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Abstract

We have isolated 16 microsatellite loci in the field cricket, Gryllus bimaculatus. Nine loci
were found to be polymorphic in G. bimaculatus and the number of alleles varied from
seven to 14. Al116 loci were tested for amplification in nine other species. In the five species
tested belonging to the same subfamily (Gryllinae), a minimum of nine loci amplified.
These loci will be used to determine paternity as part of a study to investigate the genetic

benefits of polyandry.
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The field or two-spot cricket, Gryllus bimaculatus, is an
example of a species in which polyandry increases female
reproductive success without obvious nongenetic benefits
(Tregenza & Wedell 1998, 2002). In order to further invest-
igate the genetic benefits of polyandry, we have isolated and
characterized nine polymorphic microsatellite loci in this
species.

DNA was extracted using a phenol : chloroform extrac-
tion method (Sambrook ef al. 1989). For the production of
the enriched microsatellite library, genomic DNA from
a single male G. bimaculatus individual was digested
with Mbol (ABgene, Epsom, Surrey, UK) and enriched for
(CA.GT),, or (GA.CT), sequences (Amersham Pharmacia
Biotech, Little Chalfont, Buckinghamshire, UK). The
method used was essentially that described by Armour
et al. (1994) with two modifications. To prevent duplicate
clones, the DNA fragments were not PCR-amplified
(polymerase chain reaction) before the enrichment hybrid-
ization. Secondly, a different plasmid cloning vector was
used which was supplied pre-digested and dephos-
phorylated. The enriched fragments were ligated into
pUC18-BamHI/BAP (Amersham Pharmacia Biotech) and
transformed into XL1-Blue competent cells (Stratagene,
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La Jolly, CA, USA). Six hundred transformant clones were
screened by hybridization to the sequences (CA.GT), or
(GA.CT),, radiolabelled with [a32P]-dCTP, which identified
71 positives. Twenty-eight of the strongest positives were
sequenced using BIG DYE Terminators on an ABI 377
Sequencer (Applied Biosystems, Foster City, CA, USA).
Seventeen sequences were found to possess motifs with at
least nine dinucleotide repeats and suitable for designing
primers. These 17 sequences were confirmed unique
using GENEJOCKEY Sequence Processor software (Biosoft,
Cambridge, UK) and submitted to the EMBL database
(Accession numbers: AJ315353-AJ315369). After sub-
mission to the EMBL database, the 17 sequences were
double-checked unique using BLASTN 2.2.4 software
(Altschul ef al. 1997). All sequences were confirmed to be
unique. Loci Gbim10 and Gbim12 (EMBL Accession numbers
AJ315363 and AJ315365) are unique loci but exhibit 76%
sequence homology between their respective flanking
regions. The high number of base differences between the
flanking sequence of Gbim10 when compared with Gbim12
suggests that these sequences are two different, unique loci
and not different alleles of the same locus. The repeat region
of Gbiml12 possesses additional (CG) motif repeats and
fewer (CA) repeats. A different primer set was developed
for each locus and different Orthoptera species were found
to amplify with each primer set (Table 2), also suggesting
these are two separate loci.
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Seventeen primer pairs were designed with the assist-
ance of PRIMER, version 3 (Rozen & Skaletsky 2000) and
tested for amplification and polymorphism using 15-20
individuals. The G. bimaculatus individuals used to test
for polymorphism were randomly selected from a labora-
tory population cultured in Leeds, which was originally
established from individuals collected from the outskirts of
Pretoria, South Africa. Each 10-uL PCR contained 0.1-10 ng
of genomic DNA, 1um of each primer, 0.2 mm of each
dNTP and 0.25 units Tag DNA polymerase (Thermoprime-
Plus, ABgene) in the manufacturer’s buffer [final concentra-
tions 20 mm (NH,),S0,, 75 mm Tris-HCI pH 9.0, 0.01% (w/
v) Tween], including 1.0 or 1.5 mm MgCl, (see Table 1). For
two loci, PCR amplification was improved by the addition
of 0.5% bovine serum albumin, fraction V (BSA; Sigma, St
Louis, MO, USA) and 1% dimethyl sulphoxide (DMSO;
Sigma), and by reducing the amount of template DNA
to 1.0 ng or 0.1 ng. PCR amplification was performed in
a Hybaid Touchdown thermal cycler (Thermo Hybaid,
Ashford, Middlesex, UK). The PCR profile adopted is pro-
vided in Table 1. PCR amplification was confirmed on 2%
agarose gels stained with ethidium bromide. Only one
of the 17 primer sets, did not amplify a product (clone
CR1F04, EMBL Accession number AJ315357).

Ten loci were characterized for polymorphism. Seven
loci were analysed using 6% polyacrylamide gels stained
with silver (Bassam et al. 1991; Promega, Southampton,
UK) and three loci using an ABI 377 Sequencer. For the loci
characterized on the ABI 377 Sequencer, the 5' end of the
forward primer was labelled with a fluorescent phos-
phoramidite and gels analysed using GENESCAN soft-
ware (version 3.1) and GENOTYPER DNA fragment analysis
software (version 2.5). One locus was monomorphic (Gbim12,
Table 2). Nine loci were polymorphic and these displayed
between seven and 14 alleles in 15-20 G. bimaculatus indi-
viduals (Table 1). Primer sequences, expected PCR product
sizes, allele size range and numbers of alleles for the nine
polymorphic loci are given in Table 1. The observed and
expected heterozygosity for each locus was calculated
using CERvUS v2.0 (Marshall et al. 1998, 1999; Table 1).
Only the locus (Gbim09) had a significant difference
between observed and expected heterozygosity (x2 = 16.1,
P <0.001). This could be due to the presence of a null allele.

Three loci, Gbim04, Gbim11l and Gbim14, have been
successfully used to assign paternity using an ABI 377
Sequencer (Bretman et al., unpublished data).

The utility of all 16 G. bimaculatus loci in other species
was assessed using three high quality DNA samples from
each of nine other Orthopteran species (Table 2). The loci
tested included: the nine characterized polymorphic loci,
the monomorphic locus and six loci which amplified well
and were polymorphic in G. bimaculatus but which were
not characterized fully. EMBL Accession numbers and
primer sequences for these loci are provided in Table 2.
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The same PCR constituents were used as for G. bimaculatus
but a different MgCl, concentration and PCR profile was
adopted (Table 2).

Loci Gbim04 and Gbim06 jointly amplified in the highest
number of other Orthopteran species (eight species). When
tested in five species from the same subfamily, Gryllinae
[genera: Gryllus (two species), Teleogryllus, Acheta and Gryl-
lodes] between 9 and 14 loci amplified (56-88%). This high
level of cross-amplification suggests these loci will be use-
ful for genotyping in most of the 100—-800 species belong-
ing to the subfamily Gryllinae (species numbers dependent
on the taxonomy used, Otte & Naskrecki 1997 or Hewitt
1979). Other studies have shown cross-species amplifica-
tion of Orthopteran loci. Hockham et al. (1999) found 33—
100% amplification of six bushcricket loci across 11 species
of the same subfamily and King et al. (1998) found 50-100%
amplification of four tree weta loci across four species in
the same genus.

Four loci amplified in all five species of the subfamily
Gryllinae but no other species. Within Oecanthus nigri-
cornis, belonging to the same family as G. bimaculatus
(Gryllidae) but a different subfamily (Oecanthinae), fewer
loci (five) amplified. In species from three non-Gryllidae
families a similar number of loci amplified (two to five loci;
Table 2). More species need testing but this suggests that
the genetic distance among species from different Gryllidae
subfamilies is similar to the distance between species
from different Orthopteran families. This may be due
to the traditional classification, based upon phenotypic
characteristics, not accurately reflecting phylogenetic
relationships.
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