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Abstract 

 

Aiming at optimizing the diagnosis of major sugarcane diseases by PCR, primers were developed 
(scald, orange rust) and amplified fragments according to the literature were used as positive control, 
such as those caused by: 1 - Bacteria, (ratoon stunting and leaf scald) 2 - Viruses, (yellow leaf, mosaic, 
mosaic streak and fijivirus) 3-Fungus, (smut, orange rust and curvularia). For diseases with long 
latency period (leaf scald, ratoon stunting, yellow leaf, mosaic, fijivirus, smut and orange rust), primers 
were designed for real time PCR. For testing, infected leaves, fungal colonies, amplified DNA fragment 
or 40 seedlings were used. Real time PCR analyses have enabled the detection of sugarcane samples 
with highest dilution of DNA. The pair of primers designed for orange rust was more specific. The pair 
of primers designed for scald, apparently was not able to distinguish only bacteria of the genus 
Erwinia, whereas the primers described in the literature were observed amplify others genera, such as 
Xanthomonas, Pseudomonas, Erwinia, Stenotrophomona and Pantoea. The three strains of the fungus 
curvularia, found in sugarcane, resembled more to the species C.cymbopogonis, C.geniculata, C.sp. Of 
the 28 primer pairs tested, the best were shown for each of the disease-causing agent. 
 
Keywords: Ratoon stunting, leaf scald, yellow leaf, mosaic, streak mosaic, fijivirus, smut, orange rust, 
curvularia. 
 
 

INTRODUTION 
 
The quarantine sector of agronomic institute provides 
certification that plants are free from fungi, bacteria and 
viruses in order to prevent diseases. Among the most 
important known diseases in sugarcane, those caused by 
bacteria, are known as Leifsonia xyli subsp.xyli which is 
the causal agent of ratoon stunting disease (RSD), 
Xanthomonas albilineans that causes sugarcane leaf 
scald (Ashby); viruses like luteovirus ScYLV (Sugarcane 
yellow leaf virus) the causal agent of sugarcane yellow 
leaf, the potyvirus of mosaic SCMV (Sugarcane mosaic 
virus) or SCSMV (Sugarcane streak mosaic virus, from 
the same sub-group of mosaic), and fijivirus (Fiji disease 
virus) not yet present in Brazil but with a history  of  large 
 
Abbreviations: Ratoon stunting disease (RSD), Leaf 
scald (scald), Sugarcane mosaic virus (mosaic), 
Sugarcane  Mosaic  streak  virus  (streak  mosaic) 
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losses; by fungi, such as smut (Ustilago scitaminea Syd 
and P. Syd.) and, more recently, orange rust (Puccinia 
kuehnii) and Curvularia leaf spot.  

Symptoms such as reddening of vascular bundles of 
the nodular tissue by RSD can be caused by other 
factors (Fegan et al., 1998), while chlorotic leaf streaks 
with or without necrosis, reddish discoloring of vascular 
bundles in the nodules of stem by scald (leaf scald), 
cannot be observed in latent form (Wang et al., 1999). 
Symptoms of yellowing of leaf veins, shortening of 
internodes, yellowing and necrosis of leaves by yellow 
leaf, besides being caused by several other factors, may 
not be manifested (Chatenet et al., 2001). Mosaic 
symptoms in sugarcane, besides being caused by other 
diseases, can also be asymptomatic (Xu et al., 2008), 
and may be confused with the streak mosaic (SCSM). 
Therefore, visual detection of bacteria and viruses are 
unreliable, demanding molecular diagnosis. 

In the literature there are several primers for the 
detection of  diseases  in sugarcane, however, according  



 

 
 
 
 
to the Sugarcane Technology Center (CTC) in 
Piracicaba, some primers such as for the bacterium of 
scald, are not specific because they have been observed 
to amplify some species of the bacterial genera 
Pseudomonas, Xanthomonas, Stenotrophomonas, 
Erwinia and Pantoea. Furthermore, observations in the 
laboratory with primers from the literature (Aime, CA, 
2006 and Sawazaki et al., 2010a) have shown the 
differentiation of orange rust in relation to brown rust (P. 
melanocephala) but not to the white rust of corn 
(Physopella zeae).  

Symptoms of Curvularia leaf spot reported as caused 
by Curvularia inaequalis (Shear) Boedijn named in Brazil 
Mancha de Curvularia was first detected in a few 
varieties of sugarcane in 2010, 2011 
(blogs.ruralbr.com.br in 2011/07/27)  in some regions of 
the state of São Paulo, requiring the characterization of 
the genus of fungus that causes the disease.  

The objectives of this study were to define and 
optimize protocols for molecular analysis of the major 
sugarcane diseases, to assist the diagnosis of material 
introduced by quarantine systems in order to accelerate 
the research through the rapid diagnosis of diseases and 
release of material, and to help research by knowledge of 
the presence or absence of disease, as well as prevent 
the entry of pests not found in Brazil. 
 
 
MATERIAL AND METHODS 
 
Material samples 
 
Sugarcane leaves were collected from 40 seedlings of 
about 2 months old in the quarantine greenhouse at 
Campinas Agronomic Institute (IAC). Leaves of plants in 
the field were used as positive control except for fijivirus, 
when were used  DNA of amplicon provided by CTC in 
agarose. The three colonies of fungi from sugarcane 
plants named curv A (from adult plant showing the spot 
symptom, supposed to be Curvularia inaequalis), curv 
Cv01Sc01 and Cv03Sc02 (from seedlings) were also 
provided by CTC.  
 
 
DNA and RNA Extraction 
 
DNA extraction from leaves was performed using the 
modified CTAB method of Doyle et al. (1990)  and total 
RNA extraction using the TRI reagent instructions 
(LUDWIGBIOTEC, ludwigbiotec.com.br). For DNA 
extraction, 150mg of leaf tissue was crushed to a fine 
powder in liquid nitrogen using mortar and pestle. The 
milled tissue was mixed with 0.5 ml of homogenizing 
buffer (2% hexadecyltrimethyl ammonium bromide; 
100mM Tris-HCl, pH 8.0; 20mM EDTA; 1.4 M NaCl; 2% 

PVP-40) and 10µl of β-mercaptoetanol in a 1.5ml 
microcentrifuge tube. After incubation at 65

o
C for 40 min- 
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utes with periodic homogenization, and a brief cooling, 
one extraction with 0.5ml of chloroform-isoamyl alcohol 
(24:1) was performed. After centrifugation at 10,000rpm/5 
min the upper aqueous phase was transferred to a new 
tube, it was added with 2/3 volume of isopropanol and it 
was let stand at –70

o
C/15 min. After centrifugation at 

10,000rpm/13min, the pellet was washed with 500 µl of 
75% ethanol, recovered at 10,000rpm/5 minutes, and 

dried. After dissolved in 50 µl of TE (10mM Tris, 1mM 

EDTA pH 8,0), 2.0µl RNAse (2.5mg/ml) were added and 
allowed to stand for 30 min. The precipitation was 

performed, by adding 5.0 µl (1/10 volume) of 3M sodium 

acetate pH 5.2 and 35.0 µl (0.7 volume) of isopropanol. 
After incubation for 15 minutes at –70

o
C and 

10,000rpm/10minute centrifugation, the pellet was 
washed with agitation for 10 minutes, with 1ml of 75% 
ethanol. After another centrifugation at 10,000rpm/10 
minute, the DNA pellet was dried and re-suspended in 50 

µl of low TE (10X diluted TE).  
DNA extraction from fungus colonies was made after 

growth of the colonies overnight in 100ml of Sabouraud 
broth with shaking at 37

o
C. The DNA extraction was 

initiated with centrifugation at 5000 rpm for 15 min at 4
o
C 

and  pellet washing with saline solution 0,8%. After re-
suspention in 0,5ml of extraction buffer (0.2 M Tris-HCl 
[pH 7.6], 0.5 M NaCl, 0.1% sodium dodecyl sulfate, 0.01 
M EDTA) and lysis by sonication on ice for 90s, the pellet 
was collected using phenol–chloroform–isoamyl alcohol 
according to the literature. 
 
 
RT-PCR and PCR 
 
The cDNA was synthesized according to the GeneAmp 
RT-PCR kit instructions (APPLIED BIOSYSTEMS). PCR 
was carried out using the following primers: Cxx1/Cxx2 
for RSD with 438 base pair (bp) from Pan et al., (1997); 
Xalb2-F3/R3 for escald (440bp) from Davis et al. (1998); 
SCMVF/R for mosaic (359bp) and FDV7F/R for fijivirus 
(450bp) from Smith & Van de Velde (1994); SCSMVF/R 
for streak mosaic (689bp) from Viswanathan et al. (2008); 
SCRF/R for yellow leaf (449bp) from Gonçalves et al. 
(2002). For orange rust and smut, the primers 
RORF/RORR and CF/CR were used, respectively for 754 
and 511bp from Sawazaki et al. (2010a,

 
b). For some 

diseases, such as scald and orange rust, primers were 
developed to increase specificity. Best primers to 
increase the specificity for scald were developed from the 
region of recF gene: 27Esc (TTGAAGAGTGGAGGTGC-
CGGTG)/571Esc (GGCAGACCTGCATCGCTCAGT) and 
44Esc (CGGTGCGGCGTTGGAT)/556Esc (CTCAGTGC-
CTGCGGCGT) whereas for orange rust the primers were 
developed from the region of the 28S ribosomal RNA 
gene: FL57 (AAAGGAGTCTGAGTTGTAATTT)/FL712R 
(AAAGAGGATCCCATTTACAT). For molecular characte-
rization of sugarcane disease, named Mancha                        
de Curvularia in Brazil, the three  colonies  of  fungi  from  
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sugarcane plants were studied with the universal primers 
for fungus ITS (internal spacer regions of genes coding 
the rRNAS), respectively  ITS5 and ITS4, which amplify 
the region ITS1-5.8S-ITS2 from the ribosomal DNA.  

The PCR reaction was performed in a volume of 15 µL 
containing about 20-50ng of DNA or 2-4 µL of the cDNA 
solution, primers at the final concentration of 0,33µM 
each, 1mM of MgCl2, 1X PCR buffer, 0,2mM dNTP (0,0 
for cDNA) and 0,5 to 1,0 unit of Taq DNA polymerase 
(FERMENTAS) under the conditions of a denaturation 
step at 94

o
C for 4 minutes followed by 35 to 40 cycles of 

denaturation at 94
o
C for 40 seconds, depending on 

primers, annealing at 50 - 60
o
C for 40 seconds to 

1minute, extension for 1 minute at 72
o
C, and a final 

extension step of 5 minutes at 72
o
C.  

 
 
Cloning and Sequencing 
 
The amplified fragments obtained by PCR with specific 
primers were purified with NucleoSpin Extract II 
(MACHEREL-NAGEL) and cloned into pGEM-T 
(PROMEGA). Isolated DNAs from plasmids were 
sequenced using Big Dye v. 3.0 (APPLIED 
BIOSYSTEMS) on ABI PRISM 377 sequencer. The 
nucleotide sequences were aligned by Bioedit v.7.05 
(Hall, 1999) and BLAST analyses were performed to 
confirm each disease. CLUSTAL X (www-igbmc.u-
strasbg.fr/BioInfo/ClustalX/Top.html) was used for the 
construction of bootstrapped (1000) Neighbor Joining 
(NJ) phylogenetic trees, which were drawn using the 
NJPLOT program (http://pbil.univlyon1.fr/software/njplot. 
html). 
 
 
Real Time PCR 
 
The plasmid DNA was used to obtain the standard curves 
for calculating the absolute quantification as well the 
efficiency of PCR, for each primer pair. Real time PCR 
reactions were optimized to a volume of 15,0 µl with 7,5 
µl of SYBR Green Master Mix (APPLIED BIOSYSTEMS) 
and 66 nM of each primer for the ABI 7500 Fast System, 
using the conditions of denaturation step of 95

o
C for 10 

min and 40 cycles of denaturation at 95
o
C for 15 

seconds, depending on primers annealing from 42 to 
56

o
C for 30seconds and extension at 60

o
C for 

40seconds, followed by analysis of melting-curve to 
confirm the specificity of amplification. Primers designed 
by Primer Designer (version 2; Scientific and Educational 
Software, Durham, NC) are presented in Table 1. 
Baseline, threshold and threshold cycles (CT) were 
obtained using the 7500 SDS software. The validation of 
RT PCR analysis was performed using samples of 
sugarcane seedlings. To validate the fijivirus PCR, tests 
were conducted with DNA of amplicon mixed with DNA 
extracted from sugarcane healthy. 

 
 
 
 
RESULTS AND DISCUSSION 
 
PCR Diagnosis Optimization 
 
Sequences of cloned amplicons obtained from infected 
sugarcane using primers of literature such as, RSD 
(Leifsonia xyli subsp.xyli); leaf escald (Xanthomonas 
albilineans); yellow leaf (Sugarcane yellow leaf virus), 
mosaic (Sugarcane mosaic virus), streak mosaic 
(Sugarcane streak mosaic virus), fijivirus (Fiji disease 
virus), or the primers designed for orange rust (Puccinia 
kuehnii) and smut (Sporisorium scitaminea) have 
confirmed their diseases being the Genbank accession 
numbers: JN869982 for Leifsonia xyli subsp. Xyli; 
JF699512 Xanthomonas albilineans; JN881345 
Sugarcane yellow leaf virus;. JF699509 Sugarcane 
mosaic virus; JQ773445 Sugarcane streak mosaic virus; 
JF699508 Fiji disease virus; JF699510 Puccinia kuehnii, 
and JF699511 for Sporisorium scitaminea. The cloned 
amplicons were used as positive control in PCR reactions 
as well as for plasmid DNA dilutions of standard curves 
(only for scald analysis by real-time PCR, a amplicon 
from another region was cloned again).  
 
 
Primers Optimization 
 
To increase the specificity of scald, the primer pair 
developed on the region of gene recF of Xanthomonas 
albilineans, and showed the best result was 
27EscF/571EscR with annealing temperature of 64

o
C for 

40 seconds. As shown In Figure 1, fragments amplified 
with the primer pair 27EscF/571EscR are presented in 
two conditions: A- annealing at 64

o
C for 40 seconds, and 

B- annealing at 62
o
C for 40 seconds, wherein the 

amplification of the fragment of 544 bp can be observed 
only by the DNAs of X. albilineans (8) and the likely 
Erwinia sp. (9), because BLAST of amplicons of bacteria 
corresponding to the numbers 3, 7 and 9, were not 
conclusive, pointing out that these bacteria genera may 
be either Pantoea, or Erwinia. Furthermore in some 
repetitions of the PCR reaction, the bacterium numbered 
as 7 showed amplification of 544bp, whereas bacterium 
numbered as 6 (Pantoea sp./Enterobacter sp.) has never 
showed the expected fragment, reinforcing the 
hypothesis of bacterium numbered as 9 belonging to 
Erwinia genus. If numbered as 6 is actually an 
Enterobacter, this would suggest that rather than Erwinia, 
Pantoea would be the genus of bacterium numbered as 
9. On the other hand if numbered as 9, is actually a 
Xanthomonas albilineans, it would point that the 
27EscF/571EscR primer pair was specific for all genera 
studied. At annealing temperature of 60

o
C for 1 min, the 

amplification of multiple fragments was observed, such 
as the amplification of about 400 bp observed in Figure 1 
for bacteria numbers 3 and 4, which never showed the 
expected fragment, even being the number 4 from genus 
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Table 1. Sequences of developed primers to Real Time PCR, with the amplified fragment length in bp and the optimum annealing 
temperature in 

o
C.  

 

Primer Sequence bp 
O
C Primer Sequence bp 

o
C 

419CarF AGGCAAAGACGGACGAA 88 49 287MosF2 AGAGCGATACATGCCACGAT 68 48 

506CarR TTGCTCATCCTCACCACCAA 88 49 354MosR AGGCATACCGCGCTAAGCTA 68 48 

294CarF CTATTTGAGGGCCGCGAAT 61 47 286MosF1 CAGAGCGATACATGCCACG 70 48 

354CarR TCCGCCAGCTCTTTCGTAA 61 47 355MosR1 AAGGCATACCGCGCTAAG 70 48 

343CarF AGAGCTGGCGGATCGGTAGT 101 53 128EscF ACTCTTGCGACGACTGCT 130 53 

443CarR GTCGAGCCTTCGTCCGTCTT 101 53 257EscR GTCGCGATTGAGCAACAACG 130 53 

261CarF GCGCTCCTTGCAGATCTAAT 94 50 44EscF CGGTGCGGCGTTGGAT 104 55 

354CarR TCCGCCAGCTCTTTCGTAAT 94 50 147EscR TCAGCAGTCGTCGCAAGAG 104 55 

321RaqF TTGAGAACTACACAGTGGAC 97 45 470EscF GCATCATCAAGCTCGGGTGTT 102 57 

417RaqR TGATCTAATCAGTACTCGAA 97 45 571EscR GGCAGACCTGCATCGCTCAGT 102 57 

363RaqF TTCGGGTTCGGATCACA 77 46 128EscF1 ACTCTTGCGACGACTGCTGAT 130 54 

439RaqR CCGAAGTGAGCAGATTGAC 77 46 257EscR1 GTCGCGATTGAGCAACAAC 130 54 

35RaqF GCGCCGGATCTGAGACAGTA 90 53 275Fij4 F GACAGTGTTCAATACTGCTAGCG
ATT 

75 46 

124RaqR GCTCCGCACCAATGTCAATG 90 53 349Fij4 R CCATCAAGTTGAGCTTCGCTAA 75 46 

334RaqF AGTGGACGCGAGCATCTTA 106 48 286Fij1 F ATACTGCTAGCGATTATGTC 72 41 

439RaqR CCGAAGTGAGCAGATTGAC 106 48 357Fij1 R AAGTATAACCATCAAGTTGAG 72 41 

7AmF2 ACCGCTCACGAAGGAATGTC 133 55 192Fij2 F CTATTCGACCAACTTCTAA 64 39 

139AmR CGCACAGCGTTTCCTCCAA 133 55 255Fij2 R TGTAATCATAACCACGATAA 64 39 

32AmF ACGCGCTAACCGTCGTAGACA 112 55 332FijiF CGAAGCTCAACTTGATG 110 43 

143Am R TCCTCGCACAGCGTTTCC 112 55 441FijiR GGTTACGGTCAGACTGT 110 43 

7AmF2 ACCGCTCACGAAGGAATGTC 61 50 1FeLRF CCTTAGTAACGGCGAGTGAA 77 42 

67AmR2 ACCACTGGCCGAGTCTGTCT 61 50 77FeLR AATTACAACTCAGACTCCTT 77 42 

32AmF 
ACGCGCTAACCGTCGTAGACA 

108 56 501FeLF TTGATGGAATGCTTAAGATTGAG
GAA 

153 50 

139AmR 
CGCACAGCGTTTCCTCCAA 

108 56 653FeLR ACTCGCAAGCATGTTAGACTCCTT
GG 

153 50 

211MosF CATCTCCAACATTCCGGCAA 110 48 57FeLF AAAGGAGTCTGAGTTGTAATTT 66 42 

320MosR TCGCTGAAGTCCATATCGTG 110 48 122FeLR TTTCAACAGACTTATACATGGT 66 42 

286MosF CAGAGCGATACATGCCACGA 69 49 572FeLF TTTATTACTGAGGATGTTG 141 44 

354MosR AGGCATACCGCGCTAAGCTA 69 49 712FeLR AAAGAGGATCCCATTTAC 141 44 

 
 

 
 

Figure 1. PCR profile of amplified DNA fragments using the primer pair 27EscF/571EscR under two conditions of 
annealing: A (64

o
C/40s), and B (62

o
C/40s), from DNAs of the following bacterias: 1-Pseudomonas piecoglossicida; 

2-Pseudoxanthomonas suwonensis; 3-Erwinia sp./Pantoea sp.; 4-Xanthomonas sp.; 5-Stenotrophomonas 
maltophilia; 6-Pantoea sp./Enterobacter sp.; 7- Erwinia sp./Pantoea sp.; 8-Xanthomonas albilineans; 9-
Xanthomonas albilineans/Erwinia sp./Pantoea sp.; 10- negative control; P- Pattern of 100bp (LUDWIGBIOTEC). 
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Figure 2. PCR profile of fragments amplified using the primer pair XaAlb-f4/ XaAlb-r4 of DAVIS et al. (1998) from 
DNAs of following bacterias: 1 and 2 positive control (leaf infected with scald); 3- negative control (healthy plant); 4-
Pseudoxanthomonas suwonensis ou sp.; 5-Pantoea sp./Erwinia sp.; 6- Pantoea sp./Erwinia sp; 7-Xanthomonas sp.; 
8-Pseudomonas putida/P. sp., 9-Pantoea agglomerans/P. sp.; 10-Stenotrophomonas maltophilia; 11- Xanthomonas 
albilineans; 12- Xanthomonas albilineans; 13-Xanthomonas albilineans; 14- Pantoea sp./Erwinia sp.; 15- Pantoea 
sp./Erwinia sp; P= Pattern of 100bp (FERMENTAS). 

 
 
Xanthomonas. 

Therefore, the primer pair 27EscF/571EscR 
represents an improvement because the ones from 
literature for X. albilineans have not distinguished some 
species of genera as Erwinia, Xanthomonas, 
Pseudomonas, Stenotrophomona and Pantoea, like the 
primer pair XaAlb-f4/ XaAlb-r4 of DAVIS et al. (1998), 
which amplified a 308 bp fragment in the region of 
albicidine gene as shown in Figure 2; or the primer pair 
PGBL1/PGBL2, of PAN et al. (1999), corresponding to 
288 bp of region 16S-23S of internal transcribed spacer 
(ITS) of ribosomal DNA (results not shown).  

For orange rust, the primer pair FL57F / FL712R was 
specific only when the annealing was done for 30/40 
seconds at 65

o
C. These primers, in addition of any 

detection of brown rust, as in the literature (AIME, 2006; 
SAWAZAKI et al., 2010a) were also capable of no 
detection of white rust of corn by adjusting the annealing 
conditions of elevated temperature and reduction in time, 
unlike in the same literature. 
 
 
Characterization of Curvularia Leaf Spot in 
sugarcane 
 
To study the Curvularia Leaf Spot, the three colonies of 
fungi collected from sugarcane plants named curv A (the 
one causing the spot symptom, supposed to be 
Curvularia inaequalis), Cv01Sc01 and Cv03Sc02 were 
analyzed, using universal primers (ITS5 / ITS4), showing 
the amplified fragments of 554, 569 and 569 bp, 
respectively. The sequences  of  the  fragments  CvA  
(JQ783057), Cv01Sc01 (JQ783058) and Cv03Sc02 
(JQ783059) were compared by BLAST with GenBank 
accessions (Table 2), and originated phylogenetic NJ 
trees, inferred using UPGMA. Because for some 
Genbank accessions such as curvularias, sequences had 
% coverage lower starting at position 44bp, two trees 

were generated, one comparing the complete sequences 
of the three colonies as shown in Figure 3 and the other 
having all sequences beginning at 45 bp (not shown, 
because the sub-groups were similar for both figures). In 
Figure 3, the CvA sequence revealed an identity of 
92.81%, 84,8%, 83,0%, 95.37%, 96.0% and 87,8% 
respectively with six isolates of two species of curvularia, 
cymbopogonis (GU073104 from China, NF071351 from 
Canada, AF163079 from China), inaequalis (AF313409 
and HM101095 from Canada; AF120261 from USA), 
while by Figure starting at 45bp, the same CvA sequence 
showed 99,64%, 88,9% (with 92% cover), 87,9% (with 
90% cover), 95.00%, 95.7% and 94,8% identity, 
respectively with the same six curvularias. When was 
considered only the region of 100% coverage for the 
Cymbopogonis isolates, NF071351 and AF163079, the 
similarities increased to 99%. Such evidences indicated 
the highest likelihood of CvA strain belonging to species, 
cymbopogonis, instead of inaequalis. This result was 
confirmed by figure 3 that presented distinct groups for 
CvA and Curvularia inaequalis. As inoculum source, 
either C.cymbopogonis or C. inaequalis were observed in 
Canada. By figure starting at 45 bp, the Cv01Sc01 
sequence (JQ783058) showed 100% identity with two 
species of curvularia, geniculata (JN943416 and 
JN943416) and affinis (GU073105 with 98% cover), but 
less identity with others two affinis, indicating the greatest 
similarity with the geniculata specie. The Cv03SC02 
sequence (JQ783059) showed 99,82% identity with both 
species of curvularia, clavata (JN021115) and 
eragrostidis (JN943449), and 99.12% with Curvularia sp. 
(HM371207), indicating a better definition as Curvularia 
sp. 
 
 
Real Time PCR 
 
Standard     curves    for    calculations    of      absolute 



 

Sawazaki et al.  81 
 
 
 

Table 2. Genbank accession numbers used to compare three sequences of curvularias obtained with the ITS4-
IT5 primers from sugarcane plant. 

 

Acession 
no. 

Curvularia isolate or 
specie 

Country/year Acession no. Curvularia 
isolate or specie 

Country/year 

AF313409 inaequalis- Canada/2000 NF071351 cymbopogonis Canada/1999 

AF120261 inaequalis- USA/2001 AF163079 cymbopogonis China/2000 

HM101095 inaequalis- Canadá/2010 GU073104 cymbopogonis China/2011 

AF455446 trifolii Austria/2003 HQ631061 sp USA/2011 

DQ836799 lunata France/2006 HM371207 sp Finland/2011 

EF187909 affinis Switzerland/2007 JN021115 clavata Malasia2011 

GU073105 affinis China/2010 JN943416 geniculata Japan/2012 

GQ352486 affinis Malasia/2011 JN943417 geniculata100369 Japan/2012 

EF060666 pleosporaceae- USA/2008 JQ783057 CvA Brazil/2012 

EU489969  Unculture soil USA/2010 JQ783058 Cv01Sc01 Brazil/2012 

JN943449 eragrostidis Japan/2011 JQ783059 Cv03Sc02 Brazil2012 

 
 

 
 

Figure 3. NJ tree with bootstrap values and genetic distance scale of 0,01 obtained from sequences of the three 
colonies of Curvularia CvA (JQ783057), Cv01Sc01 (JQ783058), Cv03Sc02 (JQ783059) and 19 Genbank 
accessions listed in Table 2. 

 
 
 
quantification and the efficiency of PCR were performed 
for each of the 28 primer pairs of Table 1. The best 
primer pair for fiji was the 332F/441R while for mosaic, 
the three pairs 286F1/354R1, 287F2/354R, 286F/354R. 
Table 3 shows data of CTs and concentrations to obtain 
efficiencies of PCR for fiji and mosaic, with the standard 
curves shown in Figure 4, where delta Rn is the 
magnitude of the signal generated by PCR conditions. 
The best primers to achieve efficiencies of PCR using 
standard curves were: for yellow leaf (32AmF/139AmR 

and 7AmF2/67AmR2), RSD (363RaqF/439RaqR and 
334RaqF/439RaqR), scald (128EscF1/257EscR1), 
orange rust (FeL57F/ FeL122) and smut 
(343Car/443CarR and 261CarF/354CarR). The R2 coeffi-  
cient observed for all reactions of primers was about 
0.99. All PCR analyses of 40 samples collected in 
quarentine were confirmed by real time PCR.  

The PCR efficiency of 1.09 was observed for the 
standard curves of fijivirus using primers 332FijiF/ 
441FijiR. Also to validate the PCR reactions, the DNA  of  
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Table 3. Data for calculation of standard curves with primers, 332FijiF/441FijiR to fijivirus and 286MosF1/355MosR1 for 
mosaic. 

 

Detector Dilution CT 
Plasmid 
No copy 

Plasmid 
No.Log Detector Dilution CT 

Plasmid 
No.copy 

Plasmid 
No.Log 

Fij332/441 1000000 19,93 4000000 6,6 Mos286/
354 1000000 20,55 2500000 6,31 

Fij332/441 1000000 20,14 4000000 6,6 Mos286/
354 1000000 21,02 2500000 6,31 

Fij332/441 10000000 23,58 400000 5,6 Mos286/
354 

1000000
0 24,00 250000 5,31 

Fij332/441 10000000 24,24 400000 5,6 Mos286/
354 

1000000
0 24,00 250000 5,31 

Fij332/441 100000000 26,11 40000 4,6 Mos286/
354 

1000000
00 27,41 25000 4,31 

Fij332/441 100000000 26,8 40000 4,6 Mos286/
354 

1000000
00 27,41 25000 4,31 

Fij332/441 1000000000 29,23 4000 3,6 Mos286/
354 

1000000
000 30,33 2500 3,31 

Fij332/441 1000000000 29,23 4000 3,6 Mos286/
354 

1000000
000 30,33 2500 3,31 

Fij332/441 10000000000 32,04 400 2,6 Mos286/
354 

1000000
0000 33,55 250 2,31 

Fij332/441 10000000000 33,06 400 2,6 Mos286/
354 

1000000
0000 33,72 250 2,31 

Fij332/441 NTC Undet.   Mos286/
354 NTC Undet.   

Fij332/441 NTC Undet.   Mos286/
354 NTC Undet.   

 
 

 
 

Figure 4. A: Standard curve of fijivirus with primers 332FijiF/441FijiR; B: Standard curve of mosaic with primers 
286MosF1/354MosR1. 

 
 
 
the amplified fragment with primers FDV7F/R was used 

diluted (initial concentration of 6.25ng/µl) with DNA 
extracted from healthy sugarcane. Dilutions of 1,000 and 
10,000 times have resulted in CT readings of 25.0 and 
27.0, respectively, confirming the possibility of detection 
at low concentrations. 

Regarding mosaic primers 286MosF1/355MosR1 and 
287MosF2/354MosR, the respective PCR efficiencies of 
1.04 and 1.05 were observed. Analyses of four samples 

of mosaic using 5 µl of cDNA diluted 10X have shown 
readings of CT of 31.22; 31.55; 31.50; 32.33, indicating 
that the cDNA can only be diluted slightly. Concerning 
primers of yellow leaf, 32AmarF/139 Amar/R and 
7AmarF2/67AmarR2, the respective PCR efficiencies of 
1.26 and 1.29 were observed, while for RSD, with 
primers 334RaqF/439RaqR and 363RaqF/439 RaqR, the 
respective PCR efficiencies of 1.23 and 1.25. The best 
results for analysis of cDNA of yellow were obtained with  



 

 
 
 
 

1µl volume without dilution till 2 to 5µl of cDNA diluted 10 
times, indicating again that the cDNA should only be 
diluted slightly. 

As to the primers, 128EscF/257EscR for scald and 
FeL57F/122R to orange rust, the PCR efficiency of 1,12 
was observed for both scald and orange rust. Analyses 

with 1 or 5.0µl of DNA of orange rust, diluted as 

5.0µl/20X; 5.0µl/100X; 1.0µl/100X; 5.0µl/1000X; 1.0µl/ 
1000X have showed the respective readings of CT of, 
34.52; 26.05; 25.73; 26.26 and 28.36, indicating that the 
best dilutions were from 100X to 1.000X. 

The PCR efficiencies of 0,97 and 1,04 were observed 
for reactions with the respective primers of smut, 
343CarF/443CarvR and 261CarvF/354CarvR. 
 
 
CONCLUSIONS 
 
Primers of literature for sugarcane diseases have 
detected, specifically, RSD, yellow leaf, mosaic, streak 
mosaic, fijivirus, smut, orange rust, and curvularia, while 
primers developed for real time PCR like for RSD, scald, 
smut, orange rust, yellow leaf, mosaic and fijivirus have 
enabled the detection of sugarcane samples with greater 
dilution of DNA. The cloning of fragments amplified with 
the primers described in the literature made the diagnosis 
easier by using the cloned DNA as positive control. 

The primer pair FL57F/FL712R developed for orange 
rust was more specific, since, in addition to not having 
detected brown rust (as well as primers described in the 
literature) also failed to detect white rust of corn (unlike 
primers reported by literature). The pair of primers 
designed for scald 27EscF/571EscR, was apparently not 
able to distinguish only bacteria of the genus Erwinia, 
whereas the primers described in the literature have not 
been able to distinguish some species from the same 
genera of bacteria that causes scald (Xanthomonas) and 
from others genera as Pseudomonas, Erwinia, 
Stenotrophomona and Pantoea. 

The Curvularia Leaf Spot in sugarcane supposed to 
be Curvularia inaequalis, was more similar to C. 
cymbopogonis  while  the  two  other  colonies  of  fungi 
collected in sugar cane plants, to C. geniculata and C. 
spp. 

The best dilution of cDNA for real time PCR was only 
about 10 times, however, to the plant DNA extract,       
the  best  dilution  was  higher, about 100  to  1000 times, 
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indicating the high analytical sensitivity of real time PCR. 
 
 
ACKNOWLEDGMENTS 
 
We thank CNPq/MAPA for supporting this research  
 
 
REFERENCES 
 
Aime CA (2006). Toward resolving family-level relationships in rust fungi 

(Uredinales), Mycoscience: 47:112-122. 
Chatenet M, Delage C, Ripolles M (2001). Detection of Sugarcane 

yellow leaf virus in Quarantine and production of virus-free sugarcane 
by apical meristem culture. Plant Dis. 85:1177-1180. 

Davis MJ, Rorr P, Astua-Monge G (1998). Nested, multiplex PCR for 
detection of both Clavibacter xyli subsp. xyli and Xanthomonas 
albilineans in sugarcane. Proceedings of the Cong. Plant Pathology, 
ISPP, Edinburgh, 1998, Offered papers abstract 3, Abs. 3.3.4. 

Doyle JJ, Doyle JL (1990). A rapid total DNA preparation procedure for 
fresh plant tissue. Focus 12:13-15. 

Fegan M, Croft BJ, Teakle DS, Hayward AC, Smith GR (1998). 
Sensitive and specific detection of Clavibacter xylii subsp. Xyli, 
causal agent of ratoon stunting disease of sugarcane, with a 
polymerase chain reaction-based assay. Plant Pathol. 47:495-504. 

Gonçalves MC, Klerks MM, Verbeek M, Vega J, van den Heuvel JFMJ 
(2001). The use of molecular beacons combined with NASBA for the 
sensitive detection of Sugarcane yellow leaf virus. Eur J. Plant 

Pathol. 108:401-407. 
Hall, TA (1999). BioEdit: a user-friendly biological sequence alignment 

editor and analysis program for Windows 95/98/NT. Nucleic Acids 
Symposium Series 41:95-98. 

PanY-B, Grisham MO, Burner DM (1997). A polymerase chain reaction 
protocol for the detection of Xanthomonas albilineans, the causal 
agent of sugarcane leaf scald disease. Plant Dis. 81(2):189-194. 

Sawazaki HS, Gonçalves CRNCB, Polez VLP, Ribeiro C, Martins MC, 
Carvalho VC, Senger MMM, Veiga RA (2010a). Infecção da ferrugem 
laranja na região de Piracicaba, SP. Summa Phytopathol. 36:168. 

Sawazaki.HE, Gonçalves CRNCB, Sa LAN, Ribeiro C, Martins MC, 
Carvalho VC, Senger MMM, Veiga RFA (2010b). Análises 
moleculares de bactérias e fungo em cana-de-açúcar. Summa 
Phytopathol, 36:217. 

Smith GR, van de Velde R (1994). Detection of sugarcane mosaic virus 
and Fiji disease virus in diseased sugarcane using the polymerase 
chain reaction. Plant Dis. 78:557-561. 

Viswanathan R, Balamuralikrishnan M, Karuppaiah R (2008). 
Characterization and genetic diversity of sugarcane streak mosaic 
virus causing mosaic in sugarcane. Virus Genes 36: 553–564. 

Wang ZK, Comstock JC, Hatziloukas E, Schaad NW (1999). 
Comparison of PCR, Bio-PCR, DIA, ELISA and isolation of 
semiselective medium for detection of Xanthomonas albilineans, the 
causal agent of leaf scald of sugarcane. Plant Pathol. 48:245-252. 

Xu D-L, Park JW, T.E. Mirkov TE, Zhou G-H (2008). Viruses causing 
mosaic disease in sugarcane and their genetic diversity in southern 
China. Archiv. Virol. 153(6):1031-1039. 

 
 
 
 
 
 
 
 
 
 
 
 

 


