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Abstract

The northern pike (Esox lucius L.), an important predatory freshwater species, is undergoing significant population
decline. In this study, 18 novel polymorphic microsatellite loci were isolated and used for assessing genetic variation
in the Chinese Ulungur and Hungarian Balaton populations of the species. The number of alleles ranged from 2 to 13,
observed heterozygosity from 0.154 to 0.920 and expected heterozygosity from 0.145 to 0.921, thereby indicating

the specific usefulness of these suites of markers for investigating genetic variability.
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The northern pike (Esox lucius L.) is a predatory
freshwater fish with circumpolar distribution in the North-
ern Hemisphere above latitude 40 and up to the Arctic zone
(Jacobsen et al., 2005; Lucentini et al., 2006). In China, this
fish is encountered only in an upstream region of the Irtse
(Eltrixhe) River drainage area, in the northern part of Xin-
jiang Province, where the Ulungur and Jili lakes, the two
major habitats (Li, 1981; Ren et al., 2002), are located. In
the 1960’s, more than 120 tons of this species were har-
vested in China, this accounting for 20% of the total fish
production in this watershed. However, since the end of the
1960’s, there has been a sharp decline, as a consequence of
commercial overexploitation and environmental changes.
In 1999, the total harvest was only 15 tons (Ren ef al.,
2002), finally dropping to 7.5 tons in 2006 (Huo et al.,
2009). A similar drop-off has also been reported in other
continental populations (Lorenzoni et al., 2002; Launey et
al.,2003). Thus, it is urgently necessary to conduct genetic
conservation and management programs on this species.

The investigation of genetic diversity, a crucial step
in the implementation of conservation strategies for endan-
gered species, is however, dependent on the availability of
appropriate genetic molecular markers. So far about 25 E.
lucius-specific microsatellite markers have been developed
(Miller and Kapuscinski, 1996; Miller and Kapuscinski,
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1997; Launey et al., 2003). Nevertheless, due to limitations
in the numbers of alleles and the low degree of polymor-
phism for these markers, the study of genetic variability in
the northern pike will require the use of a larger number of
loci (Launey et al., 2003). Therefore, the aims were to
(1) isolate further novel polymorphic microsatellite loci,
and (2) evaluate the applicability of these loci in the assess-
ment of genetic variability in this fish.

In 2004, specimens of three wild populations of the
northern pike in China were collected from the lakes
Ulungur (n = 26), Jili (n =21) and Beitun-183 (n =21). Si-
multaneously, 25 individuals, sampled from Lake Balaton
in Hungary in 2003, were used as reference population. A
small piece of the caudal fin in each sample was removed
and then stored in 95% ethanol.

Genomic DNA was extracted using a standard phe-
nol-chloroform method (Sambrook and Russell, 2001). The
pooled genomic DNAs of 30 individuals from China and 10
from Hungary were digested with the restriction enzyme
Sau3 Al Fragments of 400-1,000 bp were isolated and puri-
fied, and then ligated to short linkers (Micr-A: 5°-GAT
CGT CGA CGG TAC CGA ATT CT-3’, Micr-B: 5°-GTC
AAG AAT TCG GTA CCG TCG AC-3’). Microsatellite-
containing fragments were selectively coupled with a bio-
tin-labeled (CA);s probe. These fragments were then li-
gated into a pMD19-T vector and used for transforming
competent Escherichia coli DHS5a cells. Positive clones
were subsequently tested by polymerase chain reaction
(PCR) using M13 universal primers and sequenced using
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an ABI 3730 automatic sequencer (Applied Biosystems,
USA). Specific PCR primers for the microsatellite loci
were then designed, using the online software Web Primer.

PCR conditions were optimized by means of the
AG-6321 gradient thermal cycler (Eppendorf, Hanburg,
Germany), with an annealing step of 52-62 °C for selecting
the optimum annealing temperature. The volume of each
reaction mixture (10 pL) was composed of 1 uL of genomic
DNA (20 ng/pL), 5 uL of buffer (0.2 uM dNTPs, 1.5 uM
MgCl12, 0.5 uM Taq DNA polymerase), 1 pL. of primers
(0.5 uM each) and 3 uL of distilled water. The PCR condi-
tions were as follows: initial denaturation for 5 min at
94 °C, followed by 35 cycles for 30 s at 94 °C, 30 s at opti-
mal annealing temperature (Table 1), and 30 s at 72 °C, fol-
lowed by a terminal extension step of 10 min at 72 °C. The
PCR products were visualized by means of the QIAxcel
multicapillary gel electrophoresis system (Qiagen, Hilden,
Germany).

The observed heterozygosity (Hp), and expected
heterozygosity (Hg) according to Nei’s unbiased estimate
(Nei, 1978) were calculated using POPGENE software
(Yeh et al., 1999). FSTAT 2.9.4 software (Goudet, 1995)
was used to test the linkage disequilibrium for all loci. De-
viation from Hardy-Weinberg equilibrium (HWE) in each
locus was estimated by using GENEPOP 3.4 software
(Raymond and Rousset, 1995), and null alleles were de-
tected with Micro-Checker (Van Oosterhout et al., 2004).

A total of 97 positive clones were selected for se-
quencing, of which 76 (78.4%) contained microsatellite se-
quences (motifs repeated more than five times). From
amongst these 76 clones, 48 microsatellite loci with ade-
quate flanking regions were chosen to design primer pairs
using the online software, which successfully generated
PCR products. 18 primer pairs (Table 1) with a high degree
of demonstrated polymorphism were used for population
analysis. These 18 microsatellite loci were deposited in
GenBank (accession no. GQ358204-GQ358222). Signifi-
cant departure from HWE was evident in several loci in
both populations (Table 1).

A total of 138 alleles were amplified by the 18 primer
pairs in four populations. The mean number of alleles
across loci and populations was 7.67. The values of ob-
served and expected heterozygosities for each locus in the
Ulungur and Balaton populations are presented in Table 1.
In the Ulungur population, Ho ranged from 0.154 to 0.846,
and Hg from 0.145 to 0.817, whereas in the Balaton popula-
tion Hp ranged from 0.040 to 0.920 and Hg from 0.350 to
0.921 (Table 1). By means of the Micro-Checker software,
six loci (Eluc004, Eluc014, Eluc018, Eluc019, Eluc027 and
Eluc045) were detected to have a null allele in the two pop-
ulations. There was no evidence of large allele dropout in
any of the loci.

Investigating and detecting genetic diversity in north-
ern pike hinges on both the availability of molecular mark-
ers and their implication. In the present study, 18 loci were
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detected as polymorphic, with relatively high numbers of
alleles in the two populations tested. Some loci were found
to have deviated from HWE in the two populations, which
could have resulted from the presence of a null allele or the
dramatic population decline in China (e.g., the total harvest
in 2006 was only 6.25% of that in the 1960s). There was no
significant linkage disequilibrium in loci combinations fol-
lowing sequential Bonferroni correction for multiple tests.
In conclusion, the results on genetic variability in the two
populations analyzed herein indicate that these suites of
markers are useful for investigating genetic diversity in the
northern pike.
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