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Abstract Genetic diversity and relatedness were studied
in 30 Norwegian local populations of meadow fescue
(Festuca pratensis Huds.) using amplified fragment
length polymorphism (AFLP) markers. The populations
were also compared with 13 Nordic meadow fescue
cultivars in order to analyse the distribution of variation
in local populations and cultivars and to elucidate
relationships between local populations and cultivars.
Analysis of molecular variance (AMova) analysis showed
that most of the variation was present within popula-
tions and that little variation was found between local
populations and cultivars. Separate AMova analyses of
local populations and cultivars revealed a higher level of
variation within registered cultivars than within local
populations. A cluster analysis based on corrected
average pairwise differences between populations
showed that the populations could be divided into three
clusters, of which one also contained the cultivars. These
results were supported by principal coordinates analysis.
The results indicate that the Norwegian meadow fescue
has a narrow genetic basis and that the local populations
in Norway can be divided into three groups following
the most probable routes of introduction of the species
into Norway. The inland populations are closely related
to the cultivars and have most probably been established
as a result of migration from sown meadows. The wes-
tern and southern populations probably originate from
human activity—for example, trade—to the coastal

Communicated by T. Liibberstedt

S. Fjellheim

Department of Chemistry, Biotechnology and Food Science,
Norwegian University of Life Sciences, P.O. Box 5003, As, 1432,
Norway

S. Fjellheim - O. A. Rognli ((X)

Department of Plant and Environmental Sciences,
Norwegian University of Life Sciences,

P.O. Box 5003, As, 1432, Norway

E-mail: odd-arne.rognli@umb.no

Tel.: +47-64-965578

Fax: +47-64-947750

western and northern parts of the country and to the
central parts of southern Norway.

Introduction

Since Vavilov (1940) first focused on the prospects of
using wild relatives of crops as sources of genes for crop
improvement, a great deal of effort has been expended in
establishing germplasm collections of plant species. The
conservation of genetic diversity of domesticated and
wild crops is especially important in cases where the
original gene pool of domesticated crops has been
genetically eroded during years of selection and culti-
vation. Extensive and well-characterised collections of
important species can thus provide unique raw materials
for the production of new cultivars or act as sources for
new traits that can be introduced into already existing
breeding materials. The genetic potential of a major
portion of the germplasm held in many gene banks is,
however, largely unknown because it is poorly charac-
terised. As a step towards the proper utilisation and
management of gene banks, a good genetic characteri-
sation of accessions is needed.

Meadow fescue (Festuca pratensis Huds.) is one of the
most widely used forage grass species in the Nordic re-
gion due to its superior combination of quality and
winter-hardiness. It is distributed both in both older and
newer meadows and as feral populations in all parts of
the Nordic countries, however it occurs less frequently in
the northern parts. Although widespread in Norway,
meadow fescue is not considered indigenous. Elven
(1994) proposed that it was introduced as a forage grass
in sown meadows. Although systematic use of meadow
fescue in lays and pasture in Norway started at the end
of the 19th century, breeding not beginning until the
1920s. However, meadow fescue was widespread in large
parts of Norway in 1861 (Blytt 1861). Thus, it is not
certain when and how meadow fescue was introduced
into Norway.



In Europe, the abundance of meadow fescue in
grasslands has decreased over the years, and today it is
only rarely present in intensively managed grasslands
although it is commonly found in species-rich perma-
nent pastures and hay fields in alpine regions and in
eastern Europe. Although not widely used as a forage
grass species, there has been a growing interest in mea-
dow fescue during the last decade in Europe, North
America and Japan. Important factors contributing to
this increased interest is its generally high level of stress
tolerance and its ability to hybridise with perennial
ryegrass (Lolium perenne L.) and Italian ryegrass (L.
multiflorum Lam.). Breeding programmes for Festuloli-
ums are currently being run in both Europe (Humphreys
et al. 2004) and Japan (Yamada and Momotaz 2004).
With the growing interest in the use of meadow fescue,
detailed genetical and morphological characterisation of
potentially useful germplasm is essential. The investiga-
tion reported here is part of an effort to completely
characterise all meadow fescue accessions (approxi-
mately 170) in the Nordic Gene Bank (NGB).

Meadow fescue is a diploid (2n, 2x=14) outbreeder
with a strong gametophytic self-incompatibility system
(Lundqvist 1962). As a consequence of this, large genetic
heterogeneity is expected to persist within populations.
We chose to use amplified fragment length polymor-
phism (AFLP) markers for the analysis of genetic
diversity in meadow fescue (Vos et al. 1995) as this
method generates a large number of markers that are
reliable and reproducible and which require only nano-
grams of DNA (Karp et al. 1996). Several studies have
shown that AFLP technology is very well suited to
characterise and quantify genetic diversity (Cresswell
et al. 2001; Guthridge et al. 2001; Nybom 2004). A
major drawback is the dominant nature of AFLPs that
makes it difficult to estimate proper population genetic
parameters since heterozygotes cannot be distinguished
from homozygotes. However, several methods have
been proposed to circumvent this problem (Excoffier
et al. 1992; Lynch and Milligan 1994; Stewart and Ex-
coffier 1996; Zhivotovsky 1999).

We report a genetic characterisation of 30 Norwegian
local populations of meadow fescue based on AFLP
markers and compare these results with the results of a
previous study of 13 Nordic meadow fescue cultivars
(Fjellheim and Rognli 2005). The aims of the investi-
gation were to evaluate genetic diversity in the meadow
fescue accessions of local populations relative to that of
cultivars and to estimate genetic relationships between
the local populations and the Nordic cultivars.

Materials and methods
Plant materials

Thirty local populations of meadow fescue (Festuca
pratensis Huds.) covering a wide range of geographical
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variation—in latitude, longitude and altitude—were
chosen for the investigation (Fig. 1). Seed samples of
these populations were obtained from the NGB, Alnarp,
Sweden (http://www.ngb.se). Using these accessions, we
produced three datasets: the first comprises 15 popula-
tions from which we extracted DNA from the seeds; the
second comprises 15 populations from which DNA was
extracted from the leaves (subsequently referred to as
dataset “‘seed” and “leaf”, respectively); a third dataset,
denoted “‘seed cultivars™, was constructed in which the
dataset ‘“‘seed” was compared to an AFLP-marker
dataset of Nordic meadow fescue cultivars (Fjellheim
and Rognli 2005). Twently individuals were initially in-
cluded from each population. However, some of the
individuals were subsequently excluded from the analy-
sis due to a lack of amplification. The total number of
individuals analysed was thus 825. Details on the
accessions analysed are presented in Table 1.

DNA extraction

DNA extraction followed the protocol of Sharp et al.
(1988). From the populations in dataset “‘seed” and
“seed cultivars”, DNA was extracted from whole seeds;
from the dataset “leaf”’, DNA was extracted from 70 mg
to 90 mg of fresh leaves. Both seeds and leaves were
ground in 1.5-ml Eppendorf tubes containing liquid
nitrogen and extra pure sea sand. The use of seeds for
DNA extraction climinates the establishment of large
numbers of plants in the greenhouse, but at the same
time it excludes further analysis of specific genotypes.

AFLP analysis

AFLP analysis was performed as described by Fjellheim
and Rognli (2005). For selective amplification, primer
combinations were chosen based on a combined
restriction fragment length polymorphism (RFLP) and
AFLP linkage map of meadow fescue developed by Alm
et al. (2003). Three primer combinations (P77M72,
P77M66 and P64M17), which produce markers distrib-
uted throughout the linkage groups of meadow fescue,
were chosen. Primer sequences were as listed in Alm
et al. (2003).

Data analysis

All analyses were done in three parallel experiments
based on the three AFLP marker datasets produced
(dataset ““seed”, “leaf”” and “‘seed cultivars’). Dataset
“leaf”” was separated from the two others because AFLP
patterns obtained from the DNA extracted from differ-
ent organs can be different (Donini et al. 1997) and are
thus not directly comparable.

Genetic diversity indices and frequency of polymor-
phic loci were calculated using the programme
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Fig. 1 Collection sites with
elevation (masl; meters above
sea level) for 30 populations of
meadow fescue (Festuca
pratensis Huds.) in Norway.
For a detailed description of the
accession indicated by the
numbers refer to Table 1. Black
labels Inland populations, grey
labels western populations,
white labels southern
populations

ARLEQUIN 2.0 (Schneider et al. 2000; http://anthro.uni-
ge.ch/arlequin). Two diversity indices were calculated:
(1) average difference between all genotypes in the
population (Tajima 1983, 1993); (2) average gene
diversity over loci (Tajima 1983; Nei 1987).

Analysis of molecular variance (amova; Excoffier
et al. 1992) was carried out using the ARLEQUIN 2.0 pro-
gramme. Separate analyses were conducted for dataset
“leaf, “seed”, and the cultivars. An ARLEQUIN 2.0 anal-
ysis of dataset ““seed cultivars” was performed in which
local populations and cultivars were treated as separate
groups.

A matrix of corrected average pair-wise differences
between all populations in each dataset (output from
ARLEQUIN 20) was used for unweighted pair group
method with arithmetic mean (upGMA) clustering and
principal coordinates (PCO) analysis. A minimum
spanning tree (MST) was calculated. PCO analyses
based on individual plants were also performed. The
latter PCO analyses were performed using four different
similarity or distance coefficients (Dice, Simple match-
ing, Jaccard and Euclidean distance). As the coefficients
provided similar results, we only present the analyses
based on Jaccard similarity, given by a/(a+ b+ ¢), where

1-44 masl

45-99 masl

100-139 masl

b D @D o

140-399 masl

400-700 masl

a is the number of shared bands and b and c¢ are the
number of bands present in one sample but absent in the
other sample.

All upGMA clustering and PCO analyses were per-
formed using NTsys-pc ver. 2.1 (Rohlf 2000).

Results

The three AFLP primer combinations produced be-
tween 80 and 103 markers with less than 5% missing
data that could be unambiguously scored. In dataset
“seed”, a total of 103 scorable markers were produced,
of which seven were monomorphic in all populations
and thus excluded from the analysis, leaving 96 poly-
morphic markers for analysis. AFLP analysis of dataset
“leaf” produced 80 scorable markers, six of which were
monomorphic across populations, leaving 74 polymor-
phic markers. A matrix was constructed containing
common markers from dataset ‘“‘seed”, and the markers
were used in the analysis of Nordic meadow fescue
cultivars (Fjellheim and Rognli 2005). This set contained
95 polymorphic markers (dataset “cultivars seed’’). No
genotypes were identical in any of the datasets.
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Table 1 Geographical origin, number of individuals analysed and year of collection of 30 local populations of meadow fescue (Festuca
pratensis Huds.). The accession number is from the Nordic gene bank (NGB)

Dataset ~ Accession no. Location Latitude Longitude Altitude (m) Number of plants Year of collection
Seed NGB 2912 Aurdal 60°57'N 9°20'E 420 20 1980
NGB 4283 Etne 59°45'N 5°45'E 250 20 1980
NGB 5415 Sel 61°50'N 9°35’E 300 19 1981
NGB 5418 Nevlunghavn 58°59'N 9°52’E 1 20 1981
NGB 6631 Svanvik 69°38'N 30°03'E 45 20 1973
NGB 6636 Tromse 69°40'N 18°56'E 10 20 1973
NGB 6638 Harstad 68°48'N 16°30'E -2 20 1973
NGB 6762 Habbestad 58°47'N 9°55’E 100 20 1981
NGB 6768 Riser 58°47'N 9°39E 20 20 1981
NGB 7538 Bjugn 63°45'N 9°45’'E 20 20 1981
NGB 7539 Selbu 63°13'N 11°03’E 300 18 1981
NGB 7542 Trondheim 63°22'N 10°48’E 150 20 1981
NGB 7546 Sunndal 62°40'N 8°36’'E 100 16 1981
NGB 7632 Tydal 63°04'N 11°34E 550 17 1980
NGB 7702 Mosjeen 65°47'N 13°18’E 30 19 1976
Leaf NGB 2910 Bo 59°25'N 9°02’E 80 20 1980
NGB 2911 Seljord 59°30’N 8°36’'E 430 20 1980
NGB 2913 Skien 59°13'N 9°40’E 120 14 1980
NGB 4272 Stryn 61°50'N 6°30'E 470 20 1980
NGB 4275 Askvoll 61°20'N 5°15'E 5 19 -8
NGB 4277 Voss 60°40'N 6°30'E 70 16 1980
NGB 4278 Bergen 60°20'N 5°15’E 5 19 1981
NGB 4279 Litlabe 59°45'N 5°30'E 50 20 1981
NGB 4282 Austvoll 60°15'N 5°15E 20 19 1981
NGB 5414 Nybergsund 61°16'N 12°29°E 550 20 1981
NGB 5416 Gjerpen 59°14'N 9°32’E 60 19 1981
NGB 5417 Bamble 59°01’N 9°40’'E 5 19 1982
NGB 7168 Straumen 65°09'N 15°33'E 10 20 1978
NGB 7169 Inndyr 67°04'N 14°03’'E 15 19 1976
NGB 7171 Finneid 67°12'N 15°27E 150 20 1976
Cultivar Country of origin Year of release
Cultivars NGB14160 Norild Norway Norwegian Crop 20 2001
Research Institute
NGB 2185 Loken Norway Norwegian Crop 20 1927°
Research Institute
NGB 4269 Fure Norway Norwegian Crop 20 1989
Research Institute
NGB 4506 Petursey Iceland Locally propagated 20
NGB 1681 Leto Dzhnfeldt III Denmark L. Dzhnfeldt 19 1961
A/S, Marslev
NGB 8379 Pajbjerg Denmark Pajbjergfonden, Odder 19 1961
NGB 4097 Balder Denmark L. Dehnfeldt 20 1982
A/S, Marslev
NGB 2604 Tammisto Finland Hankkija Plant Breeding 20 1928
Station, Hyrylad
NGB 4075 Paavo Finland Agricultural Research 19 1948
Centre, Jokioinen
NGB 4074 Kalevi Finland Agricultural Research 19 1979
Centre, Jokioinen
NGB 2764 Svalofs Sena Sweden Svalof AB, Svalov 20 1917
NGB 2765 Bottnia I1 Sweden Svalof AB, Svalov 20 1956
NGB 2766 Boris Sweden Svalof AB, Svalov 17 1971
“Not known

®This is the first registered reference to Loken

Genetic diversity indices

Genetic diversity indices based on molecular markers are
given in Table 2 together with frequency of polymorphic
loci. Populations NGB5415, NGB5414 and cv. Bottnia
IT had the highest frequencies of polymorphic loci in
datasets ‘“‘seed”, “leaf” and cultivars (0.66, 0.71 and
0.62, respectively), whereas populations NGB6762,
NGB4278 and cv. Norild had the lowest frequencies

(0.34, 0.26, and 0.35, respectively). Mean values for
frequencies of polymorphic loci were computed for the
two datasets and for the cultivars. For dataset “‘seed”, it
was 0.46 +0.04; for dataset “leaf”, it was 0.39 +£0.07 and
for the cultivars, it was 0.51+0.04. In dataset “‘seed”
and “‘leaf”’, populations NGB6762 and NGB4278 had
the lowest average difference between all pairs of geno-
types in the population (10.56 and 5.95, respectively),
whereas populations NGB5415 and NGB4277 had the
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Table 2 Genetic diversity indices in 30 Norwegian local populations and 13 Nordic cultivars of meadow fescue. The indices calculated are
frequency of polymorphic loci, mean number of pairwise differences between individuals in populations and average gene diversity over

loci

Dataset Population (NGB no.) Frequency of polymorphic loci Average difference Average gene diversity

Seed 7546 0.47 14.07 0.1513
7542 0.52 14.73 0.1583
7539 0.49 14.60 0.1641
7538 0.38 11.28 0.1213
6768 0.36 10.59 0.1127
6762 0.34 10.56 0.1123
6638 0.46 13.15 0.1429
6636 0.49 12.57 0.1412
6631 0.46 12.80 0.1376
5418 0.40 10.86 0.1143
5415 0.66 18.09 0.1988
4283 0.44 13.24 0.1393
2912 0.53 13.84 0.1457
7632 0.45 11.29 0.1228
7702 0.40 12.42 0.1411
Average 0.46 (£0.04) 1294 (£1.11) 0.1402 (£0.013)

Leaf 4282 0.36 8.19 0.1187
4275 0.35 7.02 0.0567
4278 0.26 5.95 0.0863
5417 0.38 7.75 0.1231
7169 0.32 8.02 0.1163
7168 0.30 7.91 0.1084
5416 0.48 10.74 0.1512
2910 0.32 7.72 0.1043
4279 0.41 9.33 0.1278
42717 0.56 16.92 0.2418
7171 0.29 7.82 0.1204
2913 0.34 9.34 0.1262
2911 0.30 6.88 0.0930
5414 0.71 14.83 0.2149
4272 0.46 8.16 0.1127
Average 0.39 (£0.07) 9.11 (£1.66) 0.1268 (£0.026)

Cultivars Norild 0.35 10.31 0.1066
Loken 0.50 15.91 0.1692
Fure 0.53 13.84 0.1488
Petursey 0.50 13.30 0.1447
Leto Dxhnfeld II11 0.49 12.70 0.1477
Pajberg 0.44 13.17 0.1447
Balder 0.56 14.66 0.1629
Tammisto 0.53 14.57 0.1567
Paavo 0.46 14.19 0.1576
Kalevi 0.58 16.65 0.1851
Svalofs Sena 0.51 15.31 0.1664
Bottnia II 0.62 17.50 0.1923
Boris 0.51 16.09 0.1828
Average 0.51 (£0.04) 14.48 (+£1.15) 0.1589 (£0.013)

#95% confidence interval

Table 3 Analyses of molecular variance (aMova) in 30 Norwegian local populations and 13 Nordic cultivars of meadow fescue

Dataset Source of variation df Variance components Percentage of variation
Seed Among populations 14 2.96 30.8
Within populations 274 6.65 69.2
Leaf Among populations 14 2.15 31.0
Within populations 268 6.79 69.0
Cultivars Among populations 12 1.94 20.4
Within populations 240 7.54 79.6
Among groups® 1 0.35 3.6
Cultivars seed Among populations 26 2.49 25.1
Within populations 514 7.07 71.3

“The two groups are cultivars and local populations



highest (18.09 and 16.92, respectively). Among the cul-
tivars, the lowest and highest mean differences between
all pairs of genotypes were found in Norild (10.31) and
Bottnia II (17.50), respectively. Mean values were
computed for the two datasets and for the cultivars. For
dataset “‘seed”, it was 12.94+1.11; for dataset “leaf™, it
was 9.11+1.66; for the cultivars, it was 14.48 £ 1.15.
Populations NGB6762 and NGB4275 had the lowest
average gene diversity over loci in dataset “‘seed” and
“leaf” (0.112 and 0.057, respectively), whereas
NGB5415 and NGB4277 had the highest (0.199 and
0.242, respectively). Among the cultivars, Norild had the
lowest average gene diversity (0.107), whereas Bottnia
IT had the highest (0.192). When the means of average
gene diversity between the two datasets and the cultivars
were compared, dataset “seed”” and ‘“‘leaf” had mean
values of 0.140+0.013 and 0.127 £0.026, respectively,
and the cultivars had an average of 0.159+0.013.

Distribution of genetic diversity

AMovA analysis revealed the same level of intrapopula-
tion variation in both dataset ““seed” and “leaf” (69.2%
and 69.0%, respectively; Table 3). A higher intrapopu-
lation variation was found within the cultivars (79.6%)
than within the local populations (69.2%). A combined
AMoVvA was carried out on the dataset “cultivars seed” to
check for variation among groups (cultivars and local
populations), which was 3.6%.

UPGMA analyses

The clustering of the populations in both the upGma and
PCO analyses suggested the separation of the popula-
tions into three groups according to geographic ori-
gin—inland, western and southern. These groups will be
used in subsequent discussions of the upGma and PCO
results. In order to aid visual interpretation, each group
were given characteristic labels: inland populations have
black labels, western populations have grey labels,
southern populations have black, open labels and the
cultivars are labelled with small, black dots. The differ-
ent labels correspond in the datasets and in the PCO and
UPGMA analyses.

In both dataset “seed’” and ‘“‘leaf”’, the upGmA anal-
yses identified three clusters (inland, western and
southern populations), with the western and southern
populations clustering together (Fig. 2a, b). There were
two exceptions in dataset “leaf”’; the southern popula-
tion NGB5417 clustered with the inland populations,
and the western population NGB7168 clustered with the
southern populations.

An urGMA analysis performed on dataset “‘cultivars
seed” confirmed the grouping of the local populations
established in the separate upGMA analysis of dataset
“seed” (Fig. 2c). The cultivar Norild was completely
distinct from all other local populations and cultivars,
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while all of the other cultivars clustered together with the
inland populations.

PCO analyses

PCO analyses of both dataset ““seed” and dataset ‘“‘leaf”
divided the populations into two groups with minor
overlaps along the first axis (10.1% and 9.3%, respec-
tively, Fig. 3a, b). One cluster contained inland popu-
lations, whereas the other contained the western and
southern populations. The first cluster was also retained
along the second axis (5.9% and 6.3%, respectively),
whereas the second cluster separated into two slightly
overlapping groups: one containing the western popu-
lations and the other containing the southern ones. The
populations NGB4283 and NGB7702 (dataset “‘seed”)
were overlapping with both western and southern pop-
ulations, but based on results from the upGma analysis
(Fig. 2), they were classified as western populations.

In a PCO analysis of dataset cultivars seed”
(Fig. 3c), the local populations showed the same
grouping as in the separate analysis of the ‘“seed”
dataset (Fig. 3a). The majority of the cultivars grouped
most closely with the inland populations.

PCO analyses were also performed using corrected
average pair-wise differences between populations as
distance measures. Only the PCO analysis of dataset
“leaf” is presented, as it was the only analysis that added
information to the PCO analyses of the individuals and
the upGMA analyses. The MST of the populations in
dataset “‘leaf”” shows that population NGB7168 had its
closest connection to the western populations. Further-
more, the populations NGB4279 and NGB5417 form
the connection between the inland populations and
southern populations (Fig. 4).

Discussion
Genetic diversity

Most of the diversity was found within the populations,
which was to be expected in an outcrossing species.
Similar estimates were obtained by Balfourier et al.
(1998) in Lolium perenne L., a species that can be com-
pared with meadow fescue as it has a similar breeding
system.

A significantly higher level of genetic diversity was
found in dataset ““seed’ than in the dataset “leaf””. Donini
etal. (1997) investigated AFLP patterns in template DNA
extracted from different plant organs and concluded that
the observed dissimilarities most likely arise as a result of
DNA methylation differences between organs and that
DNA from mature seeds in wheat is less methylated than
DNA from young leaves. This explanation is consistent
with results obtained from other studies (Theiss and
Follmann 1980; Hepburn et al. 1987) and can probably
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Fig. 2 Unweighted pair group
method with arithmetic mean
(urGMA) clustering of 30
Norwegian natural populations
and 13 Nordic cultivars of
meadow fescue. a Dataset
“seed” based on 96
polymorphic AFLP markers,

b dataset “leaf”” based on 74
polymorphic AFLP markers,

¢ dataset “cultivars seed”” based
on 95 polymorphic AFLP
markers. All analyses are based
corrected average pairwise
differences. Black labels Inland
populations, grey labels western
populations, black open labels
southern populations. Small
dots represent Nordic cultivars
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Fig. 3 Principal coordinates
analysis (PCO) of 825
individual genotypes from 30
Norwegian natural populations
and 13 Nordic cultivars of
meadow fescue. a Dataset
“seed” based on 96
polymorphic AFLP markers,

b dataset “leaf”” based on 74
polymorphic AFLP markers,

¢ dataset “cultivars seed” based
on 95 polymorphic AFLP
markers. All analyses are based
on the Jaccard similarity index.
Black labels Inland populations,
grey labels western populations,
black open labels southern
populations. Small dots
represent Nordic cultivars
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Fig. 4 Principal coordinates
(PCO) analysis of 15 local
Norwegian populations of
meadow fescue from dataset
“leaf”. The analysis is based on
74 polymorphic AFLP markers
as well as on corrected average
pairwise distances. A MST is
superimposed on the plots.
Black labels Inland populations,
grey labels western populations,
black open labels southern
populations

also clarify the differences in level of variation between
dataset “seed” and ““leaf™ in this study, as AFLP profiles
were generated using the methylation sensitive restriction
enzyme Pst1. In addition, the fact that the major part of
the seeds is triploid and leaves are diploid might have
contributed to the differences, especially since meadow
fescue is an obligate outbreeder. Although the level of
variation detected in the populations is different in the two
datasets, the partitioning of variation within each dataset
issimilar. In dataset “‘seed” and ““leaf”’, 69.2% and 69.0%,
respectively, of the variation was found within the popu-
lations.

We found a lower level of genetic diversity in the local
Norwegian populations than in the Nordic cultivars,
which is in contrast to the results reported by Kolliker
et al. (1998) based on their study of meadow fescue from
Switzerland. This may indicate that the cultivars have a
wide genetic base due to the use of introduced material for
breeding (see Fjellheim and Rognli 2005). Alternatively, it
could indicate that the Norwegian meadow fescue popu-
lations have a narrow genetic base due to recent intro-
duction of meadow fescue to this area and possible
associated bottlenecks. Several studies have described a
decreasing level of genetic diversity with increasing geo-
graphic distance to centres of diversity of the species
(Chowdhury and Slinkard 2000; Grivet and Petit 2003). It
has been shown that Lolium perenne populations from
Scandinavia show reduced levels of diversity compared to
populations originating closer to the putative centre of
diversity of this species (Balfourier et al. 1998). No centres
of diversity have been postulated for meadow fescue, but
Norway is at the outskirts of the geographic distribution
area of meadow fescue, so the possibility of a bottleneck is
highly likely. However, this needs further clarification by
diversity analysis of populations from the entire distri-
bution area of meadow fescue.

In addition to a lower level of genetic diversity, the
local populations exhibit larger differentiation than the
cultivars, as shown by the higher level of among-popu-
lation variation. This may be a result of more gene flow
between cultivars than between local populations, which
could have counteracted genetic differentiation between
countries. Much of the meadow fescue breeding in the
Nordic countries has been based on the exchange of
breeding material and seed between countries (see
Fjellheim and Rognli 2005), whereas gene flow, at least
through pollen, has been shown to be rather restricted
between natural populations of meadow fescue (Rognli
et al. 2000). This means that pollination between pop-
ulations that are so geographically dispersed as the
present ones must be very restricted.

Genetic relationships between local populations and
cultivars

Although dataset “seed”” and ‘“leaf” cannot be consid-
ered together, comparable results were found in the PCO
and urGMA analyses. Based on these analyses, the pop-
ulations were divided into three groups: southern pop-
ulations (black, open labels), western populations (grey
labels) and inland populations (black labels, Fig. 1).
Southern populations have a clear geographic connec-
tion to the central parts of southern Norway, whereas
the western populations are distributed along the wes-
tern coast of Norway, and the inland populations have a
broad distribution, with the majority of the populations
in inland regions. In the PCO and urGMA analyses that
also included the Nordic cultivars, inland populations
clustered together with the cultivars (small, black dots),
and these inland populations are clearly more related to
the cultivars than to the western and southern popula-



tions. In “Flora for Norway” by Blytt (1861), meadow
fescue is described as being common in all parts of
southern Norway up to the pine line, and in northern
parts of Norway up to Bode (67°N)—but only in the
coastal areas. The inland populations correspond geo-
graphically to the areas in Norway where Blytt did not
find meadow fescue—i.e., areas at higher latitudes and
altitudes. In these areas, natural populations of meadow
fescue are not stable over time. However, breeding for
adaptation to the climate of continental, high-altitude
regions started in the beginning of the 20th century and
resulted in a systematic use of meadow fescue for forage
production in these areas as well. Migration from sown
meadows can most probably explain the presence of
local populations here and the close genetic relationship
between the inland populations and the cultivars ob-
served in this study. However, the inland populations do
not overlap completely with the cultivars in the PCO and
UPGMA analyses, which may be due to selection and drift
in the local populations. These populations will exhibit a
different selection pressure than the cultivars, which is
kept genetically stable over time due to a requirement
for varietal stability.

The western and southern populations are located in
areas where Blytt did find meadow fescue in 1861. At this
time, meadow fescue was widely distributed in Norway,
and it can be assumed that it was introduced to Norway
well ahead of mid19th century. The two groups of pop-
ulations have separate geographic patterns; western
populations are distributed along the western coast of
Norway up to the Arctic Circle, and southern popula-
tions are found in the central parts of southern Norway.
The two groups correspond geographically to two areas
of Norway that throughout history have experienced a
large amount of human activity, mostly related to ship-
ping and trading. The western coast of Norway has been
an area of extensive sailing and shipping for more than
1,000 years. When the distribution pattern of the coastal
populations is examined, it can be seen that it fits well
with the pattern of trading in the Norwegian Saga era.
People were travelling between western Norway and
Scotland, the Faroe Island and the Shetland Islands.
Among the things they brought with them were cattle. As
some fodder for the cattle had to be brought as well, it is
reasonable to believe that several plant species were
introduced unintentionally this way. Several other
plants—for example, Bromus benekenii Lange, Scilla
verna Huds., Leontodon hispidus L., Hypochoeris radicata
L., Centaurea nigra L.—have a similar distribution pat-
tern, which is also assumed to be related to connections
between Norway and Great Britain during Viking times
(Reidar Elven, personal communication; Faegri 1960).

The central part of southern Norway, in the areas
around the Oslo fjord, was also a main site for both
Viking activity and Hanseatic trading, mainly with
connections to Denmark and Germany. The southern
populations could have been introduced as a result of
this activity. Alternatively, it could be related to the
large amount of seed import that occurred in this area
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relative to the western coast. From about the beginning
of the 18th century onwards, a great effort was made to
improve the quality of meadows, and large amounts of
seeds of foreign origin were imported. Due to climate
and topography, sown meadows were not widely used in
western parts of Norway before 1900 (Hasund 1929),
thus the need for seed for meadows was not great in that
area. Although meadow fescue specifically was not used
until the late 19th century, it is reasonable to believe that
it could have been introduced with imported seed, as
these often was not very pure (Glerum 1914).

As an alternative, the clusters of western and south-
ern populations can be a result of ecophysiological dif-
ferentiation. The areas covered by the two groups of
populations belong to different climatic zones; western
parts of Norway have an oceanic climate, and central
parts of southern Norway have a more continental cli-
mate.

Concluding remarks

In this study, we provide a genetic characterisation of 30
accessions of Norwegian local populations of meadow
fescue from the NGB. A knowledge of the genetic
diversity and relatedness between the accessions can be
used for a more efficient management of the accessions
and will assist breeders who want to use gene bank
accessions as starting materials for breeding. The chan-
ces of finding new, unique and potentially useful alleles
for agronomic traits will be greatest if populations that
are genetically distinct from already existing cultivars
are being mined. In the case of present-day meadow
fescue, this means that emphasis should be put on the
conservation, description and utilisation of the western
and southern populations. Inland populations will be
less interesting for breeding purposes, as they are most
closely related to existing cultivars. For even more
powerful analyses, molecular variation can be combined
with phenotypic data on morphological and agronomic
characters to screen populations for markers linked to
traits of interest. This would assist breeders in selecting
markers that can be mapped and used for marker-as-
sisted selection, and to select populations that can form
basis for a breeding programme.
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