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1. Introduction
1.1. The problem of plant invasion

In the book “Invasive species in a changing world” written by Hobbs in 2000 the
author says that: “destruction of natural habitats, land use intensification and
biological invasions are some of the most prominent components of global change
that influence biodiversity in human-dominated temperate ecosystems”. But, these
factors have been approached as single-factor conservation problems rather than
as interacting factors. Invasive plant species represent a serious threat to
biodiversity worldwide and their introduction into new environments can
negatively affect the existing ecosystems (Provan et al., 2007). At the same time,
invasions are second in impact only to the destruction and fragmentation of
habitats (Wilson 1997). These biological invasions were made possible by human
actions which have strongly contributed to the dispersal of the species.
The expansion of non-native plant species will most probably grow in
response to climate change, global transport and habitat alteration. Hejda et al.
(2009) have mentioned that “the strong impact of the invasion on species richness
is correlated with that on species composition”. As a consequence, changes in
species composition can influence the productivity, invasion resistance and
extension rate of specific species. At the same time, while the success
establishment of alien plants in new ecosystems depends on their functional
attributes (Richardson & Pyšek 2008, Tecco et al. 2010), the weed invasion
hypotheses mentions that the competitive ability of invasive species is increasing
because of the absence of their natural enemies (Hansen et al., 2006). Therefore,
after their introduction into a new ecosystem, due to their rapid spread and strong
competitive abilities, invasive species can cause ecological damage, health hazard
and serious economic losses in fields like horticulture, agriculture or forestry
(Henry et al., 2009).
Pollinator loss represents a very big fear for conservation, because pollination
is essential in order to reproduce and maintain the genetic diversity in an
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ecosystem. The landscape structure and the flora composition affect the
interactions between the pollinator communities and plant-pollinators. Therefore,
alien plant species could alter community plant-pollinator interactions, due to the
fact that plant invasions can decrease or increase the number of visits to a
particular co-flowering native plants (Bartomeus et al., 2010).
Many studies have showed that an invasive species becomes a threat to the
native species only when the non-native species becomes successfully established
and increases in abundance (Maskell et al., 2006). It is also known that in their
native regions some species have been described to grow at smaller sizes and at
lower population densities, to produce fewer and smaller seeds and to have lower
growth rates (Pergl et al., 2006). At the same time, it has been proposed that alien
species experience rapid genetic changes under selection pressures in their
invasion environments, and therefore, this fact it is considered to be one of the
motives why alien plants achieve supremacy throughout the introduced
populations (Jahodová et al., 2007).
Invasions are generally studied through biogeographical investigations to
understand better the factors and processes that control diversity and distribution
at different spatial scales (Palmer 2006). In the nineteenth century, several
naturalists, such as Charles Darwin, Alphonse De Candolle, Joseph Hooker and
Charles Lyell, mentioned invasive species in their writings. But, at that time, the
problem of invasive species was treated only as a curiosity and not a major
concern for the global biodiversity. Much of the ecology at that time was
preoccupied with natural ecosystems, so invasions were seen as noise and avoided
as far as possible in field studies (Richardson & Pyšek, 2008). Charles S. Elton’s
book from 1958 “The ecology of invasions by animals and plants” is has been
accepted as the beginning point for focused scientific attention on biological
invasions (Davis et al., 2001).
Although, after numerous researches done in the field of invasion ecology,
neither result were conclusive enough regarding the mechanisms and
predictability of invasions. Therefore, it is very important to investigate the
potential differences in the genetic structure of the native and the invasive species.
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It is vital to understand the mechanisms underlying biological invasions and the
key traits of invasive species for informed management decisions.

1.2. Impatiens glandulifera
1.2.1. Distribution

Impatiens glandulifera Royle (Balsaminaceae), known also as the Himalayan
balsam, is a widespread invasive annual plant species native to the western
Himalayas, which has become naturalized in northern and Central Europe,
temperate North America and New Zealand (Weber 2003). It was first introduced
into European countries in the 19th century as a garden ornamental and nectarproducing plant (Pyšek & Prach, 1995). It was introduced into England in the
1830s and it is one of the most serious alien plants in Germany, United Kingdom
and France (Sheppard et al., 2005). The first naturalized populations were
observed in Sweden in the late 1920s and in Norway in the late 1930s, while in
Denmark the species was recorded already in 1888 (Kurtto 1996). Today it is
found also in more or less natural habitats throughout the Baltic area (Kuusk et al.,
1996).
At the moment, I. glandulifera can be found in 18 countries in Europe,
between the latitudes of 30 and 64°N. The sensitivity to frost and requirement for
high soil moisture may limit the geographical distribution of the species, while the
northern distribution limits are controlled by the length of the growing season
(Beerling 1993).

1.2.2.

Biology

Impatiens glandulifera is a tall annual with a smooth, usually hollow and jointed
stem. It is an insect-pollinated and self-pollinated therophyte, which can produce
up to 2500 seeds per plant. The stem can reach a height of 3 m and its diameter
can be up to several centimeters. The seeds are ejected explosively up to 3-5 m
from the plant. The long distance spread of seeds can occur due to human action,
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water dispersal or animals. The root system contains adventitious roots to a depth
of 10-15 cm, produced from the lower nodes of the stem.
Leaves can be opposite or grouped in whorls of 3, lanceolate to elliptical, 5-18
cm long and 2.5-7 cm wide, and with stomata on both sides. Leaf margins are
sharply serrated with 18-50 teeth on each side. Flowers are grouped in 3-12
axillary racemes and are strongly zygomorphic. The flower color ranges from
white to pink and to dark purple, and flowering takes place in Finland from July to
September (Hämet-Ahti et al., 1998). The posterior sepal forms a sac, and the two
lateral sepals are small and triangular. The five petals alternate with five sepals
and each capsule contains 4-16 seeds, 4-7 mm in length and 2-4 mm in width
(Figure 1) (Beerling & Perrins, 1993).

Figure 1. Impatiens glandulifera. Picture by Robert Tanner

I. glandulifera forms monospecific stands, which can therefore reduce the
access to rivers and, in this case, to out-compete native plant species. At the same
time, I. glandulifera can out-compete some of the native species by their power to
attract pollinators by producing a massive production of nectar (Chittka &
Schürkens, 2001). As an annual, Himalayan balsam dies back in the autumn,
leaving river banks bare and liable to erosion (Martin & Pyšek, 2006).
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1.2.3. Invasion and impact

Pyšek (1995) indicates that: “plants occurring in the region where they are not
native have been termed aliens, invaders, exotics, introduced, translocated,
neophytes, adventive, weeds, newcomers, naturalized, colonizers, non-native nonindigenous and immigrants”. Some of the remarkable escaped plants have been
introduced in gardens more for the beauty of interest than for some other use.
Most of the time, botanists have ignored escaped plants because common escapes
are not worthy of note, but also because rare escapes are hard to be identified
(Rob 1973, Rotherham 2000).
According to Pyšek and Prach (1993), the relationship between the life form
of an invader and its invasion success shows that the shorter the period of life the
biggest the rate of invasion. I. glandulifera is the tallest annual plant in Europe
and shows fast extension growth (Andrews et al., 2005), which makes it a strong
competitor with other species. I. glandulifera occurs in riparian habitats, fens,
mesotrophic grassland and deciduous woodland, and in Europe it favors wet and
nutrient-rich habitats. Due to its ability to outcompete native flora and its
predicted expansion along rivers, I. glandulifera is now widespread throughout
north-western Europe, and it could become a more serious threat to nature
conservation in the future.
The hypothesis of the evolution of increased competitive ability proposes that
exotic plant species with few specialized enemies in their new range allocate
energy to growth or reproduction instead of protection against enemies (Blossey
& Nötzhold 1995, Müller-Schärer et al. 2004, Blumenthal & Hufbauer 2007). The
predictions of this hypothesis refer to the fact that the plants from a species’ exotic
range will grow larger and will be less well protected; therefore, they will be more
competitive than plants from their native range.
When plants are no more in the range of their natural enemies, they are
capable to grow larger, have bigger fecundity and vigour, and could achieve the
ability to out-compete their neighbors. Thus, the defensive chemicals that plants
produce in their native habitat are no longer needed and, therefore, the plants are
able to invest energy only for their growth and vigour (Keane & Crawley, 2002).
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At the same time, the color of the flowers, the brighter color of the invasive plants
in contrast with the paler color of the native plants, creates the possibility to attract
a higher number of pollinators among the invasive plants. This hypothesis was
proposed after several observations, which showed that many plant species appear
to grow larger in their exotic range. In Figure 2 it can be observed some of the
differences between the native plant species of I. glandulifera from its native area
(Pakistan) and the invasive plant species from the United Kingdom.
Consequently, these increases in size are associated with increases in competitive
ability within the exotic range.

Figure 2. Impatiens glandulifera from Pakistan (left), and I. glandulifera from the United
Kingdom (right). Pictures by Robert Tanner.

At the same time, most of the observations regarding the plants natural
enemies preference, their damage, or the quantitative defenses effective against
natural enemies have showed that plants from exotic populations are more
vulnerable to enemies than are plants from native populations (Blossey &
Nötzhold 1995, Daehler & Strong 1997, Willis et al. 1999, Blair & Wolfe 2004,
Bossdorf et al. 2004, Wolfe et al. 2004, Joshi &Vrieling 2005, Stastny et al. 2005,
Blumenthal & Hufbauer 2007). Therefore, in their research paper, Blumenthal and
Hufbauer (2007) have discovered that in the absence of competition, exotic plants
are growing larger, on average, than their native conspecifics.
In Finland, the establishment of non-indigenous species is influenced by the
harsh climate that prevents invasions of most southern species, the relatively low
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number of species that form the ecosystem which allows quite easily the
establishment of new species, and the barren soils that can be found in this
country (Nummi 2000). A short classification of non-indigenous organisms,
which were brought to Finland by humans, divides them into three main
categories: ancient unintentional introductions, historical intentional introductions
and modern unintentional introductions (Nummi 2000). This classification is often
used to distinguish the present invasions by the non-invasive organisms which
were introduced to Finland a long time ago. Figure 3 shows the distribution of the
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most abundant groups of invasive organisms in Finland.
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Figure 3. Groups of alien species in Finland. The graph is based on the information from
DAISIE European Invasive Alien Species Gateway (2008). Available in www.europealiens.org/speciesFactsheet.do?speciesId=50432 (Accessed on 2nd February 2011).

There are a number of different dispersal mechanisms by which invasive plant
species have arrived to Finland. These mechanisms include intentional and
unintentional dispersal: by water, by transport of material and associated actions,
by movement of animals, by vegetation management of watercourse banks, by
clearance for site management and development, by recreational activities or by
natural dispersal (DAISIE European Invasive Alien Species Gateway, 2008). The
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Figure 4 shows that the highest number of invaded plant species has arrived to
Finland by transportation.

Figure 4. The number of different dispersal methods recorded for species invasions in
Finland. The graph is based on the information from DAISIE European Invasive Alien
Species Gateway (2008). Available in www.europealiens.org/speciesFactsheet.do?speciesId=50432 (Accessed on 2nd February 2011).

I. glandulifera was introduced to the Helsinki Botanic Gardens at the end of
the 1800s (Kurtto 1996, Helmisaari 2010) and the first naturalized populations
were observed in 1947 (Kurtto1996). In the 1950s and 1960s the plant was
apparently rarely cultivated, but in the 1970s its popularity increased rapidly. The
distribution of I. glandulifera is expanding and the species is also found in natural
habitats. Since the 1990s, its expansion has accelerated, and now the species is
quite common in densely populated areas of Southern and Central Finland (Figure
5).
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Figure 5. The 2009 distribution map of Impatiens glandulifera in Finland. Picture from
http://www.luomus.fi/kasviatlas, and used with the approval of the Finnish Museum of
Natural History. (Accessed on 6th of April 2011)

It is well known that invaders are abundant and widely distributed. However,
although I. glandulifera has a restricted natural range in the western Himalayas of
about 800 km x 50 km, it is the most invasive plant species of its genus and has
invaded many countries in Europe and America.

The success rate of I.

glandulifera over the other Impatiens species is due to its popularity as an
ornamental garden plant, its rapid rate of growth, greater ability to survive heavy
frost and higher seed production (Perrins et al., 1993).
Nonetheless, the success of I. glandulifera as an invasive annual species
could be due to the intraindividual variation in seed mass that helps the utilization
of heterogenous environments (Rees & Westoby, 1997). Therefore, the
achievements of this invasive plant species to extended the period of seed release,
to have a considerable variation in seed mass and to increase the productivity of
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seed mass in response to environmental severity, are all likely to maximize the
opportunities for colonization and establishment in this invasive plant species.
1.2.4.

Control

Because of the fact that I. glandulifera is a quite new alien species in Finland, and
there is still a lot of missing information regarding its invasion, there is a clear
need to develop a strategy for identifying priority areas of control. According to
Dawson and Holland (1999), the first step after identifying a new invasive colony
is to initiate an immediate control, because it is easier and cheapest to control
invasions at an early stage of the process. An important aspect in controlling the
invasion of I. glandulifera is to reduce its use as an ornamental plant by informing
as many people as possible about the negative consequences of growing it.
In areas of a high conservation interest, mechanical eradication efforts are
often used. This method consists of removing the whole plant, as that is quite easy
due to the modest root system of I. glandulifera. However, the effect of using this
method is rather questionable due to the effective transportation of seeds through
the river corridors. Usually this action results in a quick reinvasion. Thus, the
main objective is to prevent flowering. Chemical treatment is the most shared
control method and it is very important that the plant is treated twice in a season,
once before flowering and again later on (Wadsworth et al., 2000). Young plants
respond to spraying by herbicides; however, when the flowering plants are
sprayed, they are still able to produce viable seeds.
Biological controls or natural controls offer a sustainable, ecological and
economically viable tool to support and sometimes to replace chemical and
manual control methods. In 2006, a biocontrol programme was initiated, and it
included three surveys conducted across the native range of I. glandulifera in
Pakistan and India to collect and record its natural enemies (Shaw &Tanner,
2008). The studies have revealed the fact that in its native range, the plant is
attacked by an array of invertebrate species and plant pathogens, which cause
considerable damage for the plant. The researchers identified two leaf-spot
pathogens and a rust fungus, which have a high biocontrol potential for this plant
species. However, further studies are required to discover their infection
parameters and host range.
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2. Objectives
The aims of this research are the following:


To analyze the population genetic structure of Impatiens glandulifera in
Finland.



To investigate the native origin of I. glandulifera in Southern Finland.



To compare the Finnish samples of I. glandulifera with those from its
native region and from two other invaded countries.

I hypothesized that all Finnish populations of I. glandulifera have originated
from the first introduction to the Botanical Garden in Helsinki. For this reason, the
expected amount of genetic variation would be relatively small.
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3. Materials and methods
3.1. Sample collection
In Finland, the samples of I. glandulifera were collected from four different parts
of Helsinki: 31 samples from Roihuvuori, 30 samples from Torpparinmäki, 30
samples from Konala and another 30 samples from Tapanila (Figure 6). In order
to compare the Finnish plant samples with those from the species’ native
Himalayan origin and other areas of invasion, samples were obtained from
Pakistan and India and also from two other invaded countries, the United
Kingdom and Canada.

Figure 6. Locations of the four Finnish populations. The collecting sites are marked with
green color: Konala, Torpparinmäki, Tapanila, and Roihuvuori. Picture from:
http://commons.wikimedia.org/wiki/File:Helsinki_subdivisions-fi.svg, used and modify under
the terms of the GNU Free Documentation License. (Accessed on 7th of May 2011)
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From Pakistan a total of 16 samples were collected from 6 populations,
from India a total of 18 samples were collected from 3 populations, from the
United Kingdom a total of 16 individuals were sampled from 3 populations, and
the most foreign samples were collected from Canada, 5 populations with 33
samples (Appendix 1). Most of these populations occupy river banks and sites,
woodland and roadsides, places close to rivers and urban roads. Leaves of I.
glandulifera individuals were harvested and placed in eppendorf tubes (Finnish
samples) or squashed onto the Whatman’s FTA paper (all non-Finnish samples),
let to dry and stored at room temperature until further use.

3.2. DNA extraction
The genomic DNA extraction from dry leaf samples was conducted using the
E.Z.N.A.™ Plant DNA Mini Kit Spin Protocol, Omega Bio-Tek. About 50 mg of
leaf tissue was taken from each individual. The plant material was first macerated
and homogenized using a plastic pestle. The protocol followed the manufacturer’s
instructions, with the exception of using only 600 μl of Buffer P1 instead of 800
μl. At the end, the samples were stored in the freezer.
The quality of DNA samples originating from different countries was
tested before further analyses. For this, a 1% agarose gel was prepared and one
sample from each country was used. The gel was run at 90 V with 330 mA for 30
minutes. The Quantity One® Software was used to visualize the DNA bands. The
bands looked strong, showing that the DNA extraction method was working well.
In order to reveal the quality differences between the freshly collected
Finnish and older foreign samples, several tests were performed. The first test
included the use of 20 μl of DNA from 7 Finnish and 7 foreign samples, which
were run on a 1% agarose gel. The Finnish DNA samples presented visible bands,
while no foreign DNA bands were detected on the gel, apparently because of a
very small amount of DNA (Figure 7).
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Figure 7. Total extracted DNA run on a 1% agarose gel, including seven Finnish DNA
samples (left) and seven foreign DNA samples (right).

The second test was performed using the same samples as in the first
experiment and also the primer pair IGNSSR 210. As it can be seen in Figure 8,
the Finnish samples amplified very well, while of the tested foreign samples only
few showed strong amplification.

Figure 8. PCR amplification products for the microsatellite locus IGNSSR 210 when run on
a 1% agarose gel, including seven Finnish DNA samples (left) and seven foreign DNA
samples (right).
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3.3. Microsatellite genotyping
To determine the population genetic characteristics of the Impatiens samples, 11
microsatellite markers were used to detect variation, including eight markers,
IGNSSR 101, IGNSSR 103, IGNSSR 104, IGNSSR 106, IGNSSR 203, IGNSSR
210, IGNSSR 213 and IGNSSR 240, developed by Provan et al. (2007), and other
three markers, A2 (IGA 2), A3 (IGA 3) and A21 (IGA 21), developed by Walker
et al. (2009) (Table 1).

Table 1. Microsatellite markers used in genotyping. Size ranges and annealing temperatures
are from Provan et al. (2007) and Walker et al. (2009).

Locus

Size range

Annealing
temperature

Label

1

IGNSSR 101

106-118 bp

58°C

FAM

2

IGNSSR 103

126-142 bp

54°C

HEX

3

IGNSSR 104

116-126 bp

58°C

HEX

4

IGNSSR 106

111-135 bp

58°C

TET

5

IGNSSR 203

142-148 bp

58°C

TET

6

IGNSSR 210

123-132 bp

59°C

FAM

7

IGNSSR 213

137-153 bp

60°C

HEX

8

IGNSSR 240

140-160 bp

59°C

FAM

9

A2 (IGA 2)

304-334 bp

60°C

FAM

10

A3 (IGA 3)

334-350 bp

46°C

HEX

11

A21 (IGA 21)

315-361 bp

50°C

TET

First, each microsatellite marker was tested to see if they work properly
and amplify satisfactorily. The PCR amplifications for testing the primers were
performed using a total volume of 20 µl containing 11 μl of ddH2O, 2 μl of 10 x
buffer, 0.4 μl of 10 mM dNTP, 0.6 μl (2 U/ μl) of Dynazyme II, 2 μl (5 pmol/µl)
of each reverse and forward primer and 2 μl (about 20 ng) of genomic DNA. The
thermal cycler was programmed for 5 minutes of denaturation at 95°C, followed
by 34 cycles of denaturation at 95°C for 40 seconds, annealing at 46-60°C for 40
seconds, elongation at 72°C for 1 minute, and a final 10-minute extension at 72°C.
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The 20 μl PCR products together with 3 μl of loading buffer, and separately a
DNA ladder were pipetted into an agarose gel in order to test amplification and to
tentatively compare the size of the PCR products. The results showed that locus
A2 (IGA 2) did not amplify adequately, and it was excluded from further research.
Therefore, for genotyping, I used only the ten microsatellite markers
which showed good PCR amplification. The PCR reactions for genotyping were
carried out in 5 μl volumes containing the following components: 0.5 μl genomic
DNA, 2.75 μl ddH2O, 0.5 μl 10 x buffer, 0.1 μl 10 mM dNTP, 0.15 μl (2 U/μl)
Dynazyme II DNA and 0.5 μl (5 pmol/µl) of both primers. The thermal cycler was
programmed similarly as in the marker testing. After that, the PCR products were
pipetted to 96-well plates and send for genotyping at the Biotechnology Institute,
University of Helsinki. The labels used for genotyping were FAM, HEX and TET,
as seen in Table 1.

3.4. Sequencing
For sequencing, I used two primer pairs: the ITS primer pair and the trnH-spbA
primer pair (Table 2). To test, whether these two primer pairs amplify well,
provide good templates for sequencing and show informative polymorphism, ten
samples were first studied, two samples from each of the five countries.

Table 2. PCR and sequencing primers.

Locus
ITS

Size Anealing temperature
Primers (5'-3')
References
700 bp
50°
ITS1-f: CTT GGTCAT TTA GAG GAA GTA A Gardes & Bruns (1993)
ITS4: TCC TCC GCT TAT TGA TAT GC
White et al., (1990)
trnH-psbA 300 bp
55°
psbA-f: ACT GCC TTG ATC CAC TTG GC
Hamilton (1999)
psbA-r: CGA AGC TCC ATC TAC AAA TGG Hamilton (1999)
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PCR amplifications for both DNA regions were performed in a total volume
of 20 μl containing 13 μl of ddH2O, 2μl of 10 x Buffer, 0.4 μl 10 mM dNTP, 0.6
μl (2 U/μl) Dynazyme II, 1μl (5 pmol/µl) of both reverse and forward primer and
2 μl of genomic DNA. The PCR reactions were carried out as follows: DNA
denaturation at 94°C for 4 minutes, followed by 29 cycles of denaturation at 94°C
for 30 seconds, annealing at 50°C for ITS and at 55°C for trnH-spbA for 30
seconds, elongation at 72°C for 10 minutes and a final 10-minute extension at
72°C.
The amplification products were run on a 1% agarose gel, and the DNA
fragments were excised using a scalpel. The size of the gel slices was minimized
by removing the extra agarose. The successfully amplified DNA fragments were
purified prior sequencing using the E.Z.N.A.™ Gel Extraction Kit Spin Protocol,
Omega Bio-Tek, following the manufacturer’s protocol. The appropriate volume
of the gel slice was determined by weighing it in a clean 1.5 ml microcentrifuge
tube.
The purified DNA samples and the sequencing primers (i.e., the forward
primer of each PCR amplification) were prepared for sequencing. For this, the
total amount of the DNA samples was concentrated to 20 μl. The amount of
primers needed for each sequencing reaction was 3 μl (5 pmol/µl), of which a
portion was used. The ready samples and primers were sent for sequencing at
Macrogen Inc., in South Korea.

3.5. Data analysis
The genotyping products were analyzed using the computer program Peak
Scanner TM Software ver.3.1 (Applied Biosystem). In order to find out more about
the genetic population structure, further analyses were conducted for both the
introduced and the native plant populations. Both the expected and observed
heterozygosities were calculated for all loci in every populations, deviations from
the Hardy-Weinberg equilibrium were tested, and all locus pairs were tested for
linkage disequilibrium. The Bonferroni correction was applied.
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The overall FST values and the mean genetic diversity over loci were
calculated using the ARLEQUIN 3.1 Software Program (Excoffier et al. 2006). At
the same time, the frequencies of the alleles and the levels of inbreeding (Fis)
were calculated. To detect the amount of genetic differences among populations,
pairwise FST values were calculated. In order to examine the distribution of
genetic variation in the introduced populations the analysis of molecular variance
(AMOVA) was performed.
A Bayesian analysis of population structure using the software STRUCTURE
2.3 (Pritchard et al., 2010) was performed to determine the number and the
distribution of genetic clusters in the whole Finnish dataset in order to reveal the
number of distinct introductions of I. glandulifera in Finland. The program
STRUCTURE implements a model-based clustering method for assuming
population structure using genotype data. Therefore, for this research a correlated
allele frequency model was used, which supposes that at each locus allele
frequencies are correlated. Thus, the model infers a population structure with K
populations based on the genotype data, and the individuals are assigned to their
most probable populations of origin. Consequently, an admixture model was
further used, which assumes that individuals may have mixed ancestry and allows
that each individual to be disperses to several populations.
The STRUCTURE analysis was performed twice, using different groups of
populations. Analysis was repeated with different values of K in both cases, in
order to find out the value with the highest estimate of log-likelihood probability
of the data. For each value of K from one to ten, five independent runs were
conducted with a burn-in period of 105 iterations, followed by data collection
period of 106 iterations. The correct K value was then estimated by calculating the
ΔK values according to Evanno et al. (2005).
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4. Results

4.1. Genetic structure of I. glandulifera in Finland
Ten markers of the total of eleven microsatellite markers worked adequately. The
primers for the microsatellite A2 (IGA 2) did not produce any PCR products, even
after testing several PCR programs, while the other primer pairs were successful
in amplifying DNA fragments. Microsatellites IGNSSR 203 and A3 (IGA 3) were
the most informative polymorphic loci, while IGNSSR 101 and IGNSSR 103
were the least variable loci.

4.1.1. Genetic diversity

The percentages of variation within and among Finnish populations equaled
65.8% and 34.2%, respectively. Expected heterozygosities ranged from 0.25 to
0.47 and observed heterozygosities from 0.25 to 0.66. The mean number of alleles
per population varied between 2.2 and 4.0. The average gene diversity over loci
ranged from 0.09 to 0.46 and the FIS from -0.94 to 0.07 (Table 3). All loci were in
linkage equilibrium.

Table 3. Within-population genetic diversity in four I. glandulifera populations in Finland
based on ten microsatellite markers. A, mean number of alleles per locus; H S, average gene
diversity over loci; HE, expected heterozigosity over loci; HO, observed heterozygosity over
loci; FIS, fixation index over loci.

Population
Roihuvuori

A
4.0

Torpparinmäki
Konala
Tapanila

2.7
2.2
2.4

Mean ± SD

2.82 ± 0.80

HS
0.46
0.21

HE
0.47
0.40

HO
0.52
0.37

FIS
-0.10
0.07

0.09
0.26
0.25 ± 0.15

0.25
0.34
0.36 ± 0.09

0.25
0.66
0.45 ± 0.17

0.00
-0.94
-0.97 ± 0.96

According to AMOVA results, the genetic variation among individuals
within populations is much higher (65.82%) than variation found among
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populations (34.18%) (Table 4). Pairwise FST values between the Finnish
populations ranged from 0.245 to 0.489, all values being statistically significant (p
< 0.05) (Table 5).

Table 4. Analysis of molecular variance (AMOVA) showing the distribution of genetic
variation among and within populations of I. glandulifera in Finland based on ten
microsatellite markers.

Source of variation

d.f.

% of variation

P - value

Among populations

3

34.18

<0.05

Within populations

238

65.82

Total

241

100

Table 5. Pairwise FST values (below diagonal) and the levels of significance (P values, above
diagonal) between four I. glandulifera populations in Finland based on ten microsatellite
markers.

Population

1

2

3

4

1. Roihuvuori

0.000

0.000

0.000

0.000

2. Torpparinmäki

0.250

0.000

0.000

0.000

3. Konala

0.397

0.421

0.000

0.000

4. Tapanila

0.262

0.245

0.498

0.000

4.1.2. Genetic differentiation

As it was mentioned in the Data analysis, the Bayesian analysis of regional
population structure was conducted twice, including different groups of
populations in each analysis. During the first run, all four Finnish populations and
another three populations from three different countries, from the United
Kingdom, India and Canada, were included in the analysis. In this first Bayesian
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analysis, the population from Pakistan was excluded due to the very small sample
size (n=4).
The log-likelihood probability of the data and the K values revealed that the
true number of the populations is K=4. Even though the highest ln Pr (X|K) values
was reached with K=7 (Figure 9), differences in probabilities between K=4 to 7
were much smaller than the difference between K=1 and 4 (Figure 10). According
to Evanno (2005), this fact indicates that K=4 is closer to the true number of
populations.

Figure 9. The ΔK values over ten runs for each value of K when the total number of the
populations was seven, including populations from four countries.

Figure 10. The mean log-likelihood probability of the data (ln Pr (X l K)) over ten runs,
when the total number of the populations was seven, including populations from four
countries.
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The Finnish populations showed a clustering pattern, where the populations
from Konala, Torpparinmäki and Tapanila were closely similar, while the
Roihuvuori population presented a different pattern (Figure 11).

Figure 11. Bayesian estimates of population structures based on ten microsatellite markers
in four Finnish populations of I. glandulifera. Each color represents one of the clusters
formed in the analysis (K=4).

Meanwhile, among the other three populations from the three different
countries, the Indian population presents a distinct pattern of the four clusters,
compared to the populations from the United Kingdom and Canada, which show
an almost similar distribution of the clusters (Figure 12).
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Figure 12. Bayesian estimates of population structures based on ten microsatellite markers
in populations of I.glandulifera from the United Kingdom, Canada and India. Each color
represents one of the clusters formed in the analysis (K=4).

The second structure analysis was performed with data obtained from every
country, and the populations were grouped into five different populations, each
including all samples from each country: the United Kingdom, India, Pakistan,
Canada and Finland. Most of the existing structure was captured with K=3. This
fact is supported by the log-likelihood probability of the data and as well as by the
Δ K values (Figures 13 and 14).
In comparison to the first Bayesian analysis, Figure 13 shows a very good
differentiation of the true number of population (K=3), so that no further analysis
were needed to estimate the true number of the populations. In this case, the
analysis clustered the Pakistani and Indian populations together and the
populations from the United Kingdom and Canada as another group. As it can be
observed in Figure 15, the Finnish population is the only one, which presents a
truly different pattern of the three clusters.
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Figure 13. The ΔK values over ten runs for each value of K, when the total number of the
populations (i.e., countries) was five.

Figure 14. The mean log-likelihood probability of the data (ln Pr (X l K)) over ten runs,
when the total number of the populations (i.e., countries) was five.
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Figure 15. Bayesian estimates of population structures in I. glandulifera based on ten
microsatellite markers from five different countries. Each color represents one of the clusters
formed in the analysis (K=3).

4.2. Comparison between the native and introduced populations of I.
glandulifera
For comparative analyses, two different comparisons were made: one between the
native and Finnish populations of I. glandulifera, and another one between the
native populations and all introduced populations. The results of the comparisons
are presented in Tables 6 and 7.
The data in Table 6 shows that the mean values of within-population
genetic variation were higher in native than introduced I. glandulifera
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populations, except for the mean observed heterozygosity, which was lower in the
native populations (HO=0.29) than in the Finnish populations (HO=0.45).

Table 6. Summary of within-population genetic diversity in two native and four introduced
Finnish I. glandulifera populations based on ten microsatellite markers. A, mean number of
alleles per locus; HS, average gene diversity over loci; HE, expected heterozygosity over loci;
HO, observed heterozygosity over loci; FIS, fixation index over loci.
Population
Native

Finnish

A

HS

HE

HO

FIS

Pakistan

5.7

0.58

0.65

0.22

0.66

India

5.1

0.61

0.63

0.36

0.42

Mean ± SD

5.4 ± 0.4

0.59 ± 0.02

0.64 ± 0.01

0.29 ± 0.09

0.54 ± 0.16

Roihuvuori

4.0

0.46

0.47

0.52

-0.10

Torpparinmäki

2.7

0.21

0.4

0.37

0.07

Konala

2.2

0.09

0.25

0.25

0.00

Tapanila

2.4

0.26

0.34

0.66

-0.94

2.8 ± 0.8

0.25 ± 0.15

0.36 ± 0.09

0.45 ± 0.17

-2.91± 0.96

Mean ± SD

The results of the comparison between the native and all introduced I.
glandulifera populations indicated that the mean values of within-population
genetic diversity were higher in native than introduced populations: A=5.4 vs.
3.16; HS=0.59 vs. 0.33; HE=0.64 vs. 0.42 (Table 7). Only the observed
heterozygosities showed a different pattern: the mean value of HO was much
smaller in the native populations than in the introduced populations. The mean
number of alleles ranged from 5.1 to 5.7 in the native populations and from 2.2 to
4.5 in the introduced populations.
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Table 7. Summary of within-population genetic diversity in two native and six introduced I.
glandulifera populations based on ten microsatellite markers. A, mean number of alleles per
locus; HS, average gene diversity over loci; HE, expected heterozygosity over loci; HO,
observed heterozygosity over loci; FIS, fixation index over loci.

Population
Native

A

HS

HE

HO

FIS

India

5.7

0.58

0.65

0.22

0.66

Pakistan

5.1

0.61

0.63

0.36

0.42

5.4 ± 0.4

0.59 ± 0.02

0.64 ± 0.01

0.29 ± 0.09

0.54 ± 0.16

United Kingdom

3.2

0.42

0.54

0.36

0.33

Canada

4.5

0.58

0.57

0.32

0.43

Roihuvuori

4.0

0.46

0.47

0.52

-0.10

Torpparinmäki

2.7

0.21

0.40

0.37

0.07

Konala

2.2

0.09

0.25

0.25

0.00

Tapanila

2.4

0.26

0.34

0.66

-0.94

3.2 ± 0.9

0.33 ± 0.18

0.42 ± 0.12

0.41 ± 0.15

-0.21 ± 0.52

Mean ± SD
Introduced

Mean ± SD

The sequencing results of the nuclear ITS region were clear and showed
some variation between the samples, while the sequencing of the trnH-psbA
spacer region within the chloroplast genome was of a poor quality and also less
informative than the ITS sequencing results. Of the total of 19 samples sequenced
for the trnH-psbA region, one was most probably contaminated and most of them
presented poor results. In all, a complete sequence was obtained for three samples
and a partial sequence was obtained for 12 samples (Appendix 2). The only clear
and informative point present in the trnH-psbA region is represented by the Arepeat, which is 7 or 8 bp long. There seems to be some variation further in the
sequence, but the sequences were not good enough to allow any conclusions of
other variable sites except for that A-repeat.
Consequently, only the ITS sequencing results are presented here,
including 18 samples out of the total of 20 samples that were sequenced: 4 from
India, 4 from Pakistan, 4 from the United Kingdom, 4 from Canada, and one
sample from each of the 4 Finnish populations. As in the case of the samples
sequenced for the trnH-psbA region, two samples (one from Canada and one
sample from Tapanila, Finland) which were sequenced for the ITS region gave
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inadequate sequencing result and, therefore, were not included in the results. The
partial ITS sequence of the 18 samples showed some little variation between the
Pakistani, United Kingdom and Roihuvuori samples (Appendix 3).
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5. Discussion

Several research studies have made a comparison between the molecular genetic
diversity of invasive species to that of their conspecifics in the native range or
related noninvasive species to investigate, in order to investigate whether it is true
that invasive species suffer from reduced genetic diversity and adaptive potential
during founding events. Observations of multiple introductions are common and
many invaders appear to possess quite large amounts of variation and novel
genetic combinations, which has led to the hypothesis that many invasions might
be successful as a direct result from an influx of genetic variation originating from
multiple introduction events (Dlugosch 2008). Such multiple introductions into a
new environment may have affected the development of novel genotypes with
high invasive potential through genetic recombination (Bossdorf et al. 2005,
Rosenthal et al. 2008).
I. glandulifera was intentionally planted in the Botanical Garden of the
University of Helsinki in the 1800s (Kurtto 1996, Helmisaari 2010) and,
subsequently, it started to expand rapidly through the whole Finland. Ever since
then, it has been argued, whether all Finnish populations have originated from this
first introduction. According to Hulme et al. (2008), the date when a plant species
was first introduced in a native range can determine patterns of invasion success,
while more recently introduced species can illustrate a limited geographic
distribution.
Parker et al. (2003) mentioned that the amount of introductions of a non-native
plant species into a new environment is essential in order to determine which
factor represents the most important adaptive mechanism of the invasive species:
the phenotypic plasticity or the local adaptation. The same authors stated that
factors such as the low gene flow, the high number of founders and the high
outcrossing rates presents in the new populations, but also the creation of novel
genotypes through gene exchange among independent introductions, could
positively affect the invasion by local adaptation.
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At the same time, the circumstance that single and multiple introductions may
not differ in their genetic effects can be due to the fact that even single
introduction may contain individuals from multiple native-range populations.
According to Kolbe et al. (2007) species with higher non-native ranges are more
likely to have multiple native-range source populations, this fact signifying a
cause-and-effect relationship between the number of introductions and the size of
the non-native range.
It is also known that invasive plant species which are introduced into a new
ecosystem are most probably presenting less genetic variation than do native ones,
because of the effect of bottleneck (Sakai 2001). Therefore, multiple introductions
can raise the genetic variation of the introduced populations to higher levels of
source populations. Thus, the idea that increased genetic diversity gives support to
invasion success presumes that evolution increases invasion. Meanwhile during
invasion, bottlenecks limit the adaptive evolution of fitness-related traits. At the
same time, many evolutionary biologists have suggested that both genetic
variation and evolution could represent a major role in the success of invading
species (Baker 1965, Dlugosch 2008).
The increasing of the genetic variation due to genetic drift and founder effects
could restrict the ability of population to adapt, while a small population size
intensifies the risk of extinction (Frankham et al., 2003). However, some
introduced plant species who have facing these same conditions during their initial
introductions, have enlarged their ranges, evolve rapidly and become invasive in
the new ecosystem. Several important studies have been conducted to investigate
the effects of multiple introductions and outcrossing on variation in ecologically
important traits. A recent study shows how an invasive snail species presents a
remarkable degree of variation in life-history strategies, even within a single
location, proving that multiple introductions enhance the genetic variation of the
invaders (Hufbauer 2008). Additionally, this research has proved, for the first time
that variation created via hybridization can facilitate invasion.
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5.1. Genetic characteristics of introduced Finnish populations

Microsatellite markers may reveal very high levels of genetic variation between
and within native and introduced populations. In this study, the genetic analyses
performed with microsatellite markers showed that the Finnish populations of I.
glandulifera possess a fair level of genetic diversity and considerable
differentiation, indicating that the species has been introduced to Finland multiple
times. The view of multiple introductions is supported by the level of genetic
diversity, which is higher than that expected from a single introduction followed
by vegetative spread.
Novak and Mack (1993) stated that multiple introductions can result from an
admixture of genotypes from the native range, which can lead to an even higher
within-population genetic diversity than that in native populations. The results of
this research showed that the majority of the variation from the introduced
populations was found within the populations. Differentiation among Finnish
populations was substantial as well, as the significant pairwise FST values indicate
restricted gene flow between the populations. These results can also illustrate the
situation that the four Finnish populations examined here have experienced
different evolutionary and adaptive consequences.
Evidence for multiple introductions derives also from the Bayesian clustering.
The results of the Bayesian analysis using the software STRUCTURE showed
that the Finnish samples from four populations were divided into four clusters.
This geographical structure was further supported by pairwise FST values among
populations. As shown in Figure 12, three Finnish populations showed a similar
distribution of the four clusters, while the population from Roihuvuori possessed a
different genetic structure. The pattern of the four clusters among the Finnish
populations shows that variation exists also between the examined Finnish
populations and, therefore, most probably, I. glandulifera was introduced to
Finland from several different origins. The populations from Tapanila,
Torpparinmäki and Konala have similar origins, while the Roihuvuori population
has a very different genetic composition.
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At the same time, the different dispersal of the clusters between the four
populations shows that the Roihuvuori population is having the most unlike
dispersal of the clusters. Thus, this distribution can probably mean that the
Roihuvuori population contains the greatest multiple native-range individuals. As
it can be seen in Figure 6, the different geographical location of the Roihuvuori
population than the other populations, in the South-East part of Helsinki rather
than in the North-West part, can probably represent a factor that influenced the
different dispersal of the clusters. But, at the same time all the four populations
are situated geographically quite close to each other, and therefore most likely a
major anthropogenic effect would have been cause the different dispersal of the
clusters.
It seems that many invasive plant species have experienced considerable
losses of genetic variation during introductions into new regions. The review
written by Dlugosch and Parker (2008) showed that quantitative genetic traits
appear to maintain relatively large amounts of variation, while multiple
introductions and gene flow do not seem to be an obligatory factor to obtain a
successful invasion, this last statement being somehow contradictory with the
results of other mentioned experiments. Multiple introductions from the same
source can probably contribute with less genetic variation to an introduced
population than a single introduction which contains multiple sources. At the
same time, geographically restricted introductions can also harbor high levels of
genetic variation. The sequencing results of this study have revealed some sources
of the variation found within the populations.
Within the Finnish populations, a very small level of variation was detected.
The sample from Roihuvuori showed the highest number of variable sites in the
ITS sequencing, hindering the conclusion that the Roihuvuori population has
probably experienced the most variable and diverse species introductions. The fact
that variation was found also within the Finnish populations favors the multiple
origin of I. glandulifera in Finland. The microsatellite- and sequencing-based
analyses of the Finnish samples show similar results for the Roihuvuori samples.
Thus, based on the microsatellite results, the Roihuvuori population is the most
differentiated population among the four Finnish populations; while based on
sequencing, the same population was the most different showing some variation
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among the four Finnish populations. But, it is important to remember that the
microsatellite analyses were based on a large samples size, while the sequencing
analyses included only a small number of samples. A further detailed evaluation
of an equal number of plant samples based on microsatellite and sequencing
analysis, would probably reveal a more exact result.

5.2. Comparative genetic analyses between native and introduced
populations

Each plant community is invasible and probably some communities are more
vulnerable to invasions than others. The invasibility of a community depends on
the biotic characteristics of the invaded community, the position of the invaded
community on environmental gradients and also on the disturbance (Pyšek et al.,
1998). Invasive species are believed to be negatively affected from the reduced
within-population genetic variation in comparison to their native-range sources,
because of the founder effects and the population bottlenecks that occur during
introductions. Therefore, reduction of genetic variation in introduced species may
limit the population evolution, can increase the danger of extinction, and limit the
adaptation of the species in the new habitat. All of these negative variables will
consequently delay the successful establishment and spread of the alien species.
Variation in genome size is mainly due to variation in the amount of repeated
DNA sequences and it is thought to play an important role in plant phenotypic
evolution. Genome size influences a number of plant physiological, phenological
and life-history features (Grime & Mowforth 1982, Knight & Ackerly 2002,
Meagher & Vassiliadis 2005). Therefore, as Bennett et al. (1998) mentions,
several studies have confirmed that plant species which present smaller genomes
size are more probably to become invasive in comparison with their relatives,
because of the effect of genome size on key life-history traits that increase
colonization potential. For that reason, genome size reduction has the possibility
to contribute to rapid evolution of non-native species in introduced plant species
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and can represent a significant mechanism of evolution in plants (Lavergne et al.,
2010).
The sequencing results showed a fair amount of variation between the
populations and also between the countries, based on the two polymorphic sites
which were found among the sequenced ITS region. The fact that some
polymorphic sites were found among the 18 sequenced samples enhances the
hypothesis that I. glandulifera has had multiple introductions. Variation was
found in both native and introduced populations, including one of the Finnish
populations. The comparable patterns of ITS sequence variation detected in the
Pakistani, United Kingdom and Roihuvuori samples indicate a considerable
similarity between these three countries.
An explication for this situation can be that the I. glandulifera population from
Roihuvuori has probably originated form the United Kingdom populations, which
have probably originated from Pakistan. Another explication can be that both the
Roihuvuori and United Kingdom population have most probably originated from
the same country, Pakistan. Meanwhile, it is important to remember that the ITS
does not represent a coding region, and therefore it does not exactly indicate
adaptation. According to Schaal et al. (2003), intraspecific genetic relationships
are different from those between species due to the fact that: ancestral haplotypes
remain within the species, the amount of divergence between haplotypes is lower,
the existence of multifurcations, and the possibility of recombination is greater.
It is important to mention that very little variation was also detected among
Canadian samples. Another important piece of information obtained from the ITS
sequencing of the 18 samples is the difference detected between the Indian and
Pakistani samples. This difference between the two native countries of the
Himalayan balsam is somehow in contradiction with the results of the Bayesian
analyses, which has showed that the Indian and Pakistani populations experience a
similar distribution of the four clusters (Figure 15). When comparing the roles of
transport and colonization in species introductions with the evolutionary
consequences of introductions from multiple sources, there is an important
distinction between the number of introductions and the number of sources
included in an introduction.

38

According to Lavergne and Molofsky (2007), the evolutionary potential of an
introduced population is more strongly linked with the amount of phenotypic and
genetic variation found within introduced populations than with the number of
introduction events. Additionally, the quality of DNA could have suffered during
the collection or conservation of the native samples, even though these samples
were processed similarly as the Finnish samples. At the same time, the total of the
nine populations collected from India and Pakistan do not cover the whole native
distribution and probably this could be the reason why the results of the two
analyses have showed different results for the two countries. Despite of these
deficiencies, important information of the differences in variation between native
and introduced populations of I. glandulifera was obtained.
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6. Conclusions
The results of this master thesis research showed that the great success of invasion
of I. glandulifera in Finland was probably due to the occurrence of multiple
introductions that transform among-population variation in native ranges to
within-population variation in introduced areas. Therefore, the hypothesis
formulated at the beginning of the research was demonstrated to not be true.
Additionally, these genetically variable populations may be particularly potent
sources for future introductions in other regions.
The growing problem of invasive species brings considerable economic
and biological costs. To diminish these costs, a greater understanding of the
causes, progression and consequences of biological invasions is needed. The
amount of genetic variation depends upon the number of individuals introduced
and whether there were introductions from multiple locations or only from one. At
the same time post-introduction evolution may play a role too, although the period
of time has been short. Consequently, an important step in the management and
control of biological invasions is to know the frequency with which a species has
been introduced into a specific area and the scale of each introduction.
Although historical records can reveal much about the origin of alien
species, genetic data can expose introductions not found in historical records and
may show that not all known introductions have contributed to invasions, i.e.,
genetic analyses provide highly precise knowledge of the invasion processes.
Therefore, the results of this research project represent key information for further
research and planning of control methods.
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7. Future perspectives
Studying the population genetics of plant invasions has the potential to provide
insights into the evolutionary consequences of invasion, and, in the long run, it
should improve our ability to prevent and manage invasions. However, population
genetic data can rarely be directly and immediately applied to the management of
environmentally and economically disastrous invasions. In addition, more detailed
research needs to be conducted, using a greater number of individuals and more
comprehensive analyses than in the present study, to reliably show the most
plausible events. In order to truly understand the invasion success of I.
glandulifera in Finland and to find proper methods to stop its spreading, future
research will have to be performed using a wider geographical sampling, as the
species occurs not only in the Helsinki region in Southern Finland but all over the
country.
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10. Appendices
Appendix 1: Collecting information of the sampled Impatiens glandulifera populations.
Country

Location

Date of
collection

Town or City

GPS N

GPS E

Number
of
plants
1500

Habitat type

Not available

Area covered
by
population
30m²

UK

Lancaster

6/6/2008

Lancaster

Not available

UK

Cornwall

6/6/2008

Camel trail

N50° 20.920'

E4° 47.871'

48m x 8m

over 100

River bank

12

UK

Harmonddsworth

7/16/2008

Heathrow

Not available

Not available

80m x 80m

over 100

River bank

2

India

1..2

7/1/2008

Bhrugha lake

N32° 19.142'

E77° 12.357'

15m²

50 - 60

Woodland/meadow

12

India

30..1

6/30/2008

Chandrkhani pass

N32° 06.482'

E77° 11.532'

30m x 30m

over 100

Roadside/meadow

2

India

2..1

7/2/2008

Solang valley

N32° 19.129'

E77° 09.359'

60m x 60m

over 100

River/wooded area

4

Pakistan

5..2

8/5/2008

Nathigali

N34° 04.192'

E73° 23.705'

60m x 60m

over 100

Urban

2

Pakistan

6..1

8/6/2008

Naran

N34° 52.115'

E73° 36.528'

20m x 1m

60 - 70

Road site

2

Pakistan

6..2

8/6/2008

Naran

N34° 53.020'

E73° 38.003'

30m x 70m

over 100

River site

2

Pakistan

7..1

8/7/2008

Sailf.UL.Malooq
National Park

N34° 53.780'

E73° 41.489'

20m x 20m

60 - 70

Agricultural land

4

Pakistan

8..1

8/8/2008

Not available

N34° 54.919'

E73° 47.885'

20m x 30m

over 100

Not available

4

Pakistan

9..1

8/9/2008

Laloza

N34° 55.012'

E73° 45.843'

100m x 100m

over 100

Not available

2

Canada

240943

7/29/2008

Not available

Not available

E117 ° 51.62'

50m x 5m

over 100

Riverbank small creek

2

Canada

243091

7/31/2008

Not available

N49° 09.317'

E117° 70.447'

300m x 10m

over 100

Roadside

2

Canada

242093

7/31/2008

Not available

Not available

E117° 28.896'

100m x 30m

over 100

Woodland

25

Canada

242115

7/31/2008

Not available

Not available

E117° 38.598'

70m x 30m

over 100

Riverbank

2

Canada

242093

8/1/2008

Not available

Not available

E177° 28.896'

200m x 2m

over 100

Roadside

2

Finland

Roihuvuori

6/17/2010

Helsinki

N60° 12.306'

E25° 4.086'

2 m x 100 m

over 100

Along a small road

31

Finland

Torpparinmäki

8/14/2010

Helsinki

N60° 15.366'

E24° 56. 256’

2 m x 100 m

over 100

Along a ditch

30

Finland

Konala

8/15/2010

Helsinki

N60° 14.406’

E24° 52.050’

3 m x 50 m

over 100

Along a ditch

30

Finland

Tapanila

9/25/2010

Helsinki

N60° 16.662’

E24° 59.106’

20 m x 30 m

over 100

Along a ditch

30

Damp woodland

Number
of
samples
2

51

Appendix 2: The trnH-psbA sequences of fifteen I. glandulifera samples.
CA_1V-trnH-psbAf
TA_24-trnH-psbAf
CA_2T-trnH-psbAf
UK_5C-trnH_psbAf
CA_1M-trnH_psbAf
KO_9-trnH_psbAf
CA_8R-trnH_psbAf
PA_1D-trnH-psbAf
UK_1H-trnH-psbAf
ROI_6-trnH_psbAf
PA_1G-trnH-psbAf
IN_1A-trnH_psbAf
IN_2B-trnH-psbAf
IN_2C-trnH_psbAf
PA_2K-trnH_psbAf

TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
TTTTATTCAGAGAAATTAAATCTCGACTATTCATGAGTATTTCTTTCAGATCTTATCTTT
************************************************************

60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

CA_1V-trnH-psbAf
TA_24-trnH-psbAf
CA_2T-trnH-psbAf
UK_5C-trnH_psbAf
CA_1M-trnH_psbAf
KO_9-trnH_psbAf
CA_8R-trnH_psbAf
PA_1D-trnH-psbAf
UK_1H-trnH-psbAf
ROI_6-trnH_psbAf
PA_1G-trnH-psbAf
IN_1A-trnH_psbAf
IN_2B-trnH-psbAf
IN_2C-trnH_psbAf
PA_2K-trnH_psbAf

TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
TTTGAAATAGAACAAAATAGATATAAATAGAAAGTAAAGAAAGTTTTCCTATATTAGGAA
************************************************************

120
120
120
120
120
120
120
120
120
120
120
120
120
120
120

CA_1V-trnH-psbAf
TA_24-trnH-psbAf
CA_2T-trnH-psbAf
UK_5C-trnH_psbAf
CA_1M-trnH_psbAf
KO_9-trnH_psbAf
CA_8R-trnH_psbAf
PA_1D-trnH-psbAf
UK_1H-trnH-psbAf
ROI_6-trnH_psbAf
PA_1G-trnH-psbAf
IN_1A-trnH_psbAf
IN_2B-trnH-psbAf
IN_2C-trnH_psbAf
PA_2K-trnH_psbAf

TAAAAAAAAGAAAGTA-------------------------------------------TAAAAAAAAGAAAGT--------------------------------------------TAAAAAAAAGAAAGTAAAGTAAGGGA---------------------------------TAAAAAAAAGAAAGTAAAGTAAGGGAGCCATAATTATTTTCTTGCTCTTGGTAGAACAAG
TAAAAAAAAGAAAGTAAAGTAAGGGAGCCATAATTATTTTCTTGCTCTTGGTAGAACAAG
TAAAAAAAAGAAAGTAAAGTAAGGGAGCCATAATTATTTTCTTGCTCTTGGTAGAACAAG
TAAAAAAAAGAAAGTAAAGTAAGGGAGCCATAATTATTTTCTTGCTCTTGGTAGAACAAG
TAAAAAAA-GAAAGTAAAGTAAGGGAGCCATAATTATTTTCTTGCTCTTGGTAGAACAAG
TAAAAAAA-GAAAGTAAAGTAAGGGAGCCATAATTATTTTCTTGCTCTTGGTAGAACAAG
TAAAAAAAAGAAAGTAAAGTAAGGGAGCCATAATTATTTTCTTGCTCTTGGTAGAACAAG
TAAAAAAA-GAAAGTAAAGTAAGGGAGCCATAATT------------------------TAAAAAAA-GAAAGTAAAGTAAGGGAGCCATAATTATTTTCTTG---------------TAAAAAAAAGAAAGTAAAGTAAGGGAGCCATAATTATTTTCTTGTTCTACCAAGAGCAAG
TAAAAAAA-GAAAGTAAAGTAAGGGAGCCATAATTATTTTCTTGTTCTACCAAGAGCAAG
TAAAAAAA-GAAAGTAAAGTAAGGGAGCCATAATTATTTTCTTGTTCT-----------******** ******

136
135
146
180
180
180
180
179
179
180
154
163
180
179
167

CA_1V-trnH-psbAf
TA_24-trnH-psbAf
CA_2T-trnH-psbAf
UK_5C-trnH_psbAf
CA_1M-trnH_psbAf
KO_9-trnH_psbAf
CA_8R-trnH_psbAf
PA_1D-trnH-psbAf
UK_1H-trnH-psbAf
ROI_6-trnH_psbAf
PA_1G-trnH-psbAf
IN_1A-trnH_psbAf
IN_2B-trnH-psbAf
IN_2C-trnH_psbAf
PA_2K-trnH_psbAf

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------AAAA-------------------------------------------------------AAAA-------------------------------------------------------AAAATAATTATGGCTCCCTTACTTTACTTTCTTTTTTTTATTCCTAATATAGGAAAACTT
AAAATAATTATGGCTCCCTTACTTTACTTTCTTTTTTTTATTCCTAATATAGGAAAACTT
-----------------------------------------------------------AAAATAATTATGGCTCCCTTACTT-----------------------------------AAAATAATTATGGCTCCCTTACTTTACTTTCTTTTTTTTATTCCTAATATAGGAAAACTT
----------------------------------------------------------------------------------------------------------------------AAAAT---TATGGCTCCCTTACTTTAC--------------------------------AAAAT---T--------------------------------------------------------------------------------------------------------------

184
184
240
240
203
240
204
185

52
CA_1V-trnH-psbAf
TA_24-trnH-psbAf
CA_2T-trnH-psbAf
UK_5C-trnH_psbAf
CA_1M-trnH_psbAf
KO_9-trnH_psbAf
CA_8R-trnH_psbAf
PA_1D-trnH-psbAf
UK_1H-trnH-psbAf
ROI_6-trnH_psbAf
PA_1G-trnH-psbAf
IN_1A-trnH_psbAf
IN_2B-trnH-psbAf
IN_2C-trnH_psbAf
PA_2K-trnH_psbAf

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------TCTTTACTTTCTATTTATATCTATTTTGTTCTATTTCAAAAAAGATAAGATCTGAAAGAA 300
TCTTTACTTTCTATTTATATCTATTTTGTTCTATTTCAAAAAAGATAAGATCTGAAAGAA 300
----------------------------------------------------------------------------------------------------------------------TCTTTACTTTCTATTTATATCTATTTTGTTCTATTTCAAAAAAGATAAGATCTGAAAGAA 300
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CA_1V-trnH-psbAf
TA_24-trnH-psbAf
CA_2T-trnH-psbAf
UK_5C-trnH_psbAf
CA_1M-trnH_psbAf
KO_9-trnH_psbAf
CA_8R-trnH_psbAf
PA_1D-trnH-psbAf
UK_1H-trnH-psbAf
ROI_6-trnH_psbAf
PA_1G-trnH-psbAf
IN_1A-trnH_psbAf
IN_2B-trnH-psbAf
IN_2C-trnH_psbAf
PA_2K-trnH_psbAf

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ATACTCATGAATAGTCGAGATTTAATTTCTCTTGAATAAAAATATTGAACGAAGGGGGCG 360
ATACTCATGAATAGTCGAGATTTAATTTCTCTTGAATAAAAATATTGAACGAAGGGGGCG 360
----------------------------------------------------------------------------------------------------------------------ATACTCATGAATAGTCGAGATTTCATTTCTCTTGAATAAAAATATTGAACGAAGGGGGCG 360
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CA_1V-trnH-psbAf
TA_24-trnH-psbAf
CA_2T-trnH-psbAf
UK_5C-trnH_psbAf
CA_1M-trnH_psbAf
KO_9-trnH_psbAf
CA_8R-trnH_psbAf
PA_1D-trnH-psbAf
UK_1H-trnH-psbAf
ROI_6-trnH_psbAf
PA_1G-trnH-psbAf
IN_1A-trnH_psbAf
IN_2B-trnH-psbAf
IN_2C-trnH_psbAf
PA_2K-trnH_psbAf

-----------------------------------------------------------------------------------------------------------------------------GATGTAGCCAAGTGGATCAAGGCAGT 386
GATGTAGCCAAGTGGATCAAGGCAGT 386
--------------------------------------------------GATGTAGCCAAGTGGATCAAGGCAGT 386
------------------------------------------------------------------------------------------------------------------------------
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Appendix 3: The ITS sequences of eighteen I. glandulifera samples. The region
includes ITS1, 5.8S rRNA and ITS2.
UK_5C-ITS1f
UK_11C_ITS-ITSf
UK_2L_ITS-ITSf
TO_18_ITS-ITSf
KO_9-ITS1f
IN_6A_ITS-ITSf
IN_2C-ITS1f
IN_2B_ITS-ITSf
IN_1A-ITS1f
CA_8R-ITS1f
CA_1M-ITS1f
CA_1V_ITS-ITSf
PA_1D-ITS1f
PA_1G_ITS-ITSf
PA_2K-ITS1f
PA_3H_ITS-ITSf
ROI_6-ITS1f
UK_1H-ITS1f

GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
GATCATTGTCGAAAACTATTTCAAATAACCAGCGAACATGTTAAAAAAATGGGTTTTGAT
************************************************************
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UK_5C-ITS1f
UK_11C_ITS-ITSf
UK_2L_ITS-ITSf
TO_18_ITS-ITSf
KO_9-ITS1f
IN_6A_ITS-ITSf
IN_2C-ITS1f
IN_2B_ITS-ITSf
IN_1A-ITS1f
CA_8R-ITS1f
CA_1M-ITS1f
CA_1V_ITS-ITSf
PA_1D-ITS1f
PA_1G_ITS-ITSf
PA_2K-ITS1f
PA_3H_ITS-ITSf
ROI_6-ITS1f
UK_1H-ITS1f

TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
TGACCTTGGTCAGTCTATTCCTTTCATGTGATTGGGGTGCATGTTTTGTATCCTCTTTTG
************************************************************
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UK_5C-ITS1f
UK_11C_ITS-ITSf
UK_2L_ITS-ITSf
TO_18_ITS-ITSf
KO_9-ITS1f
IN_6A_ITS-ITSf
IN_2C-ITS1f
IN_2B_ITS-ITSf
IN_1A-ITS1f
CA_8R-ITS1f
CA_1M-ITS1f
CA_1V_ITS-ITSf
PA_1D-ITS1f
PA_1G_ITS-ITSf
PA_2K-ITS1f
PA_3H_ITS-ITSf
ROI_6-ITS1f
UK_1H-ITS1f

GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
GGTATATTATATGTTCCCCCAACTCATAAACAAAACCCCGGCCTAAACCGCCAAGGAATG
************************************************************
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UK_5C-ITS1f
UK_11C_ITS-ITSf
UK_2L_ITS-ITSf
TO_18_ITS-ITSf
KO_9-ITS1f
IN_6A_ITS-ITSf
IN_2C-ITS1f
IN_2B_ITS-ITSf
IN_1A-ITS1f
CA_8R-ITS1f
CA_1M-ITS1f
CA_1V_ITS-ITSf

TAAATAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAATAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAATAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAATAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAATAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAATAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAATAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAATAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAATAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAATAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAATAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAAAAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
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PA_1D-ITS1f
PA_1G_ITS-ITSf
PA_2K-ITS1f
PA_3H_ITS-ITSf
ROI_6-ITS1f
UK_1H-ITS1f

TAAAAAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAAAAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAAAAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAAAAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAAAAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
TAAAAAAGACTACCCATGCTAGACCCATTTACTTGGGAATATGTGTTGGTGTTAGTTTTC
**** *******************************************************
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UK_5C-ITS1f
UK_11C_ITS-ITSf
UK_2L_ITS-ITSf
TO_18_ITS-ITSf
KO_9-ITS1f
IN_6A_ITS-ITSf
IN_2C-ITS1f
IN_2B_ITS-ITSf
IN_1A-ITS1f
CA_8R-ITS1f
CA_1M-ITS1f
CA_1V_ITS-ITSf
PA_1D-ITS1f
PA_1G_ITS-ITSf
PA_2K-ITS1f
PA_3H_ITS-ITSf
ROI_6-ITS1f
UK_1H-ITS1f

AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
AGTAAAAATAACGACTCTCGACAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAG
************************************************************
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UK_5C-ITS1f
UK_11C_ITS-ITSf
UK_2L_ITS-ITSf
TO_18_ITS-ITSf
KO_9-ITS1f
IN_6A_ITS-ITSf
IN_2C-ITS1f
IN_2B_ITS-ITSf
IN_1A-ITS1f
CA_8R-ITS1f
CA_1M-ITS1f
CA_1V_ITS-ITSf
PA_1D-ITS1f
PA_1G_ITS-ITSf
PA_2K-ITS1f
PA_3H_ITS-ITSf
ROI_6-ITS1f
UK_1H-ITS1f

CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
CAAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCA
************************************************************
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UK_5C-ITS1f
UK_11C_ITS-ITSf
UK_2L_ITS-ITSf
TO_18_ITS-ITSf
KO_9-ITS1f
IN_6A_ITS-ITSf
IN_2C-ITS1f
IN_2B_ITS-ITSf
IN_1A-ITS1f
CA_8R-ITS1f
CA_1M-ITS1f
CA_1V_ITS-ITSf
PA_1D-ITS1f
PA_1G_ITS-ITSf
PA_2K-ITS1f
PA_3H_ITS-ITSf
ROI_6-ITS1f
UK_1H-ITS1f

AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
AGTTGCGCCTAAAGCCATTAGGTTGAGGGCACGTCTGCCTGGGCGTCTCGCTTCGTGTCG
************************************************************
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UK_5C-ITS1f
UK_11C_ITS-ITSf
UK_2L_ITS-ITSf
TO_18_ITS-ITSf
KO_9-ITS1f
IN_6A_ITS-ITSf
IN_2C-ITS1f
IN_2B_ITS-ITSf
IN_1A-ITS1f

CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
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CA_8R-ITS1f
CA_1M-ITS1f
CA_1V_ITS-ITSf
PA_1D-ITS1f
PA_1G_ITS-ITSf
PA_2K-ITS1f
PA_3H_ITS-ITSf
ROI_6-ITS1f
UK_1H-ITS1f

CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
CCCCATTTCATCTCATTTTCGTTTCTTTGAGGGAGATGAGTGTTTTGGGACGTATATTGG
************************************************************
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UK_5C-ITS1f
UK_11C_ITS-ITSf
UK_2L_ITS-ITSf
TO_18_ITS-ITSf
KO_9-ITS1f
IN_6A_ITS-ITSf
IN_2C-ITS1f
IN_2B_ITS-ITSf
IN_1A-ITS1f
CA_8R-ITS1f
CA_1M-ITS1f
CA_1V_ITS-ITSf
PA_1D-ITS1f
PA_1G_ITS-ITSf
PA_2K-ITS1f
PA_3H_ITS-ITSf
ROI_6-ITS1f
UK_1H-ITS1f

CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
CCTCCTGTGCATATTTATGGAGCAGTTGGCCGAAATAGAAGTCCATATGATAGGACACAC
************************************************************
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UK_5C-ITS1f
UK_11C_ITS-ITSf
UK_2L_ITS-ITSf
TO_18_ITS-ITSf
KO_9-ITS1f
IN_6A_ITS-ITSf
IN_2C-ITS1f
IN_2B_ITS-ITSf
IN_1A-ITS1f
CA_8R-ITS1f
CA_1M-ITS1f
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PA_1D-ITS1f
PA_1G_ITS-ITSf
PA_2K-ITS1f
PA_3H_ITS-ITSf
ROI_6-ITS1f
UK_1H-ITS1f

GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGATTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGATTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGATTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGATTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGATTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGATTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGATTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGATTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGATTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGATTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGATTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGATTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGACTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGACTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGACTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGACTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGACTTATTGACC
GGTTAGTGGTGGTTGAGAAACTGTTTCGATCCCGTGTTACTTCTTTTGGACTTATTGACC
************************************************** *********
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UK_5C-ITS1f
UK_11C_ITS-ITSf
UK_2L_ITS-ITSf
TO_18_ITS-ITSf
KO_9-ITS1f
IN_6A_ITS-ITSf
IN_2C-ITS1f
IN_2B_ITS-ITSf
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PA_3H_ITS-ITSf
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CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
CTTGGTGCTTCTTTTATGGTGCATCGACTGCGACCCCAGGTCAGGCGGGATTACCCGCTG
************************************************************
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TO_18_ITS-ITSf
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IN_6A_ITS-ITSf

AGTTTAAGCATATCAATAAGCGGAGGA
AGTTTAAGCATATCAATAAGCGGAGGA
AGTTTAAGCATATCAATAAGCGGAGGA
AGTTTAAGCATATCAATAAGCGGAGGA
AGTTTAAGCATATCAATAAGCGGAGGA
AGTTTAAGCATATCAATAAGCGGAGGA
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AGTTTAAGCATATCAATAAGCGGAGGA
AGTTTAAGCATATCAATAAGCGGAGGA
AGTTTAAGCATATCAATAAGCGGAGGA
AGTTTAAGCATATCAATAAGCGGAGGA
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