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ABSTRACT 

Seven SSR primers were developed from Phil 93-1601, a variety resistant to both sugarcane 

smut and downy mildew. The putative identities of the sequences were all related to fungal 

disease resistance. Preliminary analyses using seven SSR primers on 52 accessions revealed 

three alleles associated to sugarcane smut disease (P <0.035). Alleles 75PstI 7 and 126PstI 6 

were found to have association to sugarcane smut resistance, and 126PstI 1 to susceptibility. 

On the contrary, none of the primers gave promising results for molecular diagnosis of 

downy mildew. This study need to be completed with more markers and more accessions to 

validate theses preliminary results. 

1. INTRODUCTION 

Sugarcane is afflicted with various diseases either caused by biotic and/or abiotic factors. 

Biotic factors include fungi, bacteria, virus, mycoplasmas, nematodes and parasitic flowering 

plants. Abiotic factors due to unfavorable soil and climatic conditions and non-judicious use 

of chemicals like insecticides, fungicides, nematicides, herbicides and growth hormones. 

With concern for clean environment and balanced agro-ecosystem, the Sugar Regulatory 

Administration employs the modern concept of Integrated Disease Management in preventing 

and eradicating sugarcane diseases. Under this scheme, all known control measures are 

incorporated against specific diseases with minimal chemical usage. Foremost of these 

control measures is the planting of SRA disease resistant varieties which are effective, 

efficient, economical and safe to use. 

Identification of DNA markers which are diagnostic of fungal disease resistance is the 

start of a series of biotechnology techniques that will be utilized to complement and support 

traditional methods in the varietal improvement of sugarcane. There has been rapid 



development in sugarcane genomics. Primary genetic maps of Saccharumspecies have been 

constructed by various groups using RFLP,RAPD,AFLP, and SSRs with DNA probes from 

maize and sorghum (Tecson-Mendoza 2000). Colinearity of the gene identities of sugarcane 

with those of maize and sorghum has been established (Dufouret al 1997). 

Phil 93-1601 is a variety known to be resistant to bothsugarcane smut and downy mildew. 

Sugarcane smut caused by Sporisoriumscitamineumis one of the most serious diseases of 

sugarcane (Comstock 2000) and has been a long-standing problem in the Philippines. Downy 

mildew is another major disease of sugarcane. Seven SSR primers were developed from Phil 

93-1601, a variety known to be resistant to both sugarcane smut and downy mildew. The 

sequences of these primers had similar gene identities to zinc finger protein (57PstI), 

cation/H(+) antiporter (32PstI), cyclic nucleotide-gated ion channel (75PstI), flavin-

containing monooxygenase (77PstI), laccase (39AatII), Ser/Thr protein kinase (126PstI), and 

protein kinase PINOID (125PstI). The putative identities of the sequences were all related to 

fungal disease resistance. 

Identification and association of DNA markers which are diagnostic of fungal disease 

resistance is the start of a series of biotechnology techniques that will be utilized to 

complement and support traditional methods in the varietal improvement of sugarcane. 

2. MATERIALS AND METHODS 

2.1 DNA Source 

Thirty accessions from the Preliminary Yield Test (PYT) 2012 and 11 check varieties each 

for smut and downy mildew had their genomic DNA extracted and analyzed using a protocol 

described by Hulbert andBennetzen (1991) with slight modifications. 

2.2 Molecular Screening 

Seven primers developed from Phil 93-1601 at the Institute of Plant Breeding, University of 

the Philippines Los Baños were used for amplification by Polymerase Chain Reaction (PCR). 

2.3 Marker Scoring 

PCR products were run on polyacrylamide gel electrophoresis and subjected to molecular 

scoring. Bands were scored one (1) for the presence and zero (0) for the absence of a DNA 



fragment. The polymorphism and

calculating for their polymorp

2.4 Association analysis 

Fungal disease resistance ratings for sugarcane smut and downy mildew were subjected to 

association analysis with SSR loc

used in the study. Data on smut and downy mildew disease ratings were taken from the 

and M2 selection of the 30 Preliminary Yield Test(PYT) 

check varieties. 

Association analysis between markers and disease ratings were performed based on the 

general linear model (GLM) by using the software Trait Analysis by Association, Evolution, 

and Linkage (TASSEL 5.2.48) (Bradbury 

was response variable, while disease ratings were independent variables. Markers were 

considered to be associated with the traits if P < 0.035.

3. RESULTS AND DISCUSSION

 

 

 

 

 

 

 

 

 

 

Figure 1. Polyacrylamide gel of check varieties amplified using SS

showing alleles 126PstI 1 and 126

fragment. The polymorphism and robustness of the SSR markers were analyzed by 

polymorphism information content (PIC). 

Fungal disease resistance ratings for sugarcane smut and downy mildew were subjected to 

association analysis with SSR loci, based on the whole of set of 52 accessions and varieties 

Data on smut and downy mildew disease ratings were taken from the 

and M2 selection of the 30 Preliminary Yield Test(PYT) entries, and historical data of

Association analysis between markers and disease ratings were performed based on the 

general linear model (GLM) by using the software Trait Analysis by Association, Evolution, 

and Linkage (TASSEL 5.2.48) (Bradbury et al 2007). The data of polymorphism S

was response variable, while disease ratings were independent variables. Markers were 

considered to be associated with the traits if P < 0.035. 

RESULTS AND DISCUSSION 

e 1. Polyacrylamide gel of check varieties amplified using SSR primer 126

I 1 and 126PstI 6 in arrows. 

SSR markers were analyzed by 

Fungal disease resistance ratings for sugarcane smut and downy mildew were subjected to 

i, based on the whole of set of 52 accessions and varieties 

Data on smut and downy mildew disease ratings were taken from the M1 

, and historical data of the 22 

Association analysis between markers and disease ratings were performed based on the 

general linear model (GLM) by using the software Trait Analysis by Association, Evolution, 

2007). The data of polymorphism SSR locus 

was response variable, while disease ratings were independent variables. Markers were 

R primer 126PstI 



3.1 Fingerprinting of PYT 2012 and Check Varieties 

The 7 SSR primers showed polymorphism across the 52 accessions screened (Figure 1). In 

total, 61markers were detected with a mean value of 8.28 alleles per primer. Primer 77PstI 

had the most number of fragments, while primers 39AatII and 125PstI had the least. 

PIC value of the 7 fungal disease resistance primers used in the study ranged from 0.36 to 

0.89 with a mean of 0.75. 

3.2 Disease Ratings 

Data on smut and downy mildew disease ratings were taken from the M1 and M2 selection 

(disease resistance testing) of these PYT entries, and historical data of the 22 check varieties. 

The following rating scale for both smut and downy mildewwere used: 0-3 resistant; 4-6 

moderate; and 7-9 susceptible. 

Table 1. Alleles 75PstI 7, 126PstI 6 and 126PstI 1 showing significant association to smut 

resistance with P-value < 0.035 (Marker_p). 

Trait |Primer Marker_F Marker_p Marker_Rsq 

Smut Res 75PstI7 21.97537 0.01 0.28895 

Smut Res 126PstI6 14.72352 0.033 0.21598 

Smut Res 126PstI1 35.82726 0.003 0.39324 

 

4. CONCLUSION 

Association mapping has become a powerful tool for identifying genes and markers linked to 

agronomic traits, like sugarcane smut resistance. The general linear model (GLM) was the 

best model to describe association between SSR and sugarcane response to smut. Sixty-one 

alleles of SSR markers putatively linked to fungal disease resistance were analyzed and three 

were found to have association to sugarcane response to smut. SSR alleles 75PstI 7 and 

126PstI 6 have significant association to sugarcane smut resistance, and 126PstI 1 to 

susceptibility (P < 0.035). This study need to be extended to a larger number of SSR and a 

larger number of accessions using historic data and validated with a new set of accessions 

with variation in disease ratings. 
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