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1. Introduction
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The Comparative Map and Trait Viewer Tool (CMTV) was developed through collaboration between the Applied Biotechnology Center (ABC) at the International Maize and Wheat Improvement Center (CIMMYT) and the National Center for Genome Resources (NCGR). The CMTV forms a component of the ISYS (Integrated SYStem) software platform for third-party integration developed by NCGR (http://www.ncgr.org/isys).
About ISYS

ISYS is a software platform that permits genomics researchers and bioinformaticians access and use disparate software tools and data sources in a seamless environment. Components that meet ISYS specifications automatically interoperate with other ISYS components. Components can be added or removed from the platform arbitrarily without impacting other components.

About the CMTV

The CMTV tool can link together in a visual manner, through the identification of common markers, multiple linkage maps in order to create a consensus map. This consensus map can then can serve as a genetic backbone upon which quantitative trait loci (QTL) data from multiple crosses, traits and environments can be visually aligned. This permits the identification of regions that are consistent (i.e. show similar levels of significance) across crosses, traits or environments, or any combination of these. A unique characteristic of this tool is that by using the complete QTL output, a user can identify not only significant or “hot” regions but also: 1) “tendency” regions where the LR values are high but not significant across all experiments, and 2) “cold” regions that consistently show a low LR across experiments. The graphical display is ideal for analyzing large datasets generated from many traits and/or experiments and the identification of consensus regions can be used in the design of marker assisted selection (MAS) experiments. 
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Although beyond the scope of this tutorial, it should be apparent that the next logical steps from the identification of stable QTL for a particular trait  would be to focus on these regions in order to identify potential candidate genes of interest.

2. Using the CMTV - Tutorial
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This section will provide you with hands on experience with the CMTV tool. The main objective of this tutorial will be to build a consensus map from more than one molecular genetic map, and from this to superimpose or align multiple QTL data to investigate the distribution and stability of QTLs irrespective of the cross, trait and environment. We will use data collated from CIMMYT’s drought tolerance research on tropical maize for the examples.

Starting the CMTV

To start using the CMTV we have to run ISYS. To do so;

· Double click the ISYS icon on the desktop   

· A DOS window will open, and shortly afterwards ISYS will appear. You will notice that a number of different components are shown. Scroll down to see the CMTV (NCGR/CGIAR Comparative Map Viewer).

· Click on the NCGR/CGIAR Comparative Map Viewer icon  [image: image2.png]



· The CMTV will now appear. You can maximise the window if you wish.

· We are now ready to use the CMTV.

Using the CMTV - Tutorial
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Example 1. Creating a consensus map

The first example will us take us from one molecular genetic map to

· One more genetic map with a subset of equivalent markers;

· A consensus map of these two maps, uniting the two sets of markers
Using the CMTV – Example 1. Creating a consensus map

[image: image9.wmf]2

mx

P


Load a Map
Start with a new, empty CMTV screen.

· Select File >> Load >> Retrieve list of maps available via ISYS services
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The Select service implementations to execute window will appear
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Using the CMTV – Example 1. Creating a consensus map
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· Select >> CGIAR Marker Map Repository

A window will appear which allows the user to filter the query depending on a number Restriction types. The current version of the tool allows one to filter the query using three types: CrossName, Identifier and LinkageGroupName.

We will filter our query to one restriction type.

· Select LinkageGroupName
You will notice that the ten chromosomes of maize (represented as Ch1-Ch10) have now appeared in the Restriction value pane.

· Select Ch1.

A new window has now appeared listing all the maps for which there is a chromosome 1 (Ch1). 
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In this window four columns are present. One of these shows that the repository contains five crosses containing chromosome 1. These columns can be hidden and the values in each sorted in ascending and descending order. We will sort the data in the CrossName column.

· Position the cursor over the column CrossName and hold the right mouse button down. You will see that a small window appears with three options; Hide column; Sort ascending and Sort descending.

· Select Sort ascending
Using the CMTV – Example 1. Creating a consensus map
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We now have sorted the five crosses for chromosome 1 in ascending order. To load these into the CMTV we simply need to select whichever cross we want and click OK.

· Select cross 1 and click OK.

In the viewer you can now see that the map has been loaded. Under the column Mapped object count (you may need to resize the pane) you will see the number 24. This refers to the number of markers or objects that are placed on chromosome 1 of cross 1.
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Using the CMTV – Example 1. Creating a consensus map 
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· Select the row containing the map that has been loaded and then select View separately
You should now see a visual representation of the map in the main viewer pane. The map is within its own Map window.
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You have now loaded on genetic map into the CMTV. To build  a consensus map we require two or more maps to be loaded into the tool. Although there are a number of ways in which we could do this the simplest is to repeat the steps we have already taken.

· Using the steps outlined above load one more map into the tool and display this alongside the first map. For our purposes load cross 2; chromosome 1
You may need to move the marker maps to position them side by side.

Using the CMTV – Example 1. Creating a consensus map
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Now that we have loaded genetic maps into the CMTV, we are now in a position to identify corresponding sets of markers between maps, with the ultimate objective to create a consensus map.

Compare Maps
· Select both maps

· In the main window select Map comparison >> Generate map comparison for selected maps

Using the CMTV – Example 1. Creating a consensus map
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The correspondences between both maps are represented as green lines connecting them. If more maps are loaded one may find that correspondences may be found on all maps or only on two maps. In this case correspondences found on all maps will be represented by green lines and correspondences not found on all maps will be represented with red lines.
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The example shows that there are nine correspondences between cross1 and cross 2. The comparisons are listed in the Map Comparisons pane.
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Using the CMTV – Example 1. Creating a consensus map
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Build a Consensus Map
Now that we have determined which markers or objects correspond to each other, we would like to use these comparisons to generate a consensus map.

· Select the map comparison in the Map Comparisons pane

· Select View tabular
The Map Comparisons window should now appear. This shows the corresponding markers in both maps.
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· Select Consensus mapping tools
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The first step in building a consensus map is to select the markers that will be used as anchors.

· Select Select anchor markers >> Select well-ordered markers common to all input maps
Using the CMTV – Example 1. Creating a consensus map [image: image31.png]& Listing of combinable maps
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The CMTV selects the anchors and highlights them on the maps. Alternatively, putative anchors may be arbitrarily modified by the user before being used in the construction of a consensus map.
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· Select Consensus mapping tools >> Create consensus map with selected markers as anchors
A consensus map will appear in the viewer pane (you may need to resize the panes and move the maps around to view them all). 
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The consensus map contains only the anchor markers. There should be nine in total. We can now add the other markers (non-anchors) to the consensus map.

· In the consensus map window select Marker manipulations >> Position non-anchor markers
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The markers are now added to the consensus map.
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We have now created a consensus map from molecular genetic maps of two independent crosses. 


Using the CMTV – Example 1. Creating a consensus map 

Now we would like to align some QTL data with the consensus map. Before we do this, let’s remove the maps we have used to create the consensus map.

· Select both input maps either by highlighting the two columns or by selecting both map panes using the mouse and holding down the cntrl key.

Using the CMTV – Example 2 
QTL Display

One of the major objectives in the development of the CMTV tool is to be able to align QTL output data from multiple experiments, to determine the stability of QTL regions across different environments and traits. If one finds that a particular QTL is consistently represented across multiple experiments and genetic backgrounds then this adds weight to the region containing genes involved in the expression of that particular phenotypic trait.

It is possible to undertake this exercise manually, by identifying significant QTL that occur in the same region through the use of common markers. However when fewer markers are common to all maps and the number of significant QTLs increase then this manual exercise becomes more difficult. The CMTV can make this exercise less time consuming and has the added advantage that it uses the complete QTL output data from generic QTL mapping software. The unique way of visualizing the QTL output enables one to quickly identify regions of interest and also permits one to view many QTL data at one time.

In the following example we are going to align some QTL data onto the consensus map. 

Using the CMTV – Example 2 
· Within the map window select Map comparison >> Find combinable maps from repository 


As before, with the loading of the genetic maps one can filter the query. A window, Restrict CGIAR QTL Map Repository by attribute, should appear that allows one to select data based on a number of factors.


· Select LinkageGroupName >> Chm 1
This will open another window which acts as a further filter in querying for QTL data. Here, we can use the CMTV to find within the database any QTL trait data equal to or above a particular LR value (Threshold value) contained within that particular region (start of range and end of range). The use of this further selection tool will become apparent later in this exercise.

For our purposes, we can see that the range is between 0 and 280.7 cM (i.e. the length of consensus chromosome 2).

· Without choosing a threshold value select OK
Using the CMTV – Example 2. Aligning QTL data 

This will open another window displaying the QTL data that can be combined with the consensus map. You will notice that data for both Cross 1 and Cross 2 is retrieved as we have used cross 1 and 2 in the creation of the consensus map. 


The current version of the CMTV requires a strict naming convention for loading QTL data. As it currently stands, selection of QTL data is based on fields embedded into the name of the QTL file. The import of QTL data in the CMTV will need to be simplified in future versions of the tool. 


Using the CMTV – Example 2. Aligning QTL data 
By making this window larger you will notice that the current implementation of the tool does not “remember” that is has already used the molecular genetic maps for Cross 1 and 2 in the creation of the consensus map, so it finds them again. Future versions will correct this.

However, today we will remove these by first sorting the data and then hiding the rows containing the genetic map data.

· Place the cursor over the ExperimentalFactorName column and using the right mouse button select Sort Ascending. This will sort the data so that the maps used for the creation of the consensus map are placed at the top of the listing.


· Select the two rows and using the right mouse button select Hide rows
This leaves the QTL data that we want to align to the consensus map. 

· Select the remaining rows and press OK 

Using the CMTV – Example 2. Aligning QTL data 
The QTL data should now be aligned on the consensus map. In total eight traits have been aligned to the consensus map.


The CMTV displays the corresponding raw data as coloured “heat” strips along a given linkage group. The width of the strips can be adjusted making it possible to easily visualize 20 to 30 QTL profiles at one time on a standard sized computer screen, and the user can sort these strips (using the LR score) at any particular point (cM position) in order to group and visualize more easily regions that have similar LR values.

Using the CMTV – Example 2. Aligning QTL data 
The colour scale represents a log likelihood ratio value. Red indicates a high and significant value; blue indicates a low and non significant value. The alignment of the coloured “heat” strips is a straightforward procedure as the log likelihood ratios are reported on a cM basis. The same transformations used to convert the positions of the markers are also used to transform the intervals across the QTL data. 

We can manipulate the QTL data in various ways in order to better visualize the heat strips and also identify additional traits to load.

For example, if many strips are loaded the user can sort the strips at any particular cM position to better identify patterns in the data.

· Select a region to sort on and hold down the right mouse button

· Select Sort distributions at XcM 

The strips will now be sorted from low to high LR value at this position.


Using the CMTV – Example 2. Aligning QTL data 
Additional Functions

· Selecting a region of interest to identify other traits that are significant for this region
· Linkages to other databases. For example, the “bins maps” from MaizeGDB can be downloaded and contain information on different types of objects (e.g., QTLs, genes, markers). A comparison of any marker map to a bins map can be constructed to establish the correspondence between a target region on the map to a set of bins, to display selected objects (based on types) on the bins map in the region.
Future developments

· Incorporation of other datatypes e.g. expression data, allelic data.
· Implementation of robust statistical procedures (e.g., through the use of permutation/randomization tests) to test that the co-localization of QTL across experiments are not random. 

The CMTV tool is freely available as part of the ISYS™ platform. To obtain a working copy of the latest version, please contact info@ncgr.org or visit www.ncgr.org 
� EMBED Word.Picture.8  ���





Box 1.	Determining correspondences between maps





Comparisons in the Viewer are made based on an algorithm. You can select from five algorithms for comparison:





Compare objects based on IsysObject equivalency





All objects in ISYS have a definition of what’s equivalent to them (e.g., if the name is exactly the same, the objects are equivalent; if some other attribute is the same, the objects are equivalent). This definition comes from the data source and is the same criteria used for synchronization in ISYS. This is the only algorithm that doesn’t ask you how to convert the data into strings for comparison.





Create sets based on common substrings





This algorithm creates sets of objects that have substrings in common.





Hash into equivalence sets





This algorithm creates sets of equivalent objects. This is the default algorithm.





Pairwise string comparisons using Levenstein distance





This algorithm create pairs of objects containing matching strings. It determines equivalence based on a fuzzy model so it may result in false positives.





Pairwise substring match





This algorithm creates pairs of objects containing matching substrings.





You can also define your own comparison criteria.











Box 2.	Creating a consensus map





In the current version of the CMTV a consensus map can be made in two ways:








Using anchor markers common across all maps to construct a consensus map based on the input maps;





Using an independently defined reference map on which the data from other maps can be displayed using transformations defined by comparing source maps to the reference map individually.








One of these two approaches may be more appropriate depending on the given context and the availability of a reference map for a given genome. The use of a reference map, with a high density of markers is a more attractive option as the likelihood of finding markers common between a single map and the reference map is high for most of the major crops. Today, a number of high density maps are publicly available and are updated on a regular basis. For example, in maize, the IBM neighbors map derived from the IBM map could fulfill the role of a reference map (� HYPERLINK "http://www.maizemap.org/maps.htm" ��http://www.maizemap.org/maps.htm�).








When building a consensus map without using a reference map, the tool currently only provides one implementation of an anchor selection service, which requires that every anchor is present on all maps and is consistent in order with the other anchors across all the input maps; in the case of ordering inconsistencies across maps, a maximally inclusive set of anchors with consistent order will be automatically selected.








Using anchor markers common across all maps, these are positioned on the consensus map by taking their average cM position across all the input maps. These anchors can then be used to compute the placement of the non-anchors. This is done for any non-anchor by calculating a ratio between the length of an interval whose endpoints are defined by anchor markers and which contains the non-anchor marker on the input map and the length of the corresponding interval (as defined by the anchors) on the consensus map. This is shown in the equation overleaf.








Box 2. Creating a consensus map contd.





� EMBED Equation.3  ���





where, � EMBED Equation.3  ���, and � EMBED Equation.3  ��� are the locations, in cM, on the consensus map and map x of anchor locus 1; � EMBED Equation.3  ��� and � EMBED Equation.3  ��� are the locations on the consensus map and map x for anchor locus 2; � EMBED Equation.3  ��� is the location on map x for locus x and � EMBED Equation.3  ��� is the position of locus x on the consensus map.





In the case of non-anchor markers that fall outside the boundaries of the intervals defined by the anchors (i.e., before the first anchor or after the last), the ratio used by the neighbouring interval is used. In addition, positions are adjusted so that no markers are given negative coordinates, which can result in the final positions of the anchors having some offset from the average values on the input maps. In fact, the transformations established for the non-anchors can be used to translate any coordinate from the input map onto the consensus map, whether or not a non-anchor marker happens to be located at that point; these general coordinate transformations are used by the tool to translate the trait data from the individual crosses onto the consensus map.





If a reference map is used, the CMTV treats this differently in the construction of a consensus map. Specifically, the reference map is treated differently in the context of loading “combinable maps”. In this case, the coordinate transformations used to place the combinable map onto the reference map are computed automatically from a map comparison, i.e. without choosing “anchors”, since the positions of the markers on the reference are considered fixed. This allows the user to create “pseudo” consensus maps, by loading marker maps onto the reference framework. A user can denote any map as a reference map.








Box 3. QTL input files





Once a common coordinate system has been established (either by constructing a consensus map or by defining comparisons to a common reference map), one may wish to overlay and compare several QTL raw results files. The 6 fields currently defined are: cross name, inbreeding level, geographical location, cycle of selection, trait and stress intensity. As an example C1F3TL02AGYIS translates as Cross 1 (Ac7643 x Ac7729/TZSRW), F3 families, Tlaltizapan (CIMMYT experimental field station in Mexico), year 2002, cycle A (November to April), grain yield, evaluated under an intermediate water stress level.





The input file for each trait is a text file with an associated LR score per cM. These input files are readily produced from commonly used mapping software
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