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Abstract We developed 31 microsatellite loci for a spe-

cialist hyperparasitoid wasp, Mesochorus cf. stigmaticus

that parasitizes the parasitoid Hyposoter horticola, in

Åland islands of southwestern Finland. The microsatellites

were developed from 454 sequencing of the enriched

libraries. The details of primers and the polymerase chain

reactions for these microsatellite markers are described. All

the loci tested on 24 samples were polymorphic with on

average 4.1 alleles per locus (range 2–13). Genetic diver-

sities as measured by average expected heterozygosity (HE)

and allelic richness (AR) were generally high (HE & 0.10–

0.80; AR & 1.9–11.5). These markers will be useful in

population genetic studies of this parasitoid and other

related taxa.

Keywords Hymenoptera � Melitaea cinxia �
Microsatellite � Enriched library

Introduction

Mesochorus cf. stigmaticus (Ichneumonidae: Mesochorinae)

is a hyperparasitoid that primarily lays eggs into the larva of

the parasitoid Hyposoter horticola (Ichneumonidae:

Campopleginae) within the caterpillar of the Glanville frit-

illary butterfly Melitaea cinxia (Shaw et al 2009). The but-

terfly lives as a classical metapopulation in the Åland

archipelago in southwestern Finland. These islands have

about 4,000 habitat patches in a 50–70 km area, of which the

butterfly occupies about 300–500 habitat patches in a given

year (Hanski 2011). The parasitoid Hyposoter horticola is a

solitary egg-larval endoparasitoid. It is extremely mobile and

parasitizes a third of butterfly caterpillars throughout the

landscape every year (Montvan et al. 2015). The solitary

hyperparasitoid Mesochorus cf. stigmaticus lays eggs into

the larvae of parasitoid Hyposoter horticola. It is also highly

dispersive and is found in most of the local butterfly popu-

lations (van Nouhuys and Hanski 2005). Members of the

genus Mesochorus, which are all hyperparasitoids, are gen-

erally considered as specialists with respect to host Lepi-

doptera species, parasitizing one or more species of

parasitoids within the host caterpillars. The taxonomy of the

genus Mesochorus is not well resolved but the species

present in Åland islands is probably the same as the European

species Mesochorus stigmaticus Brischke, 1880; and has

been reared from H. horticola, and occasionally from Co-

tesia melitaearum (Braconidae) developing within M. cinxia

caterpillars (Shaw et al 2009).

We developed 31 new polymorphic microsatellite

markers, which can be used to study the dispersal and

population genetic structure of this species, and can also be

useful in resolving the taxonomic uncertainties within this

genus. Further, these markers may be of use in programs on

biological control because several Mesochorus species are

known to disrupt biological control in agriculture.

A microsatellite library was developed using protocol

modified from Hamilton et al. 1999, and sequenced using

454 sequencing facility at the Cornell Life sciences Core

Laboratory Center. Sequences having microsatellite repeats
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and flanking regions for designing the primers were iden-

tified using program TANDEM REPEAT FINDER. Ini-

tially, 550 unique microsatellites sequences were

identified, from which primers were designed for 31

sequences using program OLIGO 7. These primers were

tested on 24 individuals using forward primers labeled with

a fluorescent dye (FAM, HEX or TAMRA). The PCR

reactions were performed in a total reaction volume of

10 ll that contained 19 QIAGEN Multiplex PCR solution,

Q solution, 0.2 lM of each primer, dH2O and 10–20 ng of

template DNA. The PCR amplification conditions were as

follows: 95 �C for 15 min, followed by 30 cycles of 95 �C

for 30 s, 55–60 �C for 1.5 min, 72 �C for 1 min with a

final step at 60 �C for 10 min. The diluted PCR products

were electrophoresed on an ABI 3730 automated sequencer

and genotypes were scored with GeneMapper version 4.1

(Applied Biosystems). Basic polymorphism indices (Alle-

lic richness, expected and observed heterozygosity) were

calculated with programs FSTAT 2.9.3 and ARLEQUIN

3.5.1.2. Tests for deviations from the Hardy–Weinberg

equilibrium and linkage disequilibrium were done using

the software GENEPOP ver 4.2.

The locus specific results are summarized in Table 1.

The number of alleles ranged from 2 to 13 with a mean of

4.10 alleles per locus. The mean observed heterozygosity

(HO) and expected heterozygosity (HE) were 0.398 and

0.498 respectively. There was no linkage disequilibrium

between any pair of loci, but two loci deviated from

Hardy–Weinberg expectations after bonferroni correction

(Table 1). MICROCHECKER analysis indicated that these

loci also showed significant heterozygote deficiency and

might have presence of null alleles (Table 1). These

microsatellite loci are the first genetic markers developed

for the parasitoid genus Mesochorus and should be a

valuable resource for ecological studies of this lesser

known species.
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