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Vishal Arora 

Abstract 

 

We investigated the transferability of 20 Fragaria vesca microsatellite 

primer pairs to 13 Fragaria vesca accessions, six Fragaria species and ten 

commercially important species in Rosaceae. Genetic diversity studies were 

carried among 16 diploid Fragaria accessions using these polymorphic 

microsatellites. The average number of alleles amplified for a polymorphic locus 

was 4.7 with maximum being 8.0 and minimum being 3.0. Observed 

heterozygosity ranged from 0.00 to 0.84 with an average of 0.28. Expected 

heterozygosity ranged from 0.33 to 0.91 with an average of 0.76. Power of 

discrimination varied from 0.43 to 0.92 with an average of 0.78. Transferability of 

microsatellites to F. orientalis (4x) and F. ×ananassa (8x) was high, i.e., 18 (90%) 

primers produced amplicons. 

 

Cross species amplification within Rosaceae using these primers showed 

limited transference. Four microsatellites showed amplification for different 

species in Rosaceae. Products generated by UDF-003 and UDF-018 primers 

were sequenced. Sequencing results for UDF-018 showed that three species,
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i.e., Pyrus calleryana, Prunus persica and Rubus idaeus contained the expected 

microsatellite whereas another four, i.e., Cotoneaster salicifolius, Rosa rugosa, 

Amelanchier arborea and Potentilla fruticosa had conserved regions resulting in 

generation of amplicons. For UDF 003, Spirea xbumalda and Prunus persica did 

not contain a microsatellite although there was some sequence similarity with 

Fragaria. Size homoplasy, i.e., alleles of identical size with different numbers of 

repeats within the SSR was observed among Fragaria and Rosaceae species for 

primer UDF-018, suggesting a need for caution when interpreting SSR variation 

from band migration in the absence of DNA sequences. 
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CHAPTER 1 

 

Literature Review 

 

Plant breeding aims at genetic enhancement of crops through the 

application of principles of Mendelian genetics and modern tools and techniques 

of cell and molecular biology. Conventional plant breeding is slow and dependent 

on appropriate environmental conditions under which desirable plants are 

identified and selected. Typically, breeders improve crops by crossing plants with 

desired traits, such as high yield or disease resistance, and selecting the best 

offspring over multiple generations of testing. A new cultivar could take 8 to 10 

years to develop, and even then the release and acceptance of an improved 

cultivar is not guaranteed. Breeders are now using molecular tools to make this 

process more efficient.  

 

Molecular techniques provide opportunities to develop rational and refined 

breeding strategies and hold great potential for plant breeding as it promises to 

expedite the time taken to produce crop varieties with desirable characters. One 

of the commonly used techniques is molecular marker based selection. DNA 

fragments are used to select the genetic material in a breeding scheme, instead 

of or in addition to, their trait values. When used in appropriate situations, it is a 

tool that can help plant breeders select more efficiently for desirable crop traits. 

By using molecular markers, breeders can bypass traditional phenotype-based 

selection methods, which involve growing plants to maturity and closely 
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observing their physical characteristics in order to infer underlying genetic make-

up. Molecular markers can also be utilized for the analysis of genetic diversity 

within and between the plant species and for identification of duplicates in 

germplasm collections.  

 

For an effective use of molecular markers, genetic diversity is required.  

Genetic diversity refers to the heritable variation of genes within and between the 

species and is generated continuously in the individuals through chromosomal 

and gene mutations.  It can result due to selection, mutation, migration, genetic 

drift or recombination (de Vicente and Fulton 2003). Lack of genetic diversity can 

result in inbreeding and vulnerability to diseases, pests and environmental stress. 

Sjulin and Dale (1987) studied the genetic diversity in 234 North American 

strawberry cultivars and reported a narrowing genetic base in cultivated 

strawberry. They emphasized the need for increasing the genetic diversity by 

incorporating unimproved germplasm from wild Fragaria species into breeding 

populations. Knowledge of patterns of diversity and genetic variation among and 

within the wild relatives of a crop is essential for the formulation of strategies for 

their conservation and utilization (Ingram and Williams 1984). 

 

Because of the many strawberry cultivars grown all around the world, there is 

a pressing need for development of reliable methods for distinguishing 

strawberry cultivars and for assessing genetic diversity in strawberry germplasm 

for breeding purposes (Catling and Porebski 1998). Although significant strides 
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have been made in assessing the diversity in strawberry through phenotypic 

selection, considerable difficulties are often encountered during this process, 

primarily due to the variability of genotype-environment interactions. 

Morphological differences between genotypes are often small, particularly if they 

are closely related and may also be inconsistent, so a method of distinguishing 

between genotypes using reliable genetic markers has considerable advantages. 

Thus genetic markers should be used as an additional criterion for selection to 

develop a representative sample of the vast genetic variability available to 

facilitate its efficient and effective use.  

 

Molecular markers in strawberry for genetic finger printing 

Isozymes 

 

Isozyme markers (Hunter and Market 1957) have been used in genome 

analysis of higher plants both to determine phylogenetic and evolutionary 

relationships and in genetic linkage analysis.  Bringhurst et al. (1981) used three 

polymorphic enzyme systems, i.e., phosphoglucoisomerase (PGI), leucine amino 

peptidase (LAP) and phosphoglucomutase (PGM) to classify 22 Fragaria 

cultivars used in the University of California breeding program. 

  

 Nehra et al. (1991) used five different isozyme markers, i.e., LAP, PGM, 

PGI, esterase (EST) and 6-phosphogluconate dehydrogenase (6-PGD) for 

classifying strawberry cultivars grown under tissue culture and greenhouse 
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conditions. The isozyme banding patterns of 6-PGD and EST were found to vary 

with the change in growing environment as well as age of the plants. However, 

the isozyme phenotypes of LAP, PGM and PGI remained stable under all the 

conditions tested and were further used to distinguish eight strawberry cultivars. 

These results were corroborated when Bell and Simpson (1994) found that EST 

produced several sharp bands but the patterns were inconsistent for 

classification. So they used PGM, PGI, and LAP to study the diversity in 

strawberry cultivars and found that in combination, these enzymes were able to 

distinguish 30 cultivars out of 34 tested. The overall usefulness of isozyme 

markers is limited as only a few loci can be examined. Some isozymes are better 

expressed in certain tissues such as roots, whereas others are best sampled in 

leaves. Therefore, several samplings of the segregating population are 

necessary to score all the available isozyme. 

Randomly amplified polymorphic DNA (RAPDs) 

 

Randomly amplified polymorphic DNA markers (RAPD) (Williams et al. 

1990) have been useful in assessing genetic variability in strawberry and the 

information thus obtained has been used for grouping different accessions within 

Fragaria. Gidoni et al. (1994) used 41 RAPD primers to distinguish eight 

commercial strawberry cultivars with an objective of developing cultivar specific 

RAPD markers. Four of these RAPD primers resulted in ten polymorphic 

fragments enabling distinction among closely related varieties. Hancock et al. 

(1994) used ten RAPD primers for screening eight strawberry cultivars or 

advanced selections from the Univ. of California, Davis breeding program. 



 

 5 

Similar studies were conducted by Levi et al. (1994) and Parent and Page (1995) 

in which RAPD primers that exhibited greater levels of polymorphism were used 

for distinguishing octoploid Fragaria ×ananassa cultivars and selections. Landry 

et al. (1997) differentiated 74 strawberry genotypes into groups, roughly 

corresponding to their geographical origin using 20 RAPD primers.  

 

RAPD markers have been used in strawberry for pedigree verification, 

cultivar identification and for protection and utilization of wild strawberry 

germplasm. Porebski and Catling (1998) tried to assess the variation between 

the North American Fragaria chiloensis ssp. lucida and ssp. pacifica and the 

South American Fragaria chiloensis ssp. chiloensis using 12 RAPD primers. 

They found that there was a distinct difference between North and South 

American Fragaria chiloensis and the subspecies originating from the Canadian 

Pacific coast showed more genetic diversity than those from the South American 

Pacific coast. 

 

Harrison et al. (2000) studied the morphological and molecular variation 

among 318 wild octoploid strawberry genotypes from diverse habitats across 

North America and based on RAPD data, divided the region into three groups 

suggesting significant differences between the F. chiloensis-platypetala and F. 

virginiana-glauca species complexes. They also suggested that banding patterns 

could be used as an additional criterion for identification alongside various 
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morphological characteristics for properly estimating the quantity and 

apportionment of diversity within the germplasm. 

 

RAPD markers have been useful for separating out the differences in 

species but have not been able to accurately assess genetic relationships within 

species, mainly because polymorphism detected by RAPD primers is based on 

differences in size of the amplified DNA fragment and not differences in 

sequence (Graham et al. 1996; Degani et al. 1998). These drawbacks can be 

overcome by cloning and sequencing of RAPD bands and can be further used to 

develop specific designed sequence characterized amplified region (SCAR) 

primers for diagnostic markers. This can further be improved by parallel use of 

data sets generated by different marker analysis which may allow for precise 

estimation of cultivar relationships and diminishing mistakes connected with 

methods technical limitations (Kuras et al. 2004). 

Restriction fragment length polymorphism (RFLP) 

 

Restriction fragment length polymorphism (RFLP) is a technique in which 

organisms may be differentiated by analysis of patterns derived from cleavage of 

their DNA. RFLP of chloroplast DNA (cpDNA) was used to study phylogenetic 

relationships among 26 Fragaria taxa and two closely related species, Potentilla 

fruticosa L. and Duchesnea indica (Andrews) Focke. Low levels of variation were 

found among the Fragaria taxa, limiting phylogenetic resolution. However, 

Fragaria appeared to be more closely related to Potentilla than Duchesnea. The 
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diploid taxa, F. iinumae Makino, F. nilgerrensis Schlect. and F. vesca L. were the 

most divergent Fragaria taxa and F. iinumae appeared to be the ancestral group 

contrary to the general opinion that F. vesca was the progenitor of cultivated 

strawberry. The lack of variation in the chloroplast genome suggested that these 

Fragaria species may be of relatively recent evolutionary origin (Harrison et al. 

1997). 

Amplified fragment length polymorphism (AFLP
®
) 

 

Another highly reproducible multilocus marker system – AFLP® (amplified 

fragment length polymorphism) (Vos et al. 1995) has been used for identification 

of strawberry cultivars (Tyrka et al. 2002). Degani et al. (2001) in continuation of 

their work in studying the genetic relationships among strawberry cultivars 

compared AFLP markers to RAPD and pedigree data generated earlier by 

Degani et al. (1998). The author’s found a better correlation for the coefficients of 

coancestry with the RAPD marker data than with the AFLP marker data. This 

may be due to the fact that AFLP markers used in the study were not evenly 

distributed across the strawberry genome, a phenomenon noted in other AFLP 

studies (Ellis et al. 1997). 

 

Some other PCR-based techniques of random multilocus analysis like 

intersimple sequence repeat (ISSR) (Zietkiewicz et al. 1994) and cleaved 

amplified polymorphic sequences (CAPS) (Konieczny and Ausubel 1993) have 
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been used for fast and reliable phylogenetic studies in strawberry (Arnau et al. 

2003; Kunihisa et al. 2003). 

 

Importance of Microsatellites in genetic diversity analysis 

Simple sequence repeats (SSR) 

 

Simple sequence repeats (SSR) or microsatellites are stretches of DNA 

consisting of tandemly repeating mono-, di-, tri-, tetra- or penta-nucleotide units, 

that occur throughout the genomes of most eukaryotic species (Powell et al. 

1996). Length polymorphism of a particular SSR locus can be assayed on the 

basis of differing electrophoretic mobilities of polymerase chain reaction (PCR) 

products amplified by primers flanking the motif (Rafalski et al. 1996). 

Microsatellites are the marker of choice because they have proven to be locus 

specific, co-dominant, highly polymorphic, technically easy to use and highly 

reproducible. To date an evaluation of the amount of diversity detected with 

microsatellites has revealed more polymorphism compared to other assay 

procedures. There are three approaches to isolate SSRs: survey of GenBank 

and EMBL databases; screening of genomic or cDNA libraries; and use of SSR 

primers from related species. 

 

Isolation and characterization of polymorphic microsatellites has been 

performed in Fragaria vesca for mapping, diversity studies and clone 

identification (James et al. 2003; Cipriani and Testolin 2004). F. viridis is thought 
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to have contributed along with another diploid species, F. vesca, to the genomic 

background of the commercial  strawberry species (Senanayake and Bringhurst 

1967). Sargent et al. (2003) developed 22 SSR markers out of which 21 primer 

pairs amplified polymorphisms in six F. viridis accessions, with an average of 

4.95 alleles per primer pair and an average expected heterozygosity of 0.68. 

 

Microsatellites can often be successfully amplified in species related to 

that from which they were first isolated, thus making them ideal for mapping and 

comparing synteny between diploid and polyploid species of Fragaria (Ashley et 

al. 2003; Cipriani and Testolin 2004; Monfort et al.). Hadonou et al. (2004) used 

31 microsatellites developed from an enriched genomic library made from F. 

vesca ‘Reugen’. The transferability of these primer pairs to other Fragaria 

species was high; all 31 primer pairs produced amplicons in three accessions of 

the octoploid strawberry Fragaria ×ananassa, whereas 24 amplified a product in 

seven other diploid Fragaria species. The level of polymorphism detected at 

these microsatellite loci was high. Only two microsatellites were required to 

unambiguously discriminate among the 15 F. vesca accessions.  

 

Microsatellites are powerful plant screening tools, e.g., for genetic 

mapping, genetic diversity assessment, population genetics, and marker assisted 

selection. Since microsatellites are transferable in nature, they can be used to 

create a framework that can be the basis for further mapping studies within the 

genus. Sargent et al. (2004) constructed a genetic linkage map scoring 68 
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microsatellites, one sequence-characterized amplified region, six gene-specific 

markers and three morphological traits in an interspecific F2 population of 94 

plants generated from a cross of F. vesca f. semperflorens × F. nubicola. Co-

segregation analysis arranged 76 markers into seven discrete linkage groups 

covering 448 cM, with linkage group sizes ranging from 22.9 to 100.3 cM. 

 

The time and the expense of SSR development can be reduced by using 

the SSRs from one species for genetic research on related species (Lewers et al. 

2005). In Rosaceae, SSRs first identified in apple were used in Pyrus to 

discriminate among pear accessions and describe variation among them 

(Yamamoto et al. 2001). Primers designed for SSR loci in different species in 

Rosaceae have been used to amplify loci in other rosaceous crops like sweet 

and sour cherry, plum, almond, apricot, apple and are recommended for use in 

comparative mapping within the family (Cipriani and Testolin 2004; Dirlewanger 

et al. 2002; Downey and Iezzoni 2000; Stafne et al. 2005). 

 

Lewers et al. (2005) used two different data-mining methods (BLAST and 

SSRIT) to develop SSRs from GenBank sequences of species with varied 

relatedness to Fragaria and Rubus. The author’s also evaluated some previously 

published microsatellites, designed from related species and also developed new 

microsatellites from a genomic library made from F. ×ananassa ‘Earliglow’. The 

author’s suggested that transference of SSRs from distantly related genera were 

less successful compared to transference of SSRs among Rosoideae. Within 
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Fragaria transferability was highly successful and SSRIT was superior to BLAST 

for identifying GenBank sequences containing repeats. 

  

So, to save time and expense of SSR development from genomic 

libraries, we propose a genetic diversity study in Fragaria by using some 

previously developed SSRs in Fragaria vesca on a much wider range of 

germplasm covering all the ploidy levels in strawberry including both wild types 

and cultivated species and further study their transferability to other commercially 

important species in the Rosaceae. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 

 12 

References 

 

Arnau, G., J. Lallemand and M. Bourgoin (2003). Fast and reliable strawberry 

cultivar identification using inter simple sequence repeat (ISSR) 

amplification. Euphytica 129, 69-79. 

 

Ashley, M.V., J.A. Wilk, S.M.N. Styan, K.J. Craft, K.L. Jones, K.A. Feldheim, K.S. 

Lewers and T.L. Ashman (2003). High variability and disomic segregation 

of microsatellites in the octoploid Fragaria virginiana Mill. (Rosaceae). 

Theor. Appl. Genet. 107, 1201-1207. 

 

Bell, J.A. and D.W. Simpson (1994). The use of isoenzyme polymorphisms as an 

aid for cultivar identification in strawberry. Euphytica 77, 113-117. 

 

Bringhurst, R.S., S. Arulsekar, J.F. Hancock and V. Voth (1981). Electrophoretic 

characterization of strawberry cultivars. J. Am. Soc. Hort. Sci. 106, 684-

687. 

 

Catling, P.M. and S. Porebski (1998). An ecoregional analysis of morphological 

variation in British Columbia coastal strawberries (Fragaria) for germplasm 

protection. Can. J. Plant Sci. 78, 117–124. 

 

Cipriani, G. and R. Testolin (2004). Isolation and characterization of microsatellite 

loci in Fragaria. Mol. Ecol. Notes 4, 366-368. 

 

de Vicente, M.C. and T. Fulton (2003). Using molecular marker technology in 

studies on plant genetic diversity. Illus. Nelly Giraldo. IPGRI, Rome, Italy 

and Institute for Genetic Diversity, Ithaca, New York, USA. 

 



 

 13 

Degani, C., L.J. Rowland, A. Levi, J.A. Hortynski and G.J. Galletta (1998). DNA 

fingerprinting of strawberry (Fragaria ×ananassa) cultivars using randomly 

amplified polymorphic DNA (RAPD) markers. Euphytica 102, 247-253. 

 

Degani, C., L.J. Rowland, J.A. Saunders, S.C. Hokanson, E.L. Ogden, A. Golan-

Goldhirsh and G.J. Galletta (2001). A comparison of genetic relationship 

measures in strawberry (Fragaria ×ananassa Duch.) based on AFLPs, 

RAPDs, and pedigree data. Euphytica 117, 1-12. 

 

Dirlewanger, E., P. Cosson, M. Tavaud, M.J. Aranzana, C. Poizat, A. Zanetto, P. 

Arus and F. Laigret (2002). Development of microsatellite markers in 

peach [Prunus persica (L.) Batsch] and their use in genetic diversity 

analysis in peach and sweet cherry (Prunus avium L.). Theor. Appl. 

Genet. 105, 127-138. 

 

Downey, S.L. and A.F. Iezzoni (2000). Polymorphic DNA markers in black cherry 

(Prunus serotina) are identified using sequences from sweet cherry, 

peach, and sour cherry. J. Am. Soc. Hort. Sci. 125. 

 

Ellis, R.P., J.W. McNichol, E. Baird, A. Booth, P. Lawrence, B. Thomas and W. 

Powell (1997). The use of AFLPs to examine genetic relatedness in 

barley. Mol. Breed. 3, 359-369. 

 

Gidoni, D., M. Rom, T. Kunik, M. Zur, E. Izsak, S. Izhar and N. Firon (1994). 

Strawberry cultivar identification using randomly amplified polymorphic 

DNA (RAPD) markers. Plant Breed. 113, 339-342. 

 

Graham, J., R.J. McNicol and J.W. McNicol (1996). A comparison of methods for 

the estimation of genetic diversity in strawberry cultivars. Theor. Appl. 

Genet. 93, 402-406. 

 



 

 14 

Hadonou, A.M., D.J. Sargent, F. Wilson, C.M. James and D.W. Simpson (2004). 

Development of microsatellite markers in Fragaria, their use in genetic 

diversity analysis, and their potential for genetic linkage mapping. Genome 

47, 429-438. 

 

Hancock, J.F., P.A. Callow and D.V. Shaw (1994). Randomly amplified 

polymorphic DNAs in the cultivated strawberry, Fragaria ×ananassa. J. 

Am. Soc. Hort. Sci. 119, 862-864. 

 

Harrison, R.E., J.J. Luby and G.R. Furnier (1997). Chloroplast DNA restriction 

fragment variation among strawberry (Fragaria spp) taxa. J. Am. Soc. 

Hort. Sci. 122, 63-68. 

 

Harrison, R.E., J.J. Luby, G.R. Furnier and J.F. Hancock (2000). Differences in 

the apportionment of molecular and morphological variation in North 

American strawberry and the consequences for genetic resource 

management. Genet. Resour. Crop Evol. 47, 647-657. 

 

Hunter, R.L. and C.L. Market (1957). Histochemical demonstration of enzymes 

seperated by zone electrophoresis in starch gels. Science 125, 1294 -

1295. 

 

Ingram, G.B. and Williams. (1984). In situ conservation of wild relatives of crops. 

In: Holden, J.H.W. and J.T. Williams (Eds.), Plant Genetic Resources: 

Conservation and Evaluation. 163-179. 

 

James, C.M., F. Wilson, A.M. Hadonou and K.R. Tobutt (2003). Isolation and 

characterization of polymorphic microsatellites in diploid strawberry 

(Fragaria vesca L.) for mapping, diversity studies and clone identification. 

Mol. Ecol. Notes 3, 171-173. 

 



 

 15 

Konieczny, A. and F.M. Ausubel (1993). A procedure for mapping Arabidopsis 

mutations using co-dominant ecotype-specific PCR-based markers. Plant 

J. 4, 403-410. 

 

Kunihisa, M., N. Fukino and S. Matsumoto (2003). Development of cleavage 

amplified polymorphic sequence (CAPS) markers for identification of 

strawberry cultivars. Euphytica 134, 209-215. 

 

Kuras, A., M. Korbin and E. Zurawicz (2004). Comparison of suitability of RAPD 

and ISSR techniques for determination of strawberry (Fragaria ×ananassa 

Duch.) relationship. Plant Cell Tiss. Org. Cult. 79, 189-193. 

 

Landry, B.S., L. Rongqi and S. Khanizadeh (1997). A cladistic approach and 

RAPD markers to characterize 75 strawberry cultivars and breeding lines. 

Adv. Strawberry Res. 16, 28-34. 

 

Levi, A., L.J. Rowland and G.J. Galletta (1994). Identification of strawberry 

genotypes and evaluation of their genetic relationships using randomly 

amplified polymorphic DNA (RAPD) analysis. Adv. Strawberry Res. 13, 

36-39. 

 

Lewers, K.S., S.M.N. Styan, S.C. Hokanson and N.V. Bassil (2005). Strawberry 

GenBank-derived and genomic simple sequence repeat (SSR) markers 

and their utility with strawberry, blackberry, and red and black raspberry. J. 

Am. Soc. Hort. Sci. 130, 102-115. 

 

Monfort, A., S. Vilanova, T.M. Davis and P. Arus. A new set of polymorphic 

simple sequence repeat (SSR) markers from a wild strawberry (Fragaria 

vesca) are transferable to other diploid Fragaria species and to Fragaria 

×ananassa. Mol. Ecol. Notes 0, ???-??? 



 

 16 

Nehra, N.S., K.K. Kartha and C. Stushnoff (1991). Isozymes as markers for 

identification of tissue-culture and greenhouse-grown strawberry cultivars. 

Can. J. Plant Sci. 71, 1195-1201. 

 

Parent, J.G. and D. Page (1995). Authentication of the 13 strawberry cultivars of 

Quebecs certification program by random amplified polymorphic DNA 

analysis (RAPD). Can. J. Plant Sci. 75, 221-224. 

 

Porebski, S. and P.M. Catling (1998). RAPD analysis of the relationship of North 

and South American subspecies of Fragaria chiloensis. Can. J. Bot. 76, 

1812–1817. 

 

Powell, W., G.C. Machray and J. Provan (1996). Polymorphism revealed by 

simple sequence repeats. Trends Plant Sci. 1, 215-222. 

 

Rafalski, J.A., J.M. Vogel, M. Morgante, W. Powell, C. Andre and S.V. Tingey 

(1996). Generating and using DNA markers in plants. In: Birren B, Lai E 

(eds) Non-Mammalian genomic analysis: a practical guide.Academic 

Press, San Diego. pp 75 -134. 

 

Sargent, D.J., A.M. Hadonou and D.W. Simpson (2003). Development and 

characterization of polymorphic microsatellite markers from Fragaria 

viridis, a wild diploid strawberry. Mol. Ecol. Notes 3, 550-552. 

 

Sargent, D.J., T.M. Davis, K.R. Tobutt, M.J. Wilkinson, N.H. Battey and D.W. 

Simpson (2004). A genetic linkage map of microsatellite, gene-specific 

and morphological markers in diploid Fragaria. Theor. Appl. Genet. 109, 

1385-1391. 

 

Senanayake, Y.D.A. and R.S. Bringhurst (1967). Origin of the Fragaria 

polyploids. I. Cytological evidence. Amer. J. Bot. 54, 221-228. 



 

 17 

Sjulin, T.M. and A. Dale (1987). Genetic diversity of North american strawberry 

cultivars. J. Am. Soc. Hort. Sci. 112, 375-385. 

 

Stafne, E.T., J.R. Clark, C.A. Weber, J. Graham and K.S. Lewers (2005). Simple 

sequence repeat (SSR) markers for genetic mapping of raspberry and 

blackberry. J. Am. Soc. Hort. Sci. 130, 722-728. 

 

Tyrka, M., P. Dziadczyk and J.A. Hortynski (2002). Simplified AFLP procedure as 

a tool for identification of strawberry cultivars and advanced breeding 

lines. Euphytica 125, 273-280. 

 

Vos, P., R. Hogers, M. Bleeker, M. Reijans, T. Vandelee, M. Hornes, A. Frijters, 

J. Pot, J. Peleman, M. Kuiper and M. Zabeau (1995). AFLP - a new 

technique for DNA-fingerprinting. Nucleic Acids Res. 23, 4407-4414. 

 

Williams, J.G.K., A.R. Kubelik, K.J. Livak, J.A. Rafalski and S.V. Tingey (1990). 

DNA polymorphisms amplified by arbitrary primers are useful as genetic-

markers. Nucleic Acids Res. 18, 6531-6535. 

 

Yamamoto, T., T. Kimura, Y. Sawamura, K. Kotobuki, Y. Ban, T. Hayashi and N. 

Matsuta (2001). SSRs isolated from apple can identify polymorphism and 

genetic diversity in pear. Theor. Appl. Genet. 102, 865-870. 

 

Zietkiewicz, E., A. Rafalski and D. Labuda (1994). Genome fingerprinting by 

simple sequence repeat (SSR)-anchored polymerase chain-reaction 

amplification. Genomics 20, 176-183. 

 

 

 

 



 

 18 

CHAPTER 2 

Introduction  

 

Strawberry is a commercially important fruit crop in United States. The 

total area harvested under strawberry cultivation in U.S. for the year 2005 was 

about 20,300 hectares with a total production of about 947,500 metric tons (FAO 

2005). The US is the world’s leading producer for both fresh and frozen 

strawberries. 

 

Strawberry belongs to the family Rosaceae in the genus Fragaria. Its 

closest relatives are Duchesnea Smith and Potentilla L. The genus Fragaria 

comprises about 20 different species with four levels of ploidy, i.e., diploid, 

tetraploid, hexaploid and octoploid, with basic chromosome number of x = 7 

(Staudt 1999). The cultivated strawberry F. ×ananassa is an octoploid with 56 

chromosomes and is the result of chance hybridization between two octoploid 

new world strawberry species, F. chiloensis (L.) Duch. and F. virginiana Duch. 

(Darrow 1966; Hancock 1999). Phylogenetic studies based on nuclear and 

chloroplast DNA sequences suggest that F. vesca and F. nubicola are the 

closest diploids, related to the commercially important octoploid F. ×ananassa 

(Potter et al. 2000). F. vesca is the most common native species and has 14 

chromosomes. It is predominantly a self-pollinating species (Arulsekar and 

Bringhurst 1981) and has four subspecies, i.e., F. vesca ssp. vesca found in 

forests of Europe and Asia, F. vesca ssp. americana found from eastern North 

America to British Columbia, F. vesca ssp. bracteata found in western North 
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America and F. vesca ssp. californica found in California. These subspecies are 

highly self-compatible (Staudt 1962; Staudt 1999). Staudt (1999) found that there 

is a significant difference among subspecies for flower size. F. vesca ssp. 

bracteata has large anthers, filaments and flower size. All the whorls of ssp. 

bracteata are significantly longer than those of ssp. vesca and ssp. americana.  

F. vesca ssp. americana has more slender structure for all its organs compared 

to the other subspecies.  F. vesca ssp. californica has roundest leaflets, smallest 

leaf serrations, more teeth per leaflet and poor winter hardiness. 

 

Recently, diploid strawberry, specifically F. vesca, has been portrayed as 

a potential model plant for Rosaceae. The genome size of F. vesca is about 164 

Mbp (Bennett et al. 2000) that is marginally larger than the 125 Mbp Arabidopsis 

genome sequence and much smaller than peach (280 Mbp) and apple (790 

Mbp). F. vesca has a shorter generation time, i.e., about 12 to 16 weeks (seed to 

seed) compared to apple or peach which are woody perennials having life cycles 

of 3 to 5 years. Strawberry is ideal for generating large populations for mapping 

while using a minimum of field or glasshouse space (Battey et al. 1998). F. vesca 

is also amenable to genetic transformation and regeneration allowing the 

possibility of developing insertional mutant populations (Alsheikh et al. 2002; 

ElMansouri et al. 1996; Haymes and Davis 1998; Oosumi et al. 2005). Several 

molecular markers such as RAPD (random amplified polymorphic DNA), AFLPs 

(amplified fragment length polymorphisms), microsatellites and ISSRs (inter 

simple sequence repeats) have been applied to strawberry for genetic 
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fingerprinting (Congiu et al. 2000; Degani et al. 2001; Kuras et al. 2004). A 

genetic linkage map of microsatellites, gene-specific primers and morphological 

markers has also been constructed in diploid Fragaria (Sargent et al. 2004). The 

transferable nature of some of these markers developed in strawberry can further 

be used for broad synteny studies within the Rosaceae.  

 

Knowing the amount of diversity in a crop helps in identifying which 

material to explore, to find specific useful traits. Like other crops, in strawberry 

the estimation of genetic diversity and characterization of germplasm for precise 

germplasm identification are important for its proper conservation and utilization 

as the decrease in genetic variability might result in reduction of the inbuilt 

capacities to respond to changes in climate, pathogen populations, or agricultural 

practices. Molecular markers have been used to provide the information on the 

amount of variation found in cultivated crops and their wild relatives. One of the 

most commonly used molecular markers for genetic diversity analysis is 

microsatellites. Microsatellites or simple sequence repeats (SSRs) consist of 

tandemly repeated core sequences that often vary in repeat number and are 

flanked by conserved DNA sequences. Thus, primers complementary to the 

flanking region can be used to amplify the locus via polymerase chain reaction 

(PCR) analysis. Microsatellites are fairly abundant and evenly distributed through 

out the genome, highly polymorphic and co-dominant markers (Gupta et al. 1996; 

Powell et al. 1996). They can be rapidly typed via PCR and easily accessible to 

other laboratories via published primer sequences. SSRs have been successfully 
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used in strawberry for genetic diversity studies, clone identification, map making 

and transferability studies (Cipriani and Testolin 2004; Hadonou et al. 2004; 

James et al. 2003;  Lewers et al. 2005;  Monfort et al.;  Sargent et al. 2004). 

 

The main objective of this research was to evaluate the genetic diversity 

across Fragaria taxa using microsatellites to determine the relatedness of wild 

species to the cultivated ones so that diverse species can be exploited for novel 

genes, including resistance to disease or environmental stresses. The plant 

material used in this study represents a wide range of species available in 

Fragaria taxa. We also studied the prospects of using strawberry microsatellites 

for further amplification and transferability among some commercially important 

species in the Rosaceae.  

 

Material and Methods 

 

Plant material 

 

Seeds or runners of 19 Fragaria accessions were obtained from the 

National Clonal Germplasm Repository, Corvallis, Oregon and grown in 

greenhouses at Virginia Polytechnic Institute and State University. The 13 F. 

vesca accessions included seven cultivated forms and representatives of the four 

recognized F. vesca subspecies, whereas the non F. vesca accessions 

comprised six species representing different ploidy levels available in Fragaria 

including the commercial octoploid strawberry F. × ananassa cv. Chandler (Table 
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1). Ten commercially important species within Rosaceae were also selected for 

transferability studies of microsatellite loci developed in F. vesca. Leaf samples 

for DNA extraction of these species were collected in midsummer of 2004 from 

specimen growing either on the Virginia Tech campus or at the Kentland Farm, 

the Virginia Tech College Farm in Blacksburg. 

  

Seeds of Fragaria accessions were surface sterilized (Appendix I) first 

with 70% ethanol followed by 1% sodium hypochlorite and soaked overnight in 

water before sowing. DNA was extracted from young, tender, unexpanded leaves 

using the extraction method described by Doyle and Doyle (1987), a modification 

of the 2x CTAB method described by Saghai Maroof et al. (1984) (Appendix II ). 

Since strawberry leaves contain abundant secondary metabolites, such as 

polyphenols and polysaccharides which interfere with the extraction of good 

quality DNA, PVP 40 was added at the time of extraction. DNA was stored at        

-800 C after extraction. 

Microsatellite primers 

 

A total of 20 microsatellite primer pairs was used in the present study. 

These primers have been previously developed in Fragaria vesca (Cipriani and 

Testolin 2004; Hadonou et al. 2004; James et al. 2003). Primer selection was 

based on two criteria: maximum number of alleles amplified; position of the 

marker on the chromosomes. The sequences of the primers, their annealing 

temperature (as published) and expected product sizes are shown in Table 2.  
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PCR amplification and detection of microsatellites 

 

PCR reactions were carried out in 25 µl volumes containing 50 ng 

template DNA, 1× PCR buffer (Invitrogen, Carlsbad, Calif.), 1.25 mM MgCl2, 10 

µM of each dNTP, 10mM of each primer, and 0.3 U of Taq polymerase 

(Invitrogen). The PCR conditions were those described by James et al. (2003) 

except that a touch-down annealing temperature gradient was used. The initial 

denaturation step was 94°C for 5 min, followed by the touch-down annealing 

temperature gradient from 54°C to 50°C, decreasing by 0.5°C for 10 cycles, and 

then a constant annealing temperature of 50°C for 25 cycles and 72°C for 60 s. 

The final extension temperature was 72°C for 6 min. Amplification was carried 

out in a Stratagene Robocycler(R). After PCR, 5 µl of loading dye was added to 

each reaction mixture. The amplified products were separated on a 3% Metaphor 

agarose gel (Cambrex Bio Science Rockland, Inc.) run with 1x TBE buffer at 100 

V for 4 h. The gels were stained with ethidium bromide (10 mg/ml) for 20 min., 

de-stained in tap water for 20 min and photographed under UV light. Magnesium 

concentrations and annealing temperature were optimized in preliminary 

experiments. 

 

As an initial screening step, PCR products for all accessions were 

generated using EMFv4 primer. Five µl of each sample were loaded on a 

polyacrylamide denaturing gel and separated at 1500 V constant power in 1x 

TBE (tris-borate-EDTA) running buffer, using a DNA sequencing unit (Model 
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STS-45, IBI, New-Haven, Ct.). The gel was immediately covered with plastic 

wrap and exposed to X-ray film for 1 h.  
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 Table 1: Plant species, accession code, NCGR Corvallis accession ID., alternate descriptor, ploidy, type of germplasm 
and origin of plant material for microsatellite study of Rosaceae. 

 

Plant species 
Accession 
Code NCGR Accession ID Cultivar or other designator Ploidy Type Origin 

Fragaria vesca Fv 1 PI 551573 CFRA 198.000 2x Wild Hawaii 

Fragaria vesca Fv 2 PI 551572 Hawaii-4/CFRA 197.000 2x Wild Hawaii 

Fragaria vesca Fv 3 PI 602923 Alexandria/CFRA 1202.000 2x Cultivar Europe 

Fragaria vesca Fv 4 PI 616935 Mignonette 2x Cultivar Sweden 

F. vesca subsp. vesca f. semperflorens Fv S1 PI 551834 Reugen/CFRA 503.000 2x Cultivar Germany 

F. vesca subsp. vesca f. semperflorens Fv S2 PI 551507 Baron Solemacher 2x Cultivar Germany 

F. vesca subsp. vesca f. semperflorens Fv S3 PI 551898 Frost King/CFRA 573.000 2x Cultivar USA 

F. vesca subsp. vesca f. semperflorens Fv S4 PI 551517 Alpine 2x Cultivar France 

F. vesca subsp. vesca f. semperflorens Fv S5 PI 551827 Yellow Wonder 2x Cultivar USA 

F. vesca subsp. bracteata Fv B PI 551791 CFRA 437.000 2x Wild Oregon 

F. vesca subsp. vesca Fv V PI 551792 CFRA 438.000 2x Wild Finland 

F. vesca subsp. americana Fv A PI 552244 CFRA 951.000 2x Wild USA 

F. vesca subsp. californica Fv C PI 551723 CFRA 388.000 2x Wild USA 

Fragaria pentaphylla Fp PI 637926 CFRA 1198.001 2x Wild China 

Fragaria nipponica Fn PI 551868 CFRA 540.000 2x Wild Japan 

Fragaria iinumae Fi PI 551866 CFRA 538.000 2x Wild Japan 

Fragaria orientalis Fo PI 602942 CFRA 1612.000 4x Wild China 

Fragaria moschata Fm PI 551869 CFRA 541.001 6x Wild Russia 

Fragaria ×ananassa Fa CFRA 1014 Chandler 8x Cultivar USA 

Spirea x bumalda Sb      

Prunus "okame" Po      

Pyrus calleryana Pc      

Prunus persica Pp      

Cotoneaster salicifolius Cs      

Potentilla fruticosa Pf      

Rosa rugosa Rr      

Amelanchier arborea Aa      

Malus domestica Md      

Rubus idaeus Ri           
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Table 2: SSR loci, GenBank accession no., primer sequences, product size in base pairs (bp), annealing temperature 
(Tm) and source of microsatellites used.  

 

SSR 
Locus 

GenBank 
Accession 
no. 

 
Repeat Motif             Primer sequences 

Size 
(bp) 

Tm0C Source Reference 

UDF-003 BV097100 (GT)12 F:ATAAGTGGCCAACCAATCCA 111-137  56 Cipriani and Testolin (2004) 

   R:TTCAAAAGTGTAGTGCTGAAATCAC    

UDF-004  BV097101  (GT)11 F:GCTTGCATTTCAATAGCTGGA 125-142    56 Cipriani and Testolin (2004) 

   R: TTTACTGATGCAGGAGTAGAATGA    

UDF-005  BV097102  (GT)6(GC)(GT)8 F: CACTTAAGGAGCTTTTGAACATTG 205-225  56 Cipriani and Testolin (2004) 

   R: GCAGGTGATGAATACCAGAATG    

UDF-006  BV097103 (CA)16 F: CAGGCAGTTACTGAACTTACGG 171-208  56 Cipriani and Testolin (2004) 

   R: AGAGTGCTCAGAGTCCATTGAT    

UDF-008  BV097105 (GT)15 F: TGTTTGCGTGCCGATTATTA  115-147  56 Cipriani and Testolin (2004) 

   R: TTAGCTCGCGTAAACTTCAGA    

UDF-009  BV097106 (CA)17 F: CCTAGAGGAAAACACTGATGACTGA  141-157  56 Cipriani and Testolin (2004) 

   R: AAGGCGAATGCTTTGGTATG    

UDF-015  BV097107 (GT)35 F: AGCGAAGCTTTGTTCTGGAT  91-190  56 Cipriani and Testolin (2004) 

   R: CTCCCTCTCCAGCAACTCTG    

UDF-016  BV097108 (CA)19 F: TCATTCCGAATATGAGAAACCT  98-123  56 Cipriani and Testolin (2004) 

   R: TGACACTGTTACAGAAAACACACTG    

UDF-018  BV097110 (CT)19(CAT)(CA)18 F: CGGATCTAAGGCATCTTTTGG  160-280  56 Cipriani and Testolin (2004) 

   R: TTGCACTCCTGCTTTACCTG    

UDF-025  BV097117 (GT)14 F: TCTGACAGATGACAAAGTGTGTTC  89-142  56 Cipriani and Testolin (2004) 

   R: TCCCGTCAACTTAATCTCATCTC    
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Table 2 (cont.) 

SSR 
Locus 

GenBank 
Accession 
no. 

Repeat motif               Primer sequences 
Size 
(bp) 

Tm0C Source     Reference 

EMFv3 AJ508246 (CT)20 F: CTCTGATTCTTCTTCGTCCACCAT 241 50 James et al. (2003) 

   R: TCCCCAGAGAATTAAACAGTCGTA    

EMFv4 AJ508247 (CT)14 F: TTGCCAATTCATATAGGACATGAA 277 50 James et al. (2003) 

   R: GGCGCAATGGCAGTCTCT    

EMFv7 AJ508250 (GA)22 F: GCAGGGGAATGGAGAAAGTGAT 214 60 James et al. (2003) 

   R: ACCCCGCGCAGAGTTCTC    

EMFv8 AJ508251 (GA)26 F: TGACCCGATACAAGACAAAAACCG 206 60 James et al. (2003) 

   R: CACTCATGTCGGTAGCCATTCTC    

EMFv014 AJ564172 (GT)19 F:GCCGCTCTGGAAGGGAACTC 232 55 Hadonou et al. (2004) 

   R:TTTAATAATCTTGAACGGTGTAGG    

EMFv016 AJ564170 (CA)9(CG)3(CA)7 F:AGCGCTTTAAACAACTTTCACAC 211 55 Hadonou et al. (2004) 

   R:ATTTAGCCACACGACCATTTTC    

EMFv021 AJ564179 (CCG)6 F:TCATTTTTCAGG GCCACGGGTAGA 196 65 Hadonou et al. (2004) 

   R:GTGGTGGTTGAGGCAGTGGAGGAT    

EMFv023 AJ564181 (GA)16(GG)(GA)10 F:AATTACCGAGCCTCCCACACTA 189 65 Hadonou et al. (2004) 

   R:CAGCGCTAAAGCGGTTGC    

EMFv024 AJ564182 (AC)16 F:TAGCCTTTTCAGACTTATACTCCA 199 55 Hadonou et al. (2004) 

   R:TATAAGATAAGTGGCCAACCAAT    

EMFv029 AJ564187 (GT)13 F:TACTATTGAAGAAACTCCTACTGA 205 58 Hadonou et al. (2004) 

   R:TCTTTGATCTGCTTCCACCTT    
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Analysis of microsatellite polymorphism 

 

 The agarose gels were scanned and scoring was carried out 

manually on a computer screen. Alleles were defined according to PCR product 

size. The frequency of each allele in the population was calculated from the 

number of genotypes that were selected.  The informativeness of the locus, also 

known as the degree of diversity was measured by a heterozygosity index 

defined as the chance of finding an individual from a particular population 

heterozygous for a marker. The maximum heterozygosity value is 1.0; a two 

allele marker with alleles of equal frequency has a heterozygosity of 0.50. The 

expected heterozygosity (He) (Nei 1973) and power of discrimination (PD) was 

calculated as:  

He or PD =    

    

where pi is the frequency of the i
th of k alleles or genotypes (PD). 

Estimation of genetic diversity using TFPGA 

 

Statistical analysis of banding patterns produced by microsatellites was 

done. Genetic distance between the genotypes was calculated using the 

unweighted pair group method with arithmetical averages (UPGMA) to create the 

dendrogram (Figure 4)  using the computer package Tools for Population 

Genetic Analyses (TFPGA) (Miller 1997). Markers present in a genotype were 
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designated as described by the author for diploid and co-dominant data. Missing 

observations were represented by the characters "00". Both monomorphic and 

polymorphic bands were scored. 

Sequencing  

 

The unique bands were excised from 3% Metaphor agarose gels and 

prepared for direct sequencing using Qiagen’s QIAquick Gel Extraction Kit 

(QIAGEN, Valencia, CA). QIAquick uses a simple bind-wash-elute procedure in 

which gel slices are dissolved in a buffer and the mixture is applied to the 

QIAquick spin column. Nucleic acids adsorb to the silica-gel membrane in the 

high-salt conditions provided by the buffer. Impurities are washed away and pure 

DNA is eluted. Automated DNA sequencing was carried out on an ABI 3730 DNA 

analyzer at The Core Laboratory of the Virginia Bioinformatics Institute and 

sequencing results were obtained. 

Results 

 

Amplifications within Fragaria 

 

 All 20 microsatellites used in this study amplified polymorphic products for 

the 16 diploid Fragaria genotypes screened. The average number of alleles 

amplified for a polymorphic locus was 4.7 with a maximum of 8.0 and minimum of 

3.0. Observed heterozygosity ranged from 0.00 to 0.84 with an average of 0.28. 

The highest level of observed heterozygosity was found in UDF-005. The 
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expected frequency ranged from 0.33 to 0.91 with an average of 0.76. The power 

of discrimination varied from 0.43 to 0.92 and the average of this parameter for 

all loci was 0.78 (Table 3). Transferability of these primers within Fragaria was 

high. Eighteen of these primers (90%) showed amplified products in F. orientalis 

(4x) and F. ×ananassa (8x). The number of bands detected within accessions of 

F. orientalis and F. ×ananassa were more than two, as expected because of their 

polyploid nature. 

 

A dendrogram of 16 diploid Fragaria genotypes was created by using a 

cluster method, UPGMA, based on the genetic similarity (Figure 1). The 

dendrogram generated based on 20 polymorphic microsatellite loci revealed that 

the results were in considerable agreement with currently recognized subspecies 

and cultivars of Fragaria.  

Transferability of microsatellites 

 

All 20 microsatellites were further used to attempt to amplify products in 

the selected Rosaceae species. Cross species amplification was scored as 

positive, only when sharp and clear bands were produced. Of the 20 primers 

used, four primers, i.e., UDF-003, UDF-004, UDF-005 and UDF-018 amplified 

products in some of the species although the product size was much greater than 

expected for the microsatellite containing fragments. The list of species that 

showed amplification for specific microsatellite loci is showed in Table 4.  
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To confirm the presence or absence of microsatellites observed on the gel 

images (Figure 2 and Figure 3), we sequenced the amplified products generated 

by primers UDF-003 and UDF-018 for Fragaria as well as Rosaceae species. For 

UDF-003, the sequencing results within Fragaria showed the presence of 

microsatellites but the sequencing results within the Rosaceae did not confirm 

the presence of microsatellites although there was some sequence similarity 

within the Fragaria and Rosaceae species. 

 

For UDF-018 primer, all the Fragaria samples sequenced showed the 

presence of microsatellites but differed for the number of repeats. The original 

sequence is an imperfect repeat having 19 CT and 18 CA repeats while our 

sequencing results showed that the microsatellite varied from 13-22 CT repeats 

and 0-13 CA repeats for different Fragaria accessions. Some of the microsatellite 

sequences generated within different ploidy levels in Fragaria for primer UDF-

018 are shown in Figure 4. Upon sequencing we found that the size of the 

microsatellites corresponded to the migration distance of bands on the gel. F. 

vesca subsp. americana migrated more than F. vesca subsp. vesca f. 

semperflorens (Frost king) on the gel and upon sequencing this fact was 

confirmed as the sequences generated for former was 142 bp and for later was 

151 bp. So it supports the fact that conventional method of scoring the gel based 

on migration of bands is reliable in identifying the tentative size of the marker. 
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Within Rosaceae, microsatellites were observed in Pyrus calleryana, 

Prunus persica, Rubus idaeus. A sequence alignment using TEXSHADE (Beitz 

2000) was done to find the consensus within the sequences (Figure 5). Although 

Cotoneaster salicifolius, Rosa rugosa, Amelanchier arborea, Potentilla fruticosa 

did not show the presence of microsatellites, all of them had a highly conserved 

region (Figure 6). The repeat containing sequences were compared against the 

known gene sequences archived in the GenBank using the BLASTN algorithm 

but no significant match was found.  
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Figure 1: UPGMA dendogram depicting genetic distances (Nei 1973) between 
16 Fragaria diploid genotypes based on 20 polymorphic microsatellite loci. 

 

  
 

Refer to Table 1 for accession codes 

FvS - F. vesca subsp. vesca f. semperflorens,  Fv - F. vesca, Fv V- F. vesca 
subsp. vesca, Fv B - F. vesca subsp. bracteata, Fv C - F. vesca subsp. 
californica, Fv A - F. vesca subsp americana, Fp - F. pentaphylla,  Fn - F. 
nipponica, Fp - F. iinumae.  
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Figure 2: Gel images generated by using primer UDF-018 that was further used 
for sequencing. 

 

   

 

 

 

Refer to Table 1 for accession codes:  
 
Lane 1- 25 bp ladder, Lane2- Fv3, Lane3- Fv1, Lane4- Fv2, Lane5- FvS1, 
Lane6- FvB, Lane7- FvV, Lane8- FvA, Lane9- FvC,  Lane10- Fp, Lane11- Fn, 
Lane12- Fi, Lane13- Fo, Lane14- Fm, Lane15- Fa, Lane16- FvS4, Lane17- Fv4, 
Lane18- FvS3, Lane19- FvS2 , Lane20- Fv5, Lane21- Sb, Lane22- Po, Lane23- 
Pc, Lane24- Pp, Lane25- Cs, Lane26-Pf, Lane27- Rr, Lane28- Aa, Lane29- Md, 
Lane30-Ri. 

 

 

 

 

 

 

 

 1    2   3   4    5    6   7   8   9   10 11 12  13  14 15 16 17 18 19  20 2122  23 24  25 26 27  28 29 30 



 

 35 

 
Figure 3: Gel images generated by using primer UDF-003 that was further used 
for sequencing.  
 

 

 
 

 

 

Refer to Table 1 for accession code. 

Lane1- Fv3, Lane2- Fv1, Lane3- Fv2, Lane4- FvS1, Lane5- FvB, Lane6- FvV, 
Lane7- FvA, Lane8- FvC,  Lane9- Fp, Lane10- Fn, Lane11- Fi, Lane12- Fo, 
Lane13- Fm, Lane14- Fa, Lane15- FvS4, Lane16- Fv4, Lane17- FvS3, Lane18- 
FvS2 , Lane19- Fv5, Lane20- Sb, Lane21- Po, Lane22- Pc, Lane23- Pp, Lane24- 
Cs, Lane25-Pf, Lane26- Rr, Lane27- Aa, Lane28- Md, Lane39-Ri, Lane 30- 
Blank. 
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Figure 4: Sequencing results of different Fragaria species with varying ploidy levels using UDF-018 primer showing the 
presence of microsatellites. The name of the species is mentioned at the top of each sequence.  
 

(i) Fragaria ×ananassa  (Chandler) 
 

 
 

(ii) Fragaria vesca subsp. americana 
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Figure 4 (cont.) 
 
(iii) Fragaria vesca (Mignonette) 

 
 

(iv) Fragaria pentaphylla 
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Table 3: Microsatellite analysis of 16 diploid accessions of Fragaria including 
four species. Table showing SSR locus, number of alleles, observed 
heterozygosity (Ho), expected heterozygosity (He) and discrimination power (DP) 
of the 20 microsatellites used for genetic diversity analysis. 

 

SSR Locus No. of alleles   Ho   He   DP 

        

UDF-003 5  0.74  0.72  0.64 

UDF-004  4  0.11  0.74  0.79 

UDF-005  4  0.84  0.76  0.72 

UDF-006  4  0.16  0.6  0.7 

UDF-008  4  0.11  0.8  0.84 

UDF-009  8  0.32  0.81  0.89 

UDF-015  4  0  0.82  0.77 

UDF-016  4  0.32  0.76  0.87 

UDF-018  6  0.68  0.81  0.71 

UDF-025  4  0.05  0.63  0.67 

EMFv003 5  0.47  0.91  0.90 

EMFv004 3  0  0.90  0.90 

EMFv007 6  0.47  0.68  0.78 

EMFv008 6  0.26  0.80  0.85 

EMFv014 4  0.05  0.88  0.88 

EMFv016 5  0.21  0.74  0.76 

EMFv021 6  0.05  0.8  0.81 

EMFv023 4  0.37  0.91  0.92 

EMFv024 3  0.16  0.33  0.43 

EMFv029 5  0.26  0.8  0.85 
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Table 4: Amplification of Fragaria vesca microsatellite loci in selected rosaceous species representing four subfamilies. 
 

 
 
Note: A, amplification; N, is no amplification.

  Subfamily Spiraeoideae  Subfamily Pomoideae Subfamily Rosoideae Subfamily Prunoideae 

Locus 
name 

 
Spirea x bumalda 

Pyrus 
calleryana 

Amelanchier 
arborea 

Cotoneaster 
salicifolius 

Rosa 
rugosa 

Rubus 
idaeus 

Potentilla 
fruticosa 

 
Prunus persica 

UDF-003 A A N A A A N A 

UDF-004 N A N N N N N N 

UDF-005 N A N N N N A A 

UDF-018 N A A A A A A A 
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Figure 5:    Alignment of nucleotide sequences among Prunus persica, Rubus 
idaeus, Pyrus calleryana species using CLUSTALW for UDF-018 
microsatellite loci.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prunus persica 

Rubus idaeus  

Pyrus calleryana   

Prunus persica 

Rubus idaeus  

Pyrus calleryana   

Prunus persica 

Rubus idaeus  

Pyrus calleryana   
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Figure 6: Alignment of nucleotide sequences among Rosa rugosa, Potentilla 
fruticosa, Amelanchier arborea, Cotoneaster salicifolius for UDF-018 
microsatellite loci.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Rosa rugosa 

Potentilla fruticosa 

Amelanchier arborea 

Cotoneaster salicifolius 

 

Rosa rugosa 

Potentilla fruticosa 

Amelanchier arborea  

Cotoneaster salicifolius 

 

Rosa rugosa 

Potentilla fruticosa 

Amelanchier arborea  

Cotoneaster salicifolius 

 

Rosa rugosa 

Potentilla fruticosa 

Amelanchier arborea 

Cotoneaster salicifolius 

 
Rosa rugosa 

Potentilla fruticosa 

Amelanchier arborea 

Cotoneaster Salicifolius 
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Discussion 

 

Sometimes it is difficult to distinguish species by morphological indices, 

particularly if they are closely related. So molecular markers, which are 

independent of environmental effects and can be detected at any stage of plant 

growth can be used for faster and more accurate identification of species. 

Microsatellites are a kind of molecular marker that consists of tandemly repeating 

mono-, di-, tri-, tetra-, or penta- nucleotide units arranged randomly throughout 

the genome. They are considered to be the marker of choice for genetic diversity 

studies, gene mapping, conservational biology and population genetics because 

of their co-dominant nature, easy transferability and polymorphic nature (Gupta et 

al. 1996; Peakall et al. 1998; Rafalski and Tingey 1993). They are particularly 

important for selfing species like Fragaria vesca where genetic diversity is low 

because of selfing nature of the crop.  

 

The dendrogram produced by using 20 polymorphic microsatellites reflects 

current taxonomic classification and can thus help in better understanding the 

genetic relatedness among Fragaria species.  All the Fragaria vesca clustered 

together irrespective of their origin suggesting a common genetic base. We had 

two F. vesca accessions which were collected in Hawaii. Upon microsatellite 

analysis we found that both of them clustered together thus corroborating that 

fact. This shows that microsatellites can be helpful in confirming the origins of 

some of the controversial species. 
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It is difficult to differentiate among Fragaria species based on 

morphological characters alone as they vary with environment. It is even more 

difficult to distinguish among F. vesca subspecies because of their interfertility 

and readiness to form hybrids wherever the geographical regions overlap 

suggesting that they share the same genome with only small structural 

differences (Hancock 1999). So mostly the identification is based on geographic 

distribution with subspecies americana belonging to the eastern coast and 

subspecies bracteata belonging to the western American region. Subspecies 

bracteata is distinct from the rest of the Fragaria vesca subspecies having good 

genetic variability because of its outbreeding mechanism. Postfloral spreading to 

the distinctly reflexed calyx of the ripe fruit is an important characteristic that 

clearly differentiates subsp. californica and subsp. bracteata. Subspecies 

americana can be easily differentiated from subsp. bracteata based on anther 

size (Staudt 1999). Our results also support these facts as the dendrogram 

clearly shows that subsp. bracteata is distinct from the other two subspecies.   

 

F. vesca subsp. vesca f. semperflorens is know to be a cultivated form of 

Fragaria vesca subsp. vesca.  Cekic et al. (2001) found that seasonal flowering 

type, i.e., F.  vesca subsp. vesca. and perpetual flowering type, i.e., subsp. vesca 

f. semperflorens differ from each other only by a single gene (SFL). So there is 

not much genetic diversity present among them. This fact is supported by our 

data as one of the F. vesca subsp. vesca f. semperflorens cultivar Reugen 

clustered with F.  vesca subsp. vesca. All the commercial diploid F. vesca 
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cultivars, i.e., Alpine and both alpine varieties Yellow Wonder and Baron 

Solemacher were grouped together which was as expected.  

 

Bors and Sullivan (1998) suggested that there are three overlapping 

groups for species that were interfertile which leads to a decrease in genetic 

diversity. According to them Fragaria pentaphylla, Fragaria nipponica and 

Fragaria iinumae belonged to group 3. Our results also show that all the three 

diploid wild type Fragaria accessions clustered together thus confirming those 

results.   

 

In this study we selected a wide array of germplasm with varying ploidy 

level grown all over the world in order to study the available genetic diversity 

among them. The genetic variation was calculated using two indices: the 

heterozygosity (H) and the power of discrimination (PD). The observed 

heterozygosity was generally low, as expected in Fragaria vesca because of its 

selfing nature (James et al. 2003). The power of discrimination for all loci was 

more than 0.6 except for one EMFv024 suggesting that primers used had a good 

discriminating ability. Our results showed that observed heterozygosity and  

number of alleles amplified was higher as compared to the results presented by 

James et al. (2003) and Hadonou et al. (2004) while using the same set of 

primers, which shows that the germplasm selected for this study had higher 

genetic diversity. 

 



 

 45 

Microsatellites have more widespread use because of their high rate of 

cross-species transference over a set of related and unrelated species. They can 

be polymorphic even in species that are otherwise thought to be having low level 

of genetic variability. Recent studies in Fragaria have shown that primers 

developed in diploid species are highly transferable to other ploidy levels and 

vice versa indicating the usefulness of these markers for making transferable 

genetic maps and synteny studies among the commercial octoploid species and 

the diploid progenitors (Ashley et al. 2003; Hadonou et al. 2004; Lewers et al. 

2005). The microsatellites that we used for our study also support these findings 

as 90% of these microsatellites were able to amplify products in Fragaria 

orientalis (4x) and Fragaria ×ananassa (8x). None of the microsatellites was able 

to amplify products in Fragaria moschata. This may be due the bad quality of 

DNA. Transferability of microsatellite loci is extremely important since a lot of 

current research projects are focusing on developing EST sequences from 

Fragaria vesca for gene expression studies in strawberry and would in turn result 

in production of microsatellites that can be used for any Fragaria species (Lewers 

et al. 2005). Moreover, microsatellite development from genomic libraries 

involves restriction digests, cloning, probing and sequencing positive clones; 

therefore it is both time consuming and costly. So the transferability of 

microsatellites within related species is extremely beneficial for the research 

community as it speeds up the process of generating linkage maps. 
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However cross-species transferability among Rosaceae species was 

limited. Four of 20 primer pairs developed from F. vesca amplified products in the 

Rosaceae species. Sequencing results within Rosaceae showed that for UDF-

018, three of seven products actually contained the microsatellite whereas the 

other four had conserved regions resulting in production of bands. For UDF 003, 

Spirea xbumalda and Prunus persica showed amplification but did not show the 

presence of microsatellite although there were some sequence similarities with 

Fragaria sequences. On an average, the percentage amplification was more for 

species within the sub-family Rosoideae as expected since Fragaria also belongs 

to the same sub-family with an exception for Pyrus calleryana (sub-family 

Pomoideae) in which all the four primers showed a product. This supports the 

findings of Decroocq et al. (2003) and Lewers et al. (2005)  who stated that high 

transferability can be best be achieved within the subgenus and there is a 

gradual decrease in the intensity of amplification with increasing evolutionary 

distance. 

 

Microsatellites are usually characterized on the basis of size after running 

them on sequencing gels. Orti et al. (1997) stated that even within the same 

species, microsatellite alleles of the same size may have different sequences. 

Our results also support this theory of size homoplasy as sequencing results 

generated from amplified products for UDF 018 primer show that F.  vesca, F. 

vesca subsp. bracteata, F. vesca subsp. vesca, F. vesca subsp. californica, F. 

orientalis, Alpine, Mignonette and Frost King had identical fragment sizes on the 
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gel yet the microsatellite differed in the number of repeats. The original sequence 

is an imperfect repeat having 19 CT and 18 CA repeats while our sequencing 

results showed that the microsatellite varied from 13-22 CT repeats and 0-13 CA 

repeats for different Fragaria accessions.  Flanking regions of the microsatellites 

are highly conserved and can be useful for phylogenetic studies so sequencing of 

microsatellites is really important as it helps to identify any insertion/deletion or 

base pair substitution within the repeat motif or in the franking regions. 

 

Transferability of microsatellites cannot be defined by just the amplification 

of products in related species as successful amplification does not guarantee the 

presence of repeat motifs (Decroocq et al. 2003). We found by DNA sequencing 

that difference among some of the species was much more complicated than just 

simple changes in repeat numbers. For Cotoneaster salicifolius, Rosa rugosa, 

Amelanchier arborea, Potentilla fruticosa the repeat region was really short and a 

large section of the CT repeat was replaced with a non-SSR sequence (Figure 

6). But the flanking regions for all the above mentioned species were highly 

conserved making the allele size similar. These finding are in agreement with 

earlier reports in wheat and potato that cross-species amplification from related 

species (rye and tomato, respectively) yields shorter products that may not have 

a microsatellite (Provan et al. 1996; Roder et al. 1995). These results reiterate 

the point suggested by Peakall et al. (1998) that there is a need for caution when 

interpreting SSR variation particularly in the absence of DNA sequences.  
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Sequencing of the PCR products amplified with Fragaria microsatellite 

primer pairs confirmed that Pyrus calleryana, Prunus persica, Rubus idaeus 

showed the presence of a microsatellite containing the same complex repeat 

motif. The banding pattern was identical for the three species but upon 

sequencing it showed that the number of CT and CA repeats was different from 

what was found in Fragaria. This can be attributed to the fact that the rate of 

mutations is greater within a microsatellite region, so that sexually incongruous 

populations that evolved from a common ancestor could be expected to have 

evolved different mutations within an ancestral shared sequence (Peakall et al. 

1998).  

 

Conclusion 

 

           Most of the species within the Rosaceae  are woody perennials 

having a long generation time due to their juvenile phase and have a large 

genome size making them poorly suited for classical genetic analysis 

(Dirlewanger et al. 2004). On the other hand, strawberry has a shorter life cycle 

and a small genome size, i.e., Fragaria vesca has a genome size of 164 Mbp 

(Bennett et al. 2000). Since the genome size for Fragaria vesca is small 

microsatellite development is much easier and high saturation microsatellites 

maps can be generated in a short time. Since the Fragaria microsatellites show 

high transferability within the genus there are likely to be few breeding barriers to 

interspecific gene introgression. This provides an excellent opportunity for gene 
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transfer among closely related species. As far as transferability within different 

genomes is considered it has been shown through comparative mapping that that 

large chromosome fragments are still conserved across the constituent species 

and evolution within a family has largely been due to chromosome restructuring 

(Dirlewanger et al. 2004; Doganlar et al. 2002; Hsin-Mei Ku 2001; Lukens et al. 

2003). So there is likelihood that microsatellites found in one species can be 

transferred to related species within closely related genera. Transferability can be 

particularly important for those horticultural crops in which detailed molecular 

studies could not be done but could benefit from the development of markers and 

other data obtained from other species (Cipriani et al. 2001). 
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APPENDIX I 

 

Seed Sterilization protocol 

 

• Put seeds in a 1.5ml tube. 

• Add about 1ml of 70% ethanol. 

• Shake the tube gently for 5 min. 

• Discard the solution and rinse with 500 µl of 1% sodium hypochlorite. 

• Discard the solution and add 1ml of fresh 1% sodium hypochlorite. 

• Shake gently for 5 min. 

• Rinse the seeds with sterile water 6 times. 

• Keep the seeds soaked in sterile water overnight. 

• Sow the seed in wet soil the next day. 
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APPENDIX II 

DNA extraction protocol: 
CTAB isolation procedure of total DNA Doyle and Doyle (1987) 

• Use 1.5 g leaf material (remove petiole and large veins). 

• Crush leaves into a fine powder in a mortar & pestle using liquid nitrogen 
(aprox. 50 ml). 

• Add 7 ml warmed “2X CTAB isolation buffer”1 and mix thoroughly. Add 0.4 
g (4% wt/volume) PVP 40 to each sample. 

• Pour the grindate into labeled 50 ml centrifuge tube. Rinse mortar with 3 
ml 2X CTAB isolation buffer and add to tube. 

• Incubate in 60°C water bath. Add 10 ml (or equal volume) 24:1 
Chloroform: Isoamyl alcohol. Invert tube 20 times gently.  

• Spin tube in clinical centrifuge (2500 rpm) for 10 minutes. 

• Take off the aqueous (top) layer using a sterile pipette, and place it in a 
new (sterile) 50 ml centrifuge tube. 

• Add 5 ml (or 2/3 volume) ice-cold isopropanol. Invert tube gently 10 times 
to precipitate DNA. 

• Place tube in a -20°C freezer overnight. 

• Take tube out of freezer, spin in clinical centrifuge 5 minutes (2500 rpm). 

• Gently pour of supernatant. 

• Add 20 ml “wash buffer”2. Gently swirl to break up the DNA pellet. Let it sit 
at room temperature for 20 min of in the refrigerator for up to 2 days. 

• Spin in clinical centrifuge 5 min (2000 rpm). 

• Pour off supernatant, invert tube on paper towel (Kimwipes) to dry excess 
wash buffer. 

• Add 300 µl TE buffer and 6 µl RNAse A (1 mg/100ml). 
 

2X CTAB isolation buffer: 

• Final concentration: 2% CTAB 

• 100 mM Tris pH 8.0 

• 1.4M NaCl 

• 20 mM EDTA 

• Distilled water 
 

Wash buffer (1 L): 

• 13.3 ml 7.5 M ammonium acetate 

• 800 ml 95% ethanol 

• 186.7 ml distilled water 

• (final concentration: 10 mM ammonium acetate, 75% ethanol) 
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