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Abstract 
 

Production of expressed sequence tags (ESTs) from a variety of different organisms continuously 
increased during the last two decades. Research has revealed that ESTs are potentially rich sources for 
development of microsatellite markers that reveal polymorphisms not only within the source organism, 
but in related taxa, as well. Conventional EST-microsatellite analyses generally use non-redundant 
ESTs, however, the use of non-redundant ESTs for the development of microsatellites faces several 
problems including the low level of polymorphisms, unavailability of microsatellite flanking regions for 
primer pairs development. In the present study a contig-based approach was used to improve the use of 
ESTs in microsatellite marker development. Contig-based approach was utilized in ESTs of Cichorium 
since there are 84,149 ESTs and the use of EST based microsatellite is not common in these crop 
species. Cichorium endivia L. and C. intybus L. are commercially important as leafy vegetable and 
extraction of inulin, coffee substitute or fructans. In the present study, microsatellite frequencies 
between two Cichorium were determined and found that microsatellite frequencies between the two 
species were different. Using the contig-based approach novel primer pairs were determined and used 
in a total of 12 feral and 4 cultivated Cichorium samples. Results indicated that contig-based approach 
provided several advantages over the conventional methods. Results of the present study revealed that 
contig-based approach will increase the availability of polymorphic microsatellite markers which could 
allow the investigation of the genetic variability and population structure of Cichorium species and 
provide the information needed to design appropriate breeding strategies. 

 
Key words: C. endivia, C. intybus, microsatellites, EST-SSR and EST analysis 
 
Introduction 
 
             The genus Cichorium (Asteraceae) consists of four wild and two cultivated species. 
Chicory and endive are common names for C. intybus L. and C. endivia L., respectively [1]. 
Although chicory and endive are much less used than lettuce or cabbages, they are among the 
most known and popular in the world markets. Several varieties of chicory are used as leafy 
vegetable and in industry. Industrial utilization of chicory seems at present mainly addressed 
to extraction of inulin, coffee substitute or fructans [2, 3]. Some other varieties are referred as 
leafy vegetable crops and are used as fresh or cooked vegetables [4]. Production and breeding 
of chicory and endive are maintained by farmers through selection based phenotypical criteria 
and by exploiting to controlled hybridizations among different types in order to obtain 
recombinant genotypes with superior agronomic and commercial traits [1].  

The breeding studies in chicory and endive are focused on the isolation or 
determination of individuals amenable for use as parents for the constitution of synthetic 
varieties and selection of inbred lines suitable for the production of commercial hybrids [5]. It 
is obvious that these breeding procedures could be improved by the use of molecular markers 
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which allow the discarding of molecular off-types, determination of the most genetically 
distant inbred as parental lines for hybrid production [1, 5]. The use of molecular markers in 
Cichorium has been implemented using the allozyme markers [6], nuclear and cytoplasmic 
restriction fragment length polymorphism (RFLP, [7, 8]), random amplified polymorphic 
DNA (RAPD, [9]), DNA amplification fingerprinting (DAF, [10]), amplified fragment length 
polymorphism (AFLP, [2]), inter simple sequence repeats (I-SSRs, [1]), chloroplast and 
nuclear DNA sequences [1, 11], sequence-specific amplification polymorphism (SSAP, [12]). 
However, there exist limited studies of simple sequence repeats (SSRs) or microsatellites in 
Cichorium. Recently Cadalen et al. [13] developed a total of 730 SSR markers. However next 
mapping steps are required to add new markers to existing map and define ends of each 
linkage groups by linking newly developed terminal markers with telomere-specific 
sequences [13].  

Microsatellites (also known as SSRs) are markers of choice in population genetic 
research and genetic studies since they exhibit high level of polymorphisms between and 
within species [14]. One of the disadvantages of microsatellites is that microsatellite primer 
pairs flanking the microsatellite regions do not cross-amplify in related species; thus requiring 
separate development of primer pairs for each species under the study. The other disadvantage 
of microsatellites is the development of microsatellite primer pairs which requires labor 
intensive studies such as screening genomic libraries enriched with microsatellite motifs and 
selecting suitable sequences for primer design [13, 15].  

Recently, the availability of large sets of expressed sequence tags (ESTs) resulted in 
the production of large sequence data which allow to search and map microsatellites [16, 17]. 
In order to obtain EST-based microsatellite markers, primer pairs flanking the microsatellite 
domains have to be developed using an appropriate primer pair designing program and these 
primer pairs are tested in individuals to evaluate their use in genetic studies [18]. However, 
previous studies revealed that the use of ESTs for microsatellite marker development has 
several problems. For instance, several studies indicated that considerable amount of EST-
based primer pairs produce larger amplicons and these amplicons are not polymorphic. It was 
determined that these larger products have intron(s) between the primer flanking regions, 
resulting in a product that is too large [19]. Also a considerable amount of EST-microsatellite 
primer pairs completely fail or led to the weak amplification of background signals leading to 
the exclusion from further analysis [20]. Another issue is the presence of the microsatellite 
domain at the ends of the EST sequences. In this case microsatellite flanking regions is not 
available for primer design [21].  

One of the main problems in EST-based microsatellite marker development is the 
availability of public ESTs for the organisms intended to study. Although there are larger 
numbers of ESTs for Cichorium, these valuable resources have not been studied for 
microsatellite development. Conventional EST based microsatellite marker development 
studies generally use non-redundant ESTs. Although the uses of non-redundant ESTs have 
several advantages, critical information may be missed using the non-redundant EST 
databases. For instance, the molecules may themselves appear more than once in the 
collection if alternatively spliced transcripts encode the same protein product or the same 
gene present in more than one tissue [22]. In these cases, ESTs differing in microsatellite 
domains may be omitted from the further analyses.  

In microsatellite marker development studies, a large number of microsatellite 
containing ESTs could not be used for primer design studies since the microsatellite domains 
present at the ends of the ESTs. Therefore, the use of redundant ESTs could provide some 
advantages. This study was undertaken to identify microsatellite densities between the two 
Cichorium species, address several issues of EST-based microsatellite development using 
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condig-based approach and reported new set of microsatellite primer pairs which are 
transferable between the two Cichorium species with high level of polymorphisms. 

 
Materials and Methods 
 
EST microsatellites 
A total of 84,149 ESTs (53,973 for Cichorium intybus L. and 30,176 for Cichorium endivia 
L.) consisting of 57,627,312 nucleotides downloaded from databases (ftp.ncbi.nih.gov/ 
repository/dbEST) were analyzed using Tandem Repeat Analyzer [23] to identify 
microsatellites consisting of motif lengths 1 to 6 nucleotides based on the repeat selection 
criteria described in Karaca et al. [24].  
Microsatellite densities between the two Cichorium species 
Chi-square (χ2) goodness-of-fit tests with 1 degree of freedom were applied to test whether 
microsatellite density significantly differs between the ESTs and within the microsatellite 
motifs. For this analysis, it was assumed that the density was the same between the ESTs of 
both species. Expected number of microsatellites were calculated according to Lawson and 
Zhang [25] using the following formula: Ei= (N/L)*Li, where Ei is the expected number of 
microsatellites of either Cichorium intybus L. (EC) or Cichorium endivia L. (EE) ESTs, N is 
the total number of microsatellites in the two species of ESTs, L is the total length in base 
pairs of the two species of ESTs, and Li is the length in base pairs of Cichorium intybus L. 
(LC) or Cichorium endivia L. (LE) ESTs. In the present study, the reported number of motif 
type includes all of its circular permutations and their complements as used in Zhang et al. 
[26] since the double-stranded nature of DNA and the fact that the start site of a microsatellite 
can be considered arbitrary [27]. For example, for mononucleotide microsatellite, the type 
(A)n represents both (A)n and (T)n; for di-nucleotide microsatellite, (AC)n represents (AC)n, 
(CA)n, (TG)n, and (GT)n. 
Contig-based approach for identification of EST-microsatellites 
ESTs containing any of the mono-, di-, tri-, tetra-, penta- and hexa-nucleotide repeats were 
analyzed within and between the ESTs of two species. Sequences of EST containing 
microsatellites were assembled into contiguous sequences (contigs) using Sequencher 
software (Gene Codes, Ann Arbor, MI). Contig assembly parameters were set to a minimum 
overlap of 50 bases and 90% identity match.  
 Microsatellite domains and the flanking regions within the same contigs were 
considered the identical or highly homologous. Consensus sequence of contigs were identified 
and saved in fasta file formats. These kinds of analyses were performed for each 
microsatellite motif. Next, consensus sequences of corresponding microsatellite motifs of 
Cichorium intybus L. and Cichorium endivia L. were assembled using the criteria mentioned 
above. After analyzing the whole data, those EST-microsatellite consensus sequences 
showing microsatellite repeat number differences between chicory and endive were used for 
primer identification studies. Microsatellite primer pairs flanking the microsatellite domains 
were designed using PRIMER3 software [28]. 
Plant materials and DNA Extraction 
A total of feral 6 chicory (Cichorium intybus L.) and 6 feral endive (Cichorium endivia L.) 
plants were collected from roadsides of city of Antalya regions of Turkey. In addition to these 
plants two endive and two chicory plants were purchased from local markets. Genomic DNAs 
from these plants were individually extracted using a DNA extraction method described in 
Karaca et al. [29]. 
Touch-down polymerase chain reactions (Td-PCRs) 
Td-PCR amplifications were carried out in 25 μl reaction volume containing 80 ± 10 ng 
genomic DNAs as template, 0.5 μM of each microsatellite primer pair (selected from Table 
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3), 80 mM Tris–HCl (pH 8.8), 19 mM (NH4)2SO4, 0.009% Tween-20 (w/v), 0.28 mM of each 
dNTP, 3 mM MgCl2, and 2 units of Taq DNA polymerase (Bioron and Fermentas).  

The Td-PCR amplification profile was as follows: initial denaturation at 94°C for 3 
min, ten cycles with denaturation at 94°C for 30 s, annealing at 65°C for 30 s in the first 
cycle, diminishing by 0.5°C each cycle, and extension at 72°C for 1 min in a GeneAmp PCR 
System 9700 thermal cycler (Applied Biosystems). An additional 30 PCR cycles were run 
using the same cycling parameters with constant annealing at 60°C. Denaturation and 
extension conditions were the same as indicated above. The amplifications finished with final 
extension at 72°C for 7 min. After the reactions were completed, 5 μl DNA loading buffer 
[consisting of 0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene cyanol FF, and 40% (w/v) 
sucrose in water] was added to each amplified reaction and 8–12 μl of these mixtures were 
loaded onto 3–4% (w/v) high-resolution agarose gels (Serva) containing 0.5 μg/ml ethidium 
bromide. Amplified products were then electrophoresed at 5–8 V/cm at constant voltage for 
8–12 h in the presence of 1× Tris–Borate ethylenediamine tetra acetic acid (EDTA) buffer [89 
mM Tris–Borate, 2 mM EDTA pH 8.3] and photographed on an ultraviolet (UV) 
transilluminator for analysis. 
 
Results and Discussion 
 
Microsatellite containing ESTs  
A total of 84,149 ESTs were mined for identification of microsatellites. Results showed that 
there were 1,421 microsatellites (2.63%) in chicory ESTs while 650 microsatellites (2.15%) 
were present in endive ESTs. It is difficult to compare the frequencies of microsatellite 
containing ESTs among the plant species since the overall frequency and the frequency of 
different lengths of microsatellites and repeat motifs are limited by the criteria used to identify 
microsatellites. However, this study used the same criteria for microsatellite identification 
used in Arabidopsis and pepper (Capsicum annuum L.); therefore, it was possible to compare 
the findings of the present study with the earlier results. ESTs in Cichorium endivia L. and 
Cichorium intybus L. were less than Arabidopsis species [23] and pepper [18]. Among the 
EST microsatellites of the two species of Cichorium, penta-nucleotide repeats were less 
common and mono-nucleotides were the most common type of microsatellites. The 
frequencies of mono-, di-, tri-, tetra-, penta- and hexa-nucleotides are theoretically expected to 
decrease. However, the frequency of hexa-nucleotide repeats was higher than tetra- and penta-
nucleotide repeats. Higher occurrence of hexa-nucleotide repeats have also been reported in 
other plant species and it was speculated that hexa-nucleotide repeats are multiple repeat of 
the tri-nucleotides and present in coding regions [23]. Relative abundance of hexa-nucleotide 
repeats in comparison to tetra- and penta-nucleotide repeats has also been confirmed in the 
present study. 

The mono-nucleotide repeat content showed a bias toward the A/T-rich repeat motifs 
in comparison with the G/C-rich repeat motifs. This observation of the present study agrees 
with previous reports where A/T-rich repeat motifs were suggested to be favored in 
dicotyledonous species [30-31]. The motif content of di-nucleotide repeats GA, TC, GA and 
AG, and among the tri-nucleotide repeats, ATG, CAT, GAT and GAA were most frequent 
types in ESTs of chicory and endive. GC, CG, CCG and CGG repeat types were not common 
in the both species. It has been previously speculated that presence of these kinds of repeats 
might form structures such as hairpin and quadruplex. These structures may affect the 
efficiency and accuracy of splicing and influence the formation of mature mRNA [32]. As it 
has been reported in other dicotyledonous species, species of Cichorium have also low 
abundance of GC, CG, CCG and CGG repeat types. In the present study it was noted that 
there were no dominant types of repeat motif types among tetra-, penta- and hexa-nucleotides 
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between the two species. The abundance of penta-nucleotide repeats was less common among 
these motifs. Pan et al. [33] also found that penta-nucleotides were not detected in N. 
nucifera, whereas only a small number of tetra-nucleotides and hexa-nucleotides were 
observed. 
Microsatellite densities 
Microsatellite densities of chicory and endive in redundant ESTs were statistically different 
(χ2: 8.42, P≤ 0.0037). However, the differences between the microsatellite densities were due 
to the mononucleotide microsatellite densities which were quite different (χ2: 18.90, P= 
0.0001) between the two species. On the other hand, results indicated that the densities of di-, 
tri-, tetra-, penta- and hexa-nucleotide microsatellites were not statistically different between 
the two species (Table 1). In the present study the densities of microsatellites were found to 
be 1 microsatellite in 16.15 kb of Cichorium endivia L. and 1 microsatellite in 12.88 kb of 
Cichorium intybus L. ESTs. Riar et al. [34] reported an average density of one microsatellite 
in 1.28 kb in Lactuca sativa L. and 2.51 kb in L. saligna L. ESTs. In another study, the 
densities of EST–microsatellites were found with 1 in 11.81 kb in rice (Oryza sativa L.), 1 in 
17.42 kb in wheat (Triticum aestivum L.), 1 in 23.80 kb in soybean (Glycine max (L.) Merr.), 
and 1 in 28.32 kb in maize (Zea mays L.) [35]. The report of microsatellite densities in the 
present study is within the range of previous reports.  
 
Table 1. EST-microsatellite densities of two cultivated species of Cichorium  
Species MB #EST # EST-SSR Mono- Di- Tri- Tetra- Penta- Hexa- 

   O E O E O E O E O E O E O E 
C. 

endiva 20.99 30176 650 755 252 361 137 153 134 121 21 22.6 3 3 103 93 

χ2   14.70*** 32.97*** 1.75 1.4 0.11 0.02 1.01 
C. 

intybus 36.63 53973 1423 1318 739 630 284 268 198 211 41 39,4 6 6 153 163 

χ2   8.42** 18.90*** 1 0.8 0.06 0.01 0.58 

Total 57.62 84149 2073 991 421 332 62 9 256 

*** The two-tailed P value equals to 0.0001 or less than 0.0037, this difference is considered to be extremely 
statistically significant. χ2: Chi-square O: observed number of SSRs; E: expected number of SSRs, MB: 
mega bases of total ESTs. 

 
Contig-based approach for microsatellite development 
Conventional EST-microsatellite analyses generally use non-redundant ESTs from GenBank 
database (NCBI, http://www.ncbi.nlm.nih.gov/). The ESTs are then clustered and assembled, 
resulting in the identification of unigenes [33]. Microsatellite containing ESTs are then mined 
using microsatellite identification tools [23, 33]. In the present study microsatellite containing 
ESTs of each motif from the both species were separately assembled into contigs using the 
assembly criteria given in the materials and methods section of the present study. In the 
conventional EST-microsatellite markers development studies, clustering and assembling 
analyses are time consuming and require high performance computing tools since the data 
analyzed are generally large. On the other hand microsatellite mining analyses are relatively 
faster than contig and assembly analyses [24]. Since the ESTs after mining for microsatellites 
get smaller in number; analyses of EST-containing microsatellites become relatively fast and 
have several advantages. One of the advantages of the contig-based approach in comparison 
to conventional methods is that many assembly analyses using non-redundant sequences may 
eliminate EST sequences differing at the microsatellite domains. In the present study analyses 
of contigs revealed that in many cases there were microsatellite repeat differences within the 
same species of contigs for a motif type. Previous research revealed that EST-based 
microsatellite primer pairs were unable to amplify genomic DNA templates due to the fact 
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that the presence of intron-exon junctions at the primers designing regions or between the 
flanking regions in ESTs or sequencing errors at these sites [21, 33]. In the present study it 
was noted that there were single nucleotide differences or insertions/deletions at the 
microsatellite flanking regions. Using the contig-based approach; researchers can find other 
regions which are consensus at the microsatellite flanking regions.  
 One other problem faced in conventional microsatellite markers development studies 
is the availability of the flanking regions. In many cases, microsatellite domains present at the 
either end of the microsatellite containing ESTs [19]. However, the use of contigs and 
consensus sequences enable researchers to find the other flanking region which was not 
present in one sequence but present in the other sequences of the contigs. In the present study 
a total of 12 assembly analyses, six for one species (mono-, di-, tri-, tetra-, penta and hexa-
nucleotides) and six for the other species (again six different motifs, Table 2) were performed. 
The number of EST-microsatellite sequences assembled into contigs varied from 2 to 9 
depending on the type of motif and source of ESTs. Analyses of contigs revealed that in many 
cases there were microsatellite repeat differences within the same species of contigs. This was 
a clear indication of allelic differences of the microsatellite domains within a species genome. 
Therefore the use of microsatellite markers showing allelic differences within the same 
species, it is possible to obtain primer pairs with high potential of polymorphisms. 
Identification of polymorphic microsatellites using EST analyses is important since many 
researchers found that EST based microsatellite markers were less polymorphic than that of 
the genomic microsatellite markers [32-33]. 

 
Table 2. Contig-based microsatellite analyses 

Species  Mono- Di- Tri- Tetra- Penta- Hexa- 
#Contigs 53 44 32 9 1 25 
#Singletons 509 173 93 10 4 79 Cichorium 

intybus L.  
Total 739 284 198 41 6 256 
#Contigs 4 21 17 4 0 15 
#Singletons 246 76 81 12 3 53 Cichorium 

endivia L. 
Total 252 137 134 21 3 103 

 
It is well know that EST based microsatellite markers have more transferability 

potential than genomic microsatellite markers [36-37]. However, there are many cases in 
which EST based microsatellite markers produce null alleles in related species [18]. 
Therefore, the use of contig-based approach could enhance the transferability potential of 
EST-microsatellite markers between the related species. In the present study consensus 
sequences of each contig and singleton from each motif type from one species were 
reassembled with the consensus and singletons from the other species using the same contig 
analysis criteria. A total of 60 contigs were obtained (9, 17, 23, 2 and 9 contigs for mono-, di-, 
tri- tetra- and hexa-nucleotides). No contigs were obtained between penta-nucleotide 
containing ESTs of the two species. Result indicated that among the 60 contigs, 31 contained 
microsatellite repeat polymorphisms. A total of 31 microsatellite primer pairs could be 
designed from the 31 polymorphic microsatellites containing ESTs using an approach 
described in Figure 1. Microsatellite primer pairs developed in the present study were called 
ANA. Based on the EST sequence information, twenty four ANA primer pairs (ANA01 
through ANA27) could amplify single band in C. intybus and C. endivia while seven ANA 
primer pairs (ANA28 through ANA31) could amplify two bands between genomic DNA of 
cultivars belonging to C. intybus and C. endivia.  
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Figure 1. Contig-based approach to identify polymorphic and transferable microsatellite 

markers. A: contigs of Cichorium intybus L. ESTs, B: contigs of Cichorium endivia L. 
ESTs, A1: consensus obtained from contigs A, B1: consensus obtained from contigs 
B, C: consensus of A and B contigs reassembled, MD: microsatellite domain, FP: 
Forward primer region and RP: Reverse primer region. 

 
Table 3. List of Cichorium microsatellite primer pairs (ANA) and related information 
Primer 
ID Forward primer (5’ 3’) Reverse Primer (5’ 3’) Motif 

ANA01 GACCCGAAAATGACAACTGC GCTGGGGGCTACAGGAAG [GA]27 
ANA02 AAATCCCCTCTCTTTGCTTACT CGACACCATCTTCTTCTTCTTG [AGA]24 
ANA03 GTGTTTACTCCCTACTTGAAATGC TCCAACCTCATACTTCCCAAC [AG]30 
ANA04 CCCCACCAAAGCGTAAGAG CACCAACCATTTCACCCATT [TC]16 
ANA05 CACTCCTCCTACTCCACAGTCA GCAACACCTCCTCTTCCATT [AG]23 
ANA06 TCTTCTTCTGGTCATCACTCCA AGACAAACTGAAGCGCAATG [CT]18 
ANA07 TTTAGTCACCGCCACAACAA TGCAGGCTAGCAAGAACAGA [TC]12 
ANA08 TTCCATGGGTTGAAGAGTGA TTGTGAAGACGGGTACACAATC [GAT]8 
ANA09 GGGGGTTGAGATCAGGAG CTCTCTTCACCTTTTCCATTTC [AG]9 
ANA10 AAGGCTCCAAAACCACCTA AGGAAAAAGAGAACTGTGATGG [CAT]9 
ANA11 ATGAATGGAGTCGGAAGTGC CCCAAGAGAACCTGGATGAA [CAG]6 
ANA12 TTCTCGTTTCTACTTTGCTTCG CTCTTCTTCCCCATCACCAC [GAT]9 
ANA13 TGAAGCCCGCTTAAAGACAC CCCTTTGTGTCATCATTATTGC [TGA]9 
ANA14 TAAGAATCCCGACCAACTCG GCCCTACCAAGCCCCATA [ATG]8 
ANA15 CCCCACCAAAGCGTAAGAG CACCAACCATTTCACCCATT [GAT]9 
ANA16 CGCTTCAGATTCCAGTTTGC CCTCCTCCTTCGTTTTCTCC [GAA]10 
ANA17 TCCCATGACTTCTCAAACGA AGAAGCTTTCGGGAATGTGA [CAA]7 
ANA18 GGCAGTCTCCTCCCTTAGAA GGCGATGTAAAGCCAAGC [ATC]11 
ANA19 CGCTGAAGGTGGAAGCAT ACGGTGCGATTTGTTAGAGG [GTG]8 
ANA20 TCACTCCATCTCCACTCCAAC TACTCGCTCCCCTTCACTTG [AAT]7 
ANA21 CCCTTCCAGGAATCCAAGAC CAAGACCCTCAGGTTGTGGT [CTT]10 
ANA22 AGCGCAAGAGTTCACACACA GGTCATAGCAAAGAGGCTGCT [CAT]9 
ANA23 AACCACAACCACAACCACAA ACAAGACCCGTCACACCTCT [CTGCAG]10 
ANA24 GTTCATTCGCCTGCTTCATC ATTTGGACGCACAAGTCGTT [CAACCA]6 
ANA25 TTGGGGAAAAGGCGAAATA GCACAAAAGGTTACAAGAGCGTA [CT]15 
ANA26 ATTCCCCCTTCAATCTGTCC TGAGTCCCGAGAAAGAGCAC [GT]13 
ANA27 CGCTCTCGGTAACTCTCCAA AAGGGTGGGTGAGAAGGAAC [CT]18 
ANA28 GATTCGTGTGCGAGAATTGA TCGAGGGCTAATCTTCTTTCC [GA]31 
ANA29 GAGAGAGAAACAGCGGGAGA CACTGCTACTGCCCATGTTG [GA]26 
ANA30 CTCCCTACTTGAAATGCTAGAAGA GATCGTCCTTCCAACCTCAT [GA]27 
ANA31 AGCCCGCTTAAAGACACAAT TCCCTTTGTGTCATCATTATCC [GAT]9 

All the 31 primer pairs developed in this study could not be tested since the expected 
amplicon size differences were less than 10 bp. On the other hand, selected 10 primer pairs 
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produced markers differing 10 bp in size allowing us to test them in agarose gel 
electrophoresis studies. All the primer pairs tested amplified the genomic DNA templates and 
could differentiate C. intybus L. and C. endivia L. Since plant samples used in the present 
study were not natural or commercial hybrids of C. intybus and C. endivia, several artificial 
hybrid samples were made by combining DNA samples of the two species in order to test if 
ANA primer pairs could be used in detection of hybrids. Result showed that ANA primer 
pairs could be used in identification of natural hybrids of C. intybus and C. endivia and 
provide valuable information on cultivar identification since many commercial cultivars are 
not genotypic identical which is unfavorable implications in chicory and endive production 
and commercialization [38].  
 
Conclusions 
 
     Results showed that microsatellite contents of the two Cichorium were different. Based on 
the findings of this study, it was confirmed that ESTs obtained from databases were a good 
source for the development of microsatellite primer pairs for chicory and endive. Contig-
based approach could produce microsatellite markers with high level of transferability 
potential and polymorphisms between the related species. Using the contig-based approach a 
total of 31 microsatellite primer pairs were identified and these microsatellite loci were the 
first set of Cichorium EST-microsatellites. Microsatellite markers developed in the present 
study could allow the investigation of the genetic variability and population structure of 
Cichorium and may provide the information needed to design appropriate breeding strategies. 
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