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Population structure of an inadvertently  
introduced biological control agent of  
toadflaxes: Brachypterolus pulicarius  

in North America

R.A. Hufbauer1 and D.K. MacKinnon1,2

Summary

Phytophagous insect species that use more than one host plant often harbour distinct populations 
specialized on different host species. Brachypterolus pulicarius L. (Kateridae) is considered to be a 
biological control agent of Dalmatian and yellow toadflax, Linaria dalmatica (L.) P. Mill. and Linaria 
vulgaris P. Mill., in North America. We evaluated the population structure of this beetle using micro-
satellite loci to determine whether beetles collected from the two hosts differed. We found no signifi-
cant microsatellite variation attributable to host plant. These results corroborate previous ecological 
results showing that beetles collected from both hosts have similar preferences: They prefer yellow 
toadflax and generally perform better on it as well.
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Introduction
Many phytophagous insect species that feed on more 
than one host are comprised of genetically differenti-
ated populations that are specialized on individual 
host plants or even genotypes of host plants (Fox and 
Morrow, 1981; Mopper and Strauss, 1998). In biologi-
cal control, such specialization has the potential to in-
crease efficacy and perhaps safety when there is a good 
match between the target weed, which is the host plant, 
and the biological control agent (Goolsby et al., 2004, 
2006). Alternatively, specialization may inhibit suc-
cessful control if there is not a good match (Lym et al., 
1996; Lym and Carlson, 2002) or if the plant has the 
upper hand in the evolutionary arms race with its en-
emies so that it has defences specific to genotypes of 
enemies attacking it (Kaltz et al., 1999).

Brachypterolus pulicarius L. (Kateridae) is a flower- 
feeding beetle that attacks Dalmatian and yellow toad-
flax, Linaria dalmatica (L.) P. Mill., spp. dalmatica 
and Linaria vulgaris P. Mill., (Scrophulariaceae). 
It was inadvertently introduced into North America 
along with its host plants. These two toadflax species 
were initially brought to North America from Eur-
asia for their ornamental and medicinal properties but 
have since become invasive weeds. B. pulicarius, now 
considered to be a biological control agent, is able to  
reduce the seed set of both hosts dramatically under con-
trolled conditions (McClay, 1992; Grubb et al., 2002).  
It is common at high densities on yellow toadflax and 
is thought to contribute to successful biological con-
trol of that weed (MacKinnon et al., 2005). It is not 
always present on Dalmatian toadflax, however, and 
when it is present, it is often found only at low densi-
ties (MacKinnon et al., 2005, 2007). MacKinnon et al. 
(2005, 2007) have investigated the preference and per-
formance of B. pulicarius on both hosts to determine 
whether this species is comprised of populations spe-
cialized on each host. They found that beetles collected 
from both hosts generally prefer yellow toadflax and 
also perform better on yellow toadflax. In this paper, 
we follow up on previous work by evaluating whether 
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the molecular population structure of B. pulicarius in 
North America provides evidence for genetic differen-
tiation on the two hosts.

Methods and materials
We collected B. pulicarius from six infestations of 
Dalmatian toadflax and eight of yellow toadflax in 
western North America (Table 1). Additionally, we ob-
tained samples from two European sites, one of each 
host plant (Table 1). Beetles were stored in 95% etha-
nol in a -20 or -80°C freezer before DNA extraction. 
We extracted genomic DNA using DNeasyTM tissue 
kits (Qiagen). To develop microsatellite markers, ge-
nomic DNA was digested with ApoI and BstYI. The 
genomic library was constructed by ligating size- 
selected fragments (700–1600 bp) into pUC 19 that had 
been digested with BamHI and EcoRI and gel-purified. 
Vectors were transformed into competent Escherichia 
coli cells (Life Technologies Max Efficiency DH5a) 
and plated on Luria–Bertani/ampicillin agar. Colonies 
were lifted with Magna Graph membranes (Osmonics, 
Inc.) and screened with a 33P-labeled probe of pooled 
oligonucleotides (AC and AG dimers and all possible 
trimers excluding homopolymers). Positive colonies 
were polymerase chain reaction (PCR) amplified with 
M13 forward or reverse primers and sequenced with a 
BigDye Terminator Cycle Sequencing Kit and an ABI 
377 automated sequencer (PE Applied Biosystems). 
Primers were designed for 30 loci (GenBank accession 
nos. EU078572–EU078591), only four of which pro-

duced reliable and relatively easy to score amplifica-
tion products (Table 2).

Microsatellite loci were amplified using PCR Ex-
press thermocyclers (Hybaid) in 10 µl reactions con-
taining 1 µl genomic DNA, 1´ PCR buffer (20 mM 
Tris–HCL, pH 8.4, 50 mM KCl), 2 mM MgCl2, 0.2 mM 
each deoxyribonucleotide triphosphate, 2 pmol of each 
primer, 0.5 units Taq polymerase (Life Technologies) 
and 0.1 µl TaqStart antibody (Clonetech). Amplifica-
tion cycle conditions consisted of approximately 1 min 
at 90°C and then 35 cycles of 50 s at 95°C, 1 min at 
annealing temperature (Table 2), 1.5 min at 72°C and 
then a final extension step for 45 min at 72°C. Reac-
tions were held at 0–4°C before separation in an ABI 
3100 capillary instrument.

We ran basic statistics to evaluate Hardy–Weinberg 
equilibrium and linkage disequilibrium on the microsat-
ellite data using GenePop on the Web (http://genepop. 
curtin.edu.au/; Raymond and Rousset, 1995). We looked  
for evidence that a bottleneck in population size has 
reduced the number of rare alleles using both the step-
wise and infinite allele mutation models in the pro-
gram Bottleneck (Cornuet and Luikart, 1996; Piry et 
al.,1999). We evaluated population structure between 
regions (North America and Europe) and within North 
America due to sampling location and host plant, with 
analyses of molecular variance (AMOVA) in Arlequin 
version 3.01 (Excoffier et al., 2005). We evaluated 
whether there is a relationship between geographic 
and genetic distance (isolation by distance) by imple-
menting a Mantel test in IBDWS (http://www.bio.sdsu.

Table 1.  Collection locations, host plant, approximate GPS coordinates, and sample sizes (n) 
for Brachypterolus pulicarius.

Plant species location Coordinatesa n
Dalmatian toadflax
Christina Lake, BC, Canada 49.03¢00²N, 118.12¢00²W 22
Kamloops, BC, Canada 50.42¢00²N, 120.23¢00²W 23
Cheyenne, WY 41.06¢12²N, 104.53¢22²W 28
Gillette, WY 44.17¢34²N, 105.30¢19²W 23
Steamboat Springs, CO 40.29¢27²N, 106.49¢03²W 45
Necedeh, WI 44.01¢00²N, 90.04¢00²W 24
Macedoniab 11
Yellow toadflax
Donald, BC, Canada 51.29¢00²N, 117.09¢00²W 26
Edmonton, AB, Canada 53.29¢02²N, 113.29¢51²W 17
Rosalind, AB, Canada 52.47¢00²N, 112.26¢00²W 19
Afton, WY 42.45¢01²N, 110.57¢17²W 11
Poudre Park, CO 40.42¢00²N, 105.16¢00²W 12
Estes Park, CO 40.23¢06²N, 105.32¢33²W 37
Steamboat Springs, CO 40.29¢57²N, 106.49¢15²W 17
Buckhorn Park, WI 43.56¢00²N, 89.59¢00²W 21
Rhine Valley, Germany2 9

a Coordinates without minutes (indicated as 00) are approximate.
b European samples were provided without precise locality data.
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edu/pub/andy/IBD.html; Bohonak, 2002; Jensen et al., 
2005).

Results and discussion
None of the four loci were in Hardy–Weinberg equi-
librium: All showed a significant deficit of hetero-
zygotes (P < 0.0001 across all loci and populations,  
Table 2). This indicates that at least one evolutionary 
process (selection, drift, migration and non-random 
mating) is influencing the populations sampled. While 
this is not in itself surprising, particularly for an intro-
duced species, it is notable that the pattern is consistent 
across locations, given that it takes only a single gen-
eration for Hardy–Weinberg equilibrium to be estab-
lished. In addition, two of the loci (16 and 19) were in 
linkage disequilibrium (P < 0.0001), suggesting physi-
cal linkage, selection or non-random mating.

Despite the deficit of heterozygotes, the program 
Bottleneck generally revealed an L-shaped distribution 
of alleles for all loci and population combinations. This 
suggests that a bottleneck in population size associated 
with the introduction of the beetles into North America 
did not last long enough to lead to the loss of substan-
tial numbers of rare alleles or that multiple introduc-
tions occurred. Bottleneck should ideally be used with 
20 or more loci, however; thus, the lack of evidence for 
a bottleneck should be considered a preliminary find-

ing. With only four loci, the power of those tests was 
low.

The lack of Hardy–Weinberg equilibrium breaks the 
basic assumptions of AMOVA. While AMOVA is fairly 
robust to such issues, the following analyses should be 
interpreted cautiously. The AMOVA comparing the na-
tive and introduced range showed significant differen-
tiation between North American and European sample 
locations (Table 3). This differentiation suggests that 
the inadvertent introduction of B. pulicarius into North 
America was from somewhere other than the collection 
sites we tested from the Rhine Valley and Macedonia. 
Alternatively, differences in the selective regime or 
other evolutionary processes could have led to differ-
entiation of North American and European samples.

The AMOVA examining the variation within North 
American samples showed that most of the variation 
was within populations, as is typical for microsatellite 
loci (Table 3). There were also significant differences 
among collection locations, revealing significant popu-
lation structuring. Despite this, the Mantel test found no 
relationship between geographic and genetic distance 
across North America (r = 0.13, P = 0.18), suggesting 
either high mobility or insufficient time for a balance 
between drift and migration to establish, both of which 
are likely in this system.

Finally, AMOVA provided no evidence that beetles 
from the two host plants were genetically differentiated 

Table 2.  Characteristics of four microsatellite loci isolated from Brachypterolus pulicarius including locus name (clone 
number) and GenBank accession number, primer sequences, PCR annealing temperature (Ta), repeat motif in 
cloned allele, the size of the sequenced allele, the number of alleles found, the size range of the amplified alleles, ob-
served heterozygosity (HO) and expected heterozygosity (HE). The top primer was dye-labeled for visualization.

Locus  
(accession)

Primer sequences 
(5¢–3¢)

Ta (°C) Repeat of  
cloned allele

Size (bp) Number  
of alleles

Size range 
(bp)

HO HE

5 AACTGAC-
CAGCGTTAAAT-
GATAAT

60 (GA)13 304 5 317–325 0.15 0.31

(EU078586) AGAGTGAATATT-
GTCCCTTCTCAA

16 ATTAT-
CAGCTCCACA-
GAAAACACC

55 (AG)15 263 8 235–263 0.26 0.31

(EU078591) ATATAAGT-
TCACGTTCG-
GGGTTTG

19 TGAG-
GCCAACTAAACT-
TCAGA

55 (GT)8 139 11 125–157 0.20 0.37

(EU078590) GACTCGAG-
GGCAGATA-
CAATC

37 ACTGCCAAAC-
CAAGTC-
CAAAACT

65 (CT)22 331 15 335–379 0.08 0.35

(EU078589) GTTGGTTGCTT-
TCTCGGC
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(Table 3). This finding fits well with previous results 
from this system, which showed that beetles from both 
hosts tend to prefer and perform better on yellow toad-
flax than Dalmatian toadflax (MacKinnon et al., 2005, 
2007). Thus, it appears that B. pulicarius is not com-
prised of distinct groups specialized on alternate hosts 
(Fox and Morrow, 1981) but, rather, is a yellow toad-
flax specialist, and use of Dalmatian toadflax is merely 
incidental. This likely will prevent B. pulicarius from 
contributing in a meaningful way to the control of Dal-
matian toadflax.
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