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Objective: 

The visit to East Malling Research was intended to achieve a number of objectives.  The primary 

objective for me was to gain experience in the use of microsatellite (SSR) markers for the analysis of 

Fragaria germplasm for linkage mapping and population genetics studies.  This included experience of 

DNA extraction from Fragaria tissues, the use of PCR protocols for the amplification of SSRs in 

Fragaria – including M13 pigtailing and conventional fluorescent primer PCR – and the generation and 

scoring of SSR data using an Applied Biosystems 3100 Genetic Analyzer.  During the course of the visit, 

I gained experience of the use of SSRs in Fragaria for the purposes of linkage map construction in both 

the diploid and octoploid species of Fragaria, as well as for cultivar fingerprinting and identification, 

and this experience included how data are scored and how datasets are constructed.  I also gained 

experience in the use of programs used to analyze the data generated, including mapping software 

such as Joinmap 4.0 and PAUP.   
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Material and methods: 

Plant material: Two plant populations were used in this STSM. A collection of Fragaria vesca 

accessions sampled in various districts in Norway combined with accessions from the EMR diploid 

Fragaria collection were used in the germplasm survey (Tab 1).  For the linkage mapping work the 

diploid Fragaria reference mapping population (Fragaria vesca [815] x Fragaria nubicola [601]) at EMR 

was used. 

DNA extraction: DNA was extracted from all accessions using the DNeasy plant miniprep kit from 

Qiagen following the manufacturer’s protocol, and diluted to 1-10 ng/µl for the use in PCR. The DNA 

extractions using this kit yields in general DNA concentrations between 10 and 100 ng/µl. Diluting it 

1:10 before PCR will normally result in the desired concentration. 

Primers used: Previously developed primers from EMR’s collection were used in the genotyping of the 

collected accessions (Tab 2). Primers used in the mapping population were derived from fosmids 

containing inserts with strawberry MADS boxes (Tab3). Microsatelittes were first identified using the 

SSR finder tool in GDR (Genome Database for Rosaceae). Subsequently primers for the microsatellites 

were found with Primer3 software. These primer pairs yielded informative amplified microsatellites 

for all the 10 fosmids studied. 

PCR-protocol: Two PCR-protocols were used depending on how the scoring of the amplified fragment 

could be done. Preferably we wanted to score the polymorphisms on agarose (1.2-1.5%) gels as this is 

significantly cheaper than using the capillary electrophoresis. However, this was possible for only one 

primer combination.  The typical reaction setup would for a single 13 µl reaction be 1.25 µl 10x taq 

buffer without magnesium, 0.5 µl 50 mM MgCl2, 1 µl 2.5 mM dNTP, 1.25 µl 2 µM forward primer, 1.25 

µl 2 µM reverse primer, 0.05 µl 5Uµl-1 Taq, 2 µl 1ngµl-1 target DNA, and 5.7 µl dH2O. A typical reaction 

for pigtailing would be 1.25 µl 10x taq buffer without magnesium, 0.5 µl 50 mM MgCl2, 1 µl 2.5 mM 

dNTP, 1.0 µl 0.1 µM forward primer, 1.25 µl 2 µM reverse primer, 1.25 µl 2µM M13, 0.05 µl 5Uµl-1 Taq, 

2 µl 1ngµl-1 target DNA, and 5.7 µl dH2O. 

The PCR machine was run using the following touchdown conditions for the agarose detection system:  

an initial denaturation step of 94 °C (5 min), then 10 cycles of  94 °C (30 s), 55 – 45 °C annealing 

temperature decreasing by 0.5 °C per cycle (45s), and 72 °C (60s), followed by 25 cycles of 94 °C (30s), 

50 °C (45s), and 72 °C (60s), and a final elongation step of 72 °C (7 min).  

The pigtail PCR conditions were as follows: an initial denaturation step of 94 °C (5 min), then 10 cycles 

of 94 °C (30 s), 55 – 45 °C annealing temperature decreasing by 0.5 °C per cycle (90s), and 72 °C (60s), 

followed by 25 cycles of 94 °C (30s), 50 °C (45s), and 72 °C (60s), and a final elongation step of 68 °C 

(8:30 min). 

Scoring of the PCR products:  Scoring of amplified segments was done either on 1.2 TAE agarose gels 

stained in ethidium bromide and photographed in UV light, or with the ABI Prism 3100 semi-
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automated sequencer. In the latter case the data were collected using GENESCAN and allele sizes were 

determined using GENOTYPER. 

 

The various primers used in the population study produced between 4 and 22 bands. These were 

scored as either absent or present for each genotype and subsequently analyzed with PAUP.  In the FV 

X FN F2-population the individuals were scored either parental types or as recombinants. The scores 

were analyzed with JoinMap and the markers annotated to the strawberry reference map. 

For one of the fosmids we had to resort to the use of the BIN-set in order to map it. Most likely the 

problem was the fluorescent label, but there was no time to redo that particular experiment. 

 

Results: 

The results of the cultivar survey is presented in Figure 1. As often is the case with studies like this 

one, significant differences between the accessions 

were not observed. However, as we are in the process 

of developing our own mapping/QTL-populations in 

particular targeting Phytophthora cactorum resistance 

and low temperature tolerance, the distance between 

the genotypes is very informative for us. 

 

 

 

Figure 1. An upgma (unweighted pair group method with 

arithmetic mean) tree constructed using PAUP and the 

microsatellite scores on the accessions indicated in the graph. 

 

 

 

 

The fosmids containing the MADS boxes mapped to various loci on linkage groups 1, 3, 4, 5 and 6. Of 

particular interest was that three fosmids containing the markers, BFFv04-07-01, BFFv05-13-02, and 

BFFv06-18-02 (Figure 2) mapped to the region on linkage group 4 which is homeologus to a region on 

linkage group 1 in peach. Our intention is therefore to proceed studying this apparent conserved 

region and compare it between the two species. 
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Figure 2. The positioning of the ten 

MADS boxes on the consensus 

linkage map. 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusions: 

During my stay at East Malling Research I picked up technology that is important for my future 

scientific work and for collaboration with the European Rosaceae geneticists. This transfer of 

knowledge was generously shared by Dr Daniel Sargent. 

In addition to the technology transfer issue two minor research tasks were completed within the two 

weeks duration of the STSM; getting an indication of the variability within the Fragaria vesca 

germplasm, and anchoring some of the MADS box containing fosmids to the consensus linkage map. 

 

Jahn Davik 08022008 

 

 

STSM visit by Dr Jahn Davik to East Malling Research to the laboratory of Dr Daniel Sargent. 

 

The visit by Dr Jahn Davik to East Malling Reaserch, whilst only two weeks in duration was very fruitful 

for both Dr Davik and myself (Dr Sargent).  In addition to achieving the goals of his mission and 

extending his repertoire of laboratory skills, Dr Davik was also able to generate some extremely useful 

data whilst he was at EMR and these data have contributed to the continued extension of the FV×FN 

diploid Fragaria reference map.  The visit was also and opportunity to discuss the potential for further 

collaboration between EMR and Dr Davik’s group in Norway and the intention is that in future, there 

will be an exchange of germplasm and information between the two groups and the possibility that 

we will work together on a joint project with the University of Clemson, USA to further develop 

structural genomics resources for Fragaria.  I was pleased to host Dr Davik’s visit and would welcome 

the opportunity to continue our collaboration in future through the COST programme. 

 

Dr Daniel James Sargent – 15th February 2008
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Table 1. The diploid strawberry accessions included in the cultivar test. 

Accession Origin Genus Species Subspecies 

FDP601 Pakistan Fragaria nubicola   

NCGR424 Oregon Fragaria vesca bracteata 

FDP821 South Dakota Fragaria vesca americana 

Ljøen Norway Fragaria vesca vesca 

NCGR1603 Bulgaria Fragaria vesca vesca 

Haugastøl Norway Fragaria vesca vesca 

Haugastøl2 Norway Fragaria vesca vesca 

Haugastøl3 Norway Fragaria vesca vesca 

NCGR980 (aka FDP811) Kazakhstan Fragaria vesca vesca   

NCGR1218 unknown Fragaria vesca vesca 

FDP817 California Fragaria vesca californica 

Bukammen Norway Fragaria vesca vesca 

Pevika Norway Fragaria vesca vesca 

Hawaii 4 unknown Fragaria vesca   

Baron Solemacher Germany Fragaria vesca vesca f semperflorence 

NCGR1780 Ukraine Fragaria vesca   

 

Table 2. Characteristics of the primers used in the cultivar study. 

Locus name Fluorochrome 
No of 
bands Forward (5' - 3') Reverse (5’-3’) SSR motif 

EMFn121 FAM 10 GGTCCCTAAGTCCATCATGC GAGTGGATGCAAACATGAGC (GT)12…(GA)9 

EMFn181 NED 27 CCAAATTCAAATTCCTCTTTCC GCCGAAAAACTCAAACTACCC (AG)37 

EMFv104 FAM 11 TGGAAACATTCTTACATAGCCAAA CAGACGAGTCCTTCATGTGC (AG)9 

ARSFL11 NED 11 GCGAAGCATAACTGGCAGTATCTG GCGGGCCTAGGTGATCTTGGA (GA)26 

EMFn182 FAM 8 GCAACAAAGGAGGTTAGAGTCG TGGTGAGTGCTCATTGTTCC (GT)8 

EMFvi166 FAM 11 ACCGACAGCTGAGTTAGAGGAG AGTCATAGGACCCCACTTCAAA (AG)11 

ChFam-023 VIC 10 AGGAGAAGACCGGCTGTGTA TGCCTATAGCTGTGGCTGTG  

EMFn111 FAM 22 GAAGCTCCTCTCACAAAGTTAAGG CCTTTGTTGATGTTGTTGTTGA (AG)25 

EMFn170 NED 10 CAGTTTGCCCAACAACAAGG TTGATGGCAACAAATCACG (CT)9 

EMFvi136 FAM 4 GAGCCTGCTACGCTTTTCTATG CCTCTGATTCGATGATTTGCT (TC)11 

 

Table 3. Characteristics of the primers used in the mapping of the MADS boxes. 

Locus Froward primer sequence (5' - 3')  Reverse (5' -  3')  Product sizes  

BFFv02-26-01 TGTAAAACGACGGCCAGTGACTCGCAAAACAACCTACTCG AGTTTTGATCATTTGGGTGTCC 235/239 

BFFv04-07-01 TGTAAAACGACGGCCAGTCGTTTTGTGTAACCCCTTATGC GCAAGAAATGACGACGATAGG 265/287 

BFFv05_13-02 TGTAAAACGACGGCCAGTTATGGCTCCAGGTAGTTAGTGG CCCTAGAAATTGAGATTGAAGACG scored on agarose 

BFFv06-18-02 TGTAAAACGACGGCCAGTTAATTGCCTGCAGATTACATGG TTGGAAGTTAGAAAAGCACAAGG scored on agarose 

BFFv09-11-02 TGTAAAACGACGGCCAGTTTTTAGTAGAACACATTTTGATCG TTAACCAATAAAACCAACCTTCG 179/183 

BFFv11-05-01 TGTAAAACGACGGCCAGTCAGCCTGTGTTAAGCAATAAGC CTTGAGGTTGAGAAGAGTGACG 155/169 

BFFv14-29-02 TGTAAAACGACGGCCAGTAATACCAAACAGAAGCAAAATCC TTTGAATATGCTAGCTCAAGG 196/207 

BFFv16_07-01 TGTAAAACGACGGCCAGTCGATCTGGTTCTTTACCTCTGC TTGTCCTATCACAGATGTTGTCG 215/221 

BFFv08-26-06 TGTAAAACGACGGCCAGTCTCCAACTCCAGGTACTTCTCC CACTTCATCAAACACATGTTGC 237/247 

BFFv13-10-04 TGTAAAACGACGGCCAGTTCGAAGCCTTAATGATCACC GAAATGCAAAACTGAATCAACG 148/161 
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