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Abstract 
 

Genic microsatellites, are currently among the best DNA markers because they often represent transcribed genes with putative 

function, and their cost is relatively low. In this study, 7,529 non-redundant (nr) ESTs from gerbera, obtained from public databases, 

were identified and characterized to validate their use as genic microsatellite markers. Of the assembled nr ESTs, 1,244 contained 

SSRs, and trinucleotides (GAA) were found to be the most abundant repeats at 42.3%, followed by dinucleotides (GA) at 25.3% and 

tetranucleotides (TTTG) at 6.2%. Gene ontology (GO) characterization was used to perform functional annotation of unigenes 

containing SSRs, of which 36.87% revealed significant sequence similarities with other species, indicating the top species with the 

highest similarity. A total of 647 primer pairs may be designed from the nr SSR-positive ESTs (excluding those with only 

mononucleotide repeats) for amplification of potential genic markers. A sample of 50 primer pairs was tested, and 17 were validated. 

The identified markers were highly polymorphic and able to differentiate 34 genotypes, representing the genetic variation within 

commercial and wild varieties. This study provides insight as to the frequency and distribution of SSRs in the gerbera transcriptome 

and demonstrates the successful development of genic SSRs. We expect that the potential markers described here can greatly expand 

the repertoire of DNA markers available for both breeding and genetic studies in Gerbera spp. 
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Information Content, RAPD- Random Amplification of Polymorphic DNA, ISSR- Inter-Simple Sequence Repeat, He- 

Heterozygosity Expected, Ho- Heterozygosity Observed, UPGMA- Unweighted Pair Group Method with Arithmetic Mean, NCBI- 

National Center for Biotechnology Information, MAS- Marker Assisted Selection, UTR- Untranslated Region, CDS- Coding 
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Introduction 

   
Simple Sequence Repeats (SSRs), also known as 

microsatellites, are DNA sequences that are formed by the 

arrangement of nucleotides through the combination of one to 

six base pairs that are repeated in tandem. These markers 

have been used in the analysis of genetic variation because 

they are consistent, robust and abundant in most eukaryote 

genomes (Morgante and Olivieri, 1993; Gupta et al., 2000; 

Tóth et al., 2000). As a result, microsatellites have become 

the most favored genetic markers used for applications such 

as plant breeding, assessing genetic diversity, constructing 

framework genetic maps, mapping useful genes, marker-

assisted selection and comparative mapping studies (Gonzalo 

et al., 2005; Barakat et al., 2011). Gerbera hybrida belongs to 

the large sunflower family of plants, has gained increasing 

interest as a new model plant for developmental studies in 

Asteraceae and is one of the most important cut and pot 

flowers worldwide, ranking fifth, only after rose, carnation, 

chrysanthemum, and tulip, in the global cut flower trade 

(Bhatiaa et al., 2009; Buzgo et al., 2004; Teeri et al., 2006).  

Gerbera is valued for its unique and attractive flower forms 

and bright colors. Pioneered in England in the late 19th 

century, gerbera breeding has been very popular in the 

Netherlands, Denmark, Germany, the United States, Israel 

and Japan (Rogers and Tjia 1990; Kloos et al., 2005). 

Nevertheless, expressed sequence tags (ESTs) for gerbera 

became available only recently in GenBank (Laitinen et al., 

2005). For many plants, EST databases have become a 

valuable resource for in silico identification of SSRs, 

providing a cost-effective, labor-efficient approach for SSR 

marker determination (Varshney et al., 2005). Despite the 

apparent advantages for gerbera, the development of SSR 

marker databases has been slow for this important ornamental 

crop due to the limited number of microsatellites that have 

been reported to date (Gong and Deng, 2010).The protocols 

for recognizing SSR loci in a new species have historically 

been very labor-intensive. Nowadays, the use of 

bioinformatics tools helps to maximize the identification of 

biological data originating from whole genome sequence 

initiatives, consequently, the efficiency in the number of 

generated markers (Maia et al., 2008). The large amounts of 

sequence data generated from high-throughput genomic 

projects have required computational efforts to systematically 

mine them for microsatellites (Cardle et al., 2000; Temnykh 

et al., 2001; Kantety et al., 2002; Webster et al., 2002). The 

identification of EST-derived microsatellites, are more 

important than other based on assessing anonymous regions 

because they are functional markers (Varshney et al., 2002, 

2005).To develop genic SSR markers for gerbera, 7,529 

publically available non-redundant (nr) ESTs 

(http://www.ncbi.nlm.nih.gov) were explored with the 

following objectives: (1) to analyze the frequency and 

distribution of SSRs in gerbera transcripts, (2) to develop 
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novel EST–SSR primers, (3) to predict functional transcripts 

using Gene Ontology and (4) to validate EST–SSR primers 

via PCR experiments.  

 

Results 
 

Frequency and distribution of gerbera EST-SSRs  
 

ESTs are essential for the discovery of genes and the 

detection of sequence features. However, they often represent 

partial and redundant short cDNA sequences, making their 

analysis difficult. To construct longer and less redundant 

sequence sets, the publicly available ESTs from Gerbera 

hybrida were assembled using CAP3 software (Huang and 

Madan, 1999). The initial number of EST sequences was 

15.851, consisting of 7.254.970 bp. After running CAP3, that 

number was reduced to 7.529 contigs, composed of 

3.941.688 bp. These 7.529 nr EST sequences were analyzed 

with the SSRLocator software (Maia et al., 2008). The 

resulting SSR loci were classified into two categories: SSR 

loci longer than 20 repeated units (Class I) and SSR loci 

equal to or longer than 12 but shorter than 20 repeated units 

(Class II) (Temnykh et al., 2001). A total of 16.6% of the 

identified EST-SSRs were grouped into Class I, while 83.4% 

were Class II. In general, trinucleotide repeats were the most 

abundant, representing 42.3% of the EST-SSRs, followed by 

dinucleotide repeats (25.3%) and then tetra-, hexa- and 

pentanucleotide repeats (16.6, 10.4 and 5.5%, respectively), 

as shown in Table 1. Among dinucleotide repeats, the GA 

motif (27.0%) was the most abundant, followed by CT 

(18.0%) and TC (13.0%), whereas GC (1.0%) was the least 

common (Fig 1A). As for the trinucleotide repeats, the GAA 

motif (6.5%) was the most abundant, followed by TAT 

(4.9%), TTC (4.8%) and TCT (4.0%), whereas the CTT motif 

(2.9%) was the least common (Fig 1B). Finally, regarding 

tetranucleotides, the motifs TTTG (6.2%), AAAC and TTTA 

(4.8%) were the most abundant (Fig 1C). Although the 

pentamer and hexamer repeats contained many different 

motifs, we found no significant patterns in their distribution. 

 

Annotation and functional classification  
 

The GO annotation results were grouped according to the 

following domains: molecular function, cellular component, 

and biological process (Fig 2). GO were identified for 569 

transcripts according to cellular component (level 5), 995 

transcripts for biological process (level 2) and 641 transcripts 

for molecular function (level 5). In the case of the cellular 

component domain, 11 categories were assigned with the 

majority of transcripts belonging to either the “intracellular 

part” (59.2%) or “plasma membrane” (14.4%) (Fig 2A). For 

the biological process ontology, the EST-SSRs were sorted 

into 14 categories with the majority of sequences 

representing genes involved in “cellular processes” (28.8%) 

and “metabolic processes” (25.5%) (Fig 2B). In the 

molecular function ontology, EST-SSRs fell into 12 

categories with the most sequences assigned to “binding” 

(46.4%) and “catalytic activity” (34.1%) (Fig 2C). Finally, 

GO analysis indicated that the best results from BLASTX 

searches were most closely related to Vitis vinifera, followed 

by Arabidopsis thaliana, Populus trichocarpa and Oryza 

sativa. 

 

EST-SSR primer validation and genetic analysis 
 

 From the sequences analyzed, 50 primer sets were selected 

and designed by the SSRLocator software. Forty-two sets 

were designed for the amplification of Class I EST-SSRs, and 

eight sets were designed for Class II EST-SSRs. These 

primers were further tested for 34 gerbera genotypes (Table 

2). Polymorphisms were identified for 20 out of the 50 loci 

analyzed (40.0%), and 3 loci resulted in weak amplifications 

or nonspecific amplicons. Generally, inconsistent 

amplification or amplification failure from EST-SSR loci 

may be the result of factors such as introns that are too large 

to permit efficient amplification, poor quality sequences for 

primer design, or mutational substitutions (insertions or 

deletions) within the priming sites (De Jong et al., 2003). 

Marker evaluation details are provided in supplementary 

data. Amplification success rates were maximized in cases 

where the primer sets were anchored in trimer sequences 

(52.94%) followed by dimer (41.17%) and tetramer (5.88%) 

anchors. The number of alleles detected per locus in the 

present case ranged from five to seven, with an average of 

5.94 alleles detected per locus. The He ranged from 0.68 to 

0.77 (with an average of 0.72) and the Ho ranged from 0.4 to 

0.64 (with an average of 0.52) (Table 3). The PIC ranged 

from 0.61 to 0.73, with an average of 0.67 and a cophenetic 

coefficient value of 0.87. The genetic distance (D) among the 

different genotypes using the 17 EST-SSRs was reproduced 

in a UPGMA dendrogram (Fig 3) according to the original 

data obtained in the similarity matrix and based on the 

genetic distances among the genotypes. The dendrogram 

illustrated three significant main groups, using the average 

similarity as a cutoff value. Group 1 included four genotypes: 

three from the cultivar Igor and one from the cultivar Cariba-

P22. These cultivars both exhibit semi-folded inflorescence; 

however, Igor has pink flowers, while Cariba has red. Group 

2 consisted only of Terra fame cultivars, which have yellow 

and simple-type inflorescence. Group 3 was composed of 

Golden Kozak, Cosmo, Monique, G32, Deranagem and 

Orça-P40. The remaining cultivars, including Orça-P42, 

Pacific, Mystique, Pink Elegance and wild-type, did not form 

clusters with other genotypes, showing similarity levels 

below the average.  

  

Discussion 

 

SSR frequency and distribution 

 
Theoretically, the frequency of a repeat should decrease as its 

length increases. However, we found trimers to be the most 

commonly occurring SSRs, followed by dimers, tetramers, 

hexamers and pentamers (Table 1). This finding is consistent 

with the results reported for other plant species (Eujayl et al., 

2004; La Rota et al., 2005; Luro et al., 2008; Varshney et al., 

2002; 2005; Zeng et al., 2010). Metzgar et al. (2000) 

explained this result by suggesting that the abundance of 

expressed trimers is a consequence of negative selection 

against mutations that alter the reading frame in coding 

regions, thus favoring the presence of repeats in triplet. 

Accordingly, dinucleotide repeats are reported to be more 

polymorphic among SSRs in plant species (Lagercrantz et al., 

1993; Morgante and Olivieri 1993; Li et al., 2002), while 

trinucleotide repeats are over-represented in coding 

sequences but occur less frequently than mono- and 

dinucleotide repeats in non-coding regions (Tòth et al., 2000; 

Gao et al., 2003). Furthermore, microsatellite distribution 

seems to differ between intergenic and intronic sequences 

(Morgante et al., 2002). As shown in Fig 1, the most 

dominant dinucleotide repeat motifs in the gerbera nr EST 

were GA and CT (27.0% and 13.0%, respectively). These 

motifs were also the most frequently observed SSRs in other 

plants (Gao et al., 2003; Saha et al., 2004; Scott et al., 2000; 

Thiel et al., 2003), and may correspond to the GAU, GAC,  
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          Table  1. Frequencies of Class I and Class II repeats in gerbera. 

Type   Di- Tri- Tretra- Penta- Hexa- Total 

 Class I  Occurrence 134 25 9 11 27 206 

  % 10.8 2 0.7 0.9 2.2 17 

 Class II  Occurrence 181 501 197 57 102 1.038 

  % 14.5 40.3 15.8 4.6 8.2 83 

Total Occurrence  315 526 206 68 129 1.244 

  % 25.3 42.3 16.6 5.5 10.4 - 

 

 

                   Table 2. Gerbera access analyzed through EST-SSR markers, their main flower type and inflorescence color. 

Number access Access name Flower type Inflorescence color 

P1 Igor  Semi folded Pink, light center 

P2 Terra fame  Simple Yellow, light center 

P4 Golden  G. Semi folded Yellow, black center 

P5 Igor Siemi folded Pink, light center 

P6 Kozak Semi folded Dark orange, black center 

P7 Wild type Simple Red 

P8 Pink elegance Semi folded Pink, light center 

P9 Golden  G. Semi folded Yellow, black center 

P10 Golden  G. Semi folded Yellow, black center 

P12 Deranagem Semi folded Pink, black center 

P13 Terra fame Simple Yellow, light center 

P14 Golden  G. Semi folded Yellow, black center 

P15 Deranagem Semi folded Pink, black center 

P16 Cariba Semi folded Red, light center 

P17 Igor Semi folded Pink, light center 

P18 Terra fame Simple Yellow, light center 

P19 Mystique Simple Orange, black center 

P20 Golden  G. Semi folded Yellow, black center 

P21 Willd type Simple Orange 

P22 Cariba Semi folded Red, light center 

P23 Terra fame Simple Yellow, light center 

P24 Grolden  G. Semi folded Yellow, black center 

P25 Terra fame Simple Yellow, light center 

P26 Golden  G. Semi folded Yellow, black center 

P27 Terra fame Simple Yellow, light center 

P28 Cosmo Simple Yellow, black center 

P29 Terra fame Simple Yellow, light center 

P31 Terra fame Simple Yellow, light center 

P32 G32 Simple Yellow 

P34 Monique Semi folded Red, light center 

P40 Orça Simple Completely white 

P42 Orça Simple Completely white 

P43 Pacifc Simple Completely white 

P45 Pacifc Simple Completely white 

 

 

GAA and GAG codons, which encode the amino acids 

aspartate and glutamate. A high abundance of (GA)n 

microsatellites compared to other dinucleotide SSRs has 

previously been observed in plant genomes, including Oryza 

sativa, Aegilops triuncialis, Arabidopsis thaliana, Brassica 

napus, Glycine max and Helianthus annuus (Akkaya et al., 

1992; Guyomarc et al., 2002; Gupta and Varshney, 2000; 

Suwabe et al., 2002; Uzunova and Ecke, 1999). Earlier 

studies on plant (GA)n microsatellites also demonstrated that 

they are well distributed throughout the genome, thus 

ensuring good genome coverage. CT repeats have been 

widely targeted for EST-SSR marker development in plants 

because, in addition to being highly abundant, they are often 

highly polymorphic, more abundant in UTRs than CDSs, 

seldom associated with transposons, are consistently 

amplified and yield robust SSR markers (Morgante et al., 

2002; Temnykh et al., 2001). The most abundant tri-

nucleotide repeat motif detected in the present study was 

GAA/TAT/TCT (6.5%, 4.9% and 4.0%, respectively), coding  

 

for glutamic acid, tyrosine and phenylalanine, respectively. 

These motifs have also been observed in Arabidopsis, 

almond, peach and rose (Jung et al., 2005). GAA and TTC 

motifs are the most abundant repeats in Camellia sinensis 

(Sharma et al., 2009), and the TTC motif occurs frequently in 

Coffea canephora (Ponset et al., 2006).  

 

Gerbera EST annotation 

 
Functional annotation allows the categorization of genes into 

functional classes, which can be very useful for 

understanding the physiological meaning of large numbers of 

genes and assessing the functional differences between 

subgroups of sequences (Nelson and Shoemaker, 2006). 

Analysis of the distribution of specific terms was performed 

using the Blast2GO software (Conesa et al., 2005).  

The majority of unigenes identified in this study shared 

significant similarity with genes from other plant species. 

The   most    similarities    were    found   with  Vitis vinifera,  
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Fig 1. Frequency of the SSR motifs in EST sequences 

from gerbera. (A) Dimers, (B) trimers and (C) 

tetramers. 
 

 

Arabidopsis thaliana, and Populus trichocarpa. However, 

these species are all core eudicots and rosids, whereas 

gerbera belongs to the core eudicot clade asterides (Bremer et 

al., 2003). Moccia et al. (2009) reached the same conclusion 

and proposed that the similarity can be attributed to the fact 

that these species have fully sequenced genomes and large 

EST databases. The suggestion that these similarities do not 

reflect phylogenetic proximity between species was further 

verified in the current study. It may be interesting to test the 

primers designed here in the related species to confirm or rule 

out these proposed similarities.  

 

Genetic variability 

 
Historically, molecular markers such as RAPD, ISSR and 

EST-SSR have all been used to estimate the genetic diversity 

in different cultivars of gerbera (Bhatia et al., 2009; Gong 

and Deng, 2010; Mata el al., 2009; Rezende et al., 2009). 

Assessment of genetic diversity through molecular markers is 

useful for the conservation of genetic resources, cultivar 

identification, and parental selection for hybridization in 

breeding programs (Garner et al., 2004). Therefore, the 

selection of a particular type of molecular marker is 

important and depends on the intended use (Gupta et al., 

1996). SSRs are among the best DNA markers because they 

are highly polymorphic, highly abundant, genetically co-

dominant, and analytically simple (Gupta and Varshney, 

2000; Varshney et al., 2005). In recent years, EST-SSRs are 

being used more frequently for genotyping of natural or 

breeding populations due to their inexpensive developmental 

costs (Kota et al., 2003; Varshney et al., 2005). Moreover, 

because EST-SSRs are derived from transcribed sequences, 

EST-SSR markers generally demonstrate higher levels of 

transferability across species than do genomic SSR 

 

 

 
 
Fig 2. Gene Ontology (GO) classification of EST-SSR 

sequences from gerbera unigenes. (A) Cellular Component, 

(B) Biological Process and (C) Molecular Function. 

 

 

markers. EST-SSRs also have the potential for direct linkage 

association to functional genes encoding important 

horticultural traits. The set of 17 EST-SSR primers used in 

this study revealed a total of 101 polymorphic alleles, with an 

average of 5.94 per locus. Similarity studies in gerbera by 

Chung et al. (2001) and Rezende et al. (2009) detected an 

average of 1.6 (analyzing 24 accesses) and 2.95 (analyzing 6 

accesses) polymorphic bands per primer set, respectively. 

These studies used RAPD markers and found fewer alleles 

than the current study. Mata et al. (2009) identified an 

average of 6.1 polymorphic bands by analyzing 42 accesses 

of gerbera, also using RAPD markers. Finally, an average of 

2.7 polymorphic alleles was found in 7 accesses of gerbera 

using EST-SSR as the molecular markers (Gong and Deng, 

2010). The differences in identified polymorphisms could be 

attributed to the different marker techniques in some cases 

and to the different population sizes in others (Gong and 

Deng, 2010). Therefore, the present study is the most 

complete EST-SSR marker survey in this species to date. 

Usually, the average number of alleles per locus increases as 

the number of samples or SSRs examined increases. An 

important characteristic of a genetic marker is its 

heterozygosity; that is, the probability that a random 

individual is heterozygous for a given marker. In the  

   A -Cellular Component 

B –Biological Process 

   C- Molecular Function 
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Table 3. Diversity statistics for the 17 EST-SSR loci in gerbera, described by the number of alleles per locus, expected (He) and 

observed (Ho) heterozygosities, endogamy coefficient (F), and polymorphism information content (PIC) observed in the 34 gerbera 

genotypes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 3. Dendrogram of the 34 gerbera genotypes obtained from UPMGA cluster analysis, using the Simple Matching coefficient after 

amplification with 17 different EST-SSR primer pairs. The dendrogram illustrated 3 significant main groups, using the average 

similarity as a cutoff value.  

 

 

present study, the He and Ho were 0.72 and 0.52, 

respectively. Heterozygosity in Prunus was found to be 0.66  

and 0.46 for He and Ho, respectively (Bouhadida et al., 

2009). Other values obtained ranged from 0.35 to 0.46 for He 

in Epimedium sagittatum and Eriobotrya japonica, 

respectively. The same studies detected values ranging from 

0.65 to 0.51 for Ho in the same species (Soriano et al., 2005; 

Zeng et al., 2010). High allele number and high 

heterozygosity obtained in the present study reflect the ability 

of SSR markers to provide unique genetic profiles for 

individual plant genotypes. Genetic analysis of the accesses 

did not detect differences between the genotypes 'Golden 

(P4)' and 'Kozak (P6)', which are both semi-folded with black 

centers. Similarly, other Golden genotypes (P9, P10, P14 and 

P24) showed completely identical patterns. This analysis is 

shown in Fig 3, where most commercially cultivated 

genotypes clustered together, but the wild-type genotype was 

the most dissimilar.  Analysis of a sub-set of the genotypes 

used in this study was also performed by Mata et al. (2009) 

using RAPDs. In that study, lower similarities were detected 

Locus name N° alleles He Ho F PIC 

GERB1 7 0.73 0.55 0.23 0.68 

GERB4 6 0.71 0.4 0.34 0.67 

GERB9 6 0.77 0.44 0.42 0.73 

GERB10 7 0.73 0.55 0.23 0.68 

GERB12 7 0.76 0.55 0.26 0.72 

GERB14 6 0.72 0.51 0.28 0.67 

GERB17 6 0.73 0.5 0.32 0.69 

GERB21 6 0.72 0.52 0.27 0.68 

GERB22 5 0.67 0.64 0.03 0.61 

GERB25 5 0.69 0.57 0.17 0.64 

GERB30 6 0.72 0.51 0.29 0.68 

GERB34 6 0.72 0.58 0.19 0.68 

GERB35 5 0.68 0.43 0.36 0.62 

GERB40 7 0.75 0.48 0.35 0.71 

GERB41 6 0.7 0.51 0.27 0.65 

GERB42 5 0.68 0.52 0.23 0.63 

GERB44 5 0.68 0.51 0.24 0.62 

Total 101     

Mean 5.94 0.72 0.52 0.26 0.67 

AS 
1 

2 

3 
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between Golden and Igor (0.69) and Cosmo and Orça (0.69), 

and the genetic similarity between both groups was 0.60. 

Kozak had a genetic similarity of 0.58 between both groups. 

In our results, Golden and Igor did not cluster together. 

Although the similarity between Golden and Igor was 0.62, 

the similarity between Cosmo and Orça was 0.73. Kozak 

exhibited a similarity of 1.00 with Golden; in addition, Kozak 

or Golden showed a similarity of 0.82 with Cosmo, 0.78 with 

Orça and 0.62 with Igor. These small differences could be 

due to the use of different molecular markers, the number of 

accesses analyzed and the number of primers used. 

Remarkably, all the accesses for Igor clustered together; in 

addition, the accesses for Terra fame, Golden, Pacific, Orça 

and Deranagem exhibited similar findings. These results 

show the efficiency of primers designed by the program 

SSRLocator.  

In summary, the present study attempts to ascertain the 

frequency and distribution of SSRs in the gerbera EST 

database and develop those EST-SSRs for use in genetic 

studies. The resulting EST-SSR set is a valuable tool that has 

been made publicly available for further genetic and genomic 

applications. Seventeen markers were developed and 

experimentally validated for genetic analysis in different 

cultivars of Gerbera spp. The markers were highly 

polymorphic and were able to differentiate the gerbera 

accesses. The use of these markers would reduce the cost and 

therefore facilitate genetic distance assessments, gene 

mapping and possible marker-assisted selection (MAS) in 

Gerbera ssp. The functional categorization of these markers 

corresponded to many genes with biological, cellular and 

molecular functions, thus providing an opportunity to 

investigate the consequences of SSR polymorphisms on gene 

function and the possible impact on phenotypic differences. 

Application of this knowledge may help to directly drive 

crosses to obtain new gerbera hybrids. 

 

Materials and methods 

 

Plant material 

 
For the present study, 34 gerbera genotypes were kindly 

supplied by the gerbera germplasm bank of Pró-clone (São 

Paulo, Brazil) and are described in Table 2.  

 

EST-SSR characterization and primer design  

 
All ESTs related to Gerbera hybrida available from the 

NCBI (http://www.ncbi.nlm.nih.gov) were downloaded in 

FASTA format. Redundancy was eliminated using CAP3 

software (Huang and Madan, 1999). SSRLocator software 

(Maia et al., 2008) was used to find SSR loci and the options 

(types/motifs) were adjusted to locate dimers, trimers, 

tetramers, pentamers, and hexamers with respective 

minimums of 6, 4, 3, 3 and 3 repeats. Parameters for primer 

design were defined as follows: the primer length was 

between 18-22 with an optimum of 20 bp, the PCR products 

were from 100 to 300 bp, the primer TM was between 58°-

64°C with an optimum of 60°C and the GC content ranged 

from 45-70%. The primers were synthesized by Invitrogen 

Biotechnology Co.,Porto Alegre- RS-Brazil. 

 

Functional characterization  

 
Functional annotation of gerbera markers was obtained from 

GenBank using the BLASTX algorithm against the nr 

database (Altschul et al., 1997) and further classified by gene 

ontology (Ashburner et al., 2000). Gene Ontology (GO) 

terms were extracted from the best homologous hit. The 

Blast2GO (B2G) term browser was used to define molecular 

functions, which describe activities, such as catalytic or 

binding at the molecular level, cellular component, which 

predicts the locations of gene products at the level of 

subcellular structures and macromolecular complexes, and 

biological processes, which describe the biological goals 

accomplished by one or more ordered assemblies of 

molecular functions. The program extracts GO terms from 

each obtained hit by mapping to existing annotation 

associations.  

 

DNA extraction and PCR experiments for EST-SSR loci 

analysis 

 
Young leaves were collected from 30 day-old plants. 

Genomic DNA was extracted from frozen leaves as described 

by Doyle and Doyle (1987). DNA concentration and quality 

were evaluated by electrophoresis in 0.8% agarose gel. For 

SSR markers, PCR amplification was performed in a 25 µL 

reaction containing 10 ng of genomic DNA, 1.0 U of Taq 

polymerase (Invitrogen), 0.5 µM of each primer (described in 

the supplementary material), 2.5 mM of each dNTP 

(Invitrogen), 1.5 mM of MgCl2 and 2.5 µL of 10x buffer 

reaction. The PCR reactions were performed in an ICycler 

(Bio-Rad Laboratories, Hercules, CA, USA) as follows: 4 

min at 94 °C followed by 35 cycles of 45 s at 94 °C, 45 s at 

the specific annealing temperature, and 90 s at 72 °C, with a 

final extension of 5 min at 72 °C. PCR reaction products 

were denatured by the addition of ½ volume of 95% 

formamide/dye solution and then heated for 5 min at 94 °C. 

After being chilled on ice, 4.5 µl of the denatured preparation 

was loaded on a 6% denaturing polyacrylamide gel 

containing 7.5 M urea and in 1X TBE running buffer. 

Following electrophoresis, the gels were silver-stained 

following the protocol described in Bassam et al. (1991). 

Fragment sizes were estimated with 25 bp and 100 bp DNA 

Ladder sizing markers (Invitrogen).  

 
Genetic variability and data analysis  

 
Polymorphisms were evaluated based on their presence (1) or 

absence (0), and the data were entered in a binary data matrix 

as discrete variables. Null alleles were assigned to genotypes 

that were confirmed to have no amplification products under 

standard conditions. A Simple Matching coefficient (Sokal 

and Michener, 1958) was used to calculate genetic similarity, 

and a dendrogram was developed using UPGMA. The 

computer package NTSYS-pc Ver. 2.1 (Rohlf et al., 2000) 

was used for cluster analysis and matrix correlation. The 

robustness of the clustering tree was evaluated by 

bootstrapping (1.000 replicates). Expected heterozygosity 

(He) was calculated as
eH =1− p∑ i

2
, where pi is the 

frequency of the ith allele. Observed heterozygosity (Ho) was 

calculated as the number of heterozygous genotypes divided 

by the total number of genotypes. The fixation index was 

calculated as F =1−
oH /

eH  (Nei 1973; Wright, 

1965; Botstein, 1980). Both bootstrap and heterozygosity 

analyses were performed using the Genes software package 

(Cruz et al. 1998). Polymorphic information content (PIC) 

was calculated as PIC =1−∑
i

2

p , where pi is the 

frequency of the ith allele of each SRR marker (Anderson et 

al., 1993). 
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