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A starting point Introductory comments on R/qtl
Description

A brief introduction to the R/qtl package, with a walk-through of an analysis.

New to R and/or R/qtl?

In order to use the R/qtl package, you must type (within R) library(qtl). You may wish to
include this in a .Rprofile file.

Documention and several tutorials are available at the R archive (https://cran.r-project.
org).

Use the help.start function to start the html version of the R help.

Type library(help=qtl) to get a list of the functions in R/qtl.

Use the example function to run examples of the various functions in R/qtl.

A tutorial on the use of R/qtl is distributed with the package and is also available at https:
//rqtl.org/rqtltour.pdf.

Download the latest version of R/qtl from the R archive or from https://rqtl.org.
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Walk-through of an analysis

Here we briefly describe the use of R/qtl to analyze an experimental cross. A more extensive tutorial
on its use is distributed with the package and is also available at https://rqtl.org/rqtltour.
pdf.

A difficult first step in the use of most data analysis software is the import of data. With R/qtl,
one may import data in several different formats by use of the function read.cross. The internal
data structure used by R/qtl is rather complicated, and is described in the help file for read.cross.
We won’t discuss data import any further here, except to say that the comma-delimited format
("csv") is recommended. If you have trouble importing data, send an email to Karl Broman,
<broman@wisc.edu>, perhaps attaching examples of your data files. (Such data will be kept confi-
dential.) Also see the sample data files and code at https://rqtl.org/sampledata/.

We consider the example data hyper, an experiment on hypertension in the mouse, kindly provided
by Bev Paigen and Gary Churchill. Use the data function to load the data.

dataChyper)

The hyper data set has class "cross”. The function summary.cross gives summary information
on the data, and checks the data for internal consistency. A number of other utility functions are
available; hopefully these are self-explanatory.

summary (hyper)
nind(hyper)
nphe (hyper)
nchr Chyper)
nmar (hyper)
totmar (hyper)

The function plot.cross gives a graphical summary of the data; it calls plotMissing (to plot a
matrix displaying missing genotypes) and plotMap (to plot the genetic maps), and also displays
histograms or barplots of the phenotypes. The plotMissing function can plot individuals ordered
by their phenotypes; you can see that for most markers, only individuals with extreme phenotypes
were genotyped.

plot(hyper)

plotMissing(hyper)
plotMissing(hyper, reorder=TRUE)
plotMap(hyper)

Note that one marker (on chromosome 14) has no genotype data. The function drop.nullmarkers
removes such markers from the data.

hyper <- drop.nullmarkers(hyper)
totmar (hyper)

The function est. rf estimates the recombination fraction between each pair of markers, and calcu-
lates a LOD score for the test of r = 1/2. This is useful for identifying markers that are placed on the
wrong chromosome. Note that since, for these data, many markers were typed only on recombinant
individuals, the pairwise recombination fractions show rather odd patterns.

hyper <- est.rf(hyper)

plotRF (hyper)

plotRF (hyper, chr=c(1,4))

To re-estimate the genetic map for an experimental cross, use the function est.map. The function
plotMap, in addition to plotting a single map, can plot the comparison of two genetic maps (as long
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as they are composed of the same numbers of chromosomes and markers per chromosome). The
function replace.map map be used to replace the genetic map in a cross with a new one.

newmap <- est.map(hyper, error.prob=0.01, verbose=TRUE)
plotMap(hyper, newmap)
hyper <- replace.map(hyper, newmap)

The function calc.errorlod may be used to assist in identifying possible genotyping errors; it
calculates the error LOD scores described by Lincoln and Lander (1992). The calc.errorlod
function return a modified version of the input cross, with error LOD scores included. The function
top.errorlod prints the genotypes with values above a cutoff (by default, the cutoft is 4.0).

hyper <- calc.errorlod(hyper, error.prob=0.01)
top.errorlod(hyper)

The function plotGeno may be used to inspect the observed genotypes for a chromosome, with
likely genotyping errors flagged.

plotGeno(hyper, chr=16, ind=c(24:34, 71:81))

Before doing QTL analyses, some intermediate calculations need to be performed. The function
calc.genoprob calculates conditional genotype probabilities given the multipoint marker data.
sim. geno simulates sequences of genotypes from their joint distribution, given the observed marker
data.

As with calc.errorlod, these functions return a modified version of the input cross, with the in-
termediate calculations included. The step argument indicates the density of the grid on which the
calculations will be performed, and determines the density at which LOD scores will be calculated.

hyper <- calc.genoprob(hyper, step=2.5, error.prob=0.01)
hyper <- sim.geno(hyper, step=2.5, n.draws=64, error.prob=0.01)

The function scanone performs a genome scan with a single QTL model. By default, it performs
standard interval mapping (Lander and Botstein 1989): use of a normal model and the EM algo-
rithm. If one specifies method="hk", Haley-Knott regression is performed (Haley and Knott 1992).
These two methods require the results from calc. genoprob.

out.em <- scanone(hyper)
out.hk <- scanone(hyper, method="hk")

If one specifies method="imp", a genome scan is performed by the multiple imputation method of
Sen and Churchill (2001). This method requires the results from sim. geno.

out.imp <- scanone(hyper, method="imp")

The output of scanone is a data.frame with class "scanone"”. The function plot.scanone may be
used to plot the results, and may plot up to three sets of results against each other, as long as they
conform appropriately.

plot(out.em)

plot(out.hk, col="blue", add=TRUE)
plot(out.imp, col="red", add=TRUE)

plot(out.hk, out.imp, out.em, chr=c(1,4), 1ty=1,
col=c("blue”,"red”,"black"))

The function summary.scanone may be used to list information on the peak LOD for each chro-
mosome for which the LOD exceeds a specified threshold.

summary (out.em)
summary (out.em, threshold=3)



A starting point 9

summary (out.hk, threshold=3)
summary (out.imp, threshold=3)

The function max. scanone returns the maximum LOD score, genome-wide.

max (out.em)
max (out.hk)
max(out.imp)

One may also use scanone to perform a permutation test to get a genome-wide LOD significance
threshold.

operm.hk <- scanone(hyper, method="hk", n.perm=1000)

The result has class "scanoneperm”. The summary . scanoneperm function may be used to calculate
LOD thresholds.

summary (operm. hk, alpha=0.05)

The permutation results may also be used in the summary.scanone function to calculate LOD
thresholds and genome-scan-adjusted p-values.

summary (out.hk, perms=operm.hk, alpha=0.05, pvalues=TRUE)

We should say at this point that the function save. image will save your workspace to disk. You’ll
wish you had used this if R crashes.

save.image()

The function scantwo performs a two-dimensional genome scan with a two-QTL model. Methods
"em", "hk" and "imp" are all available. scantwo is considerably slower than scanone, and can
require a great deal of memory. Thus, you may wish to re-run calc.genoprob and/or sim.geno
with a more coarse grid.

hyper <- calc.genoprob(hyper, step=10, err=0.01)
hyper <- sim.geno(hyper, step=10, n.draws=64, err=0.01)

out2.hk <- scantwo(hyper, method="hk")
out2.em<- scantwo(hyper)
out2.imp <- scantwo(hyper, method="imp")

The output is an object with class scantwo. The function plot.scantwo may be used to plot the
results. The upper triangle contains LOD scores for tests of epistasis, while the lower triangle
contains LOD scores for the full model.

plot(out2.hk)
plot(out2.em)
plot(out2.imp)

The function summary. scantwo lists the interesting aspects of the output. For each pair of chro-
mosomes (k, 1), it calculates the maximum LOD score for the full model, M (k,1); a LOD score
indicating evidence for a second QTL, allowing for epistasis), M,1(k,1); a LOD score indicating
evidence for epistasis, M;(k,1); the LOD score for the additive QTL model, M, (k,); and a LOD
score indicating evidence for a second QTL, assuming no epistasis, M1 (k, ).

You must provide five LOD thresholds, corresponding to the above five LOD scores, and in that
order. A chromosome pair is printed if either (a) My(k,l) > Ty and (Myy1(k,1) > Tyy1 or
Mz(ka Z) 2 ﬂ), or (b) Ma(kal) 2 Ta and Mavl(ka l) 2 Tavl-



10 add.cim.covar

summary(out2.em, thresholds=c(6.2, 5.0, 4.6, 4.5, 2.3))
summary(out2.em, thresholds=c(6.2, 5.0, Inf, 4.5, 2.3))

In the latter case, the interaction LOD score will be ignored.

The function max.scantwo returns the maximum joint and additive LODs for a two-dimensional
genome scan.

max(out2.em)

Permutation tests may also performed with scantwo; it may take a few days of CPU time. The
output is a list containing the maxima of the above five LOD scores for each of the imputations.

operm2 <- scantwo(hyper, method="hk", n.perm=100)
summary (operm2, alpha=0.05)

Citing R/qtl

To cite R/qtl in publications, use the Broman et al. (2003) reference listed below.

Author(s)

Karl W Broman, <broman@wisc.edu>

References

Broman, K. W. and Sen, S. (2009) A guide to QTL mapping with R/qtl. Springer. https://rqtl.
org/book/

Broman, K. W., Wu, H., Sen, S. and Churchill, G. A. (2003) R/qtl: QTL mapping in experimental
crosses. Bioinformatics 19, 889-890.

Haley, C. S. and Knott, S. A. (1992) A simple regression method for mapping quantitative trait loci
in line crosses using flanking markers. Heredity 69, 315-324.

Lander, E. S. and Botstein, D. (1989) Mapping Mendelian factors underlying quantitative traits
using RFLP linkage maps. Genetics 121, 185-199.

Lincoln, S. E. and Lander, E. S. (1992) Systematic detection of errors in genetic linkage data.
Genomics 14, 604-610.

Sen, S. and Churchill, G. A. (2001) A statistical framework for quantitative trait mapping. Genetics
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add.cim.covar Indicate marker covariates from composite interval mapping

Description
Add dots at the locations of the selected marker covariates, for a plot of composite interval mapping
results.

Usage

add.cim.covar(cimresult, chr, gap=25, ...)
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Arguments
cimresult Composite interval mapping results, as output from cim.
chr Optional vector specifying which chromosomes to plot. (The chromosomes
must be specified by name.) This should be identical to that used in the call
to plot.scanone.
gap Gap separating chromosomes (in cM). This should be identical to that used in
the call to plot.scanone.
Additional plot arguments, passed to the function points.
Details

One must first have used the function plot. scanone to plot the composite interval mapping results.
The arguments chr and gap must be identical to the values used in the call to plot.scanone.

Dots indicating the locations of the selected marker covariates are displayed on the x-axis. (By
default, solid red circles are plotted; this may be modified by specifying the graphics parameters
pch and col.)

Value

A data frame indicating the marker covariates that were plotted.

Author(s)

Karl W Broman, <broman@wisc.edu>

See Also

cim, plot.scanone

Examples

## Not run: data(hyper)
hyper <- calc.genoprob(hyper, step=2.5)

out <- scanone(hyper)
out.cim <- cim(hyper, n.marcovar=3)
plot(out, out.cim, chr=c(1,4,6,15), col=c("blue”, "red"))

add.cim.covar(out.cim, chr=c(1,4,6,15))
## End(Not run)
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add. threshold Add significance threshold to plot

Description

Add a significance threshold to a plot created by plot.scanone), using the permutation results.

Usage
add. threshold(out, chr, perms, alpha=0.05, lodcolumn=1, gap=25, ...)
Arguments
out An object of class "scanone”, as output by scanone. This must be identical to
what was used in the call to plot. scanone.
chr Optional vector specifying which chromosomes to plot. If a selected subset of
chromosomes were plotted, they must be specified here.
perms Permutation results from scanone, used to calculate the significance threshold.
alpha Significance level of the threshold.
lodcolumn An integer indicating which of column in the permutation results should be used.
gap Gap separating chromosomes (in cM). This must be identical to what was used
in the call to plot.scanone.
Passed to the function abline when it is called.
Details

This function allows you to add a horizontal line at the significance threshold to genome scan results
plotted by plot.scanone.

The arguments out, chr, and gap must match what was used in the call to plot. scanone.

The argument perms must be specified. If X-chromosome-specific permutations were performed
(via the argument perm.Xsp in the call to scanone), separate thresholds will be plotted for the
autosomes and the X chromosome. These are calculated via the summary . scanoneperm function.

Value

None.

Author(s)

Karl W Broman, <broman@wisc.edu>

See Also

scanone, plot.scanone, summary.scanoneperm, xaxisloc.scanone
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Examples

data(Chyper)

13

hyper <- calc.genoprob(hyper)
out <- scanone(hyper, method="hk")
operm <- scanone(hyper, method="hk", n.perm=100, perm.Xsp=TRUE)

plot(out, chr=c(1,4,6,15,"X"))
add. threshold(out, chr=c(1,4,6,15,"X"), perms=operm, alpha=0.05)
add. threshold(out, chr=c(1,4,6,15,"X"), perms=operm, alpha=0.1,

col="green", lty=2)

addcovarint

Add QTL x covariate interaction to a multiple-QTL model

Description

Try adding all QTL x covariate interactions, one at a time, to a multiple QTL model, for a given set

of covariates.

Usage

addcovarint(cross, pheno.col=1, qtl, covar=NULL, icovar, formula,

Arguments

Cross

pheno.col

gtl
covar

icovar

formula

method

model

verbose

method=c("imp"”,"hk"), model=c("normal”, "binary"),
verbose=TRUE, pvalues=TRUE, simple=FALSE, tol=le-4,
maxit=1000, require.fullrank=FALSE)

An object of class cross. See read. cross for details.

Column number in the phenotype matrix which should be used as the phenotype.
One may also give a character string matching a phenotype name. Finally, one
may give a numeric vector of phenotypes, in which case it must have the length
equal to the number of individuals in the cross, and there must be either non-
integers or values < 1 or > no. phenotypes; this last case may be useful for
studying transformations.

An object of class qtl, as output from makeqtl.
A matrix or data.frame of covariates. These must be strictly numeric.

Vector of character strings indicating the columns in covar to be considered for
QTL x covariate interactions.

An object of class formula indicating the model to be fitted. (It can also be the
character string representation of a formula.) QTLs are referred to as Q1, Q2, etc.
Covariates are referred to by their names in the data frame covar.

Indicates whether to use multiple imputation or Haley-Knott regression.
The phenotype model: the usual model or a model for binary traits

If TRUE, will print a message if there are no interactions to test.
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pvalues If FALSE, p-values will not be included in the results.

simple If TRUE, don’t include p-values or sums of squares in the summary.
tol Tolerance for convergence for the binary trait model.

maxit Maximum number of iterations for fitting the binary trait model.

require.fullrank

If TRUE, give LOD=0 when covariate matrix in the linear regression is not of
full rank.

Details

The formula is used to specified the model to be fit. In the formula, use Q1, Q2, etc., or q1, g2, etc.,
to represent the QTLs, and the column names in the covariate data frame to represent the covariates.

We enforce a hierarchical structure on the model formula: if a QTL or covariate is in involved in an
interaction, its main effect must also be included.

Value

An object of class addcovarint, with results as in the drop-one-term analysis from fitqtl. This
is a data frame (given class "addcovarint”, with the following columns: degrees of freedom (df),
Type III sum of squares (Type III SS), LOD score(LOD), percentage of variance explained (%var),
F statistics (F value), and P values for chi square (Pvalue(chi2)) and F distribution (Pvalue(F)).

Note that the degree of freedom, Type III sum of squares, the LOD score and the percentage of
variance explained are the values comparing the full to the sub-model with the term dropped. Also
note that for imputation method, the percentage of variance explained, the the F values and the P
values are approximations calculated from the LOD score.

QTL x covariate interactions already included in the input formula are not tested.

Author(s)

Karl W Broman, <broman@wisc.edu>

References

Haley, C. S. and Knott, S. A. (1992) A simple regression method for mapping quantitative trait loci
in line crosses using flanking markers. Heredity 69, 315-324.

Sen, S. and Churchill, G. A. (2001) A statistical framework for quantitative trait mapping. Genetics
159, 371-387.

See Also

addint, fitqtl, makeqtl, scanqtl, refineqtl, addqtl, addpair
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Examples

data(fake.f2)

# take out several QTLs and make QTL object
qc <- c(1, 8, 13)

gp <- c(26, 56, 28)

fake.f2 <- subset(fake.f2, chr=qc)

fake.f2 <- calc.genoprob(fake.f2, step=2, err=0.001)
gtl <- makeqtl(fake.f2, gc, gp, what="prob")

# use the sex phenotype as the covariate
covar <- data.frame(sex=fake.f2$pheno$sex)

# try all possible QTL x sex interactions, one at a time
addcovarint(fake.f2, pheno.col=1, qtl, covar, "sex", y~Q1+Q2+Q3,
method="hk")

addint Add pairwise interaction to a multiple-QTL model

Description

Try adding all possible pairwise interactions, one at a time, to a multiple QTL model.

Usage

addint(cross, pheno.col=1, qtl, covar=NULL, formula, method=c("imp"”,"hk"),
model=c("normal”, "binary"”), qtl.only=FALSE, verbose=TRUE,
pvalues=TRUE, simple=FALSE, tol=T1e-4, maxit=1000, require.fullrank=FALSE)

Arguments

cross An object of class cross. See read. cross for details.

pheno.col Column number in the phenotype matrix to be used as the phenotype. One may
also give a character string matching a phenotype name. Finally, one may give
a numeric vector of phenotypes, in which case it must have the length equal to
the number of individuals in the cross, and there must be either non-integers
or values < 1 or > no. phenotypes; this last case may be useful for studying
transformations.

qgtl An object of class qt1, as output from makeqtl.

covar A matrix or data.frame of covariates. These must be strictly numeric.

formula An object of class formula indicating the model to be fitted. (It can also be the

character string representation of a formula.) QTLs are referred to as Q1, Q2, etc.
Covariates are referred to by their names in the data frame covar. If the new
QTL is not included in the formula, its main effect is added.
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method Indicates whether to use multiple imputation or Haley-Knott regression.

model The phenotype model: the usual model or a model for binary traits

gtl.only If TRUE, only test QTL:QTL interactions (and not interactions with covariates).
verbose If TRUE, will print a message if there are no interactions to test.

pvalues If FALSE, p-values will not be included in the results.

simple If TRUE, don’t include p-values or sums of squares in the summary.

tol Tolerance for convergence for the binary trait model.

maxit Maximum number of iterations for fitting the binary trait model.

require.fullrank

If TRUE, give LOD=0 when covariate matrix in the linear regression is not of
full rank.

Details

The formula is used to specified the model to be fit. In the formula, use Q1, Q2, etc., or q1, g2, etc.,
to represent the QTLs, and the column names in the covariate data frame to represent the covariates.

We enforce a hierarchical structure on the model formula: if a QTL or covariate is in involved in an
interaction, its main effect must also be included.

Value

An object of class addint, with results as in the drop-one-term analysis from fitqtl. This is a data
frame (given class "addint”, with the following columns: degrees of freedom (df), Type III sum
of squares (Type III SS), LOD score(LOD), percentage of variance explained (%var), F statistics (F
value), and P values for chi square (Pvalue(chi2)) and F distribution (Pvalue(F)).

Note that the degree of freedom, Type III sum of squares, the LOD score and the percentage of
variance explained are the values comparing the full to the sub-model with the term dropped. Also
note that for imputation method, the percentage of variance explained, the the F values and the P
values are approximations calculated from the LOD score.

Pairwise interactions already included in the input formula are not tested.

Author(s)

Karl W Broman, <broman@wisc.edu>

References

Haley, C. S. and Knott, S. A. (1992) A simple regression method for mapping quantitative trait loci
in line crosses using flanking markers. Heredity 69, 315-324.

Sen, S. and Churchill, G. A. (2001) A statistical framework for quantitative trait mapping. Genetics
159, 371-387.

See Also

addcovarint, fitqtl, makeqtl, scanqtl, refineqtl, addqtl, addpair



addloctocross 17

Examples

data(fake.f2)

# take out several QTLs and make QTL object
gc <- c(1, 8, 13)

ap <- c(26, 56, 28)

fake.f2 <- subset(fake.f2, chr=qc)

fake.f2 <- calc.genoprob(fake.f2, step=2, err=0.001)
gtl <- makeqtl(fake.f2, qc, gp, what="prob")

# try all possible pairwise interactions, one at a time
addint(fake.f2, pheno.col=1, qtl, formula=y~Q1+Q2+Q3, method="hk")

addloctocross Add phenotype location into a cross object

Description

Add phenotype location(s) into a cross object (with eQTL/pQTL studies)

Usage

addloctocross(cross, locations=NULL, locfile="locations.txt"”, verbose=FALSE)

Arguments
cross An object of class cross. See read. cross for details.
locations R variable holding location information
locfile load from a file, see the details section for the layout of the file.
verbose If TRUE, give verbose output

Details

inputfile layout: Num Name Chr cM 1 X3.Hydroxypropyl 4 50.0 Num is the number of the phe-
notype in the cross object Name is the name of the phenotype (will be checked against the name
already in the cross object at position num Chr Chromosome c¢M position from start of chromosome
in cM

Value

The input cross object, with the locations added as an additional component locations

Author(s)

Ritsert C Jansen; Danny Arends; Pjotr Prins; Karl W Broman <broman@wisc.edu>
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See Also

* mgmplot.cistrans - Cis/trans plot

e The MQM tutorial: https://rqtl.org/tutorials/MQM-tour.pdf
* MQM - MQM description and references

* mgmscan - Main MQM single trait analysis

e mgmscanall - Parallellized traits analysis

* mgmaugment - Augmentation routine for estimating missing data

* mgmautocofactors - Set cofactors using marker density

* mgmsetcofactors - Set cofactors at fixed locations

* mgmpermutation - Estimate significance levels

* scanone - Single QTL scanning

Examples

## Not run:
data(multitrait)
data(locations)
multiloc <- addloctocross(multitrait,locations)
results <- scanall(multiloc)
mgmplot.cistrans(results, multiloc, 5, FALSE, TRUE)

## End(Not run)

addmarker Add a marker to a cross

Description

Add a marker to a cross object.

Usage

addmarker(cross, genotypes, markername, chr, pos)

Arguments
cross An object of class cross. See read. cross for details.
genotypes Vector of numeric genotypes.
markername Marker name as character string.
chr Chromosome ID as character string.

pos Position of marker, as numeric value.


https://rqtl.org/tutorials/MQM-tour.pdf
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Details

Use this function with caution. It would be best to incorporate new data into a single file to be
imported with read. cross.

But if you have genotypes on one or two additional markers that you want to add, you might load
them with read. csv and incorporate them with this function.

Value

The input cross object with the single marker added.

Author(s)

Karl W Broman, <broman@wisc.edu>

See Also

pull.markers, drop.markers

Examples

data(fake.f2)

# genotypes for new marker
gi <- pull.geno(fill.geno(fake.f2))[,"D5M197"]

# add marker to cross
fake.f2 <- addmarker(fake.f2, gi, "D5M197imp", "5", 11)

addpair Scan for an additional pair of QTL in a multiple-QTL model

Description

Scan for an additional pair of QTL in the context of a multiple QTL model.

Usage

addpair(cross, chr, pheno.col=1, qtl, covar=NULL, formula,
method=c("imp”,"hk"), model=c(”"normal”, "binary"),
incl.markers=FALSE, verbose=TRUE, tol=1e-4, maxit=1000,
forceXcovar=FALSE)
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Arguments
Ccross An object of class cross. See read.cross for details.
chr Optional vector indicating the chromosomes to be scanned. If missing, all chro-

mosomes are scanned. Refer to chromosomes by name. Refer to chromosomes
with a preceding - to have all chromosomes but those considered. A logical
(TRUE/FALSE) vector may also be used.

pheno.col Column number in the phenotype matrix to be used as the phenotype. One may
also give a character string matching a phenotype name. Finally, one may give
a numeric vector of phenotypes, in which case it must have the length equal to
the number of individuals in the cross, and there must be either non-integers
or values < 1 or > no. phenotypes; this last case may be useful for studying

transformations.
gtl An object of class qtl, as output from makeqtl.
covar A matrix or data.frame of covariates. These must be strictly numeric.
formula An object of class formula indicating the model to be fitted. (It can also be the

character string representation of a formula.) QTLs are referred to as Q1, Q2, etc.
Covariates are referred to by their names in the data frame covar. If the new
QTL are not included in the formula, a two-dimensional scan as in scantwo is

performed.
method Indicates whether to use multiple imputation or Haley-Knott regression.
model The phenotype model: the usual model or a model for binary traits

incl.markers  If FALSE, do calculations only at points on an evenly spaced grid. If calc. genoprob
or sim.geno were run with stepwidth="variable"” or stepwidth="max", we
force incl.markers=TRUE.

verbose If TRUE, display information about the progress of calculations. If verbose is
an integer > 1, further messages from scanqtl are also displayed.
tol Tolerance for convergence for the binary trait model.
maxit Maximum number of iterations for fitting the binary trait model.
forceXcovar If TRUE, force inclusion of X-chr-related covariates (like sex and cross direc-
tion).
Details

The formula is used to specified the model to be fit. In the formula, use Q1, Q2, etc., or q1, g2, etc.,
to represent the QTLs, and the column names in the covariate data frame to represent the covariates.

We enforce a hierarchical structure on the model formula: if a QTL or covariate is in involved in an
interaction, its main effect must also be included.

If neither of the two new QTL are indicated in the formula, we perform a two-dimensional scan as
in scantwo. That is, for each pair of QTL positions, we fit two models: two additive QTL added to
the formula, and two interacting QTL added to the formula.

If the both of the new QTL are indicated in the formula, that particular model is fit, with the po-
sitions of the new QTL allowed to vary across the genome. If just one of the QTL is indicated
in the formula, a main effect for the other is added, and that particular model is fit, again with the
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positions of both QTL varying. Note that in this case the LOD scores are not analogous to those pro-
duced by scantwo. Thus, there slightly modified forms for the plots (produced by plot.scantwo)
and summaries (produced by summary.scantwo and max.scantwo). In the plot, the x-axis is to
be interpreted as the position of the first of the new QTL, and the y-axis is to be interpreted as the
position of the second of the new QTL. In the summaries, we give the single best pair of positions
on each pair of chromosomes, and give LOD scores comparing that pair of positions to the base
model (without each of these QTL), and to the base model plus one additional QTL on one or the
other of the chromosomes.

Value

An object of class scantwo, as produced by scantwo.

If neither of the new QTL were indicated in the formula, the result is just as in scantwo, though
with LOD scores relative to the base model (omitting the new QTL).

Otherwise, the results are contained in what would ordinarily be in the full and additive LOD scores,
with the additive LOD scores corresponding to the case that the first of the new QTL is to the
left of the second of the new QTL, and the full LOD scores corresponding to the case that the
first of the new QTL is to the right of the second of the new QTL. Because the structure of the
LOD scores in this case is different from those output by scantwo, we include, in this case, an at-
tribute "addpair”=TRUE. (We also require results of single-dimensional scans, omitting each of the
two new QTL from the formula, one at a time; these are included as attributes "lod.minus1”
and "lod.minus2"”.) The results are then treated somewhat differently by summary.scantwo,
max.scantwo, and plot.scantwo. See the Details section.

Author(s)

Karl W Broman, <broman@wisc.edu>

References

Haley, C. S. and Knott, S. A. (1992) A simple regression method for mapping quantitative trait loci
in line crosses using flanking markers. Heredity 69, 315-324.

Sen, S. and Churchill, G. A. (2001) A statistical framework for quantitative trait mapping. Genetics
159, 371-387.

See Also

addint, addqtl, fitqtl, makeqtl, scanqtl, refineqtl, makeqtl, scantwo, addtoqtl

Examples

# A totally contrived example to show some of what you can do

# simulate backcross data with 3 chromosomes (names "17", "18", "19")
# one QTL on chr 17 at 40 cM

# one QTL on chr 18 at 30 cM

#  two QTL on chr 19, at 10 and 40 cM

data(map10)

model <- rbind(c(1,40,0), c(2,30,0), c(3,10,0), c(3,40,0))
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## Not run: fakebc <- sim.cross(map1@[17:19], model=model, type="bc", n.ind=250)

# het at QTL on 17 and 1st QTL on 19 increases phenotype by 1 unit
# het at QTL on 18 and 2nd QTL on 19 decreases phenotype by 1 unit
gtlgeno <- fakebc$qtlgeno

phe <- rnorm(nind(fakebc))

w <- gtlgeno[,1]1==2 & qtlgeno[,3]==2

phe[w] <- phe[w] + 1

w <- qtlgeno[,2]==2 & qtlgeno[,4]==2

phe[w] <- phe[w] - 1

fakebc$pheno[,1] <- phe

## Not run: fakebc <- calc.genoprob(fakebc, step=2, err=0.001)

# base model has QTLs on chr 17 and 18
gtl <- makeqtl(fakebc, chr=c("17", "18"), pos=c(40,30), what="prob")

# scan for an additional pair of QTL, one interacting with the locus
# on 17 and one interacting with the locus on 18
out.ap <- addpair(fakebc, qtl=qtl, formula = y~Q1*Q3 + Q2*Q4, method="hk")

max(out.ap)
summary (out.ap)
plot(out.ap)

addqtl

addqtl Scan for an additional QTL in a multiple-QTL model

Description

Scan for an additional QTL in the context of a multiple QTL model.

Usage

addqtl(cross, chr, pheno.col=1, qtl, covar=NULL, formula,
method=c("imp","hk"), model=c("normal”, "binary"),
incl.markers=TRUE, verbose=FALSE, tol=1e-4, maxit=1000,
forceXcovar=FALSE, require.fullrank=FALSE)

Arguments
cross An object of class cross. See read. cross for details.
chr Optional vector indicating the chromosomes to be scanned. If missing, all chro-

mosomes are scanned. Refer to chromosomes by name. Refer to chromosomes
with a preceding - to have all chromosomes but those considered. A logical
(TRUE/FALSE) vector may also be used.
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pheno.col Column number in the phenotype matrix to be used as the phenotype. One may
also give a character string matching a phenotype name. Finally, one may give
a numeric vector of phenotypes, in which case it must have the length equal to
the number of individuals in the cross, and there must be either non-integers
or values < 1 or > no. phenotypes; this last case may be useful for studying

transformations.
qtl An object of class qt1, as output from makeqtl.
covar A matrix or data.frame of covariates. These must be strictly numeric.
formula An object of class formula indicating the model to be fitted. (It can also be the

character string representation of a formula.) QTLs are referred to as Q1, Q2, etc.
Covariates are referred to by their names in the data frame covar. If the new
QTL is not included in the formula, its main effect is added.

method Indicates whether to use multiple imputation or Haley-Knott regression.
model The phenotype model: the usual model or a model for binary traits

incl.markers If FALSE, do calculations only at points on an evenly spaced grid. If calc.genoprob
or sim.geno were run with stepwidth="variable" or stepwidth="max", we
force incl.markers=TRUE.

verbose If TRUE, display information about the progress of calculations. If verbose is
an integer > 1, further messages from scanqtl are also displayed.

tol Tolerance for convergence for the binary trait model.

maxit Maximum number of iterations for fitting the binary trait model.

forceXcovar If TRUE, force inclusion of X-chr-related covariates (like sex and cross direc-
tion).

require.fullrank

If TRUE, give LOD=0 when covariate matrix in the linear regression is not of
full rank.

Details

The formula is used to specified the model to be fit. In the formula, use Q1, Q2, etc., or q1, g2, etc.,
to represent the QTLs, and the column names in the covariate data frame to represent the covariates.

We enforce a hierarchical structure on the model formula: if a QTL or covariate is in involved in an
interaction, its main effect must also be included.

If one wishes to scan for QTL that interact with another QTL, include it in the formula (with an
index of one more than the number of QTL in the input qt1 object).
Value

An object of class scanone, as produced by the scanone function. LOD scores are relative to the
base model (with any terms that include the new QTL omitted).

Author(s)

Karl W Broman, <broman@wisc.edu>
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References

Haley, C. S. and Knott, S. A. (1992) A simple regression method for mapping quantitative trait loci
in line crosses using flanking markers. Heredity 69, 315-324.

Sen, S. and Churchill, G. A. (2001) A statistical framework for quantitative trait mapping. Genetics
159, 371-387.

See Also

scanone, fitqtl, scanqtl, refineqtl, makeqtl, addtoqtl, addpair, addint

Examples

data(fake.f2)

# take out several QTLs and make QTL object
gc <- c(1, 8, 13)
gp <- c(26, 56, 28)

fake.f2 <- subset(fake.f2, chr=c(1,2,3,8,13))

fake.f2 <- calc.genoprob(fake.f2, step=2, err=0.001)
gtl <- makeqtl(fake.f2, qc, gp, what="prob")

# scan for an additional QTL
outl <- addqtl(fake.f2, qtl=qtl, formula=y~Q1+Q2+Q3, method="hk")
max(out1)

# scan for an additional QTL that interacts with the locus on chr 1
out2 <- addqtl(fake.f2, qtl=qtl, formula=y~Q1%*Q4+Q2+Q3, method="hk")
max(out2)

# plot interaction LOD scores
plot(out2-outl)

addtoqtl Add to a gtl object

Description

Add a QTL or multiple QTL to a qtl object.

Usage

addtoqgtl(cross, qtl, chr, pos, qtl.name, drop.lod.profile=TRUE)
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Arguments

cross
qtl

chr

pos

gtl.name
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An object of class cross. See read.cross for details.
The qtl object to which additional QTL are to be added.

Vector indicating the chromosome for each new QTL. (These should be charac-
ter strings referring to the chromosomes by name.)

Vector (of same length as chr) indicating the positions on the chromosome for
each new QTL. If there is no marker or pseudomarker at a position, the nearest
position