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0/ Contributions
· QTL analyses carried out by the F2 epistasis module make use of the DIRECT library. The procedure calculating the thresholds employs the DIRECT algorithm to speed up the positions search for the maximum overall test value per permuted dataset. The DIRECT optimization routine has been noted to accelerate the exhaustive 2D QTL search by a factor between 100 and 1,000.

Ljungberg K, Holmgren S, Carlborg O. Simultaneous search for multiple QTL using the global optimization algorithm DIRECT. Bioinformatics 2004 ; 20 (12): 1887-1895. DOI: 10.1093/bioinformatics/bth175.

· The epistasis module uses the SWARM meta-scheduler. The SWARM meta-scheduler as been noted as accelerating the execution of analysis with 200 jobs by a factor of up to 147 .
Grunchec JA, Hernández-Sánchez J, Knott SA. SWARM:  A meta-scheduler to minimize job queuing duration in a Grid portal. Proceedings of the International Conference of Cluster and Grid Computing Systems (ICCGS 2009). July 2009. Oslo, Norway ; 600-607.

· QTL analyses carried out by the GridQTL module make use of the resources provided by the Edinburgh Compute and Data Facility (ECDF). ( http://www.ecdf.ed.ac.uk/). The ECDF is partially supported by the eDIKT initiative ( http://www.edikt.org.uk ).
· Please, do note that registered accounts are personal i.e. if some of your colleagues or supervised students want to use the GridQTL service, they need to register individually.


For very large LDLA and epistasis analyses, the free usage of the NGS has been noted to save weeks of waiting time for the end users when compared with a comparable virtual usage of a desktop PC. When publishing work based on use of the NGS, users should acknowledge both the relevant GridQTL publication or manual, and the NGS directly using the following line:
"The authors would like to acknowledge the use of the UK National Grid Service in carrying out this work". 


This citation should, if possible, be used in conjunction with one of the NGS logos.
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If it appears to be impossible or difficult to include such a full citation in the manuscript owing to the format of the Journal paper or Conference proceedings, a reference to the UK National Grid Service, http://www.ngs.ac.uk/, could alternatively be included.

I/ Introduction

This document describes how to use the F2 epistasis module (referred as “epistasis module”) developed as a GridQTL component. The epistasis module is a regression based approach to detect two-way epistasis (i.e. QTL x QTL interactions) using the linkage signals in populations derived from F2 structured crosses. It uses a combined (two paths) search algorithm to take advantages of the information of pre-identified QTL and a nested test framework to perform statistical tests (see Appendix A). With the support of Grid computing technologies it can perform high throughput epistasis analyses in F2 populations, i.e. users can analyze multiple traits in multiple statistical models simultaneously. This is a pre-production release for active users to try out its features and strengths. User feedbacks are most welcome and crucial to find and fix hidden bugs as well as to optimize its performance.
The epistasis module has been primarily designed to analyse epistatic interactions in F2 population, with a genome-wide dataset (entire genome without sex chromosome). Simulations have shown that epistatic effects could chiefly be reliably detected in datasets with more than 400 individuals. The format of the input file should be the same as the QTL Express format for F2 dataset.

It should normally be able to cope with some other types of datasets and type of analyses. For instance:

- The epistasis module should be able to provide standard F2 analysis (additive and dominance model) in  any F2 population (including those less than 400 individuals), and should be particularly well suited for the analysis of datasets with a large number of traits.

- The epistatsis module is able to analyse datasets that are not genome-wide (datasets with a few chromosomes only). However, the user then needs to specify significance thresholds in the adequate panel. Default values at 5% in the panel have been computed for the epistasis analysis of a F2 pig population of 1000 individuals. The module can estimate empirical thresholds for any data set but clearly these thresholds will not be genome-wide. Beware that the application has not been configured to handle artificially low thresholds.

-  The epistasis analysis is quite sensitive to genome areas with low information content. These can cuase both spurious results and software crashes due to statistical dependencies. Please check the information content in the standard F2 module and when you have large gaps between markers (> 30cM) make separate linkage groups, omitting the gap.
- Some datasets that uploads correctly in the F2 standard GridQTL module may need additional corrections in order to be fitted in the epistasis module. In particular, inferred marker genotypes values outlined in the individual chromosomes analyses warnings section need to be corrected by the user in the original input files before the interface part dealing with the analysis per se can be accessed. As long as there are missing necessary inferred genotype marker values, a “fatal errors” message will be displayed in the interface (see Figure 4). If such a message does not appear, then this means that all necessary values are in the input file.

II/ Requirements and recommendations
A/ Web browser 

In order to run the epistasis module, you need to fill the registration form at http://gridqt1.cap.ed.ac.uk/gridsphere/gridsphere/cid=register or contact one of the authors to have an account created for you on the GridQTL portal. You also need to have a JavaScript-enabled web browser installed on your computer. For instance, the latest versions of the following web browsers have been tested successfully with the epistasis module:

· Mozilla Firefox

· Windows Internet Explorer 

Netscape and Opera are also expected to do fine.

B/ Resolution advice

The best graphic output is provided with Firefox. The screenshots provided in this manual have been taken when the epistasis module was used with Firefox. You may have a slightly different graphic resolution when you use other web browsers. All screen resolutions settings can be used but the graphic output looks better with screen resolution settings of 1024x768 or higher.
C/Recommendations

First, try to analyze the tutorial dataset at http://cleopatra.cap.ed.ac.uk/gridsphere/docs/Tutorial_Epistasis_01.zip . Look at the input file format, the results that you get, and how the application behaves. This will allow you to get familiar with the module.

If there are less than 400 individuals in the population, it may be better not to run any epistasis analysis.
III/ Logging on the portal 

A/ URL of the portal

The URL of the GridQTL portal for the epistasis module is: http://cleopatra.cap.ed.ac.uk/gridsphere/gridsphere (to be used during the pre-production phase i.e. now)
http://gridqt1.cap.ed.ac.uk/gridsphere/gridsphere (to be used during the full production phase)

You need to type your user name and password, and then click on the button Login. 

B/ Automated log out

User interactions are automatically recorded, even if a user logs out. For instance, a user can start an analysis, log out/close the browser, do something else, and come back later to start a new session with the browser, and check the progress of the analysis or the results if the analysis as terminated. Because of the persistency of users’ interactions, a GridSphere mechanism will automatically log a user out after a few minutes of activity. This mechanism exists to protect the security of the user account and its confidentiality. This is not a problem since the user can come back later and log in again so as to proceed with the rest of the analysis. Users can log in and log out, open and close the web browser at any time. When they log in again, their settings will remain unchanged since the last time they logged out. Data are stored and computations are performed even when the user is not logged.
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Figure 1: Logging on the portal.

C/ The profile manager

Once you have logged, you can change some of your settings on the profile manager portlet, such as your name or password. 

[image: image3.png]Logout
Welcome, Jean-Alain
grunchec

fWeicame | Documertaton | Downios | 1oLA | Accouning |[ it |

Profile Manager 00

[~ Profile settings

Last Login Time: Thursday, October 29,2009 5:29:00 PM GMT

User Name:  studento1 EMail: [me@email.com Locale:

Full Name: ~ [Jean-Alain grunchec Timszons: [Ewopatarsey
Organization: [University of Edinburgh Europe/Kaliningrad
Roles: USER Europerkiev

EuropelLisbon
Europe/Ljubljana
EuropelLondon

- Update password ————————————————— [~ Configure group membership———
Enter orgina password | Groups:  Group Descrption:
Password; | Idia LDLA portlet

accounting Accounting Porlet

Confirm password:

=

epistasis  Epistasis porlet

=

October 29, 2009




Figure 2: The profile manager portlet.

IV/ Uploading and checking the epistasis module input files 

On Figure 2, there is an “Epistasis” tab in the menu. Click on it in order to load the epistasis module. 

A/ The input files

Three files are expected as input to the epistasis module. These files contain information about the phenotype, genotypes and markers map of the population. Their format, which is the same as the format used in QTL-Express and GridQTL other F2 modules, is described in Appendix C: The input file format description at the end of this document. These files should be located on your file system. You can upload them by selecting their path in the relevant text boxes (you can click on the browse buttons and use the file browser to select these paths). Examples are provided in the bundle that can be downloaded from http://cleopatra.cap.ed.ac.uk/gridsphere/docs/Tutorial_Epistasis_01.zip .
The Data Description text box can be used to provide a name for the Dataset description, this name will be used later on to generate the name of output files bundles.
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Figure 3: Uploading and checking the input files.
B/ The checking and imputing process

Once the parameters have been typed, click on the CHECK button. 
It will take a few seconds or maybe even a few minutes for the web page to refresh. Do not click several times on the CHECK button since it will restart the checking process from scratch and impact negatively on the web server’s performance. 

The files are then uploaded from your computer to the server in Edinburgh. They are then “checked” by the web server: if there are errors in the input files, you will then be warned. The checking routine will also try to impute missing data. There are three types of messages that get produced after the checking routine.

· The Errors messages

· The Warning messages

· The chromosome information
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Figure 4: Warnings and errors messages.
Sometimes, some datasets may contain different types of mistakes. In this event, an "Error" or a "Warning" field will appear after the files have been uploaded on the server. If you click on them, a window will appear and display Error or Warning messages. 
[image: image6.png]File Warnings - Mozilla Firefox

8] http://cleopatra.cap.ed.ac.uk/gridsphere/gridsphere?cid=Epistasis_Module

PHENOTYPE FILE WARNING : ID - 201
PHENOTYPE FILE WARNING : ID - 205
PHENOTYPE FILE WARNING : ID - 207

5 missing datun value - this record excluded from analysis

5 missing datun value - this record excluded from analysis

5 missing datun value - this record excluded from analysis
PHENOTYPE FILE WARNING : ID - 233 ; missing datun value - this record excluded from analysis
PHENOTYPE FILE WARNING : ID - 327 ; missing datun value - this record excluded from analysis
PHENOTYPE FILE WARNING : ID - 359 ; missing datun value - this record excluded from analysis
PHENOTYPE FILE WARNING : ID - 363 ; missing datun value - this record excluded from analysis
PHENOTYPE FILE WARNING : ID - 365 ; missing datun value - this record excluded from analysis
PHENOTYPE FILE WARNING : ID - 367 ; missing datun value - this record excluded from analysis
PHENOTYPE FILE WARNING : ID - 369 ; missing datun value - this record excluded from analysis
PHENOTYPE FILE WARNING : ID - 371 ; missing datun value - this record excluded from analysis

(BENOTYPE FLLE WRNTNG 1D - 363 . wissing dotus value - this record excluded fron analusis. |

Done





Figure 5: File warnings.
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Figure 6: File errors.
It may then be better to check if the data cannot be corrected. Technically, if there are errors in the file, the analysis cannot be performed, so the file errors need to be corrected, and the input files uploaded again. If there are only warnings the user can decide to continue. Even small formatting mistakes may sometimes result in a dauntingly large error file. In this case, solving the problem on the first lines of the error file might be sufficient to correct all messages.
Marker genotypes are checked for Mendelian errors, by comparing the observed alleles in parents and progeny. The algorithm checks for Mendelian errors in fullsib families. Inconsistent marker genotypes are flagged and reported in a separate window and set to unknown for subsequent analyses. ID in the genotype and phenotype file are cross-referenced, and inconsistencies are flagged and reported (see Appendix D: Errors and Warnings description). 

If a phenotype for a particular individual is missing, the phenotypic analysis for that particular trait will not use that record, but the record can still be used for other non-missing traits of the same individual. An individual with missing phenotypes can still be used to determine genotype probabilities which are calculated from marker data only. 

If codes for fixed effects or covariates are missing, then the record is eliminated from the phenotypic analyses in which those fixed effects or covariates are fitted. Where possible, missing marker genotypes are inferred if there is no ambiguity. For example, if a parent has a missing marker genotype and two progeny have genotypes M1M1 and M2M2, then the parent is inferred to have marker genotype M1M2. Missing data is accommodated within the algorithms that are used to estimate genotype and identity-by-descent probabilities. All the applications can handle either dominant (e.g., AFLP, RAPD) and co-dominant markers (e.g., RFLP Microsatellites, SNP).

Once the files have been uploaded and checked to be accurate, chromosomal information is displayed. 
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Figure 7: File warnings and information on chromosomes.
As for the “information chromosome” links, you may have to click while simultaneously holding the “Shift” or “Ctrl” key down depending on the browser you use. The information corresponds to the marker positions, the additive/dominant/parent of origin information content, the percentage genotyped and the number of alleles.
If a “Fatal Errors” message in red appears in the interface message (as seen in Figure 4), the associated message that can be accessed can refer to some missing information that is pointed out in the “Analyses Warnings” section of the individual “Information Chromosome” web pages.
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Figure 8: Chromosome information.
V/ Models selection 
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Figure 9: Model creation.
Then there is a possibility to create different "models". A model consists of several traits to be analyzed, with certain fixed effects and covariates which can be used as explanatory variable for the analysis. All models do take into account both dominant and additive effects. It is also possible to additionally perform an epistasis analysis by ticking the relevant checkbox. A model description name can be specified so to identify a model for the rest of the analysis. If a model description is not given, it will automatically be generated by the web application, but it may not be as descriptive as one generated by the user. 

It is possible to run several models at once. In order to do this, the user just has to click on the "Add new model" button in order to create another model (for instance with different traits or with different explanatory variables etc). Another model can be selected and edited before submitting the analyses. Just select the corresponding model by clicking on the relevant tab in the menu of the model panel. An entire model can be discarded by clicking on the "Remove" button. The "Clear all models" discards all the models. The thresholds are to be defined only in the dataset is not genome-wide without sex chromosome. The “Automated comprehensive 1D analysis” is run by another program than the epistasis analysis, it corresponds to an automated version of the GridQTL F2 analyses (please refer to the F2 module documentation for explanations).  When the user has finished creating the models, the "START" button can be clicked.  
VI/ Running an analysis 

A/ Starting the analyses

When all the previous parameters have been selected, you can start the QTL analyses by clicking on the Start button of the analysis panel. 

B/ The pre-processing phase

Typically, when an analysis is submitted, the first step in the calculation is the coefficient calculation. That phase may last for a few minutes.
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Figure 10: The pre-processing phase

There is a large text area below the “DOWNLOAD ALL” button. There may be reasons why the preprocessing stage fails, since another checking routine is used at this stage. In case of problems, other warnings and errors may be displayed in this text area.

C/ Monitoring the progress of the analysis

Later on, the jobs associated with particular traits will be submitted on the Grid (see Appendix B: The Grid). They are likely to spend a bit of time queuing, sometimes it can be a few hours. Do not be troubled if jobs take a couple of hours or so while queuing. The longer they queue, the more they are prioritized by the HPC, hence it is not a good idea to cancel an analysis queuing just to start it to queue again. If you are unsure about the queuing time of a particular analysis, contact the GridQTL administrator.
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Figure 11: Jobs queuing on the Grid.
Later on, they start on a node on the Grid. This progress is normally reported on the screen. Then they proceed with the epistasis analysis. During that phase, the calculations go through different procedures that take some time. There are in particular four procedures that are quite long: 
· The 2D Thresholds setup procedure: this is by far the longest procedure in the calculation (Figure 12). 
· The 2D genome scan procedure: It can represent between 1% and 20% of the calculation time. 
· The 1D Threshold setup procedure. 
· The setupThresholds1Dto2D procedure. Though this one is relatively short when compared with the threshold setup functions, it can be called several times. For each QTL found in the 1D search, this function will be called. The total duration spent for a particular analysis on this procedure can therefore vary greatly.
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Figure 12: Monitoring the progress of the analysis on the Grid.
As long as the calculations run, there are only a few buttons that are available to click. 

D/ Canceling the analysis

There is the "CANCEL ALL" button which allows "killing" all the jobs. There is also a "Cancel" button for each job, so individual jobs can also be killed.

E/ Downloading and checking the results

The duration of each job can typically be a few hours. However this duration may vary quite significantly from a trait to another, due to the difference of models (the epistasis analysis is significantly longer than the dominance analysis), due to the difference of HPC on which the job run, and due to the erratic nature of the search (the more QTL are found, the longer the analysis is likely to run). Over a few hours of calculation, the duration difference between several jobs will be a few minutes. Because of this, a feature allows the user to view the results of each job when the results of a single job completes. 
First, a summary of the results can be viewed by clicking (or Ctrl-Clicking) on the hyperlink that gets generated once a job corresponding to the analysis of a particular trait has completed. On Figure 12, this hyperlink appears in blue and is available for the analysis of Trt1 and Trt2 of the “Firstmodel”.

Second, the "Download" button allows retrieving more comprehensive results of individual jobs.
The name of the file is in the format DatasetDescription.results.modelname_trait.number@username.number2.zip. 
· DatasetDescription is the dataset description given in a text box at the top of the portlet.
· modelname is the name given to the model or the one automatically generated.

· trait is the trait to be analysed within this particular model.

· number is an identifier which is helpful to guarantee the uniqueness of the file. It can also be used as a reference to the analysis for software maintenance purpose.

· username is the user name of the user who started the analyses.

· number2 is another identifier which is helpful to guarantee the uniqueness of the file (hint for debugging purpose).

Save the file on your file system. You can open it with unzip in Linux or other uncompressing software under windows (7-zip, WinRAR, Winzip).
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Figure 13: The output file bundle.
The compressed output files bundle contains at least several files (Figure 14).
· number2@username._result_.htm contains the formatted result output. It can be viewed with any HTML i.e. web browser. 

· number2@username.out.txt is the unformatted output result. This files exists mostly for debugging purpose, though it should be sent with any query about the result.
· number2@username.err.txt contains errors if they happened on the Grid. Normally this file should be empty but is also kept for debugging purpose.

	Trait
	trt1

	Model
	trt1 = sex + QTL

	
	Total
	Actual

	F2 individuals
	540
	540


Figure 14: the HTML result file (header).

	Thresholds for marginal-effect QTL

	5% genome-wide
	1% genome-wide

	6.28
	8.03


	Marginal-effect QTL results

	Chromosome
	Position
	F Ratio

	2
	14
	50.76

	3
	77
	10.44

	1
	104
	9.11


	1D Thresholds corrected by the presence of 3 QTLs

	
	genome-wide suggestive
	genome-wide 5%

	Fall
	3.42
	3.88

	Fint
	4.09
	4.75


	Epistatic pairs identified from the 1D_path

	
	Locus 1
	Locus 2
	Fall
	Fint
	Rank

	
	Chromosome
	Position
	Chromosome
	Position
	
	
	

	1
	2
	14
	3
	79
	8.37
	7.63
	Significant


Figure 15: the HTML result file (results of the 1D scan).

	2D_path thresholds

	
	
	

	
	genome-wide 5%
	genome-wide 1%

	Fall
	4.01
	4.52

	Fint
	6.13
	7.51


	Epistatic pairs identified from the 2D_path

	 
	Locus 1
	Locus 2
	Fall
	Fint
	Rank

	
	Chromosome
	Position
	Chromosome
	Position
	
	
	

	1
	2
	15
	3
	79
	19.04
	7.77
	Significant


Figure 16: the HTML result file (results of the 2D scan).

	The final model

	
	Locus 1
	Locus 2
	var_QTL or var_pair (%)
	var_int (%)

	
	Chromosome
	Position
	Chromosome
	Position
	
	

	1
	1
	78
	
	
	0.02
	

	2
	2
	15
	3
	79
	0.21
	0.04

	ALL
	
	
	
	
	0.27
	


	Genetic effects of QTL identified (as single locus)

	
	Chromosome
	Position
	var_QTL (%)
	additive(se)
	dominance(se)

	1
	1
	78
	0.02
	0.25 (0.06)
	-0.08 (0.09)

	2
	2
	15
	0.14
	0.48 (0.02)
	0.55 (0.03)

	3
	3
	79
	0.02
	-0.18 (0.02)
	-0.17 (0.03)



Figure 17: the HTML result file (the final model).

Please note that values are rounded. 


	Genetic effects of pair 1

	a1
	d1
	a2
	d2
	a1a2
	a1d2
	d1a2
	d1d2

	0.38 (0.08)
	0.42 (0.12)
	-0.36 (0.08)
	-0.35 (0.13)
	0.37 (0.08)
	0.26 (0.13)
	0.30 (0.12)
	0.32 (0.19)


	AABB
	AABb
	AAbb
	AaBB
	AaBb
	Aabb
	aaBB
	aaBb
	aabb

	0.39
	0.29
	0.37
	0.35
	0.39
	0.48
	-1.11
	-0.99
	0.35


Figure 18: the HTML result file (genetic effects per epistatic QTL pair).
If some epistatic chromosome pairs have been found other files are generated :
· number2@username.plot.txt contains the plot values for the generation of graphs and charts of F ratio values around best F Ratio found for epistatic QTL pair positions (see Appendix E: The output files format).
And for each epistatic QTL pair found, 4 files are generated, where:

· Trait is the trait analysed.

· Model is the name of the model.

· ChrA is the chromosome where the first QTL in the epistatic pair is located.

· ChrB is the chromosome where the second QTL in the epistatic pair is located.
· Pair is the index of the pair of epistatic QTL.

These files are:
· number2@username.plot.Trait.Model.ChrA.ChrB.Pair.Fall.txt contains the F ratio values of the overall test around that particular pair of epistatic QTLs (see Appendix E: The output files format).
· number2@username.plot.Trait.Model.ChrA.ChrB.Pair.Fall.contour.png is a 2D contour plot of the F ratio values of the overall test (Figure 19).
· number2@username.plot.Trait.Model.ChrA.ChrB.Pair.Fall.3d.png is a 3D plot of the F ratio values of the overall test (Figure 20). 3D plots according to different angles can be taken (see VII// 3D Visualization of the results).
· number2@username.plot.Trait.Model.ChrA.ChrB.Pair.Fint.txt contains the F ratio values of the interaction test around that particular pair of epistatic QTLs.
· number2@username.plot.Trait.Model.ChrA.ChrB.Pair.Fint.contour.png is a 2D contour plot of the F ratio values of the interaction test.
· number2@username.plot.Trait.Model.ChrA.ChrB.Pair.Fint.3d.png is a 3D plot of the F ratio values of the interaction test. 3D plots according to different angles can be taken.

· number2@username.effects.Trait.Model.ChrA.ChrB.Pair.png  is a graph with the values of the mean effects depending on the 9 possible genotype value combinations for the epistatic pair of QTL (Figure 21).
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Figure 19: The contour plot for epistatic QTLs.
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Figure 20: 3D plot for epistatic QTLs.
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Figure 21 : Values of the mean effects depending on the 9 possible genotype value combinations
When all traits for each model have been analysed, a dialog box will pop up (Figure 22). Click OK.
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Figure 22: the results can be downloaded.

This action enables the last button of interest, which is the "Download All" button. This button allows users to run all their analyses and download all the results through a single click. A compressed bundle including all the results is then included and provides all the results.
F/ Cleaning results 

You may want to use the same data set and run a new analysis with almost the same parameters. In this event, you would not need to go through the checking process (see section IV-C), and the results of the pre-processing step would not need to be computed again (see section VI-B). This can save time when you deal with large datasets. In this case you just need to change the parameters as explained in section V, and you can submit new analyses as explained in section VI-A.

In case you need to upload a new dataset, you need to click on the button “NEW DATASET” (see Figure 7). When you click on this button, it will take a while for the browser to refresh, possibly a few minutes. This is normal. Until you click on this button, many files which were related to your previous experiment are stored on the web server in Edinburgh and on the supercomputers across the UK, and they only get removed at this stage.

Once the temporary files have been removed, you should be able to upload your files as described in section IV.

G/ End note: helping the debugging process

Sometimes, you will see administrative notice at the top of the epistasis portlet that warns about the timing of future maintenance tasks, potential issues, and other events of interests for the users. 

In case you encounter a problem, or think you have found a bug, you are advised to take a screenshot of your browser, write what you did previously, copy-paste error messages to an email to be sent to one of the authors. You are also advised not to proceed with your computations in this event. If problems appear after the computation ended, do not click on the “new dataset” buttons since doing so would delete any temporary file on the server and the Grid, which can be invaluable for debugging purposes.

If you have results and have some question about them, please do include in your email both the formatted results (i.e. the _results_.htm file) and the unformatted results (i.e. .out.txt file). Do check that the error file is empty (i.e. the .err.txt file).

H/ Known issues

Not really any currently, although we are aware that there is a scope for improvement.
VII/ 3D Visualization of the results
Normally, for each epistatic pair of chromosome, a couple of graphs are generated, a contour plot and a 3D plot. These plots are default ones, and it is possible to get different view points or focus the plot on a particular area of interest.

In order to do this, the user needs to click on the “Visualization” tab near the “Epistasis” tab in the upper menu bar.
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Figure 23: The visualization portlet.

Then a plot file for a particular pair of chromosome can be uploaded (for instance the tutorial file http://cleopatra.cap.ed.ac.uk/gridsphere/docs/Tutorial_Visualization.txt ). The format of this file is explained in Appendix C: The input files format description. In order to upload an input file, select it on your file system with the “Browse” button and click on the “Upload and Check” button afterwards. If there are some formatting errors, an error message will appear. 
Otherwise, once uploaded, the minimum (X,Y) values and the maximum (X,Y) values are respectively displayed in the Min X, Min Y, Max X and Max Y text boxes.
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Figure 24: The minimum and maximum X,Y values after the input file is uploaded

Then the user can decide the area to be visualized. Theta, LTheta and Phi are angles that can be tweaked in order to have different visualization angles. The boundaries of the rectangle should be enclosed between the original (Min X,Min Y) and (Max X,Max Y) values. Axis names can be given. A title can be chosen, and this title will be displayed on both graphs. Then the user can click on the “Refresh” and the graph will be generated. 
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Figure 25: The epistasis graphs.
Appendix A: The algorithm of single trait analysis


[image: image22]
Figure 26: Flowchart of the search algorithm for detecting epistatic QTL in two separate paths (1D_path to the left and 2D_path to the right).

The epistasis module uses a nested test framework to derive genome-wide thresholds and performs nested tests for epistasis during the search process controlled by a combined search algorithm that takes advantages of the pre-identified QTL with marginal effects (marginal-effect QTL) [1]. Considering one pair of loci denoted as L1 and L2, the genetic models used have the following simplified forms:

Model 1:

[image: image23.wmf]e

+

L

L

+

L

+

L

+

μ

=

y

2

1

2

1


(Two loci with interaction)

Model 2:
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(Two loci without interaction)

Model 3:
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Model 4:
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(Null model)

where y is the trait of interest; μ is the model constant; e is the random error term. Additive and dominance genetic effects were modelled for each locus (a1 and d1 for L1; a2 and d2 for L2). The interaction between L1 and L2 (denoted as L1L2) was partitioned as a1 x a2, a1 x d2, d1 x a2, and d1 x d2 components following Jana [2]. The nested test framework uses F ratio test statistics and consists of an overall test (Model 1 vs. Model 4, denoted as Fall) and an interaction test (Model 1 vs. Model 2, denoted as Fint), where only pairs passed the Fall test would proceed to the Fint test and the two loci in Model 2 must be the same as those in Model 1. When a marginal-effect QTL is present (let L1 be the QTL in Models 1 to 3), the Fall test compares Model 1 against Model 3 instead to ensure the pair of loci explains significantly more variance than the marginal-effect QTL alone. 

The combined search algorithm uses two paths to detect epistasis: 2D_path – a full two-dimensional (2D) genome scan searching for epistatic interactions for loci at all combinations of two positions in the genome regardless of any pre-identified marginal-effect QTL; 1D_path – a one-dimensional (1D) genome scan for each pre-identified marginal-effect QTL searching for interactions with all other genomic positions. Both paths use exhaustive search at 1 cM intervals and specific genome-wide thresholds to test epistasis for a pair of chromosomes a step. The thresholds are derived in advance using permutation (1000 replicates) and appropriate nested tests depending on the presence of marginal-effect QTL. The 5% genome-wide thresholds for the 1D_path need to be corrected for multiple 1D genome scans (i.e. the number of marginal-effect QTL) thus epistatic pairs detected from the 1D_path (using the 5% thresholds) are only regarded as genome-wide significant if pass the corrected thresholds otherwise suggestive. Results from the two search paths are integrated with the marginal-effect QTL to produce the final report. 

1.
Wei WH, Knott SA, Haley CS, De Koning DJ: Controlling false positives in the mapping of epistatic QTL. Heredity 2009, PMID: 19789566.

2.
Jana S: Simulation of quantitative characters from qualitatively acting genes. I. Nonallelic gene interactions involving two or three loci. Theoretical and Applied Genetics 1971, 41:216-226.
Appendix B: The Grid

A/Technology: architecture of the Grid
Basically, a Grid is a set of supercomputers, and we take advantage of the large computational power provided by the UK National Grid Service (NGS) (http://www.ngs.ac.uk/ ). 

There are several High Performance Clusters which are part of the Grid used by the GridQTL project. Most of these clusters have more than 256 cores.

The ECDF is a 1456 cores located in Edinburgh (http://www.is.ed.ac.uk/ecdf/faq.shtml). 

A local Condor pool is part of the Grid, but is not expected to be used in production. 

B/ Accounting: keeping track of the usage
A few words about the technology: the F2 Epistasis analyses can be very computational, sometimes requiring entire days of calculations. In order to alleviate the load on the web server, all these analyses are sent to a "Grid" of supercomputers administrated by several institutions in the UK. 

The user's computational usage is recorded for each analysis that has not been canceled. Each user has a certain CPU allowance per month (typically a few hundreds CPU hours). If the monthly usage exceeds this threshold, then only a few of the supercomputers remain available to the user. This can slow down quite considerably the analyses as they may spend substantially more time queuing. Alternatively, any user that exceeds the monthly allowance can contact us and submit a scientific case that justifies the high computational requirements. This scientific case can then be passed on the NGS accounting service and argue for an increase of the allowance for the GridQTL community.
Jobs that are cancelled or terminate due to a failure are not accounted for. Beware of this when you run large computations: it may be better to run a preliminary set of analyses with fewer traits, and then run a new analysis with a large number of traits. 

Appendix C: The input files format description

Former QTL-Express users, please note that the format of the F2 Epistasis module is the same as for the QTL-Express/GridQTL F2 module, so you can skip the "F2 DATA FORMATS" part and move on to the "MODEL SELECTION" part if you are already familiar with the QTL-Express F2 format. The tutorial files need however to be downloaded from these web page, these files, which need to be saved, are : geno.dat, map.dat and trait.dat.You may need to keep the key "Ctrl" or "shift" down and click simultaneously on the link in order to open it in another browser tab or a new window.
Each simulation is carried out under a project name to be entered in the appropriate textbox by the user in the output box 
Data entry requires three separate input files. The three data files contain the genotype (i.e. marker) data, the map information and the phenotype (i.e. trait) data, respectively. 
Analyses are either ran locally on the server or submitted to our Grid system. Select the appropriate radio button for this. 
All data files should be in plain text with space or tab separated data. 

An example of the top few lines of simple input files is given below, with description of the contents of each line below. 
Genotype file 


33

001MK  002MK  003MK  004MK  005MK  006MK  007MK  008MK  009MK  010MK  011MK  012MK  013MK  014MK  015MK  016MK  017MK  018MK  019MK  020MK  021MK  022MK  023MK  024MK  025MK  026MK  027MK  028MK  029MK  030MK  031MK  032MK  033MK

1  2  F1  F2

1  2

0

61   45   22    1  F1  3 1  3 4  3 3  1 2  3 4  2 1  4 4  3 3  3 2  2 2  3 1  4 1  4 3  3 4  2 1  2 4  1 1  1 2  2 3  1 1  1 1  2 4  3 3  2 1  4 1  3 4  2 4  1 3  1 3  4 3  3 1  1 2  3 1

62   45   22    2  F1  4 1  4 2  3 1  1 1  3 3  2 1  4 4  3 3  3 2  2 2  3 1  4 1  4 3  3 1  2 3  2 1  1 3  1 4  2 2  1 2  1 4  2 3  2 2  1 2  3 2  2 4  4 3  1 2  1 2  4 4  3 1  1 2  3 1



· Line 1: Number of markers 

· Line 2: List of names of the markers - any alphanumeric string 

· Line 3: Names given to each of the generations. For the F2 cross there must be two parental (e.g. purebred) grandparental lines defined, a parental F1 generation defined and a F2 generation defined in that order. Here the grandparental lines are called LW and MS and the F1 and F2 are simply called F1 and F2, respectively. 

· Line 4: Names given to males and females. Here males are 1 and females 2, but they could be M and F, 1 and 0, or whatever. 

· Line 5: Symbol or symbols for missing genotype data. Could define several symbols for missing data by putting them on this line (e.g. * - 0) 

· Line 6 on Data for each individual in turn. Contains in order: 


Individual ID - This should be an alphanumeric string. For F2 individuals it will correspond to an individual with trait data in the phenotype file. 
Sire ID - ID of sire unless individual is in one of grandparental lines in which case is set at 0 for unknown. If this is a known animal it will have its own individual record elsewhere in the file. 
Dam ID - As sire. 
Sex - Code as defined in line 4. 
Line or generation - As defined in line 3. 
Marker genotypes - Two values for the two alleles for each marker. Markers are in the same order as list of marker names. Alleles can be numeric or alphanumeric but are recoded to integer values. 


This file can be obtained from a relatively easy reformatting of a Crimap .gen file, using Excel, for example. 
There should be a line in this file for every grandparent and F1 parent and for every F2 individual for which there is trait data in the phenotype file. However, where Grandparents or F1 parents have no genotypes these can be entered as a string of unknown values. It usually does not make sense to include ungenotyped F2 individuals in regression analysis. 
Map file 


3

1

chr1 11  1

001MK 11  002MK   11  003MK   10  004MK   11  005MK    9  006MK   11  007MK   12  008MK   10  009MK   10  010MK   10  011MK



· Line 1: Number of chromosomes 

· Line 2: Interval for calculation of genotype probabilities and coefficients in cM. 

· Line 3: Name of first chromosome, number of markers on first chromosome and whether map is same for two sexes (=1) or not (=2). 
Note: Sex difference maps are not used in analysis at present, the latter parameter is included only for a planned future implementation. 

· Line 4: For first linkage group, marker names in order separated by distances between them in cM. Marker names must be the same as in the genotype file, but do not have to be in same order. If two sexes have the same map, this line appears once, if two sexes have different map distances, this line appears twice with same marker order but different distances. 
Repeat lines 3 and 4 for each chromosome. 

Phenotype file 


1  0  1

sex trt1

-99

205  1       -0.7168225199

206  2       -0.3321428895

207  2        0.7439660067

208  2        0.7764718298

209  2       -0.4871041266



· Line 1: Numbers of fixed effects (factors), covariates and traits, respectively 

· Line 2: Name of each fixed effect, covariate and trait. 

· Line 3: Code for missing trait value (traits values may be missing, in which case an individual is omitted for that trait, but all individuals must have data on all fixed effects and covariates). 

· Line 4 : Individual ID (same as in genotype file), and values for fixed effects, covariates and traits for that individual. 
Visualization input file 


1 1 0.5
1 2 0.7
2 1 0.1
2 2 0.3




You can download an example file from here http://cleopatra.cap.ed.ac.uk/gridsphere/docs/Tutorial_Visualization.txt . You can then upload it as one of your file with the "Upload and Check" button.

The format uses X Y Z values. X and Y must be positive integers, Z values must be positive floating values.

For instance the smallest file would contain: 

The first column here is X, the second one Y, and the last one Z. Typically X is the position in cM on the first chromosome of the epistatic pair, Y is the position in cM on the second chromosome of the epistatic pair. Z is the F ratio value.

Appendix D: Errors and Warnings description
General Fatal Errors 
Any errors in the header lines (top few lines that define the file format) of the genotype & phenotype files, AND any errors in the map file are considered as fatal errors.
Fatal errors are reported and STOP the analysis. 
Parental Errors 
· Missing parents referenced by progeny in genotype file results in a FATAL ERROR - error reported & analysis stops.

· Parental information in phenotype file results in a WARNING - error reported & analysis continues with individual excluded.

Progeny Errors 
· Individual in genotype file has no corresponding entry in phenotype file results in a WARNING - error reported & analysis continues with individual excluded.

· Individual in phenotype file has no corresponding entry in genotype file results in a WARNING - error reported & analysis continues with individual excluded.

Missing Phenotype Data 
At present if any individual in the phenotype file has one or more missing datum codes then a WARNING - error is reported & analysis continues with that individual excluded.
Missing Genotype Data 
If a “Fatal Errors” in red appears in the interface message (as seen in Figure 4), the associated message that can be accessed can refer to some missing information that is pointed out in the “Analyses Warnings” section of the individual “Information Chromosome” web pages.
Appendix E: The output files format
A/ Format of the output file: number2@username._result_.html
Section one: terminology
Fall – F ratio for the overall test

Fint – F ratio for the interaction test

marginal-effect QTL – a QTL that is genome-wide significant

epistatic pair of loci with main effect – at least one locus of the pair is a marginal-effect QTL

epistatic pair of loci without main effect – neither locus is a marginal-effect QTL

var_QTL – the proportion of phenotypic variance explained by the marginal-effect QTL

var_pair – the proportion of phenotypic variance explained by the whole epistatic pair

var_int – the proportion of phenotypic variance explained by the interaction component of the pair

1D_path – one dimensional scans for epistatic pairs of loci with main effects (one scan per marginal-effect QTL). Significance tests are based on the 1D_path genome-wide thresholds corrected by the number of marginal-effect QTL.

2D_path – a full two dimensional genome scan for epistatic pairs of loci without main effects. Significance tests are based on the 2D_path genome-wide thresholds.

Section two: example of standard output file
Trait

exampleTrait

Model

exampleTrait = sex + age + bodyWt + QTL




Total

Actual
F2 individuals
1020

910

	

	Thresholds for marginal-effect QTL

	5% genome-wide
	1% genome-wide

	8.54
	10.15


	Marginal-effect QTL results

	chromosome
	position
	F ratio

	4
	77
	80.51

	7
	58
	422.49

	15
	94
	28.11


	

	1D path thresholds corrected by 3

	
	genome-wide  suggestive
	genome-wide 5%

	Fall
	4.25
	4.69

	Fint
	5.04
	5.65

	

	Epistatic pairs identified from the 1D_path

	
	Locus 1
	Locus 2
	Fall
	Fint
	Rank

	
	chromosome
	position
	chromosome
	Position
	
	
	

	1
	7
	58
	1
	33
	6.14
	7.68
	Significant

	2
	4
	77
	14
	52
	4.82
	6.07
	Significant


	2D_path thresholds

	
	5% genome-wide
	1% genome-wide

	Fall
	5.24
	5.75

	Fint
	8.24
	9.29


	The final model

	
	Locus 1
	Locus 2
	var_QTL or var_pair (%)
	var_int (%)

	
	chromosome
	position
	chromosome
	Position
	
	

	1
	15
	94
	
	
	2.6
	

	2
	7
	58
	1
	33
	43.2
	1.0

	3
	4
	78
	14
	50
	8.2
	0.7

	ALL
	
	
	
	
	55.8
	


	Genetic effects of QTL identified (as single locus)

	
	chromosome
	position
	var_QTL (%)
	additive(se)
	dominance(se)

	1
	1
	33
	0.5
	0.12 (0.23)
	-0.01 (0.35)

	2
	4
	78
	7.5
	-0.41 (0.24)
	-0.03 (0.36)

	3
	7
	58
	42.1
	0.84 (0.21)
	0.07 (0.30)

	4
	14
	50
	0.0
	0.03 (0.24)
	-0.05 (0.39)

	5
	15
	94
	2.6
	0.24 (0.03)
	-0.04 (0.05)


	Genetic effects of pair one

	a1
	d1
	a2
	d2
	a1a2
	a1d2
	d1a2
	d1d2

	0.92 (0.05)
	-0.11 (0.06)
	-0.02 (0.05)
	0.19 (0.07)
	0.01 (0.05)
	-0.14  (0.07)
	0.17 (0.06)
	0.35 (0.10)


	AABB
	AABb
	AAbb
	AaBB
	AaBb
	Aabb
	aaBB
	aaBb
	aabb

	0.91
	0.59
	0.93
	0.04
	0.05
	-0.27
	-0.95
	-0.96
	-0.89


Genetic effects of pair two (etc …)
Section three: description of number2@username.out.html
F2 individuals:




Total

Actual
F2 individuals
1020

910

The “actual” number of individuals is the total number of F2 individuals minus those missing.
Thresholds for marginal-effect QTL

	5% genome-wide
	1% genome-wide

	8.54
	10.15


This showed the specific thresholds for each marginal-effect QTL.
	Marginal-effect QTL results



	chromosome
	position
	F ratio

	4
	77
	80.51

	7
	58
	422.49

	15
	94
	28.11


The results of one dimensional scan for marginal-effect QTL here found 3 QTL.
Corrected 1D path thresholds
	1D path thresholds corrected by 3

	
	genome-wide  suggestive
	genome-wide 5%

	Fall
	4.25
	4.69

	Fint
	5.04
	5.65


One dimensional scans for epistatic pairs of loci with main effects genome-wide significance thresholds corrected by the number of marginal-effect QTL ("suggestive" are the thresholds before the correction).
Epistatic pairs identified from the 1D_path
	Epistatic pairs identified from the 1D_path

	
	Locus 1
	Locus 2
	Fall
	Fint
	Rank

	
	chromosome
	position
	chromosome
	Position
	
	
	

	1
	7
	58
	1
	33
	6.14
	7.68
	Significant

	2
	4
	77
	14
	52
	4.82
	6.07
	Significant


The epistatic QTL found with an epistatic effect with the marginal effect QTL.
2D_path thresholds
	2D_path thresholds

	
	5% genome-wide
	1% genome-wide

	Fall
	5.24
	5.75

	Fint
	8.24
	9.29


These are the 2D genome-wide thresholds for significance.

The final model
	The final model

	
	Locus 1
	Locus 2
	var_QTL or var_pair (%)
	var_int (%)

	
	chromosome
	position
	chromosome
	Position
	
	

	1
	15
	94
	
	
	2.6
	

	2
	7
	58
	1
	33
	43.2
	1.0

	3
	4
	78
	14
	50
	8.2
	0.7

	ALL
	
	
	
	
	55.8
	


This is a summary of the QTL found, their positions and which of these QTLs have epistatic effects.
var_QTL or var_pair  is, depending on wether there is an epistatic effect or not, the percentage of the total variance explained by the QTL or by the whole pair (Var_pair 0.432 or 43.2%). var_int is the variance explained by interaction.
Genetic effects of pair X
	Genetic effects of pair X

	a1
	d1
	a2
	d2
	a1a2
	a1d2
	d1a2
	d1d2

	0.92 (0.05)
	-0.11 (0.06)
	-0.02 (0.05)
	0.19 (0.07)
	0.01 (0.05)
	-0.14  (0.07)
	0.17 (0.06)
	0.35 (0.10)


These are the estimates (standard errors) of the 8 genetic parameters for the pair X of chromosomes.

a1 is the mean additive effect of locus 1.

d1 is the mean dominant effect of locus 1.

a2 is the mean dominant effect of locus 2.

d2 is the mean dominant effect of locus 2.

a1a2 is the mean additive-additive interaction between locus 1 and locus 2.

a1d2 is the mean additive-dominant interaction between locus 1 and locus 2.

a2d1 is the mean additive-dominant interaction between locus 2 and locus 1. 

d1d2 is the mean dominant-dominant interaction. 

	AABB
	AABb
	AAbb
	AaBB
	AaBb
	Aabb
	aaBB
	aaBb
	aabb

	0.91
	0.59
	0.93
	0.04
	0.05
	-0.27
	-0.95
	-0.96
	-0.89


These are the estimates of the nine genotype values (let A, B be the QTL allele of locus 1, 2).
Please note that values are rounded. For instance, a value of 0.0 means a value below 0.05 .

B/ Format of the plot file: number2@username.plot.txt
epistatic pair 1 on chr1 7 chr2 2

7 2

39 59 6.590857 3.362208
…

49 68 8.334468 5.260112

49 69 8.368617 5.301649

49 70 8.358465 5.279012

…

58 78 6.429613 2.697990

epistatic pair 2 on chr1 X chr2 Y

For each QTL pair found, there is a section contained between two “epistatic pair” statements, with the index of the pair. The index of the chromosomes in the epistatic pair are specified (here chromosome 7 and 2).

7 2

The next line also indicates the indices of the chromosome.

39 59 6.590857 3.362208

…

49 68 8.334468 5.260112

49 69 8.368617 5.301649

49 70 8.358465 5.279012

…

58 78 6.429613 2.697990

Here, the Fall F ratio for the overall test is given for each X position on chromosome 1 and Y position chromosome 2. The 4th number Fint on each line is the F ratio for the interaction test. So the format of this section is : 

X Y Fall Fint
Please note that these values are recorded on a 20x20 cM square whose center is the maximum F ratio.

2
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Figure 1 Flowchart of the search algorithm for detecting epistatic
QTL in two separate paths (ID_path to the left and 2D_path to the

right).
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