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ABSTRACT 
The objective of this study is to explore the single sequence 
repeats (SSRs) and single nucleotide polyrnorphirns (SNPs) in 
expressed sequence tags (ESTs) of Radopholus similis. We 
retrieved 7380 EST sequences consisting different 
tissues/condition libraries from dbEST of National Centre for 
Biotechnology Information (NCBl). A total of 1449 SSRs 
were detected by MISA perl script. Hexa-nucleotide repeats 
(836 nos.) followed by mononucleotide repeats (207 nos.) 
were found to be more abundant than other types of repeats. 
Putative SNP/Indels were found out with the help of 
AutoSNP. As many as 1038 SNPs and 108 small indels 
(insertion/deletion) were found with a density of one SNPI191 
bp and one indel!1.8 kbp. Candidate SNPs were categorized 
according to nucleotide substitution as either transition (C+-+T 
or G+-+A) or transversion (C+-+G, A+-+T, C+-+A or T+-+G). We 
observed a higher number of transversions type substitution 
(537) than transitions (501). However considering the 
individual substitutions, G+-+A (281) and C+-+T (220) were 
found to be predominant than purine to pyrimidine base 
substitutions. Since the SSR and SNP markers are invaluable 
tools for genetic analysis, the identified SSRs and SNPs of R. 
similis could be used in diversity analysis, genetic trait 
mapping, association studies and marker assisted selection. 
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1. INTRODUCTION 
Aim of the present study is to mine the expressed sequence 

tags (ESTs) of Radopholus similis to detect Simple Sequence 
Repeats (SSRs), Single Nucleotide Polymorphisms (SNPs) and 
Insertions and Deletions (lndels). Burrowing nematode or 
banana root nematode (Radopholus similis) is an imIX)ftant 
parasite of fruits, vegetables and other crops of tropical and 
sub tropical regions. It is especially important in bananas, 
citrus and black pepper, but will also attack coconut, avocado, 
coffee, sugarcane and different types of grasses and 
ornamentals. It is a migratory endoparasite of roots. The 
nematode causes lesions on plant's root that forms a canker 
and the plant suffers from malnutrition while the nematode 
completes its life cycle within the root. The reducing cost of 
DNA sequencing has led to the availability of large sequence 
data sets derived from whole genome sequencing and large 
scale Expressed Sequence Tag (EST) discovery. ESTs are 
ideal for mining of SSRs and SNPs, which may then be 
applied to diversity analysis, genetic trait mapping, association 
studies, and marker assisted selection [8]. 

ESTs are small pieces of DNA sequence (usually 200 to 500 
nucleotides long) that are generated by sequencing either one 
or both ends of an expressed gene. The idea is to sequence bits 
of DNA that represent genes expressed in certain cells, tissues, 
or organs from different organisms and use these "tags" to fish 
a gene out of a portion of chromosomal DNA by matching 
base pairs. ESTs provide researchers with a quick and 
inexpensive route for discovering new genes, for obtaining 
data on gene expression and regulation, and for constructing 
genome maps. SNP, pronounced "snip", are one-letter 
variations in the DNA sequence which contribute to 
differences among individuals. They are the most common 
fonn of DNA sequence variation. They are useful polymorphic 
markers to analyze the diversity and in QTL mapping. 
Majority of SNPs produce no effect when they occur in 
intronic or intergenic regions or as synonymous codon 
substitutions in exons. But even a single indel in coding region 
can cause frame shift mutations. A single non-synonymous 
SNP can convert an amino acid to another which in turn will 
lead to subtle differences in countless characteristics, like 
appearance, while some affect the risk for certain diseases. 

SNPs are molecular markers of choice in recent years for 
genome mapping and diversity analysis in many crop plants, 
soybean [33], rye [34], cassava [19]. SNPs are invaluable as a 
tool for genome mapping, offering the potential for generating 
high-density genetic maps, which can be used to develop 
haplotyping system for genes or regions of interest [23]. The 
low mutation rate of SNPs also makes them excellent markers 



for studying complex genetic traits and as a tool for the 
understanding of genome evolution [29]. Unlike random 
amplified polymorphic DNAs (RAPDs) and restriction 
fragment length polymorphisms (RFLPs), SNPs are direct 
markers because sequence information provides the exact 
nature of the allelic variation. They are far more prevalent than 
SSRs and, therefore may provide a high density of markers 
near a locus of interest. One of the limitations of SNPs is the 
initial cost associated with their development. Many cost and 
time effective technologies have been developed in recent 
years but only limited work has been carried out to examine 
the occurrence of SNPs in nematodes. Latest release of dbEST 
contains only 1065 SNP site information belonging to the free-
living nematode, Caenorhabditis elegans. 

Microsatellites or SSRs are tandemly repeated 1-6 DNA motifs 
that are abundant in eukaryote genome and can mutate rapidly 
by loss or gain of repeat units. EST-SSRs have received much 
attention as the increasing amounts of ESTs being deposited in 
databases for many crops such as rice, wheat etc. [17], [28], 
[36]. EST-SSRs can be rapidly developed from EST database 
by data mining tools at low cost, and due to their existence in 
transcribed region of genome, they can lead to the 
development of gene-based maps which help to identify 
candidate genes and increase the efficiency of marker-assisted 
selection (MAS) [11]. In addition, EST-SSRs show a higher 
level of transferability to closely related species than genomic 
SSR markers [26], [28] and can be served as anchor markers 
for comparative mapping and evolutionary studies [35]. SSRs 
are one of the most widely used molecular markers in crop 
breeding, population genetics, mapping and MAS. Being gene 
specific functional markers, they provide an efficient tool to 
link phenotypic and genotypic variation [12], [22]. Based on 
the length of SSR tracts and their potential as genetic markers, 
they are categorized into two groups – Class I or hypervariable 
markers (length of SSR ≥20bp) and Class II (length of SSR 
vary 12 bp ≥ and <20 bp) or potentially variable markers [30].  

2. MATERIALS AND METHODS 
The GenBank accession numbers ES584514 - ES584533, 
EY189778- EY195983, CO897542- CO898032, CO960948- 
CO961502 and CV130236-CV130343 were retrieved from 
dbEST (http://www.ncbi.nlm.nih.gov/dbEST/) of National 
Centre for Biotechnology Information (NCBI). These 7380 
ESTs (dbEST release 100909) were represented different 
tissue/condition libraries. ESTs were subjected to pre-
processing to remove poly A/T tails using trimmest 
(http://mobyle.pasteur.fr/cgi-bin/portal.py?form=trimest) and 
contaminations were removed using VecScreen                                       
utility of NCBI. AutoSNP [2] was used to find the SNPs and 
indels. Transition to transversion ratio and each type of 
substitutions were calculated. To find the SSRs from non 
redundant set of sequences, EST sequences were trimmed and 
clustered using Phrap [10] and the resulting sequences were 
used as an input of SSRs detecting perl script, MISA [31]. It is 
capable to detect mono- to hexa-nucleotide repeats and 
compound repeats. We identified two types of SSRs: (i) 
perfect SSRs, with an exact repeat of any of motif with length 
12 bp or more, e.g. (AT)15; (ii) compound repeats, 
combinations of two or more repeated motifs with length 20 or 
more, e.g. (CA)16 (TC)10. For mononucleotides, although A, T, 

C and G are possible, A and T are grouped into a single 
category, since an A repeat on a strand is the same as a T 
repeat on the opposite strand. C on a strand is the same as a G 
on the opposite strand, resulting in two unique classes of 
mononucleotides, A/T and C/G [18]. Similarly, all 
dinucleotide motifs were grouped into the 4 following unique 
classes: (i) AT/TA; (ii) AG/GA/CT/TC; (iii) AC/CA/TG/GT; 
and (iv) GC/CG. The trinucleotide repeats are grouped into 10 
unique classes as per the SSR classification [16]; Katti et al. 
2001). Primer pairs were designed flanking the detected SSR 
sites using Primer3 tool [25]. 

3. RESULTS AND DISCUSSION 

3.1 SNP /Indel Identification 
A total of 7,380 EST sequences of R. similis were retrieved 
from dbEST. It is observed that 1174 sequences contained 
suspected poly (A/T) tails with minimum length of 4 bp or 
more and these were removed. Among the 7380 ESTs, 4722 
sequences were found to have redundant to at least one 
sequence and which were grouped as 1152 clusters to predict 
SNP and indels from redundant data sets. Among the clusters, 
644 clusters containing two sequences, 224 clusters containing 
three sequences and 284 clusters containing four or more 
sequences were present. Since the EST sequences are prone to 
sequencing error, we considered the cluster groups containing 
four or more sequences for final SNP calculation.  A total of 
1038 SNPs and 108 indels were identified from those 

sequences (Table 1). Candidate SNPs were categorized 
according to nucleotide substitution as either transition (C↔T 
or G↔A) or transversion (C↔G, A↔T, C↔A or T↔G). We 
found transversions (537) as more predominant than 

transitions (501) in available R. similis transcriptiome (Figure 

1). However, among the individual substitutions the transition 
type substitutions G↔A and C↔T were found to be most 
predominant. Our studies indicate that the density of SNP in R. 

similis is 1 SNP/191 bp and that of indel is 1 indel/1.8kbp.  
Though EST SNP markers are most popular in plant ESTs and 
human beings, so far there is no evidence for development of a 
SNP marker and frequency estimation in nematodes based on 
EST data.  The transition to transversion ratio (Ts/Tv) was 
found to be 0.93 in R. similis. In general transitions occur at 
higher frequencies than transversions such as beet root [27], 
maize [4] and oil palm [24]. But,  Ts/Tv ratio < 1 (more 
transversions than transitions) was seen in regulatory genes 
such as endonuclease reverse transcriptase and Tc1 - like 
transposase [13].  A recent study on grasshopper genome 
revealed that the majority of transitions of Cytosine residues 
are at methylated sites (CpG dinucletoide). After accounting 
for this methylation effect, there was no significant difference 
between transition and transversion rates [20]. Transversions 
were seen at higher frequencies than transitions in ginger 
(Zingiber officinale Rosc) EST-SNP [5]  and MA (Mutation 
Accumulated) lines of genomes of nematode C elegans. The 
much lower Ts/Tv ratios observed in MA-line genomes 
suggest that, genome wide transversions might be more 
susceptible to selective purging than transitions in C. elegans 
natural populations [7]. The Ts/Tv ratio nearer to one indicates 
a near neutral selection in R. similis which is predominantly 
parthenogenetic. 



Figure 1. Frequency of SNPs classified as transition and tramsverion substitutions. The two transition classes A↔G and C↔T were 
found predominat than different types of transversion substitutions. 

Table 1. Base changes and their frequency of occurrence of 

SNPs/Indels in Radopholus similis transcriptome 

Sl. No. SNP type Frequency 

1 
Transition (501) 

 G↔A 
 C↔T 

 
281 
220 

2 

Transversion (537) 
C↔G 
A↔T 
C↔A 
T↔G 

 
129 
139 
153 
116 

3 

Indels (108) 
A 
T 
G 
C 

 
46 
21 
27 
14 

     

Indels occurred at very lower frequency (1 indel/1.8kpb) in R. 

similis. Indels may be produced by errors in DNA synthesis, 
repair, recombination or be due to the insertion and excision of 
transposable elements that often leaves a characteristic DNA 
footprint of several nucleotide bases. Adenine involved indels 
were found to be more abundant than Cytosine indels.  Our 
study indicated several putative SNP/Indel markers for R. 

similis genome which could be useful for marker assisted 
selection (MAS) and applied in population genetics and high 
resolution genetic map construction.  

3.2 Simple Sequence Repeats 
Pre-processed ESTs were separated as 1152 contigs and 2657 
singletons using sequence assembly program Phrap (Green, 
1999).  A total of two contigs and 143 singletons (of size < 
100 bp) were found using base_counter perl script and were 
removed. Using MISA (Thiel et al., 2003) perl script, we 
found out a total of 1449 SSR sites including 1276 perfect and 
173 compound repeats. Among the perfect SSRs, 77 belonged 
to the class I and 1199 belonged to the class II type markers. 
We found that SSRs occured in the R. similis genome at a 
frequency of 1 SSR per 1.2 Kb. Though, only less number of 
SSRs was isolated from nematodes, mining of public databases 
for nematode SSRs is not reported so far.  So the results of the 

present study could not be compared with other reports. 
Among the SSRs detected, predominant type was hexa-
nucleotide repeats (836 numbers) followed by mononucleotide 

repeats (207 numbers) (Table 2).  

Among the hex-nucleotide repeats, 646 different patterns were 
observed and most of the repeats are abundant in A/T bases 
(minimum 3 ‘A’ or ‘T’ nucleotides). In the case of 
mononucleotide repeats A/T repeats are common (97.5% of 
mononucleotide repeats). The other possible repeat G/C was 
very rare (5 nos). Among the dimeric repeat motifs, the 
AG/GA/TC/CT type was observed 6 times and CA/AC/GT/TG 
type 5 times. Among the trimeric repeats, 
AAT/ATA/TAA/TTA/TAT/ATT (22 nos.) was most abundant 
followed by AAC/ACA/CAA/TTG/TGT/GTT, 
AGG/GGA/GAG/TCC/CCT/CTC and AGC/GCA/CAG/ TCG/ 
CGT/GTC (each with 17 times) motifs.  

Table 2. Distribution of different types of SSR motifs in 

ESTs of Radopholus similis 

Motif Number of SSRs Frequency 

Mono 207 14.2% 

Di 11 0.7% 

Tri 122 8.4% 

Tetra 95 6.5% 

Penta 5 0.3% 

Hexa 836 57.7% 

Compound 173 11.9% 

Primer pairs were successfully designed for 1239 sequences 
while the remaining SSRs failed to design primers as they were 
located at either ends of ESTs. Despite their many advantages 
for studying gene flow in eukaryotes, autosomal markers such 
as microsatellites have been developed for only a few parasitic 
nematodes, including parasites of sheep [14], pigs [6] , human 
[1], [3], [32], rats [9], red grouse [15] and the plant parasite 
Meloidogyne artiellia [21]. The SSRs reported here would 
provide additional marker information for the plant parasitic 
nematode, R. similis. 



4.CONCLUSION 

Our findings suggest that the nucleotide substitution towards 
transversion is not a rare event in molecular evolution. 
Putative SNP/Indels were categorized according to substitution 
bias, and as many as 1038 SNPs and 108 small indels 
(insertion/deletion) were found with a density of one SNP / 
191bp and indel frequency was one indel/1.8 kbp. A total of 
1449 EST-SSRs were reported in this study. Hexa-nucleotide 
repeats (836 nos.) followed by mononucleotide repeats (207 
nos) were found to be more abundant than other type of 
repeats. Since SSR and SNP markers are invaluable tools for 
genetic analysis, the identified SSRs and SNPs could be 
exploited for diversity analysis, genetic trait mapping, 
association studies and marker assisted selection of R. similis.  
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