
Based on all results obtained from this validation, the following parameters and results will be 
used in the future in Massachusetts State Police Forensic and Technology Center’s DNA unit.

Internal Validation of the Applied Biosystems® 3500xL 
Genetic Analyzer using AmpFlSTR® Identifiler® Direct 

Abstract

Kits and Instrumentation
• Applied Biosystems® 3500xL Genetic Analyzer
• BSD600® Duet Series II Semi-automated Punch System
• JanusTM Automated workstations
• GeneAmp® PCR System 9700
• AmpFlSTR® Identifiler® Direct amplification kit
• GeneScan™ LIZ 500 and LIZ 600 v2.0
• GeneMapper® ID-X  (GMIDX) version 1.3
• Hi-Di Formamide
• Performance Optimized polymer (POP) 4
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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.
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.

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.

LIZ Comparison
• LIZ 600 v2.0 showed a lower, more

consistent standard deviation of allele base
pair size (IDD ladders) than with LIZ 500.

Figure 1: Comparison of LIZ 500 versus 600 v.2.0

LIZ Optimization
• 0.2µL gave consistent base pair sizing at

each allele in each locus and no
extraneous peaks or artifacts were called in
any of the dyes with a threshold of 50 RFU.

Thermal Cycling & Injection Parameters
• 24 seconds/1.2kV on 26 cycles amp

Analytical Threshold
• 65 RFU Threshold for 24 sec injection
• The red dye channel was used because

it had to highest background noise.

Figure 2: Red channel Analytical Threshold results

Sensitivity
• Optimal range: 5.0ng/µL – 0.31ng/µL
• Dropout occurred at 0.15ng of DNA

Figure 3: Sensitivity results at 24 second injection

Stutter
• Calculated negative stutter values were

consistent with the recommended Applied
Biosystems® stutter percentages.

Figure 4: Calculated Stutter results

Contamination
• None occurred in wells, across sample

wells, or in wells in a sequential injection.

Precision
• All loci, alleles, and dye channels tested in

the precision study had less variation than
the recommended 0.15bp for each study.

Figure 5: Standard deviation at each locus

Concordance and Reproducibility
• Identical and concordant genotypic results

were obtained when comparing the 3130xL
to the 3500xL genetic analyzer in 36
samples. Due to oversaturation of the
camera, 9 samples failed analysis.

• Reproducibility of peak heights were
assessed (n=3 injections). On average,
there was a 1.4 fold difference between the
tallest & shortest peaks. Variability tended
to decrease with increased peak height.

Figure 6: Average Peak Height versus CV

Heterozygous Balance
• All samples consistently produced

balanced sister alleles greater than the
expected 70% sister allele balance
minimum.

Figure 7: Heterozygote peak height balance

Based on the results of the studies completed, the 3500xL performed as
expected giving reliable, reproducible, and robust results with Identifiler®

Direct and is thus validated for MSPFTC.
Although this is a fully validated instrument, the completion of these
additional studies would further add supporting evidence to this validation.
Another sensitivity study of blood samples on FTA® card based on direct
amplification. 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. Also, a cycle number study
should be conducted to overcome the camera's oversaturation observed
with the concordance and reproducibility studies. The cycle number for blood
card samples may need to be decreased so oversaturation does not affect
the LIZ sizing. Another LIZ optimization may need to be conducted on the
JanusTM if the cycle number changes for blood card samples in this case.
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