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Abstract

Brown spot disease caused by Cercospora longipes has recently emerged as a serious threat to
sugarcane cultivation, leading to reduced yield, and sugar recovery. The present study aimed to identify
brown spot-resistant sugarcane genotypes using a combination of field screening and molecular marker
analysis. A total of 24 sugarcane genotypes were evaluated under natural disease conditions at the
Central Sugarcane Research Station, Padegaon, during 2024-25. Field screening revealed wide
variation in disease incidence, ranging from 1% (resistant) to 25-35% (moderately susceptible). Four
genotypes (CoM 86032, Co 09004, CoM 22005, and CoM 22013) showed significant resistant at filed,
while CoM 0265 and PDN 13007 were identified as moderately susceptible. Molecular characterization
was carried out using two candidate gene primers (ZmCCoAOMT: and ZmRLK) along with RGA,
SRAP, ISSR-RGA, and SRAP-RGA markers. The ZmCCoAOMT: primer amplified a resistance-
associated 200 bp allele consistently present in all resistant genotypes but absent in susceptible ones,
indicating a strong association with brown spot resistance. High polymorphism (71-100%) was
observed among RGA and SRAP markers, with PIC values ranging from 0.26 to 0.37. Cluster analysis
grouped genotypes according to their disease reactions, validating marker efficiency. Overall, the study
highlights the usefulness of identified markers and resistant genotypes for marker-assisted breeding of
brown spot-resistant sugarcane varieties.

Keywords: Sugarcane, brown spot resistance, Cercospora longipes, candidate gene marker
(ZmCCoAOMT?), resistance gene analogues (RGA), SRAP markers, molecular markers, disease
incidence, genetic diversity

Introduction

Sugarcane (Saccharum spp.) is a major Cs crop belonging to the family Poaceae and is
cultivated worldwide for its high economic value. It serves as the primary source of sugar
and an important feedstock for bioethanol production, particularly in tropical and subtropical
regions. Owing to its high carbohydrate content, large biomass production, and favorable
energy balance, sugarcane is considered one of the most efficient crops for renewable
bioenergy generation (Hoang et al., 2015) [, Modern cultivated sugarcane varieties are
complex interspecific hybrids derived mainly from Saccharum officinarum, S. spontaneum,
and S. robustum, which contributes to their high polyploidy and genetic heterogeneity
(James, 2004; Baucum et al., 2009) > 1,

India is the world’s largest producer of sugarcane, contributing nearly one-fifth of global
production. The crop occupies about 3% of the total cultivated area in the country and plays
a vital role in agricultural income, employment generation, and industrial development
(Mishra et al., 2021) [, In addition to sugar, sugarcane provides several valuable by-
products such as molasses, bagasse, and press mud, which are extensively used in alcohol
production, paper manufacturing, and cogeneration of electricity (Grivet and Arruda, 2001,
Chen and Negulescu, 2002) &2,

Despite its importance, sugarcane productivity is severely constrained by various biotic
stresses. Fungal diseases such as red rot (Colletotrichum falcatum), smut (Sporisorium
scitamineum), and brown spot (Cercospora longipes) cause significant yield and quality
losses. Among these, brown spot disease has emerged as a serious concern in recent years.
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Once considered a minor disease, it has now become
increasingly destructive, particularly in regions like
Maharashtra and Karnataka, where favorable climatic
conditions such as high humidity and unseasonal rainfall
promote disease outbreaks (Khandagale et al., 2019;
Viswanathan and Ashwin, 2020) (6231,

Brown spot disease is characterized by the appearance of
small, dark necrotic lesions on sugarcane leaves, leading to
reduced photosynthetic efficiency and weakened plant
growth. Histological studies have shown that C. longipes
forms clusters of conidiophores near leaf stomata,
facilitating rapid disease spread under conducive conditions
(Viswanathan and Ashwin, 2020) (%1, Severe infections can
result in considerable losses in cane yield, sugar recovery,
and juice quality, thereby affecting the profitability of
sugarcane cultivation.

The development of disease-resistant varieties remains the
most effective and environmentally sustainable strategy for
managing brown spot disease. However, conventional
breeding approaches in sugarcane are challenging due to its
complex polyploid genome, long breeding cycle, and
limited availability of reliable resistance sources.
Understanding the genetic and molecular basis of disease
resistance is therefore essential for improving breeding
efficiency. Plant resistance genes (R genes) and
pathogenesis-related (PR) proteins play a crucial role in
defense against pathogens by activating various structural
and biochemical defense responses (Van Loon et al., 2006;
Li et al., 2015) [12 71,

Advances in molecular biology have enabled the use of
candidate gene markers and resistance gene analogue
(RGA) markers to study complex traits such as disease
resistance. These markers target conserved domains of
genes involved in pathogen recognition and defense
signaling pathways, including NBS-LRR proteins and
enzymes associated with secondary metabolite biosynthesis.
Marker-assisted selection using such markers allows rapid
and precise identification of resistant genotypes, thereby
accelerating the development of improved cultivars.

In this context, the present study was undertaken to evaluate
selected sugarcane genotypes for resistance to brown spot
disease caused by Cercospora longipes using candidate
gene and resistance gene analogue markers. The study aims
to identify resistance-associated molecular markers that can
be effectively utilized in breeding programs to develop
brown spot-resistant sugarcane varieties, contributing to
sustainable crop production and improved yield stability

Materials and Methods

Plant material and experimental site

The present study was conducted using twenty-four
sugarcane  (Saccharum spp.) genotypes comprising
commercial varieties and advanced breeding lines. These
genotypes were selected based on their agronomic
importance and variation in response to brown spot disease.
Field evaluation was carried out during the 2024-2025
cropping season at the Central Sugarcane Research Station
(CSRS), Padegaon, Maharashtra, India.

Field screening for brown spot disease
All genotypes were grown under standard agronomic
practices without the application of fungicides to allow
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natural disease development. Disease assessment was
performed at the peak disease expression stage using visual
scoring based on leaf symptoms. Disease incidence and
severity were recorded as percentage leaf area affected, and
genotypes were categorized into resistant, moderately
resistant, and moderately susceptible classes according to
the disease severity scale followed at CSRS, Padegaon.

Genomic DNA extraction

Young, healthy leaf tissues were collected from each
genotype for molecular analysis. Genomic DNA was
extracted using the cetyltrimethylammonium bromide
(CTAB) method. Approximately 100 mg of leaf tissue was
ground in liquid nitrogen and incubated in CTAB extraction
buffer, followed by chloroform-isoamyl alcohol
purification. DNA was precipitated using chilled
isopropanol, washed with 70% ethanol, air-dried, and finally
dissolved in TE buffer.

DNA quantification and quality assessment

The quality and concentration of extracted genomic DNA
were assessed using a UV-visible spectrophotometer by
measuring absorbance at 260 nm and 280 nm. DNA
integrity was further confirmed by electrophoresis on 0.8%
agarose gel stained with ethidium bromide and visualized
under UV light.

PCR amplification using candidate gene and RGA
markers

Molecular characterization was performed using two
candidate gene primers (ZmCCoAOMT; and ZmRLK) and
a set of resistance gene analogue (RGA), SRAP, ISSR-
RGA, and SRAP-RGA marker combinations targeting
conserved resistance gene domains. Polymerase chain
reaction (PCR) was carried out in a reaction volume of 20
uL containing 2.0 pL template DNA, 1.0 puL forward and
reverse primers, 2.0 pL dNTPs, 1.0 pL Tag DNA
polymerase, 1.6 uL MgClz, 2.0 puL reaction buffer and 9.4
uL ultrapure HO.

PCR amplification was performed using a thermal cycler
with an initial denaturation at 94 °C for 5 min step followed
by 35 cycles of denaturation at 94 °C for 1 min, primer
annealing for 40-60 °C for 1 min, and extension for 72 °C
for 1 min, and a final extension for 72 °C for 7min step. The
annealing temperature was optimized for each primer
combination based on primer specificity. PCR products
were separated on 1.5-2.0% agarose gels in 1x TBE buffer
at constant voltage. A DNA ladder was used as a size
marker. Bands were visualized under UV light using a gel
documentation system. Clear and reproducible bands were
scored as present (1) or absent (0) for each genotype—primer
combination.

Data analysis and cluster analysis

The binary data matrix generated from band scoring was
used for genetic similarity analysis. Cluster analysis was
performed using the unweighted pair group method with
arithmetic mean (UPGMA) based on Jaccard’s similarity
coefficient. A dendrogram was constructed using NTSYS-
PC software version 2.0 to assess genetic relationships
among the sugarcane genotypes in relation to brown spot
disease resistance.
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Results

Extraction, Quantification and Purity Assessment of
Genomic DNA

Genomic DNA was successfully isolated from young leaves
of 24 sugarcane genotypes (Table 1) using the modified
CTAB method. The quality and quantity of extracted DNA
were assessed using a Nanodrop spectrophotometer and
agarose gel electrophoresis. The absorbance ratio
(A260/280) of the DNA samples ranged from 1.76 to 2.05,
indicating good purity with minimal protein or RNA
contamination. The DNA concentration varied between
144.4 ng/ul and 1191.2 ng/ul (Table 1). The highest DNA
concentration was recorded in CoM 22007 (1191.2 ng/ul),
whereas the lowest concentration was observed in CoM
22016 (144.4 ng/ul). All samples were diluted to a working
concentration and used for downstream molecular analysis.

Field Screening for Brown Spot Disease Incidence

Field screening for brown spot disease caused by
Cercospora longipes was carried out on twenty-four
sugarcane genotypes at the Central Sugarcane Research
Station (CSRS), Padegaon. A wide variation in disease
incidence was observed among the genotypes, ranging from
1.00% to 30.45%, indicating differential responses to the
pathogen under field conditions. Based on disease severity,
the genotypes were categorized into distinct reaction groups
(Table 1). Four genotypes CoM 86032, CoM 22005, CoM
22013, and Co 09004 were classified as resistant, showing
slightly less disease symptoms compare to others. Sixteen
genotypes fell under the resistant category, exhibiting low
disease incidence between 1-5%, Five genotypes were
identified as moderately resistant, with disease incidence
ranging from 6-25%, such as CoM 22012 (5.45%) CoM
22018 (8.22%), PDN 15012 (18.11%), PDN 15006 (8.20%)
and CoM 10001 (8.41%). In contrast, CoM 0265 (28.25%)
and PDN 13007 (30.45%) were categorized as moderately
susceptible, showing comparatively higher disease
incidence.

Notably, no genotypes were recorded as susceptible or
highly susceptible. Overall, the observed variation in disease
incidence clearly demonstrated distinct field responses
among the tested sugarcane genotypes to brown spot disease
Molecular  Characterization
Primers

Two candidate gene-specific primers, ZmCCoAOMT; and
ZmRLK, were evaluated across all 24 sugarcane genotypes
to understand their association with brown spot resistance.
PCR amplification using the ZmCCoAOMT; primer
generated clear and reproducible banding patterns (Fig.1A).
A resistance-associated allele of approximately 200 bp was
detected in 22 genotypes, all of which were categorized as
resistant, or moderately resistant under field conditions. This
allele was absent in CoM 265 and PDN 13007, which
showed 28-30% disease incidence and were classified as
moderately susceptible. The strong association between the
200 bp band and field resistance suggests that
ZmCCoAOMT; is a promising candidate gene marker for
brown spot resistance in sugarcane. In contrast, PCR
amplification using the ZmRLK primer did not produce any
detectable bands across all genotypes. The absence of
amplification indicates that this primer was not suitable for

Using  Gene-Specific
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differentiating resistant and susceptible sugarcane genotypes
in the present study.

Molecular Characterization Using RGA, SRAP, ISSR-
RGA and SRAP-RGA Markers

A total of nine marker systems were employed to assess
genetic polymorphism and resistance association. All
primers, except ZmRLK, generated polymorphic bands with
high reproducibility. Overall, 71 alleles were detected, of
which 68 were polymorphic, resulting in a high average
polymorphism of 95.8%. The PIC values ranged from 0.26
to 0.37, indicating moderate to high informativeness (Table
2).

P-loopF1/GLPL R1 primer amplified seven polymorphic
alleles (210-610 bp) with 100% polymorphism and a PIC
value of 0.32. A 290 bp resistance-linked allele was
consistently present in resistant, and moderately resistant
genotypes, while it was absent in CoM 265 and PDN 13007
(Fig. 1B). The NLRR primer produced seven polymorphic
alleles (200-1500 bp) with 100% polymorphism and a PIC
of 0.31. A 1500 bp allele was associated with resistant
genotypes, whereas a 1505 bp allele was detected only in
moderately susceptible genotypes. The NLRR primer
produced seven polymorphic alleles (200-1500 bp) with
100% polymorphism and a PIC of 0.31. A 1500 bp allele
was associated with resistant genotypes, whereas a 1505 bp
allele was detected only in moderately susceptible
genotypes (Fig. 1C). Seven alleles (250-900 bp) of XLRR
primer were amplified with 100% polymorphism and a PIC
value of 0.26. A 390 bp allele was present in resistant
genotypes but absent in moderately susceptible ones (Fig.
1D). K03-HDO06 primer showed the highest allelic diversity,
producing 12 polymorphic alleles (200-1005 bp) with a PIC
value of 0.37. A 205 bp allele was consistently detected in
resistant genotypes only (Fig. 1E). ISSR 816 — GLPLAL1
primer combination generated nine polymorphic alleles
(150-700 bp) with 100% polymorphism and the PIC value
(0.33). A 510 bp allele was strongly associated with
resistance (Fig. 1F). In SRAP Mel — NLRR Primer analysis,
a total of nine alleles were amplified, of which eight were
polymorphic (88.88%), with a PIC value of 0.32 (Fig. 2A).
An 850 bp resistance-associated allele was detected
exclusively in resistant genotypes. Seven polymorphic
alleles (200-1100 bp) were observed in SRAP Mel — GLPL
R1 primer analysis with a PIC of 0.33 (Fig. 2B). An 805 bp
allele was present in resistant genotypes, while a 750 bp
allele was found in moderately susceptible lines. SRAP Mel
—Em4 primer produced seven alleles, with 71.42%
polymorphism and a PIC value of 0.30. A 510 bp allele was
consistently observed in immune and resistant genotypes
(Fig. 2C).

Cluster Analysis

UPGMA-based cluster (dendrogram) analysis grouped the
twenty-four sugarcane genotypes into two major clusters
with similarity coefficients ranging from 0.54 to 0.80 (Fig.
1). Cluster | comprised predominantly resistant and some
moderate resistant genotypes, all of which exhibited 1-25%
disease incidence under field conditions, indicating a strong
association between this cluster and brown spot resistance.
In contrast, Cluster Il included the moderately susceptible
genotypes CoM 265 and PDN 13007, which recorded
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comparatively higher disease incidence ranging from 25—
30%. The clear separation of resistant and susceptible
genotypes in the dendrogram closely corresponded with

https://www.agriculturaljournals.com

Table 1: Quantification of DNA and disease reaction data

field disease reactions, thereby validating the reliability and
effectiveness of the molecular markers employed in this
study for differentiating brown spot resistance in sugarcane.

Sr. No. Genotypes % Disease Incidence Reaction
1 CoM 86032 1.00 R
2 CoM 0265 28.25 MS
3 CoM 22001 1.07 R
4 CoM 22002 2.12 R
5 CoM 22003 1.50 R
6 CoM 22004 3.10 R
7 CoM 22005 1.00 R
8 CoM 22007 3.12 R
9 CoM 22008 3.70 R
10 CoM 22010 2.45 R
11 CoM 22011 4.15 R
12 CoM 22012 5.45 MR
13 CoM 22013 1.00 R
14 CoM 22014 4.11 R
15 CoM 22015 8.17 MR
16 CoM 22016 1.45 R
17 CoM 22018 8.22 MR
18 Co 09004 1.00 R
19 PDN 15012 18.11 MR
20 PDN13007 30.45 MS
21 PDN 15006 8.20 MR
22 CoM 10001 8.41 MR
23 CoM 09057 3.21 R
24 CoM 11082 1.14 R

R = resistant; MR = moderately resistant; and MS = moderately susceptible.

Table 2: Disease severity scale

Score Disease Severity% Disease reaction
1
2 1to 5% Resistant
3
4
5 6 to 25% Moderately resistant
6
7 26-50% Moderately susceptible
8 51-75% Susceptible
9 76-100% Highly susceptible
Table 3: Molecular analysis of RGA primers
Sr. No. Primer Total allele | Polymorphic allele | Percent polymorphism | PIC
1 ZmCCoAOMT: 6 6 100 0.31
2 PLOOPF1 GLPLR1 7 7 100 0.32
3 NLRR 7 7 100 0.31
4 XLRR 7 7 100 0.26
5 K03 HDO06 12 12 100 0.37
6 ISSR 816 GLPLAL1 9 9 100 0.33
7 SRAP Mel NLRR 9 8 88.88 0.32
8 SRAP Mel GLPL R1 7 7 100 0.33
9 SRAP Me4 Em5 7 5 71.42 0.30
10 ZmMRLK - No amplification - -
Total 71 68
Average 7.8 7.5 895.58 0.31
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Discussion

Brown spot disease caused by Cercospora longipes is an
emerging constraint in sugarcane cultivation, adversely
affecting crop productivity and quality. In the present study,
an integrated approach combining field screening and
molecular marker analysis was employed to evaluate
resistance among twenty-four sugarcane genotypes. The
wide range of disease incidence observed under natural field
conditions (1.00-30.45%) clearly indicated the presence of
genetic variability for brown spot resistance. Similar
variability in disease reaction has been reported in earlier
sugarcane and cereal studies, emphasizing the importance of
identifying resistant sources for sustainable disease
management.

Field screening results revealed that several genotypes
exhibited immune to resistant reactions, while only two
genotypes showed moderate susceptibility. The absence of
susceptible and highly susceptible genotypes suggests that
the evaluated germplasm possesses a relatively strong
resistance background. Such differential field responses
provide a reliable phenotypic basis for validating molecular
markers, as disease resistance is often influenced by
environmental conditions and pathogen pressure. The clear
categorization of genotypes based on disease incidence
strengthened the reliability of subsequent molecular
analyses.

Candidate gene marker analysis using the ZmCCoAOMT;
primer showed strong association with field resistance. The
presence of a resistance-associated allele (~200 bp) in
immune, resistant, and moderately resistant genotypes, and
its absence in moderately susceptible ones, suggests a
functional role of this gene in brown spot resistance.
ZmCCoAOMT is involved in the phenylpropanoid and
lignin biosynthesis pathway, which enhances cell wall
reinforcement and limits pathogen invasion. Similar
associations between ZmCCoAOMT, and resistance to
Cercospora spp. have been reported in maize, supporting its
conserved role in fungal disease resistance across species
(Yang et al., 2017) (241,

In contrast, the ZmRLK primer failed to produce
amplification in sugarcane genotypes. Although receptor-
like kinases are known to play a crucial role in pathogen
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recognition and defense signaling, the lack of amplification
in this study may be attributed to sequence divergence
between maize and sugarcane genomes or insufficient
primer—template homology. Similar limitations of cross-
species primers have been reported earlier, highlighting the
need for species-specific primer development for effective
resistance screening.

Resistance gene analogue (RGA) markers, including P-
loopF1/GLPL R1, NLRR, XLRR, and K03-HDO06, showed
high levels of polymorphism and strong association with
field resistance. These markers target conserved motifs of
NBS-LRR resistance genes, which are known to play a
central role in pathogen recognition and activation of
defense responses. The consistent presence of resistance-
linked alleles in immune to moderately resistant genotypes
and their absence in moderately susceptible genotypes
confirms the effectiveness of RGA markers for identifying
resistance-associated genomic regions. Similar findings
have been reported in other crops, where RGA markers
successfully  differentiated resistant and  susceptible
genotypes (Zhuang et al., 2002; Mutlu et al., 2006) 159,
The wuse of ISSR-RGA and SRAP-RGA marker
combinations further enhanced the detection of resistance-
associated polymorphism. Among these, KO3 HD06 showed
the highest PIC value, indicating superior discriminatory
power. The ability of these combined marker systems to
amplify resistance-linked alleles can be attributed to their
targeting of both gene-rich regions and conserved resistance
motifs. Earlier studies have also demonstrated the
effectiveness of ISSR-RGA and SRAP-RGA markers in
identifying disease resistance in crops such as mungbean
and eggplant (Reddy et al., 2015; Tantasawat et al., 2020)
[10,11]

Cluster (dendrogram) analysis based on molecular marker
data grouped the genotypes into two major clusters, which
closely corresponded with field disease reactions. Resistant
genotypes clustered together, while moderately susceptible
genotypes formed a separate cluster. Moderately resistant
genotypes were positioned between these groups, indicating
partial genetic similarity with resistant lines. This clear
clustering pattern validates the reliability of the molecular
markers used and confirms their effectiveness in
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distinguishing resistance levels. Such congruence between
phenotypic and molecular data has been widely reported as
a strong indicator of marker utility in resistance breeding
programs.

Overall, the integration of field screening with candidate
gene and RGA-based molecular markers provided a
comprehensive understanding of brown spot resistance in
sugarcane. Markers such as ZmCCoAOMT,, K03-HDO6,
ISSR 816-GLPLAL1, and SRAP-RGA combinations
emerged as particularly promising tools for resistance
screening. These findings offer valuable insights for marker-
assisted selection (MAS) and can significantly contribute to
the development of brown spot-resistant sugarcane cultivars,
thereby supporting sustainable sugarcane production.

Conclusion

This study confirms that integrating field screening with
molecular marker analysis is an efficient approach for
identifying brown spot-resistant sugarcane genotypes. The
candidate gene marker ZmCCoAOMT, and selected
RGA/SRAP markers showed a strong association with
resistance to Cercospora longipes. These markers reliably
differentiated  resistant and  susceptible  genotypes,
supporting their use in marker-assisted selection. The
identified resistant genotypes can serve as valuable
resources for developing durable brown spot-resistant
sugarcane varieties.
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