
The Recovery of DNA in Indoor and Outdoor Area Environments 

By 

Paris Favorite B.S. 

A Thesis 

In 

Forensic Science 

Submitted to the Graduate Faculty 

of Texas Tech University in 

Partial Fulfillment of 

the Requirements for 

the Degree of 

Master of Science 

Approved 

Dr. David Klein 

Co-Chair of Committee 

Dr. Kathy Sperry 

Co-Chair of Committee 

Dr. Clifford Fedler 

Mark Sheridan 

Graduate School Dean 

May, 2014



Copyright 2014, Paris Favorite 



Texas Tech University, Paris Favorite, May 2014 

ii 

ACKNOWLEDGEMENTS 

I would like to express my deepest appreciation to my committee members, Dr. David 

Klein, Dr. Kathy Sperry, and Dr. Clifford Fedler.  They all have shown the attitude and 

commitment of consummate professionalism.  In addition, I would like to thank Dr. Greg Mayer 

and Ms. Cynthia Lopez for all their help and assistance. 

I would like to give honor to GOD who is ahead of my life and without him nothing 

would be possible.  In addition, I want to dedicate my degree to my grandmother Apostle Mary J. 

Trask.  You have been with me throughout my journey and have supported me through the hard 

times.  I would like to say thank you for all the prayers and countless nights.  A special thanks to 

my Aunt Lillian Trask, whose help and contributions toward this venture have been greatly 

appreciated. 

I want to express my love and gratitude to my brothers Eric and Courtney Favorite and 

my entire family for their unrelenting encouragement and support.  I want to especially thank my 

parents, Patricia and Eric Favorite, for always believing that I could achieve any goal that I set 

my mind to and for teaching me the value of education.  I would like to thank the following 

people: Jazmine Wafer, Ashley Durham, La’Shena Haynes, Keiontha Wilson, Makietha Horton, 

Zhardae Kennedy, and Durell Jones for continuously providing me with reassurance and 

understanding.  Finally, I would like to express my love to my late grandfather Lionel Favorite 

and best friend Veronica A. Burton.  Both of you will forever be in my heart, soul, and mind. 



Texas Tech University, Paris Favorite, May 2014 

iii 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS ……………………………………………………………..ii 

ABSTRACT ...................................................................................................................... iv 

LIST OF TABLES ........................................................................................................... vi 

LIST OF FIGURES ........................................................................................................ vii 

I INTRODUCTION ...........................................................................................................1 

Forensic Entomology .....................................................................................................1 

Scientific Techniques Used in Forensics .......................................................................4 

II LITERATURE REVIEW .............................................................................................6 

Recovery of DNA ..........................................................................................................6 

III SIGNIFICANCE TO FORENSIC SCIENCE .........................................................22 

Entomology and DNA Evidence in Forensic Cases ....................................................22 

Effects of DNA Evidence in Criminal Judicial System ...............................................26 

IV METHODOLOGY .....................................................................................................30 

Materials and Methods .................................................................................................30 

V RESULTS .....................................................................................................................32 

Observations of Pig A ..................................................................................................32 

Observations of Pig B ..................................................................................................33 

DNA Isolation and Determination ...............................................................................35 

VI DISCUSSION ..............................................................................................................41 

Research Overview ......................................................................................................41 

REFERENCES .................................................................................................................45 



Texas Tech University, Paris Favorite, May 2014 

iv 

A. RESEARCH PHOTOS ........................................................................................53 

B. RESEARCH PHOTOS…………………………………………………………55 

C. RESEARCG PHOTOS…………………………………………………………57 

D. RESEARCH PHOTOS…………………………………………………………59 

I. QIAGEN’S DNEASY BLOOD AND TISSSUE KIT PROTOCOL ...............64 

K. PORK REAL-TIME PCR KIT, BIOGENOMICS PROTOCOL ...................60 

L. QIAGEN QIAQUICK GEL EXTRACTION KIT PROTOCOL ...................62 

M. QIAGEN QIAQUICK PCR PURIFICATION KIT PROTOCOL .................62 



Texas Tech University, Paris Favorite, May 2014 

v 

ABSTRACT 

After attending this presentation, attendees will have an understanding of how scientific 

techniques such as polymerase chain reaction (PCR) are used in detecting the presence of pig 

(Sus scrofa) DNA collected from the intestines of maggots.  The focus of the study is to analyze 

samples collected from the intestines of early in-star maggots used to identify the presence of pig 

(Sus scrofa) DNA in decomposed remains placed in an open air environment and in an enclosed 

environment.  We hypothesize that the amount of DNA recovered will vary significantly 

between the two environments.  This study, involves two female pigs that are being used as an 

animal model for human victims, suspects, or third party suspects for forensic investigations.  

Deoxyribonucleic acid sequence data was obtained from the intestines of maggots that fed on pig 

remains.  Deoxyribonucleic acid has become standard in forensic science to analyze biological 

samples from decomposed remains.  In addition, DNA serves as an essential tool for the 

identification of humans.  

This presentation will affect the forensic community by identifying how environmental 

factors can influence postmortem changes and affect the presence of DNA on remains.  In order 

to further explore the effects of indoor and outdoor areas the decomposition and insect 

colonization of pig carcasses were observed over a 14-day period in a semi-arid environment 

located at Research Site located in Lubbock, Texas.  Two juvenile female pig carcasses weighing 

approximately 15 kg was placed at Site; one was placed inside a wooden house and the other 

placed outdoors in a field.  Observations and sample collection from the pig carcasses were 

conducted daily.  Blowfly (Calliphoridae) larvae (maggots) were collected in late summer and 

the intestines of the insects were analyzed to determine the amount of DNA present.  The 

characteristics of a semi-arid environment are such that developmental growth of maggots may 
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be impeded, consequently having a possible influence on the amount of DNA recovered.  

Maggots were collected and preserved in 15 mL falcon tubes filled with 5-10 mL of 70% 

ethanol.  All larvae samples collected were placed in a freezer at 4
0 

C to improve preservation of

the DNA in maggots and stored until ready for extraction. 

Following DNA extraction polymerase chain reaction assay was used to identify the 

presence of DNA recovered from the maggot’s intestines.  This procedure identifies and purifies 

the DNA recovered from samples and can be used as evidence to solve criminal cases such as 

homicide, sexual assault, and negligence.  Gene sequences were amplified by PCR, sequenced, 

and analyzed by capillary electrophoresis.  The expected findings of this study determined that 

arid environments can affect the amount and recovery of DNA.  Therefore, these results 

determined that environmental factors can show differences in decomposition patterns that can 

influence the recovery of DNA in remains. 

Keywords:  Arid Environment, Decomposition, DNA, Forensic Science, PCR 
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CHAPTER I 

INTRODUCTION 

Forensic Entomology 

Entomology is the study of insects used to help solve forensic cases.  Forensic 

entomology is commonly used in forensic investigations that involve criminal cases such as 

murder, suicide, assault, abuse, and negligence (Benbow & Merritt, 2009).  Forensic entomology 

has been used in the judicial system since the early 1900s (Benbow & Merritt, 2009).  Scientific 

researchers in the field of Forensic Biology and Ecology conducted research on different 

anthropods from around the world in order to prove their use in criminal investigations.  

Researchers begin to use these insects and maggots in publicized criminal cases to grasp the 

attention of other researchers in the scientific community (Benbow & Merritt, 2009).  Forensic 

entomology is a discipline of the American Academy of Forensic Sciences and has gained 

international acceptance with the European Association for Forensic Entomology (EAFE), the 

North American Forensic Entomological Association (NAFEA), and American Board of 

Forensic Entomology (ABFE), (Benbow & Merritt, 2009).  

Insects can have an impact on the rate of decomposition on human and animal remains in 

indoor and outdoor environments.  Calliphoridae and Sarcophagidae (blowflies) species are 

important because they are normally the first insects to colonize a body after death (Amendt & 

Fremdt, 2013).  Shortly after death, blowflies discover the remains, oviposit, and feed on the 

remains.  The decomposing carcasses are a food source for the in-star larvae as they continue to 

develop into their life stages which are approximately two to four weeks.  Although, blowflies 
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are normally the first insects to be present on remains, other parasites and predators such as 

wasps, beetles, ants, and spiders feed on the flies eggs, larvae, and pupae.  Other insects can 

appear in the later stages of decomposition that feed on skeletonized remains.  Entomologists use 

the insect’s developmental rates and faunal succession to determine the time of insect 

colonization and the time of death, also known as the post-mortem interval (PMI).  

Environmental factors can influence the rate of decomposition, larval growth, and developmental 

rates such as time of year, ambient temperature, geographical location, and environment 

(Benbow & Berg, 2013). 

The period of insect activity (PIA) can help forensic entomologists determine the 

postmortem interval to help solve criminal cases (Benbow & Berg, 2013).  Blowflies 

(Calliphoridae) are known to be the first insects to arrive on human and animal carcasses.  Adult 

blowflies are known to be one of the first insects to arrive on the remains within a few hours of 

death.  The odors that attract them are due to bacteria found on dead tissues.  These insects tend 

to swarm to open wounds, sores, ulcers, and other orifices that may be present on the remains.  

Blowflies have four life stages such as first stage (egg), second stage (larva), third stage (pupa), 

and fourth stage (adult).  In addition, as the blowflies’ larvae begin to grow, each instar larvae 

sheds its skin as it grows into the next life stage.  Forensic entomologists can determine the time 

of death by two methods called the development-driven PMI and succession-driven PMI 

(Benbow & Merritt, 2009).  Developmental PMI involves the identification of fly species 

collected from human cadavers to determine growth stages in maggots.  This information can 

also help scientists make an estimation of age and identify the time of death.  Succession-driven 
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PMI involves the examination of the insect community and the stages of decomposition.  This 

method normally takes place in the advanced stages of decomposition, after most of the larvae 

have gone through the first, second, and third stages of metamorphosis.  During that time 

observations of changes in the insect community should be recorded.  This will allow 

entomologist estimates of the PMI to be much more variable.  Factors that make a cadaver 

inaccessible to observe insect colonization such as underground burial, submergence under 

water, caskets, closed vehicle, and buildings can affect the accuracy of PMI.  These are some of 

many environmental factors that can have a major impact on the delay of colonization for long 

periods of time (Benbow & Merritt, 2009). 

The identification of insects is performed by scientists who are skilled in the area of 

forensic entomology (Amendt, Campobasso, Hall, Richards, & Zehner, 2011).  The collection of 

insects at a crime scene can provide information on possibly identifying a victim, suspect, or 

third-party suspects.  Insects can determine the whereabouts of the body, if the body was moved, 

and what type of crime was committed (Amendt et al., 2011).  In addition, maggots can be used 

to trace cocaine and other drugs when blood and tissues have become too degraded for 

toxicological analysis.  Entomologists may determine indications of rape in females by the 

location of maggots in specific areas such as the genital and anal area during stages of 

decomposition.  Entomological analysis can be used in criminal cases such as negligence and 

accidental health due to bites or stings.  Neglect can often be identified by the presence of larvae 

in living tissue.  These types of scenarios are very common in elderly nursing homes.  This can 

be determined when specific fly species lay eggs only in living tissues and their presence on a 
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body can indicate invasion while alive or prior to an immediate death.  Deaths resulting from the 

bites or stings of insects, spiders, and scorpions are fairly common.  A forensic entomologist can 

determine if a death occurred from insect bites and stings (Benbow & Merritt, 2009).  

Scientific Techniques Used in Forensics 

Internal quality controls (QC) play an important role in maintaining a high-quality 

performance in daily forensic biology and DNA profiling practice.  QC within forensic DNA 

analysis, forensic biology, and DNA profiling, aims in an extended perspective at continuously 

monitoring and maintaining evidence.  This technique allows DNA sample integrity to 

accomplish correct results and interpretations by verifying  methods used, data transfers, 

interpretations made are correct, and performed according to validated and accredited conditions 

(Ansell, 2013).  Forensic entomologist jobs are to determine the identification of an insect 

specimen and provide an estimate of the time of death, also known as the post mortem interval 

(PMI).  These results can be used in the field of forensics and the courtroom to help solve 

criminal cases such as abuse, negligence, and homicide.  Many forensics cases have been solved 

throughout history by the identification of DNA in human remains from the gastrointestinal 

contents of fly larvae (maggot).  In particular, the automation of DNA extraction processes, 

combined with next generation PCR kits, has led to positive results (Caglia, La Rosa, & 

Stefanoni, 2011).  The identification of DNA will facilitate the successful adjudication of 

criminal cases.  Essentially all proposed DNA-based methods for identifying forensic insects 

have used direct sequencing or PCR techniques (Stevens & Wells, 2008).  
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Forensic DNA analysis from gastro-intestines of insects has to been used in death 

investigations to identify a victim, suspect, and third party suspects who may have been present 

at the scene of the crime.  Cytochrome b primer is commonly used in forensic laboratories for the 

identification of specimens in forensic casework (Bordas, Caine, de Pancorbo, GilArriotua, & 

Pinheiro, 2013).  Results were validated using polymerase chain reaction (PCR) (Stevens & 

Wells, 2008).  In the field of forensic entomology, PCR is a technique used to help solve 

criminal and death investigations.  Previous researchers that have conducted studies on the use of 

forensic entomology and its purpose within the scientific community have proven that insects 

have a purpose in the world.  In addition, researchers have shown through previous case studies 

that insects can serve as secondary evidence in criminal investigations.  Over the years, scientists 

have developed new techniques they believe would be suitable for the recovery of DNA from 

decomposing remains from insects.  Developing new scientific techniques will not only grasp the 

attention of other researchers in the scientific community but will show society how technology 

has improved throughout centuries.  Through active research forensic scientist are improving 

issues within the criminal judicial system from a comprehensive perspective.  This research 

study shows significance as it relates to the collection of DNA evidence, preservation techniques, 

and forensics topics related to the recovery of DNA in remains. 
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CHAPTER II 

LITERATURE REVIEW 

Recovery of DNA 

There are empirical studies that have been conducted by researchers on the recovery of 

DNA (Brown, Cruz, Kester, Street, & Toothman, 2010; Campobasso, Introna, Linville, & Wells, 

2005).  Researchers have been very successful in their proposed hypotheses and scientific 

experiments that have been used in the criminal judicial system to solve cases that included 

homicide, sexual assault, and negligence (Benbow & Merritt, 2009).  In Edmonton, Alberta the 

rate of decomposition and insect colonization was observed over a 42-day period in an indoor 

and outdoor area environment (Anderson, 2011).  Three pig carcasses were placed in an indoor 

and outdoor area environment located in suburban area.  Adult blowflies (Calliphoridae) were 

attracted to all three outdoor carcasses within minutes after they were placed in their respective 

houses.  There were no signs of insect activity present on any of the indoor carcasses until day 5.  

These observations showed that rate of colonization and decomposition was slightly deferred 

between the indoor and outdoor carcasses.  In addition, because decomposition was slower 

indoors, the blowflies were able to locate more ovipositions sites than the outdoor carcasses.  

However, many insects colonized the outdoor carcasses and each of them was rapidly colonized.  

Results from this study showed that environmental factors can have a major influence on the 

dispersal patterns of postfeeding larvae and rate of decomposition between the indoor and 

outdoor carcasses. 
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A previous research study has proven that DNA can be recovered from the gastro-

intestines of a maggot that was feeding on decomposed remains (Campobasso et al., 2001).  In 

Campobasso et al. (2001) case study, third in-star larvae were preserved in 70% ethanol and 

stored at -20
0 

C.  Each in-star larvae was dissected and the gastro-intestines were removed.

Following extraction, the DNA of each intestines were extracted using Qiagen QIAamp columns 

in order to provide purification from tissues in each sample.  All samples were sent off for 

sequencing and results determined that fly cytochrome oxidase was successfully amplified from 

all maggot samples.  In a natural area of southeastern Brazil, four experiments were carried out 

in spring, summer, fall, and winter seasons with two pigs that were exposed to sunlight and 

shade.  There were more insects collected from the outdoor carcasses than the indoor carcasses. 

In addition, temperature and rainfall had an influence on the carcasses rate of decomposition and 

insect activity (Linhares & Lopes de Carvalho, 2001).  The results from this research showed 

that flies played an important factor on the rate of decomposition in both carcasses and can be 

used as forensic indicators to help solve criminal cases.  In addition, research showed differences 

in decomposition patterns in sun light and shade.  

Researchers conducted a study on the recovery of human deoxyribonucleic acid (DNA) 

by insects in an indoor environment.  These researchers hypothesized that insects can attain 

human DNA from the environment to test the purity and quality of DNA using scientific 

techniques (Brown et al., 2010).  The following insects were used in this experiment: camel 

crickets, houseflies, and german cockroaches.  Results showed that scientific methods used in 

this research can be used in forensic applications and demonstrate the use of insects as secondary 
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evidence for the identification of human DNA.  A research study was conducted on a carcass that 

was shot with a .22 pistol in an open field.  Large egg mass and other insects were found and 

collected from the carcass’ exit wound.  A forensic entomologist determined results of the 

postmortem interval (PMI) and insect activity.  A small mass of in-star larvae entered into the 

carcass body from a small wound in the skin (Anderson & Cervanka, 2002).  The size of the 

larvae and number of spiracles were observed to determine the larvae stage of development and 

the affect they have on the decomposition of remains.  

Research was conducted using human DNA and scientific techniques such as short 

tandem repeats (STRs) and sex identification markers were used for identification of remains 

from fly larvae found on decomposing tissue.  The purpose of this study was to determine if 

human DNA could be extracted, quantified, and amplified from fly larvae feeding on 

decomposing human remains.  Fly eggs were collected and placed on the human skin, muscle, 

and liver tissue.  All in-star larvae samples were collected for up to 12 days.  After all samples 

were collected, the gastro-intestines were extracted and isolated from each maggot.  The DNA 

extracted from the gut of each maggot sample was amplified using polymerase chain reaction 

(PCR).  Finally, the PCR product was separated and characterized using capillary 

electrophoresis.  This experiment provided evidence but no conclusive proof that the human 

DNA originated from inside the larvae (Schiro, 2001).  Mitochondrial DNA (mtDNA) was found 

in highly decomposed remains.  Scientists were able to discover mtDNA by PCR amplification 

and direct sequencing.  Degraded DNA was extracted from different parts of the body such as 

the bone fragments and necrotic skin.  In addition, deoxyribonucleic acid (DNA) strands were 
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sequenced from the bone of decomposed human remains.  The human skin was found to be an 

identical match from DNA blood sample provided by a sibling of the remains.  Therefore, DNA 

results proved relations between the sister and the human remains because evidence was 

confirmed through scientific testing (Gill, Hopgood, & Sullivan, 1992). 

In British Columbia, Canada, there were 42 forensic entomological cases from human 

death investigations that were analyzed from insects collected from human remains.  Insects 

were identified by their species, developmental stages, and age of remains to identify manner of 

death and season of discovery.  Results showed there were many insects and other arthropods 

that were present on the remains.  The most common species of insects that were found on the 

human remains were blowflies (Calliphoridae).  Larval samples were collected, preserved, 

labeled from the crime scene, and used as evidence in the courtroom.  In 42 of the cases, drugs or 

alcohol were detected from insects in cases and the majority of the crimes were homicide cases 

(Anderson, 1995).  Mitochondrial DNA (mtDNA) is used in forensics to identify decomposing 

human remains.  Two forensic cases were solved by PCR methods using genomic DNA.  In the 

first case, investigators found a body in which the human tissues were severely decomposed. 

PCR was used to determine if genomic DNA could be recovered successfully from the human 

remains.  In a second case, body parts were severely decomposed and PCR for genomic DNA 

provided confirmation that the body parts matched the identified decomposed remains.  

Although both cases produced different results, the sequencing of mitochondria DNA segments 

that were successfully amplified from tissue and bone samples (Heizmann, Lutz, Pollak, & 

Weisser, 1996). 
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A case study by (Ancer-Rodriguez et al., 2012) reported the identification of a burned 

cadaver from the genetic analysis of the gastrointestinal contents of maggots that were feeding 

on human remains.  The anonymous burned cadaver was found in Mexico with body parts 

missing with fly larvae covering the face and neck.  Due to the physical condition of the cadaver 

investigators were not able to identify neither gender nor age.  Scientist determined that tissues 

were too degraded to retrieve a genetic profile and perform further analysis.  Because these 

tissues were badly burned, investigators collected three maggots from the victim and each 

maggot was placed into sterile 1.5 mL micro centrifuge tubes and preserved in 70% ethanol at 4
0

C.  Each maggot was processed separately.  DNA extraction was conducted using phenol-

chloroform and ethanol precipitation.  Following extraction, PCR was completed by extracting 

DNA from the gastro-intestines of maggots.  In addition, samples were tested on capillary 

electrophoresis and were performed using an Applied Biosystems 310 genetic analyzer.  All 

samples were tested using a capillary electrophoresis and results determined that the DNA 

recovered from the gastro-intestines of maggots originated from female human remains.  A 

paternity test was administered to a close relative and the paternity test results showed that there 

was a significant DNA match on the identification of the remains (Ancer-Rodriguez, et al. 2012)   

A pig carcass was found decomposing in a residential home for 42 days prior to being 

burned in an arson experiment.  After the smoke was extinguished by firefighters, the carcass 

was examined.  Temperatures in the room during the fire rose to over 600
o
C, the walls were

burned down to wooden studs, and the entire room was covered in burnt insulating material 

(sawdust).  The pig carcass remains were still identifiable and recovered after the arson fire was 
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extinguished in the residential home.  In addition, the animal remains attracted adult Blowflies 

(Calliphoridae) once the windows of the house were removed and insects were recovered from 

the pig remains (Byrd & Castner, 2010).  In forensic investigations, amplification and direct 

sequencing are two methods used to determine the identity of decomposed remains.  When trace 

amounts of degraded DNA are found through mitochondrial sequencing the data is definitive and 

highly informative for human individualism.  However, there are some concerns with 

mitochondrial sequencing such as contamination during amplification cycles and potential 

heterogeneity within an individual.  Despite these concerns, mtDNA has been used as scientific 

evidence to help solve forensic investigations (Gill et al., 1992).  Environmental factors such as 

temperature, oxygen, and water will influence the rate of decomposition in remains (Carter & 

Tibbett, 2008).  Decomposition can be become a slow process due to naturally dry soil, water 

content, and oxygen availability.  If water is not present, biological activity will decrease 

overtime.  However, in an arid environment remains will decompose at a different rate.  

Temperature is one of many environmental factors that have an influence on the rate of 

decomposition on remains (Carter & Tibbett, 2008).  As temperature increases there are 

increases in biological activity and carcasses placed in cooler or warmer settings will decompose 

at different rates.  Absence of air, dryness, or heat can cause mummification and promote 

desiccation.  Humid environments can decrease the rate of decomposition in remains and have an 

influence on faunal succession.  The study of decomposition in animal models can help develop 

new techniques in the forensic community.  Swine is a very popular animal that is often used in 

forensic research.  The advantages of using swine are that they share similar anatomic and 
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physiologic characteristics of humans (homo sapiens) (Clubb, Frazier, Herron, Makin, & 

Swindle, 2011).  At Clemson University, in the South Carolina Piedmont, a historic study was 

done on four stillborn baby pigs (Sus scrofa) Linnaeus were placed in wooden boxes and buried 

at a depth of 90 cm.  The first stage (fresh) was the period between death and initial bloating and 

lasted approximately three days.  Ants arrived at the carcass three to six hours after placement 

and fed actively on the blood, moist skin of the mouth, umbilical cord, abdomen, and ears 

(Beinhart, King, & Payne, 1968).  In addition, internal tissue began to decompose in this stage; 

diffusion of body fluids resulted in blotches of pinkish, bluish and greenish skin discoloration.  

In the second stage the carcasses were bloated in the following areas: abdomen, scrotum, ears, 

legs, and jaws.  Bubbles of form were noted in the mouth, nose, and eyes.  

The carcasses had deflated by third stage of decomposition and fluids were escaping out 

by mouth.  Ants and maggots were feeding extensively on the carcasses in which time and 

deflation was determined.  In the fourth stage, maggots and flies were numerous and was noted 

feeding actively around the soft tissues.  By the third week, maggots had removed the tissues and 

bones were present.  The remaining maggots begun to migrate from the carcasses and were 

sometimes observed in the dark-colored patches in the soil.  In the final stage, the carcasses had 

skeletonized and numerous of white fungal colonies.  The carcasses rate of decomposition took 

six to eight weeks after placement.  The time of year may have played an important factor in the 

rate of decomposition.  The experiment was conducted in during the summer months of June, 

July, and August. 
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A case study was conducted during the summer of 1986, in Coastal Washington State.  

The decomposition rates of two freshly killed white pigs (Sus scrofa) were observed at a shaded 

and exposed site in a woodland area.  Ambient air temperatures, maggot mass temperatures, 

weight loss, bloat, abundance, and character of insect fauna were recorded at both sites and 

compared.  There were two study sites, one shaded and other unshaded and were approximately 

300 meters apart.  These two locations were chosen to minimize disturbance to the area.  At both 

sites, the area was contained using steel fence post and mesh poultry wire to prevent disturbance 

from large scavengers.  In addition, a small door was made in both fences to allow access to the 

carcasses (Messinger, Papworth, & Shean, 1993). 

The two pigs were placed on their sides (wound up) from where they had been cut on the 

surface of the neck to determine what effect, if any, this had on fly oviposition site preference.  

Observations were made on a daily basis.  Once maggots begin to appear, samples were 

collected from each carcass and preserved for future identifications.  In addition, daily maggot 

temperatures were recorded from each pig during the period of active decay (Messinger et al., 

1993).  Daily temperatures between both sites showed little fluctuation throughout various times 

of the day.  Temperatures were noted to be higher at exposed site during the day but fell those of 

the shaded site during the night and before dawn.  However, during time of overcast both sites 

were recorded having identical temperatures.  Final results in decomposition and insect activity 

revealed that the exposed carcass decomposed faster than shaded carcass.  In addition, both 

carcasses were recorded having two different types of larvae that were dominantly feeding on 

each other.  The Calliphoridae larvae were more common at the shaded site and the Phormiini 
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and Luciliini were common at the exposed site.  It should be noted that some of the difference in 

decomposition rates between the two pigs may have been due to ambient temperatures, 

differential dehydration at the two sites, and the fact that the exposed pig was slightly smaller 

(Messinger et al., 1993). 

Insects such as maggots are used as evidence to help solve criminal cases such as 

homicide, sexual assault, and negligence (Clery, 2001).  A sexual assault case was conducted in 

attempt to obtain P30 (prostate specific antigen) from maggots colonizing a stimulated 

postmortem sexual assault scenario, with subsequent DNA typing.  The ability to detect STR 

typing, from maggots colonizing a cadaver, would be helpful in future forensic cases (Clery, 

2001).  

Liver samples were placed into individual rearing units and six milliliters of semen were 

pipetted into three of the samples as well as the control sample.  Then eggs were placed were 

semen was not directly deposited  Five second in-star larvae were found feeding on the surface 

of a piece of liver was collected and placed into tubes.  The maggots were frozen until ready for 

extraction.  After the maggots were extracted all samples were vortex and centrifuged.  The 

supernatant was removed and placed into a new tube and stored until ready for analysis.  

Samples were amplified using polymerase chain reaction (PCR).  Positive values were obtained 

for all three samples (Clery, 2001).  This research study proves that DNA could be recovered 

from fly (Phaenicia sericata) larvae containing deposited liquid human seminal fluid.  In 

addition, these scientific techniques can be used in the criminal judicial system as evidence to 

solve sexual assault cases. 
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A study was conducted on comparing how promptly blowflies colonize fresh carcasses in 

indoor and outdoor area environments.  Two juvenile pigs’ carcasses weighing approximately 1 

to 2 kg were placed at a vacant house in Cologne, Germany; one was placed on the floor inside a 

brick house and the other placed outdoor in front of a garden shack.  Ambient temperatures were 

recorded and rainfall was taken from a local weather station.  In addition, photographs were 

taken to identify record the level of insect activity present on the pig carcasses.  After 48 eight 

hours of exposure, maggots were present on the carcasses and for statistical purposes more eggs 

were deposited.  The collection of flies started once the observation of larvae became present on 

carcasses.  Later results determined that there was a delay in oviposition between both carcasses.  

The number of egg batches present on both pig carcasses was deferred within the first 48 hours 

of observation (Madea & Reibe, 2009).  Indoor piglet was colonized up to 24 hours later than the 

outdoor piglet.  In addition, there were multiple of different types of flies collected, however, 

Calliphoridae (blowflies) were most dominate.  These results support evidence that blowflies are 

normally the first insects to detect carcasses in indoor and outdoor environments. 

Research was conducted in Louisiana and Tennessee observing how the rate of 

postmortem decay can be affected by variables of different environments.  The external 

environmental factors are ambient temperatures used for the development of bacteria as well as 

ventilation and air humidity (Campobasso, Di Vella, & Introna, 2001).  In Louisiana, researchers 

were trying to determine the insect activity in blowflies on burned cadavers inside a closed 

automobile trunk.  Results showed a delay of approximately three days for pig carcasses placed 
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inside the trunk and one week for a pig carcasses located inside a burned car (Campobasso et al., 

2001).  Results determined that neither cooked meat nor moist meat do not attract flies.  

In Tennessee, a study was performed on 150 carcasses exposed outdoors during the 

summer and winter seasons.  According to these researchers, the decomposition process slowed 

down during the winter because of a decrease in faunal succession present on the corpses.  

During the summer the rapid degradation of the carcasses were infested by larvae.  There was a 

rapid decay of organic matter and a case of pre-skeletonization seven days after death 

(Campobasso et al., 2001).  These results determined that temperatures and time of year have an 

impact on the rate of decomposition in remains.  Insect larvae found on decomposing remains  

can be used for to determine the postmortem intervals.  In the case of postmortem intervals 

(PMI), a DNA technique was performed for the identification of in-star larvae.  DNA samples 

from insects were amplified using PCR and DNA sequencing from the amplification products 

(Anderson & Hickey, 1994).  Live flies and larvae were collected in British, Columbia, Canada 

or taken from a lab colony at Simon Fraser University.  All specimens were preserved in three 

different ways.  First, second, and third in-star larvae were preserved in 99% ethanol and adult 

flies were frozen at -70
0 

C until ready for extraction.  Genomic DNA was extracted from the

samples and placed inside of 1.5 mL microcentrifuge tubes.  Samples were vortexed and 

incubated at room temperature for fifteen minutes to two hours.  Next, 120 
µL

 of 8 M potassium

acetate was added, mixed, and placed on ice for 15 minutes to 3 hours.  The supernatant was 

extracted and centrifuged (Anderson & Hickey, 1994).  DNA fragments were amplified using 

PCR and samples were test using a sequencing system.  Researchers were able to recover DNA 
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from the adult flies frozen at -70
0 

C.  This research shows validity by successfully recovering

DNA from insects. 

When blowfly maggots are encountered on a body, they can usually provide the most 

precise estimate of the time of death, especially within the first life cycle (Freenberg & Tantawi, 

1993).  A case study was conducted to compare shrinkage of larvae in various killing and 

preservative solutions and the potential error in estimates of the PMI.  Thirty-five third in-star 

larvae were taken from ground beef at peal of feeding at room temperature.  Each sample was 

immersed in 250 mL of one of a number of killing and preservative solutions for 5 days at room 

temperature; then each larva was measured immediately.  The killing and preservative solutions 

were: 70, 80, and 90% ethanol.  This research can be a useful technique when trying to determine 

age of post feeding larvae in remains.  Mitochondrial DNA (mtDNA) can be recovered from the 

gastro-intestines of maggots to identify human remains.  DNA could be used as a secondary 

evidence to present in the courtroom to help solve criminal cases.  When recovering DNA from 

the gastro-intestines of a maggot, scientist should be careful to avoid external contamination.  A 

research study was conducted on using different washing methods to reduce external 

contamination in maggots (Linville & Wells, 2002).  

Eggs were collected from a laboratory colony and flies were then placed on a small piece 

of pig liver.  Maggots were stored until ready for extraction.  The maggots were separated into 

nine groups.  Five of these groups were tested using cow’s blood.  The remaining four groups of 

maggots were used as control groups (Linville & Wells, 2002).  All maggots were separated into 

1.5 mL microcentrifuge tubes.  Two of the nine groups of maggots were treated with DNase 
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enzyme, two groups were soaked in 1 mL of 20% bleach, and two groups were soaked in 1 mL 

of distilled water.  The remaining groups were not washed.  The maggots in both water and 

bleach solution were vortexed briefly, then left in their corresponding wash fluid overnight (19 

hours).  The maggots were incubated for thirty minutes in distilled water.  All specimens were 

then transferred into separate tubes of distilled water and briefly vortex.  The exterior of the 

maggot was cleaned in order performed DNA extraction, isolation, and determination.  There 

was only one group of maggots were tested as the control group (Linville & Wells, 2002). 

The gastro-intestines of the maggots were removed by cutting the maggot in posterior 

segments.  After the maggot was extracted the gastro-intestines were removed with entomology 

forceps.  Each gastro-intestine was placed into 1.5 mL tube.  All gastro-intestines were extracted 

using Quiagen’s Dneasy Tissue Kit for animal tissues.  Then samples were extracted using 

Quiagen’s DNeasy Tissue kit protocol for animal tissues.  Cytochrome b primers were used to 

amplify DNA that were present in samples (Linville & Wells, 2002).  Later results revealed the 

washing procedure did not have any influence on the quantity and purity of PCR product.  In 

addition, using 20% bleach solution was an effective scientific method for exfoliating all 

contaminates without interfering with the DNA from the gastro-intestines of maggots. 

Polymerase chain reaction (PCR) can amplify partially degraded and/or denatured DNA.  

PCR has helped scientist solve criminal investigations by identifying who committed the crime.  

In this research study, DNA was extracted by using a Chelex 100.  Chelex procedures result in 

denatured DNA samples and researchers also showed genotypes can obtained by PCR 

amplification of DNA Chelex-based procedure (Higuchi, Metzger, & Walsh, 1991).  Fresh 
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semen was tested using the Chelex 100 using 200 µL of distilled water.  All samples were 

transferred into 1.5 microcentrifuge tubes filled with 1 mL of distilled water and 3 µL of blood.  

Next, samples were incubated at room temperature for fifteen to thirty minutes followed by 

vortexing.  Then, specimens were microcentrifuged for two to three minutes.  The supernatant 

was carefully removed and 5 % of Chelex was added to the specimens.  All specimens were 

incubated for thirty minutes and vortexed for five seconds.  Following extraction, samples were 

amplified using a DNA thermal Cycler.  Samples were ran on a gel electrophoresis and results 

showed that DNA prepared without Chelex can have an influence on the amount of DNA 

recovered (Higuchi et al., 1991).  

QIAamp spin column can be used as an alternative method for DNA isolation and 

amplification of DNA in samples.  Research was performed to determine if QIAamp DNA is a 

good technique to help solve sexual assault cases.  Blood samples provided by Red Cross and 

sexual assault samples used for extraction experiments were obtained from adjudicated casework 

(Drayton, Greenspoon, Scarpetta, & Turek, 1998).  Blood samples were extracted using QIAamp 

Spin Columns and QIA Tissue Kit.  DNA from the sexual assault samples containing a mixture 

of sperm and epithelial (non-sperm) cells were prepared following extraction.  Next, the samples 

were lysed and left to separate the DNA from the sperm cell fraction.  After the overnight lysis 

of the sperm cell fractions, both the sperm cell fractions and epithelial cell fractions were spilt 

into three samples of equal volume.  Tube that were prepared prior to lysis had an equal volume 

of AL buffer (provided with QIAamp kits) added to the cell lysates for both sperm and non-

sperm fractions.  
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All samples were then vortexed and incubated at 70
0 

C for 10 minutes.  After incubation,

a 105% volume of ethyl alcohol was added to each tube and then loaded onto labeled QIAamp 

spin columns.  Then samples were centrifuged at 10,000 x g for one minute followed by 

discarding of flow-through.  Samples were loaded with 600 µL and the process was repeated 

until the entire digest sample was passed through the column.  Short tandem repeats (STR) were 

typed using the PowerPlex Beta Test kit (Promega) which allowed amplification of DNA.  The 

samples were amplified by electrophoresis and the gels wee scanned using a Hitachi FMBIO 

fluorescence imaging system (Drayton et al., 1998).  Final results for sexual assault and blood 

samples determined that the QIAamp spin columns appeared to improve the quality and purity  

of DNA samples used for STR amplification.  

A case study was conducted using a Duplex Real-Time qPCR for the quantification of 

human nuclear and mitochondrial DNA in forensic samples.  In addition, researchers found a 

scientific technique for quantifying DNA in degraded samples.  Human genomic DNA was 

extracted using samples provided by Promega and Applied Biosystems.  Samples were extracted 

using Chelex (Biorad) and degraded samples were fragmented and treated with DNase I 

(Invitrogen).  Next samples were assessed by gel electrophoresis using 2% agarose followed by 

staining with ethidium bromide (Buoncristiani, Orrego, Swango, & Timken, 2005).  Then 

samples were amplified using the AmplSTR Identiflier PCR Amplification Kit (Applied 

Biosystems) and detected using 3100 Genetic Analyzer (Applied Biosystems) for data analysis.  

The mtDNA control region was amplified using PCR reagents from a sequencing kit.  All 

samples were assessed by gel electrophoresis on a 4% agarose gel followed by ethidium bromide 
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staining of PCR.  In addition, samples were also tested using ABI Quantifilier and results 

determined that testing degraded samples using a duplex qPCR assay can lead to an increase 

proportion of STR amplification (Buoncristian et al., 2005). 

Human DNA quantification has become an important tool in the scientific community to 

ensure the quality and purity of DNA samples using PCR methods Alonso et al., 2003).  A 

research study was performed to estimate mitochondrial and nuclear DNA from the detection of 

nuclease activity of the Taq DNA polymerase.  A total of eighty two samples were extracted 

from bones, teeth, and blood and using polymerase chain reaction (PCR).  After extraction, 

samples were amplified using the AmpflSTR Proflier Plus PCR Amplification Kit (Applied 

Biosystems).  Human nuclear DNA was identified by slot-blot hybridization using Quantiblot 

(Applied Biosystems). In addition, degraded samples were sequenced using the multiplex-PCR 

of short amplicons.  Once all procedures were completed DNA determine the importance of real 

time PCR for the quantification of mitochondrial and nuclear DNA retrieved from human 

remains.  This scientific methodology gives advantages to hybridization methods, including: 

higher sensitivity, unnecessary post-PCR processing, the possibility to perform qualitative 

analysis of different aspects from different genomes (mtDNA degradation and sex 

determination), and the automation workability (Alonso et al., 2003).  In summary, an 

assumption can be derived from previous empirical studies that have been conducted by 

researchers that support my proposed hypothesis. 
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CHAPTER III 

SIGNIFICANCE TO FORENSIC SCIENCE 

 Entomology and DNA Evidence in Forensic Cases 

Over the years, the use of entomology evidence has become a valuable asset in the 

forensic community (Amendt, Krettek, & Zehner, 2004).  Entomology is useful in determining 

the time of death, also known as post-mortem interval or (PMI).  Post-mortem interval is 

commonly used in death investigations to determine a suspect’s location prior to their death, if 

there was any possible movement of the body, and identify if there were any third party suspects 

involved prior to the time of death.  In addition, the PMI can be determined by the stages of 

decomposition on remains.  PMI can be determined by the growth stages in insects and their 

successional patterns (Catts & Goff, 1992).  Forensic entomology can help solve forensic cases 

within the scientific community (Catts & Goff, 1992).  This can be used as evidence to link a 

suspect to the crime and help solve criminal cases in the judicial system.  DNA is frequently used 

in the identification of insects and is becoming more ordinary in forensic entomology (Dadour, 

Harvey, Magni, & Saravo, 2012). 

The use of DNA technology to exonerate an individual that has been wrongfully 

convicted of crimes such as rape and homicide exist in today’s society.  Although, there have 

been many controversies over the years regarding its purpose scientist have been developing 

scientific techniques and technology into the criminal judicial system.  Incorporating DNA 

technology into the judicial system has been accomplished by identifying local areas and 

establishing corresponding working groups.  These groups consist of the following: research and 
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development, legal issues, evidence collection, investigation, crime scene, postconviction, and 

laboratory funding, (Asplen, 1999).  DNA technology can bring on a new secure foundation of 

knowledge and have a positive impact in the criminal judicial system. 

In crime scene investigation (CSI), law enforcement officers use DNA as evidence to 

solve crimes.  The Investigator’s job is to ensure evidence is collected and preserved to help 

scientist determine a suspect’s DNA profile (Asplen, 1999).  In addition, it has become very 

important that investigators have scientific knowledge of resources to ensure the handling and 

processing of evidence is being properly executed.  Any evidence that is being mishandled can 

cause issues in the chain-of-custody and as illegitimate evidence for the courtroom.  Increasing 

the integration of DNA has been implemented in many forensic laboratories in the United States. 

Between 1988 and 1998, all 50 states incorporated DNA into the databases to help solve 

forensic cases by collecting and preserving DNA samples from possible suspects (Millard, 

2011).  In the twentieth century Combined DNA Index System (CODIS) was invented to help 

law enforcement agencies compare DNA samples from evidence found at crimes scenes to help 

investigators locate a possible suspect or third party suspect (Asplen, 1999).  Having a possible 

suspect’s DNA profile in CODIS will allow law enforcement to solve cases more quickly.  

Because of this, offenders will have less time to re-offend and investigators will be able to solve 

crimes in a timely manner.  In addition, this will help solve old cases and provide closure to 

victims and their families.  This can save valuable time for investigators on tracking down false 

leads (Asplen, 1999).  
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There are hundreds of homicide, suicide, and accident victims that remain unidentified 

worldwide each year (Holland & Parsons, 1999).  Partial skeletal remains, skeletal remains of 

children, partial torsos with unidentifiable features, and highly decomposed, and desiccated 

remains, are difficult and sometimes impossible to identify using conventional methods (dental 

comparison, fingerprint analysis, facial reconstruction)  (Holland & Parsons, 1999).  DNA 

techniques have provided new chances for identification of victims, suspects, or third party 

suspects.  The recovery of mitochondrial DNA (mtDNA) is known to be more successful than 

nuclear DNA due to the number of cells being much higher (Krause, Michael, Plate, & Szibor, 

2000).  Many forensic cases have been solved from evidence that was retrieved through traces of 

the victim and suspect.  DNA has been retrieved from different types of evidence such as blood, 

saliva, firearms, and paper.  These are some of the types of evidence that has been used in order 

to link possible suspects to crimes.  For example, in the Nicole Brown Simpson murder trial, the 

identification of Nicolas Romanov II, (the last Russian Tsar), and the identification of the Tomb 

of Vietnam Unknown Soldier brought DNA profiling to the forefront of public awareness 

(Holland & Parsons, 1999).  

  The expanded use of DNA profiling has improved the investigation of crimes, and has 

allowed for the identification of human remains where other methods have failed.  DNA 

profiling remains the most powerful and robust method of identification since the discovery of 

the human fingerprint (Holland & Parsons, 1999).  This technique was used in numerous of 

laboratories and with the presentation of mtDNA in the courtroom both in the United States and 

around the world.  The methods developed for the extraction of DNA samples are numerous and 
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well established in multiple disciplines.  Polymerase Chain Reaction (PCR) amplification is one 

of the most well-known techniques used recover DNA from human blood and tissues.  This 

technique has provided the foundation of mtDNA analysis as applied to forensic cases involving 

criminal activities.  In addition, the recovery of DNA can be used as evidence in homicide cases 

and possibly exert a strong influence on jurors’ decisions to convict, the odds of a conviction 

being much higher for cases with DNA than for cases without (Holland & Parsons, 1999).  

Forensic DNA evidence that is presented in court can possibly influence pre and post-

court outcomes (Briody, 2004).  Although, DNA evidence is not the only factor in the final 

verdict, other scientific evidence can determine the case outcomes.  In addition, the type of 

offense could determine whether DNA evidence will have an influence on juries’ decision to 

convict a suspect or third party suspect that may have committed the crime (Briody, 2004).  

There have been legal issues surrounding mtDNA evidence and its reliability as well as problems 

of jury confusion regarding value of mtDNA.  For courts across the country, mtDNA has gained 

judicial approval in both federal and state courts (Cheng, 2005).  A mitochondrial DNA 

(mtDNA) match is not the same as a nuclear DNA (nDNA) match.  Because mtDNA is more 

common than nDNA, the probability of finding a suspect’ DNA at a crime scene is more likely.  

However, the differences between mtDNA and nDNA can create problems in the courtroom 

(Cheng, 2005) 

Mitochondrial DNA is very unique because it is passed solely from mother to child.  

Consequently, all maternal relatives share identical mtDNA and cannot be distinguished from 

one another on this basis.  This linkage issue can cause problems when maternal relatives are 
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also suspects.  The presence of a known maternal relative can change the probative value of 

mtDNA evidence significantly.  The general population frequencies are no longer applicable 

because the rarity of the mtDNA sequence is irrelevant to a jury deciding between two maternal 

relatives.  Provided that jurors are made aware of the maternal linkage issue, mtDNA’s proactive 

value will be in narrowing the list of potential suspects (Cheng, 2005).  In trials involving 

incriminating DNA evidence, jurors are normally presented with testimonies regarding the 

collection of evidence in the crime laboratory. When scientists identify the victim or defendant’s 

DNA profile, jurors should be aware that the match could have been identified through other 

forensic evidence and techniques.  Essentially, only identical twins possess the same DNA, 

however, it is possible to identify an incidental match from two types of forensic DNA typing 

called variable number tandem repeats (VNTR) and polymerase chain reaction (PCR) (Diamond 

& Schklar, 1999).  VNTR isolates DNA segments that all have the same sequence of repeating 

letters.  For example, VNTR is used to organize the repeating sequences such as ATCATCATC 

according to its length and based on segments being present or absent.  PCR can be used for 

forensic analysis to test DNA samples to determine the identity of a suspect who may have 

committed a crime.  In addition, both techniques are used in a laboratory setting to identify a 

probability match to use as biological evidence to present in the court of law.  

Effects of DNA Evidence in the Criminal Judicial System 

In the criminal judicial system, confession evidence can have an influence on the judge’s 

final verdict in criminal cases (Bogart, Kassin, & Kerner, 2012).  Confessions from offenders 

help to solve crimes from DNA evidence that was present in the courtroom (Gudjonsson & 
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Pearse, 2011; Kassin et al., 2010; Kassin & Gudjonsson, 2004).  Although, DNA testing can be 

used as an effective tool in crime detection and crime control in society, it is absolutely 

necessary to ensure its accuracy (Rodrigues, 2009).  These scientific techniques have been very 

successful in providing true evidence to help solve forensic cases, still other issues can result in 

the evidence-becoming non-void.  These issues may stimulate from jurors misuse of probabilistic 

DNA evidence.  The misaggregation error arises when a person’s personal belief has an 

influence on the value of scientific.  The misperception error arises when a juror misjudges 

scientific evidence that can determine the final verdict on who committed the crime (Diamond & 

Schklar, 1999).  However, efforts to improve the misaggregation and misperception have not 

been very successful.  In addition, many people in today’s society are unaware of how these 

issues can have a negative impact on final verdicts that have been made in criminal cases 

throughout history.  

The scientific community has proven the importance of mtDNA in the field of forensics 

and its validation in the criminal judicial system (Allard, Budowle, Chakraborty, & Wilson 

2003).  Scientist has tested DNA techniques in order to prove its validity and reliability to use as 

evidence in the courtroom.  In addition, scientific errors within the scientific community can 

affect forensic evidence and its value in criminal cases (Gordon & Smith, 1997).  These issues 

can have a major impact in the courtroom because the way evidence is presented to jurors can 

determine the final verdict.  This is very common and sometimes results in an innocent person 

being wrongly convicted or the exoneration of suspect who truthfully committed the crime.  In 
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addition, many criminals such as Casey Anthony, O.J. Simpson, and George Zimmerman have 

been set free because of these imperfections. 

Errors in sample handling or test interpretation may cause false positives in forensic 

DNA testing.  The findings can provide accurate information on the probability of finding a 

match when evaluating DNA evidence (Aitken, Taroni, & Thompson, 2003).  Forensic Scientist 

and the judicial system have been exercised about providing concrete scientific support for 

determining random match probabilities.  Courts in certain jurisdictions have refused to accept 

DNA profiling as valid evidence without statistical analysis supporting the match probability.  In 

addition, the courtroom requires that statistical analysis show validity and receive acceptance 

within the scientific community (Aitken et al., 2003).  Courts have tried to find a solution on how 

to present scientific evidence in the judicial system to help jurors understand the scientific facts 

before deciding the final verdict.  

It is important for jurors to understand scientific evidence before making a final decision 

in criminal cases (Lynch & McNally, 2003).  This can become very difficult for jurors who are 

uneducated to understand scientific vocabulary words after being introduced for the first time.  It 

is very important to choose a concrete grand jury based on their level of education because it will 

have an influence on final verdict and identifying the suspect responsible for committing the 

crime (Lynch & McNally, 2003).  This issue is still present in today’s criminal system and has 

caused many innocent people to serve jail time for a crime they did not commit.  

Scientific researchers have been trying to find different strategies to help improve jurors’ 

comprehension of DNA and other scientific evidence.  This technique could be implement 
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effectively by providing additional expert information such as tutorials in in complex subjects to 

help jurors comprehend scientific evidence efficiently (Dann, Hans, & Kaye, 2006).  Many 

jurors are capable of comprehending DNA evidence at trials.  Nonetheless, some jurors may 

have trouble comprehending complex DNA evidence.  Because of this, researchers have 

improvised ways to facilitate juror understanding of evidence.  

 Jurors should be given a checklist that list the issues to help jurors find a solution to 

prevent those issues from re-occurring in the future. In addition, recognizing jurors with different 

educational backgrounds can vary in their ability to place DNA evidence within its scientific 

context.  Jurors should also be aware of possible contamination of samples, including cases that 

do not have validated evidence that the crime was committed.  Throughout the years, jurors have 

attempted to combine information in order to determine a final verdict.  However, due to their 

lack of knowledge about the criminal judicial system many have been unsuccessful.  Therefore, 

attorneys and experts should be aware how evidence is presented to jurors in the courtroom 

(Dann et al., 2006). 
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CHAPTER IV 

METHODOLOGY 

Materials and Methods 

Crates were constructed using hardware cloth wire fencing, carpet, rebar, plastic zip ties, 

and plywood to house the pig (Sus scrofa) carcasses throughout their decay.  Two seven-week-

old female pigs ranging from 26 to 27 pounds were purchased from Texas Tech University 

Swine Center and were euthanized prior to pick up by the University Veterinarian Dr. Tiffanie 

Brooks.  The pigs were transported to research site one to begin scientific research.  Each pig 

was placed indoors in the Plywood wooden house and outdoors in a field to keep them from 

becoming susceptible prey to scavengers (see Appendix A).  Both female pigs were placed right 

lateral decubitus (right side down) to mimic a forensic homicide case study.  The homes were 

placed facing North about 40 feet and 91 inches apart.  The locations were chosen to eliminate 

cross contamination of the pig carcass. 

A weather station was placed about half a mile in proximity to the area in which the pigs 

were placed for the experiment.  The weather station recorded changes every 30 minutes.  In 

addition, weather temperatures and soil temperatures were recorded for two consecutive weeks 

(see appendices D, E, and F).  Data was retrieved using HOBOware software and Lubbock, 

Texas local weather station.  The two pig carcasses are being used as animal models for human 

remains.  A description of the habitat was recorded at 1:30 p.m. for two weeks.  Pictures were 

taken and collection of maggots was performed every day.  Maggots were collected with 

entomology forceps and placed into falcon tubes filled with 90% ethanol.  All maggot specimens 
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were placed in ethanol to help preserve deoxyribonucleic acid (DNA) from degrading until ready 

for extraction.  After maggots were finished feeding on pig carcasses, flies were collected and 

identified as blow flies (Calliphordae).  Although only maggots and flies were collected, other 

insects were documented if present at site.  
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CHAPTER V 

RESULTS 

Observations of Pig A 

Observation of Pig A (indoor) and Pig B (outdoor) began on September 12, 2013.  Blow-

fly (Calliphoridae) activity was observed on both pigs within four minutes of placing the pigs in 

their vacant houses.  By the second day of the experiment, there was a high level of ants covering 

Pig A (indoor pig) as well as white foam leaking from the nose.  This was a sign that rigor mortis 

had taken place throughout the body.  Feces from the carcass were found around the pig’s anal 

area.  On the third day, bloating and lividity was observed in the abdominal area on the indoor 

carcass.  The only insects present were flies and ants.  Environmental factors such as 

temperature, carcasses’ location, enclosed area, and consummation of food prior to euthanization 

have effect on its rate of decomposition.  By the fourth day, blue putrefaction was observed 

throughout the entire body of the indoor carcass.  There was a massive amount of fly activity 

noted on the carcass.  On the next day, active decay was observed in the thorax and side region 

of the indoor pig.  Flies, maggots, and spiders were present on the remains and lividity was 

present in the abdominal region.  Collection was performed for the first time for Pig A by the 

fourth day of the experiment when the maggots were first noted.  By day six, a foul odor was 

observed from Pig A and blood residues were present all over the carpet and floor.  There was an 

observable amount of blowflies present on the outer left and right side of the wooden house.  

Inside of the indoor carcass home, enormous amounts of maggots were observed in each corner 
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of the box.  The floor was covered in blood and the cadaver’s face had deflated.  This cadaver 

still showed signs of bloating side and feet area.  

After a week, the odor remained strong and there was an extensive amount of maggots 

present throughout the remains of the indoor cadaver and underneath the carpet.  The entire body 

had deflated and the larvae were in the 1
st
 and 2

nd
 in-star.  On the 8

th
 day of the experiment, Pig

A was in advanced decay with a vast amount of maggots present with little fly activity.  There 

were a few bones present around the face and legs.  By the next day, maggots, black beetles, and 

flies were observed feeding on the indoor carcass.  This carcass was still in advanced decay, 

however, bones were present.  In week two of the experiment, the insect level on the indoor 

carcass started decreasing overtime.  Maggots and small black beetles were present inside of the 

vacant house and the remains had become skeletonized.  By day eleven, there was a low level of 

insect activity noted on the indoor cadaver.  Third in-star larvae, black beetles, brown beetles, 

and black butterflies were present on the remains.  The last maggots were collected from Pig A 

on day thirteen.  There were a few maggots and beetles present on Pig A (indoor).  Throughout 

the last three days of the experiment the indoor remains mummified and there were observations 

of pupae throughout the entire cage (see Appendices A, B, and C for photos) (See Appendix D 

for stages of decomposition) 

Observations of Pig B 

On day two of observing, Pig B (outdoor pig) low insect activity was noted.  The insects 

consisted of flies and ants.  There was white foam leaking from the nose of the pig.  Day three 

observations noted that Pig B showed signs of bloating with a high level of insect activity 
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consisting of fly larvae, adult flies, and ants.  There was very little indication of decomposition 

on Pig B’s remains.  Collection of maggots started on the third day for the outdoor carcass.  By 

day four, there was a high level of insect activity observed on Pig B’s remains that consisted of 

flies, butterflies, and a massive amount of in-star larvae in the abdominal area.  The cadaver was 

in the active stage of decomposition with internal tissue present only in the abdominal area.  On 

the fifth day, the smell of decomposition was very strong.  This carcasses body had deflated and 

the remains were now in the advanced decay stage.  Massive amounts of maggots were observed 

throughout the entire body and maggots were noted feeding heavily on the internal organs.  The 

collection of maggots for Pig B ended on the fifth day.  On day six, the carcass was consumed 

from the inside out and a small amount of blowflies were observed.  When visually compared 

with indoor pig the rate of decomposition seemed deferred. 

Advanced decay was still present on the outdoor pig remains by day seven.  There was a 

tremendous decrease in odor and insects were observed underneath the remains and vegetation.  

At the site of the outdoor pig, there were no signs of insect activity.  All of the maggots had 

migrated away from the carcass and it was in the skeletonized stage of decay.  On the eighth day, 

there were no signs of insect activity.  All of the maggots had migrated away from the carcass 

and it was in the skeletonized stage of decay.  On the next day, no insect activity was noted on 

Pig B.  The outdoor cadaver had bleaching of the bones and there was a massive amount of flies 

present all over the bushes and on the top of the cage wire.  The high level of insect activity may 

have resulted from the maggots completing their life cycle (see Appendices A, B, and C for 

photos) (See Appendices E, F, and G for weather graphs). 
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DNA Isolation and Determination 

Deoxyribonucleic acid (DNA) extraction of maggots began on December 18, 2013.  

Fourteen samples were transferred into falcon tubes with 20% bleach solution (see Appendix H).  

All samples soaked in the bleach solution for two hours to get rid of all external contamination.  

This procedure is very important because if samples are not washed in solution it can 

contaminate any possible DNA that may be present inside of the intestines of each maggot.  

After the washing procedure, each maggot was dissected using iris scissors and entomology 

forceps.  Day three through five maggot samples were too small for dissection and were minced 

using a mortar and pestle to grind all tissues.  The maggots were dissected horizontally and 

approximately 25 mg of intestines were removed and placed into new1.5 mL centrifuge tubes.  

 A Qiagen’s Dneasy Blood & tissue kit was used to purify DNA in each sample and 

provide reproducible purification of quality DNA from the pig carcasses.  Approximately 108 μL 

of Buffer ATL and 20 µL of ProK were pipetted into all 14 samples.  All samples were vortexed 

for seven seconds using a Gene 2 (Scientific Industries).  Then samples were incubated at 55
0 

C

for 20 minutes using an Isotemp 220 (Fisher Scientific).  After incubation, the samples were 

vortexed again for 15 seconds and put back into the incubator for 15 minutes.  The samples were 

put into a refrigerator at 20
0 

C overnight to let the ProK break down the tissue samples.  Each

procedure performed followed the Qiagen’s Dneasy protocol to purify DNA in each sample (see 

Appendix I). 

On December 19
th

 the samples were removed from the refrigerator and vortexed for 15

seconds.  Next, the 15 samples were centrifuged at 500 rpm for two minutes to get rid of all 
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debris.  All excess liquid was pipetted and transferred into new 1.5 mL centrifuge tubes.  

Approximately 200 μL of Buffer AL was pipetted into the samples and vortex for 15 seconds.  

Then samples were incubated at 55
0 

C for 10 minutes.  Close to 200 μL of ethanol was added and

mixed by vortexing.  Each sample mixture was pipetted into Dneasy Mini Spin Column 2 mL 

collection tubes.  Samples were centrifuged for 1 minute at ≥ 6000 xg and discarded all flow 

through and collection tubes.  Approximately 500 μL of Buffer AW2 was added to each sample 

and centrifuged for 3 minutes at 20,000 xg (14,000 rpm).  The flow-through and collection tubes 

were discarded and spin columns were transferred into 2 mL centrifuge tubes.  Then each sample 

was eluted by adding 200 µL of Buffer AE into the center of the spin column membrane.  

Samples were incubated for 1 minute at room temperature and centrifuged for one minute at ≥ 

6000 xg. 

Each sample was checked using a Nano-drop Spectrometry 1000 (Thermo Scientific) to 

determine the qualitative analysis and purification of DNA that may be present in samples (see 

Appendix J).  Before this procedure begun, the spectrometry was cleaned with Buffer AE 

(Elution) from Qiagen Dneasy Tissue kit to get rid of any possible contaminates.  Approximately 

200 μL of each sample was pipetted onto the spectrometry.  The spectrophotometer read each 

sample and identified its purity and quantity.  Following spectrometry, a polymerase chain 

reaction (PCR) procedure was performed using Pork Real-time PCR kit (BioGenomics).  In this 

PCR kit, Pork Primers/Probe mixture, Master Mix, and Control DNA was used to amplify DNA 

in samples.  Close to 4 μL of primer/probe mixture was inserted into sample PCR tubes.  Next, 

20 µL of template DNA was inserted into samples (see Appendix K).  The Real-time PCR 
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(Corbett Research) machine was set to run at 95
0 

C for 10 minutes, 95
0 

C for 15 seconds, and

61
0 

C for 40 seconds (40 cycles).  This procedure ran overnight.  On December 20
th

 Real-time

PCR procedure was continued.  Later amplification results determined 11:16 samples 

concentrations (peaks) were low and 4:16 sample concentration peaks were high.  The lower 

peaks indicated the amount of DNA may have fallen below detection limit/DNA may not be 

present in the following samples: sample 03 B, 05 B, 06 A, 06 B, 07 A, 08 A, 09 A, 10 A, 11 A, 

12 A, Pig Skin Sample A, and Control DNA (pork).  Higher peaks indicated there might be DNA 

present in samples 04 B, 04 B, 05 A, and Pig Skin Sample B. 

A Gel Electrophoresis procedure was performed to determine if there was any success in 

Real-time PCR reactions.  A 1% agarose gel was made using 1.85g of agarose powder and 185 

mL of 1X TAE Buffer solution.  The powder was placed into an Erlenmeyer flask followed by 

185 mL of buffer solution.  Solution was mixed and placed inside a microwave for 

approximately 4 minutes.  The solution was placed into an incubator for seven minutes to cool in 

order to prevent the agarose from solidifying.  Once the agarose cooled, it was removed from the 

incubator and poured onto the electrophoresis to set for approximately fifteen minutes for 

solidification.  The electrophoresis wells were loaded with 15 samples including DNA ladder.  

The gel ran on the electrophoresis for 1 hour and placed into plastic Rubbermaid Tableware 

filled with ethidium bromide to penetrate the gel and bind DNA.  Then the tableware was placed 

on a shaking incubator for 15 minutes followed by the distaining of the gel in distilled water.  

The gel was immediately placed back on shaker for 5 minutes for re-staining.  Agarose gel was 

viewed under a Foto/UV 21 (Fotodyne) to identify if any DNA bands were present and a picture 
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of the gel was taken using a Fluor Chem SP Image (Alpha Innotech).  This instrument can be 

used for ultra violet gels and protein gels.  Saran wrap was placed on top of the Foto Ultra 

Violet/21 machine to excise DNA bands.  

QIAquick Gel Extraction Kit using a micro-centrifuge procedure was conducted to 

extract and purify DNA of 70 bp to 10 kb from standard or low-melt agarose gels in TAE buffer.  

The DNA fragments were excised from the agarose gel with a clean sharp scalpel.  Each gel slice 

was weighed in a colorless tube and 3 volumes of Buffer QG were added to 1 volume of the gel 

(100 mg - 100µL).  These fragment samples were incubated at 50
0 

C for 10 minutes.  To help the

gel dissolve, samples were mixed by vortexing the tubes every two to three minutes during 

incubation period.  After the gel slices had dissolved completely, the color of the mixture turned 

yellow.  Next, one gel volume of isopropanol was added to each sample and mixed.  QIAquick 

spin columns were placed in a 2 mL collection tube.  To bind DNA, the samples were applied to 

the QIAquick column, and centrifuged for one minute.  Flow-through was discarded and 

QIAquick column was placed back in the same collection tube.  After flow-though was 

discarded, 0.5 mL of Buffer QG was added to QIAquick column and centrifuged for 1 minute.  

This step will remove all traces of agarose.  It is only required because samples will be used for 

direct sequencing.  To wash, 0.75 mL of Buffer PE was added to the column and centrifuged for 

one minute.  The flow-through was discarded and the QIAquick column was centrifuged for an 

additional one minute at 17,900 x g (13,000 rpm).  Each QIA column was placed into a clean 1.5 

mL microcentrifuge tube.  To elute DNA, 50 µL of Buffer EB was added to the center of the 

QIAquick membrane and centrifuged the column for 1 minute (see Appendix L).  Because no 
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amplicons were present in samples, this experiment was replicated by performing the 

amplification of DNA procedure on each sample using two specific primers called 18S primer 

and Cytochrome b primer. These two primers were made to only detect Sus scrofa (pig) DNA 

sequencing. 

Prior to DNA amplification of samples, 292 µL, 317 µL, 329 µL, and 324 µL of distilled 

water were added to the stock tube.  Approximately an hour later, all four tubes of stock were 

vortex for 10 seconds.  The amplification procedure began by adding 10 µL of DNA template 

and 15 µL of distilled water to all 15 concentrated samples.  After the DNA template and water 

was added, each was pipetted into small PCR tubes.  Samples were placed into Real-time PCR 

machine to run overnight.  On the next day, the Gel Electrophoresis procedure was performed 

again to determine if there was any success in Real-time PCR reactions.  A 1.2% agarose gel was 

made using 1.74 g of agarose powder and 174 mL of 1X TAE Buffer solution.  Prior to loading 

samples in the wells, the loading dye and distilled water already added to my samples per 

instructions.  Once all samples were loaded into the wells, the gel electrophoresis kit was set at 

80 runs for approximately one hour.  Following gel electrophoresis procedure, the agarose gel 

was stained in ethium bromide for about 15 minutes.  The agarose gel was viewed again under 

the Foto/UV 21 (Fotodyne) to identify if any DNA bands were present.  However, DNA bands 

were present in maggot samples but only in 1 of the 2 primers.  Bands were present in 18S 

primers but were present in both control pig A and pig B skin samples.  Lastly, all samples were 

purified using Qiagen’s QIAquick PCR Purification Kit and sent off for sequencing (see 

Appendix M).  Results determined that DNA sequences were identified as species Sus scrofa 
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(pig) from 18S.  Therefore, these results can positively confirm that (Sus scrofa) pig DNA was 

successfully extracted from the gastro-intestines in maggots. 
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CHAPTER VI 

DISCUSSION 

Research Overview 

Two seven week old female Sus scrofa (pigs) were used as an animal model for the 

identification of human remains.  Maggots that were collected served as a secondary tool for the 

identification of Sus scrofa remains by DNA analysis of the gastro-intestines contents of fly 

larvae.  Temperature and relative humidity mad a major influence on the rate of decomposition 

between Pig A (indoor) and Pig B (outdoor) carcasses.  The amount of DNA recovered in 

remains was influenced by arid environment and carcasses’ locations.  In this research, the 

recovery of DNA in indoor and outdoor environments will help improve understanding of 

different environmental influences on decomposition.  

Fifteen maggot samples were tested using a Nano-drop Spectrometry 1000 (Thermo 

Scientific) to determine if pig DNA was present in larval insect gut samples.  Following 

spectrometry, polymerase chain reaction (PCR) procedure was performed using a Pork Real-time 

PCR kit (BioGenomics).  In this PCR kit, Pork Primers/Probe mixture, Master Mix, and Control 

DNA was used to amplify DNA in samples.  Amplification results determined 11:15 samples 

concentrations (peaks) were low and 4:15 sample concentration peaks were high.  The lower 

peaks indicated the amount of DNA may have fallen below detection limit and DNA may not be 

present in the following samples: Sample 03 B, 05 B, 06 A, 06 B, 07 A, 08 A, 09 A, 10 A, 11 A, 

12 A, Pig Skin Sample A, and Control DNA (pork).  Concentration of DNA peaks were higher in 

samples 04 A, 04 B, 05 A, and Pig Skin Sample B indicting there might be DNA present. 
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To reconfirm DNA in the samples they were run on a Gel Electrophoresis.  Results 

showed there were no DNA amplicons present in samples.  Based on the information obtained, 

there was little to no DNA present.  This may have resulted from the kit that was used in this 

research.  The Pork Real-time PCR Kit is proprietary and did not provide any information on the 

type of primer sequence.  Because of the lack of available information if the samples were sent 

off for sequencing it would be difficult to determine what species each sequence originated from.  

It is critical to this research to be certain of the correct primer sequences.  This will allow the 

correct DNA sequencing from a specific species.  4 of 15 samples showed high levels of purity 

and quantity it would be best to replicate this experiment by cloning the products into a plasmid 

vector that can be used for sequencing.  This experiment was replicated using two specific 

primers Cytochrome b and 18S to amplify DNA that may be present in samples.  These primers 

are designed to identify Sus scrofa (pig) DNA sequencing.  Samples were run a Gel 

Electrophoresis.  As a result, 18S bands were present in maggot samples and sequences 

confirmed that pig (Sus scrofa) DNA was successfully extracted from samples. 

Polymerase chain reaction (PCR) is a scientific technique used to perform DNA analysis.  

In addition, amplification and direct sequencing are two methods that were used to determine the 

identity of the pig carcasses.  This procedure is commonly used when trace amounts of degraded 

DNA are found through sequencing in which the data is definitive and highly informative for 

human individualism.  However, there are some concerns with DNA sequencing such as 

contamination during amplification cycles and potential heterogeneity within an individual.  

Despite these concerns, DNA sequencing has become a routine in forensic investigations and has 
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help solve criminal cases in the judicial system (Gill, Hopgood, & Sullivan, 1992).  Research 

findings will be used as a model case study for the forensic community.  In addition, this 

research can be used as a forensic tool for scientist, law enforcement, and the criminal judicial 

system.  This research will help facilitate the successful adjudication of criminal cases.  This 

study will advance the field of forensic science by identifying how environmental areas can 

influence postmortem changes and affect the presence of DNA in human remains.  In addition, 

results and conclusions from this research can be a used as evidence to link a suspect to the crime 

and inform researchers that this study shows validity.  This study and can be used as a reference 

for future research in forensic science and help solve criminal cases in the courtroom.  Future 

research should be carried out to test all four seasons of the year to identify the different 

influences temperature and precipitation would have on the recovery of DNA in a semi-arid 

environment.  It is also important to test the growth stages in maggots to determine at what 

stages are best suited for the recovery of DNA in remains (Reardon, 2012; Fitzsimmons, 2007; 

Campobasso et al., 2001). 

An observation was noted during this research on the rate of decomposition between Pig 

A (indoor) and Pig B (outdoor) carcasses.  Although, both carcasses had a rapid faunal 

succession, Pig B decomposed at a faster rate.  An assumption can be made that the differences 

in decomposition was deferred due to the carcasses being housed in an enclosed and outdoor 

environment.  The process of decomposition in pig carcasses that were exposed to sunlight and 

shade were influenced by seasonal and environmental factors such as temperature, rainfall, and 

faunal succession (Linhares & Lopes de Carvalho, 2001).  Anderson (2011) stated that 
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temperature had an influence on the recovery of DNA and decomposition rate in pig remains.  In 

this research, environmental factors such as temperature, relative humidity, oxygen, weather, 

time of year, and carcasses’ body mass had influences on the rate of decomposition.  The results 

of this research study indicate that rates of decomposition between both carcasses were 

influenced by biological changes that occurred within the body.  Results from this research also 

indicate that rapid faunal succession had an influence on the rate of decomposition.  This shows 

that insects are important in the rate of decomposition in remains, the forensic community, and 

can serve as forensic indicators to help solve future criminal cases. 
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Appendix A 

Figure 1. Stimulated indoor environment for Pig A (indoor) Figure 2. Outdoor setup of mesh wire cage for Pig B 

(outdoor) 

Figure 3. Indoor setup for Pig A Figure 4. Weather station setup 
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Figure 5. Sus scrofa Pig A (indoor) in 1st stage on day 1 Figure 6. Sus scrofa Pig A (indoor) on day 2 with white 

 foam leaking from the nose.  This was a sign that rigor 

    mortis had taken place throughout the body.
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Appendix B 

Figure 7. Sus scrofa Pig B (outdoor) placed in cage on day 1  Figure 8. Sus scrofa Pig B (outdoor) in 1st stage on day 1 

Figure 9. Sus scrofa Pig B (outdoor) in 2nd stage with Figure 10. Sus scrofa Pig B (outdoor) with discoloration 

pink-white appearance on day 2 of the skin on day 3 
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Figure 11. Sus scrofa Pig A (indoor) in 2nd stage with blue 

discoloration on day 3 
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Appendix C 

Figure 12. Sus scrofa Pig A (indoor) with blowfly activity Figure 13. Sus scrofa Pig B (outdoor) in 3rd stage with 

on day 4  maggots feeding heavily on the remains on day 5 

Figure 14. Sus scrofa Pig A (indoor) in 3rd stage on day 7   Figure 15. Sus scrofa Pig B (outdoor) in 4th stage with 

With extensive maggot activity   bones present on day 6 
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Figure 16. Sus scrofa Pig A (indoor) with maggot activity Figure 17. Sus scrofa Pig A (indoor) in 4th stage with 

and mummification of outer tissues on day 8  mummification and dry bones on day 11 
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Table 1 

Stages of decomposition between Pig A (indoor) and Pig B (outdoor) carcasses 

Note.  The above table shows the stages of decomposition and inset activity between Pig A

 and Pig B carcasses.  The abbreviation N/A means non-applicable. 

Day Pig A Stage of Decomposition Pig B Stage of Decomposition 

1 First Stage (Fresh)  First Stage (Fresh) 

2 Second Stage (Early) Second Stage (Early) 

3 Second Stage (Early) Second Stage (Early) 

4 Second Stage (Early) Third Stage (Advanced) 

5 Third Stage (Advanced) Third Stage (Advanced) 

6 Third Stage (Advanced) Fourth Stage (Skeletonization) 

7 Third Stage (Advanced) Fourth Stage (Skeletonization) 

8 Third Stage (Advanced) Fourth Stage (Skeletonization) 

9 Third Stage (Advanced) Fourth Stage (Skeletonization) 

10 Third Stage (Advanced) Fourth Stage (Skeletonization) 

11 Fourth Stage (Skeletonization) Fourth Stage (Skeletonization) 

12 Fourth Stage (Skeletonization) Fourth Stage (Skeletonization) 

Insect Activity 

Present on Pig A  

N/A 

N/A 

N/A 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Insect Activity 

Present on Pig B  

N/A 

N/A 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

No 
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Appendix E 

Note.  This figure shows the weather readings for week one research 
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Appendix F 

Note.  This figure shows the weather readings for week two research 
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Appendix G 

Note.  This figure shows the weather readings for the final days of research 
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Appendix H 

Table 2 

Maggot samples collected from indoor and outdoor Sus scrofa (Pig) 

Day Pig A Sample # Pig B Sample # 

1 0 0 

2 0 0 

3 0 03B 

4 04A 04B 

5 05A 05B 

6 06A 0 

7 07A 0 

8 08A 0 

9 09A 0 

10 10A 0 

11 11A 0 

12 12A 0 

Control Skin Sample A Skin Sample B 

Control BioGenomics DNA Pork N/A 

Note. The above table includes maggot samples collected from both  

pigs and control samples that were used for DNA isolation and determination. 
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Appendix J 

Table 3 

DNA concentrated samples from maggots using Spectrometry (Thermo Scientific) 

Sample 

ID Date Time ng/μL 

A-

260 

A-

280 260/280 260/230 Constant 

Cursor 

Pos 

Cursor 

Abs 

340 

Raw 

03B 12/19/2013 

1:45 

P.M. 30.45 0.609 0.289 2.11 0.98 50 230 0.619 0.043 

04A 12/19/2013 

1:47 

P.M. 136.04 2.721 1.231 2.21 1.96 50 230 1.385 0.079 

04B 12/19/2013 

1:49 

P.M. 11.85 0.237 0.116 2.04 0.53 50 230 0.447 0.008 

05A 12/19/2013 

1:50 

P.M. 92.99 1.86 0.917 2.03 1.31 50 230 1.422 0.454 

05B 12/19/2013 

1:51 

P.M. 23.78 0.476 0.248 1.92 0.58 50 230 0.826 0.102 

06A 12/19/2013 

1:53 

P.M. 57.55 1.151 0.626 1.84 1.2 50 230 0.957 4.05 

07A 12/19/2013 

1:54 

P.M. 232.3 1.646 2.167 2.14 1.65 50 230 2.808 0.347 

08A 12/19/2013 

1:56 

P.M. 32.31 0.646 0.311 2.08 0.85 50 230 0.761 0.045 

09A 12/19/2013 

1:57 

P.M. 23.24 0.465 0.214 2.17 0.87 50 230 0.533 0.042 

10A 12/19/2013 

1:59 

P.M. 54.52 1.09 0.506 2.15 1.21 50 230 0.904 0.118 

11A 12/19/2013 

2:01 

P.M. 111.25 2.225 1.223 1.82 0.57 50 230 3.895 0.71 

12A 12/19/2013 

2:02 

P.M. 322.26 6.445 2.899 2.22 2.33 50 230 2.762 0.031 

Control 

Skin 

Sample 

A 12/19/2013 

2:03 

P.M. 241.49 4.83 2.163 2.23 2.11 50 230 2.286 0.037 

Control 

Skin 

Sample 

B 12/19/2013 

2:04 

P.M. 48.94 0.979 0.515 1.9 0.7 50 230 1.401 0.066 

Control 

DNA 

Pork 12/19/2013 

2:06 

P.M. 302.22 6.044 3.055 1.98 1.4 50 230 4.306 0.609 

Note. The above table includes numbers from the DNA concentrated samples and control 

samples tested using a spectrometry to determine the qualitative analysis and purification of 

DNA that may be present in samples.  
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Appendix L 



Texas Tech University, Paris Favorite, May 2014 

71 



Texas Tech University, Paris Favorite, May 2014 

72 

Appendix M 
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