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Abstract We developed and characterized 20 microsat-

ellite primer loci for the northern shrimp Pandalus bore-

alis. All 20 loci were polymorphic with number of alleles

ranging from 3 to 36 and with observed heterozygosity

between 0.04 and 0.93. In addition, we tested the utility of

these markers in three related shrimp species, P. montagui,

Atlantopandalus propinqvus and Dichelopandalus bonni-

eri. These new markers will prove useful in the identifi-

cation of stock structure and hence, assessment of the

commercially important species P. borealis.

Keywords Genomic library � Pandalus borealis �
Marine shrimp � Genetic diversity � Microsatellite primers

Evidence is accumulating that many marine species are

spatially structured into reproductively isolated populations

to certain extent. The recognition and understanding of the

mechanisms responsible for such population structure is

of paramount importance for fishery management and

species conservation (Ruzzante et al. 2006; Schindler et al.

2010).

The northern shrimp Pandalus borealis is an abundant

benthic species in the North Atlantic, being commercially

important in its whole distribution. Previous genetic studies

have rendered information of its genetic structure in the

North Atlantic. Kartavtsev et al. (1991) showed no genetic

differences at four allozyme loci among three localities in

the Barents Sea. Rasmussen et al. (1993) also used allo-

zymes to show significant differences between Svalbard

and two northern Norwegian fjords, but showed genetic

homogeneity within all the compared regions. Jónsdóttir

et al. (1998) compared the Denmark Strait with inshore and

offshore localities of northern Iceland and found significant

allozyme differences among all three areas. Drengstig et al.

(2000) found genetic divergence between Norwegian

fjords, but widely separated localities in the Barent Sea

showed no differentiation. The use of allozymes has proven

useful to resolve some genetic structure among ocean-wide

samples (Grant et al. 1998); however, large differences at

particular loci may question their neutrality for population

genetic studies. Another study using RAPD analysis

(Martinez et al. 2006) showed P. borealis from the Nor-

wegian fjords and Jan Mayen stations different from the

Barents Sea and Svalbard. The two localities at Jan Mayen

also differed from each other but no further intraregional
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differences were reported. RAPD markers may be valuable

to diagnose traits or for genetic mapping studies but their

dominance and both their reproducibility and homology

issues raise concerns about their suitability for population

genetic studies. Here, 20 microsatellite loci for the shrimp

P. borealis are reported that will be useful in future studies

of population genetic structure in this species.

Two different approaches were chosen for the isolation

of the microsatellite loci. The first approach was performed

at the Department of Marine Ecology—Tjärnö, University

of Gothenburg. Here, a microsatellite-enriched genomic

library was developed from P. borealis following a modi-

fied protocol from Glenn and Schable (2005). Briefly,

DNA was simultaneously digested with RsaI and ligated to

SNX linkers, then hybridized to (AC)15 and, [(GATA)7,

(ATCT)7 and (TGTA)7] biotinylated oligoprobes and

enriched DNA recovered by polymerase chain reaction

(PCR). PCR products were ligated into a TOPO� Vector

and transformed following the manufacturer’s protocol

(Invitrogen). Recombinant colonies were screened by PCR

in 25 ll reactions, using one primer for the vector (M13

[–20]) and a second containing the oligonucleotide repeat

mix: (AC)15 or [(GATA)7, (ATCT)7 (TGTA)7]. A total of

192 positive clones were sequenced and primer pairs were

designed for 33 microsatellite arrays of suitable size (5–20

repeats) using Primer3 software (http://frodo.wi.mit.edu/

cgi-bin/primer3/primer3_www.cgi). A subset of 12 PCR

primer pairs was tested on eight shrimps for tractability

(reproducibility, consistency, range in allele size, presence/

frequency of ‘‘stutter’’ bands, and polymorphisms).

The second approach was through the commercial com-

pany Genetic Identification Services (GIS Inc., Chatsworth,

USA; http://genetic-id-services.com) to develop and screen

four libraries enriched for tetranucleotide (AAAC), (CATC),

(TACA), and (TAGA) motifs, following their proprietary

protocol (Meredith and May 2002; Schwartz and May 2004).

A total of 96 clones were sequenced and 16 primer pairs were

designed.

Thus, a total of 28 primer pairs were included in the

initial test. Subsequently 21 of these were further tested on

a larger number of samples. The microsatellite loci were

arranged in six multiplexes (Table 1). The PCR were done

in 2.5 ll reaction volumes with 19 Qiagen multiplex kit,

0.1–0.5 lM primers and 15–25 ng DNA. The primers

(Applied Biosystems, Foster City, CA) were labeled with

fluorescent dye at the 50 end of the forward primer

(Table 1). The amplifications were performed in a Gene-

Amp PCR system 9700 (Applied Biosystems) with the

following PCR profile: An initial denaturation step at 95�C

for 15 min, followed by 35 cycles of 95�C for 30 s, 56�C

for 3 min and 72�C for 60 s, ending with a final elongation

step at 60�C for 30 min. Fragment sizes were determined

with an ABI 3130 XL automated sequencer (AppliedT
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Biosystems) and analyzed using Genemapper 4.0 (Applied

Biosystems).

Allele frequencies, observed and expected heterozygos-

ities, Hardy–Weinberg proportions and linkage disequilib-

rium were calculated using ARLEQUIN 3.5 (Excoffier and

Lischer 2010).

In total, 48 individuals from Oslofjord and 38 from

Sola, Norway were used to characterize the selected loci.

The 20 polymorphic microsatellite loci presented here

showed from 3 to 36 alleles with observed hetero-

zygosities ranging from 0.04 to 0.93 (Table 1, Genbank no.

GF111281–GF111300). The significant deviations from

Hardy–Weinberg expectations were all associated with

heterozygote deficiency. One locus pair combination

showed significant deviation from linkage equilibrium

(SD1–18 and SD1–30 in Oslofjord).

Cross-amplification was tested in 12–14 individuals of

three other shrimp species: P. montagui, Atlantopandalus

propinqvus and Dichelopandalus bonnieri. Five loci were

polymorphic in A. propinqvus, 4 in D. bonnieri and 2 in

P. montagui (Table 2).
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Jónsdóttir ÓDB, Imsland AK, Nævdal G (1998) Population genetic

studies of northern shrimp, Pandalus borealis, in Icelandic

waters and the Denmark Strait. Can J Aquat Sci 55:770–780

Kartavtsev YP, Berenboim BI, Zgurovsky KI (1991) Population

genetic differentiation of the pink shrimp Pandalus borealis
Krøyer, 1838, from the Barents and Berings Seas. J Shellfish Res

10:333–339

Martinez I, Aschan M, Sjerdal T, Aljanabi SM (2006) The genetic

structure of Pandalus borealis in the Northeast Atlantic deter-

mined by RAPD analysis. ICES J Mar Sci 63:840–850

Meredith EP, May B (2002) Microsatellite loci in Lahontan tui chub,

Gila bicolor obese, and their utilization in other chub species.

Mol Ecol Notes 2:156–158

Rasmussen T, Thollesson M, Nilssen EM (1993) Preliminary

investigations on the population genetic differentiation of the

deep water prawn, Pandalus borealis KRØYER 1838, from

Northern Norway and the Barents Sea. ICES Document CM

1993/K:11

Ruzzante D, Mariani S, Bekkevold D, André C, Mosegaard H,
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Table 2 Cross-species amplification of microsatellite loci from Pandalus borealis

Locus Atlantopandalus propinqvus
(n = 13)

Pandalus montagui
(n = 14)

Dichelopandalus bonnieri
(n = 12)

Size range

(bp)

Na HO/HE Size range

(bp)

Na HO/HE Size range

(bp)

Na HO/HE

PbA104a 176–238 15 0.846/0.938 172–234 19 0.857/0.966 – – –

PbC109 265–329 10 0.308/0.895* – – – 223–245 8 0.917/0.895

PbA1 1 117–191 11 0.385/0.911* – – – 117–123 4 0.250/0.750*

SD1–41 129–285 3 0.154/0.151 – – – 216–330 4 0.250/0.652*

SD2–68 153–167 5 0.462/0.769* 153–161 4 0.357/0.669 155–165 6 0.583/0.844

Na, HO/HE are according to Table 1

* Indicates deviation from HW (p \ 0.01)
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