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Abstract
We characterized the first microsatellite loci in the white-dotted mosquito, Culex restuans, a
critical early spring West Nile virus vector. An enrichment protocol yielded 960 positive clones of
which we sequenced 300. We designed primers to amplify 29 unique di-, tri- and tetranucleotide
microsatellites and chose 17 that amplified consistently across populations and were polymorphic.
We developed three multiplex primer combinations for all 17 loci. A survey of 44 individuals
revealed two to 20 alleles across loci, and expected heterozygosity ranging from 0.17 to 0.89.
These markers will allow examination of the life history of this mysterious early season
encephalitis vector.
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While over 30 species of mosquitoes have been found positive for the West Nile virus
(WNV), Kilpatrick and colleagues (2005) suggested that Culex pipiens L. and Culex
restuans Theobald may be responsible for up to 80% of human WNV infections in the
northeastern USA. Culex restuans is a spring species, unlike C. pipiens, and it appears to be
the critical vector of WNV early in the transmission season (Andreadis et al. 2001). Culex
restuans occurs from California to North Carolina, from southern Canada to Honduras
(Strickman & Darsie 1988), and locally adapted populations may differ in epidemiologically
significant traits. Highly polymorphic molecular markers will allow the examination of life
history and ecological traits of this species and more informed exchange of information
across epidemiological studies.

We isolated microsatellite loci from C. restuans using a modified version of the enrichment
protocols described by Hamilton et al. (1999) and further refined by Glenn & Schable
(2005). Approximately, 3 μg of DNA from four mosquitoes from the state of New York
were digested with HaeIII, and blunt-end ligated to double-stranded SNX linkers. The
ligation was divided into two and hybridized to different groups of biotin-end labelled
oligonucleotides using the conditions in the polymerase chain reaction (PCR) program
OligoHyb. [Group 1: (AAC)10, (CAT)10, (GT)15, (GA)15; Group 2: (GTC)10, (CAC)10,
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(GCT)15, (GGT)15]. The hybridization reactions were mixed with iron beads coated with
streptavidin (Dynabeads) and incubated for 30 min at 43 °C after which a series of baths of
increasing stringency removed most of the unattached DNA that lacks repeats. After
denaturation, the single-stranded DNA recovered from the beads was amplified using
primers to the linkers using the PCR conditions in Keyghobadi et al. (2004). The amplified
DNA was cloned into bacteria using a TOPO TA cloning kit (Stratagene) with a
transformation efficiency of 90%. Out of 3750, 960 white colonies were transferred into 96-
well plates containing Luria-Bertani liquid broth with 15 μg/mL of ampicillin, and grown for
48 h at 37 °C with moderate shaking. From these we chose 300 colonies that were amplified
and sequenced using M13 primers.

We found 220 unique inserts that contained microsatellites, of which 98 had more than four
repeats and enough flank to design primers. We refrained from using loci with more than 20
repeats, especially in the case of dinucleotide motifs, because in our experience those loci
are hard to score consistently. Primers were designed for 29 loci focusing on an even mix of
di- and trinucleotide motifs, using ‘Primer 3′ software
(http://frodo.wi.mit.edu/primer3/input.htm); often we designed multiple primers from the
same sequence to create multiplexes. We optimized 17 microsatellite loci into only three
PCRs (Table 1). In a multiplex (MP) amplification, up to six primer pairs labelled with up to
three different colours (Applied Biosystems) are added simultaneously to a single PCR and
processed together.

The variability of each locus was assessed in 44 individuals of Cx. pipiens from Albany,
New York (Table 1). PCRs were in 20-μL final volume and contained 1× buffer (10 mM

Tris-HCl pH 8.3, 50 mM KCl), 2.0 mM MgCl2 (MP1 and MP2, 2.5 mM for MP3), 150 μg/mL
BSA, 200 μM each dNTP, 0.2 μM each primer (except for loci Crest2T4_30 and Crest1T2.83a
that need 0.3 μM), 0.5 U Taq polymerase (Applied Biosystems), and 1 μL DNA template (~5
ng). Thermal cycling was performed on an MJ Research Peltier machine: 5 min at 96 °C; 30
cycles of 30 s at 96 °C, 30 s at annealing temperature (MP1 and MP2 = 52 °C; MP3 = 55
°C), 30 s at 72 °C; 5 min at 72 °C. PCR products were electro-phoresed and detected on a
3100 Model capillary sequencer (Applied Biosystems).

Although we routinely examine the inheritance of the loci by testing them in known family
groups (Keyghobadi et al. 2004), Cx. restuans refuses to mate in captivity. Instead, we
tested 44 specimens all collected in a restricted area of Albany county, New York, and
examined departures from Hardy–Weinberg equilibrium. We observed two to 20 alleles per
locus, and expected heterozygosities ranged from 0.17 to 0.89 (Table 1). Statistical tests for
Hardy–Weinberg and linkage equilibrium were conducted in GenePop (Raymond & Rousset
1995). A significant heterozygote deficiency was observed for two loci, Crest1T2.83a and
Crest1T4.76, suggesting null alleles. All pairwise tests of linkage disequilibrium between
loci were nonsignificant after sequential Bonferroni correction. These microsatellite loci are
highly polymorphic and suitable for population studies in Cx. restuans.
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