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Abstract

Contrary to theoretical predictions, female 2-spot ladybirds (Adalia bipunctata) mate many
more times than necessary to maintain high fertilisation success and may gain through the
acquisition of material or genetic benefits. In order to investigate this mating system in
detail, microsatellite markers have been isolated using a modified enrichment technique.
Thirty-nine loci were successfully amplified by polymerase chain reaction (PCR), of which
only two were monomorphic. Detailed characterization of ten loci revealed very high levels
of polymorphism. These markers are likely to be invaluable tools with which to study
population genetics and patterns of paternity in this species.
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Female 2-spot ladybirds (Adalia bipunctata) are highly
promiscuous; mating many more times than necessary to
maintain fertility, despite high costs of mating to females
(Majerus 1994). Females may gain from this behaviour
through the acquisition of either material or genetic benefits
(reviewed by Jennions & Petrie 2000). To investigate these
benefits, reliable markers for the analysis of paternity and
genetic diversity are needed. Previous studies investigating
sperm precedence in A. bipunctata have used unreliable markers
(De Jong et al. 1993) and markers of low variability (Ransford
1997). Microsatellite markers have therefore been isolated to
allow more detailed analysis of the A. bipunctata mating system.

Microsatellite-enriched libraries were constructed accord-
ing to Edwards et al. (1996), except that filters were prehy-
bridized for four days (hybridization buffer changed after
two days). Eight libraries were constructed in total, one
at Horticulture Research International (in collaboration with
Dr Celia James, who kindly supplied all the materials
except A. bipunctata genomic DNA) and seven at the Depart-
ment of Genetics, University of Cambridge, with further
protocol modifications. Various different combinations
of repeat motifs, hybridization temperatures and the num-
ber of rounds of enrichment were used.
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Colonies were cultured in LB Freezing Buffer (Zimmer &
Gibbins 1997), allowing long-term storage at —80 °C. Colo-
nies were transferred onto Hybond N + nylon membranes
(Amersham Pharmacia Biotech) and probed with a
mixture of eight oligo repeat sequences, end-labelled with
[y-32P]ATP (hereafter referred to as ‘end-labelled 8xSSRs’).
Inserts were amplified from positive colonies in a PCR
reaction, using microtitre stocks as template and universal
M13 primers. PCR products were Southern blotted, probed
with end-labelled 8xSSRs and positive inserts re-amplified
and purified (Concert Rapid Gel Extraction Kit, Life
Technologies). 2 L of purified PCR products were applied
to nylon membrane and probed with end-labelled 8xSSRs.
Positive inserts were selected and purified PCR products
used in sequencing reactions (Big DyeI™ Terminator
Ready Reaction Cycle Sequencing Kit, Applied Biosystems)
which were run on ABI Prism 377 sequencing gels.

Forty-seven microsatellite-containing sequences were
identified and primers designed using PRIMER 3 (http://
www.genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi).
Primers were initially screened for amplification of a single
PCR product of approximately expected size. PCR reac-
tions were carried out in a PCR Express Gradient machine
(Thermo Hybaid), allowing amplification to be tested at 12
annealing temperatures (range 50-65 °C, interval 1.36 °C
on average). Amplifications were carried out in 20 pL,
containing 20 mm Tris-HCl (pH 8.4), 50 mm KCl, 1.5 mm
MgCl,, 0.2 mm dNTPs, 10 ng each primer, 1 unit Tag DNA
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Table 1 Screening of microsatellite loci in the 2-spot ladybird (Adalia bipunctata) against 10 individuals. T = primer annealing temperature.

No. alleles > 1 when locus polymorphic but exact number of alleles unclear. Ten loci were characterized further (see Table 2)

Cloned allele EMBL

Locus Primer sequence (5'-3") T (°C) Repeat motif size (bp) No. alleles accession no

Abl F: CCAAATCCGTTAGTGGAACG 55 (&, 270 10 AJ427924
R: CATTTTCOCAAGAGAAGTTTGG

Ab2 F: GTAACAATGACCACACCCGTTACA 65 (G5 211 >1 AJ427925
R: CTTGACOOOOGTCOGATTAATATC

Ab3 F: TTTCTTGACAGAATGATATCCTGAAC 54 (G 152 10 AJ427926
R: GBCAACGATTGITGATCCTTTC

Ab4 F: COOGTTATTACCAAAACTGATT 60 (CAN,(CA), 113 8 AJ427927
R: AGSCTOGTCAGT TGCTOOGTATTCA

Abb F: GTTGOOOGGTOGGATATACGTTTC 65 (TO4 112 >1 AJ427928
R: CACACOCCCATACACTCACAGACT

Abb F: TGOGGAAGCGAAAGAATCTGCTG 65 (A, 285 5 AJ427929
R: GACTTGOCACACCCTATGACGTA

Ab7 F: CACGAGTGTCAACTTATTCAAACTG 55 (TG4, 154 3 AJ427930
R: GGACTAACAGGATATCACCTCAAGA

Ab8 F: COOGGTCEGATTTACCCTTCTTG 65 (TG, 227 10 AJ427931
R: CTGAACGCTTGECAGCAGTTATT

Ab9 F: AGOCACAATTAATOOCCTATCG 65 (TO4 248 9 AJ427932
R: TGTOCATAATTTTGAGCAGAGC

Ab10 F: TATTACTTGCTTGTGTCTGICAGGA 65 (AQ; 105 >1 AJ427933
R: ATACTCTGTGATCTGAATCCGATGIG

Abl1l F: AATAAATATTTTTGCAGOCCTGAAG 60 (A3, 334 10 AJ427934
R: TGTTGGTTAACATAAATTTCGATTC

Ab12 F: GAATCTGTAACGTAGGCCTAATGAA 65 (CDy, 159 >1 AJ427935
R: GTCAGGAATACAAAATGECAGGTTA

Ab13 F: GAATCAGATTTCTTCGACTTCATTC 54 (TG4, 266 5 AJ427936
R: GCATCGTTTTTATTTTATACTAGAGG

Abl4 F: COCTGTAAAGI TTGTTACGI TTTCG 60 (G5 154 8 AJ427937
R: CCTACCTTTCAAGAATTCATCTCC

Ab15 F: TGGACTAGCATTCATAGCTCTACC 55 (GNy 250 9 AJ427938
R: TTTAACCACAACCOCAAGTCATCTAC

Abl6 F: GATTGCACCGTAGACAAAACTGTAG 65 (AG;4 263 6 AJ427939
R: GGTCGATAGOCCTTTAAAACTTTG

Abl17 F: TTOCGATGAAGGAGATATTCAAAG 55 (TG, 180 4 AJ427940
R: CCTAGAGECATCGTTTTTATTTTATAC

Ab18 F: TTAAACAGCAAGGACGAGACTTAT 55 (G 230 10 AJ427941
R: TCTTGAATATCAACTGTGTATGI TGG

Ab19 F: GTGTCATTTCOGEGGTCATTT 60 (1 210 8 AJ427942
R: AATOGGACTTATGATGGTTTATTTTC

Ab20 F: GATTTCTGCGAACTGTTTATTTTCC 55 (CN5(GNys 222 6 AJ427943
R: CAATATTGAACTCTTOGTCATCAAG

Ab21 F: CTGACTATATAGCTACGCCACTGC 65 (CDy, 257 8 AJ427944
R: CTAGCTTGAGITGTGCTTTCTATC

Ab22 F: TGAACAACTCAACATCTTCTCAGTG 65 (A, 161 6 AJ427945
R: GTGAAATGT TTTCTTCTGTGGAGIC

Ab23 F: AGATOOCACTAGAGAACAATTTGC 54 (CA, 200 >1 AJ427946
R: CTTAAGGGTGAGTGATTAAGITTGG

Ab24 F: TGCTTGTGTCTTTCTGGAGAGC 60 (2 241 >1 AJ427947
R: GAAACAGCTATGACCATGATTACG

Ab25 F: GTOOCTTTTCTGACATCCTTTOG 65 (TG 4(GT), 201 6 AJ427948
R: AACTAAACAACTGAGACAGCATTGG

Ab26 F: ATTATGAAATGACGEECACCTG 65 (AG;g 202 3 AJ427949
R: GCTAGCTACTGTGOCTTGAGTAGAC

Ab27 F: TAGATGTTTCAGGATGIOCCTTG 54 (CNy5 300 5 AJ427950
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Table 1 Continued

Cloned allele EMBL

Locus Primer sequence (5'-3) T(°C) Repeat motif size (bp) No. alleles accession no

Ab28 F: GTCAGAGTATOGCAQGT TGTTAGC 65 (@A), 219 >1 AJ427951
R: GTTACAGGTGACGT TGAGTGACG

Ab29 F: CAGITCCTCOGTATTTAATGACTCC 55 (@GN, 222 7 AJ427952
R: CACTTCTGCAAATTTGEAACACC

Ab30 F: CCAAACTGT TTAATCAGCTACCAG 55 (CN), 271 >1 AJ427953
R: GAAGGATTOGATTGCTCATTCTC

Ab31 F: AAMAACGATAACTCGAGTAGOGGTAG 60 (TA),(CD), 304 3 AJ427954
R: TAAATCTGTCAATGCAACATTCATC

Ab32 F: TATOCATATCATTOCTGCTCATTCC 65 (AO), 183 8 AJ427955
R: AAGATCAGACCTTGCTTCTCTTAG

Ab33 F: TOGTCATTTCTGGATTTCTCC 55 ((cech 191 1 AJ427956
R: ACATATTORECCAGTAGITATGT GG

Ab34 F: TACATATTOGEOCAGTAGITATGIC 55 (G0, 257 1 AJ427957
R: ATGGAGGAAGT TCAACAAAACC

Ab35 F: GAMAATTGITAGGT TAGGATOSAAG 65 (@A), 252 5 AJ427958
R: ATTCACTGTGOGGAGTATTACGT TC

Ab36 F: QGATAATACGT TTOCAGAGAGAGC 55 (GN(TO(TA), 214 >1 AJ427959
R: GAAACAGCTATGACCATGATTACG

Ab37 F: GACGAGAAATTAGAAACCOCATCTC 65 (TA),(TAA), 293 2 AJ427960
R: GAAATACCATCAAGGT TCAGI TAGC

Ab38 F: GGTAATGCTATOOGTAGATATAGACC 60 ((sccHglce 185 2 AJ427961
R: GAAAATATTCACCTTOOGAAGAACC

Ab39 F: GATGACAGTCTACCAGTGT TAATCG 60 (CAN)(CAG, 231 4 AJ427962

R: AAGATGCAGGT TCAAAGACTCC

Table 2 Characterization of 10 microsatellite loci in the 2-spot
ladybird (Adalia bipunctata) against n individuals. Hy/Hp =
observed /expected heterozygosity

No. of Allele size

Locus n alleles range (bp) Hg Hg

Abl 70 19 234-282 0.36 0.92
Ab3 75 17 142-176 0.49 0.92
Ab7 78 10 144-220 0.21 0.42
Ab9 78 28 184-286 0.53 0.94
Abl1 77 25 286-356 0.75 0.92
Ab19 78 8 210-224 0.50 0.68
Ab31 78 7 304-348 0.18 0.17
Ab32 76 16 170-240 0.38 0.86
Ab35 77 20 218-260 0.79 0.89
Ab38 78 3 182-188 0.28 0.27

polymerase (Life Technologies) and 20 ng A. bipunctata
genomic DNA. PCR cycling conditions were: 94 °C for
3 min; 35 cycles of 94 °C for 1 min, annealing temperature
for 1min, 72 °C for 1 min; 72 °C for 10 min Thirty-nine
primer pairs amplified products of expected size and these
were screened against 10 A. bipunctata to determine
whether the loci were polymorphic. Reactions were as
above except forward primers were end-labelled with
[y-33PJATP and products electrophoresed on 6% denaturing

polyacrylamide gels which were dried and exposed to
autoradiography film. Fragment sizes were estimated by
comparison to 30-330 bp AFLP ladder (Life Technologies).

Table 1 shows the results of the initial primer screening.
Ten primer pairs were then selected on the basis of poly-
morphism and reliable amplification. These were screened
against two A. bipunctata families consisting of both
parents and 10 offspring. All loci segregated as expected.
These loci were characterized further by screening against
78 A. bipunctata. The results of this screening are shown in
Table 2. All loci had at least three alleles, with the majority
having 10 or more. Observed heterozygosity levels were
lower than expected. This is attributed to inbreeding rather
than the presence of null alleles (Haddrill 2001). Preliminary
tests also indicate that some loci amplify in other coccinellid
species. Three loci (Ab1, Ab6 and Ab8) were tested for ampli-
fication in Harmonia axyridis and Exochomus 4-pustulatus.
Successful amplification was observed for Ab8 in H. axyridis
and for Ab6 and AbS8 in E. 4-pustulatus.

These microsatellites are the first molecular genetic
markers developed for any coccinellid species. A. bipunctata,
H. axyridis and other coccinelids have been widely used in
studies of the biological control of plant pests, the impact of
genetically modified organisms, sexual selection and the
evolutionary genetics of colour pattern polymorphism.
These highly polymorphic microsatellites will therefore be
invaluable tools with which to study these beetles further.
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