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MICROSATELLITE MARKERS FOR THE HERB NOCCAEA
CAERULESCENS (BRASSICACEAE)!
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Lorraine, Laboratoire Sols et Environnement (UMR 1120), F-54518 Vandceuvre-1es-Nancy CEDEX, France; and SINRA,
Laboratoire Sols et Environnement (UMR 1120), F-54518 Vandceuvre-les-Nancy CEDEX, France

e Premise of the study: Multiplexed microsatellite markers were developed for population genetic studies in the pseudometal-
lophyte Noccaea caerulescens (Brassicaceae), a model species to investigate metal tolerance and hyperaccumulation in higher
plants.

Methods and Results: Microsatellite loci were isolated through pyrosequencing of an enriched DNA library. Three multiplexes
combining four previously published and 17 newly designed markers were developed. The new markers were screened in
metallicolous and nonmetallicolous populations from southern France. The total number of alleles per locus ranged from five
to 18. The observed heterozygosity per locus and per population ranged from 0 to 0.83, and expected heterozygosity ranged
from 0 to 0.89.

Conclusions: The investigated loci showed reasonable to high levels of polymorphism at the regional scale. The multiplex set
should be helpful in investigating genetic diversity, population structure, and demographic history in N. caerulescens at various

spatial scales.

Key words:

The Alpine pennycress, Noccaea caerulescens (J. Presl & C.
Presl) F. K. Mey. (Brassicaceae), occurs over a large range in
Europe. The species is particularly known for its capacity to
grow on soils with a high concentration of trace elements such
as zinc, cadmium, and nickel. Considering its phylogenetic
proximity with Arabidopsis thaliana, this characteristic makes
N. caerulescens a favorite model plant for the study of the ge-
netic bases of metal homeostasis, as well as of the ecological
and evolutionary processes involved in local adaptation to ex-
treme environments (Assunc¢ao et al., 2003). In order to under-
stand the effect of soil metals on the evolution of N. caerulescens
populations, it is necessary to study the population genetics
of the species. So far, however, the low number of available
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molecular markers (Basic and Besnard, 2006; Jiménez-Ambriz
et al., 2007), low polymorphism, presence of null alleles (Basic
and Besnard, 2006; Besnard et al., 2009), and low amplification
rate (E. Flaven, personal observation), as well as the absence of
protocols for high-throughput genotyping, has not allowed the
performance of deep population genetic studies. Here, we intro-
duce 17 new microsatellite markers organized in three multi-
plexes to reduce genotyping time and costs. The multiplexes
also include formerly published markers, thus providing a com-
plete resource in this species.

METHODS AND RESULTS

Microsatellite library construction—Genomic DNA of three individuals
from the Baraquette population (Appendix 1) was extracted using a cetyltri-
methylammonium bromide (CTAB) protocol (Doyle and Doyle, 1990) fol-
lowed by RNase treatment, and mixed. Development of the microsatellite
library was outsourced to Genoscreen (Lille, France). It involved coupling
multiplex microsatellite enrichment isolation techniques with 454 GS FLX
Titanium pyrosequencing of the enriched DNA, according to the protocol
of Malausa et al. (2011). Enrichment was performed using probes containing
the following motifs: AG,,, AC,;, AACg, AGGg, ACGy, AAGg, ACAT, and
ATCTg. Sequence data were automatically screened to detect microsatellite
motifs, leading to 1852 candidate loci. Primers were designed in silico by
Genoscreen, using the QDD pipeline (Meglécz et al., 2010).

Biological validation—Biological validation of a subset of these loci was
simultaneously performed at Institut des Sciences de I’Evolution de Montpellier
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CONCLUSIONS

Three multiplexes including 17 new and four published micro-
satellite markers were developed and validated in natural popu-
lations. These loci exhibit substantial polymorphism within and
between populations. They should provide sufficient power to
study population structure and mating system, and to infer demo-
graphic history at different spatial scales.
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