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Abstract

Background: The green sea urchin Strongylocentrotus droebachiensis has a wide circumpolar distribution and plays
a key role in coastal ecosystems worldwide by destructively grazing macroalgae beds and turn them into marine
deserts, so-called barren grounds. In the past decades, large established kelp forests have been overgrazed and
transformed to such barren grounds on the Norwegian coast. This has important repercussions for the coastal
diversity and production, including reproduction of several fish species relying on the kelp forests as nurseries.
Genetic diversity is an important parameter for the study and further anticipation of this large scale phenomenon.

Findings: Microsatellites were developed using a Norwegian S. droebachiensis individual primarily for the study of
Northeast Atlantic populations. The 10 new microsatellite loci were amplified using M13 forward tails, enabling the
use of M13 fluorescent tagged primers for multiplex reading. Among these loci, 2 acted polysomic and should
therefore not be considered useful for population genetic analysis. We screened 96 individuals sampled from 4
different sites along the Norwegian coast which have shown unexpected diversity.

Conclusions: The new microsatellite loci should be a useful resource for further research into connectivity among
S. droebachiensis populations, and assessing the risks for spreading and new overgrazing events.

Keywords: Climate change, Heterozygote deficiency, Kelp forests, Marine invertebrates, Microsatellites, NE Atlantic,
Simple DNA preparation, Strongylocentrotus droebachiensis
Findings
The green sea urchin Strongylocentrotus droebachiensis
is one of the dominant grazing species in temperate
marine ecosystems. Catastrophic overgrazing events
have been recorded in the Pacific [1] and the Atlantic
[2] including the northern Norwegian and Russian coast,
where approximately 2000 km2 of kelp forest were
grazed to barren grounds in the 1970s [3, 4]. Because of
the persistence of the sea urchin dominance and the
large loss of biodiversity and production, it is important
to develop new genetic tools for studying and improving
our understanding of this species. Microsatellite loci
have been previously developed using North American
individuals [5]. Further analysis have shown that the
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Northeast Atlantic population, based on one sampling
location in Iceland and one in Norway, is differentiated
compared from Northwest Atlantic and Pacific popula-
tions [6]. Moreover, when tested on the two Northeast
Atlantic locations, locus Sd76 was reported failing to
amplify any of the individuals and the remaining 3 loci
showed fewer alleles compared with North American
locations. These results have motivated our goal to
develop the present microsatellite loci using a S. droeba-
chiensis individual from a Norwegian population (Drøbak)
in an effort to increase genetic information produced for
the study, primarily, of the Northeast Atlantic populations.
Sea urchins were sampled by SCUBA from four stations

along a wide geographical area along the Norwegian coast
from Drøbak in the south (59.7°N) to Veidnes in Finnmark
in the north (70.8°N) (Table 1). Sea urchins were sampled
within frames haphazardly placed on the sea floor. All
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Table 1 Sample information

County Area Station Code Depth Lat. (°N) Long. (°E)

Akershus Oslofjord Drøbak D2 20 59.66 10.63

Nordland Torghatten Helløya NH 5 65.38 12.01

Nordland Vega, nord Skogsholmen NS 5 65.81 12.04

Finnmark Kongsfjord Veidnes FV 5 70.70 29.44
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urchins within each frame were sampled until (at least) 30
sea urchins were collected. Gonad tissue from each indi-
vidual was stored in vials with 96% ethanol. Sampling was
performed according to Norwegian laws. The field sam-
pling and handling of S. droebachiensis, a non-threatened
species, did not conflict with any national or international
legislation.
Microsatellite sequences were isolated by ecogenics

GmbH (Zurich, Switzerland), based on an individual col-
lected at the type locality of this species (Drøbak, Oslofjord)
more than 200 years after it was described there for the first
time [7]. Size-selected fragments from genomic DNA were
enriched for Simple Sequence Repeat (SSR) content by
using magnetic streptavidin beads and biotin-labelled CT
and GT repeat oligonucleotides. The SSR-enriched library
was analysed on a Roche 454 platform using the GS FLX
Titanium reagents. The total 7,840 reads had an average
length of 202 base pairs. Of these, 355 contained a
Table 2 Characterization of 10 microsatellite loci for S. droeba

Locus Repeat motif F & R primer sequences 5’-3’*

Strdro-97 (CA)11 F: GGTGCATCCATCCCGTAGTG

R: CTGCCCTGTAAGAGTGTGTG

Strdro-837*** (CA)11 F: GAGAGTGAATTGAATGTATCAAATGAG

R: TTTATCCCACAGGACTCGGC

Strdro-849*** (AC)12 F: TGATACACGTCTGTGAAAACCC

R: TTTGCTCCATCAGAAGTTCAC

Strdro-1051 (GA)11 F: GCGCTAGTCTGTTTCACCAC

R: TCAAATTCCGCCGTTTAGGC

Strdro-4147 (GA)11 F: GTCAGACAAAGAGAGTGTGTGAG

R: GAGTATATGCCCGCCTCTCC

Strdro-7209 (CA)12 F: TGAACTGGCCACATTCCTCC

R: ACTATGTGGGGGTAGATCCG

Strdro-5563 (ATGG)11 F: TGTTCAGCTGCCTGTCTCTG

R: TCCTTTTGTTCATCCTTCCTTCC

Strdro-1356 (CA)12 F: AAAAGGTAACGTTCGCTCGC

R: ATGATCCGTTCAGGAGGCAG

Strdro-7412 (GA)13 F: ACGATTGGGAGATTGAAAGTG

R: TCGCCACATACACACAAACG

Strdro-5950 (GT)11… (GT)12 F: GATTGAACCGTGTGCGAGAG

R: CTACCTCCAACGACACACAC

Number of alleles (A), number of individuals that amplified (N), observed heterozyg
the 18 bp M13 forward tail, ***acts as polysomic.
microsatellite insert with a tetra- or a trinucleotide of at
least 6 repeat units or a dinucleotide of at least 10 repeat
units. Suitable primer design was possible in 125 reads, of
which 28 were tested for functionality and polymorphism.
Among these 28 candidate loci and associated primers for
PCR, 8 did not amplify, one was monomorphic, four were
too weak, three were too difficult to interpret, two showed
more than two alleles in some samples, resulting in the se-
lection of 10 loci and primer pairs (Table 2). Polymorphism
was tested in 15 individuals from various locations.
A simple optimised DNA extraction was performed

using QuickExtract (Epicentre Technologies Corporation,
Madison, USA). Briefly, 10 to 20 mg gonad material from
one individual preserved in Ethanol 96% was washed in
distilled water prior to adding 100 μL QuickExtract buffer.
Samples were incubated at 65°C for 10 min followed by
98°C inactivation for 5 min. The lysates were further
diluted 10−2 in Tris EDTA buffer (Fluka Chemie GmbH,
chiensis using 96 individuals

Dye Size range (bp)** A N Ho He

FAM 159-171 6 96 0.29 0.34

Yakima Yellow 142-152 6 67

ATTO 550 112-154 15 94

ATTO 565 190-218 13 95 0.37 0.68

FAM 75-115 15 84 0.30 0.82

Yakima Yellow 128-158 9 82 0.40 0.41

ATTO 550 165-247 19 90 0.48 0.85

ATTO 565 164-250 19 87 0.33 0.77

FAM 92-124 13 95 0.68 0.80

ATTO 565 96-152 19 89 0.44 0.89

osity (Ho), expected heterozygosity (He), *without M13 forward tail, **including
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Buchs, Switzerland) prior to performing PCR. A 3-primer
PCR approach using a M13 tail (5’-TGTAAAAC-
GACGGCCAGT) for the forward primer was used for
microsatellite loci amplification at concentrations as
described previously [8]. Four different dyes were used for
the universal M13 forward primer to enable fragment
analysis multiplexing [9]. Simplex PCR amplifications,
targeting one locus at a time, were performed using a
CFX96 thermocycler (Bio-Rad, Hercules, CA, USA) in
10 μL reaction volume containing 5 μL iProof Master Mix
(Bio-Rad), 0.04 μM of the forward primer with M13 5’-tail
and 0.16 μM of each reverse and forward tagged M13
primers (Eurofins MWG, Ebersberg, Germany) and 2.5 μL
sample. Reaction volume was completed with sterile deio-
nised water. PCR amplifications were optimized and
carried out under the following conditions: a denaturing
step for 1 min at 98°C, followed by 30 cycles of 98°C for
5 s, 62°C for 10 s and 72°C for 15 s followed by 8 cycles of
98°C for 5 s, 57°C for 10 s and 72°C for 15 s. Up to 4 differ-
ent simplex PCR plates, each with a different dye (Table 2),
were mixed and diluted by transferring 5 μL each to a plate
prefilled with 100 μL deionized water per well. From this
dilution plate 1.2 μL per sample was transferred to the run
plate prefilled with 10 μL Hi-Di Formamide (Applied Bio-
systems, Foster City, CA, USA) and 40% strength orange
standard (MCLAB, San Francisco, CA, USA). PCR product
sizes were determined using a 3730XL DNA analyser
(Applied Biosystems) and scored using GeneMapper soft-
ware version 4.0 (Applied Biosystems). GenAlEx software
version 6.5 was used to report overall observed (Ho) and
expected (He) heterozygosity [10]. Linkage disequilibrium
and Hardy-Weinberg equilibria (HWE) were tested in
Arlequin software version 3.5.1.3 [11].
We observed linkage (Likelihood ratio test, p < 0.05)

among loci in all four populations, but no pair of loci was
linked in all of them. Five loci (Strdro-1051, Strdro-1356,
Strdro-4147, Strdro-5563, and Strdro-5590) showed het-
erozygote deficiencies and HWE deviations (Exact test,
p < 0.05) in all populations, possibly suggesting inbreeding
and substructuring or the presence of null-alleles. The fact
that simplex PCR was performed for all loci strongly
reduces the risk for weak amplification that may be
observed in a multiplex assay and hence reduces possible
false negative loci amplification results.
The loci presented in this study show higher allelic

diversity than that reported previously for Northeast
Atlantic populations using loci developed on Northwest
Atlantic individuals [6]. Interestingly, heterozygote defi-
ciencies and significant HWE deviation were also found
with 3 of the 4 microsatellites used in this prior study
[6], hence suggesting that S. droebachiensis may natur-
ally deviate from HWE as it has been reported to be the
case for many other marine invertebrates [12]. We
believe that these new loci will be useful for the study of
S. droebachiensis, in particular for the Northeast popula-
tions, for better monitoring the observed ongoing popu-
lation distribution and densities fluctuations along the
Norwegian coastline.

Availability of supporting data
The microsatellite sequences are available through the
European Molecular Biology Laboratory European Nu-
cleotide Archive (http://www.ebi.ac.uk/ena/) Accession
Numbers HG417080 to HG417089.

Competing interests
A possible competing interest was identified in that ecogenics GmbH, hired
for the development of the microsatellites, is co-authoring this report as
author JH was affiliated to ecogenics GmbH at the time the work was
performed.

Authors’ contributions
MA performed optimisation of DNA extraction and PCR, performed
microsatellite laboratory analysis, and drafted the manuscript. AH analysed
the microsatellite results for population genetics. HC participated in
collecting sea urchins by SCUBA. HG participated in the DNA extraction
work and data collection. CF participated in the DNA extraction work and
in collecting the sea urchins by SCUBA. JH developed the new 10
microsatellites loci. KN conceived the study, participated in its design and
coordination, participated to sea urchin collection by SCUBA and helped to
draft the manuscript. All authors read and approved the final manuscript.

Acknowledgements
This work was financed by NIVA Biodiversity Strategic Institute Initiative
project. We thank Erling Svensen for the Strongylocentrotus droebachiensis
photography used for the cover image.

Author details
1Norwegian Institute for Water Research, N-0349 Oslo, Norway. 2Norwegian
Institute for Water Research, N-5006 Bergen, Norway. 3ecogenics GmbH, 8952
Schlieren, Switzerland. 4University of Oslo, Department of Biosciences, Box
1066, Blindern, 0316 OSLO, Norway.

Received: 21 March 2014 Accepted: 2 October 2014
Published: 7 October 2014

References
1. Estes JA, Tinker MT, Williams TM, Doak DF: Killer whale predation on Sea

otters linking oceanic and nearshore ecosystems. Science 1998, 282:473–476.
2. Steneck RS, Vavrinec J, Leland AV: Accelerating trophic-level dysfunction

in kelp forest ecosystems of the western North Atlantic. Ecosystems 2004,
7:323–332.

3. Norderhaug KM, Christie HC: Sea urchin grazing and kelp re-vegetation in
the NE Atlantic. Mar Biol Res 2009, 5:515–528.

4. Sivertsen K: Geographic and environmental factors affecting the
distribution of kelp beds and barren grounds and changes in biota
associated with kelp reduction at sites along the Norwegian coast.
Can J Fish Aquat Sci 1997, 54:2872–2887.

5. Addison JA, Hart MW: Characterization of microsatellite loci in sea urchins
(Strongylocentrotus spp.). Mol Ecol Notes 2002, 2:493–494.

6. Addison JA, Hart MW: Analysis of population genetic structure of the
green sea urchin (Strongylocentrotus droebachiensis) using
microsatellites. Mar Biol 2004, 144:243–251.

7. Müller OF: Zoologiae Danicae Prodromus, Seu Animalium Daniae Et Norvegiae
Indigenarum. Whitefish, Montana, USA: Kessinger Publishing, LLC; 2009:1776.

8. Schuelke M: An economic method for the fluorescent labeling of PCR
fragments. Nat Biotechnol 2000, 18:233–234.

9. Blacket MJ, Robin C, Good RT, Lee SF, Miller AD: Universal primers for
fluorescent labelling of PCR fragments—an efficient and cost-effective
approach to genotyping by fluorescence. Mol Ecol Resour 2012,
12:456–463.

http://www.ebi.ac.uk/ena/


Anglès d’Auriac et al. BMC Research Notes 2014, 7:699 Page 4 of 4
http://www.biomedcentral.com/1756-0500/7/699
10. Peakall R, Smouse PE: GenAlEx 6.5: genetic analysis in Excel. Population
genetic software for teaching and research-an update. Bioinformatics
2012, 28:2537–2539.

11. Excoffier L, Lischer HEL: Arlequin suite ver 3.5: a new series of programs
to perform population genetics analyses under Linux and Windows.
Mol Ecol Resour 2010, 10:564–567.

12. Brownlow R, Dawson D, Horsburgh G, Bell J, Fish J: A method for genotype
validation and primer assessment in heterozygote-deficient species, as
demonstrated in the prosobranch mollusc Hydrobia ulvae.
BMC Genet 2008, 9:55.

doi:10.1186/1756-0500-7-699
Cite this article as: Anglès d’Auriac et al.: New microsatellite loci for the
green sea urchin Strongylocentrotus droebachiensis using universal M13
labelled markers. BMC Research Notes 2014 7:699.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Findings
	Conclusions

	Findings
	Availability of supporting data

	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


