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Abstract

Leifsonia xyli subsp. xyli, the causal agent of ratoon stunting, is an endophytic bacteria that colonize sugarcane xylem
vessels. It is generally accepted that sugarcane is the only natural host of ratoon stunting. The objective of this work
was to investigate the presence of bacteria in insects associated with sugarcane in an experimental area cultivated with
four varieties. The plants were artificially inoculated with bacteria, the samples of insects were collected from the
sugarcane crop. Specific PCR was used with DNA extracted from different insect parts (head, abdomen, or whole-
body). The DNA of the bacterium was not detected in those investigated insects, confirming that the host range of the
bacterium is restricted to Saccharum spp.

Keywords: Saccharum; DNA; Sugarcane ratoon stunting.

Resumo

Leifsonia xyli subsp. xyli, o agente causal do nanismo de ratos, € uma bactéria endofitica que coloniza os vasos do
xilema da cana-de-aclcar. E geralmente aceito que a cana-de-aglcar é o Gnico hospedeiro natural do raquitismo da
soca. O objetivo deste trabalho foi investigar a presenca de bactérias em insetos associados a cana-de-aglicar em uma
area experimental cultivada com quatro variedades. As plantas foram inoculadas artificialmente com bactérias, as
amostras de insetos foram coletadas da cultura da cana-de-agucar. PCR especifico foi usado com DNA extraido de
diferentes partes do inseto (cabega, abdémen ou corpo inteiro). O DNA da bactéria ndo foi detectado nos insetos
investigados, confirmando que a gama de hospedeiros da bactéria é restrita a Saccharum spp.

Palavras-chave: Saccharum; DNA; Raquitismo da soqueira.

Resumen

Leifsonia xyli subesp. xyli, el agente causal del retraso del crecimiento en ratas, es una bacteria endofitica que coloniza
los vasos del xilema de la cafia de azlcar. En general, se acepta que la cafia de azlcar es el Unico huésped natural del
retraso en el crecimiento de los retofios. El objetivo de este trabajo fue investigar la presencia de bacterias en insectos
asociados a la cafia de azlcar en un area experimental cultivada con cuatro variedades. Las plantas fueron inoculadas
artificialmente con bacterias, las muestras de insectos fueron recolectadas del cultivo de cafia de azdcar. Se utiliz6
PCR especifica con ADN extraido de diferentes partes del insecto (cabeza, abdomen o cuerpo entero). EI ADN de la
bacteria no se detectd en los insectos investigados, lo que confirma que el rango de huéspedes de la bacteria esta
restringido a Saccharum spp.

Palabras clave: Saccharum; ADN; Raquitismo de retofio.


http://dx.doi.org/10.33448/rsd-v11i5.27469
mailto:airanmiguel@gmail.com
mailto:juliana_lopes_souza@live.com
mailto:prgagli@academico.ufs.br
https://orcid.org/0000-0003-0039-0259
mailto:renatamann@academico.ufs.br

Research, Society and Development, v. 11, n. 5, €13311527469, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i5.27469

1. Introduction

Sugarcane Ratoon Stunting Disease (RSD) is a bacteria that is critical in shaping plant health for abiotic and biotic
stress tolerance (Carneiro et al., 2021). The Leifsonia genus includes pathogenic and beneficial bacteria, but limited research is
available comparatively across species regarding their association with plants (Nordstedt et al., 2021). The genus Leifsonia
comprises one species and 14 subspecies isolated from very diverse environments (Reddy et al., 2003), such as the Himalayan
lagoon (Reddy et al., 2008; Singh et al., 2020). Leifsonia xyli is the only pathogenic species described so far and comprises two
subspecies: Leifsonia xyli subsp. cynodontis, a pathogen of Bermuda grass (Cynodon dactylis) and Leifsonia xyli subsp. xyli
(Lxx), which causes Ratoon Stunting Disease (RSD) in sugarcane (Davis et al., 1984; Cursi et al., 2022). Sugarcane is
generally accepted as its only natural host (Zavaglia et al., 2016).

Lxx can be easily found worldwide where sugarcane is commercially grown. In Brazil, research has detected the
pathogen in 23-67% of the field sampled (Ponte et al., 2010; Urashima; Marchetti, 2013). Surprisingly, however, few studies
of natural alternative hosts of Lxx are in literature (Mills et al., 2001; Zavaglia et al., 2016; de Castro Moretti, 2018). Unlike
other xylem-restricted bacteria, such as Xylella fastidiosa and Xanthomonas albilineans, which have a wide range of host
plants (Tokeshi; Rago, 2005; Clavijo-Coppens et al., 2021), to date, there are no reports of alternative hosts for Lxx (Zavaglia
et al., 2016; Zhang et al., 2021). However, there is also no systematic study conducted with this focus. In Xylella, insects can
acquire the bacteria by feeding on infected plants and transmitting it to a healthy plant after a period that varies between 1 and
2 hours. Adult insects can transmit for the rest of their lives, and nymphs only until the next instar of development.

The re-establishment of a new sugarcane field occurs annually in 15 to 20% of the cultivated area of the Brazilian
sugar industry, a territory that covered 10.1 million hectares in Brazil in 2018. RSD, caused by Leifsonia xyli subsp. xyli (Lxx)
is a systemic disease transmitted through contaminated propagation materials. There are reports of high levels of Lxx infection
in all cultivars with an average of 40.2%, in the study period, with an increasing tendency of contamination by Lxx. In
addition, all cultivars showed high susceptibility to RSD, demonstrating the potential damage to the Brazilian sugar-energy
sector and the need for the sector to adopt stricter sanitation practices for the formation of the sugarcane nursery (Urashima et
al., 2020).

Diagnosis of the disease is based on detection of the bacteria by numerous techniques, including phase contrast
microscopy (Steindl, 1976; Abdalla, 2020), serology (Gillaspie, 1978; Rott et al. 2018), or molecular methods that are highly
sensitive and have been developed for the detection of Leifsonia xyli subsp. xyli, including Polymerase Chain Reaction (PCR)
(Fegan et al., 1998; Pan et al., 1998; Taylor et al., 2003; Wu et al., 2018) and Nested-PCR (Pelosi et al., 2013; Dias et al.,
2020).

Because RSD occurs worldwide and is a significant cause of sugarcane productivity, a better understanding of the
processes related to Lxx can help develop tools and technologies to produce sugarcane varieties of RSD-resistant sugars
through conventional and/or molecular breeding (Zhu et al., 2021). Additional investigations of alternative hosts of Lxx are
essential to better understand its biology and its dispersion in sugarcane fields. The objective of this work was to investigate

whether Leifsonia xyli subsp. xyli may have essential sugarcane insects as hosts.

2. Methodology
2.1 Insect collection
The insects were obtained at different periods (Table 1) in an experimental sugarcane plantation implanted in the

Rural Campus — experimental farm of the Federal University of Sergipe (lat. 10°55'26"S, long. 37 °11'57"0).
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Table 1. Insect species collected in sugarcane inoculated with Leifsonia xyli.

Species Family Season

Diatraea flavipennella  Lepidoptera: Crambidae ~ Summer / Winter
Diatraea saccharalis Lepidoptera: Crambidae ~ Summer
Mahanarva fimbriolata Hemiptera: Cercopidae Summer/Winter
Mahanarva posticata Hemiptera: Cercopidae Summer/Winter
Heterotermes tenuis Isoptera: Rhinotermitidae  Summer

Source: Authors.

The area has 1,500 m? and contains more than 100 plants distributed in 4 varieties: Co 997, RB867515, RB92579, and
RB951541. These plants were artificially inoculated by cutting the plants using an instrument previously immersed in Lxx
inoculum suspension two years before the insect collection. The inoculum was prepared by subculture and culturing the
isolated bacteria in the S8 liquid culture medium described by Davis et al. (1984). Inoculation was performed by cutting the
plants at 180 days of age using a cutting instrument previously immersed in the inoculum suspension. Approximately 10 ml of
the same suspension was applied to the exposed surface of the cut plants was performed to ensure inoculation. Through PCR
assays, it was possible to confirm the identity of the isolate as being the bacterium L. xyli subsp. xyli, the causal agent of the
disease ratoon rickets (RSD) (Urashima, 2010).

The choice of insects was based on the sugarcane pest identification manual (Garcia, 2013), which presents a list of
the country's main pests for the sugarcane and ethanol sector (2013). The insects collected were identified and immediately
stored in liquid nitrogen (Table 1).

The insects were used for DNA extraction as guided by the EMBRAPA 68 technical bulletin for sample preservation
and insect DNA extraction (De Souza et al., 2013).

2.2 DNA extraction and optimizations
The insects were kept in liquid nitrogen until the use and were macerated in a mortar with a pestle. Subsequently, the
DNA was extracted according to Carvalho (2016). The method was developed for extracting mycoplasmas from insects (Vega

et al., 1993). The following insect parts were used for DNA extraction: head, abdomen, and insect whole body (Figure 1).
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Figure 1. Insect parts used for DNA extraction.
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Source: Authors.

Initially, the samples were transferred to 1.5 mL microtubes, frozen in liquid nitrogen, and macerated with the aid of a
conical-tipped pestle. Groups of one to five insects were macerated in 400 mL of extraction buffer (L00 mM Tris; 50 mM
EDTA; 500 mM NacCl, pH 8.0), added with 2 mL of b-mercaptoethanol and sodium dodecyl sulfate, at a final concentration of
1%, followed by centrifugation at 2,000 rpm for 10 minutes. The supernatant was collected and heated for five minutes at
65°C. Nucleic acids were extracted with TE-saturated chloroform/isoamyl alcohol/phenol (100 mM Tris; 50 mM EDTA; 500
mM NaCl, pH 8.0). The DNA was precipitated with 2.5 volumes of absolute ice-cold ethanol for 30 minutes at -80°C, then
washed with 70% ethanol. After drying, the DNA was resuspended in 100 mL of 6X SSC (0.9 M sodium chloride, 0.09 M
sodium citrate, pH 7.0).

2.3 Detection of Leifsonia xyli subsp. xyli in insects

DNA was extracted from insect samples for amplification of genomic sequences, using the following pairs of primers:
LX23SF (ACCTCCTTTCTAAGGAGC), LX23SR(TGAATTGATCGGCTCACC), and Cxx1
(CCGAAGTGAGCAGATTGACC), Cxx2 (ACCCTGTGTTGTTTTCAACG).

The samples were identified according to the insect species, and the body part was sampled for analysis (Table 2).
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Table 2. Identification, species, and part of the insect used for DNA extraction for the detection of Leifsonia xyli.

Identification Species Part of insect

1 Diatraea flavipennella whole

2 Diatraea saccharalis whole

3 Mahanarva fimbriolata head

4 Mahanarva fimbriolata Abdomen

5 Mahanarva posticata head

6 Mahanarva posticata Abdomen
7 Heterotermes tenuis whole

8 Mahanarva posticata — nymph stage head

9 Mahanarva posticata — nymph stage ~ Abdomen

Source: Authors.

In Table 2 the species of the insects and part used are presented. The preparation of 25 pL of the mix for the PCR
reaction was carried out, and the assays of the reactions were occurred according to the work described by Pan et al. (1998).
Two microliters of insect DNA were added in microtubes containing the amplification buffer (1X), 200 uM of each dNTP, 0.2
uM of primers LX23SF (5’ACCTCCTTTCTAAGGAGC-3") and LX23SR (5-TGAATTGATCGGCTCACC-3'), drawn from
the 23S region of ribosomal RNA, and 1 U of Tag DNA polymerase. The reaction was carried out in a PTC 100 thermocycler
(MJ Research®, USA) using the following cycles: an initial cycle at 94°C for 5 minutes, 40 denaturation cycles at 95°C for 30
seconds, annealing at 57°C for 1 minute, and extension at 72°C for 1.5 minutes, and a final extension cycle at 72°C for 3
minutes.

The amplified products were separated by electrophoresis on 1.0% agarose gel in 0.5X TBE buffer (50 mM tris-base,
50 mM boric acid and 1 mM EDTA - pH 8.5) for 3 hours at 5 V/cm. Under ultraviolet light, the gel was stained and
photographed in a MasterR VDS Image Documenter (Pharmacia Biotech®, San Francisco, CA, USA). The sizes of the
generated fragments were estimated based on comparisons with a 100 bp DNA Ladder molecular marker (Promega
Corporation®, Madison, WI, USA).

Table 3. PCR reaction used for detection of Leifsonia xyli in insects.

PCR reaction Volume

H20 13.95 uL
Buffer enzyme 10x 2 uL (1x)
MgCl2 (50 mM) 2 yL (3.0 mM)
dNTPs (1.25 mM) 4 uL (200 mM)

Primer R (25 pmoles mL™?) 0.4 pL (10 pmoles)
Primes F (25 pmoles mL™) 0.4 pL (10 pmoles)

Tag (5U mL?Y) 0.25 uL (1.25 V)
DNA (insect) 2 L
Final Volume 25 puL

Source: Authors.

The PTJ-100-60 thermocycler (MJ Research®, Inc. Watertown, MA, USA) was used for DNA amplification. In the
amplification of the Lxx DNA with the different primers, different amplification programs were also used. For primers Cxx1
(CCGAAGTGAGCAGATTGACC), Cxx2 (ACCCTGTGTTGTTTTCAACG), the samples were initially subjected to initial
denaturation at 95°C for one minute, followed by 35 cycles with denaturation at the same temperature for 30 seconds,
annealing at 55°C and 61° C (internal) for 30 seconds and extension at 72°C for 45 seconds, followed by a final extension of

three minutes at 72°C.
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2.4 Nested-PCR

The presence of the bacteria was investigated through the amplification of a fragment of the viral genome in Nested-
PCR. Primers Cxxl1 (CCGAAGTGAGCAGATTGACC), Cxx2 (ACCCTGTGTTGTTTTCAACG) and LX23SF
(5'ACCTCCTTTCTAAGGAGC-3') and LX23SR (5'-TGAATTGATCGGCTCACC-3') were used. In Nested-PCR, the primers
used in the first round of amplification were replaced by others of the same sequence so that the DNA amplified in
conventional PCR becomes the target for the second pair of primers, increasing the sensitivity and specificity of PCR (Figure
2).

Figure 2. PCR and Nested-PCR test for Leifsonia xyli (Lxx) in DNA from insects in sugarcane.
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Source: Authors.

In the Figure 2 are presented the sequences to proceeds the essay. The amplification conditions were the same as for
the PCR reaction: initial heating at 95°C for 5 minutes, 35 cycles of initial denaturation at 94°C for the 30s, annealing at 58°C
for 30s, and extension at 72°C for 35s; and a final extension at 72°C/10 min. Ten microliters of the PCR reaction were
submitted to electrophoresis in a 1.5% agarose gel in TAE buffer, with an electrical voltage of 80 Volts, for 40min. The PCR
products were visualized in a UV transilluminator (Loccus®) and photo documented.

Two-step nested PCR was performed using the same reaction mixture and cycling conditions as reported for

conventional PCR.

3. Results and Discussion
3.1 Conventional PCR with different primers for detection of Leifsonia xyli subsp. xyli with different hosts.

Among the analyzed samples, there were no amplifications. For samples 7, 8, and 9, there were artifacts, later with the
same DNA as in the previous analysis, a NESTED-PCR was performed. In the second reaction, NESTED-PCR, no
amplifications were seen. Techniques based on microscopy and serology do not have sufficient sensitivity to detect Lxx when
present in low titer in plant tissues (Lopez et al., 2009; Abdalla, 2020). In these cases, therefore, the use of PCR is necessary.
The conservation of the target gene sequence is an important identification criterion.

Genes used in detecting Lxx by PCR include genes involved in pathogenicity, anonymous regions of the genome, and
ribosomal genes (Davis, 2000). The most used are primers designed from the intergenic transcribed spacer region (ITS)
between the 16S and 23S rRNA genes of the bacterial rRNA operon (Astua-Monge, 1995; Davis et al., 2000; Fegan et al.,

1998; Pan et al., 1998; Pan et al., 1999; Taylor, 2003; Faria et al., 2020). The presence of Lxx was not identified in the samples
6
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(insect head, abdomen, and complete body), generating negative results.

Sugarcane thermotherapy is currently the primary management method for Lxx in Brazil. When immersed, the
enzymes and proteins of the bacterial cell are denatured without harming the buds due to possible detection leaks and the
consequent survival of the bacteria to thermotherapy, which can result in asymptomatic seedlings. Thus, none of the treatments
adopted in thermotherapy was able to eliminate Lxx from the stalks, and the use of kasugamycin did not eliminate the bacteria
but reduced the bacterial population (Dias et al., 2019).

These results confirm that nested-PCR is a valuable tool to detect the presence of this phytobacterium in cutlets that
will be used as seedlings. PCR with all pairs of primers did not result in amplification in any insect samples collected from
sugarcane fields inoculated with the bacterium, which indicates that they are not natural hosts of Lxx.

A survey on the incidence of RSD in commercial crops in the Center-South of Brazil showed that 9.4% of the 307
plots with cane-plant examined and 32% of the 50 plants sampled used seedlings contaminated with Lxx in areas of reform,
revealing how widespread the disease is and the difficulty of effectively controlling the problem (Urashima et al., 2020).

A technique that is effective in detecting diseases is the PCR test, as it is based solely on the detection of the
pathogen's DNA sequence, where the visualization of a fragment of a specific size after the PCR test would indicate the
presence of the pathogen in the sample. Thus, this conclusion is important for practical purposes as it minimizes the possibility
that any insect species, which are closely linked to sugarcane plantations, could be a host of the disease. On the other hand,

sugarcane is the only natural host of Lxx is intriguing (Monteiro-Vitorello et al., 2004; Wu et al., 2018).

4. Conclusion

The insects Diatraea flavipennella, Diatraea saccharalis, Mahanarva fimbriolata, Mahanarva posticata,
Heterotermes tenuis, in sugarcane fields do not present DNA of Leifsonia xyli subsp. xyli for the conditions tested.
Considering the conditions, we can suggest new experiments probably inoculating the Leifsonia directly in those

insects and monitoring the bacteria persistence in insects.
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