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Characterization of microsatellite loci in the spruce bark beetle Ips typographus (Coleoptera: Scolytinae) A . S A L L É ,* C . K E R D E L H U É ,* M . B R E T O N * and F . L I E U T I E R *† *INRA, Zoologie Forestière, BP 20619, F-45166 Olivet cedex, France, †Université d’Orléans, Biologie des Ligneux et des Grandes Cultures, BP 6759 F-45067 Orléans cedex 2, France



Abstract Ips typographus is an economically important pest of Norway spruce stands. We developed five polymorphic microsatellite markers using a biotin enrichment protocol. The number of alleles ranged from three to 11 per locus and no strong evidence for null alleles was found. Heterozygosity ranged from 0.3 to 0.97. These markers could be useful tools to study the population structure and genetic consequences of I. typographus population outbreaks. Keywords: Ips typographus, microsatellite, Scolytinae Received 17 February 2003; revision accepted 10 March 2003



Ips typographus L. is the major pest in European forests. During population outbreaks, this bark beetle can generate extensive damage to Norway spruce (Picea abies) stands by feeding in the phloem and by inoculating pathogenic bluestain fungi (Christiansen & Bakke 1988). Many studies have been conducted on this species because of its economic importance. Phylogenetic and phylogeographical studies have used mitochondrial, allozyme and isozyme markers (Stauffer et al. 1992, 1997, 1999) but, so far, microsatellite isolation has failed. However, microsatellite markers could be useful tools to study the population structure of I. typographus and genetic consequences of its population outbreaks (Beaumont 1999). Kerdelhué et al. (2003) have isolated microsatellite markers from Tomicus piniperda (Col. Scolytinae) using a biotin enrichment strategy modified from Kijas et al. (1994). This protocol was used for the present study. Genomic DNA, extracted with the DNeasy Tissue Kit (Qiagen) from 15 individuals collected in Fraize (France), was digested with RsaI and the 300–900-bp fragments were isolated on 1.5% agarose gel using the Qiaquick Gel Extraction Kit (Qiagen). Oligonucleotide adaptors (Rsa21, 5′-CTCTTGCTTACGCGTGGACTA-3′, and Rsa25, 5′-TAGTCCACGCGTAAGCAAGAGCACA-3′) were ligated using T4 DNA ligase (Promega). The resulting modified DNA was hybridized with 5′ biotin-labelled oligonucleotides corresponding to microsatellite motifs (GT)10, (CT)10 and (GAA)8 and enrichment was completed using StreptaCorrespondence: Aurélien Sallé. Fax: (33) 2 38 41 78 79; E-mail: [email protected]



vidine Magnesphere Paramagnetic Particles (Promega). The enriched DNA was amplified by polymerase chain reaction (PCR) and then cloned into the plasmid pGEM-T easy vector (Promega) using Escherichia coli strain JM109 (Promega). Recombinant clones were screened by PCR. Seventy-seven positive clones were purified using the Qiaprep Spin Miniprep Kit (Qiagen). Sequencing was performed using the big-dye terminator sequencing kit and carried out with the ABI 3100 automatic sequencer (Applied Biosystems). Twenty-nine microsatellite loci were found and 20 were used to design primers. Thirty individuals collected from Climbach (France) were used for testing amplification and polymorphism. The PCR reactions were carried out in 10 µL using a PTC200 thermal cycler (MJ Research). Each reaction was done using the Red Taq package (Sigma-Aldrich) and was composed of approximately 15 ng of total genomic DNA, 0.5 µm of nonlabelled primer 1, 0.43 µm of nonlabelled primer 2, 0.07 µm of fluorescent-labelled primer 2, 0.8 mm of dATP, dTTP, dCTP, dGTP, 1 µL Taq buffer (100 mm Tris HCl, 500 mm KCl and 0.1% gelatine), 1.25 mm MgCl2 and 0.4 U of Red Taq DNA polymerase. Samples were amplified as follows: 3 min at 94 °C, followed by 30 cycles of 1 min at 94 °C, 1.5 min at annealing temperature and 30 s at 72 °C. The amplified products were detected on an ABI 3100 automatic sequencer and their sizes were estimated using genescan software (Applied Biosystems). Five loci were found to be polymorphic; primer sequences and technical details are given in Table 1. The © 2003 Blackwell Publishing Ltd



P R I M E R N O T E 337 Table 1 Characteristics of the five microsatellite loci from 30 individuals from Climbach (France) collected in May 2001



Locus



Primer sequences (5′−3′)



TA (°C)



Repeat motif



Size range (bp)



ITGT1B6



F: GTCACAGGTGGCAATCTATC* R: CTGTCCATCAAACACATCAA F: AGTTTGTCAGGCTGATTTCG* R: AGCTGGTTCTGGATAGCACA F: CGGTTTGACCAATTGGG* R: TTCAGAAATGAGCCAAAACAA F: ATCGTGGTGCCCGGATAAG* R: AAGCCGGCGATGTCATACAG F: CAAGAAATAAGGAAGAAATGGA R: GCAAGCTTTGGTGGTGT*



51



(TAA)3(CA)10



213–238



50



(TTC)6



53



ITGAA3F10 ITGAA4C3 ITGT434 ITGAA5D8



No. of alleles



HO



HE



P value



N0



GenBank Accession no.



5



0.6



0.55



0.954



—



AY243329



146–155



3



0.3



0.35



0.656



0.034



AY243326



(CGT)17



137–155



5



0.3



0.32



0.382



0.018



AY243327



55



(CA)12



194–200



4



0.57



0.62



0.108



0.026



AY243330



52



(GAA)9



124–148



11



0.97



0.79



0.208



—



AY243328



Observed (HO) and expected (HE) heterozygosity; P value of Hardy–Weinberg equilibrium test; null allele estimated frequencies (N0); —, calculations cannot be performed; TA, annealing temperature. *Fluorescent-labelled primers.



sequences were all deposited in GenBank. The number of alleles ranged from three to 11 per locus and heterozygosity ranged from 0.3 to 0.97. Data were analysed with arlequin (Schneider et al. 2000) for tests of Hardy–Weinberg equilibrium (HWE) and linkage disequilibrium. Estimated frequencies of null alleles were calculated using the approach of Brookfield (1996). Results are given in Table 1. All loci were found to be under HWE and no significant linkage disequilibrium was found (P values ranging from 0.066 to 0.954). Loci ITGAA3F10, ITGT434 and ITGAA4C3 possibly have null alleles at low frequency but nevertheless, all the tested individuals successfully amplified. Cross-priming tests were done using the same PCR conditions and annealing temperatures for each microsatellite locus. Tests were done on eight individuals of I. sexdentatus and three individuals of I. cembrae. Two loci were successfully amplified in I. cembrae, ITGT1B6 in all individuals (one allele of 232 bp) and ITGAA3F10 in only one individual (two alleles of 134 and 146 bp). These results are in accordance with the close phylogenetic relationship found between I. typographus and I. cembrae (Stauffer et al. 1997).
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