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Abstract A microsatellite is a tract of tandemly repetitive DNA in which certain DNA motifs are repeated. 

There are several types of microsatellites, which are also called simple sequence repeats (SSRs). The same type 

of repeating unit (motif) makes microsatellites perfect or exact while any mutations in the repeating unit make 

microsatellites imperfect or inexact microsatellites. In the present study the density differences of inexact 

microsatellites and motif types of housekeeping and tissue specific ESTs were studied in 7 pepper (Capsicum 

L.) tissues and development stages. Based on the analyses of 13,261 expressed sequence tags (ESTs) we 

observed that some tissues contained more inexact microsatellite containing ESTs while some other tissues 

contained less density of inexact microsatellites. Analyses also revealed that housekeeping genes and tissue 

specific ESTs contained statistically different amount of inexact microsatellites. These results indicated that 

microsatellites or SSRs are not just genetic markers used in markers assisted selection and fingerprinting 

studies, microsatellites may have an effect on gene expression and may play an important role in contributing to 

the different expression profiles between housekeeping and tissue-specific genes. 
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1. Introduction 

Expressed sequence tags (ESTs) are 300-700 bp short, single pass sequence reads derived from either the 5' or 3' 

end of a complementary DNA (cDNA) at a low cost. ESTs represent mRNAs expressed in a tissue at a 

development stage. ESTs are grouped into clusters and contigs based on sequence similarity and identity 

matches. Assembled ESTs are used for the discovery and characterization of candidate genes, investigation of 

alternative splicing, construction of expression maps, discrimination between genes exhibiting tissue or disease 

specific expression, genome annotation, gene structure prediction, development and characterization of 

microsatellites and single nucleotide polymorphisms (SNPs) and facilitate proteome analysis. A large amount of 

ESTs were generated in recent years with the development of next-generation sequencing approaches. Thus, 

ESTs are now much easily available for many plant species [1-2]. 

To date it is known that a significant portion of genomic DNA consists of repeating motifs of various
 
sizes, 

varying from very small to very large nucleotides. Repeated DNA could be classified into two large families, 

tandem and dispersed repeats. Dispersed repeats contain transposons, tRNA genes, and gene paralogues. 

Tandem repeats contain gene tandems, ribosomal DNA repeat arrays, satellites, midisatellite, minisatellites, and 

microsatellites. Among the tandem repeats, microsatellite, also known as simple sequence repeats (SSRs) are 

abundant in structural regions such as telomeres, centromeres, histone binding areas and transcribed regions. 

Microsatellites have attracted the attention of researchers due to their extensive use in the construction of 

genetic maps, the association between repeat variations and genetic diseases, their practicability and ease of use 

in studies of population genetics, and for genotyping and paternity analysis. The presence of microsatellite to 

cDNAs accelerated the use of microsatellites in applied and theoretical genetics [3-9].  
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Microsatellites are DNA regions composed of small motifs of 1 to 6 nucleotides repeated in tandem, which are 

widespread in both eukaryotic and prokaryotic genomes. Microsatellites are classified according to the motif 

length (mono-, di-, tri-, tetra-, penta- or hexa-nucleotide repeats), the type of repeats (exact and inexact), exact 

compound and inexact compound (Fig. 1). In an exact microsatellite the repeat sequence is not interrupted by 

any base not belonging to the motif while in an inexact microsatellite there is a pairs of bases between the 

repeated motifs that does not match the motif sequence. In the case of an exact compound microsatellite there 

are at least two adjacent distinctive exact sequence-repeats. On the other hand, an inexact compound 

microsatellite there are at least two adjacent sequence repeats and at least one of which consist of inexact repeats 

[3, 8, 10-12].  

 
Figure 1. Exact, inexact, exact compound and inexact compound microsatellites. a: exact or perfect 

microsatellite repeats consisiting of [AT]15, b: inexact or imperfect microsatellite repeats consisiting of 

interrupted [AT] repeats, c: exact compound microsatellite consisiting of [TA]7 and [CA]6 repeats, d) inexact 

compound microsatellite consisiting of exact [CA]6 repeats and interrupted [TA] repeats. 

 

Inexact microsatellite and inexact compound microsatellite repeats may originate from frequent point mutations 

in the exact microsatellite repeats. However, exact microsatellite and exact compound microsatellite may also 

originate from inexact microsatellites. New studies are required to test which of the mentioned scenarios are 

true. The inexact or imperfect microsatellite repeats may be considered as extensions in the definitions of exact 

tandem repeats during certain editing [13] or sequences with lesser degree of periodicity and spaced from 

another island showing periodic sequence [14]. Additionally, inexact motif patterns of microsatellites may also 

depend on the genomic context such as the particular location on a chromosome and functional potential of the 

transcribed product, as well as the effectiveness of mismatch repair enzymes. Moreover, inexact motif rates in 

microsatellites are also affected by stabilization patterns and potential secondary structures [10]. 

Microsatellite repeats can be found in housekeeping and tissue specific genes [15]. Housekeeping genes are 

those genes constitutively expressed in all tissues to maintain cellular functions. Previous research revealed that 

the expression level of the housekeeping genes varies among tissues and changes under certain circumstances. 

On the other hand tissue specific genes are those genes specifically expressed in a tissue or development stage 

[10]. Despite the most fundamental characteristics of housekeeping genes and tissue specific genes, no previous 

study has quantified inexact microsatellite densities of the housekeeping genes and the tissue specific genes in a 

variety of tissues. This study was undertaken to determine inexact microsatellite density differences in tissue 

and housekeeping genes. Also we investigate inexact microsatellite differences among anther, young fruits, 

flower bud, early root, hairy root, placenta and leaf tissues of Capsicum annuum L. cultivar Demre Sivrisi.  

2. Materials and Methods 

2.1. Expressed Sequence Tags (ESTs) 

A total of 116535 Capsicum annuum L. ESTs from National Center for Biotechnology Information at 

http://www.ncbi.nlm.nih.gov/ were downloaded and analyzed. These ESTs consisted of 129,149,486 base pair 

nucleotide information.  
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2.2. Assignment of ESTs 

Keyword Finder and OrgMiner [16] bioinformatic programs were used to obtain ESTs specific to each of 

anther, hairy root, early root, leaf, young fruit, placenta and flower bud library. In order to identify tissue 

specific (library specific) ESTs and housekeeping ESTs, a total of 23,098 ESTs containing 11.06 mega base 

nucleotides were assembled into contiguous sequences (contigs) using Sequencher software (Gene Codes, Ann 

Arbour, MI). Contigs assembly parameters were set to minimum overlap of 50 bases and 95% sequence 

homology match. 

2.3. Microsatellite analyses 

Microsatellites in each dataset were identified using the Tandem Repeats Analyzer 1.5 (TRA 1.5) program [3]. 

Microsatellites in the present study were considered sequences containing a minimum of 18, 9, 7, 5, 5 and 4 

nucleotide inexact repeats for mono- di-, tri-, tetra-, penta- and hexa-nucleotides, respectively. 

2.4. Statistical analysis 

Chi-square (χ
2
) goodness-of-fit tests with 1 degree of freedom were applied to test whether inexact 

microsatellite densities were significantly different within and between datasets.  

ii L
L

N
E    

where Ei is the expected number of microsatellites in a dataset, N is the total number of microsatellites in the 

two different datasets, L is the total length in base pairs of the two datasets, and Li is the length in base pairs of 

the dataset under investigation [15]. 

 

3. Results and Discussion 

In the present study housekeeping and tissue specific ESTs were studied in a total of seven different tissues and 

development stages of pepper cultivar Demre Sivrisi (Capsicum annuum L.) and other species in the GenBank.". 

Using 510 ESTs belonging to anther it was found that anther ESTs (χ
2
=45.89, P≤0.0001) contained lower 

densities of inexact microsatellites than they would be predicted purely on the grounds of base composition. 

Also ESTs belonging to placenta (2747 ESTs, χ
2
=45.89, P≤0.0001) showed low densities of inexact 

microsatellites (Table 1). Early root (1460 ESTs, χ
2
=10.15, P≤0.0005), flower bud (1919 ESTs, χ

2
=37.54, 

P≤0.0001) and hairy root (1473 ESTs, χ
2
=5.87, P≤0.0031) contained higher densities of inexact microsatellites 

than they would be predicted purely on the grounds of base composition (Table 1). On the other hand, leaf 

tissues (3147 ESTs) and young fruit tissues (1998 ESTs) contained inexact microsatellites as expected densities 

(Table 1). Previous studies have showed that exact microsatellite densities of plant and animal tissues differed 

[3, 12, 15, 17].  

Inexact mono-nucleotide microsatellite differences among tissues varied. Analysis revealed that inexact 

mononucleotide densities of anther tissues (χ
2
=41.65, P≤0.0001) and placenta tissues (χ

2
=97.56, P≤0.0001) 

contained lower densities of inexact microsatellites than they would be predicted purely on the grounds of base 

composition. Early root (χ
2
=16.43, P≤0.0005), flower bud (χ

2
=57.40, P≤0.0001) and hairy root (χ

2
=8.75, 

P≤0.0005) contained higher densities of inexact mono-nucleotide microsatellites than they would be predicted 

purely on the grounds of base composition (Table 1). However analysis revealed that leaf tissues and young fruit 

tissues contained inexact mono-nucleotide microsatellites as expected densities (Table 1). Differences in exact 

microsatellite and mono-nucleotide microsatellites were also previously reported in human [12], Arabidopsis 

[3], turmeric [4] and pepper [10].  

Inexact di-nucleotide microsatellite densities of tissues and development stages differed greatly. Among the 

tissues and development stages two showed statistically significant differences while 5 had the same densities as 

they would be predicted purely on the grounds of base composition. Flower bud (χ
2
=13.85, P≤0.0005) contained 

less amount of di-nucleotide repeats while leaf tissues (χ
2
=19.44, P≤0.0005) contained more inexact di-

nucleotides (Table 1). Inexact tri-nucleotide microsatellite density of young fruit (χ
2
=6.27, P≤0.0031) was 

statistically significant (Table 1). Analysis revealed that none of the tissues and development stages studied in 

the present study contained significant density difference in tetra-, penta- and hexa-nucleotide microsatellites 

(Table 1). 
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Table 1: Inexact microsatellite densities among tissues and development stages of C. annuum L. cultivar Demre 

Sivrisi and other species in the GenBank 

 
O: observed, E: expected, *: P≤0.0031, **: P≤0.0005 *** P≤0.0001 

Based on the analysis of contigs ESTs specifically found in a particular tissues were called tissue specific ESTs. 

Analysis revealed that 375 ESTs were anther specific, 710 ESTs young root specific, 1124 ESTs flower bud 

specific, 1081 ESTs young fruit specific, 760 ESTs hairy root specific, 1727 ESTs placenta specific and 2128 

ESTs leaf specific. These ESTs were considered tissue specific (TS) ESTs. On the other hand we considered 

those ESTs found in more than one tissue as housekeeping ESTs. For instance hairy root tissue contained 760 

ESTs that were specifically found in hairy root while 713 ESTs not only found in hairy root but also were 

present in other tissues. Thus 713 ESTs were considered as housekeeping ESTs and inexact microsatellite 

density differences between a tissue or development stage and the rest of the other tissues and development 

stages were determined (Table 2).  

Statistically significant inexact microsatellite differences between housekeeping and tissue specific ESTs were 

observed in anther and placenta tissues. Anther (χ
2
=20.93, P≤0.0001) and placenta tissues (χ

2
=55.13, P≤0.0005) 

contained less amount of inexact microsatellite densities than they would be predicted purely on the grounds of 

base composition (Table 2). In these tissues inexact microsatellites were very low while housekeeping ESTs had 

higher densities of microsatellites indicating that microsatellites play important role in gene expression.  

Inexact mono-nucleotide microsatellite densities between tissue specific and housekeeping ESTs were 

statistically different in anther, young fruit and placenta tissues (Table 2). Among the tissues, young root tissue 

had statistically significant inexact di-nucleotide microsatellite density between housekeeping and tissue specific 

ESTs. Hairy root tissue (χ
2
=4.14, P≤0.0031) was the only tissue with penta-nucleotide microsatellite density 

differences among the tissues and development stages studied in the present study (Table 2). Other types of 

inexact microsatellites of such as tri-, tetra- and hexa-nucleotides contained repeat densities as they would be 

predicted purely on the grounds of base composition in tissue specific and housekeeping ESTs. 
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Table 2: Inexact microsatellite densities between tissue specific and housekeeping genes in C. annuum L. 

cultivar Demre Sivrisi and other species in the GenBank 

 
TS: tissue specific, HS: housekeeping, O: observed, E: expected, P≤0.0031, **: P≤0.0005 *** P≤0.0001 

4. Conclusion 

Inexact microsatellite densities among some tissues and development stages significantly differed. ESTs in 

some tissues contained more inexact microsatellites than they would be predicted purely on the grounds of base 

composition. This indicated that inexact microsatellites play some important roles in tissue differentiation. 

Present study revealed that inexact microsatellite densities of tissue specific and housekeeping genes 

significantly differed. This indicated that inexact microsatellites play some important roles in tissue specific and 

housekeeping gene expression. 
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