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Using Mapmaker/EXP for genome mapping 
 
M. Maheswaran 
Tamil Nadu Agriculture University, Coimbatore 
 
Mapmaker/EXP overview 
 
Mapmaker/EXP is an interactive linkage analysis package initially developed by Lander 
et al. (1987) for constructing primary linkage maps of markers segregating in 
experimental crosses. Mapmaker/EXP performs full multipoint linkage analyses for 
dominant, recessive (such as qualitative phenotypic markers), and co-dominant (such as 
RFLPs) makers in BC1, F2 and F3 (self) intercrosses, and recombinant inbred (RI) lines. 
It is a powerful, command-line driven package that can be customizable for its various 
mapping functions (such as centimorgan distances) and statistical thresholds. 
 
A typical Mapmaker session consists of several parts. First is to have Mapmaker/EXP 
prepare the raw data file format, and next is to command Mapmaker/EXP which markers 
to consider for linkage analysis. The program can then be commanded to group the 
markers into the possible linkage groups and infer the best sequence/linkage order. 
Afterwards, the program can then map this linkage group, giving the possible order and 
map distances between markers (in centimorgan and recombination fraction values). 
After establishment of linkage groups and orders, other genes can be mapped into this 
linkage framework by including the segregation data fro the gene under study and having 
Mapmaker/EXP try to locate the best possible location of the gene. 
 
Preparing data for Mapmaker/EXP 
 
One of the most frustrating aspects in the use of Mapmaker/EXP is finding that the 
program refuses to process your dataset due to errors in the data preparation. Extra 
measures are therefore taken to ensure proper data preparation.  
 
Raw data files are plain text (ASCII) files generated using DOS text editing tools or 
spreadsheets that can output plain text files. Italic typefaces are used for emphasis only.  
 
The first line of the raw data file should be: 
 
 data type ???  
 
Where ??? is one of the following, depending on the material you are working on: 
 
 F2 intercross 

F2 backcross 
F3 self 
RI self 
RI sib 
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The second line consists of three numbers separated by spaces, such as: 
 
 94 175 19 
Where,  
‘94’ refers to the number of progenies 
‘175’ refers to the number of loci supplied(excluding quantitative data) 
‘19’ refers to the number of quantitative traits in data set. 
 
The third to nth line consists of raw segregation data for each locus and all the progeny 
used, such as this example for two loci and nine progenies. 
 
*C711 B A A B A A A A 
*CDO105 B A B B - A A A 
*CDO127 A A - A A B A B 
*CDO337 A A A B B B A A 
*CDO344 A B B B B B A A 
*CDO38 A B B A - B B A 

 
The following data table summarizes the default symbol notation for the data type 
readable by Mapmaker/EXP: 
 

General data type Genotype code allowed 
F2 backcross A, H, - 
F2 intercross A, B, H, C, D 
RI data A, B, - 
 
Where,  
‘H’ - Heterozygote 
‘-‘ - Missing data for individual at this locus 
‘A’,‘B’ - Homozygosity for the respective parental genotypes 
‘C’, ‘D’ - Although not usually used, should be included in the second line 

header for F2 intercross data 
 
In cases where the alleles have been already recorded using different symbols (i.e., using 
numbers 1, 2 and 3 instead of A, B and H), the second line can be written as: 
  

94 175 19 symbols 1=A 3=B 0=- 
 

*C711 3 1 1 3 1 1 1 1 
*CDO105 3 1 3 3 0 1 1 1 
*CDO127 1 1 0 1 1 3 1 3 
*CDO337 1 1 1 3 3 3 1 1 
*CDO344 1 3 3 3 3 3 1 1 
*CDO38 1 3 3 1 0 3 3 1 
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At this point, it makes sense to include the quantitative data set in the raw data file. It 
should be formatted as: 
 
*HDA 229 422.33 471.67 511.67 303.67 141 346 161.67
*HDW 4.19 6.29 7.08 8.2 5.24 3.27 5.73 3.7
*FPLI 54.46 89.05 42.05 39.64 55.98 81.37 41.64 59.83
*TI 0.249 0.175 0.235 0.361 0.28 0.366 0.38 0.196
*AI 0.751 0.825 0.765 0.639 0.72 0.634 0.62 0.804
*PDLOSS 110.49 173.88 124.25 37.35 101.28 65.04 73.38 134.65

 
Here is an example of a raw data file for eightprogenies, six markers and six quantitative 
traits for an RI selfed population: 
 
#sample data set 
 
data type RI self 
8 6 6 
 
*C711 B A A B A A A A 
*CDO105 B A B B - A A A 
*CDO127 A A - A A B A B 
*CDO337 A A A B B B A A 
*CDO344 A B B B B B A A 
*CDO38 A B B A - B B A 
*HDA 229 422.33 471.67 511.67 303.67 141 346 161.67
*HDW 4.19 6.29 7.08 8.2 5.24 3.27 5.73 3.7
*FPLI 54.46 89.05 42.05 39.64 55.98 81.37 41.64 59.83
*TI 0.249 0.175 0.235 0.361 0.28 0.366 0.38 0.196
*AI 0.751 0.825 0.765 0.639 0.72 0.634 0.62 0.804
*PDLOSS 110.49 173.88 124.25 37.35 101.28 65.04 73.38 134.65

* mark should be placed before the marker name/quantitative parameter 
 
Special notes 
 
 Do not use spaces in your locus names 
 Spaces in between symbols may be tabs or multiple white spaces 
 Lines beginning in ‘#’ are comments and ignored by the program 
 
The above data set can be prepared using an excel spread sheet. After the data preparation 
the file should be saved as “text tab delimited’ file to use it for “mapmaker analysis”. 
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The layout of the excel spread sheet with a set of marker data is given below. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The text tab delimited file opened in notepad 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Constructing linkage maps using Mapmaker/EXP 
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Running MAPMAKER/EXP 
 
Type mapmaker at the DOS command prompt to start MAPMAKER/EXP. The Welcome 
message appears along with other messages. We are now in the interactive command 
interface of MAPMAKER/EXP. The program is waiting for the user input. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The first step in almost every MAPMAKER session is to load a data file for analysis. If 
you are starting out an analysis on a new data set, or if you have modified the raw data in 
an existing data set, you will do this using MAPMAKER’s “prepare data” command. If 
instead you are resuming an analysis of a particular (unmodified) data set, you may use 
the “load data” command, which preserves many of the results from your previous 
session. Because we are just starting out, we use MAPMAKER’s “prepare data” 
command to load our sample file “sample.raw”. 
 
Before performing any analyses of our data set, we now instruct MAPMAKER to save a 
transcript of this session in a text file for later reference. Using the “photo” command, we 
start a transcript named “tutorial.out”. Note that if the file already exists, MAPMAKER 
appends new output to this file. 
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Finding linkage groups by ‘two-point linkage’ 
 
We begin this session by performing a classical “two-point”, or pairwise, linkage analysis 
of our data set. While we generally do not use two-point analysis for ordering markers, 
we usually do find tow-point analysis helpful for identifying linkage groups of markers in 
preliminary analyses. To then order markers within a group, we use other more powerful 
techniques. 
 
First we need to tell MAPMAKER which loci we wish to consider in our two-point 
analysis. We do this using MAPMAKER’s “sequence” command. When you type 
something like: 
 
sequence locus1 locus2 locus3………… 
 
MAPMAKER is told which loci (and, in some cases, which orders of those loci) any 
following analysis commands should consider (for example, locus1, locus2, locus3, etc.). 
Since almost all of MAPMAKER’s analysis functions use the “current sequence” to 
indicate which loci they should consider, you will find that the “sequence” command 
must be entered before performing almost any analysis function. The sequence of loci in 
use remains unchanged until you again type the “sequence” to change it. 

 
In this two point analysis, we want to examine all of the 12 loci in our sample data set. 
Thus, we now type into MAPMAKER: 
 
sequence 1 2 3 4 5 6 7 8 9 10 11 12 
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Note that for two-point analysis, the order in which the loci are listed is unimportant.  
 
We then type MAPMAKER’s “group” command, instructing the program to divide the 
markers in the sequence into linkage groups. To determine whether any tow markers are 
linked, MAPMAKER calculates the maximum-likelihood distance and corresponding 
LOD score between the two markers: If the LOD score is greater than some threshold, 
and if the distance is less than some other threshold, then the markers will be considered 
linked. By default, the threshold is 3.0 and the distance threshold is 80 Haldane cM. 
However, we routinely change cM distances to the Kosambi cM in plant genome 
mapping. 
 
For the purpose of finding linkage groups, MAPMAKER considers linkage transitive i.e., 
if marker A is linked to marker B and if B is linked to C, then A, B and C will be 
included in the same linkage group. 
 
3> s 1 2 3 4 5 6 7 8 9 10 11 12 
sequence #1= 1 2 3 4 5 6 7 8 9 10 11 12 
 
4> group 
Linkage Groups at min LOD 3.00, max Distance 50.0 
 
group1= 1 2 3 5 7  
------- 
group2= 4 6 8 9 10 11 12  
 
As you see, MAPMAKER has divided our data set into two linkage groups, which it 
names “group1” and “group2”. Moreover, there are no unlinked markers in this data set.  
 
Exploring map orders by hand 
 
To determine the most likely order of markers within a linkage group, we could imagine 
using the following simple procedure: For each possible order of that group, we calculate 
the maximum-likelihood map (example, the distances between all markers given the 
data), and the corresponding map’s likelihood. We then compare these likelihoods and 
choose the most likely order as the answer. This type of exhaustive analysis may be 
performed using MAPMAKER’s “compare” command. 
 
In practice, however, this sort of “exhaustive” analysis is not practical for even medium 
sized groups: a group of N markers has N!/2 possible orders, a number which becomes 
unwieldy (for most computers) when N gets to be between six and 10. (In practice, one 
needs to order subsets of the linkage group and then overlap those subsets, mapping any 
remaining markers relative to those already mapped, a process we will illustrate later). 
 
Luckily, group1, consisting of markers 1, 2, 3, 5 and 7 is small enough that we can use a 
fully exhaustive analysis. To do this, we first change MAPMAKER’s sequence to “ {1 2 
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3 5 7}”. Here, the set-braces indicate that the order of the markers contained within them 
is unknown, and thus that all the possible orders need to be considered. 
 
We then type the “compare” command, instructing MAPMAKER to compute the 
maximum likelihood map for each specified order of markers and to report the orders 
sorted by the likelihoods of their maps. Note that while MAPMAKER examines all 
orders, only the 20 most likely ones are reported (by default). 
 
For each of these 20 orders, MAPMAKER displays the log-likelihood of that order 
relative to the best likelihood found. Thus the best order: 
 
1 3 2 5 7 
 
is indicated as having a relative log-likelihood of 0.0. The second best order: 
 
3 1 2 5 7 
 
is significantly less likely than the best, having a relative log-likelihood of -6.0. Said a 
different way, the best order of this group is supported by an odds ratio of roughly 
1,000,000: 1 (10 to the 6th power to one), over any other order. We consider this good 
evidence that we have found the right order. 
 
5> s {1 2 3 5 7} 
sequence #2= {1 2 3 5 7} 
 
6> compare 
Best 20 orders: 
1:    1 3 2 5 7   Like:  0.00  
2:    3 1 2 5 7   Like: -6.00  
3:    5 7 2 3 1   Like: -20.20 
4:    5 7 2 1 3   Like: -26.26 
5:    2 5 7 3 1   Like: -27.25 
6:    2 5 7 1 3   Like: -28.39 
7:    2 3 1 5 7   Like: -28.85 
8:    5 2 3 1 7   Like: -32.33 
9:    2 1 3 5 7   Like: -34.12 
10:   5 7 1 3 2   Like: -35.55 
11:   5 2 1 3 7   Like: -37.61 
12:   1 3 5 2 7   Like: -37.76 
13:   3 1 5 2 7   Like: -39.09 
14:   5 7 3 1 2   Like: -40.38 
15:   1 3 5 7 2   Like: -40.87 
16:   3 1 5 7 2   Like: -41.55 
17:   5 2 7 3 1   Like: -43.67 
18:   5 2 7 1 3   Like: -44.78 
19:   5 1 3 2 7   Like: -47.63 
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20:   2 5 3 1 7   Like: -52.28 
order1 is set 
Displaying a genetic map 
 
When we used the “compare” command previously, MAPMAKER calculated the map 
distances and log-likelihood for each of the 60 orders we were considering. The 
“compare” command however only reports the relative log-likelihoods and afterwards 
forgets the map distances. To actually display the genetic distances we must instead use 
the map “command”. 
 
Like “compare”, the “map” command instructs MAPMAKER to calculate the maximum 
likelihood map of each order specified by the current sequence. If the current sequence 
specifies more than one order (for example, the sequence “{1 2 3 5 7}” specifies 60 
orders) then the maps for all specified orders will be calculated and displayed.  
 
Because we found one order of this group to be much more likely than any other, we 
probably only care to see the map distances for this single order. First, we set 
MAPMAKER’s sequence, putting the markers in their best order and doing away with 
the set brackets.  
 
Next, we simply type “map” to display this order’s maximum likelihood map. 
 
As you can see, the distances between neighbouring markers are displayed. Note 
however, that these distances may be considerably different than the “two-point” 
distances between those markers. This is because, MAPMAKER’s so-called multipoint 
analysis facility can take into account much more information, such as flanking marker 
genotypes and some amount of missing data. This is precisely the reason that we use 
multipoint analysis rather than two point analysis to order markers. Because more data is 
taken into account, you have a smaller chance of making a mistake. 
 
7> s 1 3 2 5 7 
sequence #3= 1 3 2 5 7 
 
8> map 
=========================================================== 
Map:                         
  Markers          Distance  
    1  T175          4.2 cM 
    3  C35          15.0 cM 
    2  T93          11.9 cM 
    5  C66          12.2 cM 
    7  T50B       ---------- 
                    43.2 cM   5 markers   log-likelihood= -424.94 
=========================================================== 
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Locating qualitative gene(s)/markers using MAPMAKER/EXP 
 
The location of major genes for particular qualitative traits can be determined easily with 
MAPMAKER/EXP by coding the observed phenotype in the same manner as a 
segregating RFLP marker allele. For instance, if in a cross, RFLP alleles are coded as 
A=allele from parent 1 and B=allele from parent 2, while phenotype data fro disease 
resistance is coded as R (resistant reaction, parent 1 type), S (susceptible, parent 2 type), 
the R-S segregation in the progeny should be coded similarly to RFLP’s (A-B instead of 
R-S). The major gene can then be mapped as a marker. Take note that in genes with 
dominant effect, the heterozygotes cannot be identified, unlike the codominant RFLP 
markers.  
 
To determine the map position of a marker, we will use the following procedure: Starting 
with the known order of five markers, we will place the marker into every interval in this 
order and then recalculate the maximum-likelihood map of each resulting six marker 
order. In this analysis, MAPMAKER recalculates all recombination fractions for all 
intervals in each map (not just the ones involving the newly placed markers). 
 
This function is performed by MAPMAKER’s “try” command. In its output, 
MAPMAKER again displays relative log-likelihood of each position for the inserted 
markers. The relative log-likelihood of zero indicates the best position, while the negative 
log-likelihoods indicate the odd against placement in each other interval. 
 
In this case, we see that the marker six strongly prefers to be in-between markers nine 
and 10. Even the next most likely position for marker six is more than 10 to the 21.09th 
power times less likely. 
 
The “try” command not only tries to place markers in each interval in the framework, but 
also tries to place each marker infinitely far away (i.e., forced 50% recombination 
between it and the framework). The relative log-likelihoods for this position are indicated 
following the “INF” entry in the MAPMAKER output. In the same way that a two-point 
LOD score indicates the odds of linkage between two loci when they are separated by 
their maximum likelihood distance, these relative log-likelihoods indicate the odds 
supporting linkage between one locus and a framework of loci when the locus is placed 
in its most likely position. In the above test, we see that a log-liklihood of 44.66 supports 
linkage between four and rest of the group. 
 
9> sequence {8 9 10 11 12} 
sequence #4= {8 9 10 11 12} 
 
10> compare 
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Best 20 orders: 
1:    11 8 12 9 10   Like:  0.00  
2:    10 11 8 12 9   Like: -14.57 
3:    8 11 12 9 10   Like: -15.23 
4:    10 9 11 8 12   Like: -27.20 
5:    11 8 12 10 9   Like: -29.97 
6:    10 8 11 12 9   Like: -30.14 
7:    9 10 11 8 12   Like: -32.23 
8:    8 11 10 9 12   Like: -39.80 
9:    10 9 8 11 12   Like: -39.91 
10:   9 11 8 12 10   Like: -40.05 
11:   11 8 10 9 12   Like: -40.25 
12:   11 8 9 12 10   Like: -44.73 
13:   8 11 12 10 9   Like: -45.21 
14:   10 11 8 9 12   Like: -46.57 
15:   8 11 9 12 10   Like: -47.46 
16:   9 10 8 11 12   Like: -47.94 
17:   10 8 11 9 12   Like: -49.61 
18:   8 11 10 12 9   Like: -52.71 
19:   9 8 11 12 10   Like: -52.74 
20:   11 8 10 12 9   Like: -53.07 
order1 is set 
 
11> sequence order1 
sequence #5= order1 
 
13> try 4 6 
 
        4       6        
       --------------- 
      |  0.00  -42.68 | 
11    |               | 
 
      |-35.57  -118.6 | 
8     |               | 
      |-19.65  -70.19 | 
12    |               | 
      |-46.80  -28.09 | 
9     |               | 
      |-51.35    0.00 | 
10    |               | 
      |-43.40  -21.09 | 
      |---------------| 
INF   |-44.66  -45.03 | 
       --------------- 
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BEST  -619.33 -612.03  
 
As a last step, we now type the complete sequence for this group, adding markers 4 and 6 
into their most likely position. Then we type “map” to see the complete map of all 
markers in this group. 
14> sequence 4 11 8 12 9 6 10 
sequence #6= 4 11 8 12 9 6 10 
15> map 
============================================================ 
Map:                         
  Markers          Distance  
    4  T24          14.8 cM 
   11  C15           6.4 cM 
    8  T125         18.9 cM 
   12  T71          24.0 cM 
    9  T83          18.1 cM 
    6  T209         28.6 cM 
   10  T17        ---------- 
                   110.8 cM   7 markers   log-likelihood= -688.99 
============================================================ 
 
 
Special note 
 
Most commands in MAPMAKER can be typed in as the 1st up to the 1st four letters of the 
command only. This is to save user time and aggravation in typing in the command (e.g. 
prepare data = ‘pd’, sequence = ‘h’, quit = ‘q’, compare = “comp”). 
 
In cases wherein the chromosome number association of the marker is known, you can 
skip the “group” command and just define your linkage groups according to the 
chromosome number where the marker belongs to. This is true especially in the RFLP 
linkage maps of rice. However, you should still let MAPMAKER determine the linkage 
orders of the markers by using the “sequence” command. 
  


