POLISH POLAR RESEARCH

vol. 33, no. 1, pp. 63-80, 2012 doi: 10.2478/v10183-012-0004-5

Genetic and epigenetic variation in a cosmopolitan grass
Poa annua from Antarctic and Polish populations

Katarzyna J. CHWEDORZEWSKA! and Piotr T. BEDNAREK?

U Instytut Biochemii i Biofizyki PAN, Zaktad Biologii Antarktyki,
ul. Pawiriskiego 5a, 02-106 Warszawa, Polska
<kchwedorzewska@ go2.pl>

2 Instytut Hodowli i Aklimatyzacji Roslin, 05-870 Blonie, Radzikéw, Polska
<p.bednarek@ihar.edu.pl>

Abstract: Poa annua L. is the only non-native vascular plant that was successfully estab-
lished in the maritime Antarctic. This project aimed to determine the amount of genetic and
epigenetic variation within and between two populations of P. annua, one from South Shet-
land Is. (Antarctic) and the other one from Central Europe. We applied two AFLP marker
systems, using endonucleases that recognised the same restriction site but differed in their
sensitivity towards methylation. The Antarctic population differed from the Polish one both
at the genetic and epigenetic levels. Genetic variability in the Antarctic population was
lower than in the Polish one. Some loci in the Antarctic population showed signs of selec-
tion. The difference between Polish and Antarctic populations might be due to a weak bot-
tleneck effect followed by population expansion. Using only epigenetic markers, the Ant-
arctic population exhibited increased variation level compared to the Polish one. These may
have resulted from plastic responses to environmental factors and could be associated with
survival in extreme conditions.
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Introduction

Environmental factors, such as low-summer temperature, available liquid wa-
ter, highly seasonal light regime and elevated UV-B radiation, with many season-
ally related environmental stresses (Frenot et al. 2005) limit the Antarctic biota.
Currently, some parts of Antarctica are the fastest warming regions on the planet
(Turner et al. 2005). In the short term, terrestrial biota are likely to benefit from re-
duced environmental stresses while, in the long term, the colonisation of the region
by lower latitude species with greater competitive capability will become increas-
ingly prominent (Olech 1996, 1998; Convey 2006; Chwedorzewska 2009, 2010).
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Dynamic climate changes combined with increased human activities might have
modified the status of some introduced species and increased the pressure of exotic
organism propagules (Frenot et al. 2001; Convey 2006). There were several re-
ports of non-indigenous vascular plants occurring close to Antarctic stations (e.g.
Lewis-Smith 1996; Chwedorzewska 2009; Hughes et al. 2009; Hughes and Con-
vey 2010). However, only Poa annua L. has successfully survived, bred and
spread under maritime Antarctic conditions for many years (Olech and Chwedo-
rzewska 2011).

Annual bluegrass is native to Eurasia (Tutin 1952, 1957; Darmency and
Gasquez 1997; Heide 2001). It became naturalized around the Earth and was found
in association with human activity or pioneer zones. P. annua adapted to a broad
range of weather conditions, from cold polar regions to hot deserts (Darmency and
Gasquez 1981; Frenot et al. 2001). The wide distribution of P. annua resulted from
its high colonising ability (Law 1981; Frenot 1997; Heide 2001). Annual bluegrass
grew and reproduced rapidly, primarily via seeds that might retain their viability
for several years, yielding even 20000 seeds in one season (Hutchinson and Sey-
mour 1982). They could grow over a wide range of environmental conditions
(Vargas and Turgeon 2004). Moreover, Heide (2001) demonstrated widely differ-
ing flowering responses to day length and vernalization in different P. annua pop-
ulations.The species is considered to be allotetraploid with chromosome count
2n = 28 (Tutin 1957; Johnson 1995; Heide 2001). However, diploid forms have
been reported (Hovin 1957; Johnson et al. 1993), but plants are dwarf, weak,
male-sterile and did not produce developed seeds (Johnson et al. 1993). P. annua
is an autogamous species, with 0—15% outcrossing, depending on environmental
conditions (Ellis 1973). The outcrossing could even get as high as 22% under
stress conditions (Mengistu et al. 2000; Chen et al. 2003). Apomixis was also ob-
served (Johnson et al. 1993). Antarctica shows few successful introductions com-
pared to the other continents and the majority of the introduced species were
human-dependent immigrants (Chwedorzewska 2009). The abundance of Poa
annua in the vicinity of the Arctowski Station seems to indicate that human activity
was responsible for the introduction and dissemination of this species (Olech
1996; Olech and Chwedorzewska 2011). Initially P. annua was recorded in front
of the entrance to the main building of the Polish Antarctic Station during the sum-
mer of 1985/86, followed by a gradual increase of the population size and colonis-
ing places strongly altered by human activities (Olech 1996, 1998), then the natu-
ral habitats (Olech and Chwedorzewska 2011). Nevertheless, the origin of the Ant-
arctic population is not entirely clear, and previous genetic studies indicated a pos-
sibility of multiple introductions from different sources (Chwedorzewska 2008).
Every year several tons of cargo and more than 20 expeditions with personal lug-
gage and equipment come mainly from Poland to Arctowski (Chwedorzewska and
Korczak 2010). According to available historical data one can hypothesize that
propagules of P. annua probably originate from Poland, most likely from soil for
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greenhouse transported to the station more than 30 years ago, but other vectors and
sources could not be excluded.

The term “epigenetics” generally refers to molecular processes such as DNA
methylation, histone modification and RNA interference, that can alter gene func-
tion and, ultimately, the phenotype without changes in DNA sequence (Grant-
Downton and Dickinson 2005, 2006; Berger 2007; Bird 2007). DNA methylation,
the modification that affects cytosine residues of DNA, is one of the best-described
epigenetic mechanisms. There are two types of DNA methylation in plants: symmet-
ric and asymmetric. The former affects such sequences as CpG or CpXpG while the
latter CpXpX (where X = A, T). DNA methylation and especially CpG sites usually
cluster in the regulatory region of genes. Thus, such regions may regulate gene activ-
ity or transcriptional silencing (Finnegan 2001, 2010). DNA methylation can be in-
herited influencing various plant traits (Henderson and Jacobsen 2007; Jablonka
2009; Verhoeven et al. 2010). It may also provide some features allowing to survive
in novel environments (Lira-Medeiros et al. 2010).

The study of such genetic and epigenetic changes became easier with the devel-
opment of the metAFLP approach. The AFLP technique adapted by Bednarek et al.
(2007) allows analysis of both genetic and site DNA methylation pattern changes
within restriction site sequences recognized by Acc651 and Kpnl isoschizomers
(Fiuk et al. 2010). While Kpnl is insensitive towards methylation of the restriction
site and its nearest vicinity, Acc65I is sensitive and cannot cut such sequences. This
method provides a way to determine DNA sequence and methylation pattern
changes among multiple samples.

The goals of the work were to examine genetic and epigenetic variation among
samples originating from the Antarctic population of Poa annua and the one from
Poland using metAFLP approach.

Methods

Samples of P. annua collected during the austral summer season (2008/2009)
on the west shore of the Admiralty Bay in the close vicinity of Arctowski Station
(King George Island, South Shetlands Islands, 62°09°S, 58°28’W) along the
transect (150 m long and about 10 wide) covered majority of P. annua population
established at Arctowski. The total number of individuals of Antarctic population
reached a couple of thousands on the acreage covering about 12000 m? (Olech,
personal communication). The sampled individuals were collected at least one me-
ter apart from each other, from separate genet. The same numbers of plants were
collected from Poland in May 2009 (at the Botanical Garden in Powsin, 52°07°N,
21°06’E), from the place of origin of soil transported for the greenhouse in
Arctowski Station more than thirty years ago. Plants in this area were much more
spread out, so the transect was 400 m long and 10 m wide. To minimize develop-



66 Katarzyna J. Chwedorzewska and Piotr T. Bednarek

mental epigenetic variation that might affect population differentiation plants
forming the representative sample were collected at a similar phenological stage
(at the beginning of flowering). Fresh shoots of individual plants were placed in
plastic bags in the presence of silica gel and immediately frozen at -70°C until
DNA extraction. DNA were extracted from 96 individuals of each population (in
total 192), by the MagAttract® 96 DNA Plant kit (Qiagen).

The AFLP procedure followed the method proposed by Vos et al.(1995) with
some modifications (Bednarek et al. 2007). In total, 500ng of genomic DNA un-
derwent digestion with Acc651/Msel endonucleases. Another 500ng of the same
DNA followed digestion with Kpnl/Msel enzymes. Adaptor ligation to both di-
gests followed pre-selective and selective amplification steps. The latter reaction
was conducted in the presence of 5°-(32P) labelled selective primer complementary
to the adaptor sequence ligated to the Acc651(Kpnl) sites. Eight selective primer
pair combinations (Table 1) amplified DNA fragments separated on 7% poly-
acrylamide gel and exposed to X-ray films at -70°C overnight.

Table 1
Arrangement of data generated with the selected primer pairs for both restriction enzymes
combinations
Detected bands
Enzym_e Selective primer pairs Dg:?ﬁ:d . . Polymorphic | Polymorphic
combination combination (in total) POIIIS:} Amﬁrct?c Polish Antarctic
popufation | population population population
Acc651/Msel | CpXpG-AGC/M-CCA 32 28 10 10
Kpnl/Msel |CpXpG-AGC/M-CCA . 32 29 11 11
Acc651/Msel | CpXpG-GGC/M-CAA 26 29 16 15
Kpnl/Msel |CpXpG-GGC/M-CAA o 27 28 14 11
Acc651/Msel | CpXpG-AGA/M-CCC 25 25 11 9
Kpnl/Msel |CpXpG-AGA/M-CCC % 28 28 9 7
Acc651/Msel |CpXpG-AGG/M-CAG s 57 50 33 30
Kpnl/Msel  |CpXpG-AGG/M-CAG 59 55 33 27
Acc651/Msel | CpXpG-TGC/M-CGG 19 16 5 5
Kpnl/Msel |CpXpG-TGC/M-CGG " 18 15 7 5
Acc651/Msel | CpXpG-ACC/M-CCA 28 75 66 43 36
Kpnl/Msel |CpXpG-ACC/M-CCA 78 69 43 36
Acc651/Msel | CpG-GGT/M-CCG 5 13 13 0 0
Kpnl/Msel |CpG-GGT/M-CCG 13 13 0
Acc651/Msel | CpG-AGG/M-CAT % 16 15 4 4
Kpnl/Msel |CpG-AGG/M-CAT 16 15 4 2
Acc651/Msel Total 77 263 242 122 109
Kpnl/Msel 271 252 121 99
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Reproducible, clearly distinguishable AFLP fragments were scored in a form
of a binary matrix with presence (1) and absence (0), while the absence of a band
was estimated by two independent persons. The matrix based on Kpnl/Msel di-
gests reflected genetic variation, while the Acc651/Msel matrix reflected genetic
and epigenetic variation. Comparison of matrices based on Acc651/Msel and
Kpnl/Msel digests gave a single matrix containing epigenetic markers only. The
AFLPop EXCEL add-in software (Duchesne and Bernatchez 2002) eliminated re-
dundant markers (redundant markers are loci that show identical scores among all
individuals across both populations) amplified by the two platforms. The non-re-
dundant data converted to the third matrix reflected epigenetic variation. The ratio-
nale for the transformation is so that the markers present in Kpnl/Msel and missing
in Acc651/Msel digests (and vice versa) reflect restriction sites with methylated cy-
tosine residues (epigenetic variation).

The matrices formed the basis for the calculation of the percentage of polymor-
phic loci (P%), number of unique markers, expected heterozygosity (Hg), Shan-
non’s diversity index (I) (Nei 1978, Shannon and Weaver 1949) and Nei’s genetic
distance (Nei GD) (Nei 1978) in GenAlEx 5.3 EXCEL add-in (Peakall and
Smouse 2001). Calculation of Polymorphic Information Content (PIC) followed
formula PIC = X 0.25x(1-f)x f;, where f; is the frequency of the i allele (Roldén-
-Ruiz et al. 2000; Schonswetter and Tribsch 2005). Neighbour Joining clustering
was constructed with PAST (Schonswetter and Tribsch 2005) using Jaccard ge-
netic distances. The robustness of the branches was estimated using 1000 boot-
strap replicates. Principal Coordinate Analysis (PCoA) was also performed in
PAST (Halliburton 2004; Hammer et al. 2001).

Analysis of Molecular Variance — AMOV A (®prindex values) was performed
with GenAlex (Halliburton 2004). 999 permutations were performed to estimate
reliability of the data. Tajima’s D, Fu’s F neutrality tests were evaluated in
Arlequin 3.5 (Excoffier and Lischer 2010).

For Bayesian analysis of genetic structure performed with STRUCTURE 2.2.3
(Falush et al. 2007; Foll and Gaggiotti 2008), no admixture model and independ-
ent allele frequency options with the length of burn-in (10 000) and Markov Chain
Monte Carlo (1 000 000) for each iteration were used. The range of possible K| var-
ied from 1 to 10. Ten independent runs were conducted to quantify the amount of
variation of the likelihood for each K. Estimation of the hierarchical level of the
genetic structure was made using ad hoc statistics DK (Evanno et al. 2005). Com-
putations were made thanks to BioPortal project (Kumar et al. 2009).

Demographic and historical expansions were tested in Arlequin 3.5 software
using mismatch distribution analyses (Fu 1997; Ray et al. 2003; Excoffier 2004).
The goodness-of-fit of the observed mismatch distribution to that expected under
demographic expansion was tested using the sum of squared deviations (SSD) sta-
tistics. The raggedness (r) statistics was used for quantifying the smoothness of the
mismatch distribution (Rogers 1995).
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The mutation-drift equilibrium model versus bottleneck hypothesis was
tested using the Bottleneck software (http://www.ensam.inra.fr/URDC; Cornuet
and Luikart 1997; Luikart et al. 1998). The Infinite Allele Model (IAM), model
implemented in the Bottleneck software was tested using Sing, Standardized and
Wilcoxon tests.The probability distribution was established using 1000 simula-
tions.

The presence of outliers — putative loci under positive and balancing selection
was evaluated with Mcheza (http://popgen.eu/soft/mcheza/, Antao and Beaumont
2011). The “neutral” mean Fg;, forced mean Fg; in parallel with Infinite Allele
Model were used for calculations consisting of 95 000 simulations.

Results

DNA profiling of the plant samples collected from Poland (P) allowed for the
identification of 263 (Acc651/Msel) and 271 (Kpnl/Msel) markers amplified by
eight primer pair combinations. There were 242 by AFLPs amplified by the former
and 252 the latter platform, respectively (Table 1) in case of individuals from the
Station (S).

After elimination of the redundant markers, there were 112 and 95 markers am-
plified for individuals from (P) and from (S) for Acc651/Msel AFLP platform. The
Kpnl/Msel based profiling resulted in 118 (P) and 101 (S) AFLPs. Comparison of
the Acc651/Msel and Kpnl/Msel yielded 36 AFLP signals associated with epigenetic
changes. Among them, 22 were in the Polish population and 36 in the Antarctic one.
Most of the bands (more than 87% in each case) were present with a frequency
higher than 5%. There were as many as 19 private bands present among individuals
from the Polish population and only 2 detected in case of the samples from the Sta-
tion for Kpnl/Msel platform. In epigenetic markers there were 7 private bands in
samples from Polish and 13 from Antarctic population. The markers shared among
individuals of the Polish population were highly polymorphic (87%) for Kpnl/Msel.
The samples from the Antarctic population exhibited lower polymorphisms (62%)
for this platform (Table 2). However, it appeared that the number of polymorphic
markers was greater among individuals from the Antarctic population (53%) than
from Poland (44%) with epigenetic markers. Moreover, the Polish population was
more heterozygous (0.258) than the one from the Station (0.203) based on genetic
markers. However, the Polish population (0.083) was less heterozygous than the
Antarctic one (0.125) based on epigenetic markers (Table 2).

Shannon’s Information Index (Table 2) as well as Polymorphic Information
Content values were higher for the Kpnl/Msel than for the Acc651/Msel derived
markers. Moreover, these indices were higher for the Polish than for the Antarctic
population in case of the Kpnl/Msel AFLP platform. The opposite situation was
observed in case of epigenetic markers.
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Table 2

Genetic diversity of populations from Poland and from Antarctic Station. P% — the percent-

age of polymorphic loci, I — Shannon’s diversity index , PIC — Polymorphic Information

Content, H; — expected heterozygosity, UHg — unbiased expected heterozygosity, SE —
standard error

Population | Sample size ‘ P% ‘ I+SE PIC+ SE Hg= SE UHg+ SE
Kpnl/Msel
P 96 87.39 0.393+0.023 0.033 0.258+0.017 0.261+0.017
S 96 62.18 0.305+0.026 0.027 0.203+0.018 0.204+0.018
Mean 0.356+0.014 0.036 0.233+0.010 0.235+0.010
Epigenetic markers
P 96 44.44 0.136+0.034 0.012 0.083+0.022 0.083+0.022
S 96 52.78 0.195+0.042 0.018 0.125+0.029 0.125+0.029
Mean 0.167+0.032 0.015 0.104+0.018 0.104+0. 018
Table 3
Genetic distance between analyzed populations
Nei’s genetic distance Dpy
Kpnl/Msel platform 0.147 0. 267 (p = 0.000)
Epigenetic markers 0.119 0.501 (p =0.001)

Neighbour Joining Clustering revealed two separate clusters representing indi-
viduals from Poland and the Antarctic. The same results were obtained based on
markers amplified by both AFLP platforms and epigenetic markers (Fig. 1).

The first two principal coordinates of the PCoA encompassing c. 19% of the
cumulative variance based on Kpnl/Msel AFLPs grouped the samples into two
groups. The data grouped according to the origin of the samples. Similar analyses
based on epigenetic markers also demonstrated that the samples grouped accord-
ing to their origin. In this case, the two main axes explained 39.5% of the total vari-
ance. Dispersed Kpnl/Msel cloud of the Polish population reflected the presence of
higher variation level than the Antarctic one. In case of epigenetic markers, the
level of variation within each population was comparable (Fig. 2).

Nei’s genetic distance between Polish and Antarctic populations reached
0.147 for Kpnl/Msel AFLPs and 0.119 for epigenetic markers (Table 3).

Analysis of Molecular Variance revealed the presence of data structuring
based on genetic and epigenetic markers. The Kpnl/Msel derived markers differ-
entiated populations from Poland and Antarctic (®pr=0.267). However, stronger
differences were evaluated for epigenetic markers (®p; = 0.501) (Table 3).

Population structure. — The Kpnl/Msel markers used to study population
structure via Bayesian statistics revealed the presence of three, instead of two,
groups of samples (as indicated by K =3 value). Polish population was subdivided
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Fig. 1. Neighbour-Joining tree based on both genetic and epigenetic markers for all individuals of
Poa annua from both populations.
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Fig. 2. Principal Component Analysis based on Kpnl/Msel platform and epigenetic markers.

into two groups but structuring was weak as indicated by AK value equal to 100 at
K =3. The study on epigenetic markers revealed only two distinct groups of sam-
ples (K =2, AK = 1200) reflecting the two origins.

Population differentiation. — Tajima’s D neutrality test was positive but in-
significant, while Fu’s Fg negative and significant for both populations in case of
Kpnl/Msel markers. Epigenetic markers gave comparable results (Table 4).

Demographic expansion. — Based on DNA sequence markers evaluated
with Kpnl/Msel derived digests, the SSD statistics were insignificant for the Polish
population (p = 0.39). Similarly, raggedness index was also not significant (p =

Table 4
Arrangements of neutrality tests based on Kpnl/Msel AFLP’s and epigenetic markers for
both populations Polish (P) and from the Arcfowski Station (S)

Kpnl/Msel Epigenetic markers
P ‘ S ‘ Average P ‘ S ‘ Average

Neutrality test

Number of individuals 96 96 96 96 96 96

S 104.0 74.0 93.7 16.0 19.0 17.5

m 32.943 25.614 29.344 3.539 5.160 4.350

Tajima’s D 1.345 2.539 1.646 0.385 0.141 0.762

Tajima’s D p-value 0.917 0.993 0.923 0.715 0.896 0.806
Fu’s F test

Number of individuals 96 96 96 96 96 96

O-n 32.94 25.61 28.34 3.54 5.16 4.35

Exp. no. of alleles 27.80 40.30 32.92 12.32 15.85 14.08

F -19.99 -23.96 -22.70 -26.13 -25.44 -25.79

F, p-value 0.000 0.000 0.001 0.000 0.000 0.000
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Fig. 3. Mismatch distribution, demographic expansion of both populations for Kpnl/Msel and
epigenetic markers.

0.27). When the Antarctic population was analyzed, then SSD statistics were sig-
nificant (p = 0.00), however, raggedness index was not (p = 0.08). Analyses per-
formed on epigenetic markers revealed significant values for SSD and raggedness
indices in Polish and Antarctic populations (Fig. 3).

Spatial expansion analyses showed insignificant values for the SSD statistics
and raggedness index evaluated on sequence based markers (Kpnl/Msel platform)
in the Polish population. In case of the Antarctic population, the SSD statistics
were significant while raggedness index not significant. Epigenetic markers ex-
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Fig. 4. Kpnl/Msel based outliers as indicators of putative positive and balancing selection. Loci under
positive and balancing selection are labeled with their names.

hibited significant values for the SSD statistics and raggedness index in the Polish
population. Nearly the same data were evaluated for the Antarctic population.
However, raggedness index p-value slightly exceeded 5% (Fig. 3).

Mutation-drift model versus bottleneck hypothesis. — The three tests for
excess heterozygosity implemented in the bottleneck software produced signifi-
cant p-values based on the IAM model with genetic and epigenetic markers for the
Polish and Antarctic populations. Sing, Standardized and Wilcoxon tests rejected
the mutation-drift model for the Antarctic population using both Kpnl/Msel de-
rived and epigenetic markers, suggesting the bottleneck effect.

Positive and balancing selection. — Analysis of putative loci under selection
identified 28 outliers amplified in Kpnl/Msel digests with 9 under positive and 19
under balancing selection (Fig. 4).

Discussion

Recent studies have stressed limited information on epigenetic variation in
natural plant populations (Kalisz and Purugganan 2004; Rapp and Wendel 2005;
Bossdorf et al. 2008). There are few papers exploiting properties of isoschizomers
in identifying epigenetic alternations in a population survey on wild species, for
example: Deschampsia antarctica (Chwedorzewska and Bednarek 2011), Viola
cazorlensis (Herrera and Bazaga 2010) and Brassica oleracea (Salmon et al.
2008). Nevertheless, the commonly used isoschizomers (Hpall and Mspl) com-
bined either with RFLP (Jaligot et al. 2002) or AFLP (Herrera and Bazaga 2010;
Lira-Medeiros et al. 2010) approaches can identify only changes in methylation
pattern but do not support data concerning exclusively genetic variation. Recently
introduced metAFLP approach involves Acc651 and Kpnl isoschizomers that dif-
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fer in sensitivity towards site DNA methylation (Bednarek et al. 2007). While
Acc651 s sensitive to the methylation of the restriction site and its vicinity the Kpnl
is not. Such a property could be used to identify markers related to genetic varia-
tion (Kpnl/Msel AFLPs) or epigenetic marker. The latter could be easily derived
via extracting epigenetic markers from Acc651/Msel platform. The marker present
in Kpnl/Msel and absent in Acc651/Msel digest originates from a DNA fragment
with methylated site. Similarly, marker amplified in Acc651/Msel platform and
missing in Kpnl/Msel should also be related to methylated site. However, such a
profile could be explained if a fragment with two successive restriction sites is rec-
ognized by the isoschizomers surrounded by a single Msel site. Moreover, the in-
ner site needs to be methylated. Thus, using the metAFLP approach, one may com-
pare the same loci both for genetic and epigenetic variation. To our best knowl-
edge, this is the first time when such an approach was used.

The differentiation ability of the marker platform may be evaluated using nu-
merous information indices such as Shannon’s Information Index (/) as well as
Polymorphic Information Content (PIC) index. The Kpnl/Msel platform was
highly efficient in differentiating the Polish and Antarctic populations since [
value exceeded 0.3 (Table 2). When epigenetic markers were used / value de-
creased but the markers were still informative enough. Thus, the two marker types
evaluated based on metAFLP platform could be applied for population studies.

Based on analyses of molecular markers amplified by metAFLP approach the
Polish population exhibited more rare markers, higher level of polymorphisms and
heterozygosity than the Antarctic one based on genetic markers (Kpnl/Msel plat-
form) (Table 2). This may suggest that the Antarctic population underwent some
demographic processes while the one from Poland is in a stationary phase.

The metAFLP approach was capable of differentiating samples from the Pol-
ish and Antarctic locations. This was clearly demonstrated with clustering analysis
(Fig. 1), PCoA (Fig. 2), coefficients of Nei’s genetic distance and AMOVA (Table
3). All those analyses showed that the two populations differed from each other
and grouped according to their origin independently whether genetic or epigenetic
markers were used.

It should be stressed that the above mentioned statistics showed that only small
part of variation is responsible for the differentiation and that AMOV A was most
discriminative (especially in case of epigenetic markers). The most evident confir-
mation of the differentiation came from the analyses of population structure. It was
revealed that the population from Poland may be subdivided into two sub-
populations. However, such grouping was weak.

Moreover, agglomeration analysis showed that the Antarctic population was
the subpopulation of the Polish one based on Kpnl/Msel digests. This is in agree-
ment with previous data stating that P. annua might have originated from Poland
(Olech 1996; Olech and Chwedorzewska 2011). The rationale for the notion is that
the soil transported to the Station for greenhouse originated from Botanic Garden.
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Additionally, the Antarctic population appeared less variable than the Polish one
(based on Kpnl/Msel markers) supporting historical data (Fig. 1) and indicating
that the Antarctic population might have undergone some demographic and/or se-
lection processes due to its settlement in a new environment. Thus, the time that
passed from its founding, limited gene flow between analyzed populations and pu-
tative demographic or selection processes affecting the Antarctic population may
explain data structuring supporting the hypothesis that the Antarctic population
originated from Poland. However, we cannot exclude that the Antarctic population
was founded by multiple introductions from different sources (Chwedorzewska
2008); this hypothesis seems to be supported by still high level of genetic variabil-
ity in this population.

Itis interesting that the level of variation (Table 2) was higher for the Antarc-
tic than for Polish population when epigenetic markers were used (this is oppo-
site to the data obtained with Kpnl/Msel AFLPs). Thus, we tend to think, that al-
though the population from Arctowski Station is less variable at the genetic level
(possibly due to founder or bottleneck effects), the increase of epigenetic varia-
tion in the Antarctic population may point out a response to external stress fac-
tors. It could be induced by environmental stimuli (Chinnusamy and Zhu 2009;
Boyko and Kovalchuk 2011; Uthup ef al. 2011) such as e.g. cold (Stewards et al.
2002), water (Labra er al. 2002), and/or osmotic (Tan 2010) stresses (Bruce et al.
2007), commonly experienced by organisms under polar condition. This result
seems to agree with Lira-Medeiros ef al. (2010) research on mangrove plants oc-
curring in contrasting natural environments. The authors suggested that the
epigenetic components of a genome played a crucial role in long-term survival in
unfavorable conditions. Within-population epigenetic variance was a critical
pre-requisite to have some micro-evolutionary potential (Kalisz and Purugganan
2004; Herrera and Bazaga 2010).

The data presented above (low number of rare markers, decreased number of
polymorphic markers and decreased heterozygosity) suggested that at least the pop-
ulation from the Station should be affected by some demographic or selection pro-
cesses. Thus, demographic expansion following initial bottleneck (or founder effect)
was suspected. On the other hand the Polish population was supposed to be in a sta-
tionary stage. However, negative values of Fu’s F| statistics obtained based on ge-
netic and epigenetic markers indicated that both populations might have experienced
demographic expansion. Analysis of mismatch distribution confirmed the expected
demographic expansion for the Antarctic but not for the Polish population using
both types of markers.Thus, the time that passed from founding Antarctic population
and limited gene flow between analyzed population indicated that spatial expansion
could be also possible. Only weak evidences were obtained supporting such a hy-
pothesis. Probably, in the given study, the demographic expansion is strong enough
and masks spatial expansion. It is interesting that epigenetic markers suggested spa-
tial expansion for the Polish population and gave weak evidences of it in case of the



76 Katarzyna J. Chwedorzewska and Piotr T. Bednarek

Antarctic one. Possibly such results reflect the nature of the epigenetic markers.
When the population is in mutation equilibrium epigenetic markers may fluctuate
randomly in contrast to the population affected by demographic processes which
could be recognized by statistical tests as spatial expansion. Thus, we tend to think
that the presented data support the notion of demographic expansion in the Antarctic
population and mutation drift model for the Polish one.

If the initial population size is small, one may expect founder effect (Dlugosch
and Hays 2008; Alacs et al. 2010). However, if the initial size is quite large but
then it decreases due to i.e. selection, the bottleneck is likely (Dlugosch and Parker
2008a, b). To study such effects using dominant markers infinite allele model can
test mutation-drift versus bottleneck hypothesis (Tero et al. 2003). As expected,
the Polish population followed the mutation-drift model while the Antarctic one
fulfilled the bottleneck hypothesis or founder effect. Unfortunately, using domi-
nant markers we can hardly discriminate between bottleneck and founder effects
but the latter seems to be more realistic assuming historical data.

In parallel to demographic processes the Antarctic population may be affected
by some kind of selection processes (selection sweep or hitchhiking). If any selec-
tion process takes place one should expect to identify markers under positive se-
lection pressure. Such markers could be identified as outliers. Within the Antarctic
population there were several Kpnl/Msel based markers that could be classified as
outliers (Fig. 4). Thus, our data may indicate that at least to some extent the Ant-
arctic population underwent selection processes.

Summing up, metAFLP represents an efficient and reliable method for the de-
tection of genetic changes and site DNA methylation alternations among individu-
als of the populations under study. The variation evaluated by the approach could
be easily adopted for population genetic studies delivering valuable information
on genetic and epigenetic differences between them. Thus, the metAFLP approach
filled the existing gap delivering marker system for simultaneous genetic and
epigenetic population studies. Based on molecular data we tend to think that the
population from Poland is under mutation-drift model while the Antarctic one un-
der demographic expansion. The Antarctic population is less variable than the Pol-
ish one due to founder and/or bottleneck effect. Moreover, it may undergo adapta-
tion to new conditions as indicated by outliers.

This research suggests that Poa annua may pose a serious threat to sensitive
and lacking competitive abilities indigenous species in the Antarctic terrestrial
ecosystem. So, the intensive efforts should be taken to stop new introductions and
exterminate established species, especially by strict biosecurity program.
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