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Part Il. New Syllabus of Record
|. Catalog Description
BIOL 107 Introduction to Forensic Biology 3c-0l-3cr

Prerequisites: Non-Biology department majors and minors only

A broad overview of basic principles underlying modern applications of biology in
forensic science. The course explores the science of forensic biology, traditionally
known as serology, and the broad scope of laboratory tests used to investigate crimes
involving DNA, blood, and other body fluids. Focuses on the issues related to DNA
fingerprinting as they apply to public or legal proceedings in the law enforcement arena.
(Does not count toward Biology Electives, Controlled Electives, or Ancillary Sciences for
Biology majors and minors).

Il. Course Outcomes
Students will be able to:

Objective 1:

Describe and apply an understanding of the general methodology of modern biology in
forensic science.

Expected Student Learning Outcomes 1 and 2:
Informed and Empowered Learners

Rationale:

Assignments will require students to have a level of knowledge DNA fingerprinting and
serology that will enable them to understand how these techniques work. Assignments
will also require students to evaluate ways to collect evidence, preserve samples of
biological evidence, and critically analyze DNA data and to use this examination to
explain how DNA fingerprinting tests are interpreted.

Objective 2:

Compare how general forensic evidence has been perceived over the years by
identifying the issues related to forensic science and modern methods and strategies in
forensic biology.

Expected Student Learning Outcome 2:

Empowered Learners



Rationale:

Assignments will require students to evaluate common forensic evidence collected by
crime scene labs from the crime scene (photography, weapon, narcotics, ballistics
tissues, and blood). In addition, these assignments will engage students in assessing a
knowledge base in science and how that knowledge influenced the perception and
management of DNA fingerprinting data with crime scene investigation.

Objective 3:
Describe how Forensic Biology and DNA fingerprinting are used in today's society.

Expected Student Learning Outcomes 3:
Responsible Learners
Rationale:

Assignments will require students to assess their own views and concerns about the
impact of DNA technology on threats to liberty and privacy and how DNA typing
technology has the potential for uncovering and revealing a great deal of information
that most people consider to be intensely private. Other assignments will have the
students analyze the impact of DNA fingerprinting technology in the public realm (e.g.
legal system; prosecution of crimes; and in civil litigation) and to use this analysis to
determine how their personal lives are and will be affected.

Objective 4:
Analyze how quality DNA analysis and methods are fundamental to forensic DNA

technology and its use in tracing the origins of criminal evidence.

Expected Student Learning Outcome 1 and 2:
Informed and Empowered Learners

Rationale:

Assignments will require students to gain an understanding of how quality DNA analysis
and methods are fundamental to forensic DNA technology and its use in tracing the
origins of criminal evidence. They will then apply these analyses to the evaluation of
their own view for high-quality final results which are comparable to the results of other
laboratories and to ensure the making of correct and impartial decisions in DNA testing.

lll. Course Outline

A. Introduction- What is Forensics? (3 hours)
1. Forensic Sciences: Type of Evidence
2. Forensic Anthropology, Forensic Dentistry and Toxicology
3. Definition and scope of Forensic DNA
4. Functions of the Forensic Scientist



B. Forensic Biology terminology and definitions (7 hours)

Exam 1

Blood

Serum

Proteins

Saliva

Semen

X and Y chromosomes; Loci
DNA- source and types
Nucleotide Repeats

ONOORWN=

(1 hour)

C. DNA fingerprinting — Evidence Based Science (6 hours)

1. DNA structure

2. DNA Evidence: Basics of Identifying, Gathering and Transporting

3. Types of Samples Suitable for DNA Testing: Questioned or Unknown
Samples

4. Samples From Unidentified Bodies: Samples collected from unidentified
bodies can include: blood, buccal swabs, hairs, bone, teeth, fingernails,
tissues from internal organs (including brain), muscle, and skin.

5. Significance of Reference Samples From Known Individuals

6. Use of Samples from Relatives for Testing: Because a child inherits half
of its DNA from each parent, it is possible to use reference samples
collected from close relatives

7. Determination of Paternity or Maternity of a Child or Fetus Aborted fetal
tissue significance for determining paternity, for example, in sexual assault
and/or incest cases where conception occurred

D. Safety as it relates to Evidence Collection, Sample Preservation, and
Examples of contamination (4 hours)

Exam 2

1. Crime Scene Integrity: Protection of the crime scene is essential to the
protection of evidence

2. Contamination: The risk of contamination of any crime scene can be
reduced by limiting incidental activity

3. Chain of Custody: If DNA evidence was contaminated, it may be
necessary to identify persons who have handled that evidence

4. Transportation and Storage: Any probative biological sample that has
been stored dry or frozen, regardless of age, may be considered for DNA
analysis

5. DNA fingerprinting and criminal justice system

(1 hour)

E. DNA Evidence: Basics of Analyzing (3 hours)

1. Overview of Steps in Analyzing DNA Evidence

2. Steps in DNA Sample Processing: Samples obtained from crime scenes
or paternity investigations are subjected to defined processes involving
biology, technology, and genetics



3. Types DNA Evidence Analysis Polymerase Chain Reaction (PCR);
Short Tandem Repeats (STR); Y-Chromosome; and Mitochondrial DNA

F. Evolution of DNA testing: Restriction Fragment Length Polymorphism (RFLP);

Exam 3

and PCR (7 hours)

1. DNA Typing — Short Tandem Repeat (STR) Analysis of Short tandem
repeat (STR) technology is a forensic analysis that evaluates specific
regions (loci) that are found on nuclear DNA.

2. Significance of 13 specific STR loci and The Federal Bureau of
Investigation (FBI)

3. DNA Typing — Y-Chromosome Analysis: Several genetic markers have
been identified on the Y chromosome that can be used in forensic
applications. Y-chromosome markers target only the male fraction of a
biological sample.

4. DNA Typing — Mitochondrial Analysis Mitochondrial DNA (mtDNA)
analysis: significance of mtDNA testing to the investigation of an unsolved
case.

(1 hour)

G. DNA Initiative: Advancing Criminal Justice through

DNA Technology (4 hours)

1. DNA Initiative Goals: Significance of DNA technology to ensure
accuracy and fairness in the criminal justice system. DNA can be used to
identify criminals with incredible accuracy when biological evidence exists,
and DNA can be used to clear suspects and exonerate persons
mistakenly accused or convicted of crimes.

2. The Initiative calls for increased funding, training, and assistance
Federal, State, and local forensic labs; to police; to medical professionals;
to victim service providers; and to prosecutors, defense lawyers, and
judges.

3. DNA Legislative Milestones: Significance of "Justice for All Act of 2004,"
enforceable rights for victims of crimes; enhances DNA collection and
analysis efforts; provides for post-conviction DNA testing; DNA Backlog
Elimination Act (2000)-- To make grants to States for carrying out DNA
analyses for use in the Combined DNA Index System of the Federal
Bureau of Investigation; Crime Information Technology Act (1996),-- CITA
allowed for grants for programs relating to the identification and analysis of
DNA.

4. DNA Initiative Partners: Office on Violence against Women, U.S.
Department of Justice; Federal Bureau of Investigation, U.S. Department
of Justice

H. Post-conviction Testing and Wrongful Convictions (5 hours)

1. Overview of Wrongful Convictions: The strength of our criminal justice
system depends on its accuracy — its ability to convict the guilty and to
clear the innocent



2. Post-conviction DNA Testing Post conviction DNA testing is a major
factor contributing to the increased discovery of wrongful convictions.

3. Research on Actual Innocence and DNA Exoneration: The increase in
exonerations over the last 20 years has accentuated the need for research
on how, why and how often wrongful convictions occur.

Final exam (Exam 4) during final exam week (2 hours)

IV. Evaluation Methods

1. 60% Four examinations (15% for each exam) — three during the semester and a fourth
during exam week. Exams will be short answer essays.

2.20% Four case studies (5% for each case study) - Students will be analyzing four case
studies that use DNA to solve crimes. These case studies will have questions that must be
answered and tumed in by the student. Each case study will be worth 5% of the final grade.

3.15% Students will develop one case study for the class. This case study will be based on

articles and ideas related to DNA evidence that is linked to DNA offender profiles through DNA
databases. Student resources may include newspapers, newsmagazines, and popular science
and medical magazines (e.g. Discover Magazine, Science and Medicine or Journal of Forensic
Research). It will follow the format of the case studies given by the professor and will be worth

15% of their final grade.

4.5% Critique of the non-textbook reading. Students will submit a critique with a maximum of
five printed pages.

V. Grading Scale
Grading scale: A 80-100%; B 80-89%; C 70-79%; D 60-69%; F 59% and below

VI. Undergraduate Course Attendance Policy
The course attendance policy will follow the IUP University-wide undergraduate course
attendance policy.

VIl. Required Textbook

Gunn, A. 2009. Essential Forensic Biology, 2" ed., Wiley-Blackwell, West Sussex U.K.
Supplemental Non-text book readings

Bowen, T.R. 2009. Ethics and the Practice of Forensic Science, CRC press

Gerber, S.M. 2011. Chemistry and Crime: From Sherlock Holmes to Today's Courtroom
(American Chemical Society Publication) ISBN: 0841207852. Publisher: Oxford Univ.
Press

Koff, C. 2005. Bone Woman: A Forensic Anthropologist's Search for Truth in the Mass

Graves of Rwanda, Bosnia, Croatia, and Kosovo - 04 edition ISBN13: 978-0812968859
Publisher: Random House, Inc.



Ramsland, K. 2007.The Human Predator: A Historical Chronicle of Serial Murder and
Forensic Investigation. Published by Berkley Trade

Suggested Readings

Alessandrini, F., M. Cecati, M. Pesaresi, C. Turchi, F. Carle, and A. Tagliabracci, 2003.
“Fingerprints as evidence for a genetic profile morphological study on fingerprints and
analysis of exogenous and individual factors affecting DNA typing,” J. Forensic Science
48(3): 1-7

Bertino, A.B., and Bertino, P.N. 2012. Forensic Science: Fundamentals and
Investigations ISBN 13: 978-0-538-73155-3 South-Western Publishers

Butler, J.M., 2005. Forensic DNA Typing, Second Edition: Biology, Technology, and
Genetics of STR Markers ISBN-13: 978-0121479527

Houck, M.A., Siegel, J.A., 2010 Fundamentals of Forensic Science 978012374989-5
Academic Press

Levy, R.J., 2011. The Michael Jackson Autopsy: Insights Provided by a Forensic
Anesthesiologist. J Forensic Res 2:138. doi:10.4172/2157-7145.1000138

President’'s DNA Initiative, Lessons Learned From 9/11, 2006. DNA Identification in
Mass Fatality Incidents, NCJ 214781 (Washington, D.C.: U.S. Department of Justice,
National Institute of Justice, Available at http://massfatality.dna.gov/.

Roman, J., K. Walsh, P. Lachman, and J.Yahner, "Post-Conviction DNA Testing and
Wrongful Conviction" 2012, Final report to the National Institute of Justice, contract
number 2008F-08165, NCJ 238816.

Verma, K., Joshi, B., 2012. Different Animal Species Hairs as Biological Tool for the
Forensic Assessment of Individual Identification Characteristics from Animals of
Zoological Park, Pragti Maidan, New Delhi, India. J Forensic Res 3:160.
doi:10.4172/2157-7145.1000160
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Answers to Liberal Studies Questions

1) Not applicable, only one instructor will teach this course.

2) Major aspect including women will be a section about specific investigative and

3)

4)

forensic processes related to sex crimes from the work of John Savino, Brent
Turvey, and J. Baeza and the recent advances that has led to a new, more
efficient approach to processing DNA from rape evidence. The majority of
contributions by women in the field of Forensic science have come in the past
decade. In the last portion of the class we will discuss the contributions of two of the
major contributors in the field of forensic research - Katherine Ramsfield and Clea
Koff. Three of the four non-textbook readings available are related to crimes case
studies that will incorporate women and minorities as part of the study.

Students will be required to read one of the following books a supplementary
book in addition to the required text for the course. In addition to the textbook ",
a number of non-textbook readings like The Human Predator: A Historical
Chronicle of Serial Murder and Forensic Investigation by K. Ramsland ;
Chemistry and Crime : From Sherlock Holmes to Today's Courtroom by Samuel
M. Gerber will be incorporated into the course.

This is an introductory course. It differs from our non-majors beginning courses
(General Biology I) by focusing on one theme — forensic biology rather than the entire
realm of biology. In addition, the General Biology | course does not cover any DNA
Initiative involving Criminal Justice and DNA Technology.



Answers to Course Analysis Questionnaire

Section A: Details of the Course

A1

A2

A3

A4

A5

A6

A7

How does this course fit into the programs of the department? For what students is
the course designed? (majors, students in other majors, liberal studies). Explain
why this content cannot be incorporated into an existing course.

This course is intended to satisfy the Liberal Studies Natural Science non-Lab
Science requirement. This course will give the student as up-to-date introduction of a
particular field of forensic biology that is intended to be relevant to their everyday
lives. The content of this course reflects growing recognition of the importance of
biological evidence in forensic science. This course will include several topics
previously not taught in any of the courses offered by the biology department.

Does this course require changes in the content of existing courses or requirements
for a program? If catalog descriptions of other courses or department programs
must be changed as a result of the adoption of this course, please submit as
separate proposals all other changes in courses and/or program requirements.

This will not change the content of any other existing course in the program.

Has this course ever been offered at IUP on a trial basis (e.g. as a special topic) If
so, explain the details of the offering (semester/year and number of students).
No.

Is this course to be a dual-level course? If so, please note that the graduate
approval occurs after the undergraduate.
No.

If this course may be taken for variable credit, what criteria will be used to relate the
credits to the learning experience of each student? Who will make this
determination and by what procedures?

N/A

Do other higher education institutions currently offer this course? If so, please list
examples (institution, course title).

University of Central Florida: Forensic Biochemistry

University of Portsmouth: Forensic Biology and Biochemistry

Suffolk University: Forensic Biochemistry

University of Kent: Forensic Biology

Southern lllinois University: Forensic Biochemistry

New Mexico State University: Forensic Biochemistry

Is the content, or are the skills, of the proposed course recommended or required by
a professional society, accrediting authority, law or other external agency? If so,
please provide documentation.

No.

10



Section B: Interdisciplinary Implications

B1

B2

B3

Will this course be taught by instructors from more than one department or team
taught within the department? If so, explain the teaching plan, its rationale, and how
the team will adhere to the syllabus of record.

Not applicable

What is the relationship between the content of this course and the content of
courses offered by other departments? Summarize your discussions (with other
departments) concerning the proposed changes and indicate how any conflicts have
been resolved. Please attach relevant memoranda from these departments that
clarify their attitudes toward the proposed change(s).

There are no conflicts with other departments at IUP.

Will this course be cross-listed with other departments? If so, please summarize the
department representatives’ discussions concerning the course and indicate how
consistency will be maintained across departments.

No.

Section C: Implementation

C1

Cc2

C3

C4

C5

Are faculty resources adequate? If you are not requesting or have not been
authorized to hire additional faculty, demonstrate how this course will fit into the
schedule(s) of current faculty. What will be taught less frequently or in fewer
sections to make this possible? Please specify how preparation and equated
workload will be assigned for this course.

The current faculty resources are sufficient.

What other resources will be needed to teach this course and how adequate are the
current resources? If not adequate, what plans exist for achieving adequacy? Reply
in terms of the following:

*Space- the current rooms used for lectures that can accommodate 132 students

are adequate.

*Equipment- Not applicable

*Laboratory Supplies and other Consumable Goods- Not applicable

*Library Materials- there will be no necessity of using library materials in this

course other than existing electronic databases.

*Travel Funds- there will be no travel funds required for this course.

Are any of the resources for this course funded by a grant? If so, what provisions
have been made to continue support for this course once the grant has expired?
(Attach letters of support from Dean, Provost, etc.)

None.

How frequently do you expect this course to be offered? Is this course particularly
designed for or restricted to certain seasonal semesters?

This course will be offered once a year, as needed. Because of the nature of the
topics covered in this course, there are no seasonal requirements.

How many sections of this course do you anticipate offering in any single semester?

While it is difficult to determine ahead of time, it is expected to have one lecture
section.
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C6 How many students do you plan to accommodate in a section of this course? What
is the justification for this planned number of students?
Enroliment will be determined by room size.

C7 Does any professional society recommend enroliment limits or parameters for a
course of this nature? If they do, please quote from the appropriate documents.
No.

C8 If this course is a distance education course, see the Implementation of Distance
Education Agreement and the Undergraduate Distance Education Review Form in
Appendix D and respond to the questions listed.

It is not a distance education course.

Part lll. Letters of Support or Acknowledgment
Department of Criminology (attached)
Department of Chemistry (attached)
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Sample assignment
Assignment 4 (5% of grade)

Critique of the non-textbook reading. Students will submit a critique with a maximum of five
printed pages.

1. Read the following article.

2. Guided Questions for non-text book reading

i) What is Forensic entomology? What information can a forensic
entomologist provide at the death scene?

ii) What are the major challenges of identification of the maggots to the
species?

i) What were the major methods of Human DNA analysis that the authors
employed to non-human organisms?

iv) Based on this article how would you relate the application of
Entomological evidence to help determine the circumstances of abuse
and rape?

Evaluation: Grading Rubric (non-text book reading)

Organization and Format

........5 Case analysis is neat and organized, word processed, and contains all required
components as outlined on the handout including artifacts to support each instructional
strategy.

....... 4 Case analysis is organized and word processed, and all items are included but
are not well developed.

....... 3 Case analysis has some organized sections but not all are included or well
developed.

....... 1-2 Case analysis lacks organization and/or required components, not word
processed, or is missing artifacts to support instructional strategies.

Word Choice in Writing

....... 5 Writing reflects carefully chosen words and uses a precise, professional
vocabulary.

...... 4 Writing includes a minimal amount of interesting or professional language.

....... 3 Writing includes only ordinary or common terms.

....... 1-2 Writing lacks precise and appropriate language; does not communicate the
purpose of the case analyses.

Case Analyses Content Summary (Reflections and Recommendations

.......5 Summaries are concise and reflective with specific future instructional
recommendations based upon assessment data.

13



.......4 Summaries are concise and reflective but lack specific future instructional
recommendations.

....... 3 Summaries are brief and provide limited conclusions; do not demonstrate
complete understanding.

........1-2 Summaries are incomplete; do not demonstrate understanding; do not include
future recommendations for instruction.

Other exercises including interpretation of practical data from case studies and problem

solving will provide informal formative feedback to students and support the preparation
of the summative assessed coursework assignment.
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Identification of a Death-scene Maggot using Standardized Molecular
Methods: Sarcophagabullata Parker 1916 (Sarcophagidae) Out-numbers
Blowflies (Calliphoridae) on an Urban Cadaver in Southeastern Texas

Rekha Raghavendra', Christopher P. Randle? and Sibyl Rae Bucheli**
'School of Medicine Case Western Reserve Ul Clevelend OH, USA
2Department of

Iniversity,
Biological Sciences Sam Houston State Universily, Huntsvile, TX, USA

Abstract

In forensic entomology,fly data including maggot age are frequently used to help estimate the time since
death Accurate identification of the maggot to species is critical for time since death estimations. However, within
a family, maggots are notoriously difficuit to identify to species.In this study, we employ phylogenetic datafrom
the mtDNAgenes COIl and COIl to identify an unknown maggot to species (member of the family Sarcophagidae)
hasvested from a cadaver in June 2009 in Hamriscn County, Texas. The most closely related species to our unknown
maggot was SarcophagabullataParker 1916, a scmewhat common carmion-feeding species in southeastern United
States that is now gaininggreater recognition as a forensically significant species.

Keywords: Forensic entomology: case study: Sarcophagidae;
Sarcophagabullata Parker 1916

Introduction

Decomposition of a large mammallan carcass is greatly accelerated
through the action of insects belonging to the order Diptera (flies)
[1). In southeastern Texas, Initial colonizers indude members ofthe
families Calliphortdae (blow flies), Sarcophagidae (flesh flies), and
Muscldae (house flies), with blow flies and flesh flies often arriving
and laying eggs or giving birth tomaggots (rather than laying eggs)
within minutes of death (unpublishedrecords from cadavers at the
Southeastern Texas Applied Forensic Sclence Facility at the Center for
Biological Field Studles at Sam Houston State University). Maggots
acquireblomass as a function of physiological time rather than calendar
time and therefore develop at a predictable rate. Since flies arrive and
lay eggs or maggots immedlately, they are constdered useful tools for
estimation of the time that has elapsed since death, or the postmortem
interval (PMI), by estimating the time since maggot colonization [1-7].
By recreating the conditions of the death scene in the laboratory and
working backwards through time to determine the age of the oldest
maggot, the forensic entomologist can correlate the age of the maggot
to the PMI [1-7].

Identification of maggots to species remains a challenging aspect to
forensic science even though maggots are frequently collected evidence
during a death scene Investigation. Identification keys are not currently
avallable for all life stages are not currently available andmaggots
are difficult to identify particularly at eary life stages because
morphological features among maggots are similar, rendering them
virtually undistinguishable beyond the family level {8-12]. Molecular
data can aid in the identification of larvae where morphology is limited
in utility [8-12). In this study, we employ an established phylogenetic
protocol by Wells etal. [10] using the mitochondrial DNA genes of CO!I
and COllto identify an unknown maggot of the family Sarcophagidae
harvested from a cadaver in Harrison County, Texas.

Materials and Methods

Specimens: The unknown maggot was recovered from a body
discovered In June 2009 in Harris County, TX, and was the largest
observed maggot and most abundant larval type; in fact, no other

specles were collected despite law enforcement agents reporting the
remains to be in a state of fresh/bloated decomposition.The unknown
maggots were Identified as members of the family Sarcophagidae
using standard morphological features of the spiracular complex but
could not be further identified (Peterson 1960). Common species of
Sarcophagidae which frequent cadavers in this area indude Sarcophaga
(Neobellieria)bullata Parker, 1916 and Sarcophaga (Bercaea) africa
(Wledemann 1824: 49) (=cruentata Meigen 1826;=haemorrhoidalis
auct.) [14-16]. Proper specles identification is critical to generate
proper growth curves for age estimation; Wells et al. [10] demonstrate
that these two species grow at rates disparate enough to create as much
as a 24 hour discrepancy.

DNA extraction: Genomic DNA was extracted from the unknown
maggotstarting with tissue homogenization using a Disruptor Genle
TM and followed by a standardChelex DNA extraction method [17].

Amplificationand Sequencing: PCR protocols were modified
from Wells et al. {10} using their published primers for COI and COII
in varlous combinations (Table 1) and carrled out in 50 pl volumes
Including 1X PCR buffer (Promega, Madison WI), 0.4 yM forward and
reverse primers, 0.2mMdNTPs, 2.5UGoTaq polymerase (Promega,
Madison W1), with 3 pl of template DNA. PCR reaction conditions
were as follows: 94°C for 2 min(initial denaturation), continued with
35 cycles of 94°C for 1 min (denaturation), 50°C for 1 min (primer
annealing), 72°C for 2 min (extension), and 72°C for 10 min (final
extenston). PCR products were visualized on 1% agaroseand purified

*Cosresponding author: Sibyl Rae Bucheli, Department of Biclogica! Sciences
Sam Houston State University, Hunisville, TX, USA, Tel: 936-294-1550; Fax: 396-
294-3940; E-mail: bucheli@shsu.edu

Received August 02, 2011; Accepted August 25, 2011, Published September
03, 2011

Citation: Raghavendra R, Randie CP, Bucheli SR (2011) Identification of a Death-
scene Maggot using Standardzed Molecular Methods: Sercophagabuflata Parker

1916(W)Mmmm8!wﬂm(€aﬂwuae)mmwmm
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Copyright: ® 2011 Raghavendra R, et al. This is an open-access article
distnbuted under the terms of the Creative Commons Aftribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided
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using a QIAquick PCR Puritication Kit (QIAGEN INC,, Valencia, CA).
The COI and COII regions were sequenced on a Bechman-Coulter
8000 CEQ Genetic Analyzer using the GenomeLab DTCS Quick Start
Kit method.Contig assembly was performed using Geneious [18].

Selection of Sequences for comparison: NCBI nucleotide
MEGABLAST was used to identify 100 closest Genbanksequence
matches to the unidentified maggot sequence.These were downloaded,
and aligned with the unknown sequence using the MUSCLE [19]
algorithm in Geneious [18]. Of these, 81 sequences were chosen that
had sufficient overlap with each other and the unknown sequence
to allow unambiguous alignment. Multiple accessions for species
were retained when available, including two sequences each from
Sarcophaga africa and S. bullata. Additionally, a sequence obtained
from Eucalliphora latifrons (Calliphoridae) was selected as an
outgroup. The reduced matrix was realigned using the MUSCLE [19]
algorithmfor phylogenetic analysis.

Phylogenetic Analysis Maximum parsimony searches were
conducted using WinClada [20] as a shell program. The parsimony
ratchet [21] was implemented with 200 iterations (10% of the matrix
sampled; one tree held per iteration). The tree generated via the ratchet
search was the starting tree for a more thorough analysis conducted
in NONA ver. 2.0 [22] using the commands “rs 0; hold 1000: mult*
50." Parsimony jackknife percentages (23) were calculated in NONA
ver. 2.0 [22] with 1000 replications (200 search steps; one starting tree
per replicaticn; rs 0). For maximum likelihood (ML) analysis, the most
appropriate stationary model of evolution was inferred using the Akaike
Information Criterion [24] in jMODELTEST [25,26]. ML searches
were performed using GARLI 1.0 (27) using the default configuration.
One thousand non-parametric bootstrap replicates were analyzed with
two search replicates each to obtain clade support. Phyutility [28] was
used to generate the majority rule consensus of 1,000 bootstrap trees.

Results

NCBI nucleotide MEGABLAST returned a COI sequence from
Sarcophaga bullataas the best sequence match with 97% sequence
identity, while S. africa obtained 92% identity and the outgroup,

Eucalliphora latifrons obtained an identity ot 86%. Sequence alignment
resulted in a matrix of 2,305 characters. Parsimony searches resulted
in a single most parsimonious trees (L=3921;CI1=0.30; RI=0.65). AIC
identified GTR+T as the best fitting model of evolution. The maximum
likelihood tree obtained anin likelihood score = -21,146.459. MP
and ML trees were largely congruent, differing only in the resolution
of clades that were poorly supported and inconsequential in the
identification of the known sequence. While overall dade support was
low, the two most probable species matches, Sarcophaga africa and S.
bullata were separated by several strongly supported nodes (jackknife
and bootstrap >80%; Figure 1 (induded as supplementary data)). Both
parsimony and likelihood identified the unknown sequence as sister to
the two sequences of Sarcophaga bullata (jackknife =100%; bootstrap
= 67%). Sarcophaga polistensis (jackknife =85%; bootstrap = 89%)
is sister to this clade, and S. cooleyi is sister to the dade induding S.
polistensis-S. bullata (jackknife =95%; bootstrap = 97%). Sarcophaga
polistensis occurs in Texas, but is not known to feed on carrion [14).
Sarcophaga cooleyi is not known to occur in Texas. Therefore, evidence
best supports the hypothesis that the unknown maggot is S. bullata.

Discussion

Many modern forensic techniques that employ DNA profiling to
make associations between individuals and individuals, individuals
and locations, and/or individuals and events (such RFLP analysis,
PCR analysis, STR analysis, AmpFLP, DNA family relationship
analysis, Y-chromosome analysis, mitochondrial analysis) [29] are
sound due to the process of evolution acting on marker loci. Marker
similarityis interpreted as evidence for shared ancestry [30]. Overall,
the process leads to situations where more closely related organisms
share in common more regions of their DNA. In most situations, DNA
profiling analyses are based in principles of phylogenetics (the study of
evolutionary relatedness among groups of organisms) and population
genetics (the study of the effects of evolutionary processes on allele
frequenciesin populations) [30,31]. In a growing number of situations,
it has been useful to extend methods commonly employed in human
DNA analyses to non-human organisms (for a discussion see 29). For
species identification of unknown organisms, modern methods of

Location on the mDNA

Primer Sequence o study o

1 TV-)-1460 TACAATTTATCGCCTAAACTTCAGLC 2.4

2 C1.N-1687 CAATTTCCAAATCCTCCAATTAT 1

3 C1-1751 GGATCACCTGATATAGCATTCCC 6.8

n Cin-1840 AGGAGGATAAACAGTTCAGITCC 1

5 C12183 CAACATTTATITTGATTITTTGG 1

8 Cin-2101 CCCOGTAAAATTARAATATARACTTC 3

7 C1-F2310 TAGCTATTGGACTTATTAGG 10.13
8 C1-N2203 AGTAAACCAATTGCTAGTATAGC 3

o C1-12405 CAGCTACTTTATGAGCTITAGG 13,14
10 CI-N-2514 AACTCCAGTTAATCCTCCTAC 7

1 C1-N-2650 GCTAATCCAGTGAATAATGG 5

2 C1-52702 ATACCTCGACGTTATICAGA 1
3 C1-N-2800 CATTTCAAGTICTGTGTAAGCATC 7.0
1a T2.N3014 TCCAATGCACTAATCTGCCATATTA o

15 C2-13138 AGAGCCTCTCCTTTAATAGAACA 18
16 C2-N-3380 TCATAAGTTCARITATCATTG 12
7 C2-1:3408 CAATGATATICTGAAGT/ATATGA 18
18 TKN-3775 GAGACCATTACTTGCTITCAGTCATCT 15,17

Table 1: PCR primers® used in this study.* Primers were taken from Wells et al. [10]. N-forvrard primer. J-reverse prmer.
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phylogenic analyses are the preferred method. In a now famous paper,
Scadutoet al. [32] demonstrate the source of transmission of HIV
strains by standard and rigorous phylogentic analysis (using maximum
likelihood and Bayesian estimators). Such methods are frequently
employed in insect identification (for a forensic focus on Calliphoridae
and Sarcophagidae only see: [8-12,33-36}).

The intent of this study was identification to species of the largest
larval flies harvested from a cadaver by using established phylogenetic
protocols. These protocols have only been worked out for controlled
situations and have not been used “in the field.” Larvae were identified
initially by standard morphological methods as members of the
family Sarcophagidae. Both parsimony and likelihood trees generated
from COI and COIl mDNA data matrices of GenBank data-based
sequences and the largest unknown specimen strongly allied the
unknown sequence as sister to Sarcophaga bullata. (Figure 1 (induded
as supplementary data)) shows all species included in the analysis and
their GenBank accession numbers. In the analysis, Sarcophagidae forms
a monophyletic group. Analysis of reference sequences downloaded
from GenBank database shows little variation between species with
different accession numbers. This suggests that the protocol developed
by Wells et al. [10] for the use of reference sequences available in the
GenBank database is a sensible tool to reveal identity ofan unknown
specimen. Phylogenetic analysis using these reference sequences was
able to determine the species of the flesh fly collected from a cadaver
and hence and may be used to provide supporting information to aid
in the estimation of the time sinceinsect colonization.

The occurrence of Sarcophaga bullata as the largest and most
abundant species of larval fly recovered from the corpse is note-worthy.
Despite the remains being reported by law enforcement as fresh/bloated,
this species outnumbered members of the family Calliphoridae (no
larvaeof Calliphoridae were recovered). While many published accounts
of necrophagous species biodiversity of a corpse note the presence of S.
builata, no published accounts rely primarily on data provided by this
species as the largest and most abundant member of the community for
applied aspects of the science. Anecdotal accounts of the utility of this
species in forensic applications exist: an entry made on the open-access
on-line Encyclopedia Wikipedia discusses their forensic importance.
Their abundance in this situation may be explained by the location of
the corpse and time of death in terms of season. In June, southeastern
Texas (Houston and surrounding cities) experiences average daytime
high temperatures above 90°F/32°C, nighttime lows around 70°F/21°C,
and relative humidity levels that fluctuate widely between 50% at noon
and $0% at midnight (average minimum and maximum when not
raining) [37]. This generally results in dehydration of tissues of the
corpse at an accelerated rate (personal cbservations made of human
decomposition at STAFS at CBFS at SHSU, Bucheli and Lindgren)
when compared to published descriptions of cadavers at other forensic
anthropology stations through out the United States (2; 3; 5; 6; 38; 39).
Furthermore, extensive areas of Montgomery County are urbanized
Unpublished photes of crime scenes from variousHouston, TX, urban
and rural locations reveal corpses with fewto no observed species of
Calliphoridae and much greater numbers of Sarcophagidae (personal
cobservations, Bucheli). Reasons for the absence of Calliphoridae may
include the lack of a constant supply of large, fresh mammalian corpses
due to urbanization in certain areas to sustain populations of significant
size. The authors recognize this discussion as largely speculative but do
50 to draw attention to the fact that very little is known regarding the
utility of Sarcophaga bullata in forensic situations.

Acknowledgements

The authors would like to thank the followng individuals for their help in the
research: Natafie Lindgren. Alan Archambeault, Karen Walters, Jeffery Kelley, and
Angela Hawkins.

References

1. Byrd JH, Castner JL (2000) The utlity of arthropods in legal investigations.
Forensic Entomology CRC Press LLC.

2. Early M. Goff ML. (1088) Arthropod succession patterns in exposed carrion on
the istand of O'ahu, Hawazan Islands, USA. Joumal of Medical Entomology 5:
520-531.

3. Tullis K, Goff ML (1887) Arthropod i d camion in a tropical
ranforest onO'ahu Island, Hawa'i. mealofMedacalW 3

4. Catts PE. Haskel NH (1880) Entomology & death: a procedural guide.
Clemson, S.C.: Joyce's Print Shop, Inc.

5. Goff ML (16883) Estimaticn of postmortem interval using arthopod developmaent
and sonal pattems. F ic Science Reviews 5:81-04.

6. Richards EN, Goff ML (1887) Arthroped sucoession on exposed carrion in
three contrasting tropical habitats on Hawaii Island, Hawaii. Journal of Medical
Entomclogy 34: 3.

7. Hasked NH, Williams RE {2008). Entomology & death: a procedural guide, 2nd
Edition. Clemson, S.C: East Park Printing.

8. Sperling FAH. Anderson GS, Hickey DA (1004) A DNA-based approach to the
dentification of insect species used for postmortem interval estimation. Journal
of Forensic Science39:418-427.

9. Wells JD, Sperling FAH {1889) Motecutar phylogeny of Chrysomya albiceps and
Chrysomya nuifacies (Diptera: Calliphoridae. Journal of Medical Entomology
38: 22-6.

10. Wells JD. PapeT Speﬂmg FAH (2001)DNA-based identification and molecular
ortant Sarcophagidae (Diptera). Joumal of

Fotensuc Saenee 5: 1098-102

11. Wells JD, Wall R, Stevens JR (2007) Phylogenetic a2nalysis of forensicaly
important Luciia fies based on cytochrome oxidase | sequence: a cautionary
wale for forensic species determnation. Intemational Jounal of Legal Medicine
121: 226-233.

12. Wells JD, Wiiams D (2007) Validabon of a DNA-based method for identifying
Chrysomyinae (Diptera: Calliphoridae) used in a death investigation. Intema-
tiona! Journal of Legal Medicne 1: 1-8.

13. Peterson A (1860) Larvae of insects: an introduction to N
Editicn. Columbus, Chio.

14. Groux M. Wheeler TA (2000) Systematics and Phylogeny of the subgenus
Sarcophaga (Neobeﬁena) (Diptera:  Saroophagadae). Annals of the
Entomologs ty of America 4: 567- 587.

15. Systema Diptarorum {2010) Version 1.0. Web Service avalabie ontne at http.//
veerw diptera o1/, accessed on 18 March 2011,

Forth

P

16. Fauna Europaea (2011) Fauna Europaea, version 2.4. Web Service available
online at hitp/iwww faunaeur.org, accessed on 16 March 2011.

17. Waish PS, Metzger DA, Higuchi R (1881) Chelex 100 as a medium for
i extracton of DNA for PCR-based typing from forensic material.
BioTechniques10: 500-613.

18. Drummond AJ, Ashton B, Buxton S, Cheung M, Cooper A, et al. (2011)
Geneious v5 4, Available from hitp v geneious.com.

18. Edgar RC(2004) MUSCLE: multiple sequence alignment with high accuracy
and high throughput Nucleic Acids Research 32: 1782-1797.

20. Nixon KC (1660) WinCtada ver. 1.00.08. Published by the author, lthaca, NY.

21. Nixon KC (16€9) The Parsimony Ratchet, a New Method for Rapid Parsmony
Analysis. Cladistics 15: 407-414.

22 Goloboff P (1890) NONA (NO NAME) ver. 2 Published by the author, Tucuman,
Argentina. Available from http/hwww.dadistics.com/Sofware. htmi

23. Famis JS, Albert VA, Killersid M. Lipscomb D, Kluge AG (1898) Parsmony
jackknifing outperforms neighbor-joining. Cladistics 12: 80-124.

17



4. Akaike H (1874) A new look at the statistical model identification. IEEE
Transactions on Automatic Control19; 716-723.

25. Guindon S, GMO(ZOOS)AsmpIe fast, and accurate algonthm to estmate
Large phylogenies by maximum likefhood. Systematic Biology 52: 666-704.

2. Posada D (2008) jModelTest: Phylogenetic model ging. Molecular Biology
and Evolution 25: 1263-1256.

7. Zwickl DJ (2000) Genetic 2gorithm approaches for the phylogenetic analysis
of large biclogical sequence datasets under the maximum Exelihood crterion.
Ph.D. dissentation, The University of Texas at Austin_

8. Smith SA, Dunn CW (2008) Phyutdity: a phyloinformatics tool for trees,
abgnments, and molecidar data. Bioinformatics 24: 715-716.

2. Jobling MA, Gill P (2004) Encoded evid DNA in forensi: tyst
Reviews Genetics 5: 738-751.

30. Ridley ME (2007) Evolution. New Dethi: Oxford University Press.
31. National Research Council (U.S.) (1888)The ewaluation of forensic DNA
evidence. Washington, D.C.: National Academy Press.

32 Scadutp DI, BrownJM, HaalandWC, 2wickiDJ, HillisDM et al. (2010) Source
identification in two criminal cases using phylogenetic analysis of HIV-1 DNA
sequences. Proceedings of the National Academy of Sciences of the United

States of America 50: 21242-7.

Nature

33. Singh B, Kurahashi H. Wells JD (2011) Molecular phylogeny of the biowfly

genus Chrysomya. Medical and Veterinary Enmdogy 25: 128-34.

34.Wells JD, Introna F. Di Vella G. CampobassoCP, Hayes J. Sperfing FAH
{2001) Human and insect mitochondrial DNA analysis from maggots. Joumnal
of Forensic Sciences 3: 885-7.

35, Wells JD, Stevens JR (2008) AppEcation of DNA-based methods in forensic
entomology. Annual Review of Entomology 53: 103-20.

38. Wells JD. Sperling FAH (2001) ONA-based identification of forensicaly im-
portant Chrysomyinge (Diptera: Calliphendae). Forensic Science Intemational
120: 110-115.

37. National Climatic Data Center Land-Based Data. (Report generated May
2011). Natonal Ocean:c and Atmospheric Admimstration.

38. Goff ML {1991) Determ:nation of postmortem interval by arthropod succession:
A case study from the Hawaiian Islands. Journal of Forensic Sciences 2: 220-
225.

39. mwmuesmcmmnz Outdoor Decomposition Rates in Tennessee.
y: The p fate of b ins. Haglund WD
mdSorgMH(eds)BocaRatnn CRC Press.

18



CASE STUDY ASSIGNMENT INSTRUCTIONS

All case study assignments must be TYPED with your name, the course number, and
my name in the right hand corner.

You do not need to re-type the question on your assignment, but should number your
answers to correspond to the correct question.

ASSESS Assignments

¢ You will need to read the Case study provided and provide answers to the
ASSESS questions at the end of each case.

¢ You will have to apply the course material for those topics prior to completing
these assignments.

e Your answers will be based on your prior knowledge so personal opinions are
acceptable but should be written in a professional manner.

e Assignments must be typed with your name, the course number, and my
name in the right hand corner.

e You do not need to re-write the question, but should number your answers.

e Each ASSESS assignment will be worth 4 points:
o 2 points for the Elementary School case
o 2 points for the High School case

e The grading criteria will be based on:
o the thoughtfulness or completeness of the answer
o professional writing (grammar, spelling, etc.).

REFLECT & EVALUATE Assignment
(See a sample assignment below for Module 7)

e You will choose one of the two case studies you read for the ASSESS
assignment
o Elementary School or
o High School.

e You will complete the assignment after reading the course material on those
topics.

e Answers should be based on integrating information from the course
readings (modules) including the use of key concepts and theories.

e Personal opinions are not appropriate in these assignments.

e The length of each answer will vary with some being only a couple of
sentences and others requiring more details.

e Each REFLECT & EVALUATE assignment will be worth 20 points
(approximately 4 points per question).

e The grading criteria for each question will be based on:
o 2 points for integration with the module (use key concepts; no personal
opinions),
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o 1 point for the thoughtfulness and completeness of each answer
o 1 point for professional writing style (grammar, spelling, etc.)

Original Message-----

From: George R. Long

Sent: Monday, December 10, 2012 10:56 AM

To: Bharathan N

Subject: Re: Forensic Biology BIOL 107: Letter of support

Dr. Bhrathan,

We have received the course proposal "introduction to Forensic biology,
and have had it reviewed by our curriculum committee. This course
proposal is a nice complement to CHEM 105 and doesn't overlap the topics
in CHEM 105 in any significant way. CHEM 105 has sections on blood
spatter and blood alcohol measurements but the serology in this course

is much more detailed. We are happy to support the approval of this
course.

Dr. George Long

Chair, Chemistry Department

Original Message-----

From: Randy L Martin

Sent: Tuesday, November 27, 2012 9:30 PM

To: Dr. N. Bharathan ; George R. Long

Cc: Sandra Newell ; Carl Luciano ; Seema Bharathan

Subject: Re: Forensic Biology BIOL 107: Letter of support

Dr. Bharathan,

We have reviewed the proposed course Introduction to Forensic Biology
(BIOL 107)and are very excited about it. We believe it will be an
excellent course for our majors and should add significantly to their
understanding of the investigative process in the Criminal Justice
System. The course should provide the students with a sufficient
background in forensic biology to make them informed consumers in this
area, while also introducing them to broader scientific concepts. We
were also happy to see that the is a unit on ethics relating to the
utilization of the different forensic technologies.

We are confident that the course will be of interest to our students,
and once approved, we will most certainly make them aware of it and
the beenfits we believe it can provide.

If you need any further information from us feel free to contact me.
Randy Martin, Chair

Department of Criminology

Indiana University of Pennsylvania

On Tue, 27 Nov 2012 12:08:49 -0500
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“Dr. N. Bharathan" <bharathn@iup.edu> wrote:

Dr. Martin & Dr. Long: We have put together a new course titled
Introduction to Forensic biology (BIOL 107). Please find attached the
course. The Department curriculum committee has reviewed the course
for accuracy and towards LS requirements. It is a non-lab course. The
major part of the course deals with the Basics of forensic Biology,

DNA, DNA initiative for advancing Criminal Justice through DNA
technology.

The authors of this course have offered an advance graduate level
course in SDR program for the FBI and the members of the CST’s and
first responders. They have an ongoing research project with the
Department of Defense on developing forensic signatures for
identifying biological agents using a fungal model system. So it is
possible to “bring a variety of situations” in the classroom for
students to get the best experience in forensic biology.

| am requesting your Department to review the course content and
write a letter of support or acknowledgment. Thank you in advance for
your time. If you need any additional information, please do not
hesitate to contact one of us.

Best,
Dr. N.Bharathan/Dr. Seema Bharathan

3 3k 3k ok ok ok ok ok 3 3k ok sk ok 3k 3K ok ok sk %k 3k 3k 3% %k %k ok ok ok ok k ok k

Professor/Associate Professor of Biology
Bharathn@iup.edu/Bharaths@iup.edu
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