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Abstract

The unambiguous identification of Central Valley spring-run chinook salmon has become
imperative since their proposed listing in 1998. The accuracy of methods used to assign
individuals to their stock of origin is critical for understanding juvenile migration patterns
and determining the success of protection measures. Existing microsatellites discriminate
between the endangered winter-run and other chinook but are insufficient to characterize
phylogenetically less distinct runs. Here, we isolated and developed highly variable tetra-
nucleotide microsatellites for the specific goal of increasing discriminatory power among
closely related populations, providing a new power towards the reliable differentiation of

nonwinter runs
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Previously developed microsatellites enable the identi-
fication of winter-run chinook salmon (Banks et al. 1999)
but cannot completely classify fish from other runs.
Tetranucleotide microsatellites, first used in our laboratory,
had a higher discriminatory power than most dinucleotides.
We created a library enriched for four tetranucleotide
repeats (Table 1).

The method was modified from that of Kandpal et al.
(1994): 10 ug of good quality DNA from four individuals
were digested with Mbol, ligated to Sau L linkers, size
selected on an agarose gel for 350-800-bp fragments,
hybridized to 3.5 um of each biotinylated tetranucleotide
probe, captured with 50 mg of a biotin-binding matrix
(Vectrex-avidin D; Vector Laboratories) and washed twice
at 50 °C in 150 mm NaCl/100 mM Tris, pH 7.5. Fragments
were eluted and concentrated before polymerase chain
reaction with the SauL A primer to generate ds-DNA and
linker removal by Mbol digestion. The DNA was ligated
into BamHI-pUC18 vector (Pharmacia), transformed into
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XL-2-Blue-ultracompetent cells (Stratagene) and plated on
20 x 20-cm agar plates. Colony lifts were hybridized with
the biotinylated probes and detected on X-ray film using
a streptavidin-alkaline phosphatase conjugate and lumi-
nescent CSPD® (BRL). Positive colonies were rechecked,
occurring at 4.7%.

DNA from 100 chinook clones was prepared using a
Qiaprep spin-miniprep kit (Qiagen) and size-screened by
polymerase chain reaction with M13 primers (Table 1).
Primers were designed using Oligo_5.0 (MBI), standard-
izing the T, and G/C range for subsequent multiplexing.
The polymerase chain reactions were optimized for each
primer (Table2). An additive was developed which
enhanced the relative yield of larger alleles, preventing
their occasional dropout.

Utility for run discrimination was assessed using a panel
of 64 fish, 16 from each of the four runs. Products were
labelled with TAMRA-dNTPs and loci were typed on 8%
denaturing polyacrylamide gels visualized using a FMBIO
I scanner (Hitachi).

The power to detect between-run variability was initially
assessed using population pairwise values for Nei’s genetic
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Table 1 Library development

Repeat unit (GATA)*  (GraA)*  (caTA)t  (cATO)t Mixed Total
Clones sequenced 12 8 27 27 8 82
Average no. of repeats 28.5 21 28.2 — - 259
Range of repeat nos 6-64 7-38 1246 — — 6-64
Complex interrupted 0 2 0 25 8 35
Short flanking sequence 5 3 5 13 2 28
Primers developed 5 4 18 2 1 30
Rejected: PCR/scoring 2 0 6 0 0 8
Monomorphic or low diversity = 2 2 6 2 1 13
Diagnostict 1 2 3 0 0 6

*Frequently used vertebrate microsatellites (EMBL database).
tMore rarely used vertebrate microsatellites (EMBL database).

fThree polymorphic markers not developed for run diagnosis EMBL nos AJ534364,

AJ534365 and AJ534366.
PCR, Polymerase chain reaction.

distance (Nei 1972), since heterozygosity-based distances
(e.g. Fgp) may be less accurate with highly polymorphic
loci. (Hedrick 1999). These were combined for nonwinter
populations using

D —In(X(e-D)/n)

combined —
where 1 = no. distances and ranked alongside loci currently
used (Banks et al. 1999). Loci were also ranked using the
critical population routine described in the program
wHICHLOCI (Banks efal. 2003). Repeated iterations for
assignment (Banks & Eichert 2000) were performed for
each locus, scoring by correct assignment to source popu-
lations. Equivalent results were subsequently obtained
with frequencies from over 100 fish per population.

Six loci ranked above all but our two most diagnostic loci
and were developed in three colour-multiplexed sets
(Table 2). They all have alleles of moderate frequency with
strong run biases so, despite the presence of low frequency
alleles in some individuals, when combined they have
strong run discriminatory powers.

G-tests (Sokal & Rohlf 1995) were performed on trans-
mission results in three or more control families described
previously (Banks et al. 1999). Normal Mendelian inherit-
ance was affirmed for all six loci. Cross-species testing was
carried out on five other Oncorhynchus species (Table 2).

Homology searches (http://www.ncbi.nlm.nih.gov/
BLAST) revealed that Ots-208 had been isolated simultane-
ously as G68 (Accession no. AF393187). Also, Ots-204,
amplifying exclusively in chinook, is situated immediately
proximal to a presumed inactive Tcl-like transposable
element (Accession no. L41171). These have been previously
associated with microsatellites (Goodier & Davidson 1998).

Tetranucleotide microsatellites have been reported to
have lower mutation rates than dinucleotide repeats in
several species (Kruglyak etal. 1998; Schug et al. 1998)
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although hypermutable tetranucleotides have been found
(e.g. Primmer & Ellegren 1998). Polymerase mutations
have been shown to have differential effects on the muta-
tion rate of di- and tetranucleotide repeats (Eckert & Yan
2000; Bayliss et al. 2002), providing a mechanism for spe-
cies differences in relative mutation rates. Motif sequence
bias may also affect mutation rate since tetranucleotides
with a lower G/C content (as here) can be more variable
(Eckert et al. 2002). Larger, more variable, tetranucleotides
may also be more prevalent in fish, which have longer micro-
satellites (Brooker et al. 1994).

In this study, highly polymorphic tetranucleotides
have been isolated and comprehensively characterized,
proving to be valuable tools for fine-scale population
discrimination.
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