius variegatus
and Hyalesthes obsoletus, among other (Alma et al., 2019). In plants, they are found
in the phloem, including immature cells of this tissue that still keep their nuclei,
whereas in vector insects, they are found in diverse tissues, intra or extracellularly
(Bertaccini et al., 2014). In ornamental plants, 14 groups of phytoplasmas have
been found, out of the 16 existing ones, as well as 30 subgroups, all of which induce
different symptoms (Bellardi et al, 2018). ‘Candidatus Phytoplasma asteris’ is the
main group that infects ornamental plants worldwide. To date, 60 ornamental plant
species have been reported to be infected with phytoplasmas globally (Madhupriya,
2016).

In Turkey, ‘Candidatus Phytoplasma aurantifolia’-related strain (16SrlI-B
group) was recently reported to have been found in an ornamental cactus that
displayed symptoms similar to those observed in plants in this study (Ayvaci
et al., 2021). In Mexico, several groups of phytoplasmas have been reported
as related to the prickly pear cactus with “thickening of the cladode” or “male
plant,” the most important plant in this crop, since it significantly reduces the
production in all cactus-producing areas of the country (Hernandez-Pérez et al.,
2009; Suaste et al., 2012; Aguilar, 2019). The symptoms of this disease consist of
a partial yellowing of the plant, a gradual reduction in the size of the leaf and fruit,
thickening and cordiform development of the cladode, as well as the inhibition
of the floral and vegetative sprouting, and in the final stages, plant production
stops without it dying. In these symptoms, different groups of phytoplasmas
have been found to be related, including 16Srll (Hernandez-Pérez et al., 2009),
16Srl (‘Candidatus Phytoplasma asteris’) (Zak et al, 2011), 16SrXII (Suaste
et al., 2012) and 16SrVI (‘Candidatus Phytoplasma trifolii’) (Aguilar, 2019).
Despite the wide geographic distribution of phytoplasmas, its range of hosts and
importance as phytopathogenic microorganisms, there is little understanding of
the defense routes the plant has to avoid its establishment, which can give rise to
alternative strategies for its management, thus reducing its impact on agriculture.
On the other hand, there are norms that regulate the establishment and mobility
of this type of ornamental plants, such as the General Wildlife Law (2000) and
the Official Mexican Norm for the Protection of Wild Native Mexican Flora and
Fauna Species (2002). Likewise, the international trade of cacti is regulated by the
Convention on International Trade in Endangered Species of Wild Flora and Fauna
(2008). Regarding phytotechnical resources for agriculture and food, we have the
Federal Seed Production, Certification and Trade Law (2007). In trade, the use of
distinctive signs is regulated internationally by the Agreement on Trade-Related
Aspects of Intellectual Property Rights in the World Trade Organization and in
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Mexico, unlike other countries, these pathogens have been allowed to establish
in different ornamental cacti species, which can become an important source of
inoculum for other crops. Alongside this, which vector insects may be involved in
its transmission to other agriculturally important crops is unknown.

On the other hand, the advantage in the identification with phylogenetic and
molecular criteria helps provide more accurate knowledge on the association of
more than one phytoplasma in hosts with the same or different symptoms or the
symptoms caused by one phytoplasma group, such as 16Srl. This has allowed
the concept of disease in the case of phytoplasmas to change; in many cases, it is
pointed out that the characteristic biological properties of a particular phytoplasma
are linked to an established group or subgroup with phylogenetic criteria, so
these biological properties can only be used as secondary criteria to consider a
phytoplasma as the causal agent of a disease.

Based on our results, a phytoplasma of the subgroup 16SrII-C is established to
be related with the “witches’ broom” symptom in an ornamental cactus (Opuntia

sp.).
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