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MultiPoint structure 

MultiPoint is a suit that consists of three software products: MultiPoint-basic, 

MultiPoint-consensus  and MultiPoint-ultradense. 

 

Each of the products can be purchased and operated separately/ They are 

presented as a suit as they have many common properties and other suppliers  

offer them as a single product. 

 

The functionalities of the products are described in details in four sections of the 

tutorial. The first section is an introduction and describes elements common to 

the products.  

 

The contents of the tutorial is separated also into four parts and the relevant 

contents is adjacent to the text.  
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                     Constructing genetic maps (multilocus ordering)  
      ¶ Objectives 
         

  ǅ Ordering multilocus maps (with ~103 markers/chr) 
                 ǅ Verification of the orders (and removing the ñbad guysò)       
   ǅ Building consensus maps (with verification) 
 

 ¶ Method and technology 
 

  ǅ Reduction to the Traveler Salesman Problem (TSP)          
  ǅ Guided Evolutionary Strategy optimization algorithms 
  

 

       Genetic mapping: Some objectives 
 

 ¶ Constructing genetic maps (multilocus ordering)  

 ¶ Physical mapping (contig assembling) 

 ¶ Mapping simple (Mendelian) traits   

 ¶ Mapping complex (quantitative) traits     

   ¶  genetic mapping of QTL (MultiQTL package) 

     ¶  QTL physical mapping, cloning, and sequencing 

   ¶  QTL and gene expression (eQTL) 

Short Introduction to the algorithms employed in MultiPoint    

for multilocus map ordering 
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Reduction of multilocus ordering to Traveler Sales Person (TSP) 

  

 Order 1: a b c d e f g h k l m n    l1 

 Order 2: b a c d e f g h k l m n    l2 

 Order 3: a c b d e f g h k l m n    l3 
ééé 

 Order N: f c m h e a g n k l b d   lN    

   
  

 n=60       N =60!/2 ~ 3.1056 orders 
 

 

 
 

 

The problem  
 

How to chose the best 
(true) order, i.e., the 

one that gives the map 
of minimal length? 

 

    A  B   C D    E   F    G  H   é  

    a   b    c  d    e    f     g   h   é 

 

  

 No exact solution exists to TSP        
 (computationally challenging).  
 For practical situation various       
 heuristic methods have been  
 proposed, e.g., Evolutionary         
 Strategy optimization (for more  
 details see: Mester et al. 2003a,b,   
 2004, 2005) 
 

 

GES algorithm as a memory based simulation analogue of evolutionary adaptation 
models (Mester and Braysy  2005) 

      

    Natural elements                                     Simulated elements 
 

Chromosome                               Variable value xi 

Individual, a set of  chromosomes                              Solution vector x=(x1,é,xn) 

Mutation, change of the chromosome for a small value           Operator M : xk
 ­ xk+1 

Population, set of individuals                             Set P of solution vectors {xk} 

Fitness, quantitative characteristic of organismôs performance         Opt. criterion value  f(xk) 

Selection, choosing the fittest individual(s) for next generations   Operator S: f(xk) Ą min       
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 How to ensure high-quality of the maps despite the complexity caused by:         
 ¶  İ n! orders, while we need the best order (unique solution)  

 ¶  sampling variation in rij, missing data, data errors 

 ¶  negative interference            

 
The best way to check / verify the map is to show that the obtained solution does not depend on:   

                  (a) sampling data variation, and (b) starting points 
 

            

      

     Re-sampling for quality control: By taking sub-samples from the initial  data, one can build        
many repeated maps upon resampling and test whether /where marker ordering remains the same 

 

                                                 

                                                                   BOOTSTRAP   or   JACKKNIFE    
                                         

                                         with            without  
                                                                            replacement 
 
      

1_13 

http://www.multiqtl.com/


1_14 

Example: Maize B73 ³ Mo17  (IBM) population (chr. 10) 

a b 

(a) Initial ordering: Unstable neighborhoods; were detected by using jackknife re-sampling  
 

(b) Resulting ordering: Stabilizing neighborhoods after removing  the detected problematic markers 

 

Detecting and removing (correcting) the markers/scores causing the troubles 
 

Mester, D., Ronin Y.I., Minkov, D., Nevo, E. & Korol, A.B. 2003. Constructing large scale genetic maps 
using evolutionary strategy algorithm. Genetics 165: 2269-2282. 
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New high throughput DNA technologies resulted  in a disproportion between the high number of scored 

markers for the mapping populations and relatively small population size. Correspondingly, the number of 

scored markers may by orders of magnitude exceed the number of practically resolvable by recombination 

marker for the given population size.   Hence, only a minority of markers can be genuinely mapped. The 

question is how to chose the most informative markers for building such a ñskeletonò reliable map. We 

believe that MultiPoint provides a solution to this difficult problem due to: (a) its powerful algorithms of 

discrete optimization for multilocus ordering; (b) verification procedure (that is also impossible without fast 

and high quality optimization); (c) interactive algorithm of marker clustering in complicated situations 

caused by ñquasi-linkageò (or ñpseudo-linkageò) ï significant deviation of recombination rates between 

markers of non-homologous chromosomes from the expected 50%; and (d) algorithm of removing 

excessive markers to increase stability of multilocus ordering. 

 

      Two major problems should be solved in multilocus genetic mapping: Markers that belong to non-

homologous chromosomes should not be assigned to the same linkage group, whereas markers from the 

same chromosome should be placed on the genetic map in the same order as the corresponding 

fragments reside in the DNA molecule. With ~200-1000 markers per chromosome, sample size ~100, and 

real deviations of the recombination rates between non-synteny markers from 50%, the problem of 

clustering cannot be solved by an arbitrary choice of a certain (constant) threshold value of recombination 

or LOD, albeit this is exactly how this problem is treated in many multilocus mapping packages (Lander et 

al. 1987; Linkoln et al. 1983; Stam 1993). Indeed, in experiments with the foregoing characteristics, the 

recombination values between groups of markers from different chromosomes may be smaller than 

between adjacent markers within a chromosome. In MultiPoint package this problem is treated as follows.  
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The main steps of multilocus ordering approach implemented 

in MultiPoint software 
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The first step is calculating pairwise recombination fractions (rf) for all pairs of markers (using maximum 

likelihood estimation procedure). Then, the number of clusters (linkage groups, LG) is evaluated and 

displayed as a function of the threshold (maximal) value rfs,  allowing to preliminary assign a marker to a 

certain LG:  Namely,  marker mi may belong to a LGj  if recombination between mi and at least one marker 

from LGj is lower than the threshold rfs. User can obtain a prediction of the number of LGs for a series of 

threshold rf values that he/she defines by setting min, step, and max values of rfs. Then, based on the 

obtained information, it is necessary to chose a sufficiently small value of rfs to exclude the possibility of 

getting in one LG markers from non-homologous chromosomes due to quasi-linkage. But because of the 

chosen relatively small rfs you will get a large number of clusters (linkage groups) that will considerably 

exceed the real haploid number of chromosomes. Therefore, the next steps should be controlled merging of 

some of the clusters by relaxing the conditions on quasi-linkage (i.e., by increasing rfs). The specific feature 

of our approach is that building and ordering of the LGs are considered as interacting procedures, in order 

to reduce the danger of including non-syntenic loci in one LG due to the ñquasi-linkageò (ñpseudo-linkageò) 

phenomenon (see Korol et al., 1994, 2009; Peng et al., 2000; Sakamoto et al. 2000; Sivagnanasundaram et 

al. 2004; Ronin et al., 2010). Namely, if some markers of two LGs appeared closer than the relaxed rfs, it 

would be reasonable to permit merging if the closest markers of the two candidate LGs are terminal, so that 

merging will of ñend-to-endò type. If the closest markers reside in the interior part of one or both candidates, 

then merging should be forbidden. 
  

     To employ efficiently the foregoing idea, we propose a repeated clustering approach that includes (see 

the scheme below): (i) ordering the LGs obtained with the chosen value for rfs; (ii) replacing groups of 

tightly linked (non-recombining) markers by their most informative ñdelegatesò (bin markers) that will further 

comprise the skeleton map; (iii) verifying (evaluating the reliability)  of the ordered LGs using the re-

sampling procedure (bootstrap or jackknife); (iv) removing the markers causing unstable neighborhoods in 

the map; (v) relaxing the clustering conditions by increasing the end-to-end condition of merging, and 

merging such candidates.   

The main steps of multilocus ordering approach implemented 

in MultiPoint software (continued) 
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The presented cycle can be repeated several times until further merging will cause appearance of large 

gaps in the LGs. It is noteworthy that the procedure can be considerably simplified if anchor markers are 

available. However, the choice and usage of anchors should be cautious because a relatively high level 

of errors is characteristic of some published maps. We should also make here some introductory 

remarks on our multilocus ordering procedure. As noted above, the number of scored markers may by 

orders of magnitude exceed the number of practically resolvable by recombination markers for the given 

population size. Thus, with population size n~100 and number of markers 1000, the minimum distance 

between markers should be ²1cM, hence the map length for a chromosome should be 1000 cM, which 

is unrealistic in vast majority of organisms. In other words, only a small portion of markers (delegate 

markers) can be included to the skeleton map, with the reminder markers being attached to the 

delegates.  
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chosen rfs 

Candidate LGs  

for merging 

Merging the  

end-by-end pairs 

Increasing 
rfs 

End clustering 

First clustering 

For each LG: 

Choosing 

ñdelegatesò 
Ordering 

Verification  

& removing the 

problematic markers 

The main steps of multilocus ordering approach implemented 

in MultiPoint software (continued) 
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Ordering Bounding tightly  

linked markers 

Verification & removing 

the problematic markers 

Attaching removed markers 

to the skeleton map 

Choosing ñdelegatesò  

Beside close linkage combined with sample sample size, the necessity for selection of representative markers 

for the skeleton map derives from varying information content of markers (co-dominant versus dominant, 

missing data, distorted segregation, and scoring errors), linkage between repulsion-phase dominant markers, 

and negative interference (Peng et al. 2000; Esch & Weber 2002; Korol et al., 2009). Using the MultiPoint 

tools, you start from a linkage group with hundreds of markers and conduct several analytical steps (see the 

scheme below): (a) multilocus ordering; (b) bounding together of closely linked markers followed by selecting 

ñdelegatesò (bin markers) with highest information content; (c) replacing the groups of tightly linked markers 

by their ñdelegateò markers; (d) repeated ordering and re-sampling verification of the reduced LG; (e) 

removing the markers causing unstable neighborhoods,  and repeated ordering to get skeleton map; (f) 

attaching previously removed markers to their best intervals on the skeleton map. The most difficult problem 

is in step (e). MultiPoint allows conducting this step automatically, but the user may choose interactive 

analysis based on his own control.   

The main steps of multilocus ordering approach implemented 

in MultiPoint software (continued) 
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Input population file 

For demonstration of the diverse functions of the system functions, we have prepared examples for different 

population structures: Backcross, F2, RIL_selfing. The majority of the examples are based on simulated data.                                                                                                                                                                               

After you have entered, you get the main window of the program and its main menu.   

To start working, you choose the option <Open>, and to finish ï the option  <Exit>. 

The option <Clear saved cluster> will be described later. 

The option <Open>  includes a few possibilities. We begin from the <Population file> 

and will get the window <Input data>.                                                                                              

Format of input data : each row for one marker, includes the marker name and marker 

scores, separated by backspace, comma, or tab. 

We first should chose the population type in 

the <Type of population data> window (very 

limited in the fist version of the package).  

In the right part of the 

<Input data> window we 

will see the genotypes 

characteristic of the 

chosen population type 

(F2 in the presented 

example) 

By pressing <Select data file> button, we can chose the data file for mapping analysis. 

Input panel 

1_19 For details about IRIL input see p. 3_7. 
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The input file should be in text format and have extension *.txt (default) or *.chr. The system suggest to open or 

create a folder for the data and mapping results. To create a new folder, you should chose the root folder (in our 

example it was Local Disk D) and press buttons <Make New Folder> and <OK>.  This will create a folder with 

name <New Folder> that can be re-named by user. Results of analysis of different data sets can be stored  

in one or different folders. If such a folder already exists, 

user can choose it and press <OK>. In the current 

example this is folder MultiPoint_Results. 

A new sub-folder will then be created in this folder named Project_ <name of the treated data file> (e.g., 

Project_chw7_5Name). If you want to include your project into an existing folder, you should chose this folder 

(marked in blue). It will include userôs mapping data after their control/correction, and then the intermediate and final 

results (as described in corresponding sections of the tutorial). On this stage, the program is testing whether in the 

chosen folder you have already treated data with the same name. The system of storing the data and the treatment 

results will be described later (p. 1_23, 1_73).  If data with such a name 

have already been treated, you will get the following message:                                                                                          

If you answer <Yes>, the old data are deleted, and if some                                                                                           

treatment results were already stored, they  also will be deleted.                                                                                                          

The answer <Yes> makes sense  if you want to replace the old  

data by new under the same name. If your answer was <No>,                                                                                                             

then the program reads previously treated data and control is not needed. 
1_20 

Input population file 

Input panel (continued) 
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Input population file 

During the initial data input or input updated data under old name (see p. 1_20), the program checks 

correspondence of the codes to the population type. As standard we consider codes: for Backcross, Ril_Selfing, 

Ril_Sib-mating, and Double haploid : 1, 2 and 0 for missing data, or  a, b (A, B) and  ç-è for missing data.  For F2: 

1, 2, 3, 4, 5 and 0, or a, b, h, d, c (A, B, H, D, C) and ç-è. In case of standard codes, they will be displayed in the 

window (here the input file F2.txt, is for population F2.) 

To input data and check the data file, press <Input Data> button. 

If your codes differ from standard one, you will get a message with a request 

to fill in the code table. But even if your codes are standard ones, but the 

data include excessive symbols, these later will be considered as wrong 

codes and you will have to fill the coding table. The excessive codes can be 

considered as missing values. For that, you should put the check button 

<Control of data codes> to state <Off>. It may happen that your codes are 

standard, but  have another sense (see the example).  

If the treatment results for this data were already saved, you will 

get a corresponding message. If, nonetheless, you answer 

<Yes>, the old treatment results will be abolished. If the answer is 

<No>, the system will warn you that you cannot continue the 

analysis.  You should leave the system and start again after 

changing the name of the data file or folder name for your data.   

Input panel (continued) 
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Two types of errors can be detected in the file: errors in genotypes and in marker in general.  

 

The first type includes the following:  

 1. The data include symbols that differ from the defined. You can correct these or automatically consider these 

as missing data by getting button <Control of data codes> in state <Off>.  

2. In some markers, the codes are inconsistent, e.g., in a row with 2 and 4, sometimes codes 1 and/or 3 appear. 

The second type includes the following:  
3. Different population size for different markers 

4. Fully identical markers with identical names and scores appear twice. 

5. Markers with identical names but different scores appear. 

Messages with detailed information on the number and types of the detected errors are provided. The errors 

can be fixed independently of the program or using the program as a tool.                                                                                                   

In the first case, all errors are saved in a special file error.txt, in the same folder, where user has saved the 

data and results.                                                                                                                                                                                         

In the second case, the errors are provided in form of data tables and can be corrected by the program. In 

fact, errors of types 2 and 3 are difficult to correct by the program: it is not clear which symbol should be 

inserted, or how to replace the marker value that does not correspond the chosen coding. Errors of types 4 

and 5 can easily be corrected by the program. 

Control and correction of errors in the data file 

Input population file 
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As a result, in the folder chosen (or created) by user, a sub-folder will be created named: Project+name of 

data file, and within it, a sub-folder <Data> that will carry the corrected data file and file of data codes, 

whereas for data of anchor markers the last sub-folder will also include the file of anchor markers (see next 

page). In the future, if you need a repeated data input, it is easy to do that from this sub-folder: the data will 

be displayed automatically, and will certainly be correct. 

The errors of type 5 can be corrected using the program, but we should provide a new name to replace the 

repeated one. Thus, if we have to markers of and F2 population with identical names but different marker scores:   

Using <Change name> option, clean the name field and enter another one, e.g., Xgwm497b. 

Control and correction of errors in the data file (continued) 

Input population file 
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Input of anchor markers 

You may have anchor markers in your mapping problem. To allow dealing with anchors, you should switch 

the button <Anchor Data Exist> of the <Input data> window to state <On>.                                                                   

Then, during the input process, after pressing button <Input Data> you will get                                                                

the systemôs requirement to enter the name of the file with anchor markers. 

During input of this file, the program checks for correspondence of its markers to other 

markers of the population. In case of inconsistency, the user will get error report. The file is 

copied to the sub-folder <Data> of the project. The name of this file together with the data file 

name is displayed on the panel of the main clustering window.  We will also show on this 

example how to deal with data containing anchor markers..  

The structure of the anchor file is as follows: The name of the marker, the number of the chromosome of the 

markers, and the number defining the order of the anchor marker among other anchors for this chromosome. If 

the position of the anchor is not defined, the second number will be -1. The elements of this file are separated 

from each other by backspace or tab. The file should be in text format and be named as *.txt. Among our example 

files, one is F2_anchor.txt  for F2, for which anchor markers are provided in file anchor.txt (see below) 

After input, the marker name is extended by its sequential number in the input file. Anchor markers are marked 

by an additional left letter <A>.  

Input population file 
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Preliminary treatment 

Analyzing markers and genotypes for missing level and segregation 

1_25 

First window displays information about missing data and segregation distortion (c2) of markers and 

missing of genotypes. Marker sorting can be conducted for missing or segregation distortion (as in the 

example). To delete, we can select markers or genotypes  and press <Delete> button.  
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Preliminary treatment 

Analyzing markers and genotypes for missing level and segregation (continued) 
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We can return back for one step of the 

deletion of markers or genotypes, 

according to the selected menu option. 

Menu option <Global Undo>  allows 

returning to the initial data. After closing 

the window, youôll get a question asking 

for confirmation of the deletion request.  

If the answer is <No> the window will be 

retained and you could use Undo option. 

If the answer is <Yes>, the data will be 

changed as requested by deletion 

choice, and a question about saving the 

deleted markers will appear.  

These markers may be moved to Heap and be used in the future as attached or saved in a special file   

deletedMarkers.txt in the project folder <Data>.  

http://www.multiqtl.com/


Preliminary treatment 

Analyzing markers and genotypes for missing level and segregation (continued) 
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Warning: If you plan to input additional portions of data, then do not delete genotypes! Otherwise the 

population size for the second portion will not be equal to that of already included data and such situation is 

considered as error.   

The second window displays the markers sorted for 

ñinformativityò (maximal value of LODs for linkage of the 

corresponding marker to all other markers in the data set.  

You can delete the markers with low informativity 

You can employ Undo option for the last step or even start the analysis from the beginning by using  <Global 

Undo>. After closing the window, the user will get the same questions as described on the previous page. 
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The first step is calculating pairwise recombination 

fractions (rf) for all pairs of markers (using maximum 

likelihood estimation procedure). Then, the number of 

clusters (linkage groups, LG) is evaluated and displayed 

as a function of the threshold (maximal) value of rf 

allowing to preliminary assign a marker to a certain LG:  

Namely,  marker mi may belong to a LGj  if recombination 

between mi and at least one marker from LGj is lower than 

the threshold rfs. User can obtain a prediction of the 

number of LGs for a series of threshold rf values that 

he/she defines by setting min, step, and max values of rfs.  

If anchor markers are available, the threshold rfs will be 

increased until a critical level of rf is reached when 

anchors from different chromosomes will be ñreadyò to 

merge. 

  

 

Preliminary treatment 

The system suggest conducting stepwise clustering, 

to define a reasonable initial threshold value rfs. In 

case of very large marker set, this procedure takes 

a lot of time. Thus, the user may skip this step by 

answering ñNoò to the systemôs question.  

Defining the threshold recombination level 
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Corresponding message is displayed in this case, and the process is stopped. In fact, the last will be the step of 

fusing when the anchor markers are not yet ñreadyò  to fuse, whereas at the next step they could fuse if this were 

not forbidden (because they belong to different chromosomes). There might be situations when already at the first 

step LGs anchored by markers from different chromosomes will tend to fuse. In such cases, a smaller initial value of 

threshold rf should be taken (and, possibly, a smaller step of changing rf values).                                        

In the absence of the file of anchor markers (example 

in file F2.txt), the situation is different. But in both cases 

using threshold  rf=0.2 and 0.25 weôll get 35  

and 15 clusters, respectively.  

Preliminary treatment 

Defining the threshold recombination level (continued) 
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Using these histograms, we can chose a reasonable threshold value of rfs. We strongly recommend to start with 

moderately low rfs value, to prevent fusion of linkage groups that may belong to non-homologous chromosomes 

displaying quasi-linkage (pseudo-linkage) (see Korol et al., 1994; Peng et al., 2000). With large amount of markers, 

it would be reasonable to chose such an initial rfs that the size of each cluster will not exceed 150-200 markers. You 

should select the desirable rfs in the left column of the list by clicking left mouse button, and then press button 

<Choosing of threshold>. In the clustering window youôll get the results. We chose rfs = 0.25 and will show the 

window of clustering results for both our examples.   

By double click, we can choose now any level of clustering from the  

left column of the <Result of clustering> list : It will be displayed by  a 

histogram of clusters distribution with different number of markers.  We  

can get such histograms with different steps. Thus, for step=0.2 we have 

clusters one, two, three, five, and eight clusters (two clusters for each of  

the foregoing sizes), five clusters with 16 markers each, and one cluster  

per each of the remainder cases. For step=0.25 we have  six clusters  

with 50 markers, and one cluster per each other size.  

Preliminary treatment 

Defining the threshold recombination level (continued) 
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The window for working with clusters 

This is how the window looks like when anchor markers are not available. The 

clusters (linkage groups) are denoted as LGi (ni), where i is the number of the 

cluster and ni is its size (number of markers). Note, that the clusters are ordered 

by decreasing size.  

1_31 
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This is how the window looks like in case of availability of anchor markers. In this 

case, the chromosome number defined by the anchor marker(s) is also indicated. 

In our example, two clusters had anchor markers that belong to chromosome #1, 

and two with anchors of chromosome #3. Some clusters have no anchors and for 

the reminder clusters the anchors define one cluster per chromosome. 

The window for working with clusters 
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Some of the markers may be of special importance for the user (ñpriority markersò). A part of priority markers can 

be marked by special symbols added to their names. These symbols can be defined in the window <Part of name 

to choose priority markers>. In case of one combination of the symbols, you can set these symbols directly, 

whereas in case of several sets you should connect them by ñ&ò (see the example below). 

In addition, user can denote priority markers in treating each linkage group (see 

p. 1_37). In current version of the system, we employ the information on priority 

markers dealing with the problem of tightly linked markers and choosing among 

these so called ñbinò (or ñskeletonò) markers. For that, we evaluate for marker its                                                                                                                             

missing (Miss) and segregation (Segr) levels and sorting the markers according 

to linear combination  (A*Miss + B*Segr). Here coefficients ɸ and ɺ (ɸ+ɺ =1) are 

set equal by default, but user can define other (unequal) weights by setting  A 

(Missing) in the window <Coefficients of priority>. It is also necessary to set the 

<Minimum rf> value; markers that are closer than this value are considered as 

ñfusedò. By default, we set this value as  = 0.0.  

In our example of a set with anchor markers (file F2_anchor), let us 

define one marker, r338,  as priority marker, and leave unchanged other 

parameters of the <Setup for controlling bound together markers >    

Controlling ñbound togetherò markers 

The window for working with clusters 

1_33 

http://www.multiqtl.com/


The left panel of the window includes the name of the data file, population type, 

population size, and number of markers in the data file. For data with anchors, the 

name of the file with anchor markers is also provided. In the current version of the 

package, only threshold recombination rate is employed as a criterion for clustering. 

If you have selected function Defining the threshold recombination level the 

threshold  value is chosen on stage of preliminary treatment (see p. 1_30)  to get 

the first step of clustering, under a relatively stringent conditions (resulting in 

relatively large number of relatively small linkage groups). If  this function has not 

been used on the previous stages of analysis, the default value of threshold 

recombination rate  is  =0.05, hence you should define your value of threshold and 

press button <Build Linkage Groups>. 

To continue building the linkage groups, you need to change the threshold value  

of rf  and press the button <Build Linkage Groups>. Clearly, the higher rf, the 

smaller the number of linkage groups. If you want to decrease rfs, the clustering 

starts from the beginning, whereas by increasing rfs you switch on the algorithm   

of repeated clustering.   

Setup for clustering 

The window for working with clusters 
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Some additional service options 

By using option <Show> Ą <Population data> or 

corresponding button Tool bar,  one can get the 

information on the entire population ï all its markers 

and genotypes.  However, this option is 

practical only for small size problems. Due to 

technical limitations, not more than 550 markers can 

be shown on the display.  

The window for working with clusters 
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By using option <Show> Ą <Population data> or 

corresponding button Tool bar,  one can get the 

matrix of pairwise recombination fractions for all 

markers.  However, this option is also practical only 

for small size problems. Due to technical limitations, 

not more than 550 markers can be shown on the 

display.  

Some additional service options (continued) 

The window for working with clusters 
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Analysis and treatment of a separate linkage group 

Defining groups of tightly linked (òbound togetherò) markers 

.  

Weôll take one of the cluster with anchor markers and demonstrate how to 

define and analyze groups of fusing markers. To choose a cluster, we use 

<double click> of the mouse left button on clusterôs the name or icon. In the 

example, we selected cluster LG12, chr 7. 

In the list of its markers, symbol ɸ denotes the 

anchors and symbol ʈ ï priority markers. To  

choose additional priority markers, we use the  

sub-option <Select of priority> of <Marker list  

options>. 

Now weôll choose the desired marker by  

mouse left button, and then, by pressing  

the right button, will get the prompt: 

We select the option <Create (or Undo) priority marker>. Correspondingly, 

the marker will become priority marker, or oppositely, its priority status will be 

cancelled. This procedure can be applied to several markers. 

Choosing additional priority markers 
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Pressing  <Control of bound together markers> button results in the question 

shown below. If the answer is <Yes> the system will define groups of markers with 

                                                                        rf <Minimum rf> set by user 

                                                                        for all clusters (see p. 1_32). The   

                                                                        algorithm includes the following. For  

               each marker of the cluster, the relative  

                                                                        missing values and the c2 score for 

               segregation distortion are scaled on  

their maximum values within the cluster, and then the linear combinations with the 

 <Coefficients priority> are calculated (see p. 1_33). Markers of each group, 

anchor, priority, codominant and dominant (for F2) are sorted by increasing value of 

the foregoing linear combination. Note that anchor markers are considered as having 

higher rank compared to priority markers, but user can set an opposite situation.  

All markers are combined in one set. Each marker of the set, starting from the       

first marker of highest priority, ñestablishesò a group of markers with recombination  

distances to the priority marker less than the <Minimum rf>. Such marker is referred 

to as a ñdelegateò marker of its group. Markers that were already included into 

groups established by higher rank delegates are not considered in the group of  

lower rank delegates. If some groups with delegates of equal rank include shared  

markers, these shared makers will remain in the group with smaller distance to the 

delegate marker. Thus, only delegate markers are retained in the cluster. 

Analysis and treatment of a separate linkage group 

Defining groups of tightly linked (òbound togetherò) markers  (continued) 
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The reminder markers are removed from the cluster to the ñHeapò set. 

These markers do not participate further map ordering. The system informs 

about the number of groups of bound together markers and the number of 

markers retained in the cluster.   

The names of delegates are marked by symbol S (or AS for anchors and PS 

for priority markers). Such a marker can be chosen with mouse right button, or 

function <Change delegate marker>  of the  <Marker list option> of main menu. 

This allows displaying a table of all markers associated with the chosen group, their 

missing, segregation and distance to the delegate marker. The red rectangular 

indicates that the marker is dominant (dominant repulsion phase markers will be 

marked in blue and codominant in green).                                                                                                   

You can cancel the established groups within the 

cluster by using the button <Control of bound 

together markers> and answering <Yes> to the 

appeared question.  

Analysis and treatment of a separate linkage group 

Defining groups of tightly linked (òbound togetherò) markers  (continued) 
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We  recommend to treat each LG after the initial clustering and only then to continue 

the clustering procedure. In other words, to reach reliable results and reduce the 

danger of combining non-syntenic loci in one LG due to the ñquasi-linkageò (or 

ñpseudo-linkageò) phenomenon (see Korol et al., 1994; Peng et al., 2000), building 

and ordering of the LGs should be considered as interacting procedures.  

     To demonstrate the procedure of treatment a separate cluster, we will use the 

example from data file BC.txt that allows to deal will diverse situations. After the input 

and primary clustering (no marker or genotype deletion was conducted), let us 

choose a threshold rfs =0.25. The following picture will be obtained: 

Let us choose cluster LG9 for further illustrations 

Analysis and treatment of a separate linkage group 

Additional example 
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We employ the option of controlling bound markers and found 3 groups 

of such markers. The ñdelegatesò of these groups are marked by symbol 

S. We can see, that after removing the the bound together markers (3 

markers were removed) but retaining the delegates, the cluster includes 

24 markers. These three groups can be analyzed as shown before.  

Now we can move to the process of multilocus ordering.   

Analysis and treatment of a separate linkage group 

Additional example (continued) 
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The procedure of multilocus ordering 

To start ordering you should choose the menu  

option <Ordering> or use the corresponding  

button of  Tool bars. The ordering algorithm is 

based on minimizing the total length of the  

multilocus map of the linkage group.  The problem is solved on the initial data 

set and on re-sampled sets, in order to test the stability of the obtained order. 

The number of such sets is defined by user in the parameter <Number of 

iteration > (by default 10). Re-sampling can be conducted using Bootstrap or 

Jackknife approaches (only the second is implemented in current version of the 

package). Parameter <Population for Jackknife> defines the part of the total 

population (in %) sampled at each run (by default 90%). The results of the first 

iteration define the ordering that will be used as a ñreferenceò one for compare 

all other iterations. Parameter <Time to Es> defines maximum time allowed for 

searching of the multilocus order in each iteration. By default, it is defined as a 

function of the number of markers in the cluster by some simple procedure. All 

these parameters can be changed by user.  

For data with anchor markers, if the order of anchors is known and indicated in 

the input data, a special check box <Taking into account order of anchors> 

will appear on the panel  <Setup for ordering>.  It will be in state <On> to take 

into account the preset order of the anchors. If you change the state to <Off>, 

the ordering will be conducted ignoring the preset order of anchors.   

Analysis and treatment of a separate linkage group 
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After ordering is finished, a grid table and a graphical display of the LG will appear in 

the window. The table shows the effect of variation of the recombination estimates 

caused by re-sampling on the local stability of the map. It includes also the 

information on missing data and segregation ratios. The graph of the LG includes 

cluster name, its length, and rf values for adjacent markers. If the rf exceeds the 

threshold value, it will be highlighted in red. Likewise,  the anchors, priority markers, 

and ñdelegateò markers are indicated by special symbols.  

Analysis and treatment of a separate linkage group 

The procedure of multilocus ordering (continued) 
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Options of the table of ordered markers   

Some simple service functions are available in this 

section to facilitate the analysis. For any chosen 

marker, user can get a table of its rf values with other 

markers of the ordered LG. Based on this information 

and/or the results of ordering displayed in the grid 

table you may want to remove this marker (in fact, 

deletion can be conducted for a separate marker or 

simultaneously for a set of markers). After the 

marker(s) is (are) chosen using left mouse button, 

you can do that using the menu of the table,  

Visualizing the distance table  

or getting a prompt help by pressing mouse right button. In the considered option, the distance table is 

displayed for any one chosen marker. It can show the rf values between the chosen marker and all other 

markers (using option <All markers>). In this case, you may need to use Scroll bar, which may be time 

consuming if the number of markers in the LG is relatively high and you employ this option many times. 

Alternatively, you can display only to its nearest 8 markers from each side (using option <Nearest marker>).  

Analysis and treatment of a separate linkage group 
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After <Change delegate marker> is selected, you get a 

window with a list of all markers of the group ñrepresentedò by 

the delegate marker.  By selecting any marker of this group 

with the mouse left and then right button, you can obtain the 

table of its distances (rfs)  to all other markers of the group, or 

replace the delegate. In the last case, the process of ordering 

the LG is initiated, to take into account the new marker 

participating in multilocus map. Consequently, updated 

version of the grid table of ordered markers and the LG graph 

are displayed. 

For delegate markers there is an additional option: <Change delegate 

marker>. After choosing the delegate marker, youôll get this additional   

(to the previous) option. In the considered example, the chosen marker  

is the first one in the ordering, hence for displaying its pairwise distances  

only  <Display all marker distance> option is possible. 

Options for delegate marker 

1_45 

Options of the table of ordered markers (continued)  

Analysis and treatment of a separate linkage group 

http://www.multiqtl.com/


To delete markers from a LG you can use the menu 

function  <Delete marker> or the first option of the 

prompt table called for by pressing mouse right button. 

You can choose several markers by using keyboard 

buttons  <Ctrl> or <Shift>. After the selected markers 

are deleted, the system automatically moves to re-

ordering of the LG, followed up by output of new grid 

table and LG graph.  Simultaneously, the <UnDo> 

option becomes available.  

Such operation can be conducted several times. At the bottom of the window youôll get a list of deleted markers 

numbered according to the order they were deleted from the LG.   

Using menu option <UnDo> you can recover the deleted markers. This can be 

done starting form some step. Namely, by choosing the number of a deleted group 

in the list, you can recover or markers of this group and those deleted after this 

group. Thus, pressing  <UnDo> after the choice shown in the list shown below, we 

can return to the LG all markers starting from marker178(193) and till end of the list.   

Deleting markers 

Anchor marker(s) can also be deleted. But in such an attempt  the system displays 

a warning message. As indicated earlier, all deleted markers are moved to a group 

referred to as <Heap> and do not participate in further clustering (if needed) and 

ordering and can appear in the map only as attached markers 
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After the introduction to the service tools helping in analyzing the clusters (linkage groups), we can describe the 

algorithm of analysis. The following steps and actions aim to utilize the available information for excluding from 

the map markers that (1) cause unstable neighborhoods, and (2) unreasonable map extension. Clearly, 

removing markers causing the map extension, we actually deal with double recombinants. Their appearance on 

small distances may be caused by both negative interference (e.g., Peng et al., 2000) and errors in marker 

scoring. We have not yet implemented the ñcleaningò process, albeit some functions are already available. For 

example, automatic ñcleaningò the map from closely linked markers to get a stable skeleton map is conducted 

by pressing button <Control of bound together markers> and allows deleting markers with minimal ranking.   

       The results are shown on p. 1_39. Verification process based on re-sampling procedures (jackknife or 

bootstrap) reveals unstable local neighborhoods, hence potential candidate markers causing such instability. A 

crude approximate information about unstable neighborhoods can be obtained just by using 10-20 jackknife 

runs. A formal objective of cleaning is to get a map with minimal deviation of left-side and right-side 

neighborhoods from the 1-1 double diagonal in the grid table (expected under perfect ordering). Ideal 1-1 

pattern indicates that sampling variation among the jackknife runs does not affect the results of multilocus 

ordering. One may relax the requirement to stability and instead of an ideal ordering (1-1 along the ñdouble 

diagonalò), be satisfied by probabilities Ó0.9.                                                                                     .                                                                                                                                  

       We are now describing the steps of the algorithm of cleaning up the LG from problematic markers. First, we 

should check whether the automatically chosen optimization time is sufficient for convergence. For that we can  

repeat the ordering procedure several times with the same parameter  <Time to Es>. If the same order is 

obtained, we can conclude that the chosen optimization time is sufficient and we can start ñcleaningò.   
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Weôll start from deleting markers that violate 

monotonic increase of rfs (i.e., deviation from the 

expected increase of rf  between a marker and its 

subsequent neighbors). The algorithm detects such 

markers automatically. By pressing the button 

<Control of monotony>, you start the process of 

detecting and removing such  

markers. By the end of this  

process a message appears 

indicating how many markers 

were deleted.   

In many cases, after once cycle of such 

cleaning the resulting ordering does not satisfy 

you (e.g., the probabilities on the diagonal are 

less than 0.9). You can continue cleaning 

(removing markers) as will be shown on the 

next page. Alternatively, you may cancel the 

results of automatic cleaning by using <Undo> 

and analyze the situation manually, step-by-

step.  
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Among markers with strong deviation  

from the 1 on the diagonal we may  

choose marker(s) with highest missing  

and most distorted segregation. After  

deleting this marker we can see a clear  

improvement manifested in increased  

values of  probabilities along the double diagonal. The name of the deleted 

marker is shown in the window below the grid table. In case on a not successful 

choice, you can cancel the deletion by using <Undo> option. 

After deletion, we recommend to conduct a 

repeated control of marker for deviation from 

monotony. For that, we should again press the 

button <Control of monotony> In the considered 

example, one marker was deleted; it is displayed  

in the table of deleted markers. It can be marked 

their and returned back by using <Undo> (and this 

is what we will do).   

To close the table of ordered markers 

we can press the button 
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After closing the table of ordered markers, we 

return to the single LG window that includes the 

scheme of the ordered LG, list of its markers, 

number of markers and number of deleted 

markers. Information about  

the number of markers moved  

to the Heap set from current  

LG is also provided together  

with total number of markers  

in Heap.  

To close this window we can use the button  

This brings us to the window where all the clusters 

are presented. Ordered LGs are presented as  
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Further clustering and treatment of merged clusters 

After each of the clusters with Ó 3 markers was treated we return to the window ñtreatment of all clustersò.           

It makes sense now to increase the threshold value rfs. For our example, let us increase rfs from 0.25 to 0.27.  

these two closest markers is interior in its cluster, we analyze the ñtentativelyò combined cluster after its ordering. If 

after ordering rf (mki,mnj) is less or equal than the relaxed threshold value of rf, the clusters will fuse. If rf (mki,mnj) is  

higher than 1.5 of the relaxed threshold value rfs, fusing is forbidden. And if  rf (mki,mnj) is between these two values, 

the decision is by the user (visual analysis). Pressing button <Build LinkageGroups>  

Now we proceed with a special algorithm 

that allows testing different pairs of 

clusters for the possibility of merging.  

Consider a pair of clusters Cm and Cn. All 

pairs of markers mki-mnj are tested. If the 

pair with minimal rf (mki,mnj) consists of 

markers distal in their clusters and this 

minimum is less than the relaxed 

threshold value of rf, the clusters will fuse, 

if they do not include anchors from 

different chromosomes.  

initiates the clustering process. If cluster merging depends of userôs decision (i.e., if  

rfs <rf (mki,mnj)<1.5 rfs) the following massage will appear: 

After pressing <OK> a new window will appear (see next 

page) with the names of two closest markers from the 

indicated two clusters (#5 and #6) that fit the condition rf 

(mki,mnj) < rfs.  

Clearly,  clusters with markers  anchoring different chromosomes cannot be merged  by definition.   If at least one of 

Analysis and treatment of a separate linkage group 

1_51 

http://www.multiqtl.com/


The distance between the closest markers also 

appears in the window. If we press the button 

<Display clusters>, the figures of three LGs 

will appear: two old ordered groups and a newly 

ordered group after merging the initial two. The 

markers that have displayed minimal rf before 

merging are highlighted in bold font in the three 

groups. Near the name of the LG we can see 

the sum of the recombination fractions taken 

over all its consequent intervals.  

We recommend to refuse merging the groups (by answering 

<No>), in any of the two conditions: (1) If one (or both) of the 

bold markers are relatively far from the ends of their LGs 

(separated from the end by more than one marker), and (2) If 

the a posteriori distance between the two merged groups 

considerably exceeds the aforementioned distance between the 

bold markers. In the discussed example the reasonable answer 

is, of course, <No>. After answering the question on this pair of 

clusters, the window is closed and the clusters are merged or 

not (depending on the answer). 
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Usually, clusters obtained from merging are ordered very easily. The described clustering process should be 

continued until the number of LGs will coincide with the number of chromosomes, or until rfs has reached a  

certain user-defined maximum level (say, <0.30 or 0.35).  

As a result, the following pattern of clustering 

will then be obtained: We will see 8 clusters, 

two LGs appeared with a changed (mosaic) 

coloration, telling us that they resulted from 

fusion of smaller clusters. 

We need now to clean these 2 clusters. There is no need 

here for control of bound together markers (already 

conducted earlier). Let us open one of these two, e.g., 

LG8, and conduct its ordering accompanied by re-

sampling analysis. In this example, two markers were 

deleted at the step control of monotony and two more 

were deleted to achieve the  

neighborhood stability (values  

of  probabilities along the  

double diagonal).  

For returning to the previous step of 

clustering the <Undo> option can be 

employed.  
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To get the LG map length in cM, we should chose <Metric length> in the LG title, choose the needed mapping 

function in the appeared window (e.g., <Haldane>), and press <OK>. 

Then the map length of the LG and marker distances will 

be shown in cM. In the table, the distances were shown 

as recombination fractions. To return back to this 

presentation, we should again enter the  selection 

window in LG title and select <Recombination> option. 

When needed, the map can be printed and/or the 

information about the map can be saved as EXCEL table. 

For that, we choose option <Printing> and the needed 

options of the described window of map distance options. 

Note that in printing regime, an additional option 

<Summary space> appears. It allows to output the map 

positions of the markers instead of showing the interval 

lengths. For more details about output see p. 1_74. 
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For population of F2 type, the marker types are denoted by colors: red and blue 

for the two types of dominant markers and green for co-dominant markers. 

If the function <Control of bound together markers> has not been applied, the map of the LG may include 

markers with distance 0.0. Such markers are drawn in one line.  

The form of the graph in some specific cases 
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During the treatment of the LG, some markers were removed from it to the Heap set, that does not participate in 

further clustering. Heap set will also include new markers that may be added to the problem after the main ordering 

process was finished (see p. 1_88 ), as well as markers of small clusters removed to Heap (see p. 1_69).  Markers 

from Heap group can be added to the LG by using one of sub-options of the menu option <Extending the linkage 

group>. Two options of adding markers to the skeleton map: by <insert marker(s)> and by < attach marker(s)>.   

Why these functions are important ? Adding markers to the map makes sense despite the fact that these 

markers were previously removed from the map in order to prevent their disturbing effect on the quality of 

multilocus ordering. Indeed, in many cases, user may want to know the positions of these markers (genes, 

ESTs, SNPs, etc) relative to the skeleton markers.  

The foregoing list displays marker name, its missing  

and segregation characteristics, name of the closest 

marker and the distance to it. It shows also  the  

predicted length of the LG after this marker is  

inserted above or below the closest to it marker of the LG. 

After first of the two sub-options (or corresponding 

button of  tool bars) was chosen, weôll get a list of 

markers from the Heap set. This list is prepared as 

follows: all markers from Heap are subdivided into 

groups according to their closeness to each cluster  

and for the current LG its group is provided for further 

adding steps.  

1_56 (In the last versions of MultiPoint, the form of the marker list is slightly modified, see p. 2_11)     
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From the aforementioned list we can 

select by mouse left button the 

desired marker and then, choose 

one of the four possibilities using 

right mouse button or  <Options for 

additional markers> from the main 

menu window. 

In this example, we have chosen <marker117>. Please note, that on the LGôs 

graph the marker locus closest to the selected marker is denoted by bold 

font. If one of the first two menu options was chosen, then the selected 

marker will be placed near the marked one. If we choose option <Insert up 

nearest marker>, the added marker will appear in the LG marker list  and in 

the LG graph and marked by underlying. If one of the last two menu options  

Adding markers  (continued) 

was chosen, then we should indicate by mouse button the marker from the list, e.g., as explained below. We choose 

Note that no additional ordering is conducted in this case:  the marker is placed on the chosen position 

on the skeleton map and removed from the list of added markers.   

<marker133> and put it above <marker135> 

by using option <Insert up the marker 

chosen by user>. 

As the result we will get: 

Analysis and treatment of a separate linkage group 
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