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COMPARING LIKELIHOOD RATIOS OF DEGRADED DNA MIXTURE 

PROFILES USING DNA-VIEW MIXTURE SOLUTION 

 

CAMERON ALEXANDRE FILIPE 

 

ABSTRACT 

Interpreting DNA profiles manually can potentially call into question subjectivity 

between analysts who may interpret specific results differently.  There are multiple features 

of a DNA profile that can complicate interpretation, which include allelic dropout and 

drop-in, allele sharing, and polymerase chain reaction (PCR) artifacts, which can all 

confound manual interpretation of DNA profiles.  Difficulties in interpretation of DNA 

profile evidence can also be caused by degradation of the DNA itself, which can be caused 

by various environmental factors.  Over the last 15 years, developments in DNA profile 

interpretation using probabilistic genotyping software (PGS) have been made in order to 

assist in the complicated task of interpreting and deconvoluting a challenging mixture.  

Among these PGSs is DNA-View® Mixture Solution™, a continuous-model program that 

is based on stochastic modeling. 

In this research, Mixture Solution was used to provide statistical analyses on DNA 

mixtures that were subject to various levels of degradation, through the assignment of a 

likelihood ratio (LR) to the mixture profile. The LR would either support the hypothesis 

that the person of interest (POI) contributed to the mixture, or support the contrary 

hypothesis, that the POI was not one of the contributors.  Mixtures were prepared at four 

different contributor ratios with varying combinations of three levels of degradation: no 

degradation, partial degradation, and full degradation, using controlled heating to 
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systematically degrade the DNA template prior to amplification.  Using two hypothesis 

tests, Mixture Solution was used to compute LRs for each of the mixtures with a variety of 

defined POIs. 

Results showed that Mixture Solution successfully generated appropriate LRs for 

all 20 mixtures in this research, with no Type I errors that falsely excluded a known 

contributor from a mixture via an LR less than one.  Even with the greatest level of 

degradation and at the most disproportionate ratio of contributors, Mixture Solution was 

able to assign an LR to each contributor that confirmed their presence in the mixture.  When 

the DNA of a POI was subjected to degradation, decreases in the LR values were observed 

when compared to the values computed for undegraded DNA from the same POI.  

However, in all mixtures, Mixture Solution was able to assign an LR with “moderate 

support” or higher to each of the POIs in both tests, regardless of the level of degradation. 
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1. INTRODUCTION 

1.1 Manual DNA Mixture Interpretation 

The use of deoxyribonucleic acid (DNA) evidence in legal proceedings is a strong 

tool of forensic science when the evidence has high probative value and strong statistical 

significance.  However, the analysis of DNA that has been isolated from biological samples 

obtained from evidence may not always provide results that are easy to interpret, which 

includes samples with DNA mixtures.  The Scientific Working Group on DNA Analysis 

Methods (SWGDAM) has defined a mixture as a DNA sample that originates from more 

than one individual, characterized by more than two autosomal alleles present at a 

particular genetic locus on an electropherogram (1).  When this occurs, it is pertinent for 

the analyst to determine how many individuals may have contributed DNA to the overall 

mixture sample.  Among forensic laboratories, most methods of manual DNA mixture 

interpretation began with how many individuals may be present in a sample by utilizing 

the maximum allele count (MAC) method (2).  MAC is performed by identifying the locus 

that contains the most alleles across the entire electropherogram, and then using that 

number of alleles to determine the minimum number of contributors (NoC) to the mixture 

(1,2).  For example, if the maximum count of alleles at a particular locus on an 

electropherogram is six, then the minimum NoC is three, since a single individual cannot 

exhibit more than two alleles at a particular locus. 

In the case of two-person mixtures, once the MAC is determined, peak height 

values in relative fluorescent units (RFU) are then used to determine whether the mixture 

is distinguishable.  Distinguishable mixture samples exhibit a major and/or minor DNA 
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component(s) based on peak height ratio (PHR). Contrastingly, indistinguishable mixture 

samples are those where the PHR cannot be used to definitively differentiate between the 

contributors of the alleles and hypothesize two unique genotype sets (1).  When a 

contributor genotype is known, it can assist by in essence designating those alleles to that 

known contributor, which can allow for easier deconvolution of the remaining alleles.  

However, this is not always possible.  As depicted in Figure 1, genotypes for both the major 

and minor contributors can be proposed due to the fact that the (a) and (c) alleles and the 

(b) and (d) alleles, respectively, share similar peak heights.  Conversely, in Figure 2, 

genotypes for both the major and minor contributors cannot be defined due to similarities 

in peak heights of various alleles. 

 

Figure 1.  Schematic diagram of a locus in a distinguishable two-person DNA mixture.   
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Figure 2.  Schematic diagram of a locus in an indistinguishable two-person DNA mixture.   

 

For mixtures with greater than two contributors, which would be characterized by 

more than four alleles at one or more loci, proposing potential genotypes for each 

contributor will be more difficult.  Studies have shown that when using MAC, failure to 

correctly identify the NoC can occur in mixtures with more than two contributors (2,3).  In 

one instance, Paoletti et al. concluded that up to 3% of three-person mixtures can be 

mischaracterized as two-person mixtures, and a staggering 76% of four-person mixtures 

can potentially be misidentified as either two- or three-person mixtures (3).  It has even 

been suggested that manual interpretation of DNA mixtures with three or more contributors 

should not be attempted due to its high error rate as a result of the number of possible 

contributor combinations (4). 

 

1.1.1 Complications to Manual Interpretation 

 Interpreting DNA profiles manually can potentially call into question subjectivity 

between analysts who may interpret specific results differently.  There are multiple factors 

of a DNA profile that can complicate interpretation. These include allelic dropout and drop-
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in, which is the loss or gain of genetic information at a particular locus.  Allele sharing 

between contributors to a mixture can mask certain genetic characteristics that can cloud 

interpretation and prevent deconvolution.  Also, artifacts such as stutter, pull-up, and minus 

A can confound manual interpretation of DNA profiles. 

A common challenge faced by DNA analysts when performing manual DNA 

mixture interpretation is the presence of allelic dropout and drop-in.  Allelic dropout can 

occur in a DNA profile as a result of low quantity or quality DNA being amplified, and 

subsequently separated through capillary electrophoresis.  As a result, certain alleles 

exhibited by any of the actual contributors to the DNA mixture can be omitted, or “drop 

out”, from the DNA profile due to low fluorescent signal, resulting in a partial DNA profile 

(5).  Conversely, drop-in can occur due to the presence of trace amounts of extraneous 

DNA that can result in an allele call that does not reflect the characteristics of any of the 

actual contributors to the overall mixture (5).  Allelic drop-in is less commonly observed 

than allelic dropout, however, drop-in has been observed in studies using non-template 

control samples and is most commonly observed in the D18S51 and D8S1179 loci (6). 

 Allelic dropout and drop-in can complicate manual deconvolution of DNA mixture 

profiles due to the inherent loss of critical data, or inclusion of extraneous information.  In 

either case, interpretation may be hindered.  True contributors to the mixture can potentially 

be excluded due to dropout, or the inclusion of an extraneous number of alleles that have 

dropped-in may misguide analysts to include a potential true non-contributor or exclude a 

true contributor. 
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 Allele sharing between contributors in a DNA mixture can also prevent 

deconvolution of the mixture.  For example, if a major contributor to a DNA mixture 

exhibits an 11 and 12 allele at a particular locus, and a minor, low-template contributor 

exhibits a 12 and 13 allele at the same locus, only three peaks will appear.  The 12 allele 

exhibited by the minor contributor becomes masked by the higher signal 12 allele of the 

major contributor.  As a result, the 13 allele cannot be associated with another allele, as the 

second allele could be an 11, a 12, or another allele that could have dropped out of the 

profile. 

 Polymerase chain reaction (PCR) artifacts can also cause difficulty when manually 

interpreting DNA mixtures.  Stutter, the most common PCR artifact, poses particular issues 

when attempting to manually deconvolute and interpret a DNA mixture.  Stutter is an 

unavoidable product of PCR that is the result of slippage of the DNA polymerase enzyme 

on the template strand during the reaction, and varies by locus in relation to the length of 

the uninterrupted repeat sequence (7).  This creates artifacts that are not reflective of any 

biological material in the sample.  Stutter can vary in size due to the strand where the 

slippage of DNA polymerase takes place: in tetranucleotide repeat loci, a stutter artifact 

can be exhibited four base pairs shorter than the true allele due to a deletion of a repeat, or 

four base pairs longer than the true allele due to the insertion of a repeat (8).  This can 

create complications in analysis since the difference of four base pairs can lead to the false 

detection of a different allele, as well as potentially masking minor contributor alleles that 

fall in a stutter position of another true allele. 
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 During binary modeling interpretations, DNA analysts need to carefully consider 

all of the potential factors affecting the DNA data and allele designations.  While analysts 

are likely aware of the possible presence of these hindrances, as well as being able to 

properly characterize and diagnose them, some shortcomings can potentially arise when a 

complicated mixture profile is comprised with a multitude of extraneous information, or 

lack thereof, in order to properly deconvolute such a mixture. 

 

1.2 Probabilistic Genotyping Software 

 While manual interpretation of DNA profile data, is subject to SWGDAM 

guidelines, the conclusions that can be drawn are not always be reproducible as 

demonstrated through inter-laboratory and intra-laboratory studies (9).  In order to 

articulate the associations of DNA profiles from an evidentiary item and a reference item, 

analysts must provide statistical significance to these associations.  Experts in the fields of 

forensic DNA analysis and statistics underwent development of a system that can provide 

these statistical figures, as well as aid in the deconvolution and interpretation of complex 

DNA profile data.  In 2007, just over two decades after the discovering that DNA can be 

used as a tool for human identification, the first probabilistic genotyping software (PGS) 

was developed (5,10).  Probabilistic genotyping utilizes semi-continuous or fully 

continuous models, where the weight of a genotype set can fall anywhere on a continuum, 

or a scale from 0 to 1.  Binary modeling is used during manual DNA interpretations and is 

defined by having one of two values, 0 or 1, i.e., the allelic peak is either included (weight 

of 1) or excluded (weight of 0) in the interpretation of a DNA profile.  Probabilistic 
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genotyping has proven to provide more information during DNA profile deconvolutions 

through the use of statistical theory, probability distributions, and computer algorithms to 

assist DNA analysts in the interpretation of DNA profiles (11). 

 The use of PGS has developed over the past decade and a half, and in many cases, 

shows significant improvement over manual interpretation methods.  PGS eliminates 

inconsistencies and variability that may arise between the interpretation by different 

analysts.  Reliability is increased due to computational automation and lack of user 

interference, which decreases the potential for error that may occur during manual 

interpretation.  Unlike traditional manual approaches, PGS can assist in the deconvolution 

of mixtures by assigning likely genotypes to possible contributors using population 

databases that are uploaded in the software.  Most importantly, the ability for PGS to 

interpret low-template DNA within highly complex mixtures in a time-efficient manner 

makes it highly desirable across forensic DNA laboratories on an international scale (12). 

 Over 200 forensic DNA laboratories in the United States (U.S.) have begun to use 

PGS in their casework.  This includes laboratories where PGS is currently in use, as well 

as laboratories that are undergoing internal validation of such software (5,13).  Currently, 

the most commonly employed PGS in forensic laboratories are STRmix™, TrueAllele®, 

and EuroForMix (14–16).  Among the three, STRmix™ is most widely used in the U.S., 

having been validated and now currently in use in 79 U.S. forensic DNA laboratories (17).  
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1.2.1 Significance of Likelihood Ratios 

Primarily, the statistical value assigned to information collected using PGS is the 

likelihood ratio (LR). The LR is a comparison between the probabilities of two 

explanations for the observed DNA data that via the legal parties’ hypotheses (18).  In 

DNA mixture interpretation using PGS, those hypotheses are presented by the prosecution 

and the defense. For example, in a DNA mixture sample recovered from biological 

evidence found at a crime scene, the prosecution may hypothesize that the DNA mixture 

contains DNA from a suspected perpetrator, along with either a known victim or some 

other unknown individual(s).  This is referred to as the prosecution hypothesis, and is 

abbreviated Hp.  On the other hand, the defense, whose position in the criminal justice 

system is to zealously advocate for their client, may hypothesize that the contributors to 

the mixture are a specific number of unknown persons, explicitly excluding the suspected 

perpetrator.  This hypothesis is the defense hypothesis, which is abbreviated as Hd.  The 

LR value represents a comparison between the likelihood of the two competing hypotheses.  

The LR equation compares the two hypotheses and how their probabilities, P, relate to each 

other given the evidence, E: 

LR =  
P (E | Hp)

P (E | Hd)
 

 The probability of the more likely hypothesis will be a greater number than that of 

the other hypothesis being theorized.  Therefore, an LR greater than one supports the Hp, 

and an LR less than one supports the Hd.  Depending on the more probable hypothesis, the 

LR can be a substantially large number, or a substantially small fractional value.  There 

have been verbal scales developed by many different entities in order to translate the LR 
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 Additionally, using LRs provides important advantages over another statistical 

method, the combined probability of inclusion (CPI).  This interpretation method is 

performed by calculating the sum of the squares of the allele frequencies of each of the 

observed alleles in a DNA mixture, then determining the product of each of the squared 

frequencies at each locus (21).  The inverse of the product across all loci is the probability 

that a random person would be included as a contributor to the profile.  For example, the 

formula for CPI when alleles a, b, and c are present in the mixture is as follows: 

a2 + b2 + c2 + 2ab + 2ac + 2bc = (a + b + c)2 

The CPI method does not require an assumption to be made about the NoC, however, it 

does not consider all of the available evidence in determining statistical significance.  Most 

importantly, a suspect’s genotype is not required, and therefore not taken into account, 

when performing a CPI calculation (22).  This method also does not take dropout into 

consideration.  This affects the probative value of the statistics when all of the information 

from the DNA profile (e.g., peak height) is not taken into consideration. The LR allows for 

all genetic information to be considered when making such a statistical analysis, and while 

it may require some inferences as it relates to the NoC, its statistical value is highly 

representative of the evidence and its genetic characteristics. 

 

1.3 Degradation of DNA 

 Difficulties in interpretation of DNA profile evidence can also be caused by 

degradation of the DNA itself.  Degradation of DNA is caused by random cleavage of the 

DNA strand, which can be caused by humidity, exposure to microorganisms, or ultraviolet 
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light (23,24).  While DNA can be degraded due to many environmental causes, DNA can 

also degrade over longer periods of time in a laboratory setting as a consequence of 

improper storage methods.  Degradation can impact all DNA found in biological evidence 

as time passes.  Larger DNA fragments are more susceptible to degradation of the template 

than smaller DNA fragments (25).  As a result, allelic dropout is more likely to take place 

at the loci with larger amplicon sizes (26).  Some PCR primer sets have been developed to 

reduce amplicon size by placing the primers at the end of each repeat, thus minimizing the 

effects of degradation (27).  However, degradation is not wholly avoidable, and can still 

pose a threat to DNA when the biological material is subjected to the elements or 

improperly stored. 

 

Figure 3.  Green panel of a DNA electropherogram exhibiting the “ski-slope” effect, which is 

characteristic of DNA degradation.  

 

Figure 3 illustrates the effects of degradation on a DNA profile.  The loci with 

smaller amplicon sizes, in base pairs, have alleles with appropriate, expected peak heights.  

This is due to the signal of these alleles being less affected by degradation than the signal 

of the alleles that have larger base pair sizes.  As the base pair size increases, the signal in 
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RFU decreases substantially, and may even fall below an established analytical threshold 

(AT), resulting in allelic or total locus dropout.  This visual pattern of substantial loss of 

fluorescent signal is referred to as the “ski-slope” effect, named for the sharp curved shape 

that the peak heights create as the base pair size of the alleles increase (28). 

Presence of the “ski-slope” effect is characteristic of DNA degradation, and it can 

impose difficulties on DNA interpretation, especially interpretation of DNA mixtures.  The 

low-signal allelic peaks at larger-sized loci can potentially be misinterpreted as a minor 

contributor to the DNA mixture, or as some other source of low-template DNA that has 

been introduced to the sample, which can further complicate DNA mixture interpretation 

and deconvolution of contributor genotypes. 

  

1.4 DNA-View® Mixture Solution™ Software 

 Since the advent of PGS in 2007, many different expert systems have been 

developed for the purpose of statistically analyzing DNA mixture data. DNA-View® 

Mixture Solution™, developed by Dr. Charles Brenner, is a PGS system utilizing a fully 

continuous-model based on stochastic modeling.  This allows for the program to detect 

allelic dropout and its statistical weight when analyzing an overall profile (29).  

Additionally, Mixture Solution is based on a statistical modeling feature that differs from 

some of the other major PGS currently in use.  These major PGS, including STRmix™, 

TrueAllele®, and EuroForMix, all use the Markov-chain Monte Carlo (MCMC) approach, 

which estimates genotype sets through repeated simulations, or iterations, to fit the 

observed DNA data (30).  Mixture Solution does not employ MCMC methods, and rather 



 

 

13 

uses a direct computation approach to determine an LR for a specific set of hypotheses 

(31).  Among the benefits of this approach is the employment of a “stopping” feature, 

which is when the program recognizes that computation has proceeded to a point where an 

accurate result has been found, which is not commonly found in MCMC-based PGS, and 

is unreliable when it is used.  This allows for Mixture Solution to comprehensively, yet 

concisely, analyze DNA mixture data. 

 

Figure 4.  Main menu of Mixture Solution™ depicting the input fields of the program, 

including for the case information, the mixture in question, and the hypotheses being considered. 

 

 Although a shortcoming of LR calculations is the necessity to make an assumption 

of the NoC, Mixture Solution allows the analyst to enter the number of contributors, or a 

maximum number of potential unknown contributors, from which the program will create 
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a most probable hypothesis given all of the NoC possibilities.  These entries can either be 

set to the same value for both the prosecution and defense hypotheses or can be set to 

different values for each of the two hypotheses.  The reports that Mixture Solution 

generates at the conclusion of each computation will indicate the LR for each potential 

NoC considered, including the estimations that were ultimately not preferred.  Mixture 

Solution is able to consider other minor factors when calculating an LR that include 

proportions of known and unknown contributors, as well as an estimate of the number of 

the unknown contributors and their respective genotypes (32). 

1.5 Project Goal 

DNA-View® Mixture Solution™ is based on stochastic modeling, which can take 

allelic dropout into account when determining an LR for a DNA mixture.  Among the 

complicating factors that will affect any deconvolution process is degradation (31).  Since 

degradation can significantly impact the analysis of DNA mixture profile data, it would be 

useful to forensic DNA laboratories if a PGS can be used to assist in the detection of 

degradation via the production of an accurate LR that will not falsely exclude a degraded 

contributor. 

In this project, three-person mixtures with varying degrees of degradation and 

contributor ratios were prepared in order to determine how well Mixture Solution could 

compute accurate LRs for each of the contributors to the mixture, regardless of their overall 

quantity or degree of degradation.  Dropout is considered by Mixture Solution in its 

computation, and some levels of degradation can lead to allelic dropout.  Mixture Solution 
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is able to approximate the “ski-slope” effect of degradation as proportional to the value of 

one over the base pair size of the allele. 

An LR, in theory, would decrease when the DNA of the person of interest (POI) 

was subjected to conditions that led to degradation of the DNA strands.  This can be 

inferred since the DNA peak heights of the POI will decrease as the size of the loci increase 

on the electropherogram. Thus, the evidence profile will contain less information as 

compared to the same DNA in an undegraded state. The average peak heights of 

undegraded DNA would be relatively consistent across all loci.  We expect the LR for a 

degraded sample will favor the Hp if the POI was present in some form, as long as the 

alleles contributed by the POI are observable at most loci. 

Therefore, the purpose of this study was to assess the capabilities of Mixture 

Solution in its ability to draw statistical conclusions regarding the presence of contributors 

in three-person mixture samples at varying levels of degradation and to compare LRs that 

are representative of the DNA in each mixture sample. 
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2. MATERIALS AND METHODS 

2.1 Samples 

 Extracted genomic DNA from three individuals (one female, two males) purchased 

from the Coriell Institute for Medical Research, Camden, NJ, were used to prepare project 

samples.  A 1:10 dilution of each extract was used for real-time PCR amplification. 

 

2.2 Quantification 

Human DNA concentrations were measured using the Quantifiler Trio™ DNA 

Quantification Kit (Applied Biosystems, Foster City, CA) using a 7500 Real-Time PCR 

System (Applied Biosystems, Foster City, CA) following the manufacturer’s protocol and 

a calibrated virtual standard curve.  Quantification of the degraded samples was performed 

in duplicate. 

 

2.3 DNA Degradation 

Prior to mixture preparation, DNA extracts from each of the three individuals were 

degraded through a controlled heating procedure (33).  To induce degradation, the DNA 

samples were initially diluted in deionized water to a concentration of 10 ng/µL.  Eighty 

microliters of each sample was incubated at 95°C at multiple time intervals using a Veriti™ 

Thermal Cycler (Applied Biosystems, Foster City, CA).  Samples were incubated at time 

intervals ranging from 15 to 120 minutes, but the samples incubated at 15 and 30 minutes 

were chosen for analysis and will be referred to in the results as “partial” degradation (15 
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minutes) and “full” degradation (30 minutes).  Degradation indices (DI) were calculated 

during quantitation of the samples and are listed in Table 2. 

Table 2.  Degradation indices for each contributor used in the experimental mixtures. 

 

Contributor DI at 0 Minutes DI at 15 Minutes DI at 30 Minutes 

Female 0.81 -- 3.01 

Male A 0.87 1.29 1.82 

Male B 1.42 -- 6.53 

 

 

2.4 Assessment of Control and Degraded Samples 

Prior to the preparation of mixture samples, the degraded and undegraded DNA 

extracts were amplified using the GlobalFiler™ PCR Amplification Kit (Applied 

Biosystems, Foster City, CA) with a target of 1 ng, according to the manufacturer’s 

protocol and recommendations.  Capillary electrophoresis was performed using 1 µL of 

amplified product on the SeqStudio™ (Applied Biosystems, Foster City, CA) according to 

the manufacturer’s protocol with a 10-second injection time.  GeneMapper ID-X™ v1.6 

was used to analyze and display DNA profiles using an AT of 30 RFU.  

 

2.5 Mixture Sample Preparation 

Twenty mixture samples were prepared using DNA extracts from the three 

individuals.  The mixtures were prepared according to the specifications in Table 3, which 

outlines the ratio of contributors and the level of degradation for each mixture. 

The mixtures were prepared in four groups with five samples per group, denoted 

using the identifiers A1-A5, B1-B5, C1-C5, and D1-D5, where the letter represents the 

ratio of contributors, and the number represents the combination of levels of degradation.  
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The final DNA concentration for the mixtures ranged from 0.07 to 0.44 ng/µL.  The 

intended contributor ratios were: 1:1:1 for the A group, 2:1:1 for the B group, 4:1:1 for the 

C group, and 8:1:1 for the D group.  Note that the ratio for the fourth mixture in each group 

(A4, B4, C4, and D4) does not follow the intended pattern due to an unrecognized 

quantification error.  The mixture ratios in Table 3 show the corrected ratio for each of 

these mixtures. 

The level of degradation of each contributor was also varied within each group of 

five mixtures.  The first mixture in each series was prepared using undegraded extracts of 

each contributor and was used for analysis as a control.  The second mixture in each group 

was prepared with the DNA extract of one male contributor degraded for 30 minutes, while 

undegraded extracts of the female contributor and the second male contributor were used.  

The third mixture in each group was prepared with the DNA extract of the sole female 

contributor degraded for 30 minutes, along with the undegraded DNA extracts from each 

of the two male contributors.  The fourth mixture in each group was prepared with the 

DNA extract of the sole female contributor degraded for 30 minutes, the DNA extract of 

one male contributor degraded for 15 minutes, and the undegraded DNA extract of the 

second male contributor.  Finally, the fifth and final mixture in each group was prepared 

with full degradation of all three DNA extracts. 

Each mixture was prepared to a final volume of 30 μL with a total quantity of 3 ng 

of DNA.  A final quantification was performed on the mixtures with the Quantifiler Trio™ 

DNA Quantification Kit in duplicate.  Each mixture was amplified using the GlobalFiler™ 

PCR Amplification Kit at a template target of 1 ng.  Capillary electrophoresis was 
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2.6 DNA-View® Mixture Solution™ 

 The DNA-View® Mixture Solution™ PGS, software version dy18-22-11-4, was 

used to generate LRs and most favorable hypotheses for manually-selected persons of 

interest (POI) in each of the prepared mixture samples.  All mixtures were analyzed using 

Mixture Solution at an AT of 30 RFU.  The capabilities of Mixture Solution were assessed 

through the performance of two different sets of proposed hypotheses for each contributor, 

each set comprising a test of the program.  The program was tested with hypotheses that 

included unknown contributors, as well as with hypotheses that included some of the 

known contributors to the mixtures.  Upon completion of Mixture Solution’s computation, 

the program designates the most favorable Hp and the most favorable Hd.  The LR is then 

determined based on the comparative ratio between the likelihood for each favored 

hypothesis. 

 The first test, Test 1, defined the considered hypotheses using only the POI and 

some number of unknowns.  The Hp input was to consider the POI as a potential contributor 

to the mixture, with the addition of up to three unknown people as the remaining 

contributors.  The Hd for all samples considered up to three unknown contributors to each 

mixture.  The number of unknowns for both the Hp and Hd was selected as “up to three 

unknowns” since this is Mixture Solution’s default setting for mixture analysis and LR 

computation. 

 The second test, Test 2, defined the considered hypotheses using the POI and the 

two other known contributors to the mixture.  The Hp input was to consider the POI as a 

potential contributor to the mixture, the other two known people who contributed their 
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DNA to the mixture, and up to three other unknown contributors.  For the defense, the Hd 

input was to consider the two known contributors, excluding the POI, and up to three 

unknown contributors as having potentially contributed their DNA to the mixture. 

 The “Autopilot” feature of Mixture Solution was used in order to perform 

computation on all of the mixture samples and the varying hypotheses based on the specific 

test with minimal manual user intervention.  A script was created using Microsoft Excel to 

provide a framework which instructed the program of the user’s defined parameters for 

computation.  These parameters included AT, stochastic ratio, integration precision, and 

theta correction.  Each single computation, which was defined by the mixture identifier and 

the POI for that computation, was replicated ten times to simulate ten trials of each 

computation.  Following analysis, an average LR was calculated for each computation, and 

all of the LRs reported in the results section represent this average.  Mixture Solution also 

estimated contributor proportions for each mixture and are shown in the results section. 
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3. RESULTS AND DISCUSSION 

3.1 Proportions of Contributors 

 As part of its interpretation output, the final DNA-View® Mixture Solution™ 

report calculated the likelihood ratio and generates an estimated proportion of contributors 

based on peak height differences in the DNA profile.  Figures 5 through 8 are 

representations of the estimated proportion of the three contributors for each of the 

mixtures analyzed by Mixture Solution.  Table 3 defines the intended proportions of 

contributors that were used in mixture preparation.  However, minor variability in 

concentration results from quantification, mathematical rounding, and potential for 

pipetting imprecision can be factors in variation between the intended and calculated 

contributor proportions. 

 The contributor ratios that were calculated by Mixture Solution for mixtures A1, 

B1, C1, and D1 were within 14% of the intended proportions.  As the level of degradation 

increased for a POI, the estimated contributor proportion of that POI generally decreased, 

where the other contributors to the mixture had an increase in the estimated proportion.  

This can be attributed to the fact that the degradation was performed on the contributors 

individually and prior to amplification, and not on the mixture as a whole.  As a result, 

amplification of degraded DNA may lead to decreased yield of PCR product which can 

vary per contributor (34). 
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Figure 5: Mixtures with 1:1:1 contribution ratio Figure 6: Mixtures with 2:1:1 contribution ratio 

   
Figure 7: Mixtures with 4:1:1 contribution ratio Figure 8: Mixtures with 8:1:1 contribution ratio 

Figures 5-8.  Bar graphs representing the average contributor proportions that Mixture 

Solution estimated for each mixture in Test 2.  Solid diagonal lines represent fully degraded 

DNA, and dotted diagonal lines represent partially degraded DNA.  The fourth mixture in each 

group (A4, B4, C4, and D4) has a ratio that is different from the other mixtures in the same 

group, as defined in Table 3.  Note that Y-axis scales differ across figures. 

 

 

3.2 The Degradation Function 

 While degradation of DNA cannot easily be defined in a quantitative manner, it can 

be assessed by observing changes in a DNA profile relative to an undegraded DNA profile, 

primarily through the observation of the presence and intensity of the ski-slope effect.  With 

degradation, peak heights tend to decrease substantially as DNA amplicon sizes increase 

(26).  Figure 9 depicts a distribution of all short tandem repeat (STR) alleles for the male 

A contributor at the three different levels of degradation used in this study.  These levels 

of degradation include no degradation, partial degradation, and full degradation, defined as 
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0 minutes, 15 minutes, and 30 minutes of exposure to heat, respectively.  Homozygous loci 

were treated as two alleles, by halving the peak height of the homozygous allele and 

indicating it as two individual data points. 

 As expected, the alleles observed in the samples not subjected to degradation did 

not exhibit a strong correlation of decay between peak height and base pair size compared 

to partially and fully degraded samples.  Among all alleles observed in the undegraded 

male A single source profile, thirteen alleles had peak heights greater than the maximum 

peak height observed in the partially degraded male A single source profile.  For the 

partially degraded samples, over 85% of the alleles yielded peak heights that were greater 

than the average peak height of the profile. 

 In the profile of the partially degraded DNA sample, the loss of allelic signal was 

observed in the allele distribution although most of the alleles’ peak heights fell in the same 

range as the peak heights of the alleles observed in the DNA that was not subjected to 

degradation.  Only four alleles in the partially degraded DNA profile had peak heights that 

were less than the minimum peak height observed in the undegraded DNA profile.  No 

allelic dropout was observed in the partially degraded DNA profile.  Reflected by the peak 

height of the alleles in the partially degraded profile and the substantial best fit curve of the 

data, the DNA of male A exposed to 15 minutes of heat resulted in the greatest substantial 

decay of peak height across the profile compared to no degradation and full degradation 

samples.  However, peak heights in this profile are still large enough to be comparable to 

a pristine DNA profile, which would not affect the mixture interpretation. 
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 Finally, the fully degraded DNA profile also exhibited a substantial loss of RFU 

across alleles, specifically targeting larger DNA fragments.  None of the alleles in the fully 

degraded DNA profile yielded a peak height greater than the corresponding allele in the no 

degradation or partial degradation samples.  No allelic dropout occurred in the single-

source fully degraded profile of male A, however, the average peak height of alleles in this 

profile was over four times less than that of the average peak height of the alleles in the 

partially degraded DNA profile, and over seven times less than that of the average peak 

height of the alleles in the DNA profile not subjected to any degradation. 

 However, a factor within the DNA profiles that was not impacted by increasing the 

level of degradation was the average peak height ratio.  The average peak height ratio of 

the alleles at heterozygous loci in the fully degraded sample demonstrated the lowest 

heterozygosity of approximately 0.85.  The partially degraded sample had the greatest 

average peak height ratio of approximately 0.89.  The average peak height ratio in the 

undegraded DNA profile was approximately 0.87.  Although larger size amplicons are 

more susceptible to damage as a result of degradation, the individual alleles within each 

locus tended to lose signal frequency at the same rate regardless of level of degradation. 
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Figure 9. Distribution of size and peak height of alleles exhibited by male A at different 

levels of degradation.  Red circular points represent undegraded DNA, lighter red triangle data 

points represent partially degraded DNA, and lightest red X shaped data points represent fully 

degraded DNA. 

 

 Figures 10-12 represent the ski-slope effect observed in the profile of full DNA 

degradation for each of the three contributors.  The peak heights of all autosomal STR 

alleles in the DNA profile were plotted against the DNA fragment sizes (in base pairs), 

independent of locus or dye channel.  Concordantly to the data in Figure 9, the peak heights 

of all homozygous alleles were halved in Figures 10-12 and indicated as two individual 

data points for a consistent comparison. 
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Figure 10. Representation of ski-slope effect observed in fully degraded DNA of the female 

contributor across all alleles in a single-source profile. 
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Figure 11. Representation of ski-slope effect observed in fully degraded DNA of male A 

across all alleles in a single-source profile. 
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Figure 12. Representation of ski-slope effect observed in fully degraded DNA of male B 

across all alleles in a single-source profile. 

 

With regards to allelic dropout, male B exhibited the most dropout.  In the single-

source fully degraded sample, five alleles dropped out.  This includes a single homozygous 

11 allele at the CSF1PO locus, both 8 and 11 alleles at the TPOX locus, the single allele at 

the Y chromosome locus DYS391, and a 16 allele at the D2S1338 locus.  Multiple alleles 

at larger sized loci had an RFU that was just above the AT.  The female contributor only 

lost two alleles due to dropout, resulting in total locus dropout at the TPOX locus.  In all 

cases of dropout from these two contributors, the dropout occurred at the largest or second-

largest locus in its specific dye channel.  This is consistent with the damaging effects of 

DNA degradation of DNA of larger amplicons.  The fully degraded DNA profile of male 

A did not exhibit allelic dropout at any locus.  While Mixture Solution uses stochastic 
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modeling that can predict and account for dropout, the increased number of alleles that 

have dropped out from a degraded profile can potentially result in a reduced LR. 

 

3.3 Allele Sharing 

 One complicating factor of DNA mixture interpretation is the possibility of allele 

sharing between contributors.  For example, low signal RFU of a minor contributor may 

be masked if that allele is shared with the major contributor to the mixture.  Table 4 

compares the genotypes of the three contributors used to prepare the mixtures for this study, 

and highlights allele shares that may potentially complicate mixture deconvolution.  These 

shares were classified separately depending on whether the shared allele is located in a 

stutter position relative to a true allele exhibited by any of the contributors.  This table also 

indicates the expected total number of peaks and the allele calls that should be observed at 

each locus in the mixtures. 

 Among the three contributors, male A exhibited the greatest number of unique 

alleles, with eighteen unshared alleles.  This was followed by the female contributor with 

sixteen unshared alleles, and lastly, by male B, with twelve unshared alleles.  Over half of 

the female’s and male A’s unshared alleles did not fall in a stutter position, thus a majority 

of each of their unshared alleles would not be subjected to masking by a potential stutter 

peak at that base pair location.  However, seven of male B’s twelve unshared alleles were 

located in stutter positions relative to other alleles, which could lead to potential masking 

in the final mixture profile. 
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Table 4.  Genotypes of individual mixture contributors.  Includes indications of allele sharing 

according to the key at right of the table. 

 

 

 

 

3.4 Likelihood Ratio Comparisons 

 Tables 5 and 6 summarize the LRs computed by Mixture Solution for each of the 

POIs, reflecting changes in contributor proportions and level of degradation.  The color 

scheme used in both Tables 5 and 6 is the same as the color scheme defined in Table 3 and 

identifies the level of degradation of each contributor.  Table 5 lists the LRs that were 

computed using the parameters set for Test 1, and Table 6 lists the LRs that were computed 

using the Test 2 parameters. 

 All LRs determined by Mixture Solution favored the Hp, which is directly 

concordant to accurate associations with the given POIs to the mixture.  As a result, no 

Type I errors were observed with Mixture Solution’s computations for the data analyzed.  
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To reflect the SWGDAM verbal scale of interpretation for LR values, all LRs that are in 

the “very strong support” range have been listed in scientific notation, while any LR value 

that falls below this range was listed in standard notation.  Mixture Solution was able to 

compute an LR with “very strong support” for 83% of the mixtures in Test 1. 

 Generally, the LR increased in Test 2 compared to those assigned to Test 1, 

irrespective of the contributor designated as the POI, the ratio of contributors, or the level 

of degradation.  These results were expected due to the inclusion of known contributors in 

both hypotheses allowing Mixture Solution to condition those genotypes when performing 

the computation, thus, eliminating uncertainty in the conditioned contributor’s designated 

alleles.  As a result, the number of mixtures that were assigned an LR in the “very strong 

support” range increased to 95% for Test 2.  Also, in most cases, the assigned LR decreased 

when the POI contributed degraded DNA to the mixture.  The decrease in signal or 

complete loss in peak detection complicates associations of the POI to the mixture when 

compared to the use of undegraded DNA.  These general findings are consistent with prior 

studies using PGS to analyze degraded DNA samples (35,36).   
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 Figures 13-15 show the differences in LR that were computed using the parameters 

set in Test 1 for each POI.  Each data point is labeled with the mixture ID defined for each 

of the mixtures in Table 3.  Generally, a greater LR was assigned for a POI who contributed 

undegraded DNA to the mixture compared to when the POI contributed degraded DNA to 

the mixture.  Additionally, computed LRs generally tended to increase for a particular POI 

when the quantity of that person’s DNA input was increased, even when the increased 

amount of DNA was degraded. 

 Figure 13 compares the LRs assigned by Mixture Solution to the female 

contributor.  When comparing samples with equivalent levels of degradation, all LR values 

increased when the amount of the female contributor’s DNA input was increased.  For the 

mixtures where the DNA of the female contributor was not degraded, the LR values were 

greater than that of those mixtures which contained degraded DNA.  In the undegraded 

control mixtures, represented in blue in Figure 13, the LR assigned to the female 

contributor was slightly less than the LR assigned to the mixtures where only male A 

contributed degraded DNA to the mixture, represented in red.  This was observed in the 

1:1:1, 2:1:1, and 4:1:1 mixtures, however, when the ratio was increased to the maximum 

8:1:1, the LRs for the female contributor in mixtures D1 and D2 became almost identical.  

This is likely due to the female contributor emerging as the major contributor without 

subjectivity in allele assignment, thus reaching an “LR ceiling”, since a maximum log(LR) 

value of 31 was observed in this data. 

 For the mixtures where the female contributed degraded DNA, the LR values never 

exceeded the LRs corresponding to the same undegraded DNA input amount.  However, 
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they steadily increased as the input amount of female DNA increased.  The lowest LR 

values for the female contributor were assigned when the female DNA degraded and the 

DNA of at least one other contributor was undegraded.  This includes some LR calculations 

that fell below the “very strong support” threshold.  It was expected that the assigned LR 

values for the female contributor would be greater than the other two contributors, as a 

result of being the major contributor in most mixtures, which was true in most cases. 

 
 

Figure 13. LR calculations in Test 1 where the female contributor was the POI.  Small data 

points represent the POI was a degraded contributor, and large data points represent the POI 

contributed undegraded DNA. 

 

 Figure 14 compares LRs assigned by Mixture Solution to the male A contributor.  

Male A was the only contributor who contributed DNA at three different levels of 

degradation, where in addition to DNA with no degradation and full degradation, the fourth 

set of mixtures in each group included partially degraded DNA from male A.  In the 
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mixtures where male A contributed undegraded DNA, the LR values decreased as the mass 

of male A decreased. 

For the two sets of mixtures where male A contributed fully degraded DNA, the 

LR values for male A as the POI were less than most other LRs for different mixtures with 

undegraded DNA from male A.  In the set of mixtures where male A was the only degraded 

contributor, the computed LR values were the least among all of the mixtures with male A 

as the POI.  However, in the mixture set where the DNA of all contributors were fully 

degraded, the LRs were comparable with the control mixtures, however, decreased as the 

input amount increased.  This intersecting of values is consistent with the effects of input 

amount countering the effects of DNA degradation. 

 
 
Figure 14. LR calculations in Test 1 where male A was the POI.  Smallest data points 

represent the POI was a fully degraded contributor, largest data points represent the POI 

contributed undegraded DNA, and the intermediate size data points represent the POI was a 

partially degraded contributor. 
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Figure 15 compares LRs assigned by Mixture Solution to the male B contributor.  

Overall, the LR values assigned to male B when designated as the POI were less than that 

of the other two contributors.  This is mostly unexpected since male B only contributes 

degraded DNA in one set of mixtures.  However, this is likely related to male B having the 

least number of shared alleles of the three contributors.  The degraded DNA of male B also 

showed the most allelic dropout in the degradation study as seen with the single-source 

fully degraded male B profile. 

For the control mixtures, the LRs for male B steadily increased as input amount 

increased, as shown in the blue line in Figure 15.  However, when other contributors were 

masked by degradation, in the third and fourth sets of mixtures (represented by yellow and 

green in Figure 15, respectively), the assigned LRs for male B as the POI remained less 

than the LRs assigned to male B for the control mixtures.  It would be expected that 

contributors with undegraded DNA would be assigned higher LRs when other contributors 

are masked by either degradation, allele sharing, or dropout. 

The only mixture set where male B contributed degraded DNA was the fifth set, 

where all contributors were fully degraded.  With the exception of mixture C5, the assigned 

LRs to male B were the least in comparison to the mixtures where undegraded DNA was 

used.  The result in C5 could be due to errors in sample preparation or variation in DNA 

quantification values that may have resulted in differing DNA inputs to the mixture than 

intended.  These minor variations in DNA input, of either degraded DNA or undegraded 

DNA, can impact peak height, and subsequent downstream analysis, up to and including 

the use of PGS for mixture interpretation.  
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Figure 15. LR calculations in Test 1 where male B was the POI.  Small data points represent 

the POI was a degraded contributor, and large data points represent the POI contributed 

undegraded DNA. 

 

 Figures 16-18 are graphical representations of the differences in LR that were 

computed using the parameters set in Test 2, which included the identity of known 

contributors in both the Hp and the Hd.  The most obvious observation is that the LR values 

for corresponding mixtures increased when known contributors were defined in the 

hypotheses, which occurred in all but one of the mixtures.  Similar to that of the LR values 

computed in Test 1, LRs remained the same or increased as DNA input amount increased.  

Additionally, LRs assigned to undegraded DNA contributors continued to exceed those 

assigned to contributors with degraded DNA. 
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 Figure 16 compares LRs calculated under the Test 2 parameters for the female 

contributor.  While LRs for the sets of mixtures where the female contributed undegraded 

DNA generally remained constant as the DNA input amount increased, almost entirely 

overlapping, the mixtures where the female contributor was fully degraded increased with 

DNA input. The curves incorporating the data points followed a similar pattern to the 

assigned LRs under the parameters and hypotheses for Test 1. 

 

Figure 16. LR calculations in Test 2 where the female contributor was the POI.  Small data 

points represent the POI was a degraded contributor, and large data points represent the POI 

contributed undegraded DNA. 

 

 Figure 17 compares LRs computed under the Test 2 parameters for male A.  As in 

Test 1, the LR values increased consistently with the increase of the DNA input amount.  

Mixture sets where male A contributed undegraded DNA produced greater LR values than 

the sets where fully degraded DNA was contributed.  Each of the LRs in these undegraded 
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sets increased on a logarithmic scale with an increase in the DNA input amount. The LRs 

of the mixture sets where male A contributed degraded DNA also increased relative to 

increasing DNA input amount, however, remained less than that of the other mixture sets 

where undegraded DNA was contributed by male A.  

 

Figure 17. LR calculations in Test 2 where male A was the POI.  Smallest data points 

represent the POI was a fully degraded contributor, largest data points represent the POI 

contributed undegraded DNA, and the intermediate size data points represent the POI was a 

partially degraded contributor. 

 

 Figure 18 depicts comparisons between the Test 2 LRs assigned to male B.  All 

mixture sets, except for those that contained fully degraded DNA from all three 

contributors, exhibited a logarithmic increase in LRs as DNA input increased.  

Comparatively to Test 1, mixture C5 is the only sample to yield an LR for male B slightly 
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greater than the LR for the undegraded DNA.  When excluding outlier C5, the assigned 

LRs remain fairly constant as the quantity of DNA for male B increases. 

 

Figure 18. LR calculations in Test 2 where male B was the POI.  Small data points represent 

the POI was a degraded contributor, and large data points represent the POI contributed 

undegraded DNA. 

 

 Figure 19 represents three selected loci each from mixtures C1 and C5.  Allele 

sharing coupled with reduced peak heights due to degradation in mixture C5 makes manual 

interpretation of these mixtures difficult.  However, Mixture Solution was able to assign 

LRs to each POI with “very strong support” in both tests.  Peak height ratios of the alleles 

at these loci between the two mixtures remained relatively constant, as well as in the entire 

profile, and no dropout occurred at these loci in mixture C5. 
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Figure 19. Three selected loci from mixtures C1 and C5.  Mixture C1 is depicted on the left side 

of the figure, and Mixture C5 is depicted on the right side of the figure.  Alleles highlighted in blue 

represent alleles unique to the female.  Alleles highlighted in red represent alleles unique to male 

A.  Allele calls with a strikethrough were determined to be stutter. Note that Y-axis scales differ 

for each mixture profile. 

 

Figures 20 and 21 show changes in the log(LR) for each of the three contributors 

as POI (36).  Figure 20 compares the LRs that were computed using the hypotheses defined 

for Test 1, and Figure 21 compares the LRs that were computed using the Test 2 

hypotheses.  An overall comparison of all LR values affirms that in most cases, the LRs 

assigned to a POI who contributed undegraded DNA to the mixture were greater than the 

POIs who contributed fully degraded DNA.  

 The data in Figure 21 representing Test 2 follows a similar distribution to the data 

observed in Figure 19, with some differences.  In Test 2, there appears to be more log(LR) 

values greater than 20 with approximately 50% of LR values exceeding that level.  In most 

cases, the LR values assigned to each of the POIs followed expected trends as they related 

to the input amount of DNA, level of degradation, effects of allele sharing, dropout, and 

estimated contributor proportions. 
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Figure 20. Plot of log(LR) for each mixture and each POI in Test 1.  Some overlap occurs but 

each column of points represents a particular input DNA amount. Circular data points represent 

undegraded DNA and X shaped data points represent degraded DNA. Blue data points signify the 

female contributor, red data points signify male A, and yellow data points signify male B. 
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Figure 21. Plot of log(LR) for each mixture and each POI in Test 2.  Some overlap occurs but 

each column of points represents a particular input DNA amount. Circular data points represent 

undegraded DNA and X shaped data points represent degraded DNA. Blue data points signify the 

female contributor, red data points signify male A, and yellow data points signify male B. 

 

3.5 Number of Contributors 

 In order for Mixture Solution to assign an LR to a set of hypotheses, it must first 

determine the most favorable hypothesis for both the prosecution and defense prior to 

comparing the individual likelihoods.  These favored hypotheses are a direct reflection of 

the NoC that Mixture Solution suggests for each DNA mixture.  Table 7 summarizes the 

most favorable Hp that was determined by Mixture Solution, to compare with the most 

favorable Hd to subsequently assign an LR value. 

In Test 2, where the remaining known contributors were included in hypothesis 

comparison along with the POI, Mixture Solution was able to correctly assign a NoC of 
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three in all samples.  However, in Test 1, there were some instances where Mixture Solution 

incorrectly assigned a NoC of two, which was not consistent with the true NoC.  This was 

apparent in some or all of the computations for twelve out of the 20 mixtures analyzed by 

Mixture Solution in Test 1 where only the POI was defined as a potential contributor. 

These NoC values are assigned based on the “cost” value that Mixture Solution 

calculates.  In Mixture Solution, “cost” is defined as the negative logarithm of the 

likelihood.  Therefore, the smallest cost value represents the best estimate of the NoC.  

Since cost is on a logarithmic scale, a cost difference of 1 and 2 represents an LR difference 

of 10 and 100, respectively, and so on.  A cost will be calculated for each hypothesis, unless 

the calculation performed with one fewer number of unknown contributors produces a 

worse cost value, in which case, the program will assign a cost of “worse”.  The “worse” 

cost indicates that the calculation for that hypothesis was skipped to save time if the 

program’s maximum likelihood proportion analysis encounters an unknown contributor 

with an estimated contribution of 0% (37).  If a cost difference for the hypothesis with one 

fewer unknown contributor is less than one, a numerical value will be reported, but if it is 

greater than one, the cost will be reported as “worse”. 

Profile data, including peak height balance and dropout, was manually analyzed in 

the twelve mixtures that were assigned an incorrect NoC one or more times.  Using the 

MAC method, eight of these twelve mixtures would be considered a two-person mixture 

due to the dropout that occurs at loci where more than four alleles were expected to be 

observed.  In all of these mixtures, Mixture Solution assigned a cost of zero to the 

hypothesis that the NoC was two, and assigned a “worse” cost to the hypothesis that the 
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NoC was three.  This indicates that the log(LR) value was decreased by greater than one, 

asserting the low likelihood that the NoC of these mixtures was three. 

For the remaining four mixtures that were incorrectly assigned a NoC of two, 

profile data was sufficient to produce a NoC of three using the MAC method since more 

than four alleles were present at one or more loci.  Mixture Solution did not assign a 

“worse” cost for the three-contributor hypothesis for any of these four mixtures; rather, a 

numerical value less than one.  This indicates that the log(LR) values for the two- and 

three-contributor hypotheses were within one, signifying a much smaller statistical 

difference between the two LRs, and that an estimate of three-person mixture is highly 

plausible, just slightly less likely than a NoC of two. 

One of the two mixtures that Mixture Solution suggested a NoC of two and assigned 

a “worse” cost was Mixture A4.  Mixture A4 has a contributor ratio of 1:7.5:1 where the 

female contributor contributed fully degraded DNA, male A contributed partially degraded 

DNA, and male B contributed undegraded DNA.  Figure 22 is the red dye channel from 

the mixture profile as viewed on GeneMapper ID-X™ v1.6.  In this dye channel, the 

degraded DNA of the female contributor in Mixture A4 exhibited dropout at three loci.  

The 12 allele at the D13S317 locus, the 8 allele at the D7S820 locus, and both 16 and 18 

alleles at the SE33 locus drop out of the profile.  Neither male A nor male B exhibited any 

dropout in the red dye channel.  All four of the female contributor’s alleles that dropped 

out of the red dye channel were unique to the female contributor. 

Mixture Solution has an option which users can enable to generate visual aids of 

the results of the LR computation, explaining potential deconvolution where applicable 
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through colored bar graphs representing contributors overlayed over an illustration of peaks 

as if they were being viewed on the electropherogram.  Figure 23 is the red dye channel 

portion of the visual aid generated by Mixture Solution for Mixture A4.  A user can 

compare the visual aid with the electropherogram in order to assist in the deconvolution 

and make assumptions of the NoC to the mixture.  Colored bars will appear behind the 

peaks to represent the supplied genotypes of the reference contributors included in the 

hypothesis.  An absence of bars represents estimated contribution from an unknown person. 
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female contributor that was observed in this channel was an 11 allele at the D22S1045 

locus.  Therefore, it is highly unlikely, given all of these factors, that Mixture Solution 

would consider the female contributor a true contributor to Mixture A4 as a second 

unknown without being explicitly included in the proposed hypothesis.  This is also true 

of the other contributors being defined as the POI for this mixture, where there is not 

enough genetic information present to suggest that more than two contributors are present 

in the mixture, which is a disadvantage of degradation to DNA profile analysis.

 

Figure 22. Red dye channel of Mixture A4 for which an incorrect NoC was assigned by 

Mixture Solution in all cases in Test 1. 

 

 

Figure 23. Visual aid of a Test 1 computation of Mixture A4 generated by Mixture Solution 

when male B was defined as the POI. Green bars represent predicted contribution of male B. 
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4. CONCLUSIONS 

 When DNA-View® Mixture Solution™ was used to assign LRs for mixtures 

containing DNA that was subjected to degradation, anticipated trends were present in the 

data from the computations.  When the DNA of a POI was subject to degradation, decreases 

in the LR values were observed when compared to the LR values for undegraded DNA 

from the same POI.  However, in all mixtures, Mixture Solution was able to assign an LR 

with “moderate support” or higher to the POIs in both tests, whether or not other 

contributors were included as knowns in the Hp and Hd and regardless of the level of 

degradation. 

 In some cases, increased DNA input negated the effects of degradation on the 

overall computation of the LR.  Generally, as the template of DNA increased, LR values 

increased, irrespective of DNA quality.  However, allele sharing and dropout had strong 

effects on the LR values in all mixtures with or without DNA degradation.  Although 

degradation can increase the probability for allelic or locus dropout, the presence of more 

unique alleles can lead to a higher assigned LR for a contributor whose DNA may have 

been subjected to degradation. 

 Mixture Solution successfully generated appropriate LRs for all 20 mixtures tested 

in this research project, with no Type I errors that falsely excluded a known contributor 

from a mixture with an LR less than one.  Even for the fully degraded samples at the most 

disproportionate ratio of contributors and low-template mass of approximately 0.1 ng, 

Mixture Solution was able to assign an LR to each contributor that confirmed their presence 

in the mixture.  The user-friendly interface and the ability to perform computations rapidly 
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would be important to any user.  Results from analysis of the 20 three-person mixtures with 

and without degradation of one or two of the three contributors demonstrates that Mixture 

Solution computes likelihood ratios that are consistent with the observed relative changes 

in the DNA profiles of the 20 three-contributor mixtures.  
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