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Abstract

The objective of this study was to test di�erent methods for studying Honckenya
peploides genetics. ISSR-PCR analysis was carried out on 11 individuals the Sea
Sandwort, Honckenya peploides collected from populations in the Vestmannaeyjar
archipelago. A total of 23 ISSR markers were generated from all 11 samples with one
primer (AG)8, containing a 3' anchor (T), designed to anneal to dinucleotide repeats.
ISSR along with clustering methods and statistical analysis revealed the presence of
a Hermaphrodite determining marker, 500Bp in length, as well as a signi�cant cor-
relation between latitude and frequency of hermaphrodism within the population.
Cytological work was also conducted on 3 individuals of H. peploides, resulting in
a karyotype con�rming prior chromosome number counts for Icelandic populations
as well as the discovery of 2 possible satellites on one pair of chromosomes. A total
of 386 individuals were also collected from populations of H. peploides located in
Surtsey, Vestmannaeyjar, mainland Iceland, Greenland and Denmark. DNA was
isolated using the CTAB method, slightly modi�ed for AFLP and preliminary anal-
ysis was then carried out on 16 of these individuals using the AFLP method with two
primer combinations. The results of this study indicate that (1) The ISSR method
can be used to identify DNA fragments that can be linked to plant characteristics,
(2) the cytogenetic methods employed here can be used to study polyploidy in this
species and (3) the AFLP method will be suitable for studying population genetics
of H. peploides with a large sample size from a wide geographic area.
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Útdráttur

Með eftirfarandi ránsókn er tilgángurinn sá að kanna ýmsar erfðafræðilegar aðferðir
til að ransaka Honckenya peploides. ISSR-PCR greining var gerð á 11 einstaklingum
fjöruarfa Honckenya peploides sem safnað var í Vestmannaeyjum. Alls voru búin til
23 ISSR merki úr 11 sýnum með einum vísi (AG8), sem hefur 3�festingu (T) ætlaða
til þess að parast við endurteknar basaraðir. ISSR ásamt klasa aðferð og tölfræði-
legri greiningu leiddi í ljós erfðamerki sem tengist tvíkynja einstaklingurm, 500Bp
að lengd, auk marktækrar fylgni milli breiddargráðu og tíðni tvíkynja einstaklinga
innan stofnsins. Litningagreining var gerð á þremur einstaklingum fjöruarfa sem
staðfesti þekkta litningatölu úr íslenskum fjöruarfastofnum og sýndi mögulega tvö
tungl (sattelite) á tveimur litningum. Auk þessa var DNA einangrað frá 386 ein-
staklingum sem safnað hafði verið úr fjöruarfastofnum í Surtsey, Vestmannaeyjum,
annars staðar á Íslandi, í Grænlandi og Danmörku. DNA var einangrað með CTAB
aðferð sem aðlöguð var að AFLP vinnu. Forkönnun var gerð á 16 þessara einstak-
linga með AFLP og mismunandi þreifurum. Á næstu mánuðum verður gerð AFLP
greining á þeim 370 sýnum sem enn eru órannsökuð. Niðurstöður benda til þess að
(1) ISSR aðferðinn getur verið notuð til að �nna DNA búta sem teingjast einkenni
H. peploides plantna, (2) litningar aðferðir prófaðar hér geta verið notaðar til að
ransaka polyploidy í H. peploides og (3) AFLP aðferðinn er æskileg til notkun við
ransóknir á stofnerfðafræði H. peploides þegar tekið er til greina stór stofn stærð og
vítt landsvæði.
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1 Introduction

• Kingdom Plantae

• Subkingdom Tracheobionta

• Division Magnoliophyta

• Class Magnoliopsida

• Subclass Caryophyllidae

• Order Caryophyllales

• Family Caryophyllaceae

• Genus Honckenya

• Species Honckenya peploides

1.1 Overview

The following is a status update on research that is on going. Withinn the document
you will �nd a breif introduction to Honckenya peploides as well as preliminary
results from ongoing cytological and molecular work that is beeing conducted on the
species. In the last section we explore possibilities for future research and discuss
the relevance of our current understanding.

1.2 Objectives

The objectives of this on going research include the use of cytogenetic techniques in
order to determine; if there are di�erences in chromosome morphology between pop-
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1 Introduction

ulations of Honckenya peploides, if there are di�erences in chromosome morphology
between sexes of H. peploides and whether H. peploides has sex chromosomes as well
as to determine if any of the chromosomes of H. peploides have satellites. We will
also employ molecular techniques such the polymerase chain reaction (PCR) based
marker system, inter�simple sequence repeats (ISSR) to answer questions about sex
determination, mainly we plan to determine if there is an ISSR marker that can be
used to distinguish between the two sexes of H. peploides. Further molecular research
will include the use of Ampli�ed Fragment Lenth Polymorphism (AFLP) PCR in
order to draw conclusions regarding allele frequencies, speci�cally we wish to deter-
mine if there are any alleles which are present more frequently in a particular sex
or population. Using AFLP data will also give us insight into the phylogeographic
connections between the Icelandic population of H. peploides and other populations
in mainland Europe and Greenland. Along with cytological and molecular work,
a botanical study will also be conducted in order to answer questions pertaining
to winter seed dormancy as well as questions relating to morphology of di�erent
ecotypes and subspecies.

1.3 Honckenya peploides

The Sea Sandwort is the general name given to plants belonging to the genus Hon-
ckenya (L.) Ehrh., the carnation familyCaryophyllaceae. This genus includes only
one species, Honckenya peploides (L.) Ehrh., which reproduces both sexually and
asexually. Contrary to prior assumptions about clonal plant species,H. peploides has
shown a large amount of genetic variation within spatially segregated clonal popu-
lations in northwestern Spain (Sánchez-Vilas et al., 2010), Greenland and Svalbard
(Nordal and Philipp). It is a tetraploid and several di�erent chromosome numbers
have been reported from di�erent authors. Populations in Iceland have 2n = 66,
68, 70 (Löve, 1950, 1970, 1982). Other numbers for the circumpolar north have also
been reported at 2n = 66, 68, 70 by many researchers: 2n = 68 (Löve, 1982), 2n
= 68 (Malling, 1957), 2n = 68 �70 (Sokolovskaya and Strelkova, 1960), 2n = 68
(Zhukova, 1965, 1966), 2n = 68 (Johnson and Packer, 1968) , 2n = 66 (Zhukova
and Tikhonova, 1973) , 2n = 68 (Packer and McPherson, 1974), 2n = 68 (Murray
and Kelso, 1997). This high chromosome number is typical of plants found in more
northerly recently deglaciated or bare areas (Brochmann et al., 2004). Furthermore,
these numbers are relatively high for the Caryophyllaceae subfamily Alisinoideae and
recent studies have also shown the genome of H. peploides to be among the largest
found in Caryophyllaceae so far (8.57 to 10.66 pg/cell) (Kapralov et al., 2009).
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1 Introduction

1.3.1 Subspecies, Habitat and Distribution

Currently four subspecies have been distinguished (Jonsell, 2001) (Fig 1.1): subsp.
peploides found on the coasts of Europe, from northern Norway to northern Portu-
gal; subsp di�usa (Hornem.) Hultén, which has circumpolar distribution mainly in
Arctic and northern Boreal zones; subsp major (Hook.), found in the North Paci�c
area and lastly, subsp. robusta (Fernald) Hultén, found in Northeast America. Ac-
cording to Hulteén (1971), subsp. di�usa is a variety of subsp. peploides and this
is the subspecies we will be focusing on in our research. Subsp. peploides/di�usa
occurs mainly in the northern parts of Norway, Svalbard, Greenland and Iceland
(Jonsell, 2001), as well as subarctic Canada (Houle, 1997). In Iceland H. peploides
can be found on most all shorelines (Fig. 1.2) from sea level up to 50m above sea
level, with Surtsey beeing the only place where the plant can be found growing up
to 100m above sea level.

H. peploides habitat preference is mainly limited to foredunes, drift lines, seashores,
lake shores and imperfectly drained moist areas (Brysting et al., 2011). The plant is
an early colonizer, contributing to the stabilization and anchorage of the soil (Gagne
and Houle, 2002; Houle, 1997) and is one of the pioneer plant species colonizing
Surtsey only a few years after the island appeared (Fridriksson and Johnsen, 1967).
The plant sometimes grows in large mats (Fig. 1.3 + 1.4) or clumps forming small
dunes through the spreading of leafy rhizomes, whose shape and orientation facilitate
sand accumulation (Gagne and Houle, 2002).

1.3.2 Morphology

H. peploides �owers are axillary and solitary with one to six �owered terminal cymes.
The hermaphrodites (Fig. 1.5) have large petals and stamens compared to the
females (Fig. 1.6) whose �ower has very small stamens and petals (Brysting et al.,
2011). Tsukui and Sugawara (1992) note that two types of �ower can be found in
H. peploides : Some individuals (pistillate) have non-functional anthers, long styles
and short petals while others (staminate) have long stamens that produce pollen
grains, short styles and long petals. Individuals with pistillate �owers are females
and those with staminate �owers are hermaphrodites. Females never produce pollen
and are constant in their expression. Hermaphrodites (pollen producing morphs)
rarely produce seeds and when they do, the number of seeds is very low compared
to female �owers (Malling, 1957). This is characteristic of a subdioecious breeding
system as reviewed by Delph and Wolf (2005).

The �owers are strongly honey-scented; sepals ovate, ranging from 3.5 to 7mm, petals
are spatulate to narrowly oblanceolate, abruptly constricted toward base, measuring

3



1 Introduction

Figure 1.1: Worldwide H. peploides subspecies distribution. Modi�ed from (Sánchez-
Vilas et al., 2010).

Figure 1.2: H. peploides distribution in Iceland. Distribution map taken from
www.�oraislands.is.
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1 Introduction

Figure 1.3: Example of H. peploides clump.

Figure 1.4: H. peploides clumps on the South side of Heimaey in the Vestmannaeyja
Arcipelago with Surtsey in the far background.
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1 Introduction

Figure 1.5: Example of H. peploides Hermaphrodite �ower showing large petals.

Figure 1.6: Example of H. peploides female �ower showing smaller petals.
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1 Introduction

2.5 to 6mm in staminate �owers and 0.8 to 2mm in pistillate �owers. The �owers
are solitary or in in�orescences. The in�orescence are dichasial, terminal or axillary.
Flowers per in�orescence can range from 1 to 6, they are medium-sized, 5 to 15mm
in diameter or length. The Calyx is purple or green and purple, it is herbaceous and
glabrous. The petals are the same length as the calyx, there are usually 5 (rarely 6)
of them. The �owers are unisexual or bisexual. There are 10 Stamens (each with a
large nectary at base). The Anthers are yellow and ellipsoid, measuring anywhere
from 0.5 to 0.7mm long. There are 3 to 5 Carpels. Ovaries are ovate or subglobose.
There are 3 or 5 Styles they measure 1.8 to 2.2mm long (Brysting et al., 2011).
Capsules are ovoid to subglobose, measuring 5-12mm, they tend to be �eshy or
chartaceous.

The fruit (Fig. 1.7) of H. peploides is spherical or ovoid in shape; with 3 teeth/valves
(Brysting et al., 2011), which open to release seeds at maturity, after which the fruit
is shed (Sánchez-Vilas et al., 2010). The fruit measures 5 to 10mm long, 5 to 8mm
wide and has a yellowish color. The seeds are 3 to 4.5mm long, brown with surfaces
verrucose, they initially fall passively on to the soil surface just below the shoot
(Sánchez-Vilas et al., 2010). Later, seeds are spread by sea currents (Jonsell, 2001)
and wind is likely to be another factor contributing to dispersion (Sánchez-Vilas
et al., 2010). The stems of H. peploides are simple or branched, 5 to 50cm. Leaf
blades are usually long-elliptic to ovate, sometimes lanceolate to oblanceolate, obo-
vate, or broadly elliptic, usually 4-46 ×0.5-20mm, they are succulent with margins
often crenulate and the apex is acute to acuminate. Pedicels are 2 to 26mm. Polli-
nation rarely occurs by insects and pollen is sometimes carried from �ower to �ower
with the assistance of sand grains, however this type of wind dispersal is very rare.
The hermaphroditic �owers may also self- pollinate.

1.3.3 Biological and Molecular Basis of Breeding Systems

and Functional Gender

H. peploides is a gynodioceous perenial maritime dicot and can reproduce asexually
using its rhizomatous system or sexually with pistillate(female) and staminate(male)
�owers (Sánchez-Vilas et al., 2010). Male seeds develop into female and males plants
in the approximate ratio 1:3. Seeds of female �owers produce about as many males
as females (Malling, 1957; Sánchez-Vilas et al., 2010), implying that the sex de-
termination system is heterogamous for the male; female = XX, male = XY or
YY. The evolutionarily relevant criterion for classifying breeding systems is �tness-
based functional gender, i.e. the proportion of haploid genomes transmitted through
pollen or through ovules (Lloyd, 1980). Examples of these �tness based systems in
plants include gynodioecy(female and hermaphrodite), subdioecy(female, male and
hermaphrodite), androdioecy(male and hermaphrodite) and dioecy(male and female

7



1 Introduction

functional parts). On the evolutionary pathway from cosexuality to dioecy lie the
intermediate breeding systems of gynodioecy and androdioecy (Charlesworth and
Laporte, 1998), with subdioecy occupying an intermediate position between an-
dro/gynodioecy and complete dioecy (Delph and Wolf, 2005; Wagner et al., 2005).
This pathway (Fig. 1.8) starts out with the invasion of a unisexual mutant, either
female sterile (male) or male sterile (female). This intern causes the hermaphrodites
to allocate more of their sexual function towards the gender that is lacking, even-
tually leading, in some cases, to hermaphrodites becoming unisexual, hence making
the population dioecious (Charlesworth and Laporte, 1998).

In the dioecious system, sex ratios generally are expected to be 1:1 due to the fact
that each morph provides half of the genes to each o�spring. In androdioecy, a male
(female sterile mutant) enters the population, selection occurs in which allocation
to the male function in the original hermaphrodite morph is decreased, i.e. anthers
could be reduced or staminate �ower production is decreased. This eventually leads
to complete loss of the male function in the hermaphrodite turning it into a pure
female (Delph and Wolf, 2005). In the case of the gynodioecy pathway, the opposite
occurs. A female (male sterile mutant) enters the population, selection occurs in
which allocation of the female function in the original hermaphrodite is decreased,
i.e. production of fewer pistillate �owers or production of fewer seeds per fruit, even-
tually leading to complete loss of the female function in the hermaphrodite turning
it into a pure male and creating a dioecious population. This (gynodiecy) seems to
be the most common evolutionary pathway from hermaphroditism to dioecy (Geber,
1999). On a cellular level, in gynodioecy, the �rst step that occurs is a cytoplas-
mic mutation causing male sterility. If the individual containing the male-sterile
cytoplasm has just slightly higher �tness than the one containing the non-sterile
cytoplasm then the mutation will spread and make the population dimorphic for
gender due to maternal inheritance. At this point the population is termed dioe-
cious and usually has a sex ratio close to 1:1. In some cases, species will stop short
of becoming dioecious and revert back to gynodiecy or androdiecy (Charlesworth
and Laporte, 1998; Delph and Wolf, 2005).

Another factor a�ecting sex ratios in subdioecious plants is the di�erent rates of
vegetative propagation between males and females. In a lot of cases, males have
a higher expansion rate than females (Escarre and Houssard, 1991; Lovett Doust,
1988; Popp and Reinartz, 1998) possibly due to female resource allocation towards
reproduction. However, as noted by Sakai and Burris (1985), sometimes the expan-
sion rate of females can be greater than that of the males. Other authors have found
that the environmental/nutrient demands of the females vs. the males are another
plausible reason behind spatial segregation of the sexes (Crawford and Balfour, 1983;
Dawson and Ehleringer, 1993; Geber, 1999). Functional gender, it seems, is deter-
mined by the interaction of gender allocation, sex ratios and environmental/nutrient
demands, this in turn must have an e�ect on the genetic variation of a population.
Further research using AFLP to test for genetic variation within and among popu-
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Figure 1.7: Example of H. peploides fruit.

Figure 1.8: Schematic Diagram of the Dioceous Pathway.
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1 Introduction

lations can aid in the understanding these systems and further our understanding
of their function in regards to evolution.
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2 Molecular Methods

2.1 ISSR

In this study, we used 11 individuals of Honckenya peploides to examine genetic di-
versity and relationships between two wild populations using the polymerase chain
reaction (PCR)-based marker system, inter-simple sequence repeats (ISSR). The use
of ISSRs has increased in the last several years and is it considered a good tool to
overcome some of the technical limitations of RFLP and RAPD analysis such as re-
producability (RAPD) and level of polymorphism detection (RFLP) (Semagn et al.,
2006; Tsumura et al., 1996). ISSR-PCR involves the use of PCR-ampli�cation along
with a single primer composed of microsatellite sequences, to amplify DNA segments
that lie inbetween two identical microsatellite repeat regions. ISSR primers target
di-nucleiotide, tri-nucleotide, terta-nucleotide or penta-nucleotide repeats, which are
abundant throught the eukaryotic genome (Kijas et al., 1995; Tautz and Renz, 1984)
and are know to evolve rapidly (Levinson and Gutman, 1987).

One advantage if ISSR markers is that they do not require prior knowledge of se-
quence information for primer synthesis as they aneal directly to SSRs or microsatel-
lites (Joshi et al., 2000). In addition to not requiring prior sequence knowledge, IS-
SRs also have a high reproducability, possibly due to primer length (Pradeep et al.,
2002), with studies showing that only the faintest bands are not reproduced (Fang
et al., 1997; Moreno et al., 1998). ISSR markers have been used for genetic analysis
of many rare or endangered plants, for example Cycas quizhuensis (Xiao, 2004).
They have also been used for identi�cation of comercially important species such as
Triticum aestivum (Gupta and Varshney, 2000), Hordeum vulgare (Fernandez et al.,
2002) and Jatropha curcas (L.) (Basha and Sujatha, 2007).

2.2 AFLP

The AFLP method has proven to be a powerful tool for addressing questions re-
lating to population genetic structure (Arnaud and Belkhir, 2006; Sánchez-Vilas
et al., 2010; Vos et al., 1995). This technique allows us to detect genetic diversity
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throughout the entire genome (Sánchez-Vilas et al., 2010; Vos et al., 1995). Through
PCR ampli�cation, the AFLP method allows the detection of polymorphisms of ge-
nomic restriction fragments. Where AFLP derives its usefulness from is its ability
to quickly generate large numbers of marker fragments without prior knowledge of
the genomic sequence. In addition, AFLP analysis requires only small amounts of
starting template and can be used for a large variety of organisms (Brooker et al.,
2008; Groot et al., 2003; van Haeringen et al., 2002). AFLP also o�ers many advan-
tages over other methods such as RAPD, SSR, RFLP and isozyme analysis when
it comes to population genetics, the biggest of these being the high polymorphism
revealed by the process. Several studies (Barker et al., 1999; Maughan et al., 1996;
Nakajima et al., 1998) have compared the e�ectiveness of AFLP to RFLP, SSR,
and RADP at producing polymorphic loci and all have found AFLP to be the most
e�ective and reliable method, in every case producing a much higher amount of
polymorphic bands per primer used. Other advantages of the AFLP technique are
that the PCR technique is very fast and high numbers of di�erent genetic loci can
be simultaneously analyzed during each experiment. With such high numbers of dif-
ferent genetic loci being analyzed during each experiment we can be almost certain
that the whole genome is being sampled rather than just one piece of it. Another
huge advantage of AFLP is its reproducibility Jones et al. (1997) used a number of
labs throughout Europe to show that through rigorous control of all variables it was
possible to reproduce the same banding patterns in all the laboratories.

Using PCR the AFLP technique ampli�es pieces of Genomic restriction fragments.
The �rst step of the AFLP process involves the cutting of DNA into small frag-
ments using restriction enzymes, EcoRI and MseI in our case, and the ligation
of double-stranded adaptors of a speci�c sequence to both ends of all restriction
fragments to create primer binding sites for the pre-selective and selective DNA
ampli�cation in the steps that follow. A pre-selective ampli�cation is then per-
formed in which speci�cally designed primers containing only one nucleotide at the
3' end are ligated to the restriction fragments. Exact matching of the 3' end of a
primer is necessary for ampli�cation because the polymerase can only copy DNA
molecules which have a primer attached; therefore only restriction fragments, in
which the 3' primer extensions match the sequences �anking the restriction sites,
will be ampli�ed. This phase of the AFLP process is called pre-selective due to
the fact that only DNA molecules that have base pair sequences that are comple-
mentary to the primer plus the one selective nucleotide will be ampli�ed. To verify
ampli�cation, the products of the pre-selective ampli�cation are checked by running
them on a 1.5% agarose gel. A selective ampli�cation is then performed. This am-
pli�cation uses two primers chosen from the 24 available AFLP Selective Primers
(eight MseI and sixteen EcoRI primers) with three selective nucleotides attached.
The attachment of three nucleotides to the 3' end of the primers makes this step in
the AFLP process even more selective because now only DNA molecules which have
sequences complementary to the primer plus the three nucleotides will be ampli�ed.
The EcoRI-selective ampli�cation primers include �uorescent FAM and JOE labels
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on the 5' nucleotide. Selective ampli�cation with an EcoRI and an MseI primer
ampli�es primarily EcoRI-MseI ended fragments. The EcoRI-EcoRI fragments do
not amplify well, the MseI-MseI fragments are not visualized because they do not
contain �uorescent dye labels, however, the EcoRI-containing strands are detected
because they contain the dye labels. After PCR ampli�cation with these primers, a
portion of each sample is analyzed on an Applied Biosystems DNA Sequencer. The
sequencer produces raw data as well as charts showing allele locations, base pair
length and allele intensity. This data is then imported into GeneMarker software for
sorting and �nalizing allele calls. The output data from the GeneMarker software
is then analyzed using various functions in R2.12.

2.3 Cytogenetic Work

The enzymatic root tip squash method for plant chromosome preparation has been
used in order to obtain chromosomes suitable for various cytogenetic methods such
as kayotyping, chromosome banding and FISH (Fluorescence in situ hybridization)
since as early as the nineteen �fties (Gosden, 1994; Isaac et al., 1994; Jacobsen, 1954;
Malling, 1957; Vallrik et al., 2004). In order to obtain chromosome spreads suitable
for karyotype construction the chromosomes must be very well spread appart and the
background clear of fragments of cytoplasm. The cells from which the chromosomes
are obtained must be arrested in metaphase and be appropriately condensed and free
of damage. In order to obtain such chromosomes the parts of the plant containing
actively dividing cells such as the root tips, leaf meristems, calli or protoplasts
must be used. In order to obtain information regarding chromosome number and
possible existance of supernumerary chromosomes, three di�erent individuals of H.
Peploides were chosen for chromosome isolation using the enzymatic root tip squash
method (Anamthawat-Jónsson, 2010) and stained using DAPI (4 ',6-diamidino-2-
phenylindole), a �uorescent stain that binds to the A-T rich regions of DNA.

2.4 Tree Building

The most common way to build trees from phylogenetic data is to use agglomerative
hierarchical clustering based on distance matrixes such as the ones obtained from
ISSR and AFLP data. There are a number of di�erent distance matrix algorithims
which di�er in the way they calculate distances, the four most popular beeing,
single linkage, complete linkage, average linkage and the centroid method. With
average linkage the distance between the merged clusters and potential invividual is
taken as the arithmetic mean of the distance between the two clusters in question.
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There are two variations of the average linkage method, namely the unweighted pair
group method using arithmetic means (UPGMA) and unweighted pair group method
using centroid values. After careful consideration and reviewing some research we
have chosen to base our conclusions on the average linkage between two groups
or UPGMA which has been shown to yeild more accurate results for classi�cation
purposes than other hierarchical methods (Chatterjee and Datta, 1992).
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3 Materials and Methods

3.1 Plant Material

3.1.1 ISSR and Chromosome Work

Samples used in PCR ampli�cation of ISSRs were collected from two di�erent loca-
tions, 2(S) from Surtsey and 9(HS) from the southern part of Heimaey (Tbl. 3.1) in
the Vestmannaeyjar archepelago south of Iceland (Fig. 3.1). All samples were placed
in plastic bags with dry scilica beads and stored for later analysis. Samples used for
chromosome analysis were collected from the Seltjarnarness peninsula(64 ◦ 09N/22 ◦

01W) in Reykjavik, Iceland. These samples were placed in plastic containers and
kept alive in a grow room for two weeks until roots were collected.

3.1.2 AFLP

The 16 samples used in the preliminary PCR ampli�cation of AFLPs were collected
from the Vestmannaeyjar Archipelago. Fresh leaf samples were collected and stored
in plastic bags with silica beads until further laboratory analysis. Samples were
collected by placing a marker (a white stick) in a random location surrounded by
clumps of H. peploides and sampling clumps within a 20 meter radius of the marker.
At each locality 30 spatially segregated clumps (genets) were sampled, 15 composed
of females (1-15) and 15 of hermaphrodites (1-15).
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Figure 3.1: Picture shows sample locations from the south side of Heimaey located
in the Vestmannaeyjar archipeligo. Map produced using google earth and output
from a handheld GPS unit.

Table 3.1: Table showing values obtained from the NanoDrop 1000 of ISSR samples.
ng/µL indicates DNA concentration.

Sample ID ng/µL 260/280 260/230 Latitude Logitude Sex
Hs-20 7.53 2.44 0.37 63.4080N 20.2790W H
Hs-21 55.08 1.89 0.68 63.4087N 20.2799W H
Hs-23 109.62 3.08 0.39 63.4094N 20.2799W H
Hs-24 126.53 2.01 0.53 63.4094N 20.2799W F
Hs-27 231.75 1.64 0.6 63.4106N 20.2826W H
Hs-28 132.47 2.03 0.8 63.4106N 20.2837W F
Hs-29 61.54 2.54 0.38 63.4105N 20.2849W H
Hs-30 95.96 2.09 0.66 63.4106N 20.2851W F
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Table 3.2: Nucleotide sequences of the 6 ISSR primers used in this study.

ISSR Primera Sequence (5 '-3 ')b

804 TATATATATATATATAA
807 AGAGAGAGAGAGAGAGT
828 TGTGTGTGTGTGTGTGA
840 GAGAGAGAGAGAGAGAYT
867 GGCGGCGGCGGCGGCGGC
888 BDBCACACACACACACA

aPrimer number follows that in UBC set 9 (no. 801-900)
bY: pyrimidine; B: C,G or T; D: A, G or T

Figure 3.2: Locations of samples collected for AFLP. Map produced using google
earth and output from a handheld GPS unit.
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3.2 Enzymatic Root Tip Squash

Enzymatic root tip squash was performed according to Anamthawat-Jónsson (2010).
Young root tips were harvested from the live plants at mid-day. Root tips were cut
to approx. 1-3cm. and placed in 15mL tubes with ice water and kept at 4 ◦C with
ice for 24-27h in order to synchronize mitosis and arrest as many cells as possible in
metaphase. Root tips were then placed in another 15mL tube containing a �xative
solution of glacial acetic acid/absolute ethanol (1:3) and allowed to sit overnight in
a freezer at -28 ◦C. After �xation, root tips were submerged in an enzyme bu�er
twice in 20 minutes at room temperature and then placed into an enzyme mixture
at 37 ◦C for 30 minutes. Roots were then submerged again in the enzyme bu�er and
the solution changed after 5 minutes. Root tips were then placed one at a time onto
microscope slides that had been pre-cleaned with chromic acid (chromium trioxide
in 80% sulphuric acid) for 3 hours, rinsed thoroughly in tap water and placed in
96% EtOH before use. The ends of the roots were removed, leaving only the tip(1-
2mm) containing the meristematic tissue on the slide. The slide was then placed
under a stereo microscope at 20x magni�cation, a drop of 45% acetic acid added
and the meristem teased apart, allowing the mitotically dividing cells to �ow into
the acetic acid. A cover slip was then placed on top and slides analyzed for quality
in a phase contrast microscope. Good quality slides were then dipped in liquid
nitrogen, the cover slip removed and slides stored in an air tight storage box at 4 ◦C
until further use. Prepared slides were stained with 100 µL of the �uorochrome
DAPI(1 µL /ml) (4 ',6-diamidino-2-phenylindole) for 1 minute and viewed under
an epi�uorescent microscope using a UV �lter block with 340-380 excitation and
430-450 emission wavelengths(blue). The images obtained with the 100x objective
were captured with a CCD camera and used for chromosome number determination
and karyotyping.

3.3 DNA Extraction

DNA was isolated from dried plant leaf tissue using the CTAB extraction method
as described by Aldrich and Cullis (Aldrich and Cullis, 1993), slightly modi�ed for
smaller samples. Fresh Extraction bu�er was prepared and incubated at 65 ◦C.
Two to �ve dried leaves were placed in a 1.5mL Eppendorf tube, liquid nitrogen
added and leaves were ground to a �ne powder using a small plastic pestle. 0.5mL
of fresh extraction bu�er was then added to the tube along with 1 µL of RNase
(10mg/ml) and mixed well until all material was suspended in the liquid. This was
then placed in a water bath at 65 ◦C for 1 to 2 hours (longer incubation results
in cleaner pellets) and mixed occasionally by inversion. After incubation, proteins,
lipids, chlorophyll and other compounds were removed by adding 0.5mL of equal
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volume chloroform-isoamyl (24:1) alcohol. The solution was mixed continuously for
5 minutes, centrifuged at 14000 RPM for 10 minutes, the upper phase removed and
placed in a new 1.5mL Eppendorf tube and the old tube discarded. DNA was then
precipitated by the addition of 1.5mL of cold 96% ethanol and placing samples in
a -27 ◦C freezer for 30 minutes. After 30 minutes the tube was centrifuged again
at 3000 RPM for ten minutes in order to spin down the DNA. The supernatant
was then discarded and the pellet washed twice with 70% EtOH in order to remove
any impurities. The tube was then centrifuged again brie�y at 3000RPM, the super-
natant removed and pellet air dried. Once dry, 100 µL of 1X TE bu�er was added to
re-suspend the DNA pellet and samples were stored in a -27 ◦C freezer until further
analysis. This method works well for extraction of H. peploides DNA and when per-
formed correctly can result in a large quantity of high quality DNA. The quality and
concentration of DNA in all samples was then measured using Thermo Scienti�cs
NanoDrop 1000 Spectrophotometer. DNA solutions were then diluted to 20ng/ µL
with TE bu�er in order to standardize concentrations for PCR-ampli�cation of ISSR
and AFLP products.

3.4 PCR Ampli�cation of ISSRs

Six primers from the Biotechnology Laboratory, University of British Columbia
(UBC primer set no.9) were tested for PCR ampli�cation with H. peploides DNA.
Of the six primers tested, one primer (AG)8, designed to anneal to dinucleotide
repeats and containing a 3 ' anchor (T), gave the best bands and was selected for
use in this study (Tbl.3.2).

Ampli�cations were carried out in 10 µL of 2X Phusion MasterMix, 2 µL of the
appropriate primer, 0.6 µL of 100% DMSO, 5.4 µL ddH20 using 2 µL of 20ng/ µL
DNA template per 20 µL reaction. All reagents, with the exception of the primers,
were obtained from New England BioLabs, Inc. PCR ampli�cation was performed
in a thermo cycler using the following cycle pro�le: 1 Cycle at 98 ◦C for 30 seconds
followed by 45 cycles at 98 ◦C for 10 seconds, 55 ◦C for 30 seconds, 72 ◦C for 30
seconds; and a �nal 10 minute extension at 72 ◦C. The ampli�ed products were
electrophoresed on 2% agarose gels containing 1x SYBR c© Safe DNA gel stain from
Invitrogen.
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3.5 AFLP PCR

Preliminary work using the AFLP method was carried out on 16 individuals accord-
ing the standard procedure as described by Vos et al. (1995) on Honckenya peploides
DNA (250ng/5.5 µL) that was isolated from dry plant leaf tissue using the CTAB
method. The AFLP reactions were carried out using the PE Applied Biosystems
AFLP plant mapping kit for average sized genomes. Prior screening for primers
suitable for use with H. peploides was performed by Sánchez-Vilas et al. (2010)on
individuals of both sexes across multiple localities. Two primer combinations, MseI-
CTA/EcoRI-ACT-Fam and MseI-CTC/EcoRI-AGG-Joe (Tbl. 3.3) were found to
be polymorphic enough to discriminate clones within populations and so we chose
to use these as well.

3.5.1 Cut-Ligation

0.5mL tubes were labeled and H. peploides genomic DNA with known concentration
was placed inside and diluted with double distilled autoclaved water to get a �nal
concentration of .250 µg in 5.5 µL, tubes were then placed in vortex and spun down.
The �rst step in the AFLP method was the Cut and Ligation step. In this step, two
restriction endonucleases a rare cutter (EcoRI) and a frequent cutter (MseI) digest
the genomic DNA and two adaptors (MseI and EcoRI adaptors) are ligated onto the
ends of the restriction sites of the genomic DNA fragments to create primer binding
sites. First, a master mix (Tbl. 3.4) was prepared for the cut and ligation reactions.
Two 1.5mL Eppendorf tubes were labeled Mix 1 and Mix 2 and kept on ice until all
reagents were added. The MseI and EcoRI adaptor pairs (1 µL per reaction) were
then placed in two separate 0.5mL tubes and heated to 95 ◦C for �ve minutes in the
thermo cycler. While the adaptor pairs were heating up, 10X T4 ligase bu�er (1 µL
per 10 reactions), 0.5M NaCl (1 µL per 10 reactions), 1mg/ml dil. BSA (0.5 µL
per 10 reactions) and double distilled water (10 µL per 10 reactions) was added to
the tube labeled Mix 1. Likewise, 10X T4 Ligase bu�er (1 µL per reaction), 0.5M
NaCl (1 µL per reaction) and 1mg/ml dil. BSA (0.5 µL per reaction) were added
to the tube labeled Mix 2. After 5 minutes in the incubator, the adaptor pairs were
removed and let sit at room temperature for 10 minutes, after 8 minutes, the MseI
and EcoRI enzymes as well as the T4 DNA Ligase were taken out of the freezer.
Immediately after the enzymes and ligase were taken out of the freezer, 10u/ µL
MseI (10u per 10 reactions), 20u/ µL EcoRI (50u per 10 reactions) and 10u/ µL
T4 DNA Ligase (10u per 10 reactions) were added to the tube labeled Mix1 using
pipettes labeled for Enzyme use only. After 10 minutes at room temperature, the
MseI (1 µL per reaction) and EcoRI (1 µL per reaction) adaptor pairs were spun
down and added to the tube labeled Mix 2. The tube labeled Mix 2 was then mixed
with a vortex, spun down and added to the tube labeled Mix 1. The tube labeled
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Mix 1 was mixed with a vortex and spun down as well. The tubes containing the
5.5 µL of genomic DNA were placed on ice and 5.5 µL of the Master Mix (Tubes
labeled Mix 1 and Mix 2 mixed together) was then added to each sample to make
the �nal volume 11 µL. Samples were then placed in the thermo cycler at 37 ◦C
for 2 hours to complete the cut and ligation reactions. After two hours the samples
were taken out of the thermo cycler and the reaction stopped by adding 189 µL of
0.1xTE bu�er to each sample.

3.5.2 Pre-Selective Ampli�cation

The next step in the AFLP method was the pre selective ampli�cation step. In this
step, genomic DNAs were ampli�ed with AFLP primers each having one selective
nucleotide at the 3' end to generate an almost unlimited source of template DNA
from only a subset of the restriction fragments. Again, all work was done on ice.
A new Master Mix (Tbl. 3.5) was prepared for the Pre Ampli�cation reaction. A
1.5mL Eppendorf tube was labeled Mix and put on ice. AFLP pre selective primer
pairs (0.5 µL per reaction) and AFLP Coremix (7.5 µL per reaction) were put in a
vortex and spun down, then added and the Mix tube put on vortex and spun down
as well. Empty pre labeled red 0.5mL tubes were then placed on ice next to the
diluted cut and ligation products from the previous step. 8 µL of the Mix was then
added to each of the pre labeled 0.5mL tubes as well as 2 µL of the cut and ligation
product from the previous step. These tubes were then put in the thermo cycler and
program set to ABPRE (Tbl. 3.6) which took nearly 2 hours. After the incubation
the tubes were removed and the quality of the template preparation was checked
on a gel. A 1.5% agarose gel was prepared using 50x TAE bu�er, demineralized
water and Seakem agarose. 5 µL of the pre ampli�cation product was then mixed
on Para�lm with 2 µL of GelRed loading bu�er obtained from Biotium and loaded
into each well, a Phi-X 174, 1,353 BP DNA ladder was run along with every gel as
well. The gel was run for 10 minutes on 200V. The gel was then removed and bands
documented using the GENi gel documentation system by Syngene (Fig. 3.3). The
remaining 5 µL of the pre selective ampli�cation product was then diluted with
95 µL of 0.1xTE bu�er.

21



3 Materials and Methods

Table 3.3: Primer combinations used for selective ampli�cation obtained from Ap-
plied Biosystems.

Primer Combination in B13 Primer Combination in G22
5'-fam-GAC TGC GTA CCA ATT CAC T-3' 5'-joe- GAC TGC GTA CCA ATT CAG G-3'
5'-GAT GAG TCC TGA GTA ACT A-3' 5'-GAT GAG TCC TGA GTA ACT C-3'

Table 3.4: Restriction-Ligation Master Mix. All ingredients obtained from Applied
Biosystems.

Mix 1 Mix 2
10x T4 Ligase Bu�er (1 µL/10rxn) 10x T4 Ligase Bu�er (1 µL/rxn)
0.5M NaCl (1 µL/10rxn) 0.5 M NaCl (1 µL/rxn)
1mg/ml dil. BSA (0.5 µL/10rxn) 1mg/ml dil. BSA (0.5 µL/rxn)
10u/ µL MseI (10 µL/10rxn) MseI Adaptor Pair (1 µL/rxn)
20u/ µL EcoRI (50 µL/10rxn) EcoRI Adaptor Pair (1 µL/rxn)
10u/ µL T4 Ligase (10 µL/10rxn)
DDH20 (make up to 10 µL/10rxn)

Place the ingredients from Mix 2 into Mix 1 to make the Restriction-Ligation
Master Mix.

5.5 µL of Master Mix was used for each reaction.
Heat adaptor pairs for 5 minutes at 95 ◦C and leave at room temperature for 10

minutes after heating before using.

Table 3.5: Pre-Selective Ampli�cation Master Mix. All ingredients obtained from
Applied Biosystems.

Reagent Amount used per reaction
AFLP preselective Primer Pairs 0.5 µLl
AFLP Coremix 7.5 µL

8 µL of Mix was used for each reaction
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Figure 3.3: Gel shows products of pre�slective ampli�cation

Table 3.6: ABPRE program for the Thermocycler

1) 72.0 ◦C for 2 minutes 7) 72.0 ◦C for 2 minutes
2) 1.0 ◦C per second up to 94.0 ◦C 8) Steps 3�7 repeated 19 times
3) 94.0 ◦C for 1 second 9) 1.0 ◦C per second down to 60.0 ◦C
4) 1.0 ◦C per second down to 56.0 ◦C 10) 60.0 ◦Cfor 30 minutes
5) 56 ◦C for 30 seconds 11) 1.0 ◦C per second down to 14.0 ◦C
6) 1.0 ◦C per second up to 72.0 ◦C 12) 14.0 ◦C until removed

All Thermocycler parameters were pre-programed and saved into the machine.
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3.6 Data Analysis

3.6.1 ISSRs

For ISSR analysis, the banding patterns were recorded using a UVP Trans illumi-
nator and digital camera. Bands were then scored manually with fragment size
scores ranging from 450 to 1800bp. Bands with the same molecular weight and
mobility were treated as identical fragments. In the data matrix the presence of
a band was scored as 1 and its absence was scored as 0. The data matrix was
then analyzed by the SIMQUAL program of NTSYS2.0 and genetic similarity be-
tween samples was estimated using the Hamann coe�cient of similarity, estimated
as (a+d-b+c)/(a+b+c+d). Where a = 1 and 1, b = 1 and 0, c = 0 and 1, d = 0
and 0. Phylogenetic analysis was performed using the SAHN (sequential agglomera-
tive hierarchic nonoverlapping clustering) method in NTSYS 2.0 using the UPGMA
(unweighted pair-group method using the arithmetic average) and UPGMC (The
unweighted pair group method using the centroid value). Statistical analysis was
performed on the data using R2.12.

3.6.2 AFLP

Once the AFLP process is completed for all samples, analysis of AFLP data will
be carried using GeneMarker software v1.9 which provides a series of automatic
fragment sizing, allele scoring, bin-building and auto-panelizing algorithms to assure
allele calls are highly accurate. After allele calling, data from the GeneMarker
software will be converted into a binary matrix and analyzed using several functions
of R2.12.
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4.1 Chromosome Counts with DAPI

After root tip samples had been prepared and stained with DAPI the slides were
scanned at 200-400x magni�cation to obtain the chromosome number. The picture
from �gure 4.1, taken at 1000x magni�cation shows the chromosomes in metaphase.
Microscope pictures indicate the presence of 68 chromosomes, including two with
possible satellites (white arrows). Chromosome sizes ranged from 1.36 µm � 4.66 µm
and most seem to be metacentric. A karyotype constructed shows chromosomes lined
up by size and paired with possible homologs(Fig. 4.2).
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Figure 4.1: Picture of H. peploides chromosomes stained with DAPI taken at 1000x
magni�cation. Arrows indicate possible locations of satellites.

Figure 4.2: Karyotype of H. peploides chromosomes obtained from enzymatic root
tip digestion and staining with DAPI.
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4.2 ISSR

4.2.1 ISSR�PCR

Eleven di�erent samples were PCR-ampli�ed using primer 807 (Fig.4.3). Of the
eleven samples two came from Surtsey (S1, S4) and nine came from Heimaey (HS12,
HS20, HS21, HS23, HS24, HS27, HS28, HS29 and HS30), �gure 4.3 shows the am-
pli�ed samples after electrophoresis and staining. A total of 23 bands were produced
from ISSR-PCR ampli�cation of all samples. No bands were visible in lanes 2-5.
The 450bp marker is found in HS20 and HS30; 500bp marker in HS20, HS23, HS27
and HS29; 900bp marker in HS20, HS27 and HS30; 1200bp band in HS21, HS27,
HS28 and HS29; 1500bp band in HS20, HS21, HS24, HS27, HS29 and HS30.

4.2.2 ISSR Tree Building

UPGMA � The unweighted pair group method using the arithmetic mean with the
Hamman coe�cient shows (Fig.4.4) that at the intraspeci�c level, two major clusters
are found and four minor clusters can be distinguished within the larger cluster. The
smaller major cluster, cluster A, consists of HS-20 and HS-30 and the larger cluster,
cluster B, consists of HS-21, HS-24, Hs-27, HS-29, HS-28 and HS-23. Cluster A is
more genetically distant from any of the other samples. Within cluster B, Hs-27 and
Hs-29 are the closest related, and show no genetic distance between them, followed
by HS-21 and HS-24. Samples HS-23 and HS-28 show the most genetic distance
within cluster B.

4.2.3 Statistical Analysis - ISSR

Statistical analysis showed some correlation between physical distance and genetic
distance (r2= 0.056)(Fig. 4.5). This correlation was signi�cant according to Pear-
son's product-moment correlation (p= 0.03251) but not according to the Mann�
Kendall test (p= 0.56094). In order to check if the data had a normal distribution,
a histogram was produced for both the genetic distance and the physical distance
(Fig. 4.6 and 4.7). Pricipal components analysis (PCA) was also performed (Fig.4.8)
to test the relationship between lattitude, longitude and sex of the samples. The
PCA showed strong correlation between sex and geographic location as well as sex
and the presence of a 500Bp marker.
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Figure 4.3: Photograph of gel containing ISSR ampli�cation from primer 807. Gel
is stained with SYBR c©Safe DNA stain. Lane 1 and 20 contain Fermentas 100bp
ladder while lanes 2-13 contain ISSR ampli�ed DNA from di�erent samples labeled
in yellow in the picture. Arrows point to possible 500Bp hermaphrodite marker.
To the right we placed a picture of the 100Bp ladder for comparison.

Figure 4.4: Dendrogram resulting from UPGMA-Hammond analysis for 8 individu-
als of H. Peploides obtained from the ISSR data matrix.
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Figure 4.5: Jaccard index
vs. Distance.

Figure 4.6: Histogram showing
genetic distance distribution.

Figure 4.7: Histogram showing
physical distance distribution.

Figure 4.8: PCA of allele frequency
and sex.
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4.3 AFLP

4.3.1 AFLP�PCR

Preliminary work was started for the AFLP method on 16 Honckenya peploides
DNA samples (250ng/5.5 µL) that were isolated from dry plant leaf tissue using the
CTAB method as described above. When checked on 1.5% agarose gel (Fig. 3.3)
after the pre-ampli�cation step, 2 samples did not show a smear, indicating either
lack of DNA in the original sample or unsuccessful digestion by the enzymes. It
seems unlikely however that the digestion was unsuccessful as half of the samples
that did not show up here were put through the cut-ligation and pre-ampli�cation
steps again and checked a second time on another 1.5% agarose gel with other
samples that did give a smear. It is our conclusion that the quality or concentration
of the starting DNA must have been the factor resulting in the samples not showing
up on the gel after pre-ampli�cation. The samples that showed a smear on the 1.5%
agarose gel will be carried through the rest of the AFLP process and placed in the
3730 series DNA Analyzer from Applied Biosystems for further analysis.
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5.1 Chromosome counting and Molecular

Cytogenetics

A total of 68 chromosomes were counted for H. peploides. This is the same number as
Malling reported (Malling, 1957) in plants from N. America, Germany and Denmark.
When compared to other plants of the Caryophyllaceae family 2n=68 is quite high,
other reported numbers vary from 2n=20-48 (Jeelani et al., 2011). Chromosomes
ranged in size from approximately 1.36µm � 4.66µm. The size of the chromosomes
as well as chromosome number correlate with Kapralov et al. (2009)'s �ndings,
that the H. peploides genome is rather large for species in the Caryophyllaceae
family. Malling also found that one pair carried conspicuous satellites and wondered
if they were sex chromosomes (Malling, 1957). From our observations these are
most likely satellites on two of the chromosomes not sex chromosomes. However,
further studies will be conducted on individuals grown from seed from all locations,
possibly using chromosome banding in order to make conclusive statements about
the presence of sex chromosomes in H. peploides. Along with this we will also use
Fluorecent in situ hybridization (FISH), speci�cally targeting the highly conserved
45S and 5S ribosomal regions in order to study H. peploides karyotype evolution
and its connection to its sister genus Schiedea, a genus of herbs, vines, and small
shrubs endemic to the Hawaiian Islands, consisting of 34 known species which are
all thought to have arrisen from a single colonization event (Wagner et al., 2005).

5.2 ISSR

5.2.1 Current Understanding

A strong positive correlation was found when Pricipal components analysis (PCA)
was conducted to test the relationship between lattitude, longitude, frequency of
hermaphrodite individuals and the frequency of bands (Fig.4.8). As longitude in-

31



5 Future Prospects

creases, the frequency of both hermaphrodite individuals and the frequency of the
500Bp marker increases as well. The presence of the 500Bp marker suggests that
it is a hermaphrodite determining marker, i.e. the presence or absence of this band
indicates the presence or absence of a hermaphrodite individual. The increase of
hermaphrodites as latitude increases is of signi�cance as some authors have specu-
lated (Johnson et al., 2009) that increases of sel�ng rates and asexuality (H. peploides
hermaphrodite seed set is very low) are expected to cause shifts toward higher lat-
itudes. This is due to the fact that biotic interactions are less predictable at lower
latitudes, a condition which would selectively favor sexual modes of reproduction
(the �bank� model) (Bell, 1982). Conversly, asexual populations have been shown
to outcompete sexual populations at higher latitudes where the biotic interactions
are more predictable (Bell, 1982; Glesenger and Tilman, 1978). Furthermore, Lynch
(1984) proposes that the evolution of asexuallity favors the selection of individuals
that can occupy a greater range of environments. This leads us to believe that
asexual organisms occupy larger geographic areas, including higher latitudes, be-
cause abiotic conditions in these areas are more favorable to an asexual mode of
reproduction. With this it must also be stated that H. Peploides does not repro-
duce exclusively by asexual means, however it has been noted (Malling, 1957) that
hermaphrodite individuals tend to be seed-sterile or carry very few seeds compared to
the females, suggesting that asexual reproduction is favored in the hermaphrodites.
It should also be noted that this data is only based on 8 individuals and therefore
can not be taken as signi�cant. However we believe that future studies using a larger
sample size from a larger geographic area will show a similar correlation.

5.2.2 Future Prospects

Further ISSR studies using a larger sample size should be conducted in order to verify
the statistical signi�cance of the 500 Bp hermaphrodite marker. If the correlation
between the 500Bp hermaphrodite marker turns out to be signi�cant, the next step
to be taken is the excizing of said marker from the ISSR gels, re-ampli�cation of
the marker and sequencing it. The genetic sequence will then be entered into the
BLAST database in order to assertain its possible function and relation to genes
from other species. If a similar sequence is found in BLAST, the function of this
gene could give us insight into its role in hermaphrodite survival and possibly lead
us to some insights regarding sex determination in this species. If however the
sequence is not found in BLAST we will look for an open frame in the sequence and
deduce the amino acids produced by it. Once we know the amino acid sequence
we will possibly be able to deduce the peptide produced, synthesize it and use
Immunohistocytochemical methods (Javois, 1999) to localize the protein of interest
and �gure out is function.
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5.3 AFLP

5.3.1 Future Prospects

AFLP analysis will be conducted on over 300 samples previously collected from
locations in Denmark, Greenland, Surtsey, the Vestmannaeyjar Archipelago and
mainland Iceland (Fig. 3.2). The data obtained will be input into GeneMarker
software for allele calling in order to produce a data matrix consisting of ones and
zeroes indicating absence or presence of alleles. The matrix will then be imported
into R2.12 for tree building and statistical analysis. A classic dendrogram will then
be produced by the UPGMA method using the vegan, ade4 function in R2.12. Fur-
ther statistical analysis, including bootstraping will then be carried out in order to
analyze the signi�cance of the relationships found within the dendrogram. These
statistical analysis methods could possibly tell us where the Surtsey population de-
rived from as well as shed some light on the nature of dispersal of plants to and from
Iceland. The binary data will also be used to produce a dendrogram�like graph to
reveal the relationship of alleles as a function of sex. This will allow us to see the
relationship between alleles and biologically di�erent ecotypes (hermaphrodites and
females). A �sher exact test will also be conducted on alleles that cluster with dif-
ferent sexual morphs, this will hopefully reveal a statistically signi�cant relationship
between some alleles and sex. If alleles are found that do indeed correlate signif-
icantly with sex then in order to �gure out the function of such alleles a similar
method as described in the ISSR section above will need to be carried out. However
in this case we will need to run our AFLP products on a gel, not on a sequencer, is-
solate the alleles of interest, sequence them and enter them into BLAST. If a similar
sequnce is known, the function of the protein produced should give us some insight
into its roll in the survival of females and/or its e�ect on hermaphrodite survival.
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