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Abstract

Shed hair from domestic animals readily adheres to clothing and other contact items, providing a
source of transfer evidence for criminal investigations. Mitochondrial DNA is often the only
option for DNA analysis of shed hair. Human mitochondrial DNA analysis has been accepted in
the US court system since 1996. The murder trial of the State of Missouri versus Henry L. Polk,
Jr. represents the first legal proceeding where cat mitochondrial DNA analysis was introduced into
evidence. The mitochondrial DNA evidence was initially considered inadmissible due to concerns
about the cat dataset and the scientific acceptance of the marker. Those concerns were
subsequently addressed, and the evidence was deemed admissible. This report reviews the case in
regards to the cat biological evidence and its ultimate admission as generally accepted and
reliable. Expansion and saturation analysis of the cat mitochondrial DNA control region dataset
supported the initial interpretation of the evidence.
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A majority of households in the USA have domesticated pets, generally cats and/or dogs [1,
2]. Shed hairs from companion animals are abundant in pet-owning homes and easily adhere
to clothing, personal effects and other items, potentially providing transfer evidence for
criminal investigations [3-5]. Short tandem repeat (STR) analyses of cat hair have
previously provided corroborative evidence in a murder trial [6], although the amount of
nuclear DNA can sometimes be inadequate for STR profiling of hairs. Mitochondrial DNA
(mtDNA) typing, which has recognized deficiencies for individual identification and
exclusionary power, is often the only means to develop a DNA profile of the hair donor [7-
13]. Although cat mtDNA typing has been previously used in a forensic investigation [14,
15], the defendant pled guilty in that earlier case and the cat mtDNA evidence was not
subjected to legal scrutiny.

This case report presents the first analysis of mtDNA control region (CR) profiling of
domestic cat hair used as corroborative evidence in a judicial proceeding. Prior to the
initiation of the judicial process of the case, the complete domestic cat mtDNA sequence had
been defined [16] and variation of the cat mtDNA control region (CR) had been evaluated in
several studies [14, 15, 17, 18]. A hyper-variable repeat region within the cat mtDNA CR
had been found to be too variable, thereby raising concerns of heteroplasmy and the regions
use in forensic applications [15, 19, 20]. However, the remaining areas of the cat mtDNA
CR do display sufficient variation for exclusion purposes and are appropriate regions for
analysis in forensic investigations [21, 22]. In addition to the cat mtDNA CR sequence and
dataset, although subjective, microscopic characterization of fur [5, 23-26] can tentatively
support inclusion of cat hair in forensic investigations.

This report focuses on the available cat mtDNA datasets and their expansion during the
course of the investigation and murder trial for the State of Missouri v. Henry L. Polk, Jr.
(7CR104003803-01). Dataset sample size, representation, and sub-structuring are evaluated
in regards to their relevance to the cat mtDNA testimonies. The mitotype sequences and
definitions were published after the trial [21].

Background

On March 8, 2004, the Kansas City Police Department (KCPD) investigated a homicide
crime scene in Clay County, Missouri. The victim was found severely beaten with his throat
violently lacerated to near decapitation. The linings of the victim’s jean pockets had been
turned inside out. Hinge lifts were taken of each pocket lining at the scene by KCPD crime
scene investigators. The hinge lifts were examined by the KCPD Crime Laboratory, leading
to the identification of a single hair. Morphological examination by light microscopy
suggested the hair was from a domestic cat due to the banded coloration and the observation
of frayed fibrils at the root end, both traits being more consistent with cat hairs than human
or dog hairs [26-28].

A suspect was residing in a household with multiple cats (N > 10). Hair standards were
collected from nine available cats in the suspect’s household. Hairs from four cats were
determined to be microscopically similar to the evidentiary hair based on hair length and
pigment size, density, and distribution. The hair pigmentation and density suggested that the

Forensic Sci Int Genet. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Lyons et al.

Page 3

cat had light orange coloration, which is consistent with all orange cats, tortoiseshell, or
calico cats. The evidence hair was dissimilar to hair standards from the two cats belonging
to the victim. The four similar standard hairs from cats living with the suspect and the
evidence hair were submitted to QuestGen Forensics (now Zoogen Services) in Davis,
California, for DNA analysis.

STR amplifications were unsuccessful; therefore, mtDNA control region (CR) sequence was
generated from the hair DNA. QuestGen Forensics issued a report in January, 2005, stating
that the mtDNA sequence of the evidentiary hair was identical to the sequence of two of the
four standard hairs collected from cats at the suspect’s residence concluding that two of four
suspect cats could not be excluded as contributors of the evidentiary hair. The mtDNA
profile (mitotype) of the evidence and the two matching standards from the suspect’s cats
did not match to any profiles in the QuestGen Forensics cat mtDNA dataset (N = 180 cats),
indicating the evidence hair mtDNA mitotype was rare and defined as novel (unique)
mitotype UCL, The mitotype of the non - matching standards from the suspect’s cat’s hair
were both determined to be mitotype C. The CR mitotype from the evidence, mitotype UL,
is distinct from the next most similar mitotype, C1, by a single mutation, and two mutations
from major mitotype C. The chance of a random match for the evidentiary hair was
considered as 1/180 (0.0055) with the caveat that the true population frequency could not be
accurately stated and could be lower.

In the fall of 2007, a hearing was conducted to determine if expert testimony with regard to
DNA testing and analysis of cat hair evidence would be admitted under the Frye standard.
On September 07, 2007, an order was issued stating: “The small number of cats which
contributed to the datasets used for the testing and analysis raised doubt when the evidence
was presented. No evidence of acceptance in any scientific community of this procedure was
received. It is found and concluded that the procedure utilized by the witness, that of using
the small data bases of cats in forming her opinions, has not gained acceptance in any
scientific community. When compared to data bases used in human DNA testing and
analysis, the sparcity of the data bases that are the foundation of the opinions offered in the
Frye hearing supports this finding and conclusion.” With these judgments, the court
concluded “No evidence with regard to the testing and DNA analysis of cat hair will be
admitted in the trial of this case”.

In response to this order, prosecuting attorneys extended the investigation of the cat hair
mtDNA. Cat hair standards from the two cats at the victim’s home were sent to QuestGen
Forensics for comparative analyses and were also excluded as the source of the evidence
hair by mtDNA mitotype comparison, which were mitotypes B and C.

In November 2007, all DNA extracts of the cat hairs from the case were transferred to the
Veterinary Genetics Laboratory (VGL) Forensics Unit at University of California -Davis for
confirmatory DNA testing and for comparison to a second cat mtDNA dataset (N = 129).
The mtDNA CR sequences were confirmed as accurate, the same interpretations between
the evidence hair and the hair standards from the suspect’s and victim’s cats were
substantiated and the evidence hair mitotype remained unique as compared to the second
independent dataset.
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In addition, in mid-December, 2007, an independent feline genetics research laboratory at
the University of California - Davis (L.A. Lyons) was contacted for information regarding
cat mtDNA datasets and general expert witness testimony. Independently and without
knowledge of the criminal investigation, the feline genetics research laboratory had
generated mtDNA CR sequence that overlapped the region sequenced by QuestGen
Forensics and the UC Davis VGL Forensics Unit. This data had been generated from a wide
variety of cats in an effort to initiate the development of domestic cat mtDNA CR data for
forensic profiling and studies regarding domestication, cat population dynamics, and
population structuring [21, 22]. This dataset included 375 independent cats and the mtDNA
sequence of the evidence remained unique within that dataset.

In January, 2008, a second admissibility hearing was conducted where representatives from
all three laboratories, as well as additional expert witnesses, testified in regards to the cat
DNA evidence. On May 29, 2008, the order was issued to accept mtDNA evidence stating:
“The state’s motion to reconsider the order entered September 7, 2007, excluding DNA
evidence pertaining to cat hair is sustained. That order is hereby withdrawn. Further
evidence offered by the state, in combination with the evidence received before the
September 7, 2007, order was entered, allows the court to find and conclude as follows: 1.
The state has committed not to offer nuclear DNA evidence. Rulings hereinafter pertain only
to mitochondrial DNA. 2. The polymerase chain reaction testing method (PCR) is generally
accepted in the scientific community with regard to the extraction and analysis of animal
DNA. 3. Mitochondrial DNA testing methods and procedures are generally accepted within
the scientific community. 4. The state has committed to limit the DNA expert opinions
offered as evidence to opinions based on the mitochondrial DNA extracted from the actual
data base of tested cats. So limited, opinions are admissible under Frye standards as to
whether or not cat hair from an unknown cat that has been subjected to PCR testing
methods is either, (1) hair from a specific cat among the tested cats that make up the data
base, or hair from a cat within the maternal line of that cat, or (2) is not hair from a cat
among the number of tested cats that make up the data base or within the maternal line of
any of the tested cats that make up the data base.”

To further evaluate and support the rareness of the evidence hair’s unique mitotype after the
January, 2008 admissibility hearing, buccal swabs were collected from eleven cats (MV1 -
MV 11, Table 1) reportedly living in the former household of the suspect at the time of the
2004 murder. Hair from three of the cats had previously been collected as part of the original
criminal investigation, as reported by the owner, since the cats matched the determined
coloration of the evidence hair. To examine possible genetic differentiation in randomly
bred cats from different regions of the USA, buccal swabs from 23 randomly bred cats
representing Clay County, Missouri, were collected by Dr. Lyons and the Clay County
Sherriff’s Department. The buccal swab collection included four cats from the Liberty
Animal Shelter, fifteen cats from a private practice animal clinic, and four cats that had been
acquired from the area by a private owner (Table 2). The swab samples were genetically
profiled using STR markers and mtDNA CR sequences by the UC Davis VGL Forensics
Unit and independently analyzed by the feline genetics research laboratory using the
mtDNA CR sequence [31, 32]. Two of the 23 Missouri cats were a mother-daughter pair,
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thus only one cat was included in the dataset and subsequent mtDNA database. Eight of
eleven cats from the suspect’s household were reported to be related, consequently only four
were considered independent cats to contribute to the overall mtDNA CR dataset (FCF118 -
9,11, 12) (Fig. 1). STR analyses confirmed relationships of the cats. However, one kitten
was not from its purported queen, but qualified to another queen in the lineage.

On August 03, 2009, all three laboratories provided DNA testimony at trial. Considering all
datasets combined (N = 448), the mitotype of the evidence only matched the mitotypes of
cats living in the suspect’s home. The remaining cats from Clay County, Missouri, did not
have mitotype UL, STR analyses supported the reported relationships, confirming that all
mtDNA CR U1 mitotypes were due to shared maternal lineage of cats in the household.

The suspect was found guilty of first-degree murder with a later sentencing on October 01,
2009, with additional counts resulting in life in prison without parole plus 120 years. On
September 13, 2011, in the Missouri Court of Appeals Western District, the case WD71598
State of Missouri v. Henry Lee Polk, Jr. was affirmed pursuant to rule 30.25(b) and issued
per curiam. In the minutes of the Supreme Court of the State of Missouri for December 20,
2011, SC92139 - State of Missouri, Respondent, v. Henry Lee Polk, Jr., Appellant —
appellant’s application for transfer from the Missouri Court of Appeals No. WD71598 was
denied.

Materials and Methods

Mitochondrial DNA Analysis

In November, 2004, QuestGen Forensics received mounted hairs and envelopes of pulled
hair from four reference cats at the suspect’s home (Items 29-2, 29-3, 29-8, and 29-9) along
with an envelope containing the evidence hair (Item 21-18). All analyses of the evidence
hair (21-18) were completed before the envelopes containing the reference cat hairs were
opened. The root end of the evidence hair was cut from the shaft. The shaft portion of the
hair was decontaminated of surface DNA prior to DNA isolation [29]. DNA was
independently purified from the root end and shaft portion of the hair. Nuclear DNA
amplification of feline STR markers from the root end extraction was unsuccessful for the
evidence hair; thus mtDNA profiling was performed. Amplification of feline mtDNA CR
(GenBank Acc. U20753 bases 16760-221) using a semi-nested amplification of two
overlapping sections yielded amplicons from both the root-end DNA extract and the shaft
DNA extract as previously described [15, 17].

Following the same SOPs and methodology, hair samples from the four known cats from the
suspect’s residence (Items 29-2, 29-3, 29-8, and 29-9) were amplified for the same regions
of the feline mtDNA CR. Analysis of the hairs from the two cats owned by the victim (Items
28-1 and 28-2) was performed under the same protocols once they were submitted in
October, 2007. MtDNA sequence alignment was performed using the Staden software
alignment package [30].

In November 2007, the eight cat hair DNA extracts (evidence hair 21-18 shaft and 21-18
root; knowns 29-2, 29-3, 29-8, 29-9; and elimination samples 28-1, and 28-2) and three

Forensic Sci Int Genet. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Lyons et al.

Page 6

extraction negative controls were transferred from QuestGen Forensics to the VGL
Forensics Unit for confirmatory analysis with identities masked. Aliquots of the DNA
isolates from QuestGen Forensics were amplified by PCR for two regions, HVI (HV1A) and
HVII (HV1B) [16, 19], of the feline mtDNA CR using primers: F16268-
CCACTATCAGCACCCAAAGC, R16567-CATGCTTAATATTCATGGGGACT and
F16796-CAGTCTTCTATGGACCTC, R240-GTCCTGTGGAACAATAGG. DNA
sequences were generated using Big Dye Terminator v3.1 and sequencing products were
electrophoretically separated on an AB3730 DNA Analyzer (Applied Biosystems). The
portions of the mtDNA sequence that overlapped with the QuestGen data, part of the HVII,
were identified and compared by sequence alignment to each other and the UC Davis VGL
Forensics cat mtDNA dataset using Sequencher® v. 4.8 (GeneCodes Corporation, Ann
Arbor, MI).

STR Analysis

Twenty-two autosomal STR markers and the SRY gene were amplified in the DNA from the
buccal swabs of the cats collected at the suspect’s residence. The markers included the
International Society for Animal Genetics (ISAG) recommended markers for parentage
analysis of domestic cats [31] and additional feline-derived STR markers; FCAQQ5,
FCAO026, FCA008, FCA126, FCA132, FCA201, FCA224, FCA023, FCA290, FCA043,
FCAO058, FCAT77, and FCA090 [6, 32, 33].

Cat mtDNA Dataset

The QuestGen Forensics cat mtDNA CR dataset (N = 180; n = 158 after sequence trimming
for comparison) consisted of 110 random-bred cats from animal shelters in Orange County,
(Southern) California, and 70 cats of various known breeds. Some of the animal shelter cats
may have been “hobby-bred” pedigreed cats but most were of random-bred heritage. The
UCD VGL Forensic Unit cat mtDNA dataset (N = 129; n = 78 after removal of cats that
were duplicated in the feline genetics research laboratory dataset) included random-bred cats
from eastern and western USA and twelve cats from miscellaneous breeds. Additional
mtDNA CR profiles (N = 196) from 164 random-bred cats representing other locations of
the USA and non-USA cats and 32 cats representing breeds were generated by the feline
genetics research laboratory [31, 32]. Cats that represented fancy breeds (n = 101) were
combined to produce breed-specific mitotype frequencies for comparison to randomly bred
cats (Tables 2 and 3).

The overall composition of the ~408 bp cat mtDNA CR dataset was 448 cats, consisting of
347 randomly bred cats (Table 2) and 101 individuals representing breeds (Table 3),
excluding cats from Clay County, Missouri. After the adjudication of the trial, all sequences
from the different datasets were compared to a consensus “Sylvester” cat CR mtDNA
reference sequence to define the DNA variants and establish mitotype nomenclature [21, 22]
and to estimate mitotype frequencies.

Results of the Combined Cat mtDNA CR dataset

The sizes of the datasets for the three laboratories vary slightly from the reports provided at
the hearings for these mitotype analyses. Only sequences that had complete overlap across
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the region to define the mitotypes were included and duplicate cats between the laboratories
were excluded. The frequencies of the mtDNA CR mitotypes in the three datasets are
presented in Table 2. Regardless of the individual dataset, the composition of the mtDNA
mitotypes is comparable. The DNA variants of the mitotypes are published [21]. Three
mitotypes (A, B, C) are common, representing 67.6% of cats (Fig. 2, Table 2). An additional
20.6% of cats are represented by an additional nine minor mitotypes D — L. Rare mitotypes,
implying those with less than 1% of the total sample set (n < 3), comprise 4.4%. Unique
sequences (i.e., found in only one cat in the dataset) account for 7.3% of cats. The
probability of a cat having an uncommon mtDNA CR mitotype is ~11% in the USA. The
cats representing breeds from the USA and cats from Clay County, Missouri, had a similar
mitotype distribution to other regions of the USA. The mitotype of the evidence hair and the
maternally related cats was not found in the Missouri dataset or the combined USA datasets.
Considering the likelihood ratio from the combined UC Davis datasets of non-overlapping
cats (N = 376), 1/376 = 0.00266, implies a 0.27% chance of finding an unrelated cat with the
same mitotype. Applying a 95% confidence interval, where 1-a/N (a. = 0.05, N = 376), the
upper bound probability of this mitotype occurring in a random population of unrelated cats
in 0.79%.

Discussion

Transferred pet hair is perceived as a nuisance, but has proven to be a benefit to the forensic
science community as crime scene evidence. In the case of the State of Missouri v. Henry L.
Polk, Jr., cat hair provided corroborative evidence implicating the suspect. Transferred cat
hair from the victim’s pocket was excluded as originating from the victim’s cats, but could
not be excluded from cats living with the suspect. When evidence provides exclusionary
information, dataset size is of limited concern. Indeed, when considering exclusion,
published forensic cases have used as few as four animals [34].

A variety of issues can lead to the inadmissibility of evidence at trial, notably issues that
raise doubts about the general acceptance of the technique or the validity of the underlying
statistics [35, 36]. Although non-human DNA evidence is increasingly used in forensic
investigations, in the case of the State of Missouri v. Henry L. Polk, Jr., the admissibility of
the mitochondrial DNA was questioned—particularly because the evidence supported
inclusion, not exclusion. In September 2007, the court order issued (Case No:
7CR104003803-01, 7CR105000217-01) brought into question “the size of data bases
required for animal DNA profiling and the documentation of DNA markers”. This order
cites an appeal from the State of Washington (Washington v. Leuluaialii) that overruled the
admission of STR canine DNA evidence in a case alleging animal cruelty and two counts of
aggravated murder [37]. This concern was raised even though canine evidence using the
same dataset had been accepted subsequent to the Washington appeal in several states
including; Georgia, Nevada, Arizona, Michigan, lowa, South Carolina, lllinois, California,
Wisconsin, Indiana, and Delaware [38—41]. Although the Washington trial court’s admission
of canine evidence was ruled harmless and the convictions upheld, this appeal highlights the
concern over the statistical significance and appropriate composition of animal DNA
datasets for consideration in criminal proceedings.
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The primary concern expressed in the trial judge’s initial ruling in the Polk case was that the
mtDNA sequence comparisons could not be considered generally accepted due to the small
number of cats in the dataset. This ruling inherently implied that a limited database may not
address concerns regarding sub-structuring and sampling saturation, which was unknown for
cats at the time. However, no standard size for a dataset had been a priori determined to be
“adequate” for any population or species, although the concerns have been scientifically
examined [42-44]. In addition, the 2007 Frye hearing ruling was based on the previous
ruling that pertained to a canine STR dataset that involved the same DNA laboratory service,
not the published scientific studies on sub-structuring and mtDNA mitotype saturation
points. At the time, many canine datasets with known and unknown breed compositions of ~
100 individuals had been developed for the dog mtDNA CR [45-48], and the initial cat
dataset was of comparable size with 180 cats. Expert testimony could have been acquired
concerning cat population dynamics and sub-structuring at the time. Although based on STR
data, the work of Lipinski et al. [49] and Menotti-Raymond et al. [50] became publicly
available on December 03, 2007, implying that data had already been peer-reviewed and
commentary on cat population dynamics could have been obtained. Data was also available
as to the composition of pet cats in regards to representing a breed or a randomly bred
individual. Only ~10 — 15% of the feline patients at highly specialized referral clinics, such
as the UC Davis Veterinary Medical Teaching Hospital, are represented by pedigreed cats
[51]. This suggests a vast majority of cats are randomly bred in the USA, which is consistent
with other surveys of pet ownership [1, 2]. The cats in question for this case were randomly
bred, thus, the representative database needed to be comprised of non-pedigreed cats, which
was considered in the mitotype comparisons.

Population stratification or sub-structuring has been a concern and debated in statistical
analyses in human DNA profiling [52]. Knowledge of the population dynamics specific to a
species helps anticipate whether a smaller versus a larger dataset would be required and if
the level of population stratification is a concern. Breeds may have significant founder
effects, thus are always subject to sub-structuring. DNA mutation rate estimates of mtDNA
CR DNA are also different between species [52-58], leading to higher or lower exclusionary
power for a given mitochondrial region. The dog dataset was anticipated to require a smaller
sampling compared to humans since the domestic dog mtDNA CR contains fewer
polymorphisms [59] and mitotypes and provides less power of exclusion than humans [60].
As noted in earlier studies on mtDNA mitotype saturation [42-44, 61], different animal
populations, including humans, have different population dynamics. Population structures
are particularly evidenced by different but acceptable levels of inbreeding and outcrossing as
well as different migration rates. The less polymorphic right domain of the dog mtDNA CR
was predicted to require a 350 — 450 sample size to reach a 1 — 5% cut-off level of mitotype
or polymorphic site saturation, which is less than half the sample size required for humans in
a comparable region [44].

Cats have a far more recent evolutionary history compared to dogs and less overall mtDNA
mitotype diversity [49, 62]. Thus, at the time of the Frye hearing, by logical assumption the
sub-structuring of random-bred cat populations should have been anticipated to be minimal.
Therefore, sampling in any state in the USA should be fairly representative of all USA cats.
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STR analyses show insignificant sub-structuring of random-bred cats in the USA [49],
although cat populations have not been examined as widely as human populations.
Additionally, linkage disequilibrium estimates in cats suggest less intense selection as
compared to dogs [63, 64], and recent publications of the cat mtDNA CR datasets support
these findings [21, 22]. Indeed, cat breeds seem to have been founded by individuals with
multiple mtDNA types [21]. However, these aspects of cats had not been all peer-reviewed
and published at the time of the hearing. Although they were available via expert opinion,
the conservative approach taken by the judge seems warranted.

Recently, a saturation analysis for the cat mtDNA CR dataset has been conducted
(companion paper, Grahn et al.). This study considered randomly bred cat datasets from
around the world, ranging from 64 — 514 individual cats per population, including USA
populations and sub-populations. These datasets included the cat mtDNA CR sequences
considered in the criminal proceedings. The USA population of cats (n = 514) required 50
and 110 cats to meet the 5% and 1% mtDNA CR saturation cut-off values. Therefore,
retrospectively, the initial dataset used for comparison in this criminal case (n = 180), even
when not considering the inclusion of the 70 pedigreed cats, was a sufficient dataset for
consideration of the cat mtDNA CR mitotype frequencies. As predicted, these estimates for
saturation are lower than the dog mtDNA CR.

To further consider the potential of local population sub-structuring and the analysis of cats
that could have been the contributor versus a general dataset, additional samples from
random-bred cats within the area of the crime scene in Missouri (n = 24) and additional cats
associated with the evidence were collected. The descriptive colorations of cat hairs are
subjective and can appear different due to lighting and seasonal variation. No standard for
hair coloration terminology has been defined for the cat. Thus, the DNA analysis was
extended to all cats in the household to alleviate concerns of subjective errors in the
collection of the reference hairs based on coloration. The novel mitotype found in hairs
21-18, 29-2, and 29-3 was also observed in eight of the eleven cats from the suspect’s home,
a finding consistent with their reported descent from a single female. Genotyping of the
eight cats confirmed that maternal lineage. The novel mitotype of the evidence was not
observed amongst the 23 random-bred cats from Missouri. The Missouri cats reflected a
mitotype distribution that is comparable to random-bred cats in both datasets. These results
further support the rarity of the evidence hair.

Current domestic cat mtDNA data does not support significant sub-structuring within
domestic cat populations within the US [21]. However, cats have not been examined to the
extent of human populations and less dramatic sub-structuring likely occurs for cats due to
founder effects. The distribution of mtDNA CR mitotype frequencies was similar in cats
from all regions of the USA including California, Hawaii, Missouri, and New York.
Expansion of the cat mtDNA CR dataset from 180 cats to > 500 cats and examination of
local populations had no effect on the accuracy of the DNA data interpretation, reaffirming
the original testimony. Fortunately, the implicating mitotype in this case was rare.
Therefore, the issue of population sub-structuring was not a significant concern. Saturation
studies now suggest the USA cat mtDNA CR dataset is sufficient for forensic
interpretations. To date, over 1,300 DNA sequences from the same mtDNA region have
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been generated from random-bred cats from around the world and fancy breed cats [21]. The
dataset is available to the forensic community and the consensus “Sylvester” reference
sequence is published for standardization of future cat mtDNA CR studies [21, 22]. The use

of

cat mitochondrial DNA analysis has been accepted in court and has been shown to be

reliable and of value in the forensic analysis of shed cat hair. However, when considering
mtDNA, especially when multiple suspect cats are in the same household and mitotypes are
not unique, multiple comparison tests, such as Bonferroni corrections or Bayes factor of

ca

Iculation, should be considered.
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(not tested)

@ Nemo

Jackie
Leggs

FIG. 1. Relationship of cats obtained from the suspect’s home
The source of the novel mitotype—Tabby—was deceased at the time of sampling. MtDNA

analysis supported the relationships of the cats as reported by the owner. The mitotype of the
related cats matched the hair evidence identified from the hinge lifts of the victim’s pockets
and is a unique mitotype in the feline mtDNA CR dataset. Any of the related cats could be
the contributor of the evidence hair, however, color, banding pattern and length narrowed
the selection to four cats. The names of those four cats were not noted at the time of the
evidence collection. Circles represent females and squares represent males. Three additional
cats had different mitotypes, see Table 1.
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O

FIG. 2. Minimal spanning network of cat mtDNA CR mitotypes
Circle sizes represent relative frequency of each mitotype. Major mitotypes A, B and C are

indicated. Minor mitotypes (n = 9) are indicated with crosshatches, stippled circles indicate
rare mitotypes (n = 8) and open circles are unique mitotypes (n = 26). The arrow indicates
the evidence sample — a novel mtDNA mitotype. The CR mitotype from the evidence is
distinct from the next most similar mitotype, C1, by a single mutation and two mutations
from major mitotype C. Cats represent USA random bred and breeds.
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State of Missouri v. Henry L. Polk, Jr. cat DNA evidence sample identification.

TABLE 1

Item# Sample Type Mitotype

Identification

21-18
21-18
29-2
29-3
29-8
29-9
28-1
28-2
MV1
MV2
MV3
MV4
MV5
MV6
MV7
MV8
MV9
MV10
MV11

Hair shaft et
Root end yet
Hair yet
Hair et
Hair
Hair
Hair
Hair
Buccal yct
Buccal yct
Buccal yet
Buccal yet
Buccal yct
Buccal C
Buccal yct
Buccal C
Buccal B
Buccal yet
Buccal yet

Evidence, victim’s left pocket, primarily brown with 2 white
bands & white portion near root

Evidence

Reference, provided on two slides
Reference, Brown/black striped, real old cat
Reference, Brown/black outdoor cat
Reference, Brown/black & white outdoor cat
Elimination, Victim’s cat

Elimination, Victim’s cat

Lexus

Jade

Jazzy

Jackie Legs

Otis

Mitzi

Phoenix

Luckie

Taz

Jasper

Nemo
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Table 3

Cats breeds represented in the mtDNA CR dataset”

Breed No. Breed No.
Abyssinian 6 Norwegian Forest Cat 5
American Shorthair 4 Persian 6
Birman 9 Russian Blue 6
British Shorthair 10  Scottish Fold 1
Burmese 2 Siamese 8
Chartreux 4 Siberian 4
Egyptian Mau 3 Singapura 2
Havana Brown 1 Sokoke 2
Japanese Bobtail 5 Turkish Angora 5
Korat 11 Turkish Van 5
Maine Coon 5 Total 101

*
Includes data generated by both QuestGen (n = 69) and the UC Davis research laboratory (n = 32).

1duosnuely Joyny Yd-HIN

1duasnuely Joyny Yd-HIN

Forensic Sci Int Genet. Author manuscript; available in PMC 2015 November 01.





