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Abstract

The role of DNA in crime scene investigation over the last couple of detaddseen
immense. DNA materials as evidence are routinely collected from conventional sources (body
fluids) from a wide range of crime scenes. In the absence of conventional sources, DNA
evidence can be obtained from namnventional sourcedike touch DNA and gut contents

of Dipteran larvadound on or near the bodyWhile moststudiesabout insects and their

larval stages obtaircefrom crime scenghave been done for PMI estimation, the use of gut
contents fromMegaselia scalarif@Diptera, Phoridae) larvae for human identification has not
been yet investigatedThe larvae’sability to crawl through tight spaces make thesn
important species for both indoor crime scenes and also in the cases of buried £dnpthe
present study, a comprehensive framework has been developed to extraeinsent DNA

from the gut contents of larvae of M. aaris (Diptera, Phoridae), fed on Susdfa tissue

and u® it for STR analysis, making a tool for human identificatiading forensic
invedigations. The larvae were fixed using 5 different protoc@$suspending the larvae in

hot water (>80°C); (b) larvae kept &0°C; (c)drvae keptm EtOH (98%) and stored 20°C;

(d) larvae kept at20°C for 4hrs and later kept in EtOH; gaeye first suspended in hot water
(>80°C) and kept in EtOH (98%4)°C. Despite the small size of the larvae (2.0 £ 0.5 mm) and
low amount of gut content (0-B.5 mg), DNA extraction of the gut contents of larvae was
undertakensuccessfully usinipe Qiagen® InvestigatoxtactionKit. The extracted samples

were gquantifiedand the maximum quantification was obtained from the larvae fixed by
freezing at-20°C with an average of 3.6F 0.05 ngful per sample, followed by larvae fixed

with EtOH at20°C with 2.55 0.06 ngful per sample. A positive PCR amplification result was
obtained from the mitochondrial geneytochromeb (149bp) and ribosomal gene 16s rRNA
(138bp), which was confirmed by analysis through BlastN, showing a positive result of Sus
scrofaDNA sequence. STR analysis of the samples was done using Multiplex PCR test kit with
11 autosomal markers and 1 gender specific marker for Sus séxafampleteSTR profile

was obtained from the samples (minimum 1 crop) with a match on alMoen compared to

the control sample. The results obtained from this study are signifisare M. scalaris is an
important fly of forensic interest with a cosmopolitarsttibution, generally encountered by
investigators in crime scenes. The results obtained also show that preservation of larvae with

EtOH (20°C) and only freezing20°C) help in proper DNA typinghich is helpful for
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investigators as it is a more practical and easy method for proper collection and preservation

of the larvae.
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1. Introduction

In a wideranging definition, forensic science is a combination of different branches of
sciencathat can provide informatiomo a court of law, enforced by investigating agencies in
the criminal justice system all around the gloléroughthe ages, as society growsore
complex, stringent rules and laws are required to regulate the actions of its members.
Forensic scienceand its application of knowledge and technolpgyan be used by
investigatordor the enforcement of such law§aferstein, 2013).

Forensic atomologyis a specialisedributary of forensic scienceyhere arthropod science
interactswith the judicial systeml(ordet al., 1986).Insectsare generally founadolonsing
decomposing corpsgandthis colonsation can beused to estimate the postiorteminterval
(PMI)of the corpse (Amendt et al2004).The application of forensic entomology is not only
restricted tothe morphologicalidentification of insects but also tomolecular level analysis
based on DNA extraction and sequencing of specific nucleotide regions of both adult insects
and larval stage(maggots)Tucciaet al., 2016)

DNAhas acted as a multifaceted tool of crime scene investigation over the last couple of
decades.DNA materials as evidence aneutinely collected froma wide range ofcrime
scenesMost of the DNA material is gatherémm conventional source$ike body fluidsand

body tissue However,in situations where none of these can f@rovered, the investigatsr
canshift to non€onventional sourcesuch asouch DNA andwg contents of larvaeThe DNA
material recovered carbe analysed further after a performing an extraction from the
collected sample using specific protocols.

DNA extracted from gut content of larvagofr-conventional sources) iften present in very

low amounts and utmost care required for the properpreservationof the same.Short
Tandem RepedSTRprofiling of the extracted sampleanestablish a relation between the
guestioned sample and the reference sample (Butler, 2005). A positiveloau8-STR profile

is a gold standard in terms of individwsalion and establishment of relationshigetween
samples(Lynch, 2003)in thisstudy, an attempt to extract DNA from the gut content\éf
scalaris(Diptera, Phoridae) larvae, a naonventional source of DNA evidenaas made

assessing its reliability as a tool for human DNA identification ifotfemsiccontext.
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1.1 Theadvent of brensicscience

The history of the discipline obfensic science dates back to many centufssce 275BC).
During the initial periodthe primary tool of investigatiowas limited to careful observation
and interpretation of the physical evidence (Eckert, D0®8ut, with the advancement of
science wer the years careful observationhas been joinedoy much more preciseand

accuratescientificmethodologyfor evidence examination and itsxderstandingFig. 1.1)

1.1.1 Early development

The birth of this discipline dasdack to 275BGvhere ancient forensewere mainly practiced

by Romans and ancient Greeks. The famoase of the golden crown oih§ Syracuseand

the application of science to solve i probably the first recorded instance thfe use of
science in thecriminal justice system (Williams, 2015). In this case, investigators measured
the exact weight of the gold used to make the crown which was weighted in water against
the golden crown of King Syracuse. The difference in the water level due to presence of
different light material led to the prosecution of the crimin&imilarly, irthe 39 centuryAD

in modern day @ina, the manuscriptitied as ‘Yi Yu JiCollection oiminal Cases) reported

a case involving a woman suspected of killing her husband and burning the corpse. When
asked by the investigators, she saiek husband had diedue to an accidental fire. During

the investigaton, the coroner noticed that there was no deposit of ashes around area of the
mouth of the deceased. He performed an experiment by burning a dead pig and an alive pig
and noticed that there was no ash deposition on the pig that was dead before the
experimentation. He concluded that thehusband was dead before burning. Upon

confrontation, the lady admitted her crime (Saferstein, 2013).

1.1.2 Initial scientific progression

During thelate 18" and the early 19 century AD, the breakthroughsn chemical science
facilitated forensic science tbake substantialstrides forward.In 1775, Carl W. Scheele, a
Swedish chemistevised a test for successful detection of arsenic from deceased boMies.
significantcontribution in 1814 was made by a Spaniard, Mathieu Orfila, when he published
a scientific paper based on detection of poison and its effects on an{Palses, 1986) ater,

in 1830, a British chemist, Jamesaidh described a testknown as ‘Marsh dst’, to detect
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very low amount of arsenifGerber& Safersein, 1997) The developmerstmade by Orfila
and Marsh wereapplied to a casein 1840,where Mr. Lafarge was found dead under
mysteriouscircumstancesUpon analysis, Orfila concluddwat the death was due to arsenic
poisoningpresent in the food. Subsequently, Mrs. Lafarge admittedt gn confrontation
(Wilson& Wilson 2003). A spatof other chemical discoveriasere made at this time which
had practical application in forensic science. The included microcrystalline test for

haemoglobin in 1853 and presumptive test of blood in 1863 (Saferstein, 2013).

1.1.3 The need of personalientification andmodern scientific beakthrough

By late 19' centuryAD, investigatorsegan to use science to study crimWith theincreasing
number of criminal activitieghe major hurdle investigators facedaspersonal identification
(Moenssenset al, 2007). French scientist, Alphonse Bertillon, in 18d@@vised the first
method of personal identification calling it anthropometry. Howetbkis method of body
measurement was soon outdated and was replaced by the use of fingerpntrtsduced by
the Englishman Frandit Galton, which was usethter successfullypy an Agentine saéntist,
Juan Vucetichin 1892 Ruggiero, 2001)After the discovery of lbod groups by Karl
Landsteiner in 19QJand successful grouping of dry blood by Dr. Leattes in 1915, the
process of identification by blood groups began toused in criminal investigation. Around
the 1920s, gioneer of forensic scieng&dmond bcard(1877%1966) declaredthe exchange
principle stating that ‘evey contact leaves a trace’. The mudentieth century saw the use

of micoscopes for different purposes andn parallel, there was a revolution in computer
technology. However, the most significant contribution was made in 1986, when DNA
fingerprinting was introduced for the first time by Sir Alec régH (Jeffreyset al, 1985h).
Later, with the deelopment in biotechnology and the use of PCR, DNA techniques became
the most powerful tool foforensicinvestigators around the world. Further, the development
of PCR by Kary ilis (1986), RPCR by Higuchi (1992) and the starthefHuman Genome
Project (HGP)n 1990,have changed the modern criminal investigati@antor & Smith,

1999) Development of STR kiltke Powerplex 1ghasalsoaided personal identification.
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1.2 Role of forensic science in criminayestigation

In most criminal investigatianthe role offorensic sience is pivotalKirk, 1963)The process

of complete examination of evidends demarcatedinto three phaseqFig. 1.). The first
phasebegins at he crime scene, whicls the opening point of théorensic investigation and
acts as a foundation arounahich all the resulting analysis revolvéto(icket al., 2015) The
proper identification of the items (physical evidence) at the scene is very important.
Moreover, successful recovery of the itemsigical as it dictates the terms of subsequent
analysis (Jackso& Jackson 2011).During the second phaséhe evidencecollected is
examined and analysed in the forenkiboratory. The analysis of the evidenceauisdertaken

to establish a relation beteen it and the scene of thecrime and anysuspect. The data
obtained upon examination will corroborate with the prepositions put forward by the

prosecution or by the defencé&iegel, 2010)

Scene of oy . .
. Identification Collection Documentation
Crime
ForenSIC Examination Analysis Opinion
Laboratory
Presentation gzig c?; Decision

Fig 1.1The process of forensic examination and legal examination of evidimeanportant to note
that every sample analysed in the forensic labgserallynot presented as an exhibit in the court

law for judicial analysidn routine, the most suitablesample is presented. However, semples are
not destroyedcompletely the court, on its discretion canaskfor this workto also be presented
(Jacksor& Jackson2011)

In thelast and thdinal phase, a report is prepardsed on the data obtaindualy the forensic
scientist involved in the analysasd examination of the evidencahich is presented in the
court of law for judicial review. Generally, the report is enough for judicial review, but
sometimes the court can also ask the scientist to be presetite courtto give an expert

testimony (Jackson & Jacks@®911).
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1.3 Crime scenawestigation

As alreadyresentedin section 1.2, the scene of crime holds all the keys to an investigation.
Improperexamination of the scene can have-faachingnegativeeffects on the outcome of
acase.lt is a scientific analysiwhichneeds to be systematic, logical and methodical &ee
Pagliarg 2013). The importance of collection of different types of evideraned proper
analysiscan also be not neglecte@iller, 2009;Saferstein, 2013). The process of securing
the crime scene, collection and analysis of different types of evidence are further discussed

in the following sections.

1.3.1 Securing thesene

The first office(FO),or the first responderto the scene is responsible for securing the place.
Though first priority is always given to any injured perBommedical assistan¢eordaing

off and securing the area is also significdRtsher, 2000) A note of the immediate
surroundingsshould bemade in an attempt to preserve the scemeits original form with
minimum disturbanceThe FO uses police tape to seal off #inea and set boundaries from
the rest of the environmen{FBI, 1999)

1.3.2 Searching thecene:identification and collectioof evidence

After securing the scene, the next step is proper searching of the crime scene in order to
identify and collect evidence. The processedrching foevidence at a crime scene is similar

to that of any archaeological search, in whiattefacts are uneartted in order to have
information about the ancient historic site (Siegel, 2018gfore starting the search, it is
important to know that ontaminating the crime scene is very easypasple walkingn and

out of a scenecan introducea lot of contaminantdike soilfrom the shoesfibres from clothes
andhair strands. These contaminates can be mistaken for evidence, hence, minimum human
interaction is kept during the search and Personal Protective Equipment (PPE) is also worn
(Fisher, 2000)After restridion of the personnel, a search method is established by the officer

in-charge. The method of search varies from erisecene to crime scene (Fig.)1.2
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(a) Strip or line search (b) Grid search (c) Spiral search method
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Fig. 1.2:Differenttypes ofsearch methodgPicture retrieved from Saferstein, 2018%) Strip/Line
searchmethodis used by investigators in an indoor environmesitere they walk ira straight path
acrossthe scene;(b) Grid searchwhere two people start the search perpendicular to each other
covering the whole boundary forming a grithisis very useful in indoor conditiongc) Spiral search
method employs one individual moving inward or outward from the boundary set. Generally, the
movement should from region of less eviderioea region of high evidencéd) Wheel or Ray search

is used in an outdoor crime scenghereinvestigators start from the centre and move outwar(s)
Quadrant method is used in a large crime scene (indoor) where each quadrant is divided into smaller
zonessearched by separate individuals to prevent cross contatian.

The search beggwith the establishment dhe possible point of entry and exit by the culprit
(Hawthorne, 1999) A permanent reference point datum is setup, amith the help of
photography, the scene is documented. The position of all the items found is noted in
reference to the datumA crude sketch (not to scale) is also made. Once the evidence is
located and numbered, it is carefully collected making sure that no damage or cross
contamination takes placé-isher,2002). A plethora of evidence maybencountered at a
crime scenand, for ease of further analysishey are classifié on the basis of their origin
(Table 1.1). After collection, a chain of custody is preparecettsurethat no evidence is left
behind. Al the evidence collected with prospective forensic significance is submitted to the

forensic lab for analysis (LeeR&agliarg 2013).
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Table 1.1 Commonly found physical evidence in a crime scene. dwdenceare classified as either
biological omon- biologicalon the basis of their origin

1.3.3 Nature of evidence

Evidence is the basic unit@€riminal investigation (Siegel, 2018 can exist in various forms
such aphysical evidence, oral or written testimgry aneye-witness account. Aything that
imparts information to aid the investigation can be called evidence & Elarris, 2011). In
recent times, pysical evidence has become anperative aid in criminalnvestigation.
Physical evidencdike fingerprints and DN/Acan objectively linkhe suspect tahe scene of
crime (Lee et al.1994). The basis of physical evidence is the transfer thadrjorward by
Edmond bcard,who statedthat ‘Every contact leavestace (Fig. 1.3 So, irntheory, physical

evidenceshould be present if there waa contact betwen the suspectand the victim.The
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purpose of analysis of evidenceuisdertakento set a link between the evidenctie suspect

and the scene dahe crime.

e e
®

Locard Exchange 4-Way Linkage

Hg. 1.3 The basis of physical evidence is the transfer theory of forensic sclesm Pagliaro, 2013).
In 1934, Edmonddcardstatedthe underlying principle of physical evideribat every contact leaves
a trace This principle governs the persistence and utility of the physical evidence.

Physical evidence recovered fromcame scene can be classified into biological and-n
biological evidencen the basis of originasalready illustrated in Table 1.Theaccurate
scientific analysis of thevidence is very important, as the corroborativalue of physical
evidence in criminal investigations hinges on it (Coyle, 2012). Evidence establishing the victim
suspectrelationship is generally giverthe highest priorityduring the collectio and analysis
process (Li, 2035Although, nonbiological evidence is very useful for establishing class
characteristicsit generallyfails to individuali® the evidence and link to the pastrator
(Saferstein, 2013)l'o overcome this problem, biological evidermaostly usedor accurate

individualistion. Biological evidencdike body fluids, hasa high degree of discriminating
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factor. Scietific analysigrom this kind oevidencelike extraction of DNA, hefjio determine
its source.That is, inon-biological evidence gigeanindication about themodus operandli
biological evidence indicatethe corpus delicti(Saferstein, 2003; Li, 20L5The correct
collection, preservation ahstorage of biological evidence is extremely necessary for accurate

analysis (Table 1.2).

Type of Exhibit Collection Storage

Hair Minimum of 10 plucked hawith  Store frozen in a polythene
visible roos bag

Post—Mortem Tissuesamples such as psoas Tissue samples should be

samples (Cadaver) muscle and bone marrow should frozen in appropriate,
be taken. Deep muscle tissue or sealed, sterile plastic

bone marrow may yield DNA in  containers. Tissue samples

badly decomposed bodies. should not be stord in a

fixative or preservative.

Blood on movable If present as liquid, allow the stair After drying items should

items to dry before collectionCare be submitted individually
(e.g.clothing, should be taken to avoid packaged in paper bags or
bedding etc.) contamination. Wherever possihle sacks. Fold twice at the top

whole items should be submitted. and seal. Store in a cool, dry

When stain is present as dried, if environment. If wet items

possible whole items should be  cannot be dried or

submitted. submitted immediately to
the laboratory, they should
be stored frozen in
polythene bags.

Liquid blood on Collect the stain on a dry, sterile  Swabs should be returned

immovable exhibits swab. A control swab should also immediately to appropriate
always be taken from the swab sleeve/tube and be
unstained surrounding area sealed.Theyshould then be

frozen as soon as possible
Polythene bags should be
avoided for storage.
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Type of Exhibit Collection Storage

Dry blood in large  Using a sterile disposable blade, Swabs should be returned

amount on the surface bearing the bloodstain immediately to appropriate

immovable exhibits (such as wallpaper, plywood, swab sleeve/tube and be
fabric, etc) should be cut away. Ansealed. Each individual item
unstained areaapprox. 23cm must be stored in a

around the stainshould be left. A separate, suitable, properly
non-stained piece of the surface sealed container such as a

material should be taken as a cardboard box. It should
control. then be frozen as soon as
Dry blood can be scraped on to a possible. Polythene bags
sheet of paper using a sterile should be avoided for
disposable blade. storage.

Dry blood in small  Tip of sterile swab shoulge lightly Swabs should be returned
amount on moistened with sterile water. The immediately to appropriate
immovable exhibits stain should be swabbed as much swab sleeve/tube and be
as possible by concentrating muchsealed.Theyshould then be
of the stain on to a small area of frozen as soon as possible
the swab. Small swabs should be
used for small stains.

Semen stains It possible the whole item should Dry items should be
be submitted to the laboratory. If packaged separately in
the stains are still wet, allow them sealed paper sacks. Use of
to dry naturally before packaging. polythene bags should be

avoided unless the item is
frozen. Clothing and other
bagged items should be
kept in a cool dry
environment.
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Type of Exhibit Collection Storage

Liquid £men Liquid stainshould be collected in Freeze as soon as possible
a sterile container or using a sterilen a sterile rigid container.
swab. If necessary, swab should be
moistened with sterile water.

Condoms should be sealed with a
clip and handled with forceps. It
may be possible to recover cellular
material from the complainant
from the outside of a condope.g.
saliva, vaginal material, blood,
faeces. It may also be possible to
recover fingerprints from the outer
surface of a condom. If a condom
is immersed in water.g. a toilet
bowl, it can be retrieved using
forceps. Liquid should not be
decanted , contents should be
secured using freezer clip and
should be placed in rigid container.

Vaginal, anal or ml To maximise recovery of semen, Swabs should be returned
Swabs multiple sterile swabs should be immediately to appropriate
taken from each areayith the swab sleeve/tube and be
exception of anal canal and the  sealed.Theyshould then be
rectum. Swabs should be labelled frozen as soon as possible
as to the order taken and the exact
location of sampling.

Penile svabs Sterile swabs should be moistene Swabs should be returned
with sterile water before sampling. immediately to appropriate
Label swabs as to order taken andswab sleeve/tule and be
exact location of sampling sealed. Theghould then be
frozen as soon as possible

Liquid sliva Samples shouldébcollected into a Samples shoulde frozen as
(for reference) sterile 25ml widemouthed soon as possible.
universal bottle with screw cap.
Glass should not be used. Donor’s
name should be labelled with date
and time.
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Type of Exhibit

Saliva fains

Collection

Whole items should be submitted Small items should be

where possible. If stains are

present on the body (i.e. kissing orshould be placed separatel

biting), the area should be

swabbed with a dry, sterile swab ifin a cool, dry environment.
the stain is visibly wet. If the area Swabs should be returned
is dry double swabbing technique immediately to appropriate
should be used (gently apply moistswab sleeve/tube and be

swab in a circulamotion on the

area followed by a dry swab

applied in the same way). Double
swabbing should also be used on
grip marks, injuries etc. in alleged
stranger assaults. Label swabs as to
order taken and exact location of

sampling.

Storage

stored flozen. Larger items

into paper sacks and storec

sealed.Theyshould then be
frozen as soon as possible

Cigarette ends

If transfer of the cigarette end to @ Completely dry cigarette
property/venhicle is likely to be
qguestioned (e.g. walked in on the

bottom of shoe)it should be
stored in a rigid container

ends should be separately
packaged in a polythene
bag, paper bag or eelope
and stored in a cool, dry
environment. Wet or
recently smoked cigarette
ends should be placed in a
sealed bag and frozen.

=<

Envelopes/samps

Stamps, envelope seals or any
other potential DNA evidence
should be removed using a sterile

disposable scalpe

Package separately packa
in polythene bag, paper ba
or envelope and store in
cool dry environment.

Foodstuffs(e.g.
chewing gum)

Collect using sterile forceps
ltweezers

Store in a sterile plastic

container and freeze.
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Type of Exhibit Collection Storage

Faeces If possible, the whole stool should Faecal stools or scrapings
be submitted, although smears on should be placed in a
items and clothing can also give suitable sterile rigid plastic
results. Stains on immovable itemscontainer. Swabs should b¢
should be cut from the surface returned immediately to
with a sterile disposable blade,  appropriate swab

1%

leaving an unstained area sleeve/tube and be sealed.
approximately 23cm around the  Theyshould then be frozen
stain. Large stains should be as soon as possible. Place

o

scraped using a sterile disposable wrappings that have passe
blade. Otherwise stains can be  through the body in a
swabbed with a sterile swab. plastic sterile container. All
Sterile water should be used if the faeces, swabs and

swab needs to be moistened. In  wrappings should be frozen
drugs caseghe entire wrapping  as soon as possible.
should be submitted.

Bones/teeth If possible at leasine piece of Items should be sealed in
bonetwo teeth must be suitablesterile rigid plastic
submitted. containers and should be

frozen as soon as possible

Fingernail Debris Due to the sensitivity of current  Use sealed nail clipper ove
DNA techniques, clippings are prefolded paper packet.
preferred to scrapings. If nails are Seal in tamper evident bag
too short fine pointed swabgan  or sterile plastic container.
be used to swab for debris.

Table 1.2:Collection and preservation techniques used for conventional sources of DNA (Biological
evidence) encountered at crime scendofd & Burger, 1983; Forensic Science Service, Scene safe

Evidence Recovery System, 2004).
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1.3.4 Analysis of eidence

The analysis of samples camovide some important answerdike establishment of
commission of crime, linkingsaispect to &rime scene. The examination dfysical evidence

is doneby two processesdentification and omparison(Lee& Harris, 2011)

1.3.4.1ldentification

Every sample is unique in itavn space and time (Houck &eigel, 2006)As evidence
recovered from the scene comes in many forms, proper identificatieassential (Butler,
2009) The process of identification involves the examination of physical and chemical
properties of the sample recoverethitially, the objectrecoveredis classified as a member

of a class.Two objects sharing a class indicate their origin from a common source, while
objects of different class indicate déferent source(Saferstein, 2004)-orexamplea group

of hair reovered from the sene can beclassified agither humanor non-humanhair. These
characters are calleds‘class charactersind they help to preliminarilysegregateevidence
(Siegel, 2016)Biologicalsamplesare analysed carefully before making an attempt to
individualise the source of it origin. Presumptive tests are conducted in order to classify them
into particular classs These tests are easy, simple in procedure and cheap (Butler, 2009).
Generally, a sallamountof material is used for the analysiRresumptive testfor biological
sample not only help to identify appropriate material for individuatisn but alsohelp in
species identification. The presumptive test is followed by confirmative test to ascertain the

source of origin of the biological sample (Table 1.3).
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Body Fluids Test

Blood Presumptive testkastleMeyer test Leucomalachite green Assay
(Hatch, 1993; Lumino| Fluroscein
Sutton, 1999; Confirmatory testTakayma crystal asagyeaman/Teichmann crystal

Spalding, 2005) assay

Semen Presumptive testVisual examination using alternate light sources
(Elliottet al., Acid Phosphate assay
2003) Confirmatory testMicroscopic examination of spermatozoa using

Christmas tree stairLaser capture microdissection

Vaginal Fluid Presumptive test/isual examination using alternate light sources
(Ablett, 1983: Lugol’s iodine assay.

Gaensslen,1983 Confirmatory testMicroscopic examination anelectrophoresis of
VaginalAcid Phosphatase (VAP)

Saliva Presumptive testVisual examinatioyStarchlodine assayPhadebas

(Greenfield and test of Amylase

Sloan, 2005) Confirmatory test: Imnmunochromatic assaging kits like RSICBaliva
(Independentrorensics)

Urine Presumptive testAlternate light source for locating stains

(Nickolls, 1956) Confirmatory testMicroscopic crystal analysis for Urea crystals

Sweat Presumptive testAlternate light source for locating the stains
(Sagaweet al,, Confirmatory test: Immunological assays with monoclonal antibody
2003)

Table 1.3Presumptiveandconfirmative tessof body fluids generally recovered from crime scenes

Later, after classifying an object into a class, the next step is to indivsaualif two pieces
of evidence are uniqu® one another butdifferent from the members of its claghenthey
are said to be individualed. The unigueness of one piece efidenceto another allows
identificationand individualiation ofthe source of its originAll physical evidence reconesl

cannot be hdividualised due to limitations of space and time, but classification of recovered
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items to the class level is often possible and used in evaluation of evidentiary implication

(Thornton, 1986) (Table 1.4)

Evidence useful for classharacters Evidence usefufor individualisation
Small paint marks and paint chips Tool marks antbullets

Dyes and inks Handwriting andingerprints

Soil Blood and other body fluids
Individualfibre Bite marks

*Hair evidence can be used for both classracters and individualization. If root of the hair
is present, DNA extraction is possible, whereas without the root, the hair can be used for class
characterisation

Tablel.4: Individual and class characteristiEvidence recovered fromaime sceneansometimes
be useful for class characterisaticemd sometimafor individualisation. Due tthe presence of some
common characters,evidenceis categorisedinto a single class. Uniqueharactersof a particular
evidence infers individualityo it (Siegel, 2016).

1.3.4.2Comparison

The second process in analysis of evidenceoraparison A comparisonis undertaken
between the questioned sample (sample recovered from the scene) arréfir@ncesample
(samplecollectedfrom the suspect)lt is atwo-stageanalysis (Saferstein, 2013). In the first
stage a fixed number of properties are used to distinguish their source of dKgiye, 2009)

The number of properties is fixed by the testing laboratory and it can vary from sample to
sample.After the comparison, scientists analyse the data and infer a conclusion about the
origin of the sample This conclusion is made after interpretindilkelihood ratio of the
samples.The frequency of the independent properties to occur in the given sample is
calailated using the product rulél'he opinionand the drawing of conclusion about the origin

of the sourceis the second stage of the procg8sedermanret al,, 2007).

Theforensic scientist involvenh the analysis can givaree types of opinion. First, positive,
where the questioned and the reference sample match. Second, negativerewtie
guestiored and the reference sample do not match. Third, no opinion, when there is not

enough evidence to disprove the hypothesis of match ermaich.
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1.4 Insects and amans

Fromtime imperative insects and humankave beenclosely linked to one anotheilhe
interaction concerninginsects and humans Bdeen documentedin some of the earliest
forms of writings and symbolism. Thesourcecan be tracedackto ancient Greece and
Egypt and also toMayan hieroglyphics (Berenbaum, 1995he mention of lice and locusst
during the great plagueof Egypt itn the Bble Rivers& Dahlem 2014).

Although the interaction between insects and hans is very extensive, the evolutiontbé
use of insects tariminal proceedings has increassidcethe famous incident that took place
in 13" century AD inChina.A suspect was convicted ofraurder aftera careful examination
of the murder weaponwhereby the activity and growth of flies on it proved to be decisive
(Tomberlin & Benbow, 2015After the assessment of insect succession on cadavers by
Megnin, the science of forensic entomology was established in thecéB8tury AD (Amend

et al, 2004). The foundation was strengtheghin the first half of the 20 century AD, when
taxonomist began toidentify insects of medictegal importance. Later in the late 20
centuryAD, molecular analysis was introduced to identify insects of forenscast (Sperling

et al, 1994).

1.4.1 Forensic entomology

The use of insects as evidence to aid legal investigatnmstly related to violent cases of
crime, is called forensic entomologyall, 1990)It is not only limited tonedicclegalcases
but also has its relevance in urban entomolgglpng with sored products entomology (Lord
& Stevenson, 1986). Urban entomology contemplates the complications involving
cockroaches, termites and other inseatsa human environmen{Byrdet al., 2010). Sored
product entomologydeals with the presence of insegarts in food items, like maggots in
vegetable saladr insect debrisn food cans (Anderson and Huitson, 2004).

The primary approach used in mediegal casesis the application of the tenperature
dependentgrowth of insects, especially flies, in estimating fhest mortem interval PM|) of
the deceased The colorsation of insects ona decomposing body takeplace in a
chronological orderlFig 1.4, andthe estimation of the minimum PMian becalculated
keeping in mind the appropriate field conditions, & tlevelopment time of a fly varies

according to theconditions of the immediate environme®mendtet al., 2011)
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Fig 1.4:Entomologicakpisodesof carrion decompositioninsectsprogressthrough an anticipated
sequence of stages on tllecomposing vertebrate remainadapted fromMondor et al. 2012: (i)
Exposure phasdhe insect is unable to detect the corpse at this stage; (ii) Detection:pHas@sects
use chemosensory apparatuses to detect decaying corpse; (iii) Acceptance pisese and the
corpse interact and insect exploration for oviposition sites begins; (iv) Consumption phase
Oviposition by insect commences and faunal successigims;(v) Dispersal phas#ature flies leave
leaving the corpse to be col@@d by othetinsects(Tomberlinet al., 2011).

1.4.2 Bodydecomposition and colosation by insects

After death, body cells start to dabue to autolyss, marking the beginning dhe process of
body decomposition LeBlanc& Logan, 2010) The process of body decomposn is
continuous and is characterisely distind sequential phases. Albughphases arethe same
andpredictable the manner of decomposition @nytwo organisms are distinct (Vass, 2001).
Even houghit is a continuum, the process alecomposition can be divideitito five main
phases (Fig. 1)5
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Fig 1.5Different stages obody decomposition. The stagase based on the physical appearance of
the cadave(Tullis& Goff, 1987 Joseph et al.201]). Thebody mass decreases over a period of time
as the body decomposition procee(Sarteret al., 2007 Goff, 2010).

Decomposition begins with the fresh stagedacontinues until there is no noticeable bloating.
During the fresh stage, a series ghysical changes are observedhich includes skin
discoloration, tache no@* andlividity (ivor mortis) (Goff, 2010) Microorganism interaction
produces odour leadinp insect colorsation, which starts under normal circumstances with

Calliphoridae and Sarcophagid@sptera)(Kreitlow, 2010)The insects use a combination of

I Tache noire is the dark, rastown stripe that develops horizontally across the eyes when the eyelids are not
closed after death.
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olfactory and visual indicatorto locate the decomposing body (Wall &isher, 2001).
Golonisation begins around natural openia@f the corpse such asthe ears, eyes and
genitalia. Gravid females arevandstart searching for appropriate places for oviposition or
larviposition(Goff, 2010)

Bacteria,present inside the gut and elsewhere on thedy, start to destroy the soft tissue
producing liquids and volatile gases (Josephl., 2011). Production of these gases leads to
swelling of the body witla balloonlike formation marking the start of the second stage of
decomposition, bloatinglheinternal body temperature increases significar{thp0°Cat this

time, due to the combined metabolism of bacteria and maggots. An internal pressure is
created due to the gases produced, releasing internal fluids to the surroundings from the
openings of the bodygreating an individual ecology independent of the nbgrenvironment
(Goff, 2010). Masses of maggots of Calliphor@mi@eseen around the natural openings and
also within the path of initial invasion. The loss of fluids cleatige pH of the sojlmaking it
alkaline. This results in dispersal of the natural fauna and beginning of saloni by

orgarnisms related tdhe corpseas shown in Fig. 1(@yrd& Castne, 2009).

Omnivorus
Species

Predators &
Parasites of Adventive
Necrophagus Species
species

species

Fig. 1.6Diverse categories of species are related to the carfiseecrophaguspeciescomprise of

Diptera (Calliphoridae and Sarcophagidae) and Coleoptera (Silphidae and Dermestidae); (ii) predators
& parasites of Necrophagus species include some Diptera (Calliphoridae, Muscidae and
Straiomyidad, Coleptera (Staphylinidae and 8ilgae) and Hymenoptera(iii) annivorus species are
mainly Hymenoptera (Vespidae and Foicidae) and Coleopterdiv) alventive species comprise
generallyspiders and centipedeév) accidental species can be any species found thighcorpse from

the surrounding vegetatiofedapted from Goff, 2010)
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The decay phase is marked loeflation of the bodydue to the escape of gases from the
abdomen.The skin of the abdomen is cracked open thune combined activity gbutrefying
bacteria and feeding maggots (Tomberlin ef 2011). Peak feed activity of maggots leads to
highest level of assimilation of the body tissikvers& Dahlem 2014).Predators likeove
beetles(Staphylinidagare also seen present in largembers along with some Histeridae.
By the end of this phase, most of the first cokems Calliphoridae and Sarcophagiddave
completed their development and pupate in the neighbouring soil. Dipteran larvae remove
most of the flesh leaving the body with only skin, bones and cart{i@gé, 1993.

As most of the soft tissue is removele nutritional content of the body is reducednaking
the conditions highly mesophytiand xerophytié. In these conditions, the necrophagus
species are replaced by Cofgera, mainly the Dermstidae. With the dispersal of the
necrophagus species, the phase of pdstay begins (Greenberg, 199Dermestidaeadults
feed on the dried tissue and cartilage, leaving the bone witiolished finish (Goff, 1991
During this stage, a large diversity of taxa is seen dwelling around the decomposed body.
The last phasehe skeletal phase is characterised by theepence of haiand lone only.
Carrionfeeding taxa are not seen in this stagéereas some dvertive* specieslike mites
(Acarina)and springtails Collembola)re visible This stage has no definite end point. With
the passage of time, the soil pidturns to normalleadingthe normal soil fauna to return
(Rodriguez &Bass, 1983)

1.4.3 Factors affectingorpsedecomposition and insect succession

Body decomposition along with insect successipwmariesamong different environmerst It
alsoin amongdifferent corpses (Knight, 1991nthe presence otertain factorsas discussed
later, insect succession arabdy decompositioncan beaccelerated whereas in other
conditions it mayreduceconsiderably (Goff &ord, 2010).

The rate of lbdy decompsition dependson intrinsic factors (internal facrs) and extrinsic
factors (eternal environment) of the deceased (Table 1.5). Intrinsic factors include age and

body constituent of the corpsehe integrity of the bodyand the causef death (Campobasso

2 Mesophytic is a moderately moist environment

3 Xerophtic is an extremely dry environment

4 Adventive species occur in a region/environment in which they are not native or typical and in which they can be present for a short or a
long period
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et al, 2001) Extrinsic factors includéhe ambient temperature, humidityand presence of
clothing on the body. Some external factdike presence of predatoysnayalso affect the

body decompositiorfRodriguez, 1997)

Factors Effect on Bdy Decomposition

Intrinsic (Internal) Age:Reduced rte in foetus and children

Body ConstitutionAccelerated rate inloese

Cause of DeatlRapid putrefaction is sedn individuals who
died due to asphyxia and septic infections.
Integrity of CorpseCuts and damaged skin accelerate
decomposition.

Extrinsic (External) Ambient Temperaturéfemperature range of 235 is
optimum for bacterial growthmaking decomposition faster.
Ventilationand Humidity Windy and dry conditioedehydrate
the corpsetriggering mummification
PredatorsDogsandfoxes can disintegrate the corpdeading

to ahigher rate of decomposition.

Table 1.5 intrinsic and extrinsic factors that affect the rate of body decomposition. Some extrinsic
factors directly affect some intrinsic factors, like predators can affect the integrity of the corpse
(adapted from Campobasso et @200 Viero, 2013

As body decomposition depends on was factors, insect succession on the decomposing
body also varieTable 1.6). Gewagphical zons, defining the vegetation, habitat and
metrological conditionshave a major impact on insect succession (MacGred899). A
difference of arrival time can be observed within species at different locations. Generally,
species of Calliphoridae and Sarcophagidae are the first celarnisit speciesary from place

to place. h tropical places,Lucilia cuprina and Chrysomya megacephalalong with
(Sarcophagap.), are the first colonsers while, in subtropical regions, Luka coeruleiviridis
andPhormia reginaare seen as frequent first col@ers Reed, 1958Early& Goff, 1986).The
exposure of the decomposing body to the sun also plays a rédeimal succession. Calliphora

vomitoriais a shade species, while Lucilia illugbrisfer direct sunlight (Sheaat al,, 1993).
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Despite the high variety of fly species, some of them show high habitat specificity&Byrd

Castnea, 2009). In casework from British Columbiaand southern EuropeProtophormia

terraenovaeandCalliphora vomitariavere discovered ithe ruralareaswhile Luciliasericata

wassolelyfound in urban areafAnderson, 1995yaninet al,, 2008 Vanin& Huchet, 201Y.

Bodies found in open spac
are colonised faster
compared to body in
confined environments (e.(
caves, indoor). Altitude cat
also delay the insecrrival
on the body

*Frigophilousspecies adapted to cold environments
**Xerophilous: species adapted to very dry environments.

Because of environmental
specificity, the composition
of the fauna differs in
different environment (e.g
Lucilia ampullacea forest
environment,Lucillia
sericatamainly in urban
environments Lucillia
illustrisand Lucillia Caesar
mainly along rivers and rural
environments)

*%

Domesticspecies€.g

Musca domestica) and small
species€.g.Megaselia
scalari$ are observed as the
first colonisers

Table 1.6 Multiple factors that affect theate of successiorand compositiorof flies ona corpse.
Some factorgdlike clothing,delay colorsation and injuries hasteolonisation,but do not have much
effect on the composition of the insect communitdépted fromVanin& Huchet, 2017)
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The succession of insects varggeatlyfrom outdoorto indoor environmens. Calliphoridae

and Sarcophagidae havaot been found colonisingbodies during early stages of
decompositionin indoor caseévanin& Huchet, 2017)Burying the body is a common method

of disposal Physical barriers due to buriat only alter insect successitwt also reducehe

rate of body decompositiorfLundt, 1964 Payneet al, 1968). Due to the timeonsuming
nature of digging, perpetrators gerallydisposeof abody in a shallow grave. Burial lisit
the presence of Calliphoridae, aatso delays succession on the decomposing body. Due to
their high penetrating ability from small spaces and openiMysalaris (Diptera,Phoridae)

is usually seen as the first colesi in cases of both burial anddoor situations of body

decompositionCampobasset al., 2004)
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1.4.4 Megaselia salaris (Loew, 1866) a fly of forensiemportance

Megaseliais the largest genus othe Phoridaefamily, with over 1300 species worldwide.
ThoughM. salarisprefersawarmer environment, the species has been dispetsgtiumans
through trade and travel (Disney, 2008).

Megaselia salarisis a smal(2-3 mm) blackistyellow humpbacked fly with a tiny, flattened
head (Fig. 1.3@). Their appearance is similar to geni®oshophila, but they have a
characteristic wing venation patteytypical to family Phoridae (Fig. b)/ These flies move
in aninconsistentway, moving for atsort distance and rapidly chamgdirection to move in
another direction,hence the their commomamethe “scuttle fly” (Loew, 1861; Greenberg,
1991).

Figl.7a: Megaselia scalaris The thorax is Fig 1.7b:Phoridaewing: Thewing venation is
yellowish brown while abdomen is yellowis highly reduced with an absence of cross veins
black with brown bands. The legs are yellawd (scale bar 400m).

well developedwith a stout, expanded, laterally

condensed hind femuscale bar 400 pm)

The lifecycle oM. salaris consists of fouseparatestageswhich include egg,larva, pupa
and adult (Fig. 1)8 The adultslay eggs on a wide range of organic materiaisluding
decomposing corpse The embryoslevelop intosmallwhitish, spindleshapedlarvae The
length of the larvae ranges from 0@nm depending upon the instar stage. The development
of the larva takes about 7 days to complete at optimal temperature &2 §¢with the third

instar takingthe longesttime (about 4 days andalsobeingthe stage of maximunfeeding
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(Fig 1.9). After the completion of developmenthe larva pupats, from which, later, asadult

emerges (Disney2012)

Fig. 1.81ifecycle ofM. salaris: (a) Adult (b) Egg; (c) Larva; (d) Puphe developmendf M. salaris
is seen throughout the whole yeawhich helps in accurate PMI estimatje@ven when activity of
other insects is reducefbchroedeet al., 2003.

Visible Gut
content

Pogerior end nterior end

Fig. 1.9 Elongated andubular s
content can baisedto extract nd

plaris with visible gut content. The gut
an identification (Wellst al., 2001a,b.

As discussed above, Mbalaris has a cosmopolitadistribution. It is adominating specis
acting as the first colosgr in the absence of blow flie8(gelliet al., 2015). Due to their
small size, ey can be foundhabituating buried corpsesvhich gives them the name of

“coffin fly” (Fig. 1.1 This ability is very useful in PMI estimatiwhere there isreduced
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activity of blow fliesln a study conducted b¥uhaet al. (2015) in Malaysia, PMI afcorpse
found indoors was calculated according to the development stagkl.adclaris. Likewise,
during a study conducted by PastulaMerritt (2013), M salaris wasfound colonsing pig
carcases at a depth ap to60 cm.No visible insect activity coud be found at 90 cm¢lspths

of 30 cm and 60 cm eve chosen. In a similar study conducted by Bugelli et(@015) in
central Italy, M. salaris were found in 37.5% of indoor casesonfirming their ability ©

colonse indooss. Similarlyjn cases where the bodyad beemmovedfrom an indoor condition
by the perpetratorsabundantpresence oMegaseliaand absence of blowlies cangive a

indicationabout themovementtransfer of the body (Gunn, 2011)

As the larvae areften found feeding on the outer surfaces of the body, Aaosect DNA
extraction and analysis from the gut is possilider molecular applicatiomare discussed

in the following section.

®) (o -
R, . fﬂm‘w‘&wwh-@é TR

B .

2mm

Fig. 1.10:Comparison between the size of larvda) Calliphorasp. larvae and (b) Msalaris larva
(1X). Due to its small sidd. scalariscan inhabit places with restricted space.

1.4.5 Molecularapplicatiorsin forensic entomology

Traditionally entomologiss carry out species identification of immature and mature stages
of insects using morphological keys, but mémeslarval species of forensic interest are very
similar to one another making it difficult to identify them accurately (Wells et28l01h.
Smilarly, rearing a larva to a fullyrown adult is time consuming and canmetimes be
complicated. Molecular biology finds its application in forensic entomology to oversaoie

complicationgWellset al,, 200%).
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Molecular identification of insectssiachieved byamplifying a specific regioof the
mitochondrial DNA (mtDNAIising PCR by the use of insect universal primers COI+ll (Sperling
et al, 1994; Amest al, 2006;Tuccia et al, 2016). As these primer target fragment of
MtDNA, a greater copyumber is presenthan nuclear DNA fragmenis each cell. The
polymorphic regions ar@ighly stable and are flanked by stableRNA genes (Avise, 1994;
Byrd& Castner, 2009). In a recent development, the fact that individual insect DNA remains
the same throughout all life stagetias beenused for DNA barcodingy tool for species
identification (Meiklejohnet al., 2013) Apart from the traditional mtDNA use, many studies
haveshown that a combination of both mtDNA and nuDNA loci can be used for identification
(Nelsonet al., 2007).

The application of molecular techniquescrucial incases whergerpetratorshave moved

the body from the crime scenieefore the arrival of the constabulariesh@ occurrenceof
undevelopedstages of carriotfieeding species cagive an approximation okhen the body
wasmoved from the scene (Vanin, 201&mpty puraria foundt the scene of crimegeven

after the remowal of the body can bea source of lmman DNAwhich can be extracted and
used for identification of the victifiWellset al,, 2001a,hMarchetti, 2013) Human DNA can

be found inside the digestive tract of carriéeedinglarvaand successful analysis of the gut
contentsmayprovide investigators with information about the victim.

With the advancement of molecular techniqye®t only issex determination of the victim
possible but alsothe identification of the victim ischievablgLinvilleet al, 2004; Zenher et

al.,, 2004) In a study conducted by Luiseal. (2008),a STR profile was obtained frorhe

DNA extracted from the gut of Calliphora viciramilarly,positive STR profiles werdso
obtained from the larval gut contents of Protophormia terraenovae in a study conducted by

Njauet al. (2016)
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1.5 Decoding the encoded evidence: DNA

Thehuman genome has3 billion base pairs, making it “encoded evidence”. Decoding this
evidencecanassist its use in conviction, exoneration and even in identification of victims of
crime and mass disasters (Joblings&l, 2004). In 1985, the concept of DNAgérprinting

was introduced by Sir Alec Jeffreys whike wasworking on repetitive DNA sequences
(Jeffreys et al, 1985a,h. He discovered multipleandemrepeated sections on the genome
that varied from person to person (Butler, 2005). The fissigeof DNA in a forensic context
came about in a case of sexual assault of two young girls and their brutal murder in
Leicestershiren the mid 1980s. The conviction of the criminal was possfiler a positive
match of the suspect’s DNA with the semen staunnd at both crime scenes. More than 3
decades have passed since fimist use of DNAo convict criminalsandDNA testing hasince
seen a tremendous growth in its usetire criminal justice system. Starting with the first use
of variable number tanedm repeats YNTR} today more sensitive and effective topssich
asshort tandem repeats§TRpandsingle nucleotide polymorphisnsP¥are used to bring

the guilty to justiceandalsoto exonerae the innocent (Wambaugh, 1989). Theeof DNA
typing hasnot only belimited to criminal casedut hasalsofound application in paternity

testing, wildlife crimes, illegal trade and several other #fiorensic field.

1.5.1 DNA: sructure

An average human body consists of about 30 trillion cells, all originating from a single cell, the
zygote. All the cells in the body contain the same genetic programming, due to the presence
of a chemical substance called DN#ich contains information focell development,
function, replication and division. DNA acts as the hereditary woittaining a genetic
blueprint that is passed on from parents to their childtemhe whole set of DNA of an
organism is called its genome (Gunn, 2011

The structure 6DNA was first defined by Watson and Crick in the year 1953. The double helix
DNA is a polymer composed of monomeric units made up of 3 components: a nitrogenous
base, a sugar and a phosphate forming the backbone of the structure (Watsonck,
1953a,l). Four nitrogenous basesamely: A (adenine), T (thymine), G (guanine) and C
(cytosine)are present in the DNA molecule (Figl). Different combinations of these bases

give rise to the divergitamong individuals (Butler, 261
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Fig 1.1: Thefour nitrogenous basgpresent in theDNA molecule: (A) Adenine and (G) Guanine are
purines while (T) Thymine and (C) Cytosine are pyrimidines. The ragiirioés to pyrimidines is
always constant (Chargaff, 1951).

In the human cell apart from mature RBCs, DNA material is present in two regions: the

nucleus and the mitochondria (FidlL2).

Rough Endoplasmic Recticulum Nucleus

Nucleolus

I—' Nuclear Envelope

Golgi Body

Lysosome

Cytoplasm

Mitochondrion

Chromosome

Adenine
Thymine Nucleotides
Cytosine

Guanine

Mitochondrial DNA

Fig 112: Human Cell: (A) NucleBNA(nuDNA)is a helical structure with a totdngth of about 3
billion bp. It is present as 3&irs of chromosomes including the sex chromosome. (B) Mitochondrial
DNA (mtDNA) is a small circular DNA with a length of aboug9b®5 Multiple copies of mtDNA are
present in each cell (Butler, 2005)
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Nuclear DNA

The DNA is made up of two long chaingslbérnate sugar and phosphate grougeng wit

a nitrogenous base (Watson &rick, 1953,b). The strands are linked together by the
complementary bases by the process of hybridisation. Adenine forms a double bond with its
complementary base, thyminayhereas cytosine forms a triple bond with guanine. Due to
this hybridisation (baseairing) between the complementary bases, the double helix is
formed (Fig.113). The strands are anpiarallel to each other with one strand polarity reading
from 5-3’ whereas the other strand polarity reads 3:5’ (Farley &Harrington, 1991). The
helical structure was strongly suggested by theypicture in an experiment performed by

Wilkinset al. (1953) and Franklin and Gosling (1953).

I_ Hydrogen bonds
8 3’

LA —=—T-
-G =C- hybridized

Phosphate-sugar | _ Ti—p strands

backbone
—-C =G
FA =T
T A
A T
C G

denatured

3’ G strands C 5’

Fig. 113: Hyhidisation of the DNA strand$lydrogen bonds formed between the bases hold the
strands together. This resalin the coiling of the strandround its own axis (Watson &rick, 195B;
Butler, 2005).

Hybridsation is the fundamental property of a DNA molecule; however, the strands can be
separated with the use of elevated temperature, known as denaturation. It is a reversible
process which can be inverted by lowering the temperature, called renaturation. This
property of DNA to denature and renature very useful in the process of P@Rdescribed

in section 1.5.6.
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Mitochondrial DNA

MitochondriaDNA(mtDNA)is circular in shape with a length of,569 bp coding for 37 genes
(Fig. 114). Multiple copiessometimes even more than 100€an be foundn the cell making

them to easier to detegteven in low amount (Andrews et al.999).
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Fig 114: Genomic Structure of mtDNA (Falah et 2017). It has a neooding region of about,100
bp that has a high mtation rate this region is ats known aghe hypervariable region and is useful in
comparison of DNA samples.

Thenuclear DNA and the mtDNA varies in the manner of their herdditize case of nuclear
DNA, one set of chromosomes is received from the father and the other set from the mother;
mtDNA by contrast,is only transferred from motheto her childrenas the zygote is only
formed by the egg cytoplasfiHouck &Seigel, 2015). As the mtDNA, by contrdsgs not go
through any recombinationt is a formidable tool in tracking family lines the maternal side

(Fig. 115).
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(A) (B)

Fig 115: Inheritance pattern of uclear DNA in comparison to mtDNRAnversity of California
Museum of Paleontology's http://www.understandingscience.o(d) Nuclear DNA is inherited from
all ancestorsone pairof chromosomedgrom the maternal side and one pair frothe paternal side.
(B) The mtDNA is only inherited from the materside and is an example of single lineage inheritance
(Andrewset al., 1999a,b.

1.5.2 The use of DNA as evidence

DNA evidence generag@inique profiles for each individual (apart from monozygotic twins).
The ability to produce such unambiguous profiledus to the difference thaare presentat

the genetic level (Godwiet al., 2011). Akhough most of the DNA (99.7%)@mmonamong
people, itis the small fraction (0.3%) that makes the difference. This fraction of DNA is highly
polymorphicandvariesfrom person to persont can be traced by looking tandem repeats
(Butler, 2005). These regioagse composed by a variableumber of repetition of short DNA
fragments (3250bp) which make each individual unique, aau@ the principle source for the
useof DNA as evidence in forensic scie(end, 2007.)

In human DNApolymorphismspertaining to forensic genetics arenainly found in two

categories: (i) minisatellites (Jeffreys et,al9853, also known as VN$Rand (i)
33| Page



microsatellites, also referredto as STR (Li, 205). The variations between different
individuals is seen due to the difference in thenmberof repeats,with VNTR repeat length
varying from 6100bp andSTR varyingfrom 2-8bp. Due to the difference in thiength,they

are both also known as length polymorphisnisgrberet al, 2000) SNR are the simplest
form of polymorphismyarying in only a single base, also known as sequence polymorphism
(Wambaugh, 1989Both type of polymorphisims are illustrated ilgF1.16.Generallydue

to their high discrimination factor and easyqgeess of characterddion, STR are used widely

by forensic investigatorns criminal investigations

In forensic DNA typing, multiple STR loci are generally examined for generating profiles of
individuals A profile frequency is calculated using the product ribl¢ multiplying each
independent individual locus frequency. The higher the frequencylaWwer the change of

the same profile occurring among two individuals (Butler, 2005).

------ (AATG)(AATG)(AATG)=====.
(B) 3 repeats

------ (AATG)(AATG)==-=--
2 repeats

Fig 1.16Primary forms of DNA polymorphisn{8)sequence polymorphisms (SNPa)d (B)
length polymorphisms (STRs and VNTRS)

1.5.3 Source of DNA evidence

As DNA is ubiquitously presanthumans there are numerous sources of DNA evidence that
shouldbe properly acknowledged while analysing a crime scene. Edwbe left behind at

the scene even without the perpetrator realising it, making it even more important for an
investigation. For exampleéhe suspect’s DNA migHte found on the victim’s body or
deposited on an object around the crime scene. Likewise, the victim’s DNA and witness DNA
along with suspects DNA can be found around the surroundings, hence investigators should
be careful while analysing DNA evidence (Lee etl@P1; Lee, 1996; PrimrosE998). The
sources of DNA evidence that can be found at scene of crime can be broadly categorised into

‘conventional and ‘non-conventional sources.
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1.5.3.1Conventional®urces

Most biological evidengeas described in section 1.3.3i2common source of DNA that can

be located at a scene of crime. Investigators often submit evidencéntsathe possibility of
containing some body fluids to the forensic laboratory for DNA analysis (Leg¥%). The
amount of DNA present generallyanes fromone sample to another (Table }.7"Most
conventional sources have adequate DNA to establish a positive relationship between the
source and the crime. Likewise, kinds of evidence recovered also differ from crime scene to
crime scenefor example in a case of sexual assaudtl the clothing present at the scene
would be used for DNA analysias clothing canontainbiological fluidslike semen and blood
(Saferstein, 2013 Similarly, in cases of homicide, the weapon by which dhme was
commissioned can shopresence of blood. The clothing of the victim and the susgealso
important and can be used for analysis. Similarly, in cases of aggravated assault, a,weapon
like a baseball batan be used to screen fboth victim’s and the suspecti3NA. The handle

of the bat can be analysed for suspedDBlA while the bottom part for thevictim’s DNA.
Evidence,like mask, facial tissug stamgs, glass bottles, spectacledbite marks and
upholstery can also be used for DNA analiystsases of forced burglary and kidnapping (Lee

et al, 1994). Likewisea cadaver found at a scene of crime can also act esnaentional

source of DNA.

Type of sample Amount of DNA

Postcoital vaginal swab
Hair (with root), plucked
Shed hair

Liquid saliva

Oral swab

Urine

Bone

Tissue

Liquid blood 20000640000 ng/ml
Blood stain 250500 ng/cn?
Liqguidsemen 150006300000 ng/mi

10-3000 ng/swab
1-750 ng/root
1-10 ng/root
100010000 ng/ml
100-1500 ng/swab
1-20 ng/ml

3-10 ng/mg
50-500 ng/mg

Tablel.7: DNA content acquired from different sampleNote that the amount of DNA varies upon
the environmental conditionsas well azollection and preservation techniques (Legeal., 1994.

35| Page



1.5.3.2Non-conventional sources

Sometimes the above mentioned convemt& sources are not found at a crime scene. In
such casesinvestigators switch tawon-conventionalevidence.For example, in case of a
missing cadaver, althougionventional DNA analysis cannot be done to identify the corpse
gut content analysis of theatvae found around the possible crime scene rhalp in the
identification of the possible victim (Campobasso et 2005). Similarly, DNA can be also
extracted from empty pupariawhich are generally found even after the removal of the
cadaver (Marcheti et gl.2013). Other entomological tha&vidence thatcan act asa non-
conventional source includes extraction of DNA from fly speck and fly artefacts (X&),

In cases of analysis fif specks, special care haslie taken while collecting the sample as

fly speck are very similar in appearance to small drops of blood (Durdle, 2013). Further,
screening of the blood meal of mosquito and lice for DNA evidence is also helpful, not only
for identification of the victimbut also for the identification purpose of the perpetrator as
well (Lordet al, 1998;Mumcuogl et al, 2004;0shaghet al., 2006;Martinezet al., 2013)

Apart from entomological evidence, transfetrace or touch DNA camlso a be on-
conventionalsource & evidence thatcan be usedn casework fleakin & Jamieson, 2013)
Transfer of DNA takes place in two waysdirect transferand (i) indirect transfer (Fig1I7).
Transfer DNA is generally obtained by analysing the shedding of epithelialoceits on
substrates like glass, fabric and woatbng with the neighbouring surroundings (Datyal,,
2012).For example,ransfer DNAas beersuccessfully found on a knifstudy conducted by
Meakinet al.2017).

A ===) B A mmm) B mmm) C

0 (1

Fig 117: Direct and indirect transfer: (I) Direct, also known as prinransfer, isthe contact between

two bodies This caralso include thdransfer of DNA from an individual without any contdaectly,

such as talking, coughing, and sneezing. (I) Indirect transfer of DNA is when DNA from an individual is
transferred to an item via an intermediary surface. For example, DNA is transmitted from one
individual to another and consequently trangfed to the item (Meakin &amieson2013).
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DNA evidence is very versatile but it is also very susceptible to degradation and contamination
(Capelliet al,, 2003). The molecular analysisaDNA sampléegins with the process of

extraction proceeding to quantification and PCR amplificatioil inallythe generaton ofa

DNA profile (Fig 18).

Transfer of DNA Material

Characterisation of the Material

L

Identification . e
and Collection — Extrg?\}f\n of —> Qu%?tglﬁaA.tlon
of Material
|
\/
PCR STR analysis ta Analysis and
i —>| generate DNA | Interpretation
Amplification profiles of results
|
\/
Report

Fig 118: Analysis of DNAvalence Identification and collection of material takplace at the scene
of crimeg while extraction, quantification, PCR amplification and STR analysis are the molecular

techniques performed (Godwin et a011).
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1.5.4 Extraction oDNA

Biological samples obtained from the crime scene cordaainmber of substances along with
DNA Hoff-Olsenret al,, 1999) HenceDNA needs tbe separated from other cellular materials
and contaminates beforeubsequent analysis (Butler, Z8)0 The main aim of the extraction
process is to(i) maximize the DNA yield from the sample, sufficient for a full DNA prafite

(i) extract DNA pure enough for the downstream procdéike PCR amplification and STR
amplification (Godwiret al,, 2011). Hence it is very important to find a suitable process for
DNA isolation for successful completion of the abaventioned aims. Poor quality DNA can
result in failure to obtain a full DNA profjleven hampeng subsequent analysis (Li, 2015
Independent ofthe method of extraction used, DNA extraction can be broadly divided into
three main stagesncludng: (i) breaking of cell membraseesulting in cell lysis, (ii) protein
denaturation,and (iii) separation of DNA from cellular comporsfotlowing with ts elution
(Hollandet al., 2003).

Methods of etraction

0] Organic extraction (Phen@hloroform)

Organic extraction has been a widelged method for many years by forensic laboratories
for the extraction of the DNA. In this process, a series of reagents are addkaling
Sodium Dodecyluphate SDShnd proteinase K for cell lysis and protein degradation
andPhenolChloroform for separation of DNA from the protein molecules (Fi§)IDNA

is eluted in distilled water(andenberget al, 1997) An improved version of organic
extraction, differential extractioyis used for the separation the female epithetall from
sperm cells in cases of sexual assault, first described in 1985 by Gi(lL&84&l).

This method can be usesliccessfullyo extract large amourd of double stranded DNA,
butit is time consuming and involséhe use ofdangerouschemicalslike phenol, which

can inhibit PCR amplificatioB¢hradeset al,, 2012)
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Fig 1.190rganic extraction of DNA (Li, 281 The DNA is present in the aqueous phadgeile the
lipids and other cellular debris are present in the organic solvent. A thin layer of protein separates
the two layers.

(i) Chelex extraction

In 1991, an alternate and cheap method of DNA extrackanwn asChelex extraction
(BioRad laboratories, Hercules, CAjas introduced (Li, 2015). In this method, the
samples are added to the Chelexsuspension containing styrene divinylbenzene
copolymers, preventing DNA degradatioiiom endogenous DNase (Fig. Q)2
Qbsequent boiling and centrifuge stegsparates the Cheléxresin and other debris
from the DNAwhich is suspended in the supernatawhichis subsequently used for PCR
amplification (Walsh et 311991). Though this method is cheap and rapid, bodinte
sample affects the chromosomal DNA making it single strandednaithg it unsuitable

for STR analysis.
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Fig. 1.20Effect of Chelexon DNA (Li, 2015}t inactivates the DNase with the help of divalent
moleculessuch as M§.

(i)  Solid phase DNA extraction

In recent yearswith the advancement of automation, solid phase DNA extraction
methods have beendeveloped. These are highroughput methods resulting in high
purity DNA sampke which aresuitable for downstream processes like PCR amplification
and STR analysis. One active method is the &iisad extraction generally used in
Qiagen columns foundn the kits provided for DNA extractioG eenspooret al., 1998)

In this approach, the nucleic acid is bound on the silica beads iprédsence of high
concentrations of guanidine hydrochloride, guanidine isothiocyanate, sodium iodide, and
sodium perclorate (Chaotropic saltsyesulting in the denaturation of the protein and
stabilising the DNA molecule (Fig.).25everal washes are performed to eliminate
proteins and other cellular debris (Duncan et aD03). Later, the DNA is suspended in an
elution buffer and stored until further use. Apart from silicased methods, magnetic
particle DNA extraction is also used by forensic laboratories. The PrepfilegneticKit

was introduced in 2008 by Applied Biosystems for {gjgality DNA extraction of forensic
grade (Butler, 2005). These above methods can be automated with the use of suitable
platforms for examplethe QlAcubefor Qiagen DNA extractionand the Tecan Freedom

EVO platform for for Prepfiler extraction(Montpetit et al., 2005)
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Fig. 121: Silicabased DNA extraction columns used in the extraction kits by Qi&mam, (2016); the
silica binds the DNA andfter washing until bufferthe DNAis eluted in elution buffer

Extracted DNA is typically stored a@0-gC, making it suitable to use for subsequent analysis
like PCRandfor longterm storage(Butler, 2005).

1.5.5 Quantification of DNA

The next stepafter extraction of DNA, determination of the amount of DNéxtracted. This

is very essential for its use in PB&sed asay for DNA testingNicklas & Buel, 20037
number of methodsare used for the estimations of the DNA quantilycludingvisualistion

on agarose gels, slot blotMAbsorbance and spectrometrjydrescent dye assay andRCR

or RFPCR.

1. Agarose gel electrophoresis (AGE) is a quick and simple method for estimatirgy by

and quantity. The DNA is separated with the use of electricity in an electrophoretic tank. Dyes
intercalating the backbone dhe DNA moleculeare used like Midori green org&hidium
Bromide, both of whichare visualised under UV ligi{Godwinet al,, 2011). A DNA ladder of
known length is run alongsidéor estimation of fragment size. The brightness of the
amplification bands on the gels can be used for quantity estimdigsay et al., 1997)

2. Similarly the slot blot technique is used to detect human genomic DiNAvhich a small
amount of sample is spottedusing a slot blot device, transferred tona nitrocellulose
membrane. The DNA sample is hybridised with a labelled complimentary probepvithes-
specific DNA sequence. This is visualised with the use of streptavidin and horseradish

peroxidase conjugate giving a colorimetric reactiBandowleet a., 1995) A more sensitive
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test of fluorescence assaysing PicoGreen® dyecan alsodetect dsDNA to 25pg/ml
(Hopwoodet al., 1997)

3. UV absorbance and spectrometry analysis of DNA carhalpdn estimating the quantity

of DNA along with its purity as DNA is absorbed maximally at 260fire spectrometric
analysis is undertakeby putting the sample in a cuvettavhich is kept in the analysis
chamber. Though it is widely usethis method failsto give accurate results with small
amounts of DNA and sat isunsuitable for forensic analysis.

All the above mentioned methods can be used for estimating the DNA quantity, but a more
sensitive and accurate way of measuring quantity BGR or RPCR. The process and

componentsof this techniqueare described in section 3.8.

1.5.6 Polymerase Chain Reaction (PCR)

PCR is an enzymatic procedure in which a particular region of the DNA (template) is amplified
in an exponential manner to produce multiple copies of a particular sequence of DNA. T
process of molecular ‘Xeroxing’ was introduced by Kary Mullis in 1985 while working on
amplifying the Hglobin gene for diagnosis of sickle cell anaemia (Mullis e1886; Mullis &
Faloona, 1989).

Initially, after the introduction of minisatellitg&¥ NTRs) by Sir Alec Jeffreys, most iksic
casework revolved around(@effenget al.,1985a,l). But the analysis of VNTRSs by restriction
length fragment polymorphism (RLFPjimse consuming, and requires a large amount of

DNA for analysjsnaking it unsuitable for some forensic cases. In an attempt to overcome
these limitations, PC&more sensitive and higimroughput method, was used on VNTR loci.
Alleles of size between 5kb and 10kb were positively amplified from fresh matifialef/s

et al, 1988) thus making PCR as the base of several forensic DNA assagliing DNA
guantitation, STR profling, and mtDNA sequencing (Li, 2015).

Soon, PCR technology was incorporated into forensic casework analysis. In 1988, it was first
used in tle examination of the skeletal remains of ay@rold child by amplifying the

polymorphic HLAYQDlocus (Stonekingt al,, 1991 Blakeet al., 1992).
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1.5.6.1Components of PCR

A PCR reaction is made by mixing numerous discrete constituents and then adding nuclease
free deionised water to reach the required volume and concentrations (Butler, 2005). The
components of the PCR reaction are: (i) Template :XN& extracted DNA astas the
template DNA. In most cases of forensic profiling, successful amplification is achieved even
with a lowamount of template (Gill et gl2000). (i) Taq DNA polymerasethermostable
polymerase isolated from the bacteriufihermus aquaticus used, increasing the specificity,
sensitivity and total yield of the reaction (Chiehal, 1976). Tag works optimally at &

80 gqC, and a hot star96 gC) can be ustmiminimise nonspecific bindingresulting in better

yields (Daquilaet al,, 1991). (iii) Bmers one pair of oligonucleotide sequences that flahle
specific region of the DNA template that is to be copied. The melting temperatwrachf
primer in pair usually varies by less thaq® (Li, 2015). Generally, during design of primers
for forensic purposes, it is important to keep in mind the conserved regions of DNA and
therefore, primers are designed in a manner tlen be used tamplify human DNA from all
populations (Budowlet al., 2001). (ivReaction buffer (including Mg{la buffer is used to
generally to maintain the pH of the reaction around-8338 at room temperature, while
divalent cationslike MgCJ, are used to stabilise the priméemplate complex formed. (v)
Deoxynucleosiddriphosphates (DNTP’she building bloks of PCR ardNTPswhich are
merged into the nascent DNA strand during amplificatibypically, equimolar amounts (200

..De }( dWU dWU 'dW v ddW E % E + v§ dtal, 2001 ++ C E

1.5.6.2Process of PCR

The PCR amplification is a process involving heating and coolsemgfies in a specific
thermal cyclic pattern. Each cycle of the PCR is divided into three main pDbaseduration,
Annealing and Extensiomwhich are repeated a@r around 3635 cycles (§. 1.2). (i)
Denaturation: the two complementary strands of the template DNA are separated at high
temperature (959C), causing melting as the weak hydrogen bonds between the nitrogenous
bases are broken. (ii)maealing: the temperature is reduced to tlanealing temperature
specificto the primers used. This temperature is usually around 560G} and it allows the
primersto anneal to the complimentary sequences on thiagle strandedemplate DNA,
making it primed for the amplification process. (it&hsion the temperature is increased
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to 72 qC (optimum temperature) where Tagjymerase ads nucleotides tothe template

DNA at a rate of about 460 nucleotides every secondroceeding with the amplification
process (Takagi et all997).

PCRamplification is carried out using an instrument called thermocydemposing of a
metal block of heating and cooling elements. The temperature of the thermocycler is
controlled by a microprocessor, making cyclic temperatures changes during the amplification
process. Generally, the lid of the metal block housing the plastic PCR tubes is heated® 105
preventing evaporation and condensation of the PCR reaction ama thuskeeping the

reaction stable (Godwiat al,, 2011).

Double-stranded DNA

AT i i1l 1111iii1iiiiiiiii1111 template molecule
Y e e e e e e e e e e e e e —hydrogen bonds hold
T ] the two strands together
The temperature is increased to 95°C. This causes the
l hydrogen bonds to break and results in two denatured single-

stranded DNA molecules.

Two single-stranded
DNA molecules

The temperature is reduced to 50°C—60°C allowing primers to anneal
to complementary sequences. The two primers must anneal to the
two different strands and must be extended towards each other.

= Hydrogen bonds stabilize the
'i P template—primer interaction.
The arrow head indicates the
direction of primer extension

The temperature is increased to 72°C. The enzyme Taq polymerase
finds the free ends of the primers (indicated by the arrow heads) and
starts to incorporate nucleotides that are complementary to the
template strand.

The end product is two
double-stranded copies of the
p template DNA

'y

R ———

Fig. 122: The PCR retion (adapted from Godwin et gl2011) It consists of 3 phases: denaturation
at 95°C, annealing at 508D°Gand extension at 72°C. These continuous cycles of heating and cooling
are repeated over at least 30 cycles.

Apart from traditional PCR amplification, the approach of Nested PERR is often used
to increa the specificity and yield of the desired amplicon. In this approach, two subsequent

PCR reactions are carried out with the use of two pairs of primbesfifist pair is the outer
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primer set containing the specific amplicon, while the second pair of primers (nested)

corresponds to the specific regiof the desired amplicon (Fig. BR

Tl FTTITIT I I T T I T I T I T ] 111
i i Outer
LLL] AL UL L LE L] LLL] S
=i Nested
W primers
p—
v

‘ Second round of PCR

FITTTTT T T T T T I T I T T TTIIT]
]

Fig. 1.23Nested PCR (ThermoFisher Scientifictases of where nonspecific sections are amplified
due mispriming by the outer primers, it is not very likely for the same nonspecific section to be
amplified by the nested primer set, so specificity is still endorsed by the nested set of primers when
recognsing the intended amplicon.

In theory, one PCR amplification reaction containing about 32 cycles should produce about
one billion copies of the targeted region (Butler, 2005). But several fadibestemplate
degradation along with low copy numbéLCN) of the templatecan affect the rate of
reaction. PCR inhibitorke phenol along with other contaminantsavean adverse effect
on the efficiency of the reaction. The relationship between the number of PCR cycles needed
for desired copies of DNiBmplate can be expressed as the following equation:

Nx=N(1+E)
where Xis thenumber of PCR cycles; ixhe copy number of the amplicon after x cycles of
PCR; Nis the initial copy number of the template; and E is the PCR efficiency of the Taq
polymerase. In casavhere the efficiency is 100%, the PCR product is doubled in each cycle.
The PCR product formed at the end of the amplification process is generally eiduelisg
agarose gel electrophoresis (AGE). In AGE, DNA fragments are separated on the basis of their

fragment length in comparison to a DNA ladder that is ran alongside witbha(sson, 1972)
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1.5.7 Real Time PCR (RTR)

The development of RPCR was done in the 1990s to analyse per cycle change in the
fluorescence signal caused due the amplification of tesired sequence of DNA (Li, 2015
This was introduced by Higuglalong with hisco-workers at the Cetus Corporatipmvho
referred to it as ‘kinetic analysis’; it is an extension on the work of Kary Mullis who first
described PCR 1985 (Higuchi et al1992).

1.5.7.1Components of RPCR

The components of RFCR are similar to that of PGIRdady described in section 1.5.1.1
As well asghe common components, a fluorescent reporter dye is also addeddoitor the
fluorescence levetluringthe PCR amplification process. Generdilig fluorescence of the
reporter molecule rises gwoducts accumulate after every cycle of amplification.

The detection of the fluorescent signalsiisdertakenby the use of two methodsiamely (i)
TagMan probe assay dr(ii) SYBR green assay (Figll.Zhe TagMan probes are labelled
with two different fluorescent dyesthe quencher and theeporter, which hawe different
wavelengths. The probe sequence is intended to hyseidpecificallyo the target region of
DNA between the two PCR primers (W&Brown 1999). Typically, in a deliberate attempt
for proper annealingthe probe is designed thawe a slightly higher annealing temperature
compared to the PCR primersuiihg the SYBR Gem™ detection method, the fluorescent
probe intercalates to double stranded DNA amplicand, upon excitation, the fluorescence
emission intensity can be detected by the instrument (Zipper et24104). Akhoughthe
TagManprobe assay ispecific and me sensitive, it isostly and designing the specific assay
can sometimes be complicated. On the other hand, SYBR green is cheap and commercially
available.However,SYBR green dye intercalates tothé doubly bonded DNA amplicons
making it less specific, while TagManhighly specificonly binding to its complimentary
sequence on the target DNAgjadiniet al., 2014) Therefore,the use of theSYBR green assay
is beneficial in cases where no interfering amplicon existhe same level of florescence
(Arikawaet al., 2008)
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1. Palymerization: & fluzrescent reportsr IR) dyve ard 3 quencher 1. Reaction setup: The SYBR* Green | Dys flucresces when bound
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Fig 1.24 Comparisorof the chemistry of the (A) TagMaprobe and the (B) SYBR green asbathe
TagManprobe, a quencher and a reporter is preseartd, as the amplification process takglace the
reporter cleaves the quencher leading to fluorescence. SYBR green binds twtiie donded DNA
strands giving fluorescence as the amplificatiproceeds (retrieved from Biosynthesis, USAjkawa
et al, 2008)

1.5.7.2Process of RPCR

The process of RPCR is divided into three stinct phases: (i) geometriekponential
amplification, (ii) linear amplification, and (iie plateau regior{(Fig. 1.8). These regions can
be seen as aigmoidshapedamplification plot between fluorescence versus PCR cycle
number, using a computer software (Swango et, &006). Throughout the first phase,
exponential amplification, a high extent of precisianith an efficiency close to 100% of
formation of new PCR noducts is observed A plotis generated by the software in which
cycle number (§ is plotted against log scale of the DNA concentratieaulting in a linear

relationship during this phase. This phase is followed by the linear phase of amplification
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process Andréassoret al., 2002; Butler, 2005). As the reaction proceeds, some components
like dNTPs and primersare depleted leading to decrease in their concentration, hence
turning them into a limiting factor for the reaction. In the final phase o6PRR, the plateau
region, most of the components are either used up or degraded enough to not play an
effective part in the assay leading to accumulation of PCR products. This slowly halts the

assay, leading to phasing out of the fluorescertdigychiet al., 1993; Li, 2015).

Plateau phase — High template

W

Fluorescence

Low template

Exponential phase  —

Cycle threshold value (Cy)

No template

L] 1 1
10 20 30
Cycle number

Fig 1.25Amplification Plot of DNAGodwinet al,, 2011) Four template showing different amousof
fluorescence. At the{alue the sample enters the exponential phase. Tatel the sample croses
the G, the lesser the amount of template in the sample {Gycle threshold)

Realtime PCR software uses the cycle thresholg Y@lue to plot a standard curve for the
guantification of samplesNjederstatteret al., 2007) An increase in fluorescence sigisl
observed during the cleavage of the TagMan probes and intercalation of the 82dBRIge.
Thisincreasein fluorescence is correlated to the initi@mplate (DNA) amounts when
compared withwith templatesof known DNA concentratiofiRutledge, 2004)A sample with

an unknown DNA quantity can be compared to this standard curve to calculate its initial DNA
templatequantity (Fig 1.8). The melt curve analysis plot is formed during the analysis of SYBR
green assay, due to its neapecific natureln this,the temperature is slowly elevated after

the amplification process is completed and the fluorescence is evaluated as the function of
48| Page



temperature. When the sample reaches the melting temperature (Tm), the fluorescent dye
separates leading to drop in flumeence instantaneously. A characteristic melting peak at a
particular Tm distinguishes the amplicon from its prirdaners that melt at lower
temperatures forming broader peaks.

Several reatime PCR assays like Plexor HY from Promega Corporation are available in the

market for determining the amount of human DN&énkeet al,, 2008).

Plateau {

Linear
product growth

AR

Exponential

product growth
Threshold

Normalized fluorescence

Standard curve

Cycle number Cr e

N, =N, (1+E)° ]

N

Log [DNA]

If efficiency is close to 100% (E = 1),
then the product copy number (N)
doubles the target copy number (N,)
with each cycle (C).

e e ==

Fig 1.26Real time PCR plandthe use of data to plot the standard curve (Butler, 2005); a, b, c, d, e
are the DNA standard samples with a known quantity of DNA. A standard curve is prepared using these
data and the unknown sample is plotted against them, thus giving the quantificaftive unknown

DNA
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1.5.8 DNA profiling ATool for Forensic Casework

The majorityof the human genome is identical in every individual, but the presence of tandem
repeats like minisatellites and microsatellits, makesregions of theDNA polymorphicand

soa multidimensional tool in forensic casework.

Minisatellites were the first class of the tandem repeats to be described in the 1980s (Jeffreys
et al, 19853, and they arecommonly known as VNTRs. The analysis of the VNTRs is done by
RFLP. The analysiseasspecific restriction endonucleasghichcleae unambiguous site
flanking the VNTR loci on the human DNA, producing restriction fragraéuariable length
(Gillet al., 1985; Jeffreys et al1985a,h. The fragmentsre separated by electrophoresis

and then transferred to a nitrocellulose membrane hybridising with a radioactive probe.
Complementary bands binding to the probe are visualised with autoradiography. The length
variation among different restriction fragments can be detected, makinggituli$or forensic
casework. Butas already described in section 1.5.6, it is a tooRsuming process.
Moreover, the samples recovered from the crime scene are generally degradddng it
difficult for RFLP analysis as it requires the genomic DNA to be intact. It even redangs
amount of DNA for the analysis, making it less practical foirus®ensic DNA analysiBdjic

et al,, 1998)

To overcome these problems, P@&&beenused on the VNTR fragmen&ndis knownas
amplified fragment lengtipolymorphism (AFLP). In this process, the VNTRnisizes less

than 1kb,are amplified using PCRNnd fragments arevisualised using silver stain after
polyacrylamide agarose gel electrophoresis (PAGE) separ&amciftelet al, 1995) This
procesisfast and requireless material for analysis than RH®reover, thisnethod isalso

suited for degraded DNA. However, the discriminating power of the AkeBuced due to

the presence of alleles which ammmmon among populations, hence pavitig way for
multiplex system STR analysis in the late 199028(L5).

Microsatellites are regions of DNA with a tandem repeat sequence of ab®bjp3ong They

are commonly known as short tandem repeats (STRs)irople sequence repeats (SSRS)
(Butler,2005). STRs have become crucial in forensic casework as the analysis is simple and
STR are easily amplifiable using general PCR techniques. Moreover, STRs can be used with
highly degraded samptemaking it better than VNTRanalysigLi, 2015). STR sequees can

be found scattered all over the genome, atiet number of repeats can be highly variable
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among individualsmaking it a very effective tool in humadheintification Ellegren, 2004)in
the genome, tandem repeats are present as dimeric, trimeatratmeric, pentameric and
hexameric formsbut most of the STRs used for forensic purposes have a tetrameric nature

(Urquhartet al,, 1994)

1.5.8.1Components of STR analysis

The analysis of STRs begins with a multiplex PCR amplificatomnercially available kit
contains all thdod required for the forensic case work. The loci are selected keeping in mind
the discriminating power of the STRhich is calculated by the population match probability
(Pm)the lower the Pmtheless chance of it to occur within a population. To keep the Pm low,
high variable unlinked STR loci are selected. To make them useful in the analysis of degraded
samples, short amplicon size loci are preferred for multiplex STR analysis kits.

The first STR based typing system was develop#teiblK by the~orensic Science Services
(FSS)n 1994, andcontaired 4 STR lociLiygoet al, 1994) To increase the discriminating
power, the 4locus system developed into 16 locus systems generally used by ist@stig
around the globe (Table 1.8Apart from the autosomal STR loci, the us¢hef anylogen
locus to determine the sex of the individulaas also been included in all commercially

available kits (Godwiaet al., 2011).

QUAD SGM SGMBPIlus Identifiler® PowerPlexR16
VWA Amelogenin Amelogenin Amelogenin Amelogenin
THO1 VWA D3S1358 D3S1358 D3S1358
F13Al D8S1179 VWA VWA VWA
FES D18S51 D16S359 D16S359 D16S359
THO1 D8S1179 D8S1179 D8S1179
FGA D8S1179 D8S1179 D8S1179
D18S51 D18S51 D18S51
THO1 THO1 THO1
FGA FGA FGA
D13S317 D13S317
CSF1PO CSF1PO
D7S820 D7S820
TPOX TPOX
D5S818 D5S818
D2S1338 PENTA D
D19S433 PENTAE

Table 1.8 The growth of STR systems. The quadruplex (QUAD) and SGM system were developed by the FSS, UK
with 4 and 7 STR loci respectively. The SGMvitissdevelopedn 1998 with 9 loci, and has been adopted for

routine forensic casework by a large number of laboratories. The Identifiler and PowerPlex16 are the modern
STR analysis kiiaicluding the 13 CDIS loci. It also has its application in paternity disputes.
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1.5.8.2Process of STR analysis

The STR loci primerabelled with fluorescent dyesare amplified using PCR (already
described in section 1.5.4.2). The amplified productthien separated by capillary
electrophoresis with the use & genetic analyser instrument. The instrument detects the
different fluorescent dyes and the corresponding peaks are resolved with the use of computer
software (data collection software). An electragglgram is generatedshowing peaks with

the corresponding STR loguspresentngits size and data poini{&ig 1.27.

Figl.27: A typical electropherogram generated with the use of PowerdéxSTR kit; The grey bands
denote the STR loalong withtheir corresponding peaks (retried fromOnwonBiotechnology Ltd

1.5.8.3Interpretation of STR profiles

The data interpretation of electropherograsis very important in forensic DNA analysis. After
data collection, the raw data is processed in Genemapper or Genescan softwase. The
remove overlapingpeaks and calculateséffinal sizeas shown in Fig 172 The sizing is done
with the help of an internal size standard (Liz The size standard is processed along with
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the sample so any difference affecting electrophoresis can be easily identified (Gatdakjn
2011). The height of the peaks is calculated in relative fluorescence (R#tU)which s
generally set by the examining laboratoBd(vard<et al., 1991) After the analysis of the raw
data, the profile is generated.

In criminal cases, one profile is made from the questioned sample and one from the reference
sample. A match between the profiles establish a relation between the two profiles. Similarly,
in cases of paternity disputes, the questioned sample of the progeny is matched with both

the potential parents
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2. Aims

Since its inception intdhe criminal justice system,ofensic DNA analysis has acted as a
multifaceted tool in crime scene investigation over the last couple of decades due to its
extraordinary power of discrimination. DNA materials as evidence are routinely collected
from conventional sources (body fluids) from a wide range of crime scenes. In the absence of
such conventional sources, DNA evidence can also be obtained fooreconventonal
sources such agouch DNANIeakin &Jamieson, 2013empty pupariamNlarchetti et al,
2013)and also from the gut contents of larva@/éliset al., 20013. Most previous studies
havefocussel on the use of conventional methods of DNA extraction as a tool of investigation
rather than the use nomonventional sources.

Megaselia salaris is an important Dipteran of forensic interest with a cosmopolitan
distribution (Disney, 2008). In cases of indoor crime ssand buried corpsg the access of
large necrophagus species of Calliphoridae and Sarcophagidae to the corpse is obstructed
(Vanin &Huchet, 2017) Howeversmaller insects likd1. salaris, with its ability to crawl
through tight spacesis generally found cologing these bodies Amendt et al, 2004,
Campobasset al., 2004; Pastula &erritt, 2013 Bugelli et al., 2015) making it an important
species for forensic investigators.

While most of the study ahsects and theilarval stages obtained from the crime scene has
beenundertakenfor PMI estimationlike the study conducted byugelli et al.(2015) the use

of gut contents from Msalaris (Diptera, Phoridae) larvae for human identification has not
beenlooked at

My studyaimsare:

(1) develop a comprehensive framework to extract Aiosect DNA from the gut
contents of larvae oM. scalaris, fed orBus scorfaneat, and using it for STR
analysisthus making it a tool fohuman identification.

(i) identify a suitable fixing method for the collected larya®t only for ease of
dissection but also to maximise the yield of extracted DNA from the sample
further aiding crime scene officers in proper collection and preservation of

samples.
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3. Materials and Methods

3.1 Breeding of flies

Megaselia scalaris adults were taken from lines of flies bred from 2011 irFéhensic
Laboratory for Entomology and Archaeology (FLEA), School of Applied Sciences, University of
Huddersfield. Insects were maintained in tamperaturecontrolled cooled incubator
(Panasonic MHB4) at 25°C in dark conditions. The flies were reareglass jar{Byrd &
Castner, 209) and fed on pork meatSus scrofaLinneaus 1758), obtained from a local

butcher in Huddersfield, UK.

3.2 Preparation of larvae

Third instar larvae fed on pork meat were fixed using following 5 different protocols

1. Thelarvae were kept in hot water (>8§C) for 40 second&andard method described
by Amendt et al(2007).

2. The fresh larvae were directly stored-20°C overnight. The larvae were then used
for DNA extraction (Li et aR011).

3. Fresh larvae were stored BtOH (98%) in a glass bottle. The bottle was stored at -
20°C overnight before DNA extraction (Linville et24104).

4. The larvae were stored in a glass bottle2Q°C for 4 hours and then EtOH (98%) was
addedto the bottle. The bottle was stored a20°C (Linville et al2004) overnight.

5. The larvae were kept in hot water (>§C) 040 seconds (Amendt et aR007) and
then EtOH (98%) was added. This was stored®@tG in the freezer before DNA
extraction (Di Luise et ak008).

A schematic representation of the above methods is reported in Figure 3.1.

The fixed larvae were dissected using the protocol descrlyeduccia et a2016)and the

gut along with its contents were taken for examination. The dissection was carried out using
sterilised pins and needles under a stereomicroscope (Leica MRZ). The larvae gut contents
were weighed using an electronic balanddermofisher). The dissected gut contents were
transferred to autoclaved 1.5 ml tubes containing extraction byféexdescribed in section

3.3. The tubes were kept at room temperature before proceeding to DNA extraction.
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Fig.3.1Fixing techniques for preparation of the larvae usdiiThe larvae were kept in hot water for
40 seconds (Amendt et ak007) and were used for dissectio) Larvae were directly kept in the
freezer at 20°C (Li et 812011) overnight.3) The larvae were kept in a glass bottle containing EtOH
(98%) (Linville et al2004)whichwas stored at20°C overnight before proceeding to the dissection.
(4) Larvae were kept a20°C for four hours and then EtOH (98%) was ad@iedglass bottle was
then kept at 20°C overnight (Linvillet al., 2004).(5) Larvae were kept in boiling water (Amendt et
al., 2007) and then transferred to a glass containing EtOH (98%) and stor2d°&t (Di luiset al,,
2008) overnight before dissection
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3.3 Extraction bDNA

Before starting the process of extraction, the workspace was cleaned with By (Applied
Biosystem) and EtOH (70%). Sterile aerre@-micropipette and filter tips were used for the
whole process of the extraction. Powdieee sterilised rubbegloves were used.

Three different types of DNA extraction kit were used to extract DNA from the gut contents
of thelarvae

The frst kit used was QlAamp® DNWni Extraction Kit and the second kit was Qiagen
QIlAamp® DNAvestigatorKit (Qiagen, Netherlands). The third was PrepFiler® Forensic
DNAExtraction Kit (Applied Biosystems, USA). All three kits are-gblide methods for DNA
extraction with Qiagen® kits having silibased columns (Greenspoon et,d998) while
PrepFiler™hasmagnetic particles (Barbaro et a2009).

The extractions were carried out according to the user manual procedures provided by the
kit supplierswith some volumetric modifications adapted by the laboratoryirntgrove the

yield of DNA as described in the following sections.

3.3.1DNA Extractionising QlAamp® DNWini ExtractionKit

dZ o EA Pups }vs3 vide A E %o Jvd} iXduo Su }vs JVv]VvP
suspended tissue was crushed into smaller pieces using a sterile plastic % ¢3S0 X 1i..
proteinase KX00ug/ml)was added and was mixed by vortexing for 150sels The samples
were incubated at 56°C overnight for better yield of extracted DNA. Thermoshakelita
temperatureat 56°C and 300RPM was used for the incubation process. After an overnight
incubation the samples were briefly centrifuged. To obtain Ri& genomic DNAJ ... 0
RNase A (4mg/ml) (Promegaasadded and mixed by pulseortexing for 15semnds.The
sample vas then incubated for 2minutes at room temperature (2625°C). The tube was

E] (oC VvSE](puP v Tii..o p(( E > A » §} §Z « u%o0 X
again by pulsevortexing for 15 seands andincubatedat 70°C for 10 minutesAfter a brief

VEE](UP 8]}v 8 % U 1ii..o 3K, sdndpland mixed by gu}séftexing
for 15 seonds All the lysate glong withthe precipitate) was transferred ta QlAamp
Minispin column (in a 2ml collection tube) and centrifuged at 8000RPM foinites The
QIAamp Minispin column was placed in a clean 2ml collection tube, discarding the filtrate.

Z *%]v }opuv A« o0} 3§} A}] E}e}o (JEuU 8]}v HE]JVP v
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AW1 was added to the QIAamp Minispin column. The tube waisittegyed at S000RPM for
1 minute. The QlAamp Minispin column was placed in a clean 2ml collection tube, and the
}oo S]}v Su }Jvd Jv]vP 8Z (]JoSE § A « Jwas@HdedXo fi.bml.o p(( C
tube, andit was centrifuged at full speed (14000RPM) for 3 misufehe QIAamp Minispin
column was placed in a clean 1.5ml tube and the collection tube containing the filtrate was
]l* & X dz E ¢ u%o0 A e+ ous$ ,Jncubbied at rqofr( tefperature
for 1-3 minutes, and centrifugedat 8000RPM for ininute. The eluted samples were stored

at -20°Cuntill being used for further analysis (Qiagen, 2016).

3.3.2 DNA extraction using QlAamp® DNA Investigator Kit

The dissected sample was transferred to a 1.5ml moenmatrifuge tube which already
contained 18@l Buffer ATL. 2@ proteinase K (Qiagen®) was mixed by pulstexing the
micro-centrifuge tube for 15 seconds. The 1.5ml tube was placed in a thermomixer incubator
at 56°C overnight. 200 uffer AL was added alongside 4pirier RNA to the sample. 20D

EtOH (98%) was added to the sample and it was mixed thoroughly by pulse vortexing the tube
for 15 secondsThe sample was incubated fonBnutesat room temperature. The samples
were briefly centrifuged to remove drops from the inside the lid. Carefully the entire lysate
was transferred to the QlAamp MinElute column (in a 2ml collection tube) without wetting
the rim and was centrifuged at 8000RPM fominute. The QlAamp MinElute column was
placed in a clean 2ml collectiontte and the collection tube containing the fletwough was
discarded. Carefully the QIAamp MinElute column was opened and Boffer AW1 was
added without wetting the rim. The lid was closed and the column was centrifuged at
8000RPM for 1 minuteThe QlAamp MinElute column was again placed into a clean 2ml
collection tube and the collection tube containing the flthwough was discarded. 70

Buffer AW2 was added to the QIAamp MinElute column. The sample was centrifuged at
8000RPM for Ininute. The QlAamp MinElute column was placed in a clean 2ml collection
tube, and the collection tube containing the flelwough was discarded. After carefully
opening the QIAamp MinElute column, 700f EtOH (98%) was added. It was centrifuged at
8000RPM for 1 minutélhe MinElute column was placed in a collection taipe, centrifuged

at 14000RPM to ensure all the ethanol had been spun through. The QIAamp MinElute column

was then placed in a clean 1.5ml microcentrifuge tube thredcollection tube containing the
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flow-through was discarded. The sample was incubated at room temperature for 10 minutes
100l Buffer ATE was added to the sample in the aeofrthe membrane in order to elute
DNA. The lid was closed and the sample was incubated at room temperature for 1 minute
The sample was centrifuged at full speed (14000RPM) for 1 mintitee éduted DNA was

stored at 20°C for downstream processing (Qiagen, 2012).

3.3.3 DNA extraction using PrepFiler® ForensicBiaction Kit (Applied Biosystems™)

The dissectedanple was placed in a 1.5ml tufend 250ul PrepFiler™ Lysis Buffer and 3

of 1M DTT was added. The tube was mixed by pulse vortexing for 5 seconds. The tube was
then incubated at 70°C on Eermalshakelite™ at 900RPM for 30 mirsutdemperature
equilibrium of the sample with the environment was obtained by leaitifigr 5 minutes at

room temperature. 1fl of magnetic particles were added to the sample lysate and it was
centrifuged briefly before adding 180of isopropanol (100%). The sample was mixaoan
temperature at 1000RPM for 10 minlgeand was vortexed to rsuspend the magnetic
particles. The sample tube was placed magnetic stand for Eninutes. The liquid phase was
discarded with the help of a pipette. 3@l0of PrepFiler™ WadBuffer wasadded to the tube

and it was vortexed for 5 seconds. The tube was once again placed in the magnetic stand for
2 minutes, and the liquid phase was discarded. The above two steps were repeated three
times. The magnetibound DNA was dried at room temperature for 10 mirsitEor elution

of DNA, the sample tube was placed inharmal shaker kept at 70°C with ramp speed
900RPM for Sminutes, while 5Qul elution buffer was added to the sample. After the
incubation, the tube was vortexed briefly and was placed in the magnetic stanarfon@es.

The liquid phase was transferred to a fresh 1.%ofle. This liquid phaseontaired the
extracted genomic DNAApplied Biosystems, 20Q8hich was stored at 20°C for
downstream processes.

Control samples were also extracted for each type of sample following the previously
mentioned methodsln addition, DNA was extracted directly from the meat that was feed to

the insectsandfrom the larval tissue.
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3.4 Quantification using Invitrogen™Qubit® 3.0 (Life technologies, USA)

The assay was performed according to the user guide recommended by the manufacturer
(Qubit®fluorometer - dsDNAAssayUser Guide, 2015). Aolution was prepared using 199

of Qubit® dsDNA High Sensitivity Buffer aptof Qubit® Fluorophore per sample. For the
analysis, 196l of the solution was taken andulof the extracted DNA sample was added to
Qubit® assay tubes. The assay tubes wieserted into the fluorometerfor analysis. The
readings, expressed in ng/ were taken in triplicate. Thevarage and SD of the readings

were calculated andecorded.

3.5 Polymerase chain reaction

The PCR workstation was cleaned and sterilised u3M@gAway (Applied Biosystem) and
EtOH (70%). Sterile aerodote tips and micropipettes were used for the process. Powder
free rubber gloves @ere used during the whole process of the PCR.

All the extracted DNA samples were subjected to PCR amplificktidiiple PCR assawere

setup and a specific primer set was used for each type of sample (gut contents and larval

tissue). PCRsere carried out on a BiRad C1000 thermocycler (BRadLaboratories, USA).

3.5.1 Designing of specific primers

Speciesspecific primers were designed for each type of sample after reviewing the literature
(Tuccieet al.2016). Samples of DNA extracted from the larval tissue were amplified using the
universal invertebrate specific COI priméfelmer, 1994) targeting a conset/region (658

bp) within the mitochondrial gene coding f@ytochromeOxidase subunit 1. Similarly, a
nucleotide sequence of 1140 bp internal to the mitochondriallogéne was amplified using
primers designed by Naidgt al.(2011) This primer set ipgcific to mammals and was used

to target DNA in the gut contents. Another set of @yprimers (Vermaet al. 2002)
(mammalian specific) was used to amplify a DNA sequence of 472 bp within the conserved
region of 1140 bp describecdbove performing a nésd PCR in order to increase the
specificity of the reaction. Based on the different size of the targeiduced by the two set

of cytb primers, the words “long” and “short” will be used further in this dissertation referring
respectively to the 1140 bpnd 472 bp amplicons. Pgpecificcyt b primers (Soareset al.

2013) were used to amplify a portion of 149 bp of the mitochondrial gene. Another pig specific
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primer set(Leeet al.. 2016) was used to amplify a sequence of the 16S ribosomal RNA gene
(138bp. Specific primers used in multiple PCR assay with their probe name, probe sequence

and fragmentsize are summarised in Table 3.1

Primer Primer Name

Primer Sequence (8)

Fragment
size(bp)

COl LCO GGTCAACAAATCATAAAGATATTGG
(Folmer, 1994) 658bp
HCO TAAACTTCAGGGTGACCAAAAAATCA
Cytb (long) MTCBF CCHCCATAAATAGGNGAAGG
Mammals 1140bp
(Naiduet al..,
2011) MTCBR WAGAAYTTCAGCTTTGGG
Cytb (short) mcb398 TACCATGAGGACAAATATCATTCTG
Mammals 472bp
(Vermaet al.,
2002) mch869 CCTCCTAGTTTGTTAGGGATTGATCG
Cytb Pig Cytb pork F ATGAAACATTGGAGTAGTCCTACTATTTACC
(Soarest al,, 149bp
2013)
Cytb pork R CTACGAGGTCTGTTCCGATATAAGG
16s rRNA Pig 16S SFI11 Pig F CAACCTTGACTAGAGAGTAAAACC
(Leeet al.,, 2016) 138bp

16S SFI11 PigR GGTATTGGGCTAGGAGTTTGTT

Table 3.1Different primers used for specific PCR assayhis study. COI (Folmer, 1994) were used
for DNA of larval tissue samples. ®y{long) Mammals (Naidu et.aR011),cyt b (short) Mammals
(Vermaet al., 2002),cyt b pig (Soare<t al., 2013)and 16s rRNA ig (Lee et a) 2016) were used for
DNA extracted from gut contentd the larvae.
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3.5.2 DNA amplification using PCR
0] PCR

PCR amplificati@were carried out in a final volume of glin PCR assay tubes (Star Lab, UK)
containing 4ul of DNA template. The PCR assay mix contaipgédfsX GoTalexi® Buffer
(Promega, USA),u#tof 25mM MgC (Promega, USA), ubeach of forward and reverse
primer (10 pmolfl), 0.541 of ANTPs (10mM), 05pl GoTaqG2 (5ul) polymerase and 6.26

of Ultrapure™ PCR grade water (Invitrogen, USA). After an initial denaturation, for all the
steps (Denaturation, Annealing and Elongation) the thermal cycler was set at different
temperatures and for different duteons for eah primer set (Table 3)2 This was followed

by a final elongation step of T for léninutes. Eachamplification was repeated over 30

cycles.

Primer Set Sample type Denaturation Annealing Extension Number of

used for temperature temperature temperature cycles

amplification andduration andduration andduration

95°C 49.8°C 72°C

Coil Larval tissue 10minutes 1 minute 1 minute 30
95°C 55°C 72°C

Cytblong  Gut contents 10 minutes 1 minute 1 minute 30
95°C 51°C 72°C

Cytb short  Gut contents 10 minutes 1 minute 1 minute 30
95°C 60°C 72°C

Cytb pig Gut contents 10 minutes 1 minute 1 minute 30
95°C 58°C 72°C

16s rRNA  Gut contents 10minutes 1 minute 1 minute 30

pig

Table 3.2 Different temperatures and duratiors of each step of PCR for specific primer set.
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(i) Nested ER(N-PCR)

As previously described in thatroduction (Section 1.5.6), this is a threep PCRwith
amplification using the combination cg{long) and gt b (short) primer sets. In the first step,

the sample was amplified using the primer set MIEC8nd MTCR (gt b long) in a final
volume of 20ukontaining 4ul of DNA template. The PCR assay mix was made with the same
specifications as described above. PCR amplifications proceeded after an initial denaturation
step of 10 minuts at 95°C, for 30 cycles. Each cycle composed of three steps of 95°C for 30s,
55°C for 30s and 72°C for 45s. This was followed by final elongation step at 72°C for 10
minutes. The PCRroduct was stored at 4°C for further use. In the second step, the PCR
productwaspurified usinga PCR purification kit (QiagénNetherlands). Tis procedure was
followed according to the user manual provided by the kit supplier QQigkt, 2015). The
purified product was stored a0 qQintil further use. In the final third step, a PCR assay was
set up in a final PCR volume of BQvith 4 P of the DNA template obtained frostep 2. The

PCR assay mix was made with the same specification as desbubedth the primer set of
mcb398 and mcb869. Amplifications were preceded after an initial denaturation step of 10
minutes at 95°C, for 30 cycles. Each cycle composed of three steps of 95°C for 30s, 51°C for
30s and 72°C for 45s. This was followed by filmadgation step at 72°C for 10 mingteThe

product was stored at 4 for further usage.

3.6 Gel electrophoresis

The visualigtion of the amplified PCR products was undertakenelectrophoresis using a

1.5% W/V agarose gel. The gel was made using 1 &gpoose ( SigmaAldrich) in 200 of 1X

TBE running buffer. B of Midori green (Nippon Genetics) visuatisn dye was added. The

gel was placed in an electrophoresis unit (Rad) containing 1X TBE running buffeR &

PCR product andRBlue/orang dye 6X (Promega, USA) was mixed together and loaded into

the wells of the gel. The running voltage was set at 100 V for 45 nsinute

The gel was visualised on a UV gel doc system (Syngene Bio Imaging System) using Gene Snap
(SynGene) software. The sizBthe fragments was estimated using a 100bp DNA ladder

(Promega, USA).
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3.7 DNA purification

The PCR products were purified using?@R purification kit (QiagénNetherlands). The
procedure was followed according to the user manual provided by thesugplier
(QIAQuickE, 2015). The sample was eluted in BAE elution buffer. It was stored at room
temperature It was sent for sequencing to Eurofins Genomics (Ebersberg, Germany). The

sequences obtained were analysed using blast (Altssthail, 1990).

3.8 Real Time PCRuantitative PCR

Apart from the enepoint PCR, Real Time PCRRRR) of the DNéxtracted from the gut
contents was also performed. The-RCTR was performed g 7500 Fast Real Time PCR

instrument (Applied Biosystems, USA).

3.8.1 @signing of specific primers

The primers used were cgipig (Soare®t al.2013)and16s rRNAIg (Leeet al. 2016), specific
to Sus scrof@Table 3.2).

3.8.2 PCR amplification

The amplification was undertaken the total volume of 20l on aMicroAmp®Fast optical
reaction plate (Life Technologies, USA) containpgo® DNA template. The PCR assay mix
was made using 10 of SYBR® green (Applied Bstens, USA), 0,3 each of forward and
reverse primers and 4 of Ultrapure™ PCR grade water (InvitnogelSA). The plate was
sealed using MicroAmp™ Optical Adhesive Film (Applied Biosystems, cei@Ajuged
(1200RPM) for 40 secondsnd loaded into the instrument. Amplification was proceeded
after the initial holding stage of 95°C for frinutes, for 40 cycles. Each cycle composed of
two steps of 95°C for 1&econdsand 60°C for 68econds The amplificationvasfollowed by
melt curve analysjwith an initial holding phase of 95°C for $xonds,followed by 60°C for
1minute, 95°C for 3@econdsand with 60°C for 15e®mnds(Hg. 3.9.
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Fig.3.2: Graphical view of the run method using 7500 software v2.3 on FABORTPCR instrument
(Applied Biosystems, USA)

3.8.3 RTPCR analysis software

The reaction was sap using the 7500 software v2.3. standard quantification run method
with standard (~2h) ramp speed was selected. The amplification curve, standard curve and

guantification of the samples were obtained using the above method.
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3.9 Genetic Analysis

The samples of DNA extracted from the gut contents of larvae were genotyped for a set of 12
microsatellites 387A12F, S0655, SBH1, SBH2, SBH4, SBH10, SBH13, SBH18, SBH19, SBH20,
SBH22, SBH23Y¥X recommended by the International Society of Animal Genetics (ISAG) for

a STR profile€Talde 3.3. The genetic profiling was performed usingaaromatic sequencer,

3130 Genetic Analyser (Applied Biosystems, USA).

3.9.1 PCR amplification

Biotype®Animaltype Pig PCR Amplification Kit (BiotypebH, Germany)ontaining the
above locusspecift primers was used for the analysis. The procedures were carried out
according to the user handbook provided by the kit supplier with some volumetric
modification (Biotypé, 2016). The amplification was performed in the final volume d® 25
containing 3® of DNA template. The PCR assay mix was made usin@ @#ricleasefree
water, 5P of reaction mix D, 2.8 of primer mix and 0.4% of Multi Tag2 DNA polymerase.

For the positive control and the negative control, control DNA DL 157 and nucleasafeze w
provided by the supplier was used respectively. The total amount of DNA used in the above
reaction was 5ng. The amount of the DNA template was adjusted to appropriate volume of
3 R by diluting it with nucleaséree water.

The amplification was proceed on a thermocycler (BiBad C1000) after an initial activation
step of 94qC for sinutes for 30 cycles. Each cycle composed of three steps of 94°C for 20s,
60°C for 4&econdsand 72qC for 36econds followed by a final elongation step T for 60

minutes. The PCR products were stored gCAuntil further analysis.
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Repeat Motif of the Reference Allele Allele range

Reference Allele

387A12F [TTCTICT 21 9-21
[TTCTD

S0655 [GGAA] 12 5-22
SBH1 [CTTTk 13 7-18

SBH2 [AGAALAA 25 6-34
[AGAA}

SBH4 [GAAAIGGAA 64 47.366.1
[GAAAIA
[GAAG][GAAA]
[GAAG] [AAAG]
[AGAGJAAAGY
AA[AAAGA
[AAAGIAA
[AAAGIA
[AAAGHAG
[AAAGIAGAG
[AAAG}
SBH10 [TAGAJs 48 3150
[CAGAL
[TAGAJTACA
[TAGAJTACA
[TAGAJTACA
[TAGAJTACA
[TAGAJTACA
[TAGAJCAAA
SBH13 [TATC 15 818
SBH18 [AGGA]5 15 9-23
SBH19 [GTCTIATCTh 14 10-16
SBH20 [CTTTUCTTC 24 1949
[CTTTICTTC
[CTTTICTTC
[CTTT
SBH22 [ATAGATG 20 18-28
[ATAG1ATG
[ATAG]
SBH23 Y -
SBH23 X -

Table 3.3 Locusspecificinformation of Animaltype Pig Locus. The repeat motifs are concordant with
the International Society for Forensic Genetics (ISFG) guidelines for the use of microsatellite markers
(Baret al., 1997)
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3.9.2 Capillary Electrophoresis

Analysis was undertakeon an automated analyser 3130 (Applied Biosystems, USA) with
POP4 polymer (Applied Bigstems, USA). BRof the above PCR product was mixed withR12

of HiFi*formamide (Applied Biosystems, US#)d 0.2P of ROX labelled DNA size standard
(Biotype' GmbH, Germany) was loaded into MicroAmp® Fast optical reaction plate (Life
Technologies, USA). The plate was sealed using a 96 well plate septa (Life Technologies, USA)
and was briefly centrifuged at 1000RPM. The samples were denaturedgél 8% 3 minas

and cooled at 4C for three minuseusing a thermocycler (BRad C1000). The MicroAmp®
Fast optical reaction plate combined witladt Plate retainer and base (Life Technologies,
USA) was loaded into the plate bay of the analyser. Analysis of the samassdone
according to the protocolprescribed by the kit supplier, illustrated imfle 3.4(Biotype’,
2016).

Run Module Editor Values

Oven Temperature 60°C
Current Stability 6 YA
Pre run voltage 15kV
Pre run time 180s
Injection voltage 3kV
Injection time 5s
Run voltage 15kvV
Run time 1440s

Table 3.4 Run module editart defines the conditions dhe 3130GeneticAnalyser (ABI) used during
the capillary electrophoresis (Biotype2016)
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3.9.3 Data collection

The plate setup and data collection of the samplesdone using data collection software

v2.3 according to the user manual supplied by the kit supplier (Bioty@616). DNA
fragments of the sample resulted in sequencer electropherograntsch were analysed

using Genemapper v 3.2 software (Applied Biosystems, USA). For every sample, 50 RFU was
setup as the threshold for peak detection and allele callamgule established by the

laboratory where these analyses took place.

3.10Statistical analysis

Theweight of the dissected larval guts and the quantification result of the extracted DNA
samples, statistical analysis was carried out in order to evaluate the results, using the IBM®
SPSS Software. Comparison between the samples was performed with an ANOVA test (one
way and tweway), which was then followed by a Post Hoc analysis (Tukey HSD). The
significance value was set up at 0.05. P values obtained higher than this number were
considered as nosignificant (acceptance of the null hypothesis, Ho, of niferince
between the samples). Values obtained below the threshold of 0.05 denoted significance
(rejection of the Ho). All of the descriptive values are reported as mean * standard deviation
(SD).
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4. Results

4.1 Weight of gut of larvae fixed by different techniques

The larvae were dissected as already discussed (section 3.2) and the gut content obtained
was weighed using arextronic balance (Thermo Fisher, USA). Tigenetight of the samples
was also recatted after briefly (& seconds) keeping them in the oven atdD. All readings

were recorded in triplicate

4.1.1 Wet weight

According to the evaluation performed, after the dissection, wet weight of the gut content of
the larvae fixed with hot water (>8§C) (method 1) was found out to be the maximarirle

the larva fixed first by boiling and then storing in EtOH28€ (method 4) gave the least
amount. A oneway ANOVA test was conducted. It demonstratesipresence of a significant
statistical variation among the different methods used for fixing the la(#a869.000, df=4,
p-value=0.000) A mst-hoc statistical analysis (Tukey HSD) was also performed to identify the
variation amongst the methods used. The analysis showed that the wet weight ofrgahto
obtained after the dissection of the larva with methodlarya fixed with boiling water) and
with method 3 (larva fixed with only EtOH-20°C) varied significanttg other methods (p
value= 0.000)Fig. 4.1). The detailedbpt-hoc analysis results can be found ipp&ndix 1
Table 1

Atwo-way ANOVA was performedhich revealed thatindividually temperature frozen or

hot water) and EtOHp¢esence or bBsence) had aignificant effect (pralue= 0.00) on the
amount of gut content obtained. Moreover, the interaction between these individual

variables also displayed a significatdtistical variation (pralue=0.000) (Table 4.1).
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Wet weight (grams)

method

Fig. 4.1 Wet weight (gram) comparison @0 dissected larval crops fixed with different methods: (1)
larvae fixed by hot watg>80°C)(2) larvae fixed byréezing at20°C (3) larvae fixed in EtOH &0°C

(4) larvae first fixed by hot water and then storing at EtOF2@tG and(5) larvaefozen at 20°C and
stored in EtOH a0°C.

Source df* F Siquificancgp-value)
Temperature 1 35.165 0.000
EtOH 1 61.220 0.000
Temperature * EtOH 1 171.492 0.000

*degree of freedom

Table 4.1 Twoway ANOVAf temperature and EtOH (wet weighgffect oftemperature and EtOH,
and the interaction between therrhasa significant statistical variation {m@lue< 0.05) in the wet
weight of the gut contents of the larvae.
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4.1.2 Dry weight

Upon analysis, the dry weight of the gut content of the larvae fixed wéhzing at 20°C
followed by storagen EtOH at20°C (method Slisplayedthe maximum amount, while the
larva fixed by first boiling and then storing in EtOH28fE€ (method 4) gave the least amount.
Similar to wet weight analysis, a cm&y ANOVA test was conducteghich confirmed the
presence of a significant statistical variation (F=10.157, dfa/Alye=0.000)among the
different methods used fofixing the larvae. Agst-hoc statistical analysis (Tukey HSD) was
also performed to identify the variation amongst the methods used. Though the analysis
exhibited variation amongst the methods, no method varsdtistically from theother
methods. The disection of the larva with method 5 (larvaeZen at-20°C and stored in EtOH

at -20°C)and with method 1larva fixed with boiling water) varied statistically with the three
other methods of fixationwith a p-value < 0.05 (Fig. 4.2). The detailed Régt analysis
results rgport can be found ippendix 1 Table 2

Atwo-way ANOVA was performedhich revealed thatindividually temperature rozen or

hot water) and EtOHpfesence or hsence) had no significant effectyBlue> 0.05temp. p
value= 0.384; EtOH-palue= 0.291) on the amount of gut content obtained. In contrast, the
interaction between these individual variables displayed a significant statistical variation (p

value<0.05) on the amount of gut content obtained (Table 4.2).
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Dry weight (grams)

method

Fig. 4.2 Dry weight (gram) comparison b0 dissected larval crops fixed with different methods: (1)
larvae fixed by hot watg>80°C)(2) larvae fixed byréezing at20°C (3) larvae fixed in EtOH &0°C

(4) larvae first fixed by hot water and then storadEtOH at20°C and(5) larvae fozen at 20°C and
stored in EtOH a0°C.

Source Siqnificance(p-value)
Temperature 1 0.781 0.384
EtOH 1 1.156 0.291
Temperature * EtOH 1 7.549 0.010

*Degree of freedom

Table 4.2.Twoway ANOVAf temperature and EtOH (dry weighBffect oftemperature and EtOH
does not have a significant statistical variatiowhile their interaction had a significant statistical
variation (pvalue< 0.05) on the dry weight of the gut contents of the larvae.
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4.2 DNAguantification

In the first part of the quantification, DNA extracted from the gut content of larvae fixtd w
hot water (>80°CG)using three different DNA extraction kits as described (section ®&y
guantified using Invitrogen™ Qubit® 3.0 in triplic3liee extraction was performed in set of
1 crop, 3 crops and érops.A oneway ANOVA anghost-hoc (Tukey HSD) analysis of DNA
extracted per cropusing three different kits revealed a significant statistical differefpee
value= 0.000) amongst the (Table13, Appendix). DNA extracted using QlAamp® DNWAI
Extraction kit gave the minimum quantitywhereas PrepFiler® Forensic DE#action Kit

(Applied Biosystems™) gave the maximum amount (Fig. 4.3).
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Fig. 4.3DNA obtained per sample (ng) using 3 different DNA extraction kits: (1) QlAamp® DMA M
ExtractionKit; (2) QlAamp® DNAMestigatorKit; and(3) PrepFiler® Forensic DNdr&ction Kit.
*NOTE: Sample number indicates crop of laaxamined
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In the second part of the gantification, DNA extracted from the gut content of the larvae
was fixed with 5 different methods with QlAamp® DN#vdstigator Kit (Qiagen®)as
described (section 3.2andwasquantified usingnvitrogen™ Qubit® 3.0 in triplicatag 4.4)

The extraction was performed in saif 1 crop, 3 crops and &ops.A oneway ANOVAand
post-hoc (Tkey) analysi®f DNA extracted per crop using different methods revealed a
significant statistical differencé-value= 0.000) amongst the methods usg@gpendi 2).

The DNA from the gut content of larvae fixed with methodr2egzing at 20°C) gave the
maximum DNA per sampleshereas the method 1 (hot water >80°C) gave the least DNA per

sample.

DNA per sample (ngl)

Method

Fig 4.4.DNA per sample (ngl) using 5 different methods using QIAamp® DiN&dtigatorkit: (1)

larvae fixed by hot watg>80°C)(2) larvae fixed byréezing at20°C (3) larvae fixed in EtOH &06°C

(4) larvae first fixed by hot water and then storadEtOH at20°C and(5) larvae fozen at 20°C and
stored in EtOH a20°C*NOTE: Sample number indicates crop of larva examined
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Atwo-way ANOVA was performedhich revealed thatindividually temperature rozen or
hot water) and EtOHpfesence orabsence) had a significant effect-¢plue= 0.00) on the
amount of DNA obtained per sample (Table 4.3).

Source df* F Siqnificance(p-value)
Temperature 1 790.974 0.000
EtOH 1 60.198 0.000
Temperature * EtOH 1 80.306 0.000

Table 4.3Twoway ANOVADNA quantification)Effect of emperature and EtOHnd the interaction
between them have a significant statistical variationyplue< 0.05) in the DNA per sample {udy/
from the gut contents of the larvae fixed using 5 different methods

Moreover, the interaction between these individual variables also displayed a significant
statistical variation (pralue<0.05) on the DNA obtained with different methods. Frozen
samples displayed adgh DNA amount per sample (mdj), both in the presence and absence

of EtOH, whereas larvae fixed with hot water (3@Pgave lower DNA amount (p/both in

the presence and absence of EtOHtHa case othe frozen sample, sample without EtOH
gavea higher DNA amount per samplehereasin the case of larvae fixed with hot water

(>80°C), samples with EtOH gave slightigher DNA amount per sample (Fig 4.5).
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Fig. 4.5:Interaction between ¢émperature (FRZ: Frozen, HW: Hot water) and EtOH (Blue= Absence,
Green= Presence)

Invitrogen™Qubit® 3.0 (Life technologies, WA} not give species specific quantifications
therefore, paramount care was taken to avoid contaminating the gut content angrhost
(M. scalarisDNA while dissecting. Nonethelegds may be likely that DNA from some larval

tissue, which surroundthe crop, may exist along with the DNA from the gut content.
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4.3 PCR results

First electrophoresis was carried out to distinguish larval DNA from mammalian DNA from the
larva fixed with hot water (>8C). The primeetCOI (LCO, HCO) was sssbd in amplifying
M. scalarisDNA, which was extracted using QlAamp®Mini Extraction Kit (Fig. 4.5 A

control of the DNA obtained from the gut content gave a negative result.
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Fig 4.6:Visualisation of agarose gel electrophoresis of M. scalda with primeiset COIl (658 bp).
5ul DNA was stained using Mid@ieen Advanced staif©= DNA from gut content

Following this, DNA extracted from. scalarisgut content was amplified using primeet
cytochromeb Long. However, gel visualisation showed that the primer was unable to amplify
the intended targeted region. Therefore, in order to maximise the specificity of mammalian
DNA and reduce the templatezsi, a nested PCR was carried out (section 3.5.2). The PCR
product obtained from amplification byytochromeb Long was used as a template and the
primer set cytochromeb short was used for the second amplification. Gel electrophoresis
showed that it providd positive results and was able to effectively amplify the mammalian

DNA (Figh.7A& B).
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Fig. 4.7:Agarose gel visualisation of mammalian DNA before and after nested PCR; (A) No positive

result was obtained with Primaytb long (1140 bp), while (B) positive result was obtained by primer
cytb short (472 bp)
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After confirming the presence of mammalian DNA in the larval gut content, the DNA present
in gut content was again extracted using three different kits, as described above, and was
amplified using pig specific primexsyt b pig (149 bp) and 16s rRNAg138 bp). Visualising
results afte AGE indicated that QlAamp® DMRektigatorKit gave the best results upon
comparison (Fig.4.8 a and b) amehce for reasons already discussed above, it was used for

further DNA extractions from gut content of larvae fixed with different methods.
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Fig. 4.8 (a)Visualisation of agarose gel electrophoresis of DNA samples extracted from larvae using
QlAamp® DNMini ExtractionKit fixed by ot water (>80°C) with cyi pig (149 bp).
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Fig. 4.8 () Visualisation of agarose gel electrophoresis of DNA samples extracted from larva using
QlAamp® DNAwestigatorKit and PrepFiler® Forensic DBdractionKit (Applied Biosystems™) fixed
by hot water (>80°C) with citpig (149 bp)

Several fixation métods were used to fix the larvaend subsequent dissection was
performed to obtain the crop contents (Fig.1). The DNA in the gut content was extracted
using the QlAamp® DNwvestigatorKit and was amplified using primergt b pig (149 bp)
and 16S rRA pig (138 bp). Both primers showed positive amplification with most of the
samples [Fig. 4.9 (a)(b) and 4.10 (a)(b)].
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Fig.4.9 (a): Visualisation of agarose gel of DNA extracted from gut of laf¢gdixed by directly
freezing at 20°C and (B) fixed by immediately placing larvae in EtOH the@CG#G amplified with
primer cytb pig (149 bp). DNA extracted from Sus scrofat was used as positive control.

Fig.4.9 (b} Visualisation of agarose g#fl DNA extracted from gut of larvagC) fixed by pouring hot
water for 30s then placing in EtO&hd (D) fixed by freezing larvae 202C then placing them in EtOH,

amplified with primer cyb pig (149 bp). DNA extracted from Sus scrofsat was used as positive
control.
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Fig 4.10 (a)Visualisation of agarose gel of DNA extracted from gut of laf#gefixed by directly

freezing at 20°C and (B) fixed by immediately placing larvae in EtOH the2GHG, amplified with
primer 16S rRNARig (138 bp). DNA extracted from Sus scro&at was used as positive control.

Fig.4.10 (b)Visualisation of agarose gel of DNA extracted from gut of laf@dixed by pouring hot
water for 30s then placing in EtOC&hd (D) fixed by freezing larvae 202C then placing them in EtOH,

amplified with primer 16S rRNAg(138 bp). DNA extracted froBus scrofaneat was used as positive
control.
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4.4 Genome Sequencing

All samples that showed positive results in gel electrophoresis were purified as desaribed
materials and methods (section 3.7) and sent for Sasgguencing to Eurofin&enomics

(Ebersberg, Germany). BlastN of all the sequef®ppendix 3showed most of the samples

amplified with cytb pig and 16s rRNpig werefrom Sus scrofg§Table 4.4 and 4.5).
Cyt b Pig

Sequencing max total indent Acces. no.
resultcytb score score
pig (149bp)

1 Sus scrofa 191 191 93% 4.00E 99% MF143597.1
113bp 45

2 Sus scrofa 113 113 96% 8.00E 98% EF545592.1
115bp 22

3 Sus scrofa 191 191 96% 4.00E 98% AM492573.1
113bp 45

4 Sus scrofa 189 189 92% 1.00E 99% MF143597.1
114bp 44

5 Sus scrofa 187 187 96% 5.00E 99% MF143597.1
108bp 44

6 Sus scrofa 189 189 92% 1.00E 99% MF143597.1
114bp 44

7 Sus scrofa, 182 182 91% 2.00E 99% AM492573.1
110bp 42

8 Sus scrofa 183 183 98% 6.00E 98% MF143597.1
106bp 43

9 Sus scrofa 187 187 98% 5.00E 99% MF143597.1
106bp 44

10 Sus scrofa, 121 121 95% 5.00E 100% MF143597.1
68bp 24

Table 4.4BlastN results of samples amplified with primer loytig (149 bp) Al samples belongetb
Sus scrofaNote that,due to use of &ger sequencing the resglbbtained are less than 149 bp due
to loss of sequence during sequencing.
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16S rRNA

Sample Sequencing resull max total Query indent Acces. no.
name 16s rRNA  Pi¢ score score Cover
(138bp)

1 Sus scrofad5bp 161 161 91% 3.00E 100% MF143597.1
36

2 Sus scrofa88bp 145 145 100% 3.00E 97% KJ746666.1
31

3 Sus scrofad7bp 145 145 100% 3.00E 97% KJ746666.1
31

4 Sus scrofa89bp 134 134 96% 6.00E 95% MF143597.1
28

5 Sus scrofa96bp 163 163 94% 8.00E 99%  KJ746666.1
37

6 Sus scrofa95bp 154 154 91% 5.00E 99% MF143597.1
34

7 Sus scrofa97bp 163 163 90% 8.00E 100% MF143597.1
37

8 Sus scrofa96bp 161 161 90% 3.00E 100% MF143597.1
36

9 Sus scrofa94bp 161 161 100% 3.00E 98% MF143597.1
36

10 Sus scrofa97bp 165 165 91% 2.00E 100% MF143597.1
37

Table 4.5 BlastN results of samples amplified with primer 16S rRNA Pig (138samples beloned
to Sus scrofa. Note thatlue to use of &ger sequencinghe result obtained are less than 138 bp
due to bssof sequence during sequencing.
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4.5 Quantitative / Real time PCR

4.5.1 Amplification Plots

As discussed in thenaterials and methods (section 3.8), a standardPRR run was
performed on a7500 Fast Real Time PCR Instrument (Applied Biosystems, USA) using SYBR
Green, which resulted in successful amplification of target regions mgtand 16S rRNAg

in the samples (Fig. 4.11 and Fig. 4.12).
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Fig.4.11 Amplification plot of samples withrimersetcytbp]P ~id6 %o*V ~ ¢« 4Zv As C 0  U%o

plot of samples amplified with cytpig showing the ycle threshold value of 0.38r the reaction (b)
A normalised report of Rn Vs Cycle amplification plot of samples amplified withpayt A (red)
Standard sampleB (yellow)- unknown sample C (green) unknown sample anahegative control

(NTG.
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Fig.4.12: Amplification plot of samples withripner set 16S rRNA (138 bp)~ « 4Zv Ae C o
amplification plot of samples amplified with 16S rRNA Pig showing the cycle threshold valug of 0.2
for the reaction (b) A normalised report of Rn Vs Cycle amplification plot of samples amplified with
16S rRNA Pi@ (fl. green) standard sampleE (light blue} unknownsample F (dark bluejunknown

sample anchegative control ITG.
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4.5.2 Standardurve plots

A standard curve was plotted (F#@13 a & b) based on standards manually prepared from
Sus scrofaneat. Using thighe quantity of unknown samples was determined (Takles and

4.7) and from those, samples appropriate for STR analysis were selected (quadtidp>

ng/ul).

Gytb pig

Standard Curve (Target: Cyt B Pig)

Threshald Cycle (CT)
kJ
(=)

00001 0001 0002 o a2 a1 az 1 2 345 10 20 3 100

Quantity (Copies)

Fig. 4.13(a)Standard curve plottedrom threshold cycle ( versusquantity (cyt b pig). Standard
curve plotted to determine quantity of unknown samples with respect to standards of known quantity
for the primersetcyt b pig (149 bp). Herel =Sandard @ = Unknown B = Unknown flagged).

Note that Unknown flagged are samples with multiple Tm and also no template sample like the
NegativeControl (NTCHope=-4.231;Y-Intercept: 15.865 R2:0.981.
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16S rRNAIg
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Fig.4.13(b): Standard curve plotted fromhteshold cycle (versusquantity(16S rRNA)Standard

curve plotted to determine quantity of unknown samples with respect to standards of known quantity
for the primer 16S rRNA Pig. HelR =Sandard B = Unknown B = Unknown flagged). Note that
Unknown flagged are samples with multiple Tm and also no template sample like the Negative Control
(NTC).9ope:-3.996 Y-Intercept: 16.022;R2:0.996.
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4.5.3 Melt curve analysis plot

The melt curve analysis displayed one peak in most of the santpé&sfore verifying the

amplification of only the target region (Fig.4.14).

Dorivativo Roportor (-Rn')

850 00 %0 0.0 %o “wo w0
Temperature { %)

Fig. 4.14Melt curve analysig1) Detection of primedimer formation in the negative control (water);

(2) The melt curve for all samples amplified with 16S rRNA pig. As only one peak is observed, it
confirms the amplification of only the target region (3) The melt curve for all sangpiglified with

cyt b pig. As only one peak is observed it confirms the amplification of only the target region
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4.5.4 Quantificationable of inknownsamples

With the help of the standard curve obtained abd¥eg. 4.13 and Fig. 4.14he quantity @

the unknown samples was determined. The standards used in the examination were prepared
manuallyfrom knownquantities, starting from 65 ngil serially diluting with a factor of 1:10.

The analysis was undertakensesof three samples comprising of 1 crop, 3 crops and 5 crops
respectively for each type of method used for fixing the larvae as described in the materials
and methods (section 3.2). Upon evaluation, sampleg&1,Sixed with only EtOH a20°C

gave the maximum per crop quantificatidollowed by the samples 188, fixed with freezing

the larvae at20°C (Tables 4.6 and 4.7). This was observed in the amplification process with
both thecyt b pig primersetas well as 16s rRNAg primerset Further, the T values were
clustered for each type of primer (or dypig about 78.1°Cand for 16s rRNA about 75.8°C),

indicating only one region of amplification.

Cytb pig
Target Sample type Quantity  Quantity
(ng/ul) (ng/ul) per

sample*
1 cytb pig STANDARD 65 - 8.912 77.732
2 cytb pig STANDARD 6.5 - 12.434  77.905
3 cytb pig STANDARD  0.65 - 16.039  78.078
4 cytb pig STANDARD 0.065 - 20.327 78.250
5 cytb pig STANDARD  0.0065 - 23.749  78.078
6 cytb pig STANDARD  0.0007 - 31520 78.078
7 cytb pig UNKNOWN  0.0028 0.0028 26.988 78.250
8 cytb pig UNKNOWN  0.0046 0.0015 26.069 78.078
9 cytb pig UNKNOWN  0.3851 0.0770 17.687  78.078
10 cytb pig UNKNOWN  0.0031 0.0031 26.844  78.423

Continued.
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Target Sample type Quantity Sample

Name
11 cytb pig UNKNOWN  0.0083 0.0028 24.999  78.195
12 cytb pig UNKNOWN  0.4156 0.0831 17.543  77.905
13 cytb pig UNKNOWN  0.0083 0.0083 24.960  78.250
14 cytb pig UNKNOWN  0.4396 0.1465 17.437  78.250
15 cytb pig UNKNOWN  2.9111 0.5822 13.858  78.423
16 cytb pig UNKNOWN  0.0084 0.0084 24.934  78.250
17 cytb pig UNKNOWN  0.4828 0.1609 17.259  78.078
18 cytb pig UNKNOWN  3.0027 0.6005 13.800  78.423
19 cytb pig UNKNOWN  0.0090 0.0090 24.804  78.423
20 cytb pig UNKNOWN  0.4919 0.1640 17.224  78.423
21 cytb pig UNKNOWN  3.0682 0.6136 13.759  78.423
22 cytb pig NTC - - 30.895  70.648

*crop of the larva

Table 4.6:Quantification of the unknown samples of DNA obtained from the standard cowé

pig). Samples b are standards of known quantity serially diluted in the ratio of 1:10. In accordance

to these results, samples 9 (5 larval crops fixed first by freg¢hamgplaced in EtOH), B crops of

larvae fixed first with hot water then placed in EtO-, (5 crops of larvae fixed first with hot water

then placed in EtOH), 13 (1 crop of larva fixed by pouring hot water), 14 (3 crops of larvae fixed by
pouring hotwater), 15 (3 crops of larvae fixed by pouring hot water), 16 (1 crop of larva fixed by
freezing only), 17 (3 crops of larvae fixed by freezing only), 18 (5 crops of larvae fixed by freezing only),
19 (1 crop of larva fixed by placing directly in EtOB)32crops of larvae fixed by placing directly in
EtOH) and 215 crops of larvae fixed by placing directly in EtOH ) were selected for an STR analysis as
all of them have quantities >0.005ngl/
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16S rRNAIg

Sample Target Sample type Quantity  Quantity
Name (ng/ul) (ng/Wl) per
sample*
1 16SrRNA  STANDARD 65 - 7.9160 75.140
2 16SrRNA STANDARD 6.5 - 13.360  75.659
3 16SrRNA STANDARD 0.65 - 16.517 75.831
4 16SrRNA STANDARD 0.065 - 20.697 75.831
5 16SrRNA  STANDARD 0.0065 - 24.164 75.831
6 16SrRNA  STANDARD 0.0007 - 29.295 71.512
7 16SrRNA  UNKNOWN 0.0040 0.0040 25.665  75.659
8 16SrRNA  UNKNOWN 0.0025 0.0008 26.493 75.831
9 16SrRNA UNKNOWN 0.0084 0.0017 27.485 75.659
10 16S rRNA  UNKNOWN 0.0006 0.0006 28.978 70.821
11 16SrRNA UNKNOWN 0.0025 0.0008 26.485  75.659
12 16SrRNA  UNKNOWN 0.0025 0.0005 26.485 75.659
13 16SrRNA  UNKNOWN 0.2594 0.2594 18.456  75.486
14 16SrRNA  UNKNOWN 0.3391 0.1130 17.994  75.659
15 16SrRNA UNKNOWN 2.2513 0.4503 14726  75.831
16 16SrRNA  UNKNOWN 0.3556 0.3556 17911 75.486
17 16SrRNA  UNKNOWN 1.7235 0.5745 15.187  75.659
18 16SrRNA  UNKNOWN 2.2725 0.4545 14710  75.659
Continued.
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Sample Target Sample type Quantity  Quantity

Name (ng/ul) (ng/ul) per

sample*
19 16SrRNA  UNKNOWN 0.3087 0.3087 18.156  75.140
20 16SrRNA  UNKNOWN 0.3575 0.1192 17.902  75.659
21 16SrRNA  UNKNOWN 2.3251 0.4650 14.670 75.831
22 16SrRNA NTC - - 29.319 71.512

*crop of the larva

Table 4.7 Quantification of unknown samples of DNA obtained from the standard dd6&rRNA)
Samples ¥ are standards of known quantity serially diluted in the ratio of 1:10. In accordance to
these results, samples 9 (5 larval crops fixed first by freezinglaeed in EtOH), 13 (1 crop of larva
fixed by pouring hot water), 14 (3 crops of larvae fixed by pouring hot water), 15 (3 crops of larvae
fixed by pouring hot water), 16 (1 crop of larva fixed by freezing only), 17 (3 crops of larvae fixed by
freezing oty), 18 (5 crops of larvae fixed by freezing only), 19 (1 crop of larva fixed by placing directly
in EtOH), 20 (3 crops of larvae fixed by placing directly in EtOH) aftdc2dps of larvae fixed by
placing directly in EtOH ) can be considered appropf@t&TR analysias all of them have quantities
>0.005ng(ul. It is also seen that the results corresponding to both the prisstscyt b pig and 16S

rRNA match.
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4.6 Genetigrofiling

An STR analysis of samples concluded with samplds8,1T9 and 21 giving full DNA profiles

for all 12 loci,and samples 16 and 20 giving partial DNA profiles. Table 4.8 describes the
genotyping of all positive samples that were extracted from larvae fixed by freezigg°a -

and from larvae fixed by placing them directly in ethanol. The corresponding DNA profiles
have been attached inppendix4 for reference. The positive result with 1 crop of larvae

preserved in EtOH gave a positive match with the Standard (the food source) (Fig. 4.15)

Samples

Standard 1 17 18 21 Standard 2 16 19 20

Allele Allele
Calling at (frozen) (frozen) (EtOH) Calling at (frozen)  (EtOH) (EtOH)

50 RFU 50 RFU

387A12F 14.1,151 14.1,15.1 14.1,151 14.1,151 921 9,21 921 921
S0655 13,13 13, 13 13, 13 13, 13 11,13 ND 11, 13 ND
SBH1 13,14 13, 14 13, 14 13, 14 14,14 14,14 14,14 14,14
SBH2 6, 26 6, 26 6, 26 6, 26 26,27 26, 27 26, 27 26, 27
SBH4 56, 57 56, 57 56, 57 56, 57 56, 66.1 56,66.1 56,66.1 56, 66.1
SBH10 49,49 49, 49 49, 49 49, 49 46, 49 46, 49 46, 49 46, 49
SBH13 11,14 11,14 11,14 11,14 11,15 11,15 11, 15 11, 15
SBH18 12,12 12,12 12,12 12,12 9,ND ND 9, ND ND
SBH19 14,15 14, 15 14, 15 14, 15 12,14 14 12,14 14
SBH20 23,37 23, 37 23, 37 23, 37 36,37 36, 37 36, 37 36, 37
SBH22 23,23 23,23 23,23 23,23 23,233 23,23.3 23,233 23,233
SBH23Y Y Y Y Y Y Y Y Y
SBH23 X X X X X X X X X

ND- not detected

Table 4.8:Genotyping resultsat 50 Relative fluorescence unit (RFdd)the positive samples in
comparison to the genotyping of DNA extracted frBoms scrofaneat that was fed to the larvae while
breeding (standards 1 and @ozen and stored in EtQHsamplesl6, 17, 18vere obtained from gut
content of larvagwhich weee fixed by only freezing a@°Cand. Samples 17 and 18 show exact
matches and sample 16 showsm9 out of 12 loci, proving the DNA extracted from the gut content
was similar to the one the larvae fed aivhile, amplesl19, 20, 2.were obtained from gt content of
larvae which were fixed by directly placing the larvae at EtOH and then storir® &t - Samples 19
and 21 show exact matches, and sample 20 shows a smaiehin 9 out of 12 loci. This proves the

DNA extracted from the gut content was dian to the one fed to the larvae.
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Fig 4.15Electropherograntomparisorof Standard 2 with 1 crop of larvae fixed in EtOH; (A)

Standard (B) Sample
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5. Discussion

In this study, an attempt was made to extract DNA from the gut content ofsbalaris
(Diptera, Phoridae) larvae, a naonventional source of DNA evidencand assess its
reliability as a tool for human DNA identification forensantext

Forensic investigators around the world typically depend on conventional squikeebody
fluids, in an attempt to recover DNA evidence from the scene of crime. They routinely use
DNAto establish a relationship between the questioned sample and the scemeidence
(Butler,2005; Li, 2015Xowever,in some cases, like extreme cadaver decompositiothe
absence of the cadavethe use of traditional methods of DNA evidence collection and its
analysis is not advantageous for the establishment of the identity of the v(Etellset al,
2001a,h). To overcome this problem, investigators need to as#fferent approach for the
collection of DNA evidence. The analysis of the gut contents of necrophagous kanaae (
conventional source of DNA evidence) can beingportance insuch investigations. In
instances where investigators discover maggots but no corpse from a possible scene of crime,
gut content analysis of the larvae (maggots) carubeful to establish the identification of
the missing corpse (Wells et,a@001a,h. Successful neimsect DNA extraction from the gut
contents of larvae of Calliphoridaéldw flies) and Sarcophagidae (flesh flies), which are
generallythe firstcolonisers of abody, have been repeatedly demonstrated in the literature.
In a study conduci by Liet al. (2015), human DNA was successfully extracted from the gut
contents of Aldrichina grahar(Calliphoridaefound on a corpse in centrabuthern China.
Likewise, in the study conducted by Wells et @001a,l), successful extraction and
amplification of human DNA with mitochondrial gene markers possibla the gut content

of Cynomyopsis cadaveriri@alliphoridae)Althoughlarvae of Calliphoridae (blow flies) and
Sarcophagidae (flesh flies) are first colensson decomposing corpsen cass of aburied
corpseor indoor crime scenel. scalarisis found to be the primary colores due its small
size and its ability to crawltimtight spaces (Disney, 200&)us making it an important fly of
forensic interest (Pastuala ®lerritt, 2013; Bugelli et al.2015). As previously mentioned,
most studieshave focusedn the extraction of DNA from Calliphoridae and Sarcophagidae,
with no work yet undertakeron extraction of DNA from the larval gut contentflyf species

of small size like scuttle flighoridae). Hence, this study expands the source of DNA
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extraction aiding criminal investigations by successfully extracting and amplifyingnsent

DNA from the gut content d¥1. scalaris(Phoridae) larva fed on Sus scraofaat, and hence,
associating the larvae with the corpse.

In the initial phase of the study, pefgeding 3 instar larvae oM. scalariswere taken and
fixed using hot water (>8QC) for 40s, a standard method of fixation of larvae of forensic
interest, as desdoed by Amendtt al. (2007).The larvae were dissected by the method
described by Tuccia et §2016) in groups of 1 crop, 3 crops and 5 crops. QiagdhAMini
Extraction Kit was used to successfully extract DNA from the gut content of the larva. The
DNA thus obtained was first amplified with the invertebrate specific COI primer set, followed
with the mammalian specificyt b primers(Long and Short). The COI primerga¢epositive
amplificationsfrom DNA extracted from the Mscalarislarval tissue¢ however, negative
results with no amplification of the intended targeted DNA region welsdained with the
control sample from the DNA extracted from the gut content of larvkarther, PCR
amplification with mammalian specific cyt grimer set was performed using the DNA
extracted from the gut, positive results were obtained, confirming the presence of
mammalian DNAThis result was in accordanegth the suggestion already flishedin a
review by Campobasso et §2005) on forensic genetic analysis of gut contefite result
alsoproves that nonnsect DNA extraction was possible from gut content of smaller larvae
(0.1:0.25 cm) like that of M. scalaris. Subsequently, susséul amplification bands were
obtained not only from sets of 3 crops and 5 crdmst also from the set of 1 crop. The DNA
found in the gut content provided important information about tHast meal’ of the larvae
(Wellset al., 20QLb; Campobasset al, 2005;Zuha and Omar, 20)4Hence DNAanalysis

can provide information on possible relocation of the corpse (if maggots are present where
no food source is apparently present indicates possible relocation) and also information about
the actual food soure in presence of multiple food sources.

After intensive analysis of the literature, three different types of DNA extraction Kits
(QlAamp® DNA iN Extraction Kit, QlAamp® DNAwMestigatorKit and PrepFiler® Forensic
DNAExtraction Kit) were used to extra®NA from the 3 instar larvae fixed with hot water
(>80qC) for 40s (Amendt et,£2007). Ahough positive results were obtained from all the
kits, there was a statistical significant differencevgiae < 0.05) in the yield of the DNA

obtained per samle from each kit. While the Minikit gave the least amount of DNA
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(0.057 0.02 ng/R), the Prepfiler Kit gave the maximum amount of DNA (804& ng/R) per
sample. The statistical variations were also confirmed by AGE, after amplifying the DNA
samples extacted from each kit with pig specific mitochondrial gene primerlkcgtg (149

bp). The brightness of the amplified bands varied from kit to kit with Minikit showing the least
bright bands and Prepfiler Kit andvestigator Kitoth giving the brightest bandsas DNA
extraction withMinikit gave very low DNA amount per sample, it was not used for further
analysis.Diffrences in the amount of nomsect DNA exaction from immature stages of
Diptera is also reported by Marchetti et §2013) Marchetti and the collaborators (2013)
found out that the highest amount of the victiDNA was obtained using PrdpfiKitwhereas
Chelex100 (BioRad)method of DNA extraction did not provide any useful results. This result
was also validated in thigugly. All the positive samples were sent for sequengigd the
sequences compared through Blastiing a positive match with Sus sconfisitochondrial
region €yt b pig, 149 bp Thus, thee results successfully link the DNA extracted from the
larval gutcontents to its food source i.e. Sus@a. The DNA obtained can be further used
for STR analysis and also fechifomosome analysis for identification and sex determination
respectively Clery, 2001Zehneret al.2004).

During RIPCR, multiple Tm peskvere obtained during the melt curve analysis of the sample
strongly suggesting presence of fragmented DNA sample with multiple sites being amplified
simultaneously. The negative result also sugg@dhe presence of inhibitors during the
process of RPCR (Opat al,, 2010). This result was in congtavith the validation studies of

the Prepfiler kit conducted by Brevnet al. (2009), which suggested that PCR inhibitors are
generally removed with the @sof this kit. However DNA samples extracted wittme
Investigator Kit gave a positive result duringfROR, and onlgne Tm peak was obtained
during the melt curve analysisnplying amplification of one specific targeted region of the
mitochondrial genecytb pig. The successful use thie QlAamp® DNAvestigatorKit was,
therefore, validated for forensic casework on samples with low amount of DStArk
Andreaggiet al, 2011). Its effectiveness hatsobeenseen in case of mass disaster victim
identification (Watherston et al.2018). Given its effectiveness in the extraction of samples
with low amount DNAand failure of the PrepFiler kit to give positive result withRHIRthe

Investigator Kitvas used fofurther studiesand subsequently for STR profiling
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After deciding on the extraction kit and confirming the possibility to extract DNA from M.
scalaridarval gut content, further DNA extractions were carried out using the Investigator Kit
to test whichmethod of fixation of larvaggave the maximum yield of DNAGenerally,
investigators use hot water (>&{C) to fix larvae as a standard procedure for preservation of
the larval samples collected from the scene of crime, as described Amend(20@r). Tis
process is preferred when morphological analysis is to be performed, but due to liquefaction
of the gut it causes difficulties during dissection. Furthermore, post dissection, a lot of host
tissue is attached with the larval gut due to liquefaction sTddfects the further molecular
analysis of the gut content. Hence, to derive a better method for dissection, further in the
study the larva was fixed using 5 different protocols

Thedry and wet weight of crops attained after dissection of larvae fixefteezing at20°C

and by placing in EtB at 20°C,was lesser wheoompared tothe hot water (>80°Cand
frezzingat -20°C and stored in EtOidethods. In addition, these twmethods of fixation
resulted inaneasier dissection. The gut remained intact when dissected and was surrounded
by lesser host tissue. As reported by Linville e{2004), EtOH results in dehydration by
replacing all the water moleculeggnd dissection after freezing the larvae may resuleaking

of gut content if pricked. Hence, care was taken while dissecting the larvae with these
methods. Storing larvae in EtOH is also not recommended if visual examination is to be carried
out, as it causes changes in larvabrphological features by shrinking the tissues, or
extracting cellular componentske lipids causing colour disruptions (Carter 2003).
Quantification results, showed that the fixing methods hugely affect the DNA extraction
process. Some fixing process like usetbb&nol isvery helgul for DNA extraction but it is not
suitable for morphological analysis, making it very important for the investigators to use the
correct method to facilitate further analysis.

As stated by Linvillet al. (2004), preserving larvae at lowembperatures helps to lessen or
eliminate bacterial growthand reducsor eliminates bacterial development and enzymatic
activity, which helps in preservation of DNA. EtOH works in a similar way as well. The results
obtained after STR analysis welgo in accordance to the results obtained after weight and
guantifications. Methods of only freezing the larvae and only placing in EtOH not only

provided a good amount of weight of crop, they also provided the maximum amount of DNA
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as observed after quantificatin and showed the brightest PCR amplification bands for both
primerscyt b pigand 16S rRNpig.

A number of studies, such as by Haskell et(2001), suggest the use of formaldehyde
containing Kahle’s solution for preservation of larvae. This method is preferred when
morphological analysis of the larva is requirkdt it is not recommended when DNA analysis

is to be performedas the formaldehyde results in tissue degradation as shown by Taktuda

al. (1990). This study describes the use of only EtObhlyrfreezing the larvae as preferred
methods of fixation for molecular analysis, which is in contradiction to the entomological
guidelines by Amendit al.(2007) who proposed pouring hot water on larvae and immersing
themfor 40s asanideal method of fixation. The methods described in this stuaiyy(EtOH

or only freezing) are also more convenient and practicable for crime scene officers and can
help in speedier collection of larvae in cases where further molecular analysis is required.
Animaltype Pig (Biotype) STR multiplex kit was successful in STR analysis of the samples and
the results displayed complete STR profiles for samples 17 (3 crops), 18 (5 crops), 19 (1 crop)
and 21 (5 crops) for all 12 loci and samples 16 (1 crop) and 20 (3 crops) giving partial DNA
profiles. The alleles were compared to the ones obtained after STR analysis of the sample of
DNA derived fronBus scrofaneat that was fed to the flies while breeding them. Table 4.8a
and 4.8b shows the genotyping results for all the samples which displayed complete and
partial DNA profiles in comparison to the DNA extracted from the standard (meat fed to the
respective flies while breeding). This establishes the fact that Sus Six#aextracted from

the gut of M. scalaridarvawas exactly the one that was fed to them. This is concurrent to
studies previously conducted on larvae of species of bigger size by Campobas§p0859).

Di Luise et al2008), Wells et a(2001a,b, Zehner et al(2004) and several others.
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6. Conclusion

Three decades ago, the development of DNA fingerprinting changed the perception of
criminal investigation. Since then, the development of modern methods in molecular
genetics, statistics and development of massive databases have helped investigators in
accurate criminal convictions and exonerations. From time to time, lack of conventional
sources of DNA evidence in crime scenes has necessitated investigators and forensic scientists
in development and identification of newer sources of DNA evidertish@rizonhas been
expanded in this fielavith successful DNA extraction and STR profiling of the gut content of
M. scalaridarvae.Although,traditionally, larvae were only used for PMI estimation, with the
advent of molecular techniques, larval gut content analysis for human identifidai®been
developed. Tis study concludes thatregardless of the size of the larvae, DNA can be
extracted from a minimum of one small sized larva using proper preservation and extraction
methods. Furthemore, the study also concludes that fixing the larvae by placing it directly in
ethanol, or by directly freezing it, not only helps in easier dissection but is also useful in DNA
analysisboth in terms of quality and quantity. This result suggests methods for fixing the
larvae which can not only help investigators in collecting them from the crime séenalso
provide good quality DNA for analysis from gut contentAlthoughSus scrofavas used as

the study model, the results obtained can égpandedio human identification from larvae
obtained from crime scenes. Aositive DNA profile coulde used in multiple cases
establishing a relatioship betweenthe suspectedmovementsof the body fromthe crime
scene or establishing the source of the last meal of larva¢he case of presence of multiple
food source. Finally, tiis study concludes thatalthough the larvaavere very small, non
insect DNA @uld be extracted andised for STR analysisakingthese small insecta tool in

criminal justice system for human identification.

Further research

This study opens a nogxhaustive list of further researchirstly, determination andnalysis

of the time period following the feeding of the%3nstar larvae oM. scalaris,untill which

DNA can be successfully extracted and genotyped is a very important parameter that could
further be studied. Bsearch ouldalso be employed on larvae that have fed on human tissue,

SO as to extract and characteziiuman DNA, as better quality genotyping kits with higher
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sensitivity are available for human DNA. Also factorhefSTR analysibke injection time,
injection volume along with injection voltageould be tested to determine if samplase
capable of providing complete STR profiles. The search for other methods of fixation that

could affect DNA analysisould also be further investigated.
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Appendix 1

Table 1. Results of Paldbc Analysis (Tukey HSD) of wet weight of larvae fixed with 5
methods performed to identify the variation amongst the methods used.

(I) Method (J) Method Mean Std. Error Significance
Difference (1J) (p-value)

1 2 0.0026 0.00008 0.000
3 0.0016 0.00008 0.000

4 0.0028 0.00011 0.000

5 0.0027 0.00011 0.000

2 1 -0.0026 0.00008 0.000
3 -0.0010 0.00008 0.000

4 0.0003 0.00011 0.159

5 0.0001 0.00011 0.923

3 1 -0.0016 0.00008 0.000
2 0.0010 0.00008 0.000

4 0.0012 0.00011 0.000

5 0.00171 0.00011 0.000

4 1 -0.0028 0.00011 0.000
2 -0.0003 0.00011 0.159

3 -0.0012 0.00011 0.000

5 -0.0002 0.00013 0.722

5 1 -0.0027 0.00011 0.000
2 -0.0001 0.00011 0.923

3 -0.0011 0.00011 0.000

4 0.0002 0.00013 0.722

* The mean difference is significant at the 0.05 level.
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Table 2. Results of Peldbc Analysis (Tukey HSD) of dry weight of larvae fixed with 5 methods
showing statistical variation amongst the methods. No method varied completely statistically
from all the other methods.

(1) Method (J) Method Mean Std. Error Sighificance
Difference (p-value)

(I-9)

1 2 -0.0001 0.00005 0.414
3 -0.0002 0.00005 0.020
4 -0.0001 0.00007 0.809
5 -0.0004 0.00007 0.000
2 1 0.0001 0.00005 0.414
3 -0.0001 0.00005 0.544
4 0.0000 0.00007 1.000
5 -0.0004 0.00007 0.000
3 1 0.0002 0.00005 0.020
2 0.0001 0.00005 0.544
4 0.0001 0.00007 0.724
5 -0.0003 0.00007 0.005
4 1 0.0001 0.00007 0.809
2 0.0000 0.00007 1.000
3 -0.0001 0.00007 0.724
5 -0.0004 0.00009 0.002
5 1 0.0004 0.00007 0.000
2 0.0004 0.00007 0.000
3 0.0003 0.00007 0.005
4 0.0004 0.00009 0.002

* The meardifference is significant at the 0.05 level.
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Table 3Post hoc (Tukey HSD) analysis of DNA extracted per crop using three different kits
depicting a significant statistical differences amongst the kits

(D Kit (J) Methal Mean Difference Std. Error Sighificance
(EN)) (p-value)

1 2 -0.3606 0.02031 0.000
3 -2.9039 0.02031 0.000

2 1 0.3606 0.02031 0.000
3 -2.5433 0.02224 0.000

3 1 2.9039 0.02031 0.000
2 2.5433 0.02224 0.000

* The mean difference is significant at the 0.05 level.
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Table 4. Post hoc (Tukey HSD) analysis of DNA extracted per crop using different methods
revealed significant statistical differences amongst the methods used

(I) Method (J) Methal Mean Difference Std. Error Significance
(I-9) (p-value)

1 2 -2.7411 0.10972 0.000
3 -1.6178 0.10972 0.000

4 -0.0889 0.10972 0.927

5 -1.3928 0.10972 0.000

2 1 2.7411 0.10972 0.000
3 1.1233 0.10972 0.000

4 2.6522 0.10972 0.000

5 1.3483 0.10972 0.000

3 1 1.6178 0.10972 0.000
2 -1.1233 0.10972 0.000

4 1.5289 0.10972 0.000

5 0.2250 0.10972 0.251

4 1 0.0889 0.10972 0.927
2 -2.6522 0.10972 0.000

3 -1.5289 0.10972 0.000

5 -1.3039 0.10972 0.000

5 1 1.3928 0.10972 0.000
2 -1.3483 0.10972 0.000

3 -0.2250 0.10972 0.251

4 1.3039 0.10972 0.000

* The mean difference is significant at the 0.05 level.
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Appendix 2

Table 1. Quantification results obtained after extracting DNA from larval gut content using
the QlAamp® DNXini ExtractionKit.

SAMPLE AVERAGE O SD OF TOTA AVERAGE O SD OF DN
TOTAL DN/ DNA DNA PEF PER SAMP
(ng/pl) SAMPLE
(ng/ul)

11 0.43 0.03 0.43 0.03
1.2 0.35 0.01 0.35 0.01
1.3 0.33 0.03 0.33 0.03
14 0.22 0.02 0.22 0.02
15 0.57 0.02 0.57 0.02
1.6 0.50 0.02 0.50 0.02
1.7 0.35 0.05 0.35 0.05
1.8 0.42 0.02 0.42 0.02
1.9 0.46 0.01 0.46 0.01
3.1 1.90 0.06 0.63 0.02
3.2 1.67 0.03 0.56 0.01
3.3 1.62 0.04 0.54 0.01
3.4 1.49 0.04 0.50 0.01
35 1.63 0.08 0.54 0.03
3.6 1.52 0.04 0.51 0.01
3.7 1.55 0.06 0.52 0.02
3.8 1.56 0.13 0.52 0.04
3.9 1.69 0.02 0.56 0.01
5.1 3.95 0.04 0.79 0.01
5.2 3.62 0.04 0.72 0.01
5.3 3.84 0.04 0.77 0.01
5.4 3.60 0.03 0.72 0.01
5.5 3.98 0.06 0.80 0.01
5.6 3.95 0.06 0.79 0.01
5.7 3.89 0.06 0.78 0.01
5.8 3.83 0.05 0.77 0.01
5.9 3.85 0.01 0.77 0.00
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Table 2. Quantification results obtained after extracting DNA from gut of larvae fixed by

pouringhot water for 30s QlAamp® DNA Investigator)Kit

Method - Hot Water for 30s

SAMPLE AVERAGE O SDOF TOTAI AVERAGE O SD OF DNA PE
TOTAL DN/ DNA DNA PEF SAMPLE
(ng/ul) SAMPLE
(ng/pl)
1.1 0.69 0.02 0.69 0.02
1.2 0.68 0.01 0.68 0.01
1.3 0.67 0.02 0.67 0.02
1.4 0.71 0.02 0.71 0.02
1.5 0.84 0.04 0.84 0.04
1.6 0.79 0.01 0.79 0.01
3.1 3.36 0.37 1.12 0.12
3.2 3.33 0.33 1.11 0.11
3.3 3.22 0.30 1.07 0.10
3.4 3.07 0.03 1.02 0.01
3.5 3.09 0.02 1.03 0.01
3.6 3.12 0.07 1.04 0.02
5.1 5.04 0.07 1.01 0.01
5.2 5.00 0.08 1.00 0.02
5.3 4.93 0.08 0.99 0.02
5.4 4.92 0.04 0.98 0.01
5.5 4.98 0.10 1.00 0.02
5.6 5.11 0.03 1.02 0.01
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Table 3. Quantification results obtained after extracting DNA from gut of larvae fixed by only
freezing at 20°C(QlAamp® DNKvestigator Kit

Method - Frozen only 20°C)

SAMPLE AVERAGEO SDOFTOTA AVERAGE O SD OF DNA PE
TOTAL DN/ DNA DNA PEF SAMPLE
(ng/ul) SAMPLE
(ng/pl)
1.1 3.15 0.09 3.15 0.09
1.2 4.57 0.02 4.57 0.02
1.3 4.33 0.15 4.33 0.15
1.4 3.97 0.05 3.97 0.05
1.5 3.96 0.05 3.96 0.05
1.6 4.16 0.15 4.16 0.15
3.1 9.77 0.06 3.26 0.02
3.2 9.60 0.08 3.20 0.03
3.3 9.64 0.09 3.21 0.03
3.4 9.09 0.12 3.03 0.04
35 941 0.24 3.14 0.08
3.6 9.79 0.10 3.26 0.03
5.1 19.51 0.11 3.90 0.02
5.2 19.34 0.16 3.87 0.03
5.3 19.02 0.10 3.80 0.02
5.4 19.08 0.14 3.82 0.03
5.5 18.70 0.22 3.74 0.04
5.6 18.68 0.04 3.74 0.01
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Table 4. Quantification results obtained after extracting DNA from gut of larvae fixed by first
by pouring hot water for 30s and then placing in EtOH and storinB0aC(QIAamp® DNA

Investigator Kit

Method - Hot Water for 30s then EtOH

SAMPLE AVERAGE QG SD OFTOTA AVERAGE O SD OF DNA PE
TOTAL DN/ DNA DNA PEF SAMPLE
(ng/ul) SAMPLE
(ng/i)
1.1 0.88 0.00 0.88 0.00
1.2 0.82 0.02 0.82 0.02
1.3 0.84 0.05 0.84 0.05
1.4 0.82 0.03 0.82 0.03
1.5 0.86 0.03 0.86 0.03
1.6 0.86 0.02 0.86 0.02
3.1 3.71 0.13 1.24 0.04
3.2 3.62 0.04 1.21 0.01
3.3 3.47 0.06 1.16 0.02
3.4 3.30 0.03 1.10 0.01
35 3.68 0.09 1.23 0.03
3.6 3.60 0.14 1.20 0.05
5.1 5.26 0.06 1.05 0.01
5.2 5.14 0.05 1.03 0.01
5.3 5.17 0.06 1.03 0.01
54 5.06 0.04 1.01 0.01
5.5 5.16 0.03 1.03 0.01
5.6 5.02 0.05 1.00 0.01
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Table 5. Quantification results obtained after extracting DNA from gut of larvae fixed first by
freezing at 20°Cthen placing in EtOH and storing-a0°C(QIAamp® DNHvestigator Kit

Method - Frozen {20°C) then EtOH

SAMPLE AVERAGE O SDOFTOTA AVERAGE O SD OF DNA PE
TOTAL DN/ DNA DNA PEF SAMPLE
(ng/pl) SAMPLE
(ng/pl)
11 2.56 0.11 2.56 0.11
1.2 2.37 0.12 2.37 0.12
1.3 2.45 0.05 2.45 0.05
14 2.54 0.05 2.54 0.05
15 2.61 0.09 2.61 0.09
1.6 2.51 0.07 2.51 0.07
3.1 7.50 0.03 2.50 0.01
3.2 7.69 0.19 2.56 0.06
3.3 7.43 0.17 2.48 0.06
3.4 7.91 0.09 2.64 0.03
35 7.58 0.06 2.53 0.02
3.6 6.97 0.05 2.32 0.02
51 9.86 0.09 1.97 0.02
5.2 9.73 0.04 1.95 0.01
53 9.60 0.11 1.92 0.02
5.4 10.06 0.04 2.01 0.01
55 10.00 0.08 2.00 0.02
5.6 9.62 0.10 1.92 0.02
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Table 6. Quantification results obtained after extracting DNA from gut of larvae fixed by

placing them directly in EtOH and then storing20°C(QIAamp® DNHkvestigator Kik

Method - EtOH only-0°C)

SAMPLE AVERAGE O SD OF TOTA AVERAGE O SD OF DNA PE
TOTAL DN/ DNA DNA PEF SAMPLE
(ng/ul) SAMPLE
(ng/ul)
1.1 3.12 0.14 3.12 0.14
1.2 2.77 0.09 2.77 0.09
1.3 2.63 0.16 2.63 0.16
1.4 2.86 0.09 2.86 0.09
1.5 3.21 0.23 3.21 0.23
1.6 3.38 0.07 3.38 0.07
31 7.95 0.07 2.65 0.02
3.2 7.78 0.16 2.59 0.05
3.3 7.68 0.17 2.56 0.06
3.4 8.15 0.20 2.72 0.07
3.5 8.28 0.16 2.76 0.05
3.6 8.12 0.12 2.71 0.04
51 9.96 0.14 1.99 0.03
5.2 9.90 0.07 1.98 0.01
5.3 9.77 0.09 1.95 0.02
5.4 10.09 0.04 2.02 0.01
55 10.13 0.07 2.03 0.01
5.6 9.82 0.06 1.96 0.01
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Table 7. Quantification results obtained after extracting DNA from larval gut content using

the PrepFiler® Forensic DNA extraction Kit (Applied Biosystems™)

SAMPLE AVERAGE O SD OF TOTA AVERAGE O SD OF DNA PE
TOTAL DN/ DNA DNA PEF
(ng/ul) SAMPLE
(ng/pl)
1.1 3.80 0.08 3.80 0.08
1.2 3.82 0.03 3.82 0.03
1.3 3.60 0.03 3.60 0.03
1.4 3.49 0.03 3.49 0.03
1.5 3.64 0.02 3.64 0.02
1.6 3.79 0.02 3.79 0.02
3.1 9.78 0.02 3.26 0.01
3.2 9.60 0.02 3.20 0.01
3.3 .48 0.01 3.16 0.00
3.4 9.55 0.02 3.18 0.01
3.5 9.64 0.03 3.21 0.01
3.6 9.52 0.02 3.17 0.01
5.1 17.66 0.05 3.53 0.01
5.2 17.88 0.06 3.58 0.01
5.3 17.49 0.10 3.50 0.02
5.4 17.60 0.05 3.52 0.01
5.5 17.62 0.20 3.52 0.04
5.6 17.92 0.05 3.58 0.01
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Appendix 3

Alignedsequencesf the receivedrom Eurofins Genomics, Germany. These were compared
to sequences available in GenBgdMH319786.1MG837550.1}0 establish identity of the
sample(1-10).

(a) cytb PORK

e el el el o]
10 20 30 40 50

MH319786.1 --GCCTTCAT AGGCTACGTC CTGCCCTGAG GACAAATATC ATTCTGASG
--GCCTTC- T AGGCTACGTC CTGCCCTGAG GACAAATATC ATTCTGS-
ACGCCTTC- T AGGCTACGTC CTGCCCTGAG GACAAATATC ATTCTGS-
- CGCCTTCT AGGCTACGTC CTGCCCTGAG GACAAATATC ATTCTG®E-
- CGCCTTCT AGGCTACGTC CTGCCCTGAG GACAAATATC ATTCTG®E-
---CTTC- T AGGCTACGTC CTGCCCTGAG GACAAATATC ATTCTGE-
- CGCCTTCT AGGCTACGTC CTGCCCTGAG GACAAATATC ATTCTGGE-
---------- - AGCTACGTC CTGCCCTGAG GACAAATATC ATTCTGAAGG
------ TCTA TAGCTACGTC CTGCCCTGAG GACAAATATC ATTCTGA- GG
-------- TA TAGCTACGTC CTGCCCTGAG GACAAATATC ATTCTGA- GG
10 e TA TAGCTACGTC CTGCCCTGAG GACAAATATC ATTCTGA- GG

Clustal CO kkkkkhkhkk kkhkkkkkkkk kkkkkkkkhkhk *khkkhkkk *%

O©CoO~NOOOTR,WNE

e el el el e
60 70 80 90 100

MH319786.1 AGCTACGGTC ATCACAAATC TACTATCAGC TATCCCTTAT ATCGGAACAG
AGCTACGGTC ATCACAAATC TACTATCAGC TATCCCTTAT ATCGGAACAG
AGCTACGGTC ATCACAAATC TACTATCAGC TATCCCTTAT ATCGGAACAG
AGCTACGGTC ATCACAAATC TACTATCAGC TATCCCTTAT ATCGGAACAG
AGCTACGGTC ATCACAAATC TACTATCAGC TATCCCTTAT ATCGGAACAG
AGCTACGGTC ATCACAAATC TACTATCAGC TATCCCTTAT ATCGGAACAG
AGCTACGGTC ATCACAAATC TACTATCAGC TATCCCTTAT ATCGGAACAG
AGCTACGGTC ATCACAAATC TACTATCAGC TATCCCTTAT ATCGGAACAG
AGCTACGGTC ATCACAAATC TACTATCAGC TATCCCTTAT ATCGGAACAG
AGCTACGGTC ATCACAAATC TACTATCAGC TATCCCTTAT ATCGGAACAG
10 AGCTACGGTC ATCACAAATC TACTATCAGC TATCCCTTAT ATCGGAACAG

Clustal CO kkkkkkkkkk kkkkkhkkkhkk khkkkkkkhkk khkkkkkkhkk kkkkkkkkkk

O©CoOoO~NOOOUITA~AWNPE

MH319786.1 ACCTCGTAGA -------
ACCTCGTAGA TCGGTAC
ACCTCGTAGC CCTCTTT
ACCTCGTAGT AGTCGC-
ACCTCGTAGC AACTTCT
ACCTCGTAGA CTTG---
ACCTCGTAGC TTATGAC
ACCTCGTAGA TT-----
ACCTCGTAGA GGCTTCT
ACCTCGTAGA TGAAG--
10 ACCTCGTAGA ATGAC--
Clustal Co *****¥kik

O©CoO~NOOUR,WNE
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(b) 16S rRNA

MG837550.1 ----- AGCAG CCATCAATTG AG-  AAAGCGT TAAAGCT@ ACAAATTC--

1 --CTCAGCAG CCATCAATTG AG- AAAGCGT TAAAGCTGx ACAAATTC--

2 GCCTAAGCAG CCATCAATTG AG- AAAGCGT TAAAGCTCCA ACAAATTTC-
3 GATAGAGCAG CCATCAATTG AG- AAAGCGT TAAAGCT@: ACAAATTC--

4 - CCTAAGCAG CCATCAATTG ABAAGCGT TAAAGCTCCA ACAAATTTCC
5 ACTAGAGCAG CCATCAATTG AG- AAAGCGT TAAAGCT@x ACAAATTC--

6 ---TCTGCAG CCATCAATTG AGCAAAGCGT TAAAGCTC- A ACAAATTC--

7 AGCTAAGCAG CCATCAATTG AG- AAAGCGT TAAAGCT@: ACAAATTC--

8 GATAGAGCAG CCATCAATTG AG- AAAGCGT TAAAGCT@: ACAAATTC--

9 ---AAAGCAG CCATCAATTG AGCAAAGCGT TAAAGCTC- A ACAAATTC--

10 GATAGAGCAG CCATCAATTG AG- AAAGCGT TAAAGCT@x ACAAATTC--

Clustal CO khkk kkkkkkkkkk kk kkkkkhkhk *hkhhhkkkx *x kkkkkkk

e el el el o]
60 70 80 90 100

MG837550.1 ACCAACATAA TCCCAAAAAC TAATAACAAA CTCCTAGCC CAATACC---

1 ACCAACATAA TCCCAAAAAC TAATAACAAA CTCCT- AGCC CAATACCCGA
2 ACCAACATAA TCCCAAAAAC TAATAACAAA CTCCT- AGCC C---------

3 ACCAACATAA TCCCAAAAAC TAATAACAAA CTCCT- AGCC CAATACCCAA
4 ACCAACATAA TCCCAAAAAC TAATAACAAA CTCCTTAGCC C---------

5 ACCAACATAA TCCCAAAAAC TAATAACAAA CTCCT- AGCC CAATACCCAG
6 ACCAACATAA TCCCAAAAAC TAATAACAAA CTCCT- AGCC CAATACCCAA
7 ACCAACATAA TCCCAAAAAC TAATAACAAA CTCCT- AGCC CAATACCCAC
8 ACCAACATAA TCCCAAAAAC TAATAACAAA CTCCT- AGCC CAATACCCGA
9 ACCAACATAA TCCCAAAAAC TAATAACAAA CTCCT- AGCC CAATACCAGA
10 ACCAACATAA TCCCAAAAAC TAATAACAAA CTCCT- AGCC CAATACCGGC
Clustal CO kkhkkkkhkkhkk kkkkhkhhkhkhkh hkkhhkhhhhkikk khkhkkk dkkx *

MG837550.1 --

1 AG

2 _—

3 GG

4 -

5 A-

6 CG

7 AT

8 A-

9 C-

10 TG

Clustal Co
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Appendix 4

1. Electropherogram depicting a complete STR profile (12 loci) of Sus Bt¥éfaxtracted
from the gut of oneM. scalaridarva fixed with only EtOH (Sample 19)
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Electropherogram depicting a partial STR profile (10 loci) of Sus Bdxéfaxtracted
from the gut of three M. scalariarvae fixed with only EtOfEample 2Q)
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Electropherogram depicting a complete STR profile (12 loci) of Sus Bitéfaxtracted
from the gut of five M. scalariarvae fixed with only EtOH (Sample .21)
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Electropherogram depicting a partial STR profile (10 loci) of Sus Bdxéfaxtracted
from the gut of oneM. scalaridarva fixed with only freezing20°C)YSample 16)
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Electropherogram depicting a complete STR profile (12 loci) otc&fa BNA extracted
from the gut of three M. scalariarvae fixed with only freezing20°C)YSample 17)

SBH2 | SBH18 | SBH4 | ] S0655
B0 160 240 320 400 480
2400
1600
BOO
o L AA A A - W : A
8| 2| 112 56 13
57]
Pig Panels v0
[s-] SBH20 | [ sBHT | SBH10
B0 160 240 320 400 480
2400
1600+
800 h
oLk A A . 1 A A A A A
Y 23 37 13 49
X 14
Pig_Panels v0
SBH13 [ 387A12F | [ sBH22 | SBH19
Blo ) 160 zzlw ) 320 ) 400 480
2400+
1600
800
oA .}.ﬁl A A Ay AL
1114 14.1 23| 14
— I
15.1 15

137| Page



Electropherogram depicting a complete STR profile (12 loci) of Sus Bitéfaxtracted
from the gut of three M. scalariarvae fixed with only freezing20°C)YSample 18)
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7. Electropherogram showing complete STR profile (12 loci) for the positive contnath
was provided by the Animaltype Pig (Biotype) kit, to test proper functioning of the
reaction.
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8. Electropherogramshowing complete STR profile (12 loci) for DNA extracted from Sus
scrofameat (Standard 1)which was fed to M. scalariarvae while rearing them. It was

used as a reference to compare profiles obtained from DNA extracted from the larval gut

content.
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9. Electropherogramshowing complete STR profile (12 loci) for DNA extracted from Sus
scrofameat (Standard 2)which was fed to M. scalariarvae while rearing them. It was

used as a reference to compare profiles obtained from DNA extracted from the larval gut

content.
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10. Electropherogram showing complete STR profile (12 loci) for the negedinol, which
was provided by the Animaltype Pig (Biotype) kit, to test proper functioning of the
reaction
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11.Electropherogram showing complete STR profile (12 loci)HerAllelic Ladderyvhich
was provided by the Animaltype Pig (Biotype) kit, to test proper functioning of the

reaction.
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