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Summary

Kirner M., Prausova R. & Apamec L. 2013. Present status of genetic diversity of
Potamogeton praelongus populations in the Czech Republic. — Phyton (Horn, Aus-
tria) 53(1): 73-86, with 4 figures.

According to the European Red list, Potamogeton praelongus WULFEN (Pota-
mogetonaceae) is a Least Concern species predominantly distributed throughout
northern Europe, Asia and North America. It is considered a critically endangered
species in the Czech Republic, with the last natural population in a standing oxbow
in the Orlice river floodplain at MalSova Lhota, near Hradec Kralové in E Bohemia.
In this study, the genetic diversity of plants from natural and introduced Czech
populations as well as a rescue culture was determined using AFLP analyses. At
these sites, despite prolific flowering and seed setting, it propagates only vegeta-
tively as seed germination is apparently extremely rare if any. The analyses revealed
a very low genetic diversity in existing Czech micropopulations suggesting a pre-
dominant clonal propagation within the natural populations. This may also be a
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result in the course of ongoing repatriation of in vitro micropropagated plants.
However, we observed differences in the genetic profiles and higher genetic diver-
sity in plant individuals raised from seeds (obtained from rescue cultures) produced
by sexual reproduction. Trying to obtain seeds could be utilized to increase the ge-
netic diversity within natural and newly established populations. Other aspects of
successful conservation of this species are also discussed.

Zusammenfassung

Kirner M., Prausova R. & Apamec L. 2013. Present status of genetic diversity of
Potamogeton praelongus populations in the Czech Republic. [Gegenwirtiger Stand
der genetischen Diversitdt von Potamogeton praelongus-Populationen in
Tschechien]. — Phyton (Horn, Austria) 53(1): 73-86, mit 4 Abbildungen.

Nach der Europaischen Roten Liste ist Potamogeton praelongus WuLFEN (Pota-
mogentonaceae) eine in Europa zur Zeit nicht gefahrdete Art, die hauptséchlich in
Nordeuropa, Asien und Nordamerika vorkommt. In Tschechien wird sie als stark
gefahrdet angesehen. Die letzte natiirliche Population gedeiht in Ost-Béhmen in
einem Altwasser in der Orlice-Flussniederung bei MalSova Lhota nahe Hradec
Kralové. Untersucht wurde die genetische Diversitidt von Pflanzen aus natiirlichen
und in Tschechien eingebiirgerten Populationen ebenso wie aus einer Erhaltungs-
kultur mittels AFLP-Analyse. An diesen Standorten vermehrt sich die Art trotz re-
icher Bliite und Samenansatzes nur vegetativ weil Samenkeimung, falls tiberhaupt
vorkommend, extrem selten ist. Die Analysen ergaben eine sehr geringe genetische
Diversitat in den tschechischen Kleinpopulationen, was auf Vorherrschen klonaler
Vermehrung in den natiirlichen Populationen hinweist. Das kann auch das Resultat
laufender Wiedereinbiirgerungen von in vitro-vermehrten Pflanzen sein. Wir beob-
achteten aber Unterschiede im genetischen Profil und hohere genetische Diversitat
in Pflanzen, die aus sexuell produzierten Samen (aus der Erhaltungskultur) er-
halten wurden. Eine Moglichkeit, die genetische Diversitdt in natiirlichen und neu
etablierten Populationen zu erhdhen, ist die Vermehrung iiber Samen. Weitere As-
pekte der Erhaltung der genannten Art werden diskutiert.

1. Introduction

Potamogeton praelongus WULFEN (Potamogetonaceae) is a rare species
having a nordic, partly suboceanic and circumpolar distribution. It occurs
predominantly throughout northern Europe, Asia and North America and is
rare throughout its entire distribution area (Voce 1992). In the Czech Repub-
lic, this species has historically inhabited between 18 and 20 sites at the
middle and lower reaches of the Orlice, Vltava, Otava and Ploucnice rivers.
The number of recent Czech sites of P. praelongus has considerably decreased
during the last 30 years and today, it only exists in two small micropopula-
tions in the floodplain of the Orlice river (Kapran 2010, Prausova & al. 2011).
One of these is a natural one in a standing oxbow in the Orlice river floodplain
at MalSova Lhota in East Bohemia (TPA, Transient protected area “Ra-
meno u Stribrného rybnika”) while the other site was established nearby
as a part of the official rescue programme for P. praelongus in 2008 (Fig. 1).
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Fig. 1. Historic and recent (2009-2011) spread of Potamogeton praelongus in the
Czech Republic.

Regular monitoring of all Czech P. praelongus micropopulations and
selected abiotic factors (e.g. water and sediment chemistry) started in 2005.
Simultaneously, repatriation of the species to the Orlice river floodplain has
been conducted, using plants grown in an outdoor rescue culture at the In-
stitute of Botany at Trebon (IBT), the Czech Republic (HusAk & ADAMEC
1998, PrausovA & al. 2011). There are two recent rescue cultures of P. prae-
longus, established using plants originating from the last native site in
the Czech Republic (TPA): 1) the IBT culture in Tfebonl (maintained since
1988, HusAk & ApaMec 1998) and 2) a semi-natural rescue population in
restored backwater pools at Libéchovka, Harasov and PleSivec in the
Kokorinsko region in Central Bohemia (maintained since 2001-2005)
(Fig. 1). It can be deduced from its habitat and cultivation requirements that
P, praelongus prefers deeper, colder, streaming or standing waters which are
rich in calcium, medium-hard and mesotrophic (Husik & Apamec 1998,
PrausovA & al. 2011). At its sites, despite prolific seed setting, it propagates
only vegetatively as seed germination is apparently extremely rare (Prau-
sovA & al. 2011) in the Czech Republic. Using seed sterilisation by NaClO, an
in-vitro culture of P. praelongus was prepared from seeds coming from the
IBT. The plants were subsequently grown in the IBT. Six of them were used
for AFLP analysis in this study. Seed germination tests were an important
part of the official rescue programme for P. praelongus. The goal of the
achene germination tests was to determine the best method for breaking the
achene dormancy caused by the achene’s hard outer shell — the pericarp and
seed coat (PrausovA & al. 2011, 2013).
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Amplified Fragment Length Polymorphism (AFLP) has become one of
the widely used methods of molecular biology in population genetics. AFLP
analysis allows to describe the level of genetic diversity and discriminate
between closely related genotypes or clones within a species (Vos & al. 1995;
BARrkER & al. 1998, LomBarD & al. 2000, MeuDp & CrarRkE 2007, KiTNER & al.
2012). AFLP has become the ideal means in situations where there is neither
an a priori-sequence information nor suitable established markers (such as
microsatellites) (MEUD & CrLARKE 2007). The main advantage of AFLP is that
large numbers of genetic markers can be typed relatively quickly and effec-
tively at low cost (Evanno & al. 2005, NicorLk & al. 2007). The main disadvan-
tages of AFLP are its dominant (heterozygotes cannot be distinguished from
dominant homozygotes) and biallelic character (for a given size, the frag-
ment is either present or absent) and homoplasy of bands (VEkeEmans & al.
2002, Benscu & Axeson 2005, MEuD & Crarxe 2007, Parts & al. 2010).

The aims of this study were to assess the level of genetic diversity with-
in and between populations in the Czech Republic using AFLP markers, and
to detect possible differences in the genetic profiles of samples taken from
natural habitats (propagated clonally) and samples obtained by sexual re-
production in rescue cultures. It may be expected that the latter samples
shall be genetically more diverse.

2. Material and Methods
2.1. Plant Sampling, DNA Extraction and AFLP Analysis

Altogether 71 P. praelongus individual plants at four Czech microsites [Orlice
(TPA; N50°12'35.6”, E15°53'18.4”), Harasov (HAR; N50°24'48.7”, E14°34'46.7"),
Libéchovka (LIB; Nb50°26'2.17, E14°28'3.4”), Plesivec (PLE; N50°32'15.5”,
E14°34'12.2”)] and a P. praelongus rescue cultivation at Trebon (IBT; N49°0'19.7”,
E14°46'23.7”), were used for initial investigation in 2009. At the microsites, the dis-
tance of collected plants from each other ranged from 5 to 50 m. Subsequently, due
to the successful propagation of six plants raised from seed in 2011 in IBT, we com-
pared their AFLP profiles with six samples from previously investigated Czech sites
(PLE and HAR) as well as with one P. praelongus sample collected from lake Lati-
nalahti in Scandinavia (SCA; N68°50'33.87”, E 21°08'35.89”).

Two leaves from each individual were placed in plastic bags and transported in
a cooled box to the laboratory, treated with liquid nitrogen and stored at -80 °C.
Genomic DNA was extracted using the CTAB method (DovrE & Dovre 1987). The
number of sampled individuals per microsite is given in Table 2.

AFLP analysis was performed according to the original procedure by Vos & al.
1995, with the modification by Kitner & al. 2008. Primer pairs for the selective am-
plification were selected after testing various primer combinations on a subset of
four samples. A total of eight selective primer combinations with EcoRI primers
carrying three selective nucleotides and Msel primers carrying three, four or five
selective nucleotides were chosen for the final analysis. Primer sequences with de-
tailed information on the number of scored bands as well as the number of poly-
morphic bands are present in Table 1. Detailed information on core primer sequenc-
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Table 1. A summary of AFLP primer combinations (PC) used for amplification pro-
files of Potamogeton praelongus populations in the Czech Republic (Ngs, number of
bands scored; Np,, number of polymorphic bands; PLP, percentage of polymor-
phisms).

PC N Ny, PLP (%)

a EcoRI-AGC / MseI-CGATC 59 14 23.7
b EcoRI-AGC / Msel-CAACG 59 16 27.1
c EcoRI-ACT / MseI-CAAC 35 6 17.1
d EcoRI-ACA / MseI-CAACG 13 2 15.4
e EcoRI-ACT / MseI-CGA 23 2 8.69
f EcoRI-ACT / Msel-CAG 45 1 2.22
g EcoRI-ACT / Msel-CTT 35 3 8.57
h EcoRI-AGC / MseI-CGATG 18 2 11.1

Total 287 46 16.0

Table 2. Genetic variability indices of five populations of Potamogeton praelongus
in the Czech Republic tested by means of AFLP (n, number of samples; Ny, number
of polymorphic bands; Ngp,;, number of fixed private bands; PLP, proportion of poly-
morphic loci; H,, estimated heterozygosity with standard error, SE).

Parameters Harasov Libéchovka Orlice Plesivec Trebon
(HAR) (LIB) (TPA) (PLE) (IBT)
n 7 14 22 21 7
Npo 48 24 5 19 39
Nips 0 0 0 0 0
PLP (%) 16.7 8.4 1.7 6.6 13.6
H, 0.0985 0.0518 0.0183 0.0292 0.0714
SE 0.0065 0.0038 0.0016 0.0027 0.0047

es is published elsewhere (Kirner & al. 2012). Products and amplification were
separated on a 6 %, 0.4 mm thick denaturing polyacrylamide gel (0.5x TBE buffer)
using the T-REX (Thermo Scientific Owl Separation Systems, Rochester, NY, USA)
sequencing gel electrophoresis apparatus. Subsequent silver staining was used for
visualization of AFLP patterns.

2.2. Data Analysis of AFLP

To verify the reproducibility of amplification, all plant samples were separated
and visualized in duplicates. Only intense and unambiguous bands were scored vi-
sually as present (1) or absent (0) and translated into a binary matrix for subsequent
evaluation of basic variability indices [Ny, PLP, number and percentage of poly-
morphic loci at the 0.95 criterion; Ny, number of fixed private bands; H,, the total
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gene diversity; the gene diversity within (H) and among (H,) populations level fol-
lowing NE1 1987; F,, Wright’s fixation index] these were calculated in AFLP-SURV
(Bayesian method, VEkEMANS & al. 2002) and analysis of molecular variance (AMO-
VA) using GenAlEx 6.4 (PEaraLL & Smouse 2006). Three methods visualizing ge-
netic structure and relationships among individuals were applied: a) Neighbor-
joining (NJ) phylogenetic tree [Dice coefficient, 1000 bootstrap replicates (FELSEN-
sTEIN 1985), Freetree (PavLiCEk & al. 1999) and TreeView (Pace 1996) software]; b)
Principal coordinate analysis [PCoA; FAMD ver. 1.23 beta (ScHLUTER & HARRIS
2006)]; ¢) Bayesian clustering approach implemented in BAPS 3.2 software (Co-
RANDER & al. 2006).

3. Results

Altogether, 287 AFLP markers were detected with eight primer combi-
nations, of which 134 (46.7 %) were segregating and only 46 (16.0 %) exhib-
ited polymorphism at the 0.95 criterion. The percentage of polymorphic loci
over all populations ranged from 1.7 % (TPA) to 16.7 % (HAR). Overall ge-

Harasov - HAR
Lib&chovka - LIB
Orlice - TPA
Plesivec - PLE
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Fig 2. Principal coordinate analysis (PCoA) plot of 71 investigated individuals of
Potamogeton praelongus based on 287 AFLP loci (Jaccard’s similarity coefficient).
The first two PCoA axes together accounted for 23.7 % of the overall variability.
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netic diversity was very low (H, = 0.0548). Genetic diversity (H ) across all
populations was 0.0539, ranging from 0.0183 (TPA) to 0.0985 (HAR) (Table 2).

No fixed-private bands were present in any of the investigated popula-
tions. Also, the overall population differentiation (Fg; = 0.018) indicates a
very low genetic differentiation among investigated populations. This was
also confirmed by the AMOVA results (@, = 0.167 at P < 0.001) showing that
only 17.0 % of the variation refers to differences between populations, while
the majority (83.0 %) represents the intra-population variation. Neighbor-
joining analysis failed to find any relevant structure among investigated
populations with no bootstrap support for the tree topology (figure not
shown). Also, on the PCoA plot (Fig. 2), no clear pattern of population struc-
ture can be observed, with only one noticeable separation of two IBT sam-
ples, having their origin in sexual reproduction during the 2010 season.

Analysis of the second sample set was performed using a five primers
combination (c, e, f, g, EcORI-ACG/Msel-CAAC; Table 1) which gave 162 un-
ambiguous AFLP fragments (45 polymorphic at the 0.95 criterion). PCoA
analysis clearly separated a highly uniform “micropopulation” group of
samples PLE and HAR from more variable samples from the rescue culture
(CUL) and the sample from Scandinavia (SCA, Fig. 3).

A similar view was also suggested in Neighbor-joining and BAPS anal-
ysis (Fig. 4), with 100 % bootstrap support for separation of the Czech sites
PLE and HAR and the group from the rescue culture (CUL), as well as with
significant bootstrap support for separation of the sample from Scandinavia
(SCA). Furthermore, no differences were observed when comparing AFLP
profiles of two plants at PLE sampled in 2009 and 2011 (Fig. 4).

4. Discussion
4.1. Genetic Structure of P. praelongus Populations

Genetic diversity of the plant species reflects their breeding systems
(Hamrick & Gopr 1996). Moreover, growth and genetic diversity of aquatic
plant populations may be strongly influenced by clonal growth (WavcorT
1995). Generally, species which propagate asexually exhibit low levels of
population genetic diversity, whereas species reproducing sexually show
high levels of genetic diversity (LoveLEss & Hawmrick 1984). Additionally, low
values of intra-population variability are exhibited by long-lived perennial,
endemic, gymnosperm taxa with a middle to late successional status (Nysom
& BartisH 2000). In the present study, a very low level of intra- and inter-
population genetic diversity was detected in Czech populations of P. prae-
longus (PLP = 16.0 %, H, = 0.054). A similar level of genetic diversity (PLP =
13.0 %, H, = 0.042, based on 130 ISSR markers) has recently been reported
for an aquatic macrophyte Ottelia alismoides (L.) Pegrs. from lakes in China
(CHEN & al. 2008) or for two critically endangered west-arctic species Sagina
caespitosa and Arenaria humifusa (H, = 0.05 and 0.08, respectively), using
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Fig 3. Principal coordinate analysis (PCoA) plot of 13 investigated individuals of
Potamogeton praelongus based on 162 AFLP loci (Jaccard’s similarity coefficient).
The first two PCoA axes together accounted for 78.0 % of the overall variability.

AFLP markers (WESTERGAARD & al. 2011). A moderate level of genetic diver-
sity of P. malaianus populations (PLP = 70.5 %, H, = 0.163) was reported by
CHEN & al. 2009, while L1 & al. 2004 reported a high level of genetic diver-
sity (I = 0.414, based on RAPD markers) for P maackianus A. BEnN. from the
identical area in China along the Yangtze river. Very high levels of H, (0.527
and 0.452) were reported from 12 lake and 14 Baltic Sea populations of P
pectinatus using microsatellite markers (Nies & Reuscu 2005).

In contrast, data available from allozyme studies present low or no in-
tra-population genetic variation of P. cheesemanii A. Benn., P. crispus L., P,
coloratus HorNEM., P epihydrus Rar., P ochreatus Raour, P. pectinatus L.
and P, pusillus L. (HorstrA & al. 1995, HoLLinGswoRrTH & al. 1995, 1998, van
Wuk & al. 1988, KapLaN & STEPANEK 2003). A very low intra-species genetic
variation in P, clystocarpus was also revealed by AFLP markers by WHITTALL
& al. 2004. The low levels of genetic diversity in Potamogeton populations
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Fig. 4. Phylogenetic tree based on Jaccard’s similarity coefficient and UPGMA clus-
tering method among 13 Potamogeton praelongus samples obtained from 162 AFLP
loci. The designation of samples is present on tips of branches, while numbers on
branches indicates significant bootstrap support (1000 replications). Colored boxes
on the right side corresponds to BAPS mixture clustering graphical output. (CUL,
rescue culture; HAR, Harasov; PLE, Plesivec; SCA, Scandinavia; * designation of
samples taken in 2011)
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were attributed to a combination of bottlenecks, founder effects, inbreeding
and clonal growth.

Most of the observed diversity among Czech populations of P. praelon-
gus in this study is due to the individual genetic variation within popula-
tions rather than between populations. This emphasizes that the recorded
absence of population structure among investigated sites can be regarded as
a consequence of the ongoing rescue programme during which the plants
collected from the last autochthonous P. praelongus site TPA “Rameno u
Stribrného rybnika” were transferred, clonally propagated and grown in
the rescue culture at IBT Treborl. From this stock rescue culture, repatriation
to all investigated sites was done (Prausova & al. 2011). MarLLon & al. 2009
and Varrapares & al. 2006 used RAPD markers to demonstrate that the in
vitro propagation did not induce genetic changes in regenerated individuals
of the endangered endemic perennial herb Centaurea ultreiae or the forest
tree Quercus robur. Thus, the present status of genetic variation and struc-
ture in Czech populations of P. praelongus reflects the degree of variation of
the last natural population in TPA. However, present results indicate that
the genetic variability of micropopulations can be increased considerably by
sexual reproduction in rescue cultures.

4.2. Implications for Conservation

The last native Czech micropopulation of P, praelongus (TPA) is endan-
gered by the deposition of a nutrient-rich sediment in the standing oxbow
reach which covers the leaf surfaces with fine particles (PrausovA & JaNOvA
2010, PrausovA & al. 2011). High concentrations of mineral nutrients in the
water also lead to the growth of metaphytic filamentous green algae (mainly
the genera Oedogonium and Vaucheria), and the disturbance of plants and
micropopulations during flood events is also of potential concern. It is nec-
cessary to carry out strict conservation with appropriate habitat manage-
ment and monitoring of the current P. praelongus populations to ensure the
long-term protection (e. g. cutting of inshore tree stands, excessive sediment
removal, building of a sedimentation tank and/or reduction of nutrient ritch
water inflow; see PrausovA & al. 2011).

There are general concerns about the risks associated with the intro-
duction of maladapted genotypes originating from different sites, long-dis-
tance transplantation or from crosses between plants from different popula-
tions that may result in heterosis or breakdown of coadapted gene com-
plexes. Local adaptation may also result in fitness reduction through out-
breeding depression (TempLETON 1986, TarLMoN & al. 2004, Epmanps 2007,
CrEmieUXx & al. 2010). Nevertheless, experimental studies reported the rapid
spread of immigrant genomes within inbred populations due to heterosis
(RicHARDS 2000, EBERT & al. 2002, SaccHERI & BrAKEFIELD 2002) and that a
small amount of artificial gene flow into natural populations quickly re-
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duced inbreeding depression and fitness reduction from fixed genetic loads
(WEsTEMEIER & al. 1998, MaDSEN & al. 1999, StoksTap 2005).

However, recent results of RaaBovA & al. 2008 proved that increasing
genetic diversity by hybridisation experiments between plants from differ-
ent populations does not lead to immediate outbreeding depression. There
are also reports that the consequences of the negative effects of outbreeding
depression are unlike those in small populations and when the source of the
genetic material comes from populations within the same region (WiLL1 & al.
2007).

Proper management practice would lead to an increase in population
fitness as well as the adaptive potential of the population to changing envi-
romental pressures and stochastic factors (FrankaaM & al. 2002, REED &
Frankaam 2003, WiLLt & al. 2007, Hormes & al. 2008). We believe that these
goals can be reached by increasing the effective population size by repatria-
tion of micropropagated plants, as well as by increasing its genetic variation
by planting new genotypes raised from seed in vitro into the native sites of
P, praelongus in the Czech Republic. In line with this measure, recent germi-
nation tests revealed near-natural methods of breaking the achene dorman-
cy such as anaerobic conditions, stratification, UV-A radiation etc. (Praus-
ovA & al. 2011, 2013).
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