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ABSTRACT
Background: Common bacterial blight (CBB) and halo blight (HB) are among the most destructive bacterial diseases affecting
common beans, leading to significant yield and quality losses. The use of resistant cultivars remains the most effective and
sustainable management strategy. Identifying the presence of resistance genes and understanding the role of antioxidant enzymes
before and after bacterial inoculation are crucial for developing resistant breeding lines.
Methods: This study investigated the presence of resistance genes against Xanthomonas axonopodis pv. phaseoli (Xap) and
Pseudomonas savastanoi pv. phaseolicola (Psp) in eight bean varieties (Ozmen, Noyanbey, Akman, Alberto, XAN159, Vax1, Aras
98 and 36K). Additionally, the activities of antioxidant enzymes; Peroxidase (POX) and Catalase (CAT) were evaluated in two
selected varieties (Aras 98 and 36K) following bacterial inoculation. Resistance genes (SAP6, BAC6, BC420 and R7313 for Xap;
SR13, ST8, SH11 and SB10 for Psp) were screened using SCAR markers under greenhouse conditions. Four-week-old bean
seedlings were inoculated with Xap and Psp isolates and leaf samples (1 g) were collected at 0, 12, 24, 48 and 72 hours post-
inoculation for enzyme assays.
Result: Under greenhouse conditions, the lowest disease incidence and severity for CBB and HB were observed in XAN159,
Vax1, Ozmen, Noyanbey and 36K (p0.01). The SAP6 and BAC6 resistance genes were present in all cultivars except Alberto and
Aras 98, respectively, while the SR13 gene was absent in Noyanbey and Aras 98. POX activity increased by 198.40% in the 36K
cultivar at 36 hours post-inoculation, whereas CAT activity reached its peak (0.4087 U/g FW) in the same cultivar at 72 hours after
Psp inoculation (p0.01). The enhanced activities of antioxidant enzymes, along with the presence of specific resistance genes,
appear to play a critical role in the defense mechanisms of resistant and susceptible bean genotypes against bacterial infection.
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INTRODUCTION
Common bean (Phaseolus vulgaris L.) is an important legume
in the world as a source of protein, dietary fibre and minerals
such as potassium, thiamine, vitamin B6 and folic acid in
diets (Garden-Robinson and McNeal, 2013; Chekanai et al.,
2018; Belete et al., 2022). Also, the presence of phytochemicals
such as polyphenolic compounds in common bean prevents
various human diseases and they show high antioxidant
activity (Hayat et al., 2014). The production of beans (green
and dried) worldwide in 2017 was about 56 million tons and
they were harvested on 38 million hectares (Anonymous,
2019). In Turkey, the sowing area and production of beans
(green and dried) are 1,382,613 decares and 869,347 tons,
respectively (Anonymous, 2019).

Bacterial diseases that cause yield and quality losses
in bean production lead to severe epidemics in warm and
humid conditions and yield losses of up to 45% depending
on the durability of bean variety and environmental
conditions (Singh and Schwartz, 2010; Félix-Gastélum
et al., 2016; Belete et al., 2022).

The damage by halo blight (HB) caused by Pseudomonas
savastonoi pv. phaseolicola (Psp) and common bacterial

blight (CBB) caused by Xanthomonas axonopodis pv.
phaseoli (Xap) in the bean plants is of great economic
importance worldwide due to the significant losses it
generates in the crop (Hall, 1994; Singh et al., 1995; Belete
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et al., 2022). HB and CBB are difficult to control and the
effectiveness of existing strategies for the treatment of
existing diseases is limited due to the absence of an
effective chemical. This is because both HB and CBB are
caused by bacterial pathogens for which no effective
bactericides are currently available. The pathogens can
survive in crop residues, seeds and volunteer plants,
enabling them to persist from season to season and they
spread rapidly under favorable environmental conditions.
Consequently, chemical control options are largely
ineffective, making integrated approaches such as genetic
resistance, crop rotation and the use of disease-free seed
more critical.Genetic resistance and the use of disease-
free seed provide the most effective and viable control of
these two diseases (Miklas et al., 2014; Ferreira et al.,
2003). Plant resistance is highly effective in controlling crop
loss from bacterial pathogen infection. Plants have evolved
varied defense mechanisms to protect themselves against
pathogen attacks (Waller et al., 2005).

Antioxidant enzymes such as peroxidase (POX) and
catalase (CAT) play an important role in the plant response
mechanism to pathogen invasion by detoxifying superoxide
and H‚ O‚ (Bernal-Vicente et al., 2015).

In this study, the focus was on the antioxidant activities
of POX and CAT enzymes in eight bean varieties and the
resistance genes in these varieties for Xanthomonas
axonopodis pv. phaseoli (Xap) and Pseudomonas savastanoi
pv. phaseolicola  (Psp) were scanned using SCAR
(sequence characterized amplified region) markers. SCAR
markers are PCR-based DNA markers developed from
specific genomic sequences, typically derived from RAPD
or other dominant markers, that are converted into longer,
specific primers flanking a known DNA sequence. They
are highly specific, reproducible and co-dominant, enabling
reliable detection of target genes or traits, such as disease
resistance (Shaik et al., 2020).

MATERIALS AND METHODS
Materials
Bean cultivars were procured from Dept. of Field Crop,
Selcuk University (Ozmen, Noyanbey, Akman, Alberto) and
Ataturk University (36K, resistant) and Eastern Anatolia
Agricultural Research Institute in Turkey (Aras 98,
susceptible) and International Centre for Tropical Agriculture
(CIAT) (XAN159, Vax1). Bacterial strains, Xanthomonas
axonopodis  pv. phaseoli (Xap (120-x, 145-x)) and
Pseudomonas syringae pv. phaseolicola (Psp (510-p, 522-p)
cultures were provided by Dr. M. F. Donmez, Dept. of Plant
Protection, Iğdır University.

Methods
Enzyme assays
All bean cultivar seed samples used in the experiment
were surface sterilized with 3% (v/v) sodium hypochlorite
solution for 3 min and washed with distilled water. Plants
were grown in 10 cm pots in a soil mix containing sand,

perlite and peat compost under greenhouse conditions.
Greenhouse-grown 36K and Aras 98 bean seedlings were
used to determine POX and CAT enzyme activities.

Only these two genotypes were selected for enzymatic
analysis because they represent the contrasting extremes
of disease reaction-36K being highly resistant and Aras 98
highly susceptible to both Xap and Psp. This contrast allows
a clearer assessment of biochemical defense responses
while keeping the experimental design manageable and
statistically robust. The remaining six genotypes were
included only in the SCAR marker analysis to determine
the presence or absence of specific resistance genes.

Two-day-old cultures of Xap and Psp were harvested
from NA plates, suspended in sterile deionized water and
adjusted to a concentration of 10x CFU mL-1 determined by
a spectrophotometer at 660 nm and OD: 0.15.

Plants of the 36K bean genotype and Aras 98 bean
variety were sampled at 0, 12th, 24th, 48th and 72nd hours
post inoculation (hpi) and without pathogen inoculation.
The samples were stored at -80C prior to the enzyme
assay (Teranishi et al., 1974).

Fresh leaf material (1.0 g) from bacterial pathogen-
treated and control bean plants was homogenized with a
mortar and pestle in 6 mL of ice-cold 50 mM sodium
potassium phosphate buffer, pH 7. After the homogenate
was centrifuged at 10,000 g for 25 min, the supernatant
(crude extract) was used as the source of POX and CAT
enzymes. All steps were carried out at 0-4C (Jebara et al.,
2005).

Peroxidase (POX, EC: 1.11.1.7) assay
The activity of peroxidase was determined by adding 100 μL
of the crude enzyme preparation to 2 mL of a solution
containing 10 mmol/L KH2PO4  (pH 7), 20 mmol/L guaiacol
and 40 mmol/L H2O2. The change in absorbance at 470 nm
was recorded for 1 min with a spectrophotometer (Lin and
Kao, 1999).

Catalase (CAT; EC: 1.11.1.6) assay
The activity of catalase was determined by adding 100 μL
of the enzyme extract to 900 μL of a solution containing 50 mM
potassium phosphate buffer and 30 mM H2O2. The change
in absorbance at 240 nm was recorded for 1 min with a
spectrophotometer (Aebi, 1984).

Determination of resistance genes by SCAR markers in
bean varieties
Plant material
Ozmen, Noyanbey, Akman, Alberto, XAN159, Vax1, Aras 98
and 36K bean seeds were planted into pots (diameter 15
cm) filled with a mixture of sterilized soil, sand and farmyard
manure and grown at 25-35C in the greenhouse.

DNA isolation
Total genomic DNA extractions were prepared from fresh
bean leaves. 200-300 mg powdered plant materials for
each bean varieties was transferred to a 2 mL eppendorf
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tubes and 1 mL freshly prepared extraction buffer was
added (Doyle and Doyle, 1990).

PCR amplifications
PCR amplification for SCAR marker primers (Table 1) from
genomic DNA was performed in a total reaction volume of
20 μL containing 4 μL (5 ng/μL) of template bean DNA, 2 μL
of 10X Taq polymerase reaction buffer, 7 μL of dH‚ O, 2 μL
of MgCl‚ , 0.5 μL of each dNTP (dATP, dCTP, dGTP and
dTTP), 0.2 μM primers and 0.5 μL of Taq DNA polymerase
(Applied Biological Materials, ABM, Canada).

Statistical analysis
Enzyme activity data (POX and CAT) were subjected to
statistical analysis to determine significant differences

between treatments, sampling times and bean cultivars.
The experiments were arranged in a completely randomized
design (CRD) with three biological replicates per treatment
and time point. Data were analyzed using analysis of
variance (ANOVA) and means were separated using
Tukey’s Honest Significant Difference (HSD) test at a
significance level of p0.05.

RESULTS AND DISCUSSION
Enzyme assays
Pseudomonas syringae pv. phaseolicola (Psp) and Xantho-
monas axonopodis pv. phaseoli (Xap) are the causal agents
of halo blight (HB) and common bacterial blight (CBB) of
beans, respectively and cause substantial yield losses in

Table 1: The SCAR markers used in PCR amplifications.

SCAR
Markers

Size (bp) Primers Amplification Protocol References

SR13/Psp 1150bp 5’GGACGACAAGGAACATATTCA 3’ 95C 5 min for 1 cycle, 30  Miklas
5’GGACGACAAGGCTGCAAGAACCAT 3’  cycles of 60s at 94C, 60s at et al., 2000

 60C and 60s at 72C;
 followed by one cycle of 7
 minutes at 72C

ST8/Psp 1350bp 5’AACGGCGACATCAGTGTAAAGG 3’ 95C 5 min for 1 cycle, 30 Miklas
5’AACGGCGACAACCGACCATGTTTTAC 3’  cycles of 10 s at 94C, 40s et al., 2009

 at 65C and 120 s at 72C;
 followed by one cycle of 7
 minutes at 72C

SH11/Psp 800bp 5’CTTCCGCAGTCGAGAGAT 3’ 95C 5 min for 1 cycle, 30 Miklas
5’CTTCCGCAGTAGCAC C 3’  cycles of 10s at 94C, 40s et al., 2009

 at 67oC and 120s at 72C;
 followed by one cycle of 7
 minutes at 72C

SB10/Psp 525bp 5’CTGCTGGGACAATCACCAAGTC 3 94C 5 min for 1 cycle, 30 Fourie
’5’CTGCTGGGACTCTCTTAC3’  cycles of 10s at 94C, 40s et al., 2004

 at 65C and 120s at 72C;
 followed by one cycle of 5
 minutes at 72C

SAP6/Xap 820bp 5’GTCACGTCTCCTTAATAGTA 3’ 34 cycles of 10s at 94C, Miklas
5’GTCACGTCTCAATAGGCAAA 3’  40s at 55 oC and 120s at 72C; et al., 200

 followed by one cycle of 5
 minutes at 72C

BAC6/Xap 1250bp 5’TAGGCGGCGGCGCACGTTTTG 3’ 34 cycles of 10s at 94C, Jung
5’TAGGCGGCGGAAGTGGCGGTG 3’  60s at 70C and 120s at 72C; et al., 1999

 followed by one cycle of 5
 minutes at 72C

BC420/Xap 900 bp 5’GCAGGGTTCGAAGACACACTGG 3’ 35 cycles of 30s at 94C, Yu
5’GCAGGGTTCGCCCAATAACG 3’  30s at 50C and 60s at 72C;  et al., 2000

 followed by one cycle of 5
  minutes at 72C

R7313/Xap 700 bp 5’ATTGTTATCGTCGACACG 3’ 34 cycles of 10s at 94 oC, Beattie
5’AATATTTCTGATCACACGAG 3’  40s at 60C and 120s at 72C; et al.,1998

followed by one cycle of 5
minutes at 72C
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Turkey (Kahveci and Maden, 1994). Since no absolute
effective chemical control method exists for these bacterial
diseases, breeding and deployment of resistant cultivars
remains the most sustainable control approach. This study
aimed to investigate the activity of two key antioxidant
defense enzymes; catalase (CAT) and peroxidase (POX)
in resistant and susceptible bean cultivars following
inoculation with Psp and Xap.

The results revealed that POX activity was induced in
both resistant (36K) and susceptible (Aras 98) cultivars
after inoculation with either pathogen, but the intensity and
timing of induction differed significantly. In 36K, POX activity
increased sharply, peaking at 36 hours post-inoculation
(hpi) with a 198.40% rise, suggesting a rapid oxidative stress
response. In contrast, Aras 98 showed a slower induction,
with maximum POX activity at 72 hpi (Fig 1). This temporal
difference suggests that early and stronger POX induction
may be a key feature of resistance, as rapid reinforcement
of cell walls through lignification and the production of
antimicrobial quinones (via POX activity) can restrict
pathogen spread (Brisson et al., 1994; Kawano, 2003).
    Similarly, CAT activity patterns differed between cultivars
and pathogens. The highest CAT activity (0.4087 U g-1 FW)
was observed in 36K at 72 hpi with Psp. CAT activity in 36K
was consistently higher than in control plants at 24 and 36
hpi with Xap, whereas Aras 98 showed generally reduced
CAT activity compared to controls (Fig 2). Since CAT
scavenges hydrogen peroxide (H2O2) to prevent oxidative
damage to host cells (Mhamdi et al., 2010), its elevated
activity in 36K may reflect an efficient balance between
reactive oxygen species (ROS) generation for defense
signaling and ROS detoxification to avoid self-harm.
Reduced CAT activity in Aras 98 could lead to oxidative
stress-related cellular injury, increasing susceptibility.

Previous studies support these observations: Milosevic
and Slusarenko (1996) and Chandrashekar and Umesha

(2012) reported that resistant tomato genotypes showed
earlier and stronger CAT activity following bacterial infection,
enabling better ROS regulation. Baysal et al. (2003) and
Kavitha and Umesha (2008) also demonstrated higher
POX activity in resistant tomatoes than in susceptible ones
after pathogen challenge. Taken together, our data and
previous reports suggest that the resistance mechanism
in 36K involves a coordinated oxidative burst-rapid POX
induction for pathogen suppression, followed by elevated
CAT activity to mitigate oxidative damage. The catalase
(CAT) enzyme is found in peroxisomes of almost all aerobic
cells.

CAT is a protective antioxidant enzyme that prevents
damage to cells. Catalase enzyme hydrogen peroxide
decomposes into water and molecular oxygen (Nicholls et al.,
2000; Cavalcanti et al., 2006). Peroxidase enzyme is involved
in cell wall lignification process using hydrogen peroxide
which is formed during oxidative combustion and also
oxidizes phenols to quinones, which are toxic to the pathogen
(Brisson et al., 1994; Kawano, 2003).
    Thus, our results agree with Chandrashekar and
Umesha (2012), who observed an earlier increase in CAT
enzyme activity in resistant tomato plants than in
susceptible plants after pathogen inoculation. Similarly,
Baysal et al., (2003) and Kavitha and Umesha, (2008) were
examined POX activity in resistant and susceptible tomato
variety after bacterial pathogen inoculation. They found that
POX activity increased higher in resistant variety than
susceptible after bacterial pathogen inoculation.

SCAR analysis
Before investigating the resistant genes using SCAR
markers, the bean varieties were tested under greenhouse
conditions for their susceptibility reaction to the pathogens.
According to the results, highly significant differences
(p0.01) were observed among common bean cultivars in

Fig 1: Peroxidase (POX) enzyme activity in common bean varieties following bacterial inoculation.

(A) Aras 98 (susceptible variety) after Pseudomonas syringae pv. phaseolicola (Psp;
isolates 522-p and 510-p) inoculation; (B) 36K (resistant genotype) after Psp inoculation;
(C) Aras 98 after Xanthomonas axonopodis pv. phaseoli (Xap; isolates 120-x and 145-x)

inoculation; (D) 36K after Xap inoculation.
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terms of disease incidence and severity of Xap and Psp agents
under greenhouse conditions. The lowest disease incidence
and severity for both pathogens were observed in the varieties
XAN159, Vax1, Ozmen, Noyanbey and 36K.

After testing the eight bean cultivars pathologically against
Xap and Psp in the greenhouse, the presence of resistance
genes was detected in most of the bean varieties. With the
SCAR markers, an 820 bp band was obtained for SAP6 in all
cultivars except Alberto, a 1250 bp band for BAC6 in all
cultivars except Aras 98 and an 1150 bp band for the SR13
marker in all cultivars except Noyanbey and Aras 98 with PCR
amplification. We did not obtain any results for resistance
genes using the BC420, R7313, ST8, SH11 and SB10 markers
in the examined bean cultivars. Similarly, Poyraz et al. (2017)
screened ten resistance genes against Xap and Psp in 12
local bean cultivars using molecular markers (SCAR). They
found a presence/absence of the tested resistance genes in
bean varieties against Xap and Psp. Molecular markers are
very important for the detection of resistance against plant
diseases because, nowadays, plant breeding programs,
including disease resistance, are incorporating molecular
marker techniques like SCAR (Meziadi et al., 2016).

Our studies indicated that the defense enzymes POX
and CAT are actively involved in imparting resistance to
halo blight caused by P. s. pv. phaseolicola and common
bacterial blight (CBB) caused by X. a. pv. phaseoli in beans.

The development of resistant bean cultivars to halo and
common blight diseases caused by bacterial pathogens
will provide high added value to the economy of the country,
reduce chemical input for farmers and have great benefits
for the environment and human health.

CONCLUSION
This study showed that resistance to common bacterial blight
(Xanthomonas axonopodis pv. Phaseoli) and halo blight

(Pseudomonas savastanoi pv. phaseolicola) in beans is
governed by a combination of genetic and biochemical
defense mechanisms. Resistant varieties, particularly 36K,
exhibited earlier and stronger induction of POX and CAT
activities following pathogen inoculation, indicating a more
efficient oxidative defense response. In contrast, delayed
and weaker enzyme responses were associated with
susceptibility. SCAR marker analysis confirmed the
distribution of major resistance genes among bean
cultivars and generally corresponded with observed
disease reactions. Therefore, integrating molecular
markers with antioxidant enzyme analysis can strengthen
breeding strategies aimed at developing durable bacterial
disease-resistant bean cultivars.
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