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Whereas detection and positioning of genes that affect
quantitative traits (quantitative trait loci (QTL)) using linkage
mapping uses only information from recombinants in the
genotyped generations, linkage disequilibrium (LD) mapping
uses historical recombinants. Thus, whereas linkage map-
ping requires large family sizes to detect and accurately
position QTL, LD mapping is more dependant on the number
of families sampled from the population. In commercial
Atlantic salmon breeding programmes, only a small number
of individuals per family are routinely phenotyped for traits
such as disease resistance and meat colour. In this paper,
we assess the power and accuracy of combined linkage
disequilibrium linkage analysis (LDLA) to detect QTL in the
commercial population using simulation. When 15 half-sib
sire families (each sire mated to 30 dams, each dam with 10
progeny) were sampled from the population for genotyping,

we were able to detect a QTL explaining 10% of the
phenotypic variance in 85% of replicates and position this
QTL within 3 cM of the true position in 70% of replicates.
When recombination was absent in males, a feature of the
salmon genome, power to detect QTL increased; how-
ever, the accuracy of positioning the QTL was decreased.
By increasing the number of sire families sampled from the
population to be genotyped to 30, we were able to increase
both the proportion of QTL detected and correctly positioned
(even with no recombination in males). QTL with much
smaller effect could also be detected. The results suggest
that even with the existing recording structure in commercial
salmon breeding programmes, there is considerable power
to detect and accurately position QTL using LDLA.
Heredity (2006) 97, 19–26. doi:10.1038/sj.hdy.6800827;
published online 10 May 2006

Keywords: QTL; linkage disequilibrium mapping; commercial salmon populations

Introduction

Although traditional selective breeding has led to rapid
gains in economically important traits in Atlantic salmon
(eg Gjedrem, 1997), faster gains could be achieved if the
genes affecting these traits (termed quantitative trait loci
(QTL)) could be identified. This information could then
be used in marker-assisted selection (MAS). The im-
provement from MAS is expected to be particularly large
for traits that are difficult to select for (Meuwissen and
Goddard, 1996). One example is meat colour, where in
salmon selection programmes, the trait is only measured
on relatives of the breeding candidates.

A key question is whether QTL for economically
important traits can be detected in currently available
commercial Atlantic salmon populations, and within the
existing phenotype recording structure (Figure 1). In this
structure, a few progeny from a large number of families
are evaluated for traits such as meat quality and disease
resistance. Many QTL detection experiments use linkage
mapping in half-sib or full-sib families (eg Jackson

et al, 1998; Sakamoto et al, 1999). In linkage mapping,
the difference in the average phenotypic value between
progeny within half- or full-sib families receiving
alternate parental marker alleles is calculated. For
successful detection of QTL, the size of the families must
be large enough so that difference between progeny
groups receiving alternate marker alleles is significantly
greater than the effects of other genes and environmental
effects (eg Haley and Knott, 1992). As an example, to
detect a QTL with a gene substitution effect of 0.4
environmental standard deviations and allele frequen-
cies of 0.5 with 95% probability, four half-sib families
of 250 progeny each would be required (Martinez et al,
2002). Full-sib family groups of this size are much larger
than are currently phenotyped for any one trait in the
commercial breeding companies. An alternative to
linkage analysis (LA) is to use linkage disequilibrium
and linkage analysis (LDLA) information simultaneously
(eg Meuwissen et al, 2002; Blott et al, 2003; Fan et al, 2005).
Linkage disequilibrium (LD) between a marker and a
QTL implies that there is an association between an allele
at the marker locus and an allele at the QTL across
the entire population, and not just within families. In
pure LD mapping, no family structure is required. The
LDLA strategy uses both the linkage and LD information
to determine the probability of a QTL being present at a
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particular site in the genome. As the extent of across
population LD is typically much less than within families
(eg Farnir et al, 2000; McRae et al, 2001), the LDLA
approach also requires a denser marker map in order
to gain information from across population LD. In
livestock, such maps are quickly becoming a reality
(eg ftp://ftp.hgsc.bcm.tmc.edu/pub/data/Btaurus/snp/
Btau20040927/bovine-snp.txt), and many markers are
now available for both Atlantic salmon and catfish (He
et al, 2003; Hayes et al, 2004). Additionally, the develop-
ment of new genotyping technologies is drastically
reducing the cost of genotyping, particularly for single
nucleotide polymorphism (SNP) markers (eg Bell et al,
2002). In this study, we evaluate the power of both LDLA
and LA to detect and position QTL using the existing
commercial population and phenotype recording struc-
ture. We also investigate the effect of a novel feature of
the salmon genome, that there is little or no recombina-
tion among some of the male chromosomes during
meiosis (Moen et al, 2004a, b), on the power of QTL
detection. Finally, a strategy that aims to reduce the cost
of genotyping needed to detect QTL with LDLA was
evaluated.

Methods

Simulation
A base population of Atlantic salmon of size 100
individuals was created by computer simulation. The
validity of effective population size 100 is considered in
the discussion. Each animal in the population had two
chromosome segments (one from its mother and one

from its father). On a chromosome segment, there were
10 markers and one QTL locus, in the centre of the
segment, for example, M_M_M_M_MQM_M_M_M_M.
The length of the chromosome segment was 10 cM, for
example, a 1/10 chance of recombination during any
meiosis. During a meiosis, the probability of mutation at
a marker or QTL was 0.0017 (a justification for this
mutation rate is given in the Results section). If a locus
was mutated, a new allele was added at that locus.
Random mating was carried out for 1000 generations to
produce a population in mutation–drift balance. Ten
generations of exponential growth of this population
followed such that there were 600 individuals in
generation 1010.

In generation 1010, 150 sires were chosen and 300
dams. Each sire was mated to two dams to produce 10
offspring per mating (total number of progeny 3000).
This design is similar to that used by the two salmon
breeding companies in Norway today, with 300 families
and approximately 10 individuals per family evaluated
for meat colour and disease resistance. The popula-
tion was simulated both with and without recombination
in males.

In the final generation, the effects of the QTL alleles
were sampled from a normal distribution NB(0, 1). In
our simulations, 2–5 alleles were typically segregating at
the QTL. To generate a phenotypic record for each of
the 3000 progeny, the effects of the two QTL alleles a
progeny carried were summed, and a random environ-
mental component sampled from a normal distribu-
tion NB(0, 1). Sire, dam, and Mendelian sampling
terms were also added, such that the proportion of
the total phenotypic variance explained by the QTL
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Figure 1 Structure of Norwegian Atlantic salmon breeding programme for a single breeding company.
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was either 0.1, 0.05, or 0.025, and the heritability of the
trait was 0.4.

To assess the effect of a larger effective population size
in the population before the formation of the breeding
population, an additional simulation was performed
where a base population of size 1000 individuals was
simulated for 6000 generations, with mutation rate at the
markers and QTL of 0.00017. This was followed by 10
generations of effective population size of 100 (with the
aim of simulating the effect of sampling the breeding
population from the wider population). Then in genera-
tion 6011, 150 sires and 300 dams were selected as
described above to produce 300 full-sib families of 10
progeny per family.

Genotyping strategies
Either 15 or 30 half-sib families (with 20 or 10 progeny
per half-sib family, respectively) were selected for geno-
typing from the 150 half-sib families in the population.
In the first genotyping strategy, strategy RAND, this
selection was made at random. In the second strategy,
the 15 half-sib families with the maximumwithin half-sib
family variance (calculated from the phenotypic records)
were selected for genotyping (strategy MAXV). The aim
of this strategy was to try and select only those families
from sires heterozygous at the QTL.

We also assessed (only for the situation with no
recombination in males) the effect of increasing the size
on the mapping population on the power to detect and
position QTL of different sizes. The number of half-sib
families selected for genotyping was increased to 30 (20
progeny per half-sib family).

QTL analysis
Two methods of analysis were used: LA and combined
LDLA. For the LA, a two-step variance component
method (eg George et al, 2000) was used. The two steps
were as follows:

1. For each QTL position on the chromosome segment,
calculate the (co)variance matrix associated with the
QTL. This matrix is also called the G or identical by
descent (IBD) matrix, and has elements ij¼Prob(QTL
alleles i and j are IBD). We used the LOKI package
(Heath, 1997), which uses a Markov chain Monte-
Carlo approach to estimate the IBD matrix.

2. For each position considered in step 1, construct
a linear model to estimate QTL variance and other
parameters, test for the presence of a QTL. The linear
model was Y¼mþ uþZvþ e, where Y is a vector of
observed phenotypes, m the overall mean, u the vector
of random polygenic effects, v the vector of random
QTL effects, e the residual vector, and Z the design
matrix relating the QTL allele to the phenotype. The
random effects u, v, and e are assumed to be
distributed as follows: uBN(0,su2A), vBN(0,sv2G),
eBN(0, se2I), where su2, sv2, and se2 are the polygenic
variance, the additive QTL variance of one allele, and
the residual variance, respectively. A is the standard
additive genetic relationship matrix and G is the IBD
matrix described above. Parameters su2, sv2, and se2
were estimated using ASReml statistical package
(Gilmour et al, 2002), which also calculated the
likelihood of the above model.

For the LDLA, a two-step procedure was also used. In
the identical by descent (IBD) matrix, the (i, j) element is
the probability that the QTL alleles in gametes i and j are
IBD. The IBD matrix was calculated using the method
described by Meuwissen et al (2002). Marker haplotypes
(marker alleles that occur on either the maternal or
paternal chromosome) of all the parents and the progeny
were used for the prediction of IBD probabilities, which
formed the IBD matrix in Table 2. The probability of IBD
among the base QTL alleles (block [a] in Table 1) is based
on LD, whereas IBD probabilities in block [b] are based
on linkage, that is, tracing chromosome segments from
sires and dams to progeny.
The second step of the analysis was the estimation of

QTL parameters, and was carried out using ASREML as
described above.
For both LA and LDLA, the IBD probabilities, the

likelihood of the model, and the variances were assessed
for a putative QTL in the middle of each marker bracket.
The likelihood ratio (LRT) was calculated as twice
the difference in log-likelihoods between the model
with the QTL and the model without the QTL. A QTL
was detected if this value exceeded w0.12 ¼ 2.71. The most
likely bracket containing the QTL was the one with the
highest LRT, at which the QTL variance was estimated.
The QTL was considered to be correctly positioned if
the estimated position was 7one bracket from the true
position.
There were 25 replicate populations of each mapping

design.

Results

Simulated populations
To determine if our simulation model was producing
populations in mutation–drift balance, we investigated
the average heterozygosities of the markers across
generations, and the amount of LD between the markers.
Under a mutation–drift model with no selection, the
equilibrium value for heterozygosity should be

H ¼ 4Nu

4Nuþ 1

(Kimura and Crow, 1964), where N is the effective
population size and u is the mutation rate per locus
per gamete. In our case, N was 100 and u was 0.0017, so
the expected heterozygosity per marker would be

Table 1 The matrix of IBD coefficents

Sire
haplotypes

Dam
haplotypes

Progeny
haplotypes

Sire haplotypes [a] [a] [b]
Dam haplotypes [a] [a] [b]
Progeny haplotypes [b] [b] [b]

IBD, identical by descent; LD, linkage disequilibrium.
The IBD matrix has a row for each sire haplotype, a row for each
dam haplotype, and a row for each of the progeny haplotypes. The
IBD coefficents among the sire and dam haplotypes (a blocks) are
generated using LD only, using the method of Meuwissen and
Goddard (2001). IBD coefficents between sire and progeny and dam
and progeny haplotypes (b blocks) are based on linkage and are
generated following Meuwissen et al (2002).
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0.40. The expected heterozygosity agreed well with
the average heterozygosity across marker loci observed
in the simulations (Figure 2a), following an initial
period (generations 0–400) of accumulation of muta-
tions. The mutation rate was actually chosen to give a
heterozygosity of approximately 0.4, as although
a heterozygosity of 0.4 is somewhat lower than is
typically observed with microsatellite markers (eg
Withler et al, 2005), it is similar to that observed for
SNPs in SNP panels (Hayes et al, 2004). The hetero-
zygosity of the QTL was also approximately 0.4, which
would be equivalent to a bi-allelic QTL with a rare
allele frequency of 0.28. This is similar to the rare allele
frequency of QTL detected in some salmon QTL
mapping experiments using outbred populations (eg
Perry et al, 2001). If the heterozygosity of the QTL were
lower than this, the power of QTL mapping in the results
below would be reduced, as there would be less
phenotypic observations on one of the QTL alleles.
However, if the heterozygosity were increased, power
would also be increased.

When the population size was increased to 1000, the
mutation rate at QTL and markers was reduced to
0.00017, in order to maintain a heterozygosity of 0.4. The
heterozygosity was maintained at 0.4 (results not shown)
so that the differences in the power of QTL mapping
in this population and the population of smaller
N depended only on the amount of LD, and not marker
or QTL heterozygosity.

Under a finite population size model, the amount
of LD between two loci separated by c Morgans is
expected to be E(r2)¼ 1/(4Ncþ 1), where N is the
effective population size (Sved 1971). The observed r2,
calculated using the formula of Hudson (1985), agreed
well with the expected result when a single replicate was
investigated (Figure 2b). This suggests our simulation
model is generating a population with the expected
amount of LD.

Power of mapping designs to detect QTL
It is important to note that owing to computational
requirements, only a relatively small number of repli-
cates (25) could be performed for each strategy; so results
presented in Tables 2 and 3 are likely to have large
standard errors. Despite this, some obvious results were
apparent.

In all designs, LDLA detected more QTL than LA
alone (Table 2). When genotyping strategy RAND
was used, the highest proportion of QTL were detected
when 30 sires were mated to 60 dams, that is, when
the number of parents sampled from the population
was greatest.

The power to detect QTL was increased significantly
(in LA) when there was no recombination in males
(Table 2 and Figure 3).

Using the MAXV strategy to select which families to
genotype substantially increased the power of both LA
and LDLA to detect the QTL.
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Figure 2 (a) Average marker heterozygosity across generations from a single simulation and (b) pairwise LD (r2) between markers in
generation 1000 from a single replicate.

Table 2 Proportion of QTL detected with different family struc-
tures, different genotyping strategies, and different QTL mapping
methodologies

Design Genotyping
strategy

Linkage LDLA

With recombination in males
15 sires, 30 dams, 300 progeny RAND 0.57 0.85
30 sires, 60 dams, 300 progeny RAND 0.52 0.91
15 sires, 30 dams, 300 progeny MAXV 0.87 0.96

With no recombination in males
15 sires, 30 dams, 300 progeny, no
recombination in males

RAND 0.64 0.75

QTL, quantitative trait loci.

Table 3 Proportion of QTL correctly positioned with different
family structures, different genotyping strategies, and different QTL
mapping methodologies

Design Genotyping
strategy

Linkage LDLA

With recombination in males
15 sires, 30 dams, 300 progeny RAND 0.22 0.70
30 sires, 60 dams, 300 progeny RAND 0.43 0.64
15 sires, 30 dams, 300 progeny MAXV 0.56 0.61

With no recombination in males
15 sires, 30 dams, 300 progeny,
no recombination in males

RAND 0.44 0.40

LDLA, linkage disequilibrium linkage analysis; QTL, quantitative
trait loci.
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Power of mapping designs to correctly position QTL
The LDLA gave considerable improvements over LA in
the accuracy of positioning the QTL within the 10 cM
segment (Table 3). Lack of recombination in males
reduced the ability of both methods to accurately
position the QTL (Table 3 and Figure 3).

The MAXV strategy showed no superiority over the
other strategies in terms of accuracy of positioning the
QTL.

Effect of increased past effective population size
When the effective population size of the base popu-
lation was increased to 1000, the amount of LD in the
population, especially between loci 1–3 cM apart, fell
substantially (compare Figures 4 and 2b). Note that in
Figure 4, the observed data do not fit the prediction
of the amount of LD with either N¼ 1000 or N¼ 100,
this is because N is changing over time (from 1000 to
100). The figure shows how the r2 quickly approaches
the new equilibrium at large distances between markers,
but not at small distances. This trend is in agree-
ment with Goddard (1991) and is explained by Hayes
et al (2003).

In this population (with 15 sires mated to 30 dams and
10 progeny per dam), the proportion of genes detected
by the LDLA method was 0.69, whereas the proportion
of genes correctly positioned was 0.63, which is 0.16 and
0.07 less than the proportion of genes detected and
correctly positioned, respectively, when the population
size was constant at 100 (Tables 2 and 3). LD is still
contributing to the detection and positioning of the
QTL; however, with no contribution from LD, the results
could be expected to be the same as those from LA alone
(proportion of QTL detected 0.65 and proportion of
QTL correctly positioned 0.35). As expected, results
from LA in this population were very similar to those
in Tables 2 and 3.

Effect of increasing the size of mapping population
Increasing the number of families genotyped substan-
tially increased both the power to detect QTL and the
accuracy of positioning the QTL when LDLA was used,
Figure 5 (compare results for 15 sires, 30 dams, 300
progeny no recombination in males in Tables 2 and 3
with Figure 3). The power to detect QTL with LA was
also improved, but there was no improvement in the
accuracy of locating the QTL.
When the MAXV strategy was used to select the

30 half-sib families for genotyping, and with LDLA,
we were able to detect a QTL explaining only 2.5% of
the phenotypic variance in 81% of replicates, and assign
this QTL to the correct 3 cM interval in 47% of cases.
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Discussion

To date, all of the QTL mapping experiments carried
out in Atlantic salmon (eg Moen et al, 2004a, b; Reid
et al, 2005) have been carried out in specially created full-
or half-sib families, and using LA. Our results indicate
that by using LDLA, QTL of moderate effect (explaining
10% of the phenotypic variance) can be detected
and accurately positioned by sampling families from
the current commercial breeding populations, and using
phenotypic records from the existing recording scheme.
The information from LD or ancestral recombinations
contributes substantially both to the success (in terms of
probability of detecting QTL) and precision of mapping:
up to 39% more QTL were detected and 48% more
QTL were correctly positioned when LDLA was used
compared with LA alone.

The observed increase in the power of LDLA over LA
concurs with the results of Lee and van der Werf (2004).
They simulated a QTL explaining 25% of the phenotypic
variance segregating in a population of 128 individuals,
belonging to between 2 and 64 half-sib families
(ie between 64 and 2 individuals per half-sib family). In
their study, the use of LD information increased the
proportion of replicates in which a QTL was correctly
positioned (within a 3 cM bracket) from approximately
30–65%, with a larger advantage of LDLA over LA with
more half-sib families in the population.

Reduced or absent recombination for some chromo-
somes during male gametogenesis in Atlantic salmon has
been documented (eg Moen et al, 2004a, b). In both LDLA
and LA, lack of recombination in males substantially
increased the power to detect QTL, whereas the precision
of the QTL mapping was reduced. Lack of recombination
in males results in fewer haplotypes, or allelic combina-
tions, being present in the population. In LD mapping,
this means that there are more phenotypic observations
per haplotype. The estimated differences between
haplotypes carrying different QTL alleles will then be
estimated more precisely, so QTL are more likely to
be detected. However, the power to position QTL is
decreased, as the difference in the amount of LD between
the QTL and adjacent markers and markers some
distance from the QTL will be reduced, compared to
a situation where recombination in males occurs. To
improve the accuracy of positioning the QTL when there
is no recombination in males, more haplotypes must be
sampled from the population, that is, progeny from a
greater number of families must be genotyped. For
example, when the number of sire families genotyped
was increased to 30, we were able to detect a QTL
explaining 5% of the phenotypic variance in 100% of
replicates and position this QTL within the correct 3 cM
bracket in 54% of replicates (Figure 3).

Exploiting LD in QTL mapping requires a dense
marker map. We simulated a chromosome segment with
a marker every cM. If there was no prior information on
the QTL position, screening the entire genome with
this marker density would require approximately 900
markers (based on a map length of 900 cM estimated by
Moen et al, 2004a, b). Although this number of SNP
markers will be available for Atlantic salmon in the
near future (Hayes et al, 2004), an alternative two-stage
strategy to genotyping all markers in all fish is possible.
This strategy exploits the reduced level of recombina-

tion in males. Step 1. Two to three markers from each
chromosome are genotyped and the data analysed using
LA, to determine which chromosomes harbour QTLs
(more markers provide little additional information
owing to the limited recombination in males). Step 2.
For these chromosomes, genotype markers every cM and
analyse the genotype and phenotype data using LDLA.

A second alternative is to exploit the haplotype block
structure of LD to reduce the number of markers
genotyped. LD occurs because a number of animals in
the modern population have inherited the same piece of
chromosome from an ancestor who lived perhaps many
generations ago. Recombinations will have occurred as
the chromosome is passed down the generations, so that
perhaps only small chromosome segments are shared by
all modern descendants of this ancestor. In these regions,
all individuals sharing this small chromosome segment
will have the same combination of marker alleles
or marker haplotype for the markers in that chromo-
some segment. Knowledge of the marker haplotypes
allows selection of a limited subset of markers that are
informative about the remainder of the common markers
in a region. These markers are called tag markers, and
if the markers are single nucleotide polymorphisms,
tag SNPs (Sebastiani et al, 2003). The reduction in the
number of SNPs that need to be genotyped depends on
the extent of LD and the marker density. In our example,
with markers every cM and effective population size
of 100, the reduction in the number of SNPs by using
haplotype tags would not be expected to be very large, as
the r2 between adjacent markers is expected to be
1/(4Ncþ 1)¼ 0.2. In other words, adjacent SNPs are
only expected to account for 20% of the variance of the
other marker. But to test this, we used the program
BEST (Best Enumeration of SNP Tags; Sebastiani et al,
2003) to select tag SNPs from the 10 markers simulated.
The average number of tag SNPs selected in 25 replicates
was 8.5. This would represent only a small reduction in
the amount of genotyping required for QTL mapping.

As stated previously, the extent of LD in a population
depends on, among other factors, the past effective
population size. In livestock populations, for example,
recent effective population sizes are often quite small. As
a result, the extent of LD can be considerable, with
measurable LD (eg useable for detection of QTL) for up
to tens of cM in cattle (Farnir et al, 2000), sheep (McRae
et al, 2001), and pigs (Nsengimana et al, 2004). This is in
sharp contrast to the situation in humans, where recent
effective population sizes have been large, and conse-
quently measurable LD often only extends a few 100 kb
(eg Dunning et al, 2000; Reich et al, 2001). So how valid is
our assumption that the past effective population size for
the Atlantic salmon aquaculture breeding programmme
was 100? The breeding programme for Atlantic salmon
in Norway began seven generations ago, and was based
on sampling fish from a number of rivers throughout
Norway (Gjedrem et al, 1991). However, only a small
number of the fish sampled have actually contributed to
the breeding population (Gjedrem et al, 1991), and the
estimated effective population size is between 200 and 50
(Mork et al, 1999). The effective population is likely to
have been very much larger in the past – estimates for
effective population sizes for populations from single
rivers are in the order of 200 (eg Spidle et al, 2004), and
the populations across rivers will be very much
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larger. This reduces the amount of LD, particularly for
short chromosome segments (Hayes et al, 2003). Our
simulation with larger effective population size (1000) in
the past followed by a contraction in recent effective
population size (to 100) was designed to reflect
this situation. The results indicated that the level of LD
was still sufficient to contribute to increasing the
power of detection and accuracy of positioning the
QTL. If estimates of historical effective population size
turn out to be very much larger than 1000, a much denser
marker map than we have simulated here will be
required to detect and correctly position QTL.

In our simulations, we have ignored the effects of both
natural and artificial selection. A QTL with an effect on a
quantitative trait may also have a negative pleiotropic
effect on fitness (Cabellero and Keightley, 1994). If this
were the case, the frequency of the QTL allele with a
favourable effect on the quantitative trait, but a negative
effect of fitness, could be reduced, hence reducing the
power of QTL detection. However, Hayes and Goddard
(2003) still found detectable QTL segregating in popula-
tions where QTL affecting an economic trait had a
pleiotropic effect on fitness and natural selection was
simulated.

In our study, we have used the LDLA method
proposed by Meuwissen et al (2002) to detect and
position QTL. This method uses multi-locus information
from both linkage and LD information simultaneously to
construct a matrix of IBD coefficients, which is then
fitted as the (co)variance matrix of the QTL in a variance
component analysis. An alternative approach, described
by Fan et al (2005), models the LD component as
fixed effect mean coefficients. The Fan approach has
the advantage that contribution from LA and LA can be
clearly separated. However, the method of Meuwissen
et al (2002) has two advantages. The first is that both LD
and LA have to contribute simultaneously to the test
statistic, reducing the chance of false positive results (see
Meuwissen et al, 2002 for details; Gautier et al, 2006;
Olsen et al, 2005). The second advantage is that treating
the founder haplotypes as random effects allows a
(co)variance matrix to be created between and among
the founder haplotypes based on probabilities of iden-
tical by state, recombination distances between the
markers, and population models of LD (Meuwissen
and Goddard 2001). Given that both the method of Fan
et al (2005) and Meuwissen et al (2002) have advantages
and disadvantages, future work should compare the
power of these two methods to detect QTL.

A substantial increase in the power of the mapping
experiment is possible if the mapping population (from
the breeding population) is chosen to maximise the
chance that QTL are segregating in the selected families.
The MAXV strategy, for example, selected families with
maximum within family variance for the trait being
mapped. This strategy is similar to the strategy proposed
by Stella and Boettcher (2004), where the half-sib families
with the most discordant sibs are selected for geno-
typing. They showed that for continuous phenotypes,
this strategy was as powerful or more powerful in some
cases than standard selective genotyping, where the most
extreme sibs within a number of families are genotyped.
Provided phenotypes are available before genotyping,
the MAXV strategy should be used to select families for
genotyping from the general population.

Our results suggest that the MAXV strategy, in
combination with LDLA mapping, enables detection of
QTL of moderate effect for economically important traits
using the currently available commercial Atlantic salmon
populations, and within the existing phenotype record-
ing structure, without the need to create special resource
populations. An advantage of detecting QTL in the
commercial population is that MAS can be applied
immediately, by genotyping the potential broodstock for
the haplotype of markers surrounding the QTL.
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