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ABSTRACT
Summary: QTL Express is the first application for Quan-
titative Trait Locus (QTL) mapping in outbred populations
with a web-based user interface. User input of three files
containing a marker map, trait data and marker genotypes
allows mapping of single or multiple QTL by the regres-
sion approach, with the option to perform permutation or
bootstrap tests.
Availability: http://qtl.cap.ed.ac.uk/
Contact: george.seaton@ed.ac.uk

INTRODUCTION
The mapping of Quantitative Trait Loci (QTL) is the
first step towards the identification of genes and causal
polymorphisms for traits of importance in agriculture and
human medicine. We have developed fast, efficient and
robust linear regression methods to map QTL in simple
and complex pedigrees (e.g. Haley and Knott, 1992; Haley
et al., 1994; Knott et al., 1996; Visscher et al., 1996;
Knott et al., 1998; George et al., 2000). The purpose of
the development of QTL Express was to make these QTL
mapping tools available to the wider scientific community
via a user-friendly web-based user interface.

METHODS
We follow a robust two-step procedure for QTL mapping,
by firstly determining the Identity-By-Descent (IBD)
probabilities at specific chromosomal locations from mul-
tiple marker data, and secondly fitting a statistical model
to the observations and IBD coefficients. Populations
that are currently suitable for QTL Express are halfsib
outbred populations (e.g. several or many sires, each with
a number of offspring) and F2 populations derived from
crosses between either inbred or outbred lines.

Linear models are fitted to phenotypic data using a
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general linear model, i.e. allowing for additional fixed
effects and covariates that explain trait variation. For the
genetic component in the linear model, a single QTL or a
two QTL model is fitted. Additional (known) QTL can be
fitted through the use of cofactors. For populations derived
from crosses, the model for the QTL can be specified
in terms of an additive and a dominance effect, with the
option of an interaction between the QTL and a fixed
effect (e.g. sex or population). Additionally, for outbred
line crosses, the QTL model can include a parent-of-origin
(imprinting) effect.

For the F2 populations, QTL are mapped that explain
genetic variation between the founder lines. Implicitly,
the founder lines are assumed to be fixed for alternative
alleles at the QTL. For outbred lines, this assumption can
be tested by including an interaction between the QTL
and family (e.g. F1 or grandparental sires). For the halfsib
population structure, QTL are mapped that explain within-
family variation, with the evidence for QTL segregation
accumulated across the common parents (Knott et al.,
1996).

Permutation tests to set chromosome or genome-wide
significance thresholds (Churchill and Doerge, 1994) and
a bootstrap procedure to estimate the confidence interval
of a QTL location (Visscher et al., 1996) are implemented.

The format for each of the three input files is general
and these are checked for errors. Segregation distortion
and multi-point information content in each linkage group
are calculated and graphically displayed. Results from
fitting the linear models are displayed both in tables and
graphically. Help files and example data files are available.
Graphic output and the raw data underlying graphs can be
downloaded.

We illustrate the graphical output from a halfsib analysis
in Figure 1. The data set consisted of 693 progeny in
20 halfsib families. Progeny and the common parents
were genotyped at nine microsatellite marker loci in the
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Fig. 1. Example of graphical output from QTL Express. (a) Results
from fitting a single QTL model. (b) Individual test statistics per
halfsib family.

same linkage group, and a phenotypic measurement was
available on progeny. In Figure 1a the test statistic for
one QTL at the given location versus no QTL, an F-
ratio with 20 degrees of freedom in the numerator and
657 degrees of freedom in the denominator, is shown
across the linkage group. In Figure 1b, the absolute
t-values for each family are shown indicating the strength
of evidence for a QTL at the location estimated in the
across-family analysis. Permutation analyses on these data
takes approximately 2.7 and 50.4 min, for 1000 iterations
and a single position permutation and chromosome-wide
permutation at the default 4 cM stepsize, respectively. A
bootstrap analysis for 1000 samples takes approximately
88 min. Corresponding times for a single chromosome
analysis on an F2 population of size 400 and chromosome
length of 60 cM are, approximately, 0.2, 2.7 and 2.6 min.

IMPLEMENTATION
The QTL Express site uses Java servlets. All numerical
analysis, graphics and HTML output is handled by classes
produced and executed by a 1.1.8 Java Development Kit
(JDK 1.1.8) compiler and virtual machine respectively.
The site’s Apache web-server (http://www.apache.org)
takes user submissions and passes them to its associated
JServ module/java classes for processing by the QTL
analysis servlet methods, results are then sent directly
to the browser output stream of the user. Netscape
Navigator/Communicator is the recommended browser
(800 × 600 resolution) for use with QTL Express, as it
requires less re-posting of data during analysis, although
no specific browser is required. However as all analysis
is performed server-side the users machine can be of a
modest specification and a Java-enabled browser is not
absolutely necessary.

CONCLUSIONS
To our knowledge, this is the first set of web-based QTL
mapping tools which deal with a number of outbred
population structures and allows for general linear models
to be fitted. QTL Express is designed to enable researchers
to analyze their data, but is also ideal for teaching
purposes.
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