& frontiers | Frontiers in

@ Check for updates

OPEN ACCESS

Kyle Ewart,
The University of Sydney, Australia

Fraser John Combe,

Theiagen Genomics, United States

Kelly A. Meiklejohn,

North Carolina State University, United States
Alexandra Summerell,

New South Wales Health Pathology, Australia

Kimberly M. Frazier
kim.frazier@wyo.gov

28 October 2024
24 January 2025
14 March 2025

Frazier KM and Bauman TL (2025) Decision-
making in wildlife forensics: comparing
complex and simple cases at the

Wyoming Game and Fish Laboratory.

Front. Ecol. Evol. 13:1518608.

doi: 10.3389/fevo.2025.1518608

© 2025 Frazier and Bauman. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Ecology and Evolution

Original Research
14 March 2025
10.3389/fevo.2025.1518608

Decision-making in wildlife
forensics: comparing complex
and simple cases at the
Wyoming Game and
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Wyoming Game and Fish Wildlife Forensic and Fish Health Laboratory, Laramie, WY, United States

This study compares the decision-making processes and workflows of complex
and simple wildlife forensic cases at the Wyoming Game and Fish Wildlife
Forensic Laboratory. To highlight the varied processes involved in analyzing
cases at the laboratory, a complex case, consisting of eighteen different animals
and a simpler case consisting of only two animals will be discussed. Both cases
highlight several decision making points throughout to determine the number of
samples to collect, if the samples contain biological material, the extraction
methods to be used, and how to proceed with downstream analyses. These
decision points are notably more numerous in the complex case. Both cases
cover the process of subsampling, extraction methods, test methods, and results.
At the time of the complex case, sanger sequencing, used for species
identification of the deer species did not allow for the differentiation between
the closely related white-tailed deer (Odocoileus virginianus) and mule deer
(Odocoileus hemionus) and a protein analysis was used to differentiate them. A
new procedure, population assignment in conjunction with sequencing,
validated after the complex case and prior to the simple case made the
differentiation easier and more efficient. This change in species identification
emphasizes the need for continual validation of new procedures. Results of
wildlife forensic cases are not only dependent on the analyses performed, but
also on the decisions made by the analyst throughout the process.

wildlife forensics, critical decisions, DNA sequencing, albumin, species assignment,
STR genotyping

1 Introduction

The Wyoming Game and Fish Wildlife Forensic and Fish Health Laboratory, consisting
of three sections: fish health, tooth aging, and wildlife forensics, is a state funded laboratory in
the United States and is accredited by ANSI National Accreditation Board (ANAB) to ISO/
IEC 17025:2017 standards. The forensic portion of the laboratory was established in 1988 and
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was primarily focused on species identification, sex identification, and
matching using RFLPs. The laboratory has had a long standing
relationship with Colorado Parks and Wildlife Law Enforcement
Officers and they have been primary partners in creating the forensic
laboratory. Since then, the laboratory has expanded its clientele,
offering wildlife forensic services to approximately thirteen states.
The laboratory still mainly focuses on the same analyses, but with vast
improvements in technology. The forensic section of the laboratory is
solely focused on enforcement questions and, other than validations,
does not conduct or participate in research, making the laboratory
one of the few wildlife forensic laboratories in the United States
dedicated to wildlife law enforcement.

Enforcement questions that the laboratory answers include: what
is the species of origin of the evidentiary item, what is the sex, how
many individuals are represented by the items and do any of the items
originate from each other or a known individual? The laboratory
works with many trophy game and big game species including: mule
deer (O. hemionus), white-tailed deer (O. virginianus), moose (Alces
alces), elk (Cervus canadensis), pronghorn (Antilocapra americana),
mountain lion (Puma concolor), bobcat (Lynx rufus), black bear
(Ursus americanus), grizzly bear (Ursus arctos horribilis), mountain
goat (Oreamnos americanus), bighorn sheep (Ovis canadensis), turkey
(Meleagris), sage grouse (Centrocercus urophasianus), and barbary
sheep (Ammotragus lervia).

The laboratory receives approximately 80-90 cases per year,
consisting of simple and complex cases. The simple cases generally
consist of one to ten good quality items (ie. items that comprise
abundant high-quality DNA or sufficient protein) for species
identification, sex identification, matching, or all three. The complex
cases generally consist of a large quantity of samples with varying
degrees of quality. In general, the more complex cases consisting of
numerous samples and numerous sample types require more testing,
which leads to more decision points compared to the simple cases.
Due to the number of species analyzed and the number of states the
laboratory performs testing for, the laboratory hosts a large number of
reference samples separated by species and states and broken further
into herd or unit areas within each state. Currently the laboratory has a
reference database consisting of 36,720 samples with the number
growing yearly.

This original paper outlines details for a complex case and a
simple case received for analyses by the Wyoming Game and Fish
Wildlife Forensic laboratory. The information presented in this
paper was extracted from the laboratory’s case files. Specific details
such as evidence descriptions, laboratory items, officer names and
locations have been altered to maintain confidentiality. The
complex case was received by the laboratory first, therefore, it will
be presented before the simple case.

2 Methods

The two cases covered in this manuscript use a variety of
methods and protocol for species identification, sex identification,
STR amplification and STR analysis. Specific technical parameters
for these methods are listed in the Supplementary Data Sheet 1
(complex case) and Supplementary Data Sheet 2 (simple case).
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2.1 DNA extractions

DNA extractions were performed using three different methods:
the tissue and blood samples were extracted using a phenol
chloroform organic extraction protocol (Sambrook et al., 1989).
Additionally, many of the blood samples were washed with a silica
cleanup protocol to remove excess heme and any other
environmental contaminants. Hair samples were extracted using
the same phenol chloroform organic extraction protocol as the
tissue and blood samples (Sambrook et al., 1989) with the addition
of 20ul of IM DTT (DL-Dithiothreitol) per DNA extraction.

Every test method performed for wildlife forensic case work at the
Wyoming Game and Fish Wildlife Forensics Laboratory runs a
positive and negative control. The negative control moves with the
case throughout the entire testing process starting with DNA
extractions. The positive controls are test specific and must produce
a validated result for use. In the event a control fails the results are
recorded in the bench notes and the testing starts over. The lab does
not report test results with failed positive or negative controls.

2.2 Species identification

Three methods were used for species identification. Sanger
sequencing (Sanger et al, 1977) was performed on all unknown
samples as well as positive and negative controls using the mtDNA
gene region CytB with universal primers ‘mcb 398 and ‘mcb 869’
(Verma and Singh, 2002; primer sequences are listed in
Supplementary Data Sheet 1). The samples were ran on a 3500
genetic analyzer (Applied Biosystems) and the resulting sequences
were analyzed in Molecular Evolutionary Genetic Analysis (MEGA)
v. 11.0.13 (Tamura et al., 2021) and then compared with sequences
from NCBI using BLAST (Clark et al., 2016; Sayers et al.,, 2022) to
determine the species of origin. DNA sequencing alone cannot
differentiate between Odocoileus spp. Therefore, samples that
sequenced out to be from the Odocoileus spp. had to be further
tested using protein serology or STRs for species assignment.

Protein serology was used by the laboratory for taxonomic
identification of blood samples (Mardini, 1984; ANSI/ASB Standard
106, 2020). Serum albumin is an excellent protein to identify species
from tissue and blood samples. This protein is the most abundant
plasma protein and is found throughout the extravascular spaces of
the body, maintaining the interstitial fluid colloid osmotic pressure.
Serum albumin is a strongly anionic monomeric protein that can be
readily separated from other tissue proteins by electrophoresis (Murch
and Budowle, 1986; Melsert et al., 1989; Signore et al., 2017). A key
application of the Albumin Western blot analysis is the differentiation
of the four closely related members of the Cervidae family (mule deer,
white-tailed deer, elk, and moose). Electrophoresis was ran on a
Pharmacia LKB Biotechnology PhastSystem with positive and
negative controls.

The validation of OdoPlex (Hamlin et al., 2021) enabled the use
of DNA STRs to differentiate species of Odocoileus spp. Multiplex
PCR amplification was performed on the unknown samples that
were identified as Odocoileus spp. based on sequence analysis, using
the OdoPlex multiplex STR panel (Hamlin et al, 2021). STR
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amplification and analysis was performed using the parameters
listed in Supplementary Data Sheet 2. In order to determine the
species of origin, the alleles associated with each item were
compared with an in-house database of known mule deer and
white-tailed deer alleles and analyzed with GenAlEx6.51b2 (Peakall
and Smouse, 2006; Peakall and Smouse, 2012).

2.3 Sex identification

Sex identification of the Odocoileus spp, C. canadensis and U.
americanas samples was amplified using multilocus STR panels.
The sex identification primers are listed in Supplementary Data
Sheet 1. Samples originating from O. hemionus and O. virginianus
were amplified with the OdoPlex STR panel (Hamlin et al., 2021).
The sex-linked mammal-specific ZFX markers (Aasen and
Medrano, 1990), which amplifies females at an amplicon size of
~443bp and an Artiodactyla-specific Y-chromosome linked SRY
marker (Wilson and White, 1998) to amplify males at an amplicon
size of ~190 bp were used.

Sex identification loci of C. canadensis samples was amplified, in
a similar manner, with a multilocus STR panel referred to as
WapitiPlex (Jones et al., 2002; Meredith et al., 2005; Meredith
etal., 2007). In addition to the sex-linked mammal-specific ZFX and
the Artiodactyla-specific Y-chromosome linked SRY marker the
panel also includes a mammal-specific ZFY marker (Fain and
LeMay, 1995) at an amplicon size of ~221bp.

Amplification of the sex identification markers for U.
americanus was performed using the multilocus STR panel,
UrsaPlex (Meredith et al., 2020) markers. An X chromosome
linked bear-specific ZFX marker with an amplicon size of ~163bp
and two Y chromosomes linked bear-specific markers (SMCY and
318.2) (Bidon et al., 2013) with amplicon sizes of ~106 bp and ~129
bp respectively were used.

Sex identification of Antilocapra americana, Alces alces and
Meleagris spp. were amplified with specific sex markers and ran on
a 5% agarose gel. Band separation imaging was visualized using a
UV light and camera system (IGenius 3). PCR amplification of the
polymorphic region of the ZFX/ZFY and SRY (P1-3EZ/P1-5EZ and
Y53-3C/Y53-3D) locus was used to determine the sex of A. alces.
Sex identification of A. americana was performed under the same
conditions with the exception of the Y primer SRY (Y53-3E/Y53-
3F) (Fain and LeMay, 1995). In Meleagris spp. the female is the
heterogametic sex (ZW). The sex identification of Meleagris sp. was
performed using primers Pstl with amplification at ~177-bp and
ATP amplification at ~250-bp (D’Costa and Petitte, 1998).

2.4 STR amplification

Multiplexed PCR amplifications were performed on the
Odocoileus spp. (OdoPlex) (Hamlin et al., 2021), C. canadensis
(WapitiPlex) (Jones et al., 2002; Meredith et al., 2005; Meredith et
al.,, 2007) and U. americanas (UrsaPlex) (Meredith et al., 2020)
samples with the Qiagen® Multiplex PCR kit using ten to sixteen
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STRs. Primers for the individual species are listed in the
Supplementary Tables S1-S3. Forward primers of all STR and sex
identification loci were labeled with fluorescent dyes (6FAM, VIC,
NED and PET; ThermoFisher Scientific) following the parameter
set forth in the species specific validation studies (Hamlin et al.,
2021 and Meredith et al., 2020). Multiplex PCR reactions was ran
using a Biorad® Thermal Cycler. Fragment separation was
performed on Applied Biosystems 3500 Genetic Analyzer using
the Fragment Analysis50_POP7_G5 module.

Singleplex PCR amplifications were performed on Alces alces
(Wilson et al., 1997; Talbot et al., 1996; Smith et al., 2002; Bishop et
al., 1994; Vaiman et al., 1994), Antilocapra americana (Bishop et al.,
1994; Lou, 1998; Carling et al., 2003; Stephen et al., 2010) and
Meleagris (Huang et al., 1999; Reed et al., 2000). Primers for the
individual species are listed in the Supplementary Tables S4-56. An
IRDye 700 or 800 M13 tail was added to each reaction depending on
the validated procedure.

The PCR reactions were ran using a Biorad® Thermal Cycler
and fragment separation was performed on a LiCor Sequencer.

2.5 STR analysis

All multiplex STR analysis was performed with GeneMapper
software (Applied BiosystemsTM). While the singleplex reactions
were analyzed with SagaTM software (LiCor). The individual
genotypes were visually inspected and scored by qualified
analysts. The unique genetic profiles were recorded for each
sample to determine individualization, minimum number of
animals and sex identification.

3 Case 1- complex wildlife
forensic case

3.1 Case overview

In 2024 the laboratory received a wildlife forensic case
submission from a District Wildlife Officer from Colorado Parks
and Wildlife. A total of 59 items were submitted for examination.
The submission form, which the submitting officer filled in, stated
that items #1 and 2 originated from mule deer (O. hemionus) of
unknown sex. At the time of submission, the officer did not know if
other species were present in the evidentiary items and the known
mule deer samples were the only species in question. The
investigation aimed to address the following objectives:

» Species identification of items #3-59.
* Sex identification of all items.
¢ Number of individual animals in the submitted items.

A few critical decision points can streamline complex cases and
save time and costs. The majority of these decision points are made
during the subsampling process, but are also littered throughout the
entire process. The flowchart in Figure 1 highlights the different
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decision points in analyzing cases, especially the more complex
ones. One of the most important decision points is to determine
when to stop analyses on a specific sample and report the sample as
either nonreactive or inconclusive. Several factors should be
considered at this step. Does the sample quality appear to be so
poor that retesting may not work? How important is the sample to
the case, is it one of several blood samples from the same item or is it
a highly important sample? Is there enough sample to retest? How
many times to retest before it becomes cost prohibitive? These
factors can be considered multiple times throughout the retesting of
one sample and there is always the possibility that the sample will
have to be called nonreactive regardless of the importance to the
case. If the item appears to have biological material and the
laboratory has a presumptive test (blood) then the sample should
be tested and the presumptive test should be performed prior to
further testing. However, if there isn’t a presumptive test available,
should the sample be tested anyway? Also, determining if there is
any reason to start analyses of a specific item in the first place is a
crucial decision point. For example, if the analyst does not visually
identify any biological material, should the sample be tested?

In the highlighted complex case, fifty-nine samples were
submitted for testing. One of the first, and sometimes the most
difficult, decisions made at this juncture is determining whether or
not a submitted item is suitable for downstream analyses. If a large
number of samples are submitted for forensic testing, the laboratory
analysts carefully examine each item to evaluate if the item contains
forensically useful biological material. In this complex case, the
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evidentiary items (Table 1) included two tissue samples from mule
deer of unknown sex, eleven blood and hair samples from various
clothing items, six blue shop rags with possible blood and hair,
thirty-three hunting items with blood and/or hair, two coolers with
blood and five miscellaneous blood and hair items. The suspect
blood and the hair samples from the various clothing, shop rags,
hunting items, coolers, and miscellaneous samples consist of the
most difficult of the samples. Is the suspect blood actually a true
blood sample? Do the hairs have any root ends? Even though the
hunting items were submitted as having forensically useful material,
is that material actually present?

During the sampling of this case, it was determined that four of
the clothing items and five of the blue shop rags, when visually
inspected for hair, blood, or tissue did not have any biological
material. At this point, these items were not sampled for
downstream testing and this was noted in the case notes.

Although only fifty-nine evidentiary items were submitted to
the laboratory for the complex case and several of the submitted
items did not have biological material, the number of items totaled
sixty-eight (Table 1). This is because multiple subsamples can be
collected from the same item, these additional items are identified
with a capital letter after the item number (Table 1). For instance, if
a shirt is submitted as one piece of evidence with multiple blood
stains, several blood stains can be collected and treated as individual
items. These subsampled items consisted of tissue, blood, and hair
with the possibility of various environmental contaminants that
may have the potential to inhibit downstream analyses. Sample

frontiersin.org


https://doi.org/10.3389/fevo.2025.1518608
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Frazier and Bauman

TABLE 1 Complex case: items received and results.

10.3389/fevo.2025.1518608

Lab Item Description Sanger Sequencing Species Identification Sex STR
Number (CytB) using Proteins Identification Profile
1 | Mule deer tissue sample Species ID was not required Male Genotype A
2 | Tissue sample from mule deer skull Species ID was not required Male Genotype B
3 | Two (2) swabs taken from a bloody arrow found Odocoileus spp. Most probably Male Genotype C
in a bow case O. hemionus
4 | Green Jacket with possible deer hair Odocoileus spp. - Non-reactive Non-reactive
5 | Camouflage vest Biological material was not detected, the item was not tested
6 | One (1) blue rag DNA did not amplify
7 | Brown Hoyt bow-mounted arrow quiver C. canadensis - Male Genotype G
with blood
8 | Pocket knife with blood and hair A. alces - Male Genotype N
9A | Hunting pack with blood and hair-front of C. canadensis - Male Non-reactive
pack-blood
9B | Hunting pack with blood and hair-pack C. canadensis - Male Genotype H
strap-blood
9C | Hunting pack with blood and hair-back pouch of | C. canadensis - Male Incomplete
pack-blood genotype
10A | Two (2) knives with possible blood and animal Meleagris - Male Incomplete
hair- orange knife/blood genotype
10B | Two (2) knives with possible blood and animal Odocoileus spp. Most probably Male Genotype D
hair- grey knife/blood O. hemionus
11 | Hair found on neck gaiter C. canadensis - Non-reactive Non-reactive
12 | One (1) knife with possible blood and animal hair | C. canadensis - Male Incomplete
genotype
13 | Wildlife hair on bow DNA did not amplify
14 | Potential deer hair and blood Odocoileus spp. Most probably Male Genotype E
O. hemionus
15 | DNA swab of suspected blood on marsupial DNA did not amplify
binocular holder
16 = Broadhead with blood DNA did not amplify
17 | Potential deer hair U. americanus - Non-reactive Non-reactive
18A | Four (4) knives and a sharpener with possible C. canadensis - Male Genotype I
blood-knife sharpener/blood
18B | Four (4) knives and a sharpener with possible Odocoileus spp. Most probably Male Genotype B
blood-Zipro knife/blood O. hemionus
18C | Four (4) knives and a sharpener with possible Odocoileus spp. Most probably Male Genotype B
blood-Outdoor Edge knife/blood O. hemionus
18D | Four (4) knives and a sharpener with possible Odocoileus spp. Most probably Male Genotype B
blood-Green knife/blood O. hemionus
18E | Four (4) knives and a sharpener with possible C. canadensis - Inconclusive due to mixed sample
blood-Outdoor Edge knife/blood
19 | Black beanie with Hoyt I ith ible d
?C ean}e Wl_ oyt logo with possible deer Biological material was not detected, the item was not tested
hair- No biologicals detected
20 | Blood taken from tailgate of Ford F250 Odocoileus spp. Most probably Male Genotype B
O. hemionus
21 | Blue rag-blood DNA did not amplify
(Continued)
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TABLE 1 Continued

Lab
Number

Iltem Description

Sanger Sequencing

(CytB)

10.3389/fevo.2025.1518608

Species Identification = Sex

using Proteins

Identification

STR
Profile

22 | Potential deer hair DNA did not amplify
23A | Three (3) blue rags-blood DNA did not amplify
23B | Three (3) blue rags-blood DNA did not amplify
23C | Three (3) blue rags-No biologicals detected Biological material was not detected, the item was not tested
24 | One (1) green knife with possible blood C. canadensis - Male Genotype |
25A | Outdoor edge knife with sheath with blood and C. canadensis - Male Genotype K
hair-gut hook-blood
25B | Outdoor edge knife with sheath with blood and C. canadensis - Male Genotype K
hair-knife blade-blood
26 | Blood and tissue samples taken from yeti C. canadensis - Male Genotype I
cooler-tissue
27A | One (1) pair of gaiters-left gaiter-blood DNA did not amplify
27B | One (1) pair of gaiters-right gaiter-blood DNA did not amplify
28 | One (1) pair of green Sitka bibs with blood DNA did not amplify
29 | Deer hair taken from tailgate Odocoileus spp. Most probably Male Genotype B
O. hemionus
30 | One (1) blue rag DNA did not amplify
31A | Two (2) game bags with blood and hair-large Odocoileus spp. Most probably Male Genotype B
game bag-blood O. hemionus
31B | Two (2) game bags with blood and hair- small Odocoileus spp. Most probably Male Genotype B
game bag-blood O. hemionus
32 | One (1) pair of Fall Raven pants with blood DNA did not amplify
33A | Six (6) blue rags Biological material was not detected, the item was not tested
33B | Six (6) blue rags Biological material was not detected, the item was not tested
33C | Six (6) blue rags-No biologicals detected Biological material was not detected, the item was not tested
33D | Six (6) blue rags-blood DNA did not amplify
33E | Six (6) blue rags-blood DNA did not amplify
33F | Six (6) blue rags-No biologicals detected Biological material was not detected, the item was not tested
34 | One (1) pair of Sitka gloves Odocoileus spp. Non-reactive Non-reactive Non-reactive
35 | Camouflage pants-No biologicals detected Biological material was not detected, the item was not tested
36 | One (1) knife in case possible blood C. canadensis - Inconclusive Inconclusive
37A | Driver’s side door leather gloves stained with Odocoileus spp. Non-reactive Non-reactive Non-reactive
blood-right glove
37B | Driver’s side door leather gloves stained with Odocoileus spp. Non-reactive Non-reactive Non-reactive
blood-left glove
38 | One (1) black jacket from house possible tissue/ Biological material was not detected, the item was not tested
DNA-No biologicals detected
39 | Potential blood on fan DNA did not amplify
40 | Blood swab off backpack C. canadensis - Male Genotype L
41 | Blood swab off of backpack C. canadensis - Male Genotype M
42 | DNA/blood sample from Easton Axis arrow C. canadensis - Male Genotype M
43 | DNA swab from arrow A. americana - Non-reactive Non-reactive
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TABLE 1 Continued

10.3389/fevo.2025.1518608

Lab Iltem Description Sanger Sequencing Species ldentification = Sex STR
Number (®%4:)] using Proteins Identification Profile
44 | DNA swab from bow SN#1738571 A. alces - Non-reactive Genotype N
45 | Blood swab from yeti cooler Odocoileus spp. Non-reactive Non-reactive Non-reactive
46 | Two (2) broadheads with possible DNA U. americanus - Non-reactive Non-reactive
47 | One (1) DNA swab from bow case bottom Meleagris - Male Genotype O
right-blood
48 | One (1) DNA swab from arrow A. alces - Male Genotype N
49 | One (1) DNA swab from arrow found in C. canadensis - Male Genotype M
bow case
50 | One (1) DNA swab from arrow #2 Odocoileus spp. Most probably Male Genotype F
O. hemionus
51 | One (1) DNA swab of arrow C. canadensis - Male Genotype G
52 | One (1) DNA swab from Hoyt bow A. alces - NR Genotype N
53 | One (1) DNA swab from black part of bow case Meleagris - Male Genotype O
54 | One (1) DNA swab from bow C. canadensis - Male Genotype M

55 | One (1) DNA swab from bow case A. americana

56 | One (1) DNA swab from arrow #1 C. canadensis

57 | One (1) DNA swab from bow case Meleagris
58 | One (1) DNA swab from bow case Meleagris
59 | One (1) DNA swab from top of bow case Meleagris

near handle

types and inhibitors can dictate which of the several validated
extraction protocols to use.

3.2 Results and conclusions

The genetic methods used to address the objectives in this case
are described in the Methods section, with detailed methods listed
in Supplementary Materials S1.

Species identification was performed on the samples that contain
biological material, as well as a positive and negative control. The
Sanger sequencing method was implemented using the
mitochondrial gene CytB on the unknown items. Sequencing alone
cannot differentiate between Odocoileus spp. Therefore, any of these
samples that sequenced out to be from the Odocoileus spp. had to be
further tested using protein analysis. All other samples were identified
to species and ready for downstream analyses. Species identification
results for individual items are listed in Table 1.

The fifteen blood samples that sequenced to the Odocoileus spp.
had further testing using protein serology performed to determine
their species of origin, either O. hemionus or O. virginianus.

At the time of this case, the Albumin Western blot test was the
only test method the laboratory had validated to differentiate
between mule deer and white-tailed deer. As with all analyses,
positive controls were ran with the unknowns.

Frontiers in Ecology and Evolution

- Non-reactive Non-reactive

- Male Genotype L
- Male Genotype O
- Male Genotype P
- Male Genotype P

Species identification using DNA sequencing indicated twenty
items originated from elk (Cervus canadensis), sixteen items
originated from the Odocoileus spp. (O. hemionus or O
virginianus), four items originated from moose (A. alces), six
items originated from turkey (Meleagris), two items originated
from black bear (U. americanus) and one item originated from
pronghorn (A. americana). Additional species identification of the
sixteen Odocoileus spp., using albumin IEF, resulted in eleven items
most probably originating from mule deer (O. hemionus). Protein
analysis is a reliable method for differentiating between mule deer
and white-tailed deer, the method relies heavily on the analyst’s
ability to score IEF gels and clean protein samples. Due to these
factors the laboratory protocol states that when reporting of
Odocoileus spp. using a protein test method a qualifying factor
will be used, hence the most probably mule deer.

Sex identification and STR genotyping were performed on all
items that produced a result for species identification. These results
are listed in Table 1.

Several items were non-reactive for species identification
making this a critical decision point in the laboratory. How many
times should the sample be retested prior to determining it is non-
reactive? The answer to this depends on the quality of the sample,
the importance of the sample, and is also based on analyst
experience. If a sample is determined non-reactive at this point,
further testing is not performed.
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3.3 Summary

This complex case highlights several key points when making
decisions to move a wildlife forensic case through the laboratory.

* TItems that do not contain biological material may not
need testing.

* When DNA is degraded, it can be difficult to obtain a
complete species identification profile or STR genotype
profile, the laboratory needs parameters in place to
address difficult samples such as these.

 Itis important to know the laboratory’s limitation, this will
direct downstream workflow (i.e. additional species
identification, to determine use of multiplex STR panel’s
vs singleplex STRs and sex identification markers).
Limitations are identified through method validations.

* Have a set of critical decision points set up for processing
complex cases, as this will provide guidance on when to stop
testing or when to change test methods.

* Laboratory analysis cost is a critical factor in the decision
process (i.e. whether to test/re-test a sample)?

The results in this case demonstrated that there were five
additional species outside the known mule deer items #1 and 2. It
was critical that the laboratory had protocols in place to handle the
sub sampling, processing, testing and reporting of the items to
successfully answer the objectives in this case. The results were
provided to the submitting officer to either support or refute their
investigation and to provide a report in the event this case makes it
to the judicial system. At this time the laboratory does not know the
outcome of this case.

4 Case 2- simple wildlife forensic case
4.1 Case overview

Early 2024 the New Mexico Department of Game and Fish
submitted eight samples for forensic examination. Items #1-4
consisted of tissue samples from a gut pile and items #5-8 were

tissue samples from known mule deer (O. hemionus). Using the

TABLE 2 Simple case: items received and results.

10.3389/fevo.2025.1518608

submission request form, the Investigator requested the
following (Table 2):

* Species identification of items #1-4.
* Sex identification of all eight items.
* STR genotyping on all eight items.

Eight tissue samples approximately 5 mm x 5 mm in size stored
in desiccant tubes were submitted for testing. Since the items
submitted were tissue samples, sub sampling was straight forward
and technical decision points were not required to determine if the
sample type is biological material and eliminated the need for any
presumptive testing. Also, four of these samples were submitted as
originating from a known species, eliminating the need for species
identification. In this case, approximately 100 mg of tissue from
each item submitted was collected for downstream analysis. The
eight tissue samples went through the laboratory’s phenol
chloroform organic extraction protocol (Sambrook et al., 1989)
and did not require additional DNA clean-up.

This simple case was chosen to highlight the importance of
validating new test methods. Before discussing the results and
conclusions of the simple wildlife forensic case, a brief overview
of the validation of OdoPlex for species assignment is in order. This
validation was implemented after the complex case and before the
simple case was tested in the laboratory.

4.2 Validation of OdoPlex for
species assignment

All new test methods routinely used at the Wyoming Game and
Fish Forensics Laboratory are validated via a full validation process
following the laboratory’s Quality Manual section on developmental
and/or internal validation. The validations also follow the validation
guidelines for DNA analysis methods recommended by the Scientific
Working Group on DNA Analysis Methods (SWGDAM, 2016).

Shortly after the complex case was completed the laboratory
performed an internal validation using OdoPlex (Hamlin et al,
2021) to differentiate between O. hemionus and O. virginianus
species. This STR multiplex panel was previously validated for use
for individualization, leading the way for the internal validation for

Lab Item @ Description Sanger Sequencing (CytB) Species ID using STRs Sex ID STR Profile
1 Tissue sample from gut pile Odocoileus spp. O. hemionus Male Genotype A
2 Tissue sample from gut pile Odocoileus spp. O. hemionus Male Genotype A
3 Tissue sample from gut pile Odocoileus spp. O. hemionus Male Genotype B
4 Tissue sample from gut pile Odocoileus spp. O. hemionus Male Genotype B
5 Tissue from deer skull Known Odocoileus spp.-not tested O. hemionus Male Genotype B
6 Tissue from deer skull Known Odocoileus spp.-not tested O. hemionus Male Genotype B
7 Tissue from deer skull Known Odocoileus spp.-not tested O. hemionus Male Genotype A
8 Tissue from deer skull Known Odocoileus spp.-not tested O. hemionus Male Genotype A
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species identification. Hamlin et al., 2021. demonstrated that the
OdoPlex STR multiplex panel can be used as a diagnostic tool to
determine species identity of the two closely related deer species and
several subspecies. The laboratory’s internal validation focused on
the identification of O. hemionus and O. virginianus.

Tissue samples from 313 deer, including 143 known mule deer
(O. hemionus), 150 known white-tailed deer (O. virginianus) and 20
deer of unknown species (selected by a third party for species
assignment) from Wyoming, Montana, and Colorado were selected.
These samples were collected by law enforcement officers and
agency biologists, primarily from hunter harvested deer and are
stored in the laboratory’s in-house database. DNA was extracted
using a phenol chloroform organic extraction protocol (Sambrook
et al, 1989). PCR optimization, amplification, and capillary
electrophoresis were performed following the process listed in the
Methods section for OdoPlex.

Sixty-one individuals were analyzed using STRUCTURE
(v2.3.4) (Pritchard et al., 2000; Evanno et al., 2005). The data set
was analyzed with two populations assumed, with a 100,000 Burn-
in period, and 100,000 Markov chain Monte Carlo repetitions for 10
iterations (K = 1-18). Results were analyzed using Evanno’s Best K
(Evanno et al,, 2005) and plotted with a bar graph to determine if
species separation was possible. Results from STRUCTURE clearly
demonstrated that the OdoPlex STR panel (Hamlin et al., 2021) can
differentiate between the two Odocoileus spp. It is important to note
that all sixty-one individuals produce a complete profile. The bar
plot (Figure 2) demonstrates that both species clearly separate when
a full genetic profile is produced using the Odoplex STR panel.

The same sixty-one individuals were analyzed using GenAlEx
(Peakall and Smouse, 2006; Peakall and Smouse, 2012). Although
both programs correctly identified two species, GenAlEx was
determined to be the best fit for the laboratory’s data formatting.
Therefore, only GenExAl was used to analyze the larger data set of 313
deer to assign the unknown deer samples. GenAlEx demonstrated that
the OdoPlex STR multiplex (Hamlin et al,, 2021) plan can be used to
determine species assignment using microsatellites to differentiate
between mule deer and white-tailed deer with 100% accuracy of
species assignment of unknowns. OdoPlex (Hamlin et al., 2021) has
a number of species-specific alleles that can be used in conjunction with
population assignment software to determine the species of unknown

100
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1
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FIGURE 2

10.3389/fevo.2025.1518608

evidentiary items. Figure 3 demonstrates species assignment of ten
unknown deer samples using GenAlEx. The green unknown triangles
plotted in the figure show the correct assignment of all ten unknown
deer samples.

Additionally, as demonstrated in the original developmental
validation for species determination using OdoPlex (Hamlin et al,
2021), OarFCB193 has a fixed allele at “10” when ran with O.
hemionus. The observation of a fixed allele at “10” was seen at 100%
during the internal validation with OarFCB 193 in all Montana,
Wyoming, and Colorado mule deer that have been tested on
OdoPlex. A small number of O. virginianus samples that were
heterozygous at the “10” locus at OarFCB193 were detected. This
was seen 1% of the time. With this observation and the fact that the
Wyoming Game and Fish work with both deer species on a regular
basis, it was determined that the entire OdoPlex panel (Hamlin
et al,, 2021) would be used for species assignment.

Key points to consider when using OdoPlex for species assignment:

» The observation of a fixed allele at “10” is a strong indicator of
the O. hemionus, however in a laboratory that works with both
O. hemionus and O. virginianus, using the entire Odoplex STR
panel for species assignment should be considered.

* If using Odoplex for species assignment of Odocoileus spp.
protein testing is no longer needed.

e If a complete STR profile is not generated, species
assignment may not be possible and the laboratory will
have to report the DNA sequencing results of Odocoileus
spp. either O. hemionus or O. virginianus.

4.3 Results and conclusions of a simple
wildlife forensic case

Species identification was performed on the first four items
using Sanger sequencing of the CytB gene. DNA sequencing
indicated all four items originated from the Odocoileus spp.
meaning additional testing was required to determine species of
origin. Previously, the laboratory used proteins to determine O.
hemionus and O. virginianus. However, with the new validation of

2

O. virginianus

STRUCTURE plot showing subdivision of O. hemionus (Population 1: green) and O. virginianus (Population 2: red) when evaluated with the OdoPlex

STR panel. Each sample evaluated produced an entire STR profile.
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FIGURE 3

GeneAlEx assignment graph with ten unknowns samples properly assigned. The orange diamonds represent O. hemionus species and the yellow
squares represent O. virginianus species. They green triangles are the unknown samples that were run with the known database for species

identification using OdoPlex STRs. All unknowns were correctly assigned.

OdoPlex (Hamlin et al., 2021) to differentiate species of Odocoileus
DNA STRs were used to determine species of origin. Species
identification using OdoPlex for population assignment indicated
the four items originated from mule deer (O. hemionus).

Sex identification and STR genotyping was performed on all
eight samples using the parameters listed in the Methods section.
The results, using Odoplex for genotyping, sex identification, and
species identification are in Table 2.

4.4 Summary

This simple case highlights a couple of key points when making
decisions to move a simple wildlife forensic case through
the laboratory.

+ Tissue samples simplify the subsampling process and can
eliminate several critical decision point needed to move a
case forward.

+ Validating new test methods such as OdoPlex for species
assignment can improve the laboratory’s test methods and
turnaround times.

* Internal validations are needed and are important for
subsequent casework (i.e. finding a heterozygote for a
locus that was thought to be fixed at a major allele).

The results in this case demonstrated that there were two male
mule deer. The implementation of OdoPlex for species assignment
played a key role in species identification of this case. The results
were provided to the submitting officer and they supported their
investigation. The results in this case led to the defendant pleading
guilty to taking of big game animals without the required license.
Their plea resulted in several thousand dollars in fines and
restitution and the loss of their hunting privileges for one year.

Frontiers in Ecology and Evolution

5 Discussions and conclusions

The number and quality (i.e. no viable DNA or contamination)
of items submitted in cases play a significant role in determining if
the case is going to be considered easy or complex. A case with a
large number of evidence items or poor sample quality often leads
to more decision points, making it complex. For example, a tissue
sample is easier to extract viable genetic material from than a small
blood sample or other trace evidence. Environmental conditions
prior to sample submission also affect the viability of a sample. A
sample that has been exposed to UV rays from the sun, or a sample
that has been collected from soil run a higher risk of degradation
and may not produce viable genetic material for further testing.

An analyst’s experience and knowledge along with the
laboratory’s protocols are all vital components of these critical
decisions. Several factors can determine how the analyst proceeds
with testing, including the number of samples collected from the
evidence, the number of times to retest the sample, and perhaps
even cost restrictions. In this instance, the cost savings is in knowing
when not to test a sample or, if testing the sample, how many times
to test prior to accepting a non-reactive result.

It is important in a wildlife forensic laboratory to continue to
develop and validate new procedures. For example, the validation of
population assignment to differentiate between mule deer and
white-tailed deer effectively increased efficiency and reduced costs.
In this instance, the cost savings is captured in analyst time and in
that one multiplex is answering two questions; matching
and species.

Since the completion of the complex case, the laboratory has
also validated pronghorn with a multiplex panel and is in the
process of validating moose following Development and
Implementation of a STR Based Forensic Typing System for
Moose (Alces alces) (Sim et al., 2021). The validation of these new
panels enable the laboratory to combine sex identification and STRs
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for matching in the same panel further increasing efficiency and
cost savings.
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