Bracket Perl Script: helping to automate the interpretation of mixture autosomal STR profiles

V1.0

Authors: 
Bram Bekaert and Anneleen Van Geystelen

Centre for Forensic Genetics and Molecular Archaeology
Department of Forensic Medicine
University Hospitals Leuven
Kapucijnenvoer 33
3000 Leuven
Belgium

E-mail: bram.bekaert@uzleuven.be and anneleen.vangeystelen@bio.kuleuven.be 
Laboratory for Entomology
Department of Biology
Catholic University Leuven
Naamsestraat 59
3000 Leuven
Belgium
Content

3Introduction


3Installation of the script


3Installing Perl


3Installing Perl modules


4Running the Bracket script


4List of files included


5How to cite


5Reporting bugs and comments


5Getting started


5Preparing input files


7Extracting data from GeneMapper


7Interface


7Parameters


12Result interpretation


13Recommendations


13Customization


14Errors


16Tutorial




Introduction

The interpretation of mixture DNA profiles using STR technology can be challenging especially when dealing with low donor ratios due to decreasing allelic peak height differences. 

The bracket perl script was developed to generate DNA-profiles from single or replicate PCRs by combining advantages of the composite and consensus method by a system of soft and hard brackets in which an allelic balance threshold is used as a variable to separate DNA-profiles of major from minor donors.

The script uses qualitative (allele calls) and quantitative (peak heights) information to build a DNA-profile. This DNA-profile has three layers: (i) a dominant profile with reproducible alleles, (ii) reproducible alleles with peak heights that are below the allelic balance variable threshold and (iii) non-reproducible alleles or loci. The allelic balance threshold variable can be adjusted through the Graphical User Interface and will determine at what threshold alleles will be assigned as belonging to a dominant profile or to a minor donor profile. 

The script requires data from at least a single PCR replicate of one STR multiplex kit and can take a maximum of two replicates by two different STR multiplex kits. 

We strongly recommend consulting the reference paper in which the Bracket Method is described: http://www.sciencedirect.com/science/article/pii/S1872497312000385.
Installation of the script

Installing Perl

Windows
Both Strawberry (strawberryperl.com) as ActiveState (www.activestate.com) provide a Perl distribution for Windows. 

Linux
Most Linux operation systems include a Perl distribution. ActiveState provides a Perl distribution for Linux (www.activestate.com).

Installing Perl modules 

The Bracket script needs 5 Perl modules from the CPAN website: Tk, Tk::ROText, Tk::Pane, Tk:: DirSelect and Cwd. 

Windows
Under Windows the cpan.pl program the can be used to install those modules. 

1. Open the Command Prompt (cmd.exe).

2. Run the next commands 

cpan -fi Tk

cpan -fi Tk::ROText

cpan -fi Tk::Pane

cpan -fi Tk::DirSelect

cpan –fi Cwd

Linux
To install the modules under Linux, the next steps need to be taken:

1. Download the module from the CPAN website (www.cpan.org)

2. Open new Shell and run the next commands:

3. Decompress the file 

gzip -d /yourpath/yourmodule.tar.gz

4. Unpack the file

tar -xof /yourpath/yourmodule.tar

5. Build the module 

cd /yourpath/

perl Makefile.PL

make test

6. Install the module

make install

Running the Bracket script

Windows 

Change properties of Bracket file such that program opens with Perl.

Double click the Bracket script to open. 

OR

Type in the Command Prompt:

Perl /yourpath/Bracket.pl

Linux

Type in the Shell 

Perl /yourpath/Bracket.pl
List of files included
The ZIP file Bracket_Script.zip includes all files necessary to automate the generation of composite-consensus autosomal STR DNA-profiles. 

Bracket_batch.pl : main perl script 

Bracket.pl : Graphical User Interface code

We have also included five files required for the tutorial:

· Bracket Script ver 1.0 User Manual.docx

· DNA_Markers_MP9-G5.txt : text file with list of DNA markers analysed using an in-house developed STR multiplex kit

· DNA_Markers_PESI16.txt : text file with list of DNA markers analysed using the Powerplex ESI STR multiplex kit from Promega

· ExampleData.txt : exported GeneMapper data file with replicate PCR results 
· Donor_information_file.docx: correct genotypes of the donors used for the genotyping data in the ExampleData.txt file

The ExampleData.txt file contains GeneMapper data from three artificial mixture samples in duplicate made from three donors with ratios 1:5:10 with a total of 250 pg input DNA amplified using 30 cycles of PCR with two different multiplex kits (2 x ESI Promega and 2 x MP9-G5) for a total of four replicates per sample. 

How to cite
Please cite this script as:
Bekaert B., Van Geystelen A., Vanderheyden N., Larmuseau M.H.D., Decorte R. Automating a combined composite–consensus method to generate DNA profiles from low and high template mixture samples. Forensic Science International: Genetics. In Press.

Reporting bugs and comments

Bugs and comments on the scripts are welcome via bram.bekaert@uzleuven.be or anneleen.vangeystelen@bio.kuleuven.be. 
Getting started
Preparing input files
Two types of files need to be prepared before the script can be run.

· One or two DNA-marker .txt files, depending on whether one or two multiplex STR kits were used for the analysis of a single sample, need to contain the markers analysed e.g.
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Figure 1. Example of a DNA-marker file
· A .txt file containing exported GeneMapper data from each STR multiplex kit of all replicates. Multiple samples can be added to a single file e.g.
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Figure 2. Example of an input data file
The tab-separated data requires 4 columns: Sample File Name, Marker, Allele and Size. Other columns are ignored in the Perl script. The Sample File Name needs to be constructed in a specific format: 
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Figure 3. Constitution of the sample name
· Parameters need to be separated by underscores.

· Variables 1-4 can be any string of numbers or letters as they are ignored during the running of the script. They can be used e.g. to indicate lab number, operator initials, #µl PCR product added to sequencing reaction or injection setting. 

· STR Multiplex kit: the name must be the same as the file containing all DNA-markers for that kit (e.g. MP9-G5.txt)
· PCR-replicate: either PCR-1 or PCR-2

· Plate position: automatically annotated by GeneMapper

· .fsa extension: automatically added by GeneMapper

· Custom allelic balance threshold file

This file is optional and can be replaced by manually adjusting the thresholds in the program. Each DNA-marker will need its own threshold. Each marker starts at a new line and the threshold is separated by a tab:
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Figure 4. Example of an allelic balance threshold file.
All files need to be placed in a single main directory with no spaces in its pathname eg. “C:\Perl\bin\bracket”. 

Extracting data from GeneMapper

Data can be extracted straight from GeneMapper in the correct format using the Sizing Table function on the Sample Plot tab after all samples are selected that need to be imported: 

[image: image5.png]



Figure 5. GeneMapper Print Screen image. The middle button shows the sizing table data.
Go to File>Export Table and save the table under the same directory as the DNA_marker.txt files.

Interface

Parameters
The start screen of Bracket (Figure 1) will ask you to give values for the parameters: input folder, case number, name of kit #1, path to file of kit #1, name of kit #2, path to file #2, output folder and thresholds for the round brackets. All fields are required except those of kit #2, such that you can create a consensus from the duplicates of only one kit, namely kit #1.
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Figure 6. Startup screen of Bracket
When not all text fields are filled in (except those of kit #2), the next error message appears in the output box below the pushbuttons:

Please fill in all fields. 

If all fields are filled in (except those of kit #2), the validity of each value is checked. The validity of each of those parameters will be discussed in the next paragraphs. 

When the validity of all parameters is checked and no invalidities were found, the Bracket script will create the output file. In the output box will appear the next message:

Run Number
Program started

Program ended

If any bug is still present in the script, additional error messages will appear there too. When you encounter them, please contact the authors. 

Input Folder

The Input Folder parameter deals with the path to the folder that contains tab separated files that are the result of the STR marker kits. See paragraph about the input files for more details about layout of those files. In all files, the lines that apply to the case number will be selected. Therefore, it is recommended that you keep the files of the different cases in different folders. It is not obligatory but it will fasten the program. 

The path of the folder can be typed directly into the entry box. A more automated method to get the path of the folder in the box is by selecting the folder from the “Select Folder” window that will open when you click the ‘Select’ pushbutton next to the entry box (Figure 2). 
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Figure 7. "Select folder" window that appears when clicking the "Select" pushbutton
The validity of the given path will be checked when you click on the ‘Run’ pushbutton. When it is an invalid path, meaning that the input folder does not exist, the next error message appears in the output box:

Please give a valid input folder.
Case Number

The Case Number parameter needs the case number for which the consensus profile will be created. As said above, the lines that apply to the case number will be selected from all files in the input folder. 

The only restriction posed by the Bracket script on the case number is the fact that it needs to be larger than zero. Of course needs it to be a valid case number but the script cannot verify its correctness because it depends on you internal numbering system.

Kit #1

The Kit #1 parameter requires the name of the first kit. The Bracket script does not put any restriction on that name. 

File Kit #1

As the name suggests, the file kit #1 parameter needs the path to the file of the first kit. The path of the file can be typed directly into the entry box but the Bracket script also offers you the possibility to select the file. If you click on the ‘Select’ pushbutton, a “Select File” window to select the file will open (Figure 3). By selecting the wanted file, the path will be automatically written to the entry box. 

The Bracket script checks if the given file exists when clicking on the ‘Run’ pushbutton. When the file does not exist, the next error message will appear in the output box:

Please give a valid path to file of kit #1.
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Figure 8. "Select file" window that appears when clicking the 'Select' pushbutton
Kit #2

The Kit #2 parameter will accept any name since there is no restriction. When you want to create a consensus out of the duplicates of only one kit, you can leave this parameter blank. No error message will appear when the box is blank. 

File Kit #2

The File Kit #2 parameter accepts the path to the file of kit #2. Also this parameter can be left blank if –and only if- also the Kit #2 parameter is left blank in order to create the consensus of only one kit. 

This parameter resembles the File Kit #1 parameter: the file can be selected by a “Select File” window and the Bracket script also checks if the given file exists. If it does not exist the next error message will appear in the output box:

Please give a valid path to file of kit #2.

Output Folder

The Output Folder parameter needs the path to the output folder where the output file will be created. The output file is named CaseNumber_consensus.txt. This parameter resembles the Input Folder parameter: the path can be typed in manually or it can be selected from the select window after pushing the ‘Select’ pushbutton and the Bracket script checks the validity of the given path. If the path does not exist, the next error message appears in the output box:

Please give a valid output folder.

Thresholds Round Brackets

The Thresholds Round Brackets parameter needs the threshold for each of the markers that were tested with the kit(s). These thresholds do not have to be the same for all markers. This parameter has only one entry box. You can enter all thresholds manually by typing the names of the markers and its thresholds separated by a space:  marker1  threshold_marker1  marker2  threshold_marker2  marker3  marker3_threshold ... 

To make the entering of the thresholds easier, a ‘Enter Thresholds’ pushbutton was created. When you click on that pushbutton, an extra window is created (Figure 4). The next error message will appear if the path of the file of kit #1 is empty or does not existent. The message can also appear if the path of the file of kit #2 does not existent. 

Please give valid paths to files of the kits.

This additional window will show all markers that are used by the kit(s) with an initial threshold of 0.5 but of course this threshold can be changed. The Bracket script checks the validity of each threshold when you click on the ‘Enter’ pushbutton. A threshold is valid when it has a value between 0.0 and 1.0. 

When at least one threshold is invalid, the next error message will appear in the output box of the new window:

Please give thresholds between 0 and 1 for each marker.
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Figure 9. "Threshold per marker" window that appears when you click on the 'Enter Thresholds' pushbutton
Results are printed on a .txt file in the chosen output folder with name casenumber_consensus.txt.
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Figure 10. Results file produced by Bracket script
A simple log precedes the results with the details of the analysis (date, time, input parameters). Copy the data, paste in Excel to automatically change it into a table, and copy back into Word, change all spaces into soft enter using the Replace function. Change the layout of the table according to your personal preferences e.g.
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Figure 11. Results transformed in Word
Result interpretation
The data represented in the output table are combined composite-consensus DNA-profiles automatically generated from the data exported from GeneMapper. The Bracket Script uses both quantitative (peak height) and qualitative (allele call) data to extract a dominant profile from the major donor in case of a mixture profile. The application of soft and hard brackets allows the easy differentiation between reproducible and non-reproducible alleles. 

The idea behind using an allelic balance threshold in the script to identify major donors in mixtures is based on the principle that when two alleles in a locus are in allelic balance they might originate from the same donor. Low ratio mixtures obviously complicate such interpretation as peak heights of different donors will be too similar to differentiate one donor from another but in most cases differentiation is possible. To speed up this process it was automated by using a perl script as it is a freely available open source software tool.
The Bracket Script starts off by comparing the peak heights from all alleles per locus per replicate. It will place alleles in soft brackets when they have a peak height below the allelic balance threshold compared to the highest peak of that locus. Next, it will identify alleles as being part of the dominant profile when they have been observed at least twice in all replicates and are not placed in soft brackets. These alleles can be identified as a top layer of the DNA-profile and do not exhibit any brackets.
The minor alleles are divided into three categories and are placed below the dominant profile. Alleles are kept in between soft brackets when they have been observed at least twice, in case of replicate PCRs, but do not cross the allelic balance threshold in any PCR replicate. Hard brackets identify alleles that are observed only once in all PCR replicates. When all alleles of a locus are placed in between hard brackets with a single star [ ]* it means that a discordant result has been obtained for this locus in one replicate compared to one or more other replicates (e.g. different alleles produced in replicate A locus X compared to replicate B locus X). Alleles between hard brackets with two stars [ ]** are alleles that are only present in a single locus while other alleles are shared with replicates or no other alleles are available in other replicates so no conflict arises between PCR replicate results.

The single and double star separation was made in order to show which loci are completely discordant between replicates in comparison to non-reproducible alleles that do not cause a conflict in results between PCR replicates. 

A legend might be added in an expert witness report identifying the soft and hard brackets: 

( )= allel(s) with a weak intensity; [ ]** = non-reproducible allel; [ ]* = non-reproducible locus
When single PCR results are used for two different multiplex kits and there are STR markers that are not in common between both kits than alleles in soft brackets will be kept in soft brackets and the highest peaks or single alleles will be used for the dominant profile as no replicates are available. This is not an ideal situation for interpreting mixtures and we recommend performing at least two replicates per multiplex STR kit (ideally four replicate in total, see Benschop et al., 2011) to increase confidence in the results obtained.

Recommendations

As peak heights will vary with different technical setups of sequencers, multiplex STR kits etc. it is recommended to do a control experiment first in order to choose the optimal allelic balance threshold. A simple experiment such as the analysis of an artificial mixture preparation with low donor ratios analysed using the Bracket Script with the different thresholds can be used to see at which level the allelic balance threshold can best identify the major donor as the dominant profile. For more details please refer to the original paper. 

Secondly we strongly recommend manually checking the electropherograms when interpreting the composite-consensus DNA-profiles. 

Customization

It is possible to adjust the script for personal preferences such as leaving out the non-reproducible alleles from the DNA-profile for example. Below are given a few examples of how one can adjust the script to suit its own needs. In the next paragraph some examples of customization of the output file by changing the script will be shown. The first example deals with the characters that separate the different alleles and the second example shows how to show only the reproducible alleles. 

Separating characters

The default output format separates the different types of alleles by a white space and within each group they are separated by a hyphen. E.g. 23-24 (21-25) [17-19-20-22]**

When you want to customize the output format and, for example, separate the types by a semicolon and the alleles by a comma. E.g. 23,24;(21,25);[17,19,20,22]**

Only a few changes to the Bracket script are necessary to get this new output format. The next steps are necessary:

1. Add after line 1384 of Bracket_batch.pl (after my $line = $sample;)
                   $line =~ s/-/_/g;
to avoid that your sample name will be changed too.
2. Add after line 1406 of Bracket_batch.pl (after print $count;)
                   $line =~ s/-/,/g;
to change the character between the alleles of the same type.
                   $line =~ s/ /;/g;
to change the character between the types.
                   $line =~ s/_/-/g;
to restore the original sample name.
Only reproducible alleles 

There are 4 types of alleles in the output file. 

1. Hard brackets with two stars []**: alleles that are observed only once.

2. Hard brackets with one star []*: alleles that are discordant for each PCR replicate.

3. Soft brackets (): alleles that are observed more than once and which each have a peak height below the chosen allelic balance level compared to the highest peak for that locus.

4. No brackets: alleles that are observed more than once and at least one observation has a peak height above the chosen allelic balance level compared to the highest peak for that locus.

By default, all those 4 types are given in the output file. When you only want to see the reproducible alleles in the output, you can leave out all the alleles between square brackets with one or two stars by adding the next lines after line 1406 of Bracket_batch.pl (after print $count;)
                   $line =~ s/\[.*?\]\*\*//g;
to remove all alleles between square brackets and with 2 stars.
                   $line =~ s/\[.*?\]\*//g; 
to remove all alleles between square brackets and with 1 stars.
Errors
An overview of the error message that you can encounter when using the Bracket script is given in Table 1. For each error message the window where it is displayed and the pushbutton that triggered it are given. A solution for the error messages is also given. 

When you find a bug or error that is not in this list and you do not know how to solve it, please contact the authors. 
	Table 1. Overview of the possible error messages that can appear in the windows after clicking on the pushbuttons. The solution for each error message is also given in the last column.
	 Solution
	 Fill in all entry boxes (except those of Kit #2 and File Kit
 #2).
	 Give valid path to the input folder. This is preferably done
 by clicking on the ‘Select’ pushbutton. 
	 Give valid path to the file of kit #1. This is preferably done
 by clicking on the ‘Select’ pushbutton.
	 Give valid path to the file of kit #2. This is preferably done
 by clicking on the ‘Select’ pushbutton.
	 Give valid path to the output folder. This is preferably
 done by clicking on the ‘Select’ pushbutton. 
	 Give valid path to the file of kit #2 and give valid path to
 the file of kit #1. This is preferably done by clicking on the
 ‘Select’ pushbuttons.
	 Give a threshold between 0.0 and 0.1 for each marker that
 is just in both or only one kit. This is preferably done by
 clicking on the ‘Enter Thresholds’ pushbutton. 
	 Give a threshold between 0.0 and 0.1 for each marker. 

	
	 Window / pushbutton 
	 Bracket / Run
	 Bracket / Run
	 Bracket / Run
	 Bracket / Run
	 Bracket / Run
	 Bracket / Enter Thresholds
	 Bracket / Run
	 Thresholds per marker / 
                                        Enter

	
	 Error message 
	 Please fill in all fields. 
	 Please give a valid input folder.
	 Please give a valid path to file of kit #1.
	 Please give a valid path to file of kit #2.
	 Please give a valid output folder.
	 Please give valid paths to files of the 
 kits.
	 Please give valid thresholds.
	 Please give thresholds between 0 and 1
 for each marker.


Tutorial

This tutorial is intended to provide you with a first impression of what the script is all about and will show you how easy it is to extract data from GeneMapper and use it to automatically generate DNA-profiles ready for interpretation. All files necessary are included in the installation package.

1. Make sure all files and packages are installed

2. Open the GUI Bracket Script by double-clicking on the Bracket.pl file
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Figure 12. Example of a main directory
3. Identify the paths where the program can find the files 
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Figure 13. Startup screen from Bracket
4. Enter the allelic balance threshold window by clicking “Enter Thresholds” and select “Enter”
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Figure 14. "Threshold per marker" window that appears when you click on the 'Enter Thresholds' pushbutton

5. Click Run.

6. Open the output file in the output folder, copy the data, paste in Excel to automatically change it into a table, and copy back into Word, change all spaces into soft enter using the Replace function. Change the layout of the table according to your personal preferences.

7. Repeat the analysis but change the allelic balance thresholds to see the effect. 

