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Background 

 DNA Analysis 

 Complicated, multi-step process 

 Will be focusing only on data analysis 

 

 Evaluation a new software systems 

 3500xl data compatibility 

 Implementation of a new LIMS  

 Reduction in analysis time 

 Availability of mixture assistant tools 



Background 

 Data Analysis Software 

 Displays generated data 

 Allows for comparison 

 Tangible product for court testimony 

 

 Sample Editing 

 Off-ladder allele 

 Drop-in/Drop-out 

 Pull-up 

 Spikes 

 Peak shoulders 

 Dye artifacts 



Topics 

 Introduction to the Software 

 Analysis and Edit Procedures 

 Sample Concordance  

 Ladder Assessment 

 Pull-up Correction 

 Stutter Filters 

 Mixture Assistant Tools Examination 

 Result Export Capabilities 



 GeneMapper®ID-X v1.1 

 Applied Biosystems- Foster City, California 

 GeneMapper®IDv.3.2.1 based 

 

 

 GeneMarker® HID v1.95 

 SoftGenetics- State College, Pennsylvania 

 GeneMarker® based 

 

Introduction to the Systems 



Introduction to the Systems 



Introduction to the Systems 



Introduction to the Systems 



 Data is loaded into both programs in a similar fashion 

 

 GeneMarker® HID is faster than GeneMapper®ID-X 

 

 Sample type designation differs between programs 

 GeneMapper®ID-X 

 Sample types must be designated by the user prior to analysis 

 GeneMarker® HID  

 Identifiers automatically select sample types 

 The OCME used: 

 “LADDER” for the allelic ladders and “PE” for positive controls 

Analysis of Raw Data 



Sample Editing 

 GeneMapper®ID 

 Initial Analysis Requirements 

 Any allele call can be reassigned 

 Edit code must be assigned 

 

 Technical Review Requirements 

 Edit code must be typed prior to deletion  
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Sample Editing 

 GeneMarker® HID 

 Initial Analysis Requirements 

 No allele call reassignment 

 Edit code is not necessary  

 

 Technical Review Requirements 

 Call can be deleted without analyst input  

 



Oversaturated Peaks  

GeneMapper®ID 
 Camera oversaturation is displayed by the 

presence of a pink indicator line 

 This line will cross all color channels 

 Provides possible reason for OL allele calls 

 Warns analysts when peak height ratios might 

be misrepresented 

 

 GeneMapper®ID-X retains this feature 



Oversaturated Peaks 

GeneMarker® HID 
 Saturated Peak Repair 

 Identification of oversaturation 

 Removes pull-up peaks 

 Augments offending peak 

 In/Out of bin peaks removed 

 Some pull-up peaks remain 

 All allele calls are maintained  

 n= 30 single source samples 



Oversaturated Peaks 

GeneMarker® HID 
 Goal- determine if repair affects peak height ratios 

 n = 6 single source samples, 100 pg, ID31 

 Normal injection with option enabled 

 Low injection without the option enabled 
 

 

 

 

 

 10 of 82 loci, the major peak flipped with the repair option – 12.1% 

 4 of 82 loci, the peak height ratio was decreased past 0.50 – 4.8% 

 

 

 

 

 

No Peaks Repaired Average Ratio Difference 0.03 

n=35 Standard Deviation 0.05 

One Peak Repaired Average Ratio Difference 0.12 

n=22 Standard Deviation 0.12 

Both Peaks Repaired Average Ratio Difference 0.06 

n=16 Standard Deviation 0.05 

Saturated repair does not significantly affect peak height ratios 



Movement of pull-up edits 



Movement of pull-up edits 



Movement of pull-up edits 

 Goal- assess frequency of occurrence 

 n = 49 samples, 253 total repaired peaks examined 

 13 peaks left a residual peak after repair- 5.1% 

 The residual peak moved out of a bin 3 times 

 The residual peak never moved into a bin 

Difference Between Peaks (bp) 

Average Before Repair   0.1 

Standard Deviation 0.1 

Average After Repair 0.6 

Standard Deviation 0.1 



Change in Peak Heights 

System  % change (RFUs)  

GeneMapper®ID v3.2.1  -3.00% 

GeneMapper®ID-X v1.1  -2.80% 

GeneMarker® HID v1.95  -0.38% 

 Low Copy Number typing relies on peak height levels 

 Original protocols were designed using old systems  

 AB GeneScan®/Genotyper ® 

 Goal- determine how peak height levels compared 

 Average height levels were averaged across samples 

 Compared with GeneScan®/Genotyper® values 

 n = 24 single source samples 



Sample Edits 

 Goal- determine optimal system and parameters for 

reduction of inaccurate allele calls and analysis time   

 n = 24 (n = 12, 50pg; n = 12 100pg) ID31 

50pg samples 100pg samples 

GMID-X 

# of edits 

GeneMarker HID 

(w/o repair) # of edits 

GMID-X 

# of edits 

GeneMarker HID 

(w/o repair) # of edits 

Average 5.4 8.8 17.5 23.4 

Standard Deviation 3.1 3.5 3.8 5.6 

Differences in edits 3.4 5.9 

% Difference 63.1 33.8 

50pg samples 100pg samples 

GMID-X 

# of edits 

GeneMarker HID 

(w/ repair) # of edits 

GMID-X 

# of edits 

GeneMarker HID 

(w/ repair) # of edits 

Average 5.4 4.4 17.5 4.8 

Standard Deviation 3.1 1.8 3.8 2.8 

Differences in edits -1.0 -12.7 

% Difference -18.5 -72.9 



Allele Calls in Mixtures 

 Goal- test peak calling algorithms at extreme input 

 Allele calls in mixtures were analyzed  

 Compared with GeneScan®/Genotyper® values 

 n = 22, 25 pg 1:5:5, 5:1:1 mixtures, ID31 
 

 GeneMapper®ID-X 

 Gained 1 peak that was drop-out in GeneScan®/Genotyper® 

 

 GeneMarker® HID 

 Gained 3 peaks that were previously drop-out 

 Lost 2 peaks that were previously drop-in 

 Lost 1 accurate allele call- new drop-out 

 

 



Allelic Ladders 

 Low Copy Number typing will stress any system 

 Ladder samples are a necessary control for DNA typing 

 The systems deal with ladders in different manners 

 

 GeneMapper®ID 

 All ladders examined passed requirements 

 

 GeneMapper®ID-X 

 All ladders examined passed requirements 

 

 



GeneMapper®ID-X Ladders 
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 Low Copy Number typing will stress any system 

 Ladder samples are a necessary control for DNA typing 

 The systems deal with ladders in different manners 

 

 GeneMapper®ID 

 All ladders examined passed requirements 

 

 GeneMapper®ID-X 

 All ladders examined passed requirements 

 

 GeneMarker® HID 

 Several issues arose with the initial version of the software 

 

 



Allelic Ladders 

 GeneMarker® HID 

 ID31 normal injection parameter 

 All published peaks are present 

 Peaks are present in virtual allele bins 

 

 



GeneMarker® HID Ladders 



Allelic Ladders 

 GeneMarker® HID 

 ID31 normal injection parameter 

 All published peaks are present 

 Peaks are present in virtual allele bins 

 

 ID31 high injection parameter 

 12 ladders failed- n = 63, 19% 

 Not all published peaks are present 

 Peaks are present in virtual allele bins 

 Peaks were present outside of bins 

 



GeneMarker® HID Ladders 



 GeneMarker® HID 

 ID31 high injection parameter 

 Programmers provided the OCME with a new version 

 All ladders passed- used to generate bin offsets 

 

 Other system high injection ladders were tested 

 ID28 ladders passed 

 Yfiler ® ladders passed 

GeneMarker® HID Ladders 



Pull-up Correction in Positive 

Control 
 Positive control- high injection parameters  

 Contain distorted peak shapes and extra allele calls  

 Results from pull-up of the internal size standard 

 

 Documented in GeneMapper®ID 

 

 Maintained in GeneMapper®ID-X 

 

 Resolved in GeneMarker® HID  

 Pull-up correction algorithm applied when data analysis is run 



Pull-up Correction in Positive 

Control 



Pull-up Correction in Positive 

Control 



Stutter Filters 

 GeneMapper®IDstutter filters are fixed 

 1 filter allowed per marker 

 Position determined by bp value of repeat 

 

 GeneMapper®ID-X stutter filters 

 8 filters can be programmed into each marker 

 Position set independently for each marker 

 

 GeneMarker® HID stutter filters  

 3 filters can be set at each marker 

 N - x, N - 2x, and N + x positions 



 AB’s Yfiler® kit suffers with GeneMapper®ID filters 

 DYS19 is a tetranucleotide repeat 

 DYS19 has a known minus 2 stutter artifact 

 

 GeneMapper®ID-X 

 Allows a minus 2 bp filter to be programmed at DYS19 

 

 GeneMarker® HID 

 Requires that the x value be set at 2 bps at DYS19 

 

Stutter Filters 



Mixture Assistant Tools 

 Mixture Assistant Tools use edited data 

 GeneMapper®ID-X- ignores samples with OL peaks 

 GeneMarker® HID- assigns OL peaks to contributors  

 

 Data for systems is exportable for use in MS Excel 

 

 Systems provide multiple allele combinations 

 

 Systems calculate most likely allele combinations 

 User defined settings 

 Residual score 

 A low score makes the combination more likely 

 



GeneMapper®ID-X 



GeneMarker® HID 



 Goal- determine the accuracy of assistant tools 

 n = 4, ID28, 4:1  

GeneMarker®HID GeneMapper®ID-X 

Major Donor Minor w/ major Major Donor Minor w/ major 

16/16 13/16*^ 16/16 10/16*^~ 

16/16 12/16*~ 16/16 8/16*^~ 

15/16* 11/16* 15/16* 5/16*~ 

16/16 14/16*~ 15/16*^ 9/16*~ 

98.4% 78.1% 96.9% 50.0% 

* At least once the correct combination was not the first  valid choice 

^ At least once the correct combination was not a valid choice 

~ At least once the correct combination was not a choice 

Mixture Assistant Tools 



Electropherogram Export 

 New system- long term integration with LIMS 

 Manner of electropherogram export is integral 
 

 GeneMapper®ID- ID31 samples  

 Sorted by color channel and exported separately 

 Results in five documents per sample set 
 

 GeneMapper®ID-X retains this problem  
 

 GeneMarker® HID offers two solutions 

 Selected samples can be sorted by dye before printing 

 The sorted document can be exported as a .png or .jpeg 

 The sorted document can also be exported as a PDF 

 



Exported Data Tables  

 Generation of exported data 

 GeneMapper® ID&ID-X saves export table formats 

 GeneMarker® HID does not save export table formats 

 

 Report sheets- generated with excel macros 

 GeneMapper® ID&ID-X table data share export layouts 

 GeneMarker® HID table data has a different layout 

 

 Available columns 

 GeneMapper® ID&ID-X allows user defined columns  

 GeneMarker® HID has no sample comment column 



GeneMapper®ID-X 
GeneMarker® HID 

(w/Repair) 

Sample Editing More time consuming Less time consuming 

Oversaturated Peaks Indicated Repaired - fewer reruns 

Peak Heights as 

Compared to Genotyper 

3% lower 0.4% lower 

Gained information 

Number of Sample Edits Significantly fewer edits 

Allele Calls in Mixtures Gained more information 

Ladders All Passing Ladders All Passing Ladders 

Pull-up Correction N/A Removes pull-up peaks 

Stutter Filters Slightly more  

customizable 

Useful - but less 

customizable 

Mixture Assistant Tool Easier to use 

More accurate  

Exported Data Separate PDFs per 

color channel (ID31) 

One PDF or Separate 

.png or .jpeg file per print 

page (ID31) 

Exported Tables No additional work 

required 

Additional work required 



Recommendation: 

GeneMarker® HID 

 Simple analysis and fewer edits provide a 

reduction in analyst time requirements 

 Saturated peak repair prevents re-running 

of samples- fewer reagents consumed  

 Peak recognition algorithms result in a 

gain of accurate information 

 Better functionality with soon to be 

implemented LIMS 



 Both systems allow for increased flexibility in stutter filters  

 Allows for the removal of the 10% global filter that is currently applied  

 Extensive additional validation required 

 Goal- Assess a possible gain of useful information 

 n = 12 mixture samples for each condition 

 Information gained was examined with respect to known profiles 

 GeneMarker®HID GeneMarker®HID 

ID28 mixtures ID31 touched items 

 Lost drop-out 16  Lost drop-out 8 

 New drop-in 4  New drop-in 18 

GeneMapper®ID-X GeneMapper®ID-X 

ID28 mixtures ID31 touched items 

 Lost drop-out  14  Lost drop-out 8 

 New drop-in 2  New drop-in 19 

Stutter Filters 



 Goal- a more extensive study on tool accuracy 

 n = 10 samples per mixture ratio 

Mixture Assistant Tools 

GeneMarker®HID GeneMarker®HID 

4:1 - 500pg - ID28 2:1 - 500pg - ID28 

Major Donor Minor w/ major Major Donor Minor w/ major 

16/16 13/16*^ 13/16* 13/16* 

16/16 12/16*~ 13/16*^ 13/16*^ 

15/16* 11/16* 12/16* 13/16*^ 

16/16 14/16*~ 14/16* 12/16*~ 

16/16 12/16* 14/16* 13/16*^ 

16/16 8/16* 12/16* 10/16* 

16/16 11/16*^ 11/16*^ 11/16*^ 

16/16 8/16* 15/16* 12/16* 

15/16* 12/16* 13/16* 13/16* 

15/16* 11/16*^ 13/16* 13/16*^ 

98.1% 70.0% 81.3% 76.9% 

* At least once correct combination was not the first valid choice 

^ At least once the correct combination was not a valid choice 

~ At least once the correct combination was not a choice 
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