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NETWORK is a freely available software package that can be used to create network diagrams of the 

relationships among surname families based on Y chromosome data. It is very widely used by both 

professional and amateur researchers. In this article we provide step by step instructions in the use 

of NETWORK to create diagrams based on downloaded Family Tree DNA Y-STR (short tandem 

repeat) data. All that is required is a basic knowledge of Microsoft Excel and a text editor such as 

Notepad. 

The NETWORK software package 
The NETWORK package can be downloaded from the Fluxus Engineering site located at 

http://www.fluxus-engineering.com/sharenet.htm.  An example of a relationship network created 

by using it is shown in Figure 1 (to distinguish between the NETWORK package and the networks it 

constructs, we will capitalize the former). 

 

Figure 1: Diagram of relationships among members of the Plant Family History Group based on 12 marker Y-STR data. 
The red circles indicate members of the main family, the green circles indicate members of a possible second line of 
surname descent, and the yellow circles indicate members whose line of descent cannot be determined. The size of the 
circles indicates the number of individuals. The letter codes indicate the identity of the member or, in the case of circles 
with multiple members, of one representative member. 

http://www.fluxus-engineering.com/sharenet.htm


As can be seen in the figure, the networks can be used to show various pieces of information about 

the family, such as shared ancestry and the number of individuals with matching DNA results. It is 

important to note that these network diagrams are not family trees: there is no identified initial 

ancestor or line of descent. They simply show who is related to whom and how closely.  

How NETWORK constructs its diagrams 
NETWORK uses an algorithm called median joining developed by H-J Bandelt et al. [1].  We can 

illustrate the basics of median joining with the very simple example shown in Table 1. 

  I II III IV 

 A 15 10 16 24 

 B 15 11 17 25 

 C 15 11 16 24 

 D 16 11 16 25 
Table 1: A simple example consisting of four subjects, denoted A, B, C, and D. Each subject is tested at four markers, 
denoted I, II, III, and IV. The STR values are shown in the table. 

In the example shown in Table 1, the simple genetic distance from A to B is 3, from A to C is 1, from 

A to D is 3, from B to C is 2, from B to D is 2, and from C to D is 2. The key to the algorithm is to 

introduce new artificial subjects, called median vectors, whose STR values provide the most 

parsimonious means of creating a network. In the example of Table 1, the median vectors can be 

formed by taking the actual medians of the subjects’ STR values. There are four possible 

combinations, ABC, ABD, ACD, and BCD. Table 2 shows the median values of each of the markers for 

each of these potential median vectors. 

  I II III IV 

 ABC 15 11 16 24 

 ABD 15 11 16 25 

 ACD 15 11 16 24 

 BCD 15 11 16 25 
Table 2: Median marker values of each of the three combinations of three subjects. 

Two of the above vectors, ABC and ACD, are identical to C. Two others, ABD and BCD, are identical to 

each other, so we will ignore BCD. We choose ABD as the median vector (the NETWORK program 

would denote it mv1) and add it to the set of subjects. If we compute the simple genetic distances 

among the augmented set of subjects we find that the distances from B, C, and D to ABD are all 1. 

Since the distance from A to C is 1, by including the median vector ABD we can construct a network 

where the distance from any one subject to one other subject is 1. This network, shown in Figure 2, 

is called a minimum spanning network.  

 

Figure 2: A minimum spanning network including the four original subjects and the median vector ABD. 



This is a very highly oversimplified view of the process of median joining, but it does convey the 

general idea. It may appear that we have created a sort of “virtual ancestor” in ABD. Indeed, from 

the way Figure 2 is drawn, it may appear that the combination of marker values present in ABD is 

that of the original ancestor, that B, C, and D each have one mutation, and that A has a second 

mutation. There is, however, no directionality implied in the network, and without other evidence 

an equally plausible interpretation is that A has the marker values of the original ancestor, that C has 

one mutation, and that B and D represent two separate lines of descent, with ABD possibly never 

having existed. The normal means of developing a descent tree from a network such as that of 

Figure 2 is to include an “outgroup”, that is, a subject who is not a member of the group but is 

assumed to be ancestral to it. In our own work we often include a virtual subject whose STR values 

are the modes of those of the group members. This simple example excludes a number of important 

points, but these are best covered through a discussion of the NETWORK software package. 

Downloading the NETWORK package 
On visiting the Fluxus Engineering website you will see a list of computer types that can run 

NETWORK. This article assumes that you have a computer running Windows; if not, you should 

modify the instructions accordingly. There are four available downloads: the NETWORK program in 

its most recent version, a NETWORK zip file, a set of release notes, and a user manual. At a minimum 

you will need the first of these, but if you intend to work seriously with NETWORK you should 

download all four. To keep things simple, for now just download the NETWORK program. Create a 

folder in a convenient location and move the downloaded file to this folder. 

NETWORK is somewhat unusual in the modern era in that it does not require a setup operation; the 

program is ready to execute as downloaded. It is most convenient, however, to create a shortcut. To 

do this, right click on the icon and select “Create shortcut.” Then drag the resulting shortcut to your 

desktop and you can run the program by double clicking on this shortcut. 

Practising with a simple example 
In order to construct a network diagram based on Y chromosome STR data, NETWORK obtains its 

input from a file with the extension YCH. Ultimately we will be constructing these files from Excel 

spreadsheets, but this first example, which has the data shown in Table 1, can be constructed 

directly in Notepad. If you have never used Notepad, it is in the Accessories folder of the Windows 

Start menu.1  

Figure 3 shows the data as they are entered into the file Example.ych. The first row contains the 

marker names. The second row contains the weights, which we will discuss later. This is followed by 

a blank line, and then by the data for each subject in turn. The first line consists of the subject’s 

identifier followed by exactly seven semicolons. The second line contains the marker values 

separated by commas. The third line contains the number 1. All this looks a bit obscure and we will 

not go into details about the explanation except to say the NETWORK can read data in many formats 

besides Y-STR data, and the apparently strange characters have relevance for these other formats. 

To save the file, click “File->Save as”. In the “Save as type” option, select “All files”. Then save the file 

as Example.ych. 

                                                           
1
 For Version 8.1 of Windows for example, it is under Windows Accessories in the Apps section of the Windows 

Start screens. For Version 10, click the Start button and type “Notepad” in the Search box. 



 

Figure 3: The YCH file for the example in Table 1 as typed into Notepad. 

Now we are ready to run NETWORK. Double click on the NETWORK shortcut you put on your 

desktop, and select “Calculate network -> Network calculations -> Median joining.” The popup 

Median Joining window will appear. Select “File->Open.” Navigate to the folder with your data file. 

Change “Files of type” to “Y-chromosomal data file (*.ych)” and select your file Example.ych. If you 

are returned to the Median Joining window then the file has been read correctly. If you get an error 

message, you will have to go back to Notepad and figure out what you did wrong. Unfortunately 

NETWORK doesn’t offer much help in this regard: sometimes errors, when they occur, are identified 

incorrectly. 

 

Figure 4: Network diagram screen for the simple example. 

Assuming the file was read correctly, click on “Calculate network” again. This time the network 

calculation will take place and you will be given the opportunity to save the file Example.out. Do so. 

Now click on “Draw Network” in the main menu. When the Draw Network window opens, click on 



“File->open”. For “Files of type” choose “MJ or RM out files (*.out)” and open your file Example.out. 

Click “OK” in response to the first message and “No” in response to the second. Then click “Finalize”. 

You should get a window that looks like Figure 4. To get a network that looks prettier, uncheck the 

“Display mutated positions” and “Show median vectors” boxes and increase the font size. If you get 

a diagram that appears different from Figure 4, don’t worry too much. The median joining algorithm 

contains some randomness, and occasionally produces a different network from the same data. 

This simple network looks pretty good already, but in the future we will want to make some 

adjustments. The lengths of the links connecting the nodes are proportional to the number of 

mutations, and we want to preserve these. Click on the link connecting A and C. It will turn into a 

thick grey line. Now click on node A and move it. The length of the link should remain unchanged as 

it rotates. After rotating the link, click on another node and the thick grey line will disappear. We 

don’t need to save this diagram, so click “Exit” and answer “Yes” to the question about saving. That 

completes the introduction. Now we will move on to some real data. 

Working with real FamilyTreeDNA data 
In order to have access to the data necessary to construct a network from FTDNA data, you should 

have administrative privileges for your family history project. Assuming that you do, you can 

download your data as an Excel spreadsheet by navigating to your project and selecting, for 

example, “Genetic Reports -> Y-DNA Results Classic” and then “Export Spreadsheet”. You will get a 

spreadsheet that looks something like the one shown in Figure 5. This is actually highly schematized 

version that uses only the twelve marker data from the French-Canadian Plante family, which is part 

of the Plant Family History Group. We will use this data set to illustrate the construction of a family 

relationship network. 

 

Figure 5: The raw data to be used in the construction of the Plante family relationship network. This spreadsheet has 
been modified from a file downloaded from the FTDNA website. 

The first step is to convert the file into text format. Click on “Save as…” and save the file as a comma 

separated variable (CSV) file. Note that the two STR values for marker DYS385 have been combined 



into a single cell. One of the steps we must take in preparing a file for NETWORK is to change this 

into a pair of individual marker values. This is most easily accomplished in the text editor Notepad. 

Open the CSV file in Notepad and do a global replacement of the “-“ character with a comma “,” 

character. Also, type in the letter “a” immediately after “DYS385” and type a comma and “DYS385b”. 

Then save the file. The next two modifications are most easily carried out in Excel. Exit Notepad and 

open the file saved from Notepad in Excel.  

Citing a paper by Porter et al. [2] the Network manual recommends not using the markers DYS389i 

and DYS389ii by themselves in network construction because together they comprise four 

independently mutating DNA segments. This may be somewhat controversial, but NETWORK 

provides a convenient method for testing the effect of these markers if you prefer, so for now we 

will delete these two columns. Next, insert a row directly below the header row and fill its cells with 

the number 10, one for each cell. Your spreadsheet should resemble that shown in Figure 6. Save 

your change and exit Excel. 

 

Figure 6: Comma separated variable (CSV) file ready for conversion to a YCH file.. 

Open the file in Notepad. The procedure here is the same as that carried out in the simple example 

worked above.  Remove a header if there is one as well as the commas in the first and second lines  

before the marker names. Place the seven semicolons and the numbers as shown in Figure 7. It turns 

out that NETWORK sometimes has problems reading the marker names if the full “DYS” is included, 

so do a global replacement with just the letter “D”. Save the file with the extension YCH. The final 

file should resemble that shown in Figure 7. 



 

Figure 7: Completed YCH file ready to be used as input for NETWORK. 

At this point open NETWORK and repeat the steps you went through in the earlier exercise. If all 

goes well, you should end up with a screen like that shown in Figure 8. There is one further step we 

can take at this point. The individuals represented by PE1a, PE1d, and PE5a were already known to 

belong to a different line of descent from the others. We can colour these circles green to represent 

this difference. Starting with PE1a, right click on the coloured circle. A window will pop up that 

allows you to change the circle’s colour. If you choose green for this colour, and repeat the process 

for the other two circles, you will end up with a diagram like the one shown in Figure 9. 

 

Figure 8: NETWORK window before adjusting colours of circles. 



 

Figure 9. Colourised network of the Plante data. 

There is one further problem that you may encounter with real data in a more complex data set. 

Figure 10 shows a network made from a real data set consisting of 37-marker Y-STR data. A network 

such as this is biologically impossible for lines of descent since descent clusters cannot recombine 

once they have split. Such a network is possible, however, with other type of process for which 

NETWORK is used, and the NETWORK median joining algorithm can terminate in such a network. 

Therefore it is better to take steps to resolve this network into one that is more obviously 

biologically feasible. The way this is done is by weighting certain markers more heavily than others 

so that these markers have more influence in determining the structure of the final network. 

 

Figure 10. Example of a network with recombinant loops. 

Based on both biological and theoretical arguments it makes the most sense to give the highest 

weights to markers that mutate most slowly. In brief, the most rapidly mutating markers are those 

that are most likely to have undergone the same mutation multiple times in different lines of 



descent. Therefore, the standard practice is to reduce the weight assigned to rapidly mutating 

markers. There are a number of published methods for assigning weights, but we have found that 

the most reliable is also the simplest, which is the one recommended in the NETWORK manual. This 

is to determine which markers in the data set have undergone the fewest mutations. To 

demonstrate this we will return to the Plante data set. 

In NETWORK proceed to a point where you have the network in Figure 8 or something similar on 

your screen. Click on the Statistics button at the lower right of the window. You will see a popup 

window similar to the one in Figure 11. The screen on the right side of the window shows the 

maximum number of mutations of each character. Without going into details of the median joining 

algorithm, this is directly related to the empirical mutation rate of the corresponding marker. In the 

case of this simple data set, each character has only one or two mutations, but in the case of a more 

complex data set like the one that gave rise to the network in Figure 10, several of the characters 

would have many more mutations. These are the ones whose weights would be reduced. 

 

Figure 11. Statistics window showing the number of mutations of each character. 

To adjust the weights of the markers, return to the main menu and click on Calculate network. Open 

the YCH file (recall that you do this by going through the Calculate Network selection on the main 

menu bar). Then click on Parameters->Change weights. A window similar to that shown in Figure 12 

will pop up. The weights are all set at 10, the value we entered when we created the YCH file. Using 

this window, you can select makers whose weights are to be reduced. This is a trial and error 

process, but eventually you should reach a weighted set that generates a biologically realistic 

network. It is important to remember in this context that any network you generate is not unique 

and that other networks could describe your data equally well. If you choose to leave the markers 

DYS389i and DYS389ii in the analysis, you may test the effect of removing these markers by setting 

their weights to zero and recomputing the network 

 

Figure 12. Window used to change marker weights. 
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