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Detection and quantification of Xanthomonas axonopodis pv.
phaseoli and its variant fuscans in common bean seeds’

Norimar D’Avila Denardin®*, Vanessa Andréia Agostini?

ABSTRACT - The common bacterial blight of common beans (CBCF), a disease caused by Xanthomonas axonopodis pv. phaseoli
(Xap) and Xanthomonas axonopodis pv. phaseoli var. fuscans (Xapf), significantly reduces grain yield and seed quality. Because
this bacterium is mainly disseminated through infected seeds, efficient detection of Xap and Xapf is important to assure the
productivity and quality of the crop. In this study, various techniques that included different extraction techniques (two different
incubation times, with and without centrifugation) and five culture media (Kado 523, GYCA, MXP, NSA, and PTSA) were tested
for the detection of the seed-borne inoculum, using three different seed samples. Overnight incubation of the seeds, followed
by centrifugation and incubation in Kado 523 resulted in higher extraction of Xap and Xapf. The best extraction technique
was overnight incubation followed by centrifugation, and the best medium was PTSA. Among the tested culture media, PTSA
provided better identification and counting of the bacterial colonies, thus allowing the quantification of the seed infection levels.

Index terms: seed pathology, bacterial extraction, culture media, dry beans.

Detecgdo e quantificagdo de Xanthomonas axonopodis pv. phaseoli em
sementes de feijoeiro comum

RESUMO - O crestamento bacteriano comum do feijoeiro (CBCF), incitado pela bactéria Xanthomonas axonopodis pv. phaseoli
(Xap) e sua variante fisscans, € responsavel pela qualidade da semente e por consideravel reducéo no rendimento da cultura, sendo
a principal fonte primaria desse patdgeno, contribuindo para sua sobrevivéncia e disseminacdo. O objetivo deste trabalho foi
avaliar a eficiéncia de métodos de extragao e de meios de cultura, para os processos de detec¢ao e de quantificagdo de Xap e Xapf
em sementes de feijoeiro comum (Phaseolus vulgaris L.), que sejam sensiveis, rapidos e econdmicos para analise laboratorial
de rotina. Compararam-se quatro técnicas de extragdo e o desempenho de cinco meios de cultura, empregando-se amostras de
sementes de dois cultivares de feijoeiro, cultivados em duas safras. Os métodos de extrag@o foram constituidos por dois tempos
de incubagdo, com e sem centrifugaco, associados aos meios de cultura 523 Kado e MXP. O desempenho dos meios de cultura
envolveram 523 Kado, MXP, GYCA, NSA e PTSA. O melhor método de extracdo foi a incubagdo por uma noite, seguida de
centrifugacio, e o meio de cultura de melhor desempenho foi o PTSA, por facilitar a identificacdo e a enumeragdo de coldnias
tipicas de Xap e Xapf e permitir a determinacdo de diferengas nos niveis de infec¢do nas amostras de semente estudadas.

Termos para indexagao: patologia de sementes, meio de cultura, Phaseolus vulgaris, bactéria.

Introduction

The common bacterial blight of bean (CBCF), incited
by Xanthomonas axonopodis pv. phaseoli (Xap) (Smith)
Vauterin et al. (1995) and by its variant fuscans (Xapf),
described by Burkholder and Bullard (1946), is characterized
as a disseminated disease in most regions that produce beans
(Phaseolus vulgaris L.) in the world (Albuquerque etal., 2011;
Alavi et al., 2008; Saettler, 1991; Gilbertson, 1994; Sartorato
and Rava, 1994; Bianchini et al., 2005) being considered as
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quarantine pathogen in countries such as the United States,
Croatia and countries of the European and Mediterranean
Organization for Plant Protection (EPPO).

Xanthomonas 1is a genus that includes numerous
phytopathogenic species, characterized by a narrow range of
hosts. However, members of this genus are able to infect a wide
variety of plants, distributed among the monocotyledonous
and dicotyledonous plant species.

From a contaminated seed (main focus), bacteria can

colonize the surface of the tissues of the shoot (epiphytic
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development), or may invade emerging seedlings (endophytic
development). X. axonopodis pv. phaseoli is particularly
well adapted for epiphytic survival in the phyllosphere
because it is able to aggregate into biofilms that protect
against environmental stresses. Symptoms appear when
environmental conditions are favorable (high relative
humidity and warm temperature) and when their population
sizes are sufficient (106 cfu/g fresh weight).

The seed is the main source of primary inoculum
of this pathogen (Veldsquez and Trujillo, 1984), which
contributes to its survival, spread and reduced productivity
from 10-70% under conditions of natural incidence mainly
in temperate climates. The X. axonopodis pv. phaseoli and
var. fuscans can survive epiphytically in the phyllosphere
forming biofilms that protect against environmental
stresses. Symptoms of the disease appear when relative
humidity and temperature are favorable and when the
cell population reaches 10¢ ufc.g! fresh weight of tissue
(Darrasse, et al., 2007) The control of this pathogen is
based on the use of certified seeds, crop rotation, resistant
varieties, host weed management, biological control, and
more recently, on the induction of resistance.

The health test of representative samples from seed lots is
aimed at determining the quality of seeds, providing subsidies
for certification and inspection of seeds, ensuring marketing
and seeding (Machado, 2000) and facilities for tracking
problems that occurred and the prevention of future storage
and cultivation field problems. In Brazil, the analysis of the
presence of Xap and its variant Xapf in seeds of common
bean is based on Ordinance No. 3 of January 5th, 2004, by
the Ministries of Agriculture, Livestock and Supply (MAPA),
which considers this bacterium as a non regulated quarantine
pest, endowed with zero tolerance for its presence in seed lots.

When establishing seed quality standards, it must be
ensured that the levels proposed are compatible with the
production technology and environmental conditions in order
to avoid a collapse in both production and distribution of
seeds. It is this measure that regulates the production of seeds
and establishes the competition and distribution of seeds,
ensuring the sustainability of the seed business.

The methods for detecting bacteria in seeds must be
reproducible, economical, fast (Schaad et al., 2001) and of high
sensitivity (Rat, 1988). Several methods have been developed
and are available, some being highly sensitive for the detection
and identification of this bacteria, such as serology, molecular
techniques and flow cytometry (Sheppard et al., 2013; Popovic
et al., 2010; Tebaldi et al., 2010; Torres et al., 2009; Tebaldi et
al., 2007; Remeeus and Sheppard, 2006; Maringoni et al., 1994;
Valarini and Menten, 1992; Van-Vuurde et al., 1983). However,

these procedures are not yet available in most laboratories,
because they require sophisticated equipment, high costs
and, mainly, require specialized training for analysts. Thus,
the method which employs sowing extract or seed in semi-
selective culture media are capable of providing growth and
quantification of this bacteria, enabling to verify its presence
and viability (Chang et al., 1991).

The choice of extraction technique for Xap and its variant
Xapf in the seed is essential for successful detection, for they
may be located externally and/or internally to the seed (Van-
Vuurde, 1987). Thus, the combination of an efficient extraction
method with a semi-selective culture medium is a valuable
contribution to the investigation of this pathogen in seeds.

This study aimed to evaluate extraction methods and
efficiency of culture media for the processes of detection and
quantification of Xap and its variant Xapf in common bean seeds.

Materials and Methods

The seeds used were derived from seed production crops
of the common bean, cultivar FT Bio Nobre and cultivar
BRS Valente, from the northern region of the State of Rio
Grande do Sul, harvests 2002/2003 and 2003, provided by
Cooperativa Triticola de Erechim Ltda. (COTREL) and
acquired from EMBRAPA. For each cultivar and harvest,
were received three samples of 25 kg of seeds each.

The treatments, aiming to extract Xanthomonas
axonopodis pv. phaseoli (Xap) and its variant fuscans
(Xapf) from bean seeds, were formed by four techniques: a)
a one hour incubation without centrifugation; b) a one hour
incubation with centrifugation; c) incubation overnight (£18
hours) without centrifugation; and d) incubation overnight

(£18 hours) with centrifugation.

Essay I - Extraction of Xap and Xapf of common bean seeds

Sample preparation: Seeds of the cultivar FT Bio
Nobre were subjected to surface disinfection by immersion
in 70 °GL alcohol for five minutes, followed by immersion
in sodium hypochlorite at 1% for three minutes and six
successive washes in sterile distilled water. Next, the seeds
were transferred to a sterile Erlenmeyer and immersed in 500
mL of sterile saline phosphate buffer solution (SPBS). The
seeds, thus prepared, were subjected to four treatments for
Xap and Xapf extraction.

For each extraction technique a sample of 1,000 seeds
was used, divided into four subsamples of 250 seeds, which
constituted the essay replications.

The techniques used were: a) Extraction Technique 1: the
samples were incubated for one hour with stirring at 120 rpm
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and 4 °C and then brought to the laminar flow hood. From
the suspension obtained, two aliquots of one mL each were
taken, then transferred to two test tubes containing 9 mL of
SPBS each. Next, two series of successive dilutions were
undertaken, one for each test tube, comprising five dilution
units for each series. Then, an aliquot 500 uL of each dilution
factor was sown in triplicate, including the dilution factor
10°, in the culture medium 523 (Kado and Heskett, 1970) and
MXP (Claflin et al., 1985), through the spread technique, using
a Drigalski handle (spread plate). After sowing, the cultures
were maintained in a bacteriological incubator at 28 °C for 48
and 96 hours;

b) Extraction Technique 2: Samples were prepared
as in “Extraction Technique 17, however, in the laminar
flow hood, the suspension was poured into sterile tubes
with adequate caps for centrifugating, proceeding to
centrifugation (centrifuge Excelsa Baby Il model R-206) at
3,000 x g for 30 minutes. After centrifugation, in a laminar
flow hood, the supernatant was removed and the pellet was
resuspended with 3 mL SPBP. From this suspension, the
same steps from “Extraction Technique 1” were repeated;
¢) Extraction Technique 3: The samples were incubated
overnight (+ 18 h) at 4 °C under orbital shaking at 120
rpm, then following the same procedures from “Extraction
Technique 17; d) Extraction Technique 4: the samples were
incubated overnight (= 18 h) and at 4 °C, under orbital
agitation at 120 rpm, then following the same procedures
from “Extraction Technique 2”.

Evaluation of extraction techniques of Xap and Xapf
from the seeds: the efficiency of extraction techniques was
determined by observation of the growth of colony forming
units (CFU) typical of Xap Xapf, of pale yellow color or
with melanoid pigment diffused into the culture medium. The
identity of these colonies was confirmed by pathogenicity
and hypersensitivity reaction tests comparing them to the
isolated “Type” bacteria IB1190-95, from the collection of
Phytobacteria from the Biological Institute, Experimental
Station of Campinas. The quantification of CFU was
processed from the calculation: dilution factor x volume (mL)
x number of typical CFU grown in the two culture media
used in the four extraction techniques. The counting was
performed only in Petri plates corresponding to the dilution
factors presenting from 30 to 300 typical CFU. In order to
ensure the identification of typical Xap and Xapf colonies
obtained from common bean seeds, in parallel with the essay,
“Type” bacteria, isolated IB1190-95, was grown in each of the
culture media, with the same dilution series. Was considered
as the best extraction method which had the highest number
of typical CFU.mL™"! in the shortest incubation time.

Essay II - Performance of the culture media

The treatments consisted of five culture media: 523 (Kado
and Heskett, 1970), GYCA (Saettler, 1971), NSA (Schaad
and Stall, 1988), PTSA (Van-Vuurde et al., 1983) and MXP
(Claflin et al., 1985). For comparison of the media, were used
three samples of common bean cultivars seeds: a) cultivar Bio
FT Nobre, 2002/2003 harvest; b) cultivar Bio FT Nobre, 2003
harvest; and c) cultivar BRS Valente, 2003 harvest.

Preparation of samples: The samples were prepared
as in Essay I, Extraction of Xap and Xapf from common
bean seeds, and the extraction technique chosen for this
essay corresponded to “Extraction Technique 47, i.e.
incubation overnight (+18 hours) with centrifugation. From
the resuspension of the pellet, in three series of successive
dilutions were made, following the method described in
Extraction Technique 1. Then, an aliquot of 200 mL of each
dilution factor was sown in triplicate, including the factor
10°, in the five culture media, through the spread technique,
using a Drigalski handle (spread plate). After sowing, the
cultures were maintained in a bacteriological incubator at 28 °C
for 48 and 96 hours, except for the medium MXP, which
remained in incubation during 15 days. The performance
of the culture media was evaluated by counting the typical
CFU of Xap and Xapfin each culture medium. This counting
was performed only in Petri plates corresponding to the
dilution factors presenting from 30 to 300 typical CFU. In
order to ensure the identification of typical Xap and Xapf
colonies obtained from common bean seeds, in parallel with
the essay, “Type” bacteria, isolated IB1190-95, was grown
in each of the culture media, with the same dilution series.
The performance of culture media on the efficiency of the
processes of detection and quantification of Xap and Xapf
was determined by considering the degree of selectivity,
complexity level and nutrient requirement for the preparation
of the medium, economy and detection sensitivity by means
of number of typical CFU, the latter being determined by the
ratio of cells recovered.

Essay Il - Characterization of Xapf and Xap isolates obtained
from bean seeds

The isolates obtained from essays I and II were transferred
and purified by seeding in streaks, in medium 523 (Kado
and Heskett, 1970) and PTSA (Van-Vuurde et al., 1983) for
growing and obtaining isolated colonies. After 48 hours of
incubation, we evaluated the morphological, physiological,
biochemical and staining (Gram staining) characteristics,
according to Schaad et al. (2001), as well as application of
Koch’s postulates, inoculating plants of common bean and
tobacco for observation of pathogenicity and hypersensitivity
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reaction (Schaad et al., 2001). The identity of the isolates was
confirmed by the Biolog Kit® (Biolog ID Characterization).

Experimental design and data analysis

Extraction techniques and culture media constituted a
completely randomized design. For the extraction techniques
there were four treatments in four replicates, and means were
calculated from two culture media, two series of dilution and
plating in triplicate. For the performance of culture media,
there were five culture media, three sources of bean seeds
in four replicates and three series of dilution and plating
in triplicate. The results obtained for the two trials were
subjected to analysis of variance (P <0.05) through the
statistical package available in the software SAS, version
6.12 for Windows. The data obtained were transformed into
log x for analysis of variance and the treatment means were
compared by Tukey’s test at 5% probability.

Results and Discussion

Essay I - Extraction Technique of Xap from the seeds

The extraction techniques showed significant differences
between them. It is observed in Table | that the extraction
technique by incubating the seeds overnight in sterile
saline phosphate buffer solution (SSPBS), followed by
centrifugation of the suspension, was the most sensitive,
detecting 4 x 10* CFU.mL" in culture medium 523 (Kado
and Heskett, 1970) and 1 x 10* CFU.mL"! in the medium
(Claflin et al., 1985). Without the centrifugation process, was
detected 7 x 10° and 3 x 103 CFU.mL"! respectively for these
same media. Maringoni et al. (1994), working with extraction
methods of Xap from bean seeds, found mean values of
2,49 x 10* CFU.mL" for the maceration and incubation
technique during 24 hours at 5 °C. The results obtained by
these authors, using more laborious techniques were similar
to those found in this study. The technique using a 1 hour
incubation with centrifugation was effective only when
using the culture medium 523 (Kado and Heskett, 1970)
(5 x 10* mL"). After 96 hours of incubation, the colonies
presented in smaller numbers, while for the medium MXP
(Claflin et al., 1985) there was no growth in this incubation
period. For the technique using 1 hour of incubation without
centrifugation, there was no growth for both culture media
employed, both for evaluation after 96 hours and after 12
days in MXP (Claflin et al., 1985), whose period indicated
for CFU appearance in this medium is from 7 to 12 days of
incubation. It can be verified, thus, that the MXP medium is
not a sensitive culture medium to detect Xap and Xapf.

Table 1. Efficiency of four extraction techniques of Xanthomonas
axonopodis pv. phaseoli, in common bean seeds
(Phaseolus vulgaris L.), cultivar FT Bio Nobre, assessed
by counting CFU.mL"! in two culture media.

Culture medium

Extraction technique 523! MXP?
---UFC.mL"---

Incub.atlon.overmght with 4x10%a 1x10%a
centrifugation
Incub.ation.overnight without 7%10°b 3% 10°b
centrifugation
I tion f h ith
ncubg ion for one hour wi 5% 10°c 0c
centrifugation
Incubation for one hour without

. . 0d Oc
centrifugation

1523 (Kado and Heskett, 1970)

MXP (Claflin et al., 1985)

Obs.: For statistical analysis, data were transformed into log x. Means with
the same letter in the column do not differ by Tukey’s test (P<0.05).

Essay II - Performance of the culture media

Figure 1 shows that in all culture media there was a growth
of Xap and Xapf, but with statistical difference between them,
and it is possible to verify their sensitivity by the levels of
infection in different seed samples of the three samples
evaluated. The medium PTSA (Van-Vuurde et al., 1983) was
statistically superior to the others, with high sensitivity and
selectivity, favoring the growth of the pathogen, with 2.9 x
10* CFU.mL! for cultivar FT Bio Nobre, 2002/2003 harvest,
9.9 x 10* CFU.mL"! for cultivar FT Bio Nobre, 2003 harvest,
and 9.4 x 10* CFU.mL" for cultivar BRS Valente, 2003
harvest. With this culture media, colonies of bacteria could
easily be enumerated, and identification of the characteristics
of the genus Xanthomonas colonies was facilitated as well,
with colonies of bright yellow color and convex surface, for
Xap, and light brown colored colonies, at first, and intense
brown and shiny after a few days, for Xapf (Abd-Alla et
al., 2010). In addition to the easy preparation, this culture
medium dispenses the use of antibiotics and fungicides,
which makes it more economical. Since, in its formulation,
the tyrosine amino acid ((S)-2-amino-3-(4-hydroxyphenyl)
propanoic acid) is added, which stimulates the production of
the melanine pigment by Xapf, this pigment being the result
of secretion and oxidation of an acid which is intermediate of
the tyrosine metabolism. According to Darsonval et al. (2009)
this characteristic is not related to pathogenicity. However,
Mutlu et al. (2008) describe the possibility of this variant,
fuscans, expressing greater aggressiveness in the progression
of the disease. The medium PTSA (Van-Vuurde et al., 1983) is
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listed among the semi-selective culture media recommended
by ISTA/ISHI, for Xanthomonas axonopodis pv. phaseoli
detection tests (Sheppard et al., 2007; Sheppard et al., 1989).
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mPTSA m GYCA 0523 mMXP mNSA

Figure 1. Quantification of colony forming units (CFU.mL") of
Xanthomonas axonopodis pv. phaseoli and its variant
fuscans, in five culture medium, using common bean
seeds (Phaseolus vulgaris L.),of two cultivars sown in

two seasons in the northern region of Rio Grande do Sul.
Obs.: Sample A = cultivar FT Bio Nobre, 2002/2003 harvest; Sample B =
cultivar FT Bio Nobre, 2003 harvest; and Sample C = cultivar BRS Valente,
2003 harvest. PTSA (Van-Vuurde et al., 1983); GYCA (Saettler, 1971); 523
(Kado and Heskett, 1970); MXP (Claflin et al., 1985); and NSA (Schaad and
Stall, 1988). Means followed by the same letter in each sample do not differ
by Tukey’s test (P<0,05).

The media GYCA (Saettler, 1971), 523 (Kado and
Heskett, 1970), MXP (Claflin et al., 1985) and NSA
(Schaad and Stall, 1988), though allowing the growth
of Xap colonies, using the extraction technique through
overnight incubation followed by centrifugation, showed
colonies in lower amounts and statistically different from
the PTSA medium (Van-Vuurde et al., 1983), being less
susceptible to detection and recovery, as well as to the
identification of Xap.

The colonies showed different aspects in the different culture
media evaluated. In the GYCA medium (Saettler, 1971), the
colonies showed an intense yellow color, shiny, mucous aspect
and convex surface and, for Xapf, after five days, a light brown
color. In the medium 523 (Kado and Heskett, 1970), the colonies
showed a light yellow color, shiny, mucous aspect and convex
surface. After five days, it was observed that the color evolved
from light yellow to intense brown, characteristic of Xapf. In
the MXP medium (Claflin et al., 1985), it was not possible
to observe the presence of the melanin pigment produced by
Xapf. In this medium, the colonies showed a lemon-yellow
color, making it difficult to differentiate between colonies of Xap
and Xapf. In the NSA culture medium (Schaad and Stall, 1988),
the colonies showed a light yellow color, mucous and fluid
aspect. In the PTSA medium (Van-Vuurde et al., 1983), it was

possible to easily differentiate Xap colonies from its variant
fuscans, because they produced colonies of beige-brown
color surrounded by a halo of diffuse intense brown staining
in the middle.

According to Figure 1, it was observed that the levels
of infection by Xanthomonas axonopodis pv. phaseoli, of
cultivars FT Bio Nobre and BRS Valente grown in the 2003
harvest are significantly higher than the level of infection
of cultivar FT Bio Nobre, grown in the 2002/2003 harvest.
This finding is clearly evidenced by the extraction technique
combined with the performance of the culture medium PTSA
(Van-Vuurde et al., 1983). For the calculation of the recovery
rate of viable cells, the PTSA medium obtained values
significantly larger than the other media tested, reaching 99%.
This allows to infer that using this culture medium and the
mentioned extration techniques is of great value as a routine
laboratorial technique.

Essay Il - Characterization of Xapf and Xap isolates obtained
from bean seeds

The colonies with morphology and coloration characteristic
of Xanthomonas, selected and isolated in the different culture
media, were positive for genus/species/pathovar of Xap
or Xapf, because they showed positive for the presence of
xanthomonadine, starch hydrolysis, Tween 80 lipolysis, milk
proteolysis and acid production from trehalose, glucose, fructose
and sucrose. In addition, they presented hypersensitivity in
tobacco plants and pathogenicity in common bean plants
(cultivar Bio Nobre), and obtained 95% probability of being
classified as Xanthomonas axonopodis pv. phaseoli by the
Biolog Identification System® (Biolog ID Characterization).
It is note worthy that the Biolog Identification System® is not
prepared to separate Xanthomonas axonopodis pv. phaseoli
from its variant fisscans.

Conclusions

Incubation of seeds overnight with centrifugation and the
culture media PTSA and GYCA is the set of procedures that
stands out for the detection and identification of colonies typical
of Xanthomonas axonopodis pv. phaseoli var. fuscans and
Xanthomonas axonopodis pv. phaseoli in common bean seeds.
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