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Abstract 

Validations are essential to demonstrate the capabilities and limitations of new technology. In 

accredited forensic laboratories, it is required by Standard 8 of the FBI Quality Assurance 

Standards (2011) that internal validations be performed on new procedures, including 

instrumentation and dye chemistries, prior to their implementation into casework. Specific 

studies are completed to gain the appropriate knowledge that the method is efficient, performing 

as expected, and producing reliable and reproducible results. At Massachusetts State Police 

Forensic and Technology Center (MSPFTC), the internal validation of the Applied Biosystems® 

3500xL Genetic Analyzer was conducted in the DNA unit. The 3500xL Genetic Analyzer is an 

automated 24 capillary instrument that uses fluorescence-based detection for human 

identification applications. The instrument has numerous enhanced capabilities over the older 

platforms that perform capillary electrophoresis (e.g. the 3100 Genetic Analyzer series). Some 

capabilities include having only one pump block to save polymer, prepackaged consumables to 

minimize laboratory variability and analyst hands-on time, and an increased number of 

capillaries for higher throughput. MSPFTC used the 3500xL in conjunction with the BSD600® 

Duet Series II Semi-automated Punch System for sampling of blood cards, two JanusTM 

Automated workstations for amplification and capillary electrophoresis setup, and the 

AmpFlSTR® Identifiler® Direct kit for direct amplification of autosomal STR loci from reference 

blood samples.    
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Eleven studies were conducted in this internal validation to show the abilities of the 3500xL 

based on the Scientific Working Group for DNA Analysis Methods (SWGDAM) guidelines. 

These studies included:  LIZ comparison, LIZ optimization, analytical threshold, injection time, 

sensitivity, precision, stutter, heterozygote balance, contamination, concordance, and 

reproducibility. Based on the results of these studies, certain parameters and settings were 

recommended to MSPFTC to be included in the standard operating procedure for the 3500xL.  

The combination of these studies showed the 3500xL performed as expected giving reliable, 

reproducible, and robust results with Identifiler® Direct. Future studies, such as non-probative 

and cycle number, should be conducted to optimize the setting parameters for blood and saliva 

samples. 

 

Introduction 

The National DNA Index System (NDIS) contains DNA from individuals convicted of violent 

crimes, non-violent felonies, and felony arrestee profiles. Many forensic databasing laboratories 

have had an increasing number of samples that need processed and analyzed (“CODIS” 2010) 

based on increase in convicted offender samples and now arrestee samples. Direct amplification 

allows for high throughput processing while reducing the contamination risk due to less sample 

handling, time, labor, and costs. This can be easily automatable which can streamline the process 

to receive a quality profile for single source databasing samples (Applied Biosystems® 

AmpFlSTR® Identifiler® Direct User Guide 2012). One way to automate this process is by using 

Identifiler® Direct (Applied Biosystems®, Foster City, CA) with an automated sample punch 

machine and a basic liquid handling system. The BSD600® Duet Series II Semi-automated 

Punch System (Applied Biosystems®, Foster City, CA) and the JanusTM automated workstation 
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(Perkin Elmer, Downers Grove, IL) were used for this validation. Identifiler® Direct, BSD600®, 

and the JanusTM were all previously validated and in use at MSPFTC prior to this internal 

validation 

 

Validations are performed to authenticate a given process or instrument by performing studies 

that give corroboration. Developmental validations are completed first by the manufacturer to 

determine the conditions and limitations to a new methodology. An internal validation is 

completed within a laboratory to show that the method is efficient and performing as expected. It 

is completed to demonstrate and further confirm the conditions and limitations of the method in 

which it will obtain reliable and reproducible results (SWGDAM Validation Guidelines 2012). 

An internal validation of the Applied Biosystems® 3500xL Genetic Analyzer (Applied 

Biosystems®, Foster City, CA) was completed for the Massachusetts State Police Forensic and 

Technology Center (MSPFTC) for single source exemplar and convicted offenders’ samples 

using Identifiler® Direct PCR amplification kit. 

 

The AmpFlSTR® Identifiler® Direct PCR Amplification kit is a short tandem repeat (STR) 

multiplex assay that allows for direct amplification of single source blood or buccal samples 

without DNA extraction, purification, or quantization (Wang 2009). Identifiler® Direct amplifies 

16 loci in one PCR reaction: 15 autosomal STR markers (D8S1179, D21S11, D7S820, CSF1PO, 

D3S1358, TH01, D13S317, D16S539, D2S1338, D19S433, vWA, TPOX, D18S51, D5S818, 

and FGA) and Amelogenin, the sex-determining marker (Applied Biosystems® AmpFlSTR® 

Identifiler® Direct User Guide 2012). All loci can be accurately differentiated because of 

fluorescently labeled primers and non-nucleotide linkers for spacing. These primers attach to a 
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specific DNA sequence so that the CCD detector located in the 3500xL Genetic Analyzer can 

detect the DNA sequence (Park 2009).  

 

The Applied Biosystems® 3500xL genetic analyzer is an automated 24 capillary instrument that 

uses fluorescence-based capillary electrophoresis for human identification analysis. Capillary 

electrophoresis separates DNA fragments based on their size to charge ratio. The cathode, 

negative electrode, is placed into the sample; an electrical pulse activates the migration and 

separation of the DNA through the capillary. The negatively charged DNA migrates from the 

cathode to the anode, (positive electrode), because the attraction of opposite charges. Smaller 

DNA fragments migrate faster than larger fragments thus reaching the detector sooner. The DNA 

fragments have fluorescently-labeled primers attached so that when the DNA goes past the 

detection window, a narrow beam of light from the laser excites the dyes. The excitation of the 

dyes give off an emission wavelength which is a longer wavelength of light than the laser’s 

excitation wavelength in all directions, some of which pass through a diffraction grating which 

then sends the light to the CCD detector. The CCD detector can detect which color wavelength is 

coming off and the relative fluorescence units (RFU) are measured. Along with an internal size 

standard and allelic ladder, a software program takes these peaks that are detected and give it a 

specific allele designation in a given locus. The combinations of all of the fluorescent peaks give 

rise to an electropherogram. This electropherogram is an individual’s DNA profile with his/her 

specific genotypes (Applied Biosystems® 3500xl User Guide 2010). 

 

The 3500xL offers multiple advantages over the 3130xL genetic analyzers that are being used at 

the MSPFTC. These advantages include an increased dynamic range therefore off-scale peaks 
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and oversaturation will not occur until approximately 20,000-30,000 RFU, no lower pump block 

for less polymer waste, improved oven door sealing for better temperature control, easy to use 

reagents that are prepackaged for less variability and less analyst hands-on time, consumables 

with radio frequency identification (RFID) tags so expired reagents are not used, steady solid 

state laser requires less power, high signal intensity, and an increased number of capillaries for 

higher throughput (Applied Biosystems® 3500xL User Bulletin 2010).  

 

The internal validation studies performed on the 3500xL, based on the Scientific Working Group 

for DNA Analysis Methods (SWGDAM) guidelines, included a LIZ comparison, LIZ 

optimization, injection time, analytical threshold, sensitivity, precision, contamination, 

concordance, reproducibility, stutter, and heterozygote balance study.  

 

A LIZ comparison study between GeneScan™ LIZ 500 and LIZ 600 v2.0 was performed to 

evaluate any differences in peak sizing calculated from the two size standards at each allele in 

each locus. It was also performed to establish whether the Applied Biosystems’® recommended 

GeneScan™ LIZ 600 v2.0 is an acceptable replacement for GeneScan™ LIZ 500 when using 

Identifiler® Direct PCR Amplification kit on the 3500xL at MSPFTC. Applied Biosystems® 

recommends LIZ 600 v2.0 because it incorporates enhancements for improved lot to lot 

consistency and peak height balance. This study was also performed with two different genetic 

analyzers to determine if the results from the 3500xL would be concordant with the results 

obtained on the 3130xL The size standard figures and the size standard peaks can be seen in 

Appendix III: LIZ size standard comparison.  
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A LIZ 600 v2.0 optimization study was performed to determine the optimal amount of size 

standard to add to the Hi-Di-Formamide/LIZ master mix when setting up a plate with the 

JanusTM automated workstation, using Identifiler® Direct kit on the 3500xL Genetic Analyzer. 

An optimal amount should not create artifacts or other extraneous peaks, and will allow all size 

standard peaks to be consistently detected above analytical threshold while giving a clear, single-

source profile. This study was also conducted by hand to determine if each method required 

similar amounts of size standard.  

 

A DNA injection time study was performed to determine which injection time would lead to 

reliable data. The data should also have sharp, well-defined peaks, resolved baseline and limited 

artifacts. An analytical threshold study was performed to determine the RFU level that a true 

peak can be detected above noise levels.  Two sensitivity studies were performed to determine 

the optimal range of DNA to amplify when using Identifiler® Direct kit on the 3500xL. This 

range should give accurate and reliable genotypes with full profiles detected above analytical 

threshold while limiting stochastic effects and artifacts. 

 

The precision study was performed to determine if Identifiler® Direct would give accurate and 

reliable genotypes for each run on the 3500xL genetic analyzer. Three different sizing precision 

studies were conducted to demonstrate this; an allelic ladder precision study, amplification 

positive precision study, and 250 base pair migration study. The allelic ladder and amplification 

positive studies were performed to assess the variation in base pair size within each allele for 

each locus. The allelic ladder precision study also compared the precision between different 

concentrations of Identifiler® Direct allelic ladder and compare the precision between Identifiler® 
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Direct and Identifiler® ladder. The 250 base pair (bp) migration study was performed to assess 

the migration of the 250 bp peak that is in the LIZ 500 size standard. Migration of the 250 bp 

peak can vary from sample to sample throughout the run due to temperature fluctuations 

(Rosenblum 1997); therefore the peak was evaluated to assess the stability of instrument’s oven 

temperature.  The degree of precision at each allele can dictate the amount of measurable error at 

that given allele for the sizing method used. Precision should be less than 0.15 standard deviation 

(Wang 2011). Precision can be determined by calculating the standard deviation for each allele 

in a single capillary after multiple injections or across multiple wells on the sample plate. 

 

A contamination study was performed to evaluate the level of contamination, if any, when using 

Identifiler® Direct kit on the 3500xL. Contamination could be due to; 1) BSD600® Duet Series II 

Semi-automated Punch System, 2) JanusTM automated workstations, 3) 3500xL Genetic 

Analyzer, or 4) analyst error when transferring or preparing the plate. Negative controls set up at 

each step were analyzed to assess contamination risk. A concordance study was performed to 

determine allele call consistency between two different genetic analyzers, the 3500xL and the 

3130xL. Previously amplified and analyzed samples, that were ran on the 3130xL using 

Identifiler® Direct, would be compared to the same samples re-amplified with Identifiler® Direct 

and ran on the 3500xL Genetic Analyzer. A reproducibility study was performed to determine 

the ability of the 3500xL Genetic Analyzer to reproduce genotypic results across multiple runs 

on multiple days. The assessment of peak height reproducibility was also completed for each 

injection. 
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A stutter study was performed to determine the amount of stutter produced at each locus. Stutter 

within the four reproducibility and two sensitivity studies were evaluated to determine 

reasonable guidelines for the marker specific stutter ratios for Identifiler® Direct and assess 

whether internally generated stutter ratios differ from the manufactures’ published values. A 

heterozygote allele balance study was conducted to determine if genotypes would consistently 

produce balanced peak heights in heterozygote loci. It was also conducted to establish 

MSPFTC’s threshold for heterozygote peak height ratio. 

 

These studies were conducted to set parameters and show the 3500xL performed as expected 

giving reliable, reproducible, and robust results for MSPFTC when using Identifiler® Direct on 

the 3500xL for single source exemplar and convicted offenders’ samples after the completion of 

the validation. 

 

Methods 

LIZ Comparison 

For the LIZ comparison study, four master mixes were prepared for two genetic analyzer runs.  

 

The first was made by combining 8.7µL Hi-Di formamide with 0.3µL LIZ 500 per sample and 

the second was made by combining 8.5µL Hi-Di formamide with 0.5µL LIZ 500 per each 

sample. Processing two concentrations of LIZ size standard was a preliminary survey for the LIZ 

optimization study. The third and fourth master mixes were made of the same components but 

LIZ 600 v2.0 was used in place of LIZ 500 for the size standard. Two plates were set up; one 

was run on the 3130xL Genetic Analyzer and one on the 3500xL Genetic Analyzer. 
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The size standards were checked with the size match editor function in GeneMapper® ID-X 

(GMIDX) version 1.3 and all allelic ladders were checked to ensure proper allele calling. The 

samples that contained 8.7µL Hi-Di formamide with 0.3µL size standard, LIZ 500 or LIZ 600 

v2.0, were used for calculations. The results obtained from each of the genetic analyzers were 

imported into an excel sheet and the average and standard deviation of the base pair sizes of 

allele peaks were calculated; minimum and maximum peak sizes were noted. The standard 

deviations of each of the samples using LIZ 500 were compared to the samples using LIZ 600 

v2.0. An acceptable degree of precision for this would be 0.15 standard deviation. 

 

LIZ Optimization  

For the LIZ optimization study three concentrations of size standard were selected, 0.1µL, 0.3µL 

and 0.5µL. These selections were made because Applied Biosystems’® recommendation was 

0.5µL, MSPFTC previously validated 0.3µL on the JanusTM for Identifiler® Direct, and 0.1µL 

was used to evaluate if a lower amount of LIZ could be used and still be detected. 

 

Three master mixes were prepared. The first was made by combining 8.9µL Hi-Di formamide 

with 0.1µL LIZ 600 v2.0, the second was made by combining 8.7µL Hi-Di formamide with 

0.3µL LIZ 600 v2.0, the third was made by combining 8.5µL Hi-Di formamide with 0.5µL LIZ 

600 v2.0. Each LIZ 600 v2.0 concentration was evaluated by analyzing the average LIZ peak 

heights when used to size two amplification positives (9947A), two amplification negatives, one 

in house NIST-Traceable extraction positive, two ladders, and one formamide/LIZ blank. Two 

plates were created, one by hand and one by the JanusTM automated workstation. This was 
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conducted to see if the two methods were comparable. See Appendix II: Amplification 

Parameters for amplification master mix recipe. 

 

The size standards were checked with GMIDX’s size match editor function and all samples were 

checked to ensure proper allele calling. Extraneous artifact peaks were eliminated from the 

analysis and calculations. The size standard results obtained were imported into an excel sheet 

and the average and standard deviation of the peak heights were calculated; minimum and 

maximum peak heights were noted. The average was calculated in three ways, first just the 

samples then just the ladders and lastly all peaks in both the samples and ladders. This was 

conducted to see if the ladders and samples were comparable or if one had a large effect on the 

overall average peak height. 

 

The injection parameters for the LIZ comparison and optimization studies were the 

recommended settings by Applied Biosystems®; 24 seconds at 1.2 kV. After data analysis for the 

concordance and reproducibility studies, another LIZ optimization study was conducted using 

0.2µL LIZ 600 v2.0. 

 

Injection Time, Analytical Threshold, and Sensitivity 

The injection time, analytical threshold and first sensitivity study all were set up on the same run 

plate. Three previously extracted samples (14-1, 14-2, and 14-3) along with their 1:10 dilution, 

were quantified in duplicate. The samples were quantified using Quantifiler® Human kit on the 

Applied Biosystems® 7500 Real-time PCR system. The averaged quantization values for each 

sample were used to determine the sample amount needed for a 5 ng/10µL concentration (tube 
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A). A two-fold serial dilution was then completed for each of the samples to create tubes B-H, by 

adding 25µL of TE buffer in all tubes and then adding 25µL of the previous concentration tube. 

Tube I was created independently by taking a calculated amount of the 1:10 dilution for each of 

the samples that were quantified and adding TE to create a 10uL solution with a concentration of 

2.0ng/10µL. TE blank (tube J) was also created for each set of samples. See Table 1. Ten 

microliters of each sample of the titration set for each of the samples were placed in the 

appropriate well of its 96 well plate and placed under a laminar fume hood to evaporate 

overnight. 

Tube Final Amplified 
Concentration 

Starting 
Concentration 

A 5.0 ng/10µL 0.5 ng/µL 
B 2.5 ng/10µL 0.25 ng/µL 
C 1.25 ng/10µL 0.125 ng/µL 
D 0.62 ng/10µL 0.062 ng/µL 
E 0.31 ng/10µL 0.031 ng/µL 
F 0.15 ng/10µL 0.015 ng/µL 
G 0.078 ng/10µL 0.0078 ng/µL 
H 0.039 ng/10µL 0.0039 ng/µL 
I 2.0 ng/10µL 0.2 ng/µL 
J TE blank  

Table 1: Titration set concentration values 

The JanusTM automated workstation was used to set up the amplification and capillary 

electrophoresis plates. The master mixes for each were created manually before and placed into 

the designated slots. The tray was amplified on a GeneAmp® PCR System 9700 thermal cycler 

for 26 cycles. See Appendix II: Amplification Procedure. The capillary electrophoresis master 

mix contained 8.9µL Hi-Di formamide with 0.1µL LIZ 600 v2.0, per sample. The appropriate 

controls and ladders were also added. The samples were injected at 12, 18, 24, and 30 seconds at 

1.2kV. 
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The size standards were checked with GMID-X’s size match editor and all samples were 

checked to ensure proper allele calling.  The analytical threshold was set to 50 RFU. The results 

obtained were imported into an excel sheet and the average peak height, baseline noise, artifacts, 

off-scale data, dropout, and peak height balance were analyzed and reported. Each concentration 

was analyzed separately. For homozygous loci, the peak height was divided in half and this value 

was used for the peak height calculations. Extraneous “OL Alleles” and other artifacts were 

noted and removed. A 15% stutter filter was utilized when analyzing the data (per current 

MSPFTC protocol). 

 

After data analysis, another sensitivity study was conducted to confirm anomalies that were 

observed. Previously made sample series of 14-1 (Tubes A-I) from the first sensitivity study was 

re-setup in a 96 well plate alongside a remade titration set of 14-1. These samples were made as 

described above in the first sensitivity study. These were set to evaporate overnight. 

Amplification and capillary electrophoresis was completed as stated above, as well as data 

analysis.  

 

The analytical threshold was calculated using two different methods. The first method used the 

Scientific Working Group DNA Analysis Method (SWGDAM) guidelines. The formula to 

calculate the analytical threshold (Figure 1) is in section 1.1 of the SWGDAM Interpretation 

Guidelines for Autosomal STR Typing by Forensic DNA Testing Laboratories (2010).   
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Figure 1: SWGDAM Analytical Threshold formula 

      

 

The second method was from the International Union of Pure & Applied Chemists (IUPAC)  

(Figure 2). Kaiser believes that a value of k = 3 will result in an analytical threshold with 89% - 

99.86% confidence that noise will be below this value. (Grgicak 2010) 

 

Figure 2: IUPAC Analytical Threshold formula 

        

These methods are used to determine at what amplitude one can no longer reliably separate 

signal from noise. 

 

Precision 

For the first precision study, 250 bp precision study, two master mixes were prepared for the 

genetic analyzer run. The first contained 8.7µL Hi-Di formamide with 0.3µL LIZ 500, per 

sample. This master mix was added to wells A01-D01, A03-D03, and A05-D05. The second 

contained 8.5µL Hi-Di formamide with 0.5µL LIZ 500, per sample. The master mix was added 

to wells E01-H01, E03-H03, and E05-H05. The ladders were not injected sequentially because 

this plate was also used for the LIZ comparison study. The two different master mixes were used 

to see if the concentration of the LIZ 500 made any difference in migration of the 250 bp peak. 
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For the second study, Allelic Ladder 1 and Amplification Positive Precision Study, a master mix 

was prepared for the genetic analyzer run which contained 8.9µL Hi-Di formamide with 0.1µL 

LIZ 600 v2.0, per sample. 1µL of allelic ladder was added to wells A01-H03 and A07-H09 along 

with the prepared master mix. Amplification positive was added to wells A04-H06 and A10-H12 

along with the prepared master mix. Two injections of twenty-four ladders or amp positive were 

injected, one in each capillary.  

 

For the third study, Allelic Ladder 2 Precision Study, a master mix was prepared which 

contained 8.8µL Hi-Di formamide with 0.2µL LIZ 600 v2.0, per sample. One microliter of 

Identifiler® Direct allelic ladder was added to wells A01-H03, 1µL of Identifiler® Direct Ladder 

diluted 1:2 with formamide (0.5µL) was added to wells A04-H06, and 1µL of Identifiler® ladder 

was added to wells A07-H09 along with the prepared master mix.  

 

The size standards were checked, for all studies, with the size match editor and all samples were 

checked to ensure proper allele calling. Extraneous “OL Alleles” and other artifacts were noted 

and removed. A 15% filter was utilized when analyzing the data. The results obtained were 

imported into an excel sheet. For the allelic ladder and amplification positive precision studies, 

the average and standard deviation of each allele and locus were calculated and reported. For the 

250 bp precision study; the average size, standard deviation of size, maximum size, minimum 

size, and maximum/minimum difference in size were calculated and reported.   
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Contamination 

For the contamination study, a checkerboard pattern of blanks and extraction positive samples 

were set up in a tray to determine if contamination would occur across sample wells when setting 

up a plate or in the same capillary in multiple, sequential injections. The JanusTM automated 

workstation was used to set up the amplification and capillary electrophoresis plates. The master 

mixes for each were created manually before and placed into the designated slots. The tray was 

amplified on a GeneAmp® PCR System 9700 thermal cycler. See Appendix II: Amplification 

Procedure.  After amplification, a master mix was prepared for the genetic analyzer run which 

contained 8.9µL Hi-Di formamide with 0.1µL LIZ 600 v2.0, per sample. One microliter of the 

appropriate controls and ladders were added. 

 

The size standards were checked with the size match editor and all samples were checked to 

ensure proper allele calling. The negative samples were evaluated for peaks near or above the 

baseline to determine if it was contamination. 

 

Concordance and Reproducibility 

For the concordance and reproducibility studies, 8 saliva and 37 blood FTA® cards, that were 

previously analyzed by the 3130xl using Identifiler® Direct, were punched (1 punch, 1.2mm) 

using the BSD600® Duet Series II Semi-automated Punch System, into a 96 well plate in the 

assigned well. The JanusTM automated workstation was used to set up the amplification and 

capillary electrophoresis plates. The master mixes for each were created manually before and 

placed into the designated slots. The tray was amplified on a GeneAmp® PCR System 9700 

thermal cycler. See Appendix II: Amplification Procedure. After amplification, a master mix was 
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prepared for the genetic analyzer run which contained 8.9µL Hi-Di formamide with 0.1µL LIZ 

600 v2.0, per sample. The appropriate controls and ladders were added. The first plate was set up 

and ran on the 3500xL genetic analyzer on July 11 and then re-setup and re-injected on July 12, 

July 15, July 16, and July 17. The run completed on July 15 was the plate used for the 

Concordance study. 

 

The size standards were checked with the size match editor and all samples were checked to 

ensure proper allele calling. Extraneous “OL Alleles” and artifacts were noted and removed. A 

comparison of the genotypes for each of the samples was completed. Non-concordant results 

were flagged. The reproducibility results were imported into an excel sheet and sample peak 

heights and allele call consistency was compared. An assessment of reproducibility of base pair 

sizes was completed in the LIZ comparison study. A 15% filter was utilized when analyzing the 

data. 

 

Stutter 

For the stutter study, 3307 alleles from samples in the reproducibility and sensitivity studies were 

evaluated for stutter. They were analyzed with no filter so all stutter would be called. Taking the 

stutter peak height and dividing it by the allele peak height that it corresponds with calculated the 

stutter ratio for each allele. 

The size standards were checked with the size match editor and all samples were checked to 

ensure proper allele calling. Data from the studies was imported into excel. Average, standard 

deviation, minimum and maximum peak height ratios were calculated for each marker in each 



Page 17 of 76 

locus. The average and standard deviation was entered into the equation shown in Figure 3 to 

determine the threshold for marker specific stutter. 

 

Figure 3: Marker Specific Stutter Threshold equation 

 

Heterozygous Balance 

For the heterozygote balance study, samples from the reproducibility studies were evaluated and 

analyzed. Taking the smaller allele peak and dividing it by the taller allele peak height calculated 

the peak height ratio  

 

The size standards were checked with the size match editor and all samples were checked to 

ensure proper allele calling. Data from the three studies were imported into excel. Average, 

minimum, maximum and peak height ratios were calculated for each marker in each locus. A 

15% filter was utilized when analyzing the data. 

 

The data for all studies were analyzed using GeneMapper® ID-X v1.3 with the Validation 

analysis method, with the exception of the analytical threshold study. See all analysis parameters 

in Appendix I: Analysis Methods, see amplification parameters in Appendix II: Amplification 

Parameters, and see expected cost in Appendix IV: Cost of Supplies and Reagents for 3500xL. 
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Results 

LIZ comparison 

Allele sizing variation across alleles and across loci is reduced when using GeneScan™ LIZ 600 

Size Standard v2.0 compared to LIZ 500 at 0.3µL, as is illustrated in Figures 4- 35. When 

comparing the data obtained from just the 3500xL, overall the majority of the LIZ 600 v2.0 gave 

equal or more consistent base pair sizing than samples with LIZ 500. Exceptions are outlined in 

red in Figures 26 and 31; at the alleles that were exceptions there is minor differences between 

the LIZ 500 and LIZ 600 v2.0. 

 
Figure 4: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D8 on the 3130xl 

 
 
Figure 5: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D21 on the 3130xl 
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Figure 6: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D7 on the 3130xl 

 
 
Figure 7: Comparison of allele base pair size between LIZ 500 & LIZ 600 at CSF1PO on the 3130xl 

 
 
Figure 8: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D3 on the 3130xl 

 
 
Figure 9: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at TH01 on the 3130xl 
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Figure 10: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D13 on the 3130xl 

 
 
Figure 11: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D16 on the 3130xl 

 
 
Figure 12: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D2 on the 3130xl 

 
 
Figure 13: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D19 on the 3130xl 
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Figure 14: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at vWA on the 3130xl 

 
 
Figure 15: Comparison of allele base pair size between LIZ 500 & LIZ 600 at TPOX on the 3130xl 

 
 
Figure 16: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D18 on the 3130xl 

 
 
Figure 17: Comparison of allele base pair size between LIZ 500 & LIZ 600 at AMEL on the 3130xl 
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Figure 18: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D5 on the 3130xl 

 
 
Figure 19: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at FGA on the 3130xl 

 
 
Figure 20: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D8 on the 3500xl 

 
 
Figure 21: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D21 on the 3500xl 
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Figure 22: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D7 on the 3500xl 

 
 
Figure 23: Comparison of allele base pair size between LIZ 500 & LIZ 600 at CSF1PO on the 3500xl 

 
 
Figure 24: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D3 on the 3500xl 

 
 
Figure 25: Comparison of allele base pair size between LIZ 500 & LIZ 600 at TH01 on the 3500xl 
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Figure 26: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D13 on the 3500xl 

 
  
Figure 27: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D16 on the 3500xl 

 
 
Figure 28: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D2 on the 3500xl 

 
 
Figure 29: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D19 on the 3500xl 
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Figure 30: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D3 on the 3500xl 

 
 
Figure 31: Comparison of allele base pair size between LIZ 500 & LIZ 600 at TPOX on the 3500xl 

 
 
Figure 32: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D18 on the 3500xl 

 
 
Figure 33: Comparison of allele base pair size between LIZ 500 & LIZ 600 at AMEL on the 3500xl 
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Figure 34: Comparison of allele base pair size variation between LIZ 500 & LIZ 600 at D5 on the 3500xl 

 
 
 Figure 35: Comparison of allele base pair size between LIZ 500 & LIZ 600 at FGA on the 3500xl 

 
 
The average standard deviation for each locus on the 3500xl using 0.3µL is displayed in Figure 
36. 
 
Figure 36: Average standard deviation for each locus on the 3500xl 
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LIZ Optimization 
The peak heights of the size standard peaks consistently increased as the concentration of size 

standard was increased without an effect on the samples or ladder peak heights, which is to be 

expected. The average and minimum peak heights are shown in Table 2. Pull up was created in 

the 0.3 µL and 0.5 µL size standard concentration but not in the 0.1 µL. Samples analyzed for 

each concentration were two amp positives, two amp negatives, one extraction positive, two 

ladders, and one run negative. 

Table 2: Size standard calling peaks only 
*One sample was eliminated from analysis due to bad injection and lowering of average peak heights 
 
Injection Time 
All injection times produced full profiles in concentrations of 5.0ng/µL – 0.31ng/µL, Dropout 

below the given threshold began to occur at 0.15ng at each injection time. Graphs of each 

concentration and injection time are shown in Figures 37 - 42. The average peak height, peak 

height standard deviation, max and min for each injection time can be seen in Tables 8 - 11 in the 

Sensitivity Study Section. 

 

 

 

 

 

 

 Average Peak Height in RFU Minimum Peak Height 
Size Standard concentration Samples Ladders All (sample and ladders) All 
0.1µL Janus 373 676 449 113 

Hand 916 652 850 155 
0.3µL Janus 1729 2318 1876 694 

Hand * 3350 1867 2954 457 
0.5µL Janus 3755 3368 3658 689 

Hand 4788 3436 4450 751 
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Figure 37: 5ng at 12, 18, 24, and 30 second injection times 

 
 
Figure 38: 2.5ng at 12, 18, 24, and 30 second injection times 
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Figure 39: 2ng at 12, 18, 24, and 30 second injection times  

 
 
Figure 40: 1.25ng at 12, 18, 24, and 30 second injection times  
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Figure 41: 0.62ng at 12, 18, 24, and 30 second injection times  

 
 
Figure 42: 0.31ng at 12, 18, 24, and 30 second injection times 
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Analytical Threshold 
The analytical threshold was calculated by methods 1 and 2 for each of the injection times. 

Average, standard deviation, maximum, and minimum peak heights for each dye color (in 

relative fluorescence units), along with the calculated analytical threshold (RFU) can be seen in 

Tables 3 - 6.  

 Blue All 12 sec 18 sec 24 sec 30 sec 
Average  8.42 7.52 7.70 8.76 9.44 
Standard Deviation 4.87 3.48 3.70 5.06 6.11 
Maximum 46 29 38 42 46 
Minimum 5 5 5 5 5 
            
AT= 2(Ymax-Ymin) 92 58 76 84 92 
AT= Avg+3(std) 23.02 17.97 18.81 23.94 27.77 

Table 3: Blue dye channel results 
 
 Green All 12 sec 18 sec 24 sec 30 sec 
Average 14.46 14.15 14.01 14.35 15.37 
Standard Deviation 6.23 5.13 5.36 6.07 7.99 
Maximum 61 52 57 49 61 
Minimum 5 5 5 5 5 
            
AT= 2(Ymax-Ymin) 122 104 114 98 122 
AT= Avg+3(std) 33.15 29.55 30.09 32.55 39.35 

Table 4: Green dye channel results 
 
 Yellow All 12 sec 18 sec 24 sec 30 sec 
Average 25.87 25.21 25.59 25.74 26.88 
Standard Deviation 9.61 7.58 9.13 9.81 11.35 
Maximum 88 81 80 88 88 
Minimum 8 9 11 9 8 
            
AT= 2(Ymax-Ymin) 160 144 138 158 160 
AT= Avg+3(std) 54.72 47.95 52.98 55.16 60.93 

Table 5: Yellow dye channel results 
 
 
 
 
 
 



Page 32 of 76 

 Red All 12 sec 18 sec 24 sec 30 sec 
Average 31.09 30.28 30.85 31.22 31.99 
Standard Deviation 10.41 9.29 9.33 10.92 11.76 
Maximum 91 89 89 87 91 
Minimum 7 11 7 9 10 
            
AT= 2(Ymax-Ymin) 168 156 164 156 162 
AT= Avg+3(std) 62.31 58.14 58.86 63.99 67.27 

Table 6: Red dye channel results 
 
Sensitivity 
In both sensitivity studies, full profiles were obtained at quantities of 5.0ng– 0.31ng, and dropout 

began to occur at 0.15ng below the given threshold at each injection time. 

Sister allele peak height imbalance (<50%) is shown in Table 7 for the first sensitivity study and 

in Table 16 for the second study. The average peak height, peak height standard deviation, 

maximum, minimum, and combined peak height average for each injection time in the first study 

can be seen in Table 8-11 and in the second study Table 12-15. RFU levels were lower than 

expected for the sensitivity study so they were ran again to see if the RFU levels would be 

consistent with the first sensitivity studies. Also, when blood samples were ran they were 

extremely high compared to the first study so that was another reason the second study was 

conducted. 

 
Locus Sample Concentration Injection Time 

D2S1338 14-1 0.15ng 18, 24, 30 sec 
D7S820 14-3 0.31ng All 

D13S317 14-1 0.15ng 24 sec 
D16S539 14-1 0.15ng 24 sec 

Table 7: Sister Allele Peak Height Imbalance (<50%) for Sensitivity Study 1 
. 
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Table 8: 12-second injection time for Sensitivity Study 1 
 

 
Table 9: 18-second injection time for Sensitivity Study 1 
 

 
Table 10: 24-second injection time for Sensitivity Study 1 
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Table 11: 30-second injection time for Sensitivity Study 1 
 

 
Table 12: 12-second injection time for Sensitivity Study 2 
 

 
Table 13: 18-second injection time for Sensitivity Study 2 
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Table 14: 24-second injection time for Sensitivity Study 2 
 

 
Table 15: 30-second injection time for Sensitivity Study 2 
 

Locus Sample Concentration Injection Time 
CSF1PO 14-1 B 0.31ng 18, 24, 30 sec 

TH01 14-1 B 0.15ng 24 and 30 sec 
D19S433 14-1 B 0.15ng 24 and 30 sec 

Table 16: Sister Allele Peak Height Imbalance (<50%) for Sensitivity Study 2 
 
Precision 
The migration of the 250 bp peak can be seen in Table 17 & 18. The average of both 0.3µL and 

0.5µL LIZ 500 was 248.42 and the standard deviation was 0.11 bp. Precision for each locus and 

each dye channel can be seen in Table 19 & 20 (AMP + and ladder 1 study), and Table 21 & 22 

(allelic ladder 2 study). 

 

 



Page 36 of 76 

250bp Migration Study 

      
 Table 17: LIZ 500- 0.3µL: 250 bp peak migration         Table 18: LIZ 500- 0.5µL: 250 bp peak migration 
 
Allelic Ladder 1 and Amplification Positive Precision Study 
Loci STD 
D8 0.04516 
D21 0.049143 
D7 0.052969 
CSF1PO 0.063036 
D3 0.036455 
TH01 0.046782 
D13 0.053622 
D16 0.059618 
D2 0.057762 
D19 0.045037 
vWA 0.044444 
TPOX 0.058658 
D18 0.048577 
AMEL 0.041209 
D5 0.040407 
FGA 0.052009 

Table 19: Standard deviation at each locus Table 20: Average Standard deviation for each dye 
 
 
 
 
 
 
 
 
 

  Average std 
Blue channel 0.054385  
Green channel 0.050539  
Yellow channel 0.047825  
Red channel 0.046409  
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Allelic Ladder 2 Precision Study 
 Average standard deviation 
 1µL IDD 0.5µL IDD 1µL ID 
D8 0.0352 0.0389 0.0383 
D21 0.0406 0.0412 0.0404 
D7 0.0406 0.0406 0.0413 
CSF1PO 0.0508 0.0451 0.0444 
D3 0.0366 0.0348 0.0358 
TH01 0.0353 0.0412 0.0424 
D13 0.0449 0.0434 0.0359 
D16 0.0416 0.0449 0.0398 
D2 0.0436 0.0494 0.0403 
D19 0.0406 0.0410 0.0391 
vWA 0.0377 0.0403 0.0406 
TPOX 0.0478 0.0389 0.0415 
D18 0.0436 0.0441 0.0382 
AMEL 0.0353 0.0343 0.0454 
D5 0.0360 0.0392 0.0394 
FGA 0.0423 0.0404 0.0406 

Table 21: Standard deviation at each locus           Table 22: Avg Standard dev for each dye channel 
  

Contamination 

There was no contamination seen between the samples and blanks when the plate was setup by 

hand. The first plate did not contain all samples when setup by the JanusTM so therefore that plate 

was not used for this study. 

 

Concordance 

Table 23 shows the previously analyzed profiles from the 3130xL that were compared to the 

samples ran on the 3500xL. The samples that could be visualized were concordant with these 

samples’ profiles. 

 

 Average standard deviation 
  1µL IDD 0.5µL IDD 1µL ID 
Blue channel 0.0412 0.0413 0.0408 
Green channel 0.0406 0.0435 0.0392 
Yellow channel 0.0420 0.0418 0.0394 
Red channel 0.0404 0.0398 0.0405 
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Table 23: 3130xl Sample Profiles 
 
Reproducibility 

The heights of each peak, as well as the average peak heights for each peak were recorded 

(Tables 24-63).  The minimum and maximum peak heights were determined per injection and 

across all injections. Sample 27 had dropout occur at D7S820 and D13S317 for both alleles and 

it highlighted in yellow in Table 46. 

 



Page 39 of 76 

 
Table 24: Amp Positive (9947A) 
 

 
Table 25: Sample 1 allele calls and peak heights 
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Table 26: Sample 2 allele calls and peak heights 
 

 
Table 27: Sample 3 allele calls and peak heights 
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Table 28: Sample 4 allele calls and peak heights 
 

 
Table 29: Sample 6 allele calls and peak heights 
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Table 30: Sample 7 allele calls and peak heights 
 

 
Table 31: Sample 8 allele calls and peak heights 
 



Page 43 of 76 

 
Table 32: Sample 9 allele calls and peak heights 
 

 
Table 33: Sample 10 allele calls and peak heights 
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Table 34: Sample 11 allele calls and peak heights 
 

 
Table 35: Sample 12 allele calls and peak heights 
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Table 36: Sample 13 allele calls and peak heights 
 

 
Table 37: Sample 14 allele calls and peak heights 
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Table 38: Sample 15 allele calls and peak heights 
 

 
Table 39: Sample 16 allele calls and peak heights 
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Table 40: Sample 18 allele calls and peak heights 
 

 
Table 41: Sample 21 allele calls and peak heights 
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Table 42: Sample 23 allele calls and peak heights 
 

 
Table 43: Sample 24 allele calls and peak heights 
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Table 44: Sample 25 allele calls and peak heights 
 

 
Table 45: Sample 26 allele calls and peak heights 
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Table 46: Sample 27 allele calls and peak heights 
*Yellow indicates dropout 
 

 
Table 47: Sample 28 allele calls and peak heights 
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Table 48: Sample 29 allele calls and peak heights 
 

 
Table 49: Sample 30 allele calls and peak heights 
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Table 50: Sample 31 allele calls and peak heights 
 

 
Table 51: Sample 32 allele calls and peak heights 
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Table 52: Sample 33 allele calls and peak heights 
 

 
Table 53: Sample 34 allele calls and peak heights 
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Table 54: Sample 35 allele calls and peak heights 
 

 
Table 55: Sample 36 allele calls and peak heights 
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Table 56: Sample 37 allele calls and peak heights 
 

 
Table 57: Sample 1S (38) allele calls and peak heights 
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Table 58: Sample 2S (39) allele calls and peak heights 
 

 
Table 59: Sample 3S (40) allele calls and peak heights 
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Table 60: Sample 4S (41) allele calls and peak heights 
 

 
Table 61: Sample 6S (43) allele calls and peak heights 
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Table 62: Sample 7S (44) allele calls and peak heights 
 

 
Table 63: Sample 8S (45) allele calls and peak heights 
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Stutter 

From the samples that were analyzed in this study, the calculated n-4 stutter ratios for each locus 

and Applied Biosystems® marker specific stutter ratios are displayed in Table 64. Comparison 

between the manufacture and calculated stutter percentages plus three standard deviations can be 

seen in Figure 43. Fifteen percent filter line is bolded. 

 
  Data Points Average Min Max S.D. (+3) S.D. ABI Stutter ratios 
D8S1179 253 6.69% 3.28% 11.63% 1.48% 11.13% 9.54% 
D21S11 240 7.30% 5.12% 10.40% 1.03% 10.40% 10.42% 
D7S820 175 4.50% 2.20% 6.99% 1.23% 8.19% 8.60% 
CSF1PO 176 5.58% 3.85% 9.60% 1.11% 8.90% 8.48% 
D3S1358 209 8.26% 5.20% 12.71% 1.56% 12.96% 11.45% 
TH01 186 1.92% 1.01% 3.60% 0.74% 4.14% 4.76% 
D13S317 198 4.83% 1.64% 8.47% 1.44% 9.14% 9.39% 
D16S539 220 5.91% 2.38% 12.15% 1.78% 11.26% 9.42% 
D2S1338 283 8.32% 5.43% 12.37% 1.72% 13.48% 11.77% 
D19S433 234 7.32% 3.53% 15.54% 1.47% 11.72% 11.15% 
vWA 225 7.21% 2.52% 11.70% 1.69% 12.29% 11.99% 
TPOX 200 2.89% 0.93% 5.60% 0.99% 5.87% 5.27% 
D18S51 258 7.82% 3.97% 14.20% 1.93% 13.62% 12.89% 
D5S818 228 6.34% 2.88% 11.20% 1.54% 10.95% 9.89% 
FGA 222 6.88% 3.80% 15.79% 2.05% 13.05% 11.62% 

Table 64: MSP calculated n-4 stutter ratios compared to Applied Biosystems® stutter ratios 
 

 
Figure 43: MSP calculated stutter ratios compared to Applied Biosystems’® 
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Heterozygote Balance 
All sister allele peak height ratios were calculated for each sample in the reproducibility studies 

then averaged together. The average peak height ratios are shown in Table 65. Sample 27 

showed dropout and irregular peak height imbalance, therefore highlighted in yellow in Table 

65. MSPFTC’s peak height ratio threshold is 50% for reference samples. Based on this study 

MSPFTC will continue to use this threshold. 

 
Sample Average PHR  Sample Average PHR 
9947A 91.4%  23 91.6% 

1 91.8%  24 93.4% 
2 94.6%  25 94.7% 
3 94.2%  26 94.0% 
4 92.4%  27 79.8%  
5 -  28 91.4% 
6 92.0%  29 92.7% 
7 93.6%  30 90.2% 
8 89.5%  31 92.8% 
9 92.3%  32 94.8% 
10 93.8%  33 90.7% 
11 92.2%  34 88.9%  
12 91.7%  35 93.4% 
13 94.8%  36 95.6% 
14 93.1%  37 92.7% 
15 93.6%  1S 91.2% 
16 90.2%  2S 88.8%  
17 -  3S 93.3% 
18 90.2%  4S 93.1% 
19 -  5S - 
20 -  6S 95.5% 
21 93.4%  7S 89.4%  
22 -  8S 88.8%  

Table 65: Average Peak Height Ratios for Reproducibility Study 
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Discussion 

LIZ Comparison 

Allele migration for most of the loci in this study, with the exception of D7S820, D16S539, 

D19S433, and TH01, produced concordant results between the 3130xL and the 3500xL. D7S820 

and D16S539 showed lower standard deviation on the 3130xL for LIZ 600 v2.0 but were 

consistent on the 3500xL whereas TH01 and D19S433 had lower standard deviation on the 

3500xL for LIZ 600 v2.0 but were consistent the 3130xL. As is illustrated in Figures 4- 35, allele 

sizing variation across alleles and across loci is reduced when using GeneScan™ LIZ 600 v2.0 

Size Standard. 

 

When comparing the data obtained from just the 3500xL, all of the loci, with the exception of 

D13S317 and TPOX, showed that LIZ 600 v2.0 gave equal or more consistent base pair sizing 

than samples with LIZ 500. Exceptions are outlined in red in Figures 26 and 31. 

 

Overall, LIZ 600 v2.0 gave equal or more consistent base pair sizing at each allele in each locus 

than LIZ 500 on the 3500xL. Concordance was obtained between the two different genetic 

analyzers. 

 

The average standard deviation for each locus on the 3500xl is displayed in Figure 36. Both size 

standards showed high precision (less than 0.15 bp standard deviation) on both instruments but 

LIZ 600 v2.0 had improved precision overall. 
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LIZ Optimization 

When determining the amount of LIZ that would be used in the master mix, two things must be 

considered: pull up in the negative controls and peak heights of the size standard. The 0.1µL did 

not show any pull up from the size standard but the two other concentrations created pull up in 

the blue dye.  

 

The size standard peak heights consistently increased as the concentration of size standard was 

increased without an effect on the samples or ladder peak heights, which is to be expected. The 

average and minimum peak heights are shown in Table 2.  On average, the plate processed by 

hand showed similar but slightly higher RFU values.  

 

Based on this information the optimal amount of LIZ 600 v2.0 size standard was concluded to be 

0.1µL. This concentration gave consistent base pair sizing at each allele in each locus and no 

extraneous peaks or artifacts, such as pull up, were called in any of the other dyes with a 

threshold of 50RFU. After completing the reproducibility study with actual blood and saliva card 

samples, the LIZ 600 v2.0 concentration was increased to 0.2µL to overcome pull up peaks, 

which were created by the intense allele peaks, in the size standard that was causing improper 

sizing of the size standard peaks.  

 

Injection Time 

All injection times produced full profiles in tested quantities of 5.0ng – 0.31ng dropout began to 

occur at 0.15ng below the given threshold at each injection time. The average peak height, peak 

height standard deviation, maximum and minimum for each injection time can be seen in Tables 
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8 - 11 in the Sensitivity Study Section. All the injection times showed acceptable peak height 

values therefore, the injection time was determined to stay as the manufacturers recommended 

injection of 1.2 kilovolts for 24 seconds. No artifacts were called in any of the injection times; all 

were under the 15% filter. Graphs of each concentration and injection time are shown in Figures 

37 - 42.  

 

Analytical Threshold 

The analytical threshold was calculated by methods 1 and 2 for each of the injection times. 

Average, standard deviation, maximum, and minimum peak heights for each dye color in relative 

fluorescence units (RFU), along with the analytical threshold (RFU), calculated can be seen in 

Tables 3 - 6.  

 

Method 2, which was recommended by IUPAC, was used to determine the appropriate analytical 

threshold for each injection time because MSPFTC has used this for all of their other validations 

and wanted to continue to use this method. The highest values from this method came from the 

red dye channel because it had the most baseline noise. All dye channel thresholds were chosen 

by rounding up (in increments of 5) from the red dye channel.  Analytical thresholds were set to 

60 RFU for 12 and 18 seconds, 65 RFU for 24 seconds, and 70 RFU for 30 seconds.  

 

Sensitivity 

In both sensitivity studies, full profiles were obtained in tested quantities of 5.0ng – 0.31ng and 

dropout began to occur at 0.15ng below the given threshold at each injection time (see analytical 

threshold results for threshold determined at each injection time). Two exceptions occurred, one 
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in each sensitivity study, but for the same sample and injection time. One allele dropped out in 

0.31ng at a 12 seconds injection time; in the first sensitivity study it was in 14-1 and in the 

second sensitivity study it was in 14-1 B. Samples had relatively good peak heights and no off 

scale peaks. 

 

Sister allele peak height imbalance (<50%) is shown in Table 7 for the first sensitivity study and 

in Table 16 for the second study. The average peak height, peak height standard deviation, 

maximum, minimum, and combined peak height average for each injection time in the first study 

can be seen in Table 8-11 and in the second study Table 12-15. 

 

Overall, full profiles could be obtained within the range of 5ng - 0.31ng without dropout 

occurring or off scale peaks with the exception of one allele dropping out in the 12-second 

injection time. Heterozygote peak imbalance occurred at 0.31ng and 0.15ng. Dropout occurred 

consistently at 0.15ng and below. 

 

The second sensitivity study showed evidence that the 5ng and 2.5ng concentrations were 

switched in samples 14-1 and 14-2, so the data was placed into the table correctly. Sample 14-1 

and 14-2 at concentration 2ng was switched and this was determined based on the genotypes so 

these were also placed in the results table correctly. 

 

Precision 

Precision for each locus and each dye channel can be seen in Table 19 & 20 (AMP + and ladder 

1 study), and Table 21 & 22 (allelic ladder 2 study).  For the allelic ladder 1 study, 26 ladder and 
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3 amplification positive samples failed because the JanusTM failed to place the sample into the 

well on the CE plate therefore allelic ladder 2 precision study was conducted. The ladder plate 2 

was set up by hand so the sample was insured to be in the well. All ladders passed on this study. 

All the precision studies at all loci, alleles, and dye channels had a standard deviation lower than 

the recommended 0.15bp. 

 

Contamination 

The contamination study plate was set up by the JanusTM and 15 samples out of 24 (7 amp 

negatives and 8 extraction positives) were not pipetted into the CE tray from the amplification 

tray. No contamination was observed in the samples that were injected but this plate was re-setup 

by hand to insure each sample was placed in the intended well. The amplification negative 

samples that were in the checkerboard pattern with the extraction positive samples did not show 

any contamination for the plate set up by hand. 

 

Concordance and Reproducibility 

Samples 5, 17, 19, 20, 22, and 5S failed each injection and no profile was shown in 

Genemapper® ID-X v 1.3. Select samples (3, 4, 9, 12, 18, 21, 34, and 8S) were re-setup and ran 

with a higher concentration of LIZ to counteract the oversaturation pull up peaks from the 

samples that were causing the LIZ to size incorrectly. The master mix for plates ran on July 15, 

16, and 17 contained 8.8µL Hi-Di formamide with 0.2µL ILS 600, per sample. 

 

For the reproducibility study, each sample that passed, a table was made showing the concordant 

profiles from each injection that matched the known profile on file.  The heights of each peak as 
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well as the average peak heights for each peak were recorded (Tables 24-63).  The minimum and 

maximum peak heights were determined per injection and across all injections.  

 

For the concordance study, sample 11 had dropout at FGA for one allele. All other samples were 

concordant with the expected genotypes as previously determined on the 3130xL. See Table 23 

for previously analyzed profiles from the 3130xL. A plate was run on the 3130xL with the same 

samples and oversaturation was also seen on this plate causing the LIZ to fail stating no sizing 

data.  

 

For both the concordance and reproducibility studies, sample 27 had dropout occur at D7S820 

and D13S317 for both alleles and is highlighted in yellow in Table 46. Sample 27 also showed 

irregular peak heights between loci and imbalance between alleles; this could be due to being a 

fatal blood sample. 

 

Identical and concordant genotypic results were obtained when comparing the 3130xL to the 

3500xL genetic analyzer in 36 out of 45 cases. Due to oversaturation of the CCD camera, the 

LIZ 600 v2.0 was unable to size correctly each time therefore causing the LIZ to fail stating “no 

sizing data”. Not all profiles could be compared due to this issue. Although profiles were not 

generated for these samples, the raw data showed that DNA was amplified and detected by the 

3500xL.  Samples that were reproducibly seen were identical to the expected profiles.  
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All other peak heights were fairly consistent with minimal variability with the exception of the 

injection on July 15 (Reproducibility 3) had consistently lower peak heights. The variances were 

minimal and did not cause concern that dropout was occurring.  

 

Stutter 

From the samples that were analyzed in this study, the calculated n-4 stutter ratios for each locus 

and Applied Biosystems® marker specific stutter ratios are displayed in Table 64. The stutter 

percentages provided from Applied Biosystems® were based on treated paper (FTA® cards) for 

the Identifiler® Direct Amplification kit. These can be found in the AmpFlSTR® Identifiler® 

Direct PCR Amplification Kit User Guide on page 80. Comparison between the manufacturer 

and calculated stutter percentages plus three standard deviations can be seen in Figure 43. Fifteen 

percent filter line is bolded. 

 

The calculated negative stutter values were consistent with the provided Applied Biosystems® 

stutter percentages. Previously MSPFTC set a 15% stutter filter (for reference samples) when 

using Identifiler® Direct Kit on the 3130xL.  This study has shown that a 15% stutter filter for 

reference samples is still appropriate when using the 3500xL.    

 

Heterozygous Balance 

As stated in the reproducibility discussion section, samples 5, 17, 19, 20, 22, and 5S failed each 

injection and no profile was shown in Genemapper® ID-X v 1.3. All other peak height ratios 

were calculated for each sample in the reproducibility studies then averaged together. The 

average peak height ratios are shown in Table 65.  
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Samples 27, 34, 2S, 7S, and 8S were all lower than 90% balance but above the sister allele peak 

height imbalance (<50%). Sample 27 showed dropout and irregular peak height imbalance, 

therefore highlighted in yellow in Table 65. The results obtained showed that all samples 

consistently produced balanced peak height ratios within the expected range for heterozygote 

peaks. The lowest peak imbalance, excluding sample 27, was 88.8%. 

 

Conclusions 

Based on all results obtained from this internal validation, the following settings and parameters 

will be used in the future in Massachusetts State Police Forensic and Technology Center’s DNA 

unit. LIZ 600 v2.0 size standard will be used in the capillary electrophoresis master mix at an 

amount of 0.2µL per sample. Samples will be injected at the manufacturers recommended 

injection of 1.2 kilovolts for 24 seconds. When analyzing the data, an analytical threshold will be 

set to 60 RFU for 12 and 18 second injections, 65 RFU for 24 second injections, and 70 RFU for 

30 second injections. 

 

It was observed, in the sensitivity study, that full profiles could be obtained with 0.31ng of DNA 

and higher with dropout occurring consistently at 0.15ng and below. Heterozygote peak 

imbalance occurred at 0.31ng and 0.15ng. Also, the heterozygote balance study showed that all 

samples consistently produced balanced peak height ratios within the expected range. The lowest 

peak imbalance, excluding sample 27, was 88.8%. 
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All loci, alleles, and dye channels tested in the precision study had less variation than the 

recommended 0.15bp for each study. Contamination did not occur in wells, across sample wells, 

or in wells in a sequential injection using Identifiler® Direct that were run on the 3500xL.   

 

Identical and concordant genotypic results were obtained when comparing the 3130xL to the 

3500xL genetic analyzer in 36 out of 45 cases but due to oversaturation of the CCD camera not 

all profiles could be compared. Although profiles were not generated for these samples, the raw 

data showed that DNA was amplified and detected by the 3500xL. Samples that were 

reproducibly seen were identical to the expected profiles. 

 

The calculated negative stutter values (i.e. n-4 stutter) were consistent with the provided Applied 

Biosystems® stutter percentages. Previously MSPFTC set a 15% stutter filter when using 

Identifiler® Direct Kit on reference samples on the 3130xL. From the evidence provided from 

this validation study and after evaluating more samples, MSPFTC will decide whether to use the 

calculated stutter percentages as a stutter guideline or to continuing to use a 15% filter when 

using the Identifiler® Direct kit for the 3500xL Genetic Analyzer. 

 

Future Needs 

Massachusetts State Police Forensic and Technology Center needs to complete a few more 

studies to further add supporting evidence for this validation. Another sensitivity study should be 

conducted with samples on FTA® cards. This could be conducted by creating different dilutions 

of blood, pipetting those onto the FTA® cards, punching the cards, and continuing the process of 

direct amplification. The signal intensities that we were seeing with our sensitivity studies were 
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drastically lower than the signal intensities observed when blood samples were used in the 

concordance and reproducibility studies. Also, a cycle number study should be conducted 

because of the oversaturation of the CCD camera we were getting with the concordance and 

reproducibility studies. The cycle number for blood card samples may need to decease so 

oversaturation doesn’t affect the LIZ sizing. Another LIZ optimization may need to be conducted 

for the JanusTM if the cycle number changes for blood card samples. More non- probative 

samples should be run to increase the amount of observed alleles for stutter at all loci. This study 

would help MSPFTC to decide if they will use a 15% filter or if they will use the recommended 

stutter percentages that were determined from this validation. 
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Appendices 
Appendix I: Analysis Methods 
Validation: 
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Analytical Threshold: (only showing differences from Validation analysis method) 

 

Stutter: (only showing differences from Validation analysis method) 
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Appendix II: Amplification Parameters 
Initial Incubation 95°C 11 minutes 
Denature 94°C 20 seconds 
Anneal 59°C 2 minutes 
Extension 72°C 1 minute 

**26 cycles of Denature, Anneal, and Extension** 
Final Elongation 60°C 25 minutes 
Hold 4°C Forever 

 
Amplification plate setup master mix recipe: 12.5µl of both Identifiler® Direct master mix and 
primer set. 
 
Appendix III: LIZ size standard comparison 

 
LIZ 500 size standard 
Fragments 35, 50, 75, 100*, 139, 150, 160*, 200*, 250*, 300*, 340*, 350, 400*, 450, 490 and 
500*  

 
LIZ 600 v2.0 size standard 
Fragments 20, 40, 60, 80, 100*, 114, 120, 140, 160*, 180, 200*, 214, 220, 240, 250*, 260, 280, 
300*, 314, 320, 340*, 360, 380, 400*, 414, 420, 440, 460, 480, 500*, 514, 520, 540, 560, 580, 
and 600  
 
* = in both size standards 
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Appendix IV: Cost of Supplies and Reagents for 3500xL 
Product Catalog Number Unit Size Price 
3500xl Genetic Analyzer for Human Identification 4406016 1 system  $183,400.00 
3500xl HID Install Kit 4405777 1 kit $6,804.00 
AB Assurance, 3500xl 1 PM HID ZG11SC3500XLHID 1 $14,637.92 
Genemapper® ID-X Software v1.3 (full upgrade) 4473495 1 CD  $2,575.00 
Genemapper® ID-X Software v1.3 Client Install 
Licenses 4473494 10 licenses  $73,600.00 
3500xl Capillary Array - 36 cm 4404687 1 array  $1,750.00  
DS-33 GeneScanTM Installation Standard 4376911 1 kit  $411.00  
LIZ 600 v2.0 Size Standard 4408399 800 reactions  $405.00  
POP-4  4393710 384 samples  $198.00  
POP-4  4393710 960 samples  $500.00  
Cathode Buffer Containers 4408256 4 pack  $154.00  
Anode Buffer Containers 4393927 4 pack  $112.00  
Cathode Buffer Septa 4410715 10 each  $357.00  
Conditioning Reagent 4393718 1 unit  $27.42  
Identifiler® Direct Kit 4467831 200 tests  $4,040.00 
Identifiler® Direct Kit 4408580 1000 tests  $20,410.00 

  


