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Bewertung von morphologischen und genetischen (RAPD) Verschiedenheiten
zwischen und innerhalb von Rotkleesorten nach natiirlicher Selektion

1 Introduction

Genetic variability represents both the basis of the adapt-
ability of plants to new environmental conditions and the
opportunity for crop improvement. Because red clover ( 77i-
Jfolium pratenseL.) cultivars are mostly cross pollinated, het-
erozygous and heterogeneous, they are not considered to be
particularly vulnerable to loss of genetic variability (TAy-
LOR, 1990). However, when heterogeneous and heterozy-
gous species are grown outside their region of adaptation,
the opportunity for shifts away from selected characteristics
exists (STOSKOPE et al., 1993). Therefore, the assessment of

genetic variability and recognition of the influence that
environment has on the gene pool of populations is an
important issue to consider before classifying germplasm
and analysing genetic relationships among populations.
Conventional methods to measure genetic variability and
differences among and within red clover cultivars have
relied on phenotypes and information on what particular
genes are involved in adaptation or how much of pheno-
typic variation can be explained by genetic variation in these
genes are not provided. In addition, the use of morpholog-
ical and agronomic traits to estimate genetic variation is
hampered by the lack of informative and stable markers and

Sorten.

Zusammenfassung

Diese Studie wurde durchgefiihrt, um Differenzen innerhalb und zwischen drei Rotkleesorten ( Z7ifolium pratense L.)
und ihren Nachkommenschaften zu analysieren, die nach drei Jahren in einer Hochlandregion iiberdauerten. Dafiir
wurden morphologische als auch genetische Marker-Daten verwendet und auch die genetische Variabilitit nach natiir-
licher Selektion untersucht. Die Sorten und Nachkommenschaften variierten voneinander in vier morphologischen
Merkmalen. Der Prozentsatz der polymorphen Genloci variierte von 90,22 bis 98,91 %. Ein Grof3teil der genetischen
Variation konnte innerhalb der Sorten und ihren Nachkommenschaften nachgewiesen werden. Die Mittelwerte der
morphologischen und molekularen Distanzen zwischen den Sorten und ihren Nachkommenschaften betrugen 0,21
bzw. 0,27. Die genetische Varianz in den Sorten nach natiirlicher Selektion entsprach der genetischen Struktur der

Schlagworte: Rotklee, morphologische Merkmale, RAPD Marker, genetische Vielfalt, natiirliche Selektion.

Summary

The study was conducted to analyse the differences within and among three red clover ( 7rifolium pratense L.) culti-
vars and their selections, which survived for three years in an upland region by using morphological trait data and
RAPD markers, and to examine the genetic variability after natural selection. Cultivars and selections were found to
differ from each other in four morphological characters. The percentage of polymorphic loci varied from 90.22 to
98.91 %. Most of the genetic variability was attributed to within cultivar and selection variation. Mean values of
morphological and molecular distances among the cultivars and their selections were 0.21, and 0.27 respectively.
Genetic variations in cultivars after natural selection were associated with genetic structure of the cultivars.

Key words: Red clover, morphological traits, RAPD markers, genetic variability, natural selection.
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consequently, such estimates may not be adequately accu-
rate. Because molecular and biochemical markers by look-
ing directly at variation controlled by genes or by looking at
the genetic material, avoid many of the complications of
environmental effects acting upon characters (FORD-LLOYD
and PAINTING, 1996). Estimates of genetic variation are
increasingly being based on information at DNA level
(LYNCH and MILLIGAN, 1994). Various DNA marker types
are used today in plant genetics (RFLP, RAPD, SSR, AFLD,
etc.).

Although some shortcomings of RAPD (random ampli-
fied polymorphic DNA) method have been reported (PEjIC
et al., 1998; TANAKA and TANIGUCHI, 2002), RAPD mark-
ers provide data that can be analysed objectively. Since no
sequence information for the target species is requested,
they are useful in a situation where little or no molecular
genetics research has been conducted (NYBOM and BAR-
TISH, 2000). Only little information about patterns and
extents of morphological and molecular variation in red
clover is available and the need to understand and exploit a
wider range of genetic variability in red clover is often
emphasized (GREENE et al., 2004; KOLLIKER et al., 2003).

Information on the morphological and RAPD variation
and identification of differences for response to natural
selection may help to carry out some improvements to the
actual breeding strategies for red clover. The objectives of
this study were (i) to analyse the differences within and
among three red clover cultivars and their selections, which
survived for three years in an upland region by using mor-
phological and RAPD markers and, (ii) to examine the
range of genetic variability after natural selection.

2 Materials and methods
2.1 Plant material and experimental set up

Three red clover cultivars, Reichersberger (C1), K-17 (C2),
and Croatia (C3) and their selections SC1, SC2 and SC3
respectively were studied. Reichersberger originated from
Austria (Linz, lat 48°14’N, long 14°17°E), K-17 originated
from Serbia and Montenegro (Krusevac, lat 43°58'N, long
21°32’E), and Croatia originated from Croatia (Botinec
near Zagreb, lat 45°45’N, long 15°56’E). Cultivars were
grown in an upland region (Medvednica near Zagreb, alti-
tude 650 m, lat 45°15°N, long 15°30’E) for three years
(1995-1998). From the survivors, 50 clones were selected at
random from each of the three cultivars, transplanted into
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three isolated plots at a lowland location (Zagreb, altitude
106 m, lat 45°44’N, long 16°04’E) and open pollinated.
Seed was harvested from each clone separately in 1998. The
groups of surviving clones from C1, C2, and C3 are referred
to as selections and designated SC1, SC2, and SC3, respec-
tively.

Seeds of cultivars and selections for subsequent field trial
were germinated in peat pellets and the seedlings were
transplanted to the field at a lowland location (Osijek, alti-
tude 90 m, lat 45°32’N, long 18°44’E) in 1999. The trial
was set up as a randomised complete block design (RCBD)
with three replications. Each experimental plot contained
200 spaced plants (0.50 x 0.30 m). For each of the three
selections, the latter number of plants per plot was achieved
by planting four progenies of each clone. Irrigation, fertil-
ization or weed/pest/disease protection was not applied at
either the upland or the lowland locations.

2.2 Morphological and molecular analyses

Each plant of cultivar and of its selection was described
morphologically combining the UPOV guidelines for tests
for distinctness, homogeneity and stability (UPOV/ TG/5/
4, 1985) and the US protocol of Plant Variety Protection
Office for red clover variety description (PVPO), 2000).
Stem habit, growth type of crown, pubescence, and leaf
marks, classified as: erect, semi-erect, semi-prostrate and
prostrate stem habit; compact, moderately compact, mod-
erately incompact and incompact growth type of crown;
high density or medium density pubescence, or glabrous
stem; and leaf with completely shaped marks, incomplete-
ly shaped marks and unmarked, were used to conduct the
chi-square (x72) tests (ZAR, 1974). The independence of
the observed frequency of classes in each selection character
against the frequency of classes in its cultivar character was
estimated by using SAS STAT software 6.12. To generate a
binary matrix for morphological data, the level of character
expression for the 20 individuals of each of the cultivar/
selection plants used in the RAPD analyses was scored as
1 and other levels of the particular character were assigned
0. Variables were standardised and Euclidean distances were
calculated following the procedure used by ROLDAN-RUIZ
etal. (2001).

Young leaf material from 120 plants of cultivars and selec-
tions selected at random (20 samples per cultivar/selection)
was harvested, lyophilized and ground. DNA was isolated
by the CTAB method (DOYLE and DOYLE, 1990) combined
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with the method according to SCHWEIZER et al. (1995).
PCR reactions were performed in 25 pl volumes contain-
ing: 1X PCR buffer (10 mM Tris-HCI pH 8.3; 50 mM
KCl), 1.5 mM MgClz, 0.2 mM of each dATP, dCTP, dGTP
and dTTP (Sigma), 0.2 pM of a single primer (Metabion
GmbH), 1 U of Taq polymerase and approx. 18 ng of
genomic DNA. Amplifications were run in MJ PTC-100
(M] Research, Waltham, Mass., USA) thermocycler with
the following temperature cycle: 92 °C for 1 min, 36 °C for
1 min and 72 °C for 2 min repeated over 40 cycles. Ampli-
fication products were separated by electrophoresis in 1.4 %
(wlv) agarose gels with 0.5X TBE buffer, stained with ethid-
ium bromide, visualised by UV transilluminator and pho-
tographed by GelCam camera, Polaroid. Thirty-seven of
the oligonucleotide primers, which according to KONGKI-
ATNGAM et al. (1995, 1996) and CaAMPOS-DE-QUIROZ and
ORTEGA-KLOSE (2001) amplify polymorphic RAPD mark-
ers in red clover, were initially screened. Four of them
(5-GGC TCA TGT G- 3’, 5-GTG CCC CAC T- 3,
5°-ACC CTC GGA C- 3’, 5-AAG TGC GAC C- 3’) with
clear and consistent amplified products were used. Size and
frequency of the polymorphic RAPD markers were deter-
mined with reference to the standard used (100 base-pair
ladder (Amersham Biosciences)). The presence or absence
of a band was recorded as 1 or 0, respectively, in a binary
matrix. The frequency of RAPD markers was assessed
(LYNCH and MILLIGAN, 1994) and the Rogers distances
were calculated (ROLDAN-RUIZ et al., 2001). Partitioning of
variation between and within cultivars and selections was
done by analysis of molecular variance (AMOVA)
(EXCOFFIER et al., 1992) by Arlequin software ver. 1.1
(SCHNEIDER et al., 1997). Genetic variability within culti-
vars and selections was expressed as Euclidean squared dis-
tances (sz) (EXCOFFIER et al., 1992). Morphological and
molecular data were used to calculate heterogeneity (H)
(LyNCH and MILLIGAN, 1994) of cultivars and selections.

3 Results

Cultivars and selections were found to differ from each
other in four morphological characters: stem habit, growth
type of crown, pubescence, and leaf marks. The calculated
values and significance of chi-square (x72) tests of those
morphological characters are given in Table 1. Differences
among the characters did not follow the same pattern in the
selections as in the cultivars. For the pubescence, all the
computed X2 values were significant (P=0.01), indicating
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that the selections were different from their original culti-
vars. The frequencies of erect, semi-erect, semi-prostrate
and prostrate stem habit classes in the SC1 and SC2 were
significantly different from those classes in C1 and C2,
respectively. Also, the results of chi-square tests for the leaf
mark character of SC1/C1 and SC2/C2 indicated signifi-
cant differences in frequencies of classes between SC1, SC2
and C1, C2 respectively. The differences in frequencies for
crown classes were revealed only for SC2. The x™2 values
indicated no differences for stem habit, growth type of
crown and leaf mark characters in SC3 compared to C3, as
well as for growth type of crown in SC1 compared to C1.

Table 1:  Calculated x 2 values and significance of x 2 tests for the mor-
phological characters used

Tabelle 1: Errechnete Chi-Quadrat-Werte und Signifikanzen der Chi-

Quadrat-Tests fiir die verwendeten morphologischen Marker

Cultivar/ Stem Growth type Pub- Leaf mark
selection habit of crown escence

C1/5C1 10.08" 5.39 31.38" 14.98™
C2/SC2 7.82" 9.66" 31.63" 13.23"
C3/SC3 7.28 5.56 47.74" 3.95
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" statistically significant (P=0.05)
" statistically significant (P=0.01)

None of four decamer primers used generated a monomor-
phic banding pattern for the samples analysed. The average
number of polymorphic markers per primer was 23. Mark-
ers ranged in size from 300 to 2500 base pairs. A total of 92
polymorphic RAPD markers were scored. Individuals were
characterised by up to 50 markers for primers used. The
average number of markers per individual was 29. Culti-
var/selection specific markers or pairs of matching patterns
were not identified.

Most of genetic variability estimated by AMOVA was
attributed to genetic variation among individuals within
cultivars and selections (98.98 %). Component was signif-
icant at P=0.01.

The percentage of polymorphic loci within cultivars and
selections varied from 90.22 % (C3) to 98.91 % (C1) with
an average of 94,75 % (Table 2). The Euclidean squared
(xg?) distances for pairwise comparisons of genotypes
ranged from 29.96 (C2) to 34.03 (C1) with an average of
31,18+/- across all cultivars/selections. The highest mean
percentage of polymorphic loci and average x;* within
cultivar/selection group had C1/SC1 group (97,83 %s;
32,56+/-) and the lowest had C3/SC3 group (92,40 %;
30,17+/-).
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Table 2:  Percentage of polymorphic loci within cultivars/selections

and Euclidean squared distances (XEZ)

Tabelle 2: Prozentanteil der polymorphen Loci innerhalb der Sorten/
Nachkommenschaften und die quadrierten Euclidischen Dis-

tanzen (XEZ)

Cultivar/selection Percentage of sz
polymorphic loci
C1 98.91 34.03+/-
SC1 96.74 31.09+/-
C2 91.30 29.96+/-
SC2 96.74 31.69+/-
C3 90.22 30.27+/-
SC3 94.57 30.06+/-

The heterogeneity of cultivars/selections estimated by mor-
phological data ranged from 0.25 to 0.36. Heterogeneity
estimated by RAPD data ranged from 0.31 to 0.35 (Table
3). The differences in heterogeneity revealed by both mark-
er methods were highest for C1/SC1 group and lowest for
C3/S8C3 group.

Table 3:  Heterogeneity of cultivars/selections based on morphological
(Hyp and RAPD (Hp) data
Tabelle 3: Heterogenitit der Sorten/Nachkommenschaften auf der Basis

von morphologischen (H,,) und genetischen RAPD (Hp)

Daten

Cultivar/selection Hy, Hy
C1 0.25 0.35
SC1 0.30 0.32
C2 0.28 0.31
SC2 0.31 0.33
C3 0.37 0.31
SC3 0.36 0.31

Average of morphological distances among the cultivars and
selections was 0.21, and of molecular distances 0.27 (Table
4). The highest distance between a cultivar and its selection
occurred between C1 and SC1.

Table 4: Distances among cultivars and selections computed using
morphological (D,,) and RAPD (Dy) data

Tabelle 4: Distanzen zwischen Sorten und Nachkommenschaften
errechnet aus morphologischen (D, ;) und RAPD (Dp) Daten

Cultivar/selection Dy Dy
C1/SC1 0.32 0.30
C2/SC2 0.09 0.26
C3/SC3 0.21 0.24
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4 Discussion

Genetic variability of red clover cultivars and their selec-
tions, which survived for three years in an upland region,
were apparently associated with genetic structure of the cul-
tivars. Considerable differences among cultivars were found
and the differences between cultivars and their selections
were also detectable. The differences in frequencies of mor-
phological classes generally corresponded to the site of cul-
tivar origin. Differences were somewhat higher in cultivars
originated from more distant site than cultivar originated
from Croatia. Chi-square tests indicated differences and
specificity of the morphological characters. The frequencies
of classes for pubescence differed for all cultivars/selections
investigated, suggesting that pubescence responds to new
environmental conditions. As already pointed out by Tay-
LOR and QUESENBERRY (1996), the density of pubescence
may be a mechanism for stress tolerance. Therefore, pubes-
cence might be concerned as an adaptive feature and impor-
tant criteria when selecting germplasm. Because the calcu-
lated x2 values for stem habit, growth type of crown and
leaf mark characters showed significant differences, addi-
tional research is needed to determine if the recorded dif-
ferences for those traits were due to natural selection. If
these morphological characters were associated with natur-
al adaptation, it would be useful to determine how they
could be utilized in the cultivar development.

The percentage of polymorphic loci revealed by RAPD
markers across the cultivars and selections was high as was
expected because of the outbreeding habit of red clover. The
data (average 94.75 %) were similar to those reported by
KONGKIATNGAM et al. (1995) (average 92.45 %). The per-
centage of polymorphic loci as well as xz% of C1 and SC1
indicated a reduction of variability in selected material. This
result was congruent with results of CAMPOS-DE-QUIROZ
and ORTEGA-KLOSE (2001) who found a reduction of poly-
morphism due to selection. Unexpectedly, the percentage of
polymorphic loci and x;% of SC2 were higher than those of
C2. Also, the percentage of polymorphic loci of SC3 was
higher than the number and percentage of polymorphic loci
of C3. Because samples were used randomly, it was assumed
that these results were not associated with sampling bias.
Furthermore, since the clones were isolated, it is unlikely
that the seed of clones was contaminated by unknown genes.
However, the polymorphism of selections could be due to
foreign pollen, since pollinators can disperse pollen over
greater distances than expected (AMAND et al., 1996). It
could also be related to genetic similarity/dissimilarity of
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parental clones or to recombination frequency distribution,
which influenced the amount of genetic variability record-
ed. In Betula pendula, due to overdominance effects or selec-
tion against deleterious homozygotes, WANG (1996) found
in populations, full-sib (FS) families and selfed lines a high-
er percentage of polymorphicloci in pooled FS families than
in natural populations and increasingly higher heterozygos-
ity than expected after advancing generation of inbreeding.

The level of genetic variability within cultivars and selec-
tions found by AMOVA was high, possibly due to the wide
and non-restricted genetic base of cultivars, which agrees
with FORSTER et al. (2001). The slightly higher variability
found within cultivars and selections was in agreement with
previous analyses carried out in genus 77ifolium (BENNETT
and MATHEWS, 2003; CRAWFORD et al., 1998; MOSJIDIS et
al., 2004) and in several other outcrossing species (BARTISH
et al., 2000; FJELLHEIM et al., 2003). Although values of
heterogeneity across the cultivars and selections estimated
by morphological and molecular data differed, the results
confirm a substantial amount of genetic variability inde-
pendently of the influence that environment has on the
gene pool of cultivars.

The differences for morphological and molecular dis-
tances and agreement for the pairs of cultivars and selec-
tions varied. However, distances estimated by both marker
methods suggested that the gene frequency after natural
selection was different.

This study has shown that the extent of the variability
after natural selection was determined by the particular
germplasm used. To achieve a better understanding, more
studies on red clover variability and its changes under selec-
tion pressure are needed. Although morphological charac-
terisation and RAPD analysis were consistent in revealing
the differences, the results provided different types of infor-
mation and description of varability. Morphological data
have shown the effect of natural selection on phenotypic
values and indicated morphological traits that could be
related to adaptive mechanisms in plants. RAPD data have
given valuable information on the genetic structure of cul-
tivars. Use of the two different marker methods provided
more information, thus, a combination of both techniques
may be a suitable approach not only for investigating rela-
tionships and differences of the variability in the popula-
tions under selection pressure but also for improving the
understanding of the red clover genome.
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