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The predominant mode of reproduction for most marine
fishes is pelagic spawning; gametes are released into the
water where sperm, often contributed by more than one
male, fertilize eggs of a female. As a consequence of external
fertilization males are frequently in sperm competition with
each other. However, little is known about the actual effects
of sperm competition on the fitness of a pelagic spawning
male. We have isolated and characterized microsatellite loci
from the bluehead wrasse, Thalassoma bifasciatum. This coral-
reef fish has been extensively used in studies of sexual selec-
tion, life-history traits (Warner & Schultz 1992) and
recruitment ecology (Caselle & Warner 1996). For our pur-
poses microsatellite markers were developed to determine
paternity of larvae from spawns involving multiple males.

We developed microsatellite primers for T. bifasciatum not
only for their suitability in paternity studies because of

potential high variability (Tautz 1989), but also for their
codominant allelic patterns, critical for powerful paternity-
exclusion analysis. Moreover, microsatellites require small
tissue amounts and are specific to target DNA. These are
important attributes for our study, because minute larvae and
sperm are collected from sea water contaminated with vari-
ous DNA sources.

Microsatellite loci were isolated and characterized using
the construction of a partial genomic DNA library of short
fragments of T. bifasciatum as per Strassmann et al. (1996).
Genomic DNA was isolated in large quantities from gill fila-
ments and digested to completion by the restriction enzyme
Sau3A1. Restriction fragments were separated by agarose gel
electrophoresis and the 200Ð600 bp fragments were isolated
and ligated into the pUC-18 vector pBluescript (Stratagene).
Following transformation of competent DH5α bacterial cells,
plating onto selective agar media, and replica plating onto
nylon filters, the library was screened using [α32P]-dCTP
end-labelled oligonucleotides corresponding to common
microsatellite motifs: (AAT)10, (CAT)10, (TAG)10, (AAG)10 and
(AAC)10. A total of 24 positive clones was sequenced on an
automated sequencer (ABI/Perkin Elmer) of which 12 con-
tained dinucleotide or trinucleotide repeats. Two of these
microsatellite loci did not contain adequate flanking region
for primer set design. Thus 10 primer sets have been
designed of which six are variable (Table 1).

Population screens were conducted to determine allelic
variability at the six loci by using genomic DNA from seven
to 43 presumably unrelated individuals collected in 1993
from different coral reefs of St Croix, US Virgin Islands. The
final concentrations of the PCR reagents in a volume of 15 µL
were as follows: ≈10 ng of genomic DNA, 1× PCR buffer
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Table 1 Microsatellite loci of Thalassoma bifasciatum, including locus name, primer sequence, repeat array in cloned sequence, annealing
temperature, concentration of MgCl2, and number of alleles observed in (n) presumably unrelated individuals. From the population
screens we calculated the observed and expected heterozygosities, and the expected exclusion probabilities (PE) of those loci that conform
to HardyÐWeinberg equilibrium. GenBank accession numbers for the cloned sequences are AF061789ÐAF061794

Annealing MgCl2 No. of
Locus Repeat array Primer sequences (5'→3') temp. (¡C) (mM) alleles n HO HE PE

T0101 (AAT)22 CCAAAACAAGATTTGTCTGGAC 55 2.9 41 43 1.00 0.97 0.94
AAAAGGGTAAGAGTGAGAGTT

T0328 (CAA)4(GAA)7(GAG)2 CACAGCTTCTCTTCAGAACTC 57 1.5 9 36 0.44 0.86
ACATAAACATCAGAGGCTCC

T3227 (GAG)9 ATCGGAGATGACTGTGGCTC 55 1.5 7 7 0.71 0.79 0.60
GCAGCTTTTCTGGTTATGTCTG

T3231 (CAA)8 TGCCCATTAAACCTCCAC 57 1.5 9 23 0.77 0.87 0.57
GCACAAGAACAAAATGTTAGG

T3235 (GT)16 CCACTGCATGAATGAAGCCATG 63 1.5 33 30 0.97 0.96 0.92
CAGAGGGTGGATTTAGAAAGAGCAA

T3333 (CA)44 AGCTGTGGCAGATGGTCATGC 55 1.5 28 31 0.98 0.95 0.89
GGTGTTTGATTGAGAGATGGTCA

HO, observed heterozygosity; HE, expected heterozygosity.



(10 mM Tris-HCl pH 8.3, 50 mM KCL), 1.5Ð2.9 mM MgCl2,
0.5 µM of each primer set, 200 µM of each dNTP, 0.8 mg/mL
BSA, 0.5 units of Taq polymerase (ABI/Perkin Elmer) and
0.25 µM of a fluorescently labelled dUTP (ABI/Perkin Elmer).
The PCR amplification was done in two steps with two
annealing times: an initial denaturation for 4 min at 94 ¡C, fol-
lowed by eight cycles for 45 s at 92 ¡C, 50 s at the annealing
temperature specified by the primer set, and 45 s at 72 ¡C.
This was followed by an additional 25 cycles with a shorter
annealing time of 40 s, ending with 3 min at 72 ¡C in a ther-
mocycler Perkin Elmer 4800. The fluorescent microsatellite
alleles were visualized and quantified by polyacrylamide
electrophoresis on an automated sequencer in the GENE-
SCAN mode (ABI/Perkin Elmer).

PCR conditions for the six sets of primers were optimized
to yield clear and consistent amplification products with high
levels of polymorphism. Numbers of alleles ranged from
nine alleles to more than 40 alleles per locus with heterozy-
gosities for observed and expected ranging from 0.44 to 1.00
(Table 1). Only five of the six variable loci conform to
HardyÐWeinberg equilibrium when tested with a chi-square
test of GENEPOP (Raymond & Rousset 1995). The significant
deficit (P < 0.05) in heterozygotes at locus T0328 might be due
to the presence of null alleles. Mendelian inheritance patterns
were tested and detected in pair spawns of known individu-
als for the loci T0101, T3235 and T3333. Expected exclusion
probabilites (PE) in excess of 0.8 for each of these three loci
individually, and > 0.999 combined, indicate that these
microsatellites are ideally suited for paternity studies.
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Declining populations of Pacific salmon and trout have made
conservation of these fish a top priority. An understanding of
the population genetic structure of salmon is desirable for
optimal fisheries management. Microsatellites have proven
to be powerful markers for studying salmonid populations as
they have revealed high levels of polymorphism within and
among populations (McConnell et al. 1997; Small et al. 1998).
As sequences flanking microsatellites are often less variable,
there exists the potential to use primers developed in one
species to characterize loci in others (Scribner et al. 1996).
Coho salmon (Oncorhynchus kisutch) populations are declin-
ing throughout their North American range (Weitkamp et al.
1995; Slaney et al. 1996). Here we present 15 microsatellite loci
isolated from coho salmon, and examine cross-species ampli-
fication of these loci in chum salmon (O. keta), sockeye
salmon (O. nerka), rainbow trout (O. mykiss), cutthroat trout
(O. clarki) and atlantic salmon (Salmo salar).

Genomic DNA was extracted (Stratagene DNA extraction
kit) from the livers of two coho salmon and pooled in a par-
tial Sau3A1 digest. Fragments 300Ð500 bp long were purified
from a 0.7% agarose gel using a QIAEX II gel extraction kit
(Qiagen). These fragments were then ligated into the BamHI
site of phosphatase-treated pUC18. Plasmids were then used
to transform DH5αF«IQ Escherichia coli (Gibco BRL) cells.

Approximately 89 × 103 insert-bearing clones were plated
and probed with the [γ32P]-labelled oligonucleotides
(GTCT)16, (CACG)16, (GACA)16, and (CAC)16. A total of 160
positives were sequenced using the DYEnamic 21 M13 primer
kit (Amersham) and analysed on an ABI 377 sequencing
instrument. Primers were designed for 60 of these loci with
the aid of the program PRIMER3 (Rozen & Skaletsky 1997).

Genomic DNA was extracted from opercular punches of
four to seven individuals of each species tested. This was
done by incubating a 0.5 cm2 piece of tissue in 0.2 mL of 5%
Chelex (Bio-Rad), 0.1% Tween-20, 0.1 mg/mL proteinase K
for 30 min at 50 ¡C, followed by 15 min at 94 ¡C. PCR was per-
formed in a 25 µL volume with 100 pmol each primer, 80 µM

each nucleotide, 20 mM Tris, pH 8.8, 2 mM MgSO4, 10 mM KCl,
0.1% Triton X-100, 10 mM (NH4)2SO4, 0.1 mg/mL bovine
serum albumin and 1 U of Ultratherm DNA polymerase
(Eclipse). PCR reactions were carried out in a PTC200 thermal
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cycler (MJ Research) as follows: an initial denaturation of
3 min at 94 ¡C, followed by 35 cycles of 94 ¡C for 30 s, 45 ¡C
for 1 min, and 72 ¡C for 30 s. PCR products were run on 10%
19:1 acrylamide:bis-acrylamide gel, in 2× TAE buffer and
stained with ethidium bromide. Fifteen primer sets amplified
scorable products in coho salmon. Each of these was then
examined in trial populations of 18Ð23 coho individuals.
Allele size range and optimal observed annealing tempera-
ture for each locus are listed in Table 1.

The results of cross-species amplification are shown in
Table 2. Of 15 primer sets tested, the number which ampli-
fied loci was 14 in chum salmon, 13 in sockeye salmon, 14 in
rainbow trout, 14 in cutthroat trout, and seven in atlantic
salmon. These results confirm the utility of primers devel-
oped in one species for the characterization of closely related
species.
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Table 1 Primer sequences, repeat sequences in cloned allele, fragment sizes and optimal annealing temperature (Ta) for 15 microsatellite
loci isolated in coho salmon. Percentage heterozygosity is based on 18Ð23 individuals

Repeat Observed allele GenBank
Locus sequence Primers (5'Ð3') size range (bp) Ta (¡C) % Heterozygosity Accession no.

Oki1 CTGT(18) AGGATGGCAGAGCACCACT 90Ð200 58 0.91 AF055427
CACCCATAATCACATATTCAGA

Oki2 GTCT(37), GCCT(5) TGACTTGAGTGCAATACTGATTCC140Ð180 58 0.86 AF055428
TGAAGCATTAGGACCCTGCT

Oki3 CAC(9) GGAGCCCCTTATTGGAAGG 76Ð86 58 0.05 AF055429
CTTCCAGCAGAGTGTCCCAG

Oki7 CTGT(12) CTCAGCCCTCAGCCCCTAC 90 58 0.00 AF055432
CCGTCAGGAAGTCCAGGAT

Oki8 GT(38) AGCAGCTCTGTTGATTTGGA 160Ð190 58 0.75 AF055433
CCGTAAAAACCGCAAGCAG

Oki9 GT(28) GGGGTTTGTACCAGAGGGAG 100Ð140 55 0.00 AF055434
TACACACAAACACGCACGC

Oki10 CTGT(29) GGAGTGCTGGACAGATTGG 100Ð170 55 0.87 AF055435
CAGCTTTTTACAAATCCTCCTG

Oki11 GT(16) TCTGAGACAGGCAAATGCAC 80Ð90 55 0.61 AF055436
GTTTTAAACCTCACCATTGAGT

Oki13 GCGT(4), GA(10) AGTGTTGAATAAAAACAGTGACAG96Ð104 55 0.80 AF055438
CCTCTATCTGGTGTCAGGTCA

Oki16 GA(25), GACA(39) GATCGGGTAGGGGAGGAGT 190Ð260 55 0.82 AF055440
TGGGAGAAACTACTCAGTGCAA

Oki18 CCT(14) CTGTTGCTCGCAGGGCTA 110Ð120 54 0.13 AF055442
GCACCACAATATGACTGGG

Oki19 CTGT(9), GTAT(14) GCACAATTGGTGGCTGACTA 100Ð110 51 0.90 AF055443
AAATTTACGCCCTACAGTCC

Oki20 CTGT(30) TGTCAGTTTCTGTTTCTGTTTCTG96Ð260 50 0.73 AF055444
GACAGTAGAGAGGATAGAAGTTCA

Oki21 CA(50) TCAGATGACACATTCCATTT 94 46 0.05 AF055445
GCTGTCTCACACGTCACAGTC

Oki23 GTCT(30), CT(30) CATCACACGCTTCCTAGAGTGA 260 58 0.00 AF055447
CCTCATCCACGTTAGCATCA

Table 2 Number of alleles observed at 15 microsatellite loci in
five salmonid species

Species

Locus O. keta O. nerka O. mykiss O. clarki S. salar

Oki1 2 3 1 1 1
Oki2 3 Ð 3 3 2
Oki3 4 1 1 2 Ð
Oki7 1 1 1 1 2
Oki8 2 1 Ð Ð 2
Oki9 1 1 1 1 Ð
Oki10 1 1 1 2 1
Oki11 1 1 1 1 Ð
Oki13 2 2 3 3 Ð
Oki16 1 1 2 2 Ð
Oki18 2 1 1 2 Ð
Oki19 Ð 1 2 1 Ð
Oki20 1 Ð 1 1 Ð
Oki21 1 1 1 3 1
Oki23 2 1 1 4 1

Ð, no scorable product.
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Twelve Aesculus species are known in Asia, Europe and
North America (Kr�ssmann 1976). The Japanese horse
chestnut Aesculus turbinata Blume is a large (up to 30 m
high) deciduous tree species growing in temperate riparian
forests in Japan. The species is characterized by its large
seed size; one of the largest seeds among tree species in
Japan. The seed size of trees usually affects the survival rate,
herbivory attack and secondary dispersal, and therefore is
an important characteristics in the life-history strategy of
trees. The fruits of A. turbinata are also edible to humans,
and have been utilized by local people in mountainous
regions. Hence, there is ecological and economical signifi-

cance in clarifying the regeneration processes of the species
in order to understand and manage the population prop-
erly.

Because trees are sessile, shuffling of genes within and
among populations is conducted through pollination and
seed dispersal. The reproductive individuals of A. turbinata
occur at relatively low density in temperate forest ecosys-
tems: a few individuals per hectare. The inflorescence of A.
turbinata is large (15Ð25 cm long) and pollination is carried
out by insects (Kakutani 1994). Seed dispersal is conducted
by animals such as rodents after the seeds fall to the forest
floor (Hoshizaki et al. 1997; Isaji & Sugita 1997). Pollen and
seed movement mediated by these agents must be clarified in
detail to understand the mechanism of reproduction and
maintenance of the community at relatively low density in
forest ecosystems. In order to analyse the genetic structure
and gene flow of the species, we have developed 10 polymor-
phic microsatellite markers in A. turbinata.

Genomic DNA was extracted from leaves of A. turbinata
growing in the research stand of Kyoto University Forest in
Asiu, Kyoto Prefecture, Central Japan using the modified
CTAB method (Milligan 1992), and digested with MboI.
DNA fragments were size selected for 400Ð600 bp, ligated
into pUC19 which had been digested with BamHI and trans-
formed into JM109 Escherichia coli cells. Recombinant
colonies formed on agar plates were lifted with nylon mem-
branes (Hybond N+, Amersham), and screened using
(GA)20 and (CA)20 probes which have been labelled by the
DIG Oligonucleotide Tailing Kit (Boehringer Mannheim).
Plasmid DNA from positive colonies was sequenced with
an ABI 377 autosequencer. We designed 18 pairs of PCR
primers using a computer program (OLIGO, National
Bioscience). PCR amplifications were performed, using a
thermal cycler (GeneAmp PCR System 9600, ABI), under
the following conditions: initial denaturing at 94 ¡C for
9 min, then 25 cycles of denaturation at 94 ¡C for 30 s,
annealing for 30 s, and extension at 72 ¡C for 1 min, fol-
lowed by a final incubation at 72 ¡C for 7 min. The volume
of the reaction mixture was 10 µL containing 10 ng of DNA
from A. turbinata, 5 pmol of primers, 0.25 U of Taq poly-
merase (Ampli TaqGold, ABI), 200 µM of dNTP, 5 µM of
Biotin-16-dUTP, 1.5 mM of MgCl2, 10 mM of Tris-HCl,
pH 8.3, 50 mM of KCl and 0.001% of gelatin. The PCR prod-
ucts were resolved by electrophoresis on 5% denaturing
polyacrylamide gels and visualized using a non-RI DNA
detection kit (Phototope Star Detection Kit, NEB).

For the DNA samples from 43 A. turbinata adult trees in the
research stand, 10 PCR primer pairs out of 18 designed
primer pairs amplified PCR products representing single or
double alleles for each single individual. Each locus was
polymorphic and showed high levels of variability: the num-
ber of alleles per locus ranged from four to 18, and the
observed heterozygosity was between 0.49 and 0.98 (Table 1).

We used six loci (AT5D2, AT6D2, AT6D8, AT6D12, AT7D1,
and AT7D8) which have more than 11 alleles, for paternal
analysis of 100 seeds from a single adult tree of A. turbinata
growing in the research stand. Maternal alleles for each locus
were determined from a leaf sample. Among 600 combina-
tions (= 100 seed samples × six loci), almost all cases did not
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violate Mendelian segregation patterns; each seed had one or
two maternal alleles at each loci with one exception (at locus
AT6D8, one seed did not share any bands with the mother
tree). The observed mutation rate was thus 1/600, and
seemed to be within the range reported so far (Jarne &
Lagoda 1996).
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The southern house mosquito, Culex pipiens quinquefasciatus
(Diptera: Culicidae), was introduced accidentally to Hawaii
in 1826 (van Riper et al. 1986). There it eventually became the
vector of avian malaria, Plasmodium relictum, a disease that
severely limits the size and distribution of endemic forest
bird populations in Hawaii (Atkinson et al. 1995). Cx.p. quin-
quefasciatus has a circumtropical distribution and is also the
vector for human diseases such as lymphatic filariasis and
several encephalitis.

We are studying the evolution of virulence in hostÐpara-
site systems by examining the recently formed avian
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Table 1 Characterization of 10 microsatellite loci in Aesculus turbinata Blume. EMBL/GenBank/DDBJ accession numbers for the cloned
sequences are AJ005357ÐAJ005366    

Annealing Size* No. of
Locus Primer sequences (5'-3') Repeat structure* temp. (¡C) (bp) alleles HE HO

AT3D6 AATACCAAACTGCCCTTCAT (GA)13A(GA)2A(GA)2A(GA)5 52 308 11 0.85 0.69
TTTCCATTGGCTACATAACT

AT5D2 AATCCATTTGACGAGTTTTA (CA)20 52 261 18 0.91 0.81
GTAAAAGAGGCAGACACAGT

AT5D10 AGTAGAGCTGTGCCTGTAAC (GA)14AA(GA)2 54 241 13 0.85 0.79
TACTTCTTTCAAGGAGACTC

AT6D2 ATGTAACTCTGGGTGCTGTC (CA)10(TA)7 52 301 14 0.89 0.58
AGTTCTGTCAATGTGTATCA

AT6D8 CATACCTATAAGACCAAACA (GA)16 52 155 16 0.91 0.95
TCCTCATCGCAAAGACTAAT

AT6D11 CACTGCCCACCAGATTCAGA (CT)12CG(CT)8 55 155 4 0.45 0.49
AACGGAAATGGACAACAAAA

AT6D12 GGCTCCATCTCTCAAGTGAA (GA)6AA(GA)10 55 142 12 0.85 0.88
TTCTTCCTCTTTCTCCTTAC

AT6D17 TGAAAATGGTAACAAACAAT (CT)13AT(CT)2AT(CT)3 50 168 8 0.78 0.76
TGGCTGATGACGATGAGATT

AT7D1 ATGGGTGTGATTTGTGAGTG (CT)19 55 212 15 0.82 0.81
CTAATGTGGAGGTAAGGTCT

AT7D8 GACCGTCTCACTCTTACTTA (CT)27(CA)6 52 126 17 0.89 0.98
AGATAACCATTTCCCAATCA

*Cloned sequence.
HE and HO are expected and observed heterozygosities, respectively.



malariaÐmosquitoÐbird association in Hawaii. We are
examining the population structure of Cx.p. quinquefascia-
tus and their association with malaria parasites using
microsatellites as one of the genetic markers. Because of
their high mutation rates, microsatellites are ideal markers
to measure the divergence of such recently separated popu-
lations.

Here we describe the isolation, and characterization, of
eight polymorphic microsatellite loci in Cx.p. quinquefascia-
tus. To obtain these loci we used a hybridization enrichment
procedure (Kandpal et al. 1994; Fleischer & Loew 1996).
Approximately 5 µg of genomic DNA isolated from five
mosquitoes was digested with DpnII. The restriction frag-
ments were run in 1.5% Nusieve agarose gels and fragments
between 200 and 800 bp in length were excised and cleaned
with Gelase (Epicentre Technologies). The fragments were
then ligated to ÔSAUÕ linkers (SAULA and SAULB). The fol-
lowing 5′-biotin-labelled simple-sequence repeat arrays
were synthesized by Operon: [GT]15, [CAT]10, [AAT]10 and
[GGAT]7. These were hybridized to iron beads coated with
streptavidin. Afterwards, genomic DNA was hybridized to
the bead/oligonucleotide combination. During washing a
magnet was used to separate the beads (and attached

DNAs) from the wash solutions. Washing removed much of
the genomic DNA lacking repeats. The repeat-enriched
genomic DNA was recovered by denaturation, and made
double stranded and amplified by PCR. After removal of
the SAU linkers with DpnII, the DNA fragments were lig-
ated into vector pBluescript (Stratagene). Following trans-
formation of Stratagene Epicurian Coli XL1-Blue
supercompetent cells, plating onto selective agar media,
and replica plating onto nylon filters, the library was
screened using the four oligonucleotides (from above) end-
labelled with [α32P]-dCTP. Positive clones were sequenced
to confirm the presence of microsatellite repeats and to
design primers from the flanking regions. From 1000 clones
screened, 106 were positive and 61 positives were
sequenced on an ABI automated sequencer (Perkin-Elmer).
Of these, 54 contained dinucleotide or trinucleotide repeats.
None of nine trinucleotide repeats, [CAT]n or [CAC]n, had
adequate flanking regions for primer design. We designed
primers from 11 sequences. We successfully optimized eight
primer pairs and all of these revealed polymorphic
microsatellites.

Final concentrations of the PCR reagents in a 20 µL vol-
ume were as follows: 1× PCR buffer (10 mM Tris-HCl pH 8.3,
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Table 1 Primer sequences, size of amplification product from clone, repeat sequence, annealing temperature, MgCl2 concentration, num-
bers of alleles, number of individuals tested (does not include the three families, except for CQ43) and expected and observed heterozy-
gosity for eight microsatellite loci isolated from Hawaiian Culex pipiens quinquefasciatus. For the second pair of primers in a locus we report
both the number of microsatellite alleles amplified uniquely by that primer pair, and the total number of alleles. GenBank accession num-
bers for the cloned sequences are AF075420 to AF075427

Primer sequences Clone Repeat sequence Temp. MgCl2 No. of
Locus (5' to 3') size (bp) cloned (¡C) (mM) alleles N HE HO

CQ11 F:gatcctagcaagcgagaac 265 (GT)2ACTTC(GT)9 57 2.5 ,9 123 0.76 0.76
R:ggaggttcgcagagttgtg

CQ13 F:cacaccaatctgtcctatcc 266 (GT)4ATGT 59 2.0 ,16 52 0.91 0.58
R:ctgtgaatttggcaagctcg (GCGTGTGT)2AA

(GTGC)2(GT)6(GC)4

(GT)28

CQ16 F:atccgaatcaggaacagttg 230 (GT)15 57 2.5 ,7 45 0.61 0.56
R:tcggccactttttgtcactg ,

CQ26 F:cgacatgggaagagcgcacg 220 (GTGTGTAT)2 + 56 2.0 ,6 123 0.66 0.39
R:acgcgcccttcttctgcaac + (GT)10 + (GT)5

F*:tccgacatgggaagagcgca 58 2.0 ,1, 7 123 0.67 0.47
CQ29 F:tgggagagcatagtttcagg 187 (GT)2GA(GT)10 55 2.5 ,8 123 0.63 0.56

R:tgctcaggagactctactgg
CQ41 F:tgtctgccactgcctgactg 156 (GT)12 59 2.0 ,6 123 0.52 0.32

R:accactcagcaacatccggc
F*:ctgccactgcctgactgaaa 153 56 2.5 ,1,7 123 0.57 0.45

CQ43 F:ttacggctggaactccaaga 163 (GT)2ATGTAT(GT)33 56 2.25 ,4 63 0.67  0.70 
R:attcactcggaagttacagc

CQ46 F:acgcgaacctgtctatctct 117 (GT)18 52 2.0 ,11 123 0.74 0.14
R:tcacgagagtgttcacattc
F*:ttattcagccaccaactcag 176 52 2.5 ,4, 15 123 0.86 0.26

*Primer designed after the first set of primers revealed null alleles.
 Only individuals belonging to the three families have been analysed.



50 mmol KCl), 2Ð3 mM MgCl2 (Table 1), 0.5 µmol of each
primer, 200 µM of each dNTP, 1 mg/mL BSA, 1 unit of Taq
polymerase (Perkin-Elmer) and 0.25 µM of a fluorescently
labelled dUTP (Perkin-Elmer). For the larger microsatellite
repeats formamide was added to a final concentration of
1%. The PCR amplification was performed in a MJ Research
Peltier thermocycler and preceded by a 5-min denaturation
at 96 ¡C, followed by 30 cycles of 40 s at 94 ¡C, 60 s at the
annealing temperature (Table 1), and 60 s at 72 ¡C (the 72 ¡C
step was omitted for the CQ13, CQ16, and CQ43 primer
pairs). The amplification ended with 5 min at 72 ¡C. The
PCR products were sized in polyacrylamide gels using an
automated sequencer in the GENESCAN mode (Perkin-
Elmer).

Three families of mosquitoes with 21 offspring each were
analysed for all loci. This procedure revealed an homozygote
excess in two loci. Suspecting the presence of null alleles, we
designed new primer sets for both loci and tested again the
three families. Appropriate Mendelian inheritance patterns
were then found. During population surveys, in which indi-
viduals from at least three distinct areas were analysed, three
other loci showed a significant homozygote excess coupled
with instances of individuals that failed to amplify just for
those loci. New primer sets revealed new microsatellite
alleles. In these instances, we list in Table 1 both sets of
primers. Even with the new primers, CQ46 still shows a
within-population disproportionate amount of homozy-
gotes.

For each locus, one or more PCR products from homozy-
gote individuals were sequenced. These confirmed the
presence of the microsatellite region and the accuracy of the
sizing technique. Sequencing also revealed deletions and
other mutations in the flanking regions of the microsatellites
responsible for null alleles.
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Monogonont rotifers are cyclical parthenogens, a life cycle
that involves alternating parthenogenesis and sexual repro-
duction, and that renders them attractive subjects for evolu-
tionary research. To date, however, genetic variation in rotifer
populations has been explored using only allozyme elec-
trophoresis (e.g. King & Zhao 1987; G�mez et al. 1995), a tech-
nique that reveals little genetic variation within populations.
In addition, the small size of rotifers (≈ 150 µm) makes the
time-consuming clonal culture in the laboratory an impera-
tive step for allozyme surveys. Finally, allozyme markers do
not permit the exploration of genetic diversity of rotifer rest-
ing eggs or in sexual individuals of the population, which
cannot be grown clonally. Thus, polymorphic, PCR-depen-
dent DNA markers are necessary to tackle fundamental
aspects of population structure and evolutionary dynamics
in rotifers. Here, we describe the first polymorphic
microsatellite loci isolated from rotifers, by examining the
cyclical parthenogen Brachionus plicatilis, a species inhabiting
brackish ponds worldwide.

Microsatellite loci isolation followed the procedures of
Glenn (1995) and Estoup & Turgeon (1996). B. plicatilis strain
L1 (G�mez et al. 1995) was fed on the alga Tetraselmis suecica,
in 12 g/L synthetic seawater (Instant Ocean ). Rotifers were
starved for 24 h prior to genomic DNA extraction. High-
molecular-weight genomic DNA was extracted from ≈ 20 000
rotifers using standard lysis procedures (Sambrook et al.
1989), followed by purification with the Wizard DNA clean-
up kit (Promega). Partial libraries were constructed ligating
size-selected (300Ð700 bp) Sau3AI-digested total B. plicatilis
genomic DNA into dephosphorylated pUC18/BamHI vector
(Pharmacia) and transforming competent cells (Escherichia
coli XL1 Blue MRF and SURE, Stratagene) by electroporation.

Approximately 6900 recombinant clones were probed with
an array of repeat motif oligonucleotides (AC, AG, AAT,
ACT, AGC, ACC, GTAT, CAAA, GAAA, GATA, GACA,
AAAT, AAG, AAC). Inserts from 47 positive clones were
sequenced using M13 pUC18 primers on an ALFexpressTM

automated sequencer (Pharmacia). Seven sets of primers
were designed from positive clones containing microsatellite
arrays (five or more repeat units) using PRIMER3 software
(Rozen & Skaletsky 1997) (Table 1).
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To assess polymorphism, 18 B. plicatilis clones with either
distinct electrophoretic patterns, or isolated from six differ-
ent Spanish brackish ponds were screened, as well as 44
individuals from a single population (Torreblanca Marsh,
Spain). Cross-species amplification of the microsatellite
primers was examined in the other two described members
of the B. plicatilis species complex (G�mez et al. 1995): B.
rotundiformis SS (one clone) and B. rotundiformis SM (five
clones).

PCR template was obtained by extracting DNA from sin-
gle individuals in 30Ð50 µL of Chelex (Bio-Rad). PCR ampli-
fications were performed in a volume of 10 µL containing
2 µL of template DNA, 1.5 mM MgCl2 (3 mM for locus Bp2),
200 µM each nucleotide, 2.5 pmol each primer (reverse
primer end-labelled with Cy5), 1× BIOLINE NH4 buffer, and
0.125 U of Taq polymerase (BIOLINE). An OmniGene
Thermal Cycler (Hybaid) was used with the following pro-
file: five cycles of 1 min at 94 ¡C, 1 min at the annealing tem-
perature (Table 1), and 30 s at 70 ¡C, followed by 35 cycles of
30 s at 94 ¡C, 30 s at the annealing temperature and 30 s at
70 ¡C, with a final extension of 3 min at 70 ¡C. Annealing
temperature in the first five cycles was 55 ¡C for locus Bp2,
and 58 ¡C for Bp3. PCR products were resolved on 6% acry-
lamide gels using an ALFexpressTM (Pharmacia), along with
appropriate size markers (Van Oppen et al. 1997). Alleles
were sized using the program FRAGMENT MANAGER

TM

(Pharmacia).
Although repeat motifs were short and imperfect in gen-

eral (maximum perfect repeat number found was 15), all
seven microsatellite loci proved to be polymorphic in B. pli-
catilis overall, and in the Torreblanca Marsh population. The
number of alleles per locus varied from three to seven
(Table 1). Some of the primers failed to amplify individuals

isolated from inland ponds bearing specific PGI allozyme
genotypes, which had been assigned morphologically to B.
plicatilis, suggesting that sibling species might be included in
this taxon. No loci amplified DNA from individuals of the
two other species screened, which indicates that these
microsatellite loci are not well conserved in rotifers.

Our results are comparable with those obtained in other
cyclical parthenogens. Among cladocerans, 4Ð16 alleles per
locus have been found in Daphnia galeata (V. Reid, personal
communication), and 2Ð7 alleles per locus were found for D.
magna (C. Clabby, unpublished data). In Sitobion aphids,
microsatellite loci yielded 8Ð20 alleles (Sunnucks et al. 1997).
The relatively short and interrupted microsatellites found in
B. plicatilis might explain the low number of alleles per locus.
Nevertheless, the present microsatellite loci constitute a sig-
nificantly more powerful tool than allozyme electrophoresis,
and will potentially allow the analysis of long-term changes
in population structure by screening resting egg banks, as
well as the study of differential sexual investments or mating
preferences in rotifers.
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Table 1 Microsatellite loci from Brachionus plicatilis. Repeat motif and number of repeat units in the sequenced clones are indicated. The
sequences from which the primers were designed have GenBank Accesion nos AF067388Ð94. In total, 62 individuals were tested per locus

Annealing No. of Allele size 
Locus Repeat motif Primer sequences (5′ to 3′) temp. (¡C) alleles range (bp)

Bp3 (ACC)8 F: TTACCCAAGTCAAAGACGGG 60 4 140Ð161
R: CAAGGCCTGGCTGAATGC

Bp2 (CCA)4CTACCA F: GCTGTCACTCCAAAATCATCC58 6 131Ð167
R: CCTGATCGCTCTTAGTGTTGC

Bp1b CAACAG(CAA)2(CAG)4CAA(CAG)2CAACAG F: CATCAACAAAGACCTGCTCG 58 5 236Ð251
R: CATGCCGTTAAACATCTGC

Bp4a GTTGATGTTGAT(GTT)2GATGTTGAT(GTT)2 F: TGGTGTAGGATTCTTTGACGC 58 7 177Ð237
GATGTTGAT(GTT)2GAT(GTT)4 R: TCAAGGAGACCGTTCAATCG

Bp6b (AGC)6CAAC(AGC)2 F: ATATCGGACGAAGAAGAGGC 58 3 121Ð127
R: CCACCCATGAATGTAGTTGG

Bp3c (GTT)6AATGTTAAT(GTT)3(TG)3ACT(GTT)3ATT F: GTTAAGCGAGTGGGTCTTGG 58 5 190Ð205
(GTT)2ATTGTT R: TAGTGTATCTGCCTGCTCCG

Bp5d (CAA)6 F: ATATCGTCGTCAATGTCCGC 58 4 236Ð245
R: TGTGCTCGCGTAGTAGTTGG
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