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Abstract  
The strawberry is one of twenty most valuable crop plants in the world, it is economically 

viable and a desired commodity of most. The strawberry genus (Fragaria) contains 

considerably few species but only on grows in Iceland, the F. vesca. The plant is the most 

widespread of all strawberry species recently gone through whole genome sequencing.  

The aim of this research was to assess the morphology of the Icelandic strawberry 

population by collecting plants that could represent the whole population, make them 

acclimate in a controlled environment and measure their descriptive characteristics along with 

other types and cultivar for comparison. The second aim was to sequence genome barcodes 

from chloroplast DNA and nuclear DNA. The results were used to construct a phylogenetic 

tree using the Neighbor-Joining method.  

The results indicate some level of biodiversity within the Icelandic population both 

morphologically and genetically. The morphology assessment separates the Icelandic 

populations in two subpopulations and the genetic results to not reject that conclusion.  

Phylogenetic analyses of the nuclear genome barcode cluster the samples with European 

individuals of F. vesca but not the American population. Contradicting, the chloroplast 

genome barcode indicates that a maternal relationship with the American subspecies 

bracteata. 
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Ágrip  
Jarðarber eru ein af tuttugu verðmestu uppskerum heims, þau eru því efnahagslega mikilvæg 

og lostæti að flestra mati. Jarðarberja ættkvíslin (Fragaria) inniheldur tiltölulega fáar tegundir 

og aðeins ein þeirra er talin vaxa hér á landi, F. vesca. Plantan er jafnframt sú útbreiddasta 

allra jarðarberja tegunda og nýlega var allt erfðamengi hennar raðgreint. 

 Markmið þessarar rannsóknar var að meta svipgerð íslenska jarðarberjastofnsins með 

því að koma upp plöntu safni sem gæti verið lýsandi fyrir íslenska stofninn. Rækta þær upp 

við stýrðar aðstæður svo meta mætti svipgerðareinkenni þeirra og bera saman við erlendar 

jarðarberjaplöntur. Annað markmið var að raðgreina strikamerki úr erfðamengi grænukorna 

annarsvegar og kjarnanum hinsvegar. Þær niðurstöður voru svo notaðar til þess að teikna upp 

skyldleikatré með Neighbor-Joining aðferðinni. 

 Niðurstöðurnar leiddu í ljós líffræðilegan fjölbreytileika, að einhverju leyti, í 

stofninum bæði svipfarslegan og erfðafræðilegan. Svipfarsgreiningin greindi í sundur íslensku 

plönturnar í tvo undirstofna og arfgerðargreiningin hrakti ekki niðurstöðurnar. Skyldleikatré 

hópaði íslensku plöntunum sem raðgreindar voru með evrópskum plöntum af sömu tegund en 

einnig F.vesca plöntum af óþekktum uppruna. Niðurstöður grænukorna raðgreiningarinnar 

leiddi hinsvegar í ljós að íslenskar plöntur flokkast með amerísku undirtegundinni bracteata.  
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1 Introduction 

1.1 Strawberry agriculture and history 

In Europe the cultivation of strawberries dates back to the 14
th

 century, more precisely the 

year 1368 when gardener Jean Dudoy planted 1200 woodland strawberries (Fragaria vesca 

L.) in the royal gardens of the Louvre in Paris, by the order of the French king Charles V 

(Darrow, 1966). In the year 1430 John Lidgate wrote a song where the strawberry appears as 

a market commodity on the streets of London. At this time the woodland strawberry and the 

musk strawberry (F. moschata) were the most extensively cultivated strawberries in most 

European countries, exceeding the green strawberry (F. viridis), through the 1600‟s (Darrow, 

1966). In the first half of the 17
th

 century a “new world” strawberry species was making its 

way through European gardens; the Virginia strawberry (F. virginiana), as the name implies, 

came from the east coast of the North-American continent (Darrow, 1966) which is still its 

natural area of distribution (Staudt, 1999). It is uncertain how or when it reached European 

shores but John Tradescant noted a plant with a similar description in his plant collection, 

Figure 1 Strawberry yield 

The Graph shows thousands of tons af strawberries cropped annually in the five top 

strawberry producing countries; U.S.A reigning top world producer of strawberreis cropping 

1,292,780 tonnes  worth $1,754,663,000. 
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which might very well have been F. virginiana (Darrow, 1966). The Chilean strawberry (F. 

chiloensis) has a well-documented history researched and reviewed in The Strawberry; 

History, Breeding, and Physiology by George M. Darrow (1966). A French spy Lieutenant 

Colonel Amédée Francois Frézier was sent by King Louis XIV to South America, missioned 

to observe and report the status of armies, guns, supply routes, fortresses and Indians but more 

importantly he returned to France, in 1714, with six strawberry plants. A type cultivated for a 

long time by the South-American natives, the Fragaria chiloensis. This strawberry species 

had what the other European breeds lacked, size. Rumor spread of a strawberry plant capable 

of producing fruit at the size of a hen‟s egg. Gardeners all-through Europe had difficulties 

observing these enormous berries since the flowers did not pollinate. Unknowingly Frézier 

had brought only female plants and the Chilean being heteroecious, pollination did not 

succeed until planted with F. moschata and F. virginiana. In 1766 the 19 year old Antoine 

Nicolas Duchesne published his book L’histoire naturelle des fraisiers where he describes the 

genus and its “races”. There he mentioned the Fragaria x ananassa and hypothesizes it to be 

a progeny of F. virginiana and F. chiloensis (Darrow, 1966). This has been supported by 

many researches e.g. Rousseau-Gueutin et al. (2009).  

There is not a rich heritage of strawberry cultivation in Iceland as in many European 

countries, such as in France. Strawberries were extra resources for some farmers and peasants 

and some attempts of cultivation of wild plants were described in a book of travels (1752 - 

1757), published in 1771 (Eggert Ólafsson, 1981). 

In 2010 Strawberries were the 18
th

 most valuable crop in the U.S.A. and twentieth 

most valuable crop in Europe. Total production within the top twenty producing countries in 

2010 was 4,366,662 metric tonnes. As Figure 1 clearly represents a dominating mass 

production in the U.S.A. of 1,292,780 t. (FAOSTAT, 2012). In 2012 there were 322,508 t of 

fresh strawberry fruits imported into Iceland alone, worth IKr 315,498,731 CIF (Cost, 

Insurance, Freight, i.e. the cost of produce after import) (Hagstofa Íslands, 2013).  

1.2 Fragaria of Rosaceae 

The Rosaceae is a moderately big plant family of angiosperms containing over 3000 species 

in more than 100 genera, generally featuring fleshy fruits ranking the rose family as the third 

most economically important (Dirlewanger et al., 2002). An example of genera popular on 

western markets are Prunus (peach, apricot), Pyrus (pear), Malus (apple), Rubus (raspberry) 

and Fragaria (strawberry).   
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There are twenty wild species with-in the Fragaria genus (Staudt, 1999), 23 counting 

hybrids (Folta & Davis, 2006) (see Table 1). Commonly named strawberries, they all are 

herbaceous perennials, some evergreen (Staudt, 1999).  Ploidy level in Fragaria species range 

from diploid to decaploid much discovered in 1926 by Longly and Ichijima; with most 

species being diploid with 14 chromosomes (2n = 2x = 14) like the Fragaria vesca L., but the 

commercially important strawberry Fragaria x ananassa Duchesne has 56 chromosomes (2n 

= 8x = 56). According to Rousseau-Gueutin et al. (2009) there are at least 12 diploid species 

within the Fragaria genus. Most species are hermaphrodite but others have separate genders 

(Darrow, 1966; Hancock, 1999). F. vesca is self-compatible and perfect flowered while other 

species can be dioecious or gynodioecious and in America all populations are monoclinous 

(Staudt, 1999). 

 

Table 1 List of strawberry species 
A list of strawberry species and a rough description of their wild area of distribution. Also their 
ploidy level is indicated ranging from diploid to decaploid. Built on Rousseau-Gueutin (2009), 
Hancock (1999) and Staudt (2003). 
 

Name Ploidy Geographical distribution 

F. bucharica Diploid Asia 

F. chiloensis Octoploid South and central America 

F. corymbosa Tetraploid Asia 

F. daltoniana Diploid Asia 

F. gracilis Tetraploid Asia 

F. iinumae Diploid Japan 

F. iturupensis Octoploid/decaploid Japan 

F. mandschurica Diploid Northeast Asia 

F. moschata Hexaploid Europe and Northern Asia 

F. moupinensis Tetraploid South east Asia 

F. nilgerrensis Diploid South east Asia 

F. nipponica Diploid Japan 

F. nubicola Diploid Asia 

F. orientalis Tetraploid East Asia 

F. pentaphylla Diploid South east Asia 

F. tibetica Tetraploid South Asia, Himalayas  

F. vesca Diploid Europe, North America and Northern Asia 

F. virginiana Octoploid North America 

F. viridis Diploid Europe 

F. yezoensis Diploid Japan 

F. x bringhurstii Penta-, hexa- and nonaploid North America 

F. x ananassa Octoploid Europe, America and Asia. Domesticated 

F. x bifera Diploid Europe 
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1.3 Geographical distribution 

 Within the genus of Fragaria there are quite few wild species most of which are 

continentally endemic or confined to smaller area-specific regions, all but F. vesca which has 

the largest geographic range of wild populations and is native throughout the Americas across 

Europe east to the Ural mountains (Hancock, 1999; Rousseau-Gueutin et al., 2009). Holarctic 

distribution of the F. vesca is shown in Figure 2 (Hultén, 1971) and is mostly consistent with 

other research but the map shows a considerable amount of F. vesca east of the Urals and to 

Lake Baikal. Hancock (1999) reviews that F. vesca is spread in a broader sense over Asia, 

across the Bering strait and south to China.  F. vesca is found in all of Europe except the 

Faeroe Islands and Svalbard (Blamey & Grey-Wilson, 1992).     

Figure 2 Distribution of Fragaria vesca 
A holarctic distribution of Fragaria vesca showing two seperated populations the Eurasian and the american. No 

plants are to be found in Greenland and Iceland reamains as the westest boundary of distribtion for the species. 
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1.4 The Icelandic strawberry population 

In Iceland, only F. vesca has been recognized as part of the Icelandic flora (Ágúst H. 

Bjarnason, 1983; Áskell Löve, 1970; Hörður Kristinsson, 2010). As seen in Figure 3 the 

distribution of the Icelandic woodland strawberry is almost circum-costal. The distribution is 

scarce in the North-East as well as in the North-West. Such distribution was described as 

early as 1771 by Eggert Ólafsson and Bjarni Pálsson (Eggert Ólafsson, 1981). From Figure 3 

it can be seen that the Northern population is somewhat isolated from the rest of the 

population by two geographic barriers. 

In Norway five species of Fragaria are considered part of the country‟s flora (F. 

vesca, F. viridis, F. moschata, F. virginiana and F. chiloensis) as well as two hybrids (F. 

vesca x viridis and the F. x ananassa) (Lid, 1952).  

The Icelandic F. vesca is commonly named villijarðarber meaning wild-strawberry. In 

all literature used in this research the Icelandic population is simply referred to as Fragaria 

vesca L. and not distinguished further into a more specific taxon. In 1970, Löve describes the 

plant with runners, white flowers and hairy leafs with three leaflets. Which is consistent with 

Bjarnason‟ (1983) description but Löve (1970) adds; achenes are level or below surface. The 

calyx has a weak adherence to the fruit. Both Bjarnason and Löve agree that the Icelandic F. 

vesca flowers in June, neither one mention perpetual or seasonal flowering.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Distribution of strawberries in Iceland 
A Map of Iceland showing known locations of strawberry plants (Fragaria vesca). No plants are found in 

the north east and the plant is rare in the north west. Some geographic barriers are therefore restricting 

further distribution of the plant to link the north cluster two the rest of the population.  
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Stefánsson (1948) gives a detailed description of the F. vesca: 

 

Pedicel 4-18 cm in height, upright and single flowered or branched at top, 

fine pubescence and with or without leaves. Long petiole with dense 

pubescence, attitude of hairs outwards. Leaflets with sparse pubescence on 

top but dense under, especially on young leaves. Leaflets are oval-shaped 

serrate and terminal tooth usually as long as the side teeth. Runners from 

base long and thin propagate new plants. Flowers quite big, pedicels with 

adjacent pubescence. Sepals horizontal or upright when fruit is ripe. Petals 

white, egg-shaped or nearly rounded, longer than the sepals. Fruit is bright 

red and achenes level or below surface. 

 

Noteworthy is the mentioning of a F. collina, which was thought to grow in Iceland. The plant 

is separated morphologically from F. vesca with an inserted calyx and the terminal tooth of 

the leaflets is much shorter than the teeth on the side (Stefán Stefánsson, 1948).  

There is only a single mentioning of a Fragaria species in Grönlands flora (e. Flora of 

Greenland) by Tyge W. Böcher (1966) that says it has been cultivated in gardens. An inquiry 

of new species discovered or introduced in Greenland since then has not revealed that F. 

vesca or any other Fragaria species is growing wild in Greenland, as depicted in Figure 2. 

Lid (1952) describes the F. vesca, in his book Norway‟s flora (no. Norsk flora), with sepals 

touching, calyx without pubescence and weak adherence of the fruit to the calyx, other 

descriptors are much the same as previously mentioned.  

Another diploid strawberry, F. viridis, is found growing wild throughout the most of 

Europe. This species shares great similarities with F. vesca but fruits are described as green or 

pink when ripe (Blamey & Grey-Wilson, 1992; Hancock, 1999; Lid, 1952). This plant which 

is endemic to Euro-Siberia, is not mentioned to belong to the American flora (Staudt, 1999). 

Commonly called “green strawberry” F. viridis has bigger flowers often green or yellow and 

overlapping pedals (Hancock, 1999). The plant has fewer runners than F. vesca and the 

terminal tooth is shorter to the serration on the side. The fruit will adhere to the calyx. Hybrids 

between the two (F. vesca x viridis) are said to occur in the east of Norway and the synonym 

for F. viridis is F. collina, interestingly enough (Lid, 1952).   

The progeny of F. viridis and F. vesca is called F. x bifera and can be distinguished 

from its progenitors by a basepair length difference in the adh gene and also some 

morphological characteristics such as the type of branching runners.  
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F. vesca is distinctively separated into four subspecies; vesca, americana, bracteata 

and californica all of which are hermaphroditic with the exception of some bracteata plants 

which were found to produce no pollen grains and have achenes below surface, sometimes 

deeply embedded into the fruit (Staudt, 1999).  

The subspecies vesca is comprised of five forms generated by Staudt (1999).  Key to 

infraspecific taxonomy of the F. vesca is listed in appendix A. 

The taxa may seem complex, Staudt (1999) points out but adds “Grouping these taxa 

together would reduce problems in identification of plant material, but it would ignore our 

knowledge about the variability within the species and important patterns of evolution.”  

The Fragaria vesca subspecies americana does not differentiate significantly from the 

subsp. vesca. Their most distinguished morphological divergence is conic fruit versus 

globuse, respectively. Also Staudt (1999) reasons, that the two populations are divided 

geographically. Separation of the two subsp. bracteata and vesca was supported in a 

phylogenetic analysis (Njuguna, Liston, Cronn, Ashman, & Bassil, 2013) and analysis of low 

copy nuclear genes separated subsp. vesca and americana (Rousseau-Gueutin et al., 2009).  

1.5 Phylogeny  

Based on an analysis of chloroplast DNA (cpDNA) and nuclear DNA (nDNA), F. vesca is the 

closest diploid relative to the octoploid F. x ananassa according to Potter et al. (2000). F. x 

ananassa is a hybrid of the octoploid species Fragaria virginiana and Fragaria chiloensins, 

two species that are endemic to the Americas (Hancock, 1999; Staudt, 1999), which were 

coincidently crossed in European gardens in the 1700‟s (Darrow, 1966). Analysis on two low 

copy nuclear genes DHAR and GBSSI-2 revealed that the evolutionary origin of both F. 

virginiana and F. chiloensis are from F. iinumae and F. vesca (Rousseau-Gueutin et al., 

2009). Studies on cpDNA indicate that F. vesca, together with F. mandshurica,  is a maternal 

ancestor of F. x ananassa (Potter et al., 2000; Rousseau-Gueutin et al., 2009).  

1.6 Species identification using the barcoding method 

For centuries biologists have been relying on morphological diagnosis to discriminate the 

diversity of organisms. The use of DNA sequencing for species discrimination and refinement 

is a modern method for taxonomic studies where certain DNA sequences are used as a code 

for each individual species. This approach has been termed genetic barcoding. A 15bp 

sequence gives a statistical opportunity for 1 billion codes (4
15

) which seems extreme 

especially when compared to the suggested length of 800bp (4
800

) for universal genetic 
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barcodes (Rubinoff, Cameron, & Will, 2006). But of course there is no such variability within 

organism when comparing the same genome regions. Barcoding can be described as a method 

to validate assigned species and actuate the discovery of new ones (Hebert, Cywinska, Ball, & 

deWaard, 2003).  

For accurate identifications using DNA barcoding there needs to be great variation in 

the designated barcode between species and little or none with in them (Moritz & Cicero, 

2004), but the genomic regions must also feature adequate sequence length to enable DNA 

extraction and PCR amplification, thirdly universal primers depend on conserved flanking 

sites (Kress, Wurdack, Zimmer, Weigt, & Janzen, 2005). DNA barcoding supplies many 

possibilities for taxonomists in their research e.g. to determine unidentifiable plant material to 

a species, from material such as herbivore excrements or even ancient fecal matter (Poinar et 

al., 1998). 

Njuguna (2010) concluded that barcodes are not sufficient in evaluating infraspecific 

genetic variation but rather interspecific variation not only to determine congeneric species 

but even individuals of different families. Hebert et al. (2003) utilized the cytochrome c 

oxidase I (COI) as a genetic barcode for  the animal kingdom. This mitochondrial DNA 

(mtDNA) region was effective diagnosing 260 bird species in North America proposing four 

previously unidentified species since genetic diversity between species was 18 times higher 

than with in species (Hebert, Stoeckle, Zemlak, & Francis, 2004). Although functioning as  a 

barcode in animals the COI is not adequate in land plants because of its limitations in variance 

(Chase et al., 2005) and low rate of sequence mutations (Kress et al., 2005).  

Therefore new barcoding regions were proposed for land plants, plastid genome could 

be for plants what mtDNA is for animals, regarding phylogenetic research (Kress et al., 

2005). Chloroplast DNA (cpDNA) generally has a slow rate of evolution (Wilson, Gaut, & 

Clegg, 1990), nucleotide substitutions are comparatively rare and consequently give rise to 

the opportunity of phylogenetic studies (Clegg, Gaut, Learn, & Morton, 1994). Candidate 

barcode regions are e.g. rbcL, trnL-trnF, matK, ndhF, atpB and rbcL all plastid loci (Kress et 

al., 2005). Locus rbcL was suggested as a barcode for land plants to resolve congeneric 

species yet described as imperfect as a barcoding region for all plants, but sufficient for 

mosses (Newmaster, Fazekas, & Ragupathy, 2006). Kress et al. (2005) explain that the rbcL 

region shows less variance than the nrITS and psbA-trnH loci‟s thus not applicable for 

infrageneric taxonomy research, conversely the results of Njuguna (2010) showed limited 

variance in the psbA-trnH region and therefore not applicable as a barcode for Fragaria, at 

least. When compared with other plastid regions psbA-trnH proved most suitable as a barcode 
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for plants, having high interspecific variance value and successful primer binding sites (Kress 

et al., 2005). Hence, Kress et al. (2005) suggested that psbA-trnH together with a nuclear 

sequence (nrITS) would suffice as DNA barcodes for plants. However the psbA-trnH region 

grouped most species of Fragaria into a monophyletic group; distinguishing only two species 

F. nilgerensis and F. bucharica from the total of 23 species sequenced which were all 

grouped monogeneric but separated from the out-group Potentilla (Njuguna, 2010). The 

plastid regions IRB11 and IRB14 were suggested by Njuguna (2010) but the amplifications 

and sequences turned out insufficient for further analyses and publication. 

The nuclear ribosomal cistron 18S-5.8S-26S; internal transcribed spacer (nrITS) is one 

of the most frequently sequenced DNA for phylogenetic research (Alvarez & Wendel, 2003). 

The nrITS presented greater phylogenetic resolution both for Njuguna (2010) and Potter et al. 

(2000) than corresponding cpDNA. Although nrITS could not distinguish all species of 

Fragaria from one another it still distinguished the European vesca from the American vesca 

population (Njuguna, 2010).  

By locating the IRB11 region on F. vesca subsp. vesca (JF345175) (Shulaev et al., 2011) 

its BLAST search resulted in many corresponding organisms especially of Rosaceae and 

amongst the Fragaria species another vesca but designated subsp. bracteata (accession 

JQ396171) (Njuguna et al., 2013). The difference between these two subspecies molecularly 

in the IRB11 barcode region is proved to be two fold. The ssp vesca has two short sequence 

repeats. Designating the first base of the forward primer as base one the repeats are located at 

bases 54-58 (CCTCA) and at 615-622 (AATTCAAT).  

Some barcoding advocates have argued that the method is not adequate for phylogeny 

research but rather only identifications (Rubinoff et al., 2006).    

1.7 Genetic research for cultivation. 

The genome of F. vesca is one of the smallest of all cultivated crop plants (Shulaev et al., 

2008), its 240 Mb size (revised from 164 Mb (Sargent et al., 2004)) makes an interesting 

option for further genomic research and as a possible model for the Rosaceae (Sargent et al., 

2006; Shulaev et al., 2008, 2011; Weebadde et al., 2008). Other Fragaria species hold 

promising traits for selective breeding such as abiotic-stress tolerance and acclimation or pest 

and disease resistance (Shulaev et al., 2008). Eight sets of chromosomes and a number of 

different progenitors (Rousseau-Gueutin et al., 2009) make F. x ananassa an intricate species 

for genetic research (Shulaev et al., 2011). F. vesca is an obvious surrogate and can serve as 
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an important model for functional genomics research in the Rosaceae (Oosumi et al., 2006; 

Sargent et al., 2004) and especially F. x ananassa (Weebadde et al., 2008).  

The much studied genus Arabidopsis does not give chance on fruit development and 

ripening research but Fragaria on the other hand does (Shulaev et al., 2008). 

Genetic linkage maps have been constructed for both diploid (Davis & Yu, 1997; 

Sargent et al., 2004, 2006; Shulaev et al., 2008) and octoploid strawberries. MAS (Marker 

Assisted Selection) breeding programs for the crop strawberry F. x ananassa are underway 

(Shulaev et al., 2008).  

The morphological traits seasonal or perpetual flowering is inherited in Mendelian 3:1 

ratio, respectively. This trait was positioned to a distance of 18 cM to another trait of pale 

green leaves which also seems to be recessive in inheritance (Sargent et al., 2004). Research 

on day neutrality and short day plants using quantitative trait loci (QTL) indicated that the 

inheritance of day-neutrality, a commercially important trait, is a polygenic trait. None of the 

QTL used revealed reasons >36% variation in phenotypes of the F. x ananassa used in the 

experiment (Weebadde et al., 2008). 

F. vesca is frequent in cold climate but has resistance to heat and drought. F. vesca 

shows resistance to powdery mildew, verticillium wilt and crown rot (Hancock, 1999). 

1.8 Genetic diversity and small populations 

As the number of species on the planet decreases and population sizes deteriorate an 

imminent reduction of biodiversity will result if not intervened by human interaction. Direct 

or indirect human factors such as pollution, over exploitation and habitat loss are major 

contributing effects to species extinction and relentless loss of variation. Small populations 

are more susceptible to genetic drift leading ultimately to populations of lower genetic 

diversity which are more receptive to pests and diseases and other stochastic effects 

(Frankham, Ballou, & Briscoe, 2010). 

A worldwide decrease in genetic diversity of natural wild-growing Fragaria species 

has been reported (Staudt, 1999) and genetic drift from small populations and gene flow from 

cultivated strawberries to wild populations (Schulze, Stoll, Widmer, & Erhardt, 2011). 

Therefore genome research on strawberries are essential for salvation of possible rare and 

novel genetic material and described as an “urgent need” (Staudt, 1999).  This is in accord 

with the conclusions of an expert committee on global conservation of strawberries which 

suggests preservation of wild populations before their imminent loss (Hummer, 2008).  
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High ploidy level species naturally show a greater genetic diversity than diploid plants 

(Comai, 2005). Diploid and octoploid hybrids, on the rare occasion identified, have proven to 

be pentaploid and completely sterile (Staudt, 1999).  Gene flow from F. x ananassa to F. 

vesca was non-current in samples inspected in 2007, 2008 and 2010, indicating that hybrids 

between the two are rare, at best. Hybrids are perceivable and manageably hand-crossed 

(Schulze et al., 2011).  
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2 Aims of study 

The main objectives of this study were twofold: 

1. Assess and measure phenotypic characterizations within and between Fragaria 

populations collected to represent the overall Icelandic populations and deduct 

variance and phenotypes. 

2. Isolate DNA from the collected plants and amplify DNA regions noted as 

barcodes. Sequence the amplicons and compare the results of molecular 

diversity within the Icelandic population and plants of the same species and 

different species from neighboring countries.  

From those results the aim is to evaluate the diversity within the Icelandic population, 

whether it forms a monophyletic group or branches into different sets of clusters. The ultimate 

aim is to predict closest relatives of the Icelandic population and identify subspecies and 

forms therein. 
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3 Materials and methods 

3.1 Plant collection 

Plants were collected in various locations as seen in Figure 4 and listed in details in Appendix 

C.  Northwest and northeast Iceland have none or sparse distribution of strawberries  

 

according to Hörður Kristinsson (2010). Floral maps covering the geographical distribution of 

wild strawberries in Iceland were used to find plants from selected sites. In spring and early 

summer of 2012 strawberry plants were collected from various places in Iceland as seen in 

Figure 4. Plants were located and collected within a short range (within a natural colony) and 

Figure 4 Location of 

sample collection 

The legends on the 

map are locations from 

where plants were 

collected. The enlarged 

area has a denser 

collection and is 

therefore enlarged. The 

HRV legend also has a 

somewhat dense 

collection but is not 

depicted further. 

Locations and samples 

of each location is 

listed in appendix C. 
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between longer distances (between colonies) to generate a good representation of the overall 

population. Thus diversity or lack of it could be assessed within local populations as well as 

between them. Colonies of plants found were estimated in size and if they seemed to tolerate 

disturbance, plants were excavated, tagged and bagged. Some which did not survive the 

journey back to the experimental station into potting soil, were consequently were not 

permanently tagged. Plants that perished later in the experiment occupy a tag number but are 

no longer part of the collection (except specimen 057 which was part of the phenotypic 

characterization). Plant number 057 also produced seeds of which plants are alive and well 

and a tissue sample of 057 was also collected for DNA isolation and PCR processing. 

Each plant was potted in a 0.5 liter plastic pot containing peat moss (sphagnum) mixed 

with pumice. Each plant received two dozes (ca. 10g each) of fertilizer (Blákorn, 12-12-14) 

during the active growing season. The greenhouse provided was unheated and not equipped 

with supplementary lighting. The roof provided a semi shade causing the environment to be 

temperate.  

As reference material, woodland strawberry accessions from North America, Europe 

and Asia were ordered from the USDA but not characterized alongside the Icelandic material 

since they had not acclimatized in time for measurements. 

 

 

3.2 Phenotypic characterization  

Phenotypic characters were assessed after six weeks of acclimation. The assessment trial 

started in mid-July of 2012. Descriptors were based on Icelandic botanical keys, taxonomic 

studies of Staudt (1999) and UPOV guidelines (2008). Phenotypic characters that were 

assessed are listed in Table 2. Parts of plants that were used for the assessment and 

measurements were most descriptive of the plant to the assessor and only young but fully 

developed plant parts were evaluated. Plants in the collection were made anonymous by 

number tags and were not assigned to groups or locations in the greenhouse to avoid bias the 

evaluation process and eliminating conscious or unconscious favoritisms. 
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Table 2 List of phenotypic characteristics 
A complete list of all phenotypes assessed and measured. The characters are listed with abbreviations 
in brackets and the grades explained for each characteristic.  

Reproductive characteristics Grades and units of measure 
Blossom (Blo) No = 0 Yes = 1   

Continuous flowering (Con) No = 0 Yes = 1 
 Runners (Run) No = 0 Yes = 1 
 Density of pubescence runners (Dpr) Sparse =1 Medium =5 Dense = 9 

Density of pubescence pedicel (Dpf) Sparse =1 Medium =5 Dense = 9 

Attitude of pubescence runners (Apr) Downwards = 1 Horizontal = 5 Upwards = 9 

Attitude of pubescence pedicel (Apf) Downwards = 1 Horizontal = 5 Upwards = 9 

Arrangement of petals (Aof) Free = 1 Touching = 5 Overlapping = 9 

Color of flower (Cof) White = 1 Green = 2 Pink = 3 

Stamens (Sta) Absent = 0 Present = 1 
 Attitude of sepals (Aos) Downwards = 1 Horizontal = 5 Upwards = 9 

Number of petals (Nop) Total number 
  Length of fruit (Lof) mm 
  Width of fruit (Wof) mm 
  Shape of fruit (Sof) Reniform = 1, Conical =2, Cordate = 3, Ovoid = 4 Cylindrical = 5  

- Rhomboid = 6, Obloid = 7, Globuse = 8 , Wedged =9 

Color of fruit (Cfr) Red =1 Pink = 5 White = 9 

Glossiness of fruit (Gof) Weak = 1 Medium =5 Strong = 9 

Position of achenes (Poa) Below surface = 1 Level with surface = 5 Above surface = 9 

Position of calix (Poc) Below surface = 1 Level with surface = 5 Above surface = 9 

Adhesion of fruit to calyx (Afc) Weak = 1 Medium =5 Strong = 9 

Pubescence on calyx (Poc) Absent = 0 Present = 1   

Branching runners (Brr) No = 0 yes = 1 
 Vegetative characteristics       

Attitude of pubescence Petioles (App) Downwards = 1 Horizontal = 5 Upwards = 9 

Density of pubescence petiole (Dpp) Sparse =1 Medium =5 Dense = 9 

Density of pubescence leaves (Dpl) Sparse =1 Medium =5 Dense = 9 

Length of terminal leaflet (Lel) mm 
  Width of terminal leaflet (Wel) mm 
  Tone of green (Tog) Pale = 1 Medium = 5 Dark = 9 

Glossiness of leaves (Glo) Weak = 1 Medium =5 Strong = 9 

Shape of terminal leaflet base (Slb) Acute = 1 Obtuse = 5 Rounded = 9 

Serration (Terminal leaflet) (Ser) Serrate =1 Serrate/crenate = 5 Crenate = 9 

Blistering on leaf (Bls) Absent = 1 Medium = 5 Strong = 9 

Position of terminal serrate (Pts) Short = 1 Medium = 5 Long = 9 
 

The plants were assigned to groups by geographic assessments. Plants from the north were 

sorted separately from the rest. The data was first analyzed by means of a frequency count. 

Then Fisher t-test was conducted to find a significant difference of means between groups. A 

chi square test was used to verify the results of the Fisher test and test the significance by 

comparing frequencies and not means. All statistical calculations for the phenology 

assessment were carried out in SAS Enterprise Guide (ver. 4.2). 
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3.3 Laboratory procedure 

3.3.1 Plant tissue collection 

Plant tissue was collected during active vegetative growing season. The youngest plant leaf 

available was cut off and put in a 1.5ml Eppendorf tube and kept in liquid nitrogen (LN) until 

placed in a storage freezer at -80°C. Plant tissue amount was aimed at 100 – 200 mg wet 

weight. Whilst optimizing the DNA extraction, plant tissue formation and characteristics 

seemed to be the controlling factor in resulting DNA extracting yield i.e. younger plant tissue 

yielded more DNA then older tissue (NucleoSpin, 2010). 

3.3.2 Homogenization protocol 

Plant tissue was homogenized using several methods. Homogenization using a mortel 

(Sambrook, 2001) proved to give good yield of DNA but proved both time consuming and 

used up too much LN and was thus deemed an insufficient method for preparing many 

samples for DNA isolation. 

The protocol was ultimately optimized using a mixer mil as follows. Tubes 

(containing plant tissue sample) were semi filled with 1.5mm in diameter steel balls (Retsch) 

and frozen in LN. Precooled cylinders fitted 10 Eppendorf tubes and were placed in a MM 

200 mixer mill (Retsch), vibrated for two minutes at the frequency of 30/sec. 

3.3.3 DNA isolation 

DNA was extracted from all samples using Nucleospin ® plant II protocol (Macherey-Nagel 

GmbH & Co. KG, Düren, Germany, 2010). All carryover of solutions was performed with 

manual pipets of appropriate size (Gilson Inc.). Incubations were carried out in a dry block 

heating thermostat Bio TDB 100 (Biosan Inc.). Solutions were mixed in a Multi-vortex V-32 

(Biosan Inc.) Samples were spun down in a Universal 320 (Hettich holding GmbH & Co.) 

After homogenization 400µl of PL1 lysis buffer was added to the 1.5ml Eppendorf 

tube containing steel balls and the homogenized sample, and then mixed by vortex. After 

adding 10µl refrigerated RNAase the mixture was mixed thoroughly by vortex; then 

incubated at 65°C for 30-60 minutes (Which led to a substantially higher yield than the 

suggested 10 minutes). After incubation the sample solution was centrifuged for 2 min at 

11000 x g to clarify the crude lysate. The clear flow-through was collected and mixed with 

450µl PC buffer, solutions were mixed in the collection tubes by pipetting up down 

approximately five times in order to adjust DNA binding conditions. A total of 700µl was 

loaded into another filter column and the sample centrifuged for 1 min at 11000 x g. Next step 
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was to wash the silica membrane and all flow through discarded since the DNA was bound in 

the membrane. 400µl of PW1 wash buffer was added to the column, centrifuged for 1 min at 

11000 x g and the flow through discarded. Then 700µl of wash buffer PW2 was added to the 

column, centrifuged for 1 min at 11000 x g and the flow through discarded. For the third and 

final wash 200µl of PW2 was placed in the column and centrifuged for 2 min at 11000 x g in 

order to dry the silica membrane completely preventing salt or ethanol contamination in the 

final produce. The spin column was then placed into a 1.5ml Eppendorf tube, 50µl of 

preheated (65°C) PE elution buffer was added and then incubated for 5 min at 65°C before 

centrifuging for 1 min at 11000 x g. This final step was repeated once more before the 

samples were stored at -20°C.  

Eluted DNA yield in a total of 100µl PE buffer was estimated by running 2µl/100µl, 

mixed (on a plastic film) with 2µl of 6x loading dye, on 0.85% agarose gel. Agarose gel was 

made up of 100ml 1 x TAE buffer pH 8.5 and 850mg of agarose electrophoresis grade, after a 

thorough shake the solution was brought to boil in a microwave at 350W for 3 minutes. The 

liquidized gel was then let to cool below approximately 60°C, stained with 2µl of 

SYBR®safe (Invitrogen) and casted into a gel containing a 38 well comb.  

Samples were then categorized with grades according to the estimated yield. 

According to the manual 100mg wet sample should yield to 3µg of high quality DNA from A. 

thaliana. Its genome is 164Mb and F. vesca genome is 240Mb (Shulaev et al., 2011) the total 

µg of actual DNA substance can be estimated at a similar quantity. DNA samples that showed 

highest DNA yield were estimated to be about 350µg/100µl when referred with the DNA 

extraction kit manual. Those samples were prioritized in the next step of amplifying the 

selected barcode regions of the DNA. 

All electrophoresis was conducted using EC135-90 (Thermo electron corporation), all 

images of DNA fragments in gel were captured using ImageQuant 300 (GE healthcare) 

cabinet and software. The runs were executed at 300 milliamps, 90V for 45min.  

3.3.4 Primers and PCR amplification 

Primers were chosen to amplify three cpDNA regions and also the nrITS total of four primer 

pairs. Nucleotide sequence of primers is illustrated in Table 3.   

The polymerase chain reaction (PCR) was performed and optimized at the following 

conditions: denaturation step 95°C for 1min then 35 cycles of 95°C for 15sec, annealing 

temperature at 55°C for 15sec and the polymerization step at 68°C for 1min 20sec follows by 

a final extension period of 72°C for 7min then the solution was cooled to 4°C until stored in a 



 
18 

fridge at the same temperature or brought to the next step. The reaction was carried out  in 

50µl volume containing 17.5ng template DNA in a 0.5µl solution, 2 x Tag Master Mix (New 

England Bio labs Inc.) and 10µM of each primer the solution was then topped up with sterile 

H2O (Sambrook, 2001). All PCR reactions were performed in Veriti 96 well thermal cycler 

(Applied Biosystems). The solutions were loaded into a 150ml 1.5% gel casted with 22 wells. 

This was done in order to load all the PCR solution into the gel for electrophoresis.  

 

Table 3 List of primers used for PCR 
Regions are designated to genomes in the table and the sequences to each primer pair 
listed. The lenght of amplicons is estimated from the fully sequenced genome of F. 
vesca subsp. vesca (Shulaev et al., 2011). 

Barcode region Genome Primer sequence Lenght 

IRB11 Chloroplast 
F: AATCGGACCTGCTTTTTACATATCTC 

~1200  
R: CGGATGAAATGAAAATTGGATTCATG 

IRB14 Chloroplast 
F: TACGTCAGGAGTCCATTGATGAGAAG 

 ~1200 
R: AATATGGCTTTCAAATTAAGTTCCGA 

nrITS Nuclear 
F: CCTTATCATTTAGAGGAAGGAG 

 ~700 
R: TCCTCCGCTTATTGATATGC 

 

3.3.5 Gel extraction and sequence submission 

All DNA was extracted from agarose gel according to user manual NuceloSpin ® Extract II 

(Macherey-Nagel GmbH & Co. KG, Düren, Germany, 2010). Gel slices were weighed in-tube 

and then 200µl of buffer NT per 100mg of gel was added to the slice containing tube and 

incubated at 50°C for at least 10 minutes, vortex occasionally. Next step was carried through 

only when the gel slice had been dissolved completely. Meanwhile 700µl spinning columns 

were placed on 2 ml collection tubes and the slice mixture added once liquefied and 

centrifuged for 1 min at 11000 x g. Flow through was discarded since the DNA should have 

bound in the column silica membrane.  If the dissolved gel slice mixture mounted to more 

than 700µl then the second step was repeated until all the sample had flown through the spin-

column. The silica membrane was washed with 700 µl of buffer NT3 and centrifuged for 1 

min at 11000 x g. The flow-through was discarded and the empty column and collection tube 

were placed in the centrifuge for 2 min at 11000 x g in order to dry the silica membrane 

completely and prevent any carryover of undesired chemicals. The spin-columns were then 

placed in new 1.5ml Eppendorf tubes after making certain that the columns were dry in and 

out. 50 µl of NE elution buffer was preheated to 70°C and left on the silica membrane for 2 

minutes before centrifugation for 1 min at 11000 x g (as suggested in the trouble-shooting 

chapter of the manual to maximize DNA yield).  
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To estimate the gel extraction performance 2µl of eluted DNA mixed with 2 µl 6x 

loading dye were tested on 1% agarose gel before sequence submission. Each sample was to 

be sequenced in two parts so 15 µl of DNA amplicons sample were placed in two 1.5 ml 

Eppendorf tubes adding 2 µl of 10 pmol primer, forward primer in one and reverse in the 

other, totaling to 17 µl. This is in accordance with the instructions of Eurofins MWG Operon 

that conducted the sequencing. All tubes were tagged with a barcode sticker and correlated 

with the primer and plant sample tag. 

At first only 45µl of elution buffer was used to elute DNA attempting to maximize the 

DNA concentration to optimize sequence performance. After 5 µl were used for gel 

electrophoresis 40 should have sufficed for the 30 that was needed for sequence submission. 

Such was not always the case. Drop of elution buffer sometimes stayed behind on the rim of 

the silica filter membrane and some of the solution adhered to the tube.  

3.3.6 Sequences alignment 

All sequences were uploaded into Geneious 6.1 (created by Biomatters, available from 

http://www.geneious.com/).  The longest sequence was used to perform a BLAST search in 

the NCBI database (http://www.ncbi.nlm.nih.gov/). From those results a sequence from the 

fully sequenced genome of F. vesca subsp. vesca (accession no. JF345175) (Shulaev et al., 

2011) was used to located the each target region. After aligning the sequences together the 

primer pairs were located on JF345175 thus finding the target region. 

 After locating the IRB11 region on F. vesca subsp. vesca (JF345175) (Shulaev et al., 

2011) the assigned primers were located via sequence search. The rest of the cpDNA was then 

clipped away from the F. vesca subsp. vesca (JF345175) and used as such for alignment. 

Sequence results from the Icelandic population were compared to the Fragaria species in the 

database. 

Scrambled and inaccurate nucleotide sequences were clipped off. A BLAST search of the 

target region copied from F. vesca subsp. vesca (JF345175) resulted in a variant group of 

organisms. Species of the Fragaria genus were aligned with the result fragments and a 

phylogenetic tree constructed using the neighbor joining method (Saitou & Nei, 1987).  

Potentilla was selected as an out-group to root the tree since it is a known close relative 

(Eriksson, Hibbs, Yoder, Delwiche, & Donoghue, 2003; Lundberg, Töpel, Eriksen, Nylander, 

& Eriksson, 2009). Other studies on Fragaria have used Potentilla as root e.g. (Njuguna, 

2010; Potter et al., 2000), when not available Prunus persica was used after a detailed 

comparison to F. vesca by Shulaev et al.(2011). 

http://www.geneious.com/
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 Sequences were aligned using global alignment with a cost matrix of 65% similarity. 

The phylogenetic trees were built using the Neighbor joining method with the genetic distance 

model of Tamura-Nei. The support threshold was set at 50% creating a consensus tree of 100 

replicates with the random seed of 936,058. 

 Plants that were used as reference and comparison are listed in Appendix C.  
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4 Results 

4.1 Results from the morphological assessment 

4.1.1 The phenotype of the Icelandic F. vesca 

The phenotypic data collected was assessed separately; vegetative characteristics on 

one hand and reproductive characteristics on the other and are categorized accordingly. In 

Table 4 most results of descriptors for the Icelandic population only are listed and the 

frequency given as a proportion of a 100. Key to descriptor codes can be found in Table 2. At 

first glance it can be seen that there is diversity within the population, all characteristics 

except app (attitude of pubescence on pedicel) and dpp (density of pubescence on pedicel) 

show at least some level of diversity. Missing characteristics that were assessed include 

runners, 85 plants produced runners as well as a foreign variety named „runnerless‟.  

 

Table 4 Frequency of characteristics for the Icelandic population 
Frequencies of grades within each characteristic in percentages only displaying the Icelandic 
population as a whole.  Noteworthy is the lack of diversity in variables App (Attitude of 
pubescence on petiole) and Dpp (Density of pubescence on petiole). 

Reproductive characteristics  

  Dpr Dpf Apr Apf Aos Gof Poa Poc Afc 

1 23,38 19,23 0 30 50 28,57 0 19,05 9,52 

5 72,73 46,15 13,24 65 50 61,9 38,1 80,95 80,95 

9 3,9 34,62 86,76 5 0 9,52 61,9 0 9,52 

Vegetative characteristics 
  App Dpp Dpl Tog Glo Slb Ser Bls Pts 

1 0 0  0 7,14 23,21 96,43 96,43 91,07 8,11 

5 100 100 89,38 72,32 71,43 3,57 3,57 8,93 88,29 

9 0 0 10,62 20,54 5,36 0 0 0 3,6 

 

 

Observing the collected data some colonies of plants were morphologically different from the 

rest. Some showed a stronger tone of green and others had longer leaves and deeper 

serrations. For example the plants noted as BTN had very long leaves and a very long 

terminal serrate. To analyze this difference further the sub-populations was separated into 

groups. Plants collected from the North side of the island were categorized into one group and 

another group of all the plants from the rest of the Island. This fragmenting is in accordance to 

a previous interpretation of Figure 3. For comparison F. x ananassa and foreign vesca were 

listed as out-groups. Table 5 lists the same descriptors without dpp, app, dpr, gof and afc (key 
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to codes in Table 2) since they did not meet the criteria of divergence. Fisher‟s T-test for least 

significant difference (LSD) (P <0.05) was conducted alongside the frequency table. Results 

show that some descriptors differentiate the groups significantly. Descripoter coded dpf, glo, 

slb, bls and pts separate the two Icelandic populations.  

The results from the Fisher test were used as guides for further statistical analyses 

using a chi-squared test only between the two Icelandic groups and the descriptors that 

indicated significant difference according to the Fishers test results. 

 

 

Table 5 Frequency of descriptors divided amongst groups and LSD of averages 
List of descriptors viable for statistical analyses. The numbers are percentages for each grade. 
Groups are four, plants collected in the south and west of Iceland (A) and Icelandic plants 
collected in the north (B), one clone of the F. x ananassa (C) and a group of foreign vesca plants 
(D). Significant difference between groups are signified by a bold letter of the group which is 
significantly different by a Fishers test of least significant difference (P <0.05). 

  
South&West 

population (A) 
Northern population 

(B) 
F x. ananassa 

(C) 
Foreign varieties of 

F. vesca (D) 

Dpr         

1 25,93 17,39 0 0 
5 72,22 73,91 100 100 
9 1,85 8,7 0 0 

Dpf B A D - B 

1 41,67 0 0 60 
5 33,33 57,14 0 40 
9 25 42,86 0 0 

Apr D D D A B C 

1 0 0 0 50 
5 10,2 21,05 20 0 
9 89,8 78,95 80 50 

Apf         

1 42,86 23,08 0 0 
5 57,14 69,23 0 100 
9 0 7,69 0 0 

Aos D D - B D  

1 0 0  0 50 
5 57,14 45,45 0 50 
9 42,86 54,55 0 0 

Poa         

1 0  0 0 0 
5 37,5 38,46 0 100 
9 62,5 61,54 0 0 

Poc         

1 25 15,38 0 0 
5 75 84,62 0 100 
9 0 0 0 0 

Brr D   
 

 A 

1 22,11 15,15 0 0 
0 77,89 84,85 100 100 
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Dpl         

1 0   0 0 
5 88,89 90,63 100 100 
9 11,11 9,38 0 0 

Tog C D C D A B D A B C 

1 9,88   0 44,44 
5 69,14 80,65 0 55,56 
9 20,99 19,35 100 0 

Glo B C D A C D A B D A B C 

1 17,28 38,71 0 77,78 
5 75,31 61,29 0 22,22 
9 7,41 0 100 0 

Slb C B A C A B D C 

1 98,77 90,32 0 100 

5 1,23 9,68 40 0 
0 0 0 60 0 

Ser C C A B D C 

1 0 0 100 0 
5 100 100 0 100 
9 0 0 0 0 

Bls B C C A A B D C 

1 87,65 100 0 100 
5 12,35 0 100 0 
9 0 0 0 0 

Pts B C D A C D A B D A B C 

1 8,75 6,45 100 55,56 
5 91,25 80,65 0 44,44 
9 0 12,9 0 0 

 

 

 

Five descriptors separated the two Icelandic populations; density of pubescence on the pedicel 

(dpf), glossiness of leaves (glo), shape of leaf base of the terminal leaflet (slb), blistering of 

the leaves (bls) and position of the terminal serrate (pts). All charactersistics were statistically 

different from the ananassa but the south and west population differed from the foreign vesca 

in characters pts and glo whereas the northern population differed from foreign vesca for the 

the descriptor dpf.  

Since these characters are not co-dependable a Chi-square test was conducted between 

the two Icelandic populations for these five significant characteristics. Five runs for each 

variable were performed by chi-squared test (including Pearson, likelihood ratio and Mantel-

Haenszel chi-square tests and Fisher‟s exact test for 2x2 tables) with set confidence limits at 

95%. The test resulted in a significant difference between the two populations in all five 

descriptors supporting Fishers LSD test. However the Chi-square test is of limited relevance 

because some of the frequencies are less than five as seen in Table 6. 
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Table 6 Significant descriptors 
A list of 5 descriptors and the frequencies of grades for two groups of the Icelandic plant 
populations, plants collected in the south and west (A) and  plants from the north (B). 
Frequencies are in percentages and in brackets are the numbers of individuals for each 
grade.  

  South&West population (A) Northern population (B) 

Dpf     

1 41,67 (n = 5) 0 

5 33,33 (n = 4) 57,14 (n = 8) 
9 25 (n = 3) 42,86  (n = 6) 

Glo     

1 17,28 (n = 14) 38,71  (n = 12) 
5 75,31  (n = 61) 61,29  (n = 19) 
9 7,41  (n = 6) 0 

Slb     

1 98,77  (n = 80) 90,32  (n = 28) 
5 1,23  (n = 1) 9,68  (n = 3) 

Bls     

1 87,65  (n = 71) 100  (n = 31) 
5 12,35  (n = 10) 0 

Pts     

1 8,75  (n = 7) 6,45  (n = 2) 
5 91,25  (n = 73) 80,65  (n = 25) 
9 0 12,9  (n = 4) 
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4.1.1.1 Leaf index 

An index of leaf shape was calculated by dividing the length of the designated leave with its 

width. Leaves were chosen as the most representative for each plant, only the terminal leaflet 

was measured from the base to the terminal serrate but the width was measured as the longest 

possible distance across. The index indicates the shape of the leaves and gives the opportunity 

of statistical comparison portrayed in Figure 5. The population grouped as South&West (n = 

81) and an average of 1.52 and a standard error of 0.016, which means that the leaves very 

close to being twice as long as they are wide. The northern population (n = 31) has an

1,52 
1,63 

1,05 

1,43 

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

South&West population Northern population F. x ananassa Foreign varieties of F.
vesca

Figure 5 Averages of leaf indices for four groups of strawberry plants                         
The ratio between lenght and width was calculated by dividing the length of 
the terminal leaflett of all plants. The groups are four in total, plants 
collected i 
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average of 1.63 and a standard error of 0.026 which means that the leaves are longer and 

narrower than the southern population (P = <0.0001). For comparison one clone of F. x 

ananassa (n = 5) and 5 clones of foreign vesca (n = 9) were also measured and an index 

calculated. The ananassa plants have leaves almost as long as they are wide and averaged at 

1.05 (SE 0.039), its average diverged from all three groups (P = <0.0001) but the foreign 

varieties did not significantly deviate from the South&West population with an average of 

1.43 (SE = 0.030). 

Figure 6 Leaves of F. vesca 

Plants from the collection one from the northern population (left) and one from the south 

(right). The pictures show first and formost the difference in the terminal serrate. The plant 

on the left is from the only collony that got the highest grade for the characteristic (9) on 

the left a typical 5 for postition of the terminal serrate. 
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4.1.1.2 Fruit shape  

Fruit shape was registered and assessed according to the UPOV guidelines. A total of 30 fruits 

were assessed and had the variety of 6 different shapes. Four fruits were reniform, 15 conical, 

2 cordate, 3 ovoid, 2 oblong and 4 oblong as depicted in Figure 8.  
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Figure 8 Frequency of fruit shape 

Frequencies of fruit shape in the collection conical fruit shape was 

the most frequent one, a charateristic of the subsp. americana. 

Globuse fruit shape is designated a a symptom of subsp. vesca.  

Figure 7 Fruits of the F. vesca 

Inflorescence on an Icelandic strawberry plant. The ripe, red fruit on the picture was catagorized 

as oblong with upwards attitude of the sepals, A very descriptive characteristics of the F. vesca 

subsp. vesca 
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4.2 Molecular results 

DNA isolation of plant material was mostly carried out during winter after the plants were 

dormant. Plant samples that showed explicit resulting yield of DNA according to gel 

electrophoresis were prioritized for PCR. Excellent extraction counted 10 and samples with 

great yield were 49. Rest were designated poor or very poor and were not amplified through 

PCR in this research. All eluted DNA and the results of gel electrophoresis are stored at -20°C 

at the AUI genetics laboratory.  

4.3 Sequence results 

Most samples had either not been submitted or not returned from sequencing in Eurofins 

MWG Operon. Therefore the sequence results are limited to primary results (Table 7). Of the 

IRB11 cpDNA region a total of 13 samples were sequenced semi successfully, 13 forward and 

11 reverse. The forward sequences vary from 66 to 585bp in length and the reverse were 82 to 

341 in length after they had been clipped for higher quality and reliance. 

 

Table 7 Sequence results in nucleotide length 
Samples are listed and the total number of nucletides for both forward and reverse sequences after 
clipping. The total percentage of highest quality bases is also given for each sequence. 

    IRB11  F nt lenght HQ% R nt lenght HQ%     

    022 66 89.4 82 93.9     

    029 225 96.0 327 95.4     

    058 182 92.9 187 88.2     

    063 243 86.4 132 91.7     

    064 213 83.1 116 87.9     

    079 225 84.4 117 96.6     

    094 233 91.8 170 91.2     

    106 72 98.6 0 -     

    111 171 94.2 117 98.3     

    119 676 82.2 341 94.7     

    136 196 87.8 97 100     

    139 127 87.4 0 -     

    164 164 92.4 97 94.8     

    nrITS F nt lenght HQ% R nt lenght HQ%     

    010 63 57.1 105 83.3     

    029 441 97.1 194 96.4     

    076 177 60.5 194 93.8     

 

 No forward and reverse sequences of the same samples were long enough to display 

contigs for assembly.  

  Only three samples (010, 029, and 076) of the nrITS region were sequenced. The 

forward sequence lengths were from 63, 441, and 177bp, respectively. The reverse sequences 

after clipping were 105, 194 and 194 bp, respectively (Table 7).  
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4.4 Phylogenetic results 

Sequence results from cpDNA IRB11 of samples Búrfellskógur (029), Hagahraun (064), 

Hreðavatn (079) and Þórðarhöfði (119) cover a short sequence repeat of F. vesca subsp. 

vesca but do not share the short sequence repeat with subsp. vesca, matching F. vesca subsp. 

bracteata (JQ396171) (Njuguna et al., 2013) which does not display the nucleotide insertion 

as seen in Figure 9. A phylogenetic tree was constructed for these results and are shown is 

Figure 10. The tree indicates that the Icelandic population is more related to the subsp. 

bracteata than the subsp. vesca, also indicating much genetic variance within the Icelandic 

population. The genetic distances between the Icelandic samples and subsp. vesca range from 

0.011 - 0.022 but from 0.07 - 0.017 from bracteata. The two foreign subsp. have a genetic 

distance of 0.05 for this nucleotide sequence.  

Results of the Neighbor-Joining (NJ) analysis for the nrITS region are shown in Figure 

11 and Figure 12. Only the forward sequences of samples 010, 029, and 076 were used for 

construction of the phylogenetic tree in Figure 11 and the reverse sequences for Figure 12. 

The tree in Figure 11 shows formation of certain clusters on branches, separating species by 

>50% bootstrap support. The Icelandic plant sample Búrfellskógur (029) separates from all 

other species (100% bootstrap support) and does not group with its geographic neighbors 

Heimaskógar (010) and Hreðavatn (076). The Búrfellskógur sequence is 441bp long and 

97.1% of them are of highest quality. All the SNPs have corresponding individuals but none 

of them share all the SNPs of Búfellsskógur.  The genetic distance between Búrfellsskógur vs. 

Heimaskógar and Hreðavatn is 0.03 and between Heimaskógar and Hreðavatn is 0.012.  

In Figure 12 were the reverse sequences were used to build a phylogenetic tree, of the 

same samples, a somewhat different result is displayed. Búrfellsskógur is no longer separated 

but branches in cluster with other F. vesca individuals. The genetic distance between the 

Icelandic samples and two subsp. americana in Figure 12 ranges from 0.019 - 0.029 and the 

genetic distance between the Icelandic samples and the vesca plants on the same branch  

range from 0.012 - 0.025. The accession with the least genetic distance is AM114835 and is a 

F. vesca of unknown origin (see Appenix C). The two branches, total 5 F. vesca accessions, 

that branch off at 68 and 60% bootstrap support are both of North-American origin. The 

F.vesca plants that branch off with the Icelandic samples are of Swedish and unknown origin. 

Within the Icelandic population the genetic distance is 0.007 - 0.010.  
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Figure 9 Unique nucleotide insertion 
The Figure shows the nucleotide insertion in the IRB11 region of F. vesca subsp. vesca. The insertion 

(CCTCA) is a repeat and is not shared by the subsp. bracteata or any of the compared Icelandic plant 

samples in the Figure. The bases before nucleotide insertion in the Icelandic samples are not of the highest 

quality for example only Búrfellskógur exhibits the A base nucleotide (tainted blue) that the two other 

samples have. Þórðarhöfði, Hreðavatn and Hagahraun could carry this base but the sequence in of two low 

quality to recognize it.  

Figure 10 Phylogenetic tree from the sequence results of IRB11 
The tree was built using Neighbor-Joining method. Prunus persica as an outgroup rooting the tree. The subsp. vesca 

branches of first closest to the P. persica. The Icelandic samples have the furthest genetic distance and allign closer 

to the subsp. bracteata. 
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Figure 11 Phylogenetic tree based on nrITS region in Fragaria species 
Tree built with the Neighbor-Joining mehod using the forward sequence of the Icelandic samples. The two 

Icelandic plants, Heimaskógar and Hreðavatn group with other vesca types of European origin. The vesca 

plants that branch of at 74% bootstrap are subsp. americana. Búrfellsskógur branches of on a separade 

node not clustering with other samples.  
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Figure 12 Phylogenetic tree based on nrITS region in Fragaria species 
Tree built with the Neighbor-Joining mehod using the forward sequences of the Icelandic samples. In this 

tree the three Icelandic plants, Heimaskógar, Búrfellsskógur and Hreðavatn group together clustering with 

other vesca types of European and uncertain origin. The vesca plants that branch of  differantly are subsp. 

americana. F. viridis clusters togeather at high bootstrap support seperatly from all vesca plants not 

indicating introgression.    
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5 Discussion  

5.1 Plant collection 
Plants from furthest east were collected but did not endure for trial and are therefore not 

marked on the map in Figure 3. Collected plants can be grouped to specific location in order 

of the colony they were excavated from. Some groups of the sort would contain as little as a 

single plant.  

The total number of plants that were part of the morphological assessment was 130 

samples, although the sample tags reach the number of 164. Some plants expired before they 

were assessed others did not acclimate in time before the assessment took place.  

5.2 Morphological assessment 
The greenhouse that the plants were sheltered in was perhaps providing an environment that 

was too temperate. It was an overall assessment that the plants did not show great vigor. This 

resulted in a poor collection of reproductive characteristics, especially flower and fruit 

development. Over all none of the plants showed perpetual flowering and only 30 plants 

developed flower and only 22 fruits were assessed. Which is an extreme low number of 

flowers and a staggering few fruits, but strawberry plants in generally are not very fruit full in 

the first season after planting (Hancock, 1999). No flower was assessed with absolute absence 

of stamens or pistils indicating a complete hermaphroditic population, representing a 

population of F. vesca subsp vesca and not indicating the existence of subsp. bracteata 

(Staudt, 1999). 

The results from the morphological assessment indicate some diversity within the 

Icelandic population. Because F. vesca have great variety not only within the species or 

subspecies but also within one and the same plant (Staudt, 1999) it was important to find plant 

parts that generally described each plant sufficiently.  

The Fisher‟s test compares averages making the statistical results questionable or even 

invalid because the data is in fact not measurements but grades or designations for categories 

and an average of grades for each variable is perhaps not the best descriptor for the two 

populations. A principal component analysis would have been more appropriate for data 

processing but SAS Enterprise Guide was incapable of computing the data appropriately. 

Plants that were gathered from the north side of the island have longer and narrower 

leaves than other plants in the collection. All plants, excluding plants from the north were not 

significantly different from the group of foreign origin, bearing in mind the small number of 

measurements in the group of foreign vesca breeds. In a taxonomic study on the American 
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strawberry species by Staudt (1999) the F. vesca subsp. vesca had a length to width index of 

1.40 and the subsp. americana 1.51, although the difference not significant one must respect 

the differences in mean and assign the measurements to the results presented earlier. The 

foreign vesca group coordinates with Staudt‟s subsp. vesca, 1.43 vs. 1.40 respectively. When 

comparing the Icelandic population to Staudts results the population designated South&West 

coordinates with the subsp. americana but the North population surpasses at 1.63 index level. 

The ananassa group measured 1.05 meaning that the leafs are almost as wide as they are long, 

typical shape for the species (Hancock, 1999). 

 The total of 15 conical fruits were assessed and all but two were part of the northern 

group and according to Staudts diagnostic key (Appendix A) a conical fruit shape is a 

phenotypic characteristic only designated to the subsp. americana. However, five individuals 

of the northern origin showed different fruit shapes. Noteworthy is the colony tagged SAU in 

Figure 3 that only produced globuse fruits (n = 2) which is an indicator of subsp. vesca 

(Staudt, 1999).  

Some plants did not produce runners during the assessment trial indicating the forma 

efflagellis others are designated f. vesca. This characteristic is highly influenced by abiotic 

factors such as light and temperature (Chabot, 1978). Some of the plants did not exhibit 

sympodial branching runners but only monopodial. This is a characteristic of F. viridis and is 

sometimes passed on to the hybrid F. x bifera (Staudt et al., 2003). Although most individuals 

did not express this phenotype it should not mean they are incapable of producing branching 

runners.  

Over all the morphological results indicate that the northern population differs in 

morphology from the rest of the Icelandic population. As previously stated the leaves are 

longer and narrower on plants from the north and have less glossier leaves, possibly caused by 

a denser leaf pubescence. The leaves also display less blistering, i.e. they are more flat and 

their terminal serrate on the terminal leaflet is longer than the rest of the population. The 

shape of the terminal leaflet base in general acute but some individuals in the northern 

population show a more obtuse leaflet base. The northern population also has a denser 

pubescence on the pedicel, which is a morphological characteristic of F. viridis (Lid, 1952).  

Most characteristics are coherent with the description of F. vesca subsp. vesca but with 

the aforementioned exceptions. The fruit shapes conical, cordate and ovoid are very similar 

and quite complicated in assessment especially if fruit development is meeting abiotic 

challenges. 



 
35 

5.3 Molecular diversity 

5.3.1 The nrITS region 

The nrITS region showed more variation for most species of Fragaria than the cpDNA 

barcode in accordance with both Potter (2000) and Njuguna (2010). The two Icelandic 

individuals collected in Hreðavatn and Heimaskógar in Figure 11 did group with certain F. 

vesca accessions. The F. vesca accessions that branched off were, amongst other, the subsp. 

americana which were separated on a branch with 74% bootstrap support and a genetic 

distance of 0.052. This is on some contrast with the phenotype analysis that the Icelandic 

population is not phylogenetically related of the subsp. americana taxa.  

Búrfellsskógur (forward sequence) has a rare CC insertion but the other two Icelandic 

individuals do not have long enough sequences to cover the region. This could be decisive for 

the divergence of the individuals, phylogenetically. 

The results of NJ for the reverse sequences of Búrfellsskógur, Heimaskógar and 

Hreðavatn show a cluster formation with certain accessions and a divergence from others. 

Accessions AM114836, AM114837, AM114836 (Sargent and Simpson, unpublished), 

AJ511771  and U90793 (Eriksson et al., 2003) cluster together with the Icelandic samples, 

branching of at 68% bootstrap support.    

The genetic distance in Figure 12 (forward sequence) between the Icelandic samples and 

an F. vesca subsp vesca from Finland (accession no. AF163515)  (Potter et al., 2000) is 0.019 

- 0.030 indicating that Finnish samples are in fact further relatives than some other 

populations of the unknown origin sequenced by Sargent and Simpson (2005, unpuplished). 

5.3.2 The IRB11 region 

Scarce diversity is evident in the two intergenetic spacers IRB -11 and -14 regions in the 

chloroplast genome as proposed by Njuguna (2010). The nucleotide divergence within the F. 

vesca species (Figure 9) between the subspecies does not have to represent a phylogenetic 

distance since the nucleotide insertion evident in subsp. vesca could be individualized and not 

descriptive for the entire taxa. Also the NJ tree in Figure 10 is deceiving because some SNPs 

are of low quality in the sequence results leading to pattern of branching which cannot be 

supported by means of morphology or NJ of other sequence results. On the other hand the 

results show that samples Búrfellsskógur (029), Hagahraun (064), Hreðavatn (079) and 

Þórðarhöfði (119) share more phenology with the individual subsp. bracteata rather than the 

subsp. vesca individual, previously stated. Also the region of sequence repeat in the subsp. 

vesca that was not shared with the Icelandic plants was not of the highest quality, although in 
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consensus with many species. The branching system displayed in Figure 9 shows, that in spite 

of some ambiguous SNPs, some level of biogeography i.e. the western samples Hreðavatn 

(079) and Hagahraun (064) are on the same branch and northern sample Þórðarhöfði (119) is 

single on its node and so is the southern sample Búrfellsskógur (029).  

 Most of the sequences were very short and did not cover any regions of other Fragaria 

species that diverged genetically i.e. in all Fragaria species the IRB region are almost 

identical and only few individuals branch of. Therefore further results for the phylogenetic NJ 

trees are not portrayed for the results of cpDNA sequencing.   
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6 Conclusion 

It can be concluded from these results that there is some level of diversity within the Icelandic 

population. That needs to be assessed further with another year of measurements as 

recommended (UPOV, 2008) and processing the data by principal component analyses 

(Harrison, Luby, Furnier, & Hancock, 1997). Diversity within the population was also 

supported by the genotype, visualized in NJ analysis.  

The phenotypic results indicate characteristics of the F. viridis or F. x bifera with 

monopodial branching runners (Staudt et al., 2003) but it was not supported by genotypic 

results. On the other hand, the adh gene was not targeted for sequencing and therefore the 

existence of F. x bifera or even F. viridis in the plant collection cannot be completely 

dismissed. Based on an average assessment the northern geographically isolated sub-

population is morphologically different. The only sample representing the northern 

population, Þórðarhöfði diverged genotypically from Hagahraun and Hreðavatn (west) on 

one hand and Búrfellskógur (south) on the other, in the chloroplast region IRB11, supporting 

the morphological assessment that these two subpopulations differentiate. Whether this 

difference is strong enough to categorize them in separate taxa will have to be supported by 

further research. The results from the morphological assessment indicates that the northern 

subpopulation is of the subspecies americana as described by Staudt (1999), but was rejected 

by the genotypic assessment. The nrITS did distinguish the americana from the subsp. vesca 

which leads to the conclusion that further genotyping of Icelandic F. vesca plants is 

necessary. The IRB11 genotype of the Icelandic plants corresponded with the subspecies 

bracteata which the morphologic results did not support or reject, enhancing the need for 

further research in Icelandic F. vesca population. This could indicate that bracteata is a 

maternal progenitor or share a common maternal ancestor. 

 The Icelandic strawberry population could be of as many as three subspecies; vesca, 

americana and bracteata and possibly one hybrid, F. x bifera. However a safer assumption 

would be that only F. vesca subsp. vesca grows in Iceland exhibiting the forma efflagellis for 

no runners, semperflorence for perpetual flowering and vesca for running and flowering only 

in spring. 

  



 
38 

7 References 

 

Alvarez, I., & Wendel, J. F. (2003). Ribosomal ITS sequences and plant phylogenetic inference. 

Molecular phylogenetics and evolution, 29(3), 417–434. 

Ágúst H. Bjarnason. (1983). Íslensk flóra með litmyndum. Reykjavík: Iðunn. 

Áskell Löve. (1970). Íslenzk ferðaflóra. Reykjavík: Almenna bókafélagið. 

Blamey, M., & Grey-Wilson, C. (1992). Myndskreytt flóra Íslands og norður-Evrópu. Skjaldborg. 

Böcher, T., Fedskild, B., Holmen, K., & Jakobsen, K. (1966). Grønlands Flora (2nd ed.). København: P. 

hasse & søns Forlag. 

Chabot, B. F. (1978). Environmental Influences on Photosynthesis and Growth in Frag Aria Vesca. 

New Phytologist, 80(1), 87–98. doi:10.1111/j.1469-8137.1978.tb02267.x 

Chase, M. W., Salamin, N., Wilkinson, M., Dunwell, J. M., Kesanakurthi, R. P., Haidar, N., & 

Savolainen, V. (2005). Land plants and DNA barcodes: short-term and long-term goals. 

Philosophical Transactions of the Royal Society B: Biological Sciences, 360(1462), 1889–1895. 

doi:10.1098/rstb.2005.1720 

Clegg, M. T., Gaut, B. S., Learn, G. H., & Morton, B. R. (1994). Rates and patterns of chloroplast DNA 

evolution. Proceedings of the National Academy of Sciences of the United States of America, 

91(15), 6795–6801. 

Comai, L. (2005). The advantages and disadvantages of being polyploid. Nature Reviews Genetics, 

6(11), 836–846. doi:10.1038/nrg1711 

Darrow, G. M. (1966). The Strawberry; History, Breeding, and Physiology (1st ed.). Holt, Rinehart and 

Winston. 

Davis, T. M., & Yu, H. (1997). A Linkage Map of the Diploid Strawberry, Fragaria vesca. Journal of 

Heredity, 88(3), 215–221. 

Dirlewanger, E., Cosson, P., Tavaud, M., Aranzana, J., Poizat, C., Zanetto, A., … Laigret, F. (2002). 

Development of microsatellite markers in peach [ Prunus persica (L.) Batsch] and their use in 



 
39 

genetic diversity analysis in peach and sweet cherry ( Prunus avium L.). TAG. Theoretical and 

applied genetics. Theoretische und angewandte Genetik, 105(1), 127–138. 

doi:10.1007/s00122-002-0867-7 

Eggert Ólafsson. (1981). Ferðabók Eggerts Ólafssonar og Bjarna Pálssonar um ferðir þeirra á Íslandi 

árin 1752 - 1757 (Vols. 1-2). Bókaútgáfan Örn og Örlygur hf. 

Eriksson, T., Hibbs, M. S., Yoder, A. D., Delwiche, C. F., & Donoghue, M. J. (2003). The Phylogeny of 

Rosoideae (Rosaceae) based on sequences of the internal transcribed spacers (ITS) of nuclear 

ribosomal DNA and the TRNL/F region of chloroplast DNA. Int. j. Plant Sci, 164(2), 197–211. 

FAOSTAT. (2012, July 17). Retrieved July 17, 2012, from 

http://faostat3.fao.org/home/index.html#VISUALIZE_BY_DOMAIN 

Folta, K. M., & Davis, T. M. (2006). Strawberry genes and genomics. Critical Reviews in Plant Sciences, 

25(5), 399–415. doi:10.1080/7352680600824831 

Frankham, R., Ballou, J. D., & Briscoe, D. A. (2010). Introduction to Conservation Genetics. Cambridge 

University Press. 

Hagstofa Íslands - Talnaefni »  Utanríkisverslun »  PX. (2013, April 5). Retrieved April 6, 2013, from 

http://hagstofa.is/?PageID=2601&src=/temp/Dialog/varval.asp?ma=UTA03801%26ti=Innflut

ningur+eftir+tollskr%E1rn%FAmerum+2012%2D2013%2C+kafli+1%2D24%26path=../Databas

e/utanrikisverslun/inntollskra/%26lang=3%26units=K%EDl%F3 

Hancock, J. F. (1999). Strawberries. Cabi Pub. 

Harrison, R., Luby, J., Furnier, G., & Hancock, J. (1997). Morphological and molecular variation among 

populations of octoploid Fragaria virginiana and F. chiloensis (Rosaceae) from North America. 

American journal of botany, 84(5), 612. 

Hebert, P. D. N., Cywinska, A., Ball, S. L., & deWaard, J. R. (2003). Biological identifications through 

DNA barcodes. Proceedings of the Royal Society B: Biological Sciences, 270(1512), 313–321. 

doi:10.1098/rspb.2002.2218 



 
40 

Hebert, P. D. N., Stoeckle, M. Y., Zemlak, T. S., & Francis, C. M. (2004). Identification of Birds through 

DNA Barcodes. PLoS Biology, 2(10). doi:10.1371/journal.pbio.0020312 

Hultén, E. (1971). Atlas över växternas utbredning i Norden (2nd ed.). Stockholm: Generalsstabens 

litografiska anstalts förlag. 

Hummer, K. (2008). Global conservation strategy for Fragaria (Strawberry) (No. 6). Belgium: ISHS. 

Hörður Kristinsson. (2010). Íslenska plöntuhandbókin Blómplöntur og byrkningar (3rd ed.). Reykjavík: 

Mál og menning. 

Kress, W. J., Wurdack, K. J., Zimmer, E. A., Weigt, L. A., & Janzen, D. H. (2005). Use of DNA barcodes 

to identify flowering plants. Proceedings of the National Academy of Sciences of the United 

States of America, 102(23), 8369–8374. doi:10.1073/pnas.0503123102 

Lid, J. (1952). Norsk flora (2. ed.). Oslo: Det Norske samlaget. 

Lundberg, M., Töpel, M., Eriksen, B., Nylander, J. A. A., & Eriksson, T. (2009). Allopolyploidy in 

Fragariinae (Rosaceae): comparing four DNA sequence regions, with comments on 

classification. Molecular phylogenetics and evolution, 51(2), 269–280. 

doi:10.1016/j.ympev.2009.02.020 

Moritz, C., & Cicero, C. (2004). DNA Barcoding: Promise and Pitfalls. PLoS Biology, 2(10). 

doi:10.1371/journal.pbio.0020354 

Newmaster, S. G., Fazekas, A. J., & Ragupathy, S. (2006). DNA barcoding in land plants: evaluation of               

rbcL               in a multigene tiered approach. Canadian Journal of Botany, 84(3), 335–341. 

doi:10.1139/b06-047 

Njuguna, W. (2009). DNA Barcoding in Fragaria L. (Strawberry) Species. HortScience, 44(4), 1090. 

Njuguna, W. (2010, August). Development and use of molecular tools in Fragaria. OREGON STATE 

UNIVERSITY. Retrieved from http://gradworks.umi.com/34/14/3414602.html 

Njuguna, W., Liston, A., Cronn, R., Ashman, T.-L., & Bassil, N. (2013). Insights into phylogeny, sex 

function and age of Fragaria based on whole chloroplast genome sequencing. Molecular 

phylogenetics and evolution, 66(1), 17–29. doi:10.1016/j.ympev.2012.08.026 



 
41 

Oosumi, T., Gruszewski, H. A., Blischak, L. A., Baxter, A. J., Wadl, P. A., Shuman, J. L., … Shulaev, V. 

(2006). High-efficiency transformation of the diploid strawberry (Fragaria vesca) for 

functional genomics. Planta, 223(6), 1219–1230. doi:10.1007/s00425-005-0170-3 

Poinar, H. N., Hofreiter, M., Spaulding, W. G., Martin, P. S., Stankiewicz, B. A., Bland, H., … Pääbo, S. 

(1998). Molecular Coproscopy: Dung and Diet of the Extinct Ground Sloth Nothrotheriops 

shastensis. Science, 281(5375), 402–406. doi:10.1126/science.281.5375.402 

Potter, D., Luby, J. J., & Harrison, R. E. (2000). Phylogenetic Relationships Among Species of Fragaria 

(Rosaceae) Inferred from Non-coding Nuclear and Chloroplast DNA Sequences. Systematic 

Botany, 25(2), 337–348. doi:10.2307/2666646 

Rousseau-Gueutin, M., Gaston, A., Aïnouche, A., Aïnouche, M. L., Olbricht, K., Staudt, G., … Denoyes-

Rothan, B. (2009). Tracking the evolutionary history of polyploidy in Fragaria L. (strawberry): 

New insights from phylogenetic analyses of low-copy nuclear genes. Molecular Phylogenetics 

and Evolution, 51(3), 515–530. doi:10.1016/j.ympev.2008.12.024 

Rubinoff, D., Cameron, S., & Will, K. (2006). Are plant DNA barcodes a search for the Holy Grail? 

Trends in Ecology & Evolution, 21(1), 1–2. doi:10.1016/j.tree.2005.10.019 

Saitou, N., & Nei, M. (1987). The neighbor-joining method: a new method for reconstructing 

phylogenetic trees. Molecular Biology and Evolution, 4(4), 406–425. 

Sambrook, J. (2001). Molecular Cloning: A Laboratory Manual, Third Edition (3rd ed.). Cold Spring 

Harbor Laboratory Press. 

Sargent, D. J., Clarke, J., Simpson, D. W., Tobutt, K. R., Arús, P., Monfort, A., … Battey, N. H. (2006). An 

enhanced microsatellite map of diploid Fragaria. TAG. Theoretical and applied genetics. 

Theoretische und angewandte Genetik, 112(7), 1349–1359. doi:10.1007/s00122-006-0237-y 

Sargent, D. J., Davis, T. M., Tobutt, K. R., Wilkinson, M. J., Battey, N. H., & Simpson, D. W. (2004). A 

genetic linkage map of microsatellite, gene-specific and morphological markers in diploid 

Fragaria. TAG. Theoretical and applied genetics. Theoretische und angewandte Genetik, 

109(7), 1385–1391. doi:10.1007/s00122-004-1767-9 



 
42 

Schulze, J., Stoll, P., Widmer, A., & Erhardt, A. (2011). Searching for gene flow from cultivated to wild 

strawberries in Central Europe. Annals of botany, 107(4), 699–707. doi:10.1093/aob/mcr018 

Shulaev, V., Korban, S. S., Sosinski, B., Abbott, A. G., Aldwinckle, H. S., Folta, K. M., … Veilleux, R. E. 

(2008). Multiple models for Rosaceae genomics. Plant Physiology, 147(3), 985–1003. 

doi:10.1104/pp.107.115618 

Shulaev, V., Sargent, D. J., Crowhurst, R. N., Mockler, T. C., Folkerts, O., Delcher, A. L., … Mane, S. P. 

(2011). The genome of woodland strawberry (Fragaria vesca). Nature Genetics, 43(2), 109–

116. doi:10.1038/ng.740 

Staudt, G. (1999). Systematics and Geographic Distribution of the American Strawberry Species: 

Taxonomic Studies in the Genus Fragaria (Rosaceae:Potentilleae). University of California 

Press. 

Staudt, G., Dimeglio, L. M., Davis, T. M., & Gerstberger, P. (2003). Fragaria bifera Duch.: Origin and 

taxonomy. Botanische Jahrbücher, 125(1), 53–72. doi:10.1127/0006-8152/2003/0125-0053 

Stefán Stefánsson. (1948). Flóra Íslands (3rd ed.). Akureyri: Hið íslenzka náttúrufræðifélag. 

UPOV Guidelines for the conduct of tests for distinctness, uniformity and stability. (2008). 

International union for the protection of new varieties of plants. 

Weebadde, C. K., Wang, D., Finn, C. E., Lewers, K. S., Luby, J. J., Bushakra, J., … Hancock, J. F. (2008). 

Using a linkage mapping approach to identify QTL for day-neutrality in the octoploid 

strawberry. Plant Breeding, 127(1), 94–101. doi:10.1111/j.1439-0523.2007.01430.x 

Wilson, M. A., Gaut, B., & Clegg, M. T. (1990). Chloroplast DNA evolves slowly in the palm family 

(Arecaceae). Molecular biology and evolution, 7(4), 303–314. 

 

  



 
43 

8 List of Tables 
 

Table 1 List of strawberry species        p.3 

Table 2 List of phenotypic characteristics       p.15 

Table 3 List of primers used for PCR       p.18 

Table 4 Frequency of characteristics for the Icelandic population    p.21 

Table 5 Frequency of descriptors divided amongst groups and LSD of averages  p.22 

Table 6 Significant descriptors        p.24 

Table 7 Sequence results in nucleotide length      p.28 

 

  

9 List of Figures 
 

Figure 1 Strawberry yield         p.1 

Figure 2 Distribution of Fragaria vesca       p.4 

Figure 3 Distribution of strawberries in Iceland      p.5 

Figure 4 Location of sample collection       p.13 

Figure 5 Averages of leaf indices for four groups of strawberry plants   p.25                        

Figure 6 Leaves of F. vesca         p.26 

Figure 7 Fruits of the F. vesca        p.27 

Figure 8 Frequency of fruit shape        p.27 

Figure 9 Unique nucleotide insertion        p.30 

Figure 10 Phylogenetic tree from the sequence results of IRB11    p.30 

Figure 11 Phylogenetic tree based on nrITS region in Fragaria species    p.31 

Figure 12 Phylogenetic tree based on nrITS region in Fragaria species   p.32 

 

  

 

  



 
44 

10 Appendices 

 

10.1 Appendix A 
Key to infraspecific taxa as generated by Staudt (1999). 

6. Leaves mostly thin and bright green, in California also darker green; terminal tooth of the 

terminal leaflet usually longer than adjacent teeth, in California also equal or shorter; 

plants usually monoclinous, sometimes populations of subsp. bracteata gynodioecious; 

achens small, avg. 1.37 (1.09-1.60) mm long; pollen grains small, avg. 21.7 (19.0-25.1) 

µm in lactophenolic acid ………………………………………………………..… F.vesca  

7. Leaflets ovate or obovate to slightly rhomboidal, length to width index avg. 1.40-1.51, 

teeth large, relative size […] avg. 2.55-2.87; green to bright green; fruit globose to 

oblong, conic; bractlets and sepals, spreading, reflexed or clasping at fruit; achenes 

superficial, in shallow pits or imbedded …………………………………………….. 

8. Flowers relatively small, avg.  9.9-13.8 mm in diameter; always monoclinous; 

bractlets and postfloral sepal spreading or reflexed on fruit; achenes superficial or 

in shallow pits……………………………………………………………………… 

9. Plants robust; leaves green, relative size of teeth avg. 2.87 (2.00-3.93); fruit 

globose to subglobose, often slightly oblate; achenes in shallow pits or 

superficial …………………………………………………………subsp. vesca 

10.    Fruit red…………………………………………………………………. 

11.    Flowers white ……………………………………………………….. 

12.    Flowering in spring……………………………………………… 

13. With runners …………………………………………..f. vesca 

13. No runners ………………………………………....f. efflagellis 

12.    Flowering continuously from April/May to fall....f. semperflorens 

11.    Flowers pink ………………………………………..…..f. roseiflora 

10.     Fruit white to cream-colored…………………………………….f. alba 

9. Plants slender; leaves bright green; teeth pointed, relative size avg. 2.55 (1.55-

4.01); fruit conic; achenes always superficial ………….….subsp. americana 

8. Flowers large, avg. 20.8 (15.3-23.8) mm in diameter, usually monoclinous, 

sometimes female; bractlets and sepals clasping the receptacle after flowering and 

also fruit, or bractlets spreading to slightly reflexed and sepals clasping; achenes 

on shallow pits to deeply embedded ………………………………subsp. bracteata 
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7. Leaflets approximately round or slightly ovate-rhomboidal, length to width index avg. 

1,20 (0.91-1.37), numerous and relatively small teeth relative size avg 1.63 (1.04-

2.31), green to dark green; fruit globose to oblate or slightly oblong, bractlets and 

sepals spreading or reflexed at fruit; achenes on shallow pits or superficial, California 

and southern Oregon ………………………………………………..subsp. californica  

 

10.2 Appenix B 

Results from DNA extraction 

Sample tag Location DNA yield 

4 Þrastarskógur við Sogið Great 

6 Þrastarskógur við Sogið Great 

7 Þrastarskógur við Sogið Great 

10 Hraunteigur #3 Great 

11 Hraunteigur #3 Great 

22 Heimaskógar #8 Excellent 

24 Búrfellsskógur, Vesturhlíð #9 Great 

29 Búrfellsskógur, Vesturhlíð #11 Excellent 

32 Búrfellsskógur, Suðurhlíð #12 Great 

33 Búrfellsskógur, Suðurhlíð #13 Great 

39 Búrfellsskógur, Suðurhlíð #15 Great 

42 Búrfellsskógur, Suðurhlíð #17 Great 

44 Búrfellsskógur, Suðurhlíð #18 Great 

46 Búrfellsskógur, Suðurhlíð #19 Great 

47 Búrfellsskógur, Suðurhlíð #20 Great 

51 Stálpastaðir (loc. 2) Great 

55 Stálpastaðir (loc. 3) Excellent 

57 Saurbær, Vatnsdal Great 

58 Saurbær, Vatnsdal Great 

63 Svarfhólsmúli á Mýrum #1 Great 

64 Hagahraun í Hítardal Great 

65 Furðustrandir #1 Great 

76 Hreðavatn #1 Great 

79 Hreðavatn #3 Excellent 

82 Korpa Great 

83 Korpa Great 

84 Korpa Great 

85 Korpa Excellent 

86 StrawberrySeedStore Great 

89 StrawberrySeedStore Great 

90 StrawberrySeedStore Great 

94 StrawberrySeedStore Great 

96 StrawberrySeedStore Great 

99 StrawberrySeedStore Great 
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10.3 Appendix C 
Accessions used as references for phylogenetic analysis 

Accession number Species Origin Reference 

AF163478 P.fruticosa Cultivar (Potter et al., 2000) 

AF163479 F. virginiana Michigan (Potter et al., 2000) 

AF163480 F. vesca subsp. americana Nebraska (Potter et al., 2000) 

AF163481 F. iinumae Japan (Potter et al., 2000) 

AF163483 F. virginiana subsp. virginiana Minnesota (Potter et al., 2000) 

AF163484 F. chiloensis California (Potter et al., 2000) 

AF163485 F. vesca California (Potter et al., 2000) 

AF163487 F. nilgerrensis China (Potter et al., 2000) 

AF163489 F. vesca Washington (Potter et al., 2000) 

AF163491 F. virginiana subsp. virginiana Maryland (Potter et al., 2000) 

AF163493 F. nilgerrensis China (Potter et al., 2000) 

AF163494 F. x ananassa Cultivar (Potter et al., 2000) 

AF163496 F. virginiana subsp. glauca Wyoming (Potter et al., 2000) 

AF163497 F. daltoniana Unknown (Potter et al., 2000) 

AF163498 F. sp. Asia (Potter et al., 2000) 

AF163500 F. pentaphylla Unknown (Potter et al., 2000) 

AF163501 F. orientalis Amur (Potter et al., 2000) 

103 Hreðavatn #3 Excellent 

106 Hreðavatn #4 Great 

108 Hreðavatn #4 Excellent 

109 Hreðavatn #4 Great 

111 Hvammur #1 Great 

116 Þórðarhöfði #1 Great 

119 Þórðarhöfði #1 Excellent 

122 Háibjalli #1 Great 

124 Háibjalli #1 Great 

125 Eyjafjörður #1 Great 

126 Eyjafjörður #1 Great 

127 Eyjafjörður #1 Great 

131 Hrífunes #1 Great 

136 Djúpá #1 Excellent 

139 Svínafell #1 Excellent 

141 Svínafell #1 Great 

143 Botn Great 

149 Ásbyrgi Great 

151 Ásbyrgi Great 

152 Ásbyrgi Great 

154 Ásbyrgi Great 

156 Finnland, south east Great 

160 Canada, B.C. Great 

161 
 

Great 

164 Denmark Great 
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AF163503 F. nilgerrensis Berlin bot. Garden (Potter et al., 2000) 

AF163504 F. iinumae Japan (Potter et al., 2000) 

AF163506 F. viridis Germany (Potter et al., 2000) 

AF163507 F. viridis Germany (Potter et al., 2000) 

AF163508 F. chiloensis subsp. lucida California (Potter et al., 2000) 

AF163510 F. vesca subsp. americana California (Potter et al., 2000) 

AF163512 F. iinumae Japan (Potter et al., 2000) 

AF163515 F. vesca subsp. vesca Finland (Potter et al., 2000) 

AF163516 F. vesca subsp. vesca f. alba Sweden (Potter et al., 2000) 

AF163521 F. nilgerrensis China (Potter et al., 2000) 

AM114822 F.daltoniana Unknown Sargent & Simpson 2005 

AM114823 F. iinumae Unknown Sargent & Simpson 2005 

AM114824 F. iinumae Unknown Sargent & Simpson 2005 

AM114825 F. sp. Unknown Sargent & Simpson 2005 

AM114826 F. nilgerrensis Unknown Sargent & Simpson 2005 

AM114827 F. nilgerrensis Unknown Sargent & Simpson 2005 

AM114828 F. nipponica Unknown Sargent & Simpson 2005 

AM114835 F. vesca Unknown Sargent & Simpson 2005 

AM114836 F. vesca Unknown Sargent & Simpson 2005 

AM114837 F. vesca Unknown Sargent & Simpson 2005 

AM114838 F. vesca subsp. americana Unknown Sargent & Simpson 2005 

AM114839 F. viridis Unknown Sargent & Simpson 2005 

AM114840 F. viridis Unknown Sargent & Simpson 2005 

AM114841 F. viridis Unknown Sargent & Simpson 2005 

FJ356164 F. chiloensins Unknown (Lundberg et al., 2009) 

FJ356166 F. viridis Unknown (Lundberg et al., 2009) 

AJ511771 F. vesca Sweden (Eriksson et al., 2003) 

AJ511772 F. virginiana Nova Scotia (Eriksson et al., 2003) 

GQ476737 F. x ananassa subsp. ananassa Unknown (Njuguna, 2009) 

GQ476738 F. x ananassa subsp. cuneifolia Unknown (Njuguna, 2009) 

GQ476740 F. mandsuricha Unknown (Njuguna, 2009) 

GQ476741 F. pentaphylla Unknown (Njuguna, 2009) 

GQ476743 F. orientalis Unknown (Njuguna, 2009) 

GQ476745 F. tibetica Unknown (Njuguna, 2009) 

GQ476746 F. corymbosa Unknown (Njuguna, 2009) 

GQ476747 F. corymbosa Unknown (Njuguna, 2009) 

U907793 F. vesca Sweden (Eriksson et al., 2003) 

 


