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Abstract

Following introduction into New Zealand for
biological control of Scotch broom, Cytisus
scoparius, the broom seed beetle, Bruchidius
villosus, was found utilising tagasaste, Chamae-
cytisus palmensis, which was not predicted by host
range testing. Historical and more recent records
of the host range of B. villosus are inconsistent.
One possible explanation for these inconsistencies
is that more than one species is included within
the current concept of B. villosus. Sequence data
from the mitochrondrial gene COI was used to
determine whether there was genetic support for B.
villosus as a single genetic entity with a broad host
range within the Genisteae, or whether the nominal
species is composed of two or more sibling species
each with narrower host ranges. Samples of B.
villosus collected from eight countries and five
plant species were analysed. Results showed a low
level of sequence polymorphism (0.8%) between
individuals of B. villosus compared with the
divergence between B. villosus and its congeners
B. lividimanus and B. seminarius (8 and 12%
respectively). This suggests that B. villosus is a
single species with a broader host range than was
predicted by host range tests.
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Introduction

Bruchidius (Fabricius) (Coleoptera:
Chrysomelidae: Bruchinae), commonly known as
the broom seed beetle, is native to Europe and has
been introduced for biological control of Scotch
broom, Cytisus scoparius (L.) Link into North
America, New Zealand and Australia. In 1985, when
B. villosus was identified as a potentially useful
biological control agent against this widespread
and damaging weed, host specificity testing was
undertaken both in the UK and in quarantine in
New Zealand. These tests indicated that it was host
specific to Cytisus spp. and as a result, B. villosus
(sourced from Silwood Park, UK) was released
into New Zealand in 1986 (Syrett & O’Donnell
1987). Additional testing in Australia in 1994 led
to the same conclusion and B. villosus was released
there in 1995 (Hosking et al. 1996). However, in
1999 B. villosus was found emerging from seeds
of Chamaecytisus palmensis (Christ) Bisby & K.
Nicholls in the field at Lincoln, Canterbury (Syrett
1999). Recent field records from data collected in
New Zealand and Europe have shown that beetles
identified as B. villosus are utilising additional
plant species in the Fabaceae, tribe Genisteae
(Haines 2004, Sheppard et al. 2006).

Confusion surrounds the host range of B.
villosus as there are many inconsistencies in the
historical rearing and oviposition records. Some
studies report that the host range of this insect
includes many different pod-forming plants
throughout the Genisteae (Zacher 1952a, Zacher
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1952b, Frick 1962, Bottimer 1968, Szentesi &
Wink 1991, Hosking 1992, Syrett & Emberson
1997, Syrett, 1999), while others suggest that it is
more or less host specific to Scotch broom ( Parnell
1966, Waloff 1968, O’Donnell & Manfield 1986,
Syrett & O’Donnell 1987, Isaacson & Markin
1998).

There has also been uncertainty regarding
the identity of B. villosus, which has also been
referred to as Bruchidius ater (Marsham) (Parnell
1964, Parnell 1966, Bottimer 1968, Syrett &
O’Donnell 1987), Bruchidius fasciatus (Oliver)
(Hoffmann 1945, Frick 1962), Sparteus villosus
(Fabricus) (Frick 1962), Bruchidius cisti (Paykel)
(Zacher 1952a) and B. villosus (Fabricus) (Zacher
1952a, Zacher 1952b). All of these names are
now generally accepted as referring to the species
currently known as B. villosus (Southgate 1963,
Aldridge & Pope 1986).

Field observations and initial data from 1999 (M.
Haines unpubl.) and 2000 (Wittenberg & Thomann
2001) have suggested there is phenotypic plasticity
in body size and colour of B. villosus depending on
the host plant seeds in which they develop. Adults
emerging from seeds of Spartium junceum (L.)
and Ch. palmensis may be larger, and sometimes
more gold or brown in colour, than those emerging
from C. scoparius, which are smaller and darker.
This could indicate that more than one species is
included within B. villosus, and that sibling species
were introduced into New Zealand, not all of which
were represented in the population used for host
testing. This has happened on a previous occasion
when a second seedfly species, Botanophila
jacobaeae (Hardy), was included in the population
of the weed biological control agent, B. seneciella
(Meade), introduced to New Zealand in 1936 for
biological control of ragwort, Senecio jacobaea
(L.) (Holloway 1983).

A species level investigation was carried out to
determine whether the non-target impact in New
Zealand is the result of the accidental introduction
of a second cryptic or sibling species which varies
in specificity from the tested population of B.
villosus. The mitochondrial DNA gene region
cytochrome oxidase subunit 1 (COI) was chosen
for this characterisation as it has been a useful
marker in previous studies of interspecies variation
(reviewed in Caterino et al. 2000).

Materials and Methods

Insect material

Broom seed beetles were collected from different
locations and host plants to detect the widest
possible sequence variation and to enable
assessment of genetic variability associated
with host plant and geographic range (Table 1).
Beetles were identified as B. villosus based on
morphology (Aldridge & Pope 1986). Specimens
of the related species B. seminarius (F.) and
B. lividimanus (F.), both recognised as distinct
species, were also sequenced. Finally, sequences
of two other unrelated chrysomelid species were
extracted from GenBank and used as outgroups to
polarize substitutions along the phylogenetic tree
of the Bruchidius genetic entities (see Table 1 for
details).

Laboratory procedures

For the extraction of total DNA, a modified CTAB
(hexadecyltrimethylammonium bromide) (Doyle &
Doyle 1987) procedure was used. The individuals
were homogenized in 500 ul of buffer, containing
Tris 100 mM, pH 8.0, EDTA 20 mM, NaCl 0.7 M,
CTAB 2%,PVP360 w/v 1% and 2-mercaptoethanol
0.2%. For digestion, 10 ul Proteinase K (10 mg/ul)
was added and the samples were kept in a water
bath at 37°C for one hour. The samples were
then purified using chloroform-isoamylic alcohol
protein elimination, followed by a series of phenol-
chloroform and chloroform wash steps. DNA was
precipitated by adding 1/10 volume of NaAc 3 M
and three volumes of cold ethanol (=20°C). The
samples were then kept at —20°C for about one
hour, followed by a centrifugation at 8,000 g for
15 min. The DNA was subsequently vacuum-dried
and resuspended in ultra pure water.

For the PCR reaction, a mix of 2 ul DNA
extract, 0.5 uM of each primer, 0.4 uM dNTP,
1 unit of Qiagen 7aq polymerase and 1 X T7aq
buffer was prepared. PCR amplifications were
done with a Hybaid PCR Express thermal cycler.
Cycling parameters were: initial denaturation of
2 min and 5 cycles of 94°C denaturation (1 min),
48°C annealing (1 min), 62°C extension (1 min),
followed by 35 cycles of 94°C denaturation (1
min), 52°C annealing (1 min), 62°C extension (1
min) with a final 62°C extension of 5 min. Primers
used for COI amplification were C1-J-2183 and
TL2-N-3014 as defined in Simon et al. (1994).
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Table 1: Collections of Bruchidius used for molecular characterisation (COI) in this investigation.

No. Taxon Host Plant Country Date Genbank
Accession
1 B. villosus Laburnum anagyroides Hungary 08/01 DQ351960
2 B. villosus Genista monspessulana Spain 06/01 DQ351969
3 B. villosus G. monspessulana Spain 06/01 DQ351967
4 B. villosus Chamaecytisus palmensis New Zealand 12/01 DQ351959
5 B. villosus Cytisus scoparius New Zealand 11/01 DQ351962
6 B. villosus C. scoparius Germany 06/01 DQ351963
7 B. villosus C. scoparius England 08/01 DQ351965
8 B. villosus C. scoparius France 07/01 DQ351968
9 B. villosus C. scoparius France 07/01 DQ351964
10 B. villosus (black) Spartium junceum France 07/01 DQ351958
11 B. villosus (gold) S. junceum France 07/01 DQ351970
12 B. villosus C. scoparius Canada (B.C.) 08/03 DQ351966
13 B. villosus C. scoparius USA (Oregon) 08/03 DQ351961
1 B. lividimanus G. monspessulana Spain 06/01 DQ351971
2 B. lividimanus G. monspessulana Spain 06/01 DQ351972
1 B. seminarius *Coronilla glauca France 07/01 DQ351973
2 B. seminarius *Co. emerus France 07/01 DQ351974
Diabrotica longicornis - - - AF278547
Acalymma vittatum - - - AF278542

* = tribe Loteae. All other host plants Genisteae

From each population under investigation, one or
two individuals were randomly chosen and from
each approximately 800 bp of COI were amplified
using the above described primers. The amplified
segments were sequenced using the XL capillary
automated sequencer Big Dye Terminator ABI 3.1
chemistry and analysed in an automated capillary
sequencer (ABI 3130 XL). Each PCR product was
sequenced in both directions and the same PCR
primers were used in the sequencing reaction.

Data analysis

The sequences obtained were first checked by
eye then aligned using the software ClustalX
(Thompson et al. 1997). The sequences were then
individually examined for protein coding frame-
shifts to ensure the absence of pseudogenes (Zhang
& Hewitt 1996) and aligned. Mega 2.1 (Kumar ez al.
1993) was used to estimate all the statistics relative
to the sequences (base composition, nucleotide
diversity, distance within and between groups
and coefficient of differentiation). The neighbour-

joining clustering algorithm was applied (Saitou &
Nei 1987) on a Jukes-Cantor distance to account
for multiple substitutions. The bootstrap test (1000
replicates) was used to evaluate the reliability of
the topology obtained (Felsenstein 1985).

Results

A total of 475 base pairs was available for all taxa
and provided 119 variable sites in the data set, 91
of which were parsimony-informative. Initially
800 bases were amplified but the quality of some
sequences was poor resulting in the removal of
part of the 5 and 3’ sides from the total fragment.
The size of the alignable sequences with other
chrysomelids was another constraint, which led to
a 475 base pair reliable alignment. No bias in base
composition was observed (chi-square test with o
= 5% P = 0.014), while all sequences were A-T
rich, which is typical in insects (Lunt ez al. 1996).
The distance, based on percentage of divergence
between pairs of sequences computed among
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putative B. villosus individuals ranged from zero
(100% identity between individuals collected
from the following pairs of host plants: G.
monspessulana (Spain) and C. scoparius (France),
L. anagyroides (Hungary) and C. scoparius (USA),
and C. scoparius (England and Canada)), to 0.0075
(three mutations) with nucleotide diversity (Nei,
1987) ©=0.004 + 0.002. These data are compatible
with intra-specific variation in Coleoptera and
other insects (Simon et al. 1994, Hebert et al.
2003). Further, calculation of the mean percentage
of divergence between specimens of B. villosus
and representatives of B. lividimanus (D = 0.083
+ 0.013) and B. seminarius (D = 0.134 = 0.017)
clearly indicate differentiation of the three
recognized entities based on this mtDNA marker
(coefficient of differentiation D = 0.972 = 0.011).
The divergences between these three entities
are typical of inter-specific level differentiation
(Hebert et al. 2003).

The tree reconstruction based on Neighbour-
joining shows that B. villosus is a monophyletic
clade strongly supported by bootstrap proportions
(BP = 100), with B. lividimanus falling as a sister
group (BP =99) (Fig. 1). The tree was rooted using
sequences of two other chrysomelids (Diabrotica
longicornis (Say) and Acalymma vittatum (F.)).
Within B. villosus there is no significant trend
to cluster sequences according to host plants or
geographic locations, except perhaps for specimens
found on S. junceum that cluster together with
some support (BP=68) (Fig. 1, No. /0 and 11).

Discussion

The observed differentiation
sequences of individuals recognised as B. villosus
is fully compatible with levels observed at the
intraspecific level in Simon er al. (1994) and
Hebert ez al. (2003). The relationships between
the three species of Bruchidius used in this study
agree with those found by Kergoat er al. (2004)
in a wider phylogenetic analysis of the genus.
Bruchidius lividimanus is the sister species of all
B. villosus specimens sequenced and B. seminarius
is more distantly related to this species pair. Based
on these sequence data, there is no strong evidence
to suggest that B. villosus reared from different
host plants comprised more than one species.
However, the morph found on S. junceum appears

between the

as a separate cluster among other B. villosus
samples and could indicate current phenological
separation of the host plant population represented
by these individuals, although very few characters
(mutations) support this grouping as the selected
marker focuses on species level information.
To see whether host races of beetles or biotypes
amongst plants might explain why the host range
of B. villosus is broader than predicted by host
specificity tests, more specimens and more variable
genes, or DNA fingerprinting techniques such as
AFLD (Vos et al. 1995), could be used.

Developmental polyphenisms, such as the
size and colour variation in the populations of B.
villosus reared from S. junceum, can occur when
phenotypic variation (or plasticity) is produced by
differences in environmental conditions rather than
by differences in genetic constitution. For example
differences in colour forms of Nemoria arizonaria
(Grote) (Geometridae) caterpillars occur as a result
of larval diet alone (Greene 1996, Greene 1999).
Diet also alters horn-length/body size allometry
in the beetles Onthophaus acuminatus Harold
(Scarabaeidae) (Emlen 1994), and, particularly
relevant to the present study, differences in body
weight of the seed beetle Stator limbatus (Horn)
(Bruchidae) are affected by the size of the seed
from which individuals emerge (larger seeds
produce beetles larger than those developing
in smaller seeds) (Fox 1997). Larval diet may
therefore explain the differences in phenotype
observed between individuals of B. villosus reared
from different host seeds.

Although the number of specimens used in
this study was limited, and only a single gene
region was investigated, these results indicate that
B. villosus is a single species with a broader host
range than was predicted by host range testing.
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