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Executive Summary 
 

Title: Validation of the YFiler Plus Amplification Kit for the San Diego Police Department 

Company Sponsor: San Diego Police Department – Forensic Biology 

Author: Alexander Phan 

Date: July 10th, 2017 

Professional Science Masters 

California State University, San Marcos 

 
Currently, the San Diego Police Department Forensics Biology Unit utilizes the AmpFlSTR®  

YFiler PCR Amplification Kit from Applied Biosystems. However, they have been looking to 

upgrade to the new YFiler Plus Amplification Kit from Thermo Fisher Scientific because the 

current kit is outdated and YFiler Plus offers more discrimination power due to the increased 

number of markers and improved performance with degraded samples. Hence the two specific 

aims of this project were: 1) to perform a validation by conducting multiple studies to compare 

the efficacy of the new typing kit versus the current typing kit, 2) document and write reports of 

validation results from each study performed. The validation began with finding the optimal 

amplification conditions on the Veriti (Thermalcycler) and finding the best parameters for 

capillary electrophoresis on the 3500 Genetic Analyzer. Afterwards, the following studies were 

carried out: baseline, sensitivity, stutter, balance, concordance, stochastic, and DNA mixtures. 

Once the validation was finished, a summary was written for each study to elaborate on how and 

why and the experiments were carried out, discuss results and analysis, and present meaningful 

conclusions. Once the expectations were met, the new kit was implemented into forensic 

casework. 

 

The forensic biology unit currently employs the AmpFlSTR® YFiler PCR Amplification Kit, a 

kit that was implemented and validated in May 2007. The forensic biology unit decided to 

validate the YFiler Plus Amplification Kit as a potential replacement as it promises to provide an 

improved baseline and higher recovery of alleles. The YFiler PCR Amplification Kit amplifies 

the same seventeen loci markers that are in the Yfiler Plus Kit (DYS456, DYS389I, DYS390, 

DYS389II, DYS458, DYS19, DYS385 a/b, DYS393, DYS391, DYS439, DYS635, DYS392, 

YGATAH4, DYS437, DYS438, and DYS448). Upon verifying the amplification of these 

markers, the ten additional Y-STR loci (DYS576, DYS627, DYS460, DYS518, DYS570, 

DYS449, DYS481, DYS387S1 a/b, and DYS533) included in the Yfiler Plus Kit will be tested. 

These new markers are important as they offer greater discrimination when searching for the 

male suspect, which increases the statistical probability of obtaining the correct identification. 

 

Overall, the YFiler Plus Amplification Kit from Thermo Fisher Scientific is a 6-dye multiplex 

assay that allows for amplification of 27 Y-STR markers. It is created for forensic laboratories 

that carry out challenging sexual assault cases and it optimizes the analytical processes within 

forensic laboratory casework. With YFiler Plus Kit, the following features resulted: markers that 

mutate more frequently and amplify more efficiently, improved DNA results from degraded 

samples that contain PCR inhibitors, increased genotyping accuracy through the developed 

allelic ladder and virtual bins, and enhanced protocol efficiency. Even in the presence of an 
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abundance of female DNA, the new Yfiler Plus Kit readily detected male DNA from mixed 

samples.  

 

Introduction 
 

Suspects were able to get away with crimes and their actions had no consequences until a British 

forensic pathologist named Dr. Bernard Spilsbury solved the “Dr. Crippen Case” in 1910 

(Jacobs, 2007). He solved this case by providing expert testimony and showing detailed 

microscopic study of the suspect’s scar (Jacobs, 2007). As a result, Dr. Bernard Spilsbury is 

deemed the father of forensics because he applied scientific analysis and began the era of 

application of DNA science. 

 

Imagine a sexual assault case inside a residential home where the police arrive and the male 

suspect has fled. The police begin their investigation and examine the house and the environment 

for evidence collection. This is where forensic biology plays a role during the crime scene 

investigation. Forensic biology is the analysis of multiple biological characteristics among 

individuals that are found during evidence collection at the scene of the crime (Lewontin, 1991). 

With modern-day DNA technology, forensic scientists have the capability to obtain information 

about a person with minimal amounts of DNA. 

 

Historically, sexual assault cases were difficult to solve in the absence of a single method to 

identify a suspect. In 1985, an English geneticist named Alec Jeffreys was the first person to 

characterize DNA typing or DNA profiling (Butler, 2005). He noted that there were specific 

regions of DNA that have unique sequences repeated multiple times. In addition, he was able to 

provide distinctive evidence for a specific suspect from a list of individuals by examining a 

number of repeated sections within a DNA sample. These repeated sections of a DNA sample 

became known as variable number of tandem repeats. Dr. Jeffreys created the first set of human 

identity tests, which are now widely used in forensic applications and law enforcement. 

 

One special forensic technique is Y-STR (Y-chromosome short tandem repeat) testing, which 

provides male genetic profiles after analyzing evidence collected from a rape crime scene 

(Bailey-Van Houten, 2005). For Y-STR testing, DNA can be collected from sperm cells, semen, 

and/or saliva. In order to carry out the Y-STR test, DNA is first extracted and purified and qPCR 

(quantified polymerase chain reaction) is used to determine the total amount of DNA present. 

After target sequences are amplified via end-point PCR (polymerase chain reaction), products 

are sized using a capillary electrophoresis system. Finally, an electropherogram is developed to 

showcase the DNA profile that presents a unique set of male alleles.  

 

For the SDPD forensic biology unit to implement the YFiler Plus Amplification Kit, it must 

adhere to the FBI quality assurance standards and interpretation guidelines for Y-Chromosome 

STR testing.  Standards were set forth by an international and national of forensic scientists 

(Scientific Working Group on DNA Analysis Methods, SWGDAM) convened and charged with 

establishing guidelines and standards for crime laboratories. SWGDAM is also responsible for 

delivering recommendations and revisions for the FBI quality assurance standards (FBI, 2011). 

Overall, implementations of new DNA technology or for prospective crime laboratories to 

establish themselves, it is required by federal law to follow the FBI’s quality assurance 
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standards. In addition, crime labs must adhere to section 8 of the FBI’s quality assurance 

standards, which lays out details on how to conduct internal validations for DNA analysis (FBI, 

2011). 

 

The SDPD’s current DNA amplification kit (YFiler PCR) provides sufficient scientific results 

for sexual assault cases during casework. However, the current kit is outdated and is not as 

effective when working with degraded or dirty samples. The new kit provides multiple distinct 

loci for analysis, which allows for greater discrimination when searching for a male suspect. It 

also incorporates up-to-date PCR technology and has the capability to function optimally with 

degraded samples or contaminated samples that contain PCR inhibitors. To test the capabilities 

of the YFiler Plus Amplification kit, an internal validation was conducted. The kit demonstrated 

the capacity for improved discrimination, easier workflow efficiency for faster result times, and 

improved peak height ratios during GeneMapper ID-X (v1.4) analysis. Once these have been 

met, the objective of the internal validation study was accomplished and the YFiler Plus 

Amplification Kit can be incorporated into the SDPD forensic biology unit’s technical protocol.  

 

 

Materials and Methods 
  

Single source (reference) samples were primarily used during the internal validation of this 

study. Following the manufacturer’s protocol on preparing the amplification reactions, the total 

volume of the YFiler Plus Master Mix (10.0 µL per reaction) and YFiler Plus Primer Set (5.0 µL 

per reaction) was determined based on the number of reactions to be performed. For example, if 

there were 10 reactions to be prepared, then a total of 100 µL of YFiler Plus Master Mix and a 

total of 50 µL of YFiler Plus Primer Set will be combined. A total 15 µL of the reaction mixture 

(Master Mix & Primer Set) were distributed per number of reactions into the respective wells of 

the MicroAmp optical 96-well reaction plate. For the negative control, 10 µL of TE buffer were 

added into one of the wells. The targeted amount of 0.6 ng/µL of DNA was used in each reaction 

for a final volume of 10 µL (DNA & TE Buffer). The designated amount of 007 control DNA 

was added to act as the positive control. The final reaction volume was 25 µL. The plate was 

covered with strip caps to prevent evaporation. The plate was centrifuged at 3000 rpm for 

approximately 20 seconds to collet reaction components, before being placed in the Applied 

Biosystems’ Veriti 96 Well Thermal Cycler by Applied Biosystems.  Cycling parameters 

included an enzyme activation step at 95°C for 1 minute followed by 30 cycles of denaturation at 

94°C for 4 seconds, annealing at 61.5°C for 1 minute and elongation at 60°C for 22 minutes.  

 

Amplification products were sized using capillary electrophoresis. Following the manufacturer’s 

protocol, the volumes of Formamide (9.6 µL per reaction) and GeneScan 600 LIZ Size Standard 

v2.0 (0.4 µL per reaction) was determined based on the total number of reactions. For example, 

if there were 10 planned reactions, then 96 µL of Formamide and 4 µL of GeneScan Size 

Standard will be combined. A total of 10 µL of the reaction mix (Formamide/GeneScan Size 

Standard mix) and 1 µL of PCR product were combined and pipetted per number of reactions 

into each respective well of the MicroAmp Optical 96-well reaction plate. Also, one of the 

respective wells contained 10 µL of the reaction mix and 1 µL of the allelic ladder. The plate was 

sealed with a septa and centrifuged. The plate was heated for 3 minutes at 95°C. Then the 
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reaction plate was snap cooled on an ice block for 3 minutes. The reaction plate was placed into 

the 3500 Genetic Analyzer to undergo capillary electrophoresis.  

 

The initial part of the validation began with finding optimal conditions for both amplification 

(cycle number) on the Veriti and capillary electrophoresis (injection times & voltages) on the 

3500 Genetic Analyzer. This study was carried out using approved SDPD employee reference 

samples and blank samples. Two male-approved validation samples were amplified using the 

following DNA template amounts: 0.1 ng, 0.25 ng, 0.5 ng, 1.0 ng, 1.5 ng. These two sets of 

DNA template amounts were run initially at 27 cycles using the Veriti thermal cycler. Then 

another set of the same DNA template amounts were run at 28 cycles. The same was done for 29 

cycles. Lastly, one of the two sets of DNA template amounts were run under 30 cycles. Another 

run with the same validation samples at the same DNA template were carried out on the current 

YFiler PCR kit at 30 cycles for comparison purposes. The amplification products from the DNA 

samples were injected for capillary electrophoresis on the 3500 Genetic Analyzer. 

 

However, there was a change to the parameters for the 3500 instruments in order to optimize the 

data. One set of amplified DNA samples that were run for 29 cycles were sized on the 3500 

capillary electrophoresis instrument at: 1) 1.2 kilovolts for 15 seconds, 2) 1.2 kilovolts for 16 

seconds, 3) 1.5 kilovolts for 16 seconds, 4) 1.5 kilovolts for 20 seconds, and 5) 1.5 kilovolts for 

24 seconds. A second set of amplified DNA samples were run for 30 cycles and sized using the 

3500 instrument at: 1) 1.5 kilovolts for 16 seconds, and 2) 1.5 kilovolts for 10 seconds. DNA 

peaks and PCR artifacts obtained from the different runs were assessed. 

  

A baseline study was carried out to determine the analytical threshold or the limit of detection of 

YFiler Plus Amplification Kit data. The analytical threshold is the minimal RFU height 

requirement required to distinguish signal from background noise. The baseline study was 

evaluated with approved SDPD employee reference samples and blank samples. Positive 

controls, negative controls, and 62 DNA-containing samples were amplified using the amount of 

input DNA and cycling parameters determined from the optimal conditions study described 

above. The recommended parameters were: 10 µL of TE for blanks, 0.6 ng of DNA and 30 

cycles. The amplification product from the positive controls, negative controls, and 62 DNA-

containing samples were injected for capillary electrophoresis on both 3500 Genetic Analyzers at 

1.5 kilovolts for 10 seconds. During GeneMapper ID-X v1.4 analysis, the analytical threshold of 

1 RFU was applied to all samples and blanks. Immediately thereafter, these datasets were 

exported from GeneMapper ID-X (v1.4) and imported into STR-Validator software program. 

The STR-Validator software was utilized to quickly calculate the analytical threshold. In 

addition, the software allowed for removal of DNA peaks, PCR artifacts (stutter peaks, minus-A 

peaks), and spectral artifacts. After the analytical threshold was calculated, the data was further 

evaluated to confirm the reliability of the analytical threshold. This was done by searching for 

the top 10 highest noise peaks in the overall dataset. It allowed for detecting the highest signal 

limit of background noise, so that the analytical threshold can be established above this limit.  

  

A sensitivity study was conducted to determine the level where allelic dropout (a phenomenon 

that occurs due to low level of DNA template where the allele fails to be detected or loss of 

amplicon product) is noted and that which results in an increase in amplicon artifacts and/or the 

saturation point for signal. Plus, the optimal level for the designated DNA template range was 
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found. This study established a general range of DNA concentrations that confirms the reliability 

of DNA typing results when using the YFiler Plus Amplification kit in conjunction with the 3500 

Genetic Analyzer. Ten male reference samples were amplified at various DNA input levels for 

30 cycles with the YFiler Plus kit. In addition, the two male reference samples from the optimum 

cycle number and capillary electrophoresis parameters study was also examined for this study. 

These ten samples were amplified at the following DNA template ranges: 60 picograms (pg), 80 

pg, 100 pg, 150 pg, 200 pg, 300 pg, 400 pg, and 800 pg. Plus, these same ten samples were run 

again between 12 pg to 20 pg in order to obtain results with increased allelic dropouts. The other 

two male reference samples were amplified at 100 pg, 250 pg, 500 pg, 1 ng, and 1.5 ng. These 

DNA template amounts were chosen to determine ideal input levels, dropout levels, and 

saturation levels. After amplification, these samples were injected for capillary electrophoresis 

on both 3500 Genetic Analyzers at 1.5 kilovolts for 10 seconds. A detection threshold of 100 

RFU was applied during GeneMapper ID-X v1.4 analysis. During the analysis process, peak 

heights and artifacts were evaluated in order to determine the ideal DNA target amount.  

 

A stutter study was carried out to examine the types of DNA artifacts and various levels of 

stutter peaks that are observed using the YFiler Plus Amplification Kit on the 3500 Genetic 

Analyzers. Stutter peak products are an amplification phenomenon that is found 4 bases shorter 

than the corresponding main allele peak (Butler, 2005). Positive controls, negative controls, and 

62 male reference samples were amplified using 0.6 ng of DNA template for 30 cycles. Then 

capillary electrophoresis was carried out at the same parameters as those used for analytical 

threshold study on both 3500 Genetic Analyzers. The data produced was analyzed in 

GeneMapper ID-X (v1.4) using a 100 RFU detection threshold. Data from the GMID-X (v1.4) 

was imported into STR-Validator to calculate stutter percentage across all the markers.  

 

The goal of the balance study was to evaluate the inter- and intra-locus dye balance by analyzing 

the resulting peak heights following amplification with the YFiler Plus Amplification kit. 

Amplification and capillary electrophoresis was carried out as previously described in the stutter 

study. The resulting data was further examined in GeneMapper ID-X (v1.4) using an analytical 

threshold of 100 RFU. The inter- and the intra-locus dye balance was determined by calculating 

the average peak heights across all the loci.  

 

For the concordance study, the objective was to confirm that the DNA typing results obtained 

with the YFiler Plus Amplification Kit are consistent with the DNA typing results obtained with 

AmpFlSTR® YFiler PCR Amplification Kit. The study was also performed to verify results 

obtained using the new kit for analysis of NIST (National Institute of Standards and Technology) 

traceable standards match the known published results. Sixty male reference samples and two 

NIST samples (Components B and C) were amplified on the Veriti thermalcycler for 30 cycles 

with a target input of 0.6 ng of DNA using the YFiler Plus Amplification Kit. Capillary 

electrophoresis and data analysis was carried out as previously described in the balance study. 

The YFiler Plus data was compared with the 17 loci shared with AmpFlSTR® YFiler PCR. 

 

The stochastic study was carried out to determine the probability levels at which drop-out of 

genotypes occur and to calculate the threshold after single source samples are amplified with the 

YFiler Plus Amplification Kit. The stochastic threshold corresponds to the peak is above this 

threshold, then the sister allele will be present. Amplification was carried out as described in the 
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stutter study. In addition, a dilution series of 10 samples were amplified at a range of target 

amounts from ~12 pg to 800 pg. Capillary electrophoresis was performed on the amplified DNA 

products using both 3500 Genetic Analyzers as previously described in the stutter study. The 

overall stochastic threshold for YFiler Plus was calculated using James Curran’s online software 

program. In addition, the stochastic threshold was determined for each color set (Blue, green, 

yellow, red, purple). This was done by importing data from GMID-X (v1.4) into the online 

software. Using the software settings shown below, the overall stochastic threshold was 

generated. In addition, the stochastic threshold was calculated for each color dye (blue, green, 

yellow, red, and purple). 

 

Lastly, a DNA mixture study was performed to assess the male-to-male, male-to-female, and 

three male mixtures combined in various ratios. In addition, the male-to-female mixture samples 

were further analyzed to determine the ratio whereby female DNA inhibits a male DNA sample. 

Positive controls, negative controls, and a total of ten male employee reference samples were 

utilized. Male-to-male mixtures were created using the following ratios: 6:1, 4:1, 3:1, and 2:1. 

These samples were amplified in duplicate with a total of 600 pg, 300 pg, 200 pg, 150 pg, and 

100 pg of DNA. Male-to-female mixtures were created using a constant amount of male DNA 

(600 pg and 100 pg) with increasing amounts of female DNA to target ratios of: 1:1, 1:10, 1:100, 

1:1000, and 1:10000. Three male mixtures were created in the following ratios: 3:2:1, 3:1:1, and 

2:1:1. These three male mixtures were amplified eight times each at 300 pg, 200 pg, 150 pg, and 

100 pg. All of the mixtures (male-to-male, male-to-female, and three males) were amplified 

using YFiler Plus Amplification kit. Capillary electrophoresis was performed on both 3500 

Genetic Analyzers following the thermal cycling conditions and capillary electrophoresis 

conditions provided from the initial study. Data analysis was carried out using the GeneMapper 

ID-X (v1.4) software with the baseline determined from the analytical threshold study. 
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Results 
 

 
Figure 1 – First table listing observations for 29 cycles (YFiler Plus) and 30 cycles (YFiler 

PCR) and the second table listing observations for 30 cycles (YFiler Plus) 

To identify optimal conditions for amplification and capillary electrophoresis, the two male 

samples were run for 27, 28, and 29 (Figures 1) cycles separately using identical amounts of 

DNA template (100, 250, 500, 1000, and 1500 pg). When all template DNA was amplified using 

27 and 28 cycles, a significant number of loci did not amplify. There were a low number of 

artifacts on all parameters. Artifacts are by-products of the PCR process and resemble DNA 

peaks. However, these artifact peaks need to minimized as much as possible. The largest peaks 

were noted when using 29 cycles, however, they did not yield the same sensitivity as the 

previous kit, YFiler PCR. After changing the 3500 Genetic Analyzer parameters for capillary 

electrophoresis to optimize the RFU values of the DNA peaks, the data showed a general 

increase in RFU values from 1.2 kV at 15 seconds to 1.2 kV at 16 seconds to 1.5 kV at 16 

seconds (Figure 2). The average peak height increase from 15 seconds to 16 seconds at 1.2 kV 

was calculated to be 1.33x bigger (Figure 2). The average peak height increase from 1.2 kV to 

1.5 kV at 16 seconds was calculated to be 1.09x bigger (Figure 2). These peak heights were still not 

consistent with the previous kit, so additional 3500 Genetic Analyzer parameters were explored. The 

average peak height increase from 20 seconds to 24 seconds at 1.5kV was calculated to be 1.03x 

bigger (Figure 3). The RFU values were still not in the sensitivity range as the previous kit; 

therefore, the samples were run at 30 cycles. The average peak height increase from 29 cycles to 

30 cycles at 1.5 kV at 16 seconds was calculated to be 1.95x bigger (Figure 4), which fell within 

expectations. After analyzing the data, 30 cycles showed the same sensitivity as the previous kit 

at 1.5 kilovolts at 16 seconds and 1.5 kilovolts at 10 seconds. By increasing cycle numbers, 
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injection times, and injection voltages, there was a decrease in allelic dropouts. However, there 

was an increase in detected artifacts at the 1.0 ng and 1.5 ng DNA template amounts across all 

the amplification cycles. When comparing the YFiler Plus results to the current YFiler kit results 

for the same DNA samples at the same DNA inputs, there were more artifacts found with the 

AmpFlSTR® YFiler PCR kit amplified products compared to the YFiler Plus kit amplified 

products. Based on the results of this study, it was determined that the optimal number of cycles 

is 30 and the designated 3500 capillary electrophoresis parameters will be 1.5 kilovolts at 10 

seconds.  

 

 
Figure 2 – STR-Validator’s histogram showing the number of noise peaks found at various 

peak heights from the 62 male reference samples. A significant number of noise peaks fell 

below 50 RFU, 
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Figure 3 - STR-Validator’s calculated analytical threshold values and global mean and 

global standard deviation for all 62 male samples. The 1st column displays the overall 

global analytical threshold values and the 2nd-6th columns displays the global analytical per 

dye channel: blue, green, yellow, red, and purple respectively.  

 

A histogram was generated from STR-Validator to showcase the noise distribution (Figure 5). 

The top 10 noise peaks did not exceed the analytical threshold indicating they represent true 

noise. Therefore, the calculated analytical threshold was confirmed to be reliable (Figure 7). 

Noise peaks are background peaks and are not called during GeneMapper ID-X analysis. STR-

Validator also utilizes 4 analytical threshold formulas to designate the RFU levels that exceed 

noise (Figure 6) and represent amplicon signal. However, only of 1 of the analytical threshold 

formulas will be looked at. It produced an average signal RFU values of 13.58 +/- 11.34. Based 

upon the data collected from this study, 100 RFU was operationally defined as the analytical 

threshold for DNA casework due to pragmatic reasons. There needs to be a balance between the 

background noise peaks and real DNA peaks. Also, future possible spectral issues or future 

higher background noise peaks have to be accommodated 

 

The sensitivity of electropherograms were examined for all the samples to find the peak heights, 

allelic dropouts, artifacts, and saturation points. Saturation was determined to be 32,000 RFU for 

the 3500 Genetic Analyzers. The detection limit for full DNA profiles is approximately 60-100 

pg. Spectral artifacts were increasingly observed when peak heights exceeded 10,000 RFU and 

generally occurred in samples that contained above 800 pg of DNA. The optimal range for robust 

DNA profiles is between 400-800 pg (Figure 8) with the recommended amount of DNA input 

being approximately 600 pg of DNA. 

Five different types of stutter were found in the DNA profiles amplified with YFiler Plus. Stutter 

is a recurring phenomenon based on the number of base pairs less than the parent. Within this 

dataset, there were many n- 1 and n+1 repeat stutters while there were the occasional n-0.5, n-2, 

n+2 repeat stutters. When using GMID-X, the default stutter filters were used to examine the 

occurrences across all the samples. The default GMID-X filter will be adjusted accordingly, so 

that there will be a balance between filtering the majority of stutter peaks while preserving allelic 

peaks in a mixture where DNA contribution can be unbalanced. Stutter patterns differ from allele 

to allele. This validation only contains 62 samples; therefore, it does not contain all the possible 

combinations of alleles that could be observed in casework. Results suggest larger alleles 

typically display higher stutter peaks.  
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Figure 4 – A bar graph displaying the dye balance between the loci 

 

To define comparisons between the different dye colors and each individual locus in the balance 

study, the average peak height of each loci was calculated across all samples. In general, perfect 

balance is when all the peak heights are all the same RFU value across all the loci or when any 

locus peak height divided by another locus peak height is 1. Figure 4 helped determine 

expectations for behavior of the kit under the parameters established from the initial study and 

gave a representation on how the different loci amplify within the kit. In addition, it will help 

develop interpretation guidelines in the forensic biology unit. 
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Figure 5 – Male reference employee DNA profile (YFiler PCR 30 Cycles) from 

GeneMapper ID-X (v1.4) for concordance study. Each peak is distinguished by color. All 

the peaks that are colored blue are within the blue dye, which are fluorescently tagged blue 

on the primers when it attaches to the specified loci. All the peaks that are colored green 

are within the green dye, which are fluorescently tagged green on the primers when it 

attaches to the specified loci. All the peaks that are colored black are within the yellow loci, 

which are fluorescently tagged yellow on the primers when it attaches to the specified loci. 

All the peaks that are colored red are within the red loci, which are fluorescently tagged 

red on the primers when it attaches to the specified loci. 
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Figure 6 – Male employee reference DNA profile (YFiler Plus 29 Cycles) from 

GeneMapper ID-X (v1.4) for concordance study. Each peak is distinguished by color. All 

the peaks that are colored blue are within the blue dye. All the peaks that are colored green 

are within the green dye. All the peaks that are colored black are within the yellow loci. All 

the peaks that are colored red are within the red loci. All the peaks that are colored purple 

are within the purple loci, which are fluorescently tagged purple on the primers when it 

attaches to the specified loci. The purple loci are a new additional feature of YFiler Plus 

compared to YFiler PCR. 

 

The genotypes for the NIST standard reference material (Components B and C) were 100% 

concordant at all loci after being amplified with the YFiler Plus kit. The genotypes obtained 

following YFiler Plus amplification of the 60 male reference samples were 100% concordant at 

the markers previously analyzed with AmpFlSTR® YFiler kit (Figures 12 & 13). The positive 

control (DNA control 007) was consistent with all the profiles in every amplification performed 

with the YFiler Plus kit. There are ten new additional Y-STR markers (DYS576, DYS627, 

DYS460, DYS518, DYS570, DYS449, DYS481, DYF387S1 a/b, and DYS533) within the 

YFiler Plus kit. These markers were not able to undergo testing for concordance with the 

AmpFlSTR® YFiler PCR kit. However, the 62 male samples were amplified repeatedly and 

results demonstrated coherence with the YFiler Plus kit. All male sample profiles were shown to 

have successful DNA typing at all 27 markers. DNA typing results acquired using YFiler Plus is 
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100% concordant with the results acquired using AmpFlSTR® YFiler PCR. This verifies the 

expected results and provides additional genotype characterization due to the addition of ten new 

Y-STR markers.  

 

 

 

Figure 7 – The calculated overall stochastic threshold value from James Curran’s software 

program for the all the loci combined. James Curran’s software program creates a 

regression curve to the data. With a given alpha (0.99 for the graph above), it can be used 

to calculate the probability of drop out. The circles represent the datapoints from the 62 

reference samples and the dilution series samples. The x-axis represents the average peak 

heights of the data points. The y-axis represents the probability of drop-out. The dotted 

line is the stochastic threshold, which is 496 RFU. 

Complete haplotypes in single source samples was observed at and above 100 pg of DNA. 

Allelic dropout was observed ate template levels below 100 pg of DNA input. Overall, the 

stochastic threshold for YFiler Plus was calculated to be 496 RFU (Figure 14). This fell within 

expectations and does not require further adjustments. At 496 RFU and above, there is an 

exceedingly small chance that drop out has occurred. It was also important to calculate the 

stochastic threshold values for the blue, green, yellow, red, and purple dyes (Figures 15-19). 

Blue was 552 RFU. Green was 463 RFU. Yellow was 506 RFU. Red was 376 RFU. Purple was 

478 RFU. Occurrence of dropout begins to take place below 100 pg of DNA input and the 

dropout rate increases as DNA input decreases. Also, probability of drop out increases below 496 

RFU.  

 

 



Alexander Phan, July 10, 2017 SDPD YFiler Plus Validation 
 

17 
 

 

Figure 8 – Male-Female 1:10000 DNA profile sample from GeneMapper ID-X (v1.4) 

After running mixture samples with YFiler Plus, all of them were observed for its performance 

according to the created ratios. The 2 male mixtures and 3 male mixtures was assessed and 

performed to expectations from the created mixturre ratios. The male-female mixtures (1:1, 1:10, 

1:100, and 1:1000) samples had full, robust male DNA profiles without allelic dropouts. Only 

50% of the male DNA profile was detected, however, at a male-female ratio of the 1:10000 

(Figure 8). Therefore, female DNA acts as an inhibitor above the 1:1000 level for male-female 

DNA ratios. Overall, the results of this mixture study provide a large range of contributor ratios 

and input amount that can be used to evaluate its capabilities when using STRmix. 

 

Discussions and Conclusions 
 

For future validation, developing mixture interpretation guidelines for YFiler Plus would be the 

next step. SDPD’s forensic biology unit wishes to utilize Oregon State Police’s YFiler Plus 

mixture interpretation guidelines. In order to carry this out, the YFiler Plus mixture interpretation 

guidelines from Oregon State Police must be used on the mixture samples from this validation. If 

the mixture samples meet the guideline’s expectations, then SDPD’s forensic biology unit can 

incorporate the same guidelines. If the mixtures samples do not meet the guideline’s 

expectations, then SDPD’s forensic biology unit must adjust the guidelines accordingly. Once 

the mixture interpretation guidelines have been completed, SDPD’s forensic biology unit can add 

the YFiler Plus Amplification Kit to their technical manual for DNA casework.  
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Lastly, the updated CalDOJ Y-Mixture tool would be explored for potential capabilities. It is an 

excel database tool used for both single source and mixed Y-STR haplotypes to be searched 

against the US Y-STR haplotype database to obtain estimates of the frequency of occurrence for 

the haplotypes. 

After examining capabilities and limits of YFiler Plus through each study conducted, the kit was 

incorporated into the forensic biology unit’s technical manual. With this kit in place, there is 

increased discrimination for DNA identification due to the increased number of loci. YFiler Plus 

was shown to function optimally in mixture samples that contained a large amount of female 

DNA, which resulted in full male DNA profiles. Amplification time is much faster with YFiler 

Plus than YFiler PCR, which enhances protocol efficiency. Ultimately, the YFiler Plus 

Amplification Kit from Applied Biosystems optimizes the analytical DNA process for forensic 

casework.  
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