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Analysis of random amplified polymorphic DNA (RAPD) was used to
determine genetic diversity within fragmented population of plant herb-
Paris (Paris quadrifolia L.). RAPD analyses have shown 21.9% of poly-
morphic loci. Part of distinguishable RAPD phenotypes in five groups
was 0.68 (range from 0.37 to 1.00). The lowest part of distinguishable
RAPD phenotypes (0.37) was found in the mown part of the population.
Analysis of molecular variance (AMOVA) revealed 76% of the overall
genetic variation within plant groups and 24% among plant groups (FPT

= 0.23, p = 0.001). An UPGMA dendrogram based on Nei’s genetic
distance showed quite a good correspondence between the genetic dis-
tances and the degree of isolation among the plant groups. The lowest
genetic distance (0.083) was calculated among the groups that were clo-
sely located to each other and not separated by any natural barriers. The
relatively high genetic variation within the groups of Paris quadrifolia L.
population revealed the importance of sexual propagation to the spread
of this plant.
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INTRODUCTION

Clonal propagation is widespread throughout plant
kingdom. It occurs in two–thirds of all plant species
in Central Europe [1]. Due to ability to produce
genetically identical plants (clones), low genetic di-
versity within and high genetic diversity among clo-
nal plant populations is expected [2]. However, plant
species that propagate only clonally are not common
in nature – most of them can spread both by vege-
tative and sexual propagation [3]. The mode of plant
propagation often depends on environmental condi-
tions: vegetative propagation through rhizome beco-
mes particularly beneficial in infertile habitats, be-
cause persistent connections among long-lived and
widely spaced plants allow to take up nutrients from
more distant places [4]. Williams [5] suggested that
dispersal of seeds with a genetically variable offspring
is an adaptive trait, which helps to evade competi-
tion among clonal plants as a result of colonization
of new enviroments. Probably sexual propogation is
important for arising of new plant populations in
unstabile natural conditions, while normally clonal
propogation prevails. Some studies of clonal plants
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indicated a high level of intrapopulation genetic di-
versity which may occur as a result of repeated rec-
ruitment of new seedlings [6]. Differences in the le-
vel of genetic diversity among different clonal plants
can be explained by taxonomic status (gymnosperms
or angiosperms), life form (perennial or annual), ge-
ografic range (endemic or widespread), breeding sys-
tem (outcrossing / selfing or mixed), seed dispersal
type, or mode of clonal spread [7].

Different plant studies a reported positive rela-
tionship between population size and genetic diver-
sity within a population. Reduction of gene flow
among populations increases a random genetic drift
and inbreeding as well as decreases genetic diversity
within a population [8]. However, there is almost no
information about the influence of small natural bar-
riers (runlets, hills, roads, etc) on genetic variations
within a population.

The aim of the present study was to investigate
genetic structure and polymorphism level within herb-
Paris (Paris quadrifolia L., Trilliaceae) population, the
influence of small natural barriers on the spread and
the importance of sexual and clonal propagation in
the life history of this plant. For this purpose we
used the method of random amplified polymorphic
DNA (RAPD) which allows to detect genetic poly-
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morphism over all geno-
me (within coding and
noncoding regions) wit-
hout prior knowledge of
genome nucleotide sequ-
ence [9]. This method is
widely used in plant po-
pulation biology due to
its simplicity and infor-
mativity.

MATERIALS AND
METHODS

Species description
Herb-Paris (Paris quadri-
folia L., Trilliaceae) is a
herbaceous plant 20–40
cm high, with an erect
single stalk and an un-
derground rhizome. It has
four (sometimes 3–6) oval
leaves. Herb-Paris is clo-
nal, tetraploid (4n = 20),
gramineous, ancient-forest
plant species, widespread
in deciduous and mixed
forests of Europe and
Central Asia [10–13]. It is
a perennial plant species
wich takes 10–15 years to
come into flower [14].
The flower is yellowish-
green, single, four sepals and four petals, appearing
at the top of the stalk, blooming from May to July.
It is pollinated predominantly by wind [15] and by
insects, because flowers have a fetid smell which, to-
gether with the dark purple stigmas and frequently
also with stamens and petals, attracts carrion-loving
flies [16]. The fruit is globose berry, 10–15 mm in
diameter, bluish-black, surrounded by the calyx, bit-
ter-tasting, reaching maturity from July to September.
Seeds are dispersed by ants and birds [10, 17]. Howe-
ver, Karpisonova [11] suggested that Paris quadrifolia
is spread predominantly by rhizome, because its seed-
lings are rarely found in nature.

Study site and sampling condition
The study site was at Kairënai Botanical Garden of
Vilnius University, Vilnius, SE Lithuania (54°42’N,
25°18’E), ca. 80 m above sea level. The population
was located in an Aegopodio-Fraxinetum forest. It
covered about an area of 1 ha and was fragmented
by small natural barriers: a hill, a spring, sand ro-
ads. Plants from five groups separated by any natu-
ral barriers were sampled (Fig. 1).

Plants of group 1 were located in mown gras-
sland and separated from the other plant groups by

a sand road and a spring. The other four groups
were located in unmown areas. The groups varied in
size: group 1, group 2 and group 3 contained more
individuals than did groups 4 and 5 (Table 1). Abun-
dance of gross, flowering Paris quadrifolia plants (so-
me of them having 5 leaves) suggests favourable con-
ditions for the growth as well as a longstanding ori-
gin of these Paris quadrifolia groups. Depending on

Table 1. Some characteristics of studied herb–Paris (Paris
quadrifolia L.) groups in population from Kairënai Bota-
nical Garden of Vilnius University

Group Number of Minimal Maximal
plantsin the distance distance

group among among
plants in plants in

 the group the group
(m) (m)

1 16 0.3 20
2 16 0.3 10
3 7 1 60
4 5 0.2 20
5 6 0.3 3

Fig. 1. Location of the five Paris quadrifolia groups studied in Kairënai Botanical Garden
of Vilnius University population
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the group size, 5–16 plants (in total 50 individuals)
were picked up per group. The plants were placed
into plastic bags containing ice, transported to the
laboratory and stored for a few days at 4 °C prior to
DNA extraction.

DNA isolation and amplification
DNA was extracted from fresh leaves of Paris quad-
rifolia using Genomic DNA Purification Kit (Fer-

mentas, Lithuania) in
accordance with manu-
facturer’s recommen-
dations. DNA concen-
tration and purity was
estimated spectropho-
t o m e t r i c a l l y
(BioPhotometer, Ep-
pendorf, Germany).
Extracted DNA sam-
ples were stored in a
freezer at –45 °C.

For DNA amplifi-
cation by the RAPD
method, 10 nt length
primers of random se-
quence (Roth, Germa-
ny) were used. Three
Random Primer Kits,
in total 30 primers,
were screened with a
subset of Paris quadri-
folia DNA samples to
select primers that ge-
nerated clear, reprodu-
cible, and polymorphic
RAPD band patterns.
DNA amplification
was carried out in a 25
µl final volume of re-
action mixture contai-
ning 1× Taq buffer
with KCl, 3 mM
MgCl2, 0.2 mM dNTP
mix, 0.75 U recombi-
nant Taq DNA poly-
merase (Fermentas,
Lithuania), 0.4 µM
primer (Roth, Germa-
ny), 200 ng genomic
DNA. The prepared
samples were overlaid
with 14 µl of mineral
oil (SIGMA, USA) to
prevent evaporation.

The DNA amplifi-
cation was performed
in a thermocycler
(Mastercycler personal

5332, Eppendorf, Germany) under the following con-
ditions: initial denaturation for
4 min at 94 °C, 45 cycles of denaturation for 1 min
at 94 °C, primers annealing for
1 min at 35 °C, extension for 2 min at
72 °C followed by a final extension for 5 min at 72
°C [18]. DNA amplification of each sample was re-
peated at least twice. Amplification products were
analysed by horizontal electrophoresis in 1.5% aga-

Fig. 2. UPGMA dendrogram based on Nei and Li [16] genetic distances among individuals
from Paris quadrifolia L. population in Kairënai Botanical Garden of Vilnius University. The
plants were labelled according to their origin (the number before the dot means the group
from which this plant was picked up). Numbers at nodes indicate bootstrap support (1.000
iterations)
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rose gel with etidium bromide in 1 × TBE (Tris-
borate-EDTA) buffer at 90 V. DNA was visualized
in UV light. The size of DNA fragments was esti-
mated using a DNA marker – GeneRuler DNA Lad-
der Mix (Fermentas, Lithuania).

Data analyses
Each DNA band was estimated as a distinct DNA
locus with two alleles. Monomorphic loci had only
one allele (present), while polymorphic loci had both
(present and absent) alleles. Clear reproducible DNA

bands were scored across all individuals as 1 if the
band was present or 0 if the band was absent. For
the estimation of the level of DNA polymorphism,
all clear, reproducible bands were scored, whereas
in other data analyses only bands with a frequency
5–95% were included.

The level of polymorphism (percentage of poly-
morphic bands) was calculated across all groups as
well as in each separate group of plants. Part of the
distinguishable RAPD phenotypes in each group of
Paris quadrifolia was calculated dividing the number
of unique RAPD profiles by the total number of
RAPD profiles. Genetic distances between Paris qu-
adrifolia individuals were estimated by the method
of Nei and Li [19].

Relationships among individuals were evaluated
using a dendrogram based on Nei and Li’s genetic
distances. It was generated by the UPGMA (unweigh-
ted pair group method) cluster analysis method. Cal-
culation of genetic distances and UPGMA cluster
analyses were performed with the TREECON pro-
gram for Windows V 1.3b [20].

The level of population genetic differentiation was
estimated by AMOVA and calculated using GenAlEx
software [21]. For the calculations, all five plant
groups were considered as five populations from one
region. AMOVA was applied to estimate the ratio
of variance among populations to total variance, ΦPT,
which is analogous to Fst and can be used to esti-
mate the level of population genetic differentiation.

Table 2. Selected primers used in the survey of Paris quadrifolia, minimal and maximal sizes of amplified DNA bands,
total number of DNA bands, number of polymorphic bands, number of monomorphic bands in RAPD patterns and
the proportion of polymorphic bands

Primer Primer sequence) Band size Total Monomorphic Polymorphic Polymorphism
(5’→3’ (bp) bands bands (%)

270-2 GGCCTACTCG 580–1600 9 7 2 22.2
270-7 GAGACCTCCG 1000–2100 9 7 2 22.2
380-1 ACGCGCCAGG 650–2100 9 7 2 22.2
380-3 GGCCCCATCG 400–2000 11 9 2 18.2
380-6 CCCGACTGCC 580–2400 10 8 2 20.0
380-8 CGCACCGCAC 600–2400 10 8 2 20.0
470-6 GCACGTGAGG 480–2300 15 12 3 20.0
470-9 CCGGGGTTAC 580–1100 9 6 3 33.3
Total 82 64 18 21.9

Table 3. Polymorphism of DNA bands and part of distinguishable RAPD phenotypes in groups of Paris quadrifolia
plants from Kairënai population

Group Polymorphic Polymorphism Total number Number of Part of distinguishable
bands (%) of phenotypes distinguishable phenotypes

phenotypes

1 15 18.3 16 6 0.37
2 14 17.1 16 14 0.87
3 14 17.1 7 7 1.00
4 9 11.0 5 4 0.80
5 8 9.7 6 4 0.68

Table 4. Nei’s genetic distances estimated among Paris
quadrifolia L. groups in Kairënai population

Groups 1
2 0.205 2
3 0.165 0.083 3
4 0.246 0.147 0.179 4
5 0.281 0.125 0.105 0.116

Fig. 3. UPGMA dendrogram based on Nei’s genetic distan-
ces among five groups of Paris quadrifolia plants from Kai-
rënai population. Genetic distances are shown in Table 4
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Calculation of the observed number of alleles,
Nei’s [22] gene diversity (h), Shannon’s Information
Index (I = –Σpilnpi), total gene diversity (Ht), gene
diversity within populations (Hs), gene diversity
among populations (Gst = (Ht–Hs) / Ht), gene flow
(Nm = 0.5 (1–Gst) / Gst) and generation of a Nei’s
genetic distance based dendrogram were carried out
with POPGENE V 1.31 software [23].

RESULTS

A few from 30 random sequence primers did not
show any DNA amplification, but the majority of
primers showed only monomorphic band patterns,
or differences among patterns were uncertain. Only
eight primers yielded clear, reproducible, polymorp-
hic patterns (Table 2). These primers were used for
further analysis. Nine to fifteen DNA bands per pri-
mer were yielded. The size of the bands ranged from
400 bp to 2400 bp. Eighty-two loci were detected,
while the part of polymorphic loci comprised 21.9%
(18 loci) (Table 2). Part of the polymorphic loci es-
timated in each plant group ranged from 9.7% in
group 5 to 18.3% in group 1 (Table 3). Only one
private band (1200bp) produced by the primer 270-
2 was detected in group 1. Other plant groups had
not private bands.

The proportion of distinguishable phenotypes in
the whole group of plants was 0.68. In different
groups it ranged from 0.37 (group 1) to 1 (group 2).
The lowest proportion of distinguishable phenotypes
was calculated in group 1, which was located in mown
grassland and separated from the other groups by a
sand road and a spring. Each plant in group 2 had
its own genotype; this group was located on an un-
mown hill.

The UPGMA dendrogram based on Nei’s genetic
distances among individual plants is shown in Fig. 2.
One can see that plants separated by natural barriers
did not make individual clusters. Genetic distance
among the plants from one group was often bigger
than the distance between the plants collected from
different groups. Among the individuals in different
groups it ranged from 0 to 0.85. The mean genetic
distance among the pairs of plants within group 1
was 0.24 (range: 0.00–0.50). The highest mean gene-
tic distance among the pairs of plants within a group
was estimated in group 3 (0.32; range: 0.07–0.6). The
highest genetic distance was found between the most
distant plants. No clonal plants were detected in this
group. The lowest mean genetic distance among pairs
of individuals within a group was estimated within
group 5 (0.05; range: 0.00–0.3). Genetic distance
among the pairs of plants within the other two groups
ranged from 0.00 to 0.625 (mean 0.28) in group 2
and from 0.00 to 0.25 (mean 0.09) in group 4.

To estimate relationship between five plant groups
separated by natural barriers, an UPGMA dendrog-

ram based on Nei’s genetic distance among the
groups was generated (Table 4, Fig. 3). The den-
drogram showed quite a good correspondence bet-
ween genetic distance and isolation degree of the
plant groups. The lowest genetic distance (0.083) was
calculated between groups 2 and 3. These groups
were located close to each other and not separated
by any barriers. The highest genetic distance was
calculated between groups 1 and 5 (0.281). It is re-
flected by a separate branch on the UPGMA den-
drogram.

The mean number of observed alleles per locus
ranged from 1.44 (group 5) to 1.78 (groups 1–3).
The observed number of alleles in group 4 was 1.50.
Due to exclusion from the analysis of monomorphic
bands (which were shared by 95% or more of the
individuals), all loci had two alleles in total.

The values of Shannon’s Information Index (I)
and Nei’s gene diversity (h) based on the group fre-
quency of alleles varied from I = 0.5, h = 0.33
(group 2) to I = 0.57, h = 0.39 (group 1). Differen-
ces among the groups reflect a distinct proportion
of monomorphic bands and frequency of alleles in
the groups: groups 4 and 5 had markedly more mo-
nomorphic bands than did other groups.

The total gene diversity (Ht) varied from 0.18
to 0.5, the mean value being 0.33. Gene diversity
within the groups (Hs) ranged from 0.10 to 0.49,
mean 0.24. The proportion of diversity among the
groups (Gst) varied from 0.02 to 0.52, mean 0.28.
Gene flow (Nm) varied from 0.46 to 24.48, mean
1.31.

AMOVA analyses revealed 76% of the overall
genetic variation within plant groups and 24% among
plant groups (ΦPT = 0.23, p = 0.001).

DISCUSSION

Many studies of plants confirm the influence of
plants’ mating mode on the population genetic struc-
ture. Populations of clonal plants are expected to be
dominated by one or a few locally adapted genets
[24] as distinct from plant population with predomi-
nant sexual propagation.

Our study revealed a comparably low DNA poly-
morphism level (21.9%) in Paris quadrifolia. It was
substantially lower than in many outcrossing plant
species such as Iris aphylla (91.5%) [25], Lilium mar-
tagon (87.3%) [26], Primula farinosa (82.3%) [6], Tril-
lium camschatcense (90.9%) (allozyme electrophore-
sis data) [27] as well as in outcrossing long-lived
perennial species (65.5%) [28]. The observed DNA
polymorphism level was more similar to that of wild
autotetraploids such as Turnera intermedia (20.1%)
[29], Aster kantoensis (36.9%) [30], predominantly sel-
fing Senetio vulgaris (35.0%) [31] and Phragmites aust-
ralis (49.0%) (allozyme electrophoresis data) [32].
These autotetraploids propagate by rhizome as well
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as by the seeds, but many of them are sterile. The
possible reason for the comparatively low DNA po-
lymorphism level in our study could be the ability of
Paris quadrifolia to spread clonally. On the other
hand, in our polymorphism study we used only one
Paris quadrifolia population, which could not repre-
sent the actual level of Paris quadrifolia DNA poly-
morphism in general.

Thirty-four unique RAPD profiles were observed
in the Kairënai Paris quadrifolia population. In group
3, all seven plants had distinct RAPD profiles. This
group was stretched out for about 60 meters. The
relatively big distance among the plants decreased
possibility to study genetically identical plants arisen
from one rhizome. This factor could increase gene-
tic diversity within this group.

The lowest proportion of distinguishable RAPD
profiles was observed in group 1 (0.37). It was more
than two times lower than the part of distinguishab-
le RAPD profiles in other groups of Paris quadrifo-
lia population (0.85, P = 0.0019, Fisher’s exact pro-
bability test). Group 1 was located next to a spring,
which is a favourite place of the visitors of Kairënai
Botanical Garden. At least once a year (in the spring-
time or / and summer) grassland in this place is
mown. It is well known that meadow plants are evo-
lutionary adapted to haymaking [33]. However, Paris
quadrifolia is an ancient-forest plant [12] and may
not be adapted to such drastic environmental chan-
ges. Thus, it may be suggested that plants from the
mown part of the population often cannot mature
and spread the seeds. Interestingly, the portion part
of distinguishable RAPD profiles in group 1 (0.27,
range: 0.002–1.0) was very similar to the one estab-
lished for clonal plants with predominantly vegetati-
ve propagation [34].

In the unmown part of the population, the re-
latively high proportion of distinguishable RAPD
phenotypes most likely could be explained by re-
peated recruitment of Paris quadrifolia seedlings
within population. Several studies of clonal plant
species have reported quite a wide variation in
part of distinguishable RAPD profiles: from 0.21
for Poikilacanthus macranthus [35] to 0.93 for Viola
riviniana [36]. Such differences could arise due to
a different mode of clonal spread and seed distri-
bution. For example, Viola riviniana ripens a lot
of small seeds which are explosively dispersed by
dehiscent capsules and secondarily by ants [36]. It
could be expected that the distance among the
genets would be bigger if birds or mammalians
disperse the seeds [37]. According to Ridley [17],
seeds of Paris quadrifolia are dispersed by ants
and birds, however, a colonization study did not
show any evidence of seed dispersal by birds [12].
On the contrary, another study confirmed disper-
sal of seeds by ingestion [38]. In our opinion, birds
as well as rodents or snails could ingest the se-

eds. In addition, a hypothesis of the dispersal of
seeds through rain or snow melting water could
not be rejected. However, further studies are ne-
eded to elucidate this issue.

Estimation of genetic distances indicated that in
most cases plants from the different groups were
more closely related to each other than plants from
the same group (except plants from the mown group
1). It is reflected in the UPGMA dendrogram: plants
that were separated by natural barriers did not ma-
ke their own clusters. These data indicated quite an
intensive gene flow among the groups. On the other
hand, the UPGMA dendrogram based on the gene-
tic distance among the groups revealed a less gene-
tic distance among close groups not separated by
any natural barriers. Natural barriers seem to re-
strict the spread of Paris quadrifolia by rhizome, thus
keeping some uniformity and individuality of a group.
Karpisonova [11] has suggested that clonality is the
main propagation type of Paris quadrifolia. Although
UPGMA analyses among the groups confirmed the
influence of clonality in the spread of Paris quadri-
folia, our other findings have indicated that seed dis-
persal is also an important mode of propagation of
herb-Paris. Indeed, in our study 76% of genetic va-
riation was found within the plant groups and only
24% among the plant groups. The amount of gene-
tic variation attributable to differences among the
groups of Paris quadrifolia was similar to that esti-
mated for other outcrossing plant species such as
Digitalis minor (26.5%) [39], Primula farinosa (20.6%)
[6], Aster tripolium (17.5%) [40], Digitalis obscura
(15.2%) [41]. Thus, genetic differentiation of the
groups of herb Paris plants analysed in our study is
low, as could be expected for outcrossing species [39]

The mean Nei’s gene diversity among Paris quad-
rifolia groups ranged from 0.16 to 0.305. Nybom and
Bartish [7] summarized numerous RAPD studies and
for outcrossing plant species reported the mean gene
diversity as equal to 0.26. In our study, a few groups
revealed slightly lower and a few slightly higher gene
diversity. Most likely these groups belonged to one
population and were not isolated from gene flow by
space as were real populations in other studies.

The estimated gene diversity among populations
(Gst) in our study was 0.28. Despite the possible
inaccuracies due to the use of Gst for estimation of
diversity among groups in one Paris quadrifolia po-
pulation, the calculated Gst value was similar to the
one reported for monocotyledons (0.31), perennial
(short-lived perennial 0.30; long-lived perennial 0.23),
outcrossing (0.23) plant species [7].

The estimated relatively high gene flow (Nm =
1.31) as well as genetic distance analyses data have
confirmed our presumption that sexual propagation
is significant for the spread of Paris quadrifolia.

Thus, sexual propagation may play an important
role in forming new populations of Paris quadrifolia.
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On the other hand, Paris quadrifolia plants come in-
to flower only after they reach 10–15 years of age
[11]. Therefore, propagation by rhizome is very im-
portant for the survival and spread of their popula-
tions under stabile environmental conditions as well.
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Vaida Jogaitë, Jonas R. Naujalis, Juozas R. Lazutka

GENETINË ÁVAIROVË FRAGMENTUOTOJE
KETURLAPËS VILKAUOGËS
(PARIS QUADRIFOLIA L., TRILLIACEAE)
POPULIACIJOJE

S a n t r a u k a
Keturlapës vilkauogës (Paris quadrifolia L.) polimorfizmo
tyrimai atlikti panaudojus atsitiktinai amplifikuotos poli-
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morfinës DNR (RAPD) metodà. Iðtirta Vilniaus univer-
siteto Kairënø botanikos sodo keturlapës vilkauogës po-
puliacija, nedideliais gamtiniais barjerais padalyta á gru-
pes. Panaudojus aðtuonis atsitiktinius pradmenis nustaty-
ta, kad 21,9% lokusø buvo polimorfiniai, o likæ – mono-
morfiniai. Unikaliø RAPD fenotipø dalis skirtingose gru-
pëse svyravo nuo 0,37 iki 1 (vidurkis – 0,68). Maþiausia
unikaliø RAPD fenotipø dalis nustatyta ðienaujamoje ke-
turlapës vilkauogës populiacijos teritorijoje. Didþiausià

molekulinës variacijos dalá (76%) sudaro variacija grupiø
viduje, o likusià dalá (24%) – variacija tarp grupiø. Tai
rodo, jog dauginimasis sëklomis yra svarbus ðio, kaip ma-
noma, daugiausiai vegetatyviniu bûdu besidauginanèio au-
galo plitimui. Genetiniø atstumø analizë rodo, jog esama
ryðio tarp genetinio atstumo ir grupës izoliacijos lygio –
maþiausias genetinis atstumas (0,083) buvo nustatytas
tarp greta esanèiø ir gamtiniais atstumais neatskirtø ke-
turlapës vilkauogës grupiø.


