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from all sugarcane growing areas when screening for smut-
resistant sugarcane varieties.
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Introduction

Sugarcane (Saccharum spp. hybrid) is an essential agro-
industrial crop in tropical and subtropical regions of the 
world (Patel et al. 2018). Various microorganisms infect 
sugarcane; among them, Sporisorium scitamineum (Syn. 
Ustilago scitaminea) is a major pathogen (Vicente et al. 
2021). Barnabas et al. (2017) have reported smut disease as 
one of the most conspicuous sugarcane diseases. Life cycle 
of S. scitamineum has genetically and morphologically dif-
ferent phases, namely haploid yeast-like sporidia phase, the 
dikaryotic hyphal phase and diploid teliospores. Infection 
of smut pathogen results in the formation of a whip-like 
structure from the plant meristem (Benevenuto et al. 2016). 
The emerging whip is long and curved and contains a large 
number of melanized teliospores (Comstock 2000).

Smut disease causes significant reductions of stalk 
yield and sucrose recovery, hence could cause yield losses 
between 20 and 50% and sugar production losses up to 75% 
(Su et al. 2013; Ramesh Sundar et al. 2012). Severity of the 
disease is influenced by cultivar resistance and environmen-
tal conditions (Ramesh Sundar et al. 2012). The elimination 
of susceptible varieties is often needed to manage the dis-
ease (Ferreria and Comstock 1989). Resistant varieties are 
the only useful and environmentally friendly solution for 
managing smut in plantations (Croft and Braithwaite 2006). 
Further, cultivation of smut-resistant varieties is a more 
economical and efficient approach compared to chemical 
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and universal (i.e., ITS 1 and ITS 4) primers showed 99% 
sequence similarity among the collected S. scitamineum 
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among the S. scitamineum isolates. The genetic differentia-
tion coefficient (Gst) was estimated to be 0.241 in the studied 
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tion originates between the populations, and 76% originates 
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treatments and agronomic practices (Ramesh Sundar et al. 
2012; Xu et al. 2004). Therefore, development of smut-
resistant varieties is the main disease management objec-
tive in sugarcane crop improvement programs in almost all 
sugarcane-producing countries, including Sri Lanka. It is 
imperative when screening for disease resistance, to under-
stand the genetic variability and evolutionary prospective of 
the smut pathogen (McDonald and Linde 2002).

Morphological and genetic variability of S. scitamineum 
has been investigated in several sugarcane growing coun-
tries. Zekarias et al. (2010) have studied the morphologi-
cal variation of 11 different smut isolates in Ethiopia and 
Luzaran et al. (2012) have investigated the morphological 
variation of 96 different smut isolates from the Philippines. 
Research has been undertaken on the genetic diversity of 
smut pathogens infecting a wide range of crops in differ-
ent countries around the world, in conjunction with mor-
phological studies. Molecular marker technology has been 
incorporated into this research; multilocus molecular mark-
ers are highly suited for evaluating the genetic structure of 
plant-pathogenic fungi (Chen et al. 2002; Milgroom et al. 
2003; Mishra et al. 2003). Braithwaite et al. (2004) studied 
the genetic differences among 38 different S. scitamineum 
isolates collected from 13 countries using Amplified Frag-
ment Length Polymorphism (AFLP). Xu et al. (2004) stud-
ied the genetic differences among 18 S. scitamineum isolates 
from six sugarcane growing regions in China using random 
amplified polymorphic DNA (RAPD). Xu et al. (2004) have 
suggested that molecular variation observed among these 
isolates was associated in part with geographical origin. 
Raboin et al. (2007) have used a pool of 142 different single 
teliospores of S. scitamineum from 15 different countries for 
polymorphism studies targeting 17 microsatellite loci. This 
report concluded that the genetic variation was lower among 
the smut pathogen isolates from America and Africa, with 
the highest genetic variation among the isolates from Asian 
populations, mainly those from the Philippines.

Luzaran et al. (2012) used SSR markers to examine the 
genetic diversity among 96 isolates from diverse growing 
regions of the Philippines; pathogen variation was higher 
within, rather than between the populations. Xu et al. (2017) 
suggested that Inter-Simple Sequence Repeats (ISSR) is the 
best suited molecular marker for relationship and popula-
tion studies. Much information has been collected on the 
genomic diversity of fungi using ISSR markers (Jing et al. 
2017). ISSR and RAPD markers were used to determine the 
genomic diversity among 35 smut pathogen isolates from 
mainland China (Shen et al. 2012a, b); the study clustered 
the isolates into two major groups. Que et al. (2012) ana-
lyzed the molecular differences in 23 smut isolates repre-
senting six major sugarcane growing regions of mainland 
China and concluded that the molecular variations were 
associated with the geographic region of origin of the 

isolates. However, this study did not provide any evidence on 
the variation of the S. scitamineum within populations. The 
biogeographic variation among 100 S. scitamineum isolates 
was studied by Xu et al. (2014) using ISSR and single primer 
sequence-related amplified polymorphism (SP-SRAP) mark-
ers. Zhang et al. (2015) concluded that internal transcribed 
spacer (ITS) regions are suitable for defining the genus and 
species but not for the molecular variation analysis among 
S. scitamineum isolates. Shen et al. (2016) have used highly 
polymorphic Start Codon-Targeted (SCoT) markers to ana-
lyze the gene diversity among 90 S. scitamineum isolates 
from mainland China. In their study, the isolates grouped 
into three major clusters, with the clustering based on the 
geographical region of origin. Benevenuto et al. (2016) stud-
ied the genetic diversity among 41 haploid sporidial strains 
from Brazil and six isolates from Argentina using AFLP 
and telomere-associated restricted fragment length poly-
morphism (tel-RFLP) and ITS sequencing. Barnabas et al. 
(2018) studied the variation of 30 S. scitamineum isolates 
collected from different regions in India using ISSR primers. 
Based on the above research findings, it is evident that there 
is huge genomic diversity among the S. scitamineum isolates 
in Asia. There are no reports or information available on 
the genetic diversity of the S. scitamineum population in Sri 
Lanka. This study aimed to identify the genetic diversity of 
a representative population of S. scitamineum in Sri Lanka 
with a view of planning an effective breeding program for 
sugarcane smut resistance.

Material and Methods

Collection of Samples and Preparation of Smut 
Teliospores for the Study

Collection of whips was done from commercial and research 
sugarcane fields in seven cultivation regions of Sri Lanka, 
namely Bandarawela, Ethimale, Hingurana, Kantale, Pel-
watta, Sevanagala and UdaWalawe. The locations from 
where the whips were collected, represented five agroecolog-
ical regions of Sri Lanka, namely IU3, DLIa, DL2a, DL1c, 
DL1b and DL1a (https://​esdac.​jrc.​ec.​europa.​eu/​images/​
Eudasm/​Asia/​images/​maps/​downl​oad/​LK2007_​CL.​jpg), 
which are mapping units determined by the agro-climate, 
soil type and terrain of a given region. Newly emerged smut 
whips were selected from different sugarcane varieties and 
whips were cut approximately 10 cm below the top visible 
dewlap. The whips were placed in a tray and kept at ambient 
temperature for nearly 5 days to dry. Spores were removed 
from the dried whips by fingers and collected spores were 
sieved (1 mm aperture) to remove plant material attached 
to the spores. Spores were transferred to sealed containers 

https://esdac.jrc.ec.europa.eu/images/Eudasm/Asia/images/maps/download/LK2007_CL.jpg
https://esdac.jrc.ec.europa.eu/images/Eudasm/Asia/images/maps/download/LK2007_CL.jpg


799Sugar Tech (July–Aug 2023) 25(4):797–804	

1 3

and maintained at 4 °C. Details of the collected isolates are 
summarized in Table 1.

Confirmation of the S. scitamineum Identities 
Using Specific and Universal Primers

Fungal colonies developed from single teliospores were 
maintained on potato dextrose agar (PDA). Genomic DNA 
was extracted using 0.1 g of each fungal colony by a modi-
fied CTAB method (Abu Almakarem et  al. 2012). The 
mycelia were ground in CTAB extraction buffer, followed 
by incubation at 60 ℃ for 1 h with periodical rocking, and 
centrifuged at 12,000 rpm for 15 min at 4 ℃. The upper layer 
was clarified with chloroform: isoamyl alcohol (24:1), then 
the DNA was precipitated with 0.8 volumes of isopropanol. 
The precipitate was washed with 70% ethanol and the air-
dried DNA pellet was dissolved in 30–50 µl of nuclease-free 
water, depending on the size of the DNA pellet. Quanti-
fication of extracted DNA (ng/µl) was done spectrophoto-
metrically (BioSpec-Nano, Shimadzu, Japan). Quality of 
extracted DNA was checked using ratios of OD 260/280 
and OD 260/230 values and integrity was determined by 
running DNA on a 1.0% agarose gel.

Polymerase Chain Reaction (PCR) was done using uni-
versal (i.e., ITS 1 (3’CGC​TCT​GGT​TCA​TCAA 5’) and ITS 
4 (3’ CTG​CCG​ACC​GTG​CTGC 5’)) and specific primers 
(i.e., bE 8 (3’ CGC​TCT​GGT​TCA​TCAA 5’) and bE 4 (3’ 
CTG​CCG​ACC​GTG​CTGC 5’)). The cycling protocols used 
for the PCR were: 5 min at 94 ℃, followed by 35 cycles 

with 30 s at 94 ℃, 45 s at 55 ℃ and 55.5 ℃, respectively, 
for specific and universal primers and 2 min at 72 ℃. The 
final extension step was 8 min at 72 ℃. The amplified PCR 
products were detected by electrophoresis using a 1.5% 
agarose gel and visualized by a Gel documentation system 
(QUANTUM CX 5, France). Amplified PCR products from 
representative samples were sequenced. In the phylogenetic 
analysis, Geneious software (Ocenar et al. 2019) was used to 
construct the phylogenetic tree by Neighbor-join Nucleotide 
alignment.

PCR Reaction with ISSR Primers

PCR was performed according to the method outlined 
by Xu et  al. (2014), with slight modifications using a 
Veriti™ 96-Well Thermal Cycler (Applied Biosystem). 
Sixteen S. scitamineum ISSR primers (Integrated DNA 
Technology, USA) were used for PCR. Each PCR reac-
tion was done with a 25 µl reaction mixture, consisting 
of 2 µl of genomic DNA (25 to 30 ng), 12.5 µl of master 
mix (Promega, USA), 3 µl of ISSR random primer (5 µM) 
and 7.5 µl of nuclease-free water (Shen et al. 2012a). The 
cycling protocol was initiated with 4 min at 95 ℃ followed 
by 35 cycles, each completed with 30 s at 94 ℃ C, 45 s 
at 50 ℃ C and 2 min at 72 ℃. The final extension step 
was done for 8 min at 72 ℃. The amplified PCR products 
were analyzed by running in a 2.0% agarose gel with 0.5 
X TBE buffer with the Promega 1 Kb DNA size mark-
ers. The amplified DNA fragments were visualized and 

Table 1   Details of collected S. scitamineum isolates from sugarcane cultivations in Sri Lanka

Population no. Sampling location 
(Agroecological 
region)

Sample size Isolate codes

1 Bandarawela (IU3) 8 SLSSC 11, SLSSC 12, SLSSC 13, SLSSC 14, SLSSC 15, SLSSC 88, SLSSC 89, SLSSC 
90

2 Ethimale
(DL1a)

4 SLSSC 112, SLSSC 113, SLSSC 114, SLSSC 115

3 Hingurana
(DL2a)

20 SLSSC 34, SLSSC 37, SLSSC 54, SLSSC 55, SLSSC 56, SLSSC 57, SLSSC 58, SLSSC 
59, SLSSC 61, SLSSC 64, SLSSC 65, SLSSC 66, SLSSC 74, SLSSC 79, SLSSC 84, 
SLSSC 92, SLSSC 116, SLSSC 117, SLSSC 134, SLSSC 135

4 Kantale
(DL1c)

4 SLSSC 17,SLSSC 18,SLSSC 150,SLSSC 151

5 Pelwatta
(DL1a)

12 SLSSC 5, SLSSC 6, SLSSC 7, SLSSC 7, SLSSC 8,SLSSC 10, SLSSC 31, SLSSC 47, 
SLSSC 51 SLSSC 52, SLSSC 95, SLSSC 144, SLSSC 154

6 Sevanagala
(DL1b)

32 SLSSC 1, SLSSC 2, SLSSC 3, SLSSC 4, SLSSC 21, SLSSC 22, SLSSC 23, SLSSC 27, 
SLSSC 28,SLSSC 29,SLSSC 38, SLSSC 40, SLSSC 41, SLSSC 42, SLSSC 43, SLSSC 
44, SLSSC 46, SLSSC 91, SLSSC 94, SLSSC 109, SLSSC 110, SLSSC 111, SLSSC 
118, SLSSC 122, SLSSC 127, SLSSC 129, SLSSC 131, SLSSC 138, SLSSC 146, 
SLSSC 151, SLSSC 153

7 UdaWalawe (DL1a) 3 SLSSC 119, SLSSC 136, SLSSC 137
Total 83
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photographed by a Gel documentation system (QUAN-
TUM CX 5, France). The experiment was repeated twice.

Analysis of Data Generated by ISSR Primers

All gel pictures showing amplicons by ISSR-PCR were 
scored to obtain binary matrixes. In the scoring process 
“1” was given to the samples resulted in DNA bands and 
“0” was given to the samples which did not show any band 
on agarose gel. Popgene version 1.31 software was used 
to determine genetic diversity among the studied popula-
tions; using population genetic parameters: the observed 
numbers of alleles (Na), the effective number of alleles 
(Ne), Nei’s gene diversity index (h), Shannon’s information 
index (i), and gene flow (Nm). These parameters were used 
to assess the genetic diversity in each S. scitamineum pop-
ulation (Yeh et al. 1999). The NTSYS-pc2.10 (Numerical 
Taxonomy System, Applied Biostatistics, Inc.) analytical 
software was used to determine the Jaccard similarity coef-
ficient and unweighted pair-group method with arithmetic 
mean (UPGMA) cluster analyses (Xu et al. 2017). Poly-
morphic information content (PIC) was determined using 
an equation prearranged by Roldan-Ruiz et al. (2000). 
GenAIEx version 6.5 was used for the analysis of molecu-
lar variance (AMOVA) and to assess the components of 
genetic variance within and among populations (Peakall 
and Smouse 2006).

Results

Confirmation of S. scitamineum Isolates Using Specific 
and Universal Primers

The OD260/OD230 ratios were between 1.80 and − 2.10 
while the ratios of OD260/OD280 ratios ranged between 
1.70 and − 2.20. PCR study of S. scitamineum using specific 
primer pair bE 4 and bE 8 showed a fragment of 459 bp, 
which was present in all the tested 83 samples. PCR products 
obtained using the universal primer pair ITS 1 and ITS 4, 
targeting the rDNA-ITS sequence resulted in a single 755 bp 
amplicon for all the tested fungal DNA samples of S. scita-
mineum isolates. Sequence analysis of the 83 amplified PCR 
products, separately obtained for specific primers (bE 4 and 
bE 8) and universal primers (ITS 1 and ITS 4), confirmed the 
identity of amplicons as S. scitamineum. Sequence similar-
ity ranged from 83.13% to 100.00% for the PCR products 
amplified by specific primers (bE 4 and bE 8) and the same 
parameter ranged from 8% to 100.00% for the PCR products 
amplified by universal primers (ITS 1 and ITS 4).

PCR Reactions with ISSR primers

Based on a preliminary trial, 16 ISSR primers were 
selected out of 20, to examine the variation among the 83 
different isolates belonging to the seven populations in Sri 
Lanka (i.e., locations). Details on the selected primers are 
summarized in Table 2. There were a total of 104 repro-
ducible fragments and the average number of fragments 
per primer was 6.5. The fragment size of the PCR products 
varied from 150 to 3000 bp. All of these amplified bands 
were polymorphic (100%). In general, the PIC values of 
the 16 ISSR primers ranged between 0.25 and − 0.46 and 
the highest PIC value of 0.46 was recorded by ISSR 859 
and P 10 primers. The ISSR 815 had the lowest PIC value 
of 0.25 indicating that the ISSR 859 and P 10 are most 
suitable to evaluate the genetic variation of S. scitamineum 
under Sri Lankan conditions. The details of the amplified 
bands with each primer and the amount of polymorphism 
shown by each primer are included in Table 2.

Genetic Diversity (GD) and Structure Analysis 
of the S. scitamineum Isolates

Values for the parameters related to population genetics 
(i.e., Na, Ne, h, I, pl and r) for the 83 isolates collected 
from different sugarcane growing areas in Sri Lanka are 
summarized in Table 3.

Higher values for the Na, Pl and r revealed a higher 
genetic difference in Sevanagala and Hingurana popula-
tions of S. scitamineum and a moderate gene diversity in 
the Pelwatta population (Table 3). The lowest values for 
Na, Pl, and r were given by the S. scitamineum population 
from UdaWalawe showing that it has the lowest genetic 
diversity.

The total gene diversity (Ht) and gene diversities 
between subpopulations (Hs) were calculated using the 
ISSR data. The total gene diversity (Ht) and the gene 
diversities between subpopulations (Hs) values were 
0.3553 and 0.2696, respectively, for this study. The genetic 
differentiation coefficient (Gst) was 0.2413. The Gst value 
revealed that total genomic variation between populations 
was lower than the same parameter within a population. 
The genetic Gst between populations and within popula-
tions are 24% and 76%, respectively. The gene flow (Nm) 
was 1.572, showing that a faster rate of gene flow takes 
place among populations. A dendrogram was produced 
for the collected isolates using the unweighted pair-group 
method with arithmetic average (UPGMA) cluster analy-
sis. It revealed that the isolates were clustered into five 
main groups at the level of 0.006. The results of the cluster 
analysis are shown in Fig. 1.
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Genetic Distances Between Populations

The genomic distances between the seven populations of S. 
scitamineum varied from 0.0225 to 0.2628 (Table 4). The 
genetic distance was smallest between samples collected 
from Pelwatta and Sevanagala which are in the same agro-
ecological region, DL1. The genetic distance was largest 
between the UdaWalawe and Hingurana populations which 
are in two different agroecological regions (i.e., DL1 and 
DL2, respectively). The study concludes that within-pop-
ulation genetic differentiation among the tested 83 diploid 
teliospores of S. scitamineum isolates in Sri Lanka is high.

A considerable genetic difference was evident among 
populations (Table 5) based on the results of the AMOVA. 

However, the results revealed that the variance within the 
separate populations is higher (94%) than the genetic vari-
ance among populations (6%).

Discussion

According to the findings of Braithwaite et al. (2004) and 
Raboin et al. (2007), the genetic diversity among the S. 
scitamineum populations representing Asia was compara-
tively high. Although there is significant information on the 
genomic variation in S. scitamineum isolates from China and 
India, there are no reports on the genetic diversity among S. 
scitamineum isolates from Sri Lanka.

Table 2   Details of the ISSR primers and amplified bands of 16 ISSR primers with collected S. scitamineum 

Primer Primer sequence (5’- 3’) Number of ampli-
fied bands

Number of poly-
morphic bands

Percentage of poly-
morphic bands

Polymorphic 
information content 
(PIC)

ISSR 104 ATG ATG ATG ATG ATG ATG​ 7 7 100.0 0.38
ISSR 113 AGA GAG AGA GAG AGA GTC​ 6 6 100.0 0.26
ISSR 811 GAG AGA GAG AGA GAG AC 5 5 100.0 0.33
ISSR 815 CTC TCT CTC TCT CTC TG 6 6 100.0 0.25
ISSR 826 ACA CAC ACA CAC ACA CC 7 7 100.0 0.35
ISSR 859 TGT GTG TGT GTG TGT GRC​ 6 6 100.0 0.46
P 26 GAG AGA GAG AGA GAG AYT​ 6 6 100.0 0.43
ISSR 9 CAG CCA CCA CCA CCA CCA​ 7 7 100.0 0.31
P 05 AGA GAG AGA GAG AGA GG 7 7 100.0 0.29
P 10 AGA GAG AGA GAG AGA GT 7 7 100.0 0.46
P 6 AGA GAG AGA GAG AGA GC 7 7 100.0 0.31
P 25 GAG AGA GAG AGA GAG AGA​ 7 7 100.0 0.33
ISSR 890 VHV GTC TGT GTG TGT GT 7 7 100.0 0.44
P 21 AGA GAG AGA GAG AGA GYA​ 7 7 100.0 0.40
ISSR 880 GGA GAG GAG AGG AGA​ 6 6 100.0 0.45
ISSR 812 GAG AGA GAG AGA GAG AA 6 6 100.0 0.44
Total 104 104

Table 3   Genetic parameters 
estimated based on ISSR marker 
data for the populations of S. 
scitamineum collected from 
seven locations in Sri Lanka

Na, the observed number of alleles; Ne, effective number of alleles; h, Nei’s gene diversity index; I, Shan-
non’s information index; pl, number of polymorphic loci; r, percentage of polymorphic loci

Population Number of 
isolates

Na Ne h i Pl r%

Bandarawela 8 1.789 1.454 0.270 0.408 82 78.846
Ethimale 4 1.577 1.402 0.225 0.329 60 57.692
Hingurana 20 1.952 1.574 0.330 0.491 99 95.192
Kantale 4 1.587 1.389 0.225 0.332 61 58.654
Pelwatta 12 1.865 1.514 0.302 0.453 90 86.538
Sevanagala 32 1.942 1.599 0.346 0.513 98 94.231
UdaWalawe 3 1.452 1.298 0.171 0.252 47 45.192
Total* 83 2.000 1.612 0.353 0.524
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Benevennuto et al. (2016) studied the molecular vari-
ability and genetic relationship of Brazilian S. scitamineum 
isolates using the ITS region and concluded to have no 

polymorphism among the isolates of Brazilian collection. 
Xu et al. (2014) used the ITS sequences for genetic diversity 
studies and found that isolates shared similarities with an 
average of 96.34%. Moreover, the same study by Xu et al. 
(2014) proposed that the rDNA-ITS region is not ideal for 
examining the genetic variation of S. scitamineum due to its 
lower detected sequence variation. The present study agrees 
with Xu et al. (2014) as Sri Lankan isolates shared 83.13% to 
100% sequence similarity, which indicates a lower sequence 
variation. Barnabas et al. (2018) studied the genomic vari-
ation of the smut pathogen using the specific primers bE 4 
and bE 8 and revealed no noticeable difference in sequence 

Fig. 1   Dendrogram generated for collected S. scitamineum isolates (83 isolates) based on ISSR data

Table 4   Nei’s Genetic distance 
of S. scitamineum populations 
based on ISSR

BN-Bandarawela, EM-Ethimale, HN-Hingurana, KN-Kantale, PW-Pelwatta, SV-Sevanagala, UW-
UdaWalawe

POP ID BN EM HN KN PW SV UD

Bandarawela 0.0000
Ethimale 0.1910 0.0000
Hingurana 0.0662 0.2004 0.0000
Kantale 0.1183 0.2182 0.1464 0.0000
Pelwatta 0.0466 0.184 0.0434 0.1113 0.0000
Sevanagala 0.0461 0.1421 0.0428 0.1032 0.0225 0.0000
UdaWalawe 0.2465 0.2218 0.2628 0.2322 0.2236 0.1838 0.0000

Table 5   Summary of the AMOVA results of 83 isolates of S. scita-
mineum 

Source df SS MS Est. Var %

Among Populations 6 186.38 31.06 1.21 6%
Within Populations 76 1398.39 18.40 18.40 94%
Total 82 1584.77 19.61 100%
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similarity in the bE gene sequences of S. scitamineum iso-
lates, confirming the results of the present study.

Xu et al. (2014) found that the ISSR molecular mark-
ers provide an effective and inexpensive method to analyze 
molecular data to determine genome diversity in S. scita-
mineum isolates. The present study generated 100% poly-
morphic bands when used 83 S. scitamineum isolates from 
different populations in Sri Lanka. This is a comparatively 
higher value than the previously reported values by several 
other researchers worked on the gene diversity of S. scita-
mineum in the Asian region. For example, studies by Xu 
et al. (2014) using 100 S. scitamineum isolates from the 
mainland China reported 86.8% polymorphism and a sub-
sequent study by Xu et al. (2017) reported 71.0% polymor-
phism among the S. scitamineum isolates from China. These 
findings are identical to the results of Shen et al. (2012a) 
who used ISSR to evaluate the genetic diversity using mat-
ing-type isolates of S. scitamineum from Southern China 
and identified a polymorphism of 72.7%. The differences 
in polymorphic rate in these studies might be due to the 
variation in the template DNA source since Xu et al. (2014) 
have used template DNA, extracted from diploid spores of S. 
scitamineum (teliospores) while Xu et al. (2017) have used 
DNA samples from a single mating-type haploid of S. scita-
mineum. Furthermore, the environmental conditions of the 
sampling locations are highly correlated with the genetic 
differentiation of the isolates (Xu et al. 2017) and it may be 
another reason for the observed genetic differences. The pre-
sent study also has used diploid teliospores to extract tem-
plate DNA for amplification using ISSR primers. Generally, 
a much richer genetic variation can be expected in dikaryotic 
teliospores than in monosporidial mating-type isolates of S. 
scitamineum. The reason for the higher polymorphism in 
this study may be the use of dikaryotic teliospores to study 
the genetic variation.

Conclusion

The findings of the present study provide new information 
on the genetic variability in the S. scitamineum genome in 
Sri Lanka. All the 83 tested isolates clustered into five major 
genetically distinct groups independent of their geographic 
origin. Therefore, we propose to use a composite of S. scita-
mineum isolates collected from different sugarcane cultivat-
ing regions to screen for smut-resistance varieties in crop 
improvement programs essential for commercial sugarcane 
production in Sri Lanka.
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