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Abstract. The pollen beetle (Meligethes aeneus) is one of the most important insect pests of oilseed rape (Brassica napus), and
extensive use of insecticides is required to protect crop yields. To meet the challenges set by agricultural demands for more sustain-
able production and changing climate more information about pest biology and population genetics is needed. Using genomic
Amplified Fragment Length Polymorphism (AFLP) analysis, DNA polymorphism was studied in 14 field populations of pollen bee-
tles, collected during 2004 in six European countries (Denmark, France, Finland, Germany, Sweden, and UK). Using one primer
combination 410 polymorphic DNA fragments were obtained based on analysis of single beetles. AFLP profiles were analysed with
similarity measures using the Nei and Li coefficient and dendrograms generated. Dendrograms constructed from distance matrices
revealed clustering by population origin and assignment analysis generally supported the genotype classification. Principal compo-
nent analysis of the fourteen groups resulted in wide dispersion but also connections between some groups. Statistical analysis using
AMOVA showed that the levels of genetic variation within populations explained most of the variation. Migrant analysis suggested
a low level of gene flow between pollen beetle populations at different geographical locations indicating little long range dispersal of
pollen beetles. However, a Mantel test found no correlation between genetic and geographical distance. Apparently genetic differen-
tiation among populations has a complex background and may involve factors such as local adaptation and founder effects.

INTRODUCTION Pollen beetles are currently controlled by insecticides
and this has a negative impact on non-target organisms
including their natural enemies (Nilsson, 2003). In addi-
tion, there is a risk that resistance to insecticides will
develop, and pyrethroid resistance in pollen beetles has
been recently reported from several locations in Europe.
It was first recorded in France in 1997 (Détourné et al.,
2002) and subsequently in Sweden (Ekbom & Kuusk,
2001), Denmark (Hansen, 2003), Switzerland (Derron et
al., 2004), and Germany (Heimbach et al., 2006). Insecti-
cide resistance, which is the result of an increase in the
ability of individuals of an insect species to survive insec-

One of the most important insect pests of Brassica oil-
seed crops in Europe is the pollen beetle, Meligethes
aeneus (Fabricius 1775) (Coleoptera: Nitidulidae)
(Ekbom, 1995). This beetle is a pest of great economic
importance because it destroys flowers and buds thereby
reducing seed yields. Pollen beetles are univoltine. Adults
overwinter and with increasing temperatures in spring
they start feeding on the pollen of various plants. When
temperatures rise to 15°C, adults seek out fields of Bras-
sica oilseed. There they feed on buds and flowers and
females lay eggs in flower buds. Larvae remain in the . . .
flower bud and feed on pollen. After feeding for 25-30 ticide treqtment, is an example ,Of an_evolutionary
days the fully-grown larvae drop to the soil where they =~ SSPORSe induced by man (Comms, 1977; 'ffrenc‘h—
pupate in earthen cells. Young beetles emerge 2-3 weeks Constant et al., 2004). Selective forces, genetic varia-

later. A combination of visual, tactile and olfactory cues bl!lty’ _gene ﬂ(?w, p opulation size, mating  system,
determines the choice of host plant for oviposition migration and life history are typical factors that can

(Ekbom & Borg, 1996). The myrosinase-glucosinolate interact to change allele frequencies and affect population
defense system o,f Brassica plants (Rask et al., 2000) is structure. Interactions between each of these factors will
important in these insect interactions. Little information d@[')end on the species considered and env%ronmer‘ltal con-
is, however, available about pollen beetle preferences and ditions. Impqrtant components of these interactions are
host plant chemistry. Although pollen beetle incidence on the geogra.phlcal scale, weather, the extent of Fhe treated
oilseed rape inflorescences is negatively correlated with areas relative to gene flow, and the C(_)St of're‘:smtance for
glucosinolate levels (Giamoustaris & Mithen, 1996), they resistant genotypes in the absence of insecticides (Lenor-

do not appear to affect their ovipositing on mustard plants mand & Raymon'd, 1998). For .insect pest §pecie§ it is
(Hopkins et al., 1998) important to consider gene flow in the evolution of insec-

ticide resistance and adaptation to local environmental

* Correspondig author.
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conditions, because a species’ pest potential is partially a
consequence of its ability to invade and reproduce in
novel habitats. Such information helps in determining the
spatial scale at which management practices should be
implemented (Nahrung & Allen, 2003). Studies that map
the population structure of pest insects as well as the
potential for gene flow between populations are needed to
understand the occurrence of resistance and prevention of
its spread (Roush & Daly, 1990; Labbe et al., 2005). The
dispersal and migratory potential of pollen beetles is
poorly studied. Tamir et al. (1967) found that dispersal
was not dependent on terrain or current wind directions
but their study was limited to a few days. A recent study
(Williams et al., 2007) on the anemotactic behaviour of
pollen beetles in the field reveals that overwintering and
new-generation insects differ in their migratory
behaviour. Pollen beetles probably originated from
Europe and Asia and are present throughout the Palae-
arctic region, close to Asia and North Africa (Bonne-
maison, 1964).

Genotyping using the PCR-based multilocus DNA fin-
gerprinting technique Amplified Fragment Length Poly-
morphism (AFLP) analysis was chosen for this study
because it detects DNA polymorphisms at specific restric-
tion enzyme sites and provides more information as it
detects these polymorphisms at many independent restric-
tion sites simultaneously. Furthermore, AFLP is sensitive
and does not depend on any prior knowledge of the
genome (Vos et al., 1995). AFLP analysis generates data
from a large number of loci, and this is advantageous for
studying genetic diversity and population structure (Rei-
neke et al., 1999; Salvato et al., 2002; Campbell et al.,
2003; Bensch & Akesson, 2005; Blanc et al.,, 2006).
Although a drawback of AFLP is dominance this is partly
compensated for by the greater statistical power of the
high numbers of polymorphic bi-allelic loci generated
(Mariette et al., 2002). We have developed an AFLP pro-
tocol for pollen beetles (Kazachkova et al., 2004) that is
highly reproducible and generates an appropriate number
of DNA fragments for analysis.

The aim of this study was to describe the genetic varia-
tion between different populations of European pollen
beetles. Populations of pollen beetles from several Euro-
pean countries (Denmark, France, Finland, Germany,
Sweden, and UK) were collected and analyzed using
AFLP (Kazachkova et al., 2004). We wished to clarify
relationships among populations from several geo-
graphical areas in order to determine their population
structure, whether or not they are genetically distinct, and
the level of gene flow between European populations.
This is the first investigation of the pollen beetle over a
large geographical area and forms the basis for future
studies of e.g. insecticide resistance and the effects of dif-
ferent agricultural practices on pollen beetle population
structure.
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MATERIAL AND METHODS

Insect material

Pollen beetles, Meligethes aeneus (Fabricius, 1775) (Coleo-
ptera: Nitidulidae) were collected from six European countries
in 2004 (Denmark, France, Finland, Germany, Sweden, and
UK); locations and number of samples analyzed are shown in
Table 1. Insects were frozen alive and stored at —80°C or kept in
95% ethanol (Danish populations) to avoid degradation of DNA.
Earlier experiments showed that the quality of pollen beetle
DNA for AFLP analysis was not affected by drying, freezing or
preservation in ethanol. Ten individuals were chosen randomly
from the samples to minimise any differences in sampling bias
and relative relatedness among samples. For DNA isolation, a
modified cetyltrimethylammonium bromide method (Kazach-
kova et al., 2004) was used.

Restriction digestion and ligation reactions

The restriction-ligation step and amplifications as described
below were applied using a protocol adopted for analysis of
pollen beetles (Kazachkova et al., 2004). Restriction-ligation
was performed by mixing 20 ng of template DNA, 10x ligation
buffer, 2 mM ATP, 100 ng/ul BSA, 0.05 M NaCl, 20 units Ps],
50 units EcoRI, 10 units TADNA ligase, and 5 pM of each
double-stranded adapter (EcoRI adaptors EA 1.1, 5'-CTCGTA
GACTGCGTACC-3’; EA 1.2, 5"-AATTGGTACGCAGTC-3";
Pstl adaptors PA1.1, 5'-CTCGTAGACTGCGTACATGCA-3";
PA1.2, 5"-TGTACGCAGTCTAC-3"), and incubated for 3 h at
37°C.

Amplifications and fragment analysis

Preamplification reactions contained 0.2 mM dNTPs, 1 unit
DNA polymerase DynaZymell, 10x buffer, 5 pM of each core
primer  (Pstl, 5-GACTGCGTACATGCAG-3";  EcoRl,
5-AGACTGCGTACCAATTC-3") and 4 pl of the diluted
restricted-ligated DNA in a volume of 20 pl. The preselective
amplification included one cycle for 2 min at 94°C, 32 cycles
for 30 s at 94°C, 1 min at 56°C, 1 min at 72°C, and one cycle
for 5 min at 72°C. Primers and adapters for the AFLP analysis
were as described in Vos et al. (1995). The fluorescently-
labelled primers contained extensions of two selective nucleo-
tides (EcoRI, GA; and Pstl, AT) at the 3 -end.

For selective amplification, the same reagents and concentra-
tions as in the preselective step, together with 5 pM of each
selective primer and 2.5 pl of preamplification product, were
used. AFLP reactions were performed for one cycle at 94°C for
2 min, then for 11 cycles where the annealing temperature was
65°C for the first cycle, and was reduced by 0.7°C for each of
the ten subsequent cycles. The denaturation and extension steps
for each cycle were 94°C for 30 s and 72°C for 5 min, respec-
tively. The reaction was followed by 23 cycles for 30 s at 94°C,
30 s at 56°C, 2 min at 72°C, and one cycle for 5 min at 72°C.

PCR products (mixed with formamide dye and GS-500 LIZ
labelled size standard) were size fractionated using a 5% dena-
turing polyacrylamide gel. The data were processed using
GeneScan analysis software (Perkin Elmer/Applied Biosystems,
Foster City, USA) and imported into GenoProfiler version 1.05
(You et al., 2007). Only those peaks that could be unambigu-
ously scored were selected. The threshold level of scaled peak
height was set to 100.

Statistical analyses

AFLP profiles were converted into a data matrix and analysed
by similarity measures using the Nei & Li coefficient (1979).
Similarity measures convert the binary data matrix into a series
of distance measures between individuals (Nei & Li, 1979;
Balasaravanan et al., 2003). An unrooted dendrogram was con-



TaBLE 1. Sample information and descriptive statistics for AFLP markers.

Samples Latitude Longitude N Polymorphic loci (%) Expected heterozygosity (Hj)  SE (H))
France 27 49.0 0.126 0.008
1 Indre 46.88 2.08 9 9.0 0.033 0.006
2 Meurthe et Moselle 49.00 6.00 10 27.6 0.095 0.008
3 Seine Maritime 49.68 0.81 8 332 0.121 0.009
Germany 35 62.7 0.121 0.008
4 Weendelsgraben 51.567 9.850 9 21.7 0.079 0.008
5 Riigen 54.417 13.433 6 30.0 0.120 0.010
6 Torland 51.700 9.867 10 39.5 0.127 0.009
7 Trenthorst 53.800 10.533 10 23.9 0.079 0.008
Denmark 28 30.0 0.133 0.009
8 Flakkebjerg 55.317 11.400 9 7.3 0.027 0.005
9 Hjerring 57.433 10.533 12.2 0.043 0.006
10 Holboh 54.867 9.417 10 13.9 0.052 0.007
Sweden 19 43.7 0.082 0.008
11 Hogby 58.333 15.100 9 24.1 0.089 0.008
12 Svalov 55917 13.100 10 26.1 0.082 0.008
UK 8 17.1 0.060 0.007
13 Harpenden 51.800 —0.350 8 17.1 0.060 0.007
Finland 8 10.7 0.035 0.005
14 Lapptrisk 60.633 26.217 8 10.7 0.035 0.005

N = number of beetles analyzed; SE = standard error.

structed using the TREECON program (Van de Peer & De
Wachter, 1997) based on the similarity coefficient of Nei & Li
(1979) and the neighbour-joining method of Saitou & Nei
(1987) and confirmed by polymorphism parsimony method
using PHYLIP program version 3.63 (Felsenstein, 1989). The
bootstrap analysis (Efron et al., 1996) was based on 2,000 per-
mutations. The data were processed statistically by population
pairwise Fsr statistics and AMOVA with country as the main
group (Labate, 2000; Quinn & Keough, 2002; Lowe et al.,
2004) using Arlequin software (Schneider et al., 2000). The sta-
tistical significance of the variance components of the AMOVA
and the paired comparisons were determined by nonparametric
procedures using 10,000 permutations. The DOH assignment
test calculator was used to perform assignment tests (Pactkau et
al., 1995), and the average expected heterozygosity and gene
diversity (Nei, 1978) for each population was calculated using
AFLP-SURYV 1.0 software (Vekemans et al., 2002). The correla-
tion between genetic (Nei’s genetic distance) and geographic
distances was tested with a Mantel test for populations (9,999
permutations). A minimum spanning tree was computed from a
matrix of pairwise distances calculated between all pairs of hap-
lotypes as described by Rohlf (1973). Principal component
analysis (PCA) was performed using a covariance matrix and
data standardisation for the different sampling sites with the
GenAlEx6 Full Pack Software (Peakall & Smouse, 2006).

RESULTS

The AFLP profiles of PCR products of 125 beetles
from 14 populations using primer combinations
E-GA/P-AT were recorded. Fingerprinting revealed a
maximum number of 257 unambiguous polymorphic
amplified DNA fragments of up to 700 bp for German
populations (62.7%) and a minimum of 44 (10.7%) for
the Finnish population (Table 1). Among the populations

characterized, Flakkebjerg (Denmark) had the smallest
number of polymorphic sites (7.3% of total) and Torland
(Germany) the most (39.5%). The estimated heterozy-
gosity (Hj) ranged from 0.027 in Flakkebjerg to 0.127 in
Torland (Table 1).

Gene diversity varied from 0.938 for Finland and the
UK to 0.994 for Germany. Patterns differed in the pres-
ence or absence of a restriction site (particular band),
which enabled the construction of a binary data matrix.
There was no support for a correlation between genetic
distance and geographic distance (Mantel test: R = 0.125,
P=0.251).

All tree-building methods (Van de Peer & De Wachter,
1997; Labate, 2000) differentiated most populations,
which was also supported by AMOVA analyses. Beetles
from the same population almost always clustered
together (Fig. 1). Several individuals in the German Tor-
land population did not cluster together but formed sev-
eral different branches. A few of the German Riigen
individuals clustered together with some of the Torland
individuals. Bootstrap analysis indicated low support for
several branches of the tree but a few, e.g. Hogby, were
significant (Fig. 1). The Nei similarity coefficient matrix
showed the closest correlation (0.957) between the indi-
viduals from Lapptrdsk3 and Lapptrisk4 (Finland),
whereas Harpenden7 (UK) and Holbghl0 (Denmark)
samples were only distantly related (0.067). Minimum
spanning tree calculation revealed a minimum connection
length between Lapptrask4 and Lapptrask5 samples (4.00
Operational Taxonomic Units (OTU)) and a maximum
between Lapptriskl and Seine Maritime4 (France) (48.00
OTUs). Principal component analysis of the fourteen
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Fig. 1. Dendrogram of European pollen beetle populations based on AFLP analysis. Samples of single pollen beetles from six
countries collected during 2004 were analysed using TREECON. The number on the branch represents the bootstrap value based on
2,000 replicates in percent. The dendrogram is based on the analyses of 410 AFLP loci (one primer combination). F — Flakkebjerg;
H — Hogby; Ha — Harpenden; Hj — Hjerring; Hol — Holbgh; I — Indre; L — Lapptrisk; M — Meurthe et Moselle; R — Riigen; S — Seine
Maritime; Sv — Svalov; T — Torland; Tr — Trenthorst; W — Weendelsgraben.

groups resulted in wide dispersion and unexpected con-
nections of some groups (Fig. 2). The first three principle
components explained 37.1% of the variance. Samples
from France, UK, Germany, and Finland generally clus-
tered together while those from Sweden and Denmark
were more widely dispersed. The position of the sample
from Weendelsgraben differed from that of all other
groups (Fig. 2).

AMOVA analyses divide variation according to corre-
lations among genotypes rather than variation in gene fre-
quencies. All analysed data were highly significant (P <
0.00001). Observed genetic variation within populations
(55.1%) was significantly higher than the variation
observed among countries (6.3%) and among populations
within countries (38.5 %) (Table 2). Fisr statistics reflect
the departure from random mating caused by population
structure relative to the total population due to selection
or drift. Population pairwise determinations of Fsr had the
lowest value of 0.075 between Riigen and Torland (both
Germany). The highest Fsr value, 0.705, was found
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between the Holbgh (Denmark) and Indre (France) popu-
lations. All differentiations between populations were sig-
nificant (Table 3). Numbers of migrants per generation,
Nm = (1- Fsp)/4 Fsr, were, with only a few exceptions,
less than one. When Nm < 1 populations are expected to
diverge genetically over time, and when Nm > 1 popula-
tions retain genetic connectivity. Of the 91 pairs of popu-
lations, Nm > 1 in 85 of the pairs. The lowest number of
migrants per generation was estimated between Holbgh
and Indre (0.10) and the highest between Riigen and Tor-
land (3.07). All beetles, with only three exceptions, were
assigned to their respective populations. One individual
from Lapptrask was assigned to Weendelsgraben, one
individual from Riigen was assigned to Torland, and one
Torland individual was assigned to Harpenden.

DISCUSSION

Widespread oilseed Brassica cultivation in Europe has
provided an enormous resource for feeding, reproduction
and migration of pollen beetles. This study showed a
clear genetic divergence among several European popula-
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Fig. 2. Principal Component Analysis (PCA) of European
pollen beetle populations. The fourteen European samples were
analysed using a covariance matrix with data standardization.
The first three principle components are shown, the percentages
of variation explained are shown on the axes. Locations: 1 —
Harpenden; 2 — Lapptrisk; 3 — Indre; 4 — Meurthe et Moselle; 5
— Riigen; 6 — Seine Maritime; 7 — Torland; 8 — Trenthorst; 9 —
Weendelsgraben; 10 — Flakkebjerg; 11 — Hjorring; 12 — Holbgh;
13 — Hogby; 14 — Svalov.

tions of pollen beetles as revealed by AFLP markers. The
dendrograms constructed from distance matrices showed
well-supported branching of several populations but no
clear clustering at higher levels. AMOVA supported the
clustering analysis by comparatively high genetic varia-
tion among populations. Estimates for migration between
populations were generally low. This is in contrast to
results for Swedish pollen beetle populations (Kazach-
kova et al., 2007), where, for example, population pair-
wise determinations of Fsr between Swedish populations
were much lower than for the European populations in
this study. This may be a result of the different scales of
the two pollen beetle studies, sampling, and the fact that
the Swedish study had a temporal component. Despite
some differentiation found in the dendrogram analysis,
the Mantel test revealed no correlation between geo-
graphic and genetic distances. When the groups were ana-
lysed by principal component analysis the UK sample
clustered together with Finnish, French, and German sam-
ples while the Swedish and Danish samples were well
separated from the other group. Apparently, there is some
connectivity in the genotypes that makes it possible to
group populations of different origin.

The genetic divergence observed among several Euro-
pean pollen beetle populations is influenced by many fac-
tors that promote (natural selection, random genetic drift,
and mutations) or delay or prevent differentiation (pheno-
typic plasticity and gene flow). The high level of genetic
divergence observed among many European populations
of pollen beetle could be interpreted as a low gene flow.
Both intrinsic (i.e., biological; reproductive system and
dispersal behaviours) and extrinsic (i.e., environment;
physical barriers and selection gradients) are expected to
influence gene flow. Thus, gene flow between popula-
tions of a species is a complex interaction between the
dispersal ability of a species and its physical environment.
The geographic differentiation of pollen beetle popula-
tions does not seem to be explained by physical separa-
tion. The Baltic Sea forms a putative barrier to gene flow
between Swedish and Finnish populations, and the North
Sea and the English Channel separate the UK from the
rest of Europe, but the connectivity based on principal
component analysis showed the sample from UK to
cluster together with Finnish, French, and German sam-
ples. Furthermore the Swedish and Danish samples were
partially separated from each and well separated from the
main group suggesting factors other than physical barriers
to be major determinants of population differentiation.

Local environmental conditions can determine the sur-
vival of a particular species and, therefore, limit its distri-
bution (Brandon, 1990; Eriksson, 1998). Overwintering
conditions for pollen beetles probably depend on factors
such as soil structure, tillage practices, and climate, all of
which are local conditions that may strongly influence
winter mortality. Crop rotation practices and longer sea-
sons for cultivation of Brassica in Southern Europe may
also result in differences in selection pressures. A mix of
winter and spring sown varieties of oilseed rape is more
common in Sweden and Denmark than any of the other
countries sampled. Differences in insecticide formulations
and application frequency among farmers and regions are
major selection mechanisms that would influence differ-
entiation among populations but such factors are more
difficult to study at a larger scale. In a study at a large
geographic scale, both European and North American
populations of another pest insect, Colorado potato beetle
(Leptinotarsa decemlineata), showed a high level of
population structure and low gene flow (Grapputo et al.,
2005). It was suggested that pest insects may be able to
establish large local populations that can maintain genetic
variation for local adaptation.

TaBLE 2. AMOVA of European pollen beetle populations. Fixation Indices: Fsc = 0.41, Fsr = 0.45, Fcr = 0.06. Based on results of

dendrogram of European beetles (Fig. 1).

Source of variation d.f. Sum of squares Variance compo-  Percentage of variation P-values
nents

Among countries 5 726.62 1.77 Va 6.34 <0.001

Among populations within countries 8 905.99 10.74 Vb 38.51 <0.001

Within populations 112 1722.96 15.38 Ve 55.14 <0.001

Total 125 3355.56 27.90
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TaBLE 3. Population pairwise determinations of Fsy values of European pollen beetle populations. Probability values are based on
10,000 permutations. Significance levels are P < 0.000001 for the whole data set.

1 2 3 4 5 6 7 8 9 10 11 12 13
1 Indre
2 Meurthe 0.560
3 Seine 0.503  0.203
4 Weendelsgraben 0.458 0.371 0.275
5 Riigen 0.535 0412 0.308 0.268
6 Torland 0.467 0330 0.240 0.193 0.075
7 Trenthorst 0.572 0389 0.271 0.291 0.243 0.171
8 Flakkebjerg 0.668 0428 0374 0434 0.522 0416 0.515
9 Hjerring 0.672 0396 0.328 0.436 0410 0317 0.385 0.569
10 Holbgh 0.705 0.463 0.421 0516 0.511 0432 0.509 0.614 0.576
11 Hogby 0.655 0.567 0.500 0.457 0425 0371 0.533 0.659 0.613 0.656
12 Svalov 0.564 0336 0.272 0333 0301 0.199 0.281 0.490 0.348 0.467 0.509
13 Harpenden 0.627 0.492 0.398 0337 0.189 0.170 0.355 0.617 0.525 0.627 0.490 0.431
14 Lapptrask 0.665 0.465 0368 0398 0.447 0365 0.440 0.627 0.500 0.625 0.619 0.423 0.539

The possibility of a recent common founder effect
among different populations of pollen beetles can not be
excluded. In two studies of another important Brassica
pest, the moth Plutella xylostella, there was no relation-
ship between genetic and geographical distances at large
geographical scales (Endersby et al., 2006; Pichon et al.,
2006). One interpretation was that insects can be spread
with plant material or that a recent rapid expansion of
Brassica cultivation with small numbers founding local
populations. P. xylostella is also known to disperse
widely, moving with the help of strong winds operating at
high altitudes. The possibility that pollen beetles were
disseminated with plant material or even soil is not negli-
gible. Although little is known about pollen beetle dis-
persal capability it is recorded that pollen beetles can
move 10 km in 2 days (Tamir et al., 1967). Wind dis-
persal is certainly a factor to consider and certain wind
directions prevail during different seasons of the year. It
is not unlikely that some pollen beetles may move long
distances when meteorological conditions are favourable,
as suggested for the Colorado potato beetle (Wiktelius,
1981; Grapputo et al., 2005).

Further knowledge of population structure and gene
flow between European pollen beetle populations as well
as knowledge of resistance mechanisms should facilitate
the development of strategies to manage insecticide resis-
tance at local and regional scales. Local selection pres-
sures may be important and it is, therefore, important to
minimize selection pressure to keep susceptible insects
alive. Short term options are the rotation of insecticides
with different modes of action and stringent use of con-
trol thresholds and appropriate insecticide doses. Moni-
toring based on AFLP and selected fragments as markers
(Behura, 2006) could be used to determine the effects on
insect population structure, reflecting, e.g. local adapta-
tion and fitness effects.
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