CONTINUING LEGAL EDUCATION
Fall 2013

November 7, 2013

INTERPRETATION OF DNA MIXTURES AND STATISTICS

HEATHER MILLER COYLE, PH.D. AND MICHAEL ALPERSTEIN, ESQ.

SPONSORED BY:
APPELTATE DIVISION, FIRST AND SECOND JUDICIAL DEPARTMENTS
CO-SPONSORED BY:
THE ASSIGNED COUNSEL PLAN OF THE CITY OF NEW YORK



Alphabet Soup Analogy (also known as All-pairs Trawls and the Birthday Problem)

Concept: Instead of trawling DNA databases for partial matches, FST use with mixtures trawls for all possible
combinations of DNA profiles that could be included to generate a match rate and validation studies have yielded
the false inclusion rate of non-contributors. Reference: Kaye, D. 2009, Trawling DNA Databases for Partial
Matches: What is the FBI Afraid of? Cornell Journal of Law and Public Policy 19(1): 145-171.

Point: Arizona DNA Database: when searched for 9 locus matches out of core 13 CODIS locl, partial matehes in non-
degraded samples with a DNA database the size of 65, 493 yielded 122 pairs of individuals that matched at 9 loci
and 20 pairs that matched at 10 loci.

Point: Likelihood ratios increase the chance of coincidental matching due to lack of an inconclusive category option
in DNA reporting. The chance of coincidental matching also increases as information level decreases due to DNA
degradation. Reference: Tedeschi, S., Coyle, H. 2013. Likelihood Ratios: Uses and Issues. Northeastern Association
of Forensic Scientists Annual Meeting, Cromwell, CT [posted on www.identacode.org).

Concept: Individualization without uniqueness in DNA mixtures. Reference: Kaye, D. 2010. Probability,
Individualization, and Unigueness in Forensic Science Evidence: Listening to the Academies. Brooklyn Law Review.
75{4): 1163-1185.

Two competing theories {Likelihood Ratio analogy): if there is a DNA match, then what are the odds it is the
defendant versus anyone else?

Is it more like, what are the odds you wili suffocate when all the oxygen molecules suddenly shift to the other side
of the room (which seems unlikely) or more like Alphabet Soup?

With Alphabet Soup {DNA mixtures), the best answer is “could be included or cannot be excluded” as well as the
total of all the other people calculated as coincidental matches from the trawl of the reference database plus
anyone who also was undetected by DNA for scientific accuracy. DNA cannot establish which combination of
alleles is most likely in a mixture it can only establish those alleles that were detected. if those alleles can be
attributed to someone else as a known person (victim, for example), then our confidence level regarding the
'remaining allefes increases since the options then become smaller for all the remaining possible pairwise
combinations, If not, then it is anyone's guess. X

The Birthday Problem is similar. Most people would say there is a 1 in 365 chance of someone having the same
birthday since there are 365 days in the year but with actual careful study, the real probablllty estimate is 1 per 23
individuals would by coincidence share the same birthday.
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Likelthood ratios:
For some mixtures wherein an individual contributor’s DNA profile cannot be determined, 2 known person's

DNA profile can still be compared to the mixture. The comparison DNA profile can be from & known persen,
or from a single source or deduced profile from within a case. For these comparisons, e statistical value
known as a lkelikood ratio (LR) may be calculated. The LR value provides a statistical measurement of the
strength of support for one scenario over another, i.e., one scenario being that the known person confributed
to the mixture versus the scenario that an unknown, unrelated person contributed instead.

Limited, moderate, strong or very strong support: These terms describe the strengih, or weakness of
different ranges of a likelihood ratic (as shown in-the tatle below). Examples of factors that affect the LR
value include the amount of DNA tested, lhe type of mixture (for example, the number of contributors),
instances wher one ot more of the individual's DNA alleles are not seen in the mixture, the presence of rare
alleles in the mixfure, and the presence of extra DNA alleles in the mixture.
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Reported value Qualitative interpretation
l No conclusions

1to 10 Limited support

Toto 100 Moderate support

100 10 1000 Strong support

Creater than 1600 Very strong support

Note, if the LR value is less than one, this means thet tie mixture is better explained if an unknown, unreiated
person contributed to the mixture rather than the known person. This situation is reported as 1/LR and the
qualitative terms from the table above are applied.

Sample OCME — NYC Report Conclusion for Likelihood Ratios

(1) 1s the defendant included?

{2} What is the weight of the LR value?

{3) On this scale, the categories are very broad

"(4) O-1is stilt a no conclusion ¢ategory (not shown here)

{5} Limited support — is formerly known as “cannot be excluded” which is also “inconclusive”

{6) 10-20is also very, very weak association with typically estimates of approximately 100 or more
individuals that could also contribute to the mixture if of 3 —persons and an empirical reference
database of 500,000 to compare to

(7) False inclusion rates exist —and some LR values fall into higher categories (see Table 4A and
Table 4B, Likelihood Ratio Statistics for Analysis of Single Source, Mixed and Degraded Evidence
Samples — Executive Summary OCME-NYC. These are explained by source attribution errors and
by coincidental matching between samples.



Table 3a. Frequency of abserved Lits amaong
non-cortributors to twa-persen sarnpies

Observed frequency-{1 in X}

[- ['R{E;;c_ﬂar Deducible Non-DeduoibB
0001 270 a0i
0.01 560 2,000
0.10 1,500 4,800
1 5,000 10,000
10 16,000 19,000
100 55,000 178,000
1,800 > 166,000 > 376,000
10,000 » 166,000 > 176,000

Table 48, Frequency of observed LRs Fmong
non-contributors to three-pargon samples .

Observad frequency {1 In »):

r,--i&ﬁiﬁ;?:?wr Deducible Nrmaneducible—’

0.001 B0 300

Q.01 174 610

0 410 1,300

1 ) 1,200 3,100

10 4,400 7.600

100 130600 4,000
1,000 31,004 60,000
10,000 > 03,000 121,000
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These are estimated false inclusion rates for coincidental matching when a mixture is interrogated
against a 500,000 individual database; these are the number of individuals that are estimated to match
by coincidence due to allele sharing. Therefore, it is proven possible to have a high LR value and still be
a honcontributor due to coincidental matching. Source: Table 4A and Table 4B, Likelihood Ratio

Statistics for Analysis of Single Source, Mixed and Degraded Evidence Samples — Executive Summary
OCME-NYC,
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Empirical Analysis of the STR Profiles Resulting
from Conceptual Mixtures

ABSTRACT: Samples containing DNA from two or more individuals can be difficult to interpret. Even ascertaining the number of contributors
can be challenging and associated uncertainties can have dramatic effects on the interpretation of testing results. Using an FBI genotypes dataset,
containing complete genotype information from the 13 Combined DNA Index System (CODIS) loci for 959 individuals, all possible mixtures of
three individuals were exhaustively and empirically computed. Allele sharing between pairs of individuals in the original dataset, & randomized
dataset and dalasets of generated cousins and siblings was evaluated as were the number of loci that were necessary to reliably deduce the number
of contributors present in simulated mixtures of four or less contributors. The relatively small number of alleles detectable at most CODIS loci
and the fact that some alleles are likely to be shared between individuals within a population can make the maximum number of different alleles
observed at any tested loci an unreliable indicator of the maximum number of contributors to a mixed DNA sample. This analysis does not use other
data available from the electropherograms (such as peak height or peak area) to estimate the number of contributors to each mixture, As a result,
the study represents a worst case analysis of mixture characterization. Within this dataset, approximately 3% of three-person mixtures would be

mischaracterized as two-person mixtures and more than 70% of four-person mixtures would be mischaracterized as two- ar three-person mixtures
using only the maximum number of alleles observed at any tested locus.

KEYWORDS: forensic science, DNA typing, DNA mixtures, short tandem repeats, Combined DNA Index System, allele sharing, bioinformatics

PCR-based amplification of STR loci has become the method
of choice for the purpose of human identification in forensic in-
vestigations (1,2), While alternatives exist (3,4), most DNA-typing
laboratories use commercially available kits to amplify and label
STR alleles associated with evidence and reference samples that
are then size fractionated with capillary electrophoresis systems
such as the ABI 310 or 3100 Genetic Analyzers (5,6). Softwarc
such as GeneScan® and Genotyper® are then used to determine
the presence or absence of STR alleles associated with a sample.

Interpreting evidence samples containing mixed DNA profiles is
more complicated than the analysis of single source samples. Pro-
grams exisl that can aid analysts attempting to “deconvolve” the
contributors of mixed samples on the basis of associations between
peak heights or areas (7,8) and, in some instances, using the geno-
type information from individuals presumed to have been contri-
butors (7). Analysis of a multiple contributor sample is particularly
challenging when potential contributors have several alleles in com-
mon (such as is often the case with close relatives), when stochastic
variations in peak heights occur, or when technical artifacts such as
stutter, allelic dropout, and degradation/inhibition occur.

With only rare exceptions, an individual should possess exactly
two actual alleles for every locus. These alleles may differ from each
other (heterozygous) or be effectively indistinguishable thomozy-
gous), For example, at one STR locus an individual may be found
to have alleles 11 and 12, or 12 and 13 (Fig. 1 A, 1.B). When more
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than two actual alleles are observed in the testing results from any
single locus, it can be reasonably assumed that the presence of DNA
from more than one contributor is the most likely explanation. The
absence of a fifth or sixth actual allele is often interpreted as sup-
port of there being only two contributors to mixtures (Fig. 1C) even
though it is formally possible for the number of contributors to be
greater than two. However, if three actual alleles are observed, the
sample may arise from a mixture of two individuals, a mixture of
three individuals with overlapping alleles, or even a mixture of four
or more individuals, Likewise, abserving five or more actual alleles
atone locus is an indication of three or more contributors, However,
it becomes increasingly difficult to determine the exact number of
contributors as the number of observed alleles increases. Although
previous research (9) has analyzed how often a two-person mixture
will present 1, 2, 3, or 4 alleles at six individual loci, no published
studies address the issues of how often a three-person mixture will
present no more than four diffcrent alleles at any tested locus, or
how often a four-person mixture will present no more than six
different alleles at any tested locus.

Exhaustive analysis of 959 complete 13-locus STR genotypes
from a population dataset, as well as of randomized sets of com-
parable genotypes in this study could assist DNA analysts by for-
mally addressing the relative statistical confidences of declarations
regarding the number of contributors to a DNA mixture on the ba-
sis of alleles observed at typed STR loci. Peak heights and areas
sometimes provide additional data that is useful for the purpose
of mixture deconvolution but this information is not utilized in
the analysis presented here. Instead, this study examines the in-
terpretation of STR data in cases where this information is unreli-
able (i.e. when degradation has occurred and/or stutter complicates
interpretation), unavailable {i.e., only a laboratory's summary report
is provided for review) or uninformative (i.e., the relative contribu-
tions by two or more contributors are similar).

Copyright © 2005 by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. 1
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FIG. 1—Sample electropherograms from possible single-source and
mixed samples. A single STR locus with alleles 11 and 12 (A); the same STR
locus but now with alleles 12 and 13 (B); and the same STR locus but now
with three distinct alleles: 11, 12, and 13 (C}. Allele number designations
for each peak appear immediately below it with corresponding peak height
information (in relative fluorescence units) immedicately below.

Materials and Methods

In order to conduct this study, a dataset containing complete STR-
DNA profiles of several hundred individuals was needed. Such a
dataset from the FBI, used for the determination of allele frequen-
cies, has already been analyzed for Hardy-Weinberg equilibrium
(10), and is publicly available (11). This FBI dataset consists of
complete typing information for the 13 commonly used CODIS
STR loci for 959 individuals from six different racial groups:
Bahamian (153 individuals), Jamaican (157 individuals), South-
west Hispanic (202 individuals), Trinidadian (76 individuals), US
African American (177 individuals), and US Caucasian (194 indi-
viduals). The original dataset (11) contains typing information for a
larger number of individuals, but any with incomplete information,
i.c., allele “0,” were discarded for this study.

Published analyses of the FBI dataset make no specific mention
of the extent of the effort made to assure that close relatives were
not included in the population sampling (10). Thus, to guarantee
that that there are absolutely no relation-based linkages among in-
dividuals for some aspects of this study, a dataset of “randomized
individuals™ was also generated. In this randomization, the actual
aileles abserved in the FBI dataset were distributed randomly to
produce a new set of genotypes equal in number to the original
dataset. Allele frequencies in this randomized dataset are the same
as in the original dataset but individuals are unequivocally unrelated
by descent (alleles are not the same because they have been faith-
fully passed from a commeon ancestor). Instead, any allele sharing
can arise only through identity by state (alleles are the same because
therc is a finite number of different alleles that can be detected).
Each locus was considered independently during the production of
randomized genotypes, For each locus, the alleles of all individuals
in the original dataset (without respect to racial classification) were
randomly redistributed among the same number of synthetic indi-
viduals; an example of one possible redistribution amongst three
individuals is shown in Table 1. This redistribution occurs without
replacernent, thus each locus in a randomized dataset has the same
allele frequencies as the corresponding locus in the original dataset.
Source code for all of the analyses can be found at (12).

Allindividuals in the original dataset are assumed to have two and
only two alleles per locus (rare conditions resulting in unusual allele

TABLE 1—Example of alleles being redistributed amongst three

individuals,
YWA
Individual Qriginal Redistributed
A 18, 19 15,17
B 17,18 18, 18
C 14,15 14,19

counts such as null alleles, triploidy or chimerism are beyond the
scope of this study). Similarly, all simulated mixtures of genotypes
are considered to be free of any typing errors that might further
complicate the interpretation.

Shared Allele Counts

Homozygotes were deemed to share two alleles with other ho-
mozygotes with the same genotype (c.g. an individual who was
12, 12 was determined to share two alleles with another 12, 12
individual but none with a 10, 10 individual). Homozygotes could
share either one or no alleles with heterozygotes (e.g., a 12, 12
homozygote would share one allele with an 11, 12 individual and
none with a 10, 11 individual). Average shared allele counts were
the average pair wise total (with a maximum of 26 arising from two
alleles across 13 loci) number of shared alleles observed between
all possible pairs of individuals in a dataset.

Shared Allele Counts with Related Individuals

The greater the number of shared alleles between pairs or clus-
ters of individuals within a population, the greater the chance that
maximum numbers of alleles observed per locus may suggest an
incorrect minimum number of contributers. In order to determine
upper bounds on the number of shared alleles observed between
pairs of individuals, we consider a “worst case” situation. What
would be observed if there were relatives of every individual in
the dataset? To answer this question, virtual families of individuals
were created using genotypes from the randomized dataset.

Each virtual family consists of two “cousins™ (C1-C2), their four
“parents” (P1-P4, of which P2 and P3 are siblings), and their six
“grandparents” (G1-G6) (Fig. 2). The grandparents of cach family
are drawn from datasets of randomized individuals to preclude
complications from the possible presence of related individuals
already being present in the FBI dataset. Thus, each set of six
randomly selected virtual individuals produces one family.

In this simulation, each of two parents contributes one of its al-
leles (chosen randoemly) for each lecus in the production of their
virtual offspring. For each dataset of 959 individuals, 159 sets of
six individuals were chosen to be “grandparents” to produce 159
3-generation families, each containing a cousin and sibling pair.
From these synthetic families two datasets containing related
individuals were created: one populated with pairs of siblings and
one populated with pairs of cousins, In order to maintain similarity
in the scope of the study, roughly the same number of two-person
combinations in the virtual family datasets were considered as in the
original dataset (459,361). This is done by choosing the grandpar-
ents randomly over the course of 2,889 runs (459,361 two-person
combinations/159 virtual families).

P G1 G2 G3 G4 G5 G6

F, P1 P2 P3 P4

\/\/

Fa C1 G2

FIG. 2—Creation of virtual families from the dataset. The individuals in
the “P" line (G1—36) are 6 profiles chosen randomly from the dutases of
synthetic individuals, representing grandparents. They produce offspring
shown in line F1 (parents P1-P4) with siblings P2/P3 as shown. Line F2
shows the grandchildren (C1, C2} of the original profiles, who are first

cousing.



Three-person Mixture Analysis

The number of three-person combinations of a set of n individuals

is determined as:

n!
T (n—3)3!

where n is the number of individuals, and N the number of
combinations. For instance, for 4 individuals (A, B, C, and D)
there are 4!/(1! - 31) = 24/6 = 4 different three-person combinations
(ABC, ABD, ACD, and BCD). Given 959 individuals, each of
the 146,536,159 different possible three-person 13 locus genotype
combinations were considered and the number of different alleles
represented at each of the 13 loci was determined for each mixture,
The same process was also performed using the genotypes within
each of five randomized datasets, and the results averaged.,

If no more than two different alleles were observed at all of the
13 loci considered, then the three-person mixture was considered to
be potentially mischaracterized as the profile of a single individual,
Likewise, if no more than four alleles were observed over all loci,
then the three-person mixture has the potential to be mischaracter-
ized as a mixture of only two individuals, Potential differences in
peak heights (i.e. due to additivity associated with shared alleles)
were not considered in this study,

We have observed that the standard operating procedures of
forensic DNA testing laboratories sometimes allow analysts to
discard information from loci that they determine to be anoma-
lous based on their training and experience. One factor that could
conceivably cause a locus to appear anomalous would be the ob-
servation of five or six alleles (suggesting a minimum of three
contributors to a mixture), while the other 12 loci possess only
four or fewer different actual alleles (consistent with a mixture of
two contributors). To assess the ramifications of invoking analyst
discretion to discard such a locus, we analyzed the number of three-
person genotype mixtures where discarding a single locus with the
highest number of different observed alleles produces results con-
sistent with mischaracterization of the mixture as a single source
sample or as a two-person mixture,

Four-person Mixture Analysis

Computing all possible four-person mixtures of a set of 959 in-
dividuals is impractical (there are 35,022,142,001 such mixtures).
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Consequently, analyses of four-person mixtures was restricted to a
subset of the FBI dataset (specifically, the 194 Caucasians) result-
ing in 57,211,376 different four-person mixtures. For this analysis,
we assume that mixed genotypes that allow the observation of 7 or
8 different alleles at even one locus will be correctly identified as
a four-person mixture. In the same way, mixed genotypes where
the locus or loci with the greatest number of different alleles ob-
served have either 5 or 6 alleles will be considered to be mistakenly
characterized as a three-person mixture. Mixed genotypes where
the locus or loci with the greatest number of different alleles have
either 3 or 4 alleles observed will be considered to be mistakenly
characterized as a two-person mixture,

The number of loci that need to be considered for at least 95%
of the simulated four-person mixtures to be correctly characterized
as having originated from at least four contributors (e.g., had at
least one locus with 7 or 8 alleles) was empirically determined.
Since 13 loci proves to be insufficient to reach 95% confidence,
new virtual loci were introduced by randomly selecting one of the
original 13 loci and creating a simulated locus with equivalent dis-
criminating power by randomly redistributing alleles. This process
was repeated in five parallel simulations until a level of 95% correct
characterization was independently achieved in each simulation.

Results
Shared Allele Counts

The 959 individuals of the FBI dataset can also be combined in
n =4359,361 different pairings. The distributicn of the number of al-
leles shared between pairs of unrelated individuals shows expected
similarity {p =1.00 by a two-tailed t-test) between the original
dataset (¥ = 8.59, ¢ =2.16) and the randomized dataset (x =8.59,
o =2.15). No pairs of individuals were found to share more than
25 of 26 alleles in the original dataset, or 20 of 26 in the ran-
domized datasets. The distribution of the number of alleles shared
between virtual cousins (¥ = 10.95, ¢ =2.27) and virtual siblings
(X =16.94, 0 =2.30) was significantly different (p = 0.00) as were
the distributions for shared alleles between virtual siblings and unre-
lated individuals (p = 0.00) but not for virtual cousins and unrelated
individuals (p = 0.29). The distributions for the number of shared
alleles in pairings of randomized individuals, virtual siblings, and
virtual cousins are roughly Gaussian (Fig, 3) as was the distribution
of pair wise allele sharing in the original dataset.

—e— Randomized Individualg

\ —a- Simulated Cousins

—ar— Simulated Siblings

Parcant of total (%)
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FIG. 3—The distributions for the number of shared alleles amongst all passible pairs of synthetic individuals, pairs of synthetic siblings, and pairs of
synthetic cousins. A total of 459,361 pairs each of randomized individuals, simulated cousins, and simulated siblings were considered.
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Shared Allele Counts with Related Individuals

The original dataset’s mischaracterization rate of 3.39% (appear-
ing 1o be a two-person mixture rather than a three-person mixture
on the basis of maximum allele count per locus) is more than two
standard errors of the mean above the average observed in the five
datasets of randomized individuals. The higher mischaracterization
level in the original dataset is attributable at least in part to a greater
number of pair wise shared allele counts at or above 19 out of a
possible 26 in the original dataset relative to each of the five ran-
domized datasets (3 vs. an average of 1.4). Although neither of
these numbers are statistically significant, given the averages and
standard deviations, these unusual results are most easily explained
by hypothesizing that one or more pairs of individuals in the origi-
nal dataset may be related. This possibility was the motivation for
producing and analyzing the random datasets against the original.

Analyses of virtual families suggest that such high levels of al-
lele sharing are likely to be due to identity by descent, not by
state (Fig. 3). It is werth noting that while it is uncommon for
virtual siblings in this simulation to have indistinguishable geno-
types (matching at all 26 alleles) an average of 3.0 such perfectly
matching sibling pairs were generated in the five repetitions of this
simulation {459,361 sibling pairs each).

Three-person Mixture Analysis

All possible different three-person mixtures of the 959 individ-
vals in the FBI dataset were considered. Of those 146,536,159
three-person mixtures, 4,967,112 (3.39%) had contributors that
possessed overlapping alleles such that none of the 13 loct exhib-
ited more than four alleles (Table 2). Consequently, each of these
4,967,112 mixtures could be mischaracterized as a mixture of two
individuals using information from maximum allele count alone. A
smaller fraction (x = 3.18%, ¢ = 0.2131%, and standard error of the
mean =0.0953%) of similarly mischaracterized mixed profiles was
found with the five randomized datasets. None of these three-person
mixtures can be misinterpreted as a single contributor, as nowhere
are there only one or two alleles observed across all loci.

Many of the simulated three-person mixtures were found to pos-
sess just one locus that contained more than four alteles, When
these single loci were not considered (e.g., because they were “in-
congistent with” or “anomalous relative to” the majority of loci)

TABLE 2—Count and percent of three-person mixtures in which o
particular number of unique alleles was the maximum observed across all
loci, both for the original and randomized individuals*,

Unique Alleles Count Percent (%)
2 0 0.00%
3 78 0.00%
4 4,967,034 3.39%
5 93,037,010 63.49%
6 48,532,037 33.12%
A—Original dataset.
Unique Alleles Count Percent (%)
2 0.0 0.00%
3 115.8 0.00%
4 4,653,064.2 3.18%
5 92,019,609.6 62.80%
6 49,863,369.4 34.03%

B-Average over five randomized datasets.
* The unique allele column reports the maximum number of different aileles
that were observed across all loci for these cenceptual three-person mixtures.

TABLE 3—Count and percent of three-person mixtures in which a partic-

wlar number of unique alleles was the second highest observed across all

loci, both for the original and randomized individuals, after removal of the
locus with the maximum number of unique alleles®.

Unique Alleles Count Percent
2 4] 0.00%
3 3,398 0.00%
4 26,788,540 18.28%
5 112,469,398 76.75%
6 7,274,823 4.96%
A—Original dataset.
Unique Alleles Count Percent
2 0.0 0.00%
3 3.872.0 0.00%
4 25,587,520.6 17.46%
5 113,412,323.0 77.40%
6 7,532,4434 5.14%

B—Average over five randomized datasets.

* The unique allele column reports the maximum number of different alleles
that were observed across all loci for these conceptual three-person mixtures
but only after a single locus with the highest count has been discarded.

the mischaracterizations increased dramatically (Table 3) both in
the original and five randomized datasets, In this case, 26,791,938
(18.28%) of the three-person mixtures from the original dataset
could be mischaracterized as a mixture of just two individuals. An
average of 25,591,392.6 or 17.46% (o = 0.5444%) were similarly
mischaracterized in the five randomized datasets. As in the previous
analysis, none of these three-person mixtures can be misinterpreted
as a single contributor.

When this locus with the largest number of observed alleles is
discarded, the category can change at most once. For example, if
a mixture has only one locus having 6 alleles, one locus having
5 alleles, and the remaining loci with 4 or fewer alleles, it would
be counted as changing from a maximum of 6 observed alleles
to a maximum of 5 observed alleles (Table 4). Further, if the two
highest maximum observed alleles counts are the same, no change
occurred, Other useful information, such as per-locus information
similar to Table 3, is available en-line (12),

Four-person Mixture Analysis

A large majority (43,667,840 or 76.34%) of the 57,211,376 pos-
sible four-person conceptual mixtures of the 194 Caucasians in the

' FBI dataset can be mischaracterized as two- or three-person mix-

tures when maximum allele count observed across all 13 loci was
used as the only basis for characterization (Table 5), As expected,
the mischaracterization rate decreases as the number of loci con-
sidered is increased (Fig. 4). The simulation was run five times,
each run halting independently when the mischaracterization rate
dropped below 5%. The fewest number of additienal loci required
to fall below a 5% level of mischaracterization in these simula-
tions was 171 while the most was 177. The addition of information
from an average of 27 simulated loci resulted in at least half of the
four-person mixtures having at least one locus with more than six
different alleles {and thus correctly classified). As with the three-
person mixtures, per-locus data similar to Table 5A is available
on-line (12).

Discussion

The extent of allele sharing observed between pairs of individuals
is clearly influenced by the degree to which the individuals being



TABLE 4—Count and percent of three-person mixtures in which a partic-

ular number of unique alleles was the second highest observed across all

loci, both for the original and randomized individuals, after removal of the
locus with the maximum number of unique alleles*.
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TABLE 5—Count and percent of four-person mixtures (from the FBI Cau-

casian dataser) in which a particular number of unique alleles was the

highest observed across all loci, both for the original 13 loci and after the
addition of 182 new loci derived from the original 13 loci*.

Unique Alleles

Percent
From To Count of Total
6 5 37,751,585 25.76%
6 4 3,505,340 2.39%
6 3 289 0.00%
5 4 18,317,945 12.50%
5 3 1,252 0.00%
4 3 1,779 0.00%

A—Original dataset,
Unique Alleles Percent
From To Count of Total
6 5 38,850,621.8 26.51%
6 4 3,479.995.2 2.37%
6 3 309.0 0.00%
5 4 17,456,523.4 1191%
5 3 1,385.0 0.00%
4 3 20622 0.00%

B—Average aver five randomized datasets.

* The unique allele column reports the maximum number of different alleles
that were observed across all loci for these conceptual three-person mixtures
before and after a single locus with the highest count has been discarded. The
middle four rows represent those cases where a change of interpretation has
occurred, from three contributors to two.

compared are related to each other. Simulations confirm that first-
degree relatives (siblings) are more likely to have alleles in common
than second degree relatives (cousins) or unrelated individuals (13)
(Fig. 3). The larger amount of pair wise allele sharing observed
between individuals in the original FBI dataset relative to the five
datasets of randemized individuals suggests that the FBI dataset
may contain some pairs of closely related individuals. The extent

80%

Unique Alleles Count Percent
4 13,480 0.02%
5 8,596,320 15.03%
6 35,068,040 61.30%
7 12,637,101 22.09%
8 896,435 1.57%
A—Original 13 loci.
Unique Alleles Count Percent
4 0 0.00%
5 0 0.00%
6 2,542,148 4.44%
7 45,542,753 79.60%
g 9,126,475 15.95%

B—Afier the addition of 182 new loci.

* The unique allele column reports the maximum number of different alleles
that were observed across all loci for these conceptual four-person mixtures,
Three or less alleles are never observed, and thus omiited,

of allele sharing between siblings in large-scale simulations also
suggests that perfect 13 locus maiches (26 out of 26 possible alleles)
occur at a frequency (an average of 3.0 per 439,361). This frequency
suggests that some are likely to exist in large populations such as
the general population of the United States and even eventually in
DNA profile datasets that contain large numbers of close relatives,

A large number (4,967,112) of the possible three-person combi-
nations of the 959 actual individuals included in the FBI population
dataset have sufficient allelic overlap between individuals to allow
none of 13 STR CODIS loci to exhibit more than four alleles in a
mixed sample (Table 2). This observation has important implica-
tions for the interpretation of forensic DNA testing results given that
mixtures where both the number of contributors and the genotypes
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FIG. 4—The percent of four-person mixtures that could be mischaracterized as arising from just two or three contributors solely on the busis of the
maximum number of different alleles observed at any locus considered. Mischaracterization occurred at a rate of 76.34% when only the !hlirre:err C ODI'IS
loci in the original FBI dataset were considered. A black line shows the average obtained from five simulations, each of which is shov.vn individually in
gray. Each simulation was halted when the mischaracterization rate dropped below 5%. A total of 57,211,376 conceptual four-person mixtures were made

Sfor each data point in each simulation as new loci were added.
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of one or more likely contributors are often disputed. Inclusions
in such mixtures shouid always be accompanied by statistics that
convey the strength of such a finding since allele sharing and large
numbers of observed alleles both diminish the possibility of exclu-
sion, Simulations with equivalent datasets containing randomized
individuals yield similar results suggesting that the mischaracter-
ization level is not attributable solely to artifacts or population
substructure within the original FBI dataset (data not shown),

The mischaracterization of conceptual three-person mixtures in-
creased more than five-fold when a single locus with the largest
number of different alleles was eliminated from consideration. Rea-
soning along the lines of “a single locus with more than four alleles
is likely to be attributable to technical artifacts when all other tested
loci are consistent with there being only two contributors” is in-
tuitively appealing. However, the observed dramatic increase in
mischaracterization rate in both the original and five randomized
datasets suggests that such rationalization is not well-founded.

Much higher rates (76.34%) of potential underestimates of the
number of contributors to mixed samples were observed when four-
person mixtures were considered. Difficulties in inferring the cor-
rect number of contributors to both three- and four-person mixtures
are ultimately due to overlapping alleles between individuals. Al-
lele sharing between two individuals is attributable to only two
conditions: 1) identity by descent or, 2) identity by state. Allele
sharing due to identity by descent can make mixtures involving
related individuals particularly problematic. Allele sharing due to
identity by state is a potential problem in all mixtures and arises
from two related characteristics of the commonly employed STR
CODIS loci. First, many of these loci possess a small number of
detectable alleles {e.g.. in this dataset, there are only six observed
alleles for the TPOX locus and only seven for the D13, DS, D3, and
THO1 loci, therefore mixtures that display more than six alleles at
these loci must be rare), Second, some alleles at some loci are rela-
tively common and therefore likely to overlap between contributors
to a mixture. The key factor is that the addition of more individuals
(and thus more alleles) into the mixture causes the mixture to be-
come more likely to hide any indications of subsequent individuals,
as the relative proportion of present versus absent alleles at each
locus increases with each new contributor.

Conclusions

Maximum allele count by itself is not very reliable in terms of
predicting the number of contributors to mixed forensic DNA sam-
ples, particularly when: the number of loci considered is small, the
number of contributors may be large (4 or more), and/or a single
point of seemingly inconsistent/fanomalous information can be dis-
regarded. However, maximum allele count still results in mistaken
inference of the number of contributors at a rate of over 3% cven
in the best of circumstances (e.g., the 13 STR CODIS loci are
considered, there are only three contributors, and no seemingly in-
consistent/anomalous information is disregarded). In light of these
observations, the practice of many testing laboratories to simply
report that a sample arises from “two or more individuals” when

more than two alleles are observed at one or more loci during the
course of testing is both reasonable and appropriate.
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TECHNICAL TIPS

Statistical Analysis of STR Data

Statistical analysis Is used to interpret
DNA results for genetic identity. In order to
determine the significance of a match, it is
necessary to support DNA typing results
with statistical analysis. These analyses assign
a value to the results obtained and enable
easier resolution of forensic or paternity
cases.

Polymorphic loci contain different
sequences at the same locus within and
between individuals. These highly variable
loci are used in DNA analysis because of
their ability to differentiate individuats.
Population databases are used to determine
the frequency of each allele for a given locus.
These databases are generally defined by
racial group and geographical region because
alleles may have different frequencies in
different populations.

Q- What are the Laws of Probability?

A: The First Law of Probability is denoted
by the equatiory:

0sPr{A/E) <1
Pr(A/A} =1

Zera is less than or equal to the probabil-
ity that A is true, given that E is known,
which is less than or equal to one. If we know
that A is true, then it has a probability of one.

The Second Law of Probability is denoted
by the equation:

Pr(A or B/E} = Pr(A/E) + Pr(B/E)
s0: Pr(A/E) = 1 = Pr{A\VE)

If A and B are mutually exclusive and E is
known, the probability that A or B is true,
given E, equals the probability of A, given E,
plus the probability of B, given E. Thus, it
follows that the probabllity of A not happen-
ing, knowing E, is equal to one minus the
probability of A, knowing E.

By Kimberly A. Huston

e-mail genetics@promega.com

The Third Law of Probability is denoted
by the equation:

Pr(A and B/E) = Pr{A/B, E) x Pr(B/E}

The probability of A and B, given that
we know E, equals the probability of A
occurring, knowing B and E, multiplied by
the probability of B occurring, knowing E.

From all of the above laws, the Law of
Total Probability follows:

Pr(A) = Pr{A/B)Pr(B) + Pr(A/C) Pr{C)

If B and C are two mutually exclusive and
exhaustive events, the probability of A is
equal to the [probability of A, given B, multi-
plied by the probability of B] plus [the prob-
ability of A given C, multiplied by the proba-
bility of C.]

Q: What do exhaustive and exclusive
mean?

A: Exhaustive events include all possible
outcomes. Exclusive events require that there
is no overlap between the outcomes of
Events,

(: What does independent mean?

A: Any two events that have no influence
on what happens to each other are indepen-
dent or unassociated. Therefore, for indepen-
dent events, the probability of both events
happening is the product of the probability
for each event.

Q: What is meant by being in Hardy-
Weinberg Equilibrium?

A: For a population to be in Hardy-
Weinberg Equilibrium (HWE}, the alleles
must be randomly inherited,

{): What is Bayes’ Theorem?

A: Bayes” Theorem is a useful toal for
presenting DNA data in a logical manner.
The odds form of Bayes’ Theoremn states:

PrEand A Pr(A/E) Pr(E)
PrA) =5 = T pe(a)
and
PrEand A Pr(A/E) Pr(E)
PeBAY ="y = 7 ey

Taking the ratio of the above equations:

Pr(E/A) _ Pr(A/E)  Pr(E)
Pr(E/A) _ Pr(A/E) Pr(E)

From this, we derive that the posterior
odds are equal to the likelihood ratto multi-
plied by the prior odds.

(Pr(E))
Prior odds \Pr(E)/ are odds that are
assigned based on initial information.

(Pr[AfE!)
The likelihood ratic \Pr(A/E)/ is the

ratio of two conditional probabilities, By
multiplying the prior odds by the likelihood

ratio the posterior odds (Pr[]i'./A]) are
ubtained. Pr{E/A)
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Q: What is conditional probability?

A: All probabilities are conditional based
on what we know to be true.

Q: What is the difference between
heterozygotes and homozygotes?

A: Heterozygotes are individuals who
have two different alleles at the same locus.
Homozygotes are individuals who have two
identical alleles at a given locus. Hetero-
zygosity is also called the frequency of
heterozygotes and is represented by hin
the following equation.

Dy

h=
n

Where I, is the number of individual
observations with two alleles and I is the
total number of individuals.

Since one is either a homozygote or a
heterozygote, the frequency of heterozygotes
(h) plus the frequency of homozygotes (H)
is equal to one.

h+H=1

Q: What is matching probability?

A: Matching probability, also known as
probability of match (pM), is the number of
individuals that may be surveyed befaore find-
ing the same DNA pattern in a randemly
selected individual. This is represented as:

pm=£ £ pe

I=a j21

Where i and j represent the frequencies of
all possible alleles a through n, Py represents
the frequencies of all possible genotypes.

The combined matching probability
for more than one locus is the product of
the individual matching probability at each
locus, assuming that they are not linked.

TECHNICAL TIPS

Q: What does the paternity index
represent?

A The paternity index reflects how many
more times likely it is that the person being
tested is the biological father, rather than a
randomly selected individual. The typical
paternity index is assigned to a locus rather
than an individual case. Generally, a Pliypcq
of less than one is indicative of non-
relatedness. The Pl i, is represented by
the following equation;

1
PItypical = 2H

The Pliypicq of several loci is the product

of the individual Plygicq).

Q: What is the power of
discrimination?

A: The power of discrimination is one
minus pM. The combined power of discrim-
ination for multiple locl may be calcutated by
the following equation:

n
Pd comblped = 1 _IEI (1- Pdl)

Q: What is the Wahlund principle?

A: The Wahlund princlple is seen within
subpopulations where little gene exchange
occurs. In these subpopulations, the allele
frequencies differ from those predicted by
the Hardy-Weinberg principle. This is seen as
an increase in homozygotes and a deficiency
in the number of heterozygotes in compari-
son with the expectations of HWE.

{: What is the power of exclusion?

A: The power of exclusion, PE, is defined
as the fraction of individuals having a
DNA profile that is different from that of a
randomiy selected individual in a typical
paternity case. The value for each individual
case will vary, The average for a given locus
is represented by the following equation.

PE = h2(1-2hH?)

The PE,yp;cq for several locl is represented
in the following equation:

PEtypicaI l==!1 -7 (1-PE)

@: What is9?

A: 8, the co-ancestry coefficient, is the
probability that two alleles in the population
have descended from the same allele and are
identical by descent. This is a measure of the
coancestry of populations diverging due to
genetic drift. The larger 8, the longer it has
been since the populations diverged.

Q: Where can I get more information
on statistical calculations?

A: For CODIS calculations, contact the
Federal Bureau of Investigation. They can
provide Popstats 3.1 software, which will
assist in calculations. For advice on paternity
case calculations, contact the American
Association for Blood Banking at 8101
Glenbrook Rd., Bethesda, MD 20814-2749
or on the Internet at www.aabb.org,
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The objectivity of forensic science decision making has received increased attention and scrutiny. However,
there are only a few published studies experimentaily addressing the potential for contextual bias. Because of
the esteem of DNA evidence, it is important to study and assess the impact of subjectivity and bias on DNA
mixture interpretation. The study reported here presents empirical data suggesting that DNA mixture
Keywords: ?nterpretat?on is subjective. When 17 Nortl? American expert .DNA examiners were asked for their
Human cognition interpretation of data from an adjudicated criminal case in that jurisdiction, they produced inconsistent
Bias Interpretations. Furthermore, the majority of ‘context free’ experts disagreed with the laboratory's pre-trial
Forensic decision making conclusions, suggesting that the extraneous context of the criminal case may have influenced the
Contextual influences interpretation of the DNA evidence, thereby showing a biasing effect of contextual information in DNA

DNA interpretation mixture interpretation.

© 2011 Forensic Science Society, Published by Elsevier Ireland Ltd. All rights reserved.

Seeking and interpreting information in a biased way so that it fits
existing beliefs, expectation, hope, or motivation is a result of how we
reason and is widespread [1). The potential for such biases in forensic
science disciplines has been suggested before [2,3], and has now been
highlighted by the National Academy of Science {NAS) report on
Strengthening Forensic Science in the United States: A Path Forward [4]. It
directly discusses “the potentiat for bias and error in human observers”
(p. 8), and states that “the extent to which practitioners in a particular
forensic discipline rely on human interpretation that could be tainted by
error, [orf the threat of bias . ... . {is] significant” (p. 9). Indeed, empirical
research supports the effects of bias in some forensic disciplines; for
example, in fingerprinting, the same forensic experts may arrive at
different conclusions when identical evidence is presented within
different extraneous contexts (e.g., whether the detective believes the
suspect is guilty, or the suspect confessed) [5-8].

However, in contrast to other forensic disciplines, DNA is regarded as
the gold standard of forensic science {9]. DNA has been held as objective
and immune to subjectivity and bias; “In the past several years, it has
become commonplace in the courts, in the media, and in much of the
technical literature, to contrast the scientific and objective evidence
supplied by DNA profiling, with the experiential or subjective opinions
given by traditional forensic experts” [9) (p. 97). Indeed, even the NAS

* QOne sentence summary: DNA mixture interpretation is subjective and may be
susceptible to bias by extraneous context, as evidenced by conflicting conclusions
concerning the inclusion or exclusion of suspects,

* Corresponding author.

E-mail address; i.dror@uclacuk (LE. Dror).
URL: hitp:/fwww.cci-hg.com (LE. Dror).

distinguishes between “forensic science disciplines [that] are laboratory
based (e.g., nuclear and mitochondrial DNA analysis, toxicology and
drug analysis)” [4] (p. 38), and other forensic disciplines that are “based
on expert interpretation of observed patterns (e.g, fingerprints, writing
samples, toolmarks, bite marks, and specimens such as hair)" (4] (p. 38).

If correct, then DNA analyses shauld be consistent and not affected by
domain irrelevant contextual circumstances. It seems, however, that at
leastin complex situations (such as with DNA mixtures) DNA does require
and rely on human examiners making a variety of subjective judgements
that are susceptible to bias. Indeed, in contrast to the view that DNA is
objective, sorme have proposed that DNA analysis interpretations may be
subjective and may even be influenced by a variety of factors [10.11].

However, such claims - both for the subjectivity or for the objectivity -
of DNA analysis have rarely been examined and tested through empirical
research. To investigate the subjectivity and biasability of mixture DNA
analysis we observed and compared the conclusions on identical DNA
evidence that was presented within and between different extraneous
contextual information. To propetly investigate this issue, it was critical
to: 1. conduct the study with qualified DNA expert analysts who conduct
real casework in accredited laboratories, and 2. that the examiners
genuinely believed the contextual information, as contrived context
within an experimental setup does not have the effect or impact as that of
genuinely believed real context [8].

To achieve these goals we used mixture DNA analysis from a real
adjudicated criminal case, using records obtained through the Georgia
Freedom of Information Act. The case we chose provided us with
analysis within extraneous context We then took the same DNA
evidence and presented it to 17 independent Morth American DNA
expert analysts, but without the potentially biasing contextual case

1355-0306/8 - see front matter © 2011 Forensic Science Society. Published by Elsevier Ireland Led. Alf rights reserved.

doi: 10.1016/j.5¢ijus.2011.08.004



LE. Dror, G, Hampikian / Sclence and Justice 51 {2011) 204-208 205

information. First we compared the consistency in interpretation and
conclusion within those 17 examiners to assess subjectivity in DNA
analysis. Then we compared between them and those who examined
the DNA mixture within the extraneous context of the criminal case to
assess biasability in DNA analysis. The DNA evidence related to a gang
rape case in which one of the assailants testified against the other
suspects in return for a lesser sentence as part of his cooperation in a
plea bargain deal. However, those identified through the plea bargain
denied any involvement in the rape.

The mixture DNA from the sexual assault was examined by experts in
the real criminal case, and their analysis and conclusions were that the
suspects that were identified by the cooperative assailant could not be
excluded from being contributors to the mixture. The establishment of
this corroborating fact was essential to the prosecution of the suspects
who claimed innocence. Under the law of that state where this act
occurred, the testimony of the admitted rapist would not be admitted
without corroborating evidence. Therefore the DNA conclusions were
critical to prosecution. If the suspects were excluded by DNA, or even if
the DNA was “inconclusive”, the incriminating testimony of the admitted
rapist would most likely not be allowed. As potentially biasing as this
domain irrelevant context was, if DNA was totally objective it should not
have affected their analysis.

In this study we took the original materials used by the DNA
examiners that concluded that the suspect cannot be excluded, and
presented them to 17 other DNA examiners, 'context free.’ These 17 DNA
examiners were all expert DNA analysts who were working casework in
an accredited governmental laboratory in North America, Fourteen
were female and three were male; their mean age was 40.7 (5D = 5.86),
and their mean years of experience conducting DNA analysis was 8.9
{5D = 3.96). Two examiners had a BSc, 12 had a MSc (either in biology or
forensic science), and 2 had PhDs (one participant did not provide
information on their level of education).

We asked the 17 independent DNA examiners to examine the DNA
mixture along with DNA profiles of the victim and three suspects (Table 1}
(one of the suspects, suspect 3, was the point of interest, as he was
determined as ‘cannot be excluded' by the DNA examiners who examined
his DNA within the potentially biasing context). The evidence presented to
them was comprised from the ¢lectropherograms (Figs. 1 and 2) available
to the original examiners, and included the Vaginal Sperm Fraction
(Profiler+) and Vaginal Sperm fraction (CoFiler). They were also provided
with the refevant contextual information that was provided to the original
examiners, such as the concentration of DNA in the sperm fraction extract,
the DNA amplification conditions, and capillary electrophoresis injection
times. Each of the 17 DNA examiners independently examined the
evidence, and gave one of three conclusions for each of the suspects:
‘cannot be excluded, ‘excluded’, or ‘inconclusive.

[n regard to suspect three, the results obtained from the 17
independent DNA examiners varied. One examiner concluded that the
suspect ‘cannot be excluded’, 4 examiners concluded ‘inconclusive’, and

Table 1

Suspect 3 porticn of the allele chart.
Locus 53
D3 14,17
vWA 17,18
FGA 22,24
b8 14,15
D21 28,28
D18 13,18
05 12,13
D3 10,14
D7 9,10
D3 MNo data
D16 9,13
THO1 7,8
TPOX 9,9
CSFIFO 11,11

12 examiners concluded ‘exclude. The results are revealing in two
respects: First, the fact that the 17 DNA examiners were not consistent in
their conclusions, by itself, suggests that there is an element of subjectivity
in DNA interpretation, If it was totally objective, then all the examiners
would have reached the same conclusion, especially since they all work in
the same laboratory and follow the same interpretation guidelines, The
observed inconsistencies within the 17 examiners who conducted their
analysis on the identical evidence, ‘context free,’ demanstrated subjectiv-
ity in DNA mixture analysis, which may reflect individual differences (e.g,
training, experience, personality, and motivation). It is interesting that
even using the ‘gold standard’ [9] DNA, different examiners reach
conflicting conclusions based on identical evidentiary data.

Second, comparing the data between examiners, those from the
context free condition to those who were exposed to the extraneous
context condition, it is possible that the domain irrelevant information
may have biased their interpretation. The DNA analysts who concluded
that the suspect cannot be excluded within the biasing context of the
criminaf case, are in sharp contrast to the vast majority of examiners who
examined the same evidence without this biasing context. Only 1 (out of
17) gave the same conclusion as the original analysts, 16 other examiners
reached a different and conflicting conclusion (either ‘exclude’, 12
examiners, or ‘inconclusive’, 4 examiners). Thus, the extraneous context
appears to have influenced the interpretation of the DNA mixture,
however, it is always hard to draw scientific conclusions when dealing
with methodologies involving real casework.

It must be emphasized, however, that these effects were observed for
a DNA mixture analysis. Previous research in forensic identification
suggests that contextual influences are most powerfil when the evidence
is ambiguous, compiex, and a ‘hard call’ [8]. When the data is clear and
decisions are sirmple, then the power of context is diminished, Gill has
been quoted to say that “If you show 10 colleagues a mixture, you will
probably end up with 10 different answers” [12]. The difficulties and
challenges presented by complex DNA mixture have been the focus of
several discussions [13-21], and are an impaortant component of ‘expert
systems' and statistical computing that try to more objectively
deconvolute and interpret DNA mixtures {22,23],

The study reported here, the first experimental study exploring
DNA interpretation, demonstrates that DNA mixture interpretation
has subjective elements and may be susceptible to bias and other
contextual influences, Minimizing such potential effects is important,
and may include specific training on bias issues, as well as procedures
and best practices especially designed to limit contextual influences
(such as sequential unmasking [24]).

This study also demonstrates that all types of DNA analysis should
not be lumped together as the “gold standard.” It is true, that in
contrast with many areas of forensic science [25], identity testing
using DNA has progressed to the point of general acceptance when
complete profiles are obtained from a single DNA contributor {26}
Consistent with this level of acceptance in the scientific community,
the courts in the United States and elsewhere equate identity with
DNA prefiles that include complete allelic data from 13 or more of the
standard short tandem repeat loci (STRs}. However, in cases where
low numbers of template molecules are amplified [27]. or where
complex mixtures are analyzed, subjective conclusions are made by
analysts. This is evidenced by our experiment and the case we discuss,
however, one cannot estimate its magnitude and impact without
more empirical studies,

The great degree of variability in laboratory methods regarding DNA
mixtures has been the subject of concern in the DNA community, and the
Scientific Working Group on DNA Analysis Methods (SWGDAM). Itis also
important to note that while some laboratories in North America still
report qualitative results such as “cannot exclude” without quantitative
measure, the 2010 SWGDAM guidelines state that "The laboratory must
perform statistical analysis in support of any inclusion that is determined
to be relevant in the context of a case, irrespective of the number of alleles
detected and the quantitative value of the statistical analysis.” [28]
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Fig. 1. Sperm fraction electropherogram from victim's vaginal swab, after amplification with CoFiler { ABI). This electropherogram was given to analysts for interpretation, Genetic

foci are indicated in boxes above alleles.

These guidelines however are not binding, and are not required
for The American Society of Crime Laboratory Directors Laboratory
Accreditation Board (ASCLD/LAB) accreditation. Qutside of North
America, the International Society for Forensic Genetics (ISFG) DNA
commission recommendations on the interpretation of mixtures
strongly supports the use of likelihood ratios [16], and this
approach is beginning to gain ground in North America,

It is also important to note that while this is the first published
empirical study of potential DNA bias, Butler of the NIST laboratories
has conducted extensive studies of mixture analysis over several
years, wherein he supplies a large number of volunteer laboratories

identical DNA mixture data and asks for their analysis, The results of
these excelient studies have been presented at conferences and are
available at the NIST webpages [29], but have never been published in
a peer-reviewed journal.

An interesting and perhaps the most critical point for this paper is
that Butler's research findings show that inclusion statistics for the
same profiles (using the same data)} varied over 10 logs, that is from 1
in 434,600 to 1.18x 105, using the exact same electropherograms
£29]. Therefore, although the use of statistics is paramount, it does not
resolve the issue of subjectivity and potential bias, the topic of this
study.
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Fig. 2. Sperm fraction electropherogram from victim's vaginal swab, after amplification with Profiler Plus (ABY). This electropherogram was given to analysts for interpretation,

Genetic loci are indicated in boxes above allele,

The work presented here is a step in addressing the subjectivity and
potential for bias in DNA mixture interpretation. It is clear that additional
and follow-up studies are called for. However, acknowledging the role of
the human examiner, understanding the role (and weaknesses) of human
cognition in making forensic comparisons (including DNA mixtures), is an
important step in correctly conceptualizing forensic science and finding
ways for improvements [30].

Appendix A. Supplementary data

Supplementary data to this article can be found online at dei:10.
1016/j.5cijus.2011.08.004. Additional information can be found at:
www.cci-hg.com.
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IS IT POSSIBLE TO BE INCLUDED IN A MIXTURE ARTIFICIALLY?
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