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Using Mapmaker/QTL for QTL mapping  
 
M. Maheswaran 
Tamil Nadu Agriculture University, Coimbatore 
 
Mapmaker/QTL overview 
 
A number of methods have been developed to map genes controlling quantitatively 
measured phenotypes segregating in experimental populations. In general, these 
techniques work by finding correlations between the inheritance of particular genetic 
markers and variation in the phenotype for each individual in the population. 
MAPMAKER/QTL extends these methods to provide support for “interval mapping”, 
allowing one to fully exploit the information provided by a genetic linkage map to 
discern weak effects from genetic distance between marker locus and putative QTL. 
Mapmaker/QTL performs simultaneous search for QTLs allowing us to fit multiple QTLs 
across the genome at once, thus reducing the overall non-genetic variance in the trait. 
MAPMAKER/QTL also calculates LOD scores for putative QTLs, providing a measure 
of the support for any particular hypothesis. Do note, however, that presently, 
MAPMAKER/QTL is limited to working with F2 intercross populations only. 
 
MAPMAKER/QTL has an interface which is similar to that used by the multipoint 
genetic linkage analysis package, MAPMAKER/EXP, and actually shares data files with 
the new versions of that program. In fact, MAPMAKER/QTL and MAPMAKER/EXP 
together form a complete linkage analysis package (which we call MAPMAKER) for 
much of your mapping work. However, MAPMAKER is not a closed package: it is fairly 
easy to use other methods along with the MAPMAKER analyses. 
 
Data preparation 
 
The first step in running MAPMAKER/QTL is to run MAPMAKER/EXP. In the current 
version, this is the only way to export data into MAPMAKER/QTL. 
 
In our MAPMAKER/QTL tutorial, we will use the “sample” data file which we also use 
in the MAPMAKER/EXP tutorial. Moreover, we will use the linkage maps which we 
found in that tutorial. Because we assume that you have already “prepared” this file, we 
now load in back into MAPMAKER/EXP with the “load data” command. 
 
Preparing data for MAPMAKER/QTL requires basic knowledge of the genomic analysis 
features present in MAPMAKER/EXP 3.0. In particular, you need to do the following: 
 

1. Define each chromosome you wish to search for QTLs. 
2. Assign the markers in each chromosome’s map to the appropriate chromosome.  
3. Set the framework of each chromosome to specify the correct order of these 

markers.  
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A batch file, named “sample.inp” is included in the MAPMAKER/EXP to automate these 
steps. However, we have written a modified version of this listed in this manual to 
facilitate easy chromosome generation in your particular datasets. You only need to 
replace the linkage sequences in this sample batch file; and add chromosomes as 
necessary.  
 
Sample batch file for chromosome generation in MAPMAKER/EXP  
using the tutorial raw data 
 
Unit cm 
Cent func kosambi 
Seq 1 3 2 5 7 
Anchor one 
S 4 11 8 12 9 6 10 
Anchor two  
Framework two 
List chromosome 
Quit 
 
It is important to note that you do not need to use MAPMAKER/EXPs linkage 
calculations to prepare maps for MAPMAKER/QTL. In fact, you can make maps using 
any program, and specify those orders and distances in your “sequences” used to set the 
frameworks for MAPMAKER/QTL. See the MAPMAKER/EXP reference manual for 
details. 
 
Having setup the relevant data, we know quit MAPMAKER/EXP, which will cause it to 
save our “sample” data file in a format which can be read by MAPMAKER/QTL. 
 
*********************************************************** 
Output from:      Wed Feb 19 10:50:04 2004 * 
*                     MAPMAKER/EXP                             * 
*                     (version 3.0b)      
*********************************************************** 
 
1> load sample loading data from file 'SAMPLE.DAT'... ok 
F2 intercross data  (333 individuals, 12 loci)... ok 
loading map data from file 'SAMPLE.MAP'... ok 
loading two-point data from file 'SAMPLE.2PT'... ok 
 
2> run sample.inp 
...Running commands from input file 'SAMPLE.INP'... 
 
3> make chromosome one two 
chromosomes defined: one two  
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4> sequence 1 3 2 5 7 
sequence #1= 1 3 2 5 7 
 
5> anchor one 
1 – anchor locus on chromosome one 
 Output from batch file continues 
…. End of input file…. 
 
6> quit 
save data before quitting? [yes] yes 
saving map data in the file ‘sample.map’…ok 
 
Running MAPMAKER/QTL to determine putative QTLs 
 
This tutorial was abridged form the MAPMAKER/EXP/QTL manual. For a more in-
depth discussion, you can consult this reference.  
 
The first step in most MAPMAKER/QTL sessions is to load in a data file for analysis. As 
is the convention for MAPMAKER/EXP and MAPMAKER/QTL, the data used in this 
example are split between two files, here named “sample.dat”, containing the RFLP data 
and “sample.tra”, containing the quantitative trait values. We now load these data into 
MAPMAKER/QTL using the “load data” command. 
 
In most cases, you will also want to instruct MAPMAKER/QTL to save a transcript of 
the session for later reference. Here, we save the transcript in a file named “qtl.out” using 
the “photo” command. Note that if this file already exists, MAPMAKER/QTL will 
append the transcript to the end of it. 
 
*********************************************************** 
* Output from:                     Wed Feb 19 10:31:19 2004  
*                                                                       
*                             MAPMAKER/QTL                              
*                            (version 1.1b)                             
*********************************************************** 
1> load sample 
data files 'SAMPLE.DATA' and 'SAMPLE.TRAITS' are loaded. 
(333 intercross progeny, 6 loci, 1 trait) 
Unable to load any saved QTL map data. 
 
2> photo qtl 
'photo' is on: file is 'QTL.OUT' 
 
Preliminary examination of the trait data 
 
The algorithms on which MAPMAKER/QTL is based assume that the values of the 
quantitative trait vary across the population following a normal distribution. Thus, the 
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first step in most QTL mapping projects is to examine the trait data and determine how 
well they fit this assumption. If they do not closely follow a normal distribution, it is 
often possible to transform the data into a “derived-trait” which more closely fits the 
assumption. 
 
In this example, we wish to study a quantitative trait in our data set named “weight”. 
Using the “trait” command, we first inform MAPMAKER/QTL to perform all further 
analyses on these trait data. Then, we use the “show trait” command to display a simple 
statistical analysis of these data. This command causes MAPMAKER/QTL to display 
values for the mean (u), standard deviation (sigma), kurtosis, skewness and quartile ratio 
of the trait data, as well as the fraction of the individuals whose phenotypes fall within 
0.25 (sigma) of the mean, 0.5 (sigma) , 1.0 (sigma), 2.0 (sigma) and 3.0 (sigma). In 
addition, a rough histogram of the data is displayed. 
 
As you can see, the distribution of these trait data is slightly skewed toward higher 
values. To correct for this skewing, we may instead choose to analyse the log10 of the 
weight data. (This being consistent with the hypothesis that the QTLs somehow control 
the size of the plant, thus affecting its weight exponentially). To do this, we employ 
MAPMAKER/QTL’s “make trait” command. This allows us to create a new trait with 
values which are a function of those for another trait existing in the data set. Here we 
make a new trait named “logwt” which is the log base 10 of the “weight” trait. After 
applying this function, MAPMAKER/QTL displays the same statistical analysis as for 
the “show trait” command. As you can see, the transformed trait more closely follows a 
normal distribution.  
 
3> trait 1 
The current trait is now: 1 (weight) 
 
4> show trait 
Trait 1 (weight): 
-----------------------------------------------------------------------distribution:             quartile |   
fraction within n deviations: 
mean   sigma   skewness  kurtosis  ratio  | 1/4   1/2   1    2     3    
6.11   3.51    1.59      3.53      0.83   | 0.23  0.42  0.75 0.95  0.99   
----------------------------------------------------------------------- 
 -0.91  | 
  0.85  | 
  2.60  |************************* 
  4.35  |******************************************************* 
  6.11  |************************************************************ 
  7.86  |*************************************** 
  9.61  |******************** 
 11.37  |************* 
 13.12  |******** 
 14.87  |**** 
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5> make trait logwt = log (weight) 
New trait number 2 (logwt) had been added to the data set. 
----------------------------------------------------------------------- 
 
distribution:               quartile |   fraction within n deviations: 
mean   sigma   skewness  kurtosis  ratio |   1/4    1/2  1    2     3    
0.72   0.24    -0.06     -0.07     0.97  |   0.21   0.41 0.67 0.94 1.00   
----------------------------------------------------------------------- 
  0.25  |****** 
  0.36  |******** 
  0.48  |**************************** 
  0.60  |********************************** 
  0.72  |**************************************************** 
  0.84  |************************************************************ 
  0.96  |*********************************** 
  1.08  |*********************** 
  1.20  |************ 
  1.32  |***** 
 
 
As a last preliminary step, we simply print out lists of genetic markers, linkage maps, and 
traits included in our data files, for our reference as we proceed with the analysis.  
 
First, we print out the genetic markers and their assigned map orders and distances. To 
display these maps, we first use MAPMAKER/QTL’s “sequence” command to tell the 
program which regions of the genome we are interested in examining. As we wish to 
examine all regions for which data are available, we simply enter a sequence command 
which specifies “all” genetic markers. (Notice the square brackets used in the sequence 
command we type. These are required in most MAPMAKER/QTL sequences, as we will 
discuss later). 
 
We then type the “show map” command to view the map orders and distances for these 
markers. By default, MAPMAKER/QTL indicates genetic markers by number, where the 
numbering is assigned based on their order in the data file (not their order in the genetic 
linkage map). This feature keeps the marker numbers consistent between 
MAPMAKER/EXP and MAPMAKER/QTL. We could just as easily always have 
MAPMAKER/QTL display the marker names instead of their numbers by simply 
changing the “print names” option setting as described in the reference section of this 
manual.  
 
Note that the linkage map, including both the map orders and positions of the genetic 
markers, was calculated using the MAPMAKER/EXP program and was inserted into the 
data files for MAPMAKER/QTL’s use. MAPMAKER/QTL itself does not ever try to 
recomputed map orders or distances.  
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To display a list of the trait data included in our file, we simply type the “list traits” 
command. Notice that the “logwt” trait, which we just added to the data set, is displayed 
along with the function we used to create it.  
 
6> sequence [all] 
The sequence is now '[all]' 
 
7> show linkage maps 
linkage maps: 
=========================================================== 
 1-3           4.2 cM    4.0 % 
 3-2          15.0 cM   13.0 % 
 2-5          11.9 cM   10.6 % 
 5-7          12.2 cM   10.8 % 
=========================================================== 
 
8> list traits 
=========================================================== 
TRAITS: 
  1 weight       
  2 logwt      log (weight)  

 
Scanning the genome for putative QTLs 
 
Perhaps the most useful capability of MAPMAKER/QTL is to compute “QTL likelihood 
plots” covering the entire genome. In a manner similar to LOD score plots (e.g. 
likelihood Vs map distance), these graphs provide a visual representation of (1) regions in 
the genome which are likely to contain putative QTLs, (2) the strength of the data 
supporting the hypotheses that particular QTLs exist, and (3) the likely position of these 
putative QTLs. 
 
The fundamental method MAPMAKER/QTL uses to generate these plots works as 
follows: The program iteratively “steps” along the genome, and at each point calculates a 
“maximum likelihood QTL map”, i.e., at each point, MAPMAKER/QTL asks the 
question, “assuming there is a QTL right there, what is the maximally likely manner in 
which it’s inheritance affects the trait? Moreover, what is the strength of the data 
supporting this hypothesis?”. These results are expressed as a number of real valued 
parameters, including: 
 

 The effect of the QTL on the trait, expressed in terms of additive “weight” and 
“dominance” effects for F2 data, or a “weight” term alone for backcross data. 

 The  fraction of the total variation in the trait across the population explained 
by the QTL (this is equivalent to an R[2] value calculated by linear regression) 

 The mean and standard deviation of the variation in the trait not controlled by 
QTL 
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 A LOD score, also called a log-likelihood, indicating the strength of the data 
supporting this hypothesis 

 
We will discuss the precise interpretation of these values shortly. 
 
To perform this analysis, we first need to set MAPMAKER/QTL’s “sequence”, telling 
the program which regions of the genome we wish to search. Because we have already 
set the sequence to specify “all” regions, we do not need to repeat this step. Just to be 
sure, we can type “sequence” alone, to make sure that it is correctly set.  
 
We also need to tell MAPMAKER/QTL which quantitative trait we are interested in 
studying. Here we wish to analyze the log10 (weight) data we calculated earlier, and we 
simply tell the program this using the “trait” command.  
 
Satisfied that the sequence and trait are correctly set, we then type the “scan” command, 
instructing MAPMAKER/QTL to search for QTLs throughout the genome. By default, 
MAPMAKER/QTL looks for QTLs every 2.0 cM. Note the “scan” command can 
generate quite a large amount of output and on slower computers can also require a 
significant amount of time. For this example, we have only included output for the first 
three chromosomes in this data set. 
 
9> sequence [all] 
The sequence is now '[all]' 
 
10> scan 
QTL maps for trait 1 (weight): 
Sequence: [all] 
LOD threshold: 2.00 Scale: 0.25 per '*' 
 
No fixed-QTLs. 
Scanned QTL genetics are free. 
 
POS     WEIGHT  DOM     %VAR  LOG-LIKE |  
---------------------------------------| 1-3 4.2 cM 
0.0    -0.703  -0.750   4.3%    2.797  | **** 
2.0    -0.848  -0.560   4.1%    2.640  | *** 
4.0    -0.938  -0.354   3.6%    2.394  | ** 
---------------------------------------| 3-2 15.0 cM 
0.0    -0.944  -0.336   3.6%    2.370  | ** 
2.0    -1.036  -0.462   4.9%    2.888  | **** 
4.0    -1.098  -0.555   6.0%    3.367  | ****** 
6.0    -1.139  -0.622   6.7%    3.786  | ******** 
8.0    -1.164  -0.665   7.3%    4.134  | ********* 
10.0   -1.175  -0.687   7.6%    4.405  | ********** 
12.0   -1.172  -0.684   7.6%    4.595  | *********** 
14.0   -1.156  -0.657   7.3%    4.702  | *********** 
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---------------------------------------| 2-5 11.9 cM 
0.0    -1.144  -0.635   7.1%    4.727  | *********** 
2.0    -1.207  -0.691   7.9%    5.033  | ************* 
4.0    -1.256  -0.732   8.6%    5.267  | ************** 
6.0    -1.286  -0.759   9.0%    5.410  | ************** 
8.0    -1.294  -0.771   9.1%    5.438  | ************** 
10.0   -1.275  -0.757   8.8%    5.305  | ************** 
---------------------------------------| 5-7 12.2 cM 
0.0    -1.203  -0.637   7.4%    4.893  | ************ 
2.0    -1.236  -0.702   8.0%    4.904  | ************ 
4.0    -1.244  -0.721   8.2%    4.766  | ************ 
6.0    -1.230  -0.699   8.0%    4.482  | ********** 
8.0    -1.194  -0.635   7.3%    4.064  | ********* 
10.0   -1.132  -0.522   6.1%    3.528  | ******* 
12.0   -1.039  -0.345   4.6%    2.914  | **** 
---------------------------------------| 
Results have been stored as scan number 1. 
 
MAPMAKER/QTL’s “scan” command generates one line of output for each point 
examined in the genome, with the4 intervals between genetic markers the boundaries 
between chromosomes indicated. Note that we are using MAPMAKER/QTL’s default 
output mode, which displays markers by their assigned numbers and map distances in 
Haldane centimorgans. Alternatively, we could tell MAPMAKER/QTL to use the 
markers’s names, and/or to use recombination fractions as our units of map distance. For 
details of how to do this, see the discussion of the “units” and “print names” commands 
in the reference section of the manual. MAPMAKER Version 2 users should note that 
MAPMAKER/QTL defaults to using the same settings of these and (some other) options 
which you set while using MAPMAKER. 
 
To declare the presence of any QTLs, one needs to select an appropriate LOD score 
threshold, above which the QTL map data will be considered significant. The selection of 
an appropriate LOD score must be based on a number of parameters, including the 
particular genome, type of cross and density of linkage map used. Also, because 
MAPMAKER/QTL in effect performs many independent tests, selection of a LOD 
threshold must take into account the chance of erroneously declaring a QTL anywhere in 
the genome, rather than the error rate of each particular test. For these experiments, we 
have selected a conservative LOD threshold of 3.0. 
 
If we examine the “like” (short for “log-likelihood”) column in the program’s output, we 
see that our data indicate that a number of regions of the genome are likely to contain 
QTLs affecting the weight trait, a hypotheses supported by log-likelihoods greatly 
exceeding our threshold of 3.0. We can quickly examine the output for these regions by 
looking at the row of asterisk (*) characters printed next to each data line. These visually 
indicate the shape and height of the “log-likelihood surface”. (By default, one star is 
printed if the log-likelihood exceeds 2.0, with each additional star indicating an increase 
of 0.25 over this level. These thresholds may be changed by the user). 
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For example, on chromosome one, covered by markers 1, 3, 2, 5 and 7, we see that a 
putative QTL has been detected on the distal end, with the most likely position (e.g. the 
position with the highest log-likelihood) falling in the 11.9 cM interval between markers 
2 and 5. As you can see however the likelihood surface around this putative QTL is fairly 
flat, that is, the QTL’s log-likelihoods do not change substantially with hypothesized 
position in the genome. (In this case, the log-likelihood falls by 1.0 only outside of a 
roughly 22 cM region containing the likelihood surface maximum). This result is typical 
of most data sets, which do not contain sufficient information to resolve QTL position 
more accurately. 
 
Similarly, on the proximal end of chromosome tow, we detect a putative QTL with a 
somewhat lower log-likelihood peak between markers 8-12. The ‘confidence interval’, 
outside of which the log-likelihood falls by 1.0, spans a 14 cM region around this point.  
 
We may find it easier to view these LOD score plots graphically, rather than as text 
output. To do this, we now use the “draw scan” command, which draws the LOD score 
curves for the previous scan in a PostScript file you can print out.  
 
We now discuss the interpretations of the QTL effects calculated for these putative QTLs. 
 
As our data were collected from an F2 intercross, each individual will have one of three 
possible genotypes at any QTL: A/A, A/B, B/B. MAPMAKER/QTL expresses the effect 
of these QTL genotypes on the trait using the classical “additive and dominance” method, 
with the QTL effects measured in terms of the amount that alleles derived from the B 
parent, individually or together, contribute to the phenotypes of individuals with an 
otherwise A/A background. (Note that the assignment of ‘A’ and ‘B’ alleles here follows 
the coding used in the raw data file, as described in the appendices). In this method, the 
measured phenotype of the individual number i in the data set is given by: 
 
F2: Trait I = Mean + (Weight x Num i) + (Dominance x Het i) + Noise 
 
Where, 
Mean = The mean value of the component of the trait not controlled by this 

QTL (in effect, the average trait value for the A/A individuals). 
Weight = The additive component of the QTL B allele effect 
Num i = The number of B alleles carried by individual number i, either 0, 1 or 

2 
Dominance = The dominance component of the QTL B allele effect 
Het i = If individual number i is an A/B heterozygote, and 0 otherwise 
Noise = Variation in the trait not controlled by this QTL ( a normal random 

variable) 
  
Had this experiment been a backcross, rather than an intercross, then only a weight term 
would apply, describing the effect of the heterozygote QTL genotype, A/B, over the 
homozygote A/A background, i.e.,  

 9



Bioinformatics and Statistical Genomics                                                                                                                    L28 

 
BC1: Trait = Mean + (Weight x Num i) + Noise 
 
In our example, the peak of the likelihood surface on chromosome one falls between 
markers 2 and 5. the most likely QTL map, describing the most likely estimate of the 
QTL effects, is found at a point about 6 cM from marker number 2. This map indicates a 
hypothetical QTL with an additive effect of -0.088 and a dominance effect of -0.043 on 
each plant’s measured trait. Thus, on average, an individual heterozygous at the QTL has 
a phenotype 0.131 units lower than a homozygote for the ‘A’ allele, while a typical allele 
‘B’ homozygote has a phenotype 0.176 units lower than an ‘A’ homozygote.  
 
Similarly, the putative QTL on chromosome two, at the log-likelihood maximum 
occurring 6.0 cM from marker 8, has an additive QTL effect of -0.140 and a dominance 
effect of -0.009. Typical A/B heterozygotes have a phenotype 0.149 (= 0.140 + 0.009) 
units lower than the A/A homozygotes on average. Note that in both of these cases, the 
QTL alleles inherited from the B parents give rise to a lower measured phenotypes that 
those from the A parent. It is worth noting that the effects described by QTL maps in 
cases with no missing data (e.g. all progeny are informative and the putative QTL is 
located directly at a genetic marker) are literally identical to those produced using 
standard regression analysis (a.k.a single factor analysis). Moreover, the “variance 
explained” by MAPMAKER/QTL will be same as the R [2] value calculated by linear 
regression. 
 
One possible problem could be the presence of two linked QTLs. In this case, a “scan” 
analysis will typically show two nearby peaks, each near one of the QTls. Because the 
assumption of a single QTL may be incorrect, the analysis for each putative QTL may be 
affected by the other. Consequently, the QTL positions may appear somewhat shifted, the 
weights incorrect and the LOD score increased.  
 
Two peaks do not necessarily imply tow QTLs, however. Suppose that there was a singly 
QTL lying midway between markers 1 and 3. The LOD score would be highest in the 
middle of interval 1-3, would drop at locus 3 (owing to the data from individuals in 
whom crossovers resulted in genotypes which did not predict their phenotypes well), and 
could rise somewhat in middle of interval 3-2. Although it may seem odd at first, that the 
likelihood should rise in interval 3-2, it is mathematically correct. The hypothesis that a 
QTL lies in interval 3-2 actually fit the data better than the hypothesis that a QTL exists 
very near locus 3 (although neither hypothesis is correct) because some portion of the 
discrepancies between phenotype and genotype can e attributed to double crossovers in 
the former case but not the latter. 
 
Alternatively, two peaks may be observed if a marker has been mistyped in a few 
individuals. Although there may be strong evidence for a QTL nearby, the LOD score 
may drop near the marker due to genotype errors again providing data which conflict 
with the hypothesis. If the LOD score is very different at two nearby loci (say within 5 
cM), this is almost certainly the case. Whenever the LOD score falls precipitously near a 
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marker, one should always consider the possibility of data errors, usually either mistyped 
loci or errors in the linkage map order. 
 
Because the existence of two likelihood peaks can indicated many different things, 
whenever we see two high peaks within about 30-40 cM with a well-defined valley in 
between, we thus consider the above possibilities and analyze the situation carefully. To 
test for linked QTLs, we perform an analysis in which one putative QTL is declared at a 
fixed location (at one of the peaks), and a scan is performed to look for a second QTL 
given the presence of the first QTL (fitting a two-QTL model to the data). A second QTL 
is likely to be present if there is still a substantial likelihood rise when controlling for the 
first QTL. If instead, once we have controlled for the presence of one QTL, there is no 
significant evidence for a second one, then the two QTL hypothesis is considered 
unlikely.  
 
Testing for data errors is more difficult. If the marker in question has flanking markers 
nearby, we might choose to simply re-scan the interval omitting all genotypic data for 
that marker. For example, to scan the interval between markers 3 and 5, omitting data for 
marker 2, we could use the sequence “[3/5]”, as described in the reference section of this 
manual. 
 
Automatically summarizing the results of a genome scan 
 
For the purposes of illustration, we examined the MAPMAKER/QTL “scan” output by 
hand, finding the maximally likely QTL positions, effects and confidence intervals. In 
analyses of larger data sets however, it can be time consuming to browse the “scan” 
output by hand in this manner. MAPMAKER/QTL provides a facility for automatically 
summarizing these data, the “show peaks” command. 
 
This command, by default, instructs MAPMAKER/QTL to search the results of the 
genome “scan” executed immediately beforehand, and to report various pieces of 
information about the maximally likely QTL maps. Again by default, the ‘show peaks” 
command ignores log-likelihood maxima which fall below a specified LOD threshold, 
usually 2.0 and considers neighboring peaks not separated by a log-likelihood drop of 1.0 
to be local maxima of the same peak. One nice feature of this command is that it displays 
more information about the QTL map than the “scan” command itself does, including: 
 
U = the mean value of the component of the trait not controlled by this QTL 
[[sigma]] [2] = the variance of the environmental noise in the trait not controlled by this 
QTL 
[[chi]] [2] = an alternate measure of the significance of the QTL map data, where: 
[[chi]] [2] = 2 x (ln10) x LOD, a value which is asymptotically distributed as [[chi]] [2] 
for large populations.  
 
Another parameter calculated by MAPMAKER/QTL in this case is the “variance 
explained” by each QTL. This number is simply the percentage decrease in the estimated 
[[sigma]] when the QTL is allowed to control a portion of the trait, as opposed to when 
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no QTLs are assumed (and thus, when all of the variation in the population is attributed 
to noise). This number is equivalent to the R[2] value calculated by linear regression.  
 
For each likelihood peak found, MAPMAKER/QTL determines the map positions of the 
boundaries of the 10:1 “confidence interval” surrounding the peak. These boundaries 
indicate the width of the peak before the likelihood drops 10-fold (a log-likelihood drop 
of 1.0) and indicate the range of QTL positions which can best explain the observed data.  
 
Here, we invoke the “show peaks” command to summarize our previous calculation. As 
we can see, MAPMAKER/QTL simply described the same peaks that we have found by 
eye. However, because this tells us the values of u and [[sigma]] [2], we can simply 
calculate the expected phenotypic means of the various sub-populations within our data 
set, as well as quantify the non-genetic “noise” in the trait.  
 
For the putative QTL on chromosome one, with a log-likelihood of 4.97, we have: 
 
uA/A = u= 0.805 [[sigma]] [2] = 0.052 
uA/B = u + weight + dominance = 0.674 [[sigma]] = 0.228 
uB/B = u + 2 x weight = 0.630 variance explained = 8.4% 
 
For the putative QTL on chromosome two: 
 
uA/A = u= 0.866 [[sigma]] [2] = 0.047 
uA/B = u + weight + dominance = 0.717 [[sigma]] = 0.217 
uB/B = u + 2 x weight = 0.587 variance explained = 16.0% 
 
11> show peaks 
LOD score peaks for scan 1.1 of trait 1 (weight). 
Sequence: [all] 
No fixed-QTLs. 
Scanned QTL genetics are free. 
Peak Threshold: 2.00  Falloff: -2.00 
=========================================================== 
QTL-Map for peak 1: 
Confidence Interval:  Left Boundary= 3-2 + 6.0 
                     Right Boundary= 5-7 + 10.0 
 
INTERVAL   LENGTH  QTL-POS  GENETICS    WEIGHT  DOMINANCE 
2-5        11.9    8.0      free       -1.2937 -0.7709 
 
chi^2= 25.045 (2  D.F.)        log-likelihood= 5.44    
mean= 7.436   sigma^2= 11.177  variance-explained= 9.1 % 
=========================================================== 
12> q 
save data before quitting? [yes] y 
Now saving SAMPLE.QTLS... 
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Now saving SAMPLE.TRAITS... 
 
        ...goodbye... 
With our goal of mapping QTLs affecting our weight trait on these two chromosomes 
finished, we now exit MAPMAKER/QTL using the “quit” command. We then printed 
out the transcript of this session (the file “qtl.out”), from which this tutorial was 
generated.  


