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ABSTRACT

Genetic variation of twelve Polish populations of Primula veris L. from western Poland was investigated in re-
spect of six enzyme systems: 6-phosphogluconate dehydrogenase (6PGD), diaphorase (DIA), menadione reducta-
se (MNR), formate dehydrogenase (FDH), isocitrate dehydrogenase (IDH) and glutamate oxaloacetate transami-
nase (GOT). Only two of them (6PGD and DIA) were polymorphic and all populations were compared according
to four loci and eight alleles. For 6PGD only one out of the two detected loci (locus 6PGD-2) was polymorphic
and consisted of three alleles @, b and c¢. For DIA each of two detected loci had two alleles. For 6PGD-2 one po-
pulation was monomorphic and four populations were monomorphic for DIA-1 and DIA-2. The rest of the popu-
lations were polymorphic with low frequency of heterozygotes. The low heterozygosity level, found in the exami-
ned populations, was confirmed by high values of the fixation index (F). The level of genetic differentiation
among GST populations specified for each polymorphic loci, was equal to 0.045 for 6PGD-2 and had the value of
0.078 for DIA-2 and 0.186 for DIA-1. Nm value for polymorphic loci was 1.10 for DIA-1 and 2.94 for DIA-2,
and for 6PGD-2 was 5.33, what indicates some gene flow between the examined populations. The dendrogram
constructed on the basis of genotype frequencies showed that the populations were divided into two groups, ho-
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wever the most southern population No. 2 was clearly similar to the northern population No. 8.

KEY WORDS: Primula veris, allozymes, genetic differentiation, gene flow.

INTRODUCTION

Genus Primula (Primulaceae) is composed of approxi-
mately 500 hundred species distributed throughout tempe-
rate regions of the northern hemisphere (Mabberley 1989;
Valentine and Kress 1972). About hundred of them are Eu-
ropean species, the rest grow mainly in Asia. In Poland it
is represented by six species (P. auricula L., P. minima L.,
P. farinosa L. — only one station, P. vulgaris Huds. — only
one station, P. elatior L., P. veris) growing in natural
stands, and two of them, P. elatior and P. veris are protec-
ted by low. Cowslip (Primula veris L.), which is the sub-
ject of our work, is common on almost all Polish lowlands
and in lower localizations in the mountains (Mirek et al.
2002; Zajac and Zajac 2001). The species is a valuable,
well-known pharmaceutical plant.

Since the genetic structure of cowslip natural popula-
tions was until now not examined in our country, not much
is known about the genetic variation of the species in que-
stion. In England, it was found that both established and

colonising cowslip populations had a very low level of ge-
netic differentiation (Antrobus and Lack 1993). It is surpri-
sing, since cowslip, as a long-lived perennial and insect
pollinated species, is heterostylous and obligate outcrosser
(Tamm 1972; Lack 1982; Wedderburn and Richards
1990). The obligatory outcrossing system may cause diffe-
rentiation and genetic diversity in natural populations
when plants reproduce generatively. In case of the species
in question, extending in size of cowslip populations is rea-
lised mainly through vegetative propagation (Tamm 1972;
Morozowska 2000). Generative reproduction of P. veris
plants also happens (Morozowska 1999; Kery et al. 2000).
There is a belief that plants reproducing vegetatively are
characterised by a lower level of diversity than plants re-
producing generatively. However, some studies show that
clonal plants have the same level of genetic variation as
non-clonal ones (Ellstrand and Roose 1987).

The purpose of this study was to examine and determine
the level of genetic variation among populations of Primu-
la veris situated in western Poland.
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Fig. 1. Locations of twelve examined populations of Primula veris (as in
Table 1); (@ — localities and numbers of sampled populations; o — locali-
ties and names of cities in the examined region).

MATERIAL AND METHODS

Plant material

Twelve natural populations of P.veris from the western
part of Poland were examined (Fig. 1). They differed in
number of individuals and in size (Table 1). All popula-
tions were defined by a natural boundary and were located
more than 50 km from one another. P. veris plants grew in
different forest communities like ash-tree forest (Nos. 1, 2,
6), oak and beech-tree forest (Nos. 7, 8), mixed forest
(Nos. 9, 12) or, in an exceptionally wet habitat as alder
swamp (No. 10). In populations Nos. 3, 4, 5 and 11 the
cowslip plants grew on grasslands.

Thirty individuals were sampled from each population.
Young leaves were collected from randomly selected indi-
vidual plants in early spring, before flowering, according to
the transect system (sampled 1 m apart). Leaf samples we-
re stored at 5°C for no longer than 48 h and then submitted
to electophoresis.

Electrophoresis procedure

Leaf tissue was homogenised with 0.1M Tris/HCL pH
7.5, mixed with 4 w/v% polyvinylpyrrolidone (PVP). The
electrophoresis was conducted horizontally in 11% starch

TABLE 1. Locations and size of examined Primula veris populations.
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Fig. 2. 6PGD. Diagrams of allozyme band patterns of Primula veris.

gel (Sigma) under 150V and 60 mA, at 4°C for 5 h. All po-
pulations were examined in respect of six following enzy-
me systems: 6-phosphogluconate dehydrogenase (6PGD),
diaphorase (DIA), menadione reductase (MNR), formate
dehydrogenase (FDH), isocitrate dehydrogenase (IDH),
glutamate oxaloacetate transaminase (GOT).

Data analysis

The following genetic parameters such as: observed he-
terozygosity (Ho), expected heterozygosity (He) and total
genetic diversity (Ht), fixation indices (F), polymorphism
indices of genotypes (Pg) according to Kahler et al. (1980),
relative measure of genetic differentiation between popula-
tions (GST, DST) expressed by genetic similarities betwe-
en populations based on gene frequency (Nei 1972), geno-
types frequencies and genetic distances (Dh) (Hedrick
1974) were calculated.

RESULTS

Four of six examined enzyme systems (MNR, FDH, IDH
and GOT) turned out to be completely monomorphic and
therefore excluded from further comparisons. Our research
was based on two polymorphic enzyme systems: 6PGD
and DIA, in which four loci with eight alleles were identi-
fied. In 6PGD only one locus 6PGD-2, composed of three
allozymes a, b and ¢, was taken under consideration, since
locus 6PGD-1 turned out to be monomorphic (Fig. 2). The
most frequent in all populations was allele 6PGD-2 c,
which in population No. 8 occurred as only one genotype
cc. The rest of populations were polymorphic with low fre-
quency of heterozygotes ac and bc. Heterozygote ab was
not detected in our examinations (Table 2, 3). The most po-
lymorphic were populations Nos. 1, 4 and 12 (Table 4).

No. of population Population (Locality)

Population size

1 Wielkopolski National Park (S-W edge of Chomgcickie Lake) 150 m?
2 Przemecki Landscape Park (Forest Inspectorate Wloszakowice, Forest District Mscigniew, section 45) 120 m2
3 Forest Inspectorate Jarocin, Forest District Potarzyca, section 323a approx. 2500 m?
4 Lednicki Landscape Park (Ostréw Lednicki Island on Lednickie Lake) approx. 600 m?
5 Kalina near Gniezno (N edge of Wierzbiczanskie Lake) 450 m2
6 Nadwarcianski Landscape Park (edge of Warta valley, E from Skokum) 350 m?
7 Ostrow (Forest Inspectorate Miradz, Forest District Ostrowo, section 192) 230 m?
8 Forest Inspectorate Solec Kujawski, Forest District Chrosna, section 14 approx. 15 600 m?
9 Forest Inspectorate Cierpiszewo, Forest District Ustronie, section 23 g approx. 700 m?
10 Forest Inspectorate Gtusko, Forest District Wotogoszcz, section 211 k, 231 b, ¢ 200 m?
11 Forest Inspectorate Krucz, Forest District Ciszkowo, section 50 1 150 m?

12 Forest Inspectorate Wronki, Forest District Ktodzisko, section 472 j

approx. 4000 m?2
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TABLE 2. Allele frequencies of polymorphic loci in 12 examined Primula veris populations.

Population number

1 2 3 4 5

Locus Allele
6PGD-2 a 0.100 0.083 0.000 0.100 0.000
b 0.200 0.033 0.117 0.167 0.117
c 0.700 0.883 0.883 0.733 0.883
DIA-1 a 0.283 0.167 0.267 0.417 0.300
b 0.717 0.833 0.733 0.583 0.700
DIA-2 a 0.000 0.083 0.100 0.000 0.000
b 1.000 0.917 0.900 1.000 1.000

0.000 0.000 0.000 0.067 0.000 0.000 0.050
0.100 0.233 0.000 0.100 0.167 0.133 0.200
0.900 0.767 0.100 0.833 0.833 0.867 0.750
0.400 0.417 0.033 0.000 0.000 0.000 0.000
0.600 0.583 0.967 1.000 1.000 1.000 1.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000

TABLE 3. Genotype frequencies for twelve examined Primula veris populations.

Population number

6 7 8 9 10 11 12

1 2 3 4 5
Locus  Genotype
6PGD-2 aa 0.100 0.000 0.000 0.100 0.000
ac 0.000 0.167 0.000 0.000 0.000
bb 0.200 0.033 0.100 0.167 0.100
be 0.000 0.000 0.033 0.000 0.033
cc 0.700 0.800 0.867 0.733 0.867
DIA-1 aa 0.233 0.133 0.233 0.333 0.267
ab 0.100 0.067 0.067 0.167 0.067
bb 0.667 0.800 0.700 0.500 0.667
DIA-2 aa 0.000 0.067 0.067 0.000 0.000
ab 0.000 0.033 0.067 0.000 0.000
bb 0.100 0.900 0.867 1.000 1.000

0000 0.000 0.000 0.033 0.000 0.000 0.000
0.000 0.000 0.000 0.067 0.000 0.000 0.100
0.100 0.233 0.000 0.100 0.167 0.133 0.200
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.900 0.767 0.100 0.800 0.833 0.867 0.700
0.333 0.333 0.033 0.000 0.000 0.000 0.000
0.133 0.167 0.000 0.000 0.000 0.000 0.000
0.533 0.500 0.967 1.000 1.000 1.000 1.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000

TABLE 4. Genetic diversity estimates per locus among the examined Primula veris populations. He — expected heterozygosity; Ho — observed heterozy-

gosity; F — fixation index; Pg — polymorphism index.

Locus Population no. He Ho F Pg
6PGD-2 1 0.4600 0.0000 1.000 0.4600
6PGD-2 2 0.2117 0.1667 0.2126 0.3311
6PGD-2 3 0.2061 0.0333 0.8383 0.2378
6PGD-2 4 0.4244 0.0000 1.0000 0.4244
6PGD-2 5 0.2061 0.0333 0.8383 0.2378
6PGD-2 6 0.1800 0.0000 1.0000 0.1800
6PGD-2 7 0.3578 0.0000 1.0000 0.3578
6PGD-2 9 0.2911 0.0667 0.7710 0.3444
6PGD-2 10 0.2778 0.0000 1.0000 0.2778
6PGD-2 11 0.2311 0.0000 1.0000 0.2311
6PGD-2 12 0.3950 0.1000 0.7468 0.4600
DIA-1 1 0.4061 0.1000 0.7538 0.4911
DIA-1 2 0.2778 0.0667 0.7600 0.3378
DIA-1 3 0.3911 0.0667 0.8295 0.4511
DIA-1 4 0.4861 0.1667 0.6571 0.6111
DIA-1 5 0.4200 0.0667 0.8413 0.4800
DIA-1 6 0.4800 0.1333 0.7222 0.5867
DIA-1 7 0.4861 0.1667 0.6571 0.6111
DIA-1 8 0.0644 0.0000 1.0000 0.0644
DIA-2 2 0.1528 0.0333 0.7818 0.1844
DIA-2 3 0.1800 0.0667 0.6296 0.2400
DIA, examined in P. veris for the first time in this paper,

had two electroforetically detected loci (DIA-1 and DIA-2) :E:

composed of the two alleles (Fig. 3). Four examined popu- Y

lations (Nos. 9-12) were monomorphic according to geno- § 3l

types /b1b and 2b2b, and seven populations (Nos. 1-7) we- g — — 1a

re polymorphic with low frequency of the heterozygotes s 2 ;b

lalb. Heterozygote 2a2b was very rare and detected only B 1L —_— —_— 2?

in two populations No. 2 and No. 3. In these two popula- é”

tions all types of genotypes were detected, but again the
most frequent were two of them /b/b and 2b2b (Table 3).
Populations Nos. 4, 6 and 7 proved to be the most poly-
morphic (Table 4). The examined populations were charac-

Fig. 3. DIA. Zymograms with locus designation and allozyme numbers
for two loci of Primula veris.
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TABLE 5. Genetic diversity estimates for examined Primula veris populations based on 6PGD locus 2, DIA locus 1 and DIA locus 2. He — expected het-
erozygosity; Ho — observed heterozygosity; F — fixation index; Pg — polymorphism index.

Population no He Ho F Pg
1 0.289 0.033 0.885 0.317
2 0.214 0.089 0.584 0.284
3 0.259 0.056 0.786 0.309
4 0.304 0.056 0.817 0.345
5 0.209 0.033 0.840 0.239
6 0.220 0.044 0.798 0.256
7 0.281 0.056 0.803 0.323
8 0.022 0.000 1.000 0.022
9 0.097 0.022 0.771 0.115
10 0.093 0.000 1.000 0.093
11 0.077 0.000 1.000 0.077
12 0.132 0.033 0.747 0.153
Mean 0.183 0.035 0.836 0.211

TABLE 6. Genetic parameters estimating variation within and among examined populations of Primula veris. Ht — total genetic diversity; Hs — mean
diversity within populations; DST — and GST — measures of genetic differentiation between populations; Nm — number of migrants per generation.

Locus Ht Hs DST GST Nm
6PGD-2 0.283 0.270 0.013 0.045 5.33
DIA-1 0.308 0.251 0.057 0.186 1.10
DIA-2 0.030 0.028 0.002 0.078 2.94
Mean 0.207 0.183 0.024 0.116 1.90

terised by a low heterozygosity level (Ho = 0.035), what
was confirmed by high values of the fixation index (F =
0.836) (Table 5).

The level of genetic differentiation among populations
GST (Hamrick and Godt 1990) specified for each polymor-
phic loci, had the value of 0.045 for 6PGD-2 and was equal
to 0.078 for DIA-2 and 0.186 for DIA-1. Nm value for po-
lymorphic loci was 1.10 for DIA-1 and 2.94 for DIA-2,
and for 6PGD-2 was equal 5.33, what indicates some gene
flow between the examined populations (Table 6).

The dendrogram constructed on the base of genotype fre-
quencies showed that the examined populations were divi-
ded into two groups (Fig. 4). The first one was composed
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Fig. 4. Dendrogram illustrating the genetic similarities of Primula veris
populations based on genotype distances (Dh), according to Hedrick
(1974).

of populations Nos. 2, 8-12, five of which (Nos. 8-12) were
located on the north of the study region. The most southern
population No. 2 was clearly similar to population No. 8.
The second group consisted of six south populations (Nos.
1, 3-7) (see Fig. 1). The values of genetic distances betwe-
en populations were low, and the most similar were popu-
lations Nos. 10 and 11.

DISCUSSION

The results presented in this study indicate a very low le-
vel of genetic differentiation in natural populations of Pri-
mula veris, what is inconsistent with heterostyly and out-
crossing typical for this species, as well as with its wide di-
stribution in Europe. The examined populations showed
differences in polymorphism level according to the exami-
ned enzyme systems. The most polymorphic were popula-
tions Nos. 1, 3, 4 and 7, and the lowest values of the poly-
morphism index Pg had populations Nos. 8, 10 and 11.
Low level of polymorphism and genetic variation was fo-
und also for the closely related species Primula vulgaris
(Cahalan and Gliddon 1985), and similar results were obta-
ined from studies carried out in England in the established
and colonizing P. veris populations (Antrobus and Lack
1993). The values of the Wright’s fixation index (F) calcu-
lated for the examined by us populations were very high,
often close to one. The F values calculated by Antrobus
and Lack (1993) for P. veris populations in England were
much lower (F value was less than 0.102) in comparison
with the results obtained by us, and were even lower than
F values reported by Brown (1979) for other insect pollina-
ted outcrossing species. The high F values calculated for
the examined here populations may result from the spatial
distribution of individuals, especially in big populations
were they had formed large clumps with a high number of
flowering individuals, spatially separated from each other.
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That could result in fewer flights of pollinating insects be-
tween clumps than within them and cause a restricted gene
flow. It is possible that the low level of heterozygosity fo-
und in the examined populations, may be the result of the
obligatory cross pollination between plants with the same
genotypes, according to the examined enzyme systems.

The low differentiation level among examined popula-
tions was confirmed by values of gene flow (Nm). Accor-
ding to heterostyllic plants, gene flow with pollen depends
on the amount of produced pollen, which is strongly influ-
enced by differences between two flower morphs. Ornduff
(1980) found out that the mean amount of the pollen pro-
duced by a single pin and thrum flower is like 2.4:1. The
number of plants with pin and thrum flower morphs can
differ in natural cowslip populations. Antrobus and Lack
(1993) showed that the proportion of long- and short-styled
morphs did not stray from 1:1 ratio. Kery et al. (2000)
mentioned that deviations of the morph ratio from 1:1 have
been found to be much larger in small than in large cowslip
populations and reproduction in populations with large de-
viations was significantly reduced. Endels et al. (2002) stu-
died 89 declining remnant populations of P. vulgaris and
found a strong relationship between morph frequency and
population size. Morph frequencies were equal (1:1) for
large (>100 plants) and unequal for smaller populations.
Very similar patterns have also been found for 18 popula-
tions of P. elatior (Jacquemyn et al. 2002). In our study the
proportion of pin and thrum morphs was evaluated for th-
ree populations Nos. 4, 5 and 6. They consisted of over
500, 1200 and 1000 individuals, respectively. In population
No. 4 there were 64% of plants with pin flowers and 36%
with thrum flowers, in population No. 5 the proportion was
like 1:1 and in population No. 6 there were 6% more plants
with thrum flowers (Morozowska and Urbanski 2000). The
presence of flower morphs imbalance may lead to a lack of
compatible pollen and may result in lowering the intensity
of the generative reproduction. A further possible consequ-
ence may be low level of genetic differentiation in P. veris
populations.
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ZROZNICOWANIE GENETYCZNE
W POPULACJACH PIERWIOSNKA LEKARSKIEGO (PRIMULA VERIS L.)
W POLSCE ZACHODNIEJ

STRESZCZENIE

Przebadano poziom genetycznego zréznicowania dwunastu populacji pierwiosnka lekarskiego (Primula veris L.)
w Polsce Zachodniej, z wykorzystaniem szesciu systemow enzymatycznych: 6PGD, DIA, MNR, FDH, IDH
i GOT. Tylko dwa z nich, 6PGD i DIA byty polimorficzne i wszystkie populacje zostaty poréwnane pod wzgle-
dem 4 loci i 8 alleli. Dla 6PGD, w obrgbie dwéch wykrytych loci, tylko jeden locus (6PGD-2) byt polimorficzny
i sktadat si¢ z trzech alleli a, b i c. Dla DIA kazdy z dwéch wykrytych loci sktadat si¢ z dwéch alleli. W odniesie-
niu do 6PGD-2 jedna populacja okazata si¢ monomorficzna, a w odniesieniu do DIA-1 i DIA-2 cztery populacje
byty monomorficzne. Pozostate populacje byly polimorficzne z niewielka frekwencja heterozygot. Stwierdzony
niski poziom heterozygotycznosci potwierdzity wysokie wartosci wspétczynnika wsobnosci Wrighta (F). Poziom
zréznicowania genetycznego pomiedzy populacjami (GST) okreslony dla kazdego z polimorficznych loci miat
warto$¢ 0,045 dla 6PGD-2 i wyniést 0,078 dla DIA-2 oraz 0,186 dla DIA-1. Wartosci Nm dla loci polimorficz-
nych wyniosty 1,10 dla DIA-1, 2,94 dla DIA-2 oraz 5,33 dla 6PGD-2, co wskazuje na znaczny przeptyw genow
miedzy populacjami. Dendrogram skonstruowany na podstawie czestosci genotypéw (Hedrick 1974) sugeruje ist-
nienie dwéch grup w obrebie badanych populacji, jednakze najbardziej potudniowa populacja nr 2 jest wyraznie
podobna do populacji nr 8 znajdujacej si¢ w pétnocnej czesci badanego regionu.

SLOWA KLUCZOWE: Primula veris, allozymy, zréznicowanie genetyczne, przeptyw genow.
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