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ABSTRACT

Summary: R/qgtl is an extensible, interactive environment
for mapping quantitative trait loci (QTLS) in experimental
populations derived from inbred lines. It is implemented
as an add-on package for the freely-available statistical
software, R, and includes functions for estimating genetic
maps, identifying genotyping errors, and performing
single-QTL and two-dimensional, two-QTL genome
scans by multiple methods, with the possible inclusion of
covariates.

Availability: The package is freely available at http://www.
biostat.jhsph.edu/~kbroman/qtl.

Contact: kbroman@jhsph.edu

INTRODUCTION

crosses, with possible allowance for genotyping errors.
Current specific implementations include backcrosses,
intercrosses, and phase-known four-way crosses; the code
may be extended for use with more complex crosses.

FEATURES

R/qtl includes functions for identifying genotyping errors,
visualizing genotyping data, identifying errors in marker
order, and re-estimating inter-marker distances.

The user may perform single-QTL genome scans
and two-dimensional, two-QTL genome scans, under a
normal model, with the possible inclusion of covariates,
by the EM algorithm (Dempsteet al., 1977; Lander
and Botstein, 1989), Haley—Knott regression (Haley and

There exist numerous computer programs for QTL mapKnott, 1992), and mUltlple |mputat|0n -(Sen and ChurC-hi",
ping in experimental crosses, including Mapmaker/QTLZQOl)- Further, R/qtl includes facilities for pe_rfo_rmlng
(Landeret al., 1987) and Map Manager QTX (Mankt smgle_—QTL genome scans by non-parametric interval
al., 2001). Here we describe new QTL mapping softwaremapping and binary trait mapping. Higher-order QTL
R/qtl, implemented as an add-on package for the freeljnodels may be fit by multiple imputation. LOD thresh-
awailable statistical software, R (Ilhaka and Gentleman0lds may be estimated by permutation tests (Churchill
1996). and Doerge, 1994). Figure 1 contains example graphs
R/qtl incorporates a more comprehensive set of method$om R/qtl, for data on salt-induced hypertension in 250
than is currently available in any one package. The code iBackcross mice (Sugiyanetal., 2001).
written so that new methods can be readily implemented.
C_omputationally i_ntens_ive algorithms_were coded in C.FUTURE DEVELOPMENT
while the data manipulation and graphics functions were i )
coded in the R language. R/qtl accepts input in a variety oR/dtl is under continual development. Our current efforts

formats and is available for Windows, Unix and MacOS. focus on the fit of higher-order QTL models by multiple
interval mapping (Kaet al., 1999), techniques for model

comparison and model search for such multiple-QTL
HIDDEN MARKOV MODEL TECHNOLOGY models, and the proper treatment of the X chromosome

A key component of computational methods for QTL jn QTL mapping.
mapping is the hidden Markov model (HMM) technology  Fyture plans include the coordinated analysis of multi-
(Baumet al., 1970) for dealing with missing and part'a”yagle traits, analysis of recombinant inbred lines with ran-

missing genotype data. The core of R/qtl is a generafom line effects, and analysis of multiple-QTL models
implementation of the HMM technology for experimental tor pinary traits. Further, in collaboration with Kenneth

*To whom correspondence should be addressed.

TPresent address: Department of Epidemiology and Biostatistics, Universit

of California, San Francisco, CA 94143, USA.

F. Manly and colleagues at the Roswell Park Cancer In-
ptitute, we are developing a graphical user interface for
R/qtl.
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Fig. 1. Example graphs from R/qtl, based on the backcross data from Sugstaahg2001). @) LOD curves for selected chromosomes,
calculated by standard interval mapping (black), Haley—Knott regression (blue), multiple imputation (orange), and non-parametric interval
mapping (red). i§) Chromosome 1 genotype data for 20 individuals, with open and filled circles corresponding to homozygous and
heterozygous genotypes, respectively; a possible genotyping error is flagged ic) le6@D( scores for a two-QTL genome scan. Values

below the diagonal correspond to a test of two versus one QTL; values above the diagonal correspond to a test for two-locus epistasis. In the
color scale, the numbers to the right and left correspond to the values below and above the diagonal, respectively.
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