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ABSTRACT

Filiz E, Koc E. 2012. In Silico chloroplast SSRs mining of Olea species. Biodiversitas 13: 114-117. Simple sequence repeat (SSR)
markers are highly informative and have been widely applied as molecular markers in genetic studies. The purpose of present study is to
analyze the occurrence and distribution of chloroplast SSRs in genic and intergenic regions from Olea species viz., Olea europaea, Olea
europaea subsp. cuspidate, Olea europaea subsp. europaea, Olea europaea subsp. maroccana, Olea woodiana subsp. woodiana by
using bioinformatics tools. We identified 1149 chloroplast SSRs (cpSSRs) in all genome and a total of 340 (29.6%) was located in genic
regions. It was observed that the most abundant repeat types were found mononucleotide SSR (66.7 %) followed by trinucleotide SSR
(28.3 %), dinucleotide (2.7%), tetranucleotide (1.5%) and pentanucleotide (0.8%). cpSSRs located in genic regions were identified only
mono- and trinucleotide motifs, the most abundant of which was trinucleotide (16.2%) followed by mononucleotide (14.3%). All types
of repeat motif (mono-, di-, tri-, tetra- and pentanucleotide) were detected except hexanucleotide motifs. According to SSRs analysis, the
most abundant observed motifs were identified for mono-, di-, tri-, tetra- and pentanucleotide cpSSRs A/T, AT/TA, AAG/CTT,
AAAG/AGTTT, and AATCC/ATTGG respectively. This study results provided scientific base for phylogenetics, evolutionary genetics
and diversity studies on different Olea species in future.
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INTRODUCTION

Olea is a genus of about 40 species in the family
Oleaceae and it is distributed warm temperate and tropical
regions of southern Europe, Africa, southern Asia and
Australasia. Olea known as olive (Olea europaea L.), is the
most important oil crop in the Mediterranean region and
has been used for pharmaceutical, industrial and consumer
purposes (Hannachi et al. 2010). Olive is also the second
most important oil fruit crop cultivated worldwide after oil
palm (Baldoni and Belaj 2009). Olea species were
evaluated by using various genetic markers such as SSRs
genotyping (Taamalli et al. 2008; Ercisli et al. 2011,
Gomes et al. 2009, Carriero et al. 2002); RAPDs
genotyping (Bogani et al. 1994; Belaj et al. 2004); AFLPs
genotyping (Owen et al. 2005; Baldoni et al. 2006), SNPs
(Reale et al. 2006), Ribosomal DNA polymorphisms (Hess
et al. 2000, Besnard et al. 2007), and organelle DNA
polymorphisms (Besnard et al. 2002; Intrieri et al. 2007).

Simple sequence repeats (SSRs) or microsatellites are
tandem repeated motifs which are 1-6 nucleotide length
and located in all prokaryotic and eukaryotic genomes
(Zane et al. 2002). Microsatellites are being used for
mapping and tagging of genes, marker assisted selection
(MAS), genome mapping and functional genomics (Kalia
et al. 2011). SSRs are associated with coding and
noncoding regions and can be found nuclear, chloroplast
and mitochondrial genome (Provan et al. 2001;
Rajendrakumar et al. 2007). The chloroplast genome

includes about 120-130 genes and usually ranges in size
from 120-200 kb (Sugiura 1992) and is characterized by
haploidy and a lack of recombination and uniparental
inheritance. Therefore, chloroplast markers (cpSSRs) are
more effective indicator of population genetic structure
than nuclear SSRs markers (Birky 1995; Petit et al. 1995).
In the last decade, chloroplast SSRs (cpSSRs) have been
widely used for plant taxonomic and phylogenetic studies,
diversity analysis and population genetics (Provan et al.
2001). The main objective of this study was to analysis
SSRs in chloroplast genome (cpDNA) of Olea species for
their occurrence and distribution in both coding and non-
coding regions.

MATERIAL AND METHODS

All the chloroplast genome sequences of olive (Olea
europaea, Olea europaea subsp. cuspidate, Olea europaea
subsp. europaea, Olea europaea subsp. maroccana, Olea
woodiana subsp. woodiana) were downloaded in FASTA
format from GenBank (ftp://ncbi.nlm.nih.gov/genbank/
genomes/) (Table 1.). The identification of chloroplast
microsatellites was carried out by MISA perl script
(http://pgrc.ipk-gatersleben.de/misa/). The minimum motif
repeat size were set to 8 for mononucleotide, 5 for
dinucleotide, 3 for trinucleotide, tetranucleotide,
pentanucleotide and hexanucleotide in locating the
microsatellites with maximum differences two SSRs was
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100. SSRs were searched in full chloroplast genome as well
as separate coding and non-coding regions for each species.
Also, GC content was calculated.

Table 1. Details of chloroplast genomes in Olea species

Plant species Plastome
size (bp)

Accession
Number

G+C
content
(%)

Olea europaea 155888  NC_013707 37.80%
O. europaea subsp. cuspidata 155862  NC_015604 37.81%
O. europaea subsp. europaea 155875  NC_015401 37.81%
O. europaea subsp. maroccana 155896  NC_015623 37.81%
O. woodiana subsp. woodiana 155942  NC_015608 37.79%

RESULTS AND DISCUSSION

Abundance of SSRs
A total of five Olea species chloroplast complete

genome sequences were evaluated for chloroplast SSRs
and we found 1149 SSRs, of which 340 (29.6%) were
localized in genic regions and the 809 (70.4%) cpSSRs
were localized in intergenic regions (Table 2.). G+C
content of the species are closely similar frequency ranging
from 37.79 to 37.81% (Table 1.)

Table 2. The number of the genic and intergenic cpSSRs based on
motif size for each species

Mono Di Tri Tetra Penta Hexa
G I G I G I G I G I G I Total

Olea europaea 33 122 0 6 35 31 0 4 0 2 0 0 233
Olea europaea
subsp. cuspidata

33 119 0 6 35 30 0 3 0 2 0 0 228

Olea europaea
subsp. europaea

33 120 0 6 35 30 0 3 0 2 0 0 229

Olea europaea
subsp. maroccana

33 120 0 6 35 30 0 3 0 2 0 0 229

Olea woodiana
subsp. woodiana

32 121 0 7 36 28 0 4 0 2 0 0 230

Total 1149
Note: G: genic, I: intergenic

Total number of cpSSRs in the chloroplast genomes
ranged from 228 to 233 and the density of microsatellites
ranged from 1.46-1.49 cpSSR per kb. Olea europaea
subsp. cuspidate chloroplast has the least number of
cpSSRs (228) while Olea europaea chloroplast had the
most abundant cpSSRs (233). The density of
microsatellites were found for Olea europaea, Olea
europaea subsp. cuspidate, Olea europaea subsp.
europaea, Olea europaea subsp. maroccana and Olea
woodiana subsp. woodiana 1.49, 1.46, 1.47, 1.47 and 1.47
cpSSR per kb respectively. An average frequency was 1.47
cpSSR per kb which was higher than some cereal species
cpSSRs (1.36 cpSSR per kb) (Melotto-passarin et al. 2011),
Solanaceae species cpSSRs (1.26 cpSSR per kb)
(Tambarussi et al. 2009), Solanum lycopersicum EST-SSRs
(1.3 SSR per kb) (Gupta et al. 2010). However, an average

frequency of SSRs in Olea species in present study (1.47
SSR per kb) is lower than found in loblolly pine EST-SSRs
(42.9 SSR per kb), some cereal species EST-SSRs (6 SSR
per kb) (Varshney et al. 2002), palm EST-SSRs (4.4 SSR
per kb) (Palliyarakkal et al. 2011).

Distribution of cpSSRs
The investigation of different types of SSR repeats

showed that the percentage of occurrence of
mononucleotide SSR (66.7 %) was the highest followed by
trinucleotide SSR (28.3%), dinucleotide (2.7%),
tetranucleotide (1.5%) and pentanucleotide (0.8%) (Figure
1.).

Figure 1. Frequencies (%) of different repeats in genic and
intergenic regions.

The most abundant genic cpSSRs type was trinucleotide
(16.2%) followed by mononucleotide (14.3%). This finding
supports that triplet SSR repeats can be located easily
within coding regions (Hancock and Simon 2005). Our
results revealed that A/T repeats (98%) were found to be
more abundant than the G/C (2%) motifs. These results
were consistent with SSRs analysis of major cereal
organelle genome data (Rajendrakumar et al. 2008) (Figure
2.).

Figure 2. The most abundant cpSSRs motifs in all chloroplast
genomes.
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For dinucleotide repeats, AT/TA motif was the most
common dinucleotide repeat with a frequency of 83.9%.
These results are in agreement with previous findings
(Gandhi et al. 2010; Rajendrakumar et al. 2007; Kuntal et
al. 2012). The higher AT/TA frequencies in chloroplast
genomes can be explained to be the conclusion of the high
A/T content of the genomes. Among the trinucleotide
repeats, AAG/CTT motif was the most common (28.9%)
followed by AAT/TTA (24.9%) and AAC/GTT (16%) and
this finding was not consistent with earlier studies results
(Rajendrakumar et al. 2007; Melotto-passarin et al. 2011;
Kuntal et al. 2012). In tetranucleotide SSR motifs, the
maximum frequency of 47.1% was showed by
AAAG/CTTT followed by AAAT/ATTT (29.4%). In
pentanucleotide SSR motifs, frequency of AAACT/
AGTTT and AATCC/ATTGG motifs were found to be
equal (50%). Interestingly, there are no any hexanucleotide
repeats in all chloroplast genomes. A total of 340 cpSSRs
(30.5%) were found to be in genic regions while a total of
809 cpSSRs (69.5%) were found to be in intergenic regions
and genic cpSSRs were identified only mono and
trinucleotide motifs. In general, intergenic cpSSR (69.5%)
in Olea species were more abundant than genic cpSSR
(29.6%) and this result is consistent with earlier studies
Asteraceae (Timme et al. 2007), Fabaceae (Saski et al.
2005), and Solanaceae (Daniell et al. 2006), Saccharum
(Melotto-passarin et al. 2011). According to the analysis,
the most abundant genic cpSSRs were found for
trinucleotide motifs (57.2%). The SSRs in genes show a
higher mutation rate (instability) than nonrepetitive regions
in genome. Also, SSRs variations affect gene expression,
inactivation of gene activity, and/or a change of function
(Li et al. 2004). Thus, our results corroborate this
hypothesis that the most number of genic trinucleotide
cpSSRs may cause dynamic evolution and mutational
forces in exons and exhibit genetic and phenotypic
variations. The number of plastome genes with cpSSR
were identified (Table 3.) and we found Olea europaea,
Olea europaea subsp. cuspidate, Olea europaea subsp.
europaea, Olea europaea subsp. maroccana with 49 genes
while Olea woodiana subsp. woodiana has 46 genes.

Table 3. Frequency (%) of plastome genes with cpSSRs

Species

Number
of

plastome
genes

Genes
with

cpSSR

Genes
with

cpSSR
%

Olea europaea 130 49 37.7%
Olea europaea subsp. cuspidata 130 49 37.7%
Olea europaea subsp. europaea 130 49 37.7%
Olea europaea subsp. maroccana 130 49 37.7%
Olea woodiana subsp. woodiana 130 46 35.4%

Many studies revealed that large numbers of SSRs are
distributed in genic regions of genomes, containing protein-
coding genes and expressed sequence tags (ESTs). SSRs
distributions play key role for history of genome evolution
and mutational processes (Morgante et al. 2002). In this
study, we investigated the distribution of different types of

SSR in coding and non-coding regions of five different
species of Olea genus by using bioinformatic tools. The
location of SSR in the genome determines its functional
role like gene regulation, development and evolution (Kalia
et al. 2011). According to analysis, intergenic cpSSRs are
predominant over genic cpSSRs and as expected,
trinucleotide repeats are more common in coding regions.
Except mononucleotide and trinucleotide repeats, other
classes of repeats were low in number in the chloroplast
genomes.

CONCLUSION

SSR markers are very informative because they are
codominant and highly polymorphic. In addition, SSRs
markers are highly mutable loci and they can be used for
characterization of genome and a particular region can be
identified in the genome. This study results can be targeted
towards the diversity and evolutionary studies of Olea
species.
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