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3FunMap is a windows software that can be used to construct genetic linkage
maps and perform functional QTL mapping with molecular markers gener-
ated in a full-sib family. For linkage analysis, the software utilizes seven
segregation types of markers to estimate the recombination and simultane-
ously predict the linkage phase between any two markers. After two-point
linkage analysis, markers are classified into linkage groups according to the
threshold of recombination fraction or LOD score. It takes heuristic search
method for ordering large number of markers of a linkage group by incorpo-
rating a local ordering method. Multi-locus linkage phases for the optimal
order of each linkage group are predicted based on three-point linkage anal-
ysis.

For functional QTL mapping, the algorithm is based on interval map-
ping method, and the growth trajectory is described by Legendre polyno-
mial. The QTL segregation patterns are considered to be sorted into three
types, full cross (segregating 1:1:1:1), F2 cross (segregating 1:2:1), and test
cross (segregating 1:1). The model selection criteria of AIC and BIC are
applied not only to determine the order of Legendre polynomial, but also to
discriminate the QTL segregation pattern. A maximum likelihood approach
implemented with EM algorithm provides the estimates of QTL positions
and model parameters responsible for growth trajectories. 3FunMap uses
the free software, gnuplot, to plot likelihood ratio (LR) profiles along the
whole genome and the Legendre polynomial curves for each QTL genotype.
In practical QTL mapping, the threshold of LR for each QTL model can be
obtained through permutations.

1 Linkage Map Construction

1.1 Data Format

The data of molecular markers from a full-sib family will be saved in a text
file, in which each marker notation with “*” in advance is put in the first
part of a line, the segregation type of the marker in the second part, and the
marker genotypes of all individuals in the rest parts. Table 1 shows the no-
tations of possible genotypes for each of seven segregation types (Maliepaard
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et al. 1997; Lu et al. 2004) and Table 2 shows an example of data format
used by 3FunMap. It is worth to note that the missing marker data is de-
noted by “−−”.

Table 1 Notations of Marker Genotypes for Each
Segregation Type in a Full-sib Family

Segregation Type Notations of Marker Genotypes

abxaa aa ab
aaxab aa ab
abxab aa ab bb
abxcd ac ad bc bd
a0xa0 a- 00
abxa0 a- ab b0
a0xab a- ab b0

Table 2 Data Format of 3FunMap

*Mark1 aaxab aa ab aa aa aa ab ab ab ab aa aa ab aa ab ab aa ab ab
ab ab aa aa ab ab ab ab aa aa ab ab ab aa ab aa ab ab aa ab ab ab ab
ab aa ab ab ab ab aa ab aa aa ab ab aa ab aa aa ab ab ab ab aa aa aa
aa aa ab aa ab ab aa aa ab ab ab aa ab aa aa ab ab aa aa aa aa aa aa
ab aa ab ab aa ab aa ab aa ab aa ab ab

*Mark2 aaxab ab ab ab ab ab aa aa aa aa ab ab aa ab aa aa aa aa aa
aa aa ab ab aa aa aa aa ab ab aa aa aa ab aa ab aa aa ab aa aa aa aa
aa ab aa aa aa ab ab aa ab ab aa aa ab ab ab ab aa aa aa aa ab ab ab
ab ab aa ab aa aa ab ab ab aa aa ab aa ab ab aa aa ab ab ab ab ab ab
aa ab aa aa ab aa ab aa ab aa ab aa aa

....................................................................

1.2 Linkage Analysis

When performing linkage analysis, please open the input file by clicking the
menu “file” and then the option “Open File for linkage ...”. If the data
format is correct, you will successfully open the data file and a window like
Fig. 1 will be shown on the screen. We provide a simulated data that you
can use to construct genetic linkage maps as an example with 3FunMap.
You can find the simulated data file, “SimuLinkageData.txt”, in the folder
where 3FunMap has been installed.

To perform two-point linkage analysis, please click the menu “Linkage”
and then the option “Two Point Analysis”. The result of two-point linkage
analysis will be shown as Fig. 2, where the first and second columns are
notations of two markers, the third and fourth columns are the segregation
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Figure 1: The window of an opened data file for linkage analysis

Figure 2: The window of results of two-point linkage analysis
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Figure 3: The optional window for results of two-point linkage analysis

Figure 4: The dialogue window of the thresholds for grouping linkage mark-
ers

types of loci 1 and 2 respectively, the fifth and sixth columns are the estimate
of recombination and LOD between the two markers, and the seventh col-
umn shows the prediction of linkage phase between the two markers. If the
prediction of linkage phase between two markers is denoted by “cxr”, that
means the linkage phase of the first parent in coupling(c) and the second in
repulsion(r). Other notations of linkage phases have the similar means. If
you choose the option “Two Point Options” in the menu “Linkage”, it will
pop out a dialogue window as Fig 3. Filling proper values of the recombi-
nation and LOD and pressing the button “OK”, you will have alternative
show for the results of two-point linkage analysis.

In the mean time, three files, namely “recombination.dat”, “lod.dat”
and “phase.dat”, are generated in the folder where the data file is. They
contain the estimate of recombination, LOD and prediction of linkage phase
between any two markers, respectively.

When finishing two-point linkage analysis, you can classify the markers
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Figure 5: The result of grouping linkage markers

into linkage groups by clicking the option “Grouping”. You will see the
optional dialogue window of the thresholds for grouping linkage markers
as Fig 4. Filling in proper values of recombination and LOD and pressing
the button “OK”, you will see the window of grouping result. You can
repeatedly fill in the blanks of the optional dialogue window until you are
satisfied in the grouping result.

Finally, you can order the markers of each linkage group. By clicking
the option “Ordering” and waiting for a moment, you can see the ordering
result as Fig 6 and two files, namely “groups.dat” and “maps.dat”, will be
generated in the folder where the data file is. The file, “groups.dat”, records
the result of the optimal orders of linkage groups. And the file, “maps.dat”,
records the prediction of multi-linkage phases, the map distances between
adjoining two markers and the marker genotypes of progeny for each linkage
group according to its optimal orders. The file, “maps.dat”, can be used
as the input file of QTL mapping in a full-sib family after properly being
modified.

1.3 Drawing Linkage Maps

After getting the order of the markers in each linkage group, you can draw
the linkage map for each linkage group. Clicking the option “Linkage Maps”,
you can see a dialogue window as Fig. 7. Choosing the map function, filling
in the range of linkage groups and pressing the button “OK”, the genetic
linkage maps will be shown on the screen as Fig. 8. The maps can be saved
as a windows metafile (WMF) by clicking the option “Save Maps”. A WMF
file, which quality can not be changed by zooming in or out, can be inserted
into a word file.
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Figure 6: The result of ordering markers of each linkage group

Figure 7: The optional dialogue window of plotting linkage maps
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Figure 8: The result of plotting linkage maps

2 Functional QTL Mapping

2.1 Data Format

To use 3FunMap for functional mapping, you must put your data in a text
file that contains information about parental linkage phases, map distances
between two neighbor markers, and marker genotypes of progeny for each
linkage group. The time points and quantitative trait values of progeny
are given at the end of the file. The individual marker genotypes for each
marker locus and trait values for each trait are given in the same order. For
details, please refer to the simulated data file, “SimuQtlData.txt”, which
can be found in the folder where 3FunMap is installed. The input file can
be generated by modifying the file “maps.dat” produced in the procedure
of linkage analysis, and then appending phenotype data to it.

2.2 QTL Mapping

When you have prepared the input data, please open it by clicking the “file”
menu and then the option “Open File for Qtlmap ...”. The data file will be
opened and shown in the main window (Fig. 9). Now you can perform QTL
mapping by clicking the “QTL” menu and then the option “QTL Mapping”.
A dialog box will pop out to let you choose the order of Legendre polynomial
according to the indexes of AIC and BIC (Fig. 10). During the procedure
of QTL analysis, a series files are generated in the same folder of the data
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Figure 9: The window of an opened data file for functional QTL mapping

file, which include following types:

• “Trait*Group*Order*Rst.dat”

• “Trait*Group*Order*BcRst.dat”

• “Trait*Group*Order*F2Rst.dat”

• “Trait*Group*Order*FullRst.dat”

• “Trait*Order*GenomeLRemfPlot.plt”

• “Trait*Order*QTL*Curv.dat”

• “Trait*Order*QTL*CurvEmfPlot.plt”

• “Trait*Order*QtlSummary.sry”

When the computing finishes, the main window will show the summary of
QTL mapping, which is the saved in the file “Trait*Order*QtlSummary.sry”
(Fig. 11).

2.3 Plots of LOD Profiles and the Curves of QTL Genotypes

After finishing QTL mapping, please click the option “Plotting QTL Pro-
files”. The system will use gnuplot and the file “Trait*Order* genome-
plot.plt” to plot LOD profiles of the three QTL models for all the linkage
groups (Fig. 12). The plot is automatically saved in the enhanced metafile
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Figure 10: The dialoge window of order selection for Legendre polynomial

Figure 11: The summary result of functional QTL mapping
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Figure 12: The profiles of the LRs across all linkage groups

format file, “Trait*Order*GenomeLRemfPlot.emf”. The system will also
use gnuplot and the file “Trait*Order*QTL*Curv.dat” to plot curves for
each QTL genotype (Fig. 13). In the meantime, an eps format of each plot
is also generated. Users can modify the files with .plt file name extension to
get better plots.

2.4 Parameter Options

When selecting the “Parameter Options” option in the “QTL Analysis”
menu, it will pop out a dialog window in which you can set the parame-
ters such as map function, trait number, criterion of QTL model selection,
thresholds of LOD, and permutation times (Fig. 14). The default thresholds
are set based on the permutations for the simulated data.

2.5 Permutations

LR threshold for each QTL model can be obtained through at least 1000
permutations. Because permutations are time needing, you can do permuta-
tions on several PCs and pool the results to calculate the thresholds. After
you do permutations, the result will be saved in the file, “Trait*Order*Perm
LR.prm”. When you continue to do permutations on the same PC, the re-
sults will be appended in the file, “Trait*Order*PermLR.prm”. It is worth
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Figure 13: Genotype curves of a detected QTL with plots of all individuals

Figure 14: The result of plotting linkage maps
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noting that this file will be deleted if it exists when you select “First Time”
on the dialog window of parameter option. If you do permutations for a new
trait for the first time, you must select “First Time” on the dialog window
of parameter option, and if you continue to do permutations, you must se-
lect “Continue” on the dialog window. After the permutation times exceeds
1000, 3FunMap will ask you whether to calculate the thresholds of LR or
not.

12


