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ABSTRACT

The thermotherapy of sugarcane setts is currently the
primary management method for Leifsonia xyli subsp. xyli (Lxx),
in Brazil. When they are immersed, the enzymes and proteins of
the bacterial cell are denatured without harming the setts buds.
Due to possible escapes from detection and consequent bacterium
survival to thermotherapy, what may result in asymptomatic
seedlings, this study aimed to detect the Leifsonia xyli subsp.
xyli bacterium in sugarcane setts using molecular techniques and
different time and temperature combinations, with or without the
addition of antibiotics. The conventional PCR method detected
the Lxx bacterial DNA only in the positive control, consisting
of a highly susceptible plant with a high bacterial concentration.
Using the nested-PCR, the Lxx DNA was detected in all the
treatments used. Thus, none of the treatments adopted in the
thermotherapy was able to eliminate the Lxx from the setts, and
the use of kasugamicin also did not eliminate the bacterium,
but reduced the bacterial population in the tested treatments.
These results confirm that the nested-PCR is a useful tool to
detect the presence of this phytobacterium in setts that will be
used as seedlings.

RESUMO

Comparagao de detecgao molecular de Leifsonia xyli subsp.
xyli em toletes de cana-de-ag¢ucar tratados termicamente

O tratamento térmico de toletes para a formacgao de mudas
de cana-de-agucar ¢ a principal forma de manejo de Leifsonia
xyli subsp. xyli (Lxx), atualmente, no Brasil. Quando imersos, as
enzimas e proteinas da célula bacteriana sdo desnaturadas, sem
causar prejuizos as gemas dos toletes. Devido a possiveis escapes a
deteccdo e consequente sobrevivéncia da bactéria a termoterapia, o
que pode dar origem a mudas assintomaticas, objetivou-se realizar
a detecgdo da bactéria Leifsonia xyli subsp. xyli em toletes de
cana-de-acgucar, utilizando-se técnicas moleculares € combinagdes
de tempo e temperatura, com ou sem a adi¢@o de antibidticos. A
técnica PCR convencional detectou o DNA bacteriano de Lxx
somente no controle positivo, constituido de planta altamente
suscetivel, com alta concentragao bacteriana. Ja pela nested-PCR,
o DNA de Lxx foi detectado em todos os tratamentos utilizados.
Assim, nenhum dos tratamentos adotados na termoterapia foi capaz
de eliminar a Lxx dos toletes, bem como o uso de kasugamicina
também nao propiciou a eliminagdo da bactéria, mas reduziu sua
populagdo nos tratamentos testados. Estes resultados atestam a
nested-PCR como ferramenta ttil para a comprovacao da presenca
da fitobactéria em toletes que serdo utilizados como mudas.

KEYWORDS: Heat treatment, ratoon stunting disease,
polimerase chain reaction.

INTRODUCTION

The ratoon stunting disease (RSD), caused by
the fastidious gram-positive bacteria Leifsonia xyli
subsp. xyli (Lxx), is the most important sugarcane
disease. Production losses may exceed 50 %,
depending on the susceptibility of the genotype
(Davis & Bailey 2000, Young & Brumbley 2004,
Grisham et al. 2009) and environmental conditions
(Ngaruiya et al. 2005), primarily under prolonged
drought (Brumbley et al. 2006, Ramos 2012).
Losses are also directly related to the bacterial titer.

PALAVRAS-CHAVE: Termoterapia, raquitismo-das-soqueiras,
reagdo em cadeia da polimerase.

Harrison & Davis (1998) correlated the resistance
of sugarcane cultivars to ratoon stunting disease
with low Lxx density in the xylem sap, and greater
production losses were found in crops with high
concentrations of the pathogen (Davis et al. 1998,
Zekarias et al. 2012).

Bacterial survival is closely linked to the
presence of sugarcane in the field, and its transmission
occurs mainly during the crop cycles that include
plantation renewal. As such, this disease has been
controlled based on exclusion methods, primarily
the use of healthy material in crops resulting from
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the heat treatment of setts (Damann & Benda 1983)
or in vitro growing of meristems (Hoy et al. 2003,
Sandhu et al. 2009).

The absence of resistant varieties and
asymptomatic conditions in infected plants hinder
the management, diagnosis and, consequently,
correct identification of phytobacteria. As such,
management practices become inadequate, and
selecting resistant varieties in breeding programs is
difficult (Gagliardi & Camargo 2009).

Laboratory diagnoses have improved due to
the importance of ensuring the detection and correct
identification of the phytopathogenic agent. Among
the most widely used detection methods are light
microscopy, the Enzyme-linked Immunosorbent
Assay (ELISA) test, Evaporative-binding Enzyme-
linked Immonoassay (EB-EIA), Tissue Blot Enzyme
Immunoassay (TB-EIA) and Dot Blot Enzyme
Immunoassay (Iglesias 2003, Carneiro et al.
2004, Urashima & Grachet 2012). However, these
techniques are time-consuming, not sensitive when
compared to molecular techniques, and do not detect
low bacterial concentrations in host tissue cells.

Methods based on the Polimerase Chain
Reaction (PCR) technique are more sensitive and
specific for diagnosis than immunoassays (Iglesias
2003). Recent studies have used the Tagman® gPCR
system to identify Lxx (Pelosi et al. 2013). However,
the technique is difficult to apply in large-scale
routine analysis, because it is quite laborious and
requires specific sophisticated equipment (Dias et
al. 2018).

As such, this study aimed to evaluate PCR and
nested-PCR as tools to detect Leifsonia xyli subsp.
xyli in sugarcane stalks, heat-treated, combining
times and temperatures, with or without the addition
of antibiotics.

MATERIAL AND METHODS

Two independent experiments were carried
out. The first was conducted at the Universidade
Federal de Goias, in Goiania, and the second at the
Jalles Machado power plant, in Goianésia, both in
the Goias state, Brazil, in 2014.

In the first test, one-bud setts were used for
heat treatment. These were sampled in 9-month-
old CB 460 stalks, which are susceptible to ratoon
stunting disease. In the second test, 3-bud setts of
the most widely grown commercial variety around

Goianésia (RB92579) were tested at 9 months of age.
In both samples, analyses confirmed the presence
of ratoon stunting disease by detecting the bacterial
pathogen using the conventional PCR method and
species-specific primers (Taylor et al. 2003).

For the first test (heat treatment of one-
bud setts), the stalks were collected and cut to
an average length of 8 cm. For each treatment,
30 setts were packed in burlap bags to facilitate
handling and submitted to heat treatment in a water
bath (Thermo Scientific, Model 260) containing
distilled water, with or without the addition of the
antibiotic kasugamycin, at a dose of 300 mL 100 L
of H,O. The experiment consisted of 10 treatments:
T1=52°C/30 min; T2 =52 °C/1 h; T3 =50 °C/1 h;
T4 =50 °C/2 h; T5 =52 °C/30 min + kasugamycin;
T6 =152 °C/1 h+kasugamycin; T7 =50 °C/30 min +
kasugamicina; T8 =50 °C/1 h + kasugamycin; T9 =
kasugamycin (immersed in kasugamycin at a dose
of 300 mL 100 L' of H,O, at ambient temperature);
T10 = control (immersed in water at ambient
temperature).

After the treatment, the setts were distributed
into plastic trays (39 cm x 28 cm x 10 ¢cm) containing
Biofértil® substrate. The trays were placed in
a greenhouse, with an average temperature of
30°C +/- 3 °C and relative humidity varying between
50 % and 70 %. At 30 days after planting, ten setts
from each treatment measuring about 30 c¢cm in
height were transplanted to the field and arranged in
completely randomized plots. At 9 months after the
transplantation, three samples per treatment were
collected for molecular diagnosis. Setts were cut
from the base of each stalk, washed, peeled and the
cross-section removed. These sections were subjected
to pressure in a press and the fibrovascular fluid was
collected in 2 mL microtubes, which were stored at
20 °C until processing.

For the second test (heat treatment of three-
bud setts), the stalks were collected in raffia
bags and immersed in water with or without
adding kasugamycin, at different time-temperature
combinations. The experiment consisted of the same
10 treatments described in the first test.

Immediately after the treatments, the setts were
distributed in the field and arranged in completely
randomized plots. Each plot contained four 5-m-long
rows. Samples were randomly collected from 10
stalks per treatment, at 9 months after planting. The
fibrovascular fluid was extracted from the basal part
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of each stalk using positive pressure, with the help
of a compressor, and collected in 2 mL microtubes,
which were stored at 20 °C until processing.

For the genomic DNA extractions in the first
test, 2 mL samples of fibrovascular fluid from each
treatment were used to extract the total DNA via the
CTAB 2X method (Boiteux et al. 1999). For the second
test, the PureLink® Plant total DNA Purification
Kit was used, according to the manufacturer’s
instructions. All the samples were quantified in a
spectrophotometer, adjusted to 20 ng mL! and stored
at -20 °C until the PCR analysis.

Two protocols of different primers for
amplifying specific genomic regions were used
in tests with varying PCR primer pairs. The
conventional PCR, with Lxx-C2F/R (5’-CGA-GTT-
TGG-GTT-TCT-GCC-TGC-3’) and (5’-AGG-TGG-
CAG-CGA-CAA-CGG-TGC-3’) primers, was used
to amplify a specific bacterial genomic region (Taylor
et al. 2003). The nested-PCR protocol with RSD33
(5’-CTG-GCA-CCC-TGT-GTT-GTT-TTC-3’) and
RSD297 (5’-TTC-GGT-TCT-CAT-CrCA-GCG-
TC-3’) primers was used for the first PCR, and RST60
(5’-TCA-ACG-CAG-AGA-TTG-TCC-AG-3") and
RST59 (5’-CGT-CTT-GAA-GAC-ACA-GCG-ATG-
AG-3’) for the nested-PCR (Davis et al. 1998).

For each PCR region, 5.0 pL of Premix 2X
(EmeraldAmp® GT PCR Master Mix), a 2 puL aliquot
of DNA extracted from stalk samples or pure Lxx
culture, at 20 ng puL!, 0.2 pL of each primer at
2.5 uM and 3.6 pL of ultrapure water to top up to
a final volume of 10 pL were used. A single PCR
protocol was used for all the markers, consisting
of denaturation at 94 °C for 2 min, followed by 35
cycles of initial denaturation at 94 °C for 40 s, primer
annealing at 54 °C for 40 s, extension at 72 °C for
45 s and final extension at 72 °C for 10 min. The PCR
tests were conducted in a Biocycler thermocycler
(Biosystem®). All the PCR products were separated
in 1.5 % agarose gel, precast with GelRed in TBE
buffer and submitted to electrophoresis at 80 V, and
visualized in a UV transilluminator.

To simulate the bacteria detection in the
host, PCR and nested-PCR sensitivity tests were
conducted using total DNA extracted from healthy
sugarcane mixed with genomic DNA extracted
from Lxx bacteria, obtained after 14 days of growth
in MSC culture medium modified by Monteiro-
Vitorello et al. (2004). The total DNA concentration
in the fibrovascular fluid of sugarcane was fixed at

20 ng pL! and the DNA of Lxx was quantified at
an initial concentration of 25 ng uL"! and serially
diluted down to a concentration of 2.5 x 10 ng uL'.
Next, 1 pL of the initial solution of Lxx DNA was
transferred to a tube containing 9 pL of total DNA
suspension of healthy sugarcane at 20 ng uL!, and
then successively for each dilution of Lxx DNA
(107= 2.5 x 10°ng puL"). Thus, instead of using
water for the serial dilution, DNA extracted from
the fibrovascular fluid of healthy sugarcane was
used to have a sensitive parameter to detect bacterial
DNA when mixed with total DNA from sugarcane.
Conventional PCR amplifications were performed
with the different dilutions and then using nested-
PCR with primers designed by Davis et al. (1998),
as previously described.

The Sanger method was applied to verify the
DNA sequences of products amplified by nested-PCR.
Ten samples of nested-PCR amplification products
were randomly selected to confirm the identity
of the pathogen. The purification of previously
amplified products followed the SEPHADEX G50
protocol. Sequences of ten nested-PCR amplified
products were aligned using the BLAST program and
compared with the isolated CTCB07 Lxx sequence,
whose complete genome is deposited in the GenBank.

RESULTS AND DISCUSSION

For the first test, in the treatments conducted
with one-bud setts, the analyses obtained by PCR
using the primers designed by Taylor et al. (2003)
showed an amplification of the expected 520 bp
band only in the positive control, i.e., in samples
of susceptible field-infected plant material, where
the presence of high bacterial titers of Leifsonia
xyli subsp. xyli was previously confirmed in the
stalk. For the remaining treatments, there were no
visible amplifications for any of the heat treatments
associated or not with antibiotics (Figure 1).
However, amplifications were detected in at least one
of the repetitions of each treatment using nested-PCR
(Figure 2).

For the second test, in treatments conducted
in three-bud setts, bacterial DNA amplifications
were also not detected in any of the heat treatments
associated or not with antibiotics, in conventional
PCR reactions using the primers designed by
Taylor et al. (2003). However, for nested-PCR,
amplifications were visible in one or more repetitions
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of all the treatments, similarly to the results of the
previous test.

Given the differences in sensitivity between
conventional and nested-PCR, the performance of
these two techniques in the amplifications of a serial
dilution of Lxx DNA diluted in total DNA from
healthy sugarcane, at 20ng pL!, were analyzed.
Conventional PCR efficiently amplified the DNA of
Lxx at a concentration greater than or equal to 2.5 x

100pb + T T1 T2

520 bp — - —

* TS5 T5 TS5 Te Té Te T7

102ng uL!, whereas nested-PCR was efficient up to
2.5x 10°ng uL! (Figure 3). The degree of sensitivity
of nested-PCR was one thousand times higher than
that of conventional PCR.

Analyses of nested-PCR amplified sequences
randomly selected to prove the identity of the pathogen,
using the BLAST software, exhibited 100 % of identity
to Leifsonia xyli subsp. xyli, Culture CTCBO07, whose
complete genome is deposited in the GenBank.

T2 T2 TS T3 T3 T4 T4 T4 100bp

T7 T7 T8 T8 T8 T9 T9 T9 T10 T10 T10

Figure 1. Conventional PCR amplifications with primers designed by Taylor et al. (2003) separated in 1.5 % agarose gel, 100
base pair ladder in the first column from left to right of the gel, followed by a positive and negative control of DNA
extraction and three repetitions of each treatment. T1 = 52 °C/30 min; T2 = 52 °C/1 h; T3 =50 °C/1 h; T4 = 50 °C/2 h;
T5 =52 °C/30 min + kasugamycin; T6 = 52 °C/1 h + kasugamycin; T7 = 50 °C/30 min + kasugamycin; T8 =50 °C/1 h +
kasugamycin; T9 = kasugamycin (immersion in 3 mL L of antibiotic); T10 = control (immersion in water at ambient

temperature).

Figure 2. Nested-PCR amplifications with primers designed by Davis et al. (1998) from DNA extracted using the modified CTAB
2x protocol. The fragments were separated in 1.5 % agarose gel, 100 base pair ladder in the first column from left to
right of the gel, followed by a positive and negative control of DNA extraction and three repetitions of each treatment.
T1=52°C/30 min; T2 =52 °C/1 h; T3 =50 °C/1 h; T4 = 50 °C/2 h; T5 = 52 °C/30 min + kasugamycin; T6 =52 °C/1 h +
kasugamycin; T7 = 50 °C/30 min + kasugamycin; T8 = 50 °C/1 h + kasugamycin; T9 = kasugamycin (immersion in 3 mL L"!
of antibiotic); T10 = control (immersion in water at ambient temperature).

L o

107" 10210 =10 10 ° 10 °

o 10" 10-210= 101 10° 40407

Figure 3. Comparison of sensitivity of conventional and nested-PCR for detection of Lxx. a) Conventional amplifications up to a
DNA dilution of 2.5 x 10?ng pL™'; b) nested-PCR amplification up to a DNA dilution of 2.5 x 10°ng uL".
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The results of conventional and nested-
PCR demonstrate that assessing the heat treatment
efficiency is essential to avoid false negative results.
When assessing using only the conventional PCR
detection method, all the treatments were considered
efficient in controlling Lxx, even T10 (control -
stalks immersed in water at ambient temperature),
what contradicts this conclusion, since, under
these conditions, the Lxx viability would not be
compromised.

In contrast to conventional PCR, which
showed a low Lxx detection sensitivity, nested-PCR
clearly demonstrated that none of the heat treatments
can eliminate Lxx populations from sugarcane stalks,
using the test with both one-bud and three-bud setts.

These results show that a decline in bacterial
levels in sugarcane stalks over time does not affect
the sensitivity of conventional PCR detection, which
remains unchanged; however, conventional PCR
cannot detect very low concentrations of the bacteria,
compromising the health of future field crops.
Furthermore, Lxx was detected by nested-PCR in at
least one of the samples in all the treatments proposed
here, indicating bacterial survival despite the heat
treatment, i.e., Lxx was not completely controlled
after the adopted procedures. The fast and efficient
detection of bacteria is one of the requirements for
the successful management of the ratoon stunting
disease, since, in addition to the disease being difficult
to diagnose in the field due to the lack of characteristic
external signs (Rao et al. 2004, Urashima & Grachet
2012), it prevents false negatives from occurring in
plant material treated to eliminate the pathogen.

The high sensitivity of nested-PCR analyses,
irrespective of the variety of sugarcane tested
(susceptible standard or commercial), allows to
infer that none of the heat treatments was able to
completely eliminate the bacteria from the one- or
three-bud setts. However, in all the cases, including
the control (not treated), the bacterial level declined
from an initial DNA concentration greater than or
equal to 2.5 x 102 ng uL! (Figure 3a), detected by
conventional PCR (before submitting the setts to
heat treatment), to a bacterial DNA concentration
below 2.5 x 10° ng uL! (Figure 3b), detectable
only by nested-PCR, after cutting, heat treatment
and planting.

Possible reductions in the bacterial titers have
direct and indirect causes, such as environment
and temperatures unfavorable to the development

of Lxx bacteria in stalks and buds, given that both
experiments were conducted at the coldest time of the
year. The decline may also be due to an interruption
in the normal sap flow after stalks are cut into setts,
bacterial dilution in the growth phase of new tillers,
or slow Lxx bacteria growth owing to their fastidious
habit. In a study of bacteria, Chalkley & Koornhof
(1985) found an Escherichia coli generation time
(non-fastidious) of 15 min, which contrasts with that
of fastidious Lxx (6.9 h).

All the treatments resulted in lower bacterial
levels, including the untreated control. None of the
treatments completely eliminated Lxx from the setts.
These outcomes corroborate those of Carvalho et al.
(2016), who developed a protocol to assess different
heat treatment combinations, using quantitative PCR,
and also found that the heat treatment only reduced
bacterial levels in treated setts. Quantitative PCR
also demonstrated that the decrease was greater in
setts treated for more than one hour at temperatures
of 50 °C and 52 °C, if compared to shorter treatments
and the control.

Corroborating these results, several studies
demonstrated that the heat treatment does not
completely sanitize sugarcane seedlings (Damann &
Benda 1983, Benda 1994, Grisham et al. 2007,
Urashima & Grachet 2012). Moreover, the active
ingredient kasugamycin, in conjunction with
the thermotherapy of setts, was not effective at
eliminating Lxx.

Thus, the present study reinforces the need to
use more sensitive and reliable techniques on a large
scale to assess the efficiency of treatments aimed
at eliminating Lxx from sugarcane stalks used to
propagate the crop.

The degradation of DNA in dead cells
is a complex process that is dependent on a
specific organism physiology and conditions
leading to cell death. In general, intracellular DNA
degradation seems to be a slow process, and, in
most cases, extracellular DNA can be recovered
from decomposing cells (Nielsen et al. 2007). In this
study, the plant tissues were sampled at 9 months
after thermotherapy; therefore, it is unlikely that dead
bacterial cells were still present, but this possibility
cannot be completely disregarded, since one possible
problem of using PCR and related techniques to
evaluate the capacity of a given method to eliminate
a pathogen is that PCR cannot discriminate between
living and dead cells.
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Serological techniques for diagnostic
examinations have been used as part of the integrated
management of the ratoon stunting disease in a number
of countries (Rao et al. 2004, Fernandes Junior et al.
2010). Since a significant portion of Dot Blot analyses
is efficient only in plants with high infection levels,
most of the propagative material analyzed, used in
crops around the world and considered Lxx-free, may
be propagating the bacteria at very low bacterial titers.
Urashima & Grachet (2012) improved the Dot Blot
sensitivity with a higher initial sample volume, but
were unsuccessful with conventional PCR reactions.

In the present study, high sensitivity levels
were obtained with the nested-PCR protocol
suggested by Davis et al. (1998), tested and adapted
here, making it possible to diagnose the ratoon
stunting disease in a large number of samples, since
it is highly specific, sensitive, fast, does not require
sophisticated equipment and allows samples to be
stored for a longer period before processing, as it
occurs with samples used in conventional PCR.

CONCLUSIONS

1. Nested-PCR is a useful tool to detect the presence
of Lxx in setts that will be used as seedlings;

2. None of the treatments applied in thermotherapy,
associated or not with kasugamycin, was able to
eliminate Lxx from the treated setts, including the
standard treatments of 50 °C/2 h and 52 °C/30 min
adopted by sugarcane producers;

3. The treatments decreased the bacterial population,
since Lxx was only detected by Nested-PCR and
not PCR.
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