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We estimated similarity and differences at the level of isozymes among populations of Malva alcea from various
habitats and parts of Central Europe. Our analyses revealed the activity of 8 enzyme systems: 6 polymorphic
(PGI, IDH, PX, DIA, PGM, SHD KB) and 2 monomorphic (GOT, ME). The mean number of alleles per locus is
2.12. Nei's genetic distances among populations are small, not exceeding 0.3. Mean values of Nei's genetic simi-
larity are typical of populations of the same species. Grouping by UPGMA based on Nei's genetic distances
showed that the distinguished groups are only partly correlated with geographic region.
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INTRODUCTION

Species of 10 genera of the family Malvaceae are
found in Central Europe, but some of them are only
cultivated there. The genus Malva is the richest in
species, as it includes from 6 to 11 species depend-
ing on the classification (e.g., Mirek et al., 2002;
Slavík, 2002; Rothmaler et al., 2005). The most
common among them is M. alcea. This species was
used from prehistoric times through the Middle
Ages for various purposes: as a medicinal and food
plant, for dyeing, and for ornament or magic. It now
is only rarely cultivated, as an ornamental plant, and
is considered a relic of cultivation (Celka and
Drapikowska, 2008). According to some authors, in
eastern Poland M. alcea is at the limit of its contin-
uous range of distribution (Walas, 1959; Il'in, 1974).
Further east a closely related species, M. excisa, is
found (Dobrochaéva, 1955; Il`in, 1974; Zubkevich,
1999), and M. alcea is encountered only in the
Baltic states (Kuusk et al., 1996; Koltzenburg,
2001). M. excisa is sometimes classified within M.
alcea as a subspecies or variety (Hegi, 1925;
Rutkowski, 2004). 

The taxonomic position and morphological vari-
ation of M. alcea has been the subject of numerous

publications. Previous studies examined variation of
petal shape in selected populations of M. alcea from
Central and Eastern Europe (Celka et al., 2007),
seeds and seed structures (Kumar and Singh, 1991;
Celka et al., 2006b) and hairs (Inamdar and
Chohan, 1969; Inamdar et al., 1983; Celka et al.,
2006a). Also studied was the persistence and spread
of M. alcea in and near archeological sites (Celka et
al., 2008) and the evolution of species in the Malva
alliance, based on molecular markers (Escobar
García et al., 2009). So far there has been no analy-
sis of the variation of isozyme markers in M. alcea
populations.

With the use of electrophoretic separation of
proteins, the degree of polymorphism can be esti-
mated in individual populations and differences
among populations can be analyzed (Soltis and
Soltis, 1989; Crawford, 1989). This method also
makes it possible to investigate the genetic structure
of a species (Gottlieb, 1981). Isozyme data can pro-
vide information about the biology of studied
species, for example the mode of reproduction, clon-
al structure, mating system and gene flow among
populations (Hamrick and Godt 1989; Brown and
Schoen 1992; Diggle et al., 1998; Guo et al., 2003).
Isozyme studies have analyzed the genetic structure



of rare and endangered species such as
Cypripedium calceolus (Brzosko et al., 2002a;
Brzosko et al., 2002b), the correlation between
genetic diversity and geographic distance in Piper
cernuum (Mariot et al., 2002) and Viola odorata
(Marcussen, 2006), the association of genetic varia-
tion with environmental differences (Diggle et al.,
1998; Guo et al., 2003) and gene flow among close-
ly related taxa of cultivated and free-living Cucurbita
(Montes-Hernandez and Eguiarte, 2002). Isozymes
have also been used to resolve taxonomical prob-
lems (e.g., López-Pujol et al., 2006; Caliskan et al.,
2006; Frizzi et al., 2007). 

There are no published reports on isozyme vari-
ation in M. alcea. In this study we estimate similar-
ity and differences at the level of isozymes among
populations of M. alcea from different habitats in
various parts of Central Europe. The aim is to throw
new light on taxonomic problems in the M. alcea
complex. 

MATERIALS AND METHODS

SPECIES STUDIED

Malva alcea is distributed in Central, Southern and
part of Western Europe, as well as southern Sweden
and Denmark. Isolated populations are found in
Spain, Sardinia and Corsica, along the Black Sea
and in North America (Hultén and Fries, 1986). It is
a perennial, autogamous and entomophilous plant,
reproducing by seeds and vegetatively by division of
the main root (Łukasiewicz, 1962; Klotz et al., 2002;
Moraczewski et al., 2008). Malva alcea grows on
warm, sunny sites on calcareous and nitrogen-rich
soils. Its major sites are associated with places

where it was cultivated in the Middle Ages: hill forts,
castles, and other former human settlements. As a
result of spreading from sites of cultivation it is now
found very often in other anthropogenic habitats as
well: roadsides, ditches along roads, edges of shrub
communities, and ruderal sites (Hegi, 1925; Bauch,
1937; Walas, 1959; Rothmaler et al., 2005; Celka
and Drapikowska, 2008). It is associated with
nitrophilous communities of perennials on ruderal
sites (Matuszkiewicz, 2001; Zarzycki et al., 2002;
Rothmaler et al., 2005). 

FIELD STUDY

For isozyme analyses, plant material was collected
from 24 populations of M. alcea in summer in 2006
and 2007 (Fig. 1). The populations were grouped into
three regions delimited by two big rivers, the Oder and
Vistula: I – western, including 3 sites from
Mecklenburg in Germany; II – central, including 15
populations from western and central Poland between
the Oder and the Vistula; and III – eastern, including 6
populations in eastern Poland (Appendix 1). The col-
lected samples represent the major habitats of M.
alcea: medieval fortified settlements, roadsides, road-
side ditches, edges of forest and shrub communities,
flood embankments, and a cemetery (see Appendix 1).
For statistical analyses, habitats were grouped in 3
main types: grassland, roadside and thicket (see Table
2). Between 2 and 43 individuals from each popula-
tion were studied (total 1232). At 6 of the 24 localities
(sites 2, 6, 8, 14, 17, 22) samples were collected from
only 2–5 individuals; these populations were included
in the analysis because they are geographically isolat-
ed from the others. At these six localities, samples
were collected from all individuals of M. alcea. Each
sample was divided into two parts, one of which was
kept at 4°C until isoenzymatic analysis; the other was
deposited in the Herbarium of the Department of Plant
Taxonomy, Adam Mickiewicz University, Poznań,
Poland (POZ). 

ELECTROPHORESIS

We studied the variation of 8 enzyme systems: PGI –
phosphoglucoisomerase (EC.5.3.1.9.); PX – peroxi-
dase (EC 1.11.1.7); GOT – glutamate oxaloacetic
transaminase (EC 2.6.1.1); DIA – NADH diaphorase
(EC 1.6.2.2); IDH – isocitrate dehydrogenase (EC
1.1.1.42); ME – malic enzyme (EC 1.1.1.40); PGM –
phosphoglucomutase (EC 5.4.2.2); and SHD – shiki-
mate dehydrogenase (EC 1.1.1.25). Isozymes were
separated on 10% starch gel in two buffer systems:
PGI, PX, GOT, and DIA in tris-citrate (pH 8.2)/lithium-
-borate (pH 8.3); and IDH, ME, PGM, and SHD in
morpholine-citrate (pH 6.1), in a 1:14 dilution of
electrode buffer (Wendel and Wenden, 1989).
Lithium-borate gels were separated at constant volt-
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FFiigg..  11.. Geographic location of studied populations (popu-
lation numbers – see Appendix 1) 



Celka et al.34

age, and morpholine-citrate gels were separated at
constant current. Crude cell extract was prepared by
homogenizing a small piece of young leaf in 80 μl
extraction buffer (Gottlieb, 1981). After separation,
the enzymes were stained by standard methods
(Wendel and Wenden, 1989). 

DATA ANALYSIS

Allele frequencies, percentage of polymorphic loci
(P), mean number of alleles per locus (A), and
observed and expected heterozygosity (HO, HE) were
estimated for each population. Means of these sta-
tistics for different habitat types were calculated and
the Kruskal-Wallis ANOVA test was used to check
their statistical significance. To detect the possible
effects of selection the Ewens-Watterson test for neu-
trality (1000 permutations) (Manly, 1985) was per-
formed for each locus. Linkage disequilibrium
among all pairs of loci was also tested. The mean fix-
ation index (FIS) Wright (1978) for all polymorphic
loci in each population as well as over all popula-
tions for each locus was used as a relative measure
of deviations of populations from Hardy-Weinberg
equilibrium (HWE), that is, increased or decreased
heterozygosity as compared with the level expected
for random mating. To test for HWE we used the chi-
square (χ2) test. We also calculated gene flow (Nm)
from the formula Nm = 0.25 × (1 – FST)/FST, where
FST is the coefficient of genetic differentiation
(Wright, 1951). Unbiased genetic distance (D) and
genetic identity (I) between pairs of populations were
computed according to Nei (1978). We constructed a

UPGMA dendrogram and performed principal coor-
dinate analysis (PCA) based on the matrix of Nei's
(1978) genetic distance. The analyses employed
POPGENE-1.32. (Yeh and Boule, 2000), GenAlEx
6.3 (Peakall and Smouse, 2006) and STATISTICA
7.1 for Windows (StatSoft 2008). 

To investigate the genetic structure of popula-
tions we performed hierarchical analysis of molecu-
lar variance (AMOVA) (Excoffier et al., 1992). First
we used AMOVA to estimate the partitioning of the
total genetic diversity among and within the studied
populations. Then we calculated it with regard to the
division of the studied populations into three
regions of populations, and among populations
within each group as well as within populations. The
level of genetic differentiation was estimated using F
statistics (FIS, FIT, FST) calculated within the AMOVA
framework. A permutation test (1000 permutations)
was used to check the significance of F statistics,
and a Mantel line regression test (Mantel, 1976) to
test for the correlation between genetic distance and
geographic distance among populations. The num-
ber of permutations in the Mantel test was 1000.
The above were performed with GenAlEx 6.3
(Peakall and Smouse, 2006).

RESULTS

The analyses revealed the existence of 11 loci, of
which 9 were polymorphic (Pgi-1, Pgi-2, Idh, Px-1,
Px-2, Px-3, Dia, Shd, Pgm), and the other 3
monomorphic (Got, Me and Idh-2). For each locus

TABLE 1. Allele frequencies at polymorphic enzymatic loci in 24 populations of Malva alcea
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the number of alleles and genotypes was determined
and their frequencies were calculated (Table 1). The
statistical significance of differences in frequency of
alleles and genotypes was confirmed with the chi-
square test.

In the PGI system, two loci were detected and
denoted: Pgi-1 (alleles A and B, with frequencies
0.691 and 0.309 respectively) and Pgi-2 (alleles A
and B, with frequencies 0.721 and 0.279). In the
IDH system two loci were detected: Idh-1 (alleles A
and B, with frequencies 0.608 and 0.392) and Idh-2
which was monomorphic. In the PX system three
loci were found: Px-1 (alleles A, B, C, D, with fre-
quencies 0.102, 0.203, 0.502, 0.193), Px-2 (alleles A
and B, with frequencies 0.479 and 0.520) and Px-3
(alleles A and B, with frequencies 0.666 and 0.334).
Single loci were detected in the DIA system (alleles A
and B, with frequencies 0.742 and 0.258), in the

SHD system (alleles A and B, with frequencies 0.510
and 0.480), and in the PGM system (alleles A and B,
with frequencies 0.806 and 0.194). 

A comparison of allele frequencies in individual
populations (Tab. 1) shows that in Pgi-1 and Pgi-2
the first alleles prevail. An analysis of frequencies of
Idh alleles indicates that in most populations the
allele Idh-A is most frequent, except in populations
9, 14 and 17, where both alleles are equally fre-
quent, and populations 4, 5, 7, 8 and 15, where
allele Idh-B is more frequent. In Px-1, allele A is the
rarest, as it is absent from ten populations, while in
the other populations it is less frequent than other
alleles. In Px-3, allele A dominates in populations
1–4, 7–13 and 15–17, alleles A and B are equally fre-
quent in populations 5, 6 and 14, while allele B pre-
vails in populations 19–24. In Dia, Shd and Pgm the
first alleles prevail in most populations. Among the

TABLE 2. Genetic variation of the studied populations of Malva alcea

Explanations: A – mean number of alleles per locus; P – percentage of polymorphic loci; HO – observed heterozygosity; HE – expected
heterozygosity; FIS – fixation index; * – p≤0.05
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analyzed populations, population 2 includes as
many as four monomorphic loci (Pgi-1, Px-2, Px-3,
Dia) but this results from the small size of this pop-
ulation. It should be noted that we did not find any
private alleles (i.e., alleles unique to one population).

In individual populations the mean number of
alleles per locus ranged from 1.6 to 2.1 in grassland,
from 1.7 to 2.1 on roadsides, and from 2.0 to 2.1 in
thicket (Table 2). Grassland populations had the
highest HO, HE and F values and the lowest P value.
The Kruskal-Wallis ANOVA test showed no statisti-
cally significant differences among three of the stud-
ied habitat types in respect of all statistics.
Combined analysis of all populations showed that
most populations were highly polymorphic (90%);
the percentage of polymorphic loci was lower in pop-
ulations 2 (50%), 14 and 17 (70% each) and 8 (80%).
Values for observed heterozygosity (HO) were high in
all populations, ranging from 0.275 in population 8
to 0.580 in population 6. In eight populations (1, 3,
5, 7, 9, 12, 14, 22) HO was ~0.5. In nearly all popu-
lations, HO was higher than HE (which represents
the frequency of heterozygotes expected for a popu-
lation in H-W equilibrium). Populations 10, 11, 13,
15, 17–19, 21 and 23 are very close to H-W equilib-
rium (FIS ≈ 0). In many populations an excessive
proportion of heterozygotes was found (FIS < 0),
indicating that allogamy prevails (Tab. 2). Deviation
from H-W equilibrium was statistically significant in
five small populations: 2, 3, 8, 14 and 22. The mean
fixation index (FIS) for all populations and for each
locus had statistically nonsignificant negative values
(Tab. 3).

The Ewens-Watterson test for neutrality for
each locus (Tab. 4) showed that the allele frequen-
cies at all loci were selectively neutral in the studied
populations. A test for linkage disequilibrium
among loci demonstrated the presence of linkage in
only 16 populations, between loci PX2 and PX3. The

data were checked for the presence of clones; the
proportion of clones was small, with only 35 repeat-
ed genotypes of the 616 studied (5.7%). For this rea-
son the repeated genotypes were not excluded and

Explanations: * – p≤0.05; ** – p≤0.01; *** – p≤0.001

TABLE 4. Ewens-Watterson test for neutrality for all stud-
ied populations

TABLE 3. Wright's (1965) F statistics for all studied pop-
ulations at 9 polymorphic loci

FFiigg..  22.. UPGMA dendrogram of 24 populations of Malva
alcea based on Nei's (1978) genetic distance (population
numbers – see Appendix 1)
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calculations were made for the whole data matrix.
AMOVA for the studied populations revealed

that most of the genetic variation (88%) was within
populations (Table 5). AMOVA with division into
three regions permitted partitioning of most of the
variation within population (87%). The remaining
genetic variation was distributed among populations
within regions (9%). Genetic variation was smallest
among regions (5%) but was statistically significant
(p < 0.001) (Tab. 5). To estimate genetic similar-
ity among the studied populations we calculated
Nei's (1978) genetic distances (Fig. 2). Two large
groups of populations emerged. The first diverged
into two subgroups: subgroup 1 (populations 1, 10,
9, 11, 3, 12, 4, 8, 5, 7, 14) and subgroup 2 (popula-
tions 13, 15, 16, 17, 18). The second group com-
prised populations 2, 19, 20, 6, 22, 21, 23 and 24.
No correlation between location on the dendrogram
and habitat type or the geographic origin of individ-
ual populations was found.

Principal coordinate analysis based on Nei's
(1978) genetic distances grouped the populations
into three groups. Group 1 includes populations 1, 3,

5, 7, 8, 9, 10, 11, 12 and 14; group 2 consists of pop-
ulations 2, 19, 20, 21, 22, 23 and 24; and group 3
comprises populations 13, 15, 16, 17 and 18.
Population 4 clearly diverges from all these groups,
while population 6 is situated between groups 1 and
2. The PCA diagram in Figure 3 is consistent with
the dendrogram (Fig. 2). The Mantel test showed no
significant correlation between the genetic distance
matrix and geographic distance matrix (0.32, 
p > 0.05).

DISCUSSION

This study of isozyme variation in M. alcea is the
first report on this subject. Our results from Central
Europe show relatively low genetic differentiation of
this species. Nearly all the studied isoenzymatic loci
were polymorphic (except Me, Got and Idh-2), but
the numbers of alleles at individual loci were low
(2.01). Interpopulation variation was also low
(FST=0.126). The literature gives some information
about high morphological variation in M. alcea
(Walas, 1959; Dalby, 1968; Hlavaèek, 1982; Slavík,
1992; Kuusk et al., 1996). Results supporting this
were obtained in recent studies of epidermal hairs
(Celka et al., 2006b) and petals (Celka et al., 2007).
The morphological and anatomical variation of 
M. alcea fits within the limits given in descriptions of
this species. However, it must be remembered that
variation in quantitative traits can greatly exceed the
level of genetic variation estimated on the basis of
isozymes (Drapikowska and Krzakowa, 2009). 

Results of research on DNA polymorphism are
comparable with the genetic variation found in this
study. Our work revealed a high level of heterozy-
gosity in all populations, however, in most cases F
was not statistically significant. Heterozygote excess
in populations is not common and therefore has not

TABLE 5. Hierarchical analysis of molecular variance (AMOVA) without (A) and with (B) division of the studied popu-
lations into three regions

Explanations: A: FST – variation among populations divided by total variation; B: FRT – variation among regions divided by total varia-
tion; FSR – variation among populations within regions divided by the sum of variation among populations within regions and variation
within populations; FST – sum of variation among regions and variation among populations divided by total variation; *** – P≤0.001 

FFiigg..  33.. Scatter plot of PCA based on Nei's (1978) genetic
distance among 24 populations of Malva alcea.
Percentage of explained variability: PC1 = 35.29%. PC2 =
29.09%



been fully explored theoretically. An excess of het-
erozygotes in populations is explained as overdomi-
nant selection favoring heterozygotes (Mitton, 1989),
associative overdominance (Nei, 1987) and negative
assortative mating (negative selection) (Hartl and
Clark, 1989). In our study the Ewens-Waterson neu-
trality test (Nielsen, 2001) showed lack of selection
against homozygotes. 

AMOVA revealed high genetic variation within
populations and low variation among populations of
M. alcea (Tab. 5). This is characteristic of vascular
plants with a low level of self-fertilization, cross-pol-
lination and wide distribution (Hamrick and
Loveless, 1986). An interesting result of these
isozyme analyses is the negative inbreeding coeffi-
cient in small populations (see Table 2). The per-
centage of polymorphic loci in the studied popula-
tions (P=86.3) is much higher than the mean value
reported by Hamrick and Godt (1989) for vascular
plants (P=34.2). The level of genetic diversity for M.
alcea (FST=0.126) is lower than the value reported
by those authors for species with regional distribu-
tions (FST=0.216) and lower than for insect-polli-
nated and self-pollinated species (FST=0.216). It is
also much higher than in monocotyledons; for
example, in Calamagrostis arundinacea it reaches
FST=0.0565 (Krzakowa and Dunajski, 2007). In the
conifer Pinus sylvestris the GST values ranged from
0.003 to 0.076, and in P. mugo GST ranged from
0.007 to 0.033 (Odrzykoski, 2002).

The population groups distinguished in Figures
2 and 3 are only partly consistent with the distin-
guished geographic regions. The Mantel test showed
no significant correlation between genetic and geo-
graphic distance (r=0.32, p>0.05). It seems that geo-
graphic distance is less important than provenance
in explaining the observed diversity of M. alcea. Our
study showed a lack of correlation between genetic
distance and the geographic location of populations.
This lack of correlation may be due to the different
origins of individual populations. Some may be rem-
nants of old cultivation, while others may have aris-
en from the past and contemporary spread of 
M. alcea at sites in and near former settlements, in
ruderal habitats and along transportation routes. In
consequence, geographically close populations can
differ genetically. We observed high variation in allele
frequencies at the analyzed loci, but no alleles were
distinguished as characteristic of individual popula-
tions. 
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APPENDIX 1. Localities and habitats of the studied populations of Malva alcea

Explanations: I – western region; II – central region; III – eastern region 
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