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SUMMARY 
 

 Ample declarations have been established in efforts to enhance forensic science. More 

specifically, a lot of devotion has been exerted on deoxyribonucleic acid (DNA).  With acts such 

as the DNA Backlog Reduction Program, and the DNA Fingerprinting Act and even the DNA 

Identification Act – it is obvious that assistance is continually appraised. Provisions are 

commonplace for forensic DNA analysis; and these amendments can serve as a platform that 

contributes a large majority to the DNA backlog.  The introduction of robotics and automation 

into laboratories has shifted the delay from sample preparation to DNA analysis. With mixture 

interpretation systems becoming more profuse in laboratories, analyst are spending less time at 

the bench and more time where human intervention is desired – areas that are controversial to 

automate, such as the DNA interpretation aspect.  

 ArmedExpert™ is DNA interpretation software that can assist the analyst in a variety of 

ways.  Calculations including peak-height ratios and random match probabilities are simply 

completed in a matter of seconds – hand calculations for peak height ratios across 13 short 

tandem repeat (STR) loci do not even compare. The user-friendly interface is not only 

aesthetically pleasing, but it also allows the freedom to view the data as desired.  Forensic 

laboratories that chose to implement their workflow analysis with ArmedXpert can greatly 

increase their time efficacy and potentially reduce the DNA backlog.  
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1. INTRODUCTION 

1.1 Background 

 Title I Law Enforcement of the Assistance of the Omnibus Crime Control and Safe 

Streets Act of 1968 states: 

 …It is the purpose of this title to (1) encourage States and units of general 

local government to prepare and adopt comprehensive plans based upon their 

evaluation of State and local problems of law enforcement; (2) authorize grants to 

States and units of local government in order to improve and strengthen law 

enforcement; and (3) encourage research and development directed toward the 

improvement of law enforcement and the development of new methods for the 

prevention and reduction of crime and the detection and apprehension of 

criminals. (Pub. L. 90-351) 

The Omnibus Crime Control and Safe Streets Act was amended of late, and such established the 

Paul Coverdell National Forensic Sciences Improvement Act of 2000.  The act strives to improve 

the quality, timeliness, and credibility of forensic science services (PART BB, Sec. 2804). 

Moreover, in regards to deoxyribonucleic acid (DNA) – Part X, Section 2401 decrees the 

Attorney General must provide funds to enhance the capacity of DNA analysis.    

1.2 Statement of the Problem 

DNA evidence prominence has become increasingly apparent over the last few years.  

Public awareness has increased DNA evidence popularity; DNA evidence that convicts a suspect 

of a crime intrigues the public.  Classic examples include the Scott Peterson case as well as O. J. 

Simpson’s trial.  Additionally, the media has exposed a lot of attention centered on convictions 
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from cases involving DNA. The first instance of post-conviction DNA exoneration occurred in 

1989.  

On August 14, 1989, the Cook County Circuit Court in Chicago, Illinois, vacated 

Gary Dotson’s 1979 rape conviction and dismissed the charges.  Mr. Dotson – 

who had spent 10 years in and out of prison and on parole for this conviction – 

was not the first innocent prisoner to be exonerated and released in America.  But 

his case was a breakthrough nonetheless: he was the first who was cleared by 

DNA identification technology. (Gross!et#al.!2005) 

Great efforts have been invested in post-conviction DNA exoneration as demonstrated by The 

Innocence Project affiliated with the Benjamin N. Cardozo School of Law at Yeshiva University.  

Since 1988, The Innocence Project contributed to at least 172 of more than 300 exonerations 

(2013).  DNA typing is a viable method for exonerating potential suspects.  It saves time in 

searching for perpetrators by quickly excluding suspects.  DNA is a powerful element when 

applied and investigated correctly. 

There have been copious declarations to enhance the quality of forensics from the federal 

government since the Omnibus Crime Control Act and the emergence of DNA technology. For 

instance, the 1994 bill – DNA Identification Act, passed by President Clinton identifies the 

authorization of a collection of an index of DNA records and samples from persons convicted 

and/or charged of crimes, analyses of samples collected from crime scenes, unidentified human 

remains and voluntary samples offered from relatives of missing persons stored specifically in 

the National DNA Index System (NDIS) (42 U.S.C. §14132).  After that act, the Crime 

Information Technology Act of 1998 was implemented designating a program for the funding to 

enhance the participation in national databases, extending to Combined DNA Index System 
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(CODIS) (Pub. L. 105-251). CITA allowed for grants for programs relating to the identification 

and analysis of DNA.  According to the FBI, CODIS has by generated more than 234,200 hits 

and aided in more than 224,800 criminal investigations as of January of 2014. President Bush 

issued the DNA Analysis Backlog Elimination Act in 2000; it combines previous Acts and 

claims to provide funding to “States for carrying out DNA analyses for use in the Combined 

DNA Index System of the Federal Bureau of Investigation (FBI), to provide for the collection 

and analysis of DNA samples from certain violent and sexual offenders for use in such system” 

(Pub. L. 106-546).  Then, in 2004, the Justice for All Act was proposed to establish enforceable 

rights for victims of crimes, enhanced DNA collection and analysis efforts, provide for post-

conviction DNA testing, and authorizes grants to improve the quality of representation in state 

capital cases (Pub. L. 108-405). Furthermore, the DNA Fingerprint Act of 2005 allows for more 

regulation with the DNA profiles obtained from those samples of persons arrested under federal 

authority.  This is not a comprehensive list; emphasis is still being placed on DNA analysis and 

amends to pre-existing acts continue to evolve.  

There are numerous agencies available to aid in the reduction of DNA backlogs.  One such 

agency is a branch of the U.S. Department of Justice (DOJ) that is responsible for the research, 

development and evaluation namely, the National Institute of Justice (NIJ).  A platform that NIJ 

specifically offers is the DNA Backlog Reduction Program. Ideally, the program was employed 

to assist the units at both the state and local level to “process, record, screen, and analyze 

forensic DNA and/or DNA database samples, and to increase the capacity of public forensic 

DNA and DNA database laboratories to process more DNA samples, thereby helping to reduce 

the number of forensic DNA and DNA database samples awaiting analysis” (2013).  
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The U.S. DOJ - Office of Justice Programs, Bureau of Justice Statistics (BJS) reports 

bulletins offering findings from a national survey of crime labs conducted periodically. It was 

reported in the Census of Publicly Funded Forensic Crime Laboratories, 2002 that “For every 

five DNA analysis requests completed in 2002, approximately six requests remained outstanding 

at yearend” (Peterson and Hickman 2005).   

According to a congruent census from 2005 by the U.S. DOJ, BJS: 

Information on work performance (the average number of requests an examiner 

completed in 2005) was used to determine which forensic disciplines were most 

understaffed to handle their workload. DNA work needed the largest increase in 

full-time examiners to eliminate the yearend backlog. Based on the average 

performance of a DNA analyst in 2005 (77), laboratories performing DNA 

analysis would have needed an estimated 73% more staff to complete all DNA 

requests in 2005. Biology screening (usually in preparation of DNA analysis) 

represented the next highest need for an increase in full-time analysts (57%)….  

It was recognized that the percent backlog trends by yearend of 2005 were nearly parallel to the 

census conducted in 2002 (Durose 2008).  

 Another examination was conducted by NIJ and reported in 2007 DNA Evidence & 

Offender Analysis Measurement DNA Backlogs, Capacity and Funding. This report suggests 

similar findings as the Census of Publicly Funded Crime Laboratories (CPFFCL) reports from 

2005 data; the difference lying in considering only DNA analysis requests rather than having 

biological screening request and DNA analysis requests separate. With nearly 100% 

representation of labs in the United States, it was found that crime labs “reported an existing 

DNA backlog of 54,000 requests … [Crime labs] reported receiving more than 140,000 new 
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requests and completing more than 124,000 requests … [and crime labs reported] an increase of 

nearly 30% over the initial backlog” (Hurst and Lothridge 2010). 

More recently, a third bulletin from the BJS was published in 2012 pertaining to the backlog 

of 2009. The CPFFCL finds that “[w]hile forensic biology accounted for about a third of all 

requests received during 2009, about three- quarters of the total backlog that year was for these 

types of requests.” The same bulletin also reports “DNA samples collected from convicted 

offenders and arrestees for a database of DNA profiles accounted for the majority of all forensic 

biology requests received in 2009” (Durose, Walsh and Burch 2012).  This contribution to the 

increased DNA backlog is a result of the federal regulation mandate in January of 2009 to the 

DNA Analysis Backlog Elimination Act of 2000. The mandate requires the collection of DNA 

samples of arrested individuals, or those detained and facing charges - in addition to the 

previously standing convicted offenders for qualifying Federal offenses (28 CFR 28.12; 42 

U.S.C. 14135a).  

1.3 Significance of the Problem 

DNA is interdisciplinary; hence, DNA technology is continually being refined and striving to 

advance techniques, analysis and results of DNA research.  The advent of DNA technology 

powers the accelerated advancement of techniques affecting forensic biology/DNA. The authors 

of Making Sense of DNA Backlogs, 2012 - Myths vs. Reality point out the increased productivity 

of lab(s) that utilized automation; the use of robotics instead of manual-labor increased 

efficiency by enabling staff to process more samples via batching as well as utilize associated 

downtime with the instruments for other tasks (Nelson, Chase and DePalma 2013). The 

bottleneck in sample preparation of biological evidence has been rectified by automation. The 

encumbrance has not been alleviated, rather transpired to DNA analysis.   
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Forensic laboratories develop interpretation guidelines for DNA analysis.   Procedure 

manuals, often determined by validation studies, scientific literature and professional experience 

– often outline assessment of data, assessment of a peak, how to interpret a single source profile, 

as well as mixtures, and even extend to final report wording.   A statistical value is often reported 

with an interpretation, when applicable, to give weight to the analytical results. It is encouraged 

to have concise standard operating procedures to eliminate subjectivity in DNA analyses. The 

Scientific Working Group on DNA Analysis Methods (SWGDAM) has generated its second set 

of guidelines in 2010, namely SWGDAM Interpretation Guidelines for Autosomal STR Typing by 

Forensic DNA Testing Laboratories in order to establish a more universal interpretation method 

across analysts in forensic DNA laboratories. This document acknowledges, “[d]ue to the 

multiplicity of forensic sample types and the potential complexity of DNA typing results, it is 

impractical and infeasible to cover every aspect of DNA interpretation by a preset rule” (FBI). 

DNA interpretation can be a complex, time consuming, delicate process - for one incorrect 

analysis can have a deleterious effect on the justice of a case.  

Interpretation of a DNA profile can be multifaceted and many aspects must be considered. 

Number of contributors, analytical thresholds (AT), stochastic thresholds (ST), potential for 

allelic dropout, artifacts such as stutter product, minus A and spikes need to be taken into 

account when evaluating a DNA sample. The tedious hand-calculations of peak height ratios 

(PHr), relative fluorescent unit (RFU) loads, stutter percentages, single source frequency, 

random match probabilities (RMP), likelihood ratios (LR), combined probability of inclusion 

(CPI), and other quantitative values is time consuming. This is particularly relevant when all 13 

core autosomal short tandem repeat (STR) loci have to be taken into account - not to mention the 



!

!

7!

time that will be expended when the core loci requirements are augmented (Butler 2006).  Time 

consumption can be a major contributor to the pandemic DNA backlog.  

1.4 Purpose of the Study 

 The integration of mixture interpretation software into a laboratory is becoming more 

abundant.  Forensic Magazine published an article by Schwandt and Cowan and explains, 

“[e]xpert systems which automate some level of DNA analysis … can alleviate some of the 

bottleneck associated with routine sample analysis” (2008).  The NIJ Expert System Testbed 

(NEST) declares that incorporation of expert systems into a laboratory workflow can help to 

abate the convicted offenders DNA backlog. In an examination of three expert systems, Roby 

affirms that they are “able to rapidly and accurately conduct routine reviews … and can 

significantly reduce the time spent in the human review of DNA profiles” (2008).  There are a 

variety of statistical tools available to help aid the deconvolution of a DNA mixture. To name a 

few include STRmix, i-Cubed™, Lab Retriever, Forensic Statistical Tool (FST), TrueAllele™ 

and, what the subject of this study explores, ArmedXpert™ v3.0.7.997 (hereafter, referred to as 

ArmedXpert). The United States Army Criminal Investigation Laboratory (USACIL) located in 

Atlanta, Georgia, developed DNA_DataAnalysis, an in-house Microsoft Excel based software 

“designed to aid analyst in routine DNA analysis” (Dolph 2009). In 2010, USACIL granted a 

license to NicheVision Forensics, LLC of Akron, Ohio to commercialize the technology (2014).  

 In this study, files generated by GeneMapper®ID v3.2.1 (GMID) (Applied Biosystems, 

Foster City, CA) were converted into files from intermediate software – Open Source, 

Independent Review and Interpretation System v2.2 (OSIRIS) and imported into ArmedXpert. 

The aim of the study was to observe concordant allele calls from DNA samples processed under 

relatively consistent analytical parameters set forth by the Illinois State Police Forensic Science 
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Center at Chicago (ISPFSCC).  Other capabilities of ArmedXpert were also explored; these 

features included match and comparison tool, mixture interpretation tool, as well as a few 

statistical calculations.  

1.5 Significance of the Study  

 Time efficacy can be tremendously increased with the integration of DNA interpretation 

software.  Transcription errors associated with manual calculations can be reduced. Forensic 

DNA crime laboratories can leverage their casework turnover with the assistance of mixture 

tools like ArmedXpert to ultimately reduce the ever-growing backlog.  
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2. METHODS AND MATERIALS 

2.1  Data Received 

 Forensic Science trainees from ISPFSCC supplied the study with 204 samples (n=204). 

Known samples were created containing single source profiles and two and/or three person 

contributor mixtures. In total, 114 were standards and 90 were unknowns. Of those 90 unknown 

samples, 5 samples did not detect DNA, 41 samples were single source and 44 samples were 

mixtures. In the 44 samples determined to be mixtures, 34 samples consisted of at least two 

contributors, and 10 samples were found to have consisted of at least three contributors. Refer to 

TABLE I for a detailed depiction of samples received for this study according to analysts’ 

conclusions using GMID.  Column headings refer to each analyst, separated by case numbers, 

followed by type of sample, the type of unknown sample, the number of contributors and 

fraction of the differential extraction that was present.  

 Extraction of the samples occurred by both organic phenol-chloroform isoamyl alcohol 

(25:24:1) as well as DNA IQ® System (Promega, Madison, WI).  Quantitation was completed 

with Quantifiler® Duo DNA Quantification Kit (ABI) using 7500 Real-Time PCR System 

(ABI).  Amplification of the DNA samples was accomplished with the AmpFLSTR® 

Identifiler®Plus PCR Amplification Kit (ABI) and GeneAmp® PCR System 9700 (ABI). 

Fragment separation was conducted on an Applied Biosystems 3130 Genetic Analyzer platform 

and data analysis was performed in GeneMapper®ID™ ID Version 3.2.1. Laboratory standard 

operating procedures were followed for all kits used.  
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TABLE I SAMPLES RECEIVED DETAILS 
 

Analyst Case # Standards Unknowns Not 
Detected 

Single 
Source Mixture ≤2 

Persons 
≤3 

Persons F1 F2 F3  

DLK Z13_49 2 1 
 

1 0 
 

  
  

  
WG Z13_49 2 1 

 
1 0 

 
  

  
  

KH Z13_49 2 1 
 

1 0 
 

  
  

  
JAC Z13_49 2 1 

 
1 0 

 
  

  
  

                        
DLK Z13_50 2 1 

 
0 1 1   

  
  

WG Z13_50 2 1 
 

0 1 1   
  

  
KH Z13_50 2 1 

 
0 1 1   

  
  

JAC Z13_50 2 1 
 

0 1 1   
  

  
                        
DLK Z13_51 2 2 

 
2 0 

 
  

  
  

WG Z13_51 2 2 
 

2 0 
 

  
  

  
KH Z13_51 2 2 

 
2 0 

 
  

  
  

JAC Z13_51 2 2 
 

2 0 
 

  
  

  
                        
DLK Z13_52 2 2 

 
1 1 1   

  
  

WG Z13_52 2 2 
 

1 1 
 

1 
  

  
KH Z13_52 2 2 

 
2 0 

 
  

  
  

JAC Z13_52 2 2 
 

1 1 1   
  

  
                        
DLK Z13_55 3 2 

 
0 2 1 1 1 1   

WG Z13_55 3 2 
 

0 2 2   1 1   
KH Z13_55 3 2 

 
0 2 1 1 1 1   

JAC Z13_55 3 2   0 2 2   1 1   
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TABLE I SAMPLES RECEIVED DETAILS (CONTINUED) 
 

Analyst Case # Standards Unknowns Not 
Detected 

Single 
Source Mixture ≤2 

Persons 
≤3 

Persons F1 F2 F3  

DLK Z13_56 3 3 
 

1 2 2   1 1 1 
WG Z13_56 3 3 

 
2 1 1   1 1 1 

KH Z13_56 3 3 
 

3 0 
 

  1 1 1 
JAC Z13_56 3 3 

 
1 2 2   1 1 1 

                        
DLK Z13_57 1 2 

 
1 1 1   1 1   

WG Z13_57 1 2 
 

1 1 1   1 1   
KH Z13_57 1 2 

 
0 2 2   1 1   

JAC Z13_57 1 2 
 

1 1 1   1 1   
                        
DLK Z13_60 5 5 

 
2 3 2 1 2 2 1 

WG Z13_60 5 5 
 

2 3 1 2 2 2 1 
KH Z13_60 5 6 1 2 3 2 1 2 2 2 
JAC Z13_60 5 6 1 1 4 2 2 2 2 2 
                        
WG Z13_61 8 1 

 
0 1 1   

  
  

KH Z13_61 8 2 1 0 1 1   
  

  
JAC Z13_61 8 2 1 0 1 

 
1 

  
  

                        
DLK Z13_63 3 3 

 
2 1 1   

  
  

WG Z13_63 3 3 
 

2 1 1   
  

  
KH Z13_63 3 3 1 1 1 1   

  
  

JAC Z13_63 3 3   2 1 1         
Column Total 114 90 5 41 44 34 10 20 20 10 
Category Total 204 90 44 50 
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2.2  GeneMapper®ID Software v3.2.1 

 Files (.fsa) were generated, under conditions established by ISPFSCC, by Forensic 

Science Trainees in DNA Analysis using GMID. GeneScan® 600 Liz® Size Standard v2.0 was 

used to size the samples. The analytical threshold (AT) of 75 relative fluorescent values (RFU) 

and stochastic thresholds (ST) of 188RFU and 469RFU for amplification targets greater than or 

equal to 0.25ng of DNA and less than 0.25ng of DNA respectively, were in place for peak 

detection. The stutter percentages were defined as: 11% D8S1179, 14% D21S11, 10% D7S820, 

10% CSF1PO, 16% D3S1358, 5% TH01, 12% D13S317, 13% D16S539, 13% D2S1338, 12% 

D19S433, 13% vWA, 7% TPOX, 15% D18S51, 11% D5S818 and 13% FGA. Light smoothing 

was applied. Sizing began at the 80 peak and ended at 460 peak.  The size calling method 

employed was Local Southern Method. In regards to peak quality, the signal level resolves 

homozygotes to have a minimum peak height of 200RFU and a heterozygote to have a minimum 

peak height of 100RFU. Minimum peak height ratio was 0.70 and max peak width was 1.5 bp.  

2.3  Open Source, Independent Review Interpretation System v.2.2 

 Files generated from GMID (.fsa) were imported into OSIRIS to create a usable 

extension for ArmedXpert (.oar).  There was no human intervention at this stage. The analysis 

method for Identifiler®Plus consisted of raw data being analyzed with minimum RFU values for 

sample analysis at 75, for detection at 75 and for interlocus at 75. Similarly, the ladder and 

internal lane size standard was 75RFU.  Maximum stutter thresholds were defined as stated in 

section 2.2. Minimum heterozygote balance was set at 0.50 and minimum homozygote threshold 

was set to 350RFU. With fractional filters and pull-up fractional filters set to zero. See 

APPENDIX A for further analysis methods.  
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2.4  ArmedXpert™v3.0.7.997 

 ArmedXpert imported the .oar files that OSIRIS generated and analyzed in a similar 

manner to the previously stated. The mixture interpretation settings were set to have the peak 

height ratio (PHr) defaulted to 0.50, with the minimum peak height set to 50 RFU. The default 

homozygote threshold (HT) was 300 RFU. The same stutter percentages were applied as defined 

in section 2.2.  

 Interpretation was conducted considering ISPFSCC models: for samples containing less 

than 0.25ng of DNA, the stochastic threshold was 469RFU and samples containing greater than 

or equal to 0.25ng of DNA required a stochastic threshold of 188RFU in order to consider 

homozygous at that allele. Heterozygous loci require a minimum 75RFU per allele to be 

considered a complete genotype.   

 Using the multi-compare plug-in and combine sources option, GMID and ArmedXpert 

allele calls could be compared and contrasted.  Differences are highlighted in the tables that this 

plug-in generated. The genotype tables from GMID were exported in a .txt format in order for 

the tool to work properly. Random match probabilities were conducted to check for concordance 

between an in-house statistical program at the ISPFSCC – Identifiler+ and ArmedXpert.  

Likelihood ratios and probability of inclusions were generated on select samples also. For 

frequency calculations, theta was equal to 0.01 (θ = 0.01) for Caucasian, Hispanic and Black 

populations. The match and comparison tool was utilized to find a possible suspect in the table 

after a mixture interpretation had been conducted.  Electropherograms in ArmedXpert from 

OSIRIS options were explored as well. 
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3. RESULTS 

3.1 GeneMapper®ID v3.2.1 and ArmedXpert™ v3.0.7.997 Allele Call Comparison 

 3.1.1 Total Number of Differences  

  A total of 7376 loci were compared in this study. Overall, there were 215 

differences found when comparing the loci as a whole (2.91%).  Review TABLE II for further 

detail.  For visual representation of highlighted differences, refer to APPENDIX B.  

 

TABLE II 
TOTAL DIFFERENCES BETWEEN GMID AND ARMEDXPERT ALLELE CALLS BY 

LOCUS 
 

  Quality Control Samples Samples Total 

Differences 41 174 215 
No Differences 3975 3186 7161 

Total 4016 3360 7376 
 

  

 3.1.2 Total Number of Differences between Quality Control Samples 

  In examining the quality control sample tables, there were 41instances where the 

software designated the peak differently and 3975 instances where the peak calls were 

concordant.  This results in only a 1.02% margin where the software disagree (TABLE III). 

 
 
 
 

TABLE III  
PERCENTAGE OF QUALITY CONTROL DIFFERENCES AND NON-DIFFERENCES 

 

  Percent 
(%) 

Differences 1.02 
No Differences 98.98 
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For a detailed list of differences of the quality control samples that includes the number of 

differences per analyst per case, refer to TABLE IV.  

 

TABLE IV  
DETAILED DESCRIPTION OF QUALITY CONTROL SAMPLES DIFFERENCES 
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 3.1.3 Total Number of Differences between Samples 

 In examining the samples tables, there were 174 occasions where the software designated 

the allele call differently and 3186 occasions where the allele calls coincide.  In contrast to the 

quality control samples, the samples resulted in a slightly higher percentage of difference; the 

differences occurring at 5.18% (TABLE V).  

 

TABLE V 
  PERCENTAGE OF SAMPLES DIFFERENCES AND NON-DIFFERENCES 

  Percent 
(%) 

Differences 5.18 
No Differences 94.82 

 
 
 
 
 

For a detailed list of differences for the samples that includes the number of differences per 

analyst per case, refer to TABLE VI.  

 

 

TABLE VI 
DETAILED DESCRIPTION OF SAMPLES DIFFERENCES 
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 3.1.4 Collective Explanation of Differences between Software 

  There are five main categories to separate these differences in software allele 

calls. As noted in APPENDIX B by footnotes, there are allele calls designated as a, b, and c; 

GMID designated allele call that analyst manually labeled as “pull-up” or “minus A”, 

ArmedXpert designated allele call that GMID did not, and ArmedXpert™ is missing allele call, 

not manually labeled as “pull-up” or “minus A” by analyst, respectively. Not recognized in 

footnotes in the appendix are the differences in which an off-ladder (OL) is present. The OL 

labels are present and highlighted in both GMID and ArmedXpert. Furthermore, a fifth category 

is labeled as Other when either one or the other software did not label anything. Collectively, 

there are 234 total differences. It should be recognized that this number exceeds the number of 

differences reported in section 3.10, TABLE II. This is a result of more than one difference being 

detected per locus. The anomaly break down with frequencies and percentages can be seen in 

TABLE VII. Refer to APPENDIX C for a more detailed explanation for a case-by-case, analyst 

by analyst representation of the anomalies.  

 

 

TABLE VII 
TOTAL ANOMALY DIFFERENCES  

 
 

  a b c OL Other 
Total 30 66 1 106 31 

Frequency 0.1282 0.2821 0.0043 0.4530 0.1325 
Percent 

(%) 13 28 0 45 13 

 !
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 3.1.5 Comparison of Re-amplified Samples 

  In the instance of DLK_Z13-57, sample 1BF1 was re-amplified with a higher 

DNA target. According to ArmedXpert, the re-amplified sample (Z13-571BF1) reports the same 

information as the original sample (Z13-57_1B_F1) (TABLE VIII). 

 

TABLE VIII 
REAMPLIFIED SAMPLE DLK_Z13-57_1B_F1 

 
 

 

  

  In another instance, DLK_Z13-50 required a re-amplification of sample 1A. 

According to GMID, there was an additional allele gained at vWA on the re-amplification (Z13-

50_1A) but an allele was lost at D18S51 that was present on the original injection (DLK_Z13-

50_1A).  ArmedXpert did not lose the allele at D18S51 on the re-amplification (TABLE IX).  

 

TABLE IX 
REAMPLIFIED SAMPLE DLK_Z13-50 1A 
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3.2 ArmedXpert Mixture Interpretation  

 KH_Z13_55 was selected to complete a two-person mixture interpretation. Three 

standards were provided - a suspect standard, an elimination standard, and the victim standard. A 

differential extraction was performed on one unknown that produced an F1 fraction and an F2 

fraction. The unknown was a victim swab spiked with a 1:10 mixture of semen (elimination 

standard:suspect standard).  Refer to TABLE X for estimated amount of DNA for amplification.  

 

TABLE X 
TARGET DNA FROM KH_Z13_55 

 
 

 

 
  

 

 The sample highlighted in yellow in TABLE X, Z13-55, 1BF2 is the sample of focus. 

According to the electropherogram (EPG), this mixture is consistent with two people (Figure 1). 

There are, at most, four allele calls at any given peak.  

 

 

 

Sample Estimated amount of DNA (ng) 

Z13-55, 1BF1 0.927 
Z13-55, 1BF2 0.864 
Z13-55, 1A Victim Std. 0.808 
Z13-55, 2 Suspect Std. 0.747 
Z13-55, 3 Elimination Std. 0.782 
DRB1 9313 NE 
SRB1 9513 NE 
Pos. Control ~0.5 
Neg. Control NE 
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Figure 1. Electropherogram displaying peak calls for sample KH_Z13-55, 1BF2.  

 

 

 

 

In the mixture interpretation window (Figure 2) of sample 1BF2, loci were arranged from highest 

number of alleles to lowest number of alleles. Person 1 and Person 2 allele calls were determined 

by peak height ratio and proportion of each contributor, which are listed in parenthesis after each 

possible allele combination. It is important to acknowledge that ISPFSCC interpretation 

guidelines, detailed in section 2.4, were not considered in this mixture interpretation. Figure 3 

displays the final call report generated by ArmedXpert; the proportions at each locus are 

represented at the bottom of the page as well as the average for each contributor.  Person 1 is 

contributing to approximately 60% of the mixture and Person 2 is contributing approximately 

40%. See APPENDIX D for interpretation report and list of all potential allele call combinations. 
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Figure 2. ArmedXpert Mixture Interpretation Window with locus D2S1338 being the first locus 
for interpretation because it labeled four alleles.  
 

 

 

 

Figure 3. Call report generated by ArmedXpert for KH_Z13-55, 1BF2 after mixture 
interpretation. Person 2 does not have the contributor proportions at D3S1358 and D19S433 
graphed because they are indistinguishable for each person; the same holds true for Amelogenin. 
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3.2.1 Match and Comparison Tool 

 The Match & Comparison Tool in ArmedXpert is used to easily identify a reference in 

the table of choice. Person 1 from the call report generated for KH_Z13-55, 1BF2 was set as the 

reference. In the Standards Table, created by using the Combine Sources option, the Find Where 

Reference is Included tool was applied. Figure 4 displays the exact match at 16 loci of Person 1 

with the Suspect Std.  

 

Figure 4. Find Where Reference is Included tool was used to quickly compare a contributor to a 
mixture with the standards of this case.  
 

  

 

 

A similar comparison was done for the other contributor in the mixture. Person 2 was set as the 

reference and the Find Included in Reference tool was applied. Figure 5 displays the match of 16 

loci between Person 2 and Elimination Std. There are also two partial matches highlighted 

yellow in the table.  

 

Figure 5. Find Included in Reference tool was used to quickly compare a contributor to a mixture 
with the standards of a case and identify other locations where the reference can be considered.  
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3.3 ArmedXpert Generated Calculations 

 Continuing with the same sample, KH_Z13-55, 1BF2, statistical analysis was carried out.  

 3.3.1 Random Match Probability 

 The mixture, KH_Z13-55, 1BF2 was selected to create a RMP report.  Person 1 of the 

call report suggests the same profile as Suspect Standard. There is 1 in 241 quadrillion chance, 

that another person randomly selected from the Caucasian population will have the same profile 

as Suspect Standard (TABLE XI).  

 

TABLE XI 

ARMEDXPERT - RANDOM MATCH PROBABILITY KH_Z13-55, 1BF2 MIXTURE 
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TABLE XI (continued) 

ARMEDXPERT - RANDOM MATCH PROBABILITY KH_Z13-55, 1BF2 MIXTURE 
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TABLE XI (continued) 

ARMEDXPERT - RANDOM MATCH PROBABILITY KH_Z13-55, 1BF2 MIXTURE 

 

 

Calculations were performed using conventional formulas for homozygotes and heterozygotes. 

ArmedXpert allows for the calculations to be viewed on a separate sheet within the RMP 

window (TABLE XII). 

TABLE XII 
CALCULATIONS FOR A HETEROZYGOUS AND HOMOZYGOUS LOCUS 

 

D3S1358    (2pq)     
     (2 * 14*16)     
    0.0650052   0.0650 
    0.07456388   0.0746 
    0.0419648   0.0420 
TH01    (p² + p(1-p)Theta)     
     (9.3² + 9.3(1-9.3)Theta)   
    0.095390468   0.0954 
    0.01192121   0.0119 
    0.060202854   0.0602 

 



!

! ! !

28!

  3.3.1.1 ArmedXpert RMP Calculation Compared to Identifiler+ 

   An RMP was performed with all allele call combinations considered by 

analyst for KH_Z13-55, 1BF2 that would result from adhering to the interpretation guidelines as 

detailed in section 2.4 by the ISPFSCC. ArmedXpert and ISPFSCC in-house statistical program 

generated equivalent results. Both produced an RMP in the Caucasian population as 1 in 8.7 

billion, in a black population as 1 in 862.1 billion, and in a Hispanic population as 1 in 36.3 

billion.    

 3.3.2 Likelihood Ratio 

  ArmedXpert LR calculation from KH_Z13-55, 1BF2 declared in the numerator, 

the prosecution’s hypothesis, the Suspect Standard and Elimination Standard were applied as 

known contributors. In the denominator, the defense’s hypothesis – the elimination standard was 

applied as a known. The likelihood ratio suggest that it is 40.2 trillion times more likely that the 

mixture KH_Z13-55, 1BF2 and Suspect Standard came from the same person than as having 

come from a random person in the population.  Refer to APPENDIX E for further detail on 

calculations.  

 3.3.3Combined Probability of Inclusion 

  ArmedXpert CPI calculation from KH_Z13-55, 1BF2 by default also calculates 

the combined probability of exclusion. There is an estimated 1 in 529 million individuals from 

the Caucasian population who could contribute to a portion of the mixture.  Refer to APPENDIX 

F for further detail on calculations.  

3.4 OSIRIS Electropherogram Labels in ArmedXpert 

 ArmedXpert has implemented the benefits offered by OSIRIS in that the user can control 

information viewed on an EPG.  Still using the same sample, KH_Z13-55, 1BF2 the EPG 
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controls were explored. The standard ability to display RFU, BP, and allele call is still available 

as seen in Figure 1, but the possibilities extend beyond that. The 11.3 OL at D16 was changed to 

a true peak manually; all changes are recorded on the sources table as seen in Figure 6 when the 

11 peak label at that same locus was changed to stutter.  The ability to see only relabeled peaks is 

shown in Figure 7 of a zoomed out view of the entire EPG. 

 

Figure 6. Directory of recorded manual changes to peaks.  

 

 

Figure 7. Electropherogram of KH_Z13-55, 1BF2 relabeled peak at D16S539. 
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The ability to zoom in on the baseline is still present as well as the ability to hover over an allele 

call box to view additional information imported from OSIRIS (Figure 8).  

 

Figure 8. Zoomed –in baseline of KH_Z13-55, 1BF2 with alleles, RFU, BPS of peaks, relabeled 
peaks (12 at D16S539) and relabeled artifacts (11 at D16S359 and 24 at FGA) presented with an 
overlay of the ladder. Additional OSIRIS information is available for viewing at D18S51, allele 
16 by hovering.  
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4. DISCUSSION 

4.1 General Overview 

 Efforts to create sterile known samples were not maintained; this allowed for a more 

applicable ‘casework’ scenario to be achieved.  In some cases, three people of a known three- 

contributor mixture could be recovered; on the other hand, some analysts only detected two 

contributors from a known three-contributor mixture.  More samples than previously indicated in 

TABLE I are included in this study due to still allowing the comparison between samples  ‘not 

used’ by the analyst in their final report.  Such samples would originate when a reinjection, re-

amplification or re-preparation is necessary, albeit not all were considered for comparison 

purposes.     

4.2 Software Comparison 

 Overall, the frequency of differences between allele calls made by ArmedXpert and 

GeneMapperID are minimal.  Maintaining no human intervention allowed for a true assessment 

between the software in regards to allele calls.  As reported, there were 234 differences in total. 

Based on the categorization provided by TABLE VII, a vast majority (45%) of the differences 

was attributed to an OL call. GMID placed the OL call in the genotype tables that were 

compared; ArmedXpert did not report the OL calls according to a preference setting that was 

enabled.  It is logical that ArmedXpert has this setting available so such artifacts do not distract 

the analyst.  

 The one instance that GMID has an allele call that ArmedXpert did not, referred to as 

category c, is accounted for by an OL call not reported by ArmedXpert. While it may seem that 

GMID was able to detect a peak that ArmedXpert did not, this is not the case; rather, 

ArmedXpert just omitted the 10.3 OL call from the genotype table.  
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 Additionally, encompassing the Other category, there were 9 instances when an OL call 

caused the multi-compare tool to count a difference. There would again, be no allele present in 

ArmedXpert due to an OL call being made. In 19 cases, a rare allele was not labeled in 

ArmedXpert – a 22.2 allele at FGA.   It appears this is related to virtual bins integrated into 

GMID that allowed such a call, despite a 22.2 not appearing in the ladder.  This profile appeared 

in many of the mixture fractions and is therefore counted multiple times, resulting in such a high 

value. There also were three instances that ArmedXpert detected an allele that GMID did not 

label. These alleles are expected to be present and are just barely above stochastic threshold. 

While no major discrepancies surfaced during this study, it is sensible to acknowledge that 

ArmedXpert would need to be independently validated by the laboratory in order to establish 

appropriate thresholds analytically and stochastically. In this case, there would not be differences 

such as those listed in the Other category. 

 After further analysis of category b, 28% of the time ArmedXpert labeled a peak that 

GMID failed to.  In 44 out of 66 instances, the called alleles can be confirmed as being expected 

at the locus and could potentially be evidence of an additional contributor. There were only 22 

times ArmedXpert labeled an artifact. Again, the RFU value is very low; just barely above 

stochastic threshold of 75RFU at times, but none-the-less, ArmedXpert still recognized and 

labeled those peaks.  It is also important to note at this point that OSIRIS, and therefore 

ArmedXpert has a slightly higher baseline due to OSIRIS analyzing the raw data. OSIRIS does 

not perform a ‘smoothing baseline’ as found in GMID.  This difference in software analysis is 

also the culprit for the difference that exists between the RFU values and basepairs relative to 

GMID.  
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 In regards to category a, there were 30 cases that a difference was counted due to GMID 

labeling artifacts that the analyst had to manually label.  These labels include pull-up and minus 

A. ArmedXpert filtered those out.  Overall, the results between GMID and ArmedXpert were in 

agreement with only a few occasions of differences that have resulted from the difference in 

settings and algorithms.  

 In order to obtain more information, often times, analysts will re-amplify, re-prepare or 

re-inject a sample.  On several occasions, had ArmedXpert been used – this additional step could 

have been prevented.  ArmedXpert obtained the same information from both injections as shown 

in TABLES VIII and IX.  This is an example where the use of ArmedXpert could spare 

resources of the laboratory as well as time of the analysts’.  

4.3 Mixture Interpretation 

 The interpretation guidelines as established by the ISPFSCC were not strictly followed 

for the interpretation of KH_Z13-55, 1BF2.  The analysts at ISPFSCC held a more conservative 

approach in that the mixture was not resolved.  In this study, due to lack of formal training and 

experience, the mixture was resolved and two profiles were able to be determined.  When 

determining profiles, keen attention was paid to the peak height ratio as well as the adaptive 

contributor proportion calculations that were automatically generated in the Mixture 

Interpretation Window.  The capability to make calls while viewing the EPG is made possible by 

the Pop Out Calls option, inspecting the EPG while interpreting has become a preference among 

forensic scientists.  Another convenience offered by the interpretation window includes allele 

combinations that are flagged for being below the set threshold; this enables the analyst to use 

caution when interpreting. The Match and Comparison tool allowed for matching profiles 

between a person in the mixture and the standards to be quickly highlighted.  In this case, Person 



!

! ! !

34!

1 from the KH_Z13-55, 1BF2 mixture was a match at 16 loci to Suspect Standard.  Furthermore, 

Person 2 was a match to the Elimination Standard at 14 loci.  

4.4 Calculations 

 The only caveat that exists between ArmedXpert and ISPFSCC in-house statistical 

program is when only one allele is present at a locus. The calculation for what ISPFSCC terms 

an “inc” is not necessarily equivalent to ArmedXpert’s “Any”.  This could be a result of differing 

frequencies or a rounding difference caused by truncating.  ArmedXpert allows users to 

manually input frequencies as desired and also performs calculations using the entire number 

rather than the truncated number. The RMP generated for KH_Z13-55, 1BF2 via ArmedXpert 

was congruent with Identifiler+ when all the same allele combinations were considered.  This can 

be representative of all RMP reports that were generated among the cases on account that the 

calculation formulas remaining constant. The LR and CPI reports were easily generated with a 

few clicks the mouse as well.  

4.5 OSIRIS Electropherogram Benefits 

 The FBI, as of January of 2014, has accepted OSIRIS as an expert system for use with 

NDIS. ArmedXpert has integrated some of the components from OSIRIS to take advantage of 

even more automation. The user is able to control what is viewed on the EPG. OSIRIS has fewer 

artifacts at equivalent RFU values and requires minimal human intervention relative to peak 

editing. Unlike GMID, OSIRIS allows data to drop below zero and does not perform any 

smoothing. Moreover, OSIRIS finds the best ladder by comparing the size standard of each 

ladder to that of the sample and then compares the center of each peak in the size standard to that 

of the sample to determine an allele call. 
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5. CONCLUSIONS 

5.1 Integration of Expert Systems into Laboratories 

 The fact remains that the DNA backlog is troublesome.  Recent legislation and evolving 

statutes continue to hinder the reduction of the backlog despite the dedication through innovative 

grant programs and advancements in technology.  In the instance of databasing, an expert system 

can be implemented into a laboratory. An expert system, as defined by the FBI that is approved 

for use with NDIS, “is a software program or set of software programs that interprets the data 

generated from a DNA analysis instrument (or platform) in accordance with laboratory defined 

quality assurance rules and accurately identifies the data that does and does not satisfy such 

rules” (2014). NIJ has hosted the NEST project to evaluate expert systems; NEST evaluated 

three commercially available expert systems that could be applicable to offender single-source 

samples.  The primary goal of that project was to simply inform the forensic community about 

expert systems as well as advise laboratories on what details to focus on when considering 

adoption (Roby and Jones 2005).     

 An article published in Forensic Magazine suggests that expert systems are expected to 

analyze a given set of samples parallel to an expert human guided by user-defined rules.  The 

article continues to outline that while expert systems are not widespread embraced, the use of the 

existing data analysis functionality within these systems should not be overlooked; laboratories 

are able to set thresholds for a variety of peak detection as well as parameters to label alleles and 

samples are flagged for loci that fall below these thresholds for the analyst to easily track. The 

Toronto Center of Forensic Science has incorporated an expert system into their analysis 

workflow reducing data analysis from four and a half hours to less than one hour per 96-well 

plate (Frappier, Calandro and Schade 2008).  
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5.2 Integration of ArmedXpert into Laboratories  

 ArmedXpert is one of those DNA data analysis software programs that Frappier, 

Calandro and Schade had indicated should not be neglected - which is not to be confused with an 

expert system.  According to an analyst from USACIL, the implementation of ArmedXpert into 

forensic DNA examinations provides “a complete tool for all aspects needed to go from allele 

calls to final report. In addition to tremendous time savings, it has eliminated things such as 

transcription errors, arithmetic errors, highlighters, and pages of manual calculations that 

traditionally hamper the interpretation process” (Kalafut, Sutton and Armogida 2013).  A few 

laboratories striving for increased efficiency have accepted the integration of ArmedXpert into 

their laboratories. Currently, there are over 30 installations of ArmedXpert with over half being 

validated and in use for forensic casework (Mels, 2014, personal communication).  As 

recognized in this study, utilizing what ArmedXpert has to offer can certainly aid in the 

reduction of the DNA backlog and overall enhance forensic casework. 
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TABLE XII 
OSIRIS SETTINGS: SAMPLE THRESHOLDS 

 
Sample Limits Value Units 
Max. No. of pullups peaks per sample 1000 peaks 
Max. residual for allele (<0.5bp) 0.25 Sample/Ladder BP 

alignment 
Incomplete profile threshold for Reamp More/Reamp Less 5000 RFU 
Ignore artifacts smaller than 85 bps 
Max. No. of tri-allelic loci in unmixed sample 1  
Max. No. of craters in a sample 0  
Raised baseline threshold for samples 250 RFU 
Raised baseline threshold for sample ILS channels  250 RFU 
Min. height for primer-dimer peaks 2000 RFU 
Min. No. of peaks per channel in primer-dimer for negative 
control 

2  

Percentage of standard noise threshold for peak 
identification 

100  

 
TABLE XIV  

OSIRIS SETTINGS: SAMPLE THRESHOLD CHECKS 
 
Sample Limits  
Test for presence of sub-analytical peaks in negative control ✔ 
Test for excessive noise above analysis threshold ✔ 
Enable test for excessive noise ✔ 
Make pullup at allele artifact non-critical ✔ 
Flag mixed samples and triallelic loci ✔ 
Select reamp (versus reinject) ✔ 
Recommend rework if laser off scale is found ✔ 
Test for primer dimer peaks in negative controls ✔ 
Apply fractional filters to peaks below analysis threshold (homozygous 
loci) 

✔ 

Ignore effects of negative relative baseline  ✔ 
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TABLE XV DLK_Z13_49 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
 
TABLE XVI DLK_Z13_49 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
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TABLE XVII WG_Z13_49 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
  

 
 
TABLE XVIII WG_Z13_49 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A” . 
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TABLE XIX KH_Z13_49 GENEMAPPER®ID AND ARMEDXPERT ™ QUALITY CONTROL COMPARISON 
 

 
 
TABLE XX KH_Z13_49 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 
 

 
 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
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TABLE XXI JAC_Z13_49 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
TABLE XXII JAC_Z13_49 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE XXIII DLK_Z13_50 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
TABLE XIV DLK_Z13_50 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE XXV KH_Z13_50 GENEMAPPER®ID AND ARMEDXPERT ™ QUALITY CONTROL COMPARISON 
 

 
 
 
TABLE XXVI KH_Z13_50 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
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TABLE XXVII JAC_Z13_50 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
 
TABLE XXVIII JAC_Z13_50 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
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TABLE XXIX DLK_Z13_51 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
 
TABLE XXX DLK_Z13_51 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
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TABLE XXXI WG_Z13_51 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
 
TABLE XXXII WG_Z13_51 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
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TABLE XXXIII KH_Z13_51 GENEMAPPER®ID AND ARMEDXPERT ™ QUALITY CONTROL COMPARISON 
 

 
 
 
TABLE XXXIV KH_Z13_51 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
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TABLE XXXV JAC_Z13_51 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
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TABLE XXXVI JAC_Z13_51 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
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TABLE XXXVII DLK_Z13_52 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
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TABLE XXXVIII DLK_Z13_52 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE XXXIX WG_Z13_52 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
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TABLE XL WG_Z13_52 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE XLI KH_Z13_52 GENEMAPPER®ID AND ARMEDXPERT ™ QUALITY CONTROL COMPARISON 
 

 
 
 
TABLE XLII KH_Z13_52 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
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TABLE XLIII JAC_Z13_52 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 

TABLE XLIV JAC_Z13_52 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE XLV DLK_Z13_55 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
TABLE XLVI DLK_Z13_55 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
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TABLE XLVII WG_Z13_55 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
TABLE XLVIII WG_Z13_55 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
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TABLE XLIX KH_Z13_55 GENEMAPPER®ID AND ARMEDXPERT ™ QUALITY CONTROL COMPARISON 
 

 
 
 
TABLE L KH_Z13_55 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LI JAC_Z13_55 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
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TABLE LII JAC_Z13_55 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
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TABLE LIII DLK_Z13_56 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
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TABLE LIV DLK_Z13_56 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LV WG_Z13_56 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
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TABLE LVI WG_Z13_56 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LVII KH_Z13_56 GENEMAPPER®ID AND ARMEDXPERT ™ QUALITY CONTROL COMPARISON 
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TABLE LVIII KH_Z13_56 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LIX JAC_Z13_56 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
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TABLE LX JAC_Z13_56 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LXI DLK_Z13_57 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
TABLE LXII DLK_Z13_57 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 

 
 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LXIII WG_Z13_57GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
TABLE LXIV WG_Z13_57 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
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TABLE LXV KH_Z13_57 GENEMAPPER®ID AND ARMEDXPERT ™ QUALITY CONTROL COMPARISON 
 

 
 
 
TABLE LXVI KH_Z13_57 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LXVII JAC_Z13_57 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
TABLE LXVIII JAC_Z13_57 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
c ArmedXpert™ is missing allele call, not manually labeled as “pull-up” or “minus A” by analyst.  
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TABLE LXIX DLK_Z13_60 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
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TABLE LXX DLK_Z13_60 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
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TABLE LXXI WG_Z13_60 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
 
 
 
 



   APPENDIX B (CONTINUED) 

! ! ! !

77!

TABLE LXXII WG_Z13_60 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 
 

 
 
 
 
 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LXXIII KH_Z13_60 GENEMAPPER®ID AND ARMEDXPERT ™ QUALITY CONTROL COMPARISON 
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TABLE LXXIV KH_Z13_60 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LXXV JAC_Z13_60 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
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TABLE LXXVI JAC_Z13_60 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
 
 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LXXVII WG_Z13_61GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LXXVIII WG_Z13_61 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
 
 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LXXIX KH_Z13_61 GENEMAPPER®ID AND ARMEDXPERT ™ QUALITY CONTROL COMPARISON 
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TABLE LXXX KH_Z13_61 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LXXXI JAC_Z13_61 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
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TABLE LXXXII JAC_Z13_61 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
 
 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
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TABLE LXXXIII DLK_Z13_63 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
 

 
TABLE LXXXIV DLK_Z13_63 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
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TABLE LXXXV WG_Z13_63 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
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TABLE LXXXVI WG_Z13_63 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or “minus A”. 
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TABLE LXXXVII KH_Z13_63 GENEMAPPER®ID AND ARMEDXPERT ™ QUALITY CONTROL COMPARISON 
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TABLE LXXXVIII KH_Z13_63 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
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TABLE LXXXIX JAC_Z13_63 GENEMAPPER®ID AND ARMEDXPERT™ QUALITY CONTROL COMPARISON 
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TABLE XC JAC_Z13_63 GENEMAPPER®ID AND ARMEDXPERT™ SAMPLES COMPARISON 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not.
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TABLE XCI 
  DETAILED CATEGORIZATION OF ANAMOLIES 

 
 

ANALYST CASE 
NUMBER 

a b c OL Other 

DLK Z13_49 5 0 0 11   
WG Z13_49 2 0 0 5   
KH Z13_49 4 0 0 11   
JAC Z13_49 1 1 0 8   

              
DLK Z13_50 0 3 0 1   
KH Z13_50 3 0 0 11   
JAC Z13_50 1 0 0 4   

              
DLK Z13_51 0 0 0 6   
WG Z13_51 0 0 0 0   
KH Z13_51 1 0 0 8   
JAC Z13_51 0 0 0 3 1 

              
DLK Z13_52 1 6 0 2   
WG Z13_52 0 2 0 0   
KH Z13_52 4 0 0 11   
JAC Z13_52 1 2 0 5   

              
DLK Z13_55 0 0 0 0   
WG Z13_55 1 0 0 3   
KH Z13_55 0 2 0 0 1 
JAC Z13_55 0 0 0 0 1 

              
DLK Z13_56 0 2 0 0   
WG Z13_56 2 6 0 3   
KH Z13_56 0 1 0 0   
JAC Z13_56 0 5 0 0 4 
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TABLE XCI 
DETAILED CATEGORIZATION OF ANAMOLIES (CONTINUED) 

 

ANALYST CASE 
NUMBER 

a b c OL Other 

DLK Z13_57 0 6 0 0   
WG Z13_57 1 0 0 3   
KH Z13_57 0 2 0 0   
JAC Z13_57 0 0 1 0   

              
DLK Z13_60 0 0 0 0 4 
WG Z13_60 0 4 0 3 7 
KH Z13_60 1 6 0 7 4 
JAC Z13_60 1 5 0 1 4 

              
WG Z13_61 0 6 0 0 3 
KH Z13_61 0 3 0 0   
JAC Z13_61 0 2 0 0 1 

              
DLK Z13_63 0 0 0 0   
WG Z13_63 1 0 0 0   
KH Z13_63 0 0 0 0 1 
JAC Z13_63 0 2 0 0   

 Total 30 66 1 106 31 
 

Column Headings  

a GeneMapper®ID designated allele call that analyst manually labeled as “pull-up” or 
“minus A” . 
 
b ArmedXpert™ designated allele call that GeneMapper®ID did not. 
 

c ArmedXpert™ is missing allele call, not manually labeled as “pull-up” or “minus A” 
by analyst.  
 
OL refers to alleles labeled as Off Ladder 
 
Other includes alleles not detected by one software, when the other software labeled 
the peak.  
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Figure 9. ArmedXpert Mixture Interpretation Detailed Report 

 

 

 

Mixture(Interpretation(Details(for('KH_55_1BF2_B'(

!!!
All!combinations!have:!!PHr!>=!0.5,!MPh!>=!75,!mP!>=!0!

!!
D8S1179:(

10!(1376),12!(988),13!(2205)!
For!a!2Econtributor!3Eallele!mixture!of!types!AB!&!CC:!2/3Ecombination(s):!!

10,!12(phr!=!0.72;!p!=!0.52);!13(p!=!0.48);!![1.1!:!1]!
10,!13(phr!=!0.62;!p!=!0.78);!12(p!=!0.22);!![3.5!:!1]!

For!a!2Econtributor!3Eallele!mixture!of!types!AC!&!BC:!1/3Ecombination(s):!!
10,!13(phr!=!0.93;!p!=!0.58);!12,!13(phr!=!0.93;!p!=!0.42);!![1.4!:!1]!

!D21S11:(
28!(865),29!(1924),31!(1100)!

For!a!2Econtributor!3Eallele!mixture!of!types!AA!&!BC:!2/3Ecombination(s):!!
29,!31(phr!=!0.57;!p!=!0.78);!28(p!=!0.22);!![3.5!:!1]!
28,!31(phr!=!0.79;!p!=!0.51);!29(p!=!0.49);!![1.0!:!1]!

For!a!2Econtributor!3Eallele!mixture!of!types!AB!&!BC:!1/3Ecombination(s):!!
29,!31(phr!=!0.98;!p!=!0.56);!28,!29(phr!=!0.98;!p!=!0.44);!![1.3!:!1]!

!D7S820:(
7!(435),8!(744),10!(369),12!(521)!

For!a!2Econtributor!4Eallele!mixture!of!types!AB!&!CD:!3/3Ecombination(s):!!
7,!8(phr!=!0.58;!p!=!0.57);!10,!12(phr!=!0.71;!p!=!0.43);!![1.3!:!1]!
8,!12(phr!=!0.70;!p!=!0.61);!7,!10(phr!=!0.85;!p!=!0.39);!![1.6!:!1]!
8,!10(phr!=!0.50;!p!=!0.54);!7,!12(phr!=!0.83;!p!=!0.46);!![1.2!:!1]!

!CSF1PO:(
11!(2335),12!(940)!

For!a!2Econtributor!2Eallele!mixture!of!types!AA!&!AB:!1/2Ecombination(s):!!
11,!12(phr!=!1.00;!p!=!0.57);!11(p!=!0.43);!![1.3!:!1]!

For!a!2Econtributor!2Eallele!mixture!of!types!AA!&!BB:!1/1Ecombination(s):!!
11(p!=!0.71);!12(p!=!0.29);!![2.4!:!1]!

!
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Figure 9. ArmedXpert Mixture Interpretation Detailed Report (continued) 

 

 

D3S1358:(
14!(2607),16!(2652)!

For!a!2Econtributor!2Eallele!mixture!of!types!AA!&!AB:!2/2Ecombination(s):!!
14,!16(phr!=!0.95;!p!=!0.99);!14(p!=!0.01);!![99!:!1]!
14,!16(phr!=!0.99;!p!=!0.99);!16(p!=!0.01);!![99!:!1]!

For!a!2Econtributor!2Eallele!mixture!of!types!AA!&!BB:!1/1Ecombination(s):!!
16(p!=!0.50);!14(p!=!0.50);!![1!:!1]!

For!a!2Econtributor!2Eallele!mixture!of!types!AB!&!AB:!1/1Ecombination(s):!!
14,!16(phr!=!0.98);!14,!16(phr!=!0.98);!!!

!TH01:(
6!(1060),8!(1076),9.3!(3474)!

For!a!2Econtributor!3Eallele!mixture!of!types!AB!&!CC:!1/3Ecombination(s):!!
9.3(p!=!0.62);!6,!8(phr!=!0.99;!p!=!0.38);!![1.6!:!1]!

For!a!2Econtributor!3Eallele!mixture!of!types!AC!&!BC:!1/3Ecombination(s):!!
8,!9.3(phr!=!0.61;!p!=!0.50);!6,!9.3(phr!=!0.61;!p!=!0.50);!![1!:!1]!

!D13S317:(
10!(678),11!(1765),13!(952)!

For!a!2Econtributor!3Eallele!mixture!of!types!AA!&!BC:!2/3Ecombination(s):!!
11,!13(phr!=!0.54;!p!=!0.80);!10(p!=!0.20);!![4!:!1]!
11(p!=!0.52);!10,!13(phr!=!0.71;!p!=!0.48);!![1.1!:!1]!

For!a!2Econtributor!3Eallele!mixture!of!types!AB!&!BC:!1/3Ecombination(s):!!
11,!13(phr!=!0.92;!p!=!0.58);!10,!11(phr!=!0.92;!p!=!0.42);!![1.4!:!1]!

!!!
!!

D16S539:(
11!(212),12!(3134),13!(1500)!

For!a!2Econtributor!3Eallele!mixture!of!types!AB!&!BC:!1/3Ecombination(s):!!
12,!13(phr!=!0.55;!p!=!0.88);!11,!12(phr!=!0.55;!p!=!0.12);!![7.3!:!1]!

! 
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Figure 9. ArmedXpert Mixture Interpretation Detailed Report (continued) 

 

D18S51:(
12!(725),14!(354),16!(1001)!

For!a!2Econtributor!3Eallele!mixture!of!types!AB!&!AC:!2/3Ecombination(s):!!
12,!16(phr!=!0.54;!p!=!0.74);!12,!14(phr!=!0.54;!p!=!0.26);!![2.8!:!1]!
12,!16(phr!=!0.93;!p!=!0.67);!14,!16(phr!=!0.93;!p!=!0.33);!![2.0!:!1]!

For!a!2Econtributor!3Eallele!mixture!of!types!AC!&!BB:!1/3Ecombination(s):!!
12,!16(phr!=!0.72;!p!=!0.83);!14(p!=!0.17);!![4.9!:!1]!

!Amel:(
X!(1858),Y!(1885)!

For!a!2Econtributor!2Eallele!mixture!of!types!AA!&!AB:!2/2Ecombination(s):!!
X,!Y(phr!=!0.95;!p!=!0.98);!X(p!=!0.02);!![49!:!1]!
X,!Y(phr!=!0.97;!p!=!0.98);!Y(p!=!0.02);!![49.0!:!1]!

For!a!2Econtributor!2Eallele!mixture!of!types!AA!&!BB:!1/1Ecombination(s):!!
Y(p!=!0.50);!X(p!=!0.50);!![1!:!1]!

For!a!2Econtributor!2Eallele!mixture!of!types!AB!&!AB:!1/1Ecombination(s):!!
X,!Y(phr!=!0.99);!X,!Y(phr!=!0.99);!!!

!D5S818:(
11!(675),12!(1528),13!(895)!

For!a!2Econtributor!3Eallele!mixture!of!types!AA!&!BC:!2/3Ecombination(s):!!
12,!13(phr!=!0.59;!p!=!0.78);!11(p!=!0.22);!![3.5!:!1]!
11,!13(phr!=!0.75;!p!=!0.51);!12(p!=!0.49);!![1.0!:!1]!

For!a!2Econtributor!3Eallele!mixture!of!types!AB!&!BC:!1/3Ecombination(s):!!
12,!13(phr!=!0.97;!p!=!0.57);!11,!12(phr!=!0.97;!p!=!0.43);!![1.3!:!1]!

!FGA:(
21!(510),22!(1225),25!(683)!

For!a!2Econtributor!3Eallele!mixture!of!types!AA!&!BC:!3/3Ecombination(s):!!
22,!25(phr!=!0.56;!p!=!0.79);!21(p!=!0.21);!![3.8!:!1]!
21,!22(phr!=!0.42;!p!=!0.72);!25(p!=!0.28);!![2.6!:!1]!
22(p!=!0.51);!21,!25(phr!=!0.75;!p!=!0.49);!![1.0!:!1]!

For!a!2Econtributor!3Eallele!mixture!of!types!AB!&!BC:!1/3Ecombination(s):!!
22,!25(phr!=!0.97;!p!=!0.57);!21,!22(phr!=!0.97;!p!=!0.43);!![1.3!:!1]!
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TABLE XCII 
ARMEDXPERT LR FOR KH_Z13-55, 1BF2 
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TABLE XCII 
ARMEDXPERT LR FOR KH_Z13-55, 1BF2 (CONTINUED) 
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TABLE XCII 
ARMEDXPERT LR FOR KH_Z13-55, 1BF2 (CONTINUED) 
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TABLE XCII 
ARMEDXPERT LR FOR KH_Z13-55, 1BF2 (CONTINUED) 
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TABLE XCIII 
ARMEDXPERT CPI FOR KH_Z13-55, 1BF2 

  KH_55_1BF2_B                 
                    

Locus Locus Profile   Allele 1 Allele 2 Allele 3 Allele 4   PE PI 
                    

D8S1179 10, 12, 13   10 12 13         
      0.102 0.1454 0.3393     0.6558 0.3442 
      0.025 0.1083 0.2222     0.8736 0.1264 
      0.0936 0.1207 0.3251     0.7090 0.2910 
                    

D21S11 28, 29, 31   28 29 31         
      0.1658 0.1811 0.0714     0.8250 0.1750 
      0.2151 0.1899 0.0922     0.7528 0.2472 
      0.069 0.2044 0.069     0.8828 0.1172 
                    

D7S820 7, 8, 10, 12   7 8 10 12       
      0.0172 0.1626 0.2906 0.1404   0.6269 0.3731 
      0.0119 0.1738 0.3238 0.0905   0.6400 0.3600 
      0.0215 0.0981 0.3062 0.1914   0.6191 0.3809 
                    

CSF1PO 11, 12   11 12           
      0.3005 0.3251       0.6086 0.3914 
      0.2048 0.3       0.7452 0.2548 
      0.2656 0.3923       0.5672 0.4328 
                    

D3S1358 14, 16   14 16           
      0.1404 0.2315       0.8617 0.1383 
      0.1214 0.3071       0.8164 0.1836 
      0.079 0.2656       0.8813 0.1187 
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TABLE XCIII 
ARMEDXPERT CPI FOR KH_Z13-55, 1BF2 (CONTINUED) 

 
Locus Locus Profile   Allele 1 Allele 2 Allele 3 Allele 4   PE PI 
TH01 6, 8, 9.3   6 8 9.3         

      0.2266 0.1256 0.3054     0.5676 0.4324 
      0.1095 0.1857 0.1048     0.8400 0.1600 
      0.2321 0.0813 0.2416     0.6920 0.3080 
                    

D13S317 10, 11, 13   10 11 13         
      0.051 0.3189 0.1097     0.7700 0.2300 
      0.0503 0.2374 0.1257     0.8291 0.1709 
      0.101 0.202 0.1379     0.8056 0.1944 
                    

D16S539 12, 13   12 13           
      0.3391 0.1634       0.7475 0.2525 
      0.1866 0.1651       0.8763 0.1237 
      0.2861 0.1034       0.8483 0.1517 
                    

D2S1338 16, 17, 20, 21   16 17 20 21       
      0.02961 0.19408 0.15461 0.01974   0.8416 0.1584 
      0.04491 0.1018 0.06287 0.15269   0.8688 0.1312 
      0.01761 0.22183 0.14085 0.01761   0.8417 0.1583 
                    

D19S433 14, 15   14 15           
      0.33553 0.13487       0.7787 0.2213 
      0.1976 0.03892       0.9441 0.0559 
      0.32042 0.11972       0.8063 0.1937 
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TABLE XCIII 
ARMEDXPERT CPI FOR KH_Z13-55, 1BF2 (CONTINUED) 

 
Locus Locus Profile   Allele 1 Allele 2 Allele 3 Allele 4   PE PI 
vWA 15, 16   15 16           

      0.1122 0.2015       0.9016 0.0984 
      0.2361 0.2694       0.7445 0.2555 
      0.0764 0.3596       0.8099 0.1901 
                    

TPOX 8, 10, 11   8 10 11         
      0.5443 0.037 0.2537     0.3028 0.6972 
      0.3684 0.0933 0.2249     0.5286 0.4714 
      0.555 0.0335 0.2727     0.2583 0.7417 
                    

D18S51 12, 14, 16   12 14 16         
      0.1276 0.1735 0.1071     0.8334 0.1666 
      0.0583 0.0639 0.1889     0.9032 0.0968 
      0.1059 0.17 0.1158     0.8466 0.1534 
                    

Amel X, Y                 
                    
                    
                    
                    

D5S818 11, 12, 13   11 12 13         
      0.4103 0.3539 0.1462     0.1712 0.8288 
      0.2611 0.3556 0.2444     0.2585 0.7415 
      0.4212 0.2906 0.0961     0.3473 0.6527 
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TABLE XCIII 
ARMEDXPERT CPI FOR KH_Z13-55, 1BF2 (CONTINUED) 

 
Locus Locus Profile   Allele 1 Allele 2 Allele 3 Allele 4   PE PI 
FGA 21, 22, 25   21 22 25         

      0.1735 0.1888 0.0689     0.8141 0.1859 
      0.125 0.225 0.1     0.7975 0.2025 
      0.1305 0.1773 0.1379     0.8014 0.1986 
                    

  Caucasian 1 
in... 5.2995E+8 (529 

Million)           

  Black 1 
in... 4.3714E+10 (43.7 

Billion)           

  Hispanic 1 
in... 1.916E+9 (1.91 

Billion)           

  Sources:                 
  FBI                 
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